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<Respublika janubida elektr energetika sohasining rivojlanish istiqbollari= mavzudagi 

ushbu anjumani materiallariga Termiz muhandislik-texnologiya instituti, M.Avezov nomidagi 
Janubiy Qozog8iston universiteti, Ye.Polotskoy nomidagi Polotskiy davlat universiteti, Satbayev 
nomidagi Qozog8iston milliy tadqiqot instituti, Mishkols universiteti, Salvi Istvan doktorantura 
maktabi, Samara texnika universiteti, Navoiy davlat konchilik va texnologiyalar universiteti, 
<Olmaliq Kon-metallurgiya kombinati= AJ, Farg8ona davlat universiteti, Toshkent davlat transport 
universiteti, Namangan muhandislik qurilish instituti, Farg8ona politexnika instituti, Qishloq 
xo8jaligini mexanizatsiyalash ilmiy tadqiqot instituti, Qarshi muhandislik iqtisodiyot instituti hamda 
jahon va respublikamizning boshqa oliy ta9lim muassasalarida faoliyat olib borayotgan professor- 
o8qituvchilar, ilmiy xodim izlanuvchilar, magistrantlar va talablar, viloyat tashkilotlarining malakali 
kadrlarining tezislari kiritilgan. 

Mazkur to8plamda respublika janubida elektr ta9minotida energotejamkorlik, muqobil 
energetika va elektr mashina sohalarining rivojlanish istiqbollari, ishlab chiqarishda 
avtomatlashtirish, boshqarish va axborot texnologiya masalalari, foydali qazilma konlari 
geologiyasi, qidiruv va razvedkasi, neft-gaz va konchilik sohalarining rivojlanish jarayonida 
energiya tejash va samaradorlik omillari, ta9limda innovatsiyalar texnika fanlari ta9limida 
zamonaviy pedagogik texnologiyalardan foydalanishga bag8ishlangan ilmiy asoslangan taklif va 
tavsiyalar o8z aksini topgan. Anjuman materiallari Termiz muhandislik-texnologiya instituti 
Kengashining qarori asosida nashrga tavsiya etildi (Bayonnoma 7-5 2022-yil dekabr).  

Mas9ul muharrir: 
O8.Axmedov 3Termiz muhandislik-texnologiya instituti rektori, k.f.n.,dots.; 
 
Tahrir hay9ati:  
1. M.Urozov 3 Ilmiy ishlar va innovatsiyalar bo8yicha prorektor, t.f.n.,dots.;  
2. Z.Xudoyqulov 3 O8quv ishlari bo8yicha prorektor, t.f.n.,dots.; 
3. B.Xushboqov 3 Energetika va konchilik ishi fakulteti dekani, t.f.n.,dots.;  
3. O8.Sultonova 3 Aniq va tabiiy fanlar kafedrasi mudiri, DSc, dots.; 
4. K.Xakimov 3 Neft-gaz va konchilik ishi kafedrasi mudiri, PhD, dots.; 
5. F.Omonov 3 Elektrotexnika, elektromexanika va elektrotexnologiya kafedrasi mudiri; 
6. S.Qurbonazarov - Elektrotexnika, elektromexanika va elektrotexnologiya kafedrasi 

assistenti; 
7. B.Amanov 3 Ilmiy-tadqiqotlar, innovatsiyalar va ilmiy-pedagogik kadrlar tayyorlash 

bo8limi boshlig8i;  
8. Sh.Chorshanbiev 3 Xalqaro aloqalar bo8limi boshlig8i. 

 
 

<Respublika janubida elektr energetika sohasining rivojlanish istiqbollari= mavzusida 
2022-yil 16-17-dekabrda o8tkazilgan xalqaro ilmiy- texnik anjuman materiallari to8plami.-Termiz: 
<Termiz davlat universiteti NMM nashriyoti=, 2022. 

 
 

Mazkur to8plamga kiritilgan ma9ruza tezislarining mazmuni, undagi statistik ma9lumotlar va 
me9yoriy hujjatlar sanasining to8g8riligiga hamda tanqidiy fikr-mulohazalarga mualliflarning 
o8zlari ma9suldirlar.  
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I-ShO8BA 
 

ELEKTR TA9MINOTIDA ENERGOTEJAMKORLIK, MUQOBIL ENERGETIKA VA 
ELEKTR MASHINA MASALALARI 

 

 
ISTE9MOLCHILARNING ELEKTR TA9MINOTINI LOYIHALASHTIRISH, 

KENGAYTIRISH VA REKONSTRUKSIYA QILISHDA KOMPENSATSIYALOVCHI 
QURILMALARNI HISOB-KITOB QILISH VA TANLASH  

Abdulazizov Bozorqul boboqulovich assistent 
Shaymanov Maxam rayimovich katta o8qituvchi,  

Termiz muhandislik-texnologiya instituti  
maxamshaymanov@gmail.com, +998936371881 

Sanoat elektr taminoti tizimlarini loyxalash bosqichida hamda ekspluatatsiya qilish bosqichida 
hal qilinadigan asosiy masalalardan biri reaktiv quvvatni kompensatsiya qilish masalasi bulib . u 
kompensatsiyalovchi qurilmalar turining tanlanishi , ularning quvvatini hisoblab chiqilishi va 
rostlanishi hamda qurilmalarni elektr taminoti sxemasida joylashtirilishi masalalarini o8z ichiga 
oladi. Bunda reaktiv quvvatni generatsiya qilish joylaridan istemol qilish joylarigacha uzatilishi 
elektr taminoti tizimlarining texnik -iqtisodiy ko8rsatkichlarini jiddiy ravishda yomonlashtiradi.  

Bunda tabiiy kompensatsiya va suniy kompensatsiya katta moddiy xarajatlarni talab qilmaydi 
va korxonalarda birinchi navbatda o8tkazilishi kerak: 

1. Reaktiv quvvatning manbalari uch turda bo8lishi mumkin: 
a)elektr tarmoqlarining havo va kabel liniyalari; 
b)elektr stansiyalarining generatorlari va sinxron yuritgichlar; 
v) qo8shimcha o8rnatilgan kompensatsiya qilish vositalari(sinxron kompensatorlar , 

ko8ndalang ulanadigan kodensator uskunalari maxsus rostlanadigan ventil uskunalari va boshqalar). 
2.1000 V gacha kuchlanishli tarmoqlarda rostlanadigan kondensator batareyalarini o8rnatish 

joyi tarmoq kuchlanishining rostlanishi yoki reaktiv quvvatning rostlanishi talablarini hisobga olib 
belgilanishi lozim. 6-10 kV sex podstansiyalari tomonidan kondensator batareyalarini o8rnatish 
tavsiya qilinmaydi.Nisbatan past quvvat koeffitsentiga ega bo8lgan va bir yillikdagi ishlash soatlari 
ko8p bo8lgan yirik elektr qabul qilgichlarida xususiy kompensatsiya maqsadga muvofiq bo8lishi 
mumkin. 

3.Yuqori kuchlanishli yani 500 kV li podstansiyalarning 6-10 kV shinalari uchun va generator 
kuchlanishining shinalari uchun quvvatning o8rtacha chamalab olingan koeffitsentini normativ 
qiymati tgÇn=0.6 deb belgilash lozim. 

4.Istemolchi bir necha podstansiyadan taminlanganda normativ koeffitsentlar har bir 
podstansiya bo8yicha belgilanadi. 

1-sonli jadvalda keltirilgan quvvat koeffitsentining normativ qiymatlari tgÇ energiya 
tizimining maksimum yuklamali soatlari uchun istemolchini elektr tarmoqlari bilan 35-220/6-10 kV 
podstansiyaning 6-10kV shinalari o8rtasidagi bo8linish nuqtalariga taaluqlidir. 

Podstansiyaning yuqori kuchlanishda 6-10 kv shinalaridagi tgÇn qiymati,kV 
35 110 220 

0.32 0.38 0.50 
5. 0.4 kV tarmog8idan taminlanadigan istemolchilar uchun quvvat koeffitsentining normativ 

qiymati tgÇn=0.25 deb belgilanishi lozim. 
6. Kompensatsiyalovchi qurilmalarni kerakli quvvatini hisoblab chiqishda va ularni tanlashda 

quvvatning o8rtacha chamalab olingan koeffitsenti normativ qiymatlaridan kelib chiqish 
lozim.Kompensatsiyalovchi qurilmalarning kerakli quvvati quyidagi nisbat asosida aniqlanadi 

Qku=Km*Ro8r.yil*(tgÇ1- tgÇn) 
Bunda: 
-Km -maksimal yuklama koeffitsenti 
-Ro8r.yil - elektr uskunasi tomonidan istemol qilinadigan o8rtacha yillik aktiv quvvat ,kW(P 
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kattaligi hisob-kitob yuli bilan aniqlanadi) 
-tgÇ1 -1-fazalar siljishi burchagining tangensi,u quyidagi formula yordamida aniqlanib bir 

yildagi o8rtacha chamalab olingan quvvat koeffitsentiga muvofiq bo8ladi. 
tgÇ1=(Wreak.yil-W/reak.yil)/ Wyil 

bunda: Wreak.yil-rektiv energiyani sinxron yuritgichlarning ishlashini hisobga olmagan holdagi 
yillik istemoli; 

W/reak.yil -sinxron yuritgichlar tomonidan ,ularning tgÇ(cosÇ)eng qulay bulgandagi bir yilda 
ishlab chiqariladigan rektiv energiyasi; 

Wy-elektr energiyasining bir yillik istemoli(formulada foydalanilgan kattaliklar hisoblab 
chiqish yo8li bilan aniqlanadi); 

tgÇ-quvvatning kompensatsiyadan keyingi koeffitsentiga to8g8ri keladigan fazalar siljishi 
burchagi tangensining normativ qiymati. 

7. Kompensatsiyalovchi qurilmalar reaktiv quvvatni istemol qiluvchi elektr uskunalarining 
bevosita yonida joylashtirilishi lozim. 

8. 1000V gacha kuchlanishli tarmoqlarda rostlanadigan kondensator batareyalari sexda 
guruxli taqsimlash shchitlari yonida o8rnatilishi yoki magistral shina simlariga malum nuqtalarda 
ulanishi lozim. 1000 V gacha kuchlanishli taqsimlash shchitiga yoki shinalar magistralining bosh 
uchastkasiga ulangan podstansiyalarda markazlashtirilgan o8rnatish faqat yong8in xavfsizligi 
talablari bo8yicha kondensatorlarni sexda o8rnatish mumkin bo8lmaganda qo8llanishi mumkin. 
Bunda kondensatorlar batareyasining eng samarali quvvati hisoblab chiqilgan bo8lishi kerak. 

6-10 kV kondensatorlarini 6-10 kV taqsimlash uskunalariga ega bo8lgan sex podstansiyalarida 
, taqsimlash punktlarida va istisno tariqasida MTP yoki GPP da o8rnatish lozim. 6-10 kV 
kondensatorlar batareyalarini quvvati, ular alohida uzgich yordamida ulanganida 400 kVAr dan 
kam bo8lmasligi va kondensatorlar kuch transformatori, asinxron yuritgichi va boshqa elektr 
uskunalari bo8lgan umumiy uzgich orqali ulanganida 100kVAr dan kam bo8lmasligi kerak. 

Guruhli shchitoklar yonida o8rnatilgan kondensator batareyalarining quvvatini 10 kVAr dan 
kam emas qilib qabul qilinishi tavsiya etiladi 

Kompnesatsiyalovchi uskunaning quvvati 10000 kVAr dan ko8p bo8lganida energiya taminoti 
tashkilotning ro8yxati bilan istemolchida sinxron kompensator o8rnatilishiga yo8l qo8yiladi. 

9. Kondensator batareyalari xizmat ko8rsatishda havsizlikni taminlash maqsadida maxsus 
zaryadsizlagich induktiv va aktiv qarshiliklar bilan taminlangan bo8lishi kerak. Zaryadsizlagich 
qarshilikning qattaligi (Om); 

rrazr =15*2Uf/Q*106 
Bunda; 
Uf - faza kuchlanishi , kV 
Q 3 kondensator batareyasining quvvati, kVAr 
10. Rektiv quvvatni kompensatsiyalash vositalari (kondensator qurilmalari) quvvatining 

rostlanishi , faqat istemolchida rektiv quvvat va kuchlanish bir vaqtda rostlash zarur bo8lgan 
holllarda qo8llaniladi. 

Rektiv quvvat manbalari 3 kondensator qurilmalarining quvvatini rostlanishi 
avtomatlashtirilgan, qo8lda boshqariladigan yoki telemexanika yoki telefon aloqasidan foydalangan 
holda dispetcherlik boshqariladigan bo8lishi mumkin. 

Avtomatlashtirilgan rostlash kuchlanish, reaktiv quvvat, elektr yuklamasining toki va berilgan 
kuchlanish o8rtasidagi Ç- siljish burchagi sutkalarning vaqti va bir necha omillarga qarab 
kombinatsiyalangan sxemalar bo8yicha bajarilishi mumkin. 

Xulosa 
Sanoat elektr taminoti tizimlarini loyihalash bosqichida hamda ekspluatatsiya qilish 

bosqichida hal qilinadigan asosiy masalalardan biri reaktiv quvvatni kompensatsiya qilish masalasi 
bo8lib. u kompensatsiyalovchi qurilmalar turining tanlanishi, ularning quvvatini hisoblab chiqilishi 
va rostlanishi hamda qurilmalarni elektr taminoti sxemasida joylashtirilishi masalalarini o8z ichiga 
oladi. Bunda reaktiv quvvatni generatsiya qilish joylaridan istemol qilish joylarigacha uzatilishi 
elektr taminoti tizimlarining texnik -iqtisodiy ko8rsatkichlarini jiddiy ravishda yomonlashtiradi.  
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Bunda tabiiy kompensatsiya va suniy kompensatsiya katta moddiy xarajatlarni talab qilmaydi 
va korxonalarda birinchi navbatda o8tkazilishi kerak . 

Tabiiy kompensatsiyaga qo8yidagilar kiradi; 
-Texnologik jarayonni tartibga solish va avtomatlashtirish(yuklamalarni fazalar bo8yicha bir 

tekisda taqsimlash, ayrim sexlar va uchastkalarning tushlik tanaffus vaqtini o8zgartirish, energiyani 
ko8p sarflaydigan yirik elektr qabul qilgichlarining ishlashini energiya tizimining maksimum 
soatlardan boshqa vaqtda o8tkazish va aksincha ,quvvati katta bo8lgan elektr qabul qilgichlarni 
energiya tizimining maksimum soatlarida tamirlashga chiqarish,bu yuklamalar grafigining 
tekislanishi va uskunalarning energetik rejimini yaxshilashga olib keladi; 

-Transformatsiya pog8onalarini kamaytirish hisobiga elektr taminotining oqilona sxemasini 
yaratish; 

-Eski konstruksiyali transformatorlar va boshqa elektr uskunalarini takomillashtirilgan 
transformatorlarga va uskunalarga almashtirish; 

- Kam yuklamali transformator va yuritmalarni kamroq quvvatli transformatorlar va 
yuritmalarga almashtirish hamda ularning to8liq yuklamada ishlashini taminlash; 

-Texnologik jarayonlarning sharoitlari bo8yicha mumkin bo8lganda asinxron yuritgichlar 
o8rniga sinxron yuritgichlarni qo8llash; 

-Yuritgich va payvandlash transformatorlarining salt ishlash davomiyligini cheklash: 
-Elektr yuritgichlarning tamirlanishi sifatini yaxshilash, kontakt va ulanmalarning o8tuvchi 

qarshiliklarini kamaytirish; 
-Kichik yuklama vaqtida ( masalan ,tungi vaqtda , dam olish va bayram kunlarida) kuch 

transformatorlarning bir qismini o8chirib qo8yish; 
-Tarmoqning o8tkazuvchanligini qobiliyatini oshirish - bu elektr energiyasini o8zatishdagi 

texnologik sarflarni kamaytirish va istemolchilarga yetkazib beriladigan elektr energiyasi sifatini 
yaxshilash demakdir. 

Foydalanilgan adabiyotlar 
1. O8zbekiston Respublikasi Vazirlar Mahkamasining 2018 yi 18 yanvardagi 722-sonli 

qarori (Elektr va issiqlik energiyasidan foydalanish qoidalari). 
2. Reaktiv quvvatni kompensatsiyasi bo8yicha ishlarni tashkil etish tartibi to8g8risidagi 

nizom. 
3. Elektrotexnicheskiy spravochnik (1.2.3 knigi) 
4. <Spravochnik po elektricheskim ustanovkam vOsokogo napryajeniya= (Moskva 

energiya-1981 g.) 
5. <Spravochnik po elektrosnabjeniyu promOshlennOx predpriyatiy < (Moskva 

energiya-1986 g.) 
 

QUYOSH ENERGIYASIDAN OQILONA FOYDALANISH EKOLOGIK TOZA VA 
ISHONCHLI ELEKTR ENERGIYA OLISH GAROVI 

Abdirakhmonov Islom Soatovich, Termiz muhandislik-texnologiya instituti assistenti 
Saparov Davron Isayevich, Termiz muhandislik-texnologiya instituti assistenti 

Jumayev Aziz Shodavlat o8g8li, Termiz muhandislik-texnologiya instituti talabasi 
e-mail: islom.abdirakhmonov@gmail.com 

Annotatsiya: Biz bilamizki Surxondaryo zamini O8zbekistonning janubiy tomonida 
joylashgan, ya9ni boshqa viloyatlarga qaragandan ser quyosh issiq o8lka hisoblanadi. Bu esa o8z 
navbatida tabiatning in9omi quyosh energiyasidan oqilona foydalanib hozirgi kunda dolzarb va 
insonlar ehtiyoji keskin oshib borayotgan elektr energiyasini olish biroz bo8lsada janubiy 
hududimizda elektr energiyaga bo8lgan ehtiyojni qondiradi.  

Hozirgi kunda Quyosh energiyasi insoniyat uchun eng toza va eng ishonchli enrgiyalardan 
biri hisoblanadi. Quyoshning diametri 1mln 391 ming km va quyoshning hajmi yerning hajmidan 
1,3 mln marta katta hisoblanadi. Quyoshning kimyoviy tarkibi 81% ni vodorod, 18% ni geliy va 0.1 
% ni azot elementlari tashkil etadi hamda bu elementlar o8z navbatida termo-yadroviy reaksiyaga 
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kirishib har soniyada 4 milliard kg materiya kuchli energiyaga aylanadi va bu bugungi kunda 
Quyosh tizimida eng kuchli energiya manbayi hisoblanadi. 

�==>F4F<O: �O 7=45<, GF> %GDE4=44DL<=E>4O 75<?O D4E?>?>65=4 6 N6=>= G4EF< 
'755><EF4=4, 4 7=4G<F, MF> 5>?55 F5??4O EFD4=4, G5< 4DG7<5 D57<>=O. % 4DG7>= EF>D>=O, 
D4F<>=4?L=>5 <E?>?L7>64=<5 E>?=5G=>= M=5D7<<, O6?ONM5=EO 44D>< ?D<D>4O, 4>FG4?L=> 
E57>4=O, 4 ?D><76>4EF6> M?5>FD>M=5D7<<, D57>> 6>7D4EF4NM5= ?>FD55=>EFLN =4E5?5=<O, 
?>76>?O5F G4>6?5F6>D<FL ?>FD55=>EFL 6 M?5>FD>M=5D7<< 6 =4L5< N6=>< D57<>=5, 4465 5E?< 
=5<=>7>. 

�4 E57>4=OL=<= 45=L E>?=5G=4O M=5D7<O O6?O5FEO >4=<< <7 E4<OE G<EFOE < =4456=OE 
<EF>G=<>>6 M=5D7<< 4?O G5?>65G5EF64. �<4<5FD %>?=F4 1 391 000 ><, 4 57> >5N5< 6 1,3 <?= 
D47 5>?LL5, G5< G �5<?<. %<<<G5E><= E>EF46 %>?=F4 81 % 6>4>D>44, 18 % 75?<O < 0,1 % 
M?5<5=F>6 47>F4, 4 MF< M?5<5=FO, 6 E6>N >G5D54L, 6EFG?4NF 6 F5D<>O45D=O5 D54>F<<, 
565E5>G=4=> ?D56D4M4O 6 <>M=GN M=5D7<N 4 <<??<4D44 >7 65M5EF64, 4 MF> <EF>G=<> E4<>= 
<>M=>= M=5D7<< 6 %>?=5G=>= E<EF5<5. 

Annotation: On the other hand, the rational use of solar energy, which is a gift of nature, is 
relevant today, and the production of electricity, which is rapidly increasing in population, allows us 
to meet the need for electricity in our southern region, even if only a little. 

The article talks about the role and importance of solar energy in obtaining electricity in the 
world and in Uzbekistan. Today, solar energy is one of the cleanest and most reliable sources of 
energy for mankind. The diameter of the Sun is 1,391,000 km, and its volume is 1.3 million times 
that of the Earth. The chemical composition of the Sun is 81% hydrogen, 18% helium and 0.1% 
nitrogen elements, and these elements, in turn, enter into thermonuclear reactions, turning 4 billion 
kg of matter into powerful energy every second, and this is the most powerful energy in the solar 
system today is the source. 

Kirish. Insoniyat tomonidan Quyosh energiyasi termal, mexanik va elektr energiyasiga 
aylantrilishi mumkin. Quyosh elektr stansiyalarining hozirgi kunda 2 xil ko8rinishi mavjud va bular 
quyidagilar; 

1. Termodinamik-ya9ni quyosh energiyasini issiqlik energgiyasiga, keyin elektr 
energiyasiga aylantradi. 

2. Fotoelektrik-quyosh energiyasidan to8g8ridan-to8g8ri fotoelektrik qurilmalar yordamida 
elektr energiyaga aylantriladi.(QFS) 

Bu maqolada quyosh fotoelektr stansiyalari (QFS), uni tashkil etuvchi uskunalar hamda elektr 
energiyani ishlab chiqarish haqida so8z boradi. 

Quyosh fotoelektr stansiyalari (QFS) 4 ekologik toza, xavfsiz va ekonomik tejamkor 
stansiya hisoblanadi. QFS ning ish prinsipi quyidagicha: Quyosh nurlari quyosh panellari 
(fotoelektrik o»zgartirgich) ga tushadi, quyosh nurlari doimiy tok (foydalanish uchun noqulay) 
ko»rinishiga aylantiriladi va akkumulyator batareyalarida saqlanadi. Invertorlar yordamida doimiy 
tok o»z-garuvchan tokka (biz uchun odatiy 220 V) aylantiriladi va elektr tarmog»iga uzatiladi. 

 
1-rasm. Quyosh fotoelektr stansiyasi modeli 
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Quyosh fotoelektr stansiyalari (QFS) elektr uzatish liniyalaridan uzoqda joylashgan obyektlar 
uchun juda qulay elektr energiya manbaini ishlab chiqarish hisoblanadi (1-rasm), ya9ni quyosh nuri 
tushadigan joylarda elektr energiyasini ishlab chiqarish amalga oshiriladi. Bu elektrostansiyalar 
yordamida alohida nasoslarni ishlatishda foydalanish mumkin. Aholi yoki fermer xo»jaliklari uchun 
maxsus fotoelektrik stansiya o»rnatish orqali elektr energiyasi bilan ta¾minlash mumkin. 

 
2-rasm. Quyosh paneli 

 Quyosh fotoelektr stansiyalarida foydalaniladigan quyosh panellari yuzasi o»ta muhim qismi 
hisoblanadi (2-rasm). Quyosh panellari bu quyosh nurining fotonlarini qabul qiluvchi yuza 
(xujayra) hisoblanadi. Fotonlarni qabul qiluvchi quyosh panellari kremniy va galiy elementlaridan 
tayyorlangan. Quyosh xujayralari fotovoltaik xujayralarini anglatib bu xujayralar ingichka shisha 
idish ichida joylashgan salbiy N va musbat P kremniy qatlamlaridan iborat. Quyosh nurining 
fotonlari xujayraning salbiy N qatlamiga o8rilganda undan elektronlar musbat P qatlamiga uchadi va 
undagi bo8sh joylarni egallaydi, musbat zaryadlangan erkin elektronlar asosan kremniy 
xujayrasining bir tomoniga tortiladi va shu tariqa elektr quvvati hosil bo8ladi. (3-rasm) 

 
3-rasm. Fotonlarning elektr quvvatga aylanishi  

Quyosh energiyasidan elektr energiyasini olishning bitta asosiy kamchiligi bor, u ham bo8lsa 
quyosh enrgiyasini elektr energiyaga hosil qiluvchi qurilmalarning (quyosh paneli, invertor, 
akkumulyator, konvertor) hozircha qimmatligidadir. 

O8zbekistondagi ishlar. Shu yili O8zbekistonda elektr energiyasi 67,5 mlrd kVt/soat ishlab 
chiqarish rejalashtirilmoqda, 2030-yilga borib esa bu ko»rsatkich 120 mlrd kVt/soat ga erishishi 
kutilmoqda. O»zbekistonda quyosh elektro stansiyalari qurilishi Toshkent, Samarqand Navoiy, 
Jizzax, Surxondaryo va Qashqadaryo viloyatlarida rejalashtirilgan. O»zbekiston energetikasi tabiiy 
gazga juda bog»liq bo»lib, ishlab chiqarilayotgan elektr energiyasining 82 % ini tashkil etadi. 
O»zbekiston 2030-yilga borib mamlakatning umumiy energetika balansidagi quyosh energiyasi 
ulushini 6 % ga yetkazishni rejalashtirmoqda. 2025-yilda qayta tiklanadigan energiyani umumiy 
energiya iste¾moli majmuasida 19,7 % gacha oshirish, shu jumladan quyosh energiyasini 2,3 % ga 
oshirish rejalashtirilgan. 

Boshqa davlatlar tajribasi. AQSH tajribasida AQSH milliy tadqiqotlar laboratoriyasi 
(NREL) qayta tiklanadigan energiya va quyosh batareyalari ishlab chiqishni 4 ta texnologik 
guruhga ajratdi. Birinchi texnologik guruhga AIII va BV guruhlari birikmasiga asoslangan quyosh 
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elementlarini, bir kaskaddan 5 kaskadga (ko»p kaskadli quyosh elementi), konsentratorlar sifatida 
foydalanishda yuqori samaradorlik beradi. Kaskadli quyosh elementlari hosil qilishda monolitik 
ko»p kaskadli monokristal sturktura o»stiriladi yoki tayyor elementlardan foydalaniladi. Yuqori 
samarador quyosh elementlari ko»p bo»g»inli (kaskadli) geterostruktura asosida tayyorlanadigan 
elemetlar guruhiga bog»liq. Ular molekulyar nurli epitaksiya usuli bilan olinadi. Gaz faza 
epitaksiyasi metall organik bog»lanishlarni o»z ichiga oladi. Germaniyada tayyorlangan 4 kaskadli 
quyosh elementi quyosh nurlari konsentratori sifatida foydalanilganda 46 % samaradorlik berdi. 
Amerika kompaniyasida konsentratorsiz ko»p kaskadli quyosh elementining maksimal 
samaradorligi 38,8 % (besh kaskadli) va 37,9 % (uch kaskadli) ni tashkil qilmoqda. Ko»p kaskadli 
quyosh batareyalarini olishdagi kamchilik bu murakkab texnologik jarayonlardir. Ko»p kristalli Ge, 
GaAs va boshqa ko»plab qimmatbaho materiallardan foydalaniladi. 

Nobel mukofati laureate J. Alfyorovning takidlashicha, ko»p kaskadli quyosh batareyalari 
strukturaviy bog»lanishi yarimo»tkazgichli barcha qurilmalarning guruhi bilan taqqoslanganda 
anchagina murakkab tuzilishga ega ekan. 

Xulosa 
Bizning o8lkamiz serquyosh zamin hisoblanadi va bu bizga ijtimoiy hayotimiz uchun zarur 

bo8lgan elektr energiyasini eng ishonchli energiya ya9ni, quyosh energiyasi yordamida olishni 
in9om etadi. Demak yuqoridagi fikrlardan kelib chiqadigan bo8lsak, tabiiy energiya manbai quyosh 
energiyasi orqali elektr energiyasini olish samarasini oshirish insoniyat keljagi uchun qayta 
tiklanmaydigan energiya manbailarini (ko8mir, neft,gaz) tejashga xizmat qiladi. Shunday ekan, biz 
ham yurtimizda quyosh energiyasidan oqilona foydalanib, elektr energiyasini olish salmog8ini 
oshirishimiz va elektr energiyaga bo8lgan ehtiyojning katta qismini ta9minlashimizga harakat 
qilishimiz kerak. 
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MIKRO GES UCHUN DOIMIY MAGNITLANGAN DISK GENERATORIDAN 
FOYDALANISH 

Abdukarimova Mohichehra Oybek qizi, Toshkent Davlat Agrar universiteti assistenti 
mohichehraabdukarimova1994@gmail.com 

Annotatsiya: Yaxshi energiya ko8rsatkichlarini ta9minlash nuqtai nazaridan, 1 kVtgacha 
bo8lgan kichik mikro GESlar uchun eng samarali elektr mashinasi doimiy magnitlangan disk 
generatori hisoblanib, ushbu maqolada mikro GES lar uchun doimiy magnitlangan disk 
generatoridan foydalanish haqida umumiy ma9lumotlar hamda mikro GESlarning afzallik va 
kamchiliklari keltirib o8tilgan. 

Annotation: In terms of providing good energy performance, the most efficient electric 
machine for small micro hydropower plants up to 1 kW is the permanent magnet disc generator, this 
article provides general information about the use of permanent magnet disc generator for micro 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

10 

hydropower plants and the advantages of micro hydropower plants and disadvantages are 
mentioned. 

Kalit so8zlar: mikro GES, diskli rotorli generator, suv sarfi, suv bosimi, magnit maydon, 
trubina, chiqaruvchi kollektor, avtomatik tartibga soluvchi qurilma. 

Key words: micro HPP, disk rotor generator, water consumption, water pressure, magnetic 
field, pipe, output collector, automatic regulating device. 

Kirish 
O8zbekiston Respublikasi Prezidentining 2022-yil 9-sentabrdagi <Energiya tejovchi 

texnologiyalarni joriy qilish va kichik quvvatli qayta tiklanuvchi energiya manbalarini rivojlantirish 
bo8yicha qo8shimcha chora-tadbirlar to8g8risida=gi PF-220-son farmonida ko8rsatib o8tilganidek, 
qayta tiklanuvchi energiya manbalaridan keng foydalanishni qo8llab-quvvatlash maqsadida mikro 
va kichik gidroelektr stansiyalarini qurishga doir masalalarni ijrosini ta9minlash yuzasidan ushbu 
maqolada mikro GES lar uchun doimiy magnitlangan disk generatoridan foydalanish haqida 
umumiy ma9lumotlar keltirib o8tilgan. [1] 

Mikro GESlarning asosiy afzalligi ishlab chiqadigan elektr energiyaning sutalik va mavsumiy 
vaqtlarda bir xilligidadir. Bu butun jarayonni avtomatlashtirish imkonini berib, xizmatlarga 
ketadigan harajatlar kamytirishga va natijada undan olinadigan elektr energiyasi tan narxining 
kichik bo8lishiga olib keladi. 

Mikro GES xalqaro standartlarga ko»ra, asosan quvvati 0,1 kVtdan 100 kVtgacha bo»lgan 
gidroenergetik qurilma bo»lib, u turbina, tasmali va reduktorli uzatmalar hamda asinxron 
generatordan iborat. Gidroturbinalar suvning tez oqimi tufayli quvvat hosil qiladi. Suv qancha 
tezroq oqsa, u ham shuncha ko»proq elektr quvvati ishlab chiqaradi, qurilish jarayonida va 
foydalanish davrida tabiiy landshaft va atrof-muhitni buzmaydi. Suv sifatiga salbiy ta¾sir 
ko»rsatmaydi, ya¾ni, asl tabiiy xususiyatini yo»qotmaydi. Shu bois ular har jihatdan foydali va 
nisbatan arzon elektr energiyasi hosil qilishda qo»l keladi. 

 
1-rasm. Mikro GESning umumiy loyihasi 

1-suv yig8uvchi qurilma, 2-suv o8tkazgich, 3-trubina, 4-chiqaruvchi kollektor, 5-generator 6-
avtomatik tartibga soluvchi qurilma 

MikroGES larni asosan elektr ta9minoti markazlaridan uzoq hududlarda, elektr ta9minoti 
tizimida uzilishlar ko8p bo8lgan hududlarda va elektr liniyalari o8tkazilmagan to8g8li hududlarda 
qo8llash ko8proq foydaliroqdir. Bunday joylarga tog8li hududlardagi xo8jalik ob9ektlari, kichik ovul- 
qishloqlar majmui kirishi mumkin. Bunday mikro GES larning quvvati elektr iste9molchilarning 
iste9mol quvvatiga qarab tanlanadi. 

Shu yaqin vaqtgacha butun dunyoda to8g8ridan-to8g8ri oqim generatorlari bo8lgan mikro 
GESlarni ishlab chiqish amalga oshirildi. Bu generatorlar yaxshi boshqaruv xossalariga ega, lekin 
ularni mikro GESlarda qo8llash yuqori narx va past ishonchliligi tufayli tejamkor emas [2]. 

Yuqori energiya samaradorligini ta'minlash nuqtai nazaridan, 1 kVtgacha bo8lgan kichik 
mikro GESlar uchun eng samarali elektr mashinasi doimiy magnitlangan disk generatori hisoblanib, 
doimiy magnitlangan disk generatori dizaynning soddaligi, ishlab chiqarish texnologiyasining 
oddiyligi, sirpanish kontaktlarning yo8qligi, doimiy magnitlar tufayli o8z-o8zidan qo8zg8alishning 
yo8qligi bilan bog8liq.  
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2-rasm. Disk rotorli generatorning ko8rinishi. 

Mikro GES lar uchun energiya manbalari quyidagilar bo8lishi mumkin:  
÷ Har xil o8lchamdagi oqim intensivligidagi daryolar va kanallar; 
÷ Suv omborlarining suv to8kish yo8llaridagi balandlikdan tushayotgan suv oqimlari; 
÷ Texnologik suv oqimlari; 
÷ Balandlikdagi quvurlardan tushayotgan suv oqimlari. [4] 
Ba'zi olib borilgan tadqiqotlari shuni ko8rsatadiki, boshqa materiallarga nisbatan 

disk rotorli generator kamdan-kam ishlatiladigan doimiy magnitlarning massasini 
minimallashtirish orqali sinxron generatorning narxini kamaytirish mumkin. Buning 
uchun rotorning optimal geometriyasini, ya'ni ishlatiladigan doimiy magnitlarning 
hajmini va generatorning ko8plab ko8rsatkichlarini aniqlaydigan qutblar va dizayn 
omillarini tanlashni ta'minlash kerak. 

Qutb va fazadagi uyalar sonini o8zgartirish orqali disk generatorining geometrik parametrlarni 
energiya ko8rsatkichlariga ta'sirini baholash mumkin ya'ni generatorning magnit sxemasini 
hisoblash uchun Mathcad 14 dasturi yordamida matematik modellar ishlab chiqamiz. 

  
 

q1=1 q1=2 q1=3 
3-rasm. Mathcad 14 dasturi yordamida tuzilgan qutblar orasidagi magnit maydon 

chiziqlarining tarqalish miqdorlari 
Diskli rotorli generatorning asosiy energiya ko8rsatkichlariga quyidagilar kiradi: bo8shliqdagi 

magnit oqim, bir qutbga qo8zg8atuvchi o8rashning va qutbning tarqalish koeffitsienti. Har bir 
qutbdagi tirqishlar sonining ko8payishi bilan qutbning oqish koeffitsienti pasayadi, bu elektr 
mashinalari uchun samarali ko8rsatkichdir. Bundan kelib chiqadiki, tirqish kengligining pasayishi 
bilan uning stator magnit pallasida bo8shliqlar soni ortadi va shu bilan har bir qutbdagi uyalar soni 
ortadi. 

Qutblarning tarqalish koeffitsientining qiymati stator magnit davri orqali yopilmagan qutblar 
orasidagi elektr uzatish liniyalari soniga bog8liq. Mathcad 14 dasturida zanjirdan ko8rinib turibdiki, 
q1=3 da, qutblar orasidagi maydon chiziqlarining tarqalish miqdori q1=1 va q1=2 da mos ravishda 
kamroq bo8lib, bu disk generatori uchun samarali ko8rsatkich hisoblanadi. 

Munozara. MikroGES larda birlamchi energiya tashuvchi 3 bu suv oqimi hisoblanib, suv 
oqimining quvvati, suv sarfi, suvning bosim kuchi, suv oqimining mavsumiy turg8unligi kabi 
omillar mikrogidroelektrostansiyalar faoliyatida muhim ahamiyat kasb etadi. Ammo juda ko8plab 
kanal va daryolarda suv sarfi va bosimi mavsumiy o8zgaruvchanligini ham hisobga olish zaruriy 
masalalardan biridir. Bu iqlim va daryo joylashgan hudud landshaftiga bog8liq holda kechadi. 
Bundan tashqari mikro GES lar loyihasi tuzilayotganda daryoning qiyalik burchagi, yillik maksimal 
va minimal suv sarfi ham inobatga olish lozim 
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1-jadval 

 
 
Mikro GESlar atrof-muxitga sezilarli ta9sir etmaydi, jumladan: iflos gazlar chiqarish (SO2, 

CO2, NO2), kislotali yomg8irga, tuproqni suv bosishga, iqlimni o8zgartirishga, azon qatlami 
yemirilishiga va h.k. olib kelmaydi. 

Shu bilan birga aytish mumkinki, kichik GESlar ishlatilishida daryoning florasi va faunasi 
o8zgarmaydi va biologik turlarning kamayishiga olib kelmaydi. Katta GESlardagi kabi kichik 
quvvatli gidrostansiyalar qishloq xo8jaligi yerlarining suv bosimiga daryo qirg8oqlariga tegishli 
yerlar gidrologik rejimini o8zgartirmaydi. 

Mikro GES larning afzalliklari bilan bir qatorda kamchiliklari ham mavjud bo8lib, birinchi va 
asosiy kamchiligi mikro GESlar uchun butlovchi qismlar yetishmasligidir. O8zbekistonda ayni 
paytda generatorlar yo8q, ularning barchasi xorijdan xarid qilinadi. Qurilmadagi eng qimmat 
tarkibiy qism ham aynan generator hisoblanadi. Agar O8zbekistonda ham bu uskuna ishlab chiqarila 
boshlansa, qurilmaning tan narxini ikki barobargacha arzonlashtirish mumkin bo8lar edi. 

Xulosa. 
Kichik GESlardan foydalanish qayta tiklanadigan energiya manbalarini rivojlantirish 

yo8nalishlaridan biri bo8lib, muqobil energiyani rivojlantirishning samarali yo8nalishi bo8lgan 
an'anaviy elektr energiyasi manbalari bilan raqobatlashmoqda. Yuqorida ko8rib chiqilgan 
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ma9lumotlarga asosan shuni aytishimiz mumkinki, hozirda dunyodagi ko8plab mamalakatlar 
noana9naviy energiya manbalaridan foydalanishni afzal bilishmoqda. Shu qatorda bizning 
mamalakatimizda ham bu borada ishlar amalga oshirilmoqda. O8zbekistonda qayta tiklanadigan 
energiya manbalaridan foydalanish ko8lamini kengaytirish respublika energiya balansini 
muvofiqlashtirish bilan bir qatorda energetikaning atrof-muhitga salbiy ta9sirini ham kamaytirish 
imkonini berishi mumkin. 
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1. O8zbekiston Respublikasi Prezidentining Farmoni, 09.09.2022 yildagi PF-220-son 
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ENERGIYA SAMARADOR YENGIL KO8PIK POLISTIROLBETON ISHLAB 
CHIQARISH 

Abdurasulov Salohiddi,n talaba 
Qurbonov Zavqiddinjon Hamidulloyevich, assistent 

Jizzax politexnika instituti, E-mail: zavaclash@gmail.com 
Samarali issiq izolyasion va engil materiallardan foydalanish masalasi juda muxim 

masalalardan biri hisoblanadi. Hozirgi vaqtda yangi avlod materiallari asosan mineral xom 
ashyodan bo8lib, ular polimer materiallardan, ekspluatatsion resurslarning ko8payishidan ijobiy farq 
qiladi. 

Betonlarda to8ldiruvchi sifatida ishlatilgan penopolistirol granulalari o8ta engil betonlar 
guruhiga mansub. Granulalarning shakli, o8lchamlari, shuningdek ishlatilgan penopolistirolning sirt 
tuzilishi muhim ahamiyatga ega. 

Asosan ochiq g8ovaklardan tashkil topgan to8ldiruvchilar sement toshi bilan yuqori adgeziyali 
ko8rsatkichlariga ega. 

G8ovak to8ldiruvchilarning xossalarini taqqoslash 

To8ldiruvchilarning 
nomi 

Suv 
shimuvchan
ligi W; %. 

O8rtacha zichligi, 
Ã; kg/m3 

Issiqlik 
o8tkazuvchanlik 

koeffitsenti »; 
Vt/m*K 

Siqilishdagi 
mustahkamli

gi, 
MPa 

Keramzit 12-30 300-800 0.2-0.5 0.8-5.5 

Shishirilgan perlit 29-30 100-300 0.04-0.06 0.3-0.6 
Agloporit 16-31 800-1100 022-0.6 0.65-1.6 

Shlakli pemza 13-31 800-1100 - 0.6-2.7 
Penopolistirol 

granulalari 
3 gacha 10-35 0.02-0.03 0.05-0.15 

 
O8zbekiston tadqiqotchilari tomonidan mahalliy materiallar asosida 400...500 va 6 0 0 ...9 0 0  

kg/m3 zichlikdagi issiq izolyasion va konstruktiv-issiqizolyasion polistirolbetonlarning tarkiblari 
ishlab chiqilgan, shuningdek ushbu turdagi betonlarni tayyorlash uchun va polistirol granulalarini 
ko8pirtirish uchun mobil uskunalar ishlab chiqilgan 

Mamlakatimizda birinchi marta portlandsement asosida polistirolbeton ishlab chiqarish 1965 
yilga amalga oshirilgan. Penopolistirol chiqindilari asosida «poroplastobeton» olingan va bunday 
materiallarni tom yopma izolyasiyasi uchun qo8llanilgan [10]. 
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1967 yilda penopolistirol granulalari, daryo kvars qumi va 500 markali portlandsementdan 
tashkil topgan engil beton tarkiblari (jadval 2) ishlab chiqildi. Olingan material ishlab chiqarish 
sharoitida temirbeton zavodlarining standart uskunalari asosida sinovdan o8tkazilgan [10]. 

Ko8pirtirilgan polistirol granulalari asosida materialning zichligini kamaytirish uchun ishlab 
chiqilgan engil betonlar katta qiziqish uyg8otmoqda. Devor panellarida bunday betonlardan 
foydalanish ularning issiqlik saqlash xususiyatlarini yaxshilash va isitish xarajatlarini tejash 
imkonini beradi. Yuqoridagilardan kelib chiqqan holda, engil betonlar, xususan, ko8pik polistirol 
granulalari xususiyatlariga o8xshash bo8lgan samarali kompozitsion materiallarni yaratish yo8llarini 
topish kerak bo8ladi.  

Olingan natijalar asosida shu narsa ma9lum bo8ldiki, polistrol to8ldiruvchi asosli betonlarning 
xossalari g8ovak mineral to8ldiruvchi betonlardanning xossalaridan sezilarli darajada farq qilishi 
aniqlandi, shuningdek sement va qum miqdori, granulalarning fraksiyasining yirikligi va ularning 
ko8piklanish darajasiga qarab o8zgarishi ma9lum bo8ldi. 

Rasm 1. Yengil betonning xillari va ishlatilish sohalari 
Ushbu korxonalar tomonidan turli zichlikdagi engil betonlar ishlab chiqarish uchun maxsus 

qurilmalar ishlab chiqilgan, bunda maxsus bog8lovchi yordamida yupqa qatlamli sement bilan 
qoplangan polistirol granulalaridan foydalaniladi. Germaniyaning «VAR» kompaniyasi 
«stirobeton» ishlab chiqarish usulini patentladi. Bunday betonning 70% penopolistiroldan qolgan 
30% esa, sement va qumdan tashkil topgan. 

Kompaniya zichligi 200...1000 kg/m3 va siqilishdagi mustahkamligi 0,5..7 MPa bo8lgan engil 
beton tarkiblarini ishlab chiqdi. Ushbu materiallarning issiqlik o8tkazuvchanligi mos ravishda 
0,08...0,2 vt/m×K, bu esa barcha iqlim zonalarida bu mahsulotlarni qo8llash imkonini beradi.  

Shveysariyaning «RO» kompaniyasi armaturalangan penopolistirol panellarini va ekstruzion 
qoliplash mashinasni ishlab chiqdi. 

Hozirgi vaqtda «stirobeton» G8arbiy Evropada temir yullar uchun asos bo8lib, devor panellari 
ishlab chiqarish, tom yopmalarni isitish, chorvachilik binolari uchun pollarni qoplashda ishlatiladi. 

Chexoslovakiyada bunday materiallar yig8ma qurilish elementlarida, shuningdek, monolit 
issiq izolyasion va konstruktiv-issiq izolyasion konstruksiyalarda ishlatiladi. 

Niderlandiyada ham penopolistirol to8ldiruvchi asosida engil betonlardan foydalanish 
boshlanib ketgan.  

Mahalliy va xorijiy amaliyotda beton qorishmasini tayerlash usullarini baholashda ikki 
bosqichli sxema, mayda mineral to8ldiruvchi, qo8shimcha, suv asosida sement qorishmasini 
majburiy aralashtiruvchi beton qorigichda tayyorlab, so8ngra ushbu qorishmaga polistirol 
to8ldiruvchini qo8shish maqsadga muvofiqligini ko8rsatdi. Bir marta qorishmani tayyorlash uchun 
sarflanadigan vaqt, taxminan 4-6 daq. 

Tadqiqot oralig8ida bog8lovchi sarfi 300 kg/m3 dan kam bo8lganda beton mushkamligining 
kerakli markasi ta9minlanmaydi, ammo sement sarfi 400 kg/m3 dan ko8payib ketganda esa 
materialning narxi sezilarli darajada oshib ketadi. SHuning uchun tadqiqotlar uchun sementning 
minimal sarfi miqdori 300 kg/m3 maksimal sarfi esa 400 kg/m3 bo8lgan qiymatlar qabul qilindi.  

Tadqiqot oralig8ida bog8lovchi sarfi 300 kg/m3 dan kam bo8lganda beton mushkamligining 
kerakli markasi ta9minlanmaydi, ammo sement sarfi 400 kg/m3 dan ko8payib ketganda esa 
materialning narxi sezilarli darajada oshib ketadi. SHuning uchun tadqiqotlar uchun sementning 
minimal sarfi miqdori 300 kg/m3 maksimal sarfi esa 400 kg/m3 bo8lgan qiymatlar qabul qilindi.  
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Ko8pik polistirolbetoning o8rtacha zichligi qo8shilgan polistirol granulalri, qum va 
portlandsement miqdori bilan nazorat qilinadi. Tajribalar shuni ko8rsatadiki KPB tarkibiga qum 
qushilganda bog8lovchi sarfi kamayadi, ammo bu mustahkamlik xususiyatlarini pasayashiga olib 
keladi. 

Polistirol yuqori haroratlarda hajmini oshirish xususiyati yuqori mustahkamli qumli beton 
olish texnologiyasida qo8llandi. Yuqori mustahkamli qumli beton ishlab chiqarishda M400 markali 
portlandsement, kvars qumi yiriklik moduli Myir=1-1,1, solishtirma yuzasi 4500 sm2/g bo8lgan 
kvars mikroto8ldiruvchisi va biserli polistirol yoki uning chiqindilari ishlatiladi.  

Energiya samarador yengil ko8pik polistirolbeton 

O8rtacha 
zichligi, 

Ã; 
kg/m3 

Beton uchun material sarfi, 1 m3 

S/S 

Siqilishdagi 
mustahkamli

gi, 
MPa 

Egilishdagi 
mustahkam

-ligi, 
MPa 

Issiqlik 
o8tkazuvchan-
lik koeffitsenti 

»; 
Vt/m×K 

Sement, kg 
Qum, 

kg 

Polistirol 
granulalari, 

m3 

Qo8shi
mcha, 

% 

Suv, 
l 

350 250 - 1,2 0,45 120 0,48 0,7 0,11 0,078 
400 300 - 1,2 0,5 126 0,44 1,0 0,14 0,082 
500 330 50 1,1 0,6 150 0,46 1,5 0,27 0,12 
600 400 85 1,1 0,7 180 0,45 2,6 0,36 0,16 
700 430 140 1,07 0,75 190 0,44 3,7 0,48 0,182 
800 460 190 1,07 0,8 200 0,43 5,0 0,68 0,2 
900 480 240 1,0 1,0 208 0,43 6,2 0,85 0,23 

Polistirolbeton ishlab chiqish texnologiyasida ikkita ishlov berish usuli qo8llaniladi: 5 soat 
davomida issiqlik bilan ishlov berish va 300°S haroratda 2 soat davomida infraqiliz nurlar bilan 
issiq haroratda tezkor ishlov beriladi. IIB (80-102°C) da polistirolbetonni birinchi davrda ishlov 
berish jarayonida polistirol donasi ko8pichitiladi va donalar orasidagi maydon granulalarning 
hajmini oshishi evaziga kamayadi.  

Ikkinchi sikl, IIB so8ng yuqori harorat ta9sirida davom etadi va bu polistirol donasining 
sublimativ o8tishiga yangi holatga 3 polistirol donasiing ilgari polistirol donasi egallagan joyi 
yuzasida yupqa mustahkam polimer plyonka shaklida qayta ishlangan polistirolga olib keladi. 
Bunday plyonka sement toshining g8ovaklari bog8laydigan yoriqlar, kichik teshiklarni qayta 
polimer moddasi bilan to8ldirish orqali beton yoriqlari devorlarini mustahkamlaydi. 

Polistirolbetonlarnig bog8lovchi moddasi sifatida asosan portlandsement ishlatiladi. 
Portlandsement deb portlandsement klinkeri va gipsni birgalikda mayin tuyish natijasida olingan 
kukunsimon ashyoga aytiladi. Tuyish paytida faol mineral qo8shimcha yoki boshqa qo8shimchalar 
solinishi mumkin.  

Portlandsement klinkeri ohaktosh va tuproqni yopishqoqlik haroratigacha pishirib olinadi. 
Gips qo8shimchasi portlandsementning qotish vaqtini boshqarish maqsadida 3...5 % solinadi.  

GOST 10178-85 bo8yicha qo8shimchasiz portlandsement, 20% faol mineral qo8shimchali 
portlandsement va shlakli portlandsement turlari bor. Shlakli portlandsement tarkibiga 20% dan 
ko8p domna yoki elektrotermofosfor (ETF) shlaki solinadi.  

Portlandsement va uning turlari 3 hozirgi zamon qurilishining asosidir. Ulardan yig8ma yoki 
quyma beton va temirbeton qurilmalari tayyorlanib uysozlikda, sanoat va fuqaro qurilishida, qishloq 
qurilishida, gidrotexnik inshootlarda, tog8, yo8l va irrigatsiya qurilishida ishlatiladi.  

Foydalanilgan adabiyotlar ro8yxati 
1. 07 fevral 2017 yildagi 7 PF-4947 sonli O8zbekiston Respublikasi Prezidentining 

farmoni «2017-2021 yillarda O8zbekiston Respublikasini rivojlantirishning beshta ustuvor 
yo8nalishlari bo8yicha xarakatlar strategiyasi». 

2. O8zbekiston Respublikasi Prezidentining 2009 yil 3 avgustdagi PQ-1167-sonli 
«Qishloq joylarda uy-joy qurilishi ko8lamini kengaytirishga oid qo8shimcha chora-tadbirlar 
to8g8risida»gi qarori (O8zbekiston Respublikasi qonun hujjatlari to8plami, 2010 y., 24-25-son, 193-
modda) 
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3. O8zbekiston Respublikasi Prezidentining 19.06.2009 yildagi «Devorbop materiallar 
ishlab chiqarishni oshirish va sifatini yaxshilash bo8yicha qo8shimcha tadbirlar to8g8risida»gi 7PP-
1134-sonli Qarori, (O8zbekiston Respublikasi Oliy Majlisi palatalarining Axborotnomasi, 2009 y., 
6-son, 231-modda; O8zbekiston Respublikasi qonun hujjatlari to8plami, 2011 y., 9-son, 84-modda) 

4. �F45456 �.�. �>GEF<>4 L?4>>M5?>G=>= 747>55F>=4: �<EE. =< E><. ?5F4FL ,47. 
E4>E4D F5E=>?>7<O =4G>4 �<56-1994. 

5. �74D>6 �., �GD75D �. �5F>4 ?>D>L>4 < D5=F75=>7D4D<<. - �.: �=>EFD4==4O 
?<F5D4FGD4, 1961. - 363 E. 

6.  �47D>6 �. �. �D><76>4EF6> F5??><7>?OF<>==>7> <4F5D<4?4 <7 >FE>4>6 E65F?>= 
<5F4??GD7<<.- �.: �5F4??GD7<O, 1985, 13-17E. 

7. �47D>6 �.0., �4E<?L564 &.�. �5746F>>?46=O= OG5<EFO= 55F>= =4 E?4>>M5?>G=>< 
6O6GM5<, EFD.89-90. &57<EO 4>>?44>6 6E5E>N7=>= >>=D5D5=F<</; ",?4>>M5?>G=O5 
F5<5=F=O5 55F>=O < >>=EFDG>F<<" �<56 19797. 

8. �5D4=5> �.�. ,G<>?>446?5=<5 �LN-�>D>: Mogrou-Xill, 1960. 
9. �5?O>>6 �.�., �>E>>6 �.%. �D>5>F<D>64=<5 E>EF46>6 EFD><F5?L=>7> 

?>?<EF<D>?55F>=4 E <E?>?L7>64=<5< E>6D5<5==OE E<<<G5E><E 4>646>>.�47<56 '.�., 
�>D4<>6 

10. %.�. �FE>4O ?D><OL?5==>EF< 6 ?D><76>4EF6> EFD><F5?L=OE <4F5D<4?>6 < 45?. 
'G55=>5 ?>E>5<5 (�47<56 '.�., �>D4<>6 %.�. &�%� 2003 7. 3 112E). 

 
CONDUCTING LABORATORY CLASSES ON ELECTRICAL CIRCUITS 

Abduxalimov Jahongir Alisher o»g»li 
Karshi Engineering Economic Instituti 

head of the laboratory 
Annotation: We cordially welcome you dear user of the COM3LAB course! Before you start 

working on the course, you should first familiarize yourself with the information about the 
educational hardware and software complex COM3LAB, contained on the following pages. 

Key words: electrical circuits, electrical lines, current generation. Experiment description 
This experiment set up is similar to the previous one. However, its line path contains two 

switches connected in series. 
 
 
 
 
 

Fig.1 Work on the experiment panel 
The aim of this experiment is to investigate a simple electrical circuit consisting of two 

switches and a lamp acting as the load. The switches are connected in series. They are closed when 
their slider is on the lower setting. 

 
 
 

 
 
 
 
 
 
 

 
Fig.2 Applications of series connections 
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Series-connected switches are often used to electrically protect machines. Test the function of 
this protective mechanism in the display on the right. 

 The lamp only comes on when the left switch and the right switch are closed. 
 By combining their individual states, series-connected switches can be used as and gates. 

Experiment description 
The aim of this experiment is to investigate how parallel-connected switches influence the 

current flow in an electrical circuit. 
 
 
 
 
 
 
 

Fig.3 Work on the experiment panel 
A simple electrical circuit consisting of two parallel-connected switches and a lamp acting as 

the load is investigated here. The switches are closed when their slider is on the lower setting. 
 
The adjacent circuit diagram displays a door opening system which allows a building entrance 

door to be opened from four different floors. As the door opening buttons are connected in parallel, 
pressing any one of them closes the electrical circuit, thus allowing a current to flow through the 
door opener.  

Summary 
When the upper switch or the lower switch is closed the lamp comes on. 
By combining their individual states, parallel-connected switches can be used as or gates. 

LIST OF USED LITERATURE 
1. Decree of the Cabinet of Ministers of the Republic of Uzbekistan "On measures to organize 

production and phased transition to the use of energy-saving lamps." 
2. Semenov V.G. Why Energy Saving http: //www.energosovet.ru/bul. 
3. Kolesnik Yu. N., Ivaneychik A. V. Evaluation of the efficiency of energy saving through 

the introduction of energy-saving light sources in market conditions of operation: an article in a 
journal - a scientific article. 3 <Bulletin of the Gomel State Technical University. ON. Sukhoi. 

4. Sysoeva E. A. Improving the competitiveness of domestic lighting enterprises on the basis 
of ensuring the energy efficiency of light sources: an article in a journal - a scientific article. 3 
<Problems of modern economy=. 

5. Polishchuk A.I., Turkin A.N. The concept of using LED luminaires in order to implement 
an energy-saving lighting program: an article in a journal - a scientific article. 3 <Components and 
Technologies=. 
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�EF>G=<>>6 ?<F4=<O: O6?ONM<=EO <EF>G=<>>< M?5>FD<G5E>>= M=5D7<<, 6O7O645F 
46<65=<5 =>E<F5?5= 74DO4>6 (M?5>FD>=>6). �4?D46?5==O= ?>F>> M?5>FD>=>6 ?D<=OF> 
=47O64FL M?5>FD<G5E><< F>>><. 

�>?57=OE =47DG7>>: 
� ?>?57=4O =47DG7>4 (6 44==>< E?GG45, ?4<?5 =4>4?<64=<O), M?5>FD<G5E>4O M=5D7<O 

?D5>5D47G5FEO 6 4DG7>= 6<4 M=5D7<< (6 44==>< E?GG45, F5??>6GN < E65F>6GN). 
%>54<=<F5?L=OE ?D>6>4>6: 
-?5>FD<G5E><= ?D>6>4-� 74<>=GF>= F5?< =>E<F5?5 74DO4>6 46<6GFEO ?> M?5>FD<G5E><< 

?D>6>44< <564G <EF>G=<>>< ?<F4=<O < ?>?57=>= =47DG7>>=. 

 
$<E.1 �5=5D<D>64=<5 F>>4 

-?5>FD<G5E><= F>> ?D54EF46?O5F E>5>= =4?D46?5==O= ?>F>> =>E<F5?5= 74DO44 6 
?D>6>4=<>5.-?5>FD<G5E><= F>> 6O7O645FEO M?5>FD>46<6GM5= E<?>= (-�%) 

  

$<E.2 $47><>=GF4O/74<>=GF4O M?5>FD<G5E>4O 
F5?L 

$<E.3 �?NG< ?>76>?ONF G?D46?OFL 
F>>>< 

�E?< M?5>FD<G5E>GN F5?L <>6=> ?D54EF46<FL 6 6<45 =5?D5DO6=>7> M?5>FD<G5E>>7> 
>>=FGD4, 6 >>F>D>< 6>7L>65= ?>F>> =>E<F5?5= 74DO44 (>5OG=> ?>F>> M?5>FD>=>6), F4>GN 
M?5>FD<G5E>GN F5?L =47O64NF 74<>=GF>= M?5>FD<G5E>>= F5?LN. 

�E?< M?5>FD<G5E>4O F5?L ?D5DO645FEO 6 >4=>= <?< 5>?55 F>G>4E, F>> =5 <>65F ?D>E>4<F 
?> =5=, F.>. =>E<F5?< 74DO44 =5 <>7GF ?5D5<5M4FLEO ?> F5?<. � MF>< E?GG45 M?5>FD<G5E>GN 
F5?L =47O645F D47><>=GF>= M?5>FD<G5E>>= F5?LN. 

�?NG< ?>76>?ONF D47<O>4FL <?< 74<O>4FL M?5>FD<G5E>GN F5?L 6 746<E<<>EF< >F 
E>EF>O=<O <E >>=F4>F>6. 

�D>6>4=<>< < <7>?OF>DO 
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�=< D4745?ONFEO =4 ?D>6>4=<>< < <7>?OF>DO. 
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(M?5>FD>=4<< <?< <>=4<<). � ?D>6>4=<>4< >F=>EOFEO <5F4??O (=4?D<<5D, <54L, E5D55D>, 
4?N<<=<=), =5<5F4??O (=4?D<<5D, G7?5D>4) < M?5>FD>?<FO (=4?D<<5D, E>?5=4O 6>44). 

� <7>?OF>D4E >FEGEF6GNF ?>46<6=O5 =>E<F5?< 74DO44 < ?>MF><G >=< =5 <>7GF 
?D>6>4<FL M?5>FD<G5E>>= F>>. �D<<5D4<< <7>?OF>D>6 O6?ONFEO D4DD>D, ?>?<6<=<?E?>D<4 
(��%) D57<=4 < EGE>= 6>74GE. 
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�4?D<<56, <54=4O 6<?4 ?D>6>44 O6?O5FEO ?D>6>4=<>><, 6 F> 6D5<O >4> 6>74GE <564G 
D47><>=GFO<< >>=F4>F4<< >?NG4 O6?O5FEO <7>?OF>D><. 
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6O5<D4NFEO 6 E>>F65FEF6<< E ?D>6>4<<O< M>E?5D<<5=F><. 
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-?5<5=FO EE5<O D47<5M5=O 6 65DE=5= G4EF< M>E?5D<<5=F4?L=>= ?4=5?<. 
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>FD<F4F5?L=><G. -F> =4?D46?5=<5 M?5>FD<G5E>>7> F>>4 ?D<=OF> =47O64FL 57> F5E=<G5E><< 
=4?D46?5=<5<. 

 
 

�O6>4 
 

 
 

�>744 >?NG D47><>=GF, ?4<?5 =5 7>D<F. �>744 >?NG 74<>=GF, ?4<?5 7>D<F. 
 

%��%�� �%���,�������� ��&�$�&'$/ 
1. �>EF4=>6?5=<5 >45<=5F4 <<=<EFD>6 $5E?G5?<>< '755><EF4= «� <5D4E ?> 

>D74=<74F<< ?D><76>4EF64 < ?>MF4?=><G ?5D5E>4G =4 <E?>?L7>64=<5 M=5D7>E55D574NM<E 
?4<?». 

2. %5<5=>6 �.�. �>G5<G <<5==> -=5D7>E55D565=<5 http: //www.energosovet.ru/bul. 
3. �>?5E=<> .. �., �64=5=G<> �. �.�F5=>4 MDD5>F<6=>EF< M=5D7>E55D565=<O 74 EG5F 

6=54D5=<O M=5D7>E55D574NM<E <EF>G=<>>6 E65F4 6 DO=>G=OE GE?>6<OE DG=>F<>=<D>64=<O: 
EF4FLO 6 6GD=4?5 3 =4GG=4O EF4FLO. 3 «�5EF=<> �><5?LE>>7> 7>EG44DEF65==>7> F5E=<G5E>>7> 
G=<65DE<F5F4 <<. �.�. %GE>7>. 

4. %OE>564 �. �. �>6OL5=<5 >>=>GD5=F>E?>E>5=>EF< >F5G5EF65==OE E65F>F5E=<G5E><E 
?D54?D<OF<= =4 >E=>65 >55E?5G5=<O M=5D7>MDD5>F<6=>EF< <EF>G=<>>6 E65F4: EF4FLO 6 
6GD=4?5 3 =4GG=4O EF4FLO. 3 «�D>5?5<O E>6D5<5==>= M>>=><<><». 

5. �>?<MG> �.�., &GD><= �.�. �>=F5?F<O ?D<<5=5=<O E65F<?L=<>>6 E> E65F>4<>44<< 6 
F5?OE D54?<74F<< ?D>7D4<<O M=5D7>E55D574NM57> >E65M5=<O: EF4FLO 6 6GD=4?5 3 =4GG=4O 
EF4FLO. 3 «�><?>=5=FO < &5E=>?>7<<». 
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>�F* E>4F74 F5=7 5^?<L< ?>7<<. �5DFN, 747 >G<<D, F>DD >45< U�<?�< <4=54?4D<=<=7 =<?44= - 
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<4=54?4D<74, EGEGE4= �GUL M=5D7<OE<74 5^?74= M·F<U6=<=7 >DF<L<74 >?<5 >5?4<. 

�4<?4>4F<<<744 �4=F4 F<>?4=G6G< <G�>5<? M=5D7<O <4=54?4D<=<=7 ?>F5=F<4?< 173,4 
<?= F.=.M. 5^?<5, M=5D7<O=<=7 =<??<> <EF5N<>?< �<=<4F<44= GG 54D>54D >^?4<D [2-4]. �G 
M=5D7<O=<=7 98,8% =< �GUL M=5D7<OE< F4L><? MF44<. 'G=>< �4<?4>4F<<<7 E5D�GUL ^?>4 
5^?<5, =<?=<=7 280-300 >G=<44 �GUL =GD E>G<5 FGD44< 64 ·4D 5<D <5FD >644D4F 5D74 1100 6F 
74G4 M=5D7<O G74F<?44< [1]. �GUL M=5D7<OE<44= D>=44?4=<L UDG�?<>=< D>F>M?5<5=F?4D - 
�GUL 54F4D5O?4D< UD44<<44 M?5>FD M=5D7<OE<74 4=?4=F<D<L >D�4?< 4<4?74 >L<D<?44<. �G 
5>D444 /?>=<O, �5D<4=<O, ��, <4<?4>4F?4D< 5F4>G<?<> �<?<>�44. �GUL >>??5>F>D?4D< - 
�GUL ?5G?4D<44= D>=44?4=<5 <EE<�?<> M=5D7<OE<=< ·>E<? �<?<L - �GUL ?5G?4D<=<=7 
N74E< (21 <?= <5FD >644D4F) 5<?4= ^?G4=44<. �G 5>D444 /?>=<O, �ED><?, �D5F<O 
<4<?4>4F?4D< 5F4>G< ^D<=?4D44 FGD44<?4D. �GUL M=5D7<OE<44= M?5>FD M=5D7<OE<=< ·>E<? 
�<?44<74= >D5<=<= <>=>>D<EF4?<=< E>D E>?44 F4=UD?4L 6G44 �<<<4F74 FGL74=?<7< 
E4545?< �GUL 54F4D5O?4D<=<=7 D>=44?< <L >>MDD<F5=F< 6G44 ?4EF 5^?74=. -=4<?<>44 
�DE5=<4 74??<=, >D5<=<= ?>?<>D<EF4?<, >44<<= F5??GD >45< N?�4 ??U=>4?< �GUL 
M?5<5=F?4D< OD4F<?4<-><, G?4D 4E>E<44 F4=UD?4=74= �GUL M?5<5=F?4D<=<=7 D>=44?< <L 
>>MDD<F<5=F< 4=G4 >L4<. �G7G=7< >G=44 �GUL D>F>M?5>FD EF4=F<O?4D< 64 EG6=< �GUL 
M=5D7<OE< >D�4?< <E<F<L >>??5>F>D?4D< %GDE4=44DU, �<774E, �GE>D>, �46><=, &>L>5=F, 
�=4<6>= 6<?>OF?4D<44 64 �>D4�4??>�<EF>= $5E?G5?<>4E<44 <G64DD4�<OF?< �^??4=<?<5 
>5?<=<>�44. �GUL D>F>M?5>FD EF4=F<O?4D<44= �<774E ?>?<F5E=<>4 <=EF<FGF<44 <=EF<FGF 
F5E=>?4D><=< UD<F<L F<7<<<44 (1,5 >6F), EG6 F4N<<=>F< F<7<<<44 (6,75 >6F, 1-D4E<), 
<�><<== E>7?><?4LF<D<L <>=<F>D<=7 <4D>47<44, $>D<L FG<4=<447< �4D6>=E>= 
><L?>�<447< D5D<5D E^64?<7<44, �46><= 6<?>OF< &><4< FG<4=<447< ^DF4 <4>F45?4D44 
D>=44?4=<?<>�44. �GD>F4 FG<4=< <4D>47<= L<D>E>=4447< F<55<UF 6<E>7?4D<, �<7��447< 
>><?LNF5D E<=D?4D< L4<>? 75=5D4F>D< 64 �GUL 54F4D5O?4D<44= >?<=44<74= M=5D7<O 
·<E>5<74 <L?4<>�44 [5-6].  

�GUL =GD?4D< M=5D7<OE< F4LE<D<44 �<7<74= <EE<� ·46> =<E54F4= 5=7<? 5^?44< 64 G 
N�>D<74 >^F4D<?44<. '=<=7 ^D=<=< M74??4L74 <=F<?74= E>6G� ·46> >�<<<=<=7 ·4D4>4F< 
FGD4=?< L4<>? ·>E<? 5^?44<. �G=44= ·46> >�<<?4D<44= D>=44?4=<5 L4<>? F57<D<>=< OE4L 
VIII 4ED=<=7 5>L?4D<44U� L<<>?<= �6D>?444 4<4?74 >L<D<?74=. 1885 =<?44U� �4=<O 
<4<?4>4F<44 44EF?45>< L4<>? M?5>FD EF4=F<O?4D< �GD<?74=. 1918 =<?44 �4=<O44 120 F444= 
>DF<� L4<>? M?5>FD EF4=F<O?4D<44= D>=44?4=<?74=. '?4D=<=7 ·4D 5<D<=<=7 �G664F< 10-20 
><?>64F44= 5^?74=. 1880-1930 =<??4D44 ��, 44 6 <<??<>=44= >DF<� L4<>? M?5>FD 
EF4=F<O?4D< <L?4F<?74=. .�>D<74 >^F4D<?74= E4=<= L4<>?=<=7 F57?<7< >DF<5 5>D44<. �D 
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GEF<44 L4<>? F57?<7< 3 </E 74 F5=7 5^?E4, 10 <5FD 54?4=4?<>44 L4<>?=<=7 F57?<7< <>>< 
54D>54D >DF<� 5^?44<. 40-80 <5FD 54?4=4?<>>4 ^D=4F<?74= L4<>? 75=5D4F>D?4D< UD44<<44 
25-50 ><?>64F44= >DF<� M?5>FD M=5D7<OE< ·>E<? ><?<L <G<><=. ,G >G=?4D44 �6D>?4 
<FF<D>�<447< 446?4F?4D44 <EF5N<>? �<?<=44<74= M=5D7<O=<=7 80% =< L4<>? 64 �GUL 
M=5D7<OE< ·<E>5<74 �>??4L D564?4LF<D<?74=. �G=<=7 GGG= O�<= =<??4D <G<44 E4=UD4<<744 
3,8 <<??<>= 4>=4 L4<>? 75=5D4F>D<, 90 <<=7F4 =<D<> 64 1,7 <<??<4D4 ><G<> �GUL M?5>FD 
EF4=F<O?4D< �GD<?<L< ?>7<<. ,4<>? M=5D7<OE<44= D>=44?4=<L >D�4?< >?<=44<74= M?5>FD 
M=5D7<OE< <<�4>D< 5^=<G4 �5D<4=<O (45 �6F) 5F4>G<?<> �<?<>�44. %G6 M=5D7<OE<44= ><G<> 
�-%?4D >D�4?< M?5>FD M=5D7<OE<=< E>E<? �<?<L 5^=<G4 5F4>G< ^D<=44 %<F>= FGD44<. 
�5=<=7< ^= =<??<>44 %<F>=44 40000 F4, ¶<=4<EF>=44 ME4 400 F4 ><G<> �-%?4D �GD<L 
D564?4LF<D<?74=. �6EFD<O, $<=?4=4<O, ,65F<O <4<?4>4F?4D<44 E4< ><G<> �-%?4D74 
MNF<5>D >GG4=F<D<?74=. -=4<?<>44 <G�>5<? M=5D7<O <4=54< 5^?74= >�4D EG6?4D 
M=5D7<OE<44= <<>D> �-%?4D UD44<<44 D>=44?4=<L74 5^?74= MNF<5>D E4< >GG4=<5 5>D<>�44. 
-?5>FD G74F<L F4D<>�?4D<44= G7>�44 6>=?4L74= F>�?< EG4G4?4D447< 5G?>� 64 >4=4? 
EG6?4D<=<=7 <5E4=<> M=5D7<OE<44= D>=44?4=<5 M?5>FD M=5D7<OE< <L?45 G<�4D<L <<>D> 
�-%?4D >D�4?< 4<4?74 >L<D<?44<. �G=44= M?5>FD M=5D7<OE< <4=54< GGG= F^�>= �GD<L L4DF 
M<4E, ON=< >�4D EG6=<=7 <5E4=<>-?>F5=F<4?L M=5D7<OE< 5F4D?<4<D. �G=44= <<>D> �-%?4D 
GGG= 7<4D>FGD5<=4?4D=<=7 5<D =5G4 E<? 64D<4=F< �. 'EFN6<= F><>=<44= F4>?<D MF<?74=. 
�=4 LG=44= <<>D> �-%?4D �<774E FG<4=<447< '6>5E>= �<L?>�<44= >�<5 ^FG6G< E>=74, 
�<774E ?>?<F5E=<>4 <=EF<FGF< ·G4G4<44= >�<5 ^FG6G< >4=4??4D74 ^D=4F<?74= (2-D4E<). 
�<G<> �G664F?< 5G=44= <<>D> �-%?4D �<L?>� L4D><F44 OL4UF74= 5<D U>< 5<D =5GF4 
E^64?<>?4D=< M?5>FD M=5D7<OE<74 5^?74= MEF<U6<=< �>=4<D4 >?44<. �G�>5<? M=5D7<O 
<4=54?4D< ON=< L4<>? (3-D4E<) 64 �GUL M=5D7<OE<44= D>=44?4=<L (1-D4E<) <�F<E>4<= 
^E<L74, M>>?>7<> E>D?<>>4 E<7<4F �<?44<. -?5>FD G74F<L F4D<>�?4D<44= G7>� 5^?74= 
EG4G4?4D44 <G�>5<? M=5D7<O <4=54?4D<74 5^?74= MEF<U6 6G44 >4FF4 5^?74=< GGG= <<>D> 
�-%?4D, L4<>? 64 �GUL M=5D7<O?4D<44= D>=44?4=<L, <47>GD M=5D75F<>4 E>·4E<=< D46=4� 
F>?F<D<L 74DGD. �G <L?4D=<=7 E4<4D44>D?<7< M?5>FD>M=5D75F<> <GF4E4EE<E >44D?4D=<=7 
<?<<= E4?>·<OF<74 G76<= 5>�?<�4<D. �5<4>-><, >?<= ^>G6 NDF?4D<44 M?5>FD>M=5D75F<> 
<GF4E4EE<E?4D F4=UD?>6G< >4D54D4?4D=<=7 <>44<= F5E=<> 5474E<=< 5>=<F<L, L4<>? 64 
�GUL M=5D7<OE<=<, 5<>747 M=5D7<OE<=< E>E<? ><?<L GEG??4D<=< F44�<� MF<L GGG= E<=>6 
<4=4>=G4?4D<, <4EEGE �GD<?<4?4D 5<?4= 6<E>7?4=74= <?<<= ?45>D4F>D<O?4D=< F4L><? 
MF<L <4>E4474 <G6>D<> 5^?44< [7-8].  

�755><EF>= $5E?G5?<>4E< 5<D<=G< �D57<45=F<=<=7 «�G�>5<? M=5D7<O <4=54?4D<=< 
O=444 D<6>6?4=F<D<L74 4><D G>D4-F445<D?4D F^�D<E<44»7< 01.03.2013 =<? ��-4512- E>=?< 
D4D<>=< 64 «%4?�4D> �GUL M=5D7<OE< <=EF<FGF<=< F4L><? �<?<L F^�D<E<44»7< 01.03.2013 
=<? ��-1929-E>=?< �4D>D<=< 5464D<L 4><D4E<44 «$<7<>4-�GUL» <?<<= <L?45 G<�4D<L 
5<D?4L<4E< 5474E<44 �GUL M=5D7<OE< <=EF<FGF< F4L><? �<?<=4<. «�755>M=5D7>» ��� GL5G 
<=EF<FGF=<=7 F4NE<EG<?4D<44= 5<D< ·<E>5?4=44<. "�755>M=5D7>" ��� F><>=<44= �GUL 
M=5D7<OE<44= D>=44?4=<L <4�E44<44 D5E?G5?<>4=<=7 �4F>D 6<?>OF?4D<447< «�GDG664F 
G=?4D<», «�5·D<5>=?<> G=?4D<» 64 �<L?>� 6D4G?<> ?G=>F?4D<44 75?<>�GD<?<4?4D 
^D=4F<?4<. �G=44= F4L�4D<, %4<4D�4=4 6<?>OF<44 �E<U F4D4��<UF 54=>< >D54<F 
D5EGDE?4D<=< 64?5 �<?74= ·>?44 �G664F< 100 ��F 5^?74= �GUL EF4=F<OE<=< �GD<L =474D44 
FGF<?<>�44. ,G=<=745>, «�46><=» -D><= <�F<E>4<= 7>=4E<44 �G664F< 50 ��F 5^?74= 
D>F>M?5>FD �GUL ?4=5??4D< <L?45 G<�4D<L 5^=<G4 �^L<4 >>DE>=4=<=7 1-5>E�<G< F4L><? 
MF<?44<. �5?464>44 5G >>DE>=4=<=7 <L?45 G<�4D<L �G664F?4D< 100 ��F 74G4 >L<D<?44<. 
,G <G=>E454F 5<?4= «�755>M=5D7>» ���44 U�<?�<-M=5D75F<>4 54?4=E<74 �4=F4 F<>?4=G6G4= 
M=5D7<O <4=54?4D<=< ><D<F<L 5>D4E<44 <L?4D >?<5 5>D<?<>�44. �4=F4 F<>?4=G6G4= 
M=5D7<O <4=54?4D<44= >4FF4 E4=>4F <<�<UE<44 D>=44?4=<L D5E?G5?<>444 M?5>FD 64 <EE<�?<> 
M=5D7<OE< <L?45 G<�4D<L447< F45<<= 747 <EF5N<>?<=< >4<4=F<D<L 64 LG=<=7 =4F<64E<44 
4FD>D-<G·<F74 74D4D?< <>444?4D=< G<�4D<5 F4L?4L ·46<<=< E57<?4D?< 44D46444 
�<E�4DF<D<L <<>>=<=< 55D44<.  
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$>F>M?5<5=F?4D=<=7 <L E4<4D44>D?<7<=< >L<D<L =^?<447< <?<<= <7?4=<L?4D=<=7 
=4F<64E< ^?4D>� 5G7G=7< >G=44 �GUL 54F4D5O?4D<=<=7 1<2 N74E<44= M=7 >4<<44 200 �F 74G4 
M?5>FD �G664F< >?<L <G<><=. ,G E4545?< �GUL M?5<5=F?4D<=<=7 �^??4=<L E>·4?4D< 
>>E<<> 4??4D4F?4D=<=7 M=5D7<O F4N<<=>F<, E4?�-E^64?<7<, F5E=<>4, �<L?>� E^64?<7< 64 
5>L�4 E>E4?4D44 �^??4=<?<L< F>5>D4 >5=74=<5 5>D<>�44. ,G=< ·4< F4N><4?4L 6><7><, 
�GUL M=5D7<OE<=< D>F>M?5>FD<> 6<E4F44= �4=F4 4=?4=F<D<L=<=7 D>=44?< <L 
>>MDD<F<5=F<=< 93% 74 5F>47<L <G<><=?<7<=< =474D<= 4E>E?45 55D<?74= 5^?<L<74 
�4D4<4=, 5G7G=7< >G=44 4<4?44 >?<=74= =4F<64 18-26% 44= >L<4=4<. ,G=<=7 GGG= N�>D< 
E4<4D4?<, ><G<> ^?G4<?< OD<< ^F>477<G?< �GUL M?5<5=F?4D< (�-) =< ?>=<·4?4L 64 <L?45 
G<�4D<L ·4< <?<<=, ·4< 4<4?<= =G�F4< =474D44= 4>?74D5 <4E4?4 5^?<5, G=<=7 
D5E?G5?<>4<<7 <<�UE<44 F^�D< ·4? MF<?<L<74 446?4F<<<7 F><>=<44= >4FF4 MNF<5>D 
�4D4F<?74=. 'L5G >^DE4F<4?4D=< 5464D<L <4�E44<44 <�755>5=5D7>= �� <4=D44F4>D 
<4>D4?4D 5<?4= 5<D74?<>44 <?<<= F44�<�>F?4D >?<5 5>D<L<5 �755><EF>= 
$5E?G5?<>4E<=<=7 �4=F4 F<>?4=44<74= M=5D7<O <4=54?4D< E4?>·<OF<=< ^D74=<5 G<�4<?4D. �G 
5>D444 2019 =<? 19 <4=44 �45G? �<?<=74= �755><EF>= $5E?G5?<>4E<=<=7 <�4=F4 F<>?4=G6G< 
M=5D7<O <4=54?4D<44= D>=44?4=<L F^�D<E<44=7< �>=G=< >4FF4 4E4<<OF4 M74 5^?4<. '=44 
�4=F4 F<>?4=G6G< M=5D7<O <4=54?4D<44= D>=44?4=<L, G=< <L?45 G<>4DG6G< F445<D>>D?4D 
F><>=<44= <EF5N<>?G<?4D74 E>F<L <<>>=<OF?4D< ·4�<44 �><44?4D >5?F<D<?74=.  

/?>=<O?<> <GF4E4EE<E?4D ME4 �GUL 54F4D5OE<=<=7 D>=44?< <L >>MDD<F<5=F<=< 
($��) 26,3 D><7 5^?<L<74 MD<L4<?4D. �D5<=<= �GUL 54F4D5OE<=<=7 $��< GGG= <4>E<<4? 
=474D<= G574D4 29 D><7=< F4L><? �<?44<. �<D>� 5G >^DE4F><G74 ·4?< ·5G ><< MD<L4 
>?<474=. �<4?<UF44 $�� 20 D><774 O�<= 5^?<5, D5>>D4 >^DE4F><G ME4 25,6 D><7=< F4L><? 
�<?74=. /?>=<O?<> >?<<?4D 5G >^DE4F><G=< 26,3 D><774 5F>47<L74 <G64DD4� 5^?4<?4D. '?4D 
5G=<=7 GGG= >D<EF4?? <4F5D<4??4D=< F4�<�?4=74= 7>=4?4D 3 <454? >D<EF4??447< M?5>FD>= 
M74 5^?4 >?<4=4<74= M=5D7<O �<=<4F?4D< E>·4E<=< <<=<<4??4LF<D<L GGG= N�>D< E<D4F?< 
N?�4 ??U=>4?< 75F5D>^F<L44= (<>><F4 FGD?< OD<<^F>477<G >>=F4>F<44=) D>=44?4=<L74=. 
�G=44= F4L�4D<, >?<<?4D 54F4D5O=<=7 N�>D< �<E<<=< 4<>DD >D5<=<=44 D>F>=?4D 
E>G<?<L<=< >4<4=F<D<L GGG= 4>E�4=F4DG6G< �>??4<4 5<?4= �>??4L74=. �GF4E4EE<E?4D 
�GUL 54F4D5OE<=< O=444 F4>><<??4LF<D<L=< D564?4LF<D<?<>�44?4D. '?4D 29 D><7?<> 
D>=44?< <L >>MDD<F<5=F74 MD<L<L GGG= <<>>= 55D<4UF74= 5<D =5G4 E4545?4D=< 
4=<�?4L4<. �G E4545?4D >D4E<44 >?F<> =^�>F<L?4D 64 F4L�< D5>><5<=4F<O?4L<L E<E>5<74 
N7 55D44<74= =^�>F<L?4D E4< 5>D. 

%G?>E4 
�4=F4 F<>?4=G6G< M=5D7<O <4=54?4D<44= D>=44?4=<L=<=7 ·>7<D7< >G=?4D447< F4·?<?< 

LG=< >^DE4F44<><, 5G <4=54?4D 5^=<G4 >?<5 5>D<?4UF74= <?<<=-F44�<�>F ·4<44 F4L><?<= 
<L?4D F4?45 44D464E<44 M<4E.%GEGE4= >D5<=<= 4E>E<44 OD4F<?4UF74= �GUL D>F>M?5>FD 
�GD<?<4?4D<=<=7 D>=44?< <L >>MDD<F<5=F<=< >L<D<L <4�E44<44 >?<5 5>D<?4UF74= 
<?<<=-F44�<�>F <L?4D< E4<4D44>D?<7<=< 5<D=5G4 5>D >L<D<L 74DGD. �G=44 4E>E4= 
>D<EF4??4D447< F4�<�?4=74= 7>=4 >5=7?<7<=< ^774DF<D<L, 4<>DD >D5<=<= N74E<=< 
4>E�4=F4DG6G< ??U=>4?4D 5<?4= �>??4L ·4<44 75F5D>^F<L?4D44= D>=44?4=<L >45< <?<<= 
<7?4=<L?4D74 MNF<5>D �4D4F<L 74DGD.  

 
1-D4E<. �<774E ?>?<F5E=<>4 <=EF<FGF< EG4G4<74 ^D=4F<?74= �GUL M?5>FD EF4=F<OE< 

(�G664F< 6,75 >�F). 
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2-D4E<. �<7�� E>6?<E<447< >4=4?74 

^D=4F<?74= <<>D>�-% (�G664F< 0,5 >�F) 
3-D4E<.,4<>? M?5>FD EF4=F<OE< 

�445<UF?4D 
1. �??456 �.$. -=5D75F<>4 <<D4 < '755><EF4=4. - &.: �>?<O, 2007 7. 
1. �?OG56 ,.�., �GE4<<44<56 �.�., �657>6 $.$. < 4D. �5FD44<F<>==O5 < 

6>7>5=>6?O5<O5 <EF>G=<>< M=5D7<<. &4L>5=F: �74. «$4= 64 F5E=>?>7<O» - 2010 7. 
2. .=GE>6 &... � D>?< 6>7>5=>6?O5<OE <EF>G=<>>6 M=5D7<< 6 EFD4F57<< 

E>65DL5=EF6>64=<O M=5D75F<>< '755><EF4=4. // �D>5?5<O M=5D7>-< D5EGDE>E55D565=<O. 7 3-
4, 2011. 

3. �GEF4D4�G?>6 �.�., %4?<56 -.�., %<44<>>6 �. � 4D. �6F><4F<7<D>64==O= 
GGUF-GE?>6<O ?>6OM5=<O MDD5>F<6=>EF< <E?>?L74=<O M?5>FD<G5E>>= M=5D7<<. �. 
«�D>5?5<O M=5D7> 3 < D5EGDE>E55D565=<O» 2013 7. &4L>5=F. 7 1-2. E. 158-164.  

4. �GEF4D4>G?>6 �.�., &GD>?>6 '. $4EGUF <>L=>EF< 65FD>M=5D75F<G5E><E 
GEF4=>6>>. �GD=4? <�4GG=O= ?D>7D5EE=.$>EE<O. 7 4 (4?D5?), ISSN 2542-0984 4?D5? 201 8 7.  

5. �ustafakulov A.A., Arzikulov F. CURRENT STATE OF WIND POWER 
INDUSTRY Accepted in the journal The American Journal of Engineering and Technology (ISSN-
2689-0984) for Volume 02 Issue 09 September 2020, pp.32-34. 

6. �.�.�GEF4D4>G?>6, �.�.%4?<?>6, ,.%.'D<=>6. &5?L < 7444G< E4<>EF>OF5?L=>= 
D45>FO EFG45=F>6.�4F5D<4?O VI �564G=4D>4=>= =4GG=>-<5F>4<G.>>=D. �><5?L,24-25 
>>FO5DO.20197.  

7. �GEF4D4�G?>6 �. -?5>FD>F5E=<>4 <4F5D<4??4D<.'>G6 >G??4=<4. &>L>5=F, 
&GD>=-�>5>? =4LDUF<-2015, 188 5. 

 
%'$%����$� ����/&����� -���&$ -��$��/ &�.����&� ¶���&��� 

&�¶��� ����, 
�?<56 �.M., <%GDE>=44DU ·G4G4<= M?5>FD F4D<>�?4D< >>DE>=4E<= �� F5E=<> 4<D5>F>D 

^D<=5>E4D< 
I. %GDE>=44DU 6<?>OF<=<=7 M?5>FD M=5D7<OE< F4N<<=>F< ·>?4F<: 

¶>7<D7< >G=44 %GDE>=44DU 6<?>OF<=<=7 54DG4 <EF5N<>?G<?4D< F^?<� M?5>FD M=5D7<OE< 
5<?4= F4N<<=?4=74= 5^?<5, M?5>FD M=5D7<OE< <EF5N<>?< U7 64 �<L D4E??4D<44 5<D EGF>4?<> 
<EF5N<>? 11,5-11,8 <?=.>�F.E>4F 64 MDF4?45><->5G>< <4>E<<4? N>?4<4 E>4F?4D<44 G?4=74= 
�G664F 530-600 ��F =< F4L><? �<?44<. �4·>D 64 >G7 D4E??4D<44 ME4 5<D EGF>4?<> <EF5N<>? 
7,5-8,5 <?=.>�F.E>4F 64 MDF4?45><->5G>< <4>E<<4? N>?4<4 E>4F?4D<44 G?4=74= �G664F 400-
430 ��F =< F4L><? �<?44<. 

�EF5N<>? �<?<=4UF74= M?5>FD M=5D7<OE<=<=7 40-45 % �<E<< �<L?>� E^64?<7<, ON=< 
=<D<> =4E>E EF4=F<O?4D< ·4<44 ><G<> �G664F?< 44?4 EG�>D<L =4E>E?4D< >D�4?< <EF5N<>? 
�<?<=<5, 4·>?<=<=7 <EF5N<>?< 64<< <EF5N<>?=<=7 30-35 % <=< F4L><? �<?E4, E4=>4F 
>>DE>=4?4D G?GL<74 10-15 % ·4<44 �>?74= 5>L�4 <EF5N<>?G<?4D74 5-10 % F^�D< >5?44<. 

¶>7<D7< >G=44 %GDE>=44DU 6<?>OF< 5^=<G4 =<?=<=7 U7->G7-54·>D D4E??4D<44 M?5>FD 
M=5D7<OE< &^?4?4=7 �-% (�-%-34 64 �-%-43) 64 G=<=7 >4E>44(�4DG>5)?4D<44 <L?45 
G<�4D<?<5, M=5D7>F<7<<74 G74F<?4UF74= 5^?<5, GL5G G74F<?4UF74= M?5>FD M=5D7<OE< 5<D 
EGF>444 ^DF4G4 150 <<=7 >�F.E>4F 44= 220 <<=7 >�F.E>4F =< F4L><? �<?<>�44. 
�<4D>M?5>FDEF4=F<O?4D44 <L?45 G<�4D<?4UF74= M?5>FD M=5D7<OE< F4= =4DE< 4D7>= ·4<44 
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M>>?>7<> F>74 <4·EG?>F M>4=?<7< FGD4=?< ·>7<D7< >G=44 <G·F4D4< NDF5>L<<<7=<=7 
F4L455GE?4D< 5<?4= &^?4?4=7 7<4D>M?5>FDEF4=F<OE<=<=7 >4E>44?4D< �GD<?<L<74 EF4DF 
55D<?74= 64 ·>7<D7< >G=44 GL5G �-% >4E>44?4D< 6444??<> 5<?4= �GD<?<L< 446>< 
MFF<D<?<>�44. /=7<44= 54D?> MF<?4UF74= 25 ��F �G664F?< <�<7>F=, 50 ��F �G664F?< 
<�<LFGF= ·4<44 O=7< ?>=<·4?4LF<D<?4UF74= <�E>><= �-%?4D LG?4D 6G<?4E<44=4<D. 

,G=<=745>, <G·F4D4< NDF5>L<<<7=<=7 F4L455GE?4D< 5<?4= E5D�GUL 6>·4<<744 
�G664F< 100 ��F 5^?74= �GUL (D>F>) M?5>FD EF4=F<OE< �GD<?<L< <^?64??4=74=?<7< 
<EF5N<>?G<?4D=<=7 G7?G>E<7 M?5>FD M=5D7<OE< 5<?4= F4N<<=?4L44 4==< <G444> 5^?4< 45E4> 
<G5>?4�4 5^?<4=4<. 

�==< >5G4->G=4G744 �GD<?<L 64 E4=>4F ·4<44 <L?45 G<�4D<L >>DE>=4?4D<=<=7 >5E><= 
>DF<5 5>D4UF74=?<7<=< <=>54F74 >?E4>, (2017 =<?44 2,7 <?D4. >�F.E>4F, 2018 =<?44 2,8 
<?D4. >�F.*E>4F, 2019 =<?44 2,9 <?D4. >�F.E>4F, 2020 =<?44 3,1 <?D4. >�F.E>4F, 2021 
=<?44 3,5 <?D4. >�F.*E>4F =< F4L><? �<?74=, ^F74= 55L =<?44 <EF5N<>?=<=7 ^E<L< 29,6 %) 
>5=<=7< 55L =<? 446><<44 <EF5N<>? ·>7<D7<74 �4D474= OD<< 54D464D >L<5, 5<D =<??<> 
<EF5N<>? 4,0-4,5 <?D4.>�F.E>4F =< F4L><? �<?<L< ?D>7=>7?4LF<D<?<>�44. 'L5G=< 
<=>54F74 >?74= ·>?44 �4=F4 F<>?4=G6G< M?5>FD <4=54?4D<=< 6>D<= �<?<L ·4<44 =<D<> 
�G664F <L?45 G<�4DG6G< M?5>FD EF4=F<O?4D<=< ·4<44 <466G4?4D<=< <>45D=<74F<O?4L=< 
F4�>7> �<?44<. ,G=<=745>, M?5>FD M=5D7<OE<=< F4�E<<?4L 64 G74F<L74 <^?64??4=74= 220-
500 >� ?< ?>4EF4=F<O ·4<44 M?5>FD F4D<>�?4D<=< F^?<� D5>>=EFDG>F<O �<?<=<L< <4�E4474 
<G6>D<�. 

II. -?5>FD M=5D7<OE<=< G74F<L44 <ED>D (?>F5D<O) F4·?<?<: 
01.01.2022 =<? ·>?4F<44 <%GDE>=44DU ·G4G4<= M?5>FD F4D<>�?4D< >>DE>=4E<= �� 

F4E4DGD<44 5 892 4>=4 (LG=44= 1890 4>=4E<, U>< 33 % 40 =<?44= >DF<� M>E??G4F4F<O44 
D>=44?4=<5 >5?<=74=) 6-10/0,4 >� FD4=ED>D<4F>D ?G=>F?4D<, 19 335,4 >< (LG=44= 5994,0 ><, 
U>< 31 % 40 =<?44= >DF<� M>E??G4F4F<O44 D>=44?4=<5 >5?<=74=) G7G=?<>44 0,4-110 >�?< 
M?5>FD F4D<>�?4D< 64 140 4>=4 (LG=44= 50 4>=4E<, U>< 36 % 40 =<?44= >DF<� 
M>E??G4F4F<O44 D>=44?4=<5 >5?<=74=) 35-110 >�?< ?>4EF4=F<O?4D <466G4. 'L5G 40 =<?44= 
7<U4 M>E??G4F4F<O44 D>=44?4=<5 >5?<=4UF74= M?5>FD F4D<>� 64 �GD<?<4?4D <5NUD<= ·G664F 
64 <L?45 G<�4D74= 746>4 EG664F?4D<74 5<=>4= ^7 E<7<4F 446D<=< ^F45 5^?74= ·<E>5?4=<5, 
·>7<D7< >G=44 GL5G F4D<>� 64 M?5>FD �GD<?<4?4D >D�4?< M?5>FD M=5D7<OE< G74F<?<L<44 
<ED>D (?>F5D<O)?4D=<=7 >5E><= >L<5 5>D<L<74 >?<5 >5?<=<>�44. �G=<=7 5G<<< E<D4F<44 
M?5>FD F4D<>�?4D<=< <>45D=<74F<O?4L 64 O=7<?4L 44EFGD?4D<=< FG7<L44, M=7 >�<D, ON=< 40 
=<?44= >^? M>E??G4F4F<O44 D>=44?4=<?4UF74= M?5>FD F4D<>�?4D<=< O=7<?4L M<4E, 54?>< 20 
=<?44= >DF<� M>E??G4F4F<O44 D>=44?4=<?4UF74= M?5>FD F4D<>�?4D<=< <>45D=<74F<O?4L 
D564E<74 ><D<F<L >D�4?<, GL5G F4D<>�?4D=< D5>>=EFDG>F<O �<?<L >D�4?< G=44= G<��4= 
F4D<>�=< 40 =<?44= >DF<� M>E??G4F4F<O �<?<=4UF74= F4D<>�?4D ^D=<74 4?<4LF<D<?<L< 
>D�4?<, M?5>FD F4D<>�?4D<=< O=7<?4L EGD4F< 2 <4DF4 F57?4L<L<74 >?<5 >5?<L <G><=. 

-?5>FD M=5D7<OE<=< G74F<L447< <ED>D (?>F5D<O) F4·?<? �<?<=4D M>4=, 5G=44= F4L�4D< 
5G7G=7< >G=44 <EF5N<>?G<?4D=<=7, 4==<�E4 4·>?< <EF5N<>?G<?4D<=<=7 >5E><= >DF<L<, 
LG=<=745> G5>>4 ·G4G4?4D447< 5D?4D=<=7 ^7?4LF<D<?<L< =4F<64E<44, M?5>FD F4D<>�?4D< 
<EF5N<>?G<?4D F><>=<44= �^?5>?4 F4O=G 64 ^F>477<G?4D 5<?4= F4D<>�?4D F>DF<?<L< 
=4F<64E<44 G74F<?4UF74= M?5>FD M=5D7<OE<=<=7 >^?7<=4 �<E<< <ED>D �<?<=<L<74 E4545 
5^?<>�44. �G=<=7 <E5>F< E<D4F<44 0,4 >� M?5>FD F4D<>�?4D<=<=7 4E>E<= �<E<< �^?5>?4 
F4O=G?4D44= <5>D4F 5^?74=, '7G= FG<4==<=7 �� >EF>=4 <4·4??4E<44 6>=?4L74= 41018-
E>=?< FD4=ED>D<4F>D ?G=>F<44= F4N<<=?4=74= <EF5N<>?G<?4D74 G74F<?4UF74= M?5>FD 
M=5D7<OE<=<=7 38 % �<E<< <ED>D (?>F5D<O) 5^?4UF74=?<7<=< >^D<L<<<7 <G<><=. 

¶G44< LG ·>?4F=<, &5D<<7 FG<4=<, �GD4DL>= <4·4??4E<44 6>=?4L74= 135-E>=?< 
FD4=ED>D<4F>D ?G=>F<44= G<�G6G<, F^?<� 74<>=46<= %�� DGEG<?< <7>?OF<O >455??< F4D<>� 
>D�4?< M?5>FD M=5D7<OE< 5<?4= F4N<<=?4=G6G< <EF5N<>?G<?4D74 G74F<?4UF74= M?5>FD 
M=5D7<OE<=<=7 4F<7< 21 % �<E<< <ED>D 5^?4UF74=?<7<=< F4·?<? �<?<L<<<7 <G<><=. 
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,G=<=745>, 6<?>OF=<=7 4==< �<L?>� 6>=?4D44 <EF5N<>?G<?4D<=<=7 F4D�>� 
6>=?4L<L< FGD4=?< G?4D74 G74F<?4UF74= M?5>FD M=5D7<OE<=<=7 <5NUD44= >^? �<E<< <ED>D 
�<?<=<L< >G74F<?<>�44. 

III. %GDE>=44DU 6<?>OF<=<=7 M?5>FD M=5D7<OE< F4N<<=>F< <EF<�5>??4D<: 
�4N?G<><, 6>D<= =<? 24-<4DF >G=<44 &>L>5=F E4?�4D> <=65EF<F<O D>DG<< 4><D4E<44 

%GDE>=44DU 6<?>OF<, �=7>D FG<4=<, <�4FF4�G<= <4·4??4E<44, ?>=<·46<= �<=<4F< 1 <?D4. 
200 <?=. 4>??4D 5^?74=, �G664F< 1560 ��F 5^?74= =<??<7< 12 <?D4. >�F.E M?5>FD M=5D7<OE< 
<L?45 G<�4D44<74= O=7< <EE<�?<> M?5>FD EF4=F<OE< (�-%) �GD<?<L<74 GL5G ?>=<·4 
<6D>G<?4D< ·<E>5?4=74= <Siemens Energy= >><?4=<OE< ?D57<45=F< �D<EF<4= �DGE 64 
<�DF= >><?4=<OE< <6D>G< 4<D5>F>D< �54FD<E �GDD>=?4D <LF<D>><44 <G·F4D4< 
NDF5>L<<<7 F><>=?4D<44= EF4DF 55D<?4<. 

�G ?>=<·4=<=7 4<4?74 >L<L< =4D4�4F %GDE>=44DU 6<?>OF<=<=7 500 <<=744= >DF<� 
E>=44>=<=< M?5>FD M=5D7<OE< 5<?4= F4N<<=?4L 54?>< �^L=< �D�>=<EF>=74 =<?<74 >4<<44 3 
<?D4. >�F.E M?5>FD M=5D7<OE<=< M>E?>DF74 MD<L<L <G<><=. �G 5<?4= %GDE>=44DU 
6<?>OF<=<=7 ·4< <�F<E>4<= ·4< <6F<<><= 4·6>?<=< OEL<?4L74 MD<L<?44<. 

'L5G ?>=<·4 >5?464>44 M<4E 54?><, 4F<7< O�<= 3-4 =<?44 4<4?74 >L<D<?<L< =4�444D 
�G6>=4D?< ·>? M>4=?<7< =4D4�4F %GDE>=44DU 4·?< 54?>< 5GFG= �755><EF>= E4?�<=< 
�G6>=F<D<L< FGD74= 74?. 

%GDE>=44DU 6<?>OF<44 5G7G=7< >G=44 4<4?74 >L<D<?44<74= =<D<> <=65EF<F<O 
?>=<·4E< 5G 5<?4= G5>?4=<5 �>?<4E44=, <G·F4D4< NDF5>L<<<7 ,46>4F �<D><>=>6<G 
�<D7<U56=<=7 2021 =<? 1 <N=L >G=< %GDE>=44DU 6<?>OF<74 F4LD<D?4D< 446><<44 ,5D>5>4 
FG<4=<44 260 <?=. $ F^�D<44=-F^�D< <=65EF<F<O 64?5 �<?<=74= ·>?44 �GUL M?5>FD 
EF4=F<OE< �GD<?<L< <G=>E454F< 5<?4= G=<=7 ?>=456>D<74 >4?EG?4 �^=<?74=< 64 <47>GD 
M?5>FD EF4=F<O ?>=<·4E<=< �<D?4L74= �D45 �<<D?<>?4D<=<=7 «Masdar» >><?4=<OE< 
4<4?74 >L<D<L< >?<5 5>D<?4UF74= =<D<> <E?>·>F?4D=<=7 455>G4E< 45=<L <G<><=. 

'G=>=G<, 5<D7<=4 6<?>OF44 <466G4 M?5>FD F4D<>�?4D<=< <>45D=<74F<O?4L 64 
O=7<?4L74 �4D4F<?74= <E?>·>F?4D<44= 5<D< 5^?74= �G·F4D4< NDF5>L<<<7 F><>=<44= 
<<7>?4=74= 2021 =<? 30 45>45D447< <�755><EF>= $5E?G5?<>4E<=<=7 2022-2026 =<??4D74 
<^?64??4=74= <=65EF<F<O 44EFGD<=< F4E4<�?4L ·4<44 <=65EF<F<O ?>=<·4?4D<=< 
5>L�4D<L=<=7 O=7< U=44LG6 64 <5E4=<7<?4D<=< 6>D<= MF<L F^�D<E<44=7< 72-E>=?< 
�4D>D?4D< 4><D4E<44 >5?7GE< 55L =<? 446><<44 5 <<=7 >< 44= 7<U4 M?5>FD F4D<>�?4D< 64 
1500 F474 O�<= FD4=ED>D<4F>D ?G=>F?4D< O=7<?4=<5, D5>>=EFDG>F<O �<?<=<L< N�>D<44 
54U= �<?<=74= <E?>·>F?4D 446><<=?<7<=<=7 O��>? <<E>?< 45=<L<<<7 <G<><=. 

-?5>FD F4D<>�?4D<=< <>45D=<74F<O?4L 64 O=7<?4L 4><D4E<44 >?<5 5>D<?44<74= 
F445<D?4D=<=7 5<D7<=< 6>D<= =<?44 4<4?74 >L<D<?<L< ?>7<< 5^?74= <L?4D F4·?<? 
�<?<=74=44, 6<?>OF44 >^? =<??4D44= 5GU= M>E??G4F4F<O44 D>=44?4=<5 >5?<=74= 64 5G7G=7< 
>G=44 7^D<�<L 5<?4= <L?4UF74= =<D<> �G664F?< <>>< 4>=4 ?>4EF4=F<O?4D D5>>=EFDG>F<O 
�<?<=<L<, ON=< <466G4 >GG FD4=ED>D<4F>D?4D<=<=7 >4FF4 �G664F?<E<74 4?<4LF<D<?<L< 
54D>54D<44, 6<?>OF44 M?5>FD M=5D7<OE<74 5^?74= >5E><= F4?45?4D=< �>=4<D<L <4�E44<44 O=4 
3 4>=4 35-110 >� >GG?4=<L?< >4FF4 �G664F?< ?>4EF4=F<O?4D O=7<44= �GD<?<L< 
D564?4LF<D<?74=. ,G=<=745> GL5G F445<D?4D �4F>D<44, 6<?>OF=<=7 392 F4 <4·4??4 
DG�4D>?4D =<�<=<447< 1099,3 >< G7G=?<>447< M?5>FD G74F<L F4D<>�?4D< 64 288 4>=4 
FD4=ED>D<4F>D ?G=>F?4D< <>45D=<74F<O �<?<=<L< 64 D5>>=EFDG>F<O �<?<=<L< >45< 
F445<D?4D 4<4?74 >L<D<?44<. 

%G?>E4 
%G?>E4 ^D=<44 LG=< 4=F<L<<<7 <G<><=><, N�>D<44 54U= �<?<5 ^F<?74= ?>=<·4 64 

F445<D?4D=<=7 4<4?74 >L<D<?<L< <G·F4D4< NDF5>L<<<7 F4N><4?474=?4D<45>, �=E>= �44D< 
�<<<4F< 64 G?4D=<=7 D4D>6>= OL4L< GGG= E<7<4F �<?<L<=< <=>54F74 >?74= ·>?44, GL5G 
<4L4��4F?< <L?4D=<=7 4<4?74 >L<D<L =^?<44 E>·4 <GF4·4EE<E?4D<74 >GG-�G664F 4F> 
MF<?<L<=< ·4<44 6>=46>= 64F4=<<<7 5^?74= �755><EF>= $5E?G5?<>4E<=<=7 54DG4 
<EF<�5>??< ?>=<·4?4D<=<=7 4<4?74 >L<L<=< 4??>·44= F<?45 �>?4<<7! 
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1. -.�.%4<F>6, '.�.�E<54>6, �.�.�GD5>=5>56, ..�.%4<<4>6, ,.�.�5>G4=>6. $47D45>F>4 
<<<F4F<>==>= <>45?< >><5<=<D>64==>= 75?<>65FD>M=5D75F<G5E>>= GEF4=>6><. �<D7> 
'?G755> =><<447< '755><EF>= <<??<= G=<65DE<F5F< EG7GD<447< «/D<< GF>477<G?4D 
D<7<>4E< 64 <<>D>M?5>FD>=<>4» <?<<=-F44><>>F <=EF<FGF< &>L>5=F L4ED<447< =�-�= 
<<??<= F44><>>F G=<65DE<F5F< D545D4? 446?4F 5N465F< >?<= F4N?<< <G4EE4E4E< =/D<< 
GF>477<G?4D D<7<>4E<, <<>D>- 64 =4=>M?5>FD>=<>4=<=7 DG=44<5=F4? 64 4<4?<= <G4<<>?4D<= 
<467GE<447< 1-E4?>4D> 4=6G<4= <4F5D<4??4D<, &>< 1; 28-29 >>FO5DL &4L>5=F 2021; EFD. 216-
218. 
2. -.�.%4<F>6, ' .�.�E<54>6, ..�.%4<<4>6, ,.�.�5>G4=>6, �.$.$4E<<44<=>6. 
�7<5D<F5?L=O5 >><??5>EO < GG5F >?<<4F<G5E><E 44==OE ?D< D47D45>F>5 < ?D>5>F<D>64=<< 
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�4?<F E^7?4D: <G�>5<? M=5D7<O, �GUL, L4<>?, �4=F4 F<>?4=G6G<, M=5D7<O 
F564<>>D?<7<, �GUL D>F>M?5>FD �GD<?<4E<. 

�<D<L 
�D N7<44 F<6<?<74F<O=<=7 D<6>6?4=<L< D>=44?4=<?4UF74= M=5D7<O FGD< 64 ·46<< 

5<?4= ·4D 4><<> G4<54DG4E 5>�?<� 5^?<5 >5?74=. �==<>E4, M?5>FD M=5D75F<>4E< F4D<>�< 
64<<OF ·4UF<44 <G·<< E4=4?74= F4O=G E>·4?4D44= 5<D< ·<E>5?4=44<. ,G 5><E >5=<=7< 
=<??4D44 <4<?4>4F<<<744 <�F<E>4<UF F4D<>�?4D< 64 <6F<<><= E>·444 M=5D7<O 
E4<4D44>D?<7<=< >^F4D<L, �4=F4 F<>?4=G6G< M=5D7<O <4=54?4D<44= D>=44?4=<L=< 
D<6>6?4=F<D<L 5^=<G4 >5=7 >^?4<?< 64 <7G<? <E?>·4F?4D 4<4?74 >L<D<?<5, M=5D75F<>4 
F4D4��<UF<74 44·?4>D ·G�G�<= 4E>E?4D OD4F<?4<. 

�E>E<= �<E< 
�G7G=7< >G=44 M=5D7<O44= D>=44?4=<L ·46<< LG=G4?<> >5=74=<>�44><, G=<=7 

>5?7GE<44 O=444 >^?4=<L< 5<>ED5D4, 45<4>><, >5?464>44 <=E>=<OF=<=7 D<6>6?4=<L< GGG= 
·4< >4FF4 E46D FG�4<D44<. ,G E4545?< 5GFG= 4G=U44 ^F74= 4ED=<=7 >E<D7< ^= =<?<44= 
5>L?45, M=5D7<O=<=7 �4=F4 F<>?4=44<74= M>>?>7<> F>74 <4=54?4D<, 4664?>, �GUL 64 L4<>? 
<4=54?4D<44= D>=44?4=<L74 4?>·<44 MNF<5>D �4D4F<?4 5>L?4=4< [1-6,16]. �4E4?4=, 4G=U44 
·>7<D L4<>? M=5D7<OE<=< ^7?4LF<D<L EGDN4F?4D< D4�4F 4E5>D>F F5E=>?>7<O?4D<44= 5<D>7 
>DF44 �>?<>�44. �GUL?< >G=?4D74 5>= �755><EF>=44 �4=F4 F<>?4=44<74= M=5D7<O 
<4=54?4D<=< ^7?4LF<D<L EFD4F57<O?4D< M=4< <L?45 G<�<?<>�44. �4DG<, ·>7<D �4=F4 
F<>?4=44<74= M=5D75F<>4 F5E=>?>7<O?4D< GGG= E4D464F?4D <<�4>D< M=5D7<O >?<L=<=7 
4=N4=46<= F5E=>?>7<O?4D< E4DD-E4D464F?4D<44= 4=G4 >LE444, 5G7G=7< >G=44 G?4D 6>D<= 
MF<?44<74= >5N5>F?4D=< 4=<� �4=4 MF<L <G<><=. �755><EF>= GGG= 3 5G 5<D<=G< =4654F44, 
M?5>FD M=5D7<OE< 64 <EE<�?<> >?<L GGG= <4·4??<= E4=>4F 64 �GD<?<L E5>F>D<=<=7 >4< 
�G664F?< >5N5>F?4D<, �<L?>� E^64?<7< 64 <6F<<><=-<4<L<= E>·4?4D >5N5>F?4D<, 
D5D<5D?<> 64 <EE<�E>=4 E^64?<>?4D< ·4<44 5>L�4 >5N5>F?4D GGG= <^?64??4=74= 
�GD<?<4?4D4<D .  
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�G7G= F>�?< 64 OD<< G^? ·G4G4?4D<44 6>=?4L74= >?<E, LG=<=745>, O=?>6?4D44 �4=F4 
F<>?4=44<74= M=5D7<O <4=54?4D<44= >5=7 D>=44?4=<L 4=N4=46<= M=5D7<O <4=54?4D< 5<?4= 
55<4?>? D4�>54F?4L4 >?44<. �755><EF>=447< ��& &4D4��<UF 44EFGD< F><>=<44= 
F4=UD?4=74= <47>GD =4LD <4<?4>4F<<<744 M=5D7<O44= D>=44?4=<L=<=7 ·>7<D7< 4·6>?< 64 
�4=F4 F<>?4=44<74= M=5D7<O <4=54?4D<44= =4D4�4F F5E=<>, 54?><, M=7 <G·<<<, <�F<E>4<= 
·4<44 <6F<<><= =G�F4< =474D44= D>=44?4=<L <<>>=<OF?4D< EGEGE<44 F^?<� <4N?G<>F 
55D44<. 'L5G <G4<<>=<=7 FGD?< 6<·4F?4D<=< FGLG=4D?< L4>?44 F4�4<< MF<L =4D4�4F 
M=5D75F<>4 ·4<44 <�F<E>4<UF E>·4E<44 54=4 5^?74= <GF4E4EE<E?4D, 54?>< >5=7 ><<4 >D4E<44 
·4< >4FF4 �<7<�<L G=�>F44<. �G, ^7 =4654F<44, <4<?4>4F<<<744 M=5D7<O E4<4D44>D?<7< 64 
E46DE<7?<7<=< >L<D<L 64D4U=<=< 6444??4LF<D<L GGG= 4E>E 5^?<5 E<7<4F �<?44< [7-9]. 

%>·4=< O=444 D<6>6?4=F<D<L74 �4D4F<?74= �4F>D �>=G=?4D, E4?�4D> 5<F<<?4D, 
$4D<>= 64 �4D>D?4D �45G? �<?<=4< [13-15]. 'L5G EG664F?4D44 O=7< �G664F?4D=< <L74 
FGL<D<L >D�4?< �4=F4 F<>?4=G6G< M=5D7<O <4=54?4D<=< O=444 D46=4� F>?F<D<L 64 G?4D=<=7 
G?GL<=< M?5>FD M=5D7<OE<=< <L?45 G<�4D<L G<G<<= ·46<<=<=7 25 D><7<44= >^?D>��4 
5F>47<L, �4=F4 F<>?4=44<74= M=5D7<O <4=54?4D<44= 64 G?4D44= >?<=74= M?5>FD M=5D7<OE<=< 
F4D<>��4 5F>47<5 55D<L=<=7 <4EEGE E4D<4 F4D<D<=<(<OL<? F4D<D=) 6>D<= MF<L 
55?7<?4=4<. 

,G ^D<=44 F4N><4?4L 6><7, �4=F4 F<>?4=44<74= M=5D7<O <4=54?4D<=< 4<4?<UF74 >5=7 
F4F5<� �<?<L F45<<= D5EGDE?4D=< F564L 64 4F<>ED5D474 74D4D?< G<�<=4<?4D <<�4>D<=< 
>4<4=F<D<L <<>>=<=< 55D44< . 

2020-2030 =<??4D44 �755><EF>= $5E?G5?<>4E<=< M?5>FD M=5D7<OE< 5<?4= F4N<<=?4L 
>>=F5?F<OE<74 4E>E4= 5 �6F �GUL D>F>M?5>FD 64 3 �6F L4<>? M?5>FD EF4=F<O?4D< 
�GD<?<L<=< G444?4L >D�4?< E4=>4F >^?4<<447< �4=F4 F<>?4=G6G< M=5D7<O <4=54?4D< 3
M?5>FD EF4=F<O?4D< <<�4>D<=< >L<D<L <4�E44 �<?<=74=. 2019 =<? 22 <4=44= >GG74 ><D74= 
<�4=F4 F<>?4=G6G< M=5D7<O <4=54?4D<44= D>=44?4=<L F^�D<E<=447< �>=G= 5G 5>D444 >4FF4 
4E4<<OF >4E5 MF<>�44. �D57<45=F<<<7=<=7 2019 =<? 22 467GEF447< �4D>D<74 4E>E4= 
NDF<<<744 2030 =<?74 5>D<5 <G�>5<? M=5D7<O <4=54?4D<=<=7 �G664F<=<=7 G<G<<= 
·46<<447< G?GL<=< <>>< 54D>54D74 >L<D<L 55?7<?45 55D<?74=. ¶>7<D7< ?4=F44 5G 
>^DE4F><G 12-14 D><7=< F4L><? MF44< [10-12]. 10 =<? <G<44 G<G<<= �G664F< 5000 <57464FF 
5^?74= �GUL 64 3000 ��F �G664F?< L4<>? M?5>FD EF4=F<O?4D< �GD<?44<. �G <L?4D=<=7 
5>L?4=<L< E<D4F<44 �D57<45=F<<<7=<=7 2020 =<? 14 4?D5?447< <�46>< 6<?>OF<44 �G664F< 
100 ��F 5^?74= D>F>M?5>FD EF4=F<OE<=< �GD<L= <=65EF<F<O ?>=<E4E<=< 4<4?74 >L<D<L 
G>D4 F445<D?4D< F^�D<E<44=7< �4D>D< [15] 4E>E<44 �4D<4=4 FG<4=<44 268 75>F4D <4=4>=44 
�GD<?<L <L?4D< <Nur Navoi Solar= >><?4=<OE< F><>=<44= >?<5 5>D<?<>�44. �G >><?4=<O 
��� =<=7 <Masdar» >><?4=<OE<74 �4D4L?< D<?<4? E<E>5?4=44<. �G >><?4=<O44 1 ��F E>4F 
M?5>FD M=5D7<OE< =4DE< 2,679 ��, F5=F<74 F5=7 64 �GD<?<L <G444F< 12 >==< F4L><? MF44<. 
�46>< 6<?>OF< <4D>47<44= 35 >< G7>�?<>447< <4=4>=44 5>L?4=74= �GD<?<L <L?4D<74 5>L 
?G4D4FG< %<F>==<=7 <SEKO= >><?4=<OE< M?5>FD M=5D7<OE<=< <L?45 G<�4D<L 64 G74F<L 
?>=<E4E<=< F4=UD?4=4< 64 4<4?74 >L<D<?44<. 2019 =<? 27 <4DF447< <�755><EF>= 
$5E?G5?<>4E< M?5>FD M=5D75F<>4 F4D<>�<=< O=444 D<6>6?4=F<D<L 64 <E?>· �<?<L 
EFD4F57<OE< F^�D<E<44= 7< �4D>D<74 <G6>D<> <Masdar= >><?4=<OE< �4D4DL>= L4·D< 
O�<=<44 <>><=G< ?>=<E4=<, ON=< L4<>? M?5>FD EF4=F<OE<=< �GD<L=< 4<4?74 >L<D44<. 
¶>7<D44 GL5G ?>=<E4 �G664F<=< 500 ��F 44= 1,5 ��F 74G4 >L<D<L 5^=<G4 5<F<< 
<<7>?4=4<. �4EF?45 600 <<??<>= ��, 4>??4D<74 54E>?4=74= ?>=<E4 M=4< 1,8 <<??<4D4 
4>??4D74G4 >L<D<?4<. �G L4<>? M?5>FD EF4=F<OE<=< 2024 =<?=<=7 >E<D<74G4 D>=44?4=<L74 
F>?L<D<?<L< D564?4LF<D<?74=. �G <L 4<4?74 >L<D<?74G �755><EF>=44 <L?45 
G<�4D<?44<74= L4<>? M?5>FD M=5D7<OE< <<>4>D< 3 ��F 74 F5=7 5^?<5, <G�>5<? M=5D7<O 
<4=54?4D<=<=7 <4<?4>4F G<G<<= M=5D7<O ·46<<447< G?GL<=< 26 D><774 5F>47<L <<>>=<=< 
55D44<. �G ·>?44 <G�>5<? M?5>FD M=5D7<OE< 1,5 <<??<>= E>=44>==< F4N<<=?4L 5<?4= 5<D74, 
3,3 <<??<>= F>==4 >4D5>=4F 4=7<4D<F 747<=< >4<4=F<D<5, M>>?>7<> E>D?<>=< F4N<<=?4=4< 
[7,14-15].  
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�D57<45=F<<<7 F><>=<44= �4=F4 F<>?4=44<74= M=5D7<O <4=54?4D<=< 6444? 
D<6>6?4=F<D<L=< F4N<<=?4L, M?5>FD M=5D7<OE< <L?45 G<�4D<L <4=54?4D<=< 
4<65DE<D<>4F<O?4L, M?5>FD M=5D75F<>4E< F4D<>�<74 F^�D<44= 3F^�D< E>D<6<= 
<=65EF<F<O?4D=< 64?5 MF74= ·>?44 �4=F4 F<>?4=44<74= M=5D7<O <4=54?4D< <<�UE<=< 
>5=74=F<D<L, LG=<=745>, M?5>FD M=5D7<OE< <L?45 G<�4D<L44 F45<<= 74744= D>=44?4=<L=< 
>4<4=F<D<L <4�E44<44 D5E?G5?<>4<<7=<=7 F^DFF4 6<?>OF<44 �GUL D>F>M?5>FD 
EF4=F<O?4D<=< �GD<L 5^=<G4 �4D>D?4D <<7>?4=4<. 

'L5G ·G664F?4D44 2023 =<? O>G=<74 �444D G<G<<= �G664F< 1 096,6 ��F 5^?74= 4 F4 
�GUL D>F>M?5>FD EF4=F<OE< <L74 FGL<D<?<L< 55?7<?4=4<. 

%GEGE4=, ��� =<=7 <Masdar= >><?4=<OE< F><>=<44= 2023 =<? O>G=<74 �444D 
%GDE>=44DU 6<?>OF<=<=7 ,5D>5>4 FG<4=<44 �G664F< 456,6 ��F, 2023 =<?=<=7 >>FO5DL>=<74 
�444D �<774E 6<?>OF<=<=7 �4??4>D>? FG<4=<44 �G664F< 220 ��F, %4<4D�4=4 6<?>OF<=<=7 
�4FF4�^D�>= FG<4=<44 �G664F< 220 ��F ·4<44 2023 =<?=<=7 =>O5DL >=<74 �444D �46><= 
6<?>OF<=<=7 �GD>F4 FG<4=<44 �545D?4=4<O=<=7 <Phanes Energy Holding III B.V.= 
>><?4=<OE< F><>=<44= �G664F< 200 ��F 5^?74= �GUL D>F>M?5>FD EF4=F<O?4D< <L74 
FGL<D<?44<. 

�?54FF4, 5G=44= M?5>FD EF4=F<O?4D<=< E<D4F?< <L?4F<L GGG= <4?4>4?< <G·4=4<E 64 
E>4<<?4D ·4< 74DGD. ,G=44= >5?<5 G<�<5, >44D?4D F4=UD?4L <4D>47<=< F4L><? MF<L, >?<= 
F4N?<< <G4EE4E4?4D<447< ^�G6 44EFGD?4D<=< 74<>=46<= F4?45?4D 4E>E<44 O=7<?4L N74E<44= 
·4< F57<L?< <L?4D >?<5 5>D<?44<. 

�755><EF>= - >D74=<> U�<?�<?4D=<=7 54DG4 FGD?4D<=< <L?45 G<�4D<L ·46<<44= GG 
54D>54D >L44<74= >4FF4 <<�4>D447< �4=F4 F<>?4=44<74= M=5D7<O E4?>·<OF<74 M74 <4<?4>4F. 
�755><EF>=44 �GUL M=5D7<OE<44= D>=44?4=44<74= F5E=>?>7<O?4D >4FF4 <EF<�5>?74 M74. 
'G=>< �4=F4 F<>?4=44<74= M=5D7<O=<=7 GL5G FGD<44= 5GFG= <4<?4>4F ·G4G4<44 =<? 
446><<44 D>=44?4=<L <G<><=. �GUL M=5D7<OE<44= D>=44?4=<L=< >^?4=F<D<L 
<4<?4>4F=<=7, 4==<�E4, 5>D<L �<=<= 5^?74= 64 >?<E �<L?>� FG<4=?4D<44 M?5>FD ·4<44 
<EE<�?<> M=5D7<OE<74 5^?74= M·F<U6=< 55<4?>? �>=4<D<5, >4FF4 ·46<447< F45<<= 747=< 
M>E?>DF M·F<U6?4D< GGG= =^=4?F<D<L <<>>=<=< 55D<L< <G<><=.   

�755><EF>=44 M?5>FD F4N<<=>F< 5>D4E<44 <G4=O= �<=<=G<?<>?4D74 4GG >5?<=<>�44. 
�G, 4==<�E4, 4·>?<=<=7 60 D><7< <EF<�><4F �<?44<74= �<L?>� 6>=?4D<44 =<E54F4= 
E57<?4D?<4<D. -?5>FD EF4=F<O?4D, M=5D7<O 5F>47<5 55DG6G< 64 F4�E<<?>6G< F4D<>�?4D=< 
<>45D=<74F<O ·4<44 D5>>=EFDG>F<O �<?<L <4<?4>4F44 E4=>4F=< D<6>6?4=F<D<L=<=7 
GEFG6>D 647<D4?4D<44= ·<E>5?4=44<. �4=F4 F<>?4=44<74= M=5D75F<>4=< D<6>6?4=F<D<L 
M=5D7<O 5<?4= <L>=G?< F4N<<=?45, M=5D7<O 5F>47<5 55D<L447< =^�>F<L?4D=< 4=G4 
>4<4=F<D74= ·>?44, >?<E 4·>?< ?G=>F?4D<=< M=5D7<O F<7<<<74 G?4L GGG= G7>� <4E>D4?< 
M?5>FD G74F<L ?<=<O?4D<=< 54D?> MF<L 74DGD4F<44= �GFG?<L74 UD44< 55D44<. �==< ?4=F44 
<4<?4>4F M=5D75F<>4 54?4=E<44 D4�4F ><G<> 7<4D>M?5>FD EF4=F<O?4D F><>=<44= <L?45 
G<�4D<?4UF74= >4< <<�4>D447< �4=F4 F<>?4=44<74= M=5D7<O G?GL< 5>D. �>L�4 �4=F4 
F<>?4=44<74= M=5D7<O <4=54?4D< E4?>·<OF< >4FF4 5^?<L<74 �4D4<4=, G?4D44= D>=44?4=<L 
G?GL< ·>7<DG4 G=G4?<> >^? M<4E. �<7 <�F<E>4<= D<6>6?4=<L74 MNF<5>D 55D4D M>4=<<7, 
F45<<= D5EGDE?4D<<<7 74E<D4E<=< 4ED4L 64 4FD>D-<G·<F 5<<D<?<L<=<=7 >?4<=< >?<L 
·4�<44 ^=?4L >5D4> [9-13]. /=7< M=5D75F<>4 F5E=>?>7<O?4D<=< <L?45 G<�<L, U�<?�< 64 
M=5D7<O44= E4<4D4?< D>=44?4=<L 5>D4E<44 G?>4= <L?4D 4<4?74 >L<D<?<>�44. �<D>� �4=F4 
F<>?4=44<74= M=5D7<O <4=54?4D<44= D>=44?4=74= ·>?44 <L?45 G<�4D<?4UF74= M=5D7<O 
<<�4>D<=< >^?4=F<D<L7<=4 M=5D7<O=< <L?45 G<�4D<L44 N�>D< E4<4D4 55D<L< <G<><=. 
¶>7<DG4 4·>?< �4=F4 F<>?4=44<74= M=5D7<O <4=54?4D< F^�D<E<44 5F4D?<G4 <4N?G<>F74 M74 
M<4E, �GUL 64 L4<>? M=5D7<OE<44= D>=44?4=<L74 4><D <?<<= 64 4<4?<= F46D<54 
5F<L<4=4<. �G=44= ·>?4F >^??45 D<6>6?4=4UF74= <4<?4>4F?4D GGG= ·4< E>E4<D. '?4D �4=F4 
F<>?4=44<74= M=5D75F<>4=<=7 F5E=>?>7<> 6<·4F44= D<6>6?4=<L<74 �4D45 >?�4 <=F<?<L<, 
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Annotatsiya: Ushbu maqolada qayta tiklanuvchi energiya manbalari haqida ma9lumot 
berilgan. Asosiy e9tibor qayta tiklanuvchi energiya manbalaridan foydalanish afzalliklari va uni 
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Annotation: This article gives information about renewable energy. The main focus in on the 
advantages of using renewable energy sources and their prospects in Uzbekistan. 

Kalit so8zlar: No8ananaviy energiyaning afzalliklari, O8zbekistondagi shamol elektr stansiya 
qurilish joylari, no8ananaviy energiyaning jahon miqyosida tutgan o8rni 

�?NG56O5 E?>64: �D5<<GM5EF64 =5FD44<F<>==>= M=5D75F<><, ??>M44>< 
EFD><F5?LEF64 65FDO=OE M?5>FD>EF4=F<= 6 '755><EF4=5, D>?L =5FD44<F<>==>= M=5D75F<>< 6 
<<D5. 

Key words: Advantages of non-conventional energy, wind power plant construction sites in 
Uzbekistan, the role of non-conventional energy in the word. 

Noan'anaviy energiya qayta tiklanadigan va noyob manbalardan olinadigan elektr energiyasi; 
ya'ni elektr energiyasiga aylanish uchun tabiatda tutish qiyin bo8lgan manbalar. Shamol energetikasi 
(shamol), quyosh panellari (quyosh), to8lqin energiyasi (dengiz to8lqinlari), geotermik energiya 
(tuproq), biogaz va biomassa energiyasi ajralib turadi. 

Ushbu shakllarning barchasi tabiatda u yoki bu tarzda mavjud va ularning barchasi atrof-
muhitni saqlashga mos keladi. Ushbu energiya manbalarini qayta ishlash murakkab bo8lganligi 
konversiya jarayoni bilan bog8liq xarajatlarni yuqori darajada oshiradi. 

Shu bilan birga, ifloslantiruvchi gazlarning past emissiyasi va ular asosan qayta tiklanadigan 
tabiiy resurslar ekanligi, ularning samaradorligini oshiradigan yangi texnologiyalarni 
rivojlantirishga turtki beradi; bularning barchasi odatdagi energiyadan intensiv foydalanishni 
kamaytirish va shu bilan tabiatga ta'sirini sezilarli darajada kamaytirish uchun xizmat qiladi. 

Hozirgi kunga kelib insonlarda elektr energiyaga ehtiyoj tobora ortmoqda. Buning asosiy 
sabablaridan biri ishlab chiqarish firmalar soni ko8pligidir va biz ishlatayotgan an9anaviy elektr 
stansiyalar yetarli darajada elektr energiyasini ishlab chiqarib berolmasligidir. An9anaviy elektr 
energiyasini olishda biz atrof-muhitga juda katta zarar yetkazmoqdamiz. Shu sababdan Global 
muammolar kelib chiqmoqda. Misol uchun muzlar erib okeanlarda keskin suv sathi ko8tarilishi, 
insonlar orasida turli tuman kasalliklar kelib chiqishi, havoning keskin isib ketishi va boshqalar. 
Shu sababdan biz noan9anaviy elektr energiya turini olish yo8liga o8tishimiz kerak. Bu energiyadan 
foydalanishdan asosiy maqsad atrof-muhitga ortiqcha zararli gazlar chiqarishni, odamlar orasidagi 
kasalliklarni oz bo8lsada bartaraf qilish va tabiiy resurslarimizni asrab qolishdir. 

Noan9anaviy energiya olishning bir qancha afzalliklari mavjud. Quyida shulardan bir nechta 
turlarini keltirib o8tamiz. 

Qayta tiklanadi (vaqt o8tishi bilan bu manba o8zini qayta tiklay olishidir. Misol tariqasida 
quyoshni olishimiz mumkin. Quyoshdan kelyotgan quyosh radiatsiyasi cheksiz. Uning nuri 
kamaymaydi va cheki yo8q.) 

Bitmas-tuganmas energiya (bu tabiatdan kelib chiqgan energiya. U doimiy tarzda takrorlanib 
va yangilanib turishidir. Masalan; shamol, to8lqin energiyasi, quyosh energiyasi, yerning ichki 
energiyasi va boshqalar.) 

Yoqilg8i turi kerak emas (hozirga kunda yoqilg8i taqchilligi yaqqol namoyon bo8lib 
bormoqda. Sababi sayyoramizda mavjud yoqilg8i turlari cheklangan va ular vaqt o8tgan sari tobora 
kamayib bormoqda. Noananaviy va qayta tiklanadigan energiya manbalaridan olinadigan energiya 
esa bunday yoqilg8i sarfidan mustasno. ) 

Ekologik toza (bunday turdagi elektr stansiyalar atrof-muhitga deyarli salbiy ta9sir 
ko8rsatmaydi. Masalan; atmosferaga har xil turdagi gazlarni chiqarmasligi, yer va suvlarga har xil 
turdagi kimyoviy birikmalarni ajratib tashlamasligi va insonlar hayotiga xavfsizligidir.) 

Noan9anaviy va qayta tiklanadigan energiya manbalaridan energiya olishning quyidagi turlari 
mavjud. (1) 

Quyosh energiyasi 
Ushbu turdagi energiya quyosh nurlaridan olinadi. Radiatsiya quyosh panellari tomonidan 

so8riladi va konvertatsiya qilingan energiya quyosh nurlarining intensivligi va davomiyligiga 
to8g8ridan-to8g8ri proportsionaldir. 

To8lqin energiyasi 
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Ushbu turdagi energiya dengiz to8lqinlari kuchidan hosil bo8ladi va odatda qirg8oqning ayrim 
tarmoqlarida qo8llaniladi. 

Ushbu manbadan foydalanish uchun har doim yuqori to8lqin bo8lganida ochiladigan to8siq 
quriladi va to8lqin yana o8chganda yopiladi. 

Geotermik energiya  
Geotermik energiya er osti suv omborlaridan olinadi, bu erda jinslarning erishi jarayoni 

tufayli 150 ° C dan yuqori haroratga erishiladi. 
Geotermik energiyaning eng samarali manbalari vulkanik yotqiziqlar bo8lib, ularda harorat 

200 ° S gacha ko8tarilishi mumkin. 
Shamol energiyasi  
Ushbu turdagi energiya manbai shamoldir. Bu erda shamol turbinasi pichoqlarining 

harakatlanishi elektr generatoriga ulangan turbinani harakatga keltiradi. 
Biomassa energiyasi  
Ushbu turdagi elementlar yonadi va o8z navbatida yonish elektr ishlab chiqarish mexanizmiga 

bog8liq. Tabiiy element sifatida yonish paytida hosil bo8lgan tutun atmosferaga ifloslantiruvchi 
gazlarni chiqarmaydi. 

Biogaz energiyasi 
Kisloroddan ajratilgan organik chiqindilarning parchalanish jarayoni biogaz ishlab 

chiqarishga imkon beradi. Bu elektr energiyasini ishlab chiqarishda ishlatiladigan yuqori energiya 
tarkibiga ega yoqilg8i gazidir. 

Gidro energiyasi 
bu ekologik toza elektr energiyasi manbai bo8lib, ish paytida texnik xodimlarning doimiy 

bo8lishini talab qilmaydi. Energiya aylanadigan gidravlik turbinaning asosiy ishchi vositasi 
pervaneldir. Reaktiv turbinalarning pervanesi butunlay suv oqimiga botgan bo8lsa, faol turbinalarda 
pervanel atmosfera bosimida ishlaydi va alohida suv oqimlari bilan boshqariladi. 

 
1-rasm. Qayta tiklanuvchi energiya manbalaridan foydalanish bo8yicha O8zbekistonda 

bajarilayotgan loyihalar. 
Ushbu xaritadan kelajakda biz Respublikaning qaysi hududlarida qanday elektr stansiyalarini 

qurish rejalashtirilganligi haqida ma9lumot olishimiz mumkin. Unga ko8ra biz O8zbekistonning turli 
viloyatlarida quyosh va shamol elektr stansiyalarini qurilishi rejalashtirilgan hududlarni ko8rishimiz 
mumkin.[2] 

2022 3 yilda viloyatlarda umumiy quvvati 1900 MVt bo8lgan 8 ta quyosh fotoelektr 
stansiyalari, Qoraqalpog8iston Respublikasida esa 1700 MVt bo8lgan shamol elektr stansiyalarini 
qurish bo8yicha loyiha bitimlari imzolanadi. 

Xususan, Buxoro, Namangan, Xorazm, Qashqadaryo, Farg8ona va boshqa viloyatlarda 
umumiy quvvati 1900 MVt bo8lgan 8 ta quyosh fotoelektr stansiyalari, Qoraqalpog8iston 
Respublikasida esa umumiy quvvati 1700 MVt bo8lgan shamol elektr stansiyalarini qurish uchun 
loyiha bitimlari imzolanishi rejalashtirilgan.2023 3 yilda Samarqand, Jizzax, Navoiy va 
surxondaryo viloyatlarida umumiy quvvati 1097 MVt bo8lgan 4 ta quyosh fotoelektr stansiyalari va 
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Qoraqalpog8iston Respublikasi, Buxoro (G8ijduvon va Peshku) va Navoiy viloyatlarida umumiy 
quvvati 1600 MVt bo8lgan 4 ta shamol elektr stansiyalari energiya ishlab chiqarishni boshlashni 
ma9lum qiladi. 

O8zbekiston sharoitida ko8p joylarga shamol elektr stansiyasini qura olmaymiz. Buning asosiy 
sabablaridan biri O8zbekistoning barcha hududlarida doimiy shamol kuzatmasligidir va ba9zi 
hududlar borki ular tog8 va qirlar bilan o8ralgan. Shamol generatorini ishga tushirish uchun 
shamolning tezligi kamida 5 m/s ni tashkil etishi kerak va bu qurilmaning atrofida shamol oqimini 
to8sib qo8yadigan va yo8nalishini o8zgarishiga sabab bo8ladigan balandliklar bo8lmasligi kerak. 

Hozirgi kunda O8zbekiston sharoiti uchun quyosh elektr stansiyalarini qurish maqsadga 
muvofiqdir. Buning asosiy sabablaridan biri O8zbekiston hududida 365 kundan deyarli 300 kunida 
doimiy quyoshli kunlar mavjudligidir. Quyosh nuri va radiatsiyasi quyosh panellari uchun eng 
muhim omildir. O8zbekiston hududida ushbu panellar bo8yicha barcha viloyatlarda ko8zda tutilgan 
natijalarga erisha olamiz. Qanchalik quyosh nuri va radiatsiya quyosh paneliga ko8p tushsa uning 
FIK (foydali ish koeffisienti) shunchalik yuqori bo8ladi.  

O8zbekistonda ilk quyosh elektr stansiyasi ishga tushirilishi rejalashtirilgan. Ushbu elektr 
stansiyaga jami 292 mingta quyosh paneli, 600 dan ortiq invertorlar va 1000 km dan ortiq turli 
kabel mahsulotlari ishlatilishi haqida ma9lumot berilgan. Navoiy Nur quyosh elektr stansiyasining 
yillik elektr energiya ishlab chiqarish quvvati 100 MVt tashkil etishi rejalashtirilgan. [3] 

2022-yilga kelib O8zbekiston Respublikasida Elektr energiyasining yillik sarflanishi 21 
milliard KVt/soatni tashkil etmoqda. Biz noan9anaviy elektr stansiyadan jami 6397 MVt elektr 
energiya olishimiz mumkun. Bu shuni ko8rsatadiki O8zbekistonda ham boshqa davlatlar singari 
noan9anaviy elektr stansiyalarga katta e9tibor qaratilayotganini va yaqin kelajakda butunlayga 
an9anaviy elektr stansiyalarimizdan vos kechishimizni anglatadi. [4] 
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ATMOSFERA O8TA KUCHLANISHLARI VA ULARDAN HIMOYA 
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Annotatsiya: Bu maqolada atmosferada yuz beruvchi o8ta kuchlanishlari (chaqmoq, yashin) 

lar va ulardan obyektlarni himoyalash haqida qisqacha nazariy jihatdan yoritilgan. O8ta kuchlanish - 
elektr tarmog'i elementlarini izolyatsiyalashda eng yuqori ish kuchlanishining Umax amplitudasidan 
oshib ketadigan har qanday kuchlanish hisoblanadi. Nominal kuchlanish o'rniga eng yuqori ish 
kuchlanishi olinadi, bunda kuchlanish qiymati nominaldan 5-20% ga oshib ketishi mumkin. 

�==>F4F<O: � 44==>= EF4FL5 44= >D4F><= F5>D5F<G5E><= >57>D 4F<>ED5D=OE 
?5D5=4?DO65=<= (<>?=<<, <>?=<<) < 74M<FO >5N5>F>6 >F =<E. �5D5=4?DO65=<5< =47O645FEO 
?N5>5 =4?DO65=<5, ?D56OL4NM55 4<??<FG4G Umax =4<5>?LL57> D45>G57> =4?DO65=<O 6 
<7>?OF<< M?5<5=F>6 M?5>FD<G5E>>= E5F<. �<5EF> =><<=4?L=>7> =4?DO65=<O ?D<=<<45FEO 
<4>E<<4?L=>5 D45>G55 =4?DO65=<5, ?D< MF>< 7=4G5=<5 =4?DO65=<O <>65F ?D56OL4FL 
=><<=4?L=>5 =4 5-20 %. 

Annotation: This article provides a brief theoretical review of atmospheric surges (lightning, 
lightning) and the protection of objects from them. An overvoltage is any voltage that exceeds the 
amplitude Umax of the highest operating voltage in the insulation of electrical network elements. 
Instead of the rated voltage, the maximum operating voltage is taken, while the voltage value may 
exceed the rated voltage by 5-20%. 
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Kalit so8zlar: o8ta kuchlanish, chaqmoq, yashon qaytargichlar, kuchlanishning amplituda 
qiymati, atmosfera o8ta kuchlanishi 

�?NG56O5 E?>64: ?5D5=4?DO65=<5, <>?=<O, F>>>654GM<5 D57<EF>DO, 65?<G<=4 
4<??<FG4O =4?DO65=<O, 4F<>ED5D=>5 ?5D5=4?DO65=<5. 

Key words: overvoltage, lightning, current-carrying resistors, magnitude of voltage 
amplitude, atmospheric overvoltage. 

Chaqmoq yong'inga, jiddiy zararga, portlashlarga, odamlar va hayvonlarning shikastlanishiga, 
shu jumladan o'limga olib kelishi mumkin. Mutaxassislar chaqmoqning birlamchi va ikkilamchi 
ta'sirini ajratadilar. Birinchisi, u to'g'ridan-to'g'ri ob'ektlarga tegsa paydo bo'ladi. Turar-joy va sanoat 
binolariga to'g'ridan-to'g'ri atmosfera elektr energiyasining zarbasi ularni butunlay yo'q qilishi, 
odamning o'limi yoki texnogen baxtsiz hodisalarga olib kelishi mumkin. Chaqmoqning ikkilamchi 
ta'siri (elektromagnit yoki elektrostatik induksiya) obyektga yaqin bo'lgan chaqmoq razryadlari yoki 
yer osti yoki tashqi metall konstruktsiyalar, kommunikatsiyalar, havo elektr uzatish liniyalari va 
boshqa maqsadlar uchun simlar orqali binolarga yuqori potentsiallarning kiritilishi natijasida yuzaga 
keladi.  

Chaqmoq zaryadlarining ikkilamchi ta'siri telefoniyaga, 220/380 V maishiy elektr 
tarmoqlariga, uyali aloqa tizimlariga, shuningdek, axborot va ma'lumotlarni uzatish, sun'iy yo'ldosh 
va televizion eshittirishlarga salbiy ta'sir ko'rsatadi. Yuqoridagi tizimlarning qisqa vaqt ichida 
ishlamay qolishi tuzatib bo'lmaydigan oqibatlarga olib kelishi mumkin, shuning uchun ob'ektlarni 
chaqmoqlardan himoya qilishning zamonaviy tizimlari to'g'ridan-to'g'ri chaqmoq urishidan ham, 
uning ikkilamchi namoyon bo'lishidan ham himoya qilishni o'z ichiga oladi. 

Chaqmoq elektr tarmoqlari uchun katta xavf tug'diradi: elektr uzatish liniyalari, ularning 
uzunligi tufayli, ko'pincha chaqmoq uriladi, bu esa izolyatsiyaning bir-birining ustiga chiqishiga va 
liniyalardagi quvvat oqimining favqulodda to'xtab qolishiga olib keladi. Olingan elektromagnit 
to'lqinlar yorug'lik tezligiga yaqin tezlikda chiziq bo'ylab tarqalib, podstansiyaga yetib boradi va 
xavfli o'zaro bog'lanishlarga va elektr jihozlarining izolyatsiyasiga zarar etkazishi mumkin. 

Havo liniyalarini chaqmoqlardan himoya qilish:Elektr liniyalarini chaqmoqlardan himoya 
qilishning asosiy vositalari sifatida quyidagilar qo'llaniladi: 

2 yerga ulangan kabellarni to8xtatib turish; 
2 tayanchlarning topraklama qarshiligini pasaytirish; 
2 chiziqli izolyatsiyaning impuls kuchini oshirish; 
2 alohida ustunlar va izolyatsiyasi zaiflashgan joylarni himoya qilish. 
Elektr uzatish liniyalarining ishonchliligi va uzluksiz ishlashini yaxshilashning zaxira usuli bu 

avtomatik qayta yopish. 

 
1-rasm. Yashin va uning ta9siri 

Elektr liniyalari metall, temir-beton va yog'och tayanchlarda amalga oshirilishi mumkin. 
Elektr uzatish liniyasining chaqmoqqa chidamliligi va shuning uchun elektr uzatish liniyasini 
kabellar bilan himoya qilish zarurati tayanchlarning materialiga juda bog'liq. Yog'och 
tayanchlardagi liniyalarda kabel ishlatilmaydi, chunki ular chaqmoqqa chidamliligi yuqori va 
kabellarsiz. 

Metall ustunlardagi elektr uzatish liniyalari chaqmoqlardan himoya kabellari bilan! 
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2-rasm. Yashin qaytargich va uning yerga ulanish sxemasi 

Xulosa 
Yashin qaytargichlar elektr uzatish liniyalari, binolar, yong8inga xavfli bo8lgan qurilmalar, 

yoqilg8i sig8imlari va hokazolarni atmosfera o8ta kuchlanishlaridan himoyalash uchun ishlatiladi. 
Ular o8rnatilmasa, davlat iqtisodiyoti uchun jiddiy zarar yetishi yoki insonlar hayotiga xavf solishi 
mumkin bo8ladi. 

Adabiyotlar 
1. Qurbonazarov Suhrob Erkin o8g8li, Gayibov T.Sh. 3 <Impuls kuchlanishlarni 

o8lchash= <Fan va texnika taraqqiyotida intellektual yoshlarning o8rni= Respublika online ilmiy-
amaliy anjumanidagi materiali Toshkent 23-24 aprel 2022. 

2. Qurbonazarov Suhrob Erkin o8g8li, Inagomov S.O. 3 <�5=5D<D>64=<5 < 
D>D<<D>64=<5 EF4=44DF=>= 6>?=O <<?G?LE=>7> =4?DO65=<O= <O8zbekistonda ilmiy 3 amaliy 
tadqiqotlar= mavzusidagi konferensiyasidagi materiali Toshkent 2020. 

 
ENERGIYA TEJOVCHI GIDRAVLIK PRES,  

UNING KONSTRTUKSIYASI VA ISHLASH PRINSIPINI O8RGANISH 
Berdimurodov J.A., Termiz muhandislik 3 texnologiya instituti assistenti 

Annotatsiya: Gidravlik pres - bu obyektga kuch qo'llash uchun silindr orqali gidravlik yoki 
suyuqlik bosimidan foydalanadigan bosimli preslash mashinasi. Dastlab, gidravlik pres og8ir 
yuklarni ko8tarish va tabiiy yog8lar va sharbatlarni olish, shuningdek, pichan o8ramlarini 
shakllantirish uchun ishlatilgan. 

�==>F4F<O: �<4D46?<G5E><= ?D5EE ?D54EF46?O5F E>5>= <4L<=G 4?O ?D5EE>64=<O ?>4 
446?5=<5<, >>F>D4O <E?>?L7G5F 7<4D46?<G5E>>5 446?5=<5 <?< 446?5=<5 6<4>>EF< G5D57 
F<?<=4D 4?O ?D<?>65=<O E<?O > >5N5>FG. �5D6>=4G4?L=> 7<4D46?<G5E><= ?D5EE 
<E?>?L7>64?EO 4?O ?>4N5<4 FO65EF5= < <76?5G5=<O =4FGD4?L=OE <4E5? < E>>>6, 4 F4>65 4?O 
D>D<<D>64=<O FN>>6 E5=4. 

Annotation: a hydraulic pres is a presure presing machine that uses hydraulic or fluid presure 
through a cylinder to apply force to an object. Initially, the hydraulic pres was used to lift weights 
and extract natural oils and juices, as well as to form hay bales. 

Kalit so8zlar: Gidravlik pres, Paskal qonuni, suyuqlik bosimi, nasos, siqish kuchi, moy 
bosimi 

�?NG56O5 E?>64: 7<4D46?<G5E><= ?D5EE, 74>>= ?4E>4?O, 446?5=<5 6<4>>EF<, =4E>E, 
GE<?<5 E64F<O, 446?5=<5 <4E?4 

Key words: hydraulic pres, Pascal's law, fluid presure, pump, compresion force, oil presure. 
Gidravlik presning Paskal qonuniga asoslangan ishlash prinsipini quyidagicha shakllantirish 

mumkin: kichik silindrdan katta silindrga o8tadigan suyuqlik ta9minoti kuchi ikki silindrning 
maydonlari orasidagi farqga mutanosib ravishda ortadi. Xuddi shu ish prinsipi krikoning 
qurilmasida mavjud. Shunisi e9tiborga loyiqki, gidravlik turdagi amortizatorlar bir xil ta9sirni 
teskari qabul qilishdan foydalanadi. 

Ishlash prinsipi quyidagicha: boshqaruvni ishlatib, operator silindrga gidravlik suyuqlik 
etkazib beradigan yog 'nasosini faollashtiradi va shu bilan novda harakatiga olib keladigan bosim 
hosil qiladi. Shundan so8ng, novda ishlov beriladigan qismga ma'lum bir bosim o8tkazadi (bosish 
jarayoni). Shlangi presning ishlashini mexanik tutqich bilan solishtirish mumkin. 
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Gidravlik pres - bu obyektga kuch qo8llash uchun silindr orqali gidravlik yoki suyuqlik 
bosimidan foydalanadigan bosimli preslash mashinasi. Gidravlik preslar Paskal prinsipiga 
asoslanadi, unga ko'ra yopiq tizimdagi bosim barcha sohalarda bir xil kuch bilan ta'sir qiladi. Sanoat 
matbuotining eng keng tarqalgan va eng samarali turi sifatida gidravlik preslar yuqori ko'tarish yoki 
bosim kuchiga ega bo'lib, ular pnevmatik yoki mexanik preslar bilan erishib bo'lmaydi. Gidravlik 
preslar ishlab chiqaruvchilarga turli xil tayyor qismlarga metall materiallarni shtamplash imkonini 
berish uchun ishlab chiqariladi. Ular, shuningdek, bog'lash, zarb qilish, shtamplash, kesish, 
shakllantirish, chuqur chizish va bo'shatish kabi boshqa metall shakllantirish jarayonlarini ham 
bajarishi mumkin. Gidravlik preslarga ko'proq tayanadigan ba'zi tarmoqlarga quyidagilar kiradi: 
avtomobilsozlik, qadoqlash, maishiy texnika (mikroto'lqinli pechlar qismlari, idishlarni yuvish 
mashinalari, muzlatgichlar va boshqalar), keramika, aerokosmik, harbiy va mudofaa, oziq-ovqat va 
ichimliklar ishlab chiqarish, sellyuloza va boshqalar kiradi.  

Gidravlik presning tarixi 
Gidravlik pres 1795 yilda Angliyada Jozef Brahm tomonidan ixtiro qilingan bo'lib, u 

suyuqlikni o'rganish bilan shug'ullangan, hojatxonani ishlab chiqarish bilan shug'ullangan. Shu 
sababli, gidravlik preslar ba9zan Brahm preslari deb ataladi. U o8z ixtirosini Paskal prinsipi yoki 
Paskal qonuni deb nomlanuvchi kontseptsiyaga asosladi, bu esa butun yopiq tizimda doimiy 
bosimni saqlab turadi. 

 
1-rasm. Brahm preslari 

Gidravlik preslarning turlari 
Platformali preslar. Har xil turdagi gidravlik preslar mavjud; har birining o8ziga xos ilovalar 

to8plami mavjud, garchi ba9zi o8xshashliklar mavjud. Pres va kuchli barqaror sirtni ishlatadigan 
preslar plastinka preslari deb ataladi. 

C-shaklli gidravlik pres. O8zining C shaklidagi ramkasi uchun nomlangan; bu ramka tor, 
lekin kuchli va matbuotning boshqalarga qaraganda kamroq joy egallashiga imkon beradi. Qo8lda 
yoki avtomatik foydalanish uchun mo8ljallangan bo8lishi mumkin bo8lgan preslar sifatida C-ramkali 
preslar turli xil sanoat ilovalari uchun, shu jumladan shakllantirish, tekislash, bo'shatish, z1mbalama, 
chizish va perchinlash uchun ishlatilishi mumkin. 

 
2-rasm. C-shaklli gidravlik pres 

Vakuumli preslar turli xil materiallarni plyonka bilan qoplash va elektronika sanoati, kredit 
kartalari va ID kartalari uchun plastmassalardagi materiallarning muhrlangan qatlamlari kabi bir 
nechta maxsus ilovalarga ega. 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

39 

 
3-rasm. Vakuumli pres 

Gidravlik zarb presi. Gidravlik zarbali preslar faqat metall uchun ishlatiladi. Ular metall 
bloklarni yopiq yoki ochiq qolipga kuch, bosim va ba9zan issiqlik yordamida shakl olishiga majbur 
qiladi. Bu kombinatsiya metallni buzmasdan yoki yormasdan, uning oqish kuchiga qadar cho8zadi. 
Gidravlik zarbali preslar avtomobil ishlab chiqarishda eng mashhur hisoblanadi. 

 
4-rasm. Gidravlik zarbali pres 

Xulosa 
Gidravlik press mubolag8asiz insoniyatning 100 ta eng buyuk ixtirolaridan biridir. Bunday 

mashinaning paydo bo8lishiga 1653 yilda ishlab chiqilgan Paskal qonuni yordam berdi. Birinchi 
bunday qurilma 1795 yilda ingliz ixtirochi, gidrotexnika asoschilaridan biri Jozef Brahm tomonidan 
patentlangan. Dastlab, gidravlik press og8ir yuklarni ko8tarish va tabiiy yog8lar va sharbatlarni olish, 
shuningdek, pichan o8ramlarini shakllantirish uchun ishlatilgan. Vaqt o8tishi bilan gidravlik 
presslarning konstruksiyasi o8zgardi va modernizatsiya qilindi. 1820 yildan beri qurilma metallga 
ishlov berish sanoatida quvurlarni bosish uchun ishlatilgan. 55 yildan so8ng dizaynda shtamp va 
harakatlanuvchi shpal paydo bo8ldi, bu esa texnologiyani harbiy sanoatga joriy etishga yordam 
berdi. 

Foydalanilgan adabiyotlar 
1. -.�.%4<F>6, '.�.�E<54>6, �.�.�GD5>=5>56, ..�.%4<<4>6, ,.�.�5>G4=>6. 

$47D45>F>4 <<<F4F<>==>= <>45?< >><5<=<D>64==>= 75?<>65FD>M=5D75F<G5E>>= GEF4=>6><. 
�<D7> '?G755> =><<447< '755><EF>= <<??<= G=<65DE<F5F< EG7GD<447< «/D<<GF>477<G?4D 
D<7<>4E< 64 <<>D>M?5>FD>=<>4» <?<<=-F44><>>F <=EF<FGF< &>L>5=F L4ED<447< <�-�= 
<<??<= F44><>>F G=<65DE<F5F< D545D4? 446?4F 5N465F< >?<= F4N?<< <G4EE4E4E< 
=/D<<GF>477<G?4D D<7<>4E<, <<>D>- 64 =4=>M?5>FD>=<>4=<=7 DG=44<5=F4? 64 4<4?<= 
<G4<<>?4D<= <467GE<447< 1-E4?>4D> 4=6G<4= <4F5D<4??4D<, &>< 1; 28-29 >>FO5DL &4L>5=F 
2021; EFD. 216-218. 

2. -.�.%4<F>6, '.�.�E<54>6, ..�.%4<<4>6, ,.�.�5>G4=>6, �.$.$4E<<44<=>6. 
�7<5D<F5?L=O5 >><??5>EO < GG5F >?<<4F<G5E><E 44==OE ?D< D47D45>F>5 < ?D>5>F<D>64=<< 
>><5<=<D>64==OE 75?<>65FD>M=5D75F<G5E><E GEF4=>6>>. �564G=4D>4=4O =4GG=4O-
F5E=<G5E>>5 >>=D5D5=F<O "&5=45=F<O D476<F<O 4?LF5D=4F<6=>= < 6>7>5=>6?O5<>= 

M=5D75F<><: ?D>5?5<O < D5L5=<O 17-18 <4O 2021, EF. 402-408. 
3. -.�.%4<F>6., ,.,.&>E<D64=>6., $.�F4>?>6., ,.�.�5>G4=>6., ..�.%4<<4>6. 

�==>64F<>==O= ?>4E>4 > >?D545?5=<N M?5>FD>D<7<G5E><E ?4D4<5FD>6 D>F>M?5<5=F>6. 
«�4=>EFDG>FGD=O5 ?>?G?D>6>4=<>>6O5 <4F5D<4?O 6 D>F>M=5D75F<>5» E5>D=<> =4GG=OE 
FDG4>6 II �564G=4D>4=4O =4GG=4O >>=D5D5=F<O 19-20 <4O 2021, EF. 67-69. 
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ELEKTROMOBILLARDA QO8LLANILADIGAN  
TORTISH MOTORLARI 

Berdiyorov U.N. Yusupova G.Q.,  
Shayxontohur kasb-hunar maktabi, Toshkent shahri 

Elektr motorli transport, o8ziga xos ekologik xususiyatlariga ko8ra, issiqlikni 
harakatlantiruvchi kuch sifatida ishlatadigan dvigatellar bilan boshqa transport turlaridan sezilarli 
darajada ustundir. Ammo shunga qaramay, elektr transportini loyihalash, yaratish va rivojlantirish 
tendentsiyalari uning bunday turidan foydalanishni ko8zda tutdi, bunda elektr quvvati aloqa simlari 
yordamida unga tortish elektr ta'minoti tizimidan keladi. Shuni hisobga olgan holda, kontaktli elektr 
transportining manevr qobiliyati (avtomobilning yo8nalishini o8zgartirish, turli to8siqlardan qochish) 
ichki yonuv dvigatelidan foydalanadigan transport vositalarining manevr qobiliyatidan past, chunki 
u sezilarli darajada cheklangan. Ammo shunga qaramay, uglevodorodli transport vositalarining 
muqobil variantlarini izlash, albatta, zarur, chunki zamonaviy transport vositalaridan atrof-
muhitning ifloslanishi, ayniqsa, iqtisodiy rivojlangan shaharlarda keng tarqaldi. 

Atrof-muhit uchun xavfsiz energiya manbalariga o8tish transport vositalarining umuman 
tabiatga salbiy ta'sirini kamaytirish muammosini hal qilishning eng muhim variantlaridan biridir. 
An'anaviy yoqilg8idan foydalangan holda zamonaviy avtomobilni almashtirishi mumkin bo8lgan 
vosita ularning manevr qobiliyatidan ustun yoki teng bo8lishi kerak. Kombinatsiyalangan elektr 
stantsiyasiga ega gibrid elektromobillar ekologik toza transportni rivojlantirishning ustuvor 
yo8nalishi hisoblanadi. Kombinatsiyalangan elektr stantsiyasiga asoslangan elektr transport 
vositalari ushbu maqolada ko8rib chiqilmaydi. 

Elektromobil - bu asosiy energiya manbai elektrokimyoviy akkumulyator yoki 13 molekulyar 
saqlash qurilmasi bo8lgan transport vositasi. Avtotransport energiyasini saqlash qurilmalariga 
(tortish elektr yuritma akkumulyator batareyalariga) bir qator talablar qo8yiladi:  

3 yong8in xavfsizligi va portlash xavfsizligi;  
- minimal vazn va o8lcham ko8rsatkichlarining mavjudligi;  
- ish haroratining keng diapazonining mavjudligi;  
- minimal o8z-o8zidan tushirish;  
- uzoq muddatli ish;  
- mexanik kuchning mavjudligi;  
- texnik xizmat ko8rsatish qulayligi;  
- minimal toksiklik, gaz chiqindilari;  
- zaryadsizlanish xarakteristikasi samaradorligining mavjudligi.  
Shuni ta'kidlash kerakki, zamonaviy qayta zaryadlanuvchi elektro-kimyoviy batareya nafaqat 

zaryad tashuvchisi, shuningdek, u o8z dizaynida o8z holatini nazorat qilish va diagnostika qilish 
uchun elektron jihozlarni o8z ichiga oladi. 

Elektrokimyoviy saqlash moslamasini boshqarish va nazorat tizimi batareyalarning ishlash 
muddatini oshiradi: 

- yong8in xavfsizligi va portlash xavfsizligi; 
- texnik xizmat ko8rsatish qulayligi;  
- zaryadlash va zaryadsizlanishning foydali ish koefitsiyenti yuqori; 
- batareyaning uzoq muddat ishlashi. 
Korxona tomonidan ishlab chiqarilgan va taqdim etilgan mahsulotning texnik hujjatlari joriy 

manbalarning ish rejimlarining tavsifini o8z ichiga olishi kerak, bu esa, o8z navbatida, unga mos 
kelishi kerak. Shaxsiy ishlash ko8rsatkichlari elektrokimyoviy tizimning har bir turiga xosdir. 
Quvvat manbai ishonchliligini oshirish zarurati tug8ilsa, har bir aniq batareyalar to8plami uchun 
o8ziga xos xususiyatlar taqdim etiladi. Batareyani ishlatishning to8liq xavfsizligiga, shuningdek, 
uning ishlashi uchun maqbul sharoitlarga erishish uchun ish rejimlariga qat'iy rioya qilish va 
batareya energiyasini batareyalar o8rtasida qayta taqsimlash mexanizmlarini qo8llash kerak. 

Zamonaviy energiya saqlash qurilmalarining ajralmas qismi elektrokimyoviy oqim manbai 
holatini boshqarish va nazorat qilish tizimi bo8lib, u tortish batareyasining to8g8ri ishlashi uchun 
javob hisoblanadi. 
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Elektr transport vositalarining umumiy dizayn printsipi elektr energiyani mexanik energiyaga 
aylantirish uchun elektr motorini, ba'zan bir nechtasini ishlatishdir. Elektr avtomobil motorlarining 
ikkita asosiy turi mavjud. Birinchi guruhga o8zgaruvchan tokni ishlatadigan elektr motorlarini o8z 
ichiga oladi, ikkinchi guruhga to8g8ridan-to8g8ri batareyalardan o8zgarmas tokni iste'mol qiladigan 
motorlar kiradi. Birinchi turdagi motor elektr transport vositalarida kengroq qo8llaniladi, chunki u 
sodda va ishonchli hisoblanadi. 

Adolat uchun shuni aytish kerakki, elektromobilda elektr motoridan tashqari, elektr 
jihozlarining massasi va o8lchamlarini oshiradigan invertor va to8g8rilagichni ham o8z ichiga oladi. 
Invertor batareyadagi o8zgarmas tokni o8zgaruvchan tokga o8zgartiradi va to8g8rilagich esa teskari 
operatsiyani bajaradi, yani batareyalarni tashqi quvvat manbaidan zaryad qilishda o8zgaruvchan 
tokni o8zgarmas tokga aylantiradi. 

Foydalanilgan adabiyotlar 
1. '?4=>6 �.�. &5>D<O =475<=OE FD4=E?>DF=OE ED54EF6. &O7>6O= D4EG5F 

M?5>FD><>5<?O. - '5?O5<=E>: �744F5?LE><= F5=FD .'D�', 2018. - 389 E. 
2. �46<=>64 &.�., �GG5DO64O �.�. �O5>D M?5>FD>E<<<G5E>>= E<EF5<O 4?O FO7>6>7> 

?D<6>44 M?5>FD><>5<?O. �6F><>5<?L=O= FD4=E?>DF. 3 2013. 3 �O?. 7 33. 3 %. 36338. 
3. �>744=>6 �.�. &O7>6O= M?5>FD>?D<6>4 46F><>5<?O. - �.: ����, 2009. 3 56 E.  
4. �4?<<7O=>6 $.�. &5>D<O 46F><>5<?O. 3 '5?O5<=E>: �74-6> .'D�', 2007. 3 220 E. 
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ABSTRACT: This article provides you with information about solar panels, what they are and 
what types of solar panels are. Solar cells generate electricity from solar energy is a set of individual 
silicone chambers. There are several ways to use solar resources has advantages: 

ANNOTATSIYA: Ushbu maqolada sizga quyosh panellari, ular qanday hususiyatga ega 
ekanligi, quyosh panellarining qanday turlari borligi haqida bilishingiz kerak bo8lgan ma9lumotlar 
berilgan. Quyosh batareyalari, quyosh energiyasidan elektr energiyasi ishlab chiqaradigan 
individual silikon kameralar to8plamidir. Quyosh resurslaridan foydalanishni bir necha xil 
afzalliklari bor: 

����&�&�/: � MF>= EF4FL5 64< ?D54EF46?5=O E6545=<O > E>?=5G=OE 54F4D5OE, > F><, 
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Key words: solar panels/ monocrystalline/polycrystalline and silicon solar panels. / solar 
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Kalit so8zlar: quyosh panellari / monokristal / polikristal va kremniydan tashkil topgan 
quyosh panellari. / solar panels / monocrystalline / polycrystalline and silicon solar panels. 

�?NG56O5 E?>64: E>?=5G=O5 54F4D5<, <>=>>D<EF4??<G5E><5, ?>?<>D<EF4??<G5E><5 < 
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KIRISH 
Biz bilamizki, qayta tiklanadigan energiyalar ichida quyosh energiyasi ko8proq energiya 

beradi. Chet eldagi ko8proq uylar fotoelektr panellarini o8rnatishni afzal ko8rdilar, chunki ular elektr 
energiyasini tejashga imkon beradi va biz vaqt talab qiladigan ekologik javobgarlikni olishimiz 
mumkin. Biroq, ko8p odamlar quyosh panellari qanday ishlashini bilishmaydi. Quyosh panellari 
quyoshdan hech qanday harakatlanuvchi qismlar, nol emissiya va parvarish qilinmasdan quyosh 
nurini elektr energiyasiga aylantirib erkin energiya hosil qiladi. 

TADQIQOT MATERIALLARI VA METODOLOGIYASI 
Quyosh batareyalari, quyosh energiyasidan elektr energiyasi ishlab chiqaradigan individual 

silikon kameralar to8plamidir. Quyosh resurslaridan foydalanishni bir necha xil afzalliklari bor: 
Agar siz quyosh batareyalarida qanday materiallar ishlatilishini o8ylab ko8rgan bo8lsangiz, 

unda ushbu maqola siz uchun. Quyosh batareyalarini ishlab chiqarish uchun ishlatiladigan turli xil 
materiallarni ko8rib chiqamiz. Bunga xom ashyo va quyosh panelidan ishlab chiqarilgan har qanday 
sintetik qo8shimchalar kiradi. 

Materiallar turli xil quyosh batareyalari ishlab chiqaruvchilari o8rtasida turlicha bo8lishiga 
qaramay, ushbu maqola sizga umuman quyosh sanoatida topishingiz mumkin bo8lgan materiallar 
haqida to8liq ma9lumot beradi. 

 
Ramkalar quyosh batareyasini loyihalashda asosiy xususiyatdir. Ular turli xil tarkibiy 

qismlarni ushlab turishga yordam beradi, elementlardan himoya qilishni taklif qiladi va 
chidamlilikni yaxshilashga yordam beradi. Aksariyat quyosh panellari anodlangan yoki chang bilan 
qoplangan alyuminiydan tayyorlanadi. 

Anodlangan alyuminiy quyosh panellari ramkalari 
Ko8pgina yuqori sifatli quyosh panellari anodlangan alyuminiy ramkaga ega va ushbu 

materialdan foydalanish juda ko8p afzalliklarga ega. Eng muhimi, u ko8proq issiqlikni aks ettirish 
qobiliyatiga ega bo8lib, quyosh batareyasining umumiy konversion samaradorligini oshirishga 
yordam beradi. 

Anodlangan alyuminiyni parvarish qilish ham oson. 
Tashqi ko8rinishini tiklash uchun uni vaqti-vaqti bilan tozalashingiz mumkin. Materiallarga 

quyosh nuri ta9sir qilmaydi va ko8pincha chang bilan qoplangan alternativalarga qaraganda 
chizishlarga chidamli bo8ladi. 
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Anodlangan alyuminiy quyosh ramkalarining asosiy kamchiliklari shundaki, ular faqat bitta 
rang - kumush rangga ega. Bu me'morlar va quyosh panellari ishlab chiqaradigan kompaniyalar 
uchun quyosh panellarini binoning umumiy estetikasiga aralashtirishga qiynalishi mumkin. 

Kukun bilan qoplangan quyosh panellari ramkalari 
Kukun bilan qoplangan alyuminiy ramkadan tashkil topgan quyosh panellari funktsiyadan 

ko8ra uslubni afzal ko8rganlar uchun juda mos keladi. Ushbu turdagi ramkalarning aksariyati qora 
rangga ega va qorong8i tom plitalari bilan yaxshiroq birlashadi. Shu bilan birga, ular yangi yoki 
mavjud bo8lgan binoning turli elementlariga mos keladigan turli xil ranglarda bo8lishi mumkin. 
Kukun bilan qoplash texnikasi bilan siz hattoki porloq, mat yoki atlas qoplamasiga erishishingiz 
mumkin. 

Kukun bilan qoplangan quyosh ramkalarining asosiy kamchiligi shundaki, ular anodlangan 
alternativalarga qaraganda osonroq chiziladi. Bu erda foyda shundaki, siz anodlangan alyuminiy 
ramkalaridagi chizishlardan farqli o8laroq, chang bilan ishlangan materiallarni ta9mirlashingiz 
mumkin. 

Zaxira materiallari quyosh batareyasini loyihalashning asosiy tarkibiy qismidir. Ularning 
asosiy vazifasi ishonchli elektr o8tkazuvchanligini taklif qilish orqali samaradorlikni oshirishdir. 
Xavfsizlik nuqtai nazaridan panelni izolyatsiyalashga yordam berish orqali ular elektr toki urishiga 
qarshi himoya qilishni ham taklif qilishadi. 

Quyosh panellarining orqa tomonlarini fotovoltaik orqa varaqlar deb ataymiz. Ular ko8pincha 
yuqori sifatli xususiyatlarni ta9minlash uchun bir-biriga laminatlangan turli xil materiallarni o8z 
ichiga oladi. Ushbu materiallar ishlab chiqaruvchilar o8rtasida sezilarli darajada farq qilishi 
mumkin. 

Quyosh batareyalari, shubhasiz, quyosh panelining eng muhim xususiyati. Bu fotovoltaik 
ta9sir orqali quyosh nurlarini elektr energiyasiga aylantirish uchun mas'ul bo8lgan quyosh xujayrasi. 
Keling, quyosh batareyalarini yaratish uchun ishlatiladigan turli xil materiallarni ko8rib chiqaylik. 

TADQIQOT NATIJALARI 
Hozirgi kunda ko8p turdagi quyosh panellarini uchratish mumkin. Birinchi navbatda panellar, 

materiallar, ishlash oprinsipi va ishlab chiqarish turiga qarab farqlanadi. 
Kremniydan tayyorlangan quyosh xujayralari bugungi quyosh panellari uchun eng mashhur 

tanlovdir. Kristalli kremniyni (c-Si) quyosh xujayrasida ishlatiladigan kremniy vafli kristalining 
kattaligiga qarab turli toifalarga ajratishimiz mumkin. C-Si ning eng mashhur ikkita toifasi 
quyidagilar: 

÷ Polikristalli kremniy- "Ko8p kristalli kremniy" deb ham ataladigan ushbu turdagi quyosh 
fotoelektr elementlari eng keng tarqalgan. Ommabopligi va yanada samarali ishlab chiqarish 
jarayoni (eritilgan kremniyni o8z ichiga olgan) tufayli, ushbu turdagi kameralardan foydalanadigan 
quyosh panellari ko8pincha eng arzon sotib olinadi. 

÷ Monokristalli silikon- Bu premium quyosh panellarida ishlatiladigan yuqori samarali 
quyosh batareyasi turi. Ular, odatda, raqobatdosh mahsulotlarga qaraganda ko8proq quvvat ishlab 
chiqarishni taklif qiladilar, ammo ancha qimmat. Monokristalli kremniy xujayralarini ishlatadigan 
quyosh panellari kichik oq olmoslarning o8ziga xos naqshini namoyish etadi. Bu gofretlar qanday 
kesilganligi bilan bog8liq. 

 
Yupqa plyonka hujayralari. 
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Yupqa plyonkali quyosh xujayralarini ishlatadigan quyosh panellari kristalli silikon 
alternativalariga qaraganda kamroq uchraydi. Ular arzonroq bo8lishiga qaramay, ularning ishlashi c-
Si texnologiyasi kabi yaxshi emas. Yupqa plyonka hujayralarining foydasi shundaki, ular 
egiluvchan va shuning uchun biroz ko8proq bardoshlidir. 

So8nggi paytlarda yupqa plyonka texnologiyasining yaxshilanishi bo8shliqni bartaraf etishga 
yordam berdi, ba9zi ingichka plyonka xujayralari endi polikristalli kremniy xujayralaridan ustunroq. 
Biroq, texnologiya hali ham monokristalli silikon hujayradan ancha uzoqdir. 

upqa plyonkali quyosh batareyalaridagi eng mashhur materiallar quyidagilar: 
÷ Amorf kremniy - Bu yupqa plyonka quyosh xujayralarida keng ishlatiladigan mashhur 

material. An'anaviy kristalli silikon xujayrasi tarkibiga kiradigan kremniyning taxminan 1 foizidan 
foydalanadi va uni ancha arzonlashtiradi. 

÷ Kadmiy Tellurid - Kadmiyum quyosh xujayralari monokristalli silikon xujayralarining 
ishlashiga teng keladigan yagona yupqa plyonka mahsulotidir. Ushbu materialning kamchiligi 
shundaki, u juda zaharli bo8lib, eski kadmiyum hujayralarini yo8q qilish bilan bog8liq tashvish 
tug8diradi. 

÷ Gallium mis selenidi mis (CIGS)- Bu uchinchi asosiy nozik quyosh plyonkasi 
texnologiyasi. Buni kristalli kremniy bilan taqqoslasak, CIGS hujayralari har qanday joyda 80 dan 
160 baravargacha ingichka bo8lishi mumkin. 

Quyosh batareyasining samaradorligini oshirishga yordam berish uchun aks ettirishni 
kamaytirishga yordam beradigan maxsus qoplama ko8pincha qo8llaniladi. Yans1t1c1ya qarshi 
qoplamalar, quyosh fotoelektrik xujayralarining ko8proq nur yutishiga imkon beradi va shuning 
uchun samaradorlikni oshiradi. Kremniy nitrit ko8pincha aks etuvchi quyosh xujayralari 
qoplamalari uchun tanlangan materialdir. U hujayra ustida plyonka sifatida qo8llaniladi va har xil 
qalinlikda mavjud. Siz kremniy quyosh xujayralari uchun aks ettiruvchi qoplamalar haqida ko8proq 
bilib olishingiz mumkin. 

Quyosh panelining umumiy konstruktsiyasi, shuningdek, boshqa turli xil e'tiborga loyiq 
materiallarga ega. Bularga quyidagilar kiradi: 

÷ Shisha- Quyosh panellarini loyihalashda keng qo8llaniladigan shisha an'anaviy silikon 
quyosh xujayralari ustida joylashgan. Yupqa plyonkali texnologiyalar bilan hujayralar odatda ikkita 
shisha oynaning o8rtasida joylashgan. Bu yupqa plyonkali texnologiyalarning asosiy 
kamchiliklaridan biridir, chunki qo8shimcha shisha qatlami panelning umumiy og8irligini sezilarli 
darajada oshirishi mumkin. 

÷ Mis- Siz mis panelini quyosh panelining turli qismlaridan topishingiz mumkin. U simlardan 
(shu jumladan, topraklama kabellaridan) doimiy oqimni o8zgaruvchan tokni o8zgartiradigan 
invertorlarga qadar hamma narsada ishlatilishi mumkin. 

÷ Plastik- Plastik - bu quyosh panelining odatiy xususiyati. Uning yordamida quyosh 
panelining pastki qismida tez-tez uchraydigan aloqa qutilarini joylashtirish uchun foydalanish 
mumkin. Aloqa qutilari bitta tizimni yaratish uchun bir nechta panelni bir-biriga bog8lashning oson 
usulini ta9minlaydi. 

Quyosh batareyalarini tayyorlash uchun ishlatiladigan ba9zi materiallar bizning sog8ligimiz 
uchun ham, atrof-muhit uchun ham xavfli bo8lishi mumkin. Ideal bo8lmasa ham, ba9zida toksik 
moddalar quyosh energiyasi tizimlarining samaradorligi va chidamliligini oshirishga yordam beradi. 

Quyosh panellari turlarini tanlashda nimalarga e'tibor berish kerak 
Endi siz 3 turdagi quyosh panellari haqida bir oz ko8proq ma9lumotga ega bo8lsangiz, qanday 

qaror qabul qilasiz? Bu erda siz e'tiborga olishingiz kerak bo8lgan ba9zi narsalar: 
- O8rnatish uchun joy mavjud 
- Atrof-muhit sharoitlari 
- Soya miqdori 
- Bir vatt uchun narx 
- Saqlash talablari 
- Ehtimol, kelib chiqqan mamlakat, agar bu sizning radaringizda muammo bo8lsa 

Yodingizda tuting!!! 
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Bitta quyosh batareyasining samaradorlik darajasi to8liq panelning samaradorlik darajasidan 
yuqori. 

Atrof-muhit harorati qanchalik baland bo8lsa, panelning samaradorligi shunchalik past 
bo8ladi. 

XULOSA 
Xulosa qilib aytganda quyosh panellari umuman olganda qayta tiklanadigan energiya 

manbalari ajoyib tezlik bilan rivojlanmoqda. Umid qilamizki, ushbu ma9lumotlar yordamida siz 
quyosh panellari turlari, afzalliklari haqida ko8proq ma9lumotga ega bo8ldingiz. 
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Anvarov Izzatilloh Erkin o8g8li 
<Energiya tejamkorligi va energoaudit= yo8nalishi talabalari 

Annotatsiya: Biz kundalik hayotda ishlatadigan energiyaning deyarli 100 % i bu yoki boshqa 
tarzda o8zgartirilgan quyosh energiyasidir. Ko8mir - bu fotosintez orqali yashagan o8lik o8simliklar. 
Hatto o8tin yoqsangiz ham, siz o8tin yutgan quyosh energiyasini berasiz. Aslida, har qanday issiqlik 
elektr stantsiyasi ko8mir, neft, gaz va boshqa qazilmalar shaklida saqlanadigan quyosh energiyasini 
elektr energiyasiga aylantiradi. 

Abstract: Almost 100% of the energy we use in our daily lives is solar energy that is mode 
feed in one way or another. Coal is a dead plant that lives through photosynthesis. Even if you burn 
wood, you provide the solar energy that the wood absorbs. In fact, any thermal power plant converts 
solar energy into electricity, which is stored in the form of coal, oil, gas and other minerals. 

Kalit so8zlar: Quyosh, energiya, kremniy, qayta tiklanuvchi energiya 
germaniy,yarimo8tkazgich. 

Keywords: Solar, energy, silicon, renewable energy germanium, semiconductor. 
KIRISH 

Quyosh batareyasi 3 yarim o»tkazgichli fotoelementlarga asoslangan tok manbai; quyosh 
radiatsiyasi energiyasini bevosita elektr energiyasiga aylantiradi. Quyosh batareyasi 
Elementlarining ishlashi ichki fotoeffekt hodisasiga asoslangan. Dastlabki quyosh elementini 1953-
1954 yillarda AQSH olimlari G.Pirson, K.Fuller va D.Chapinlar ishlab chiqishgan. Quyosh 
batareyasining quvvati yarimo»tkazgich materialiga, quyosh elementining konstruktiv xususiyatiga 
va batareyadagi elementlar soniga bog»liq. Quyosh elementlari tayyorlashda kremniy Si, galliy Ga, 
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mishyak As, kadmiy Cd, oltingugurt S, surma Sb asosidagi materiallardan foydalaniladi. Quyosh 
batareyasi odatda usti yaltiroq qoplamali yassi panel ko»rinishidagi quyosh elementlaridan 
tayyorlanadi. Batareyadagi quyosh elementlari soni bir necha ming donagacha, panelining sathi 
o»nlab m2, tok kuchi yuzlab amper, kuchlanishi o»nlab Volt, generator quvvati bir necha o»n kVt 
gacha boradi.  

TADQIQOT MATERIALLARI VA METODOLOGIYASI 
Biz kundalik hayotda ishlatadigan energiyaning deyarli 100 % bu yoki boshqa tarzda 

o8zgartirilgan quyosh energiyasidir. Ko8mir-bu fotosintez orqali yashagan o8lik o8simliklar. Hatto 
o8tin yoqsangiz ham, siz o8tin yutgan quyosh energiyasini berasiz. Aslida, har qanday issiqlik elektr 
stantsiyasi ko8mir, neft, gaz va boshqa qazilmalar shaklida saqlanadigan quyosh energiyasini elektr 
energiyasiga aylantiradi.Quyosh batareyasi buni to8g8ridanto8g8ri vositachilar ishtirokisiz amalga 
oshiradi. Elektr energiyasi - bu quyosh energiyasidan foydalanishning eng qulay shakli. Quyosh 
panellari kichkina hujayralardan - kremniydan tayyorlangan quyosh batareyalaridan iborat. Quyosh 
paneli bir nechta fotosellardan iborat. Kremniy yerdagi eng keng tarqalgan yarimo8tkazgichdir 
(butun yer qobig8ining taxminan 30%).Har bir kremniy atomi to8rtta elektroni orqali qo8shni 
atomlar bilan bog8lagan Ular elektronlarni ushlab turadi, shuning uchun oqim bu kabi oqishi 
mumkin emas. 

 
1-rasm Silikon atomlarining tuzilishi. 

Oqimni olish uchun kremniyning ikki xil qatlami qo8llaniladi: n tipidagi kremniyning ortiqcha 
elektronlari bor p tipidagi kremniy - elektronlar uchun qo8shimcha joylar (teshiklar). 

 
2-rasm Kremniy p va n turi. 

Ikki turdagi kremniy birlashganda, elektronlar p-n birikmasidan o8tishi mumkin, bu bir 
tomondan musbat zaryadni, boshqa tomoni esa manfiy zaryadni qoldiradi. Tasavvur qilish osonroq 
bo8lishi uchun, yorug8likni hujayramizga urgan zarralar oqimi (fotonlar) deb o8ylaganimiz yaxshi, 
shunda u elektr aloqasini uzib, teshik qoldiradi. manfiy zaryadlangan elektron va musbat 
zaryadlangan teshikning joylashuvi endi erkin harakatlanishi mumkin, ammo bizda p-n 
chorrahasida elektr maydoni mavjud, ular faqat bitta yo8nalishda harakat qilishadi. Elektron 3 n 
o8tkazgichga qarab, teshik plastinkaning p tomoniga buriladi."Bo8shatish" tugaganidan keyin 
elektron o8tkazgichga moyil bo8ladi.Barcha elektronlar hujayraning yuqori qismida metall 
o8tkazgichlar tomonidan to8planadi va tashqi tarmoqqa kiradi. Ish tugagandan so8ng, elektronlar 
plastinkaning orqa tomoniga qaytib, xuddi shu "teshiklarda" joylarni egallaydilar. 15x15 sm 
standart plastinka, nominal ravishda atigi 0,5 voltni ishlab chiqaradi, ammo agar siz ularni bitta 
katta panelga birlashtirsangiz, ko8proq quvvat va kuchlanish olishingiz mumkin. Uyali telefonni 
zaryad qilish uchun siz ushbu plitalardan 12 tani birlashtirishingiz kerak. Uyni kuchaytirish uchun 
siz ko8proq plitalar va panellarni sarflashingiz kerak.Elektronlar quyosh batareyalaridagi yagona 
harakatlanuvchi qism bo8lganligi sababli, quyosh panellari parvarish qilinishga muhtoj emas va ular 
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20-25 yil davomida eskirmaydi va buzilmaydi. Sayyora yuzasida quyosh energiyasining notekis 
taqsimlanishi. Ba9zi joylar boshqalariga qaraganda quyoshli va beqaror. Quyosh energiyasi bulutli 
kunlarda kamroq bo8ladi va kechasi umuman bo8lmaydi.  

TADQIQOT NATIJALARI 
Tadqiqot natijalari shuni ko8rsatadiki quyosh energiyasidan to8liq foydalanish uchun barcha 

sohalar uchun elektr energiyasini ishlab chiqarishning samarali usullari zarur. Samaradorlik. 
Laboratoriya sharoitida 46% natijaga erishildi. Ammo tijorat tizimlari hatto 25% samaradorlikka 
erisha olmaydi. Saqlash quyosh energiyasidagi eng zaif aloqa bu elektr energiyasini tejashning 
samarali va arzon usulining yo8qligidir. Mavjud batareyalar og8ir va allaqachon zaif quyosh 
tizimining samaradorligini sezilarli darajada kamaytiradi. Umuman olganda, 10 tonna ko8mirni 
saqlash bir xil ko8mir yoki quyosh tomonidan ishlab chiqarilgan 46 megavattga qaraganda osonroq 
va qulayroqdir.Infratuzilma Megagohlarni boqish uchun - ushbu shaharlarning tom yopish joylari 
barcha ehtiyojlarni qondira olmaydi, shuning uchun quyosh energiyasini joriy qilish uchun 
energiyani tashish kerak va buning uchun yangi energiya inshootlarini qurish zarur. p-n birikmasi 
yorug8likni elektr energiyasiga aylantirishi sir emas. tajriba ko8pincha p-n nur tushishiga imkon 
beradigan, o8ralgan qopqoqli tranzistor yordamida o8tkaziladi. Unga voltmetrni ulab, yorug8lik 
bilan nurlanganda bunday tranzistor kichkina elektr tokini qanday chiqarishini aniqlay olasiz va 
agar siz p-n birikmasining maydonini oshirsangiz, bu holda nima bo8ladi? o8tgan yillardagi ilmiy 
tajribalar jarayonida mutaxassislar katta maydon plitalari bilan p-n birikmasini qildilar va shu bilan 
quyosh panellari deb nomlangan fotovoltaik konvertorlarning paydo bo8lishiga olib keldi. n-tip yoki 
ortiqcha elektronlar (fosfor) bilan qoplangan; p-tip yoki "teshiklar" deb ataladigan elektron 
yetishmasligi bilan qoplama; Quyosh nurlari fotonlari qoplamani urganda n-tip bo8sh elektronlar 
zonaga o8tishni boshlaydilar p-tip deb atalmish elektr energiyasini ishlab chiqarish p-n birikmasi. 
Quyosh nurlari tushadigan tomoni muhim ahamiyatga ega. kremniy kristallanadi, chunki o8zi 
yarimo8tkazgichdir. Yagona kristallar ancha osonlashtiriladi, ammo ularning yuzlari ko8p emas, 
shuning uchun elektronlar to8g8ri chiziqda harakatlana oladilar.  

XULOSA 
Xulosa qilib aytish mumkinki butun jahon energiya tizimidagi tuzilmalar ish faolyatini yuqori 

darajaga olib chiqish yo8lida energiya tizimlarini yanada isloh qilish, muqobil energiya manbalariga 
ega o8lish, insonlar hayotini osonlashtirish, ko8ndalang turgan muhim vazifa hisoblanadi. Bu borada 
yurtimiz va butun dunyoda keng ko8lamli ishlar olib borilmoqda. Birgina quyosh energiyasi orqali 
millionlab harajatlardan qutilish imkonimiz mavjud. Quyosh elektr stansiyalarini ko8paytirish, 
uning foydali ish koeffitsiyentini oshirish, oldimizda turgan ustuvor yo8nalishlardan biri. 
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Hozirgi kunda chin ma9noda <mo8jiza= deya ta9riflashga loyiq kashfiyotlar qilinmoqda. 

Qurilishda qo8llanilayotgan zamonaviy <mo8jiza=larga misollar keltiradigan bo8lsak, birinchi 
navbatda sensor qurilmalarni aytib o8tishimiz darkor. Ekologik muvozanatni buzilishini oldini 
olishning asosiy yo8nalishlaridan biri 3 bu ichimlik suvini asrash va undan to8g8ri foydalanish 
bo8lsa kerak. Sensor qurilmalari esa bunga kata xizmat qilmoqda. Qo8lingizni yuvish uchun yoki 
suvdan foydalanish uchun suv jo8mragiga qo8lingizni tutsangiz sensorlar buni sezadi va suv tusha 
boshlaydi, qo8lingizni olishingiz bilan suv tushishi to8xtaydi. Bu orqali suvdan foydalanish 
vaqtidagi turli sabablarga ko8ra tanaffuzda oqib ketishi mumkin bo8lgan ichimlik suvini tejab qolish 
mumkin bo8ladi.  

Aynan shunga o8xshash sensorli qurilmalardan yana birini qurilishda ko8cha yoki hovli elektr 
chiroqlarini boshqarishda fordalanilmoqda. Elektr chirog8i o8rnatilgan hududga kelishingiz bilan 
chiroqlar o8z yorug8ligini tarqata boshlaydi, u yerdan o8tib bo8lganizdan so8ng esa tejamkorlok 
bilan ishlash holatiga o8tadi. Bu orqali esa ortiqcha elektr energiyasini sarfini oldini olar ekan. Bu 
kabi <mo8jiza= lar ro8yxatini hali uzoq davom ettirishimiz mumkin, lekin biz shu yerda ro8yxatni 
to8xtatib, eng asosiy <mo8jiza= haqida to8xtalib o8tishni lozim deb topdik. Quyosh batareyasi 4 
yarimo»tkazgichli fotoelementlarga asoslangan tok manbai, quyosh radiatsiyasi energiyasini 
bevosita elektr energiyasiga aylantiradi. Quyosh batareyasi elementlariningishlashi ichki fotoeffekt 
hodisasiga asoslangan. Dastlabki quyosh elementini 1953454 yillarda AQSH olimlari G.Pirson, 
K.Fuller va D.Chapinlar ishlab chiqishgan.  

  
Agar insoniyat ehtiyoji uchun shulardan faqat neft ishlatilganda yiliga 12 milliard tonna 

sarflanardi. Bu kishi boshiga 2 tonnadan to8g8ri keladi, degani. Shunday ekan, qayta tiklanuvchi 
muqobil energiyadan foydalanish hozirda eng to8g8ri yo8l bo8lib turibdi.Muqobil energiya 
manbalari orasida quyosh energiyasi alohida o8rin tutadi. Mutaxassislarning ta9kidlashicha, yer 
kurrasi har kuni quyoshdan 174 petavattga teng miqdorda energiya qabul qilib oladi. Quyoshning 
bunday sahovatidan oqilona foydalanish dolzarb vazifalardandir.  

Bu borada xorij tajribasini o8rganish ham yaxshi samaralar berishi shubhasiz. Avstraliyada 
dunyoda eng katta 3 quvvati 1000 megavattga teng quyosh elektrostansiyasi barpo etilayotgan 
bo8lsa, Ispaniya hukumati Sevilyada 20 megavatt quvvatli quyosh elektrostansiyasi qurilishi uchun 
1,45 milliard AQSH dollari miqdorida mablag8 ajratdi.  

Yilning 300 kuni quyoshli bo8lgan mamlakatimiz 3 quyosh nuridan energiya olish 
texnologiyalarini qo8llash uchun juda qulay. O8zbekistonning yalpi quyosh energiyasining yillik 
salohiyati 50 milliard 973 million tonna neft ekvivalentiga tengdir. Quyosh energiyasi ekologik 
sofligi va qulayligi nuqtai nazaridan istiqbollidir. Quyosh qurilmalari, ayniqsa, markazlashgan 
elektr va issiqlik tizimlaridan uzoqda joylashgan hududlarni elektr energiyasi va issiqlik bilan 
ta9minlashda qulaydir.  

Quyosh batareyalari - mutaxassislar tilida "foto elektr tizimlari" deb nomlanadigan qurilma 
tarkibidagi fotobatareya quyosh nuridan quvvat olib, elektr toki ishlab chiqaradi, akkumulyator esa 
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elektr energiyasini kechasi uchun saqlaydi. Ular, ayniqsa, cho8l hamda tog8 hududlarida istiqomat 
qiluvchi aholini elektr energiyasi va issiqlik bilan ta'minlashda qo8l keladi.  

Quyosh kollektori, suv ko8tarib beruvchi moslama, iste'molchilarni bir vaqtning o8zida elektr 
energiyasi va issiqlik bilan ta'minlovchi dvigatel kabi jahonshumul ixtirolar bunga misoldir. O8rni 
kelganda yana bir narsani alohida ta'kidlash joiz. Yurtimizda tayyorlanayotgan quyosh batareyalari 
ham sifati, ham arzonligi jihatidan xorijnikidan aslo qolishmaydi. Bunday fotoelektrik batareyalar 
bir sutkada quyosh energiyasidan uzilgach, mustaqil ravishda besh soat davomida 3-4 ta 
lyuminessent lampa, televizor, radiopriyomnik, magnitofondan foydalanish imkonini beradi. 
Quyosh batareyalari uchun zarur bo8lgan kremniy va yuqori quvvatli akkumulyatorlar kelgusida 
yurtimizda ishlab chiqariladigan bo8lsa, uning tannarxi yana bir necha barobar arzonlashadi.  

Quyosh batareyalaridan qurilishda foydalanish. Muqobil energiya manbalari boshqa sohalar 
kabi qurilish uchun ham muhim sanaladi. Yuqorida aytib o8tilganidek, uzoq hududlarda joylashgan 
aholi punktlariga elektr energiya va issiqlik energiya yetkazib berish ancha mushkul masala 
hisoblanadi. Mushkulligi bilan bir qatorda, bu iqtisodiy tomondan ham qimmatga tushadi. Shuning 
uchun ham, quyosh batareyalaridan foydalanish quruvchilar uchun ham juda qulaydir. Bu kabi 
muqobil energiya manbalari biror tizimga ulanishni talab etmaydi, ya9ni ular mustaqil ishlay olishi 
bilan ham boshqa energiya manbalaridan ajralib turadi. Ular quyoshdan kelayotgan energiyani 
qariyb 10-40%ini elektr energiyasiga aylantirib bera oladi va 100-1300 W/>v.m quvvatga ega. 
Hozirgi kunda bu batareyalarning bir necha turlari mavjud. Shulardan biri 3 yupqa plyonkali quyosh 
batareyalari ishlab chiqarishda qulay turlardan biri hisoblanadi. Ular 10 kWdan ortiqroq quvvat 
bilan ham ishlay oladi. Ular 1400E800E3mm o8lchamga, 20kg og8irlikka, 55,7-60V kuchlanishga, 
0,9 � tok kuchiga egadir.  

Quyosh batareyalarining yana bir turi 3 bu monokristalli batareyalardir. Ularning qalinligi 
250-300 mkmga teng bo8lib, alyuminiy rama yordamida tom yuzasiga qoplanadi va ustki qismidan 
oyna yopiladi. Bu panellarni quyosh paneli 3 nazorat qiluvchi qurilma 3 akkumlyator 3 invertor 3 
iste9molchi tizimida ulab, foydalaniladi. Monokristal quyosh panellarining og8irligi 0,8 dan 24 kg 
gacha, o8lchamlari 306E216E18 mm dan 950 3 992E50mm gacha, 0,29 A dan 7,98 � gacha tok 
kuchiga, 21,6 V dan 59,5 V gacha kuchlanishga ega.  

Quyosh panellarini ham o8ziga yarasha kamchiliklari ham bor. Bu kamchiliklardan biri, 
ularning foydali ish koeffitsiyenti pastroq ekanligi bo8lsa, yana biri ularning xizmat ko8rsatish davri 
tan narxiga nisbatan kamroq ekanligi. O8ylaymizki, yaqin kelajakda bu panellarning ushbu 
kamchiliklar olimlarimiz tomonidan bartaraf etilib, ularning foydali ish koeffitsiyenti yanada 
oshadi. 

Fotoelementlarning quyoshdan kelayotgan energiyani yorug8lik energiyasiga aylantirish 
koeffitsiyenlarini kremniyli quyosh panellari misolida ko8rib chiqaylik. 

Xulosa 
Xulosa o8rnida. Mana, quyosh panellari hayotimizga jadal kirib kelayotganligi bejiz 

emasligining guvohi bo8ldik. Taraqqiyot yana yuksalishda davom etmoqda. Shunday ekan, yaqin 
kelajakda quyosh batareyalarining ham hayotimizdagi o8rni muhim sanalishiga ishonchimiz komil. 
Bunga esa, yuqorida keltirilgan fikrlar dalil bo8la oladi. 

Foydalanilgan adabiyotlar: 
1.�. �. �4D<<>6 <�4·>= <>?<O6<=-<�F<E>4<= <=�<D>7<, �755><EF>= L4D><F<44 G=< 

54DF4D4D MF<L=<=7 =^??4D< 64 G>D4?4D<= &., 2009 =<?  
2.��� 2.01.18-2000* «�<=>?4D 64 <=L>>F?4D=< <E<F<L, L4<>??4F<L 64 

>>=4<F<O?4LF<D<L GGG= M=5D7<O E4DD< <5NUD?4D<»  
3.www.lex.uz va www.wikipedia.org internet tarmoqlari  
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MIKRO-GESLARINING DASTURIY TA9MINOTLAR YORDAMIDA  

EKSPERIMENTAL NAMUNALARNI ISHLAB CHIQISH. 
Egamberdiev Xomidjon Abdullaevich, FarPI, katta o8qituvchi 
Tel: (+998) 91 123 17 63  E-mail: hamidillofarpi@mail.ru 

NX CAD paketiga kiritilgan dasturlar to8plami keyinchalik ishlab chiqarishni texnologik 
tayyorlash jarayonida foydalanish uchun butun mahsulot va uning tarkibiy qismlarining to8liq 
elektron maketini ishlab chiqish muammolarini hal qilishga imkon beradi. Ilovalarning 
funktsionalligi mahsulotni loyihalash bosqichlarini avtomatlashtirish va taqdimotning turli 
shakllarida dizayn hujjatlarini chiqarish imkoniyatini beradi. Ikkala "pastdan yuqoriga" va 
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"yuqoridan pastga" dizayn texnologiyalari ham ishlatiladi, ular mahsulot talablaridan boshlab to 
ishlab chiqarish uchun ma9lumotlar chiqarish bosqichiga qadar boshidan oxirigacha ishlab chiqarish 
jarayonlarini qurish qobiliyatiga ega. 

NX-dagi sanoat dizayni vositalari ishlab chiqilgan mahsulot ko8rinishini (yoki ichki 
ko8rinishini) rivojlantirish va uning estetik va vizual xususiyatlarini tahlil qilish uchun 
mo8ljallangan. Ushbu funktsiya bizga dizaynni ishlab chiqish jarayonlarini raqamlashtirishdan yoki 
ikki o8lchovli eskizlarni yaratishdan tortib tashqi ko8rinish elementlarini ishlab chiqarish texnologik 
jarayonlarini tahlil qilish va mos keladigan uskunalarni loyihalashtirishgacha avtomatlashtirishga 
imkon beradi. [2]  

Avtomatlashtirishni loyihalash vositalari quyidagi vositalar guruhlari bilan ifodalanadi: 
÷ Yuzalarni modellashtirish (Freeform Shape) - har qanday murakkablik darajasidagi 

parametrli sirtlarni yaratish uchun asboblar to8plami, shuningdek, o8lchamlar sifatini tahlil qilish 
uchun vositalar to8plami. 

÷ Erkin modellashtirish (Realize Shape) - bo8linish yuzalari algoritmi (subdivision) 
yordamida aniq o8lchamlarni yaratish vositalari, bunda foydalanuvchi markerlarni surib boshqarish 
nuqtalarining geometriyasini o8zgartiradi. Ushbu usul bizga murakkab parametrli bog8liqliklarni 
ishlatmasdan har qanday shakllarni yaratishga va shu bilan birga o8lchamlarni olishga imkon beradi, 
bu bilan biz keyingi barcha bosqichlarda o8zgartirishlarsiz ishlashimiz mumkin bo8ladi. 

÷ Dinamik rendering (Dynamic & Photorealistic Rendering)) - real vaqtda ham, ketma-ket 
rejimda ham mahsulotning real tasvirini olishga imkon beradigan mexanizmlar to8plami. Joriy 
vaqtda tizim geometriyasi o8zgarganda avtomatik ravishda yangilangan va hosil bo8lgan tasvirni 
qayta tiklaydi. Tasvirni yaratishda yorug8lik manbalari, materiallar, to8qimalar, atrof-muhit 
parametrlari, soyalar va natijada olingan tasvirning sifat xususiyatlariga ta9sir qiluvchi boshqa 
parametrlar hisobga olinadi. Renderlash interaktiv tarzda orqa fonda ham amalga oshirilishi 
mumkin, agar kerak bo8lsa, masofadan turib ko8rsatish mexanizmi ixtisoslashgan serverlarda 
ishlatilishi mumkin. 

NX CAD tizimida turli maqsadlar uchun elektr va quvur tizimlarini loyihalash vazifalarini o8z 
ichiga olgan bir nechta dasturlar taqdim etiladi. Ushbu dasturlarning funktsional imkoniyatlari 
jismoniy cheklovlarni hisobga olgan holda tizimlarni modellashtirishga (osilish, radiuslarning 
egilishi, tekis kesmalar va boshqalar), shuningdek tizim komponentlarini bir yoki bir nechta 
mezonlarga ko8ra tanlashga imkon beradi. NX ning joriy versiyasida quyidagi ilovalar mavjud: 

÷ <Elektr dizayni= - ishlab chiqarilayotgan mahsulotning elektr tavsifini yaratish, ishlab 
chiqarishni tahlil qilish va ishlab chiqarish uchun zarur ma9lumotlar va hujjatlarni tayyorlash uchun 
to8liq vositalar to8plamini o8z ichiga oladi. Ushbu dastur mahsulot yoki uning qismlari elektr 
tavsifining sxematik qismi yaratilgan barcha asosiy ECAD tizimlari bilan birlashtirilgan. [1] 

÷ <Quvurlarni loyihalash= - qattiq komponentlarga ega bo8lgan gidravlik, pnevmatik, yoqilg8i 
va boshqa quvur tizimlarini loyihalash uchun asboblarni o8z ichiga oladi. 

÷ <Mantiqiy marshrutizatsiya= - truboprovod tizimlari uchun mahsulotning sxematik tavsifini 
ishlab chiqishga va marshrutizatsiyani ta9minlash va yotqizilgan marshrutlarning sxemaga 
muvofiqligini nazorat qilish uchun uni 3D modeli bilan bog8lashga imkon beradi. 

MCD dasturi dizaynning dastlabki bosqichlarida mexatronik tizimlarning xatti-harakatlarini 
modellashtirish uchun mo8ljallangan. Foydalanuvchiga virtual modellashtirish muhiti taqdim 
etiladi, unda u ishlab chiqarilayotgan mahsulotni uning tarkibiy qismlarining fizik xususiyatlari 
yordamida tavsiflashi, chegara shartlari, ta9sir kuchlari va atrof-muhit parametrlarini o8rnatishi 
mumkin. Bundan tashqari, real vaqtda tizimning xatti-harakatlarini modellashtirish orqali 
foydalanuvchi virtual datchiklar va signallar yordamida o8z xatti-harakatlarini tahlil qilishi mumkin. 

SHuningdek, MCD muhitida mahsulotni fizik va virtual tarkibiy qismlarini birlashtirish orqali 
modellashtirish, xususan, mexanizmning virtual raqamli modeli bilan haqiqiy raqamli tekshirgichni 
birlashtirish orqali modellashtirishga imkon beradigan virtual ishga tushirish funktsionalligi amalga 
oshiriladi. [5] 

NX tizimidagi muhandislik tahlil vositalarining to8plami interfeysga ulangan oldingi va 
keyingi ishlov berish (Pre/Post) va hisoblash yechimlarini qo8llashdir. [5] Bunda NX Nastran yoki 
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boshqa dasturiy ta9minot paketlari qo8llanilishi mumkin. Muhandislik tahlil muhiti mustaqil 
ravishda boshqarilishi yoki PLMni Teamcenter tizimi bilan birlashtirilishi mumkin. Ikkinchi 
holatda, barcha dizayn ma9lumotlari PLM tizimida saqlanadi va kirish huquqlari, qayta ko8rib 
chiqish, chiqarish va tasdiqlash jarayonlari va boshqalar nuqtai nazaridan boshqariladi.  

Pre/postprotsessinga ishlov berish dasturi umumiy NX CAD dastur platformasi asosida 
qurilgan va Parasolid geometriya yadrosidan to8liq foydalanilgan. Hisoblash modellari boshlang8ich 
3D modellar bilan bog8liq bo8lib, agar biron bir o8zgartirish yoki soddalashtirish zarur bo8lsa, 
foydalanuvchi bog8langan geometriyani boshlang8ich modelga ta9sir qilmasdan tahrirlash 
qobiliyatiga ega, ammo barcha o8zgarishlarni kuzatib boradi. 

NX muhandislik tahlillari to8plamiga kiritilgan asboblarning funktsionalligi strukturaning 
statik yuklanishini tahlil qilish, tabiiy chastotalarni (dinamikani) qidirish, aerodinamik va termal 
tahlil qilish, shuningdek, bir qator qo8llaniladigan ixtisoslashtirilgan muammolarni hal qilish 
imkonini beradi. 

Farg8ona viloyatining kichik kanallari, nasos stantsiyalari va artezianlari uchun o8rnatilgan 
eksperimental mikro-GESning Siemens PLM Software ompaniyasi dasturi yordamida ishlab 
chiqilgan loyihasi ishlab keltirilgan. 
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Buxoro muhandislik 3 texnologiya instituti 
Abstract: The article provides a methodology for a feasibility study of the use of a variable 

frequency drive in pumping units. It has been proven that the creation of an energy-saving ACS 
based on the use of a frequency-controlled electric drive for a pumping unit pays off in a fairly 
reasonable time, even without taking into account water savings. 

Introduction 
The use of a frequency-controlled electric drive increases the capital investment only if it is 

used in an existing pumping unit. 
During the construction of a new or reconstruction of an existing plant, the use of a 

frequency-controlled electric drive can reduce the total capital investment by enlarging the unit 
capacity of pumping units and reducing their number [1,2]. In the absence of a frequency-controlled 
electric drive, a large number of units (10-12) of relatively low power are installed at the stations. In 
some cases, take different types of pumps or pumps of the same type, but with different diameters 
of the impellers. This solution requires a sufficiently large production area to accommodate the 
equipment, complicates the hydraulic circuits of pumping stations and is associated with the 
installation of a large number of hydro-mechanical equipment. 
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The use of a frequency-controlled electric drive in pumping units makes it possible to use 
large pumping units in the low-flow mode and, consequently, reduce their total number. Here it is 
appropriate to say that more powerful units have higher technical indicators, including higher 
efficiency (Table 1). 

Table 1. Technical and economic indicators of D-series pumps 
Parameter D320-70 D1250-65 D2500-62 D3200-75 D4000-95 D6300-80 
Power, kW 100 320 630 800 1250 1600 

Pump EFFICIENCY 0,78 0,86 0,87 0,87 0,88 0,88 
The efficiency of the 

engine 
0,92 0,922 0,935 0,953 0,962 0,962 

The efficiency of the 
unit 

0,716 0,79 0,816 0,83 0,846 0,846 

Weight, kg 1130 4245 8730 11660 12780 18666 
Specificgravity, kg / 

kW 
11,3 13,3 13,9 14,6 10,3 11,7 

 
It is shown in [2,3,4,5] that the linear dimensions of pumping units grow much slower than 

their power and supply. As is known, the volumes (dimensions) of machines (electric motors, 
pumps, etc.) are proportional to the nominal values of their torque: 

                (1) 
where  is the torque;  is the coefficient of proportionality. 
If we express the moment in terms of the operating parameters of the pumping unit and 

extract the cubic root from both parts of the equation (1), we get the dependence of the linear 
dimensions of the unit on its main parameters: 

     (2) 

where:  is the pump unit feed;  is the pump unit head;  is the pump unit rotation 
speed;  is the unit efficiency. 

Methods 
We believe that for the specific installation under consideration, the head values of the 

compared units are approximately the same. We take the parameters of the smallest of the compared 
aggregates as the basic ones. For these conditions, after some transformations, we obtain an 
expression for determining the relative linear dimensions of the compared aggregates 

         (3) 

where: ,  are the nominal parameters of the larger unit; , are the nominal 
parameters of the base unit; 

From the expression (3), it follows that the linear dimensions of the enlarged unit in 
comparison with the basic unit increase to a lesser extent than its feed increases. This pattern has 
been tested on common domestic pumping units of the D series. Based on the actual dimensions of 
the D-series units taken from the catalog [2], the relative linear dimensions of six standard sizes of 
pumps in this series are calculated using the equation 

  (4) 

where: l  4 dimensions (length, width, height) of the larger unit;  4 
dimensions (length, width, height) of the base unit. 

The unit equipped with the D320-70 pump is accepted as the basic unit. The results of the 
calculation are shown in table. 2. 

Since the linear dimensions of pumping units increase more slowly than their supply 
increases, increasing the unit capacity of the units allows you to reduce their total number and 
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reduce the size of buildings, simplify the hydraulic scheme of the station, reduce the number of pipe 
fittings and the number of cells in the electrical switchgear, etc. 

Table 2. Relative parameters of D-series pumps 

Type of the pump 
Pressure, 

m 

Rated 
power of 

the unit,kW 

Relativ
efeed 

Relative linear dimensions 

by calculation 
[formula (3)] 

by catalog 
[formula 

(4)] 
� 320-70 70 100 1 1 1 

� 1250-65 65 320 3,9 1,93 1,62 
� 2500-62 62 630 7,8 2,73 2,32 
� 3200-75 75 800 10 2,94 2,71 
� 4000-95 95 1250 12,5 3,15 2,78 
� 6300-80 80 1600 19,7 4,0 3,6 

Thanks to the equipment of pumping units with a frequency-controlled drive, reducing the number 
of units at pumping stations does not reduce the operational possibilities for changing their 
operating modes caused by changes in water consumption. 

Thus, the use of a frequency-controlled electric drive under certain conditions not only does 
not increase the capital investment, but also reduces it somewhat (by a certain amount of dK). 

Calculations have shown that the use of a frequency-controlled electric drive in combination 
with the enlargement of the unit power, depending on the purpose of the station and other specific 
conditions, can reduce the specified costs by 20-50 % [2,6,7,8]. 

Results and Discussion 
The feasibility study of the use of a frequency-controlled electric drive in pumping units is 

carried out in the following sequence. 
1. Make up hydraulic and electric circuit diagrams compare the pumping systems. 
2. Determine the composition of the main equipment of the compared pumping units: 

pumping units, valves, valves, check valves, cells of switchgears, control devices (frequency 
converters, etc.). 

3. They assemble the main equipment of the compared pumping units. 
4. Determine the capital costs for the basic and new options for electrical equipment 

�el, pumping equipment �pum, hydro-mechanical equipment �hm, and construction part �con. The 
cost of electrical and hydro-mechanical equipment is determined in accordance with the price lists 
of companies and equipment manufacturers. For a preliminary estimate of the cost of a frequency-
controlled electric drive and additional capital costs associated with the use of a frequency-
controlled electric drive, the graphs shown in fig. 1. and 2. can be used. The cost of the construction 
part can be determined by the aggregated specific indicators of the cost of construction of pumping 
stations, contained, for ehample, in [3,10,12], taking into account the current inflationary 
coefficients of the cost of construction. 

5. Determine the depreciation deductions A from the cost: 
electricalequipment    

pumping equipment    

hydro-mechanical equipment    

construction part of the pumping station   
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Figure1. Specific cost of converters and 
control devices of various types of adjustable 
electric drive: 

1 4 low-voltage frequency converters; 
24 high-voltage frequency converters with dual 
voltage; 3 4 high-voltage frequency converters; 

4 4 high-voltage transformer-free converters 
according to the valve motor system; 5 4 

hydraulic variator <Twin-Disk=. 

Figure2. Additional costs associated with 
the use of converters and various types of 
controlled electric drive control devices: 

145 4 the same as in fig. 1 

 
Approximate values of depreciation rates for various types of equipment are given in table 3. 

Depreciation rates by type of main equipment Table 3. 

 
6. Determine the energy consumption Wreg in use frequency-controlled drive (FCD) in 

the automatic control system of the pumping unit, kWh, 

 
7. Determine the energy savings WreE, obtained as a result of a decrease in 

overpressure when using the FCD in the ACS of the pumping unit [17,18,19]. 
8. Determine the energy savings �W·, obtained as a result of the use of large capacity 

pumping units with a higher efficiency ·big, in comparison with the units of the basic version ·b, 
kWh, 

 
where: >  
9. Determine the energy consumption , kWh, of the pumping unit when the units are 

operating according to the basic version, without a frequency-controlled electric drive: 

 
10. Determine the amount of water lost due to non-productive costs when operating in the 

basic mode. This volume of water corresponds to the volume of water saved when using a variable 
frequency drive in the ACS of the pumping unit Vsav.year. 

11. Determine the decrease in the volume of non-productive water consumption, dumpedinto 
the sewer, when operating in the basic mode. 

 
12. Determine the electricity costs for the base case. 

Serial number Equipment types Amortization rate 
�, % �rel.un 

1 Pump equipment 19 0,19 
2 Gate valves, gates, valves 21,3 0,213 
3 Electrical equipment 8,3 0,083 
4 %FD><F5?L=4O G4EFL 2,6 0,026 
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where 4electricity tariff. 
13. Determine the electricity costs for the new option (with the use of aggregates of 

enlarged capacity and FCD in the automatic control system of the pumping unit)  

 
14. Determine the costs of covering the non-productive flow of clean water during the 

operation of the pumping unit without FCD. 

 
where: 4cost of 1m3of clean water. 
15. Determine the costs of processing and transporting waste water in the wastewater 

system (sewers). 

 
where: 4 the cost of pumping and processing 1m3 of wastewater. 
16. Determine the amount of capital costs for the basic �£band new �£n options for electrical, 

hydraulic and construction parts 

 

 
17. Determine the amount of depreciation for the base  and new  options 

 
 

18. Determine the amount of operating costs for both options  and , taking into 
account energy consumption, saving clean water, reducing the discharge of effluents into the 
sewage system and depreciation deductions 

 
 

19. Determine the reduced costs for both options 
 

 
where E4is the coefficient of efficiency of capital investments, depending on the adopted 

payback period for additional capital investments: 

 
Payback period &pb, year. 2 3 4 5 6 

Coefficient � . 0,5 0,33 0,25 0,2 0,166 
20. The reduction of the reduced costs &�,%, is calculated according to the new variant  in 

comparison with the basic variant ,% 

 
The payback period of an ACS equipped with an adjustable electric drive, taking into account 

the saving of clean water, a decrease in the discharge of effluents into the sewage system, an 
increase in the unit capacity of pumping units is determined by the expression 

 
where: 4additional capital costs associated with the creation of an energy-

saving ACS based on FCD; 4reduction of capital costs due to the enlargement of 
the unit capacity of pumping units and a decrease in their number;  
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4 reduction in operating costs due to the use of a variable frequency drive 
in the ACS of a pumping unit and an increase in the efficiency of pumping units due to the 
enlargement of their unit capacity; 

4 reduction in operating costs due to a decrease in excess pressure in the 
network and a reduction in non-productive water consumption due to the use of a variable 
frequency drive in the ACS of a pumping unit; 

4 reduction in operating costs due to a decrease in excess pressure in the 
network and a reduction in wastewater discharge into the sewage system due to the use of a 
frequency-controlled electric drive in the ACS of the pumping unit [19,20,21,22,23]; 

4 depreciation rate for electrical equipment; 
4 depreciation rate for the construction part. 

Conclusions 
Depending on the calculated payback period of the ACS equipped with a variable frequency 

drive, a decision is made on the expediency of its use in a pumping unit. At present, 2-3 years are 
considered an acceptable payback period. In any case, the payback period should not exceed the 
service life of the ACS equipment and the frequency-controlled electric drive, that is, 10-11 years. 
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sanoatini boshqarish tizimining samaradorligini oshirish, mahalliy xom ashyoni chuqur qayta 
ishlashni tashkil etishni rag8batlantirish, ilg8or texnologiyalarni joriy etish, ishlab chiqarilayotgan 
mahsulotlar turlarini diversifikatsiya qilish va eksport hajmini kengaytirish, tarmoqqa 
investitsiyalarni jalb qilish amalga oshirildi. Qurilish industriyasida yirik va mayda to8ldiruvchilar, 
bog8lovchi materiallar, beton va temir beton materiallarisiz tassavvur etib bo8lmaydi. Shu o8rinda 
yirik hajmdagi tog8 jinslarini qurilish ishlari uchun kerakli bo8lgan fraksiyalarda maydalash 
ko8pgina korxonalarda jag8li maydalagichlar orqali amlga oshiriladi. Uning elektrodvigateli 
quvvatini hisoblash natijalari asosida jag8li maydalagichning afzalliklari va kamchiliklari to8g8risida 
xulosa qilinadi. Jag8li maydalagichda maydalash jarayonida elektrodvigatelga doimiy ravishda katta 
og8irlik tushmaydi va u maydalashning kuchaytirilishiga bog8liqdir. Ishlash jarayonida 
maydalashning kuchaytirilishi maksimal qiymatga chiqadi, bo8sh holda esa nolga tengdir. 
Shuningdek, ishlash jarayonida maydalashning kuchaytirilishi doimiy kattalikda bo8lmaydi, ishchi 
kamerada to8ldirilgan materialning yumshash darajasiga va kirayotgan mahsulotning bir xil 
bo8lmagan qattiqlikdagi alohida bo8laklariga bog8liq holatda unchalik katta bo8lmagan holda 
tebranadi.  

Hozirgi kunda jag8li maydalagichning elektrodvigatelining quvvatini aniqlashning bir necha 
hisoblash va empirik formulalari ma9lum. Ish A quyidagi formula bilan aniqlanadi:  

A = Ã2
siq.V / 2E [J], (1) 

bu yerda: Ãsiq.3 maydalanadigan materialning siqilishdagi chegaraviy mustahkamligi, [n/m2];  
V 3 material hajmi, m3; E 3 maydalanadigan materialning egilish moduli, n/m2.  

 
Hajmni aniqlash (maydalash darajasi hisobga olinganda) quyidagi formula bilan aniqlanadi:  

V = Ã L / 6 · (D2 - d2) m3, (2) 
bu yerda: L 3 maydalash kamerasining uzunligi, m; D 3 kirayotgan mahsulot bo8lagining 

o8lchami, [m]; d 3 tayyor mahsulot bo8lagining o8lchami, m. 
Talab qilingan quvvat quyidagiga teng bo8ladi:  

N = An / · vt, (3) 
bu yerda: n 3 eksstentrik valning aylanish soni, ayl/sek; · 3 uzatmaning foydali ish koeffistienti,  
· =0,85.  

(3) formulaga A va V qiymatlarini qo8ysak, quyidagini olamiz:  
N = Ã2

siq. Ã L / 12 E · · (D2 - d2) n vt, (4) 
Oddiy harakatlanuvchi jag8li maydalagichlarning elektrodvigatel-larining quvvatlari (4) 

formula orqali aniqlanganligi 1-jadvalda keltirilgan. Maydalanadigan materialning mustahkamlik 
chegarasining siqilish (Ãsiq.) qiymati 250 n/m2 deb qabul qilingan.  

1-jadval (4) formula orqali hisoblangan elektrodvigatellarning quvvati 

Maydalagichning 
o8lchamlari V× L, mm 

(4) formula orqali quvvat 
hisoblanganda, kvt 

O8rnatilgan 
elektrodvigatel 

quvvati, kVt 

Amaldagi 
quvvatni oshishi 

hisobi, marta 

400×600  103  28  3,68  

600×900  300  75  4,0  

900×1200  528  100  5,28  

1200×1500  945  160  5,9  

1500×2100  1660  250  6,65  

 
Yuqori qattiqlikdagi ohaktoshlarni siqilishdagi mustahkamlik chegarasi, bazalt va granitlar 

200 dan 400 Mn/m2 gacha tebranadi. Ushbu materiallarning sinishdagi mustahkamligi, cho8zilishi 
va siljishi chegaralari 0,0835-0,125 dan siqilishdagi mustahkamlik chegarasini tashkil etadi.  

Material bo8lagining sinishi jarayonida unga siqilish kuchi ta9sir etadi, shu tariqa sinish, siljish 
va cho8zilishni keltirib chiqaruvchi kuch paydo bo8ladi.  
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Ravshanki, material bo8lagini sindirish uchun talab etiladigan natijalashtiruvchi kuch, 
siqilishga bo8lgan mustahkamlikning maksimal chegarasiga muvofiq keluvchi siqilish kuchlaridan 
kichik bo8lishi kerak.  

Qayd etilganlarni (quyida keltiriladigan tasdiqlovchi hisoblarni) e9tiborga olib, siqilishga 
bo8lgan mustahkamlikning qiymatini chegaradan (400 Mn/m2) kichigini qabul qilish zarur. Hisoblar 
shuni ko8rsatdiki, universal uzatma uchun ushbu qiymatni 250 Mn/m2 dan oshmagan holatda qabul 
qilish lozim.  

(4) formulada maydalanadigan materialning hajmi materialning eng katta bo8lagining 
o8lchamlari hisobga olingan. Ushbu hajmni yuqori ekanligini quyidagi sabablarga ko8ra tan olish 
kerak:  

1. Maydalagichda qamrab olinadigan material bo8lagining soni L/D jihat maydalash 
soni ekanligi hisobga olinmagan. Misol uchun, 1500×2100 mm maydalagichda materialning eng 
katta o8lchami 1300 mm ga teng, ya9ni L/D=1,63 va bu ketma-ketlikda qabul qiladigan tirqish faqat 
bitta 1300 mm o8lchamli material bo8lagini qabul qilishi mumkin. Ushbu holat barcha boshqa 
modelli maydalagichlar uchun ham o8rin tutadi.  

2. Maydalagichda amaliyotda material bo8laklari aralashmasi har xil o8lchamlarda 
tushadi va albatta bo8laklarning o8rtacha kattaligi Do8r. qabul qilish lozim. Hisoblar shuni 
ko8rsatadiki, o8rtacha kattalik Do8r. o8lchami taxminan eng katta (0,5 - 0,52) Deng.kat. ga teng. 

Qayd etilganlardan tashqari, formulaga mutanosiblik koeffistientini kmut. kiritish zarur (2-
jadvalga qarang). Chunki maydalanadigan material bo8lagining o8lchamlarini kattalashtirishda 
energiyaning solishtirma og8irligi (hajmi) sarflanishi keskin kamayadi. Bu shunday tushuntiriladiki, 
bo8laklarning o8lchamlarini kattalashtirishda uning darz (yoriq) ketishi, g8ovakligi va bir xil 
bo8lmasligi hisobiga mustahkamligi kamayadi. Keltirilgan tuzatishlarni jamlab xulosa qilsak, 
quyidagini olamiz:  

N = kmut. Ã2
siq. Ã b L n / 12 E · · (D2

o8r.
 - d2

 o8r.)  Vt, (5) 
bu yerda: kmut. 3 mutanosiblik koeffistienti, bo8laklarning o8lchamlari o8zgarshi bilan 

materialning mustahkamligi o8zgarishi hisobga olinishi; b 3 tuzatish koeffistienti, kameraning 
uzunligi bo8yicha joylashgan bo8laklar soni maydalangan bo8lmasligi hisobga olinishi lozim. 
400×600 o8lchamli maydalagich uchun kameraning uzunligi 600 mm ga, uning o8rtacha kattaligi  

Do8r.
 = 0,175 m, qamrab olinadigan material bo8lagining soni  

L / Do8r.
 = 3,43 ga teng. Aslida shunday qilib, uchta bo8lak yotqizish mumkin, 

b=3 / 3,43 =0,876.  
(5) formula bo8yicha elektrodvigatel quvvati hisobi 2-jadvalda keltirilgan.  

2-jadval: Maydalagichlarning elektrodvigatellari quvvati 

Maydalagichning 
o8lchami V× L, mm 

O8rnatilgan 
elektrodvigatel 

quvvati, kVt 

(5) formula orqali quvvat 
hisoblanganda, kVt 

Mutanosiblik 
koeffistienti,  

kmut. 
400×600  28  26,8  1 
600×900  75  71,6  0,92 
900×1200  100  95,0  0,698 
1200×1500  160  152,5  0,625 
1500×2100  250  238,2  0,555 

 
1-rasmda maydalagichga tushayotgan material bo8laklari o8lchamlariga mutanosiblik 

koeffistienti kmut. bog8liqligi tasvirlangan. Material bo8laklarining birinchi darz (yoriq) ketishi 
siqilish kuchining oxirgi chegaraviy qiymatiga yoki material tuzilmasi bo8yicha siljishi muayyan 
joydagi natijasiga asosan sodir bo8ladi. 
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Ko8pchilik tog8 jinslarida bo8laklar siqilishda qoldiqsiz deformastiyalanadi. Shunday 
turlarning qiyshiq siqilishi boshida ravon ko8tariladi va qachonki material kuchi maydalangan 
holatiga yetganda, tik ishlov beriladi va pastga tushadi. Bunday bo8laklar mutlaqo egiluvchan va 
ular uchun ma9lum bo8lgan ish deformastiyasi iborasini tadbiq mumkin.  

A = Ã2
buz.V / 2E dj, (6) 

bu yerda: Ãbuz. 3 maydalanadigan materialning buzilishdagi kuchlanishi, n/m2; V 3 material 
bo8lagi hajmi, m3; E 3 maydalanadigan materialning egilish moduli, n/m2.  

Maydalash darajasi io8r.=D/do8r. dan tashqari, bir martali hajm darajali maydalash a = D3
 

o8r./d3
o8r. tushunchasi kiradi.  
Material bo8laklari bir necha holatda n maydalanadi, o8rtacha o8lchamli Do8r. olish uchun zarra 

parchali o8lchamlar do8r. yonida bir martali hajm darajali maydalash a ni belgilasak, unda:  
D3 o8r./d3o8r. =i3= an , (7) 

bu yerdan      3lg i = n lg a ,    (8)  
yoki         n = 3lg i / lg a .   (9) 
  
Madomiki har bir maydalash holatida nazariy jihatdan o8sha bir xil ish bajarilsada, kirayotgan 

mahsulot bo8lagi D o8lchamlarini zarra parchali o8lchamlar d gacha maydalash uchun n holat talab 
etiladi. Unda quyidagi aniq umumiy ishni tashkil qiladi.  

A = Ã2
buz. V / 2E ·3lg i / lg a dj, (10) 

bu yerda: V 3 maydalanadigan bo8lak hajmi, m3.  
Agarda mashinaning ishlab chiqarish samaradorligi Vm (m3/sek) ga teng bo8lsa, unda 

maydalash uchun talab etiladigan quvvat quyidagicha tashkil etadi.  
N = 3 Ã2

 buz. Vm / 2 E · · lg i / lg a vt, (11) 
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1-rasm. Maydalagichga tushayotgan material bo8laklari o8lchamlariga munosiblik 
koeffitsiyenti bog8liqligi chizmasi 
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Bo'laklar diametri 
Maydalagichning o'lchami: V×L, mm: 400 x 600; 600 x 900; 900 x 1200; 

1200 x 1500; 1500 x 2100; 

Mutanosiblik koeffistienti 
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KONUSLI MAYDALAGICHNING ELEKTRODVIGATELI QUVVATINI HISOBLASH 
Ismoilov Dilshod Jo8raqul o8g8li 

Jizzax Politexnika instituti assistenti 
Baxromov J, Husanov Sh, Nazarov R, O8mirboyev A, Ibragimov J 

811-20 D va PQMT guruhi talabalari 
Annotatsiya: Ushbu maqolada yirik o8lchamdagi tog8 jinslarini maydalash va beton uchun 

ishlatiladigan yirik va mayda to8ldiruvchilarning kerakli bo8lgan fraksiyalarini xosil qilishda konusli 
maydalagichning elektrodvigateli quvvatini hisoblash natijalari asosida konusli maydalagichning 
afzalliklari va kamchiliklari to8g8risida xulosa qilinadi. 

�==>F4F<O: � MF>= EF4FL5 >DG?=><4ELF45=>5 4D>5?5=<5 7>D=OE ?>D>4 < 55F>=4 
�>?GG5=<5 =5>5E>4<<OE DD4>F<= >DG?=OE < <5?><E =4?>?=<F5?5=, <E?>?L7G5<OE 4?O ?> 
D57G?LF4F4< D4EG5F4 <>M=>EF< M?5>FD>46<74F5?O >>=GE=>= 4D>5<?>< E45?4=O 6O6>4O > 
?D5<<GM5EF64E < =54>EF4F>4E >>=GE=>= L?<D>64?L=>= <4L<=O. 

Annotation: In this article, large-scale rock crushing and concrete Obtain the necessary 
fractions of large and small fillers used for based on the results of calculating the power of the 
electric motor of the cone crusher the advantages and disadvantages of the cone grinder are 
concluded. 

Kalit so8zlari. Konusli maydalagich, elektrodvigatel, maydalanadigan material, tog8 jinslari. 
�?NG56O5 E?>64. �>=GE=4O 4D>5<?>4, M?5>FD>46<74F5?L, 4D>5?5=O= <4F5D<4?,E>4?O, 

<GEF4L>4 
Keywords. Cone crusher, electric motor, crushed material, rocks,  
O8zbekiston Respublikasi Prezidentining <Qurilish-montaj ishlari sifatini tubdan yaxshilash 

va qurilishni nazorat qilish tizimini takomillashtirish choralari to8g8risida= 2020-yil 5-fevraldagi 
PQ-4586-son qarori ijrosini ta9minlash maqsadida Vazirlar Mahkamasi qaror qiladi:1. Quyidagilar: 
O8zbekiston Respublikasi Qurilish vazirligi huzuridagi Qurilish sohasida nazorat inspeksiyasi 
to8g8risidagi nizom 1-ilovaga; O8zbekiston Respublikasi Qurilish vazirligi huzuridagi Qurilish 
sohasida hududiy nazorat inspeksiyalari to8g8risidagi namunaviy nizom 2-ilovaga muvofiq 
tasdiqlansin. 2. O8zbekiston Respublikasi Hukumatining 3-ilovaga muvofiq ayrim qarorlariga 
o8zgartirishlar va qo8shimcha kiritilsin. 3. O8zbekiston Respublikasi Qurilish vazirligi manfaatdor 
vazirlik va idoralar bilan birgalikda o8zlari qabul qilgan normativhuquqiy hujjatlarni bir oy 
muddatda ushbu qarorga muvofiqlashtirsin. 4. Mazkur qarorning bajarilishini nazorat qilish 
O8zbekiston Respublikasi Bosh vazirining birinchi o8rinbosari A.J. Ramatov va O8zbekiston 
Respublikasi qurilish vaziri B.I. Zakirov zimmasiga yuklansin.  

TADQIQOT MATERIALLARI VA METODOLOGIYASI 
Konusli maydalagichning elektrodvigateli quvvati quyidagi formulalarning bittasi bo8yicha 

hisoblanishi mumkin.  
 N = kmut. Ã2

siq. Ã b L n / 12 E · · (D2
o8r.

 - d2
 o8r.)  vt, (1)  

 bu yerda: kmut. 3 mutanosiblik koeffistienti, bo8laklarning o8lchamlari o8zgarshi bilan 
materialning mustahkamligi o8zgarishi hisobga olinishi; maydalagichga tushayotgan material 
bo8laklari o8lchamlariga mutanosiblik koeffistienti kmut. bog8liqligi maydalagich o8lchami 400×600 
mm bo8lganda 1 ga, 600×900 mm bo8lganda 0,92 ga, 900×1200 mm bo8lganda 0,698 ga, 
1200×1500 mm bo8lganda 0,625 ga, 1500×2100 mm bo8lganda 0,555 ga teng; Ãsiq.3 
maydalanadigan materialning siqilishdagi chegaraviy mustahkamligi, n/m2;  

E 3 maydalanadigan materialning egilish moduli, n/m2; 
L 3 maydalash kamerasining uzunligi, m;  
n 3 kamera uzunligi bo8yicha joylashgan bo8laklar soni; 
· 3 uzatmaning foydali ish koeffistienti, · =0,85 ga teng; 
Do8r. 3 bo8laklarning o8rtacha kattaligi, m; 
do8r. 3 o8rtacha o8lchamli arra parchali o8lchamlar tayyor mahsulot bo8lagining o8lchami, m.  
b 3 tuzatish koeffistienti, kameraning uzunligi bo8yicha joylashgan bo8laklar soni 

maydalangan bo8lmasligi hisobga olinishi lozim. 400×600 o8lchamli maydalagich uchun 
kameraning uzunligi 600 mm ga, uning o8rtacha kattaligi  
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Do8r.=0,175 m, qamrab olinadigan material bo8lagining soni  
L / Do8r.

 = 3,43 ga teng. Aslida shunday qilib, uchta bo8lak yotqizish mumkin,  
b=3 / 3,43 =0,876.  

N = 3 At Ã2
buz. Vm / 2 E · · lg i / lg a  vt, (2)  

bu yerda: At 3 tuzatish koeffistienti; maydalagich o8lchami 400×600 mm bo8lganda 1,25 ga, 
600×900 mm bo8lganda 0,988 ga, 900×1200 mm bo8lganda 0,903 ga, 1200×1500 mm bo8lganda 
0,862 ga, 1500×2100 mm bo8lganda 0,707 ga teng;  

Ãbuz. 3 maydalanadigan materialning buzilishdagi kuchlanishi, n/m2;  
Vm 3 mashinaning ishlab chiqarish samaradorligi, m3/sek; 
E 3 maydalanadigan materialning egilish moduli, n/m2; 
· 3 uzatmaning foydali ish koeffistienti, · =0,85 ga teng; 
i 3 maydalash darajasi; 
a 3 bir martali hajm darajali maydalash.  

N = 735·103 sn n L N / ·  vt, (3)  
bu yerda: sn 3 jag8ning gorizontal yurishidagi yuk tushish tirqishi, m;  
    n 3 eksstentrik valning aylanish soni, sek;  
    L 3 kameraning uzunligi, m; 
    N 3 kameraning balandligi, m; 
    · 3 uzatmaning foydali ish koeffistienti, · =0,85 ga teng.  
Jadvalda yirik maydalaydigan konusli maydalagich (YMKM) uchun elektrodvigatel quvvati 

hisoblab chiqilgan natijalari keltirilgan.  
1-Jadval Yirik maydalaydigan konusli maydalagich (YMKM) uchun elektrodvigatel quvvati  

Maydalagich 
o8lchami 

(1) formula bo8yicha 
hisoblab 

chiqilgan quvvat, 
kvt 

Elektrodvigatelga 
o8rnatilgan quvvat, 

kvt 

Mutanosiblik 
koeffistienti, kmut. 

500/75  125,0 0,96 

900/160  250,0 0,698 
1200/150  3 0,625 
1500/180  400,0 0,555 
Avval ko8rib chiqilgan mutanosiblik koeffistienti kmut. kattaligining o8zgarishi o8xshashdir. 

(1), (2) va (3) formulalar faqat yirik maydalaydigan konusli maydalagich uchun yaroqlidir. O8rtacha 
va mayda maydalaydigan qisqa konusli maydalagich uchun ular pasaytirilgan natijalarni beradi. 
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BETON QORISHTIRGICHNING ELEKTRODIVIGATELI QUVVATINI HISOBLASH 
Ismoilov Dilshod Jo8raqul o8g8li 

Jizzax Politexnika instituti assistenti 
Mo8minov R, Nurullayev D, Normurodov R, Madiyev S, O8ktamov O 

811-20 D va PQMT guruhi talabalari 
Annotatsiya: Beton qorishtirgichning elektrodvigateli quvvatini hisoblashdan iboratdir. 

Hisoblash natijalari asosida beton qorishtirgichning afzalliklari va kamchiliklari to8g8risida xulosa 
qilish. 

�==>F4F<O: �4>?NG45FEO 6 D4EG5F5 <>M=>EF< M?5>FD>46<74F5?O 55F>=><5L4?><. 
�O6>4 > 4>EF><=EF64E < =54>EF4F>4E 55F>=><5L4?>< ?> D57G?LF4F4< D4EG5F4. 

Abstract: It consists in calculating the power of the electric motor of the concrete mixer. 
Conclusion about the advantages and disadvantages of the concrete mixer according to the results of 
the calculation. 

Kalit so8zlar: elektrodvigatel, stilindrsimon, barabanning konussimon, beton massasi,  
�?NG56O5 E?>64: M?5>FD>46<74F5?L, F<?<=4D<G5E><=, >>=<G5E><= 54D454=, 55F>==4O 

<4EE4, 
Keywords: electric motor, cylindrical, conical drum, concrete mass, 
Beton qorishtirgichning elektrodvigateli quvvatini hisoblash asoslari: Beton 

qorishtirgichning elektrodvigateli quvvatini hisoblash uchun birinchi navbatda qorishtirgich 
barabanida beton qorishmasi harakatsiz holatini ko8rib chiqamiz, bunda barabanning konussimon va 
stilindrsimon qismlarida qorishma hajmlarini aniqlaymiz va ushbu qismlarning har biri bo8yicha 
og8irlik markazlarini topamiz.  

 Hisoblashda asos sifatida 1200 l yoki 1,2 m3 ishchi sig8imli beton qorishtirgichni qabul 
qilamiz. Qabul qilinadigan beton massasining sathini 0,4 m masofada baraban markazidan 
kechikuvchi tekislik tashkil etadi. Ushbu masofani hisoblashdan qabul qilamiz, bunda massa 
chiqish tirqishidan pastki chetida 0,08 m joylashadi. Chiqadigan tirqish diametri 0,64 m ga teng. 
Baraban o8qi gorizontal (yotiq). 

Barabanning stilindrsimon qismida 
joylashgan massa hajmini aniqlaymiz. 13 rasmga muvofiq, maydonning aylana segmenti 

³=1400 burchakda aniqlanadi. 
 
 
 
 
 
 
 
 
 
 
 
 

13rasm. Beton qorishtirgichning elektrodvigateli quvvatini hisoblash 
Maydon quyidagiga teng.  

S = 0,9R = 0,81 m3 , (1) 
bu yerda: R 3 barabanning ichki radiusi,  

R =0,9 m. 
Silindrsimon qismida qorishma hajmi (tayyor holda hisoblaganda) quyidagiga teng: 

Vst = S·l·Ç = 0,81 · 0,4 · 0,7 = 0,227 m3 , (2) 
bu yerda: l 3 barabanning stilindrsimon qismi uzunligi, l = 0,4 m; Ç3 chiqish koeffistienti, Ç =0,7.  

Barabanning konussimon qismida qorishma hajmi quyidagiga teng:  
Vk. umum. = Vish.sig8.· Ç 3 Vst = 1,2 · 0,7 3 0,227 = 0,613 m3. (3)  
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Har ikki konussimon qismlarda hajmlar o8zining o8rtasiga teng deb qabul qilamiz, shunda 
tayyor qorishma bo8yicha bitta konussimon qismida uning hajmi 0,3065 m3 ga teng bo8lishini 
olamiz. 

 Har bir qismlaridan qorishma og8irlik markazlarini aniqlaymiz. Barabanning stilindrsimon 
qismida qorishma uchun markaz quyidagiga teng bo8ladi:  

R2og8.mar. = 4/3 · R sin3 ³/2 / arc cos ³ 3 sin ³ == 4/3 · 0,9 · 0,83 / 2,44 3 0,643 = 0,554 m . (4)  
 Barabanning konussimon qismida joylashgan qorishmaning og8irlik markazi har bir 

tomonidan uchdan bir masofada median (o8rtacha) kesishishda yotgan bo8ladi. Ko8rib chiqilayotgan 
holatda tomonlarining a uzunligi 0,5 m ga teng bo8lganda quyidagini olamiz:  

R3og8.mar. = 0,33 · 0,5 + 0,4 = 0,565 m. 
Barabanning aylanishlar soni quyidagiga teng bo8ladi:  

n = 0,3 / :R = 0,285 ayl/sek. 
Pasport bo8yicha n = 0,283 ayl/sek.  
Barabanni aylanishida kuraklar harakati ostida va markazdan qochma kuchlar inerstiyasida 

qorishma bir muncha balandlikka ko8tariladi hamda uzilish A nuqtasida ajraladi va pastga tushadi.  
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Xoshimova I. S., JizPI qoshidagi akademik litsey o¾qituvchisi 
Annotatsiya 3 maqolada energetic tizimda energiya zaxiralash qurilmalaridan foydalanish 

dolzarbligi, ularning turlari, afzallik va kamchiliklari ko8rsatilgan. Energiya zaxiralash 
qurilmalarining texnik va iqtisodiy xususiyatlari tahlil qilingan. Olib borilgan tahlillar asosida 
respublikamiz iqlimiga mos, aholining ijtimoiy-iqtisodiy holatiga to8g8ri keladigan energiya 
zaxiralash qurilmalari tanlab olingan. Bundan tashqari hozirgi kunda republikamizdagi elektr 
energiyasi narxidan, energiya zaxiralash texnologiyalaridan olingan elektr energiyasi narxiga yaqin 
yoki past bo8lgan qurilmalar tavsiya qilingan. 

�==>F4F<O- � EF4FL5 ?>>474=4 4>FG4?L=>EFL <E?>?L7>64=<O GEFD>=EF6 D575D6=>7> 
>>?<D>64=<O M=5D7<< 6 M=5D7>E<EF5<5, <E 6<4O, ?D5<<GM5EF64 < =54>EF4F><. 
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Annotation-The article shows the relevance of using energy backup devices in the power 
system, their types, advantages and disadvantages. The technical and economic characteristics of 
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energy-saving devices are analyzed. Based on the analysis, energy-saving installations were 
selected that correspond to the climate of the republic, the socio-economic situation of the 
population. In addition, devices whose cost is close to or lower than the cost of electricity obtained 
from energy-saving technologies are currently recommended. 

Energiyani zaxiralash har qanday tizimning ajralmas qismi hisoblanib tabiatda juda keng 
tarqalgan. Har qanday jismning mavjud bo8lishi aslida uning tarkibidagi energiyaning bir tizim 
sifatida birlashganini bildiradi. Masalan insonning tirikligi yoki harakatlanishi uning tanasidagi 
molekulalarning kimyoviy energiyani saqlay olishi anglatadi, agar ushbu kimyoviy energiya 
molekulalarda saqlanmasa tana halokatga uchraydi va tizim ishdan chiqadi. Insonning kuchsizlanib 
qolishi ham aslida molekulalardagi kimyoviy energiyaning kamayishi sababli yuzaga keladi. 
Boshqa materiyalarda ham xuddi shunday jarayon kuzatiladi. 

Energiya zaxiralash qurilmalaridan foydalanish ayniqsa qayta tiklanadigan energiya 
manbalaridan foydalanishda keng qo8llaniladi. Chunki bunday energiya manbalaridan 
foydalanishda asosiy kamchilik, birlamchi energiyaning tabiat tomonidan hosil qilinishidir. Bu 
yerda birlamchi energiyani hosil qilishda yoki mavjud energiyani boshqarish faqatgina tabiat 
tomonidan amalga oshiriladi. Yoqilg8i energetik resurslardan elektr energiyasi olishni esa inson 
omili orqali boshqarsa bo8ladi. Shu sababli qayta tiklanadigan energiya manbalaridan foydalanishda 
zaxiralash qurilmalaridan foydalanmaslik elektr energiyasi ta9minoti ishonchligiga salbiy ta9sir 
ko8rsatadi. Qayta tiklanadigan energiya manbalarida zaxiralash qurilmalaridan foydlanish, elektr 
energiyasiga talab bo8lmagan vaqt oraliqlaridagi energiya oqimlarini zaxiralash va ushbu 
energiyadan energiya iste9moli yuqori bo8lgan vaqt oraliqlarida foydalanish imkoniyatini yaratadi. 
So8ngi vaqtlarda zaxiralash qurilmalaridan foydalanishning dolzarbligi ushbu qurilmalarga bo8lgan 
e9tiborni kuchaytirdi va ushbu sohada ilmiy izlanishlar olib borish uchun yetarlicha asos bo8lmoqda. 

Hozirgi kunda dunyoda ekologik toza energiya manbalaridan foydalanish salmog8ini oshirish 
dolzarb masala bo8lib qolmoqda. Ekologik toza energiya esa faqatgina atrof muhitga salbiy ta9sir 
qilmaydigan energiya resurslardan olinishi talab qilinadi. Shu sababli butun dunyo bo8ylab ayniqsa 
rivojlangan davlatlarda energiya iste9molida qayta tiklanadigan energiya manbalarining ulushini 
oshirish bo8yicha ko8plab dasturlar ishlab chiqilganO8zbekiston respublikasida ham qayta 
tiklanadigan energiya manbalarini rivojlantirish bo8yicha ko8plab dasturlar ishlab chiqilgan va shu 
dasturlar bo8yicha ko8pgina olimlar qayta tiklanadigan energiya manbalari salohiyatini aniqlash 
bo8yicha ko8plab ilmiy izlanishlar olib borilmoqda. 

Qayta tiklanadigan energiya manbalarini markazlashgan elektr tarmog8i bilan ishlatishda 
energiya zaxiralash qurilmalaridan foydalanish ko8pgina kamchiliklarni bartaraf etishi mumkin, 
ya9ni qayta tiklanadigan energiya manbalaridan chiqadigan quvvatni silliqlash, tarmoqda elektr 
energiyasi bo8lmaganda elektr energiyasi bilan ta'minlash, shuningdek, past yuklanish davrida 
zaxiralash qurilmalarini tarmoq quvvatini zaxiralash orqali quvvat balansini saqlab turish va elektr 
energiyasiga talab yuqori bo8lganda qo8shimcha quvvat bilan ta'minlash [1]. Ammo, elektr 
ta9minotida energiya zaxiralash qurilmalaridan haddan tashqari ko8p foydalanish katta xarajatlarga 
olib kelishi va bu energiya zaxiralash tizimlaridan elektr energiyasi yetkazib berish uchun tijorat 
maqsadlarida foydalanishda xalaqit berishi mumkin. 

Elektr energiyasi asosiy xususiyati shundan iboratki ushbu energiya turi ishlab chiqarilishi 
bilan iste9mol qilinishi kerak[2].  

;  (1) 

Elektr toki bu 3 vaqt birligi ichida zaryadlangan zarrachalarning oqimidir: 
;  (2) 

Demak elektr energiyasi faqatgina elektr energiyasiga talab bo8lgan holatdagina ishlab 
chiqarilishi kerak. Shu sababli ushbu energiya manbasidan foydalanishda ko8pgina noqulayliklar 
kuzatiladi. Masalan hosil bo8lgan vaqtda iste9molchi bo8lmasligi yoki aksincha iste9molchi 
bo8lmagan vaqtda energiya bo8lmasli mumkin. Bundan tashqari elektr energiyasini boshqa tur 
energiya sifatida zaxiralangan energiyani, ishlatish uchun qulay bo8lgan energiyaga 
generatsiyalanishi deb qarash mumkin. Masalan, IES larda ko8mir, gaz va neftning zaxiralagan 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

73 

kimyoviy energiyasini elektr energiyasiga aylantirish, Quyosh va atom elektr stansiyalarida atom 
energiyasidan elektr energiyasi ishlab chiqarish, gidroelektrostansiyalarda suvning potensial va 
kinetik energiyasidan elektr energiyasi ishlab chiqarish va hokazo. Shu sababli elektr energiyasini 
zaxiralashni ham faqatgina energiyani boshqa turiga aylantirish orqali amalga oshirish mumkin. 
Misol uchun elektr energiyasini issiqlik energiyasiga aylantirish va issiqlik energiyasini zaxiralash, 
bundan tashqari elektr energiyasini kimyoviy energiya ko8rinishida, potensial va kinetik energiya va 
hokazo energiyalar ko8rinishida zaxiralash mumkin [3].  

Metodologiya. Hozirda kunda energiya zaxiralash qurilmalariga bo8lgan talab ayniqsa elektr 
energiyasi narxi qimmat bo8lgan davlatlarda ko8p kuzatilyapti.  

Yer yuzidagi metall va minerallar manbalarning cheklanganligi, shuningdek ularni iste'mol 
qilishning global o8sib borishi ba9zi kimyoviy energiya zahiralash texnologiyalarining foydalanish 
istiqbollariga salbiy ta9sir ko8rsatadi. Metall zaxiralarining aksariyati, ayniqsa almashtirish 
imkoniyati yuqori bo8lgan zaxiralar, yaqin o8n yilliklarda kamayib ketishi dargumon. 

Masalan, Mg / Sb, Lead-acid, ZnBr va Zn-Air batareyalari birinchi navbatda xomashyo 
material tanqisliklarga duch kelishi mumkin, Ba9zi ma'lumotiga ko8ra, surma etkazib berish uchun 
zaxiralar taxminan 10 yil, qo8rg8oshin va rux uchun esa 20 yilni tashkil etadi.[Onde Burhem] 

 Mexanik energiya zaxiralash tizimlarida esa xomashyo materiallar o8rnini bosadigan 
materiallar turlari ko8p. Shu sababli kabi bunday xomashyo materiallar moslashuvchanligi yuqori 
bo8lgan texnologiyalardan foydalanishni o8rganish istiqbolli hisoblanadi. 

Dunyoda mexanik E.Z.lardan foydalanish salmog8ining oshishiga olib keluvchi bir nechta 
ijobiy faktorlar mavjud. Maqolada O8zbekiston hududida mexanik energiya zaxiralash 
qurilmalaridan keng foydalanish uchun qator faktorlar o8rganilgan.  

Birinchidan. O8zbekiston elektr energiyasi narxi past bo8lgan davlatlar qatoriga kiradi, shu 
sababli bu yerdan nisbatan arzon E.Z. qurilmalaridan foydalanish zarur.  

Ikkinchidan. Respublika hududining ko8pgina qismida namlik past bo8lib, yozgda juda issiq 
bo8lishi va qishda keskin sovushi kuzatiladi. Bunday vaziyatlarda tashqi muhitga bog8liqligi kam 
bo8lgan mexanik energiya zaxiralash qurilmalaridan foydalanish ko8plab qulayliklarni keltirib 
chiqarishi mumkin. Chunki hozirda sanoatda foydalanib kelinayotgan akkumulyator batareyalari 
unchalik katta bo8lmagan ishlash temperaturasiga ega. 

Uchinchidan. Mexanik E.Z. qurilmalari nisbatan oddiy tuzilgan bo8lib, ushbu qurilmalarni 
ishlab chiqarishda yuqori texnologiyalar talab qilinmaydi. Qurilmalar tarkibiy qismlari uchun 
ishlatiladigan materiallar ham sanoatda ishlatiladigan odatiy materiallardir. Shu sababli respublika 
hududida ushbu qurilmalarni ishlab chiqarishni tezda mahalliylashtirish mumkin.  

To8rtinchidan. Mexanik E.Z. qurilmalari boshqa E.Z. qurilmalariga nisbatan ekologik toza 
hisoblanadi. Chunki akkumulyator batareyalarini ishlab chiqarish uchun ishlatiladigan materiallarni 
qazib olishda va qayta ishlashda ko8plab zarali moddalar atmosferga ajraladi.  

 
 

(ELECTRICITY STORAGE AND RENEWABLES: COSTS AND MARKETS TO 2030, pp-21) 
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Hozirgi kunda energiyani saqlash texnologiyalari asosan to8rt guruhga bo8lib o8rganiladi. 

 
3-rasm. Energiya zaxiralash texnologiyalarining turlanishi. 

Mexanik energiya zaxiralagichlar 
Mexanik energiya zaxiralagichlar eng sodda tuzilgan energiya zaxiralash tizimlaridan biridir, 

ulardan uzoq vaqtlar davomida foydalanib kelinmoqda. Ushbu qurilmalarning eng oldingi 
namunalaridan biri kulolchilik dastgohi hisoblanadi. Kulolchilik dastgohida inson tomonidan 
berilgan mexanik energiya g8ildirak inertsiya kuchi evaziga o8zining tekis aylanma harakatini 
saqlab qoladi. Ya9ni mexanik energiya kinetic energiya ko8rinishida saqlab turiladi. O8rta osiyoda 
ham kulolchilik yaxshi rivojlangan bo8lib, kulolchilik dastgohidan o»rta asrlardan buyon foydalanib 
kelinmoqda [ O»zbekiston Milliy Ensiklopediyasi. Birinchi jild. Toshkent, 2000-yil]. Dunyoda ushbu 
qurilmalar potensial va kinetic energiya zaxiralash qurilmalari sifatida o8rganiladi. Bunday 
tizimlarda zaxiralangan mexanik energiyani, mexanik energiyaga yoki elektr energiyaga 
generatsiyalash mumkin. 3rasmda mexanik energiya zaxiralash qurilmalarining turlari ko8rsatilgan. 

 
4-rasm. Mexanik energiya zaxiralash qurilmalarining turlari 
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Potensial energiyani zaxiralash. Potentsial energiya jism umumiy energiyasining bir qismi, 
agar jism tinch turgan bo8lsa potensial energiyasi uning umumiy energiyasiga teng bo8ladi. 
Potensial energiya ma9lum bir m massali h balandlikda turgan jismni ko8chirishda ajraladigan 
energiyaga teng.(1)  

 
Hozirda ko8pgina tizimlarda mexanik va elektr energiyasi olish maqsadida h balandlikka 

ko8tarilgan jism energiyasidan foydalanilmoqda. Ko8tarilgan yuk ko8rinishidagi mexanik energiya 
zaxiralash qurilmalari nisbatan kamroq solishtirma energiyaga ega ammo energiya saqlash muddati 
uzoqligi, yuqori foydali ish koeffitsienti, energiya zaxiralash va berish sikllarining ko8pligi bilan 
boshqa zaxiralash qurilmalari bilan raqobatlasha oladi[gulia_n_v_nakopiteli_energii]. Bundan 
tashqari potensial energiya manbalariga siqilgan yoki cho8zilgan prujina va rezinalar, yuqori bosim 
ostidagi siqilgan gazlar hamda gidro-elektr stansiyalarda qo8llaniladigan gidroakkumulyatsion 
qurilmalari misol bo8la oladi. 

Siqilgan yoki cho8zilgan prujinali mexanik zaxiralagichlar 
Elastik materiallardan foydalanib energiya zaxiralash ham eng qadimgi energiya zaxiralash 

usullaridan biridir. Qadimgi urushlarda kamon va katapultlardagi elastik xususiyatli iplar 
ishlatilgan. Qurilmalardagi o8qlarning tezligi va kuchi elastik materialning mexanik xususiyatlariga 
bog8liq. [ A. H. Alami,Mechanical Energy Storage for Renewable and Sustainable Energy 
Resources, Advances in Science, Technology & Innovation, Springer Nature Switzerland AG 2020. 
https://doi.org/10.1007/978-3-030-33788-9_3. https://doi.org/10.1007/978-3-030-33788-9] 

Elastik materiallar odatda turli xil texnik va maishiy qurilmalarda ishga tushirish elementini 
saqlab turish uchun qo8llaniladi. Agar mexanik tizimda tashqi muhitdan hech qanday kuchlar ta9sir 
etmasa unda bajariladigan ishga ketadigan energiya, quyidagiga teng. (Robert A. Huggins. Energy 
Storage Fundamentals, Materials and Applications Second Edition.) 

 
Ã- mexanik kuchlanish, · 3 nisbiy deformatsiya, Y - Yung moduli. 
Prujinalarda to8plangan energiya, absolyut uzayish kvadrati va materialning bikrligiga to8g8ri 

proporsional. Elastik materiallar singari, prujinada hosil bo8ladigan kuch quyidagicha aniqlanadi: 

 
Elastik materiallardan foydalanib zaxiralangan energiya potentsial yoki kinetik energiyaga 

aylantiriladi. Masalan, maxovikda zaxiralangan po8lat listning potensial energiya mexanik soatlarni 
ma9lum vaqt ishlatishga yetadi. Ishlash vaqtining ko8pligi po8lat listning uzunligiga va elastiklik 
xususiyatiga bog8liq. Materialning elastiklik xususiyati yuqori bo8lishi mexanizlarda momentning 
kuchayishiga olib keladi. Bunday vaziyatlarda momentni silliqlash yoki to8xtatish uchun boshqaruv 
qurilmalaridan foydalaniladi.  

G8altakli Prujinadagi momentni baholash uchun quyidagi tenglamadan foydalanamiz.  

 
Bu yerda � 3 elastiklik moduli (MPa), L 3 o8ramning uzunligi (<<), b 3 o8ramning kengligi 

(mm), t 3 o8ramning qalinligi (mm), »-og8ish burchagi  
Gidroakkumulyatsion energiya zaxiralash qurilmalari. 

Gidroakkumulyatsion energiya zaxiralash qurilmalari hozirgi kunda zaxiralashdan olinadigan 
energiyaga narxi bo8yicha eng arzon zaxiralash qurilmasi bo8lganligi va boshqa turli faktorlar 
sababli, eng samarali energiya zaxiralash tizimi sifatida tan olingan. Shu sababli ham dunyoda 
qurilgan energiya zaxiralash qurilmalari quvvatining 96 foizi gidroakkumulyatsion energiya 
zaxiralash qurilmalari hisobiga to8g8ri keladi[4]. Gidroakkumlyatsion elektrostansiyalar ya9ni gidro-
zaxiralash qurilmalari ikkita alohida suvni saqlash uchun hovuzlardan tashkil topgan. Gidro 
inshoatdagi birinchi hovuz gidroelektrostansiyaning tepa qismida joylashgan va ikkinchi hovuz 
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gidroinshoatning pastki qismida joylashgan. Pastki hovuz elektr energiyasi yuklamasi kam bo8lgan 
hollarda, nasos yordamida tepadagi hovuzga olinadigan suvni jamlash uchun kerak bo8ladi[4]. 
Gidroakkumulyatsion elektr stantsiyalari turli xil sharoitlarda ishlatish tajribasi shuni ko8rsatadiki, 
gidroinshoatlar katta iste'molchilar yonida va past quvvatli issiqlik elektr stantsiyalari yonida 
joylashtirish tavsiya etiladi [5]. 
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�E?>?L7>64=<5< >5<>F>< ?>4<47=<G<64=<O <>6=> 4>5<FLEO 5>?LL5= ?<=5==>EF< 
E4D4>F5D<EF<><.  

� FD4=ED>D<4F>D=OE ?D5>5D47>64F5?OE >FEGFEF6G5F M?5>FD<G5E>4O E6O7L <564G F5?O<< 
?<F4=<O < <7<5D5=<O; =4?DO65=<5 =4 6OE>45 >?D545?O5FEO 74>>=>< M?5>FD><47=<F=>= 
<=4G>F<< (>>F>DO= 746<E<F >F G<E?4 6<F>>6 6OE>4=>= >5<>F>4E). 

�>EF4=>6>4 7444G<. �OO6?5=<5 < D54?<74F<O >5>5M5==OE ?D<U<>6 E F5?LN 
D47D45>F>< <47=<F>G?DG7<E ?D5>5D47>64F5?5= E G?GGL5==O<< E4D4>F5D<EF<>4<<. 

$5L5=<5 7444G. �4 ?D4>F<>5 4?O G?GGL5=<O >E=>6=OE E4D4>F5D<EF<> 
?D5>5D47>64F5?5= E<EF5< G?D46?5=<O <E?>?L7GNF ?D<U<O, 6OO6?5==O5 6 D57G?LF4F5 4=4?<74 
EGM5EF6GNM<E F5E=<G5E><E D5L5=<= < <E D54?<74F<<. �D>F5EE 6OO6?5=<O O6?O5FEO 
F6>DG5E><<, >>F>DO= >EGM5EF6?O5FEO ?GFU< 4=4?<74 < E<=F574 <765EF=OE D<7<G5E><E 
MDD5>F>6, ?>?>65==OE 6 >E=>6G ?D<=F<?4 45=EF6<O ?D5>5D47>64F5?5= [1]. 

�765EF=O D47?<G=O5 <5F>4O 6OO6?5=<O ?D<U<>6, G?GGL5=<O F>= <?< <=>= 
E4D4>F5D<EF<><, >4=4>>, <5F>4<>4 6OO6?5=<O >5>5M5==OE ?D<U<>6 G?GGL5=<O >E=>6=OE 
E4D4>F5D<EF<> ?D5>5D47>64F5?5=, ?D54?>65==4O 6 [3] O6?O5FEO 5>?55 ?D>EF>= < MDD5>F<6=>= 
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?D< <E?>?L7>64=<<. %>7?4E=> MF>= <5F>4<>< 6O5<D4NFEO <7>5D5F5=<O, >?D545?5==>7> >?4EE4 
?D5>5D47>64F5?5=, ?D><76>4<FEO ED46=<F5?L=O= F5>D5F<G5E><= 4=4?<7 <E E4D4>F5D<EF<>. 

�5>5M5==O5 ?D<U<O <>7GF 5OFL <E?>?L7>64=O 4?O G?GGL5=<O E4D4>F5D<EF<> 6 
D47?<G=OE >>=EFDG>F<OE ?D5>5D47>64F5?5=, ?>MF><G <E 6OO6?5=<5 =5>5E>4<<> < 
F5?5E>>5D47=>. 

� 44==>= EF4FL5 4?O 6OO6?5=<O >5>5M5==OE ?D<U<>6 5O?< D4EE<>FD5=O E?54GNM<5 
>?4EEO >?<E4=<= > <7>5D5F5=<O< < ?4F5=F4< ?> F5<4<: «�7<5D5=<5 <5E4=<G5E><E 
=4?DO65=<=» ��� G01B7; «%?>E>5O < GEFD>=EF64 4?O <7<5D5=<O E<? ?GF5< >?D545?5=<O 
<7<5=5=<= <47=<F=OE E6>=EF6 <4F5D<4?4 6 746<E<<>EF< >F =47DG7><» ��� G01L1/12, 
654GM<E 74DG556=OE EFD4=. 

-F4?O 6OO6?5=<O >5>5M5==OE ?D<U<>6 4>EF4F>G=> ?>4D>5=> <7?>65=O 6 [3]. � 
>4G5EF65 ?D<<5D4 6OO6?5=<O >5>5M5==OE ?D<5<>6 G?GGL5=<O >E=>6=OE E4D4>F5D<EF<> 
�'� < <E D54?<74F<< 5G45< D4EE<4FD<64FL ?> <765EF=>= >>=EFDG>F<< ?D5>5D47>64F5?O [4], 
>>F>DO= <<55F E?54GNM<5 =54>EF4F><: =56OE>>GN GG6EF6<F5?L=>EFL <7-74 <4?>= 65?<G<=O 
<5E4=<G5E><E =4?DO65=<= 6 <7<5D<F5?L=OE EF5D6=OE < =<7>4O F>G=>EFL, >5GE?>6?5==4O 
=5<45=F<G=>EFLN >>?LF56OE <47=<F>?D>6>4>6,GF> ?D<6>4<F > E=<65=<N F>G=>EF< D45>FO 
<>EF>6>= EE5<O. 

$54?<74F<O >5>5M5==>7> ?D<5<4 «>>=EFDG>F<6=O5 <7<5=5=<O» ?>76>?O5F 665EF< 
=5>>F>DO5 <7<5=5=<O 6 >>=EFDG>F<6=GN EE5<G ?D5>5D47>64F5?O < 4>EF<GL F5?< ?>6OL5=<O 
GG6EF6<F5?L=>EF<, F>G=>EF< < ?<=5==>EF< EF4F<G5E>>= E44D4>F5D<EF<>< ?D5>5D47>64F5?O 
<5E4=<G5E><E 65?<G<=.  

�4==4O 7444G4 D5L45FEO F5<, GF> >>=F5=FD<G5E><5 D5DD><47=<F=O5 E5D45G=<>< 
6O?>?=5=O <45=F<G=O<<, 66545=O 4>?>?=<F5?L=O5 G?DG7<5 >>=<G5E><5 6FG?>< < >4644O 
?4D4 >>=F5=FD<G5E>< < 674<<=>-75D>4?L=> D4E?>?>65==O5 G?DG7<5 >>=<G5E><5 6FG?>< 
GEF4=>6?5=O E 6>7<>6=>EFLN >4=>6D5<5==>7> 674<<>45=EF6<O E 6=GFD5==5= < =4DG6=>= 
?>65DE=>EFO<< E5D45G=<>>6, 4 ?>E?54>64F5?L=> 3 E>7?4E=> E>54<=5==O5 <564G E>5>= E5>F<< 
<7<5D<F5?L=OE >5<>F>> >E64FO64NF E>>F65FEF6GNM<5 D5DD><47=<F=O5 ?5D5<OG><. �D< 
MF>< >5<>F>< E5D45G=<>>6 E>54<=5=O <564G E>5>= ?>E?54>64F5?L=>-6EFD5G=> [4].  

�>=EFDG>F<O D47D45>F4==>7> <47=<F>G?DG7>7> ?D5>5D47>64F5?O ?>>474=4 =4 D<E.1, 4) 
6<4 E65DEG ; 5) 6 D47D575 �-�. 

 
4) 

 
5) 

$<E.2. �47=<F>G?DG7<= ?D5>5D47>64F5?L ?> [4] 
�=4 E>EF><F <7 46GE <45=F<G=OE >>=F5=FD<G5E><E E5D45G=<>>6 E 6O?>?=5==O<< ?> 

4?<=5 >>DG6=>EF< E>6>7=O<< M5?O<<. �4 =4DG6=>= < 6=GFD5==5= ?>65DE=>EFOE 
>>=F5=FD<G5E><E E5D45G=<>>6 65EF>> 74>D5??5=O >>?LF56O5 6OEFG?O <7 =5G?DG7>7> 
<4F5D<4?4. �>=F5=FD<G5E><5 E5D45G=<>< < FD< ?4DO E>>E=> GEF4=>6?5==OE E =<<< 
E<?>?5D544NM<E M?5<5=F>6 6 6<45 >>=F5=FD<G5E>< < 674<<=> 3 75D>4?L=> D4E?>?>65==OE 
G?DG7<E >>=<G5E><E 6FG?>>, D47<5M5=O 64>?L >E< 6 ?>E?54>64F5?L=O= DO4. � MF>< 
?>E?54>64F5?L=>< DO4G >>=F5=FD<G5E><= E5D45G=<> >E64FO645FEO 557 747>D4 F>DF56O<< 
G4EFO<< 46GE ?4D G?DG7<E >>=<G5E><E 6FG?>>, 4 E6>5>4=O5 >>=FO >>?LF56OE 6OEFG?>6 
>E64FO64NFEO 557 747>D4 F>DF56O<< G4EFO<< 46GE ?4D G?DG7<E >>=<G5E><E 6FG?>>. %5>F<< 
<7<5D<F5?L=OE >5<>F>> >E64FO64NF E>>F65FEF6GNM<5 D5DD><47=<F=O5 ?5D5<OG><. �E5 
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E5>F<< <7<5D<F5?L=>= >5<>F>< >>=F5=FD<G5E>>7> E5D45G=<>4 E>54<=5=O <564G E>5>= 
?>E?54>64F5?L=> 3 E>7?4E=> �5<>F>< E>54<=5=O <564G E>5>= ?>E?54>64F5?L=>-6EFD5G=>, 
F.5. ?> 4<DD5D5=F<4?L=>= EE5<5. 

�D< >FEGFEF6<< <7<5DO5<>7> GE<?<O $ =G?56O5 E<7=4?O >5<>F>> 6OG<F4NFEO < 
6OE>4=>= E<7=4? �'� 5G45F D465= =G?N. �>4 45=EF6<5< <7<5DO5<>7> GE<?<O >>=<G5E><5 
6FG?>< G?DG7> 45D>D<<DGNFEO. � D57G?LF4F5 G57> >>=F5=FD<G5E><= D5DD><47=<F=O= 
E5D45G=<> E6<<45FEO E 46GE EF>D>=, 4 >>=F5=FD<G5E><= D5DD><47=<F=O= E5D45G=<> 
D4EFO7<645FEO E 46GE EF>D>=. -F> ?D<6>4<F > <7<5=5=<N >F=>E<F5?L=>= <47=<F=>= 
?D>=<F45<>EF< <4F5D<4?4 E5D45G=<>4, 6 D57G?LF4F5 >>F>D>7> <=4G>F<6=>EFL >4=>= >5<>F>< 
G65?<G<645FEO, 4 <=4G>F<6=>EFL 4DG7>= 3 G<5=LL45FEO. � D57G?LF4F5 MF>7> =4 6OE>45 
?>O6?O5FEO E<7=4?, ?D>?>DF<>=4?L=O= <7<5DO5<><G GE<?<N.  

�?47>44DO 66545=<N 4>?>?=<F5?L=OE G?DG7<E >>=<G5E><E 6FG?>> < <E 75D>4?L=>7> 
D4E?>?>65=<O E G65 <<5NM<<EO G?DG7<<< 6FG?>4<< >55E?5G<645FEO >4=>6D5<5==>5 < 
46GEEF>D>==55 ?D<?>65=<5 <5E4=<G5E><E =4?DO65=<= > =4DG6=O< < 6=GFD5==<< 
?>65DE=>EFO< >>=F5=FD<G5E><E D5DD><47=<F=OE E5D45G=<>>6, 6 D57G?LF4F5 G57> ?>6OL45FEO 
GG6EF6<F5?L=>EFL 44FG<>4. �>6OL5=<5 F>G=>EF< 44FG<>4 4>EF<745FEO F5<, GF> 5?47>44DO 
6O?>?=5=<N >>=F5=FD<G5E><E D5DD><47=<F=OE E5D45G=<>>6 <45=F<G=O<<, E64F<5 < 
D4EFO65=<5 ?>4 6>745=EF6<5< <5E4=<G5E><E GE<?<= ?D<6>4<F > ?D4>F<G5E>< >4<=4>>6O< 
<7<5=5=<O< <=4G>F<6=>EF5= E>>F65FEF6GNM<E >4FGL5>. �>6OL5=<5 ?<=5==>EF< 
EF4F<G5E>>= E44D4>F5D<EF<>< 44FG<>4 4>EF<745FEO ?>E?54>64F5?L=>-6EFD5G=O< E>54<=5=<5< 
<7<5D<F5?L=OE >5<>F>> E5D45G=<>>6. 

�54>EF4F>>< D4EE<>FD5==>= >>=EFDG>F<<, ?D<6545==>= 6OL5, O6?O5FEO =56OE>>4O 
GG6EF6<F5?L=>EFL <7-74 <4?>= 65?<G<=O <5E4=<G5E><E =4?DO65=<= 6 <7<5D<F5?L=OE 
EF5D6=OE. -F> >5NOE=O5FEO F5<, GF> ?D< =4?<G<< 6E>4=>= 65?<G<=O <5E4=<G5E><< 
6>745=EF6<O< ?>465D74NFEO F>?L>> 6=5L=OO >5D47GNM4O ?>65DE=>EFL =4DG6=>7> 
<7<5D<F5?L=>7> EF5D6=O < 6=GFD5==OO >5D47GNM4O ?>65DE=>EFL 6=GFD5==57> 
<7<5D<F5?L=>7> EF5D6=O.  

�>6OL5=<5 GG6EF6<F5?L=>EF< <47=<F>G?DG7>7> ?D5>5D47>64F5?O D5L45FEO F5<, GF> 6 
=>6>< �'� E>6>7=O5 M5?< 6O?>?=5=O =4 >5D47GNM<E ?>65DE=>EFOE >>=F5=FD<G5E><E 
D5DD><47=<F=OE E5D45G=<>>6, =4 6=GFD5==<E < 6=5L=<E >5D47GNM<E ?>65DE=>EFOE >>F>DOE 
65EF>> G>D5??5=O ?>4>>6>>5D47=O5 >>?LF56O5 >>6GEO <7 =5G?DG7>7> <4F5D<4?4, =4 >>F>DO5 
6>745=EF6GNF >E=>64=<O >>=<G5E><E G?DG7<E 6FG?>> [5]. 

�4 D<E. 2, 4 ?>>474= 6<4 E65DEG �'�; 5 3 6 D47D575 �-�. � MF>< ?D5>5D47>64F5?5 
>>=F5=FD<G5E><= D5DD><47=<F=O= E5D45G=<> E >>6GE4<< >E64FO645FEO 557 747>D4 
F>DF56O<< G4EFO<< 46GE ?4D G?DG7<E >>=<G5E><E 6FG?>>, 4 4DG7>= >>=F5=FD<G5E><= 
D5DD><47=<F=O= E5D45G=<> E >>6GE4<< >E64FO645FEO 557 747>D4 F>DF56O<< G4EFO<< 46GE 
?4D G?DG7<E >>=<G5E><E 6FG?>>. %>54<=5=<5 E5>F<= >5<>F>> <564G E>5>= ?>E?54>64F5?L=>-
E>7?4E=>.  

 
4)  

5) 
$<E.2. �47=<F>G?DG7<= ?D5>5D47>64F5?L 
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�D<=F<? D45>FO D47D45>F4==>7> �' GE<?<= =5 >F?<G45FEO >F ?D54O4GM<E �'�. 
�?47>44DO 6O?>?=5=<N E>6>7=OE M5?5= =4 >5D47GNM<E ?>65DE=>EFOE >>=F5=FD<G5E><E 
D5DD><47=<F=OE E5D45G=<>>6 >55E?5G<645FEO >4=>6D5<5==>5 < 46GEEF>D>==55 ?D<?>65=<5 
<5E4=<G5E><E =4?DO65=<= > =4DG6=O< < 6=GFD5==<< >5D47GNM<< ?>65DE=>EFO< >>?LF56OE 
<47=<F>?D>6>4>6, 6 D57G?LF4F5 G57> ?>6OL45FEO GG6EF6<F5?L=>EFL 44FG<>4.  

�O6>4O 
�>>474=>, GF> 6OO6?5=<5 >5>5M5==OE ?D<U<>6 G?GGL5=<O >E=>6=OE E4D4>F5D<EF<> =4 

>E=>65 <5F>4<><, <7?>65==>= 6 [3], O6?O5FEO MDD5>F<6=O< < D4EL<DO5F D47D45>F>< 
>>=EFDG>F<= <47=<F>G?DG7<E ?D5>5D47>64F5?5= E G?GGL5==O<< E4D4>F5D<EF<>4<<.  

'EF4=>6?5=>, GF> 6 <47=<F>G?DG7>< ?D5>5D47>64F5?5 GG6EF6<F5?L=>EFL, F>G=>EFL < 
?<=5==>EFL E4D4>F5D<EF<> ?D5>5D47>64=<O <>7GF 5OFL ?>6OL5=O E>65DL5=EF6>64=<5< 
>>=EFDG>F<6=OE M?5<5=F>6, F4><5 >4>, E>>E=> D4E?>?>65==O5 >>?LF56O5 <47=<F>?D>6>4O E 
E5>F<O<< >5<>F>> < 6O?>?=5==O<< ?> 4?<=5 >>DG6=>EF< E>6>7=O<< M5?O<<, G?DG7<5 
>>=<G5E><5 6FG?><, 6O?>?=5=<5 >>?LF56OE <47=<F>?D>6>4>6 <45=F<G=O<< < 66545=<5 
4>?>?=<F5?L=OE, >>=F5=FD<G5E>< < 674<<=>-75D>4?L=> D4E?>?>65==OE G?DG7<E >>=<G5E><E 
6FG?>>, GEF4=>6?5==OE E 6>7<>6=>EFLN >4=>6D5<5==>7> 674<<>45=EF6<O E 6=GFD5==5= < 
=4DG6=>= ?>65DE=>EFO<< >>?LF56OE <47=<F>?D>6>4>6, 4 F4>65 6>?NG5=<5 <7<5D<F5?L=OE 
>5<>F>> >>?LF56OE <47=<F>?D>6>4>6 <564G E>5>= ?>E?54>64F5?L=>-6EFD5G=>.  

%?<E>> <E?>?L7>64==>= ?<F5D4FGDO 
1. �7556 �.�., �4<<>>=>64 �.�. < 4D. �<>D>M?5>FD>==O5 ?D5>5D47>64F5?< 

=5M?5>FD<G5E><E 65?<G<= - &474=D>7E><= D44<>F5E=<G5E><= G=<65DE<F5F. - &474=D>7, 153 E. 
2000. -153 E. 

2. �5FD>64 �..., �GDE>4O &.�. �D<U<O GE>65DL5=EF6>64=<O M?5>FD>><=5F<G5E><E 
?D5>5D47>64F5?5=// �GD=4? «�4FG<>< < E<EF5<O». 3 �>E>64, 2007. 3 710. 3 %. 31334. 

3. �4D<?>6 �.$., �4==G??<= �.$., �5FD>64 �... -=5D7><=D>D<4F<>==O= <5F>4 
=4GG=>-F5E=<G5E>>7> F6>DG5EF64. 3 �>E>64: ������ ���&, 1988. 3 124 E. 

4. �4F5=F $'7 (UZ) 7 IAP 05432. �47=<F>G?DG7<= 44FG<> GE<?<=/ �<<D>6 %.$., 
�GD4564 �.�., < 4D.// 20177. $4E<<= 4E5>D>F=><4-2017. - 710. 

5. Jurayeva K.K., Nazirova Z.G., Mirasadov M.J. Identification and analysis of sources of 
errors of the magnetoelastic sensor. AIP Conference Proceedings, 2021, 2402, 060019 
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���$�-��$��&�'�%��� %�%&��/ 
�GD456 %4=64D $4L<4>6<G, PhD, 4>F5=F 

�6GD456 �GD5>= %4?<E464=>6<G, PhD, 4>F5=F 
,44<55>>64 $>F<<4 &G?>G=>6=4, 4EE<EF5=F 

�?46<44<=>6 %>6<4>54D ,4<E<44<= G7?<, 54>4?46D 
&4L>5=FE><= �>EG44DEF65==O= F5E=<G5E><= G=<65DE<F5F 

E-mail: DjQS1983@outlook.com  
�E5= 6>4>ED4=<?<M4 <<5NF E6>= 4<E?5FG5DE><= 7D4D<> D45>FO 6>4>ED4=<?<M4, 6 

E>>F65FEF6<< E >>F>DO< >EGM5EF6?O5FEO ED54=5ED>G=>5 (E57>==>5) < 4>?7>ED>G=>5 (7>4>6>5 
< <=>7>?5F=55) D57G?<D>64=<5 D56<<>6 D45>FO 6>4>U<4 [1, 2, 3]. 

�<E?5FG5DE><5 7D4D<>< 44NF E<=F57 (=45>D) D5L5=<= 4?O D47?<G=OE 6>4=>EF5= D5>. 
�4==O5 D5L5=<O GG<FO64NF >FEGFEF6<5 >4=>7=4G=OE 7<4D>?D>7=>7>6 < EF>E4EF<G5E>GN 
?D<D>4G D5G=>7> EF>>4. 

�>EFD>5=<5 4<E?5FG5DE><E 7D4D<>>6 D45>FO 6>4>ED4=<?<M =4 6E5E GD>6=OE <5D4DE<< 
G?D46?5=<O ?D><76>4<FEO ?GFU< ?D>6545=<O E5D<< D4EGUF>6 D57G?<D>64=<O EF>>4 =4 
7444==GN >F44GG 6 D47?<G=OE GE?>6<OE 6>4=>EF< D5><. $57G?LF4FO G>474==OE D4EGUF>6 
>5>5M4NFEO 6 E<EF5<G ?D46<? =47=4G5=<O >F44G< �-% 6 746<E<<>EF< >F F5>GM57> <><5=F4 
6D5<5=< < E>EF>O=<O GD>6=O 6>4O 6 F>< <?< <=>< 6>4>ED4=<?<M5. 

�4 ?D4>F<>5 4<E?5FG5DE><= 7D4D<> >EGM5EF6?O5F D4745?5=<5 >5NU<4 6>4>ED4=<?<M4 =4 
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E4D4>F5D=O5 7>=O (D<E. 1) [1,3]. 

 
$<E. 1. %E5<4 D4745?5=<O >5NU<4 6>4>ED4=<?<M =4 E4D4>F5D=O5 7>=O 

�>=4 I <7>5D4645F =5<E?>?L7G5<O= >5N5< 6>4>ED4=<?<M4, D4E?>?>65==O= =<65 
GD>6=5= 6>4>745>D>6 (=<65 GD>6=O <UDF6>7> >5NU<4 ('��)). �>=4 II <7>5D4645F 7>=G 
?5D55>56, ?D< ?>?444=<< 6 >>F>DGN >F44G4 4>?6=4 =47=4G4FLEO =<65 74D4=F<D>64==>=. � 
7>=5 III =47=4G45FEO 74D4=F<D>64==4O >F44G4 6>4O < <>M=>EF<. �D< 74D4=F<D>64==OE 
>F44G4E >55E?5G<645FEO =>D<4?L=>5 (=> <<=<<4?L=>5) 6>4>>55E?5G5=<5 <?< 
M=5D7>>55E?5G5=<5. �>=4 III O6?O5FEO >5NU<>< 74D4=F<D>64==>= >F44G5= 6>4O. � 7>=5 IV 
6>7<>6=> ?>6OL5=<5 >F44G E65DE 74D4=F<D>64==OE (7>=4 <75OF>G=OE >F44G). �5OG=> F4>>5 
?>6OL5=<5 >F44G 44UF 4>?>?=<F5?L=O= MDD5>F ?<LL 6 M=5D75F<>5, ?>MF><G D56<<O 
6>4>ED4=<?<M 6 MF>= 7>=5 <<5NF, 7?46=O< >5D47><, M=5D75F<G5E><= E4D4>F5D. �>=4 V <<55F 
<5EF> G 6>4>ED4=<?<M, <E?>?L7G5<OE 4?O 74M<FO =<6=57> 5L5D4 �-% >F =46>4=5=<=. 
�<=<O, D4745?ONM4O 7>=O IV < V, 5EFL =<6=OO ?<=<O 7>=O <4>E<<4?L=OE 4>?GEF<<OE 
D4EE>4>6 6>4O 6 =<6=<= 5L5D �-%. �>=4 VI, D4E?>?474NM4OEO 6OL5 =>D<4?L=>7> 
?>4?>D=>7> GD>6=O (��'), 3 MF> 7>=4 ?>6OL5==OE E>?>EFOE E5D>E>6. � =5= ?> GE?>6<N 
557>?4E=>EF< 7<4D>E>>DG65=<= >F>DOFO 6E5 6>4>E?<6O [1,3]. 

$4E?>?>65=<5 E4D4>F5D=OE ?<=<= 4<E?5FG5DE>>7> 7D4D<>4 >?D545?O5FEO <EE>4O <7 
F<?4 7<4D>G7?4, D57G?<DGNM<E 6>7<>6=>EF5= 57> 6>4>ED4=<?<M4, E4D4>F5D<EF<> D5G=>7> 
EF>>4, EFD4F57<< 6545=<O D56<<>6 D45>FO < <=>7<E 4DG7<E D4>F>D>6. 

%F><F >F<5F<FL, GF> <5F>4O ?>EFD>5=<O F4><E 7D4D<>>6 ?GGL5 D47D45>F4=O 4?O 
>4<=>G=OE 6>4>ED4=<?<M. �<5NM<5EO <5F>4O 4?O E<EF5< 6>4>ED4=<?<M (>4E>444) 
E>45D64F 4>?GM5=<O < G?D>M5=<O. �4 ?D4>F<>5 EFD5<?5=<5 ?>6OL4FL 74D4=F<D>64==GN 
>F44GG 6E>4<F 6 ?D>F<6>D5G<5 E> EFD5<?5=<5< =4<5>?LL57> <E?>?L7>64=<O EF>>4. � E6O7< E 
MF<< 6 =4EF>OM55 6D5<O 4>FG4?L=O <EE?54>64=<O ?> E>65DL5=EF6>64=<N <5F>4>6 
>?F<<<74F<< ED54=5ED>G=OE D56<<>6 D45>FO 7<4D>M=5D75F<G5E>>7> >><??5>E4 >4E>444 �-%. 
&5?LN 44==OE <EE?54>64=<= O6?O5FEO =4E>645=<5 F5?5E>>5D47=OE >><?D><<EE=OE 
D5L5=<=, G4>6?5F6>DONM<E GG4EF=<>>6 >4> M=5D75F<G5E><E E<EF5<, F4> < 
6>4>E>7O=EF65==OE (6>?NG4O M>>?>7<G5E><E). 

�E>55==>EFLN D4EE<4FD<645<>= 7444G< O6?O5FEO =4?<G<5 <=>65EF65==>EF< 6=5L=<E 
GE?>6<=, FD55GNM<E D4EE<>FD5=<O <=>7<E FD55>64=<=(>D<F5D<56). �D< MF>< 6 746<E<<>EF< 
>F 6=5L=<E < 6=GFD5==<E GE?>6<= >>?<G5EF6> FD55>64=<= <>65F 5OFL D47=O<. 

'4EF=O5 >D<F5D<< >?F<<4?L=>EF< ijR  < F5?56O5 DG=>F<< 4?O >F45?L=OE GG4EF=<>>6 

�%�, >D><5 �-%, 6OD47<FL >>?<G5EF65==> >G5=L E?>6=>. �4=4>>, >G56<4=>, GF> >=< 
O6?ONFEO DG=>F<O<< D4EE>4>6 6>4O ijQ  6 >464>< 7<4D>G7?5 < 6 >464O= 6D5<5==>= ?5D<>4, 

F.5. ø ùij ij ijR = R Q 'G4EF=<>< 65 �%� <>7GF G>474FL FD55>64=<O > D4EE>44< 
ijQ <?< GD>6=O< Zij 

?<5> 6OD45>F>< M?5>FD>M=5D7<< Pij, >55E?5G<64NM<< 4?O =<E <4>E<<G< MDD5>F4. 
&D55>64=<O <>7GF 6OD464FLEO >4> 6 D>D<5 <4>E<<<74F<</<<=<<<74F<< ?4D4<5FD4, F4> < 6 
D>D<5 >7D4=<G5=<O [2, 4, 5]. 

� MF>< E?GG45 7444G4 >?F<<4?L=>7> D4E?D545?5=<O EF>>4 <564G 7<4D>G7?4<< E6>4<FEO 
> >><?D><<EE=><G G4>6?5F6>D5=<N FD55>64=<= ?> Qij <?< Zij <?< Pij 4?O 6E5E GG4EF=<>>6 
�%�. �>?GG5==>5 D4E?D545?5=<5 6>4O <>6=> EG<F4FL >><?D><<EE=O< D5L5=<5< 7444G< 
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<=>7>>D<F5D<4?L=>= >?F<<<74F<<. �?O D5L5=<O ?>EF46?5==>= 7444G< D47D45>F4=4 <5F>4<>4 
?>E?54>64F5?L=OE GEFG?>> ?D< D4E?D545?5=<< EF>>4 ?> 6E5< 7<4D>G7?4< >4E>444 6 >464O= 
6D5<5==>= ?5D<>4. �?7>D<F< D>D<<D>64=<O D56<<>6 D45>FO >4E>444 7<4D>G7?>6 E6>4<FEO > 
?>MF4?=><G 6O?>?=5=<N DO44 =<65>?<E4==OE 7444G. 

� ?5D6GN >G5D54L 7444UFEO D4EGUF=O= ?5D<>4. �4==O= D4EGUF=O= ?5D<>4 D475<645FEO 
=4 n 4<E>D5F=OE <=F5D64?>6. �G56<4=>, GF> G5< 5>?LL5 4?<F5?L=>EFL D4EGUF=OE <=F5D64?>6 
(E?54>64F5?L=>, G5< <5=LL5 G<E?> <=F5D64?>6), F5< <5=LL5 FDG4>U<>>EFL D5L5=<O, => F5< 
5>?LL5 ?>7D5L=>EFL 74 EGUF >ED54=5=<O 6=GFD< D4EGUF=OE <=F5D64?>6 EF>>>6OE < D56<<=OE 
?4D4<5FD>6. %>>F65FEF65==>, 4>?6=4 6O5<D4FLEO =4<5>?LL4O 4>?GEF<<4O ?> F>G=>EF< 
D56<<=OE D4EGUF>6 4?<F5?L=>EFL D4EGUF=OE <=F5D64?>6. �?D545?<FL 4?<F5?L=>EFL 
<=F5D64?>6 ?GGL5 6E57> ?GFU< M>E?5D<<5=F4?L=OE D4EGUF>6 >?F<<4?L=OE D56<<>6. � 
>5M5< E?GG45 4?<F5?L=>EFL D4EGUF=OE <=F5D64?>6 <>65F 5OFL F5< 5>?LL5, G5< <5=LL5 
<7<5=G<6>EFL 6> 6D5<5=< D5G=>7> EF>>4 < G5< 6OL5 D57G?<DGNM4O E?>E>5=>EFL 
6>4>ED4=<?<M. 

�4?55, <=45>E4<< i < j >5>7=4G4NFEO, E>>F65FEF65==>, =><5D D4EGUF=>7> <=F5D64?4 < 
=><5D �-% (6E5 �-% >4E>444 =G<5DGNFEO E65DEG 6=<7 ?<5> ?> F5G5=<N D5><, ?<5> ?> GD>6=O< 
6OE>F ?> �4?F<=E>>= E<EF5<5). &4><< >5D47>< D4EE<4FD<645FEO i D4EGUF=OE <=F5D64?>6 < j 
�-%. 

$56<< 7<4D>M?5>FD>EF4=F<= 6 ?N5>< i-< <=F5D64?5 E4D4>F5D<7G5FEO DO4>< D56<<=OE 
?4D4<5FD>6. �E=>6=O5 <7 MF<E ?4D4<5FD>6 E?54GNM<5 [1, 2, 3, 5]: 

ý GD>6=< 65DE=57> 5L5D4 65 ijZ , GD>6=< =<6=57> 5L5D4 =5 ijZ ; 

ý >5NU<O iW  6>4>ED4=<?<M ?N5>= j-= �-% =4 =4G4?> (<><5=F ti) < =4 >>=5F (<><5=F 

i+1t ) <=F5D64?4; 

ý ED54=<5 74 <=F5D64? D4EE>4O 6>4O <7 6>4>ED4=<?<M �-% 6 ijQ , G5D57 �-% Q�-% ij, 

G5D57 6>4>E?<6O E.E. ijQ  <?< 6 =<6=<5 5L5DO =5 ijQ ; 

ý ED54=<5 74 <=F5D64? =4?>D>6 �-% iH  < >F45?L=O5 E>EF46?ONM<5 ?>F5DL =4?>D>6; 

ý ED54=<5 74 <=F5D64? <>M=>EF< �-% �-%  i, jN  < 6OD45>F>4 M?5>FD>M=5D7<< �-% �-% i j- ; 

ý �-% ?<> i, jN  3 ?<>>64O <>M=>EFL j-= �-% 6 i-< <=F5D64?5, �-% ?<> iN  3 ED54=55 

7=4G5=<5 <>M=>EF5= 6E5E �-% 6 i-< <=F5D64?5, �-% ?<> iNõ 3 ?<>>64O <>M=>EFL 6E5E �-% 6 i-< 

<=F5D64?5; 
ý 7<<= i, jk 3 7<<=<= >>MDD<F<5=F, E4D4>F5D<7GNM<< ?>4?>D GD>6=5= 6>4O 6 =<6=5< 

5L5D5 74 EG5F ?54>6OE O6?5=<= >?D545?ONM<= ?D>?GE>=GN E?>E>5=>EFL EF5E=5==>7> <?< 
?>4?5DF>7> ?L4>< E5G5=<O < ?D54EF46?ONM<< E>5>= >F=>L5=<5 7<<=57> D4EE>44 6>4O > 
?5F=5<G ?D< >4=>< < F>< 65 GD>6=5 6>4O: 7<<= ij ?7k = Q / Q ; 

ý i, jÇ  - 6D5<O 4>5574=<O D4EE>4>6 6>4O <564G 7<4D>G7?4<<; 

ý i�t  3 4?<=4 i-7> D4EGUF=>7> <=F5D64?4 

�?O F>7> GF>5O >4=>7=4G=> 7444FL D56<< �-%, 4>EF4F>G=> 74D<>E<D>64FL 4?O D47=OE 
D4EGUF=OE <=F5D64?>6 >4<= <7 E?54GNM<E D56<<=OE ?4D4<5FD>6 

,ij 6 ij65 ij =5 ij �-% ij �-% ijZ , W , Q , Q N , - . 

�DG7<5 D56<<=O5 ?4D4<5FDO >4=>7=4G=> >?D545?ONFEO <7 54?4=E>6OE (M=5D75F<G5E><E, 
7<4D46?<G5E><E) E>>F=>L5=<=. 

�4?55 6 <>45?L 74?>?=ONFEO 45F5D<<=<D>64==>5 7444=<5 7<4D>7D4D>6 D5>, 4 F4>65 
FD55>64=<O GG4EF=<>>6 �%� ?> GEF4=>6?5=<N D56<<>6 D45>FO >F45?L=OE 7<4D>G7?>6 
>4E>444 =4 ?D54EF>OM<= ?5D<>4.  

&4><< >5D47><, =4 =4G4?> D4EGUF=>7> ?5D<>44 4>?6=O 5OFL 45F5D<<=<D>64=> 7444=O 
6E5 =5>5E>4<<O5 4?O D4EGUF4 ?4D4<5FDO. �D< 74?474O64=<< 6 4>5574=<< D4EE>4>6 6>4O 
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<564G EFG?5=O<< >4E>444 =5>5E>4<<> F4>65 7444=<5 D4EE>4>6 6>4O 6 =<6=<5 5L5DO �-% 
4?O =5E>>?L><E ?D54L5EF6GNM<E D4EGUF=OE <=F5D64?>6. �>=5G=O5 GE?>6<O F4>65 <>7GF 
5OFL 7444=O 6 6<45 GD>6=5= 6>4>ED4=<?<M =4 >>=5F D4EGUF=>7> ?5D<>44, >>744 MF< GD>6=< 
<765EF=O, =4?D<<5D, GD>6=O ?D54?>?>6>4=>= ED45>F>< 6>4>ED4=<?<M <?< GE?>6<O 
74?>?=5=<O 4> >F<5F>> ��' 6>4>ED4=<?<M E57>==>7> (7>4>6>7>) D57G?<D>64=<O > >>=FG 
65E5==57> ?>?>6>4LO [1, 3, 4]. 

�>E?5 747DG7>< 44==OE ?D>6>4<FEO >5D45>F>4 ?4D4<5FD>6 E ?>E?54GNM5= 
4>FG4?<74F<5= EGM5EF6GNM<E E4D4>F5D<EF<>. �>E?5 ?D>F5EE4 D4EGUF4 >>F>D4O 74=<<45F 
=57=4G<F5?L=>5 6D5<O, >EGM5EF6?O5FEO ?D>65D>4 =4 445>64F=>EFL <>45?< < 4>EF<65=<O 
?D>7=>7<D>64=<O >E=>6=OE ?4D4<5FD>6 6 7D4=<F4E 4>?GEF<<OE <=F5D64?>6. 

�4?55, M>E?5DF=O< ?GFU< >EGM5EF6?O5FEO >4G5EF65==O= 4=4?<7 >F=>E<F5?L=>= 
646=>EF< (?D<>D<F5F4) FD55>64=<= >464>7> GG4EF=<>4 �%�. �4 >E=>64=<< F4>>7> 4=4?<74 
FD55>64=<O GG4EF=<>>6 =G<5DGNFEO 6 ?>DO4>5 G5O64=<O 646=>EF<(?D<>D<F5F4) R1, R2, 
R3&..Rn (F45?<F4 1). 

&45?<F4 1.  
�>DO4>> G5O64=<O 646=>EF< (?D<>D<F5F4) FD55>64=<= GG4EF=<>>6 �%� 

�><5D 
?D<>D<F5F4 

&D55>64=<5 

1 R1(Q1,j& Qi,j) = Wj ³ 
max/min; 

2 R2(Q1,j& Qi,j) = Wj ³ 
max/min; 

3 R3(Q1,j& Qi,j) = Wj ³ 
max/min; 

& & 
n Rn(Q1,j& Qi,j) = Wj ³ 

max/min; 
�4?55 D5L45FEO 7444G4 ?> ?><E>G D5L5=<O ?5D6>7> ?> 646=>EF< FD55>64=<O  

R1(Q1,j& Qi,j) = Wj ³ max/min, 
745 (W 3 ?4D4<5FD D4EE>44 Qj ?<5> GD>6=O Zj 7<4D>G7?4). $4EGUF >EGM5EF6?O5FEO 4?O 

6E57> >4E>444 7<4D>G7?>6 ?> 6E5<G D4EGUF=><G ?5D<>4G. 
�4 E?54GNM5< MF4?5 =47=4G45FEO 65?<G<=4 «4>?GEF<<>=» GEFG?>< &W1 FD55>64=<O 

R1(Q1,j& Qi,j). �4?55, D5L45FEO 7444G4 ?> ?><E>G D5L5=<O 6F>D>7> ?> 646=>EF< FD55>64=<O 
R2(Q1,j& Qi,j) = Wj ³ max/min ?D< GE?>6<<, GF> ?4D4<5FD ?5D6>7> FD55>64=<O 4>?65= 5OFL =5 
5>?LL5/<5=LL5 (6 746<E<<>EF< >F GE?>6<O <4>E<<<74F<< ?<5> <<=<<<74F<< FD55>64=<O), 
G5< 1 1R + / - �W  < >=> O6?O5FEO >7D4=<G5=<5<: 

ø ù
ø ù ø ù <?<

i, j j2 1, j

i, j i, j1 1, j 1 1 1 1, j 1 1

1

R Q &Q = W max / min;

R Q &Q R - �W    R Q &Q R + �W ;

�W 0.

ó

ó

ó

þ

 

�4 E?54GNM5< MF4?5 =47=4G45FEO 65?<G<=4 «4>?GEF<<>=» GEFG?>< &W2 FD55>64=<O 
R2(Q1,,j& Qi,,j) �4?55, D5L45FEO 7444G4 ?> ?><E>G D5L5=<O FD5FL57> ?> 646=>EF< FD55>64=<O 
R3(Q1,j& Qi,j)=Wj ³ max/min ?D< GE?>6<<, GF> ?4D4<5FD 6F>D>7> FD55>64=<O 4>?65= 5OFL =5 
5>?LL5/<5=LL5 (6 746<E<<>EF< >F GE?>6<O <4>E<<<74F<< ?<5> <<=<<<74F<< FD55>64=<O), 
G5< 2 2R + / - �W  < >=> O6?O5FEO >7D4=<G5=<5<: 
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� F4> 44?55, ?>>4 =5 5G45F D5L5=4 7444G4 ?> ?>E?54=5<G FD55>64=<N GG4EF=<>4 �%�: 

 
�D< MF>< 4?O >464>= ?4DO ?>E?54>64F5?L=> 4=4?<7<DG5<OE FD55>64=<= =5>5E>4<<> 

7444FL =5E>>?L>> 7=4G5=<= GEFG?>> k�W  < >?D545?<FL <7<5=5=<O <4>E<<4?L=OE 7=4G5=<= 

k+1�W  E GGUF>< E>>F=>L5=<O 7=4G<<>EF< D4EE<4FD<645<OE FD55>64=<=. 

�D< MF>< >G56<4=>, GF> EGM5EF6G5F 65D>OF=>EFL ?>O6?5=<O E<FG4F<<, ?D< >>F>D>< 
D5L5=<5 7444G< 5G45F 7465DL5=>, =5 4>=4O 4> ?>E?54=57> FD55>64=<O. � 44==OE GE?>6<OE 
G65?<G5=<5 7=4G5=<O GEFG?>> ?<5> 4>EF<745F ?D545?L=>= 65?<G<=O, ?<5> 6 ?D<=F<?5 =5 
?D<6>4<F > D5L5=<N 7444G<. � 44==>< E?GG45 7444G4 D5L45FEO 4?O k-7> >>?<G5EF64 
>D<F5D<56 6 D4<>4E D4=55 GF65D64U==OE GEFG?>>. 

�4F5<4F<G5E><= 4??4D4F <5F>44 ?>76>?O5F D5L4FL ?>E?54>64F5?L=>EFL 
6OL5>?<E4==OE 7444G <4F5<4F<G5E>>7> ?D>7D4<<<D>64=<O. %?54>64F5?L=>, 57> ?D<<5=5=<5 
?>76>?O5F 75=5D<D>64FL D47?<G=O5 64D<4=FO D5L5=<= ?D< D47?<G=OE E>G5F4=<OE GE?>6<=, 4 
4=4?<7 >>?<G5EF65==OE E4D4>F5D<EF<> MF<E 64D<4=F>6 445F 6>7<>6=>EFL >F>5D4FL =4<5>?55 
?D54EF46<F5?L=O5. 

� MF>< E?GG45 7444G4 >?F<<4?L=>7> D4E?D545?5=<O EF>>4 <564G 7<4D>G7?4<< E6>4<FEO 

> >><?D><<EE=><G G4>6?5F6>D5=<N FD55>64=<= ?> ijQ  < ijZ 4?O 6E5E GG4EF=<>>6 �%�. 

�>?GG5==>5 D4E?D545?5=<5 6>4O < GD>6=5= <>6=> EG<F4FL >><?D><<EE=O< D5L5=<5< 
7444G< <=>7>>D<F5D<4?L=>= >?F<<<74F<<. 

&4><< >5D47><, 7444G4 >?F<<4?L=>7> D4E?D545?5=<O EF>>4 <564G 7<4D>G7?4<< >4E>444 
6 45F5D<<=<D>64==>= ?>EF4=>6>5 E6>4<FEO > >?D545?5=<N F4>>7> D56<<4 DG=>F<>=<D>64=<O 
>4E>444 �-%, ?D< >>F>D>< D54?<7GNFEO <4>E<<4?L=> 6>7<>6=>5 >>?<G5EF6> GE?>6<= 
>?F<<4?L=>EF< GG4EF=<>>6 6>4>E>7O=EF65==>= 45OF5?L=>EF< (D4=6<D>64==>5 ?> 646=>EF<) < 
E>5?N44NFEO 7444==O5 D56<<=O5 >7D4=<G5=<O. 

%F><F >F<5F<FL, GF> 7444G4 ?><E>4 D5L5=<O ?> k-<G FD55>64=<N GG4EF=<>4 E GGUF>< 
6E5E >7D4=<G5=<= < 4>?GM5=<= D5L45FEO E <E?>?L7>64=<5< ED54EF6 <<<F4F<>==>7> 
<>45?<D>64=<O. 

�<<F4F<>==O= ?>4E>4 > D5L5=<N 7444G< E>EF><F <7 E?54GNM<E MF4?>6: 

÷ 7444NFEO 7=4G5=<O ?4D4<5FD4 ijQ  ?> 6E5< 7<4D>G7?4< >464>7> D4EGUF=>7> 

?5D<>44; 
÷ 6 D4<>4E 7444==>7> FD55>64=<O GG4EF=<>4 �%� < EGM5EF6GNM<E >7D4=<G5=<= 

?D><76>4<FEO 6>4=>-M=5D75F<G5E><= D4EGUF; 

÷ >>DD5>F<DGNFEO 7=4G5=<O ?4D4<5FD4 ijQ . �D>6>4<FEO =>6O= 6>4=>-

M=5D75F<G5E><= D4EGUF; 
÷ <7 <=>65EF64 ?>?GG5==OE =45>D>6 ?>>474F5?5= 6>4=>-M=5D75F<G5E><E D56<<>6 

>4E>444 �-% 6O5<D4NF =45>D ?>>474F5?5=, >>F>DO= 6 =4<5>?LL5= EF5?5=< E>>F65FEF6G5F 
7444==><G GE?>6<N >?F<<4?L=>EF< GG4EF=<>4 �%� ?D< 6O?>?=5=<< 6E5E >7D4=<G5=<= < 
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4>?GM5=<=. 
� >E=>6=O< 4>EF><=EF64< <<<F4F<>==>7> <>45?<D>64=<O >F=>E<FEO 6>7<>6=>EFL 57> 

?D<<5=5=<O 6 E?GG4OE, >>744 E4D4>F5D ?D>F5>4NM<E 6 E<EF5<5 ?D>F5EE>6 =5 ?>76>?O5F 
>?<E4FL MF< ?D>F5EEO 6 4=4?<F<G5E>>= D>D<5. � F><G 65 <<<F4F<>==>5 <>45?<D>64=<5 
?>76>?O5F 5>?55 4>F<6=> 6>6?5>4FL 6 ?D>F5EE 6OD45>F>< ?D46<? G?D46?5=<O E?5F<4?<EF>6, 
D>D<<DGNM<E D56<<O D45>FO >4E>444 �-%, GF> ?>76>?O5F <E?>?L7>64FL 57> <=FG<F<N, 
>?OF < 7=4=<O 4?O ?D4>F<G5E>>7> ?D<<5=5=<O ?>?GG5==OE ?> >>>=G4=<N D4EGUF4 
D57G?LF4F>6.  

�<F5D4FGD4 
1. $<?<??>64, &.�. �<4D>M=5D75F<>4: GG55=>5 ?>E>5<5. 3 3-5 <74., ?5D5D45. 3 

�>6>E<5<DE>: �74-6> ��&', 2013. 
2. Muhammadiev M., Urishev B.U., Nosirov F.J. Djurayev K.S. Gidroenergetik 

qurilmalarni ishlatish. O8quv qo8llanma. - Toshkent: <Fan va texnologiya=, 2015. 
3. �E?>?L7>64=<5 6>4=>= M=5D7<<: 'G55=<> 4?O 6G7>6/ �>4 D54. ..%. �4E<?L564. 3 

%�5: -=5D7>4F><<744F, 1995.  
4. Muhammadiev M.M., Urishev B.U., Djurayev K.S. Gidroenergetik qurilmalar. Darslik. - 

Toshkent: <Fan va texnologiya=, 2015. 
5. Badalov A.S., Uralov B.R., Zenkova V.A., Shaazizov F.Sh. Gidroelektrostansiyalar. 

O8quv qo8llanma. 3 Toshkent: TIMI, 2009. 
 

-��$��%��$������ � %��$������� ��$� 
Karshiboev Sharof, Murtazin Emil Rustamovich 

�6<74>E><= ?>?<F5E=<G5E><= <=EF<FGF, E-mail: kirenakirka.fr@inbox.ru  
%F><<>EFL >><<G=4?L=OE GE?G7 D4EF5F 45=L >F> 4=O, ?>MF><G >EFD> EF><F 6>?D>E 

D4F<>=4?L=>EF< M=5D7>?>FD55?5=<O 6> 6E5E ED5D4E, >4> 6 5<7=5E5, F4> < 6 G4EF=>< 
4><>EFD>5=<<. �4><5 <5DO =G6=> ?D54?D<=<<4FL 4?O ?>6OL5=<O M=5D7>MDD5>F<6=>EF< < 
>4><5 D5L5=<O 6 G4EF< M=5D7>E55D565=<O ?D54?4745F E>6D5<5==O= DO=>>, G<F4=F5 6 44==>= 
EF4FL5. 

� E>64?5=<N, D54?<< E57>4=OL=57> 4=O F4>>6O, GF> >G?LFGD4 ?>FD55?5=<O M=5D7<< 6 
=4L5= EFD4=5 =5 =4 E4<>< 6OE>>>< GD>6=5. �5 5G45< ?>4D>5=> 64464FLEO 6 ?D<G<=O, G>465< 
?<LL, GF> =4 MF> ?D5645 6E57> 6?<O5F <5=F4?<F5F =4L57> =4D>44, =5 ?D<6O>L57> M>>=><<FL 
M=5D75F<G5E><5 D5EGDEO, < <7=>L5==>EFL >E=>6=OE D>=4>6, 5>?LL5= G4EFLN 66545==OE 6 
M>E??G4F4F<N 5M5 6 ?D>L?>< EF>?5F<<. 

� F> 65 6D5<O =G6=> ?>=<<4FL, GF> M=5D7>MDD5>F<6=>EFL < M=5D7>E55D565=<5 4 
>?NG56O5 ?>=OF<O >55E?5G5=<O MDD5>F<6=>EF< ?D4>F<G5E>< 6 ?N5>= ED5D5. � <<5==> 
5<7=5E ?5D6O= ?>6<=45F ??>4O =5D4F<>=4?L=>7> <E?>?L7>64=<O D5EGDE>6, GF> >FD<F4F5?L=> 
E>47O645FEO =4 E555EF><<>EF< ?D><76>4EF64. �54L ?N5>= 5<7=5E EFD><FEO =4 54?4=E5 
4>E>4>6 < <745D65> ?D><76>4EF64 (?>EF>O==OE < ?5D5<5==OE), 6 G<E?> >>F>DOE 6 
>5O74F5?L=>< ?>DO4>5 6E>4OF 74FD4FO =4 ?>FD55?O5<GN M=5D7<N, 5G4L F> F5??>64O, 
M?5>FD<G5E>4O <?< ?N54O 4DG74O. � G5< >=< <5=LL5, F5< ?GGL5 E55O GG6EF6G5F 5<7=5E. 

$4EG5F M=5D7>MDD5>F<6=>EF< ?D><76>4<FEO ?> =5E>>?L><< ?>>474F5?O<, D4EE<>FD<< 
>E=>6=O5 <7 =<E: 

->>=><<G=>EFL ?>FD55?5=<O F>??<6=>-M=5D75F<G5E><E D5EGDE>6 (&-$): >?D545?O5FEO 
F5E=>?>7<G5E><< E>65DL5=EF6>< ?D>4G>F<</?D><76>4EF64 < >4G5EF6>< >>=EFDG>F>DE>>= 
?D>D45>F>< <745?<=/?D><76>4EF65==OE ?<=<=. �4> ?D<<5D: D4EE>4 F>??<64, ?D<E>4OM<=EO 
=4 1 >< ?GF< ?D< ?5D56>7>5 1 F 7DG74, ?<5> >>MDD<F<5=F ?>?57=>7> 45=EF6<O, >?D545?5==O= 
>4> >F=>L5=<5 ?>FD55?O5<>= M=5D7<< > ?D><76545==>= D45>F5. 

-=5D75F<G5E>4O MDD5>F<6=>EFL ?5D544G< (ED4=5=<O) &-$: >?D545?O5FEO D4EE>4>< </<?< 
?>F5DO<< &-$ 4?O >>=>D5F=OE GE?>6<= <E?>?L7>64=<O ?D>4G>F<< ?<5> D54?<74F<< 
F5E=>?>7<G5E>>7> ?D>F5EE4. �D<<5D: 65?<G<=4 F5??>6OE ?>F5DL =4 1 >< F5??>FD4EEO <?< 
?D>F5=F ?>F5DL M?5>FD>M=5D7<< 6 ?5D544NM<E E5FOE. 
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-=5D7>5<>>EFL ?D><76>4EF64 ?D>4G>F<<: E4D4>F5D<7G5F >>?<G5EF6> M=5D7<<, 
74FD4G5==>= =4 >E=>6=O5 < 6E?><>74F5?L=O5 F5E=>?>7<G5E><5 ?D>F5EEO, < 6OD4645FEO 6 
>>?<G5EF65 M=5D7<< =4 54<=<FG ?D>4G>F<<. �4?D<<5D, 5E?< ?D< ?D><76>4EF65 
M?5>FD>46<74F5?O <>M=>EFLN 15 >�F 74FD4G5=4 M=5D7<O 1200 >�FçG, F> M=5D7>5<>>EFL 
?D><76>4EF64 M?5>FD>46<74F5?O 5G45F D46=4 1200/15=80 (>�FçG/>�F). � 44==>< E?GG45 
54<=<F5= ?D>4G>F<< EG<F45FEO 1>�F <>M=>EF< M?5>FD>46<74F5?O. 

� =4EF>OM55 6D5<O, < >E>55==> ?>E?5 ?D<=OF<O E>>F65FEF6GNM<E 74>>=>6 < ?D>7D4<<, 
=4<5G45FEO F5=45=F<O > G<5=LL5=<N 74FD4F =4 M=5D7>?>FD55?5=<5. ' >5OG=OE ?N45= 6 F>< 
G<E?5 D>D<<DG5FEO >G?LFGD4 ?>FD55?5=<O M=5D7<<, 5<7=5E <M5F ?GF< E>>D4M5=<O D4EE>4>6 
4?O G65?<G5=<O D5=F455?L=>EF<, EFD4=4 74<=F5D5E>64=4 6 G45L56?5=<< 54<=<FO ���. 
�=GFD5==<= DO=>> M=5D7>MDD5>F<6=OE D5L5=<= D4EL<DO5FEO, < E57>4=O 557 >E>5>7> FDG44 
<>6=> =4=F< <=>65EF6> ?D54?>65=<= 4?O G4>6?5F6>D5=<O E4<OE D47=>>5D47=OE 74?D>E>6. 
�4=4>> =5 6E5 >=< >4<=4>>6> MDD5>F<6=O, ?>MF><G GF>5O 6O5D4FL >?F<<4?L=>5 D5L5=<5, 
?D<45FEO ?>FDG4<FLEO. 

�GF< ?>6OL5=<O M=5D7>MDD5>F<6=>EF< 6 D47=OE ED5D4E 
�>EF<65=<5 F5?5= < D5L5=<5 7444G 7>EG44DEF65==>= ?D>7D4<<O ?D54?>?4745F 

?D<<5=5=<5 F5?>7> >><??5>E4 >D74=<74F<>==OE < F5E=<G5E><E <5D. �5>7=4G<< ?GF< 
?>6OL5=<O M=5D7>MDD5>F<6=>EF< 4?O =5>>F>DOE ED5D. 

�D74=<74F<>==O5 <5DO: E>65DL5=EF6>64=<5 F4D<D=>= ?>?<F<>< 6 ED5D5 
F5??>E=4565=<O, ?>6OL5=<5 >4G5EF64 F5??>E=4565=<O, 66545=<5 ?>>474F5?5= >4G5EF64 
F5??>6>= M=5D7<<, E>65DL5=EF6>64=<5 D56<<>6 F5??>?>FD55?5=<O, GE?>6<= >EGM5EF6?5=<O 
>>=FD>?O, ?>6OL5=<5 >4G5EF64 =>D<<D>64=<O < >>=FD>?O F5E=>?>7<G5E><E ?>F5DL 6 
F5??>6OE E5FOE. 

&5E=<G5E><5 <5DO: D5>>=EFDG>F<O < <>45D=<74F<O M?5>FD>EF4=F<= < 
FD4=ED>D<4F>D=OE ?>4EF4=F<=, 6>74GL=OE ?<=<= 6OE>>>7>, ED54=57> < =<7>>7> 
=4?DO65=<O, >455?L=OE ?<=<=, >>F5?L=OE. �=54D5=<5 ?D>F5EE>6 >>75=5D4F<< =4 >>F5?L=OE, 
74<5=4 46<74F5?5= 6 E<EF5<4E 6>4>E=4565=<O < 6>4>>F6545=<O =4 M=5D7>MDD5>F<6=O5, 
6=54D5=<5 G4EF>F=>-D57G?<DG5<>7> ?D<6>44 </<?< 4DG7<E GEFD>=EF6, >55E?5G<64NM<E 
?>6OL5=<5 ��� ?D< M>E??G4F4F<< M?5>FD>46<74F5?5=. 

� =4EF>OM55 6D5<O M=5D7>E55D565=<5 - >4=4 <7 ?D<>D<F5F=OE 7444G. -F> E6O74=> E 
45D<F<F>< >E=>6=OE M=5D7>D5EGDE>6, 6>7D4EF4NM5= EF><<>EFLN <E 4>5OG<, 4 F4>65 E 
7?>54?L=O<< M>>?>7<G5E><<< ?D>5?5<4<<. 

->>=><<O M=5D7<< 3 MF> MDD5>F<6=>5 <E?>?L7>64=<5 M=5D7>D5EGDE>6 74 EG5F 
?D<<5=5=<O <==>64F<>==OE D5L5=<=, >>F>DO5 >EGM5EF6<<O F5E=<G5E><, >5>E=>64=O 
M>>=><<G5E><, ?D<5<?5<O E M>>?>7<G5E>>= < E>F<4?L=>= F>G5> 7D5=<O, =5 <7<5=ONF 
?D<6OG=>7> >5D474 6<7=<. -F> >?D545?5=<5 5O?> ED>D<G?<D>64=> =4 �564G=4D>4=>= 
M=5D75F<G5E>>= >>=D5D5=F<< (��$-�) ���. 

-=5D7>E55D565=<5 6 ?N5>= ED5D5 E6>4<FEO ?> EGM5EF6G > E=<65=<N 55E?>?57=OE 
?>F5DL M=5D7<<. �=4?<7 ?>F5DL 6 ED5D5 ?D><76>4EF64, D4E?D545?5=<O < ?>FD55?5=<O 
M?5>FD>M=5D7<< ?>>47O645F, GF> 5>?LL4O G4EFL ?>F5DL 3 4> 90% 3 ?D<E>4<FEO =4 ED5DG 
M=5D7>?>FD55?5=<O, F>744 >4> ?>F5D< ?D< ?5D544G5 M?5>FD>M=5D7<< E>EF46?ONF ?<LL 9310%. 
�>MF><G >E=>6=O5 GE<?<O ?> M=5D7>E55D565=<N E>>=F5=FD<D>64=O <<5==> 6 ED5D5 
?>FD55?5=<O M?5>FD>M=5D7<<. 

�E=>6=4O D>?L 6 G65?<G5=<< MDD5>F<6=>EF< <E?>?L7>64=<O M=5D7<< ?D<=44?56<F 
E>6D5<5==O< M=5D7>E55D574NM<< F5E=>?>7<O<. -=5D7>E55D574NM4O F5E=>?>7<O 3 =>6O= 
<?< GE>65DL5=EF6>64==O= F5E=>?>7<G5E><= ?D>F5EE, E4D4>F5D<7GNM<=EO 5>?55 6OE>><< 
>>MDD<F<5=F>< ?>?57=>7> <E?>?L7>64=<O F>??<6=> M=5D75F<G5E><E D5EGDE>6 (&-$). 

�=54D5=<5 M=5D7>E55D574NM<E F5E=>?>7<= 6 E>7O=EF65==GN 45OF5?L=>EFL >4> 
?D54?D<OF<=, F4> < G4EF=OE ?<F =4 5OF>6>< GD>6=5, O6?O5FEO >4=<< <7 646=OE L47>6 6 
D5L5=<< <=>7<E M>>?>7<G5E><E ?D>5?5< 3 <7<5=5=<O >?<<4F4, 747DO7=5=<O 4F<>ED5DO 
(=4?D<<5D, 6O5D>E4<< >F &-&), <EF>M5=<O <E>>?45<OE D5EGDE>6 < 4D. 
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�5OG=> ?D54?D<OF<O 6=54DONF E?54GNM<5 F<?O F5E=>?>7<=, >>F>DO5 44NF 
7=4G<F5?L=O= M=5D7>E55D574NM<= MDD5>F: 

1. �5M<5 F5E=>?>7<< 4?O <=>7<E ?D54?D<OF<=, E6O74==O5 E <E?>?L7>64=<5< M=5D7<< 
(46<74F5?< E ?5D5<5==>= G4EF>F>= 6D4M5=<O, F5??>>5<5==<><, E64FO= 6>74GE, >E65M5=<5, 
?4D, >E?4645=<5, EGL>4 < ?D.).  

2. �>?55 MDD5>F<6=>5 ?D><76>4EF6> M=5D7<<, 6>?NG4O E>6D5<5==O5 >>F5?L=O5, 
>>75=5D4F<N (F5??> < M?5>FD<G5EF6>), 4 F4>65 FD<75=5D4F<N (F5??>, E>?>4, M?5>FD<G5EF6>); 
74<5=4 EF4D>7> ?D><OL?5==>7> >5>DG4>64=<O =4 =>6>5, 5>?55 MDD5>F<6=>5. 

3. �?LF5D=4F<6=O5 <EF>G=<>< M=5D7<<. 
$56<< M=5D7>E55D565=<O >E>55==> 4>FG4?5= 4?O <5E4=<7<>6, >>F>DO5 G4EFL 6D5<5=< 

D45>F4NF E ?>=<65==>= =47DG7>>= 3 >>=65=5DO, =4E>EO, 65=F<?OF>DO < F.?. %GM5EF6G5F 
=5<4?> GEFD>=EF6, >>F>DO5 ?>76>?ONF 4>5<FLEO G<5=LL5=<O ?>F5DL ?D< D45>F5 
M?5>FD>>5>DG4>64=<O, >E=>6=O<< <7 >>F>DOE O6?ONFEO >>=45=E4F>D=O5 GEF4=>6>< < 
G4EF>F=> D57G?<DG5<O5 ?D<6>4O. '4EF>F=> D57G?<DG5<O5 M?5>FD>?D<6>4O E> 6EFD>5==O<< 
DG=>F<O<< >?F<<<74F<< M=5D7>?>FD55?5=<O 7<5>> <7<5=ONF G4EF>FO 6D4M5=<O 6 
746<E<<>EF< >F D54?L=>= =47DG7><, GF> ?>76>?O5F EM>>=><<FL 4> 30 50% ?>FD55?O5<>= 
M?5>FD>M=5D7<<. �D< MF>< 74G4EFGN =5 FD55G5FEO 74<5=4 EF4=44DF=>7> M?5>FD>46<74F5?O, GF> 
>E>55==> 4>FG4?L=> ?D< <>45D=<74F<< ?D><76>4EF6. &4><5 M=5D7>E55D574NM<5 
M?5>FD>?D<6>4O < ED54EF64 46F><4F<74F<< <>7GF 5OFL 6=54D5=O =4 5>?LL<=EF65 
?D><OL?5==OE ?D54?D<OF<= < 6 ED5D5 ��%: >F ?<DF>6 < 65=F<?OF<>==OE GEF4=>6>> 4> 
46F><4F<74F<< ?D54?D<OF<=. 

$>EE<=E><<< GG5=O<< D47D45>F4=4 GEF4=>6>4, ?D< D45>F5 >>F>D>= G4EFL F5??4, 
GE>4OM57> 6 FDG5G ?>E?5 E6<74=<O =4 ?D><76>4EF65 ?D<D>4=>7> 7474, <E?>?L7G5FEO 4?O 
6OD45>F>< 4>?>?=<F5?L=>= M=5D7<<, E?>E>5=>= 44FL >E65M5=<5 ?OF< L5EF=44F4F<MF46=OE 
744=<=. 

-=5D7>E55D574NM<5 F5E=>?>7<< 6 EFD><F5?LEF65 =>EOF >><??5>E=O= E4D4>F5D, EN44 
6E>4<F GF5??5=<5 EF5=, M=5D7>E55D574NM4O >D>6?O, M=5D7>E55D574NM<5 >D4E><, 
EF5>?>?4>5FO, M>>=><<G=O5 E<EF5<O >5>7D564 < >E?4645=<O ?>65DE=>EF5=. 

�4=4 <7 =4<5>?55 D4E?D>EFD4=5==OE M=5D7>E55D574NM<E F5E=>?>7<= E 5>?LL<< 
?>F5=F<4?>< 4?O G?GGL5=<= 6 ED5D5 EFD><F5?LEF64 6<?LO 3 MF> >>F5?L=O5. %>6D5<5==O5 
F5E=>?>7<< E?>E>5=O EGM5EF65==> G<5=LL<FL ?>FD55?5=<5 M=5D7>=>E<F5?5=, E=<7<FL 
74FD4FO =4 >5E?G6<64=<5, 4465 ?>6OE<FL ���. �D><5 F>7>, 74<5=4 >>F5?L=>= G4EF> 
?>76>?O5F >><?4=<< ?5D5=F< E M>>?>7<G5E>< 7DO7=>7> < 4>D>7>7> G7?O <?< <47GF4 =4 5>?55 
45L56>5 < G<EF>5 F>??<6>, F4>>5 >4> 747 <?< 4D565E=O5 7D4=G?O. 

&4>65 445F 5>?LLGN M>>=><<N, 5E?< 6<5EF> >F45?L=> EF>OM<E F5=FD4?L=OE F5??>6OE 
?G=>F>6 D47<5EF<FL 6 744=<< <=4<6<4G4?L=O= F5??>6>= ?G=>F, >E=4M5==O= E>6D5<5==O<< 
55ELG<=O<< =4E>E4<<, >><?4>F=O<< < MDD5>F<6=O<< ??4EF<=G4FO<< F5??>>5<5==<>4<<. 

�D< >D74=<74F<< 65=F<?OF<< 6 744=<< ?D<<5=ONF E<EF5<O D5>G?5D4F<< (GF<?<74F<< 
4?O ?>6F>D=>7> <E?>?L7>64=<O) F5??4 >FD45>F4==>7> 6>74GE4 < ?5D5<5==>= 
?D><76>4<F5?L=>EF< ?D<F>G=> 6OFO6=OE 47D574F>6 6 746<E<<>EF< >F G<E?4 ?N45= 6 744=<<. 
-F< E<EF5<O ?>76>?ONF =5 FD4F<FL 6?GEFGN F5??>, 6OD454FO645<>5 ?N4L<<, 
>E65F<F5?L=O<< ?D<5>D4<<, F>D7>6O< < >D<E=O< >5>DG4>64=<5<, < E=<64NF F5< E4<O< 
?>FD55?5=<5 F5??4 >F 6=5L=57> <EF>G=<>4 3 F5??>E5F< <?< >>F5?L=>=. 

�D<<5D>< 4><>6, >>F>DO5 6 5G4GM5< ?>76>?OF G5?>65>G 6<FL 6 74D<>=<< E ?D<D>4>=, 
6 F> 65 6D5<O =5 ?<L4O E55O ?D<6OG=>7> >><D>DF4, O6?ONFEO F4> =47O645<O5 6<?<M4 
=G?56>= M=5D7<< (zero energy house) <?< ?4EE<6=O5 4><4 (passive house), >5N54<=O5<O5 
>5M<< F5D<<=>< "M=5D7>MDD5>F<6=O5 4><4". "-=5D7>MDD5>F<6=O<" 5G45F EG<F4FLEO F4>>= 
4><, 6 >>F>D>< >><D>DF=4O F5<?5D4FGD4 ?>445D6<645FEO 7<<>= 557 ?D<<5=5=<O E<EF5<O 
>F>??5=<O, 4 ?5F>< 3 557 ?D<<5=5=<O E<EF5<O >>=4<F<>=<D>64=<O. 

�EFL < 4DG7<5 ?GF< D4F<>=4?L=55 <E?>?L7>64FL M?5>FD>M=5D7<N, ?D<G5< =5 F>?L>> =4 
?D><76>4EF65, => < 6 5OFG. &4>, G65 446=> <765EF=O "G<=O5" E<EF5<O >E65M5=<O. 
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METHODS AND PRINCIPLES OF OPERATION FOR DETERMINING THE SINGLE-

PHASE EARTHING POINT ISOLATED FROM THE NEUTRAL EARTH 
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Kobilov Abdurakhman Khamidjon ugli, student of FarPI, 33-21 E  
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Annotation: In this article, the characteristics of single-phase earth fault occurring in 6-35 kV 

overhead transmission lines are studied and the methods of determining the location of single-phase 
earth short circuit in our power system are analyzed. The achievements and shortcomings of the 
single-phase grounding point detection methods used in the energy supply of our country are 
considered. 

Keywords: Electric overhead lines, cable lines, abnormal modes, single-phase grounding, 
remote fault point detection method 

Introduction 
110-500 kV power transmission lines, 6-35 kV power distribution lines, and 0.4 kV low-

voltage power networks have been allocated in order to prevent accidents that may occur in the 
energy system of our republic and to ensure the safety of power system stability [1]. In the energy 
system of our country, the supply of 35-110/6-10 kV distribution substations is mainly carried out 
through overhead transmission lines that distribute electricity, we can see the general characteristics 
and current status of these medium voltage networks below. [2, 3, 4]: 
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- In our republic, 35-110/6-10 kV substations (outdated) and relatively outdated technical and 
mechanical power distribution lines make up 70% of the total network system. [4]; 

- Implementation of the management system of substations without the participation of a 
permanent duty employee [5]; 

- Substation and distribution lines are located at a long distance from the control point and 
from each other (except for the electricity supply of cities and production facilities); 

- The fact that the lines coming out of the substations are mainly overhead lines, unlike urban 
and industrial facilities. Due to the location of consumers at a long distance from their supply 
substations, if abnormal modes such as damage or overloading occur in 6-35 kV overhead power 
lines, the time to eliminate it is long and, therefore, negative situations are often observed.; 

In contrast to the rural electricity supply, in urban and large production enterprises, the 
operation is relatively convenient due to the short length of the supply lines from several substations 
to the workshops and other departments (the proximity of the distance and the fact that they mainly 
use cable lines it reduces the time to identify the place of damage and eliminate it). 

However, the operation of distribution air transmission lines in agriculture is a bit more 
complicated. For ehample, if a single-phase ground fault occurs in some feeder (6-35 kV networks), 
a small operational team is required to inspect each line according to the schedule to eliminate it. In 
general, accidents on 6-35 kV overhead lines can be divided into two groups: natural-climatic [6] 
and operational accidents. 

Methods: This article uses comparative, observational analysis methods, which are among 
theoretical methods. Determination of the single-phase grounding point is mainly made in 6-35 kV 
networks without neutral grounding. Methods such as contour currents and node potentials were 
used to determine the damage point. 

Results: According to today's statistics, a single-phase ground fault, which accounts for 75% 
of total damage in 6-35 kV overhead transmission lines, is considered a dangerous problem [4].  

Rapid detection of a single-phase earth fault (OMP) and, in this way, taking measures to 
prevent electricity consumers from being disconnected from consumption for a long time is an 
urgent issue today. In general, it is not possible to detect a single-phase ground fault in 6-35 kV 
neutral earth-insulated or compensated overhead lines in time and to find the location of the damage 
using the usual relay protection and automation devices. [7] Since the connection group of 6-10 kV 
overhead lines is connected in the D/D method, the method of determining the location of a single-
phase ground short circuit used in high-voltage lines and the use of installed devices are ineffective. 
Therefore, it is advisable to inspect the entire line using portable electrical devices [8] to determine 
the point of damage. Remote detection of damage in overhead transmission lines is usually carried 
out when the line is turned off. Such detection methods are divided into the following groups: 

- impulsive, 
- wavy  
- knotty [8]. 
All methods have several limitations. For ehample: the impulse method is applied only to one 

extinguished line, the wave method is used for cable lines and is tested under high voltage, the node 
method is tested through both sides of one extinguished line [9]. Today, new methods are being 
developed for determining the location of single-phase grounding, devices are actively used in 
overhead lines [7], which are detected by the electromagnetic field around the line [10], but the 
determination of the location of single-phase grounding is still difficult. 
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Fig. 1. The principle scheme of single-phase grounding in 6-35 kV lines 

Discussion: Remote single-phase ground fault detection method is widely used today to 
reduce the time of emergency response. In 6-10 kV overhead transmission lines, the following 
factors should be taken into account when using the method of remote detection of the single-phase 
earth connection and the use of electrical devices: 

a) Large length and branching of lines; 
b) Difficulty turning off when damage occurs  
In order to prevent failure of electrical devices or operation at excessive voltage under the 

influence of a single-phase earth fault, restrictions are placed on the power grid modes; 

 
Fig. 2 Switching scheme of a single-phase short circuit 

1. Neutral mode of operation in networks; 
2. Inability to satisfy the operational staff in some parts of the air lines 
The officer on duty receives the single-phase ground fault signal, conducts measurements to 

determine the fault location, and conducts search operations. 
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Fig. 3. Switching scheme of single-phase earth fault 

To determine the location of a single-phase ground connection in an overhead transmission 
line, the following actions are carried out: 

In this case, the mode of OMP air lines includes implementation through the following 
sequences [4, 8]: 

1) records information about a single-phase earth fault (non-selective signaling); 
2) detect the damaged line; 
3) identification of the damaged section of the line (Remote OMP); 
4) determines the point of damage (topographic or road OMP): 
5) a non-selective signaling device detects a single-phase ground fault on the line: 
a) in this case, the insulation resistance is reduced; 
The phase voltage between the damaged line and the earth is reduced; 
b) A zero sequence voltage appears [7, 8]; 
c) The method of turning off the lines is used in the detection: 
d) When the damaged line is switched off, the zero sequence voltage is lost (or the phase 

voltage with earth is restored) 
There are a number of disadvantages in identifying a damaged line by erasing such 

consecutive lines, these are: 
Disconnection causes interruptions in the power supply of the lines; 
1. As a result of commutation overloads, the probability of switching from a single-

phase short circuit to a multi-phase short circuit mode increases; 
2. The existence of a long process of searching for the damaged area and a fee for the 

personnel 
The listed disadvantages are not present in single-phase earth fault selective protection 

(selective signaling devices). We can divide all accepted selective signal devices [8, 11, 12] into the 
following groups: 

1. Zero sequence generators of industrial frequencies Installed one phase to the ground 
connection harmonic organize doers; 

2. Installed single-phase earth fault harmonic generators; 
3. Free organizers of single-phase grounding transients; 
The use of selective signaling devices for maintenance of existing regional 6-35 kV 

distribution lines and network repair works is effective. In particular, we can conditionally divide 
the selective signaling devices used in developed countries into the following groups: 

1. A higher harmonic of 100 Hz is used; 
2. To the loaded current with a frequency of 25 Hz;  
3. To emergency organizers of symmetry of current and voltage;  
4. Signaling devices based on the use of current and time feedback characteristics. 

Conclusion 
In conclusion, we can say that the widespread use of modern and advanced electrical 

measuring devices and operating principles used by developed countries in the energy supply of our 
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country will be very effective in eliminating the most frequent damage cases in our electrical 
networks. Identifying the place of single-phase grounding, which is often observed in 6-35 kV 
power distribution lines, and taking measures to effectively eliminate it, allows to reduce the 
wastage of electric power, as well as supply high-quality electric power to electric consumers. 
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Annotation: Current issues such as the current state of power transformers in our country and 

the impact of abnormal modes on the reliability of power transformers are considered in this article. 
In particular, when the voltage on the line changes from the specified norm, the reasons for the 
increase in the operating current of the power transformers and as a result the breakdown of the 
insulation of the transformer have been widely discussed. 
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Introduction: As of September 1, 2021, a total of 232,301 km of 10-0.4 kV low-voltage 
power transmission lines under the jurisdiction of JSC "Territorial Electricity Networks" of the 
Republic of Uzbekistan. Of this, the total length of 10 kV power transmission lines is 84,870 km, 6 
kV - 13,902 km, 0.4 kV - 133,529 km [4].  

There are a total of 86,389 transformer points belonging to this enterprise, of which 38,468 
units are up to 100 kV·A; 100-160 kV·A - 32,102 units; 250-400 kV·A - 10,381 units; 630 kV·A 
and more - 5,438 units [4]. 

High-quality delivery of electric energy to consumers and ensuring long-term, reliable and 
safe operation of electrical devices in this process is one of the urgent problems today. One of the 
main elements of the electrical network is the power transformer. The reliability and quality of 
power supply systems largely depends on the performance of power transformers [2]. 

Methods 
This article uses the methods of comparison and analysis, which are part of the theoretical 

method. Analyzed based on electromagnetic induction and Maxwell's first and second laws.  
Long and reliable operation of electrical devices in power lines, according to GOST 32144-

2013, one of the indicators of the quality of electricity is the installed voltage deviation. Voltage 
deviation refers to the deviation of the voltage from the nominal value during the normal operation 
of electrical networks. The following formula is used to calculate the voltage deviation value: 
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Here: - the instantaneous value of the voltage, - nominal value of voltage 
According to the requirements of GOST 32144-2013, the deviation of the voltage in the 

normal working condition is allowed to deviate ±5-10% in electrical networks [2;12-13]. 
Results 

If the voltage deviation changes more than the nominal value, it affects the efficiency of 
electrical devices. For ehample, let's consider the effect of voltage fluctuations on the power line on 
the power transformer, the most common electrical device in the electrical system. Damages that 
can occur in the transformer based on experimental studies are listed in the table below. 

Table 1 

Causes of damage to the transformer Types of injury 
The parameter 
being checked 

The electromagnetic forces caused by 
the short-circuit current change the 
geometry of the winding and, 
accordingly, the magnitude of the 
leakage reactance 

Transformer winding deformation 
Scattering 
reactance 

Damage to the insulation forms a circuit 
linked to the main magnetic flux. The 
resulting circulating current causes an 
increase in the active and inductive 
components of the magnetizing current 
and an increase in unload losses. 

Turn-to-turn closure: 
a) complete closure of two or more 

turns; 
b) the closure of two or more 

parallel conductors belonging to 
different turns 

Magnetizing 
current and unload 

losses. 

Damage to the insulation forms a loop 
linked to the leakage flux. The resulting 
circulating current causes an increase in 
additional losses in the short circuit 
experience 

Closing of parallel conductors; coil 
short circuits in the transformer 
windings, reactors built into the 

transformer and control 
transformers; damage to the 

insulation of the pressing screws 

Additional short 
circuit losses 

Deteriorated contact and overheating of 
the contacts of the on-load tap-changers 
or PBB leads to the formation of a film, 
erosion of surfaces, and an increase in 
contact resistance 

Overheating and erosion of 
contacts 

DC resistance 

Mechanical displacement or 
overheating of the conductor causes it 
to break or burn out and a 
corresponding change in the resistance 
of the current-carrying circuit 

chain break 

Magnetizing 
current and unload 

losses; DC 
resistance 

Mechanical influences or overexcitation 
can cause damage to the insulation of 
the elements of the magnetic circuit and 
the formation of a circuit linked to the 
main magnetic flux. The resulting 
circulating current causes an increase in 
active and inductive components of 
magnetizing current and rise unload 
losses 

Short-circuiting of sheets of 
electrical steel, violation of the 
insulation of tie rods, yoke beams, 
etc. When this results in the 
formation of contours of short-
circuited coils linked to the main 
stream; incorrect grounding of the 
transformer magnetic circuit; 
interturn short circuits and short 
circuits of parallel conductors 
belonging to different 

Magnetizing 
current and unload 

losses 
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For ehample, a voltage deviation of -15% in a power transmission line leads to an increase in 
the operating current in power transformers, which causes additional heating temperature in the 
transformer core. [3;5-6]. 

 
Fig. 1. Vector diagram of the current of the transformer 

Discussion: Electricity quality indicators are inextricably linked with the reliability of 
electrical devices and consumers. During the analysis of non-sinusoidal voltage in the transmission 
of electricity, asymmetry of the load, the increase of the load over the years in the network, 
especially the effect on the electrical devices installed in the network, and the effect of single-phase 
voltage drop on the power transformers, the scientific research conducted by the following scientists 
increased studied. 

In the scientific article of I.V. Dzhejelenko, Y.L.Saenko, A.V.Gorpinich, mathematical 
models are presented that allow to calculate the functional reliability indicators of power 
transformers in the presence of non-sinusoidal and asymmetry of voltage. The asymmetry and non-
sinusoidal voltage generated in the network leads to wear of the insulation in the power 
transformers, reducing the efficiency of the device and the service life. A mathematical model for 
calculating the operational reliability and reduced service life of power transformers under the 
influence of voltage asymmetry and nonsinusoidality was derived and the following results were 
obtained [1]: 

- Mathematical models have been developed that allow calculating the functional reliability 
indicators of power transformers under the influence of voltage non-sinusoidality and asymmetry. 

- The developed model can be used for predicting the reliability of transformers in working 
conditions, for economic justification of the effectiveness of measures to reduce non-sinusoidal and 
voltage asymmetry. 

According to the scientific analysis of Gruzdev I.M., Shelyug S.N., the following negative 
effects of zero-sequence currents on this device were studied in the presence of voltage non-
sinusoidality in 10 kV power transformers connected in a star-delta scheme [5]: 

- Non-sinusoidal voltage appearing in the 0.4 kV network causes the formation of crooked 
currents on the 110 kV side.. 

- due to the appearance of different harmonics of voltage in three-phase electrical networks, it 
causes additional energy wastage in the magnetic and electrical coupling of the power transformer, 
this waste causes additional heating in the power transformer components emits.  

The research conducted by D.A. Semenov shows that non-sinusoidal voltage causes an 
increase in zero-sequence currents in the network, and this causes an increase in resistance and 
additional wastage in transformer coils.. 

When predicting the probability of failure of power transformers in working condition, 
various external and internal situations that may occur were analyzed according to the theory of 
probability and the following results were obtained [3]:  

- when short-circuiting, overloading and similar abnormal modes are observed in power 
transformers, the probability of device failure increases significantly, and it is desirable to eliminate 
this situation as soon as possible. 

- asymmetry and non-sinusoidal voltage causes additional heating in the coils, and keeping it 
in this mode for a long time affects the insulation of the coils and damages the transformer. 
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Deterioration of the insulation in the coils is mainly caused by a decrease in the quality of the 
transformer oil. Therefore, regular inspection of transformer oil will increase its service life. 

Due to voltage deviation and loss in electric consumers located far from the power 
transformer, the cases, causes, and evaluation of centralized and local methods of improving the 
quality indicators of electricity at the entrance of consumers were analyzed and the following 
conclusions were drawn. [6]: 

- the following are the conditions that cause voltage fluctuations in the power transmission 
line: 

- installed voltage deviation 
- voltage change (voltage change doze)  
- flicker doze (meridation) 
- voltage nonsinusoidal coefficient 
- odd (even) order nth harmonic voltage forming coefficient 
- the inverse sequence coefficient of the voltage 
- zero sequence coefficient of voltage 
- the duration of the voltage drop 
- impulse voltage 
- temporary overvoltage coefficient 
 -  frequency deviation 
When sufficient information was studied on the methods of voltage adjustment, it was found 

that each method has its own disadvantages. It is advisable to use the straightening device that 
needs to be installed based on its economic efficiency. 

Conclusion 
In conclusion, it can be said that power transformers are considered as the main electrical 

device in the transmission and distribution of electricity, and ensuring its reliable and long-term 
operation is one of the urgent problems today. One of the abnormal modes in power transmission 
lines, the increase of the voltage in the line from the specified norm increases the operating current 
in the power transformers. As we have seen above, this is one of the main reasons for damage and 
wear of the internal insulation of the transformer. Such a long-lasting condition on the line will 
negatively affect the service life of the transformer and its efficiency. It is advisable to prevent 
deviation of the voltage in the line from the norm, and if it occurs, take measures to eliminate it 
immediately. 
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TERMIZ SHAHAR YO8LOVCHI TASHISH TRANSPORT TIZIMINI LOYIHALASHDA 
YO8LOVCHILAR OQIMIGA TA9SIR ETUVCHI OMILLAR VA ULARNING HARKAT 

XAVFSIZLIGIGA TA9SIRI. 
Komilov A.L. (TMTI) 

Yo8lovchi tashish shahar hayotini qo8llab-quvvatlashning yeng muhim tarmoqlaridan biri 
bo8lib, uning faoliyati aholi hayotining sifatini, shahar iqtisodiyot tarmoqlarining samaradorligini va 
shaharsozlik va ijtimoiy-iqtisodiy salohiyatidan foydalanish imkoniyatini belgilaydi. Hozirgi kunda 
shaharlarning tez sur`atlar bilan rivojlanishi obodonlashtirish ishlarining yanada yaxshilanishi va 
shahar aholisi sonining oshib borishi bilan baholanadi. 
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Shahar aholisiga tezkor va yuqori sifatli transport xizmatini ko`rsatish shahar yo8lovchi 
transportini yanada rivojlantirish, yo8lovchi tashishning yanada yangi va samarali yo8llarini ishlab 
chiqishni taqozo etadi. 

Shaxar transport tarmog8ida avtobuslarda tashishni tashkil etish va o8ziga xos xususiyatlarga 
egaligini ta`minlshdan iboratddir. Ta9kidlash joizki shaharlarda yo8lovchi tashish jarayonlarini 
boshqarishning murakkabligi 3 tashish sharoiti va  tashish oqimlarining shakllanishidagi 
noaniqliklar hisoblanadi. Yo8lovchi oqimi kattaligiga ta9sir etuvchi ko8pchilik omillarni ta9siri vaqt 
mobaynida o8zgarib turuvchi va ehtimoliy xarakterga ega bo8ladi. Ularning yo8lovchi oqimi xajmini 
shakllanishidagi ta9sirlarini dinamik va murakkab xarakteri yo8lovchilar tashish sharoitining 
noaniqliklariga olib keluvchi asosiy holatdir.  Yo8lovchi oqimlari shakllanishiga kun vaqtlari, 
haftaning kunlari va yil mavsumlari ham ta9sir etadi. Shahar aholisiga transport xizmati ko8rsatish 
sifati va miqdori quyidagi to8rt guruhga oid omillar bilan xarakterlanadi:  

1) shahar aholisining transport (tashish) xizmatiga bo8lgan ehtiyojlariga bog8liq ravishda 
shakllanuvchi yo8lovchi oqimlari parametrlari;  

2) transport xizmati bozorida yo8lovchi tashuvchi tashkilotlar faoliyatini xarakterlovchi 
parametrlar;  

3) shahar transport infratuzilmasi (avtomobil, tramvay, trolleybus, metropoliten yo8llari va 
transport tarmog8i, to8xtash bekatlari va stansiyalari);  

4) tashqi muhit ta9siri.  
Yo8lovchi tashish transporti tizimining samarali faoliyatini ta9minlash uchun birinchi 

navbatda aholining transport ehtiyojlaridan kelib chiquvchi tashishga bo8lgan talablar hajmi haqida 
ma9lumotlarga ega bo8lish lozim. Tashishga bo8lgan talab taklifni keltirib chiqaradi, talab va taklif 
o8rtasidagi nisbat esa transport xizmati bozoridagi holatni belgilaydi.  

Shahar yo8lovchi transporti xizmatiga bo8lgan talab yo8lovchi oqimlarini o8rganish va tahlil 
etish asosida baholanishi mumkin. Oqimlarni o8rganish ma9lum darajada aholining shahar 
territoriyasining turli hududiy rayon, maydon va manzillariaro harakatlanishi (korrespondensiyasi) 
haqida ham ma9lumotlar berishi mumkin. Oqimlar yo8lovchilarning shahar hududida 
xarakatlanishiga bo8lgan ehtiyojidan kelib chiqadi. 

Yo8lovchilar harakatlanishini ikkita turga bo8lish mumkin: 
1) yo8nalishlardagi harakatlanish (korrespondensiya); 
2) tarmoqdagi harakatlanish. 
Hozirgi paytda yo8lovchi oqimlarini kuzatish va tahlil etishning ko8plab usullari mavjud 

bo8lsa ham, quyidagi ikki kamchilik ularni barchasiga xosdir: 
1) yo8lovchi oqimlarini o8rganish shaharning ma9lum hududida ma9lum vaqt intervalida 

o8tkaziladi, ammo bunda olingan natijalar butun shaharga umumlashtiriladi va barcha vaqt 
intervallari uchun foydalaniladi;  

2) o8rganilgan holat o8tmishga tegishli bo8ladi, ammo uning natijalaridan kelajakdagi 
echimlar uchun foydalaniladi. Boshqacha aytganda, o8rganilgan yo8lovchi oqimi 3tashishga bo8lgan 
o8tmishdagi talabning amalda bajarilishi natijasi bo8lib, kelajakda kutilayotgan oqim undan farqli 
bo8lishi mumkin; 

3) oqimlarni o8rganish va tahlil etish juda katta hajmdagi mehnat sig8imini (minglab odam-
soat) talab etuvchi tadbir bo8lib, bunda juda katta xarajatlar lozim bo8ladi.  

Masalani istiqbolda kutilayotgan tashish xajmining shahar aholisi harakatlanishini yuzaga 
keltiruvchi omillar bilan bog8lanishini aks ettiruvchi matematik modellar orqali hal etish mumkin. 
Bunda yo8lovchi oqimlarining istiqboldagi kattaliklarini aniqlashda aholining transport 
harakatchanligini shakllantiruvchi quyidagi guruhga oid omillarini hisobga olish muhim (1 rasm):  

Birinchi guruh omillari yo8lovchi tashish sharoitini xarakterlashga imkon beradi: shahar 
plani va planirovkasi; aholi yashash massivlari, madaniy dam olish joylari, savdo-sotiq markazlari 
va sanoat korxonalari, dala hovlilarning joylashuvi; yo8l tarmog8i va infratuzilmasi joylashuvi; 
ko8rilayotgan vaqt-mavsum, oy, hafta kunlari, kun soatlari va sh.k.  

Ikkinchi guruh omillari aholining yo8lovchi tashishga bo8lgan talabini xarakterlaydi. 
Mazkur talabning segmentlashtirilishi (guruhlarga bo8linishi) shahar aholisining ijtimoiy va kasbiy 
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tarkibiga bog8liq. Bu esa ko8p jihatdan ularning transport yo8lkira narxi, harakatlanish tezligi, 
qulayligiga, ishonchli va xavfsizligiga bo8lgan talablariga bog8liq. Yo8lovchilarning shahar 
transportiga bo8lgan talablarini guruhlashtirish ko8rsatkichi ular harakatlanishiga sarf bo8layotgan 
vaqtning ijtimoiy-iqtisodiy bahosi bo8lishi mumkin.  

Uchinchi guruh omillari shahar yo8lovchi transportiga doir raqobat muhiti bilan izohlanadi. 
Shahar transport xizmat bozorida turli tashkilot va mulkchilik shakliga ega tashuvchilar ishtirok 
etadi: aksiyadorlik jamiyatlari, mas9uliyati cheklangan jamiyatlar yoki xususiy tadbirkorlar va sh.k.  

1-rasm. Aholi harakatchanligini shakllantiruvchi omillar. 
Shahar yo8lovchi tashuvchilarining faoliyati amaldagi huquqiy- me9yoriy qoidalar doirasida 

hamda shahar hokimiyati organlari nazorati va ta9sirida amalga oshiriladi.  
Yo8lovchilar oqimi shakllanishiga bir guruh omillarning ta9sir etish mexanizmini yaqqol 

tasavvur etish va formallashtirish mumkin. Masalan, aholi yashovchi rayonning bu joydan 
shakllanayotgan yo8lovchi oqimiga ta9sirini mazkur zonada yashovchi aholi zichligi bilan 
xarakterlash mumkin. Biror-bir shahar zonasi qabul qilayotgan yo8lovchi oqimini esa shu zonada 
joylashgan korxonalarga ishga keluvchi odamlar soni bilan belgilash kerak. Boshqa bir guruh 
omillar ta9sirini modellashtirish mumkin, deb hisoblansada, bu ancha murakkabdir: masalan, 
aholining shaxsiy avtomobillar bilan ta9minlanganlik darajasi ta9sirini qanday modellashtirish 
mumkin?. Umumiy qonuniyat tushunarli: shaxsiy transport bilan ta9minlanganlik darajasi qancha 
yuqori bo8lsa, jamoat transportidan foydalanuvchi yo8lovchilar oqimining ulushi shunchalik past 
bo8lishi mumkin. Ammo bunday bog8lanishni buzuvchi ko8plab omillarni ko8rsatish mumkin: 
masalan, avtomobil yonilg8isining qimmatlashuvi, avtomobil-texnik holatini talab darajasida ushlab 
turish xarajatlarining oshishi, jamoat transportidan foydalanishning arzonligi va qulayligi va 
hokazo. 

Bir guruh omillar ta9sirini miqdoriy modellashtirish nihoyatda murakkab, ularning ta9sirini 
faqat ekspertlar bahosi orqali hisobga olish mumkin. Masalan, beg8ubor havo shahar aholisini 
shahar atrofidagi dam olish maskanlariga chorlashi ko8paytirishi yoki shaxsiy kompyuterlarning 
ko8payishi <Internet= kafelariga borib-keluvchilarni kamaytirishi va sh.k. Bo8sh vaqt ko8payishi, 
albatta, aholining transport harakatchanligini bir muncha oshirishi mumkin, ammo bunday holatni 
formal ifodalash nihoyatda qiyin. Ma9lum mikrohudud aholisining madaniy hordiq bilan bog8liq 
yurishlarini ham modellashtirish mushkul, chunki ular turli sabablar bilan bog8liq: ba9zi oilalar 
sirkka borishadi, boshqalari filarmoniyaga, ayrimlari mehmonga yoki konsertga. Bir guruh omillar 
yo8lovchi oqimi hajmining keskin oshib ketishiga olib keladi: agar uzoq davom etgan 
yog8ingarchilikdan so8ng havo ochilib ketsa, shahar tashqarisiga boruvchi yo8lovchilar oqimi oshib 
ketadi, agar taniqli san9atkorning bir necha kunlik konserti rejalashtirilsa, unda konsert zaliga 
ma9lum vaqt oralig8ida kelib-ketuvchi yo8lovchilar oqimi ko8payadi. Yo8lovchi tashish sohasidagi 
logistik axborot tizimlari samaradorligi shahar aholisiga xizmat ko8rsatish holatlariga bog8liq. Shu 
tufayli shahar yo8lovchi tashish holatlarining aniq guruhlashtirilishi nihoyatda muhim. Bunday 
guruhlashtirish asosida <yo8lovchi harakati maqsadi= qo8yilish lozim. Ammo bunda mazkur 
harakatning qanday holatda (ixtiyoriy yoki majburiy) amalga oshirilishini ham hisobga olish zarur. 
Aholining ixtiyoriy harakanchanligi uning bo8sh vaqtlarida amalga oshiriladigan harakatlari bilan, 

�holi harakatchanligini shakllantiruvchi omillar 

1-guruh: Yo¾lovchi tashish sharoitini 
xarakterlovchi omillar 

 

2- guruh: Aholining tashishga bo¾lgan 
ehtiyoji va talabini shakllantiruvchi omillar 

3-guruh: Shahar yo¾lovchi transporti tizimini shakllantiruvchi transport 
guruhlari o¾rtasidagi raqobat muhiti 
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majburiysi esa unga yuklatilgan ijtimoiy-iqtisodiy vazifalarni bajarish uchun amalga oshirilayotgan 
harakatlar (ishga, o8qishga borish va qaytish, xizmat safariga borib-kelish bilan bog8liq. 

Xulosa 
Xulosa qilib aytganda iaharda yo8lovchi transportida tashish jarayonlarini boshqarish 3 

yo8lovchi oqimlarini va tegishli axborotlarni jo8natuvchi manzildan etib borish manziligacha 
etkazishni samarali rejalashtirish va boshqarish asosida aholining harakatlanishga bo8lgan ehtiyojini 
samarali qondirishdan iborat. Ko8rsatilishi rejalashtirilayotgan transport xizmatining maqsadi, 
vazifalari va ko8rsatkichlari aholining tashishga bo8lgan ana shu ehtiyojlari bilan aniqlanadi. 
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Introduction 
The complication of modern electrical systems, the introduction of digital and logical control 
devices into their composition requires refined and in-depth studies of the modes of electrical 
systems. This problem can be successfully solved by matrix methods. The article proposes a matrix 
model of the electrical system, resolved on the basis of the absolute angles of the generators, which 
emphasizes the relevance of the task and the method for solving it. 

Mathematical model of transient processes in a complex electrical system 
This model describes the transient process in the electrical system, taking into account the 

balance of moments (powers) on the shaft of the i-th unit of the electric power system (EPS) and 
has the form [1]: 

2
0

2
[ ],

ô ÷
ý ýi

&i Gi
ji

d
P P

dt T
             (1) 

where ÷0 3 synchronous corner frequency; 
i Ti Gi,  , P , P  ô ýjiT  constant of inertia of the i-th unit, load 

angle of the i-th generator, mechanical power of the i-th turbine, electromagnetic power of the i-th 
synchronous generator, respectively. 

The electromagnetic power equation of the i-th synchronous generator in positional 
idealization has the form [1]: 

2
1

1,

sin sin( ),ñ ô ñ
ý ù

ý û ýõ
n

Gi ii ii i j ij ij ij
j j i

P E y E E y          (2) 

where Ei, Ej 3 emf i-th and j-th synchronous generators; yii, yij are intrinsic and mutual 
conductivities of the network; ñii, ñij are complementary angles. 

Equation (2) is non-linear, since the components of the equation are transcendental, in the 
form of a sinusoidal function. Therefore, when studying small fluctuations of the EPS, expansions 
in the Taylor series and some trigonometric relations are used, which allow linearizing the nonlinear 
differential equation of the unit (2) at the starting point of the P0 mode (P - mode parameter: power, 
voltage, etc.), which simplify the study of the static electrical system stability. The method of small 
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fluctuations used in this case is based on the assumption that the regime parameters that receive 
deviations P=P0ñôP for small disturbances in the electrical system change by small values [2]. 

Transcendental functions are linearized using the following relations for any i and j: 

0 0,  ,  ,

,

ô ô ô ô ô ô ô ô ô

ô ô

ý ý ý û ô ý û ô

ý ý
ij i j i i i j j j

ij ij

          (3) 

and beyond     

0 0
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cos cos sin ,
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ô ô ô ô ñ

ô ò ô ò ò

ý ý û ô ý û ô ý ý

ý ô ý ô û ý ý ý

ý ô ý ô û

ij ij i i j j ij

i j i j ij
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       (4) 

where 0 0 .ò ô ô ñý ý ýij i j ij  

It should be noted that when deriving formula (4), the following obvious relations were used: 
sin( ) ( )  cos( ) 1,ô ô ô ô ô ôô ý ô ð ô ý ô ô ý ô ði j i j i j<  

valid for small deviations of generator load angles. 
After transformations (2), taking into account (3), (4), equation (1) will take the form:   

2
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dt T
       (5) 

and taking into account the parameters of the initial mode and the ratio 0i i iô ô ôý ýô , finally leads to 

a differential equation in deviations: 
2
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where:  
ij i j ij ii ij

1, 1,
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In the case of taking into account the damper circuits of the rotor of the i-th synchronous 
generator, equation (6) takes the form: 

2
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ô ÷ ô

ô ô
ý ù

ô
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d d
b b P

dt T dt
          (7) 

where $di 3 coefficient of the generalized damping moment of the i-th generator. 
In the case of taking into account the emf deviation. i-th synchronous generator equation (7) 

takes the form [2]:      
2
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A feature of equation (8) is that it is resolved with respect to the absolute angles of the 
generators of the system and, for ehample, for a three-generator electrical system has the form [2]: 
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The equations of electromagnetic transients in the excitation circuit of the i-th synchronous 
machine in deviations have the form [1,2,4]: 

' ,
ô

ý ô ý ôqi
di qi qei

d E
T E E

dt
             (10) 
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where ' ,  ,  di ei piT T T - transient time constant of the excitation winding, time constants of the exciter, 

automatic excitation controller (AEC), respectively; ,  ,   - ô ô ôqi qei AECiE E U  deviations of synchronous, 

forced emf. and voltage at the output of the automatic excitation controller, respectively. The 
formation of signals through the channels of the AEC in an idealized form (provided that the 
constant times of the differentiating elements of the AEC are considered equal to zero) can be 
represented as [5]:  

2
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where k0Pk, k1Pk, k2Pk are the gain coefficients of the AEC for the deviation channels, the first and 
second derivatives of the mode parameters ôPk, respectively, k is the number of adjustable mode 
parameters. 

The advantage of equations (7) and (8) is their dependence on deviations of the absolute load 
angles of generators (ôôi), rather than relative angles (ôôij), which provides computational 
convenience, since these equations can be joined with the nodal voltage equations, whose solutions 
give the values of absolute angles [4]. 

With small perturbations of the mode parameters, after the corresponding transformations (1)-
(13), it is possible to obtain a generalized block matrix �ó of size (4nx4n) for the dynamics of an 
electrical system with n generators having AEC in the form: 
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A A A
A

A A

A A A

          (14) 

The components of the matrix A£ are defined in [2]. 
In this case, the column vector of the state parameters, containing the parameters of the 

electrical system mode, has the form: 

1 1 1 1[ ...   ...   ...   ... ] .ô ô ô ôý ô ô ô ô ô ô ô ô& & & & & &M M M
T

n n q qn qe qenx E E E E       (15) 

For example, for a three-generator EPS (Fig. 1), assuming that AEC responds to voltage and 
load angle deviations of generators (ôôi, ôUGi), as well as their first derivatives ( ,  ôô ô& &

i GiU ),  

 
Fig.1. Scheme of a three-generator electrical system. 

the output equation of the automatic excitation controller for the i-th generator has the form:    

0 1 0 1 ,ô ô

ô
ô

ô ô
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AECi Gi i Gi UGi Gi UGi

d d U
U k k k U k

dt dt
      (16) 

where i=1÷3, and the time constant of the automatic controller is not taken into account 
(Tpi=0). In this case, the matrix A£ takes the form [2]: 
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The column vector of the state space of the EPS mode parameters:  

1 2 3 1 2 3 1 2 3 1 2 3[            ] .ô ô ô ô ô ôý ô ô ô ô ô ô ô ô ô ô ô ô& & & & & & & & & T
q q q qe qe qex E E E E E E  

As you can see, the generalized matrix A3 of the dynamics of the electrical system, consisting 
of 3 generators, is formed from the parameters of the system mode and automatic control of the 
excitation of machines, therefore it fully characterizes the transient processes in this EPS. Matrix A3 
is rather sparse, which is also typical for a complex system containing n generators, so this fact 
determines the computational advantages of the proposed mathematical model in computational and 
experimental studies of EPS. 

As an ehample, consider the matrix (17) of the self-dynamics of a three-generator electrical 
system A3, with the amplification factor of the AEC of the first generator k0·1=18.75 units, 
k1·1=3.75 units, time constant Te1=0.5s. and disconnected AEC channels of the remaining 
generators. The calculation result is shown below. 

3

         0              0               0               1         0         0         0           0              0            0         0           0

         0              0               0       

A ý

        0         1         0         0           0              0            0         0           0
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The spectrum of the intrinsic dynamics matrix of the three-generator EPS A3 for the selected 
mode and system parameters are: -0.0012±17.9944i; -0.0001±11.9462i; 4.1082; -4.0995; -1.9571; 
1.2009; 1.4286; 1.6667; -2.5; -2.2222 and its 3D visualization is shown in Fig.2. The electrical 
system is unstable. Turning on the AEC of other generators by the deviation and the first derivative 
of the angle and voltage of the generators will ensure the stability of the system under study. 

 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

101 

-20

0

20

-30

-20

-10

0

10

20

30

-0.5

0

0.5

Real

Imag

lo
g

1
0
(r

e
s
o
lv

e
n
t 

n
o
rm

)

 
Fig.2. 3D visualization of the spectrum of a three-generator electrical system with a Hurwitz 

matrix A3. 
Conclusions 

The dynamic properties of complex electrical systems can differ significantly from the 
properties of simple EPS, which is confirmed by numerous full-scale and model experiments and 
computational and experimental studies [3, 4]. In a multi-machine electrical system, the choice of 
parameters for control devices is much more difficult than in the simplest EPS. Therefore, as a rule, 
in the case of a multi-machine EPS, one generator or one station is considered to be regulated and 
the parameters of their AEC are determined based on the task - to ensure equal attenuation, the 
required stability factor, etc., and the parameters of the AEC of generators of other stations are 
selected from the need to ensure stability of the entire system and damping of possible fluctuations 
in the mode parameters. Therefore, the introduction of AEC of other generators requires additional 
research on the choice of control parameters (synthesis), which is the subject of further research. 
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QAYTA TIKLANUVCHI ENERGIYA MANBALARI 
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O8rinov Asadbek Yursinaliyevich, Farg8ona politexnika instituti talabasi 
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Annotatsiya: Muallif ushbu maqolada qayta tiklanadigan energiya manbalari hamda ushbu 
texnologiyalar tufayli iqlim o8zgarishlarini keskinlashishini oldini olish va tabiiy boyliklarni 
tejashga qaratilgan. Bu sohada amalga oshirilayotgan va oshirilishi mumkin bo8lgan ishlar 
kelajakda ro8y beradigan iqlim bilan bog8liq bo8ladigan o8zgarishlarni qandayligini oldindan taxmin 
qilish imkonini beradi. 

Kalit so8zlar: Qayta tiklanuvchi energiya manbalari, Gidroenergetika, Shamol, Biomassa, 
Geotermal, Quyosh energiyasi. 

Iqlim o8zgarishi haqidagi har qanday munozarada qayta tiklanadigan energiya odatda 
haroratning ko8tarilishining eng yomon oqibatlarini bartaraf etish uchun dunyoda amalga oshirishi 
mumkin bo8lgan o8zgarishlar ro8yxatida birinchi o8rinda turadi. Buning sababi quyosh va shamol 
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kabi qayta tiklanadigan energiya manbalari global isishga hissa qo8shadigan karbonat angidrid va 
boshqa issiqxona gazlarini chiqarmaydi. 

Rivojlanayotgan sektor ish o8rinlarini yaratadi, elektr tarmoqlarini mustahkam qiladi, 
rivojlanayotgan mamlakatlarda energiyadan foydalanish imkoniyatini kengaytiradi va energiya 
to8lovlarini kamaytirishga yordam beradi. Bu omillarning barchasi so8nggi yillarda qayta 
tiklanadigan energiya manbalarining tiklanishiga hissa qo8shdi, shamol va quyosh elektr energiyasi 
ishlab chiqarish bo8yicha yangi rekordlarni o8rnatdi.  

Oxirgi 150 yil davomida odamlar elektr lampochkalaridan tortib avtomobillargacha, 
fabrikalargacha ko8mir, neft va boshqa qazilma yoqilg8ilarga tayangan. Fotoalbom yoqilg8ilar 
deyarli hamma narsamizga kiritilgan va buning natijasida bu yoqilg8ilarning yonishi natijasida 
ajralib chiqadigan issiqxona gazlari tarixan yuqori darajaga etgan. 

Issiqxona gazlari atmosferada issiqlikni ushlab turadi, aks holda kosmosga chiqadi, sirtdagi 
o8rtacha harorat ko8tariladi. Iqlim o8zgarishi nafaqat o8rtacha haroratning ko8tarilishi, balki 
ekstremal ob-havo hodisalari, yovvoyi hayvonlar populyatsiyasi va yashash joylarining o8zgarishi, 
dengizlarning ko8tarilishi va boshqa bir qator ta'sirlarni ham qamrab oladi. 

Albatta, qayta tiklanadigan manbalar, har qanday energiya manbalari singari, o8zlarining 
kelishuvlari va ular bilan bog8liq munozaralarga ega. Ulardan biri qayta tiklanadigan energiya 
ta'rifiga qaratilgan. Qat'iy aytganda, qayta tiklanadigan energiya - bu siz o8ylashingiz mumkin 
bo8lgan narsa: doimiy mavjud yoki Amerika Qo8shma Shtatlari Energetika ma'lumotlari 
ma'muriyati aytganidek, "deyarli tugamaydigan". Ammo makkajo8xori asosidagi etanol yoki yirik 
gidroenergetika to8g8onlarining muxoliflari ko8pincha "qayta tiklanadigan" barqaror degani emas. 
Shuningdek, u energiya samaradorligi va atom energiyasini o8z ichiga olgan o8z himoyachilariga 
ega bo8lgan boshqa past yoki nol emissiya resurslarini qamrab olmaydi. 

Qayta tiklanuvchi energiya manbalarining turlari 
Gidroenergetika: Asrlar davomida odamlar daryo oqimlarining energiyasidan foydalanib, suv 

oqimini nazorat qilish uchun to8g8onlardan foydalanganlar. Gidroenergetika dunyodagi qayta 
tiklanadigan energiyaning eng katta manbai bo8lib, Xitoy, Braziliya, Kanada, AQSh va Rossiya 
yetakchi gidroenergetika ishlab chiqaruvchilari hisoblanadi. Gidroenergetika nazariy jihatdan 
yomg8ir va qor bilan to8ldiriladigan toza energiya manbai bo8lsa-da, uning bir qancha kamchiliklari 
ham bor. 

Katta to8g8onlar daryo ekotizimlarini va uning atrofidagi jamoalarni buzishi, yovvoyi tabiatga 
zarar yetkazishi va aholini ko8chirishi mumkin. Gidroenergetika ishlab chiqarish quvvatini 
pasaytirishi va uskunaga zarar yetkazishi mumkin bo8lgan loy to8planishiga moyil. Qurg8oqchilik 
ham muammolarni keltirib chiqarishi mumkin. 2018 yilgi tadqiqotga ko8ra, AQShning g8arbiy 
qismida 15 yil davomida karbonat angidrid chiqindilari odatdagi yog8ingarchilik darajasidan 100 
megatonga yuqori bo8lgan, chunki kommunal xizmatlar qurg8oqchilik tufayli yo8qolgan 
gidroenergetika o8rnini ko8mir va gazga aylantirgan. Hatto to8liq quvvat bilan ishlaydigan 
gidroenergetika ham o8zining emissiya muammolariga duch keladi, chunki suv omborlarida 
parchalanadigan organik moddalar metanni chiqaradi. 

To8g8onlar suvdan elektr energiyasi uchun foydalanishning yagona yo8li emas: butun dunyo 
bo8ylab to8lqinli va to8lqinli energiya loyihalari okeanning tabiiy ritmini tortib olishga qaratilgan. 
Dengiz energetikasi loyihalari hozirda taxminan 500 megavatt quvvat ishlab chiqaradi, bu barcha 
qayta tiklanadigan manbalarning bir foizidan kamrog8i, ammo salohiyat ancha katta. 
Shotlandiyaning Saltire mukofoti kabi dasturlar bu sohada innovatsiyalarni rag8batlantirdi. 

Shamol: Shamoldan energiya manbai sifatida foydalanish 7000 yildan ko8proq vaqt oldin 
boshlangan. Hozirgi vaqtda elektr energiyasi ishlab chiqaruvchi shamol turbinalari butun dunyo 
bo8ylab ko8paymoqda va Xitoy, AQSh va Germaniya shamol energiyasini ishlab chiqarish bo8yicha 
dunyodagi yetakchi hisoblanadi. 2001 yildan 2017 yilgacha butun dunyo bo8ylab jami shamol 
quvvati 23 900 megavattdan 539 000 megavattgacha oshdi - 22 baravardan ko8proq. 

Ba'zi odamlar shamol turbinalarining ufqda qanday ko8rinishi va ular qanday ovoz 
chiqarishiga e'tiroz bildirishi mumkin, ammo narxlari pasayib borayotgan shamol energiyasi juda 
qimmatli manba ekanligini inkor etish uchun. Shamol energiyasining aksariyati quruqlikdagi 
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turbinalardan olinadigan bo8lsa-da, dengizdagi loyihalar ham paydo bo8lmoqda, ularning aksariyati 
Buyuk Britaniya va Germaniyada. AQShning birinchi offshor shamol stansiyasi 2016-yilda Rod-
Aylendda ochilgan va boshqa offshor loyihalari jadal rivojlanmoqda. Shamol turbinalari bilan 
bog8liq yana bir muammo shundaki, ular qushlar va yarasalar uchun xavfli bo8lib, har yili yuz 
minglab odamlarni o8ldiradi, shisha to8qnashuvi va yashash joylarini yo8qotish va invaziv turlar 
kabi boshqa tahdidlar tufayli emas, balki muhandislar buni hal qilish uchun echimlar ustida 
ishlamoqda. ular yovvoyi tabiatni uchish uchun xavfsizroq. 

Quyosh energiyasi: Uy tomlaridan tortib kommunal miqyosdagi fermalarga qadar quyosh 
energiyasi butun dunyodagi energiya bozorlarini qayta shakllantirmoqda. 2007 yildan 2017 
yilgacha bo8lgan o8n yil ichida dunyoda fotovoltaik panellardan o8rnatilgan umumiy energiya 
quvvati 4300 foizga oshdi. 

Quyosh nurini elektr energiyasiga aylantiruvchi quyosh panellaridan tashqari, quyosh 
energiyasini konsentratsiyalash (CSP) zavodlari quyosh issiqligini to8plash uchun ko8zgulardan 
foydalanadi va buning o8rniga issiqlik energiyasini oladi. Xitoy, Yaponiya va AQSh quyosh 
transformatsiyasida yetakchilik qilmoqda, biroq quyosh hali ko8p yo8l bosib o8tishi kerak, bu 2017-
yilda AQShda ishlab chiqarilgan umumiy elektr energiyasining atigi ikki foizini tashkil etadi. 
Quyosh issiqlik energiyasi butun dunyo bo8ylab issiq energiya uchun ham qo8llaniladi suv, isitish 
va sovutish. 

 Biomassa: Biomassa energiyasiga etanol va biodizel, yog8och, yog8och chiqindilari, 
poligonlardagi biogaz va qattiq maishiy chiqindilar kabi bioyoqilg8i kiradi. Quyosh energiyasi 
singari, biomassa moslashuvchan energiya manbai bo8lib, transport vositalarini yonilg8i bilan 
ta'minlash, binolarni isitish va elektr energiyasini ishlab chiqarishga qodir. Ammo biomassa jiddiy 
muammolarni keltirib chiqarishi mumkin. 

Misol uchun, makkajo8xori asosidagi etanolning tanqidchilari, u makkajo8xori uchun oziq-
ovqat bozori bilan raqobatlashadi va zaharli suv o8tlarining gullashiga va boshqa ekologik xavflarga 
olib kelgan bir xil zararli qishloq xo8jaligi amaliyotlarini qo8llab-quvvatlaydi. Xuddi shunday, 
AQSh o8rmonlaridan yog8och granulalarini elektr energiyasi uchun yoqish uchun Evropaga 
jo8natish yaxshimi yoki yo8qmi, degan bahs-munozaralar avj oldi. Shu bilan birga, olimlar va 
kompaniyalar makkajo8xori pechini, oqava suv loyini va boshqa biomassa manbalarini energiyaga 
samarali aylantirish yo8llari ustida ishlamoqda, aks holda chiqindiga ketadigan materiallardan 
qiymat olishni maqsad qilgan. 

Geotermal: Ba'zi mamlakatlarda ming yillar davomida pishirish va isitish uchun 
foydalaniladi, geotermal energiya Yerning ichki issiqligidan olinadi. Katta miqyosda bug8 va issiq 
suvning yer osti suv havzalarini elektr energiyasini ishlab chiqarish uchun ikki kilometr yoki undan 
ko8proq chuqurlikka boradigan quduqlar orqali olish mumkin. Kichikroq miqyosda ba'zi binolarda 
isitish va sovutish uchun yerdan bir necha metr past harorat farqlaridan foydalanadigan geotermal 
issiqlik nasoslari mavjud. Quyosh va shamol energiyasidan farqli o8laroq, geotermal energiya har 
doim mavjud, ammo u boshqarilishi kerak bo8lgan yon ta'sirga ega, masalan, chiqarilgan vodorod 
sulfidiga hamroh bo8lishi mumkin bo8lgan chirigan tuxum hidi. 

Qayta tiklanadigan energiya manbalarini ko8paytirish yo8llari 
Dunyo bo8ylab shaharlar, shtatlar va federal hukumatlar qayta tiklanadigan energiya 

manbalarini ko8paytirishga qaratilgan siyosatni o8rnatmoqda. Kamida 29 AQSh shtatlari qayta 
tiklanadigan manbalar portfelining standartlarini o8rnatdilar - qayta tiklanadigan manbalardan 
energiyaning ma'lum foizini talab qiladigan siyosat. Dunyo bo8ylab 100 dan ortiq shaharlar 
energiyaning kamida 70 foizini qayta tiklanadigan manbalardan olishlari bilan maqtanayapti, 
qolganlari esa 100 foizga erishish majburiyatini olmoqda. Qayta tiklanadigan energiya 
manbalarining o8sishini rag8batlantirishi mumkin bo8lgan boshqa siyosatlarga uglerod narxlari, 
yoqilg8i tejash standartlari va qurilish samaradorligi standartlari kiradi. Korporatsiyalar ham 2018-
yilda rekord miqdorda qayta tiklanadigan energiya sotib olib, o8zgarishlar qilmoqda. Bu ko8rinish 
shu yerda bayon etilgan va uning tahlili tanqidchilardan xoli bo8lmasa-da, u hozir dunyo hisoblashi 
kerak bo8lgan haqiqatni aniqlaydi. Iqlim o8zgarishisiz ham, qazib olinadigan yoqilg8i cheklangan 
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resursdir va agar biz sayyoradagi ijaramiz yangilanishini istasak, energiyamiz qayta tiklanadigan 
bo8lishi kerak. 
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>>F>D>< 5O?< 5O 6>7<>6=>EFL D57G?<D>64=<O M=5D75F<G5E><E ?>>474F5?5=. � ?D>F5EE5 
D45>FO F5E=>?>7<G5E>>7> >5>DG4>64=<O, 6 >E>55==>EF< ?D< D45>F5 EF4=>4 <<5NFEO D56<<O 
D45>FO E =5?>?=>= =47DG7>>=, F5E=>?>7<G5E><5 ?4G7O 6> 6D5<O E<5=O 45F4?5= < 4DG7<5 
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?D<G<=O. �4 MF> 6D5<O M?5>FD>?D<6>4O EF4=>4 < 6E?><>74F5?L=>= GEF4=>6>< D45>F4NF E 
=><<=4?L=O< =4?DO65=<5< E5F<, 4 D56<< E>?>EF>7> E>44 < GD>65=L 747DG65==>EF< =5 
>>=FD>?<DG5FEO.  

� E>>F65FEF6<< E =4>>??5==O< ?D><76>4EF65==O< >?OF><, =4<< ?D54?>65=4 E<EF5<4 
G?D46?5=<O M?5>FD>?D<6>44 D>D<4F=>-D4E>D>5G=>7> EF4=>4, >55E?5G<64NM<= 
M=5D7>MDD5>F<6=O= D56<< D45>FO. � 44==>= D45>F5 =5D57G?<DG5<O= M?5>FD>?D<6>4 
D>D<4F=>-D4E>D>5G=>7> EF4=>4 74<5=5= =4 D57G?<DG5<O= 4E<=ED>==O= M?5>FD>?D<6>4 E 
G4F>F=O< G?D46?5=<5<. 

�E=>6=4O G4EFL 
�E=>6=O5 74>>=O D57G?<D>64=<O E>>D>EF< 4E<=ED>==>7> 46<74F5?O >?4EE4   ?D< 

?<F4=<< 57> >F <=65DF>D4 =4?DO65=<O 5O?< D4EE<>FD5=O 6 ?<F5D4FGD5 2.3.4. &5>D5F<G5E>< < 
?D4>F<G5E>< 4>>474=>, GF> 6 >?4EE5 74>>=>6   =56>7<>6=> >4=>6D5<5==> >55E?5G<FL 
G4>6?5F6>D<F5?L=O5 <5E4=<G5E><5 < M=5D75F<G5E><5 E4D4>F5D<EF<>< 6 L<D>>>< 4<4?47>=5 
E>>D>EF5= < <7<5=5=<O =47DG7><. �E=>6=4O ?D<G<=4 MF>7> 3 6>7D4EF4=<5 6?<O=<O 4>F<6=>7> 
E>?D>F<6?5=<O >5<>F>< EF4F>D4 ?D< E=<65=<< G4EF>FO ?<F4NM57> =4?DO65=<O. � 
4E<=ED>==OE G4EF>F=>-D57G?<DG5<OE M?5>FD>?D<6>44E E> E>4?OD=O< G?D46?5=<5<, >D><5 
74>>=>6 D57G?<D>64=<O >?4EE4  , ?>?GG<?< ?D<<5=5=<5 < 4DG7<5 74>>=O D57G?<D>64=<O. 
%E5<4 74<5M5=<O 4E<=ED>==>= <4L<=O, ?D<7>4=4O 4?O 4=4?<74 >4> GEF4=>6<6L<EEO, F4> < 
?5D5E>4=OE D56<<>6 D45>FO ?D< ?N5>= G4EF>F5  ?<F4NM57> =4?DO65=<O  >5<>F>> 
EF4F>D4, ?D<6545=4 =4 D<E. 1.  

 
$<E. 1. %E5<4 74<5M5=<O 4E<=ED>==>= <4L<=O 

6 GEF4=>6<6L5<EO D56<<5 ?D< G4EF>F=>< G?D46?5=<< 
 

� E>>F65FEF6<< E> EE5<>= 74<5M5=<O (D<E. 1) <>6=> 74?<E4FL E?54GNM<5 GD46=5=<O: 
     (1) 

   (2) 

 (3) 

&4><< >5D47><, >><?5=E<DGO ?445=<O =4?DO65=<O =4 E>?D>F<6?5=<OE , , 
 < , <>6=> ?>?GG<FL G4EF>F=O5 74>>=O D57G?<D>64=<O E>>D>EF< >?4EE>6  

, , . 

� E>>F65FEF6<< E GD46=5=<O<< <4F5<4F<G5E>>= <>45?< 4E<=ED>==>7> 46<74F5?O 6 
=5?>46<6=>= E<EF5<5 >>>D4<=4F, GE?>6<5 ?>445D64=<O ?>EF>O==>7> E>>F=>L5=<O <564G 
-�%  < G4EF>F>= =4?DO65=<O EF4F>D4  6 EF4F<>5 O6?O5FEO < GE?>6<5< EF45<?<74F<< 

?>F>>>EF5??5=<O EF4F>D4 . $57G?<D>64=<5 >?4EE4 , 3 MF> D57G?<D>64=<5 E ?>EF>O==O< 

?>F>>>EF5??5=<5< 6 6>74GL=>< 747>D5 , 4 D57G?<D>64=<5 >?4EE4  3 D57G?<D>64=<5 E 

?>EF>O==O< ?>F>>>EF5??5=<5< D>F>D4.  
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�E?< ?D< <7<5=5=<< =47DG7>< =4 64?G 46<74F5?O ?>445D6<64FL ?>EF>O==O<< 
E>>F65FEF6GNM<5 7=4G5=<O -�% ,  <?< , F> <5E4=<G5E><5 E4D4>F5D<EF<>< 
4E<=ED>==>7> 46<74F5?O ?>?GG4F 6<4, ?>>4 ?>>474==O= =4 D<E. 2. 
 

 
 
 
 
 
 
 
 
 
 
 

$<E. 2. �5E4=<G5E><5 E4D4>F5D<EF<>< 4E<=ED>==>7> 46<74F5?O 
?D< D47?<G=OE 74>>=4E D57G?<D>64=<O: 
  

 
�=4?<7 <5E4=<G5E><E E4D4>F5D<EF<>, ?D<6545==OE =4 D<E. 2, ?>>47O645F, GF> 4?O 

EF45<?<74F<< E>>D>EF< ?D< <7<5=5=<< =47DG7>< =4 64?G 46<74F5?O ?D54?>GF5=<5 E?54G5F 
>F4464FL <5F>4G D57G?<D>64=<O E  = const . �4=4>> F4>>5 D57G?<D>64=<5 ?D54?>?4745F 
?>6OL5=<5 =4?DO65=<O  ?> ED46=5=<N E =><<=4?L=O<  ?D< 6E5E 7=4G5=<OE =47DG7><, 
GF> 6 5>?LL<=EF65 E?GG456 ?D<6>4<F > =4EOM5=<N <47=<F=>= F5?< 4E<=ED>==>7> 46<74F5?O 
< 57> ?5D57D56G. �>MF><G =4 ?D4>F<>5 =4<5>?LL55 D4E?D>EFD4=5=<5 ?>?GG<?< F4><5 E?>E>5O 
G4EF>F=>7> D57G?<D>64=<O E>>D>EF<, >4>  ;  ;  . 

�D< D57G?<D>64=<< E>>D>EF< 6 >?4EE5 74>>=>6   =5>5E>4<<> ?>6OL4FL D47=>5 

=4?DO65=<5  F>?L>> =4 65?<G<=G ?445=<O =4?DO65=<O  =4 4>F<6=>< 
E>?D>F<6?5=<< >5<>F>< EF4F>D4, 4 E?>E>5 D57G?<D>64=<O E>>D>EF< 4E<=ED>==>7> 46<74F5?O 
?>?GG<? =4764=<5 3 G4EF>F=>5 D57G?<D>64=<5 E IR ->><?5=E4F<5=. $54?<74F<O G?D46?5=<O 
>><?5=E<DGNM57> ?445=<O =4?DO65=<O =4 4>F<6=>< E>?D>F<6?5=<< EF4F>D4 6>7<>6=4 >4> ?> 
>F>?>=5=<N, F4> < ?> 6>7<GM5=<N, E> E>4?OD=>= <?< 65>F>D=>= IR ->><?5=E4F<5=. 

�5F>4O. �D<<5=5=<5 G4EF>F=>7> G?D46?5=<O 4E<=ED>==O< M?5>FD>?D<6>4>< E> 
E>4?OD=>= IR->><?5=E4F<5= 

%FDG>FGD=4O EE5<4 E<EF5<O E>4?OD=>7> G4EF>F=>7> G?D46?5=<O E IR ->><?5=E4F<5= 
?D<6545=4 =4 D<E. 3. �444FG<> <=F5=E<6=>EF< �� D>D<<DG5F >D<6GN < F5<? D477>=4 
46<74F5?O. �D< 4<EF4=F<>==>< G?D46?5=<< M?5>FD>?D<6>4>< E<7=4?>< 7444=<O E>>D>EF< 
O6?O5FEO 7444NM55 =4?DO65=<5 . �<G E>>F65FEF6G5F 7444NM4O G4EF>F4  <5EF=>7> 
G?D46?5=<O, 6 MF>< E?GG45 G?D46?5=<5 ?GE>>< < >EF4=>6>< 46<74F5?O ?D><76>4<FEO E ?4=5?< 
G?D46?5=<O ?D5>5D47>64F5?O. �?>> ?D5>5D47>64F5?L G4EF>F43=4?DO65=<5 �'� D>D<<DG5F 
FD55G5<GN 746<E<<>EFL E>4?OD=>7> G?D46?5=<O <564G G4EF>F>= < =4?DO65=<5< 
?D5>5D47>64F5?O, G5< < GEF4=46?<645F >4<= <7 ?D<=OFOE E?>E>5>6 G4EF>F=>7> D57G?<D>64=<O 
E>>D>EF< >?4EE4  .  
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$<E. 3. %FDG>FGD=4O EE5<4 G4EF>F=>7> G?D46?5=<OE> E>4?OD=>= IR->><?5=E4F<5=. 

 
�D< E>4?OD=>= IR ->><?5=E4F<< E<7=4? G?D46?5=<O  O6?O5FEO EG<<>= E<7=4?>6 

D57G?<D>64=<O  < ?>?>6<F5?L=>= >5D4F=>= E6O7< ?> F>>G : 

, (4) 

745  3 >>MDD<F<5=F ?>?>6<F5?L=>= >5D4F=>= E6O7< ?> F>>G;  
 3 4>F<6=>5 E>?D>F<6?5=<5 >5<>F>< EF4F>D4 4E<=ED>==>7> 46<74F5?O;  

I 3 E<7=4?, ?D>?>DF<>=4?L=O= 45=EF6GNM<< 7=4G5=<O< F>>>6  >5<>F>> EF4F>D4 
4E<=ED>==>7> 46<74F5?O.  

%<7=4? G?D46?5=<O  O6?O5FEO 6E>4=O< 4?O ?DO<>7> >>>D4<=4F=>7> ?D5>5D47>64F5?O 
(���), =4 6OE>45 >>F>D>7> D>D<<DGNFEO FD< E<=GE><44?L=OE =4?DO65=<O G?D46?5=<O , 

, , E46<=GFO5 >F=>E<F5?L=> 4DG7 4DG74 =4 G7>? , E 4<??<FG44<<, ?D>?>DF<>- 
=4?L=O<< =4?DO65=<N G?D46?5=<O. %<7=4?O , , , D>D<<DGNF D47=O5 

=4?DO65=<O =4 6OE>45 46F>=><=>7> <=65DF>D4 =4?DO65=<O (���).  
�D<=F<? 45=EF6<O E<EF5<O G4EF>F=>-D57G?<DG5<>7> 4E<=ED>==>7> M?5>FD>?D<6>44 E 

?>?>6<F5?L=>= >5D4F=>= E6O7LN ?> F>>G 74>?NG45FEO 6 E?54GNM5<. �D54?>?>6<<, GF> 
4E<=ED>==O= 46<74F5?L D45>F4? =4 E4D4>F5D<EF<>5 1 (D<E. 4.) E <><5=F>< =4 64?G 46<74F5?O, 
D46=O< .  

�E?< <><5=F =4 64?G 46<74F5?O G65?<G<FEO < EF4=5F D46=O< , F> 6>7D4EF5F < F>> 
>464>= D47O EF4F>D4 46<74F5?O  4 E?54>64F5?L=> < E<7=4? I D>D<<D>64F5?O F>>4 
EF4F>D4 ($&%). '65?<G<FEO < >>DD5>F<DGNM55 =4?DO65=<5 ?>?>6<F5?L=>= >5D4F=>= E6O7< 

, 6OG<E?O5<>5 ?> 6OE>4=><G F>>G I 765=>< E ?5D544F>G=>= DG=>F<5= 

,  (5) 
745  3 ?>EF>O==4O 6D5<5=< 7445D6>< >>=FGD4 F>>4. 
 

 
$<E. 4. �5E4=<G5E><5 E4D4>F5D<EF<>< M?5>FD>?D<6>44 (>D<6O5 1, 2) < D57G?LF<DGNM4O 

E4D4>F5D<EF<>4 3 3 ?D< =4?<G<< ?>?>6<F5?L=>= >5D4F=>= E6O7< ?> F>>G 
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% D>EF>< >>DD5>F<DGNM57> E<7=4?4 6>7D4EF5F < E<7=4? G?D46?5=<O , GF> ?D<6>4<F 6 

>>=5G=>< <F>75 > D>EFG D47=>7> =4?DO65=<O  4E<=ED>==>7> 46<74F5?O < G65?<G5=<N 57> 

>D<F<G5E>>7> <><5=F4, >>F>DO= ?D>?>DF<>=4?5= >644D4FG D47=>7> =4?DO65=<O 3 . 

%4D4>F5D<EF<>4 2 E>>F65FEF6G5F 6>7D>EL5<G D47=><G =4?DO65=<N . � D57G?LF4F5 

45=EF6<O ?>?>6<F5?L=>= >5D4F=>= E6O7< M?5>FD>?D<6>4 D>D<<DG5F <5E4=<G5E>GN 
E4D4>F5D<EF<>G 74<>=GF>= E<EF5<O 3, 65EF>>EFL >>F>D>= >?D545?O5FEO >>MDD<F<5=F>< . 
�?O D>D<<D>64=<O E<7=4?4 ?>?>6<F5?L=>= >5D4F=>= E6O7< ?> F>>G <>65F <E?>?L7>64FLEO 
<>4G?L F>>4 EF4F>D4 I1 , 4>F<6=4O E>EF46?ONM4O F>>4 EF4F>D4 Re , F>>  6 765=5 ?>EF>O==>7> 
F>>4.  

�4=4>> 5E?< G5D57 >5<>F>< EF4F>D4 4E<=ED>==>7> 46<74F5?O =5 ?D>F5>4NF F>>< 
=G?56>= ?>E?54>64F5?L=>EF<, F> 4>EF4F>G=> 46GE 44FG<>>6 F>>4, 4 F>> 6 FD5FL5= D475, 
=4?D<<5D B , <>6=> >?D545?<FL G5D57 F>>< D47 A < C :  

, (6) , 
745  <7=>65==O5 7=4G5=<O F>>>6 6 D474E A, B < C.  

�5>F>D=O5 4<47D4<<O ?D< E>4?OD=>= IR 3>><?5=E4F<< 4?O E?GG456 <454?L=>7> 
E>?>EF>7> E>44 < =4?<G<< =47DG7>< =4 64?G 46<74F5?O <7>5D465=O =4 D<E. 5. 

 
$<E. 5. �5>F>D=O5 4<47D4<<O 4E<=ED>==>7> 46<74F5?O ?D< E>4?OD=>=  

IR->><?5=E4F<<: 4 3 D56<< E>?>EF>7> E>44; 
5 3 ?D< =4?<G<< =47DG7>< =4 64?G 46<74F5?O. 

�O6>4O 
�D< E>4?OD=>= >><?5=E4F<< <5=O5FEO F>?L>> <>4G?L =4?DO65=<O  >5<>F>< EF4F>D4 

4E<=ED>==>7> 46<74F5?O 557 <7<5=5=<O D47>6>7> G7?4, GF> ?D<6>4<F > =5?>EF>O=EF6G 
65>F>D>6 -�%  < ?>F>>>EF5??5=<O . �>7<>6=O 4>?>?=<F5?L=O5 6>7<GM5=<O 6 E<EF5<5, 
E6O74==O5 E <7<5=5=<5< D47>6>7> G7?4 65>F>D4 .  

�5E<>FDO =4 MF>F =54>EF4F>>, D47><>=GFO5 EFDG>FGDO G4EF>F=>7> D57G?<D>64=<O 
E>>D>EF< =4 >E=>65 46F>=><=OE <=65DF>D>6 =4?DO65=<O E> E>4?OD=>= IR->><?5=E4F<5= 
=4E>4OF L<D>>>5 ?D<<5=5=<5 6 ?D<6>44E 4?<F5?L=>7> D56<<4 D45>FO E 4<4?47>=>< 
D57G?<D>64=<O D f : 130.  

�<F5D4FGD4 
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?D><76>4EF65==O5 ?<=<< < EF4=>< ?>EF46?ONFEO 6 >><??5>F5 E E>>F65FEF6GNM<<< 
6E?><>74F5?L=O<< GEF4=>6>4<< <<5NM<<< =5D57G?<DG5<O= 4E<=ED>==O= M?5>FD>?D<6>4 6 
>>F>DOE M=5D75F<G5E><5 ?4D4<5FDO =5 >>=FD>?<DGNFEO. � EF4FL5 ?D54EF46?5=4 
D47D45>F4==4O EE5<4 46F><4F<7<D>64==>7> M?5>FD>?D<6>44 6E?><>74F5?L=>= GEF4=>6>< E 
E>7?4E>64==O< G?D46?5=<5< ?> F>>G =47DG7>< 7?46=>7> M?5>FD>?D<6>44 L?<EF>64?L=>= 
<4L<=O >55E?5G<64NM<= M=5D7>MDD5>F<6=O= D56<< D45>FO. 

�?NG56O5 E?>64: 46F><4F<7<D>64==O= M?5>FD>?D<6>4, 6E?><>74F5?L=4O GEF4=>6>4, 
4E<=ED>==O= 46<74F5?L, D57G?<D>64=<5, M=5D7>MDD5>F<6=O= D56<< D45>FO. 

�=4G<F5?L=O= D>EF >5N5<>6 ?D><76>4EF64 EF<<G?<DG5F D>EF >5N5<>6 <<?>DF4 
>5>DG4>64=<O. �4 E57>4=OL=<= 45=L <<?>DF<DG5<O5 F5E=>?>7<G5E><5 6<4O >5>DG4>64=<O, 
?D><76>4EF65==O5 ?<=<< < EF4=>< ?>EF46?ONFEO 6 >><??5>F5 E E>>F65FEF6GNM<<< 
6E?><>74F5?L=O<< GEF4=>6>4<<. -F< 6E?><>74F5?L=O5 F5E=>?>7<G5E><5 6<4O >5>DG4>64=<O 
[3] >><??5>FGNFEO =5D57G?<DG5<O<< M?5>FD>?D<6>44<< < E>6<5EF=4O D45>F4 
F5E=>?>7<G5E>>= <4L<=O E 6E?><>74F5?L=>= GEF4=>6>>= =5 <<55F E>7?4E>64==>7> 
G?D46?5=<O, ?D< >>F>D>< 5O?< 5O 6>7<>6=>EFL D57G?<D>64=<O M=5D75F<G5E><E ?>>474F5?5=. 
� ?D>F5EE5 D45>FO F5E=>?>7<G5E>>7> >5>DG4>64=<O, 6 >E>55==>EF< ?D< D45>F5 
?D><76>4EF65==OE <4L<= <<5NFEO ?5D5E>4=O5 D56<<O, F5E=>?>7<G5E><5 ?4G7O 6> 6D5<O 
E<5=O 45F4?5= < 4DG7<5 ?D<G<=O. �4 MF> 6D5<O M?5>FD>?D<6>4O ?D><76>4EF65==>= <4L<=O < 
6E?><>74F5?L=>= GEF4=>6>< D45>F4NF E =><<=4?L=O< =4?DO65=<5< E5F<, 4 D56<< E>?>EF>7> 
E>44 < GD>65=L 747DG65==>EF< =5 >>=FD>?<DG5FEO.  

� E>>F65FEF6<< E =4>>??5==O< ?D><76>4EF65==O< >?OF><, =4<< D47D45>F4=4 E<EF5<4 
E>7?4E>64==>7> G?D46?5=<O M?5>FD>?D<6>44<< 6OFO6=OE 65=F<?OF>D>6 L?<EF>64?L=>= 
<4L<=O, < 6 G4EF=>EF< M?5>FD>?D<6>44<< 6OFO6=OE 65=F<?OF>D>6 EGL<?L=>= >4<5DO 
L?<EF>64?L=>= <4L<=O ,�-140 [7], >55E?5G<64NM<= M=5D7>MDD5>F<6=O= D56<< D45>FO. � 
44==>= D45>F5 =5D57G?<DG5<O= M?5>FD>?D<6>4 6E?><>74F5?L=>= GEF4=>6>< 74<5=5= =4 
D57G?<DG5<O= 4E<=ED>==O= M?5>FD>?D<6>4 E F<D<EF>D=O< D57G?OF>D>< =4?DO65=<O (&$�-
��) [7,8].  
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�4 D<E. 1 ?D<6545=4 DG=>F<>=4?L=4O EE5<4 46F><4F<7<D>64==>7> M?5>FD>?D<6>44 
(�-�) 6OFO6=>= 65=F<?OF>D=>= GEF4=>6>< E E>7?4E>64==O< G?D46?5=<5< ?> F>>G =47DG7>< 
M?5>FD>?D<6>44 7?46=>7> 46<65=<O ?D><76>4EF65==>7> EF4=>4. 

 
$<E. 1. $G=>F<>=4?L=4O EE5<4 �-� 6OFO6=OE 65=F<?OF>D>6 E E>7?4E>64==O< G?D46?5=<5< 

?> F>>G =47DG7>< M?5>FD>?D<6>44 7?46=>7> 46<65=<O L?<EF>64?L=>= <4L<=O. 
 

&$�-F<D<EF>D=O= D57G?OF>D =4?DO65=<O, &�'-F<D<EF>D=O= ?D5>5D47>64F5?L G4EF>FO, 
'�-GEFD>=EF6> <7<5D5=<O, �% 3 4=4?<74F>D E<7=4?>6, $%-D57G?OF>D E>>D>EF<, $�-D57G?OF>D 
<><5=F4, $�-D57G?OF>D =4?DO65=<O, BR-F4E>75=5D4F>D < �-4E<=ED>==O= M?5>FD>46<74F5?L.  

%<EF5<4 G?D46?5=<O M?5>FD>?D<6>44 6OFO6=OE 65=F<?OF>D>6 ?>?GG45F E<7=4? 
>5D4F=>= E6O7< ?> F>>G =47DG7>< 7?46=>7> M?5>FD>?D<6>44 ?D><76>4EF65==>7> EF4=>4. � 
D57G?LF4F5 6>7=<>=>65=<O 4?<F5?L=>= ?4G7O, ?D56OL4NM5= =><<=4?L=O= 55 ?D545?, 
E<EF5<4 G?D46?5=<O M?5>FD>?D<6>44 6OFO6=OE 65=F<?OF>D>6 46F><4F<G5E>< E=<645F 
65?<G<=G =4?DO65=<O =4 >?5<<4E 4E<=ED>==>7> M?5>FD>46<74F5?O, 4 E ?>O6?5=<5< F>>4 
=47DG7>< E<EF5<4 46F><4F<G5E>< ?5D5E>4<F 6 =><<=4?L=O= D56<<, E ??46=O< =4D4EF4=<5< 
E<7=4?4. &4><< >5D47><, 6 F5G5=<5 ?D><76>4EF65==>7> F<>?4 D47D45>F4==4O E<EF5<4 
>55E?5G<645F M=5D7>E55D565=<5 6 M?5>FD>?D<6>45 6OFO6=OE 65=F<?OF>D>6 L?<EF>64?L=>= 
<4L<=O.  

$57G?<D>64=<5 E>>D>EF< 4E<=ED>==>7> 46<74F5?O <7<5=5=<5< =4?DO65=<O EF4F>D4 
6>7<>6=> 6 F>< E?GG45, >>744 <><5=F E>?D>F<6?5=<O Mc ?D< E=<65=<< E>>D>EF< 
EGM5EF65==> <5=LL5 57> =><<=4?L=>7> <><5=F4. %6>=EF6>< E=<65=<O <><5=F4 
E>?D>F<6?5=<O E G<5=LL5=<5< E>>D>EF< >5?444NF 65=F<?OF>D=O5 =47DG7><: 

,    (1) 
745 M0 3 <><5=F >F E<? FD5=<O, �·<; 4 3 >>MDD<F<5=F,  ; x = 2 3 4?O 65=F<?OF>D>6; x = 3 3 

4?O F5=FD>556=OE =4E>E>6. 
�5E4=<G5E><5 E4D4>F5D<EF<>< 4?O E?GG4O 65=F<?OF>D=>= =47DG7>< ?D<6545=O =4 D<E.2. 
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$<E.2. �5E4=<G5E><5 E4D4>F5D<EF<>< 4E<=ED>==>7> 46<74F5?O E 

D57G?<D>64=<5< =4?DO65=<O EF4F>D4 < 65=F<?OF>D=>< 57> <><5=F5 =47DG7><. 
 

�>E>>?L>G E> E=<65=<5< E>>D>EF< >F Ë0 4>  <><5=F E>?D>F<6?5=<O Mc 
G<5=LL45FEO ?D<<5D=> 6 >644D4F D47 >F 65?<G<=O E=<65=<O E>>D>EF<, F> <>M=>EFL ?>F5DL 6 
>5<>F>5 D>F>D4  E> E=<65=<5< E>>D>EF< D4EF5F 6 <5=LL5= EF5?5=<, G5< ?D< ?>EF>O==>= 
=47DG7>5. 

%>>D>EF< E>>F65FEF6GNM<5 GEF4=>6<6L<<EO D56<<4< D45>FO M?5>FD>?D<6>44, <>6=> 
>?D545?<FL 7D4D<G5E>< ?> F>G>4< ?5D5E5G5=<O <5E4=<G5E><E E4D4>F5D<EF<> 4E<=ED>==>7> 
46<74F5?O Ë=(fM) < <5E4=<G5E>>= E4D4>F5D<EF<>< 65=F<?OF>D4 Ë=(fMc). &>G><, 
E>>F65FEF6GNM<5 GEF4=>6<6- L<<EO 7=4G5=<O< E>>D>EF< <?< E>>?L65=<O S=, ,  <>7GF 
E>>F65FEF6>64FL GEF>=G<6><G <?< =5GEF>=G<6><G D46=>65E<N. 

�D<F5D<5< GEF>=G<6>EF< D45>FO M?5>FD>?D<6>44 O6?O5FEO 6O?>?=5=<5 GE?>6<O 
=5D465=EF64  

k -k  ,     (2) 
745 k  3 65EF>>EFL <5E4=<G5E>>= E4D4>F5D<EF<>< 46<74F5?O 6 F>G>5 
GEF4=>6<6L57>EO D56<<4; k³c = d  / dË 3 65EF>>EFL <5E4=<G5E>>= E4D4>F5D<EF<>< 
<5E4=<7<4 (65=F<?OF>D4) 6 F>G>5 GEF4=>6<6L57>EO D56<<4. �5EF>>EFL <5E4=<G5E>>= 
E4D4>F5D<EF<>< 65=F<?OF>D4 <>6=> >?D545?<FL 6 6<45 4=4?<F<G5E>>7> E>>F=>L5=<O <7 
6OD465=<O (1) 

   (3) 

�4> E?54G5F <7 E>>F=>L5=<O (3), 65EF>>EFL 65=F<?OF>D4 k³c ?<=5==> G65?<G<645FEO E 
D>EF>< 57> E>>D>EF< < 6> 6E5< 4<4?47>=5 D57G?<D>64=<O E>>D>EF< >EF45FEO ?>?>6<F5?L=>=. 
�?O >?D545?5=<O 65EF>>EF< <5E4=<G5E>>= E4D4>F5D<EF<>< 46<74F5?O  

M =   (4) 

?D5>5D47G5< 55 ?>4EF46<6 6 =57> 7=4G5=<5 E>>?L65=<O  
S=( , 

?>?GG<<: 
M =  (5) 

&>744  

 d (  (6) 

�D< <765EF=OE ?4D4<5FD4E 65=F<?OF>D4 < 46<74F5?O 7=4G5=<O k ³c < k³ 4>EF4F>G=> 
?D>EF> >?D545?ONFEO ?GF5< G<E?5==>7> 4<DD5D5=F<D>64=<O 6OD465=<= (3) < (6) 6 
<4F5<4F<G5E>>= E<EF5<5 Mathcad. 
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$57G?LF4FO D4EG5F>6 k³c < k³, 4 F4>65 <E D47=>EFL k³c-k³, =4=45==O5 4?O =4?DO65=<O 
EF4F>D4 U11 , ?D54EF46?5=O =4 D<E. 3. 

 
$<E. 3. �46<E<<>EF< 65EF>>EF< E4D4>F5D<EF<> 4E<=ED>==>7> 46<74F5?O 

 ³ k < 65=F<?OF>D4 ³c k >F E>>D>EF< 
�=4?<7 7D4D<G5E><E 746<E<<>EF5= D<E. 3 ?>>47O645F, GF> GE?>6<5 (2) 6O?>?=O5FEO 6 

>>D5EF=>EFOE E>>D>EF< ËD1= Ë0·(1- Sp1). �>MF><G 6D4M5=<5 65=F<?OF>D4 ?D< E>>?L65=<< Sp1 
5G45F GEF>=G<6O<. 

'EF>=G<6>5 6D4M5=<5 65=F<?OF>D>6 E> E>>?L65=<O<< 5>?LL<<< Sk ?D< D57G?<D>64=<< 
<E E>>D>EF< <7<5=5=<5< =4?DO65=<O ?>4F65D6445FEO ?D4>F<G5E><<< <EE?54>64=<O<< 4?O 
D47?<G=OE F<?>6 65=F<?OF>D>6. 

�O6>4 
�E>55==>EFL <5E4=<G5E>>= E4D4>F5D<EF<>< 65=F<?OF>D4 ?>76>?O5F 5<G D45>F4FL =4 

GG4EF>5 <5E4=<G5E>>= E4D4>F5D<EF<>< 4E<=ED>==>7> 46<74F5?O E> E>>?L65=<O<<, 5>?LL<<< 
Sk, GF> ?D4>F<G5E>< =54>EF<6<<> 4?O 4DG7<E 6<4>6 =47DG7>>.  

�4=4>> D45>F4 4E<=ED>==>7> 46<74F5?O E 5>?LL<<< E>>?L65=<O<< 6O7O645F < 5>?LL<5 
?>F5D< 6 57> D>F>D5. �>?=O5 M?5>FD><47=<F=O5 ?>F5D< 6 4E<=ED>==>< 46<74F5?5 E>EF>OF <7 

   (7) 
745: &P �1 3 ?>F5D< 6 <54< EF4F>D4, �F; &P �2 3 ?>F5D< 6 >5<>F>5 D>F>D4, �F; &P %1 3 ?>F5D< 6 
EF4?< EF4F>D4, �F. 

�D< D45>F5 =4 5EF5EF65==>= E4D4>F5D<EF<>5 MF< ?>F5D< >?D545?ONFEO 6OD465=<O<< 
[9]: 

 
 

   
745 3 =><<=4?L=O5 ?>F5D< 6 <54< EF4F>D4, �F;  3 
=><<=4?L=O5 ?>F5D< 6 >5<>F>5 D>F>D4, �F;  

 3 =><<=4?L=O5 ?>F5D< 6 EF4?< EF4F>D4, �F; 

 3 EG<<4D=O5 ?>F5D< 6 46<74F5?5, �F;  3 >F=>E<F5?L=>5 7=4G5=<5 

<><5=F4 EF4F<G5E>>= =47DG7><, >.5.; 
B 3 >>=EFDG>F<6=O= >>MDD<F<5=F, 746<EOM<= >F E5D<< 4E<=ED>==>7> 46<74F5?O, >.5. ,  
B =0,96 - 0, 98 3 4?O E5D<< 4E<=ED>==OE 46<74F5?5= 4�; B =0,97 - 0,94 3 4?O >D4=>6>-
<5F4??GD7<G5E>>= E5D<<. 

�D< D45>F5 =4 D57G?<D>6>G=>= E4D4>F5D<EF<>5, D54?<7G5<>= 74 EG5F E=<65=<O 
=4?DO65=<O >5<>F>< EF4F>D4, ?>?=O5 M?5>FD><47=<F=O5 ?>F5D< 6 4E<=ED>==>< 46<74F5?5 
>?D545?ONFEO 6 E>>F65FEF6<< E 6OD465=<O<<: 

 

 
  (13) 
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�=4?<7 6OD465=<= (8), (9), (10) ?>>47O645F, GF> ?D< D45>F5 =4 E4D4>F5D<EF<>5 E 
?>=<65==O< =4?DO65=<5< G65?<G<64NFEO ?>F5D< 6 >5<>F>5 D>F>D4 & P<2, => G<5=LL4NFEO 
?>F5D< 6 <54< EF4F>D4 &P<1 < 6 EF4?< EF4F>D4 &Pc1 , => <E E>>F=>L5=<5 F4>>6>, GF> >5M<5 
M?5>FD><47=<F=O5 ?>F5D< &PM< ?D< D45>F5 =4 E4D4>F5D<EF<>5 E ?>=<65==O< =4?DO65=<5< 
>>47O64NFEO <5=LL5, G5< ?D< D45>F5 =4 5EF5EF65==>= E4D4>F5D<EF<>5. 

&4><< >5D47><, ?> ?<F5D4FGD=O< <EF>G=<>4< [4,6] ?D< D57G?<D>64=<< E>>D>EF< 
<7<5=5=<5< =4?DO65=<O 4?O 65=F<?OF>D=>= =47DG7>< (D<E.2) G445FEO E=<7<FL 
M=5D7>?>FD55?5=<5 6 1,5 3 2 D474. ->>=><<O M?5>FD>-M=5D7<< 5G45F F5< 5>?LL5, G5< <5=LL5 
<><5=F 46<74F5?O, ?> ED46=5=<N E =><<=4?L=O<, < G5< 5>?LL5 D45>F45F 46<74F5?L E 
=54>7DG7>>=. 

�<F5D4FGD4 
1. %>L<<>6 �.�..�<DE4=44D>6 �.�. -?5>FD ND<F<4 4E>E?4D<.3&.: Lesson press, 

2022, 350 c. 
2. �?NG56 �.�., &5D5E>6 �.�. -?5>FD>?D<6>4 < 46F><4F<74F<O 

>5M5?D><OL?5==OE GEF4=>6>> 3�.: -=5D7<O 1980.-360 E. 
3. '5D=OL56 �. .., '5D=OL56 �. �., �5<5=FL56 .. �. -?5>FD>?D<6>4 

?5D5<5==>7> F>>4.: 3 &><E>: <74-6> &�', 2009. 3 57 E. 
4.  �>7>D>6 �.%., %4<44E<54>6 %.%. -?5>FD><5E4=<> F<7<<?4D EF4F<>4E< 64 

4<=4<<>4E<.:3 &.: �EF<>?>?, 2005.-118 55F.  
5. %OD><OF=<>>6 �.�. $56<<O D45>FO 4E<=ED>==OE < E<=ED>==OE 46<74F5?5= / 

?>4 D54. �.�. �4<<>>O=F4, �.: -=5D7>4F><<744F, 1984.-240 E. 
6. �=<E<<>6 �.�., �>D=>6 �.�., �>E>4?5=>> �.�. &<D<EF>D=O5 ?GE- >>6O5 

GEFD>=EF64 6 M?5>FD>?D<6>44E ?5D5<5==>7> F>>4 // �D<6>4 < G?D46?5=<5. 3 2002. 3 7 1. 3 %. 
32334. 

7. �4D4=>64 �. �. %>6D5<5==O5 F5E=>?>7<< 6 F5>EF<?L=>= ?D><OL?5==>EF<: 
GG55. ?>E>5<5/�. �. �4D4=>64, �. �.�>74=, .. �. �?5=<F>4O 3 �<F55E>: '� «��&'», 2006. 3 
251 E. 

8. $5645>6 �.�. -?5>FD>?D<6>4 L?<EF>64?L=>7> 47D574F4 6 F5>EF<?L=>7> 
?D><OL?5==>EF< �>=>7D4D<O �5D<4=<O-2021. 
 

������%&���� �'����� -��$��/  
�������$���� $��������, �%&�������$� 

Mustafakulov Asror Axmedovich, Ahmadjonova Umida Tojimuradovna 
�<774E ?>?<F5E=<>4 <=EF<FGF< 

asrormustafakulov@gmail.com 
�==>F4F<O: �G>>5<? M=5D7<O <4=54?4D< E4><44 F4E?<?<= <4N?G<>F?4D E4<44 5<FF4 

><G<> E>=44>= GGG= 74DGD 5G?74= <G>>5<? M=5D7<O <4=54E< ?4D4<5FD?4D< E4><44 
<4N?G<>F?4D >5?F<D<?74=. 

�4?<F EG7?4D: M=5D7<O, <G>>5<?, >GUL, L4<>?, >GUL ?5G<, >4=F4 F<>?4=G6G<, 
<=65DF>D, 4>>G<G?OF>D, >GUL D>F>M?5>FD >GD<?<4E< 

�==>F4F<O: �D<6>4<FLEO >57>D 6>7>5=>6?O5<OE <EF>G=<>>6 M=5D7<<, E>45D64F 
<=D>D<4F<N > ?4D4<5FD4E >5EG6445<OE <EF>G=<>>6 M=5D7<<, >>F>DO5 =5>5E>4<<O 4?O 
=55>?LL>= >64DF<DO. 

�?NG56O5 E?>64: M=5D7<O, 6>7>5=>6?O5<O5 <EF>G=<>< M=5D7<<,E>?=F5, E>?=5G=O= 
?5GL, 65F5D, <=65DF>D, 4>>G<G?OF>D, E>?=5G=4O D>F>M?5>FD<G5E>4O ?4=5?L 

Annotation: It provides an overview of renewable energy sources, contains information 
about the parameters of the discussed energy sources that are necessary for a small apartment. 

Keywords: energy, renewable energy, solar, solar furnace, wind, inverter, battery, solar 
photovoltaic panel 
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�<D<L 
¶>7<D7< >G=44 D4= 64 F5E=<>4=<=7 D<6>6?4=<L< =4F<64E<44 5GFG= 4G=U44 F4D4��<UF 

LG 44D46474 5F4<><, 5G=44 ·4D >G=< FGD?< E<? M·F<U6?4D GGG= 6G44 >G? <<>4>D44 M=5D7<O 
E4DD?4=<>>44, 4==<�E4 5G E4=>4F, FD4=E?>DF 64 �<L?>� E^64?<7<44 O��>? =4<>U= 5^?<>�44. 

�755><EF>= $5E?G5?<>4E< �D57<45=F<=<=7 <�G�>5<? M=5D7<O <4=54?4D<=< O=444 
D<6>6?4=F<D<L G>D4 3 F445<D?4D< F^�D<E<447<= 1-<4DF 2013-=<?447< D4D<>=<44 64 [1,2] 44 
446?4F<<<744 <G�>5<? M=5D7<O <4=54?4D<44= 5<D<=G< =4654F44 �GUL 64 L4<>? 
M=5D7<O?4D<44= D>=44?4=<L 5G=<G4 <?<<= F44�<�>F <L?4D< >?<5 5>D<L=< M=7 4E>E<= 
647<D4 455 55?7<?4=74=.  

�467G=<=7 4>?74D5?<7<: ��F<E>4<= F4D4��<= MF74= 64 D<6>6?4=<5 5>D4UF74= 
<4<?4>4F?4D44 G7?56>4>D>4 E><-4LUE<=<=7 64·>= <<�<UE<447< 74·<D4?4D< >4<4=<5 
5>D4UF74= L4D><F44, <�F<E>4<UF=<=7 54D�4D>D D<6>6?4=<L< 64 D4�>54F54D4>L?<7<=< 
>L<D<L=<=7 M=7 <GE<< ><<?< E<D4F<44 <G�>5<? M=5D7<O <4=54?4D<44= 4<4?44 D>=44?4=<L 
5^=<G4 <L?4=<4?4D 6444? EGDN4F?4D 5<?4= >?<5 5>D<?<>�44. 

�·>?< E>=<=<=7 >DF<5 5>D<L< =4F<64E<44 M=5D7<O 5F<L<>6G<?<7< >G=44=->G=74 
E57<?<5 5>D<>>44. �4N?G<>F?4D74 �4D474=44, 5G7G=7< >G=44 F45<<= U�<?�< <L?4F<L 
<<�4>D< 4G=U 5^=<G4 =<?<74 12 <<??<4D4 F>==4 =5DFL M>6<64?5=F<74 F^�D< >5?44<. �G ME4, 
·4D 5<D ><L<74 F4E<<=4= 2 F>==4 F45<<= U�<?�< E4DD?4=4UF74=?<7<44= 44?>?4F4<D. ,G=<=7 
GGG= =>4=N4=46<= M=5D7<O <4=54?4D<=< <L?4F<L ·4D 6<·4F44= D>=44?<4<D. 

�G�>5<? M=5D7<O FGLG=G4E< D4=44 ^F74= 4ED=<=7 5>L?4D<44 �^??4=<?4 5>L?4=4<. 
�G=<=7 4E>E<= E4545?4D< LG=44>< =5DFL, 747, >^<<D 74E<D4?4D<=<=7 <4N?G< 5<D 446D44= 
E^=7 FG74L<=< <=E>=?4D FGLG=<5 5F<5, M=5D7<O >?<L=<=7 <G�>5<? =^??4D<=< �<4<D4 
5>L?44<?4D. '=44= F4L�4D<, U�<?�<?4D44= G<�4UF74= <<??<>= F>==4?45 %� 2 G7?5D>4 747<, 
U><?7< >>?4<>?4D< >7>= �4F?4<< 5<<D<?<L<74 64 4FD>D <GE<F=<=7 <D?>E?4=<L<74 E4545 
5^?<>�44 [3,4]. 

&44><>>F >5N5>F<, =4F<64?4D 64 G?4D=<=7 <GE>>4<4E<: �G>>5<? M=5D7<O 
<4=54?4D<=< 74<>=46<= GEG??4D44 F44><> MF<L, G?4D=< <L?45G<>4D<L 64 <EF5N<>?G<?4D74 
5F>47<5 55D<L 5GFG= 4G=U44, LG=<=745> �755><EF>=44 E4< M=5D75F<>4 5F<L<>6G<?<7<=< 
>?4<=< >?<L=<=7 5<D44=-5<D =G?< 5G?<5 >>?4<. �4·>=44 5<D<=G<?4D44= 5^?<5 <G�>5<? 
M=5D7<O44= /?>=<O, �5D<4=<O 64 �4=<O 446?4F?4D<44 >5=7 D>=44?4=<?4 5>L?4=4<. �G=<=7 
4E>E<= E4545?4D<44= 5<D< 5G 446?4F?4D44 U�<?�< �47<?<4 5>=?<>?4D< 45OD?< =^� 
5G?74=?<7<4<D. 2011 =<?44 /?>=<O44 5^?74= F45<<= >D4F =4F<64E<44 4F>< M?5>FD 
EF4=F<O?4D< ·4<44 =<D<> F^�>=?4D44= D>=44?4=74= ·>?44 M?5>FD M=5D7<O >?<L44= 6>7 
>5G<?<5, M=5D7<O >?<L=<=7 <G�>5<? =^??4D<74 ^F<L 5>L?4=74=. �755><EF>=44 <G�>5<? 
M=5D7<O44= D>=44?4=<L=< 5<D<=G<?4D44= 5^?<5 4>445<<>?4D '54= �D<?>6, %>4<� 
�7<<>6?4D 1950 =<??4D44= 5>L?45 G=?4D=< <E<F<L, <EE<� EG6 5<?4= F4N<<=?4L GGG= �GUL 
>>??5>F>D?4D<=< <L?45 G<�4<?4D 64 &>L>5=F 6<?>OF<=<=7 �<5D4= FG<4=<44 5<D =5G4 G=?4D 
�GD<?<5 F46D<54 E<=>6?4D< ^F>47<?74=. 

�GUL M=5D7<OE<44= 5<7 D4�4F M?5>FD M=5D7<O >?<L GGG= M<4E, 54?>< G=44= 
>>??5>F>D?4D >D�4?< EG6 <E<F<L44, �GUL ^G>�< >D�4?< >6�4F, =>= ?<L<D<L44, GGGG> EG6 
>?<L44, <564?4D=< �GD<F<L44 D>=44?4=<L<<<7 <G<><=. ¶>7<D44 ¶<=4<EF>= 64 %<F>= 
446?4F?4D<44 2 <<??<>=44= >DF<� �GUL ^G>�?4D< <466G4. 

�==< ?4=F44 4G=U 5^=<G4 <EF5N<>? �<?<=4UF74= 54DG4 M=5D7<O=<=7 18 D><7<=< �4=F4 
F<>?4=G6G< M=5D7<O <4=54?4D< F4L><? MF44<. �4=F4 F<>?4=44<74= 64 =>4=N4=46<= M=5D7<O 
<4=54?4D< (�& 64 �-�) 44= D>=44?4=<L =4F<64E<44 2020-=<?74 >5?<5 2,6 <?D4. F>==4 
L4DF?< U�<?�<=< F564L <G<><= 5^?44<. �4=F4 F<>?4=44<74= M=5D7<O?4D=< F44�<� MF<L=< 
D<6>6?4=F<D<L=<=7 4E>E<= =^=4?<L?4D< 64 44EFGD< �G=<447<?4D44= <5>D4F[7-8] : 

4) 5G� FDG5<=4?< �GUL M?5>FD EF4=F<O?4D<=< <L?45 G<�4D<L 64 <L74 FGL<D<L; 
5) 46F>=>< (<EF5N<>?G<?4D GGG= D>F>M?5>FD) �GD<?<4?4D=< ?>=<·4?4L 64 <L?45 

G<�4D<L; 
4) �GUL =GD<44= D>=44?4=<5 <L?>6G< <EE<� EG6 F4N<<=>F<, <E<F<L 64 ·46>=< 

>>=45=E4F<O?4L E<EF5<4?4D<=< ?>=<·4?4L 64 �GD<L; 
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5) �5> �-% �GD<L 64 <L74 FGL<D<L; 
D) 75>F5D<4? <EE<�?<> F4N<<=>F<=< ?>=<·4?4L 64 �GD<L. 
7) L4<>? M=5D7<OE< 47D574F?4D< 64 L4<>? M?5>FD EF4=F<O?4D< (,-%) =< ?>=<·4?4L 

·4<44 <L?45 G<�4D<L74 6>D<= MF<L (5G 5>D444, <6>5<= =4F<64?4D74 MD<L<?74=< 4<��4F74 
E47>6>D4<D [5,6] 44 L4<>? M?5>FD 75=5D4F>D<=<=7 >G664F<=< E<E>5?>6G< M?5>FD>= E<E>5?4L 
<4L<=4E< GGG= 44EFGD OD4F<?74=). 

�<7=<=7 <4<?4>4F<<<744 �GUL, L4<>?, 5<>747 E<=74D< =>4=N4=46<= M=5D7<O 
<4=54?4D<44= D>=44?4=<L=<=7 G?>4= <<>>=<OF?4D< <466G4. �<?=<=7 �4D<=5 300 >G=< 
�GUL?< 5^?44<. �G �GUL =GD?4=<L< �>DFG74?<O <4<?4>4F<=<=7 >^DE4F><G?4D<74 
F5=7?<7<=< U>< <4<?4>4F U�<?�<-M=5D75F<>4 ·46<<44 <G=>E<5 ^D<=74 M74 5^?74= /?>=<O 
<4<?4>4F< >^DE4F><G?4D<44= <>>< 54D>54D N�>D< M>4=?<7<=< >^DE4F44<. �755><EF>==<=7 
�4=F4 F<>?4=44<74= M=5D7<O <4=54?4D<=<=7 E4?>·<OF< 51 <<??<>= F>==4 =5DFL 
M>6<64?5=F<74 F5=7 5^?<5, �4=F4 F<>?4=G6G< M=5D7<O <4=54?4D<=<=7 F5E=<>46<= 
E4?>·<OF<44= F^?<� D>=44?4=<?E4, 4F<>ED5D4 ·46>E<74 G<�4D<?44<74= 450 <<??<>= F>==474 
O�<= <E 747<=<=7 (G7?5D>4 <>>< >>E<4<) 54DF4D4D �<?<=<L<74 L4D><F OD4F<?44<.  

�D74 G74F<?44<74= �GUL M=5D7<OE<=<=7 <<�4>D<, ·>7<D44 4G=U44 <L?45 G<�4D<?4UF74= 
M=5D7<O <<�4>D<44= F4E<<=4=, 20 <4DF4 >^?4<D. �GF4E4EE<E?4D=<=7 F4N><4?4L<G4, �D 
>GDD4E< ·4D >G=< �GUL44= 174 ?5F464FF74 F5=7 <<�4>D44 M=5D7<O �45G? �<?<5 >?44<. 
�GUL=<=7 5G=44= E4E>64F<44= >�<?>=4 D>=44?4=<L 4>?74D5 647<D4?4D44= 5<D<4<D. 
¶>7<D7< 64�F44 �GUL M=5D7<OE< �G=< ?>F5=F<4??< (·4D>D4F< 100 7D44GE74 �444D 5^?74=) 
<EE<�?<>>>4 4=?4=F<D?44< 64 G=44= M?5>FD F>>< ·>E<? �<?<L, <E<F<L 64 <EE<� EG6 
F4N<<=>F<44, �<L?>� E^64?<> <4·EG?>F?4D<=< (<564?4D=<) �GD<F<L44, D>=44?4=<?44<. 
�D74 �GUL =GD?4=<L<=<=7 <>>< <<??<4D444= 5<D �<E<< FGL44< E>?>E, ?5><= UD�<=?<> 

�G664F< E4=UD4<<744 >4FF4 5^?<5, W171075,1 ÷ 74 F5=7. �GUL44= =<?<74 ·4D >644D4F <5FD 
�D N74E<74 1200 44= 1700 ><?>64FF E>4F M=5D7<O FGL44<. �GUL M=5D7<OE< UD44<<44 ·>7<D7< 
64�F44 �D >EF<44= EG6?4D G<�4D<5 >?<=44<. �G=<=7 =4F<64E<44 <L?45 G<�4D<L 64 FGD4D 
6>=?4D44 <4<L<= �G?4=?<>?4D F4N<<=?4=44<. �564-E45746>F?4D 5F<LF<D<?<5, 5<- 
E4L4>?4D ^EF<D<?44< 

�GUL?< ?5G?4D ^F4 F>74, N�>D< ·4D>D4F74 54D4>L?< <4F5D<4??4D=< MD<F<L74 <<>>= 
55D44<. '?4D ·>7<D74 �444D D4�4F ?45>D4F>D<O L4D><F<44 >7 <<�4>D44 >?<=44<. 
3000 �0 44= N�>D< ·4D>D4F D56<<<44 <L?4UF74= �GUL ?5G<=<=7 <EE<�?<7< ·4D �4=44= 
4D4?4L<444= ·>?< F>74 <4F5D<4??4D >?<L <<>>=<OF< OD4F<?44<. �?<<= F5E=<>4 
F4D4��<UF<=<=7 ·>7<D7< D<6>6?4=<L 5>E�<G<44 LG=44= F>74 �>F<L<4?4D74 5^?74= F4?45 
6G44 >4FF4. 

¶>7<D7< >G=44 <4<?4>4F<<<744 M=5D7<O D5EGDE?4D<=<=7 4E>E<=< G7?56>4>D>4?4D: 
F45<<= 747 64 =5DF F4L><? �<?44<. '<G<<= M=5D7<O �G664F?4D< 11000 ��F 44= >DF<�D>� 
5^?<5, �4D>47<= �E<U 5<D?4L74= M=5D7<O F<7<<< �G664F?4D<=<=7 50% < <4<?4>4F<<<7 
·<EE4E<74 F^�D< >5?44<. $5E?G5?<>4<<7=<=7 O??< �GUL M=5D7<OE< E4?>·<OF< 50973 
<?=.F.=.M., F5E=<>46<= E4?>·<OF< ME4 176,8 <?=.F.=.M. �5><=, ·>7<D7< >G=44 �GUL 
M=5D7<OE<=<=7 D4�4F7<=4 3% < ^7?4LF<D<?74= E>?>E. 

�?>·<44 E>=44>= GGG= D>F>M?5>FD <4=54E<=<=7 4E>E<= �<E<?4D<=<=7 F46E<D< 64 
G=44= D>=44?4=<L=<=7 <�F<E>4<= >^DE4F><G?4D<=< F4E?<? MF4<<7. 

�GUL D>F>M?5>FD �GD<?<4?4D< �G=<447< 4E>E<= �<E<?4D44= F4L><? F>?44< 1-D4E< [9-
10]: 

 
 
 
 
 
1-$4E<. �GUL D>F>M?5>FD �GD<?<4E<=<=7 5?>> EE5<4E<. $-�-D>F>M?5>FD ??4EF<=>4E<; 

��-5>L�4D<L 5?>>< (>>=FD>??5D); ��-4>>G<G?OF>D 54F4D5OE<; �-<=65DF>D. 

$-� �� � �EF5N<>?G< 
(220 6, 507F) 

�� 
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�>L�4D<L 5?>>< >GG?4=<L=< N>?4<4 64 4>>G<G?OF>D?4D 54F4D5OE<74 G?4=<L<=< 
=47>D4F �<?44<. $-� 3 D>F>M?5>FD ??4EF<=>4E< UDG�?<> M=5D7<OE<=< M?5>FD M=5D7<OE<74 
4=?4=F<D44<. �=65DF>D $-� 44 ·>E<? 5^?74= 4><<<= >GG?4=<L=< >GG4=F<D44< 64 
^774DG6G4= >GG?4=<L74 (220 6 , 50 7F ) 4=?4=F<D<5 55D44<. �� 34>>G<G?OF>D?4D 54F4D5OE< 
$-� 44 ·>E<? 5^?74= >GG?4=<L=< ^7<44 F^??45, UDG�?<> 5^?<474= ·>??4D44 <EF5N<>?G<=< 
G7?<>E<7 M=5D7<O 5<?4= F4N<<=?4L74 E<7<4F �<?44<. $-� =<=7 <L?4L <G444F< ^DF4G4 
4=D<< <4=54?4D44 15 =<?74 F5=7 455 4=F<?74=.. �G <G444F <G<44 1 <4DF4 <=65DF>D 64 3 <4DF4 
4>>G<G?OF>D?4D 4?<4LF<D<?44<. 

�DF4G4 6 ><L<44= <5>D4F E>=44>= GGG= M?5>FD �G664F<=< $-� 2 >6F <<�4>D<44 
F4N<<=?45 55D4 >?44<. �G N>?4<4 �G664F< ><G<> �G664F?< M=5D7<O F564<>>D UD<F<L 
?4<?4?4D<, E>6<F7<G, F5?56<7>D, ><G<> �G664F?< ><D N6<L <4L<=4E< >45< >G=44?<> 74DGD 
5^?74= M?5>FD 6<·>7?4D<=< M=5D7<O 5<?4= F4N<<=?4L74 E<7<4F �<?44<. 

%G?>E4 
�G>>5<? M=5D7<O <4=54?4D<=<, EGEGE4= D>F>M?5>FD<> EF4=F<O?4D=< <L?45 G<�4D<L=< 

F4L><? �<?<L 5^=<G4 5GFG= 4G=U >?<<?4D< �4F>D< �755><EF>= $5E?G5?<>4E<44 ·4< <?<<= 
<7?4=<L?4D >?<5 5>D<?<>>44 [11-15]. �4F<6444 ·>7<D7< >G=44 D>F>M?5<5=F?4D44= �D5<=<= 
(Si) $�� 15% 44= 20 % 74G4, �DE5=54 74??<= (�sG4) D>F>M?5<5=F<=<=7 $�� 30% 44= 40% 
74G4 >DF<D<?4<. ,G 5><E G?4D=<=7 E<DF<=< F4L�< <G·<F44= ·<<>O?4L ·<E>5<74 G=<=7 
D>=44?< <L >>MDD<F<5=F< ($��) O=4 >^?4=<>�44. ,G=<=745>, >?<<?4D D>F>M?5<5=F?4D=< 
D>=44?< <L >>MDD<F<5=F<=< >L<D<L <4>E44<44 >>=F5=FD4F>D?4D44= D>=44?4=<L=<=7 ·4< 
5<D =5G4 64D<4=F?4D<=< F46E<O MF<>�44?4D.  .>>D<44 >5?F<D<?74= ><G<> >G664F?< 
D>F>M?5>FD >GD<?<4E< ><G<> E>=44>=?4D GGG= 64 >G? >464F?< G=?4D447< ><D<L =G?4>?4D<=< 
UD<F<L GGG= F46E<O MF<?44<.  

$>=44?4=<?74= 4445<UF?4D: 
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& 74>?NG45FEO 6 >?D545?5=<< >?F<<4?L=>7> E>EF464 D45>F4NM<E 47D574F>6 6 D4EG5F=OE 
(GG4EF6GNM<E 6 >?F<<<74F<<) M?5>FD>EF4=F<OE, 7D4D<>>6 4>F<6=OE =47DG7>> 
M?5>FD>EF4=F<=, D54>F<6=OE <>M=>EF5= <?< <>4G?5= =4?DO65=<= 75=5D4F>D=OE ?> 
D54>F<6=>= <>M=>EF< < >?>D=OE G7?>6, >>MDD<F<5=F>6 FD4=ED>D<4F<= D57G?<DG5<OE 
FD4=ED>D<4F>D>6, ?D< >>F>DOE 4>EF<745FEO <<=<<G< F>??<6=OE <745D65> =4 D4EG5F=OE 
F5??>6OE M?5>FD>EF4=F<OE (&-%) 74 F<>? D57G?<D>64=<O, F.5. 6 <<=<<<74F<< DG=>F<< 
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E GG5F>< >7D4=<G5=<= 6 D>D<5 D465=EF6 
0PPW ititi ýýýò ,  T...,,2,1t,Ni ýþ ;   (2) 

0QQW ititi ýýýò ,  T...,,,t,�Ni u 21ýýþ ;   (24) 

õ
ý

ýýýý
Tn

1t
j7jtjtjtj m,...,2,1j,0Q)P,H(QQô ;   (25) 

< =5D465=EF6 
max

itit
min

it PPP óó ,  �iþ , T...,,2,1t ý ;   (3) 
max
itit

min
it QQQ óó ,  q��i ûþ , T...,,2,1t ý ;  (34) 

max
itit

min
it UUU óó ,  Niþ , T...,,2,1t ý ;   (35) 

þ
ý
ü

óó

óó
max''

lt
''

lt
min''

lt

max'
lt

'
lt

min'
lt

KKK

KKK
,  kTl þ , T...,,2,1t ý ,  (36) 

max
ltlt

min
lt PPP óó ,  PLl þ , T...,,2,1t ý ;  (37) 

max
ltlt

min
lt III óó ,  ILl þ , T...,,2,1t ý .   (34) 

745: N 3 <=>65EF6> 6E5E G7?>6 6 --% (>D><5 54?4=E<DGNM57> G7?4); n, m- G<E?> D4EG5F=OE 
&-% < �-% 6 --%; n&- G<E?> <=F5D64?>6 6 F<>?5 D57G?<D>64=<O; Fit, $it, �it - G45?L=4O 
F>??<6=4O <745D6>4, =47DG7>4 < D4EE>4 F>??<64 i- = &-% 6 t- < <=F5D64?5 F<>?4 D57G?<D>-
64=<O; Eit- E>EF46 D45>F4NM<E 47D574F>6 6 i- = &-% 6 t- < <=F5D64?5 F<>?4 D57G?<D>64=<O; 

�
itB - D4EE>4 F>??<64 =4 ?GE> 47D574F4, >>F>DO= ?D>EF>O? itô  G4E>6, 6 i- = &-% ?D< ?GE>5 6 t- 

< <=F5D64?5 F<>?4 D57G?<D>64=<O; � 3 <=>65EF6> D4EG5F=OE M?5>FD>EF4=F<=; �q 3 <=>65EF6> 
G7?>6 E D57G?<DG5<O<< D54>F<6=O<< <>M=>EFO<< (>D><5 D4EG5F=OE M?5>FD>EF4=F<=); �u- 
<=>65EF6> >?>D=OE G7?>6 (E 7444==O<< <?< >?F<<<7<DG5<O<< <>4G?O<< =4?DO65=<O; itP , 

itQ  itP , itQ  3 D4EG5F=O5 < 7444==O5 4>F<6=O5 < D54>F<6=O5 <>M=>EF< G7?4 i 6 t- < <=F5D64?5 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

118 

F<>?4 D57G?<D>64=<O; jtP , jtH , jtQ - 4>F<6=4O <>M=>EFL, =4?>D < D4EE>4 6>4O 6 j- = �-% 6 t- < 

<=F5D64?5 F<>?4 D57G?<D>64=<O; j7Q - 7444==O= >5N5< 6>4O 6 j- = �-%, >>F>D4O 4>?6=4 5OFL 

<7D4EE>4>64=4 6 F5G5=<5 F<>?4 D57G?<D>64=<O &; &k 3 <=>65EF6> D57G?<DG5<OE 
FD4=ED>D<4F>D>6; Lp, LI 3 <=>65EF6> 65F65=, 6 >>F>DOE >>=FD>?<DGNFEO ?5D5F>>< 4>F<6=>= 

<>M=>EF< < F>><; ,U,Q,P,U,Q,P min
it

min
it

min
itititit

max
it

max
it

max
it U,Q,P - D4EG5F=O5 < 7444==O5 

?D545?L=O5 7=4G5=<O 4>F<6=>= < D54>F<6=>= <>M=>EF5=, 4 F4>65 =4?DO65=<O G7?4 i 6 t-< 

<=F5D64?5 F<>?4 D57G?<D>64=<O; 
max''

lt
min'

lt
min''

lt
min'

ltltlt K,K,K,K,''K,'K - D4EG5F=O5 < 7444==O5 
?D545?L=O5 7=4G5=<O 65M5EF65==OE < <=<<OE E>EF46?ONM<E D57G?<DG5<>7> >>MDD<F<5=F4 
FD4=ED>D<4F<< FD4=ED>D<4F>D4 l- = 65F6< 6 t- < <=F5D64?5 F<>?4 D57G?<D>64=<O; 

,I,P,I,P min
lt

min
ltltlt

max
lt

max
lt I,P - D4EG5F=O5 < 7444==O5 ?D545?L=O5 7=4G5=<O ?5D5F>>4 4>F<6=>= 

<>M=>EF< < F>>4 l- = >>=FD>?<DG5<>= 65F6< 6 t- < <=F5D64?5 F<>?4 D57G?<D>64=<O. 
� 7444G4E >?F<<<74F<< D56<<>6 --% 6 >4G5EF65 F5?56>= DG=>F<< 6<5EF> DG=>F<< 

EG<<4D=OE F>??<6=OE <745D65> <>6=> <E?>?L7>64FL DG=>F<N EG<<4D=>7> D4EE>44 
GE?>6=>7> F>??<64.  

�?<E4==4O 7444G4 ?D54EF46?O5F E>5>= E?>6=GN 7444GG =5?<=5==>7> <4F5<4F<G5E>>7> 
?D>7D4<<<D>64=<O, E>45D64MGN <=>65EF6> ?D>EFOE, DG=>F<>=4?L=OE < <=F57D4?L=OE 
>7D4=<G5=<= 6 6<45 D465=EF6 < =5D465=EF6.  

� D45>F4E <7?>65=O 4?7>D<F<O >><??5>E=>= >?F<<<74F<< D56<<>6 --% =4 >E=>65 
<5F>44 ?D<6545==>7> 7D44<5=F4. %>7?4E=> MF<< 4?7>D<F<4< <EE>4=4O 7444G4, 6 >5M5< 
E?GG45, ?D54EF46?O5FEO 6 E?54GNM5= D>D<5. �<=<<<7<D>64FL DG=>F<N  

ø ù minF þZ      (4) 
?D< >7D4=<G5=<OE 

ø ù 0ýZW ,     (5) 
maxmin ZZZ óó ,     (6) 

745 ø ùZW  3 m- <5D=4O 65>F>D-DG=>F<O n- <5D=>7> 65>F>D4 ?5D5<5==OE X: 

û ý n...,,,j,z j 21ýýZ ; ø ù ø ùû ý m...,,,i,Zwj 21ýýZW . 

�45EL ?D54?>?4745FEO, GF> ø ùXF  - 6O?G>?4O, 46464O =5?D5DO6=> 4<DD5D5=F<DG5<4O 
DG=>F<O. 

�?7>D<F< D5L5=<O 44==>= 7444G< <5F>4>< ?D<6545==>7> 7D44<5=F4 ?D54GE<4FD<645F 
D4745?5=<O <=>65EF6> >><?>=5=F 65>F>D4 Z =4 464 =5?5D5E5>4NM<EEO ?>4<=>65EF64, 

?D54EF46?O5<OE E>>F65FEF65==> 6 6<45 m < p=n-m <5D=OE 65>F>D>6 û ý m...,,,j,x j 21ýýX  < 

û ý p...,,,j,y j 21ýýY . � F4>>< E?GG45 >7D4=<G5=<5 (5) <>6=> ?D54EF46<FL 6 E?54GNM5< 

6<45: 
ø ù 0ýYX,W .    (7) 

�4<5F<<, GF> G<E?> >><?>=5=F 65>F>D4 X D46=O5FEO G<E?G >><?>=5=F 65>F>D DG=>F<< 
(5) (<?< (7). �>MF><G ?D< <765EF=OE 7=4G5=<OE >><?>=5=F 65>F>D4 Y <>6=> =4=F< X 
?>?GG45<>= E<EF5<O GD46=5=<= <7 (7). 

�E?< 65>F>D=>5 GD46=5=<5 (3.7) <<55F D5L5=<5 >F=>E<F5?L=> X, F.5. 65>F>D Y ?56<F 6 
4>?GEF<<>= >5?4EF<, F> X =47O64NF 65>F>D>< 746<E<<OE <?< 547<E=OE ?5D5<5==OE (<?< 
547<E><) MF>7> GD46=5=<O. %>>F65FEF65==>, Y 6 (3.7) O6?O5FEO 65>F>D>< =5746<E<<OE 
?5D5<5==OE. �5>F>D X ?D54EF46?O5F E>5>= =5O6=GN 65>F>D DG=>F<N Y, F.5. X(Y).  

&4><< >5D47><, ?>E?5 D4745?5=<O >><?>=5=F 65>F>D4 ?5D5<5==OE Z  =4 464 
?>4<=>65EF64 >><?>=5=F 65>F>D>6 X < Y 7444GG (4)-(6) ?D54EF46?ONF 6 E?54GNM5< 6<45 
<<=<<<7<D>64FL DG=>F<N  

ø ùø ù minF þY,YX     (8) 
E GG5F>< >7D4=<G5=<= 
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maxmin XX(Y)X óó ,    (9) 
maxmin YYY óó ,     (10) 

minX , maxX , minY , maxY  3 65>F>DO <<=<<4?L=OE < <4>E<<4?L=OE ?D545?L=OE 7=4G5=<= 
746<E<<OE < =5746<E<<OE ?5D5<5==OE.  

�?F<<<74F<>==O= D4EG5F, 6 >5M5< E?GG45, 6O?>?=O5FEO <F5D4F<6=>. �4 >464>< k- < 
L475 >?F<<4?L=O5 7=4G5=<O =5746<E<<OE ?5D5<5==OE 6OG<E?ONFEO >4> 

)k(
)k()k()k( h

1
1

ý
ý

ö
ö
÷ýý

Y

F
YY ,   (11) 

745 )k(h 3 L47 6 =4?D46?5=<< G5O64=<O F5?56>= DG=>F<< (8) 6 k- = <F5D4F<<; 
)k( 1ý

ö
ö
Y

F
- 65>F>D-

7D44<5=F =5O6=>= F5?56>= DG=>F<< 6 k-1- = <F5D4F<<, >>F>D4O >?D545?O5FEO ?> 6OD465=<N 

Y

X

X

F

Y

F

Y

F

ö
ö
÷

ö
ö

û
ö
ö

ý
ö
ö

;   (12) 

Y

F

ö
ö

- 65>F>D G4EF=OE ?D><76>4=OE F5?56>= DG=>F<< ?> =5746<E<<O< ?5D5<5==O< ?D< 

?D54EF46?5=<< 5U >4> ?D>EF4O DG=>F<O 65>F>D4 Y; 
Y

X

ö
ö - 65>F>D-7D44<5=F =5O6=OE DG=>F<= 

X(Y), >>F>DO= >?D545?O5FEO D5L5=<5< E?54GNM5= E<EF5<O ?<=5==OE GD46=5=<=, 
?>?GG45<>= <7 (7): 

Y

W

Y

X

X

W

ö
ö

ýý
ö
ö
÷

ö
ö .    (13) 

 �?F<<4?L=O5 7=4G5=<O 746<E<<OE ?5D5<5==OE =4 k- = <F5D4F<< =4E>4OFEO =4 >E=>65 
D5L5=<O E<EF5<O GD46=5=<=, ?>?GG45<>= F4>65 <7 (7)  

ø ù 0ý)k(YX,W .    (14) 
'G5F ?D>EFOE >7D4=<G5=<=, F.5. >7D4=<G5=<=, =4?>65==OE =4 =5746<E<<O5 ?5D5<5==O5 

(10) 6 >?<EO645<>< 4?7>D<F<5 GG<FO645FEO ?D>EFO< 74>D5??5=<5<, =4 >464>= <F5D4F<<, 
?5D5<5==OE 6OL54L<E 74 4>?GEF<<O5 ?D545?O =4 E>>F65FEF6GNM<E ?D545?L=OE 7=4G5=<OE. 
�?O MF>7> ?>E?5 6O?>?=5=<O >464>= <F5D4F<< ?D>65DO5FEO 4?O 6E5E =5746<E<<OE 
?5D5<5==OE 6O?>?=5=<5 >7D4=<G5=<O (10). � E?GG45 <E 6O?>?=5=<O, ?>?GG5==O5 7=4G5=<O 
MF<E ?5D5<5==OE D4EG5FO ?D>4>?64NFEO E ?5D5E>4>< > D5L5=<N E<EF5<O GD46=5=<= (14). � 
?D>F<6=>< E?GG45, F.5. ?D< GE?>6<< =4DGL5=<O =5>>F>DOE >7D4=<G5=<= <7 (10), MF< 
?5D5<5==O5 ?D<=<<4NFEO D46=O<< =4 <E E>>F65FEF6GNM<5 ?D545?L=O5 7=4G5=<O < 74F5< 
?5D5E>4OF > D5L5=<N E<EF5<O GD46=5=<= (14).  

�4=>= <7 646=OE 7444G 6 44==>< 4?7>D<F<5 O6?O5FEO 6O5>D L47 6 =4?D46?5=<5 
G5O64=<O F5?56>= DG=>F<< )k(h . �7> =4G4?L=>5 7=4G5=<5 6O5<D45FEO ?> D57G?LF4F4< >?OF4 
D5L5=<O ?>4>5=OE 7444G. � ?>E?54GNM<E <F5D4F<OE 57> 7=4G5=<5 6O5<D45FEO 6 ?D545?4E 

)k(
.?D

)k( hh óü0 ,    (15) 

745 )k(
.?Dh  3 ?D545?L=> 4>?GEF<<O= L47 6 =4?D46?5=<< 

)k( 1ý

ö
ö

ý
Y

F
<7 F>G>< )k( 1ýY , ?D< >>F>D>< 

Y 4>EF<745F 7D4=<FO 4>?GEF<<>= >5?4EF<. &4> >4> 65>F>D Y <<55F <=>65EF64 >><?>=5=F, F> 
)k(

.?Dh >?D545?O5FEO >4> =4<<5=LL<= <7 6E5E ?D545?L=OE L47>6 4?O >F45?L=OE >><?>=5=F>6: 

÷
÷
÷
÷
÷

ø

ö

÷
÷
÷
÷
÷

ø

ö

ö
ö

ý
ýý

ý

ý

)k(

j

?D.j
)k(

j(k)
?D.j

)k(
.?D

y

F

yy
minhminh

1

1

,   (16) 
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745 ?D.jy  3 ?D545?L=>5 7=4G5=<5 j 3 7> =5746<E<<>7> ?5D5<5==>7> (j3= >><?>=5=FO 65>F>D4 Y), 

>?D545?O5<>5 ?> E?54GNM5<G GE?>6<N: 

ÿ
ÿ

þ

ÿ
ÿ

ý

ü

þ
ö
ö

ü
ö
ö

ý
ý

ý

.
y

F
5E?<y

,
y

F
5E?<y

y
)k(

j

min
j

)k(

j

max
j

?D.j

0

0

1

1

    (17) 

�?O GG5F4 >7D4=<G5=<= ?> 746<E<<O< ?5D5<5==O< (9) 6 D4EE<4FD<645<>< 4?7>D<F<5 
<E?>?L7G5FEO >E>5O= ?D<5<, >E=>64==O= =4 E<5=G 547<E4. %>7?4E=> MF><G ?D<5<G ?D< 
=4DGL5=<< >4>>7> ?<5> >7D4=<G5=<O, 6E>4OM5= 6 (9), >EGM5EF6?O5FEO ?5D56>4 
E>>F65FEF6GNM57> 746<E<<>7> ?5D5<5==>7> 6 G<E?> =5746<E<<OE ?5D5<5==OE, 4 6<5EF> =57> 
>4<= <7 =5746<E<<OE ?5D5<5==OE ?5D56>4<FEO 6 G<E?> 746<E<<OE.  

�?O GE>>D5=<O EE>4<<>EF< <F5D4F<6=>7> ?D>F5EE4 D4EG5F4 >G5=L 646=O 6O5>D 
>D<F5D<O < >?F<<4?L=>7> <7<5=5=<O 547<E4. 

�D<F5D<< <7<5=5=<O 547<E4, 4>?6=O GG<FO64FL E4D4>F5D >7D4=<G5=<= 6 6<45 (9) < (10). 
�E?< ?D< =5>>F>DOE <EE>4=OE 547<E4E <=>7>L47>6O= ?D>F5EE >?F<<<74F<< 7465M45FEO 557 
>4><E ?<5> <E E<5=, F> ?D< 4DG7<E <EE>4=OE 547<E4E ?D>F5EE <>65F ?D>F5>4FL < 7465DL4FLEO 
E <=>7>>D4F=O<< <E E<5=4<<.  

�?O E<5=O 547<E4 4>?65= 5OFL 6O5D4= F4>>= ?5D5<5==O=, ?D< >>F>D>< G<E?> <F5D4F<= 
4?O ?>?GG5=<O >>=5G=>7> >?F<<4?L=>7> D5L5=<O < 65D>OF=>EFL 4>EF<65=<O =>6O< 
746<E<<O< ?5D5<5==O< yk E6>57> ?D545?L=>7> 7=4G5=<O G<5=LL4NFEO.  

%4<O= ?D>EF>= < L<D>>> ?D<<5=O5<O= E?>E>5 6O5>D4 =5746<E<<>7> ?5D5<5==>7>, 
>>F>DO= ?5D56>4<FEO 6 G<E?> 746<E<<OE ?5D5<5==OE, ?D54GE<4FD<645F 6O5>D F4>>7> 
?5D5<5==>7>, 4?O >>F>D>7> D47=>EFL <564G F5>GM<< < ?D545?L=O< 7=4G5=<O<< 5>?LL5 G5< 
4?O >4>>7> ?<5> 4DG7>7> ?5D5<5==>7>. 

�<F5D4FGD4 
1. �4E<D>6 &.%., �4=<5>6 &.,. &5>D5F<G5E><5 >E=>6O >?F<<<74F<< D56<<>6 

M=5D7>E<EF5<. 3 &.: «$4= 64 F5E=>?>7<O», 2014, 184 EFD. 
2. �4=<5>6 &.,. �5F>4O < 4?7>D<F<O >?F<<<74F<< D56<<>6 M?5>FD>M=5D75F<G5E><E 

E<EF5<. &.: �74. &4L�&', 2014. 178 E. 
 
'������ �'�, ���&��&$�&�$����� ����� ,�$��&��$����� 

-��$��&�� ��$%�&��'��$��� ������, 
�<L>=>6 �., $4D�>=4 ?>?<F5E=<>4 <=EF<FGF< F4?454E< 

�<>=<??456 �., $4D�>=4 ?>?<F5E=<>4 <=EF<FGF< 4EE<EF5=F< 
nishonovkamoliddin24@gamail.com, F5?.: +998911394758 

¶>7<D7< >G=44, �GUL M=5D75F<>4E< E>·4E<44 4E>E<= =^=4?<L?4D44= 5<D<, F4D><5<44 
>^??45 =GD �4=F4DG6G< M?5<5=F?4D44= F4L><? F>?74= �GUL �GD<?<4?4D<=<=7 F5E=<>46<= 64 
<�F<E>4<= >^DE4F><G?4D<=< OEL<?4L74 =^=4?F<D<?74= >^77G?< <G64EE4<?>6G< F<7<<?4D 
(��&) 6>E<F4E<44 <G64EE4<?4L 64D4U=<=< F4>><<??4L F<D<L 4>?74D5 647<D4?4D44= 5<D< 
·<E>5?4=<>�44. �G ME4 �GUL =GD?4=<L >�<<<=< <G64EE4<?>6G< >^77G?< F<7<<?4D=<=7 
F4=UD?4=<L< 6<·4F44= E>444 >>=EFDG>F<O?4D<=< <L?45 G<�<L=< F4?45 MF<>�44 [1-2]. 'L5G 
FGD447< �GUL >>=F5=FD4F>D?4D74 OEE< $D5=5? >^77G?< <G64EE4<?>6G< F<7<<?4D=< 
><D<F<L<<<7 <G<><=. /EE< $D5=5? >^77G?< �GUL >>=F5=FD4F>D?4D< <G64EE4<?4L 44D464E< 
?4EFD>� 5^?74=< 5<?4= F5E=>?>7<> 6<·4F44= �G?4=?<7< 5<?4= 46D4?<5 FGD44< [3-5]. �G=44= 
>>=EFDG>F<O?4D=< <L ?D<=F<?< LG=44><, 54DG4 G<7<�?< =GD �4=F4DG6G< M?5<5=F-D4F5F4?4D 
6>=?4LG6<44= �4NF<= =474D, �GUL =GD?4=<L >�<<<=< 5<FF4 G<7<�?< D>>4? E>·474 
=^=4?F<D44< [6-10].  

'<7<�?< $D5=5? >>=F5=FD4F>D<=<=7 D>>4? F5><E?<> E>·4447< =GD?4=<L >�<< 
7<G?<7<=< 4?>·<44 M?5<5=F-D4F5F4?4D=<=7 M=5D7<O G?GL<=< =<�<=4<E< E<D4F<44 >^D<5 
G<�<L<<<7 <G<><=. �4>E<<4? =GD?4=<L >�<<< � =< 4=<�?4L GGG= �G=<447< <D>44=< 
U7<L<<<7 <G<><=: 
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0

1

c o s ( / 2 ) c o s ( 9 0 )c z f i i
i

E E R S U U
ý

ý ýõ    (1) 

5G 5D44, �E 3 F^�D< �GUL =GD?4=<L >�<<< , Rz3 =GD �4=F4D<L >>MDD<F<5=F<, Sf 34?>·<44 
M?5<5=F3D4F5F4 N74 ^?G4<<, Ui- 4?>·<44 >^77G?4D=< >G<?<L 5GDG47<. 

�?G4<< 1.2E1.5 <5FD 5^?74= G<7<�?< $D5=5? >>=F5=FD4F>D<=< D>>4? F5><E?<7<447< 
=GD �45G? �<?7<G 5^=?45 M=5D7<O 7<G?<7<=< F4�E<<?4=<L< (1) D>D<G?4 UD44<<44 4?>·<44 
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=GD?4=<L< >�<<<=< D47>6<= F4�E<<>F< >5?F<D<?74=. 
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>>>D4<=4F4E< �<=<4F< 5,5 E4=F<<5FD=< F4L><? MF<>�44. �L?45 G<�<?74= �GD<?<444 
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CH�STOT� O8ZG�RTIRGICHLI �SINXRON DVIG�TEL TIZIMID�GI 
ELEKTROM�GNIT J�R�YONNING T�HLILI 

Norboev Otajon Normo8minovich 
Katta o8qituvchi, Qarshi muhandislik-iqtisodiyot instituti 

Qurbonazarov Suhrob Erkin o8g8li 
Termiz muhandislik 3 texnologiya instituti assistenti 

Annotatsiya: Chastota o8zgartkichlarning yangi tuzilmasini hamda boshqarish sxemasini 
yaratish, <chastota o8zgartkich-asinxron dvigatel= tizimi bo8yicha rostlanadigan asinxron elektr 
yuritmaning xarakteristikalari va xossalarini o8rganishdir.  

�==>F4F<<: $47D45>F>4 =>6>= >>=EFDG>F<< < EE5<O G?D46?5=<O ?D5>5D47>64F5?O<< 
G4EF>FO, <EE?54>64=<5 E4D4>F5D<EF<> < E6>=EF6 4E<=ED>==>7> M?5>FD>?D<6>44, 
D57G?<DG5<>7> ?> E<EF5<5 «?D5>5D47>64F5?L G4EF>FO-4E<=ED>==O= 46<74F5?L». 

Annotation: Development of a new design and control scheme for frequency converters, 
research of characteristics and properties of an asynchronous electric drive, controlled by the system 
"frequency converter-asynchronous motor". 

Kalit so8zlar: Chastota o8zgartirgich, asinxron dvigatel, elektromagnit jarayon, 
mikroprotsessorli texnika. 

�?NG56O5 E?>64: ?D5>5D47>64F5?L G4EF>FO, 4E<=ED>==O= 46<74F5?L, 
M?5>FD><47=<F=O= ?D>F5EE, <<>D>?D>F5EE>D=4O F5E=<>4. 

Key words: frequency converter, asynchronous motor, electromagnetic process, 
microprocessor technology. 

Bugungi kunda ishlab chiqarilayotgan elektr energiyasining 60% dan ko8prog8ini elektr 
yuritma tizimlari sarflaydi. Iste9mol etilayotgan elektr energiyasining asosiy ulushi (50% gacha) 
keng tarqalgan oddiy, rostlanmaydigan qisqa tutashgan rotorli asinxron dvigatel (AD) lar asosida 
tuzilgan elektr yuritmaga to8g8ri keladi. Ko8p hollarda AD li elektr yuritmalar o8rnatilgan sanoat 
qurilmalarida yuklama momenti vaqt bo8yicha o8zgarib turadi. Bu esa elektr energiyasini isroflariga 
sabab bo8lib, tarmoqdagi quvvat koeffsiyentini pasaytiradi. Aniq bir holat uchun sezilarli bo8lmagan 
energiyaning isrofi respublika miqiyosida katta hajmga egadir. Bundan tashqari, o8ta yuklanish 
paytidagi AD ning yurgizish va himoyalash muammolari mavjud [1,2]. Texnologik qurilmalarning 
turli-tumanligi, ulardagi tezlikni rostlash talab qilmasligi, energetik jixatdan uncha yuqori 
bo8lmagan talablarni qo8yuvchi o8tish jarayonlari, ularda himoya va nosozliklarning diagnostikasini 
ta9minlash imkoniyatiga ega bo8lmagan, lekin arzon bo8lgan asinxron elektr yuritmalarini 
ishlatilatishni taqozo etadi. Bunday qurilmalarning ishonchliligini past darajada bo8lishi oqibatida 
yuritma-dagi AD larning tez ishdan chiqishiga sabab bo8ladi. Yuqorida aytib o8tilgan masalalarni 
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yechimini ta9minlab beruvchi jixoz3chastota o8zgartgich bilan jixozlangan AD li umumsanoat 
yuritmasidir. Keyingi o8n yillar ichida kuchli tokli elektronika va mikroprotsessorli texnikaning 
rivojlanishi hamda ularning narxini keskin pasayishi, xozirda keng tarqalgan elektr yuritmalarda 
chastota o8zgartkichlarni qo8llashnishi iqtisodiy jixatdan maqsadga muvvofiq bo8lmoqda. Lekin 
chastota o8zgartkichlardan foydalanish jarayoni cheklanganligi, ya9ni ularni texnologik 
qurilmalardagi davomli yoki qisqa-takrorlanuvchan rejimlarda ratsional ishlashi va tezlikni ravon va 
katta diapazonda rostlanishi talab qilinishi bilan bog8liqdir. Shuning uchun, ishonchli va arzon 
chastota o8zgartkichlarni yaratish, ularni qo8llanish soxalarini kengaytiradi va shu bilan birga, 
eskirgan qurilmalarni modernizatsiyalash imkoniyatini amalga oshiradi. O8zgartkichlarni qo8llash, 
minimal sarf-xarajatlar orqali ishlab chiqarilayotgan maxsulot sifatini va texnologik muammolarini 
yechilishini ta9minlaydi. Lekin chastota o8zgartkichlarni ishlatish yordamchi elektromexanik 
datchiklarni o8rnatilishini talab qilib, AD ning yurgizish jadalligini cheklaydi. Bu esa texnologiya 
talablari bo8yicha xar doim ham to8g8ri kelmaydi. <Chastota o8zgartkich-asinxron dvigatel= tizimi 
asosida qurilgan datchiksiz elektr yuritmalarni ishlab chiqish bunday cheklashlarni bartaraf qilish 
imkoniyatini beradi. [3,4,]. 

<CHO8-AD= tizimidagi elektromagnit jarayonlarning taxlili, AKI va AD ning boshqarish 
usullariga asoslangan. Shu sababdan, AKI ni asosiy va yo8naltiruvchi chastota asosida impuls 
kengligi bo8yicha rostlash paytida boshqarilganda siljimas koordinatalar tizimidagi statorning 
natijaviy kuchlanish vektori oltita aniq holatni oladi. 

AKI ning chiqishidagi kuchlanishni o8rtacha natijaviy vektori tenglama orqali aniqlanadi: 

,3/ð÷ k
ss eUu ÷ý           (1.1) 

bunda k  = 0,1,2...5. 
Bunday holat uchun, masalaning yechimi AKI ni o8zgarmas tuzilishi bo8lgan ð /3 intervalida 

olib borilib, elektromagnit o8zgaruvchilarning oniy qiymatini aniqlash mumkin.  

,/ dtdiRu ssss ùûý  

rrrr jdtdiR ùýùûý ÷/0 , 

,rmsss iLiL ûýù           (1.2) 

,rrsmr iLiL ûýù  

.
2

3
ss iM ùý  

bunda rsrss iiu ùù ,,,, - stator va rotor o8zgaruvchilarini o8rtacha natijaviy vektorlari. 

Algebraik hisoblarni osonlashtirish uchun nisbiy birliklar kiri-tiladi. AD ning parametrlari 
nisbiy birlikda berilib, ular kichik oraliqda o8zgaradi, bunday hisoblarning natijalari ko8pchilik 
amaliy holat-larda qo8llanishi mumkin. Quyidagi asosiy parametrlar bazaviy sifatida qabul qilinadi: 

÷ =><! II 2ý - nominal faza tokining maksimal qiymati; 

÷ 3/2ý!U U=><-nominal faza kuchlanishining maksimal qiymati (nominal 

berilganlarda chiziqli kuchlanish ko8rsatiladi); 

÷ !!! IUZ /ý  - qarshilik; 

÷ =><!! U ÷/ýù - oqim ilashishi ( =><÷ -manbalovchi tarmog8ning nomi-nal aylanma 

chastotasi); 

÷ 2/3 !!! IUP ý  - quvvat; 

÷ =><!! Pp� ÷/ðý  - moment. 
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Tenglamalar nisbiy birlikda yozilganda, xaqiqiy qiymatlar bilan ko8rsatilgandagi belgilar 

ishlatiladi, !! pv ÷÷÷÷ñ /,/1 ðýý  lardan tashqari. 

Bundan tashqari, sirpanishning nisbiy birligidagi qiymati o8zgar-maydi, chunki absalyut 
sirpanish ( nisbiy birligida quyidagicha naiq-lanadi: 

 ø ù ,/1 v! ýýýý ñ÷÷÷ò bunda sirpanish esa ñò /ýs  (1.3) 

Vaqt va differensiyalash operator belgilari o8zgarmasdan qoladi va !!t ÷/1ý  bo8lganda 

./© !pp ÷ý . qabul qilinadi. (1.2) tenglamalar tizi-mini nisbiy birliklarda quyidagicha ifodalash 

mumkin: 

,ssss piRU ùûý  

,)(0 rrr jpiR ùýûý ñ  

,rmsss iXiX ûýù         (1.4) 

,rrsmr iXiX ûýù  

.ss iM ùý  

bunda: p - differensiyalsh operatori. ./;/ !! ZLXdtd ÷ý  

Quyidagi rasmda AD li universal EYU ning funksional sxemasi kelti-rilgan bo8lib, bunda 
boshqarish stator tokining moduli bo8yicha amalga oshi-riladi. Ushbu tizimdagi elektromagnit 
jarayonlarini taxlili ancha murak-kab AKI ning qayta ulash holatida momentlarni noaniqligi sababli, 
takrorlanish intervali chegarasini boshlang8ich shartlarini aniqlash mumkin bo8lmaydi. Lekin 
masalani yechish uchun (2.1) va (2.5) tenglamalar asosida boshlang8ich nul qiymatlarni aniqlash 
mumkin. 

�O?DO-
<<F5?L 

+
 $ <?LFD

, � $ � � �

~380�

=
A �

im

úis ú÷

I?

 
1-rasm. AD stator toki bo8yicha boshqariladigan EYU ning  

funksional sxemasi 
 

AKI ning o8zgarmas tuzilishida EYU ni kvaziturg8un ishchi rejimida tenglamalari nisbiy 
birliklarda quyidagi ko8rinishga keltirilib, bunda kvaziturg8un rejim uchun ÷k=0 bo8lganda quyidagi 
ko8rinishni oladi. 

,ssss piRU ùûý  

,)(0 rrr jpiR ùýûý ñ  

,rmsss iXiX ûýù  

,rrsmr iXiX ûýù         (1.5) 
.ss iM ùý  

bunda p - differensiyalash operatori. ./;/ !! ZLXdtd ÷ý  

Bunday holatlarning o8zgaruvchilari sifatida oqim ilashish-larni proyeksiyasi yoki xaqiqiy va 
mavxum o8qlariga tokning proyeksiyasi orqa-li tanlanishi mumkin. (1.5) tenglamalar tizimiga ko8ra: 

BuAii ûýp ,             (1.6) 
bunda A-o8lchami (4x4( bo8lgan holatlarning kvadratik matritsasi, V - o8lchami (4x2( bo8lgan 

boshqarish matritsasi, i-o8lchami (4x1( bo8lgan holatning o8zgaruvchi vektori, u- o8lchami (2x1( 
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bo8lgan boshqariladigan ta9sirlar vektori. Matritsaning elementlari quyidagi nisbatlar bilan 
belgilangan 
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bunda ø ùrsm LLL /1 2ýýó -Farqalishning natijaviy koeffitsiyenti, ø ùrsm LLLK /2ý  - 

bog8lanishning natijaviy koeffitsiyenti, ;/ sms LLK ý  rmr LLK /ý  - stator va rotorning 

bog8lanish koeffitsiyenti. (1.6) holat tenglamalarining yechimi quyidagicha ifodalanadi: 

ø ù ueet tt BAii AA 11)0()( ýýûý      (1.8) 
Nisbiy birlikda (2.5) tenglamasini yechimi quyidagicha bo8ladi: 

./)()0()( HtMMvtv 9ýûý     (1.9) 

bunda ýý c!!3 MJH ÷÷÷ ,/ sinxron tezlik. SHIR ning yo8naltiruvchi chastotasi davrida 

elektromagnit jarayonlari ko8rib chiqilsa, bunda, ularni taxlilini olib borish, o8zgaruvchi parametrli 
tenglamalar tizimini rekkurent yechimi asosida bajariladi: 

)()1(

,/]))(([)()1(

),())((]1[)()1(
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1))(())(( 00
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HMmMTmvmv
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uTu
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ýûýû
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 (1.10) 

bunda omTt ý , & - simmetriya matritsasi  

ú
û

ù
ú
û

ù ý
ý

5,086,0

86,05,0
T            (1.11) 

Boshlang8ich shartlari 

].0,[)0(,0)0(,0)0( ¬Uuvi ÷ýýý       (1.12) 

A matritsasi va M momentning o8zgaruvchan elementlarini rekkurent protsedurasi xar qaysi 
qadamida o8zgarmas bo8ladi va keyiingi qadamga o8tgan-da o8zgaradi. Bunda stator tokini moduli 
ham hisoblanadi: 

22
òñ sss iii ûý           (1.13) 

va agar olingan natija Im ustavkasi bilan teng bo8lsa, k bo8yicha rekkurent protsedura k + 1 qadamga 
o8tadi. Yuqorida keltirilgan hisoblar ketma-ketligi real elektr yuritmadagi elektromagnit 
jarayonlarini modellash-tirish imkonini beradi.  

Bunda hisobning quyidagi algoritmi qo8llaniladi. Dastlabki qiymatlar sifatida AD ning 
parametrlari hamda boshlang8ich shartlar qabul qilinadi. Bundan keygin ÷ va mI  boshqarish ta9siri 

qiymatlari kiritilib, yuklama momenti �= ham kiritiladi. (1.9), (1.10) F5=7?4<4?4D orqali hisoblarni 
rekkurent sikllari olib boriladi va elektromagnit hamda elektromexanik jarayonlarining grafigi 
chiqariladi. 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

126 

4

2

1

-1

-2

-3

i

t, c
0,1 c

is

isx

isy

3

-4

4)

2 �/45?.  

1

òk+1

ñ
k+1

k+1 k

k k

1

__

us

ù
__

r

  i
__

s

5 �/45?. 1 �/45?.  1 �5/45?.  

5)
 

7

5

4

2

1

0

8

t, c

0,1 c

6

-1

3

÷

M

6)

3 �</45?.  1,5 D44/c/45? 

 

2- rasm. (1.6) tenglamalar bo8yicha olib borilgan hisoblar natijasi, bunda »=0,1; Im=10 �, 
�==1�< 
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3-rasm. (1.6) tenglamalar bo8yicha olib borilgan hisoblar natijasi, bunda »=0,45; Im=10 �, 
�==1�< 

Ishlab chiqilgan dastur yordamida EYU ning o8tish va turg8un ishchi rejim-larida 
elektromagnit jarayonlarini aniqlash turli boshqaruvchi va to8lqin-lantiruvchi ta9sirlarida bajarilgan.  

Hisoblar natijalari 1va 2 3 rasmlarda keltirilgan va bunda quyidagilar ifodalangan 
43stator si  tokining vektori moduli va uning koordinatalar o8qiga proyeksiyasi kuchlanish 

vektori bilan moslashtirilgan. Bunda tokning aktiv tashkil etuvchisi - sxi , syi - ME4 reaktiv tashkil 

etuvchisi ( sxi AKI ning manba zanjiridagi tok). 5 - tok vektorini godografi si  va rotorning oqim 

ilashishi - rù  6 3 rotorning aylanish tezligi ( va elektromagnit momenti �. 

÷=0,04, �==1�<, Im=4� bo8lgandagi turg8un rejimning hisoblarini natijalari (bu tezliklar 
bo8yicha rostlashning pastki diapazoni) ko8rsatishicha tezliklar bo8yicha pulsatsiyalar 20 % ni, 
momentlar bo8yicha pulsa-siyalari esa 100% ni tashkil etadi. Lekin rotorning oqim ilashishi o8zgar-
mas bo8lib qoladi. SHIR ning chiqishidagi kuchlanishning ortirilishi va tokning moduli 2,5 baravar 
ortib ketishi (3-rasm). Tezlikning o8rtacha qiymati va momenti o8zgarmas bo8lib qoladi (»=0,1; 
Im=10 �), lekin rotor-ning oqim ilashishi ortib boradi. Agar faqat kuchlanish ortirilsa, (ËED= 6,0 E-1; 
MED=1 �<) rù  qiymati o8zgarmasdan qoladi, lekin, tezlikning o8rtacha qiymati ortadi.  

Bunda tok proyeksiyasining epyurasiga e9tibor berish zarur. chunki ular AKI ning manbalash 
zanjiridagi energiyaning qaytish xususiyatini belgi-laydi. AD ning bunday ishchi rejimi salt 
rejimiga yaqin bo8ladi.  

EYU ning turli ishchi rejimlari uchun keltirilgan tok epyuralari, elektromagnit yuklamalarini 
aniqlashida yordam beradi, CHO8 ning yarim o8tkazgichli elementlarini to8g8ri tanlashda ishtirok 
etadi. Shunday qilib, universal datchiksiz tezlik bo8yicha rostlanadigan EYU ni ishlab chiqishda, 
yarim o8tkazgichli elementlarni tanlashda statorning maksimal tokini ta9minlash hisobga olindi. 
Ko8rib chiqilgan tizimda aytib yuqoridagilar stator tokining maksimal moduli bilan xarakterlanadi. 

AD ning, stator tokining moduli bo8yicha rostlanadigan EYU ning hisobi asosida chiqarilgan, 
mexanik xarakteristikalari kelti-rilgan. Nominal moment (M==16,7 �<) ga yaqin bo8lganda, 
mexanik xarakteris-tikasini og8ishi, dvigatelning stator tokining moduli Im = 10 � bilan cheklanadi. 
Otsechka zonasida dvigatelning momenti o8zgarmaydi, chunki ko8rib chiqilayotgan usulga ko8ra. 
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ikki parametr ( rù = const) 64 (ò = const) barqarorlashgan bo8lib, ularning qiymatlari stator 

tokining moduli Im bilan aniqlanadi. ò=const bo8lganda moment stator tokining kvadratiga 
proporsionaldir. ò ni barqarorlashtirish darajasi asosan ish rejimi va EYU ning tuzilishiga bog8liq. 
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4-rasm. Dvigatelning stator toki bo8yicha boshqariladigan EYU ning mexanik 

xarakteristikalari 
EHM da hisoblangan EYU ning elektromagnit xarakteristikalari 53 rasmda keltirilgan. Ushbu 

xarakteristikalarga ko8ra, yuklama tokning minimumi va kuchli tokli tranzistorining minimum toki 
ishlab chiqilgan usulda AD ning generator rejimida xosil bo8ladi.  
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5-rasm. Stator toki moduli bo8yicha boshqariladigan EYU ning elektromagnit xarakteristikalari 
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G65?<G5=<< >>?<G5EF64 ED454FO64=<= ?<F4F5?5= (GF> E>>F65FEF6G5F ?>?=>= D47<>F>5 
>>>>=>6; ?>45D>E>G <7 D4EFDOE>G=>= <4L<=O 55E>>=F>6OE >>>>=>6; >5DO6 =<F< 6 ?D>F5EE5 
D47<>F><, E6O74==>= E ??>E>= ?>47>F>6>>= >>>>=>6) >F=>E<F5?L=> 7444==>7>, F.5. 
>?F<<4?L=>7> 4?O 44==>7> >4G5EF64 EODLO, D56<<4 D45>FO < F.4., G4EF>F4 6D4M5=<O 
46<74F5?O 4>?6=4 G<5=LL4FLEO. �D< G<5=LL5=<< >>?<G5EF64 ED454FO64=<= - G65?<G<64FLEO. 
�?F<<4?L=O< 7444==O< 7=4G5=<5< >>?<G5EF64 ED454FO64=<= 6 >5M5< E?GG45 5G45F 
EG<F4FLEO F4>>5 7=4G5=<5, ?D< >>F>D>= >55E?5G<645FEO =4<5>?LL4O ?D><76>4<F5?L=>EFL 557 
GEG4L5=<O >4G5EF64 =<F< L5?>4-EODF4. 

�46<E<<>EFL <564G >>?<G5EF6>< ED454FO64=<= ?<F4F5?5= i < E>>D>EFLN D47<>F>< þD 
>>>>=>6 (<?< G4EF>F>= 6D4M5=<O <>F>6<?4 ÷) GEF4=46?<645FEO ?>ED54EF6>< >4=>7> <7 
646=OE ?>>474F5?5= >4G5EF64 6OD454FO645<>7> L5?>4-EODF4-4?<=O =5?D5DO6=> 
D47<4FO64NM5=EO =<F< l=D: 

l
n

i
kíð

ðý
þ ,            (1.2) 

745 n 3 G<E?> >>=FD>?<DG5<OE ?<F4F5?5=; > = 0,90...0,95 3 >.?.4. ?<F4F5?O. 
�4>>= D57G?<D>64=<O %��' 6O5D4= ?D>?>DF<>=4?L=>= < 6OD4645FEO D>D<G?>=:  

UG = �1 U7 +(-�2 U<) + (-�3 U>E),        (1.2) 
745 UG 3 G?D46?ONM<= 4=4?>7>6O= E<7=4?, ?>EFG?4NM<= =4 6E>4 D57G?<DG5<>7> 

?D<6>44; U7 3 4=4?>7>6O= E<7=4? 7444=<O: U<34=4?>7>64O <=D>p<4F<O, E>>F65FEF6GNM4O 
>>?<G5EF6G ED454FO64=<= >>=FD>?L=OE 44FG<>>6; U>E3 E<7=4? >5D4F=>= E6O7<, 
?D>?>DF<>=4?L=O= E>>D>EF< 6D4M5=<O 46<74F5?O; �1, �2, �33 >>MDD<F<5=FO 
<4ELF45<D>64=<O (?D>?>DF<>=4?L=>EF<). 

� %��', 4?O D>D<<D>64=<O <=D>D<4F<< > E>EF>O=<< >>=FD>?L=OE 44FG<>>6 
<E?>?L7GNFEO 75D>>=O, GEF4=46?<645<O5 =4 >>=FD>?L=OE 44FG<>4E E>6<5EF=> E 75D>>=4<< 
6>?NG5=<O ?<F4F5?5=. -?5>FD>?<F4=<5 ?<F4F5?5= >EGM5EF6?O5FEO ?> 7DG??4< G5D57 
M?5>FD><5E4=<G5E><= >><<GF4F>D (-��). 60 ?<F4F5?5= 46F><4F4 D475<FO =4 FD< 7DG??O ?> 
20 6 >464>=. �=4?>7<G=O< >5D47>< E>54<=ONFEO < <=D>D<4F<>==O5 75D>>=O. �D5<O 
M?5>FD>?<F4=<O >464>= 7DG??O ?<F4F5?5= E>EF46?O5F 0,5E. �D5<O F<>?4 M?5>FD>?<F4=<O 
E>EF46?O5F 2,0E. '>474==O5 6D5<5==O5 ?4D4<5FDO <<5NF 646=>5 7=4G5=<5, F.>. >?D>E 
>>=FD>?L=OE 44FG<>>6 4>?65= >EGM5EF6?OFLEO E<=ED>==> E M?5>FD>?<F4=<5< 7DG??, =4G<=4O 
E ?5D6>= 7DG??O F<>?4.  

%>7?4E=> D5>><5=44F<O< <=D>D<4F<O, ?>4?564M4O 4=4?<7G, 4>?6=4 =4>4??<64FLEO 6 
F5G5=<5 50 F<>?>6 >?D>E4 (100,0 E) < F>?L>> ?>E?5 MF>7> EF4=>6<FLEO DG=>F<5= 4?O 
D57G?<D>64=<O. �D<G5<, 6 F5G5=<5 6E57> 6D5<5=< ?>E?54GNM57> >?D>E4, <=D>D<4F<O 
?D54O4GM57> >?D>E4 E>ED4=O5FEO 6 6OE>4=>< D57<EFD5 %��'. �4>E<<4?L=4O 
<=D>D<4F<>==4O 5<>>EFL ?4<OF< %��' E>EF46?O5F 256 ED454FO64=<= (8 46><G=OE 
D47DO4>6). �?D>E E>EF>O=<O 44FG<>>6 6 7DG??5 4>?65= >EGM5EF6?OFLEO G5D57 0,4 E ?>E?5 
=4G4?4 6>?NG5=<O M?5>FD>?<F4=<O ?<F4F5?5= 44==>= 7DG??O. �E?54EF6<5 MF>7>, 6D5<O 
>?D>E4 44FG<>>6 7DG??O 4>?6=> 5OFL =5 5>?55 0,1E. 

$47D45>F4==4O %��', D45>F45F 6 46GE D56<<4E: 
-46F><4F<G5E>><, 6 >>F>D>< G4EF>F4 6D4M5=<O 46<74F5?O <>F4?L=OE <5E4=<7<>6 

D57G?<DG5FEO 6 746<E<<>EF< >F <=D>D<4F<< E >>=FD>?L=OE 44FG<>>6; 
-DGG=><, 6 >>F>D>< G4EF>F4 6D4M5=<O 46<74F5?O GEF4=46?<645FEO 6DGG=GN E ?4=5?< 

G?D46?5=<O 6 E>>F65FEF6<< E FD55>64=<O<< F5E=>?>7<G5E>>7> D56<<4. $56<< =$GG=>== 
>55E?5G<645F ?D>4>?65=<5 F5E=>?>7<G5E>>7> D56<<4 6 E?GG45 6OE>44 E<EF5<O %��' <7 
EFD>O. �D><5 F>7>, 6 44==>< D56<<5 ?D54GE<>FD5=> F4>65 >EGM5EF6?5=<5 D56<<4 
<�56GD=O==, DG=>F<O >>F>D>7> 74>?NG45FEO 6 E?54GNM5<. � ?D>F5EE5 D45>FO ���, L5?>-
EOD5F =4 <>F>6<?4E ?> <5D5 =4D45>F><, =5?D5DO6=> < D46=><5D=> ?>4EGL<645FEO ?D< 
?><>M< =47D564F5?L=OE ?D<5>D>6. � F>< E?GG45, >>744 <>F>6<?4 E L5?>><-EODF>< =4 
46F><4F5 =54>D45>F4=O, >F>?NG4FL 57>, =4?D<<5D, =4 >5545==O= ?5D5DO6, =5?L7O, F.>. L5?> 
=4 <>F>6<?4E ?5D5EF4=5F EGL<FLEO < ?D<45F 6 =57>4=>EFL. �75564FL MF>7> <>6=>, 5E?< =4 
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?5D<>4 F4><E >F>?NG5=<= 46F><4F4 >EF46?OFL 6>?NG5==O<< M?5>FD>=47D564F5?L=O5 
M?5<5=FO < 6D4M4FL <>F>6<?4 E> E>>D>EFLN 0,5...1,0 >5÷<<=-1.[2] 

$G=>F<>=4?L=4O EE5<4 %��' E G4EF>F=>-D57G?<DG5<O< 4E<=ED>==O< 
M?5>FD>?D<6>4>< -�%-�� <>F4?L=>7> <5E4=<7<4 ��� ?D<6545=4 =4 D<E.3. �D< 6>?NG5=<< 
?<F4=<O 6E5 EG5FG<>< < D57<EFDO %��' ?D<6>4OFEO 6 <EE>4=>5 E>EF>O=<5. $45>F4 %��' 
=4G<=45FEO E <><5=F4 =4G4?4 M?5>FD>?<F4=<O ?5D6>= 7DG??O ?<F4F5?5=. � MF>F <><5=F =4 
?5D6>= L<=5 M?5>FD>?<F4=<O ?>O6?O5FEO =4?DO65=<5, >>F>D>5 6>745=EF6G5F G5D57 6E>4=O5 
E>7?4E>64F5?< (�E%) =4 D57<EFD 7DG?? ($�D). $�D GEF4=46?<645FEO 6 ?5D6>5 E>EF>O=<5 < ?D< 
MF>< 6>745=EF6G5F =4 5?>> G?D46?5=<O (�'). �4=>6D5<5==> >><<GF4F>D 7DG?? (��D) ?>445F 
?<F4=<5 =4 ?5D6GN 7DG??G <=D>D<4F<>==OE 75D>>=>6. �' >FEG<FO645F <=F5D64? 6D5<5=< 
0,4E, ?>E?5 G57> 74?GE>45F EG5FG<> ?<F4F5?5= (%G�) < 6O445F <<?G?LEO =4 57> ?D>46<65=<5. 
%G� ?>E?54>64F5?L=> ?5D546<745FEO E ?5D6>= ?> 4644F4FGN ?>7<F<N, 6>745=EF6GO ?D< MF>< 
=4 6E>4=>= >><<GF4F>D (�E�). �E� 6 E6>N >G5D54L, ?>E?54>64F5?L=>, G5D57 �E% >?D4L<645F 
<=D>D<4F<>==O5 75D>>=O ?<F4F5?5= ?5D6>= 7DG??O. �D< MF><, 5E?< 75D>>= 74<>=GF, =4 6E>4 
D57<EFD4 <=D>D<4F<< ($7�) E 6OE>44 �E� 6O445FEO <<?G?LE. &4><< >5D47><, 6 $7� 
74?<EO645FEO G<E?>, D46=>5 G<E?G ED454FO645<OE 75D>>=>6 6 7DG??5. 

�>E?5 >?D>E4 6E5E 75D>>=>6 6 7DG??5, %G� ?D<E>4<F 6 <EE>4=>5 E>EF>O=<5 < 
>EF4=46?<645FEO. �?D>E ?5D6>= 7DG??O 74>>=G5=. �=4?>7<G=> >EGM5EF6?O5FEO >?D>E 6F>D>= 
< FD5FL5= 7DG??O ?<F4F5?5=. 

�D< MF>< ��D 74?GFO645F E>>F65FEF6GNMGN 7DG??G <=D>D<4F<>==OE 75D>>=>6. �> 
<EF5G5=<< ?OF<45EOF>7> F<>?4 >?D>E4, EG5FG<> F<>?>6 (%G&) 6>76D4M45FEO =4 ?5D6GN 
?>7<F<N < 6O445F 464 E46<=GFOE ?> 6D5<5=< E<7=4?4. �> ?5D6><G E<7=4?G <=D>D<4F<O, 
E>45D64M4OEO 6 $7�, ?5D5?<EO645FEO 6 D57<EFD <=D>D<4F<< 6OE>4=>= ($7�E), 745 5G45F 
ED4=<FLEO =4 6D5<O ?>E?54GNM<E ?OF<45EOF< F<>?>6 >?D>E4. �> 6F>D><G E<7=4?G 
?D<6>4<FEO 6 <EE>4=>5 E>EF>O=<5 $7�. �>E?5 G57> %��' 7>F>6> > ?D<5<G =>6>= 
<=D>D<4F<< �=D>D<4F<O, E>45D64M4OEO 6 $7��, ?>EFG?45F 6 F<DD>-4=4?>7>6O= 
?D5>5D47>64F5?L (&��), 745 ?D5>5D47>6O645FEO 6 E>>F65FEF6GNM55 ?>EF>O==>5 =4?DO65=<5 - 
E<7=4? U< 6 D>D<G?5 (1.2).  

�4==O= 4=4?>7>6O= E<7=4? G5D57 G75? ?D5464D<F5?L=>7> 7444=<O E>>D>EF< ('�%) 
?>445FEO =4 6E>4 5?>>4 EG<<<D>64=<O < <4ELF45<D>64=<O (�%�). %N44 65 ?>EFG?4NF 
E<7=4?O >F 7444FG<>4 U7 < >F F5?< >5D4F=>= E6O7< U>E, ?D>?>DF<>=4?L=>= E>>D>EF< 
6D4M5=<O. �> 74>>=G, >?D545?O5<><G 6OD465=<5< (1.2) %� D>D<<DG5F G?D46?ONM<= E<7=4? 
UG.� 46F><4F<G5E>>< D56<<5 UG. ?>445FEO =4 6E>4 E<EF5<O G?D46?5=<O (%') 
?D5>5D47>64F5?O G4EF>FO (�') 4E<=ED>==>7> D57G?<DG5<>7> M?5>FD>?D<6>44 4?O G?D46?5=<O 
G4EF>F=>= 6D4M5=<O 46<74F5?O (��) <>F4?L=OE <5E4=<7<>6. � DGG=>< D56<<5 D45>FO 
%��', U7 ?>445FEO =5?>ED54EF65==> =4 6E>4 %'. '4EF>F4 6D4M5=<O 46<74F5?O EF4=>6<FEO 6 
746<E<<>EF< F>?L>> >F E<7=4?4 7444=<O U7. %<7=4? U< =5 4=4?<7<DG5FEO, => <>65F 5OFL 
<E?>?L7>64=> 4?O 6<7G4?L=>7> >>=FD>?O F5E=>?>7<G5E>>7> D56<<4 ��� [3]. 

->E?5D<<5=FO 6O?>?=5=O 6 46GE 64D<4=F4E. 
� ?5D6>< 64D<4=F5 %��' D45>F4?4 6 46F><4F<G5E>>< D56<<5 E <7<5=5=<5< G<E?4 

>5>D>F>6 64?4 46<74F5?O 6 746<E<<>EF< >F G<5=LL5=<O <?< G65?<G5=<O G4EF>FO 
ED454FO64=<= ?<F4F5?5=. � E>45 MF>7> M>E?5D<<5=F4 4?O 5>?55 FM4F5?L=>7> 6OO6?5=<O 
6>7<>6=>EF< E<EF5<O <7<5=OFL E>>D>EFL D47<>F>< 6 746<E<<>EF< >F <7<5=5=<O =5?D5DO6=> 
D47<4FO64NM5=EO 4?<=O >>>>==>= =<F<, 6D5<O >F 6p5<5=< >5pO64?< =5E>>?L>> >>>>=>6 >F 
<p>7O=, F5< E4<O< EF<<G?<DGO <=F5=E<6=>EFL D45>FO ?<F4F5?5=. 
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�7<5=5=<O 7=4G5=<= 65?<G<= G4EF>FO 6D4M5=<O 64?4 46<74F5?O < G4EF>FO 

ED454FO64=<= ?<F4F5?5=, E<=ED>==> D<>E<D>64?< 6 F5G5=<< 30,0 <<=GF G5D57 >464GN 
<<=GFG (p<E.3) < G5D57 2,5 <<=GFO <?< G5D57 >4<= F<>? (p<E.2). 
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D<>E4F<< 44==OE G5D57 >464GN 2,5 <<=GF (<?< G5D57 >4<= F<>?) 

�D< ?>EFD>5=<< >D<6OE =4 MF<E D<EG=>4E ?> ?>?GG5==O< 7=4G5=<O< 65?<G<= 
>>474?>EL, GF> G4EF>F4 ED454FO64=<O ?<F4F5?5= E46<745FEO =4 65?<G<=G ô ?> >F=>L5=<N > 
G4EF>F5 6D4M5=<O 46<74F5?O 

�7 >D<6OE <7<5=5=<O G4EF>FO 6D4M5=<O 64?4 46<74F5?O 6 746<E<<>EF< >F G4EF>FO 
ED454FO64=<= ?<F4F5?5= 6<4=>, GF> ?D< G<5=LL5=<< G4EF>FO Ep454FO-=<= ?<F4F5?5= F.5. 
>>744 =5?D5DO6=> D47<4FO64NM4OEO 4?<=4 >>>>==>= =<F< G65?<G<645FEO, E<EF5<4 
46F><4F<G5E>< G65?<G<645F G4EF>FG 6D4M5=<O 64?4 46<74F5?O, < =4>5>D>F. �D< <7<5=5=<< 
G4EF>FO ED454FO64=<= ?<F4F5?5= >F 80 4> 140 G4EF>F4 6D4M5=<O 64?4 46<74F5?O E<=ED>==> 
<7<5=O?>EL >F 260 4> 220 >5÷<<=-1. 

�> 6F>D>< 64D<4=F5 M>E?5D<<5=F4 G4EF>F4 6p4M5=<O 46<74F5?O GEF4=46?<64?4EL 
6pGG=GN FG<5?5p>< <7444=<5=, < >EF464?4EL =5<7<5==>= =5>5E>4<<>5 6p5<O. 

&4><< >5p47>< GEF4=>6?5=>, GF> %��' 4>EF4F>G=> GG6EF6<F5?L=> G?46?<645F 
<=D>p<4F<N ?>EFG?4NMGN >F ?<F4F5?5= < <>65F >?5p4F<6=> < 7<5>> p57G?<p>64FL E>>p>EFL 
p47<>F>< >>>>=>6 6 746<E<<>EF< >F =5?p5pO6=> p47<4FO64NM5=EO 4?<=O >>>>==>= =<F<. 
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�$'���� ��&��%�������� .��$� ��$����� ���&��&$�&�/������ 
�'$��$� ������� �,��,�� ������������ 

$�&�&�$������$�&�$��$ '''� ��%����� &�$����&�$�/��$��� 
$��������,�� &����� -&�, 
�>D5^F456 �4NEG46>= �54GD4EG?>6<G 

$4D�>=4 ?>?<F5E=<>4 <=EF<FGF< <GEF4�<? F44�<�>4G<E< 
nmasudjon@gmail.com 

$>F>M?5>FD<> M=5D75F<>4=< D<6>6?4=F<D<L74 5^?74= >?<<?4D=<=7 E4N=<-·4D4>4F?4D< 
FGD4=?<, LG E>·4=< 4E>E<= M?5<5=F< 5^?74= OD<< ^F>477<G?< D>F>M?5<5=F?4D=<=7 D>=44?< 
<L >>MDD<F<5=F?4D<=< (D.<.>.) <4N?G< 5<D 44D46444 >L<D<L74 64 G?4D=< <L 
E4<4D44>D?<7<74 E4?5<= F4NE<D >^DE4FG6G< 4=D<< ><<??4D=< 54DF4D4D �<?<L74 MD<L<?4<. 
&44�<�>F?4D=<=7 =4F<64?4D< E<D4F<44, >E<D7< =<??4D44, F4=?4=74= UDG�?<> =GD<44 
<L?4L74 <^?64??4=74= D>F>F5D<>75=5D4F>D (&���$&�) <L?45 G<�<?74= 5^?<5 [1,2], 5G 
M=5D7<O <4=54<=<=7 <>><F4 4D74??<7< 5>D. �<D<=G<44= D>=44?< <L >>MDD<F<5=F< 5>L�4, 
4=D<< ·>?4F?4D44 4?>·<4444= �^??4=<?44<74= D>F>M?5>FD<> M=5D7<O ^774DF<D7<G?4D=<=7 
D.<.>. <74 =<E54F4= E57<?4D?< 44D46444 N�>D< 64, <>><=G<44=, G=44 �GUL M?5<5=F?4D<=< 
·4444= F4L�4D< �<7<5 >5F<L< ^D<= FGF<4=4<. �5><= 5G 44EF?45>< OD4F<?74= >>=EFDG>F<O=< 
FGD?<G4 L4D><F?4D44 <L?4= >?<L?<7< 64 G?4D=< G<�<L447<, �4= 44D46444 GL5G 
L4D><F?4D44= >5?<5 G<��4= ·>?44, ^774D<L?4D< 4<=4<<>4E< F^?4-F^><E ^D74=<?<474=. �GUL 
M=5D7<OE<=< ^774DF<D<L EF4=F<O?4D<44 O=4 5<D <G4<<> <466G4 5^?<5, G �GUL ?4=5??4D<=< 
5D=<=7 D>=?< E4F·<=< 54=4 �<?<L?<7<44D. �>E4D<OF ·>??4D44 >E<D7< <G4<<> �GUL =GD<=< 
>>=F5=FD4F<O?4L, ON=< 5<D =G�F474 F^??4L >D�4?< 4<4?74 >L<D<?44<. �74D �GUL =GD< 
F^??4=<L< >D�4?< =4D4�4F =G�F4, 54?>< ><G<>D>� ^?G4<?< <4=4>=G4?4D44 ·4< ·>E<? �<?4 
>?<=<L< <<>>=<OF< <466G4 M>4=?<7<=< ·<E>574 >?E4>, G ·>?44 �<==G<?<>?4DE<7 &���$&� 
44= ·4< D>=44?4=<L OEL< =4F<64 55D4 >?<L< <G<><=?<7<=< >^DE4F44<. -=4< <4E4?4 
LG=44= >GG?< =GD?4D, 64 LG=74 <>E D46<L44, >4FF4 M=5D7<O 64 N�>D< ·4D>D4F44 <L?4= 
>?<L< <G<><= 5^?74= F5D<>M?5>FD<> <4F5D<4??4D=< F4=?45 >?<L <4E4?4E< FGD44<. 

�4N?G<>< �GUL =GD< D>>GE<44, 474D >==4E<<>= 4>E MFF<D7<G?4D44= D>=44?4=<?44<74= 
5^?<=E4, 1 <<2 N7444 ·4< ·4D>D4F 1000>% 44= >DF<� 5^?<L< <G<><= [3]. $>>GE44= G7>�D>�, 
U>< O�<=D>�44 6>=?4L74= >?F<> ^�447< 4>�?4D447< ·4D>D4F LG <<=7 7D44GE74 O�<= 5^?<L< 
<G<><=. �G ME4 F5D<>M?5<5=F?4D=< F4=UD?4L44 =<·>OF44 OD<< ^F>477<G?< <4F5D<4??4D74 
=<E54F4= F4=?>6G4=?<> 5<?4= 4<4?74 >L<D<?<L< L4DF. 'G=>< 5G <4F5D<4??4D E<=D<, 4==4= 
·4D>D4F74 F4NE<DG4= 5^?74=?<7< 64 G=< F4NE<D< >EF<44 <L?4L E4<4D44>D?<7< >5E><= 
^774D<L< <G<><=?<7< 5<?4=, GGF4 <4EEGE E<=D74 5^?<=74=, ON=< ?4EF, ^DF4 64 N�>D< 
·4D>D4F?< F5D<>M?5>FD<> <4F5D<4??4D74. ¶4D 5<D E<=D <4F5D<4?< D4�4F ^7< GGG= 
55?7<?4=74= ·4D>D4F?4D >D4?<�<44 <4>E<<4? �<=<4F?4D74 O�<= 5^?74= D.<.>.=< 55D<L< 
<G<><=. 

.�>D<447< <G?>·474?4D44= >5?<5 G<��4= ·>?44, GL5G F4�4<< MF<?4UF74= <L44, 
>D<EF4??=<=7 64 <EE<�?<> E<�<<<=<=7 F5D<<> >5=74=<L >>MDD<F<5=F?4D< ^DF4E<447< 
5>�?<�?<>=< 55?7<?>6G< �DN=4=75==<=7 F5D<>4<=4<<> <D>44E< >D�4?< >?<=74= 
<G=E454F?4D 64 4=<7>FD>? >D<EF4??4D=< <EE<�?<> >5=74=<L<=< 444<F<6 EE5<4E< 4E>E<44, 
F5D<>4<=4<<> <>45??4LF<D<L <5F>4< =4F<64?4D< 55D<?44<. �5?F<D<?4UF74= <5F>4 
4E>E<44, 44EF?45, ?4EF ·4D>D4F?4D E<=D<74 ><DG6G< �>D<L<4 Bi2Te3 4E>E<44 
>D<EF4??>7D4D<> ^�?4D=<=7 <4= 64 <E= =^=4?<L?4D< 5^=?45 F5D<>M?5>FD<> <4F5D<4??4D=<=7 
·4D>D4F44 G<7<�?< >5=74=<L >>MDD<F<5=F?4D< (¶'��) ·<E>5< 4<4?74 >L<D<?4<. �44<F<6 
EE5<4 5^=<G4 (�574D4 �><44E<74 5<=>4=) <>>< E<? =^? 5<?4=: Bi2Te3- Bi2Se3 F<7<<<44 >D4?<� 
5<D<><4 Bi2Te2Se =< ?4=4> 5^?<L<=< ·<E>574 >?<5, 64 �4FF<� ·>?4F447< >647<5<=4D 
�>D<L<4 Bi2 Te3-ESex =<=7 D4D� �<?<L< <454? ·>?4F447<44= G=G4 D4D� �<?<4=4< 4574= 
EG?>E4 5^=<G4, Bi2Te3 4E>E<44 >?<=44<74= ?4EF ·4D>D4F?< F5D<>M?5>FD<> <4F5D<4??4D=< 
¶'�� <=< 54·>?4L <<>>=<OF?4D< F4·?<? MF<?4<. �4F<64?4D=< >^DE4F<L<G4, Bi2Te3 =<=7 
N�>D< >>=F5=FD4F<OE<44 ¶'�� =< Bi2Te3-ESex �>D<L<4 GGG= 444<F<6 EE5<4 5^=<G4 54·>?4L 
<G<><=. �G=<=7 GGG= Bi2Se3=< ^D=<74 GG �>D<L<4?< Bi2Te2Se3 =< <>><=G< >><?>=5=F 
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E<D4F<44 >?<=<5, Bi2Te3 - Bi2Se3 F<7<<< F4D><5<447< EG5E>?<4 E>·4E< EGEGE<OF?4D< ·4< 
·<E>574 >?<=44<. 

¶'�� =< ·<E>5?4L GGG= <EE<�?<> M?5>FD ND<FG6G< >GG ³L =<, >5=<=G4?<> G=< F4L><? 
MFG6G<?4D< ³4 64 ³E 74 5^?<L >D�4?<, �DN=4=75==< �G=<447< <D>44E<44= D>=44?4=<?4<:  

 
'=< 5^?<=<L< 

 

 
L4>?<44 4<4?74 >L<D<?4<. 

�>45??4LF<D<L ·<E>5?4D< =4F<64E<44 Bi2Te3 4E>E<44 >?<=44<74= =<E54F4= E4<4D4E< 
N�>D< 5^?74= F5D<>M?5>FD<> <4F5D<4??4D=<=7 ³L=f(T), ³a=f(T), ³c=f(T) DG=>F<>=4? 
5>�?<>?<>?4D< 4=<�?4=4<. 1-D4E<44 >><?>=5=F?4D< FGD?<G4 5^?74= <>>< E<? <4F5D<4?- 
Bi2Te3-ESex (n-F<?) BixTe3Sb1-E (D-F<?) GGG= <4= 64 <E= ^�?4D< 5^=?45 F5D<>M.N.>.=< ·4D>D4F74 
5>�?<�?<7< 7D4D<7< >5?F<D<?74=. 

 
1-D4E<. Bi2Te2,8Se0,2 (n-F<?)?< ^F>47G6G4=?<>>4 M74 5^?74= OD<<^F>477<G=<=7 ¶'�� E<=< <4= 

(1) 64 <E= (2) (4-G<7<4) 64 Bi0,5Te3Sb1,5 (n-F<?)?< ^F>47G6G4=?<>>4 M74 5^?74= 
OD<<^F>477<G=<=7 ¶'��<=< <4= (1) 64 <E= (2) (5-G<7<4) ^�?4D< 5^=<G4F5<?5D4FGD474 

5>�?<�?<7< 7D4D<7<. 
�4654F447< <4E4?4, <LG< ·4D>D4F?4D >D4?<�?4D< GGG= >?F<<4? E4=4?74= 

<4F5D<4??4D=< F4=?45 >?<L44= <5>D4F. $>F>F5D< F4D><5<44 N�>D< ·4D>D4F?4D44 ·4< 
<L?4L< <G<><= 5^?74= F5D<>75=5D4F>D=<=7 <4>E<<4? E4<4D44>D?<7<74 MD<L<L GGG= G=< p- 
64 n- L>EG4?4D<=< ^?G4<?4D<=< >?F<<4??4LF<D<L 74DGD. [4] 44 64 5>L�4 5<D �4=G4 
<L?4D44 >^DE4F<?74=<45>, L>EG4?4D=< 75><5FD<> ^?G4<?4D< G?4D=< >?F<<4? <LG< 
?4D4<5FD?4D 5<?4= D54? L4D><F?4D44 M>E??G4F4F<O �<?<=4UF74= =4<G=4?4D<447< <LG< 
?4D4<5FD?4D ^DF4E<44 =><GF4=>E<5?<> ^D<= FGF44<. �G 647<OF 75=5D4F>D=<=7 D>=44?< <L 
>>MDD<F<5=F< �<=<4F<74 E4?5<= F4NE<D >^DE4F44<. ,G=<=7 GGG=, >^? �4F?4<?< (ON=<, FGD?< 
E<?447< <LG< ·4D>D4F?444 <L?4L74 <^?64??4=74= ·4D 5<D �4F?4<=<) E5>F<O?4D=< 
·<E>5?4L <L?4D<=< >?<5 5>D<L44, ·4D 5<D E5>F<O=<=7 54?4=4?<7< 4=<�?45 >?<=4< (2-
D4E<). '<7<444 ·<E>5?4L?4D44 �^??4=<?74= L4DF?< 55?7<?4D ·4< >^DE4F<?74=. �L=< 
<47<G=< =474D<= ·<E>5?4L?4D >D�4?<, 45<4>, <LG< ·4D>D4F?4D (Tni, Tpi) 74 5>�?<� 5^?74= ·4D 
5<D E5>F<O=<=7 54?4=4?<7< (lni, lpi) 64 <EE<�?<> ^F>47G6G4=?<> >>MDD<F<5=F?4D< (Çni,Çpi) 
4=<�?4=44<. ¶<E>5?4L?4D=< E>444?4LF<D<L <4�E44<44, F5D<>75=5D4F>D=< <EE<� GG?4D<44= 
E>6G� GG?4D< F><>= ·4D4>4F?4=4UF74= <EE<�?<> >�<<<=< <<�4>D<=< ^774D<4E 455 �45G? 
�<?<=74=.  
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(4) 64 (5) =G< D>D<G?4?4D44 &Tni 64 &TDi 3F5D<>M?5<5=F=<=7 i =G< 64 j =G< 
E5>F<O?4D<447< n 64 D-L>EG4?4D< F5<?5D4FGD4?4D< D4D�<; N 64 P-<>E ·>?44, 
F5D<>M?5<5=F=<=7 n 64 D-L>EG4?4D< E5>F<O?4D< E>=<. 

 
2-D4E<. �^? �4F?4<?< &-�=<=7 EE5<4E< (4) 64 >>=EFDG>F<OE< (5). 

�4F5<4F<> <>45??4LF<D<L44 <EE<�?<> M?5>FD ND<FG6G< >GG< ³, M?5>FD ^F>47G6G4=?<> 
Ã, 64 <EE<�?<> ^F>47G6G4=?<> Ç F5D<>M?5>FD<> <>4G?L GGG= ^DF4G4 �<=<4F?4D< �G=<447<G4 
4=<�?4=4<: 

 

 

 
�4, 5G ·<E>5?4L?4D =4F<64E< 5^=<G4 F5D<>M?5<5=F=<=7 F5D<>M?5>FD<> E4<4D44>D?<7< 

4=<�?4=4<. 

 
%G?>E4 �<?<5 LG=< 4=F<L <G<><=><, <>45??4LF<D<L >D�4?< ·>E<? �<?<=74= 

44EFGD?< =474D<= F44�<�>F <L?4D< >^? �4F?4<?< 75=5D4F>D GGG= ·4D 5<D ·4D>D4F >D4?<�<44 
OEL< <L?4L< <G<><= 5^?74= >?F<<4? <4F5D<4??4D=< 64 <LG< F5<?5D4FGD4?4D 4<4?47>=<=< 
4=<�?4L=<, ^L4 ·4D>D4F?4D447< <EE<�?<> 64 M?5>FD>D<7<> ?4D4<5FD?4D=< ^DF4G4 
�<=<4F?4D<=< 55?7<?4L=<, E5>F<O?4D=< 75><5FD<> ^?G4<?4D<=< F>?<L=< ·4<44 4E>E<= 
?4D4<5FD?4D<=<, 6G<?444=, M?5>FD �4DL<?<7<=<, N>?4<4=< >?F<<4? �<=<4F<=<, <EE<�?<> 
M.N.>. 64 D.<.>.=< ·<E>5?4L <<>>=<OF<=< 55D44<. 

$>=44?4=<?74= 4445<UF?4D: 
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Highly Efficient Conversion of Solar Energy by the Photoelectric Converter and a Thermoelectric 
Converter. Journal of Applied Mathematics and Physics, 2018, 6,1-10. 
http://www.scirp.org/journal/jamp520-529EFD. 

[2] �4<444?<564 �.�. $47D45>F>4 6OE>>>MDD5>F<6=>7> E5?5>F<6=>7> 
D>F>F5D<>?D5>5D47>64F5?O =4 >E=>65 75F5D>EFDG>FGD=OE D>F>?D5>5D47>64F5?5= < 
F5D<>M?5<5=F>6 <7 BiTeSb-BiTeSe. �6F>D5D5D4F 4<EE5DF4F<< 4>>F>D4 =4G>(DSc) ?> 
F5E=<G5E><< =4G>4<. 20207. &4L>5=F. 
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«%>65FE>>5 D44<>», 1971 7. �>E>64. 
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$��$���&�� ������ � ����$�&�� �$������ '$���/ ������� �,�$� 
���$�-���&$�%&��&�� 

�>E<D>6 $4ED<44<= �4=?>6>6<G, DSc, 4>F5=F 
�6GD456 �GD5>= %4?<E464=>6<G, PhD, 4>F5=F 

�5D<<74F>6 �GD<GE4<<54 �<=4F4<=>6<G, <47<EFD 
&4L>5=FE><= �>EG44DEF65==O= F5E=<G5E><= G=<65DE<F5F, E-mail: 

DjQS1983@outlook.com 
�?O ??>F<==OE =<7>>-< ED54=5=4?>D=OE �-% =4 746<E<<>EFL GD>6=O =<6=57> 5L5D4 

>F D4EE>4>6 6>4O EGM5EF65==> 6?<ONF < 4>?6=O 5OFL GGF5=O F4><5 D4>F>DO >4>: 
=5GEF4=>6<6L55EO 46<65=<5 6>4O ?D< ?>?GE>4E, 6> 6D5<O ?46>4>4 < ?>?>6>4LO; ?>4?>D, 6 
F>< G<E?5 < ?5D5<5==O=; ?54>6O5 GE?>6<O; 74D4EF4=<O; 45D>D<4F<< DGE?4; 6>?=>6O5 
O6?5=<O ?D< 65FD4E D47=OE =4?D46?5=<=. �D< MF<E GE?>6<OE ?D>F5EE ?D>F5>45F 6 
=5EF4F<>=4D=>< D56<<5. �5>4=>7=4G=> <7<5=ONFEO M=5D75F<G5E><5 E4D4>F5D<EF<>< �-%, 
<E D4EGUFO 6O7O64NF 5>?LL<5 FDG4=>EF<, >5GE?>6?5==O5 =56>7<>6=>EFLN ?>?GG5=<O 
>5M57> 4=4?<F<G5E>>7> D5L5=<O, 4 <=>744 =56>7<>6=>EFL ?>?GG5=<O F>G=OE D57G?LF4F>6 
[1, 2]. 

�> 6D5<O M>E??G4F4F<< �-% 6 D54?L=OE GE?>6<OE =5<7556=> < =5?D5DO6=> 
?D><EE>4<F <7<5=5=<5 7<4D><5FD<G5E><E ?>>474F5?5=, D>D<<DGNM<E 674<<>E6O7L 
�H=f(Q), >>F>D4O 6 D57G?LF4F5 MF>7> =5?D5DO6=> <7<5=O5FEO; ?D5=55D565=<5 MF<E O6?5=<= 
6=>E<F 4>?>?=<F5?L=GN ?>7D5L=>EFL D4EGUF4 4>F<6=>= <>M=>EF< 7<4D>47D574F>6. �L<5>< 
6>7=<>4NF F4>65 6E?54EF6<5 =5F>G=>EF< D4EGUF=OE <5F>4>6 [2,3,4]. 

�?O GG5F4 =5EF4F<>=4D=>EF< ?D>F5EE4 6 =<6=5< EF6>D5 �-% ?D54?>65=O D47?<G=O5 
<5F>4O [1,4,5]. �>446?ONM55 5>?LL<=EF6> <5F>4>6 <>6=> D4745?<FL =4 465 5>?LL<5 
7DG??O: EFD>7<5 < G?D>M5==O5. 

%FD>7<5 <5F>4O >E=>6O64NFEO =4 D5L5=<< >4=><5D=>= E<EF5<O GD46=5=<= %5=3
�5=4=4 (<5F>4O E5F>>, <5F>4 E4D4>F5D<EF<> F.4.). �>?LL<=EF6> EFD>7<E <5F>4>6 O6?ONFEO 
=5?<=5==O<<. � MF<E <5F>44E E<EF5<4 4<DD5D5=F<4?L=OE GD46=5=<= D5L45FEO ?GF5< 
74<5=O G4EF=OE ?D><76>4=OE D47=>EF=O<< >F=>L5=<O<< < D5L5=<O ?>?GG4NM<5EO ?D< 
MF>< E<EF5<O 4?755D4<G5E><E (D47=>EF=OE) GD46=5=<= [4,6]. 

�<DD5D5=F<4?L=O5 GD46=5=<O =5GEF4=>6<6L57>EO 46<65=<O 6>4O 6 >F>DOFOE DGE?4E 
[3,4,5]: 

2
v vH v v

I = i -0 s g s g t C R

ñ ò
þ þ

ö ö ö
ý û û

ö ö ö
,               (1) 

GD46=5=<5 =5D47DO6=>EF< [3,5,6] 

0
w Q

t s

ö ö
û ý

ö ö
     (2) 

�5746<E<<O<< ?5D5<5==O<< 6 GD46=5=<OE (1) < (2) O6?ONFEO >>>D4<=4F4 s < 6D5<O t, 4 
<E DG=>F<O<< 3 7?G5<=4 h < ED54=OO E>>D>EFL v. �D< 7444==>= D>D<5 DGE?4 ??>M44L 
6<6>7> E5G5=<O w 6 D4EE<4FD<645<>< EF6>D5 O6?O5FEO <765EF=>= DG=>F<5= 7?G5<=O, 4 
D4EE>4 Q >?D545?O5FEO >4> ?D><76545=<5 v < w; C 3 >>MDD<F<5=F ,57<, R 3 7<4D46?<G5E><= 
D44<GE (4?O L<D>>>7> >F>DOF>7> DGE?4 57> <>6=> 74<5=<FL 7?G5<=>= h), g 3 GE>>D5=<5 
E6>5>4=>7> ?445=<O; ³, ³ - >>MDD<F<5=FO, E4D4>F5D<7GNM<5 =5D46=><5D=>EFL 
D4E?D545?5=<O E>>D>EF5= ?> ?>?5D5G=><G E5G5=<N. 

�D< <E?>?L7>64=<< G?D>M5==OE <5F>4>6 E<EF5<4 >4=><5D=OE GD46=5=<= 
=5?>ED54EF65==> =5 <=F57D<DGNFEO < 74<5=O5FEO >4>>=-?<5> G?D>M5==>= <>45?LN O6?5=<O, 
>?<EO645<>= G4M5 6E57> >5O>=>65==O<< 4<DD5D5=F<4?L=O<< GD46=5=<O<<. &4>65 <>6=> 
>F<5F<FL D4EGUF =5GEF4=>6<6L57>EO 46<65=<O 6 =<6=5< 5L5D5 3 <5F>44 «M>E?>=5=FO E> 
E>4G>><», 745 D4EE<4FD<645FEO E6O7L <7<5=5=<O GD>6=O =<6=57> 5L5D4 6 EF6>D5 �-% ?D< 
D57>>< <7<5=5=<< D4EE>44 6>4O. 

$4EGUFO =5GEF4=>6<6L57>EO 46<65=<O 6>4O 6O7O645F 5>?LL<5 FDG4=>EF<, 
>5GE?>6?5==O5 =56>7<>6=>EFLN ?>?GG5=<O 4=4?<F<G5E>>7> D5L5=<O GD46=5=<= %5=-
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�5=4=4 < 6OF5>4NM5= >FEN44 =5>5E>4<<>EFLN <E?>?L7>64=<O G<E?5==OE D5L5=<= =4 5475 
>G5=L 5>?LL>7> >>?<G5EF64 6OG<E?<F5?L=OE >?5D4F<=. �E5 5>?LL5 =4G<=4NF E>47O64FLEO 
>5EF>OF5?LEF64, E6O74==O5 E =5>5E>4<<>EFLN GG5F4 6?<O=<O E?>6=OE ?D<D>4=OE GE?>6<=, 
GF> 74FDG4=O5F D4EGUFO, 4 <=>744 45?45F =56>7<>6=O< ?>?GG5=<5 4>EF4F>G=> F>G=OE < 
=4456=OE D57G?LF4F>6. 

&>G=>EFL MF<E <5F>4>6 =54>EF4F>G=4 4?O D5L5=<O 7444G >?F<<<74F<< D56<<4 �-%. � 
MF>= E6O7< 5>?LL>5 ?D4>F<G5E>>5 7=4G5=<5 ?D<>5D5F45F <E?>?L7>64=<5 <4F5D<4?>6 
=4FGD=OE =45?N45=<= 74 =5GEF4=>6<6L5<EO 46<65=<5< 6>4O 4?O 7444=<O < GF>G=5=<O 
D4EGUF=OE ?4D4<5FD>6. �4 >464>= �-% ?D< M>E??G4F4F<< ?5DE>=4?>< 6545FEO ?>EF>O==O= 
>>=FD>?L < D57<EFD4F<O 74 D4EE>4>< 6>4O G5D57 EF6>D �-%, 74 GD>6=O<< 65DE=57> < =<6=57> 
5L5D>6. �>MF><G, 4?O <<5NM<EEO =45?N45=<= =44 GD>6=O<< 6 =<6=5< 5L5D5, <=>7>>D4F=> 
74D<>E<D>64==O<< ?D< D47=OE D4EE>44E 6>4O, E>EF46?ONFEO < <E?>?L7GNFEO 5>?55 F>G=O5 
<5F>4O D4EGUF>6 674<<>E6O75=, <<5NM<E 646=>5 ?D4>F<G5E>>5 7=4G5=<5 [2,3,5,7]. 

'D>65=L 65DE=57> 5L5D4 =4 �-%, E >F=>E<F5?L=> 5>?LL<< >5N5<>< 6>4>ED4=<?<M4, 6 
F5G5=<5 EGF>> <7<5=O5FEO =57=4G<F5?L=> < ?D< =55>?LL>< 4>?GEF<<>< >>?554=<< GD>6=O 
65DE=57> 5L5D4 57> G4EF> D4EE<4FD<64NF >4> ?>EF>O==GN 65?<G<=G. � ?D<<5DG, 4>?GEF<<>5 
EGF>G=O5 >>?554=<5 65DE=57> GD>6=O �=4<64=E>>= �-%-2 6 ED54=5< E>EF46?O5F 20-35 E<, GF> 
E>EF46?O5F 0,3-0,4% >F 57> ED54=57> 7=4G5=<O [8]. 

&4><< >5D47><, >E=>6=>= 7444G5= ?D< ?D>7=>7<D>64=<< 6OD45>F>< 4>F<6=>= 
<>M=>EF< �-% O6?O5FEO >?D545?5=<5 7<4D46?<G5E>>= E4D4>F5D<EF<>< =<6=57> 5L5D4 6 
D54?L=OE GE?>6<OE M>E??G4F4F<< 7<4D>EF4=F<<. 

�FEGFEF6<5 4>EF4F>G=> ?>?=OE ?D54EF46?5=<= > D<7<G5E>>= >4DF<=5 ?D>F5EE4 
=5GEF4=>6<6L57>EO 46<65=<O 6>4O 6 E?>6=OE GE?>6<OE DGE5?, E6O74==OE E 6?<O=<5< 
?>=<O, 7<<=<E GE?>6<=, ?5D5<5==>7> ?>4?>D4, D4EF<F5?L=>EF<, ?>?GE>4<<, ?46>4>4<<, 
E?GG4==O<< O6?5=<O<< GE?>6=O5F 7444=<5 F4>>= <EE>4=>= <=D>D<4F<<, >>F>D4O 
>55E?5G<64?4 5O ?>?GG5=<5 =4456=OE D57G?LF4F>6 D4EGUF4. �>MF><G, ?D>5?5<O ?D< D4EGUF5 
=5GEF4=>6<6L57>EO 46<65=<O 6>4O 6E5 5>?55 ?5D5<5M4NFEO 6 >5?4EFL D47D45>F>< 
>?F<<4?L=OE E?>E>5>6 ?>47>F>6>< <EE>4=OE 44==OE, =4<?GGL<< >5D47>< GG<FO64NM<E 
E?5F<D<>G O6?5=<O < ?>76>?ONM<E ?D>6>4<FL D4EGUFO. 

�4 D<E. 1÷3 ?D<6545=4 EF4F<G5E><5 E4D4>F5D<EF<>< =<6=57> 5L5D4 �=4<64=E>>= �-%-
2, ?> >>F>D>= >?D545?O5FEO >F>?>=5=<5 GD>6=O =<6=57> 5L5D4 >F=>E<F5?L=> ?>4?>D4 
=<65?564M57> 7<4D>G7?4 6 746<E<<>EF< >F D4EE>44 6>4O G5D57 FGD5<=O.  
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O 
=<

6
=5

7>
 5

L5
D

4,
 <

 
 

 $4EE>4 6>4O, <3/E 
$<E. 1. %F4F<G5E>4O 7<4D46?<G5E>4O 

E4D4>F5D<EF<>4 =<6=57> 5L5D4 �=4<64=E>>= �-%-
2 ?D< ?D>F5G>4E ?> 6>4>6O?GE>G < �=4<64=E>>= 

�-%-1 Q=5 <3/E5>. 

$<E. 2. %F4F<G5E>4O 7<4D46?<G5E>4O 
E4D4>F5D<EF<>4 =<6=57> 5L5D4 

�=4<64=E>>= �-%-2 ?D< D4EE>45 
6>4>6O?GE>4 < �=4<64=E>>= �-%-1 Q=96 

<3/E5> 
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�
7<

5=
5=

<5
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D>
6=

O 
=<

6
=5

7>
 

5L
5D

4,
 <

 

 
 $4EE>4 6>4O, <3/E 

$<E. 3. %F4F<G5E>4O 7<4D46?<G5E>4O E4D4>F5D<EF<>4 =<6=57> 5L5D4 �=4<64=E>>= �-%-2 ?D< 
D4EE>45 6 EGM5EF6GNM5< 6>4>6O?GE>5 Q=192 <3/E5> 

�4==4O 746<E<<>EFL =5 GG<FO645F 4<=4<<G5E><5 GE?>6<O 46<65=<O 6>4O 6 =<6=5< 
5N5D5. �> E6>5<G E4D4>F5DG ?D<6545==4O 746<E<<>EFL O6?O5FEO EGM5EF65==> =5?<=5==>=. 
�4=4>> ?D<6545==4O EF4F<G5E>4O E4D4>F5D<EF<>4 =5 <>65F <E?>?L7>64FLEO ?D< 
??4=<D>64=<< EGF>G=>= =47DG7><, ?>E>>?L>G GD>65=L =<6=57> 5L5D4 =4E>4<FLEO 6 F5G5=<5 
EGF>> 6 =5EF4F<>=4D=>< E>EF>O=<<. 

$4>F<G5E>4O 746<E<<>EFL GD>6=O =<6=57> 5L5D4 >F D4EE>44 6>4O G5D57 �-% 4>?6=4 
GG<FO64FL 4<=4<<G5E><5 E6>=EF64 =<6=57> 5L5D4. �?O 4=4?<74 4<=4<<G5E><E E6>=EF6 
D4EE<4FD<645<>7> >5N5>F4 =4 >E=>65 44==OE F5?5<5FD<< 5O?4 ?>?GG5=4 M>E?5D<<5=F4?L=4O 
4<=4<<G5E>4O E4D4>F5D<EF<>4 =<6=57> 5L5D4 �=4<64=E>>= �-%-2 (D<E. 4). $54?L=4O >D<64O 
?5D5E>4=>7> ?D>F5EE4 EGM5EF65==> >F?<G45FEO >F F5>D5F<G5E>>=, <E?>?L7G5<>= 6 <5F>45 
M>E?>=5=F, >FEGFEF6<5< E>4G>4 GD>6=O 6 =4G4?L=O= <><5=F 6D5<5=<. -F> <>6=> >5NOE=<FL 
F5<, GF> D54?L=4O D>D<4 6>7<GM5=<O ?> D4EE>4G 6>4O 7=4G<F5?L=> >F?<G45FEO EFG?5=G4F>=. 

� E>>F65FEF6<< E ?>?GG5==>= >D<6>= 6D5<O ?5D5E>4=>7> ?D>F5EE4 ?>E?5 <7<5=5=<O 
D4EE>44 6>4O G5D57 FGD5<=O �-% E>EF46?O5F >>>?> 16 G4E>6. �7 MF>7> E?54G5F, GF> ?D< 
EGF>G=>< D57G?<D>64=<< =47DG7>< 7<4D>EF4=F<< ?D>F5EE <7<5=5=<O GD>6=O =<6=57> 5L5D4 < 
?D><76>4EF64 M?5>FD>M=5D7<< 5G45F ?D>F5>4FL, 6 5>?LL<=EF65 E?GG456, 6 4<=4<<G5E>>< 
D56<<5. 

�4 >E=>64=<< 6O?>?=5==OE <EE?54>64=<= 5O?> 6OOE=5=>, GF> 4?O EGF>G=>7> 
??4=<D>64=<O D56<<4 �-% ?D54EF46?O5F 7=4G<F5?L=O= <=F5D5E 7<4D46?<G5E>4O 
E4D4>F5D<EF<>4 =<6=57> 5L5D4 ?D< G4E>6>< <7<5=5=<< D4EE>4>6, F.5. G5D57 >464O= G4E. 
&4><5 746<E<<>EF< 5O?< ?>?GG5=O =4<< =4 >E=>65 44==OE =45?N45=<O 74 4?<F5?L=O= 
?5D<>4 M>E??G4F4F<< =4 >E=>65 4DE<64 F5?5<5FD<G5E><E <7<5D5=<=. 
 

'
D>

65
=L
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<6

=5
7>

 5
L5

D
4,

 <
 

 

 
 �D5<O, G4E 

$<E. 4. �5D5E>4=4O E4D4>F5D<EF<>4 =<6=57> 5L5D4 �=4<64=E>>= �-%-2 
 
�4 D<E. 5 ?D54EF46?5= ?D<<5D EGF>G=>7> M<?<D<G5E>>7> 7D4D<>4 ED54=57> GD>6=O =<6=57> 
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5L5D4 ?D< ?>G4E>6>< <7<5=5=<< D4EE>44 6>4O >F 19 4> 82 <3/E.  

'
D>

65
=L

 =
<6

=5
7>

 5
L5

D
4,

 <
 

 

 
 $4EE>4 6>4O, <3/E5> 

$<E. 5. %GF>G=>5 <7<5=5=<5 GD>6=O =<6=57> 5L5D4 ?D< ?>G4E>6>< <7<5=5=<< D4EE>44 6>4O 
G5D57 FGD5<=O �=4<64=E>>= �-%-2 

�>?GG5==O5 7D4D<>< <<5NF 7<EF5D57<E=O= E4D4>F5D: =<6=OO 65F6L >D<6>= 
E>>F65FEF6G5F ?>4N5<G, 4 65DE=OO 3 E?44G GD>6=O =<6=57> 5L5D4. �<EF5D57<E=O= E4D4>F5D 
>D<6>=, E >4=>= EF>D>=O, >5NOE=O5FEO 6?<O=<5<, 4 E 4DG7>= EF>D>=O, GG<FO645F 
4<=4<<G5E>GN E>EF46?ONMGN ?D>F5EE4. �7 ?>?GG5==>7> 7D4D<>4 E?54G5F, GF> 1) 7=4G5=<5 
GD>6=O =<6=57> 5L5D4 6 44==O= ?5D<>4 < ?D< 44==>< D4EE>45 746<E<F >F GD>6=O 6 
?D54O4GM<= ?5D<>4 (>4> G 6E5E 7<EF5D57<E=OE 746<E<<>EF5=), 2) >4<= < F>F 65 GD>65=L 
<>65F 5OFL E6O74= E D47=O<< D4EE>44<< 6>4O. 

� F5?OE GG5F4 =5EF4F<>=4D=>EF< < E?GG4==OE 6>745=EF6<= 6=5L=<E D4>F>D>6 
D47D45>F4= M<?<D<G5E><= <5F>4 ?D>7=>74 7=4G5=<O GD>6=O =<6=57> 5L5D4, EGFL >>F>D>7> 
<7?4745FEO =<65. 

�?O ?D4>F<G5E><E D4EGUF>6 DG=>F<N GD>6=O 6>4O 6 746<E<<>EF< >F D4EE>44 6>4O < 
6D5<5=< ?5D5E>4=>7> ?D>F5EE4 Z=5=f(Q,t) <>6=> 74<5=<FL E>6>>G?=>EFLN D5>GDD5=F=OE 
746<E<<>EF5=, 6 E>>F65FEF6<< E >>F>DO<< GD>65=L =<6=57> 5L5D4 =4 E?54GNM<= ?5D<>4 
6D5<5=< <>6=> >?D545?<FL E GG5F>< ??4=<DG5<>7> D4EE>44 6>4O < <EE>4=>7> GD>6=O 5L5D4  

Z=5(t)=f(Z=5(t-&t),Q), 
745 �t 3 <=F5D64? 6D5<5=<; Z=5(t) 3 ED54=<= GD>65=L =<6=57> 5L5D4 6 ?D><56GF>5 

6D5<5=< �t; Z=5(t-�t) 3 ED54=<= GD>65=L 74 ?D54O4GM<= ?5D<>4; Q 3 ED54=<= D4EE>4 6>4O 
G5D57 FGD5<=O �-% 6 ?D><56GF>5 6D5<5=< �t. 

�?7>D<F< <5F>44 74>?NG45FEO 6 E?54GNM5<: 
1. �>?GG5=<5 F45?<FO GED54=5==OE G4E>6OE 44==OE ?> D4EE>4G Q < GD>6=O< 

=<6=57> 5L5D4 Z: 
[Z(i,j),Q(i,j)], i=1&24, j=1&30 

745 i = G4E, j = 45=L; 
2. �?D545?5=<5 4<4?47>=4 <7<5D5=<= �Z = 10 E<; 
3. �?D545?5=<5 ?D><56GF>G=OE ?4D4<5FD>6: 

Z1=Zmin, Z2= Z1+�Z, i=1; j=0. 
4. �D>65D>4 =4 6E>645=<5 6 <=F5D64? Z(i,j) *(Z1,Z2); 
5. �E?< Z(i,j) 6E>4<F 6 <=F5D64? (Z1,Z2), F>744 ?D><76>4<FEO 74?<EL 6 547G 44==OE 

?4D4<5FD>6 [Z(i,j),Q(i,j), Z1,Z2]; 
6. �E?< Z(i,j) =5 6E>4<F 6 <=F5D64? (Z1,Z2), F>744 <=>D5<5=F<DG5FEO i=i+1. �E?< i>24, 

F>744 i=0, <=>D5<5=F<DG5FEO j=j+1. �E?< j>24, F>744 j=0, Z1=Z2, Z2=Z1+�Z; 
7. �E?< Z2 > Zmax, >>>=G4=<5 F<>?4. 
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$<E. 6. �?7>D<F< >?D545?5=<O GD>6=O =<6=57> 5L5D4 

�> ?D>6545==O< <EE?54>64=<O< 5O?> 6OOE=5=>, GF> 6 =>D<4?L=OE GE?>6<OE 
G65?<G5=<5 565EGF>G=>= ?D<F>G=>EF< ?D><EE>4<F <>=>F>==>, ?>EF5?5==> 4> <4>E<<4?L=>7> 
7=4G5=<O. � 44?L=5=L5<, F4>>5 65 ?>EF5?5==>5 E=<65=<5 ?D><EE>4<F ?>E?5 >>>=G4=<O 
6>7<GM5=<O 6 <565==O= ?5D<>4 <?< 65E5==57> ?>?>6>4LO. �>=>F>==>5 <7<5=5=<5 
?D<F>G=>EF< ?D< D4EGUF4E >55E?5G<645F 5>?55 F>G=O5 ?D>7=>7O >F<5F>< =<6=57> 5L5D4. 

� >4G5EF65 <EE>4=>= <=D>D<4F<< 5O?< <E?>?L7>64=O ?>>474F5?< F5?5<5FD<< �-%, 
E=<<45<O5 >464O5 3 <<=GFO < GED54=5==O5 74 >464O= G4E 6 F5G5=<5 30 (15, 45) 
?D54O4GM<E EGF>>. �4 <E >E=>65 E>7445FEO >E=>6=4O F45?<F4 44==OE F5?5<5FD<< 
[z(i,j),Q(i,j)], i=1&24, j=1&30(15,45). �> MF>= F45?<F5 EFD>OFEO EF4F<EF<G5E><5 >D<6O5 E6O7< 
GD>6=O E D4EE>4>< 6>4O z(i)=f(Q(i)) ?D< 7444==>< <EE>4=>< GD>6=5 z(i-1)=const. �?O MF>= 
F5?< 65EL 4<4?47>= <7<5=5=<O GD>6=O =<6=57> 5L5D4 �-% D475<645FEO =4 <=F5D64?O, 
=4<5>?55 >?D4644==O< E ?D4>F<G5E>>= F>G>< 7D5=<O O6?O5FEO <=F5D64? L<D<=>= 40 
E4=F<<5FD>6. �7 >E=>6=>= F45?<FO 44==OE 45?45FEO 6O5>D>4: =4 >464O= <=F5D64? GD>6=O 
=<6=57> 5L5D4 ?D54O4GM57> G4E4 �z(i-1) ?5D5=>EOFEO ED54=5G4E>6O5 7=4G5=<O GD>6=5= < 
E>>F65FEF6GNM<E << D4EE>4>6 [z(i),Q(i)], 6E>4OM<E 6 G>474==O= <=F5D64?. � D57G?LF4F5 
?>?GG45FEO D4EGUF=4O 746<E<<>EFL 44==>7> <=F5D64?4, >>F>D4O 74F5< <E?>?L7G5FEO 4?O 
?D>7=>74 7=4G5=<O GD>6=O =4 E?54GNM<= ?5D<>4 ?D< <765EF=>< 57> <EE>4=>< 7=4G5=<<. 

� >4G5EF65 ?D<<5D4 =4 D<E. 7. ?D54EF46?5=4 >D<64O ?D>7=>74 GD>6=O =<6=57> 5L5D4 =4 
E?54GNM<= G4E ?D< <EE>4=>< GD>6=5 807,57-807,66 <5FD>6 ?D< GEF4=>6?5=<< =>6>7> D4EE>44 
6>4O G5D57 FGD5<=O �-% 

 

'
D>

65
=L

 =
<6

=5
7>

 
5L

5D
4,

 <
 

 
 $4EE>4 6>4O, <3/E5> 

$<E. 7. �D>7=>7 GD>6=O =<6=57> 5L5D4 �-% =4 E?54GNM<= G4E ?D< <EE>4=>< GD>6=5 6 
4<4?47>=5 807,57-807,66 <5FD>6 6 746<E<<>EF< >F =>6>7> D4EE>44 6>4O G5D57 FGD5<=O 

�=4<64=E>>= �-%-2 
� F5?OE GG5F4 E?GG4==OE <7<5=5=<= ?>4?>D4 =<6=5= �-% < 4DG7<E 6=5L=<E D4>F>D>6 

?D54?>?4745FEO 5654=56=>5 >5=>6?5=<5 >E=>6=>= F45?<FO <EE>4=OE 44==OE. � =4EF>OM55 
6D5<O 5>?LL<=EF6> 7<4D>M?5>FD>EF4=F<= '755><EF4=4 >5>DG4>64=> E<EF5<4<< F5?5<5FD<<, 
?>76>?ONM<<< ?D><76>4<FL G44?5==O5 <7<5D5=<O < E5>D <=D>D<4F<< > D45>F5 EF4=F<<. -F> 
45?45F 6>7<>6=O< 46F><4F<G5E>>5 >5=>6?5=<5 <EE>4=OE 44==OE, GF> >55E?5G<F 
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7=4G<F5?L=>5 ?>6OL5=<5 F>G=>EF< ?D>7=>74. 
�5F>4 ?D>7=>74 5O? >?D>5>64= ?GF5< ED46=5=<O F5>GM<E <7<5D5=<= E D4EGUF=O<<. 

$57G?LF4FO ?D>65D>< ?>>474?<: 4) GG5F ?D54O4GM57> 30-4=56=>7> ?5D<>44 6?>?=5 4>EF4F>G=> 
4?O =4<<5=LL5= ?>7D5L=>EF< >EGM5EF6?5=<O ?D>7=>74 =<6=57> 5L5D4 =4 E?54GNM<5 EGF><; 
5) >F>?>=5=<O ?D>7=>74 >F D4>F<G5E>>7> 7=4G5=<= GD>6=5= =5 ?D56OL4?< 2 %, GF> =4 2% 
=<65 4>?GEF<<>= 6 =4EF>OM55 6D5<O F>G=>EF< D4EGUF4. 

�>EF><=EF64<< ?D54?4745<>7> <5F>44 O6?ONFEO: 1) �>7<>6=>EFL GG5F4 >4> 
=5EF4F<>=4D=>EF< ?D>F5EE4, F4> < 6?<O=<O ?5D5<5==>7> ?>4?>D4, E?GG4==OE 6=5L=<E 
D4>F>D>6; 2) 6>7<>6=>EFL =5?D5DO6=>7> >5=>6?5=<O <EE>4=OE 44==OE; 3) 4>EF4F>G=> 
6OE>>4O F>G=>EFL ?D>7=>74. 

�<F5D4FGD4 
1. $<?<??>64, &.�. �<4D>M=5D75F<>4: GG55=>5 ?>E>5<5. 3 3-5 <74., ?5D5D45. 3 

�>6>E<5<DE>: �74-6> ��&', 2013. 
2. Muhammadiev M., Urishev B.U., Nosirov F.J. Djurayev K.S. Gidroenergetik 

qurilmalarni ishlatish. O8quv qo8llanma. - Toshkent: <Fan va texnologiya=, 2015. 
3. �E?>?L7>64=<5 6>4=>= M=5D7<<: 'G55=<> 4?O 6G7>6/ �>4 D54. ..%. �4E<?L564. 3 

%�5: -=5D7>4F><<744F, 1995.  
4. �>?7>6 �.�. �><E> >><?D><<EE=OE D5L5=<= ?D< ??4=<D>64=<< < G?D46?5=<< 

?>?GE>4<< 6 =<6=<= 5L5D �>?7>7D44E>>7> 7<4D>G7?4. 1. %FD4F57<G5E>>5 ??4=<D>64=<5// 
�>4=O5 D5EGDEO. 3 2018. 3 75.  

5. Muxammadiev M.M., Urishev B.U., Djurayev K.S. Gidroenergetik qurilmalar. Darslik. - 
Toshkent: <Fan va texnologiya=, 2015. 

6. ,F5D5=?<EF �.�. �<4D46?<>4. �=<74 2. 3 �,: -=5D7>4F><<744F, 1991. 
7. Badalov A.S., Uralov B.R., Zenkova V.A., Shaazizov F.Sh. Gidroelektrostansiyalar. 

O8quv qo8llanma. 3 Toshkent: TIMI, 2009. 
8. https://hydro.eduris.uz/object/andizhanskaya-ges/  

 
-���&$ &�.����& ''�%&����$����� �,��'����� ��$%�&��'��$� 
�� %�$�& �� -�%��'�&�&�/ &��%�$��$��� /%,���, '''� '��$�� 

������%&��� ����,���� ��&���&�� ������ 
�GDE>=>6 �4·D><, &>L>5=F 446?4F FD4=E?>DF G=<65DE<F5F< 

/>G5>6 �<D64?<?, &>L>5=F 446?4F FD4=E?>DF G=<65DE<F5F< 
$^7<<GD>4>6 ��455>, &>L>5=F 446?4F FD4=E?>DF G=<65DE<F5F< 

�==>F4F<O. �?<<= <L F4�E<<?4=74= >>=F4>F F4D<>�< 64 M?5>FD>6>7=<=7 FGD?< 
D56<<?4D<44 F>DFG6 ?>4EF4=F<OE<44= G7>�?<7<=< ·<E>574 >?<5, F>>?4D 64 >GG?4=<L?4D 
·<E>5<=< 4<4?74 >L<D<L <<>>=<=< 55D44<74= M?5>FD<47=<F 64D4U=?4D< 4<=4<<>4E<=< 
<>45??4LF<D<L E4<4D44>D?<7<=< >L<D<L=< ·<E>574 >?74= ·>?44 GG4EF>444 ^774DG6G4= F>> 
F>DFG6 M?5>FD F4N<<=>F< <F>DFG6 F4D<>�< 3 M?5>FD>6>7= F<7<<<=<=7 ^F<L 64D4U=?4D<=<=7 
<4F5<4F<> <>45?<=< OD4F<L74 54�<L?4=74=. �L =4F<64?4D< F4L�< M?5>FD F4N<<=>F 
F<7<<<=< F4>><<??4LF<D<L, LG=<=745> M?5>FD M=5D7<OE< E<D4F >^DE4F><G?4D<=<=7 
F4·?<?<=< 4<4?74 >L<D<L <4�E44<44 �^??4=<?<L< <G<><=. 

�4?<F E^7?4D: F>DFG6 M?5>FD F4N<<=>F<, <4F5<4F<> <>45?, M?5>FD>6>7, F>> 64 
>GG?4=<L?4D ·<E>5<, M?5>FD M=5D7<OE< E<D4F< 

&5<<D =^? FD4=E?>DF<44= D>=44?4=<L=<=7 4E>E<= F4?45< G=<=7 E46DE<7?<7< 5<?4= 
5>�?<� 5^?<5, 5G =4D4�4F ·4D4>4F?4=G6G< F4D><5=<=7 54DG4 F<7<< 64 GE>G=4?4D<, 54?>< 
54DG4 F>DFG6 M?5>FD F4N<<=>F< GG4EF>4?4D< N>E4> <L>=G?<?<> >^DE4F><G?4D<=<, 
E46DE<7?<> F4N<<=?4=<L<=<, M?5>FD M=5D7<OE<=<=7 N�>D< E<D4F<=< F4?45 �<?44<. �4FF4 
F57?<>447< ·4D4>4F F>DFG6 M?5>FD F4N<<=>F< F<7<<< >>=EFDG>F<O?4D<74, G?4D F46E<D?4D<74, 
F>> >?7<G 64 >>=F4>F F4D<>�<=<=7 ^74D> 5<D74 <L?4L<44 N7474 >5?44<74= ·4D E<? M?5>FD 64 
<5E4=<> 64D4U=?4D74, LG=<=745> M?5>FD ·4D4>4F?4=G6G< F4D><5=<=7 ^F<L D56<<?4D<447< 
4<=4<<> N>?4<4?4D44 N7474 >5?44<74= M?5>FD<47=<F 64D4U=?4D74 6G44 N�>D< F4?45?4D 
�^O4<. �G ?4D4<5FD?4D 64 D56<<?4D F5E=<> >^DE4F><G?4D=< F46E<D?4L 5<?4= 5<D74 F>D?4D 
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G7<?<L<, F>D �<E�<G?4D< �<=L4=<L< FGD4=?< F^?�<=?< 64D4U=?4D N7474 >5?74=<44, 
4==<�E4 >>=F4>F F4D<>�< M?5<5=F?4D<=<=7 L<>4EF?4=G6G4=?<7<=< >L<D44<74= 557>=4 
5GN<?4D <466G4 5^?74=<44, -¶& (-�%) ·4D4>4F?4=<L <<>>=<OF?4D<=< 55?7<?45 55D44<?4D. 

�>=F4>F F4D<>�< <L>=G?<?<> >^DE4F><G?4D<=< 54·>?4L=<=7 F4·?<?< <G4<<>E< 64 
<466G4 F>DFG6 ?>4EF4=F<O?4D< >GG (�G664F) >5N5>F?4D<=< 4<47=>EF<>4 �<?<L=<=7 
<4F5<4F<> <>45??4D<=< <L?45 G<�<L M>E??G4F4F<O F<7<<<=< F4>><<??4LF<D<L, F5E=<> 
·>?4F=< 4=<�?4L <4�E44<44 4<47=>EF<>4 �<?<L44 <L?4D <46<G<=< ·4? �<?<L, <>E 
D46<L44 <L?4D=<=7 ^7<=< <<=<<4? F5E=>?>7<> <>==4?4D=<= 46D4F<L 5<?4= 4<4?74 >L<D<L 
�G=<447< F44�<�>F?4D 4>?74D5?<7<=< 55?7<?45 55D44<. 

�47>GD <4�>?444= <4�E44 ^774DG6G4= F>>?< F>DFG6 F4D<>�?4D<44 N7474 >5?44<74= 
F^?�<= 64D4U=?4D=< ·<E>574 >?<5, G=447< M?5>FD<47=<F 64D4U=?4D=< ·<E>5?4L44=, ·4<44 
F>DFG6 ?>4EF4=F<O?4D< 64 M?5>FD ·4D4>4F?4=G6G< F4D><5 N>?4<4?4D<=<=7 >?F<<4? D56<<?< 
?4D4<5FD?4D<=< 4=<�?4L44= <5>D4F. 

&>DFG6 M?5>FDF4N<<=>F< >>=F4>F F4D<>�?4D<=<=7 64<?4=74= 64 F4�E<<?4=74= 
GG4EF>4?4D<44= (F>DFG6 ?>4EF4=F<O?4D<, D54>F<6 �G664F=< 5^=?4<4 U>< >^=44?4=7 
>><?5=E4F<O?4L �GD<?<4?4D< 64 5.) F4L><? F>?44< (1). �G GG4EF>4?4D=< >?4<=<4->5F<= 
G?4=74=, ^74D> ?4D4<5FD<> F4D744 5<D?4LF<D<?74= 4>F<6 64 ?4EE<6 F^DF �GF5?<?<>?4D 
>^D<=<L<44 F4E466GD (F4�4<<) MF<L <4�E4474 <G6>D<� (1). �G >45< F4E466GD ^74D> F4NE<D74 
M74 5^?74=, D56<<?< ?4D4<5FD?4D 5<?4= 5>�?4=74= 4?>·<44 F^DF �GF5?<?<>?4D=<=7 
<4F5<4F<> <>45??4D< 5^=<G4 =4F<646<= <4F5<4F<> <>45?=< L4>??4=F<D<L <<>>=<=< 
55D44< (2). �>4EF4=F<O >GG (�G664F) FD4=ED>D<4F>D< 64 M?5>FD ·4D4>4F?4=G6G< F4D><5 (-¶�) 
F>>< 64 >GG?4=<L<=<=7 >?<= 74D<>=<> F4L><? MFG6G<?4D< ?4=4> 5^?<L< 4?>�4 ?<=<O?4D<74 
64 %&� �GD<?<4?4D<74 E4?5<= F4NE<D >^DE4F44< (2). �>=F4>F F4D<>�<44 <5E4=<> F^?�<= 
?4=4> 5^?<L< >DF<�G4 >GG?4=<L74, M?5>FD M=5D7<O =^�>F<?<L<74 >?<5 >5?<L<, LG=<=745> 
-¶� �GD<?<4?4D< <L<=< U<>=?4LF<D<L< ·4< <G<><=. �G ^74D> 5>�?<�?<>?4D >^? <57>=?< 
647<D4?4D ?4=4> 5^?<L<74 E4545 5^?44<?4D: >>=F4>F >E<?<4E<44 N7474 >5?74= M?5>FD <47=<F 
<4=4>=< G=44 E4?5<= F4NE<D >^DE4F44<74= ^7-^7<=< 64 ^74D> <=4G>F<O?4L=<=7 M?5>FD 
·4D4>4F?4=F<DG6G< >GG<=< OD4F44<. %<�<<?< ^F>47G6G4=?<> <466G4?<7< ME4 E<?6<F<L 
F>>?4D< ?4=4> 5^?<L<74, <7>?OF>D?4D44 >�<5 >5F<L 4>F<6 F>>?4D< ·>E<? 5^?<L<74 >?<5 
>5?44<. 

.�>D<44 >^DE4F<5 ^F<?74= D<7<> ·>4<E4?4D44, >>=F4>F >E<?<4E<=<=7 GG4EF>4?4D<=< 
F>DFG6 F4D<>�<=<=7 <EF4?74= =G�F4E<44, ?<=<O 5>L?4=<L<44 <4E>D4 ·<E>5< �G=<447<G4 
5^?74=<44, <4F5<4F<> 6<·4F44= F4�4<< (F4E466GD) MF<?44<74= <>>< E<<?< ?<=<O 
>^D<=<L<44 F4E466GD �<?<L <G<><= (1): 

    

    (1) 

�4E>D4 ?<=<O FG74L<44= <EF4?74= =G�F4 E1 44 5>L?4=74=<44 ME4: 
    

    (2) 

5G 5D44 3  - 3 ?<=<O=<=7 F^?�<=?< �4DL<?<7< 

 3 M?5>FD <47=<F F^?�<=<=<=7 ?<=<O 5^=?45 
F4D�4?<L >>MDD<F<5=F<; ³ 3 F^?�<==<=7 E^=<L >>MDD<F<5=F<; ³ 3 F^?�<= D474E< 
>>MDD<F<5=F<;  3 5<D FGD447< <>>< E<<?< ?<=<O=<=7 5<D?4<G< ?4D4<5FD?4D<; 

 3 ?<=<O 5>L<447< >GG?4=<L 64 F>> �<=<4F?4D<;  3 -¶& 6>=?4L74= E =G�F4447< 

>GG?4=<L 64 F>> �<=<4F<; E1 3 <4E>D4=< -¶& 6>=?4L<L =G�F4E<44= 5>L?45 
·<E>5?474=447< <4E>D4. 

�^D<5 G<�<?4UF74= F<7<<44 M>6<64?5=F <>>< E<<?< ?<=<O <=4G>F<6?<7< D54? <E<< - 
5D= F<7<<<=<=7 <=4G>F<6?<7<74 F5=7 5^?44<74= ?<=<O E<D4F<44 F4�4<< (F4E466GD) MF<?44<. 
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&5E>4D< E<< F4D7<44 F>>=<=7 5D >5E<<<447< ^774DG6G4= 7<G?<7<=< ·<E>574 >?74= ·>?44 D5?LE 
74=6<D< >?<=74=. 

->6<64?5=F <>>< E<<?< ?<=<O=<=7 D3 E<<?4D< >D4E<447< <4E>D4, G �4=F4D F>>=<=7 
GG�GD?<7< 455 =><?4=44<, �G=<447< D>D<G?4 5<?4= 55?7<?4=44< (3): 

    (1) 

5G 5D44 f 3 F>> G4EF>F4E<, �F; ³3 3 5D=<=7 E>?<LF<D<4 ^F>47G6G4=?<7<, %<·<. 
(1) 44= >5?<5 G<�<L<G4, 74D<>=<>4?4D G4EF>F4E< 64 5D=<=7 ^F>47G6G4=?<7< 

>4FF4?4L<L< 5<?4= �4=F4D F>>=<=7 M>6<64?5=F GG�GD?<7< ><GD4=<5 5>D4D M>4= (1). 
,G=<=745>, <4N?G<><, <>>< E<<?< ?<=<O=<=7 <=4G>F<6 �4DL<?<7< �G=<447< D>D<G?4 5<?4= 
>^DE4F<?44<: 

     (2) 

5G 5D44 3 ÓM>6 3 >>=F4>F >E<?<4E<=<=7 M>6<64?5=F D44<GE<; l 3 ?<=<O GG4EF>4E<=<=7 
5>L?4=<L<44= -¶& 74G4 5^?74= G7G=?<7<. 

�4F<6444 >^D<5 G<�<?4UF74= <E<< - 5D= F<7<<<=<=7 F^?<� >><??5>E �4DL<?<7< 
�G=<447<=< F4L><? MF44< (4): 

     (3) 

5G 5D44 3 ; 3 ?<=<O G7G=?<7<;  3 ?<=<O G7G=?<7<> 5<D?<7<=<=7 >>=F4>F 

5<D?4<G< �4DL<?<7<. , k 3 >>=7F4>F E<<< �4DL<?<7<=<=7 ·4D>D4F 

>>MDD<F<5=F<;  3 >>=F4>F E<<<=<=7 20° ·4D>D4F447< �4DL<?<7<. 
�>>< E<<?< ?<=<O44 E<�<< ^F>47G6G4=?<7<=< �G=<447< D>D<G?474 5<=>4= 4=<�?4=<<7: 

      (4) 
5G 5D44 b0 3 5<D?4<G< E<�<< ^F>47G6G4=?<7< (%</><); 
�>=F4>F >E<?<4E<=<=7 F>DFG6 F4D<>�< >GG?4=<L<74 =<E54F4= >5?F<D<?74= 

�4DL<?<7<=< �G=<447<G4 F>?<L <4�E4474 <G6>D<�: 

     (5) 

5G 5D44 U=> 3 >>=F4>F F4D<>�<447< >GG?4=<L, >�; U=F 3 F>DFG6 ?>4EF4=F<OE< 
L<=4?4D<447< >GG?4=<L, >�. 

-?5>FDF4N<<=>F F<7<<<447< M?5>FD<47=<F 64D4U=?4D=< 4=<�?4L 64 G?4D=< F4·?<? 
�<?<L <4�E44<44 -¶& N>?4<4E<=< ·<E>574 >?74= ·>?44 >GG (�G664F) FD4=ED>D<4F>D<=< 
^D=<=< 5>E<L (4?<4LF<D<L) EE5<4E< ?4D4<5FD?4D<=< F>?4<<7 (1-D4E<). �>F<6 �4DL<?<> Ó1 

64 Ó1 64 <=4G>F<6 xs1, xs2 �4DL<?<>?4D=<, LG=<=745> FD4=ED>D<4F>D ?^?4F< =^�>F<L?4D< 
FGD4=?< >5?<5 G<��4= 4>F<6 ^F>47G6G4=?<> Gt =< ·4< F>?4<<7 (14-D4E<). 

1-D4E<. �GG (�G664F) FD4=ED>D<4F>D<=< ^D=<=< 5>E<L (4?<4LF<D<L) M>6<64?5=F 
EE5<4?4D<. 4) &-E<<>=; 5) E>444?4LF<D<?74= ·<E>5?4L GGG=. 

%>444?4LF<D<?74= ·<E>5?4L44 EE5<4=<=7 4>F<6 �4DL<?<7<=< �G=<447< <4N?G< 
D>D<G?474 5<=>4= ·<E>5?45 4=<�?4=<<7: 

    (6) 

5G 5D44 U=>< 3 >GG (�G664F) FD4=ED>D<4F>D<=<=7 =><<=4? >GG?4=<L<, >�; S=><.F 3 >GG 
(�G664F) FD4=ED>D<4F>D<=<=7 =><<=4? �G664F<, >��; �$< = �$> 3 =><<=4? N>?4<4 D56<<<44 
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FD4=ED>D<4F>D GG?�4<?4D<447< �G664F =^�>F<L?4D<, >�F; �$> 3 FD4=ED>D<4F>D=<=7 
=><<=4? F>><44 �<E�4 FGF4LG6 ?4=F<447< �G664F =^�>F<?<L<. 

 �GG (�G664F) FD4=ED>D<4F>D<=<=7 F^?<� �4DL<?<7<=< �G=<447< D>D<G?474 >^D4 
4=<�?4=<<7 

     (7) 

5G 5D44 U> 3 �<E�4 FGF4LG6 D56<<<44 FD4=ED>D<4F>D=<=7 FL?<� �4DL<?<7<, %. 
(6) 64 (7) ?4D74 >^D4 >GG (�G664F) FD4=ED>D<4F>D<=<=7 <=4G>F<6 �4DL<?<7<=< F>?4<<7: 

    (8) 

�<G<> 4>F<6 �4DL<?<>>4 M74 5^?74= F>DFG6 ?>4EF4=F<O?4D<=<=7 >GG (�G664F) 
FD4=ED>D<4F>D?4D< GGG= <=4G>F<6 �4DL<?<>=< F4E<<=4= 4=<�?4L <G<><=: 

    (9) 

�^D<5 G<�<?4UF74= F<7<<=<=7 M?5>FD <47=<F 64D4U=?4D<=< F^?<� F4·?<? �<?<L GGG= 
^774DG6G4= F>>44 <L?4=4<74= -¶& ·<E>5<= EE5<4E< 64 ^D=<=< 5>E<L (4?<4LF<D<L) 
?4D4<5FD?4D<44= D>=44?4=<L <4�E4474 <G6>D<� (24 64 5-D4E<?4D). 

-?5>FD>6>7 <>>< GG?�4<?< FD4=ED>D<4F>D<=<=7 ^D=<=< 5>E<L (4?<4LF<D<L) 
EE5<4?4D< 24 64 5-D4E<?4D44 >5?F<D<?74=. 

 
2-D4E<. -?5>FD>6>7 F>DFG6 FD4=ED>D<4F>D<=<=7 ^D=<=< 5>E<L (4?<4LF<D<L) 

M>6<64?5=F EE5<4E<. 4) &-E<<>=; 5) E>444?4LF<D<?74= ·<E>5?4L GGG=. 
¶4D 5<D GG?�4< �G664F 64 >GG?4=<L =^�>F<L?4D<74 >^D4 4=<�?4=44<74= ^D=<=< 5>E<L 

(4?<4LF<D<L) EE5<4?4D<=<=7 ?4D4<5FD?4D< �G=<44 55D<?74=: 64 <>E D46<L44 

5<D?4<G< 64 <>><?4<G< GG?�4<?4D=<=7 4>F<6 �4DL<?<7< 64 U=<?<L <=4G>F<6?<7<;  3 
M?5>FD>6>7 F^�D<?47<G< >><<GF4F<O?4L D56<<< GGG= F>DFG6 F4D<>�< >GG?4=<L<74 
>5?F<D<?74= 4>F<6 �4DL<?<> 64 <=4G>F<6?<>. �><<GF4F<O?4L 64 =>D<4? <L?4L D56<<?4D< 
>><<GF4F<O?>6G< M?5<5=F 5<?4= <>45??4LF<D<?44< (24-D4E<). 

-?5>FD <47=<F 64D4U=?4D< F4·?<?<=< F>DFG6 F4D<>�< GG4EF>4E<74 M74 5^?74= ·<E>5<= 
EE5<4 (3-D4E<) 4E>E<44 4<4?74 >L<D4<<7. �G GG4EF>4 F4D><5<74 >>=E>??< F4N<<=?4L44 
?>4EF4=F<O?4D4D> GG4EF>4 G574D4E<447< F>DFG6 FD4=ED>D<4F>D< ·4< ><D44<. 

¶<E>5-><F>5?4D44 �G=<447< D4D47?4D74 =^? �^=<?44<: 
1. �GG FD4=ED>D<4F>D?4D< <>><?4<G< GG?�4<?4D<=<=7 D474?4D< -¶� 

<4=54?4D<74 M74 5^?74= 64 ^7 GG?�4< �4DL<?<7< 5^?74= <>>< �GF5?<?<>?4D 

5<?4= <>45??4LF<D<?44<; 
2. &>DFG6 ?>4EF4=F<O?4D< >D4E<447< F>DFG6 F4D<>�< GG4EF>4?4D< 5<D FGD?< 

5^?<5 ·<E>5?4=44<; 
3. -�% N>?4<4E< >^D<=<L<447< <>>< �GF5?<?<> F4D7<44 F4�4<< 

MF<?44<. 
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3-D4E<. �>=E>??< F4N<<=?4L44 F>DFG6 M?5>FD F4N<<=>F GG4EF>4E<=<=7 ?D<=F<?<4? 

F4N<<=?4L EE5<4E<. 
.�>D<44 5<?4<D<?74= D<>D?4D 4E>E<44 F5=7?4<4?4D F<7<<<=< (5) FG74<<7: 

(12) 

5G 5D44 3 ?4E4=F<DG6G< FD4=ED>D<4F>D D474E< 5<D?4<G< GG?�4<<=<=7 

>GG?4=<L< 64 F>><; 3 ·<E>5<= D474 GG4EF>4E<=<=7 5>L �<E<<447< >GG?4=<L 64 

F>>; 3 F^DF �GF5?<?<>, D474 ·<E>5<= <>45?<=<=7 

?4D4<5FD?4D<; 3 F^?�<= �4DL<?<7<; 3 

F4D�4?<L (U=<?<L) >>MDD<F<5=F<; 3 ?<=<O=<=7 5<D?4<G< ?4D4<5FD?4D<, 
?<=<O G7G=?<7< 5<D?<7<74 =<E54F<; 3 >GG (�G664F) FD4=ED>D<4F>D< %� D474E< <>><?4<G< 

GG?�4<< >GG?4=<L<; 3 >GG (�G664F) FD4=ED>D<4F>D<=<=7 FD4=ED>D<4F<O (^774D<L) 

>>MDD<F<5=F<; 3 <>E D46<L44 >>=F4>F F4D<>�< ·<E>5<= GG4EF>4E<=<=7 5>L< 64 
F>DFG6 F4D<>�< ·<E>5<= GG4EF>4E< >E<D<447<, ON=< -¶& 6>=?4L74= 5D<447< >GG?4=<L 64 
F>>; 3 >>=F4>F F4D<>�<=<=7 ·<E>5<= 

GG4EF>4E<=< =4<>=<L MF74= F^DF �GF5?<?<> ?4D4<5FD?4D<; 3 <>E D46<L44 

-¶& F>DFG6 FD4=ED>D<4F>D< 5<D?4<G< GG?�4<<=<=7 5<D?4<G< GG?�4< ^D4<?4D< E>=<74 
>5?F<D<?74= F>><; 3 <>E D46<L44 -¶& F>DFG6 FD4=ED>D<4F>D< GG?�4<?4D<=<=7 ^74D> 

<=4G>F<6?<7<; kFDM 3 4=4 LG FD4=ED>D<4F>D >>MDD<F<5=F<. 
l2 3 -¶& G?4=<L =G�F4E<44= >5=<= ·<E>5<= GG4EF>444= E^=7 >5?74= >>=F4>F F4D<>�< 

GG4EF>4E< 5>L?4=<L<447< F>>; 3 -¶& G?4=<L =G�F4E<44= >5=<= ·<E>5<= GG4EF>444= 
E^=7 >5?74= F>DFG6 F4D<>�< GG4EF>4E< >E<D<447< (FG74L<447<) F>>. 

    

F^DF �GF5?<?<>, -¶& G?4=<L =G�F4E<44= >5=<= ·<E>5<= GG4EF>444= E^=7 >5?74= F>DFG6 
F4D<>�< GG4EF>4E< GGG= ME4... 

F5=7?4<4?4D F<7<<< (12) 5^=<G4 N�>D<44 >5?F<D<?74= D4D47?4D=< ·<E>574 >?74= ·>?44 
?>4EF4=F<O?4D4D> ·G4G4=<=7 >>=F4>F F4D<>�< <EF4?74= =G�F4E<447< F>DFG6 M?5>FD 
F4N<<=>F< M=5D75F<>4 ?4D4<5FD?4D<=< 4=<�?4L <G<><=. 

%G?>E4. �774DG6G4= F>>=<=7 <F>DFG6 F4D<>�<-M?5>FD>6>7= F<7<<<447< M?5>FD<47=<F 
64D4U=?4D=< ·<E>5?4L GGG= <4F5<4F<> <>45? <L?45 G<�<?4<. ¶<E>5<= <4N?G<>F?4D<44= 
>>=F4>F F4D<>�< 64 F>DFG6 ?>4EF4=F<O?4D<=< DG=>F<>=4? 4<47=>EF<>4, D5>>=EFDG>F<O 64 
<>45D=<74F<O �<?<L44, LG=<=745> O�<=44 6>=?4L74= ?<=<O?4D=<=7 M?5>FD<47=<F 
6<·4F<44= ^74D> �^L<?G6G4=?<7<=< 4=<�?4L, LG 5<?4= 5<D74 F>DFG6 M?5>FD F4N<<=>F< 
F<7<<<447< M=5D7<O =^�>F<L?4D<=< ·<E>5?4L GGG= D>=44?4=<L <G<><=. 
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�445<UF?4D D^=E4F< 
1. �F455>>6 �.�. < 4D. &5>D5F<G5E><5 >E=>6O M?5>FD>F5E=<><. 3 %�5. �4=L, 2010-

432 E. 
2.  �>D>?564 &.�., �4L>>64 �.�. �EE?54>64=<5 M?5>FD><47=<F=OE ?D>F5EE>6 6 

E<EF5<5 FO7>6>= E5FL- M?5>FD>6>7. // �D<5>DO < <5F>4O <7<5D5=<= >>=FD>?O >4G5EF64 < 
4<47=>EF<>< ?D><OL?5==>EF< =4 FD4=E?>DF5: �4F5D<4?O >>=D5D5=F<< / �<�'�%. 2016. 3 E. 
208. 

3. �4>E �.�. E<EF5<O G?D46?5=<O M?5>FD<G5E><< ?>46<6=O< E>EF46><. 3 �>E>64. 
�4DLDGF 2005. 

4. �G?<=<G ..�., �D47>?>6 �... �EE?54>64=<5 M?5>FD><47=<F=OE ?D>F5EE>6 6 
E<EF5<5 «�>=F4>F=4O E5FL-M?5>FD>6>7» ?D< G<5=LL5=<< G7?4 >F>DOF<O F<D<EF>D>6 6 
6O?DO<<F5?L=>-<=65DF>D=>< ?D5>5D47>64F5?5// �5EF=<> �����&, &>< 79 72, 2020 7.,E 93-
102. 

5. %>>D<> �.�. %=<65=<5 6?<O=<O M?5>FD>6>7>6 ?5D5<5==>7> F>>4 E ??46=O< 
D57G?<D>64=<5< =4?DO65=<O =4 >4G5EF6> M=5D7<< 6 >>=F4>F=>= E5F<. / 46F>D5D5D4F 
4<EE5DF4F<< >.F.=., 05.22.07 %454D>6E> �. �>EF>G=O= '�%, 2007, 144 E. 

6. �?O7<= �.�., �=L>>6 ..�., �<F>6G5=>> �.�. -?5>FD><47=<F=O5 ?D>F5EEO 6 
FO7>6>= E5F< ?5D5<5==>7> F>>4 ?D< D47?<G=OE 65?<G<=4E 4>F<6=>= < D54>F<6=>= 
E>EF46?ONM<E F>>4 M?5>FD>6>7>6 // -?5>FD>F5E=<>4 710, 2020, E. 63-67. 

7. �D<7>DL56 �.%., �>?>6<= �.�., < 4D. �4F5<4F<G5E>>5 <>45?<D>64=<5 
<5E4=<G5E>>7> 674<<>45=EF6<O F>>>?D<5<=<>>6 < >>=F4>F=>= ?>465E>< 4?O E>>D>EF=OE 
M?5>FD<D<F<D>64==OE 65?57=OE 4>D>7// �4GG=>-F5E=<G5E><5 654><>EF< %����'. �4G>4 < 
>5D47>64=<5. 74, 2012. E 155. 

8. Kiessling F. Contact Lines for electrik railways/ Planning, Desigin, 
Implementation//Second Edition- Wiley, John. &, 2009. 3 994 p. 

 
-���&$��$������%&, � ��-���&$�'�%��/ �$���&����%&, 

�������&����/% &�$��%&����% ������$�/% ��&�$����� 
%���$��-�% ���� 3 '�%&�&/ �����/ 

�4=6<56 %.�., 4EE<EF5=F &5D<57E><= <=65D=>-F5E=>?>7<G5E><= <=EF<FGFa  
� ?>E?54=<5 7>4O <EE?54>64=<O 6 >5?4EF< E>744=<O <4F5D<4?>6 E> E?5F<4?L=O<< < 

?D4>F<G5E>< 646=O<< M?5>FD>D<7<G5E><<< E6>=EF64<< =4 >E=>65 ?>?<<5D=OE >><?>7<F>6 
E>45D64M5 =4=>-G4EF<FO <5F4??>6 7=4G<F5?L=> D4EL<D<?<EL. $47D45>F4= >><??5>E <5F>4>6, 
?>76>?ONM<E D>D<<D>64FL =4=> 3 G4EF<FO û1;2ý . 

�4EF>OM4O D45>F4 6O?>?=5=4 E F5?LN <7GG5=<O >D<F<G5E>>7> ?>6545=<O 
M?5>FD>?D>6>4=>EF< < 4<M?5>FD<G5E>>= ?D>=<F45<>EF< >><?>7<F<>==OE F5D<>EF>=><E 
?>?<<5D=OE <4F5D<4?>6 =4 >E=>65 ?>?<4D<?4F4 < D5=5?>=4 6 746<E<<>EF< >F >>=F5=FD4F<< 
=4=> 3 G4EF<F =<>5?O. 

�><?>7<F<>==O5 <4F5D<4?O, E>45D64M<5 =4=> 3 G4EF<FO =<>5?O 5O?< <77>F>6?5=O 
?GF5< D47?>65=<O D>D<<4F>6 =<>5?O 6 ED545 F5D<>EF>=><E ?>?<<5D>6. �>F>6<?< 3-5% 
D4EF6>D ?>?<<5D4, 6 =57> 4>546?O?< ?>D>L>< D>D<<4F>6 =<>5?O. �D< ?>EF>O==>< 
?5D5<5L<64=<< 6O?4D<64?< D4EF6>D<F5?L. �> <75564=<5 47D574F<< G4EF<F D>D<<4F>6 < 
6O?444=<O <E 6 >E44>> D4EF6>D 4> 4>EF<65=<O 6OE>>>= 6O7>>EF< >5D454FO64?< G?LFD476G>>< 
=4 4<E?5D74F>D5 '���-1 E G4EF>F>= >>?554=<O 22 >�F, <>M=>EFLN 0,3 �F. �4F5< ?>?GG5==GN 
E<5EL EGL<?< 6 64>GG<5 ?D< 373 � 4?O 6O?4D<64=<O >EF4F>>6 D4EF6>D<F5?O. �4?55 
F5<?5D4FGDG ?>4=<<4?< 4> 573 � < 6O45D6<64?< ?D< MF>= F5<?5D4FGD5 4> ?>?=>7> 
D47?>65=<O D>D<<4F46 =<>5?O 6 ED545 ?>?<<5D4. �5N5<=GN 4>?N =<>5?O 6 >><?>7<F<< 
64DL<D>64?< >F 0,02 4> 0,6. �5F>4>< <4?>G7?>6>7> D5=F75=>6E>>7> <EE?54>64=<O ?>>474=>, 
GF> 4<4<5FD <5F4??<G5E><E >?4EF5D>6 <5F4??>6 6 >><?>7<F4E ó 30 =<. -?5>FD<G5E><5 
<7<5D5=<O ?D>6>4<?< =4 >5D47F4E F<?<=4D<G5E>>= D>D<O (4<4<5FD 15 < 6OE>F4 2 ø 3<<), 
?>?GG5==OE 7>DOG<< ?D5EE>64=<5<. �O5>D >?F<<4?L=OE GE?>6<= ?>?GG5=<O 
>><?>7<F<>==OE <4F5D<4?>6 >?D545?5= ?> 44==O< <EE?54>64=<= <E <5E4=<G5E><E E6>=EF6. 
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$57G?LF4FO <7<5D5=<= M?5>FD>?D>6>4=>EF< (ó) >><?>7<F>6 6 746<E<<>EF< >F >5N5<=>= 
4>?< =4?>?=<F5?O (V1) ?D54EF46?5=O =4 D<E 1. � >5?4EF< V1 = 0,08-0,15 =45?N445FEO D57><= 
D>EF ó >F 7=4G5=<= ó2 ?>?<<5D4 4> ó1 =4?>?=<F5?O. �D<F<G5E>4O >>=F5=FD4F<O VE (?>D>7 
?D>F5>4=<O), ?D< >>F>D>= 6?5D6O5 >5D47G5FEO 55E>>=5G=O= >?4EF5D <7 G4EF<F =4?>?=<F5?O 
>?D545?5=4 4<DD5D5=F<D>64=<5< Lgó >><?>7<F>6 ?> V1 < 4?O >><?>7<F<= =4 >E=>65 
D5=<?>=4 < ?>?<4D<?4F4, E>45D64M<E =4=> 3 G4EF<FO =<>5?O E>>F65FEF65==> D46=4 0,105 < 
0,125 (D<E 1. 4). 

$<E. 1 �46<E<<>EFL M?5>FD>?D>6>4=>EF< (ó) 
>F >5N5<=>7> E>45D64=<O =4=>G4EF<FO =<>5?O 
(V1) 4?O >><?>7<F>6 =4 >E=>65 D5=<?>=4 (I) < 
?>?<4D<?4F4 (2): I ; 2 - ó M>E; 3; 4 - ó D4E ?> D>D<G?5 
(1) < 5 - ó D4E ?> D>D<G?5 (2); 

4 3 746<E<<>EFL dLg ó / dv1 >F V1. 
 
�4> 6<4=> <7 D<E. 1 746<E<<>EFL ó >F V1 ?D< 

V1 þVE D4EEG<F4==4O ?> D>D<G?5  

ó (V1 ) = ó1 
t

c

c

V

VV
÷÷
ø

ö
÷÷
ø

ö

ý

ý

1
1  ,  (1)  

?>?GG5==>= 6 D4<>4E F5>D<< ?D>F5>4=<O û3ý, E>D>L> E>6?4445F E M>E?5D<<5=F4?L=O<< 
D57G?LF4F4<<. �D< MF>< >D<F<G5E><= <=45>E t 5O? >?D545?5= <7 G7?4 =4>?>=4 746<E<<>EF< 
Lg ó >F Lg (V1- Vc / 1- Vc), 4 ó1 ?GF5< M>EFD4?>?OF<< ?DO<>?<=5==>= GG4EF>>, MF>= 
746<E<<>EF< ?D< V1-- 1. 

�46<E<<>EFL ó >F V1 ?D< V1 < Vc, D4EEG<F4==4O ?> D>D<G?5 û3ý 
ó = ó2

q

c

c

V
VV

ý

÷÷
ø

ö
÷÷
ø

ö ý 1  ,    (2) 

745 q- >D<F<G5E><= <=45>E ó (4?O FD5E<5D=OE E<EF5< q= 0,98), ?D<6545=4 =4 D<E 1. �4> 
6OF5>5F <7 (2), 7=4G5=<5 ó E<EF5< ?D< V1 < Vc 4>?6=> 5OFL ?>DO4>4 7=4G5=<O ó2 
=5?D>6>4OM57> >><?>=5=F4. �5E>6?445=<5 M>E?5D<<5=F4?L=OE 7=4G5=<= ó 4?O 
<5F4??>?>?<<5D>6 E =4=>-G4EF<F4<< =<>5?O E D4EG5F=O<< ?D< 0,05 ó V1 < Vc ?>>47O645F, 
GF> E>FO 6 =<E =5 >5D47G5FEO 55E>>=5G=O= >?4EF5D <7 G4EF<F =<>5?O, <E ó, <EE>4O <7 
=5>4=>D>4=>7> D4E?D545?5=<O D47<5D>6 =4=>- G4EF<F < ?D>EFD4=EF65==>7> <E D4E?D545?5=<O 
6 F4><E E<EF5<4Eû1,2ý, ?>-6<4<<><G, >?D545?O5FEO FG==5?<D>64=<5< M?5>FD>=>6 >F >4=>7> 
<7>?<D>64==>7> =5=FD4?L=>7> 75D=4 > 4DG7><G. � ?>?L7G F4>>7> 74>?NG5=<O 7>6>D<F E<?L=4O 
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AVTONOM SINXRON MOSHINALARNING NOAN9ANAVIY QO8ZG8ATUVCHI 
TIZIMINI ISHLAB CHIQISH. 

Pirmatov N.B., Egamov A.M., Mo8minov M.U., Mamarasulov N.A. 
Toshkent davlat texnika universiteti, O8zbekiston Respublikasi, Toshkent  

E-mail npirmatov@mail.ru 
Shamol energiyasidan odamlar qadim zamonlardan foydalanib kelishadi. Bu energiyadan 

foydalanish qadimgi Misirdagi toshli shamol tegirmonlari orqali bilsak bo8ladi. Bug8li mashinalari 
ixtiro qilnganga qadar shamol energiyasi yelkanli kemalarda qo8llanilgan. Olimlarning hisob 
kitoblariga ko8ra shamol energiya zaxirasi suv energiyasiga nisbatan bir nech yuz baravar ko8p [1]. 

Klassik ta9riflarga ko8ra shamol generatori yoki shamol elektr qurilmalari shamol energiyasini 
elektr energiyaga aylantirib berishni taminlab beradi [2]. Strukturaviy jihatdan shamolning kinetik 
energeyasini o8rnatilgan rotorlar orqali elektr energiyasiga aylantiriladi. 
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Odatda shamol generatorining quvvati 5 kW dan 4500 kW gacha o8zgarib turadi, bunday 
quvvat olish uchun shamol tezligi kamida 4 m/s bo8lishi kerak. Shamol elektr qurilmalarining 
qo8llanish sohasi davlat va ijtimoiy obyektlardagi avtanom taminot tizimlarida muammolarni hal 
qilishga yordam beradi, bu <yashil makon= tarifiga to8g8ri keladi. Bu asosan mustaqil va lokal 
obyektlada dolzarb hisoblanadi [4]. 

Shamol energiyasini shamol generatorida aylantirish jarayoni konstruktiv darajada hal 
qilinadi, bu yerda turbinaning bir qismi bo8lgan parraklarga tegib o8tadigan shamol oqimlari uning 
aylanishiga olib keladi. Shu bilan birga, shamol turbinasida hosil bo8lgan energiya qabul qilingan 
shamol oqimiga mutanosib bo8lib, uni ishlab chiqarish uchun rotor validan multiplikatorga 
o8tkaziladi. Biroq, ularning tarkibida multiplikatorga ega bo8lmagan o8rnatishlar samaraliroq, 
chunki o8qning aylanishini tezlashtirish uchun sarflangan energiyaning behuda sarflanishi yo8q. 
Olingan shamol tezligi shamol turbinasining optimal ishlashi uchun yetarli, chunki turbinaning 
"supurilgan" maydoni bilan o8lchanadigan kuchi parraklarning geometrik parametrlariga 
proportsionaldir [5]. 

Bugungi kunga kelib shamol generatorlarining ikkita asosiy turi mavjud, xususan: 
Gorizontal aylanish o8qi bo8lgan shamol generatori eng keng tarqalgan shamol turbinasi 

bo8lib, u rotor qo8zg8algan vali (shamol rotori) yoki tayanch orqasida gorizontal aylanish o8qi 
bo8lgan ikki yoki uchta aylanadigan parraklarni ("monolitik bo8lmagan" qurilmalar) o8z ichiga 
oladi. - ish holatida tayanchning oldida joylashgan bo8lishi mumkin bo8lgan rotorlar. Rotor 
maydonidan o8tadigan shamol oqimlarining maksimal "qoplanishi" ni ta'minlash uchun ushbu 
qurilmalar parraklarning aylanish tezligi juda yuqori. 

Monolitik shamol turbinalari (ko8p sonli parrakli modellar) odatda suv nasoslari sifatida 
ishlatiladi, odatda past aylanish tezligida ishlaydi. Biroq, rotorning parraklari soni parraklar bir-
biriga ta'sir qiladigan shovqin tufayli o8rnatish samaradorligini aniqlamaydi. 

Vertikal aylanish o8qi (H shaklidagi) bo8lgan shamol turbinalari juda keng diapazonga ega, 
chunki dizayn xususiyatlari tufayli bo8lishi mumkin istalgan yo8nalishda esayotgan shamolni 
"qo8lga olish". Bu xususiyat shamol oqimlarining yo8nalishini o8zgartirganda o8zgartirilishi 
mumkin bo8lgan rotorning o8rnini o8zgartirish imkoniyatida yotadi. H shaklidagi shamol 
turbinalarining konstruktiv xususiyati rotorning harakatlantiruvchi valining joylashuvi bilan 
belgilanadi, u vertikal ravishda joylashgan va turbinaning qanotlari uzun va yoysimon bo8lib, 
minoraning yuqori va pastki qismlariga biriktirilgan. 

Aylanish o8qlarining joylashuvidagi tashqi farqga qaramay, bular dizayndagi o8xshash shamol 
tizimlaridir, chunki havo oqimlarining parraklar bilan o8zaro ta'siri natijasida olingan shamol 
tomonidan havo oqimidan hosil bo8lgan kinetik energiya shamol orqali uzatiladi. Elektr energiyasi 
generatoriga uzatish tizimi, bu turli xil shamol tezligida o8rnatish samaradorligini ta'minlash 
imkonini beradi. Shuningdek, shamol generatorlari ekologik toza energiya manbai hisoblanadi. 
Shunday qilib, dizel stantsiyasi va quyosh panellari bilan taqqoslaganda, ular atrof-muhitga 
chiqindilarni chiqarmaydi, arzon va eng muhimi, kechayu kunduz shamol mavjud. 

Umuman olganda, shamol turbinalarining samarali ishlashi to8g8ri geografik joylashuv bilan 
belgilanadi. Qoida tariqasida, bular shamol uchun maksimal darajada ochiq bo8lgan joylar, 
shuningdek, tog8 va boshqa tepaliklar, qirg8oq zonalari, dashtlar va ochiq joylardir. Ushbu 
tuzilmalarni o8rnatishda asosiy cheklov ularning binolarini va past daraxtlarni olib tashlashdir. Shu 
sababli, asosiy ochiq maydonda ish olib boriladigan tog8-kon, qidiruv, neft va gaz sanoatida ko8rib 
chiqilayotgan qurilmalarni o8rnatish ularni keyingi qo8llash uchun yaxshi tadqiqot yo8nalishi 
hisoblanadi. Barcha sanab o8tilgan sanoat ob'ektlari kompressor, nasos, turli moslamalar, asinxron 
yoki sinxron motorli dizel generatorlariga ega, o8rta va katta quvvatli qurilmalar esa sinxron 
motorlardan foydalanadi. 

Shunday qilib, <Olmaliq kon-metallurgiya kombinati= aksiyadorlik jamiyati tarkibiy 
bo8linmalarida bir nechta konlar, jumladan, Kouldi koni mavjud bo8lib, bu yerda uchta sinxron 
motorli kompressor bloklari qo8llaniladi, ulardan ikkitasi tunu-kun ishlaydi, biri esa zaxirada. 
Sharqiy Kuramin tizmasining tog8li hududida joylashgan Kauldi konida shamol tezligi 10 m/s dan 
oshadi. O8rnatishning xarakteristikalari quyidagicha: kompressor motorning quvvati P=200 kW, 
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kuchlanish U=380 V, qo8zg8alish kuchlanishi U=33 V, qo8zg8atish tok kuchi I=150 A, tiristorli 
qo8zg8atish tizimiga ega. O8z navbatida, biz o8zgarmas tok shamol generatorini sinxron motorlar 
uchun qo8zg8atgich sifatida ishlatish variantini taklif qilamiz. 

Sinxron mashinalar uchun ishlatiladigan qo8zg8atish tizimlari qo8zg8atish quvvatiga ega, 
sinxron mashinalar quvvatining 0,3-35% ga teng. Bunday holda, qo8zg8atish elektromagnit ta'sir 
tufayli ham, doimiy magnit orqali ham amalga oshirilishi mumkin. Elektromagnit qo8zg8atish 
holatida qo8zg8atuvchi qurilma 3 chulg8amlarni energiya bilan ta9minlovchi maxsus o8zgarmas tok 
generatori ishlatiladi. Amaldagi qo8zg8atish tizimi ikkita versiyada ishlaydi - ta'sir qilish usullari - 
to8g8ridan-to8g8ri va bilvosita. To8g8ridan-to8g8ri qo8zg8atish usuli bilan sinxron mashinaning vali 
to8g8ridan-to8g8ri qo8zg8atishning rotoriga mexanik ravishda bog8langan va bilvosita usul bilan 
rotorning aylanishi boshqa motordan, masalan, asinxron elektr mashinasidan foydalanadi [6, 7]. 

Hozirgi vaqtda ko8pincha to8g8ridan-to8g8ri qo8zg8atish usuli qo8llaniladi, lekin quvvati katta 
sinxron elektr mashinalari bilan ishlaganda, asosan mustaqil qo8zg8atishli o8zgarmas tok 
generatorlari ishlaydi, ularning chulg8amlarini qo8zg8atish uchun boshqa manba bilan ta'minlanadi. 
Biroq, ko8rib chiqilayotgan tizimning afzalliklariga qaramay: ishlashda yuqori barqarorlik, tezligini 
yanada silliq roslash muhim, kamchiligiga konstruksiyasining murakkabligi kiradi [8, 9]. 

1-rasmda Rossiyada ishlab chiqarilgan quvvati 5-10 kW bo8lgan Condor Air tipidagi shamol 
generatorining asosiy jihozlari ko8rsatilgan [10]. 

 
1-rasm. Quvvati 5-10 kW, kuchlanishi 48 V bo8lgan shamol generatorining asosiy jihozlari: 
1-parraklari; 2-elektr generatori; 3 3 dum qismidagi parraklar; 4-burun qismi; 5- parraklarni 

ushlagichi; 6- ustunga mahkamlagich; 7-dum qismi 
O8zgarmas tok generatorining ishlashi va xususiyatlari chulg8am o8ramlariga manba ulash 

orqali aniqlanadi va generatorlarning quyidagi turlari mavjud: 
1) mustaqil qo8zg8atish bilan - qo8zg8atishi chulg8ami tashqi o8zgarmas tok manbadan 

quvvat oladi; 
2) parallel qo8zg8atish bilan - qo8zg8atishi chulg8ami yakor chulg8ami bilan yuklamga 

parallel ulash; 
3) ketma-ket qo8zg8atish bilan 3 qo8zg8atish chulg8ami yakor chulg8ami va yuklamaga 

ketma-ket ulanadi; 
4) aralash qo8zg8atish bilan - ikkita qo8zg8atish chulg8ami mavjud: biri yuklama bilan 

parallel ravishda, ikkinchisi esa u bilan ketma-ket ulanadi [11, 12]. 
5) Kichik quvvatli generatorlar doimiy magnitlar asosida ishlab chiqarilgan mustaqil 

qo8zg8aluvchan generatorlar bilan deyarli bir xil xususiyatlarga ega [13-16]. 
Yuqorida ko8rib chiqilgan generatorlarning turlari shunga o8xshash qurilmaga ega, ammo 

ularda farq bor - bu qo8zg8atish chulg8amining amalga oshirilishi. Bunday holda, mustaqil va 
parallel qo8zg8atish chulg8amlari juda ko8p sonli burilishlarni o8z ichiga oladi kichik qismli simlar; 
va ketma-ket qo8zg8atish chulg8amlari kam sonli burilishlarga ega va katta kesimdagi simlardan 
yasalgan. 

Kompressorlarni harakatga keltiradigan sinxron motorning elektromagnit ta'siri tufayli 
qo8zg8atishi bo8yicha adabiyotlarni o8rganish va tahlil qilish o8zgarmas tok shamol generatori 
tomonidan quvvatlanadigan elektromagnit ta'sir bo8yicha tavsiyalar berishga imkon berdi. Buni 
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"Kauldi" konining kompressor zavodi yonida o8rnatish orqali amalga oshirilishi mumkin, bu yerda 
kompressor stansiyasi binosi shaxtaga yaqin hovlida joylashgan va shamol generatorining o8zi esa 
tomlarning ustki qismida o8rnatilishi kerak.  

Shuni ta'kidlash kerakki, kichik va o8rta quvvatli avtonom sinxron motorlar uchun 
qo8zg8atgich sifatida ozgarmas tok shamol generatoridan foydalanish ham mumkin [8-10]. 
O8zgarmas tok shamol generatori tomonidan sinxron motorning qo8zg8atish tizimi 2-rasmda 
ko8rsatilgan. 

 
2-rasm. Sinxron motorning shamol o8zgarmas tok generatori tomonidan qo8zg8atish 

tizimining sxemasi:  
1 - sinxron motorning stator chulg8ami; 2 - sinxron motorning rotor chulg8ami 

(qo8zg8atish); 3- rostlovchi reostat; 4- akkumulyator; 5- o8zgarmas tok shamol generatori 
Yuqorida aytilganlarga asoslanib va o8z ilmiy izlanishlarimiz natijalariga asoslanib, kichik va 

o8rta quvvatli avtonom sinxron motorlar uchun qo8zg8atgich sifatida shamol o8zgarmas tok 
generatoridan foydalanish mumkin degan xulosaga kelishimiz mumkin. 
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VODOROD ENERGIYASI 3 KELAJAK ENERGIYASI 
Pulatova Dilnoza Mannanovna1, Qambaraliyev Quvonchbek Yodgorojon o8g8li2 

Islom Karimov nomidagi Toshkent davlat texnika universiteti  

Elektr energetika fakulteti dotsenti1, 55-20 guruh talabasi2 

Aksariyat mutaxassis va olimlarning qayd etishicha, vodorod sanoati kelajakdagi 
globallashgan iqtisodiyotning asosini tashkil etishi kutilmoqda. Bunda vodorod hozirgi ko8mir, neft 
va tabiiy gazning o8rnini egallaydi. Turli prognozlarga ko8ra, mazkur holat 2040 yilga kelib 
shakllana boshlaydi. 

XX asrda vodorod texnologiyalarini rivojlanishga to8sqinlik qilgan sabablardan biri uni ishlab 
chiqarish texnologiyasi anchayin qimmatga tushgan. Biroq hozirda yuqori texnologiyalarning 
qo8llanishi natijasida bu jarayonlarni arzonlashishiga erishilmoqda, yana bir muhim jihati uning 
ekologik toza mahsulot ekanidir. Demak, bugungi kunda davlatlarning iqlim o8zgarishiga qarshi 
kurashishdagi majburiyatlarini amalga oshirishda ham vodorodning ahamiyati beqiyosdir. Yer 
kurrasida aholi shiddat bilan o8sib borayotgan sharoitda bino-inshootlarni, transport tarmog8ini, 
sanoatni energiya bilan ta9minlash muammosining yechimi sifatida vodorodga e9tibor qaratilmoqda. 

Yaqin o8n yilliklardagi asosiy vazifa 3 vodorod texnologiyalarining mutlaqo yangi sanoatini 
va bozorini shakllantirishdir. Bunda ekologik toza «yashil» vodorodni ishlab chiqarish, katta 
hajmlarda saqlash va minglab chaqirimlarga quvurlar, tankerlar orqali transportirovka qilish hamda 
energetika, transport, sanoat va uy xo8jaliklarida qo8llash tizimini yaratish talab etiladi. 

Vodorod kimyoviy elementi 1766 yilda britaniyalik olim Genri Kavendish tomonidan kashf 
etilgan. 1800 yilda elektr energiyasi yordamida suvdan vodorod olish usuli kashf qilingan bo8lsa, 
XIX asr o8rtalarida esa yonish jarayonisiz vodorod yordamida elektr energiyasini olishga 
mo8ljallangan elektrokimyoviy qurilma yaratilgan. XX asrning birinchi yarmida metandan vodorod 
olish bo8yicha tajriba qurilmalari ishga tushirilgan. 

Hozirgi kunda vodorod gazi asosan uglevodorodlar hisobidan yiliga 55-65 mln. tonna atrofida 
ishlab chiqarilmoqda. Vodoroddan asosan neftni qayta ishlashda va kimyo sanoatida ammiak 
hamda metanol ishlab chiqarishda qo8llanilmoqda. Ayni vaqtda vodorod umumiy hajmining 
faqatgina 1-2 foizi energetikada qo8llanilmoqda. 

Jahon energetikasida atrof-muhitga chiqindilar chiqarilishini kamaytirish bilan bog8liq global 
transformatsiya jarayoni kechmoqda. Yetakchi rivojlangan mamlakatlar o8zining rivojlanish 
strategiyalarida iqlim o8zgarishlari bilan kurashish doirasida, shu jumladan, Iqlim bo8yicha Parij 
kelishuviga asosan, chiqarilayotgan issiqxona gazlari miqdorini kamaytirish bilan bog8liq 
maqsadlarni ko8zlamoqdalar Mazkur maqsadlarga erishishda qayta tiklanuvchi energiya manbalari 
muhim o8ringa ega. 
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Vodorod energiyasidan. Vodoroddan foydalanish vodorod energetik iqtisodiyoti 20-035 
tushunchalariga tegishli bo8lib respublikada keng miqyosida joriy etish to8g8risida O8zbekiston 
Respublikasining Prezidentining qarori PQ-5063 3 son 09.04.2021. 

<O8zbekiston Respublikasida Qaytatiklanuvchi va Vodorod energetikasini rivojlantirish 
chora-ta9dbirlari to8g8risidagi= qarori respublika doirasida qator isloxatlarni amalaga oshirishga 
sabab sabab bo8ladi. 

Qayta tiklanuvchi energiya manbalaridan foydalanish bo8yicha jaxonning yetakchi 
davlatlardan Germaniya, Yaponiya, AQSh, Janubiy Korea va boshqa bir qator mamlakatlarni misol 
keltirishimiz mumkin. Bugungi kunga kelib Yaponiyaning vodorod ishlab chikarish iqtisodiyoti 
yetakchi hisoblanadi. Jaxon energetika sohasida Yaponiya tajribasi keng ko8lamda qo8llanilmoqda. 

Vodorod olishning umumiy tavsifi va usullari. Erkin holatda vodorod bizning 
sayyoramizda juda kam cheklangan xajmda topilgan. Ba9zan vulqon otilishi vaqtida boshqa gazlar 
bilan ajralib chiqishi mukin. Ammo lekin vodorod turli birikmalar tarkibida juda keng tarqalgan. 

Vodorod turli xil birikmalar shaklida tarqalishini hisobga olgan holda uning birikmalar 
tarkibidan tegishli kimyoviy usullardan foydalangan xolda parchalanish reaksiyalarida amalga 
oshirilishi kerak. 

a) yuqori xarorat xosil bo8lganda metanning parchalanishi reaksiyasi 
b) yuqori xaroratni saqlab turadigan kam suvning parchalanishi 
s) yuqori xarorat ta9sirida vodorod suffidning parchalanishi 
d) metall kislota bilan o8zaro ta9sirlashganda (xlorid kislota va rux) 
f) natriy gidriddan 
e) tabiiy gazdan qazib olish va boshqalar. 
Vodorodning sanoatda ishlab chiqarilish quyidagi reaksiyalar bilan tavsiflanishi mumkin 

ularda vodorod ishlab chiqarishni ko8rsatish mumkin. 
1. Turlarning suvdagi eritmalarita9sirida bo8ladigan elektroliz jarayoni. 

2 NaCl + 2H2O  2 Na OH + Cl2 + H2  
2. 10000% da suv bug8ining qizil-issiq ko8ksdan o8tishi  

H2O + C CO  + H2  
3. Tabiiy gazdanishlab chiqarish usuli: 
4) suv bug8i konversiyasi 

CH4 + H2O  CO + 3H2 (10000C) 
b) katalizator ishtirokida kislorod bilan oksidlanish. 

2CH4 + O2  2CO + 4H2 
Vodorodning sanoat sharoitida ishlab chiqarilishi uni tabiiy gazdan, aniqrog8i uning asosiy 

komponent metandan ajratish jarayoni bilan bog8liq. U kislorod va suv bug8lari bilan aralashtiriladi. 
Vodorod evolyutsiyasi yuqori xaroratlarda sodir bo8ladi. Ushbu gazlar aralashmasi 800-9000% ga 
qizdirilganda, katalizator ishtirokida sodir bo8ladi. Uni sxematik ravishda tenglama sifatida 
ko8rsatish mumkin. 

2CH4 + O2 + 2H2O  2 CO2 + 6H2 
Keyin hosil bo8lgan gaz aralashmasi ajratib olinadi. Bu jarayonda ajralib chiqadigan vodorod 

tozalanadi va ishlab chiqarish joyida ishlatiladi yoki po8lat silindrlarda yuqori bosim ostida kerakli 
joyda tashiladi. 

Vodorod texnologiyalarini xavfsizligini ta9minlash masalasi aloxida e9tiborga loyiq masala 
hisoblanadi. Ma9lum sharoitlarda vodorod xavo bilan aralashganda portlovchilik xossasini namoyon 
qiladi. Vodorod rangsiz va hidsiz atrof muhitda tez tarqaladi. Bu omillar metall slindr saqlagichlarni 
mortlashishiga va vodorodni saqlash muammolariga olib keladi. Vodorodni ishlab chiarish va uni 
saqlash , ishlatish uchun maxsus talablarni belgilaydi. Lekin bu omillar uning istiqbollarini 
cheklamaydi. 

Vodorod energiyasidan foydalanish va saqlash havfsizlik masalalari milliy dasturlar doirasida 
xal etiladi. Vodorodning yangi jaxon energiya resursi darajasiga o8tishi uchun vodorod 
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texnologiyalarining sanoat xavfsiligini ta9minlash bo8yicha umumiy yondashuvlarini ishlab chiqish 
lozim 

Hozirgacha vodoroddan foydalanishda sezirarli yutuqlarga erishilmadi. Ammo yangi energiya 
texnologiyalarini hozirgi vaqtdagi mavjud bozorlarga kirib borishi uchun va mavjud bo8shliqlarni 
tshldirish uchun vaqt va sarmoya talab etiladi. Vodorod texnologiyalari istiqbollarini baxolashda 
mutaxassislarning fikrlari turlicha va xilma-xil. Vodorod energetikasi kengashi vakillarini aytishi 
bo8yicha, vodorod energiyasi 2050 3 yilga borib sayyoramizdagi yalpi energiya iste9mollarining 
10% ni ta9minlaydi. Xalqaro energetika agentligi IEA hisob kitoblariga ko8ra tabiiy gazdan vodorod 
ishlab chikarish tan narxi 1 kgmi uchun 1,5-3,5 dollar atrofida bo8ladi. IEA prognoziga ko8ra 
vodord ishlab chiqarish tan narxi 2030-yilga kelib, 30% ga kamayadi. Soha ekspertlarini fikricha 
yangi energiya resursiga o8tish yoqilg8ilar aro raqobatni neft mahsulotlari gaz tan narxining 
pasayishiga olib keladi. 

Umuman olganda jaxon iqtisodiyotining vodorodga o8tish vodorod kengashining fikriga ko8ra 
butun dunyo bo8ylab 20-25 mlrd dollar miqdorida investitsiya talab qiladi. 

Bugungi kunda energiya resurslariga bo8lgan talab tarkibiy jihatdan o8zgarmoqda, 
uglevodorod resurslaridan kayta tiklanuvchi manbalarga o8tishda vodorod energetikasini 
rivojlantirish dolzarb masalaga aylanmoqda xususan respublikaning muqobil energiya manblaridan 
foydalanish salohiyatini oshirish uchun zarar. Shart sharoitlar yaratish ushbu sohaning ilmiy 
salohiyatini kuchaytirish talab etiladi. 

Shuni aytish lozimki Respublikada vodorod energetikasi infratuzilmasini barpo etish, kayta 
tiklanuvchi va vodorodenergetika sohalarini samaradorligini oshirish, vodorod texnologiyalarini 
keng miqyosida munofiqiyatli amalga oshirish uchun mavjud modellarni o8zgartirish talab etiladi. 
Yangi zamonaviy ilmiy ishlanma va metodlarini joriy etish lozim bo8ladi. 

«Yashil» energetika nuqtai nazaridan vodorod yoqilg8i elementlarining foydali ish 
koeffitsiyenti (FIK) o8ta yuqori 3 70-90%. Qiyoslash uchun: eng yaxshi ichki yonuv dvigatellari 
FIKi 35-40%ni tashkil etadi. Quyosh fotoelektr stansiyalari uchun FIK atigi 15-20% bo8lib, ob-havo 
sharoitiga o8ta bog8liq. Eng yaxshi shamol elektr stansiyalarining FIKi 40%gacha yetadi, lekin 
shamol stansiyalari ham qulay ob-havo sharoitini va qimmatbaho xizmat ko8rsatishni talab qiladi. 

Toshkent davlat texnika universitetida Vodorod energetikasi sohasi bo8yicha mutaxassis 
kadrlarni tayyorlash uchun "Yashil vodorod" qo8llash, ilm-fan texnologiyasi" yangi o8quv kursini 
joriy etish buyicha 2022 yilda Innovatsiya rivojlanish vazirligi tomonidan AQSH xalqaro 
rivojlanish agentligi (USAID) «Yashil energiyasi» hududiy dasturi ko8magida xamda ToshDTU 
Elektr energetikasi fakulteti "Alternativ energiya manbalari" kafedrasi hamkorlikda vodorod 
energetikasi bo8yicha yangi o8quv dasturini O8zbekistonda tatbiq etish maqsadida. O8quv kursi 
2023-2024 o8quv yilidan Muqobil energiya manbalari (vodorod energetikasi) bakalavr ta9lim 
yunalishi va Vodorod energetikasi texnologiyalari magistratura mutaxassisligiga bevosita joriy 
etiladi. Toshkent davlat texnika universiteti va AQSH ning Delaver shtati universiteti o8rtasida 
hamkorlik aloqalarini tizimli yulga quyildi. 

Foydalanilgan adabiyotlar: 
1. IRENA. Global energy transformation: A roadmap to 2050 (2019 edition), 2019 3 52 E. 
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D5EGDE] $56<< 4>EFG?4 https://www.vedomosti.ru/business/articles/2019/09/01/810161-
minenergo-razrabotaet-programmu  

3.Hydrogen as an energy carrier. An evaluation of emerging hydrogen value chains / DNV 
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/publications/hydrogen-as-anenergy-carrier-134607  
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Anvarov Siddiqjon Xasan o8g8li 
Elektr energetika fakulteti dotsenti1, 68-21 guruh talabasi 

Email: anvarovsiddiqjon2@gmail.com 
Jahonda aholi soni o8sishi bilan bir qatorda energiyaga bo8lgan talab ham oshib bormoqda. 

Ishlatilayotgan energiyani 36.7% ko8mir, 23.5% tabiiy gas, 16% gidroenergetika, 10.3% yadro 
energetika, 8.2% muqobil energiya manbalari (quyosh, shamol, geotermal) 2.8% neft va boshqalar 
tashkil qiladi (2019-yil)[1]. Ko8mir, neft va tabiiy gaz uglerod emissiyasi tufayli iqlim 
o8zgarishlariga sababchidir. Iqlim o8zgarishlari tufayli qator hududlarda qurg8oqchilik vujudga 
kelmoqda. Bu esa gidroenergetikasi uchun to8siqlar tug8diradi. Muqobil energetika rivojlanib 
bormoqda, ammo hozirda bizning ehtiyojimizni yetarlicha qoplay olmaydi va shamol va quyosh 
atrof muhitga o8ta bog8liq. Atom elektr stansiyalari katta sarmoya talab qiladi lekin ishlash 
mudatlari uzoq va tejamkor. 

Jahondagi vaziyatga parallel ravishda O8zbekistonda ham energiyaga talab katta bo8lib 2019-
yil 63,5 TVt/soat elektr energiyasi ishlab chiqarilgan [2]. Shundan tabiiy gaz 54,0 TVt/soat (85%); 
gidro energetikasi 6,5 TVt soat (10%); ko8mir 2,4 TVt soat (4%) ni tashkil etadi. Bu raqamlardan 
O8zbekiston asosan tabiiy gaz hisobidan energiya ishlab chiqarishini ko8rish mumkin. Tabiiy 
zaxiralarimiz 2019-yil holat bo8yicha 2 239,9 mlrd kubni tashkil qilgan va huddi shu yilda ishlab 
chiqarish 60 405,8 mln kubdir. Ko8mir zaxiralari 1 516 mln tonna qazib olish 4.793 mln tonna. 
Ko8mirdan foydalanish ulushi kam bo8lgani bilan ko8mir zaxirasi 318 yil uchun yetadi. Kelajakda 
4%dan 10%ga ko8tarish rejalashtirilgan. Biroq gaz zaxirasi taxminan 43 yilga yetadi [3]. 
Gidroenergetika energiya ulushini oshirish uchun qator islohatlat amalga oshirmoqda jumladan: 

Gidroenergetikani rivojlantirish maqsadida umumiy quvati 2 GVt gidroelektr stansiyalari 
qurish rejalashtirilgan va O8zbekiston va Tojikiston Zarafshon daryosi havzasida GESlarni 
birgalikda qurish va ulardan foydalanish masalalarini muhokama qilmoqda. Andijonda yangi mikro 
ges qurib bitkazildi va u har birining quvati 30 kVt 4 gidroagregatlardan tashkil topgan. 
Shuningdek, O8zbekiston va AQSH hamkorligi doirasida quvvati 500 kVt gacha bo8lgan mikro 
GESlar qurish bo8yicha 200 ta loyiha amalga oshiriladi [4]. O8zbekistonda 650 ta daryolar, minglab 
irrigatsiya kanallari va qator suv omborlari mamlakatimizda gidroenergetikani rivojlantirish uchun 
ma9lum istiqbollar beradi. Biroq, mamlakatning taxminiy texnik gidroenergetika salohiyati yiliga 
qariyb 27 milliard kVt/soatni tashkil etsa-da, maksimal o8rnatilgan quvvat atigi 6,3 milliard 
kVt/soatgacha (23 foiz) ishlab chiqarish imkonini beradi. 

Energetik tizimni isloh qilishda jahon tajribasi shuni ko8rsatadiki, yuqori karbon emissiyali 
yoqilg8ilardan imkon qadar voz kechish yohud kamaytirish uchun qayta tiklanuvchi energiya 
manbalarini hudud geografiyasidan kelib chiqgan holda loyihalash va amaliyotga tadbiq qilish 
muhim ahamiyatga ega. 

Misol uchun : Islandiya ikki geografik plitalar orasida joylashgan bo8lib bu unda yuqori 
samarali geothermal energiya resurslari borligini anglatadi. Islandiya to8liq qayta tiklanadigan 
energiya tizimiga o8tgan bo8lib, 75% gidroenergiyadan, 25% geotermal energiyadan olinadi. 
Shuningdek mamlakatdagi isitish tizimi 90% geotermal energiya bilan ishlaydi. 

Uglerod emissiyasi hozirda global muammo bo8lib, 2019-yilda bu ko8rsatkich 36.7 mlrd 
tonnani tashkil qilgan. Yadro energetikasi har yili 470 mln tonna chiqindi chiqishini oldini oladi. 
So8ngi 50 yil ichida yadro energiyasidan foydalanish karbonat angidrid emissiyasini 60 
gigatonnadan oshiqroqqa kamaytirdi. Bir akr quyosh panellari yiliga 121 dan 138 tonnagacha 
karbonat angidridni tejaydi. Odatda 2 MVt quvvatga ega shamol turbinasi yiliga 4000-4500 tonna 
uglerod chiqindilarining oldini oladi. Qayta tiklanuvchi energiya manbalari uchun umumiy 
ko8rsatkich yiliga 230 mln tonna uglerod chiqindisini oldini oladi. Yadroviy hissa va qayta 
tiklanadigan energiyaning jadal o8sishiga qaramay, energiya bilan bog8liq CO2 emissiyasi 2018 
yilda rekord darajada yuqori bo8ldi, chunki elektr energiyasiga bo8lgan talabning o8sishi past 
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uglerodli energiyaning o8sishidan oshib ketdi. Yadro energetikasi juda ko8p uglerod emissiyasini 
oldini olgan.  

Biroq, rivojlangan mamlakatlarda, atom energetikasi so8na boshladi, stansiyalar yopildi va 
ozgina yangi investitsiyalar kiritildi. 2040 yilga kelib, agar chora ko8rmasa, rivojlangan 
mamlakatlarda atom energetikasi uchdan ikkiga qisqarishi mumkin. Bu samaradorlikni va qayta 
tiklanadigan energiya manbalariga investitsiyalarni, shuningdek, atom energiyasini ko8paytirishni 
talab qiladi. Qayta tiklanadigan manbalar, energiya samaradorligi va boshqa innovatsion 
texnologiyalar bilan bir qatorda, yadroviy energiya barqaror energiya maqsadlariga erishish va 
energiya xavfsizligini oshirishga katta hissa qo8shishi mumkin. Ko8pgina mamlakatlarda yadro 
energetikasi noaniq kelajakka duch kelganligi sababli, dunyo ilg8or iqtisodiyotlarda undan 
foydalanishning keskin pasayishi xavfini tug8diradi, bu esa milliardlab tonna qo8shimcha uglerod 
chiqindilariga olib kelishi mumkin. Ba'zi davlatlar xavfsizlik va boshqa muammolar yuzasidan 
yadroviy energiyadan voz kechgan. Biroq, ko8pchilik hali ham o8zlarining energiya almashinuvida 
yadro rolini ko8rishadi, lekin o8z maqsadlariga erishish uchun yetarli harakat qilmayaptilar. 
Iqtisodiyotlari rivojlangan mamlakatlarda yadro uzoq vaqtdan beri kam uglerodli elektr 
energiyasining eng yirik manbai bo»lib kelgan va 2018-yilda ta¾minotning 18 foizini ta¾minlagan. 
Shunga qaramay, yadro tezda o»z o»rnini yo»qotmoqda. 2018 yilda global miqyosda 11,2 GVt yangi 
yadro quvvati elektr tarmoqlariga ulangan bo8lsa-da, bu 1990 yildan beri eng yuqori ko8rsatkich - 
bu qo8shimchalar Xitoy va Rossiyada to8plangan. Reaktorning ishlash muddatini uzaytirish yangi 
stansiya qurishdan ko8ra ancha arzon va kengaytirish xarajatlari boshqa toza energiya variantlari, 
jumladan, yangi quyosh fotovoltikstansiyasi va shamol loyihalari bilan raqobatbardoshdir. Shunga 
qaramay, ular hali ham katta kapital qo8yilmalarni ifodalaydi. 1 GVt quvvatga ega yadro 
quvvatining ishlash muddatini kamida 10 yilga uzaytirishning taxminiy qiymati uchastkaning 
holatiga qarab 500 million dollardan 1 milliard dollardan sal ko8proqni tashkil qiladi. Yadroviy 
so8nishning oqibatlari juda ko8p, jumladan, elektr energiyasi xavfsizligi bilan bog8liq muammolar, 
chunki gaz yoqilg8isi quvvati eng yuqori talabni qondirishda muhimroq rol o8ynaydi va katta 
qo8shimcha investitsiyalar zarur. Qo8shimcha yadro quvatisiz, toza energiyaga o8tish yanada 
qiyinlashadi va qimmatroq bo8ladi - keyingi yigirma yil ichida ilg8or iqtisodiyotlarga 1,6 trillion 
dollar qo8shimcha sarmoya kerak. Muhimi, 2040 yilga kelib toza energiyaning katta tanqisligi 
yuzaga keladi, bu bo8shliqni to8ldirish uchun shamol va quyosh fotovoltik stansiyalarini 
joylashtirishni yanada tezlashtirish kerak. 

Shuningdek yadro energetikasini yana bir muhim jihati bu yoqilg8i intinsivligida. 1 GVt 
quvvatda bilan ko8mirda ishlaydigan issiqlik elektr stansiyasi bir kuning o8ziga 9000 tonna ko8mir 
ishlatadi [5]. Bu esa hom ashyo tashish uchun logistik muammolar tug8diradi va energiya isrofini 
yuzaga keltiradi. Shuncha quvvat ishlab chiqarish uchun 3.125 million fotovoltaik panellar 
(kremniy modeli asosida panel quvvati 320 vatt) va 333 ta shamol turbinalari (xar biri 3 MVt 
quvvatli) kerak bo8ladi. Odatda 3 avlod yadro reaktorlari shuncha quvvat ishlab chiqarish uchun 
taxminan 4 yilda 100 tonna bundan yiliga 25 tonna 3% boyitilgan uran (yoki 90 tonna uran rudasi) 
ishlatiladi. Yadro yoqilg8isi bosqichma bosqich 18-15 oyda qisman yoki 4 yilda to8liq 
almashtiriladi.  

Yadro energetikasining rivojlanishida oqsashiga sabablaridan biri xavfsizlik masalalaridir. 
Avvalambor energiya hech qachon havfsiz bo8lmasligini eslatib o8tmoqchiman. Energiya resurslari 
bilan bog8liq baxtsiz xodisalar sodir bo8lishi tabiiy hol. Energiya resurslari bo8yicha baxtsiz 
xodisalar reytingini ko8rib chiqsak. Dastlab quyosh energiyasi, bu resurs butunlay xavfsiz deyish 
mumkindir ammo quyosh energiyasi bilan bog8liq baxtsiz hodisalar asosan balandlikda yuqori 
kuchlanishli tok urushi yoki yiqilishdir. Umumiy olganda har 1000 TVt uchun 440 ta xavfsizlik 
sodir bo8lishiga to8g8ri keladi. Shamol energetikasidagi o8limlar asosan paraklar, yonish kabi 
sabablar tufayli sodir bo8ladi. 1000 TVt uchun 150 ta xavfsizlik sodir bo8lishi mumkin. 
Gidroenergetikada esa to8g8onlar buzilishi asosiy sabab bo8lib, birgina Xitoyda 1975 yilda Banqiao 
to8g8onining buzilishi 26 000 kishining halok bo8lishiga olib keldi. 1000 TVt uchun 1500 ta o8lim. 
Uglerodli yoqilg8ilarning iqlimga keltirgan zararlarini hisobga olmasak kondagi portlashlar, 
yong8inlar va boshqa baxtsiz hodisalarda halok bo8lganlar 1000TVt uchun ko8mirda 100 000, neft 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

156 

36 000, tabiiy gaz 4 000. Hozirgacha yadro energetikasida sodir bo8lgan avariyalardan eng yirik 
uchtasi: AQSH, Chernobil SSSR, Fukusima Yaponiya. Birinchi avariyada halok bo8lganlar soni 0 
ga teng. Chernobilda umumiy 31 kishi halok bo8lgani e9lon qilingan. Shundan 2 kishi bevosita 29 
kishi radiatsiya natijasida. Fukusimada faqat 1 kishi halok bo8lgan. Yadro energetikasi uchun 1000 
TVt uchun o8limlar soni 90 tani tashkil etib eng past ko8rsatkichdir.  

Hozirda sayoramizda 437ta umumiy quvvati 393 598 MVt bo8lgan reaktorlar bor bo8lib, 60 ta 
umumiy quvvati 61 902 MVt bo8lgan reakterlar qurilmoqda va 204 reaktor foydalanishdan 
chiqarilgan. Foydalanishdan chiqqan reaktorlarning aksariyati 1 avlod reaktorlaridir. Ko8pchilik 
yadrolarini sovutish uchun suvdan foydalanadi, boshqalari esa gaz yoki metallardan foydalanadi. 
Dunyo bo8ylab hajmi 30-1660 MVt gacha bo8lgan 425 ga yaqin reaktor suv bilan sovutiladi. Suv 
bilan sovutilgan reaktorlarning ikkita asosiy turi mavjud: yengil suv reaktorlari va og8ir suv 
reaktorlari. Suv bilan sovitiladigan reaktorlar o8z navbatida uchga bo8linadi: 

Bosimli suv reaktorlari (PWR) ikkinchi avlod reaktorlariga tegishli bo8lib hozirda 292 tasi 
yoki barcha reaktorlarning deyarli 70%ini tashkil qiladi. Parchalanuvchi uran-235 tarkibidagi 
o8rtacha boyitilgan yoqilg8i (3-5%) neytronlarni sekinlashtirish uchun oddiy suv bilan bog8lanishi 
mumkin. Bu suv reaktor yadrosini ham sovutadi. Yuqori bosim ostida (155 atm) saqlanadi va 
qaynatishga yo8l qo8yilmaydi, birlamchi suv issiqlik almashtirgichdan o8tadi, u erda issiqlikni 
pastroq bosimdagi suvning ikkinchi halqasiga o8tkazadi. Bu ikkilamchi suv bug8iga aylanadi, 
so8ngra harakati elektr energiyasini ishlab chiqaradigan ulkan turbinalarni ishga tushiradi. 
Afzaliklariga kelsak, turbinani aylantirayotgan suyuqlik reaktordan ajratilganligi tufayli 
radiaktivlikni turbinaga va sovitishga tarqalishi oldi olinadi. Kamchilik sifatida qurilish 
konstruksiyasi murakkabligini keltirish mumkin. 

Qaynayotgan suv reaktorlari (BWR) Qo8shma Shtatlar, Yaponiya, Germaniya, Finlyandiya, 
Rossiya, Shvetsiya, Shveytsariya va boshqa turli mamlakatlarda qaynoq suv reaktorlari yoki BWR 
ishlaydi. Elektr energiyasi ishlab chiqarishda BWR bosimli suv reaktorlaridan (PWR) keyin, 
ikkinchi o8rinda turadi. Bunda bir xil suv halqasi moderator, yadro uchun sovutish suvi va turbina 
uchun bug8 manbai bo8lib xizmat qiladi. Bug8 harorati 300 ° C atrofida va bosim 70 dan 80 
atmosferagacha, PWR bosimli suvning taxminan yarmi. Issiqlikni elektrga aylantirishning 
termodinamik samaradorligi 1/3 ga yaqin, PWRdan biroz yuqori. Afzaliklari, nisbatan 
konstruksiyasi oddiyroq bo8lib, kamchiligi yarim parchalanish davri 7.1 soniya bo8lgan azot 16 
izotopi paydo bo8ladi. 

Bosimli og8ir suv reaktorlari (PWHR) yoki CANDU uchinchi eng keng tarqalgan reaktor turi 
bo8lib, barcha reaktorlarning 11%ni tashkil qiladi. Sovitish uchun deyteriy asosli og8ir suvdan 
foydalaniladi. Bu turdagi reaktorlarning asosiy kamchiligi deyteriy atomlari yoqilg8idan o8ziga bitta 
neytronni qabul qilib tretiyga aylanishidir. Bu jarayon tufayli CANDU sinfidagi reaktorlar 
bozordagi asosiy tretiy yetkazib beruvchisiga aylangan. Biroq tretiy radiaktiv izatop va uni 
atmosferaga nazoratsiz chiqib ketishini oldini olish juda murakkab yoki imkonsiz. 

Xulosa 
Xulosa qilib aytadigan bolsak, yadro energetikasi kelajak energetikasining muhim qismi 

bo8lishi lozim deb hisoblaymiz. Yadro enrgetikasi barqaror, energiya xavfsizligi yuqori, iqtisodiyoti 
kuchli bo8lgan kelajakni yaratishga imkon beradi. Yadro energiyasidan unumli foydalanish sharti 
bilan elektr energiyasini yanada tejamkor va barqaror ishlab chiqarish uchun foydalanish imkoni 
mavjud. Atom energiyasidan foydalangan holda ishlab chiqarish energiyaning boshqa turlariga 
qaraganda arzonroq bo8lishi mumkin, ammo zavod va reaktorlarni qurish narxi yuqori. Bundan 
tashqari, biz ushbu turdagi qurilishga va ularda ishlaydigan xodimlarga juda ehtiyot bo8lishimiz 
kerak, chunki ular har qanday baxtsiz hodisaning oldini olish uchun yuqori malakali bo8lishi kerak. 

Foydalanilgan adabiyotlar: 
1. https://world-nuclear.org/information-library/current-and-future-generation/nuclear-

power-in-the-world-today.aspx 
2. https://www.iea.org/reports/uzbekistan-energy-profile/energy-security 
3. https://www.worldometers.info/gas/uzbekistan-natural-gas/ 
4. https://minenergy.uz 
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5. R. A. Hinrichs and M. Kleinbach, "Electricity: Circuits + Superconductors," in 
Energy: Its Use and the Environment, 4th ed. Toronto, Ont. Canada: Thomson Brooks/Cole, 2006, 
ch.10, sec.A, pp.320 

 
ISSIQXONALARNING MUQOBIL ENERGIYA  

MANBALARI YORDAMIDA ENERGIYA SAMARADORLIKKA ERISHISH 
Qodirov Jumanazar Urol o8g8li, Termiz muhandislik-texnologiya instituti assistenti 

Hamidov Yusup Karimberdi o8g8li, Termiz muhandislik-texnologiya instituti assistenti 
ANNOTATSIYA: Ushbu maqolada muqobil energiya manbalaridan foydalanib 

issiqxonalarni isitish usullari ko8rib chiqilgan. 
KALIT SO8ZLAR: Quyosh elektr stansiyasi, gelioissiqxona, kollektor 
Energiyaning narxlarining yuqoriligi muqobil energiya manbalaridan biri bo8lgan quyosh 

energiyasidan foydalanishga bo8lgan qiziqishni oshiradi. Quyosh energiyasidan ratsional 
foydalanish orqali yiliga 90% gacha a9nanaviy yoqilg8ini iqtisod qilish mumkin, issiq suv va 
isitishga sarflanadigan xarajatlarni kamaytirish mumkin. Bugungi kunda quyosh energiyasidan 
samarali foydalanishga mo8ljallangan qurilmalardan biri Quyosh kollektorlari (QK) hisoblanadi. 
Ba9zi holatlarda QK ning samaradorligi 70-85% ga yetadi, fotoelektrik batareyalar (FEB) esa atigi 
tushayotgan Quyosh radiatsiyasining 16-20% ni elektr energiyasiga o8zgartiradi. Shu sabab, 
issiqxonalarning issiqlik ta9minotini QK va avtonom fotoelektrik stansiyalar orqali ta9minlash juda 
dolzarb muammolardan sanaladi. 

1-rasm. Kichik issisxonalar uchun ishlatiladigan uch turdagi kollektorlar 
Havo orqali. Sxema quyidagicha ishlaydi: havo isitiladi, keyin isitiladigan xonaga kiradi. 

Isitish tabiiy havo almashinuvi yordamida yoki ventilyator yordamida amalga oshiriladi. 
Kollektorni o8rnatish joyi isitish tizimlarini tanlashga bog8liq. Tabiiy havo almashinuvi bilan 
kollektor trubkasi issiqxonaning kirish teshigi ostiga joylashtirilishi kerak. Agar xavo aylanishi 
majbur bo8lsa, energiya manbasining joylashishi katta ro8l o8ynamaydi; 

Suv orqali. Ushbu isitish tizimi qimmatroq bo8ladi, ammo boshqa turlardan barqarorlik va 
ishonchlilikdan farq qiladi. Issiqxonani suv bilan isitish, turar-joy binolarini isitish kabi tartibga 
solinadi. Farqi isitish qismlarining konfiguratsiyasi va joylashuvida yotadi. Radiatorlar emas, balki 
devorlar bo8ylab va yerga yarim metrgacha chuqurlikda o8rnatilgan quvurlar orqali isitiladi; 

Vakuum orqali. Isitish tizimining ushbu versiyasi suvdan faqat vakuumli quvurlar 
yordamida suvni isitish orqali farq qiladi. Tashqi va ichki quvurlar o8rtasida vakuum xosil bo8ladi, 
bu mukammal issiqlik izolatori xisoblanadi. Isitgichda bug8 paydo bo8ladi, u keyinchalik to8planadi 
va isitish tizimiga kiradi. 
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2-rasm. Quyosh energiyasidan foydalanishga mo8ljallangan quyosh issiqxonalar 

Gelioissiqxonaning issiqlik ta9minoti uchun vakuum trubkali quyosh kollektorlari va dubler 
isitish uskunasidan iborat majburiy sirkulyatsiyali rejim asosida prinsipial sxema ishlab chiqildi. 

Vakuum trubkali kollektorlar, sirkulyatsion nasos, kran, teskari klapan, radiatorlar, issiq va 
sovuq suv uzatish uchun polimer quvurlar, issiq suv hisoblagichi, venntil va boshqalar 

1-jadval. Issiqxonalarni isitish turlari 

sitish turlari Foydali tomoni Zarar tomoni 

Quyosh orqali 
isitish 

Bu juda oddiy va oson bajariladigan 
variant. Albatta, siz hamma narsani bepul 

qurmaysiz, lekin qimmat materiallarni 
talab qilmaydi. Isitish tabiiy ravishda 

sodir bo8ladi, issiqlik asta-sekin beriladi. 

Bu usul iqlim va ob-havo sharoitlariga 
bevosita bog8lik. Haroratni oshirish yoki 

kamaytirish ishlamaydi. 

Havo orqali 
isitish 

Tizim osongina quriladi, issiqxona tezda 
qiziydi. Kondensat yo8q, chunki doimiy 

havo harakati mavjud. 

Tizim uchirilganda xarorat keskin 
pasayadi, shuning uchun jarayonni 

barcha kerakli vaqt davomida saqlash 
kerak. 

Suv orqali 
istish 

Tizim xavfsiz ishlaydi. Havo qurib 
qolmaydi. Agar kerak bo8lsa, haroratni 

o8zgartirish mumkin. 

Alohida qozonxonani yoki isitish suvini 
elektr energiyasi bilan tashkil qilish 
maqbul bo8lar edi, shuning uchun bu 
usulni iqtisodiy deb atash mumkin 

yemas. 
 

Bu ishning bajarilishi doirasida ~120 m2 maydonda 1,2 m chuqurlikda termos-issiqxona 
ko8rinishidagi gelioissiqxona yaratildi. Uning issiqlik ta9minoti uchun avtonom quyosh fotoelektrik 
stansiyasi va Quyoshiy kollektorlardan foydalanish loyixalandi: 

1. Masalan, avtonom quyosh fotoelektrik stansiyasi umumiy nominal quvvati 3000 Vt, 
600 A soat elektrik sig8imga ega akkumulyatorlar bilan ta9minlangan, zaryad-razryad jarayonini 
boshqarish uchun 48 V, 20 A parametrlarga ega kontroller bilan ta9minlangan; 

2. Doimiy kuchlanishni 24 V o8zgaruvchan kuchlanishga 220 V o8zgartirishga 
mo8ljallangan 3000 Vt quvvatli invertor. Invertor shuningdek 30 A tok bilan tarmoqdan zaryadlash 
uchun zaryad qurilmasi bilan ta9minlangan; 
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3. Fotoelektrik batareyalarni Quyoshga nisbatan operativ tarzda orientatsiya qilish 
uchun tayanch tizimi;  

4. Suv sig8imi 150 l bo8lgan, elektrik isitish tizimi mavjud quyoshiy vakuum trubkali 
kollektor orqali issiqlik energiyasini gelioissiqxonaga uzatish rejalashtirildi. 

 
3-rasm. Quyosh kollektori orqali issiqxonalarni issiqlik energiyasi bilan ta9minlanishi 

Biz joylashgan hudud Yer sayyorasining shimoliy yarim sharida bo8lganligi uchun qish 
oylarida (noyabr-fevral) Quyoshning kun davomidagi traektoriyasi qisqa bo8ladi, bu esa o8sha 
hududlarda quyosh intensivligining kamligini ko8rsatadi, shu sabab gelioissiqxonalarning isitish 
tizimini to8liq tushayotgan Quyosh energiyasi orqali ta9minlab bo8lmaydi. Bunda issiqlik 
yuqotilishlarini oldini olish uchun gelioissiqxonaning shimoliy tomonini issiqlik izolyatsion devor 
bilan yopish mumkin. 

 
4-rasm. Issiqxonalarning shimoliy qismi devor bilan yasalishi 

Yoritish va isitish asboblari sifatida ikki xil turdagi chug8lanma va svetodiod lampalaridan 
foydalanish taklif etiladi. Birinchi turdagi lampalar kechki vaqtda issiqxona ichki qismini yoritish 
maqsadida, ikkinchi tur lampalar tuproq sirtidan 80-100 sm masofada joylashtirilib uni qizdirish 
maqsadida foydalanildi. Bunday lampalarning issiqlik nurlanishlari tuproq sirtida yutilib, uni 
qizdiradi. Tuproq sirti temperaturasini nazorat qilish uchun 4-6 ta datchiklar joylashtirilib chiqildi. 

Gelioissiqxonaning harorat namlik rejimlari limon ko8chatlarini parvarish qilish va hosil 
olishga mo8ljallangan. Tajriba jarayonida gelioissiqxonaning ichki qismidagi va tashqaridagi havo 
haroratlari, tuproq haroratlari, nisbiy namlik va tashqaridagi quyosh nurlanishi oqim zichligi 
o8lchandi.  

Eksperiment ishlarida qish mavsumida gelioissiqxonada isitish tizimi qo8shilganda va 
qo8shilmaganda harorat rejimlarini aniqlash, issiqlik yuqotishlarini oldini olish asosiy maqsad qilib 
quyildi. Quyosh nurlanishi oqim zichligi pergeliometr, gelioissiqxonadagi ichki va tashqi harorat, 
namlik mis-konstantali termo-juftliklar va HYELEC MS 6252V universal asbobi bilan o8lchandi.  

Xulosa 
Gelioissiqxonalarning issiqlik ta9minoti uchun passiv quyosh tizimlaridan samarali 

foydalanishga imkon beradigan quyosh radiatsiyasi maksimal tushuvini ta9minlaydigan , kech 
kuzgi, erta bahorgi ekinlarni parvarish qilish uchun Quyoshiy issiqxona konstruksiyasidan 
foydalanish maqsadga muvofiqligi; 

Gelioissiqxonalarni harorat rejimlarining grafiklarini tahlili shuni ko8rsatdiki, taklif qilingan 
gelioissiqxonaning isitish tizimini avtonom fotoelektrik stansiyalardan foydalanib ichkaridagi havo 
haroratini qish mavsumlarida 4-80S atrofida saqlab turish mumkin; 

Gelioissiqxonaning issiqlik ta9minoti uchun vakuum trubkali quyosh kollektorlari va dubler 
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isitish uskunasidan iborat majburiy sirkulyatsiyali rejim asosida prinsipial sxema tanlandi. 
Adabiyotlar 

1. Qurbonazarov Suhrob Erkin o8g8li. Shaffaf quyosh panellari, <ENERGIYA VA 
RESURS TEJAMKOR INNOVATSION TEXNOLOGIYALARNI RIVOJLANTIRISHNING 
DOLZARB MUAMMOLARI= respublika ilmiy-amaliy anjumani. Qarshi 23-24-sentabr 2022-yil 

2. -.�.%4<F>6, '.�.�E<54>6, �.�.�GD5>=5>56, ..�.%4<<4>6, ,.�.�5>G4=>6. 
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5. Qurbonazarov Suhrob Erkin o8g8li - "KATTA QUYOSH PECHI" International 
Conference on Developments in Education Hosted from Amsterdam, Netherlands June 8th 2022. 
https://econferencezone.org  

 
ENERGOTEJAMKOR TEXNOLOGIYALAR 

Qurbonazarov Suhrob Erkin o8g8li, Termiz muhandislik 3 texnologiya instituti assistenti 
Annotatsiya: Zamonaviy dunyoda insoniyatni yetarli miqdorda energiya va yoqilg'i bilan 

ta'minlash hayotni saqlab qolish va sivilizatsiya rivojlanishining zarur shartiga aylandi. Tabiiy 
yoqilg'i-energetika resurslarining cheklangan zahiralari muammosi energiyani tejash dasturlarini 
ishlab chiqishni taqozo etdi. Energiyani tejash zamonaviy dunyo energetikasini rivojlantirishning 
eng samarali usuli hisoblanadi. Energiyani tejash - yoqilg'i-energetika resurslaridan samarali 
(ratsional) foydalanish (va tejamkorlik) va qayta tiklanadigan energiya manbalarini ishlab 
chiqarishga jalb qilishga qaratilgan huquqiy, tashkiliy, ilmiy, ishlab chiqarish, texnik va iqtisodiy 
tadbirlarni amalga oshirish bo'yicha chora-tadbirlar majmui.  
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Annotation: In the modern world, providing mankind with a sufficient amount of energy and 
fuel has become a necessary condition for the preservation of life and the development of 
civilization. The problem of limited reserves of natural fuel and energy resources required the 
development of energy conservation programs. Energy saving is the most effective way to develop 
energy in the modern world. Energy saving - a set of measures for the implementation of legal, 
organizational, scientific, industrial, technical and economic measures aimed at the efficient 
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(rational) use (and savings) of fuel and energy resources and the involvement of renewable energy 
sources in production. 

Kalit so8zlar: energotejamkor texnologiyalar, muqobil energiya manbaalari, quyosh panellari, 
zamonaviy GESlar, 

�?NG56O5 E?>64 M=5D7>MDD5>F<6=O5 F5E=>?>7<<, 4?LF5D=4F<6=O5 <EF>G=<>< M=5D7<<, 
E>?=5G=O5 54F4D5<, E>6D5<5==O5 7<4D>M?5>FD>EF4=F<<, 

Key words: energy efficient technologies, alternative energy sources, solar panels, modern 
hydroelectric power plants, 

Energiyani tejovchi texnologiyalar - energiyaning foydasiz yo'qotishlarini kamaytirishga 
qaratilgan chora-tadbirlar va echimlar majmuasidir. Bu texnologik jarayonlarga yangicha 
yondashuv bo8lib, yoqilg8i-energetika resurslaridan yuqori samaradorlik bilan ajralib turadi. 
Mutaxassislarning fikriga ko'ra,dunyoda ishlab chiqarish tannarxidagi energiya xarajatlarining 
ulushi 30-40% ga yetadi. Bu ko'p jihatdan yirik korxonalarda, uy-joy kommunal xo'jaligi va boshqa 
faoliyat sohalarida eskirgan uskunalardan foydalanish bilan bog'liq. Masalan, ko'pchilik mahalliy 
korxonalar hali ham maksimal yuk uchun mo'ljallangan yuqori quvvatli elektr motorlaridan 
foydalanadilar, garchi ishning eng yuqori davri umumiy ish vaqtining atigi 10-15% ni tashkil qiladi. 
Ushbu muammoni hal qilish elektr motorlardan foydalanish, texnologik va ishlab chiqarish 
jarayonlarini avtomatlashtirish orqali uskunalarni optimallashtirish bo'lishi mumkin. Energiyani 
tejovchi texnologiyalarni samarali qo'llashning yana bir turi bu "aqlli" yorug'likdan foydalanishdir. 
Bunday energiya tejovchi yoritish tizimlari elektr energiyasini o'n barobarga kamaytirishi mumkin. 
Energiyani tejash effekti yorug'lik avtomatik ravishda va faqat kerak bo'lganda yoqilishi bilan 
erishiladi. Mamlakatdagi barcha energiya resurslarining uchdan biridan ko'prog'i binolarni isitish 
uchun sarflanadi. Samarasiz issiqlik yo'qotishlarini minimallashtirmasdan, sanab o'tilgan energiyani 
tejash choralari samarasiz bo'ladi. Shu bois, zamonaviy qurilishda devorlarni izolyatsiyalash, 
energiyani tejovchi tom yopish, energiya tejaydigan bo'yoqlar, zamonaviy ikki oynali oynalar, 
tejamkor isitish tizimlaridan foydalangan holda texnologiyalar qo'llaniladi. 

Quyosh panellarining ham yangi usulda ishlab chiqarilayotgan turlaridan ya9nikim, shaffof 
quyosh panellaridan [1] dan foydalanish maqsadga muvofiq. 

Yaxshi energiya tejovchi effekt eng yangi qozonxonalar tomonidan ta'minlanadi, bu yerda 
yangi energiya tashuvchilardan foydalanish texnik xizmat ko'rsatish xarajatlarini kamaytirishi va 
samaradorlikni sezilarli darajada oshirishi, shuningdek, arzonroq va ekologik toza yoqilg'iga o'tishi 
mumkin. Ventilyatsiya tizimlarini loyihalashda 

ular chiqindi havo issiqligini qayta tiklash (qayta foydalanish uchun qayta ishlash) 
tizimlaridan va binodagi odamlar soniga qarab ta'minot va egzoz birliklarining o'zgaruvchan 
ishlashidan foydalanadilar. Muqobil va qayta tiklanadigan energiya manbalaridan foydalanishga 
asoslangan energiya tejovchi texnologiyalar tobora ommalashib bormoqda: 

- uylarning tomiga o'rnatiladigan yoki to'g'ridan-to'g'ri tomga o'rnatiladigan maxsus quyosh 
panellari va kollektorlari, shuningdek quyosh va fotoelektr stansiyalari hisobidan amalga 
oshiriladigan quyosh energiyasidan foydalanish; 

- zamonaviy GESlarni qurish, ularda oqayotgan daryolarning energiyasi elektr energiyasiga 
aylanadi; 

- yog'och chiqindilaridan, sanoat va maishiy chiqindilardan, yuqori mahsuldor o'simliklardan 
olinadigan bioyoqilg'idan foydalanish. 

Kelajakda, mutaxassislarning fikriga ko'ra, qishda isitish tizimlaridan foydalanmasdan, yozda 
esa konditsioner tizimlarisiz qulay harorat saqlanadigan energiya tejovchi uylar juda mashhur 
bo'ladi. Birinchi bunday uylar allaqachon dunyoning ba'zi shaharlarida paydo bo'lgan. 

Energomenejment - bu energiya resurslari tannarxini pasaytirish maqsadida energiyani 
tejashni boshqarishning bilimlari, tamoyillari, vositalari va shakllari to'plami. Energomenejment 
tufayli sezilarli energiya tejashga erishish va salbiyni kamaytirish mumkin 

binolarda isitish tizimlarining yomon ishlashi holatlarida oqibatlar. 
Energiya boshqaruvi quyidagilarni ta'minlashi mumkin: 
- energiya sarflaydigan tizimlarda nuqsonlar, yomon ishlash va nosozliklarni aniqlash; 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

162 

- energiyadan foydalanishning ko'payishiga nisbatan noqulay tendentsiyalar yuzaga kelganda 
tezkor aralashuv; 

- tavsiya etilgan yaxshilanishlarni va ularning ustuvorligini aniqlash; 
- munitsipalitetda barcha darajadagi energiyadan foydalanish va ekologiya masalalariga 

yanada ehtiyotkorlik bilan munosabatda bo'lish. 
Energomenejmenttashkil etish jarayoni bitta binodan boshlanib, butun tashkilot yoki boshqa 

tashkilot darajasiga ko'tarilishi mumkin. Shuni ta'kidlash kerakki, Energomenejment nisbatan oddiy 
usul bo'lib, buning uchun oddiy aql, qog'oz va qalam ko'pincha etarli bo'lishi mumkin. 
Energomenejment - bu korxonada energiya iste'molini boshqarish usuli bo'lib, u energiya sarfini 
sezilarli darajada optimallashtirish imkonini beradi. Energomenejmentning asosiy vositasi energiya 
auditi hisoblanadi. Energomenejment tizimi korxonaning energiya siyosatini shakllantirish, 
maqsadlarni belgilash va ushbu maqsadlarga erishish uchun chora-tadbirlar ishlab chiqishga 
qaratilgan korxonaning o'zaro bog'liq va o'zaro ta'sir qiluvchi elementlari majmuasidir. Jahon 
amaliyoti shuni ko'rsatadiki, energiya samaradorligini oshirishga asosan Energomenejment 
tizimidagi tashkiliy o'zgarishlar, ya'ni. tizimini takomillashtirish orqali energiya boshqaruvi. Shu 
bois korxonalarda energiya samaradorligini oshirish masalalarini hal etish maqsadida ISO 
50001/EN 16001 xalqaro standartiga muvofiq Energiya menejmenti tizimi joriy etilib, yoqilg8i-
energetika resurslarini sarflashga maxsus o8qitilgan xodimlar jalb etilmoqda. Energomenejment 
tizimi uchun standart talablari: 

- energiya siyosatini amalga oshirish va energiya tejash samaradorligini oshirish bo'yicha 
belgilangan maqsadlarga erishish bo'yicha doimiy va rejalashtirilgan harakatlar; 

- energiya ko'rsatkichlarini aniqlash va ularni o'lchash va nazorat qilish tartibi; 
- energiya hujjatlari va zarur hisoblar 
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A continuous production system involves a continuous or nearly continuous flow of these 
materials. It uses special machines and produces standardized products in large quantities. 
Petrochemical, cement, steel, sugar and fertilizer industries and other similar industries are 
examples of continuous production [1]. Most of the energy is consumed by these enterprises. That 
is why it is appropriate to pay special attention to the issues of regulating energy consumption in 
these sectors. The quality of fuel and energy balance planning in industrial enterprises, the need for 
energy resources of individual industrial enterprises and the assessment of the efficiency of 
consumption of fuel and energy resources by the enterprise directly determine energy consumption. 
depends on normalization [2].  

 
Figure 1. Diagram of integrated work system for energy saving and regulation, accounting and 

analysis of energy use in an industrial enterprise [3] 
Figure 1 shows a diagram of the complete work system in industrial enterprises. In continuous 

production, this cycle is organized continuously in continuous production. Automatic resolution of 
the issue of continuous analysis of the set standard indicators and drawing conclusions based on the 
results with the help of artificial intelligence significantly increases the efficiency of the work 
process. 

At the first stage of our scientific research, the issue of standardization was checked instantly 
with the help of artificial intelligence, and an algorithm was developed to give the necessary 
conclusions for the enterprise. 

At the beginning of the work, the standard groups of energy consumption were determined. 
According to the purpose of calculation, the norms of electricity consumption are divided into the 
following [3]: 

1. By term of validity (annual, quarterly, monthly, etc.); 
2. By collection level (individual, group); 
3. According to the cost structure (technological, departmental, general production). 
The methodology of calculating this type of norms and analyzing them with the help of 

artificial intelligence was divided into three groups and work algorithms were developed: 
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1.  Formation of primary data - at this stage, the initial set values of the relative norm 
and the factors affecting it, which are necessary to determine the current value of the relative norm 
in an instant, are collected in the data warehouse. If the calculated actual relative norm dfact is much 
greater than the set value, the organizational technical measure provides information that the action 

should be implemented and sends 
information to the integrated 
organizational technical measure 
implementation system. In case of 
small deviations allowed (± 5%), the 
results are directly sent to the base 
for storage as a sample. If it is much 
smaller than the specified value, it is 
accepted as a relative standard that 
can be set (Fig. 2). 

2. Calculation part - the 
average value of the values that can 
be set in this part is determined and 
stored as a sample in the database. 
At the same time, a mathematical 
static analysis is also performed on 
the factors. Mathematical statistics 
allows for an objective assessment 
of energy consumption efficiency 
using analytical agreement criteria, 
as well as determining the impact of 
energetic, technological, operational 
factors on energy consumption 
indicators [5]. The result of this 
method is also added as a sample in 
the database. 

It is studied using the Fuzzy 
logic network collected in the 
database. In this case, data is 
encoded as a set of rules and 
presented to the decision maker for 
the newly considered cases [4]. The 

results obtained from this step are reflected in comments and numerical values (Figure 3). The 
obtained result is presented in the form of a norm that can be established and an organizational 
technical measure that must be implemented. 

 
The sample collection base is not only based on the data of one enterprise, but is collected by 

all types of enterprises. With the increase of samples in the database, the accuracy and reliability of 
the results increases. 

The results of this methodology allow the enterprise to instantly check the state of the 
calculation standard in energy consumption and automatic analysis of the state will save time, 

Figure 2. Algorithm for analysis of primary data and 
storage of samples in database 
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reduce the human factor in calculations, reduce errors and increase efficiency, and will facilitate the 
issues of setting a relative standard. 
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O8zbekistonda ishlab chiqarilayotgan elektr energiyasining 85%ga yaqini tabiiy gazni yoqish 
orqali ishlab chiqariladi. Bilamizki tabiiy gaz cheklangan va qayta tiklanmaydigan resurs, shu 
jumladan global isish muommolarini hal qilishda eng maqbul yechim - qayta tiklanuvchi 
energetikaga o8tishdir. O8zbekistonda quyosh fotoelektr stansiyalarni o8rnatish va yagona elektr 
tarmoqqa integratsiyalashga katta e9tibor qaratilmoqda. 

Qayta tiklanuvchi energiya manbalarini elektr tarmoqqa integratsiyasi - bu qayta tiklanuvchi 
energiyani tarmoqqa yetkazib berishda ishonchli va samarali usullarini ishlab chiqish amaliyotidir. 
Quy>sh elektr stansiyalarini tarm>qqa ulaganda invertorlarning chiqishidagi elektr energiyasining 
sifati O8zbekiston Respublikasi hududining am4ld4gi n>rm4l4ri va st4nd4rtlariga m>s r4vishd4 
bo8lishi iste9molchil4rg4 uz4tiladig4n elektr energiy4 s4m4r4dorligini yuq>ri d4r4j4g4 >shir4di. 

Nazariy asos 
O8zbekistonda quyosh energiyasi yalpi salohiyati 98,6% ni tashkil etadi [4]. Energiya 

tizimlarida fotoelektrik tizimlarini qo8llash ikkita asosiy sohaga bo8linishi mumkin: tarmoqdan 
tashqari (Off-grid) yoki tarmoqqa ulangan (On-grid) tizimlar [5]. Off-grid tizimda yuzlab 
kilovattgacha quvvatga ega bo8lgan avtonom tarmoqlar, bunda energiyani saqlash moslamasi 
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(batareya) mavjud bo8lgan bir yoki uch fazali iste9molchilarga ulanib elektr energiya bilan 
ta9minlaydi. On-grid quyosh elektr stansiyalari bir necha kilovattdan yuzlab megavattgacha bo8lib, 
taqsimlash tarmoqlari bilan sinxron ishlaydi. 

Bu borada ilmiy-tadqiqot manbalariga ko8ra <Xalqaro elektr va elektronika muhandislari 
instituti= standarti (Instituti of Electrical and Electronics Engineers) 929-2000 tasnifiga ko8ra 
nominal quvvatga qarab, quyosh fotoelektr stansiyalar (FES) 3 ta toifaga bo8linadi. 

Bular quyidagicha: 
1. Past quvvatli FES - quvvati 10 kVt va undan kam bo8lgan; 
2. O8rta quvvatli FES - quvvati 10 kVtdan dan 500 kVt gacha; 
3. Katta quvvatli FES - 500 kVt dan ortiq [6]. 
Shu bilan birga, birinchi 2 ta toifa odatda tarqatish tarmoqlari darajasida o8rnatiladi va 

uchinchi toifali FES esa yuqori kuchlanishli tarmoqlarga ulanadi. 
Yagona elektroenergetika tizimining qabul qiluvchi elektr tarmog8ining kuchlanish sinfi, 

quyosh elektr stansiyalarini mavjud quvvati quyidagicha bo8lganda qabul qilinadi; 
10 kVt gacha 4 0,23 kV; 
3 kVt dan 100 kVt gacha 4 0,4 kV; 
20 kVt dan 2 000 kVt gacha 4 6 - 10 kV; 
1 000 kVt dan 20 000 kVt gacha 4 35 kV; 
10 000 kVt dan 40 000 kVt gacha 4 110 kV; 
20 000 kVt va undan yuqori 4 220 kV [7]. 

Natijalar 
Hozirgi kun ilmiy manbalar tahliliga ko8ra, 2021-yilda energetika sohasida eng katta 

muvaffaqiyat qayta tiklanuvchi energiya manbalari bo8yicha bo8ldi. Qayta tiklanuvchi energiya 
manbalarining global o8rnatilgan quvvati rekord darajadagi yani 3,146 GVt ga yetdi. Shamol va 
quyosh energiyasi barcha yangi qayta tiklanuvchi energiya qo8shimchalarining deyarli 90% ni 
tashkil etdi. Fotoelektrik stansiyalar taxminan 175 GVt va shamol energiyasi 102 GVtni tashkil etdi 
[1]. 

Bu borada O8zbekiston Respublikasi Prezidenti SH.M. Mirziyoyevning Respublikada quyosh 
energetikasi va qayta tiklanuvchi energiya manbalarini rivojlantirish sohasida bir qator muhim 
hujjatlar, jumladan 2017-yil 26-mayda qabul qilingan PQ-3012-sonli <2017-2021-yillarda 
iqtisodiyot tarmoqlarida va ijtimoiy sohada qayta tiklanuvchi energiya manbalaridan foydalanishni 
rivojlantirish va energiya samaradorligini oshirish chora-tadbirlari to8g8risida=gi Qarori, <Qayta 
tiklanuvchi energiya manbalaridan foydalanish to8g8risida=gi qonuni va boshqa bir qator qarorlar 
ijrosida gidroenergetikaning quvvatini 601,9 MVt, quyosh energetikasi quvvatini 300 MVt, shamol 
energetikasining quvvatini 102,0 MVt, umumiy holatda qayta tiklanuvchi energiya manbalaridan 
foydalanish quvvatini 1003,9 MVt ga oshirish ko8zda tutilgan va amalga oshirilmoqda [2]. 

Munozara 
2026-yilga borib, O8zbekistonda quyosh va shamol elektr stansiyalari hajmi 8000 MVtga, 

gidroelektr stansiyalari hajmi esa 2 920 MVtga (jami 10 920 MVt) yetkazilish ko8zda tutilgan [3]. 
Har bir qayta tiklanuvchi energiya mabalarini elektr tarmoqqa integratsiyasida uning kichik va katta 
quvvatli bo8lishidan qat9iy nazar elektr energiya sifat ko8rsatkichlari yuqori o8rinda turadi. 

Turli mamlakatlarning me9yoriy-huquqiy bazasida (tarmoq kodlari - grid codes) quyosh elektr 
stansiyalarini va boshqa taqsimlangan energiya ob9ektlarini energiya tizimlariga ulash bo8yicha 
asosiy masalalar quyidagilardan iborat: stansiyalar va podstansiyalar shinalarida kuchlanishni bir 
me9yorda saqlash, qisqa tutashuvlar natijasida yuzaga keladigan o8tish jarayonlarida barqarorlik 
talablari, faol va reaktiv quvvatni tartibga solish, elektr energiyasi sifatiga qo8yiladigan talablar. 
Umumiy holda, Fotoelektrik stansiyalarni tarmoqqa ommaviy integratsiyalashuvining texnik 
masalalarini tasniflash quyidagicha ifodalanishi mumkin (1-rasm).  

Elektr energiyasi sifat ko8rsatkichlari uchun normal ruxsat etilgan va chegaraviy ruxsat etilgan 
qiymatlari o8rnatilgan. Bund4 24 so4td4n k4m bo8lm4g4n v4qt ichid4 n4zor4t qiling4nid4, 
ko8rs4tkich qiym4tl4ri cheg4r4viy ruxs4t etilg4n qiym4tl4rid4n chiqm4sligi v4 norm4l ruxs4t etilg4n 
qiym4tl4ri ichid4 qolishi ker4k bo8l4di. Elektr energiyasining sifat ko8rsatkichlari kuchlanish, 
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chastota va tok bilan xarakterlanadi. Tarmoqdagi kuchlanishning og8ishlari elektr tarmoqga ulangan 
iste9molchilarining ish rejimlari, qo8shimcha yuklamalarning ul4nishi v4 buning oqib4tid4 
kuchl4nishning p4s4yishi bil4n bog8l4ng4n bo8l4di. 

20 kVt gacha bo8lgan quvvatli quyosh elektr stansiyalarni elektr tarmoqqa ulashda <Toshkent 
shahar elektr tarmoqlari korxonasi= AJga murojaat qilinib shartnoma tuziladi hamda quyosh elektr 
stansiyasi hududi, tashkilot ulangan TP, uning raqami va qaysi fiderga ulanganligi rasmi, elektr 
hisoblagich o8rnatilgan joy, plombasi, elektr hisoblagichdagi 1.8.0 va 2.8.0 rasmi, bank rekvizitlari, 
passport va INN, iste9molchi nomi, shartnoma raqami va texnik sharti taqdim etiladi. 20 kVt dan 
yuqori quvvatli quyosh elektr stansiyalarini yagona elektr tarmoqqa ulashda yuqoridagi hujjatlardan 
tashqari «O8zenergoinspeksiya» tomonidan elektr tarmoqqa ulash uchun ruxsatnoma beriladi. 

 
 
 
 
 
 
 
 
 
 
 
 
 

1-rasm. Fotoelektr stansiyani tarmoqqa integratsiyalashning texnik jihatlari. 
Fotoelektrik tizimlarni markaziy elektr tarqatish tarmog8iga keng ko8lamli integratsiyalash 

uchun boshqaruv moslamalarining mustahkam tizimi, konvertatsiya uskunalari va himoya tizimlari 
kerak. Ushbu tizimlarda nochiziqli iste9molchilarning ortishi bilan garmonik buzulish darajasi 
oshadi [8]. Shuningdek, amaldagi Davlat standarti bilan kuchlanishi 1000 V bo8lgan tarmoqlarga 
ulanishi mumkin bo8lgan normal ruxsat etilgan kuchlanishning barqaror og8ishi ±5% ni tashkil 
qilsa, chegaraviy ruxsat etilgan kuchlanish og8ishi ±10% belgilangan. Kuchlanishning 
o8zgarishining sinusoidadan normal ruxsat etilgan og8ishi 0,4 kV kuchlanishda ±8%, chegaraviy 
ruxsat etilgan qiymati ±12%, yuqori 6,10 kV li tarmoqda normal ruxsat etilgan og8ishi ±5%, 
chegaraviy ruxsat etilgan kuchlanish og8ishi ±8% qabul qilingan. Amaldagi davlat standartlarida 
chastota o8zgarishlariga normal ruxsat etilgan qiymati ·�nom=±0,2Gts va chegaraviy ruxsat etilgan 
qiymatlari ·�nom=±0,4Gts belgilangan. Elektr energiyasi sifatiga qo8yilgan talablarning amaldagi 
me9yorlariga ko8ra energosistemaning normal ish rejimlarida chastotaning og8ishi uchun ±0,2% 
(±0,1 Gts) kattalik belgilangan [9]. Shu talablar asosida quyosh elektr stansiyalarini invertorlar 
orqali elektr tarmoqqa integratsiyalanadi. Invertorlar yarimo8tkazgichli DC-AC energiyani 
konvertatsiya qilib agar uning parametrlari tarmoq parametrlarining kuchlanish va chastota 
qiymatlari belgilangan ish qiymatlaridan tashqarida bo8lsa, elektr tarmog8idan uzib qo8yadi va 
bundan tashqari qo8shimcha himoya qurilmalari ham bo8ladi. 

Fotoelektrik panellar ishlab chiqarayotgan o8zgarmas tok energiyasini o8zgaruvchan bir fazali 
220V/50Gts yoki uch fazali 380 V/50 Gts tokga aylantirish uchun turli xil invertorlar mavjud bo8lib, 
ular o8zaro quyidagilar bo8yicha farqlanadi: 

- quvvati bo8yicha; 
- doimiy tok tomonidagi kuchlanishi bo8yicha; 
- chiqish signali shakli bo8yicha; 
- o8rnatilgan zaryadlovchi qurilma va to8g8ridan-to8g8ri energiya ta¾minoti tizimi (boshqa 

o8zgaruvchan tok manbasidan) bo8yicha;  
- analog yoki impulsli zanjiri va boshqalari bo8yicha. 
Invertorni tanlashda IEC 61683:1999, IEC 62109-1 talablariga rioya qilish kerak [10]. 

 

Fotoelektrik 
stansiyani 

integratsiyalashni
ng texnik jihatlari 

Stansiyaning ish rejimlari 

Ishonchlilik 

Barqarorlik 

Elektr energiyaning sifati 

Tezkor boshqaruv 

Kuchlanish qurilmalaridan 
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Xulosa 
Bugungi kund4 b4rch4 q4yt4 tikl4nuvchi energiy4 turl4rining ichid4 quy>sh energiy4sid4n 

f>yd4l4nish jud4 ham qul4y his>bl4n4di. Fotoelektrik stansiya faoliyatining muhim xususiy4tl4rid4n 
biri shundan iboratki, ul4rning ishl4shi uchun y>qilg'i b5pul. Bu holat elektr energiyasining 
normallashtirilgan narxini sezilarli darajada pasaytiradi Foto5l5ktr st4ntsiy4sini t4rmoqq4 
integr4tsiy4 qilish elektr energetik4 tizimini loyih4l4sh va rej4l4shtirish j4r4yonl4rid4 o'zg4rtirishl4r 
v4 o'zg4rishl4rni t4l4b qil4di. Past va o8rta quvvatga ega fotoelektr stansiyalarini elektr tarmog8iga 
integratsiyalashning har ikkala ulanishida sifat ko8rsatkichlarining talab darajasining yuqoriligi 
tarmoq ishonchliligi, sanoat va iste9molchilarni sifatli elektr energiya bilan uzluksiz ta9minlashda 
hissa qo8shadi. 
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Kirish: 
Kun sayin rivojlanib borayotgan bizning dunyomizda elektr energiyaga bo8lgan talab 

kuchayib bormoqda. 2010 yilda yo'lda elektr  avtomobillar soni bir necha yuz edi; bu raqam 2017-
yilda taxminan uch millionga, 2019-yil boshida esa taxminan olti millionga yetdi [1]. Ayniqsa 
elektr dvigatellarining ish samaradorligi 80-95% [2] ni tashkil etdi. Elektr tr4nsp>rt v>sit4l4rining 
s>tib >lish n4rxi yuq>ri b4'ls4d4, ul4r texnik xizm4t k>'rs4tish x4r4j4tl4ri k4m v4 >ddiy tr4nsp>rt 
v>sit4l4rig4 q4r4g4nd4 4nch4 k4m energiy4 s4rfl4ydi. Shamol va quyosh kabi qayta tiklanadigan 
energiya manbalari ET zaryadlovchi qurilmasiga kerak bo8ladigan quvvatni yetkazib berishdagi eng 
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samarali yechimlaridan biri deb hisoblaydi va shu orqali elektr tarmoqdagi qolgan iste9molchilarni 
elektr energiya iste9moliga salbiy ta9sir ko8rsatmaydi deb  [3]. 

Nazariy asos: 
ET zaryadlovchi modelining ishlash printsipi. 
ET zaryadlovchi qurilmasi asosan yuqori quvvatli kommutatsiya quvvat manbai hisoblanadi. 

Umuman olganda, ET zaryadlovchi qurilmasining 3 ta asosiy tuzilishi mavjud: (1) 
boshqarilmaydigan diod va kesgich, (2) boshqarilmaydigan diod va DC/DC konvertori va (3) PMW 
diodi va DC/DC konvertori [4].  

ET akkumulyatori modellari. 
Umuman olganda, batareyaning bir nechta soddalashtirilgan asosiy modellari mavjud: 

elektrokimyoviy model, ekvivalent sxema modeli va neyron tarmoq modeli. Odatda ishlatiladigan 
ET ning akkumulyator modellari mavjud: ichki qarshilik modeli, RC modeli va neyron tarmoq 
modeli [5]. Bugungi kunda yangi avlod ET lari uchun ideal quvvat manbaiga ega bo'lgan lityum-ion 
batareyalari ishlatilmoqda. 1991 yilda SONY birinchi marta o'zining tijorat elektron mahsulotlari 
uchun Li-ion qayta zaryadlanuvchi batareyalarni qo'lladi. Uning afzalliklari, jumladan, yuqori o'ziga 
xos energiya zichligi va quvvati, xotira effekti yo'qligi va o'z-o'zidan zaryadsizlanish tezligining 
pastligidur. 2018 yilda LMP batareyasi -20 ° C dan 65 ° C gacha bo'lgan keng harorat oralig'idagi 
Port operatsiyalari uchun tijorat sifatida ishlatilgan. Suvli lityum-ion batareyalarning mukammal 
ishonchliligi va xavfsizlik xususiyatlari ularni samolyotlar va suv osti kemalarida foydalanishga 
qo8l keldi, bu esa ET muhandislarining ularni tijorat maqsadlarida foydalanish uchun ishlab 
chiqishga e'tiborini tortdi.  elektrolitli suvli Li-ion batareyasining sig'imi, energiya zichligi 
va aylanish muddati mos ravishda 100 Ah / kg, 30 Vt / kg va 1000 tsiklni tashkil qiladi [6,7]. 

Elektr avtomobilining afzalliklari 
1. Yoqilg'i yo'q, ifloslanish yo'q. 
2. Kamroq texnik xizmat ko'rsatishni talab qildi. 
3. Shovqinsiz ishlaydi. 
4. Yuqori boshlang8ich momentni hosil qiladi. 
5. Ko8chalarda va uyda quvvatlantrishimiz mumkin. 
6. Yoqilg8i sotib olishga qaraganda kamroq pul sarflash 
7. Bu qazib olinadigan yoqilg'ilarni tejashga yordam beradi. 
Natijalar: 
Amerikada o8rtacha yoqilg'i bilan ishlaydigan avtomobilni haydash uchun 1 milga 15 sent 

to'laydi, ko'plab elektromobillar esa 1 milga besh sent to8laydi. Agar ko'p odamlar quyosh 
panellarini o'rnatgan holda mashinalarini zaryad qilsalar, elektr avtomobillari bilan har yili 
yoqilg'ining o8rtacha 2000-4000 dollar tejaysiz. Elektr transport vositasining eng katta afzalligi 
uning 100 foiz ekologik toza elektr quvvati bilan ishlashida. U toza energiya manbaida ishlagani 
uchun atrof-muhitga zaharli gazlar yoki tutun chiqarmaydi hatto ular gibrid avtomobillardan ham 
yaxshiroq. EA lar tobora ommalashib bormoqda. Ular deyarli 3 barobar tejamkor  ichki yonuv 
dvigatelli avtomobillarga qaraganda. 
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1-rasm. Elektr avtomobillarni sotish grafigi 
Xavfsizlik jihatdan: EA ichki yonuv dvigatell avtomobillari kabi sinov protseduralaridan 

o'tadi va EA dan foydalanish xavfsizroq, chunki ularning og'irlik markazi pastroq bo'ladi, bu esa 
to'qnashuvda ularni yo'ldan chiqib ketmasligini ta9minlaydi. Voqea sodir bo'lgan taqdirda ham 
xavfsizlik yostiqchalari ochiladi hamda batareyadan elektr ta'minoti uziladi. Bu sizni va 
avtomobildagi boshqa yo'lovchilarni jiddiy jarohatlardan himoya qilishi mumkin. Yonuvchan 
yoqilg'i yoki gaz bo'lmasa, ular portlash ehtimoli kamroq [8]. 

Narx jihatdan: Avvalari elektromobil sotib olish qimmatga tushardi. Ammo bugungi kunga 
kelib texnologik taraqqiyot yuksalgani sabali ham xarajatlar, ham texnik xizmat ko'rsatish pasaydi. 
Batareyalarning ommaviy ishlab chiqarilishi sabali EA ning tannarxini yanada pasaytirdi va shu 
bilan uni ancha tejamkor qildi. Lityum-ionli akkumulyator batareyasining o»rtacha narxi 2010-
yildan 2020-yilgacha 90 foizga kamaydi. Lityum-ionli akkumulyator batareyasining bir kilovatt-
soati 2010-yilda $1200 ga tushdi, biroq 2015-yilda narxlar bir kVt/soat uchun $384 gacha, 2020-
yilda esa kVt/soat $100 bo8ldi [9]. 

Konstruktsiya jihatdan: Avtomobillar dunyosida elektromobillar eng oddiy haydash usuliga 
ega va unda asosiy 3 ta kompanent mavjud. 1. Mator 2. Mator kantroller 3. Batareya. 

Batareya Batareyaning asosiy vazifasi elektr energiyasini saqlashdir. Ko'pchilik gibrid va ET 
vositasi lityum-ion batareyalardan foydalangan. Bu saqlash tizimi odatda gibrid elektr transport 
vositasi uchun zarurdir. Turli xil batareyalar va ularning xususiyatlari quyidagi jadvalda ko'rsatilgan 
[10]. 

 
1-Jadval: Batareyalarning turlari. 

Xususiyatlari 
Lead 
Acid 

NiCd NiMH 
                                  Li-on 
    Cobalt             Marganets          
Fosfat 

Mahsus 
energiya 
Wh/kg 

30-50 45-80 60-120 150-250 100-150 90-120 

Ichki 
qarshilik 

Juda past Juda past Past O»rtacha Past Juda past 

Quvvatlash 
vaqti 

8-16 soat 1-2 soat 2-4 soat 2-4 soat 1-2 soat 1-2 soat 

O8z-o8zidan 
quvvat 

tushishi/oy 
5% 20% 30% <5% 

Zaryadlash 
harorati 

-20 +50 
 

(-4 
+122)) 

0-45  
(-32 +113)) 

0-45  
(-4 +140)) 

texnik xizmat 
ko'rsatish 

talabi 
3-6 oy 

Har bir to'liq zaryadsizlanish 
so8ng 90 kun ichida 

Ihtiyoriy payt 

Ishlatilmoqda 1800 1950 1990 1991 1996 199 
Davriyligi 200-300 1500 300-500 500-1000 
Energiya 

tejamkorligi 
(%) 

70-90 60-90 60 75-90 

 
Munozara: 
Elektr avtomobilning kamchiliklari 

1. Bu juda qimmat. 
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2. Uzoq masofaga sayohat qilish uchun emas, chunki zaryadlash qurilmasi hamma joyda ham 
mavjud emas. 
3. Uni qayta zaryadlash uchun ko'proq vaqt talab etiladi. 
4. Tanlov soning cheklanganligi. 

Zaryadlash nuqtalari 
Bugungi kunda ham zaryadlash qurilmasi va quyish stantsiyalari hali ham rivojlanish 

bosqichida. Biz har kuni boradigan joylarning hammasida ham avtomobilimiz uchun zaryadlash 
shoxobchalari bo'lmaydi, ya'ni agar biz uzoq safarda bo'lsak, qishloq yoki shahar atrofiga tashrif 
buyursak uning zaryadi tugashi mumkin. O8zbekistonning qishloq joylarida zaryadlash stantsiyasini 
topish qiyinroq. Ushbu mashinalarning aksariyati taxminan 250-300 km yo8l bosadi va ularni qayta 
zaryadlash kerak. Siz ulardan hozircha uzoq sayohatlar uchun foydalana olmaysiz. 

Uzoqroq zaryadlash vaqti 
Ichki yonuv dvigatelli mashinani yonilg'i bilan to'ldirish uchun bir necha daqiqa kerak bo'lsa-

da, EAni to'liq zaryadlash uchun taxminan 4-6 soat va ba'zan 10-12 soat kerak bo'ladi. Shuning 
uchun bizga maxsus elektr stantsiyalari kerak bo'ladi, chunki ularni to'ldirish uchun ketadigan vaqt 
juda uzoq. Ko8p odamlar vaqtni tejash uchun ham EA sotib olishmaydi.  

Shovqin yo8qligi 
Shovqin yo8qligi bir oz noqulaylik tug'dirishi mumkin, chunki odamlar mator ovozinini 

eshitishni yaxshi ko'radilar, agar ular mator ovozini eshitib turmasa gaz pedalini ko8proq va 
qattiqroq bosadilar hamda bu ba'zida bahtsiz hodisalarga olib kelishi mumkin. 

Tanlov soning cheklanganligi. 
ET vositalari bozori kengayib bormoqda, ammo u hali ham an'anaviy avtomobillar bozoridek 

ko8p tanlovli emas. Bugungi kunda mavjud bo'lgan dizel va benzinli avtomobillar soni, shuningdek, 
modellar va xususiyatlardagi turli xil tanlovlar bugungi kunda mavjud bo'lgan elektromobillar 
tanlovidan oshib ketadi. Bu ayniqsa muayyan ehtiyojlarni qondiradigan mashina izlayotganlar 
uchun kata kamchilik bo'lishi mumkin, masalan: kimdir oilaviy mashina izlayotgan yoki uzoq 
sayohatga va yana kimdur tog8li joylarda mashinada aylanishni hohlaydi [9]. 

Narx 
EA ning narxi an9anaviy mashinalarga qaraganda qimmatroq. Biz ushbu jadvaldan turli 

kompaniyalar tomonidan ishlab EA ning narxlarini ko8rib chiqamiz. 
 

2-jadval. EA ning narxlari 

T/r EA markasi Narxi Ishlab chiqarilish yili 

1 Nissan Leaf $27,400 2022 

2 BMW i3 $44,450 2021 

3 Tesla Model 3 $46,990 2022 
4 Hyundai Kona  $34,000 2022 
5 Kia Niro  $39,990 2022 

6 Audi Q4 e-tron $43,900 2023 
7 Chevrolet Silverado $39,900 2024 

 
Xulosa: 

Agar biz zaryadlash vaqtlari bilan bog'liq masalalarni hisobga olmasak, elektromobillar 
ishlash jihatidan oddiy avtomobillardan ancha ustun ekanligini inkor etolmaymiz. Texnologiya 
rivojlanishi bilan quvvat chegarasi va zaryadlash vaqti bilan bog'liq muammolar ham yo'qoladi. 
Yaqin kelajakda elektronika sanoati yangi texnologiyalarni eksponensial tezlikda ishlab chiqadi. 
O'n yil oldin sensorli telefonlar kam va faqatgina boy odamlarda bo8lgan ammo bugungi kelib esa 
hatto maktab o8quvchisida ham bor. Hozirda <Tesla Motors= o'zlarining EA larini noldan 75 daqiqa 
ichida to'liq zaryad qilish imkonini beruvchi supercharger texnologiyasiga katta sarmoya 
kiritmoqda. Bu loyiha yaqin vaqtda emas, ammo ular 8-10 yil ichida zaryadlash vaqtini 9 soatdan 
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75 daqiqaga qisqartirishadi. GM va Nissan 2021-yil yanvar oyida 2030-yillarga borib butunlay 
elektrga o8tishlarini e9lon qilishdi. Biz o8ylaymizki qolgan kompaniyalar ham o8zlarining 
elektromobillarini ishlab chiqaradi. 
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ISHLAB CHIQARISHDA SUN9IY INTELLEKTDAN  
FOYDALANISHNI JORIY ETISH 

Raxmonov I.U., Xakimjonov A. 
Toshkent davlat texnika universiteti 

Sun9iy intellekt nima? Sun¾iy ong ilovalari mukammal web-qidiruv tizimlari, inson nutqini 
anglash o»ziyurar mashinalar hamda strategik o»yin tizimlarida yuqori darajada raqobatlashishni o»z 
ichiga oladi Mashinalar tobora ko»p qobiliyatlarga ega bo»lib borishar ekan, >ong< talab etuvchi 
vazifalar ko»pincha sun¾iy ong effekti deb ataluvchi fenomen bo»lgan sun¾iy ong ta¾rifidan olib 
tashlanad 

Odatda robotlar deganda, ko8pchilikning kòz oldiga insonlardek gaplasha oladigan ularning 
òrniga barcha yumushlarni bajara oladigan yordanchilar keladi. Ammo bu nisbatan kemgroq 
tushuncha. Aslida mobil qurulmangizdagi dasturlar, lug8atlar turli xil. Ularning qamrovi kichikroq 
bòlib ma'lum bir yònalishdagina sizga yordam bera oladi. Ya'ni bajarmoqchi bòlgan amallaringiz 
turuga qarab tegishli dasturdan foydalamasiz. 

Sun9iy intelekt ishlab chiqarish sanoatida qanday qo8llaniladi? 
Ishlab chiqarishda sun'iy intellekt rejalashtirish va ishlab chiqarish maydonchasi 

operatsiyalarida eng katta qiymatni taklif qilishi mumkin. BCG hisobotiga ko8ra, ishlab chiqarish 
sanoatida sun'iy intellektdan foydalanishning eng muhim holatlari quyidagilardir: 

Ishlab chiqarish jarayonlarini avtomatlashtiradigan aqlli, o8zini o8zi optimallashtiradigan 
mashinalar 

Yaxshiroq rejalashtirish uchun samaradorlik yo8qotishlarini prognoz qilish 
Bashoratli parvarishlashni osonlashtirish uchun sifat nuqsonlarini aniqlash 
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Biz keyingi bo8limlarda yuqorida aytib o8tilgan har bir toifadagi eng mashhur foydalanish 
holatlarini ko8rib chiqamiz. Ammo davom ettirishdan oldin, keling, AI qanday qilib ishlab 
chiqarishni o8zgartirishini tushunib olaylik. 

To8rtinchi avlod texnologiyalarining paydo bo8lishi raqamli fabrikalar bilan IFR (Xalqaro 
robototexnika federatsiyasi) ma¾lumotlariga ko»ra, 2020-yilda butun dunyo bo»ylab zavodlarda 
allaqachon 2,7 million sanoat robotlari ishlagan. Bu 2019-yilga nisbatan 12 foizga ko»pdir va 
raqamlashtirish tashabbuslari eksponent ravishda o»sishi bilan tendentsiya yanada o»sishi 
kutilmoqda. 

Ishlab chiqaruvchilar ishlab chiqarish xarajatlarini yanada pasaytirish va bozorga chiqish 
vaqtini yaxshilash uchun AI va mashinani o8rganish kabi texnologiyalarga sarmoya kiritishda 
davom etadilar. Global pandemiyadan keyin ishlab chiqaruvchilar vazifalarni avtomatlashtiradigan, 
uzilishlarni bashorat qiladigan va barcha operatsiyalarni oxirigacha nazorat qilishni 
osonlashtiradigan texnologiyalarni qo8llash orqali o8z bizneslarini yanada mustahkamroq qilishga 
intiladi. 

Bashoratli texnik xizmat ko8rsatish. Sensor ma'lumotlarini tahlil qilish orqali ishlab 
chiqaruvchilar potentsial uzilishlar va baxtsiz hodisalarni aniqlash uchun AI texnologiyasidan 
foydalanadilar. Sun'iy intellekt tizimlari ishlab chiqaruvchilarga funktsional uskunaning qachon 
yoki ishlamay qolishini bashorat qilishda yordam beradi, shuning uchun ularga texnik xizmat 
ko8rsatish va ta'mirlash nosozlik yuzaga kelgunga qadar rejalashtirilishi mumkin. Sun'iy intellektga 
asoslangan prognozli texnik xizmat ko8rsatish tufayli ishlab chiqaruvchilar samaradorlikni oshirishi 
va mashinaning ishdan chiqishi narxini kamaytirishi mumkin 

Sifatni ta'minlash Sifat kafolati - bu xizmat yoki mahsulotning istalgan sifat darajasini saqlab 
qolishdir. Yig8ish liniyalari ma'lumotlarga asoslangan, o8zaro bog8langan va avtonom tarmoqlardir. 
Ushbu yig8ish liniyalari eng yaxshi yakuniy mahsulotlarni ishlab chiqarish bo8yicha ko8rsatmalar 
beradigan parametrlar va algoritmlar to8plamiga asoslangan holda ishlaydi. AI tizimlari mashinani 
ko8rish texnologiyasidan foydalangan holda odatiy natijalardan farqlarni aniqlay oladi, chunki 
ko8pchilik nuqsonlar ko8rinadi. Yakuniy mahsulot kutilganidan past sifatga ega bo8lsa, AI tizimlari 
foydalanuvchilarga o8zgartirishlar kiritish uchun reaksiyaga kirishishi uchun ogohlantirishni ishga 
tushiradi. 

Hozirda sun'iy intellektning sohalarga joriy etilishi uchun turli sabablar keltirilmoqda, ulardan 
uchta eng asosiysini keltirib o8tamiz. Birinchisi, arzon narxlardagi yuqori samarali hisoblash 
resurslari. Ikkinchisi, ta'lim uchun katta hajmdagi ma'lumotlarning mavjudligi. Sun'iy intellekt 
mahsulining aniq prognozlarni amalga oshirishi uchun u katta hajmdagi ma'lumotlarni qayta 
ishlashi kerak. Ushbu omil sabab turli vositalar, xususan, ma'lumotlarni saqlash va qayta 
ishlashning oddiy hamda arzon vositalari, turli xil algoritmlar yaratildi. 

Uchinchisi, sun'iy intellekt mahsulotlari raqobatbardoshlikni mustahkamlaydi. U 
kompaniyalar xarajatlarini va xavflarni kamaytirishi, bozorga chiqish imkoniyatini kengaytirishi 
hamda boshqa foydali omillar uchun ko8plab vositalarni taklif qila oladi. Natijada sun'iy intellekt 
joriy etilgan kompaniyalar raqobatga anchayin chidamli bo8ladi. 

Ammo barcha sohalarda bo8lgani kabi ushbu turdagi innovatsiyalarni joriy etishda ham qator 
qiyinchiliklar mavjud. Xususan, malakali kadrlarning etishmasligi hamda uni joriy etish uchun 
ma'lumotlarning kamligi. Sababi ma'lumotlar qanchalik ko8p bo8lsa, sun'iy intellekt 
bashoratlarining aniqligi shunchalik yuqori bo8ladi. 

Sun'iy intellektga asoslangan dasturiy ta'minot tashkilotlarga barqaror ishlab chiqarish 
darajasiga erishish uchun jarayonlarni optimallashtirishga yordam beradi. Tashkilot jarayonlaridagi 
to8siqlarni aniqlash va bartaraf etish uchun ishlab chiqaruvchilar sun'iy intellektga asoslangan 
texnologik qazib olish vositalarini afzal ko8rishlari mumkin. Masalan, xaridorga o8z vaqtida va 
to8g8ri yetkazib berish ishlab chiqarish sanoatidagi asosiy maqsaddir. Biroq, kompaniyaning turli 
hududlarda bir nechta zavodlari bo8lsa, izchil etkazib berish tizimini yaratish qiyin.Jarayonni qazib 
olish vositasidan foydalangan holda, ishlab chiqaruvchilar turli hududlarning ish faoliyatini 
individual jarayon bosqichlari, jumladan, davomiyligi, narxi va qadamni bajaruvchi shaxsga 
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solishtirishlari mumkin. Ushbu tushunchalar jarayonlarni soddalashtirishga va ishlab chiqaruvchilar 
choralar ko8rishi uchun qiyinchiliklarni aniqlashga yordam beradi 

Ishlab chiqarish har yili 3000 dan ortiq jiddiy jarohatlar va to8qqizta o8lim holatlari bilan 
ishlaydigan eng xavfli sanoat tarmoqlaridan biridir. Robotlarning yuqori xavfli ishlarga jalb etilishi 
ishlab chiqaruvchilarga kiruvchi baxtsiz hodisalarni kamaytirishga yordam beradi. 

IT sensorlari tufayli ishlab chiqaruvchilar katta hajmdagi ma'lumotlarni to8plashlari va real 
vaqt rejimida tahlil qilishga o8tishlari mumkin. Bu ishlab chiqaruvchilarga tezkor, real vaqtda 
ma'lumotlarga asoslangan qarorlar qabul qilishlari uchun tushunchalarga tezroq erishish imkonini 
beradi. Qorong8i fabrikalarda 24/7 ishlab chiqarishInson mehnatisiz zavodlar qorong8u fabrikalar 
deb ataladi, chunki robotlar ishlashi uchun yorug8lik kerak bo8lmasligi mumkin. Bu nisbatan yangi 
kontseptsiya bo8lib, hozirda atigi bir nechta eksperimental 100% qorong8i fabrikalar ishlaydi. Biroq, 
qorong8u fabrikalar vaqt o8tishi bilan sun'iy intellekt va boshqa avtomatlashtirish texnologiyalarini 
qo8llash orqali ko8payadi, chunki ular sezilarli tejash, ish joyidagi baxtsiz hodisalarni tugatish va 
ishlab chiqarish quvvatlarini kengaytirish potentsialiga ega. 

Energetika sohasida ishlab chiqarishni yaxshilash uchun sun9iy intellekt va mashinalarni 
o8rganish ham qo8llanilmoqda. 

Misol uchun, neft va gaz kompaniyalari quduqlarni joylashtirishni yaxshilash va ishlab 
chiqarishni ko8paytirish uchun mashinani o8rganish algoritmlaridan foydalanmoqda. Seysmik 
tadqiqotlar va boshqa manbalardan to»plangan ma¾lumotlarni tahlil qilib, bu kompaniyalar neft va 
gazni qayerda burg»ulash to»g»risida yaxshiroq qaror qabul qilishlari mumkin. Bu energiya 
samaradorligini oshiradi va energiya kompaniyalari tomonidan oson xizmat ko8rsatadigan sodda, 
samaraliroq energiya tarmog8ini yaratadi. 

 
FACTORS AFFECTING THE RELIABILITY OF ELECTRICAL 

TECHNOLOGICAL DEVICES 
Rakhmonov Ikromjon Usmonovich 

Doctor of Technical Sciences, Associate Professor, Head of the Department of Power 
Supply Tashkent State Technical University 

Koptleuov Turarbek Toksanbaevich 
Trainee Lecturer at the Department of Electric Power Engineering 

Karakalpak State University named after Berdakh 
The role of electric technological equipment in the electric energy system, industry and 

national economy is significant. The reliability of electrical technological devices determines their 
duration of operation and the profitability of industrial enterprises. The reason is that several 
percentages of the cost of manufactured products are allocated to the depreciation costs of electrical 
technological devices in industrial enterprises. If the reliability of devices and mechanisms is not 
ensured, it can lead to an increase in the cost of the product and a decrease in the competitiveness of 
the enterprise. 

Before studying and ensuring the reliability of electrical technological devices, it is necessary 
to study the causes and factors affecting the reliability of electrical technological devices. The 
experience of industrial enterprises shows that the factors affecting the reliability of electrical 
technological devices can be divided into the following four groups: constructive, manufacturing, 
installation, operational [1]. 

Structural factors are the factors caused by defects in the construction of electrical 
technological devices and incorrect installation of elements. 

Production factors arise as a result of disruption of technological processes, pollution of 
ambient air, workplaces and devices, poor quality control of production and assembly work, etc. 

If technological requirements are not met during the installation process of electrical 
technological devices, their reliability may decrease. 

Factors that occur in working conditions have the greatest impact on the reliability of 
electrical devices. Impact, vibration, overload, temperature, humidity, solar radiation, sand, dust, 
mold, corrosive liquids and gases, electric and magnetic fields - all affect the operation of devices. 
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Different operating conditions can affect the service life and reliability of electrical 
technological devices in different ways. For example, based on the working mode and working 
conditions of any industrial enterprise, we can determine the most common factors in them. But the 
reliability of all types of electrical technological devices can be influenced by the same influencing 
factors: environmental temperature changes, dust and humidity. The reason is that as a result of 
these factors, the main element of the reliability of electrical technological devices, i.e. insulation, is 
broken. 

 
Depending on the location of electrical technological devices, their vibration, impacting 

external shocks and factors related to their ignition can have an adverse effect on the reliability of 
devices of many industrial production enterprises. 

Among the factors affecting the reliability of electrical technological devices in agricultural 
enterprises, we can include changes in ambient temperature, dust, humidity and indicators of the 
quality of electricity (power factor, frequency change, etc.), interruptions in energy supply, 
overloads. 

 
The effect of increased temperature on the reliability of the operation of electrical devices is 

manifested in various forms: the appearance of cracks in insulating materials, a decrease in 
insulation resistance, that is, the risk of power outages increases. In the windings of electromagnets, 
electric motors and transformers, damage occurs as a result of insulation failure [2]. 

Under the influence of moisture, very rapid corrosion of metal parts of electrical devices 
occurs, the surface and volume resistance of insulating materials decreases, various cracks appear, 
the risk of surface disintegration increases sharply, the oxidation process appears, under their 
influence, surface materials corrode and the electrical properties of devices deteriorate. 

Based on the above, the following can be concluded: 
Firstly, when determining the factors affecting the reliability of electrical technological 

devices, their classification serves as a basis for ensuring their reliable and long-term operation. 
Reducing the impact of the second identified factors on electrical devices ensures full 

operation and quality service of the devices during the period of operation specified in the passport. 
Thirdly, environmental temperature changes, indicators of the quality of electricity, which are 

cited as the main factors affecting the electrical technological devices of agricultural enterprises, to 
reduce as much as possible the factors of interruptions in the energy supply and to increase their 
role in ensuring the normal operation of electrical technological devices and the operation of these 
devices in the power supply system without abnormal modes provides. 
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METALLURGIYA KORXONALARINING PROKAT ISHLAB CHIQARISH SEXIDA 
ELEKTR ENERGIYA ISTE9MOLI REJIMLARI SAMARADORLIGINI OSHIRISH 

Radjabov Sh.B, N.Ch.Uzaqov, (TMTI) 
Annotatsiya: Mazkur ishning maqsadi prokat stanlari uskunalarining texnologik jarayonini 

tavsiflash. Energo tejamkorlikning optimal tartibini tahlil qilish. Prokat profili bo8yicha elektr 
energiyasi solishtirma sarfiga ta9sir qiluvchi omillar va elektr iste9moli tartiblarini o8rganish. Prokat 
stanlari ishining energetik samaradorligini takomillashtirish bo8yicha tadbirlar ishlab chiqish 
hisoblanadi. 

Kalit so»zlar: Samaradorlik, takomillashtirish, prokat stanlari, prokat profili, metallurgiya 
korxonalari, po8lat eritish, prokat sexlari, xulosa, taklif. 

Kirish 
Mavzu dolzarbligi: Jahonda ishlab chiqarish sohalarida elektr energiyasi iste9moli 

samadorligini oshirish hamda energiya va resurs tejamkor ish rejimlarni yaratishga qaratilgan 
tadqiqotlar muhim ahamiyat kasb etmoqda. Rivojlangan mamlakatlarning «elektrda po8lat ishlab 
chiqarish obyektlari ishlab chiqarayotgan mahsulotlariga bo8lgan talabning keskin ortishi, elektr 
energiya iste9molining ham yuqori sur9atlarda o8sishiga olib kelmoqda. So8nggi besh yil ichida 
dunyoda po8lat ishlab chiqarish 10-12% ga oshganligi sababli metallurgiya korxonalarida elektr 
energiyasini ishlatish samaradorligini oshirish dolzarb vazifa bo8lib kelmoqda». Jahonda 
metallurgiya korxonalarida elektrda po8lat ishlab chiqarishda elektr energiyasi ko8rsatkichlarini 
me9yorlash va prognoz qilish va bu ko8rsatkichlarning ilmiy asoslangan qiymatlarini ishlab 
chiqishga alohida e9tibor qaratilmoqda.  

Mavzuning maqsadi: 
 - prokat stanlari texnologik uskunalari va texnologik jarayoni tavsifi; 
 - prokat ishlab chiqarishning elektr iste9moli; 
 - prokat stanlari ish tartibini oshirish usullari. 

Asosiy qism 
Prokat 3 bu prokat stanlarida metallardan issiq yoki sovuq usulda ishlov berish orqali ma9lum 

o8lcham va shakllarga keltirilgan tayyor mahsulot. 
Prokat tayyorlanadigan metal turidan kelib chiqib quyidagi turlarga bo8linadi: 
1) Qorametall prokat mahsuloti 
2) Rangli prokat mahsuloti 
3) Po8lat prokat mahsuloti 
Prokat stanogi bu unga tegishli barcha asosiy va yordamchi uskunalar bilan ma'lum prokatni 

ishlab chiqarish uchun qo8llaniladigan uskunalar to'plami tushuniladi. 
Prokat stanlari asosiy qismi bitta yoki bir necha ishchi kletdan iborat bo8lib, unda prokat 

vallari joylashgan. Vallarni elektrodvigatel harakatga keltiradi. 
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Asosiy qurilmalar, to'g'ridan-to'g'ri metallni deformatsiyalash uchun ishlatiladigan uskunalar 

(prokat roliklari, yuritma dvigatellari, reduktorlar, shesternali uzatmalar). Prokatlash jarayonini 
amalga oshirish uchun zarur bo'lgan barcha boshqa jihozlar yordamchi qurilmalar hisoblanadi 
(bosimli vintlar, rolganlar, shlepperlar, qaychilar, arralar, bolg8alar, nasos stantsiyalari va 
boshqalar). Stanoklarning elektr yuritmalarining uch turini ajratish mumkin: reversli sozlanadigan, 
noreversli sozlanadigan, noreversli sozlanmaydigan. 

 
Zamonaviy prokat stanlari ketma-ket o8rnatilgan dastgohlarning texnalogik majmuasidan 

iborat bo8lib, ularda belgilangan standartlarag mos prakat mahsulotlarini tayyorlash uchun sifatli 
elktr energiyasi ta9minoti talab qilinadi.  

Prokat mahsulotlariga bo8lgan yuqori talab sababli ualrni ishlab chiqarishda ta9sir etadigan 
elektr energiyasi va boshqa ta9sirlarni o8rganish taqazo etadi. Prokat stanlarining ish unumdorligi 
texnologik operatsiyalarning bajarilishini ta'minlovchi alohida agregatlarning o'tkazuvchanligi bilan 
belgilanadi, lekin asosan, stanning unumdorligi asosiy ishchi agregatlarining o'tkazuvchanligi bilan 
belgilanadi. Prokat stanlarining jo8valarning profili har xil bo8ladi. Misol: mis olish uchun jo8valar 
yuzi tekis bo8ladi, sort, fason maxsus profil olish uchun jo8va yuzi har xil kesimli bo8ladi. 

 
Jo8valar yuzidagi ariqchalarni o8yiqchalar deb ataladi. Ikkita jo8va birgalikda hosil qilgan 

bo8shliq kalibr deb yuritiladi. Zagotovka kalibrdan o8tib, shakllanib, kalibrni shaklini oladi. 
Kalibrlar ochiq va yopiq bo8ladi. Ochiq kalibrlarda simmetriya o8qi parallel, yopiq kalibrlarda esa 
simmetrik parallel emas. 
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Kalibrlovchi vallar vazifalariga ko8ra:  
a) Ixchamlovchi  
b) Shaklga, profilga yaqinlashtiruvchi 
c) Toza yuza olish uchun 
Ikki jo8vali stanlar o8z navbatida reversiv va reversivmas stanlarga bo8linadi. Reversiv 

stanlarda zagotovka har ikki tomonga aylanadi. Reversivmas stanlarda zagotovka faqat bir tomonga 
aylanadi. Prokat tezligi listlarni chiqarayotganda 7-15 m/sek, tunika yoyishda 35 m/sek bo8ladi. 

Ikki va to8rt jo8vali stanlarning asosan metalni issiq holda yoyish uchun ishlatiladi. Uch 
jo8vali stanlarda o8rtacha val ishqalanish hisobiga aylanadi.Olti, sakkiz, o8n ikki va yigirma jo8vali 
ko8p jo8vali stanlarda ikkita ishchi jo8va bo8lib, list lentalarni sovuq holda yoyish uchun xizmat 
qiladi. 

Universal stanlarda jo8valar vertikal va gorizontal joylashgan bo8lib, bunda zagotovka ham 
uzunasiga, ham ko8ndalangiga yoyiladi. Sim prokat stanlarda diametri d=5-9 va katta diametrli 
simlar olinadi. Kichik diametrdagi simlar cho8zish yo8li bilan olinadi. Sim prokat stanlari to8xtovsiz 
ishlaydi va tezligi 20-30 m/sek. Simlar 200 kg li buntga o8raladi. 

Profil olish jarayoni ancha murakkab operatsiyalar bo8lib, bunda prokatning profilini 
ko8ndalang kesimi yuzini mustahkamligiga qarab zagotovka birin-ketin 7-14 martagacha 
kalibrlardan o8tadi. Ular shaklga yaqinlashtiruvchi, dag8al va toza kalibrdir. Shvellerni kalibrlash 
jarayoni 15-rasmda ko8rsatilgan va bir nechta shaklga yaqinlashtiruvchi kalibrlardan iborat. 

Po8lat pazlik sexlarida quymalar temperaturasi 800-8500 %da prokat sexining qizdirish 
bo8limiga tushadi va unda 1300-13500 % li pechlarda qizdiriladi. Qizdirilgan quymalar kranlar 
yordamida rolganga qo8yiladi. Rolgan roliklardan iborat bo8lib, quymani yoyish uchun blyuming 
yoki slyabingga uzatadi. Blyuming va slyabinglar o8z navbatida quymani o8lchamlari 350X350 dan 
to 150X150 mmga keltirilganidan so8ng list prokat staniga yoki to8xtovsiz ishlaydigan tayyorlovchi 
stanga uzatiladi. Bunda o8lchami (50X50) keltirilib, berilgan uzunlikda qirqilib skladlarga 
topshiriladi. 

 
Shunday qilib hozirgi prokat ishlab chiqarishi ikki sikldan iborat bo8lib, quyma zagotovka va 

tayyor mahsulotidir. 
Listlarni prokatka qilish. Hozirgi paytda listlarga talab tobora o8sib bormokda, shu talabni 

qondirish uchun to8xtovsiz va yarim to8xtovsiz ishlaydigan stanlar mavjud bo8lib, bitta stan yiliga 1 
mln tonnagacha list chiqarish mumkin. 

Yupqa listlarni chiqarish uchun to8xtovsiz ishlaydigan stanlar bo8lib, kletda jo8valar toza va 
dag8al bo8lib, toza kletdan o8tganda listlar yuzasi toza bo8ladi. 

Listlarning yoyishda uni yuzini tozaligi katta rol o8ynaydi. Zagotovka qizdirilganda uni 
yuzida oksidlar hosil bo8ladi. Shuning uchun uni yuzini tozalash kerak. Tozalash uchun list 
yuzalarini 15-20 % li H2S�4 bilan ishlob berilib tozalanadi, yuviladi va quritiladi. 

Trubalarni yoyish 
  Trubalar xalq xo8jaligini turli sohalarida keng ishlatiladigan material hisoblanadi. Vazifasiga 

ko8ra trubalar uglerodli, legirlangan konstruksion po8latlardan va rangli metall qotishmalaridan 
yoyish, payvandlab va presslash usullari bilan olinadi. Ishlab chiqarish usuliga qarab chokli va 
choksiz trubalar bo8lishi mumkin. Chokli trubalar uchun boshlang8ich material - po8lat listlardan 
tayyorlangan trubani yoyilmasi asosida kesib olingan zagotovka bo8lib, uni maxsus qurilmalarda list 
yoyish stanlarida bukiladi va choklari payvandlanadi. Choklarni payvandlashni ikki usuli bo8lib, 
birinchi usulda truba zagotovkasi qirralari maxsus qurilmalarda 1300-13500 % qizdirilib havo yoki 
kislorod berilib qirralari ulanadi. Bu usul bilan diametri 75-165 mmli trubalarni olish mumkin. 
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Ikkinchi usul bilan diametri 540-1620 mmgacha, qalinligi 5-20 mm bo8lgan gaz, suv trubalari elektr 
yoyli payvandlash bilan olinadi. Bu usul bilan mustahkam chokli trubalar olish mumkin. Chokli 
trubalarni olish uch bosqichdan iborat: 

1. Truba zagotovkasini qirqish stanlarida qirqish va zagotovkani list qayirish stanlarida egib, 
truba holiga keltirish; 

2. Truba qirralarini payvandlash; 
3. Payvandlangan trubani kalibrlab, list qayirish stanlarida truba zagotovkasini birin-ketin 

stankalardan o8tkazib olinadi. 
  Truba qirralarni payvandlash elektr yoyi bilan yoki gazli payvandlash bilan bajariladi. 
  Truba qirralarini issiq holda payvandlab biriktirishlarda zagotovka maxsus pechlarda 1300-

13500 % qizdirilib, havo yoki kislarod purkalib biriktiriladi. Ba9zan issiqlik bilan payvandlashning 
maxsus konveyyer tipidagi ustanovkalarda ham bajarish mumkin. 

Bunda truba zagotovkasi konus teshikdan o8tkazilib, truba shakliga keltiriladi. Zagotovka 
pech kamerasiga yo8naltirilib, kameraga kislorod yoki havo oqimidan o8tkazilib, truba choki 
payvandlanadi va so8ng kalibrlanadi. 

Bundan tashqari elektrokontaktli elektroinduksion usullar bilan ham truba qirralarni 
payvandlash mumkin. Bu usullarda payvandlash flyus ostida bajariladi.   Keyingi vaqtda spiral 
chokli trubalar ham olinmokda. Bunda ham truba zagotovkasi kesib olingan po8lat list polosalar 
bo8lib, polosalar spiral shaklida burilib, truba shakliga keltiriladi va flyus ostida avtomatik elektr 
yoyli payvandlash bilan chok payvandlanadi. Bunda chok bir tekislikda bo8lmaganligi uchun uning 
mustahkamligi yuqori bo8ladi. 

Xulosa 
1. Texnologik jarayonni tahlil qilish va prokat ishlab chiqarishning texnologik jihozlarini 

tasniflash amalga oshirildi. 
2. Metallurgiya sanoatining prokat sexlarining elektr ta9minoti o8rganilib, eng maqbul sxemasi 

tanlandi. 
3. Prokat-300 asosiy va yordamchi elektr motorlarining optimal ish rejimlari va quvvat sarfi 

tahlili o8tkazildi: 
a) asosiy elektr motorlarining haddan tashqari qizishi va ortiqcha yuklanishini kamaytirish; 
 majburiy shamollatish bilan yopiq foydalanish; 
b) ishga tushirish vaqtida qarshilikdagi energiya yo8qotilishini kamaytirish. 
4. Prokat profillari bo8yicha solishtirma quvvat sarfi va quvvat sarfi miqdoriga ta9sir qiluvchi 

omillar aniqlangan: 
- prokat profillar bo8yicha solishtirma quvvat sarfining matematik modellari qurilgan; 
- elektr yenergiyasining solishtirma iste9molidagi o8zgarishlarni baholash mahsulotlarning 

tuzilishini hisobga olgan holda amalga oshirilishi kerak; 
- solishtirma energiya sarfini rejalashtirish ishlab chiqarishga rejalashtirilgan mahsulotlar 

tarkibini hisobga olgan holda amalga oshirilishi va u o8zgarganda qayta ko8rib chiqilishi kerak. 
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SANOAT KORXONALARINING ELEKTR TARMOQLARIDA  
KUCHLANISH VA REAKTIV QUVVATNI ME9YORLASH 

Radjabov Sh.B., Uzaqov N.Ch., (TMTI) 
Annotatsiya: Sanoat tarmoqlari o'ziga xos xususiyatlarga va sezilarli xilma-xillikka ega. Shu 

sababli, sanoat tarmoqlari uchun elektr energiya sifatini ta'minlash muammosi sezilarli darajada 
kengayib, murakkablashib bormoqda. Xususan, sanoat tarmog'idagi kuchlanish rejimining 
texnologik jarayonlari va ularning texnik-iqtisodiy ko'rsatkichlariga ta'sir masalasi yetarli 
o8rganilmagan. 

Kalit so»zlar: Kuchlanishni rostlash, kompensatsiyalovchi qurilmalar (KQ), reaktiv quvvat, 
samaradorlik, ish tartibi, rejim parametrlari, rostlash sxemasi, sinxron kompensator, kondensator, 
xulosa, taklif. 

Kirish 
Mavzu dolzarbligi: Zamonaviy elektr tizimlari tarmoqlarida talab qilinadigan kuchlanishni 

sifat ko'rsatkichlarini ta'minlash, kuchlanishni rostlash qurilmalarsiz deyarli mumkin emas. 
Kuchlanishni rostlash nafaqat rostlovchi, balki kompensatsiyalovchi qurilmalar (KQ) tomonidan 
ham amalga oshiriladi. KQ dan foydalanish kerakli kuchlanish qiymatlarida reaktiv quvvat bilan 
ta'minlash, shuningdek kuchlanish rejimini o'zgartirish va elektr tarmoqlarining samaradorligini 
oshirish uchun qo8llaniladi. 

Mavzuning maqsadi: 
Sanoat tarmoqlarida kompensatsiyalash va rostlash qurilmalarning kelishilgan ish tartibini 

o'rganish, uni avtomatlashtirishda kuchlanish rejimining samaradorligi mezonini aniqlash. Rostlash 
sxemasini tanlash iste'molchilarning ish rejimiga bog'liq. 

Asosiy qism 
Sanoat korxonalari xilma-xil bo'lishi mumkin. Ular iste'mol qilinadigan quvvat miqdori, 

texnologik jarayonlarning xarakteri, iste'molchilarni elektr ta'minotining ishonchliligini ta'minlash 
va boshqalar bilan farq qiladi: 

yirik - taxminan 75-100 MVt va undan yuqori quvvatga ega; 
o'rta - 5 dan 75 MVt gacha; 
kichik - 5 MVt quvvatgacha; 
Sanoat elektr tarmoqlarida kuchlanishni yuklama rejimi nuqtai nazaridan taxminan quyidagi 

uchta asosiy guruhga bo'lish mumkin:  
�  Vaqt davomida yuklama deyarli o'zgarishsiz. Ular vaqt davomida o8zgarishsiz davom 

etadigan texnologik jarayonlar bilan bog'liq - kamida bir necha hafta davom etadi. Bunday 
texnologik jarayonlar, masalan, elektroliz, rangli metallar ishlab chiqarishda kimyo sanoatida va 
boshqalarda sodir bo'ladi. 

�  Jarayonning davriy o'zgarishi bilan bog'liq yuklamalar. Shu bilan birga, texnologik jarayon 
ma'lum vaqt oralig'ida, masalan, soat ichida yoki bir kunda kichik o'zgarishlar bilan takrorlanadi. 

 
1-rasm. Yuklamalar grafigi:  

a) o8zgarmas; b) ikki bosqichli; c) ko8p bosqichli 
O'zgarishlari tasodifiy bo'lgan yuklamalar. Bunday holda, yuklama qiymati noldan eng katta 

qiymatgacha keskin o'zgarishi mumkin. Yuklamalarning bunday o'zgarishi alohida elektr 
iste9molchilariga xosdir, masalan, metall kesish dastgohlari, elektr payvandlash moslamalari va 
boshqalar uchun. 
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2-rasm. O8zaro munosabatlarning xususiyatlari uchun kuchlanishga qarab har 

xil turdagi sanoat korxonalari uchun: 
1-neft konlari uchun, 2-metalga ishlov berish korxonasi uchun, 3-ko8mir konlari uchun, 4-

to8qimachilik korxonasi uchun, 5-nasos stansiyasi uchun 
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3-rasm. 800 kVt va undan yuqori bo8lgan SD uchun. Shu bilan birga,  3 SD ni nominal 

parametrlar bilan ishlashda quvvat isrofi 
Kuchlanish, oqim va ular orasidagi fazani kesishning belgilangan haqiqiy qiymatlari uchun 

quvvatlar: 
� Aktiv quvvat  

 

� Reaktiv quvvat  
 

� To8la quvvat 

. 

Nominal yuklamada generator kerakli reaktiv quvvatni 60% ni 110 kVdan yuqori 
kuchlanishli elektr uzatuv liniyalari, 20% ni podstansiya yoki iste9molchilar yoniga o8rnatilgan 
kompensatsiya qurilmalari 20% ni ishlab chiqaradi va ular yordamida uzatiladi. 

Reaktiv quvvat iste9molchini xarakteriga bog8liq. Reaktiv quvvatni katta masofaga tarmoqlar 
orqali generatordan iste9molchiga uzatishda isrof ortadi, chunki R va X ning qiymatlari kattalashadi 

(  va ). 
 Ularni kamaytirish uchun, reaktiv quvvat manbai bo8lgan kompensatsiyalovchi uskunalar 

(KU) qo8llaniladi va iste9molchilarni quvvat bilan ta9minlaydi. Liniyani katta reaktiv quvvat bilan 
yuklamaslik uchun, manba iste9molchilarga yaqin o8rnatiladi. 

Bunda liniyadagi isroflar  

 va  

qiymatdan 

 va  

qiymatgacha kamayadi. 
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� Kondensatorlarning o'ziga xos xususiyatlari nominal kuchlanishiga ham bog'liq. Ma'lumki, 

kondensator tomonidan ishlab chiqarilgan reaktiv quvvat Q, unga berilgan kuchlanish U bog8liq. 

 
bu yerda -o'zgaruvchan tokning burchak chastotasi; C-kondensator sig8imi. 

� Agar bir xil kuchlanishli  ikki kondensatorni solishtirish kerak bo'lsa, lekin ulardagi 

kuchlanish  va  quyidagicha bo8ladi : 

 
yoki 

 
� Agar , keyin . Bundan kelib chiqadiki, past nominal kuchlanishda 

kondensatorlar katta sig8imga ega. 
� Kondensator parallel ulanganda undagi kuchlanish me9yoriy tartibda o8zgarmas bo8ladi. 

Ya9ni  

 
bu holatda quvvat sig8imga to8g8ri proporsional 
  
�  Ketma-ket ulanganda kondensator ishlab chiqargan reaktiv quvvatni tok orqali ifodalash 

quyidagicha:  

 
bu holatda esa quvvat sig8imga teskari proporsional  
� Ko8pincha yuklamalarning aktiv quvvat sarfi P ning qiymatlari va quvvat koeffitsienti bilan 

tavsiflanadi: 

 
� Shu bilan birga, reaktiv quvvatni aniqlash uchun tgÇ - reaktiv quvvat koeffitsientining 

qiymatidan foydalanish kerak 
. 

� Ba'zi hollarda hisoblashning odatiy usuli sezilarli xatolarga olib keladi. Masalan, 
cos 0.95 qiymatini 0,96 (1%) ga o'zgartirganda, tg  qiymati 0,36 dan 0,30 gacha (20%) 

o'zgaradi. 
Kuchlanishni rostlashni bir necha usullari mavjud va ular quyidagilar:  
� QR li (qo8zg8atishsiz o8chirilgan holda rostlash) transformatorlarning kerakli 

shaxobchalarini tanlash, ya9ni (transformatsiyalash koeffitsientini )  ni tanlash; 

� Taqsimlovchi tarmoqning ta9minlash markazida kuchlanishni rostlash ; 

� Taqsimlovchi tarmoqlarda kompensatsiyalovchi uskunalardan foydalanib kuchlanishni 

yo8qotilishini kamaytirish; 
� Iste9molchilardagi kuchlanish, yuqori tomondagi kuchlanishdan ko8rilayotgan 

iste9molchigacha kuchlanish yo8qotilishi ayirib aniqlanadi:  
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 yoki iste9molchining haqiqiy kuchlanishi umumiy ko8rinishda  

 
Masalan: liniya oxirida kuchlanish ruxsat etilgan qiymatdan kichik  

 
 Kuchlanishni ruxsat etilgan qiymatgacha ko8tarish uchun liniyaga ketma-ket kondensator 

ulaymiz :  

 
bu yerda kondensator qarshiligi bo8lib 

liniyaga ketma-ket kondensator ulash, bo8ylamasiga kompensatsiyalash deyiladi. 
Xulosa 

� Sanoat korxonalarining elektr tarmoqlarida zarur kuchlanish darajasi elektr tarmog'ining 
tegishli nuqtalarida maksimal va minimal yuklama rejimlarida kuchlanish darajasini tekshirish 
orqali aniqlanadi.  

� Elektr tarmoqlarining barcha elementlarida kuchlanish og8ishini hisoblash kerak. Elektr 
qabul qiluvchilarning ishini tavsiflovchi kuchlanish og8ishini aniqlash uchun elektr tarmog'ining 
parametrlari yuklama grafikalariga ega bo'lishi kerak. 

� Elektr qabul qiluvchilarda kuchlanish og8ishi, kuchlanish yo'qolishi va ta9minlash 
markazidagi kuchlanishni rostlash funksiyasidir. Shu munosabat bilan, kuchlanish og8ishini 
hisoblashda, kuchlanish yo'qotishining hisoblangan qiymati, elektr tarmog'ini hisoblash asosida 
tanlanadi. 

� Ma'lumki, ta9minlash markazining maksimal yuklamasi sanoat korxonasining elektr 
tarmog'ining maksimal yuklamasiga to'g'ri kelmaydi. Reaktiv quvvatni energiya tizimiga IES 
shinalaridan BPP shinalariga liniyalar orqali uzatishda, tuman podstansiyasining shinalaridagi 
kuchlanish darajasiga nisbatan elektr stantsiyasining shinalaridagi kuchlanishni oshirish kerak. 

�  Bo8ylamasiga kompensatsiyani o'rnatish cos <0,9 uchun iqtisodiy hisoblanadi. Yuqori 

kuchlanish uchun bo8ylamasiga kompensatsiyada kondensator quvvati  cos  

qiymatining oshishi bilan ortadi. cos 0,6 da ketma-ket kondensatorlar minimal kuchi talab 
qilinadi. 
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<STANDART KETTING= KORXONASINI ELEKTR  
TA9MINOTI ISHONCHLILIGINI OSHIRISH TADQIQ QILISH 

Raximov Mirkamol Farxodjon o8g8li, Raximov Mirkamol Farxodjon o'g'li 
Farg8ona politexnika instituti , assistent 

Halimjonov Bahtiyor Abduhalil o8g8li, Farg8ona Politexnika instituti, talaba 
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Hozirgi kunda O8zbekistonda energiyga bo8lgan talab o8sib bormoqda va bu energiya 
yetishmovchiligini olib kelmoqda. Qish kunlariga kelib ko8plab qishloq joylarda soatlab to8kning 
bo8lmasliga hatoki ayrim paytlarda sutkalab elektr uzulishlari insonlarga qiyinchilik tug8dirmoqda. 
Bu muommoning oldini olish maqsadida elektr uzulishlari ko8p bo8lgan hududlarga va olis qishloq 
joylarga quyosh panellaridan foydalanish bu muomoni qisman bartaraf etdi. O8zbekistonda yiliga 
320 kundan ortiq quyoshli kun bor. Agar quyoshdan energiya olish imkoniyatini nazarda tutadigan 
bo8lsak, deyarli butun yil davomida quyosh nurlaridan foydalanish uchun haqiqiy sharoitlar mavjud. 
Ya'ni, biz yiliga 182 million tonnadan ortiq neft ekvivalentida energiya olishimiz mumkin bo8ladi. 
Bu hozirda mamlakatda iste'mol qilinadigan energiyadan deyarli uch barobar ko8pdir. Quyosh 
O8zbekistonda eng maqbul va samarali energiya manbai hisoblanadi. Olis aholi punktlariga elektr 
energiyasini an9anaviy usulda tashishda mamlakat 30-35 foizgacha energiya yo8qotadi. Chekka 
hududlarda qayta tiklanadigan energiya manbalaridan foydalanadigan texnologiyalarni qo8llash va 
ayni qishloqlarda quyosh energiyasida ishlaydigan fotoelektr stansiyalarni o8rnatish orqali biz 
energiyani real tejashga erishishimiz mumkin. Birinchidan, bu iqtisodiy jihatdan samarali. 
Ikkinchidan, biz ham elektr, ham issiqlik energiyasini ekologik jihatdan toza olamiz. Har yili dunyo 
bo8ylab energiya manbalarini qayta ishlash natijasida atmosferani ifloslantiruvchi 2,2 million tonna 
zararli moddalar havoga chiqariladi. Bu odamlar va boshqa bioorganizmlarga salbiy ta'sir ko8rsatib, 
turli kasalliklarni keltirib chiqaradi. Shu sababli sayyoramizning o8simlik va hayvonot dunyosi 
azoblanadi. Er, suv, havoning ifloslanishi degradatsiyasi mavjud. Neft va gaz chiqindilarini 
utilizatsiya qilish ham iqtisodiy zararga olib keladi.  

Quyosh panellaridan foydalanish 2 turga bo8linadi. Akumliator bilan ishlaydiga. 
Akkumulyator bilan ishlaydigan Eslarni elektroenergiya yetib bormagan yoki tez-tez uzilishlar 
kuzatiladigan joylarga o8rnatish maqsadga muvofiq. Chunki u zaxirada quyoshdan yig8gan 
energiyasini saqlab turadi va sutkaning istalgan vaqtida undan foydalanish mumkin bo8ladi. Uning 
ishlash tizimi taxminan shunday: Siz foydalanayotgan elektr energiyasi to8satdan o8chib qolsa, 
akkumulyatordagi zaxira energiya avtomat tarzda tarmoqqa ulanadi va ma9lum soatlarga yetadi. 
Tarmoq elektrostansiyasi, unda faqat quyosh panellari va invertorlar bo8ladi. Bu stansiya elektr 
tarmog8i bilan parallel tarzda ishlaydi. Bu usuldan asosan elektr energiyasini iqtisod qilish, tejash 
maqsadida foydalaniladi. Uning ishlash prinsipi taxminan quyidagicha: Quyosh panellaridan 
olingan energiyani invertor 220 yoki 380 voltga aylantirib, kunning yorug8 vaqtida iste9molchiga 
to8g8ridan to8g8ri yetkazib berishi mumkin. Ortib qolgan energiyani esa, davlat elektr tarmog8iga 
uzatib, kunning qorong8i vaqtida yana o8sha elektr tarmog8idan foydalanish imkoni bo8ladi. Shunda 
foydalanuvchi davlat elektr tarmog8idan deyarli foydalanmagan hisoblanadi. Bu panelni ikki 
tomonli o8z hisoblagichi bo8lib, davlat hisobidan va quyosh energiyasidan umumiy qancha 
foydalanilganini ko8rsatib turadi. Quyosh panellari O8zbekistonda ham ishlab chiqariladi.. 
Energetika vazirligining ma9lumotgalarga ko8ra, eng arzon quyosh panellari 150 Vt quvvatga ega, 
bu esa ulardan foydalanib, uyning 5-6 ta xonasini yoritish va bitta televizorni ishlatish imkonini 
beradi. Agar uyda ikkita televizor, bitta muzlatkichni elektr energiyasi bilan ta9minlash zarur bo8lsa, 
kamida 2 kVt quvvatga ega quyosh panellari kerak bo8ladi. Agar oila konditsioner ham ishlatsa 4 3 
kVt quvvatli panellar zarur bo8ladi. Ularni ishlab chiqarishda mahalliy mutaxassislar import 
komponentlaridan foydalanadilar. Shu sababli, narxlar ko8p hollarda xorijiy yetkazib beruvchilar 
narxiga bog8liq. Bugungi kunda 2 kVt blok narxi 18-30 mln so8mga baholanmoqda, o8rnatish 
xarajatlari hisobga olinsa, 3 kVt quvvatga ega agregatni o8rnatish 20-45 mln so8mga to8g8ri keladi. 
Narxlardagi farq mahalliy mahsulotlarning markasiga ham bog8liq. Panellar o8rnatilgach, 
iste9molchi davlat elektroenergiyasidan uzilishi ham mumkin. Faqat bunda tanlangan panel quvvati 
yetarli bo8lishi muhim. Quyosh panellari geografik hududga qarab 3 O8zbekistonda janubga qarab 
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o8rnatilishi 3 mukammal o8rnatish hisoblanadi. Hovli turar joylarga o8rnatish uchun uy tomlari eng 
optimal variant sanaladi. Tomda quyosh panellariga deyarli soya tushmaydi. Katta quvvatli quyosh 
panellari uchun esa, albatta, katta ochiq maydonlardan, daraxtlar soya solmaydigan yerlardan 
foydalanish, atrofiga maxsus to8siqlar o8rnatish tavsiya etiladi. O8rnatishda qattiq jismlar tegsa, 
sinishi mumkinligini ham e9tibordan chetda qoldirmaslik kerak. Panel sinsa, uni ta9mirlash imkoni 
mavjud emas. Akkumulyatorli elektrostansiyalar O8zbekistondagi bugungi kun elektr narxi bilan 
hisoblaganda, 5 yilda o8zini oqlaydi, ya9ni sarflangan mablag8 5 yil ichida chiqadi. Oltinchi yildan 
boshlab, fuqaro bepul elektr energiyasidan foydalanayotgan bo8ladi. Agar kattaroq sanoat 
korxonada foydalanilsa, bir yilga yetmasdan ham oqlashi mumkin. Quyosh panellari o8rtacha 25 yil 
muddat ishlaydigan bo8lsa, 20 yil bepul yorug8lik energiyasi bilan ta9minlaydi. 

Yuqoridagi tahlillar asosida Farg8ona viloyati, Dang8ara tumanida joylashgan <STANDART 
KETTING= ma9sulyati cheklangan jamiyatda ham quyosh panellaridan foydalanish korxona elektr 
energiya iste9molini qoplash va elektr ta9minoti ishonchliligini oshirishga erishiladi.Hozirda ushbu 
korxona elektr isitish pechlari plastik qisimlari ishlab chiqilmoqda.Elektr ta9minotida uzulishlar 
natijasida korxona kerakli quvvatda ishlay olmayapti ham ushbu korxona elektr ta9minoti ulangan 
elektr uzatish linyasida uzulishlar ham ko8p kuzatilmoqda. 

Ushbu korxona ENHAT tizimi orqali olingan ma9lumotlar asosida dekabr oyi uchun 3125 
kVt*soat elektr energiyasini iste9mol qilgan. Demak ushbu ma9lumotlar asosida korxona o8rtacha 
bir soatlik yuklamasini hisoblab chiqiladi. 

W=3125 kVt*soat bo8lsa, 1 oy davomida 25 ish kuni hamda bir kunda 6 soatdan ishlagan 
hisoblanadi. 

Umumiy 1 oy davomida ishlash soatini hiosblaymiz: 
Tum= 25 * 6 = 150 soatni tashkil qiladi. 
Har soatda umumiy oladigan quvvati hisoblaymiz: 
Pum = W / Tum = 3125 / 150 = 20,83 kVt  
Ushbu yuklama bo8yicha quyosh panellarini tanlashimiz va buning uchun quyidagi tenglik 

bajarilishi kerak: 
Pum f Pq.p 

Pq.p 3 quyosh panellarining quvvati . 
CHN130-36P madelidagi bir dona quyosh panelining quvvati P130 =130 Vtni tashkil qilsa , 

umumiy yuklama quvvati bo8yicha tanlanadi. 
Yuqoridagi tengsizlik bo8yicha hisoblaymiz: 
28,83 kVt =Pum f Pq.p = P130 * n 
n = 28,83*1000/130 =221 , 76 ta j 222 ta 
Demak, 222 ta 130 Vtli quyosh panellaridan foydalanilsa to8liq elektr ta9minotidagi uzulishlar 

bo8lsa ham hech qanday to8xtashlarsiz korxona ish faoliyatini davom ettirishi mumkin.  
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�=4?<7 ?>?GG5==OE 6OD465=<= (21) < (22) <47=<F=>= F5?< D5DD><47=<F=OE 
E>54<=<F5?L=OE M?5<5=F>6 E ?D5>5D47G5<O< F>>>< D47D45>F4==OE ?D5>D47?64F5?5= 
5>?LL<E F>>>6 < <E >D<6OE 6 >F=>E<F5?L=OE 54<=<F4E ?>>47O645F, GF> <47=<F=>5 
=4?DO65=<5 64>?L <47=<F=>= F5?< =5?>EF>O==> < <<55F <<=<<4?L=>5 7=4G5=<5 6 F>G>5 
<47=<F=>= =5=FD4?<, 4 <47=<F=O= ?>F>> D4E?D545?5= =5?<=5==> < <5=O5F E6>= 7=4> 6 F>G>5 
<47=<F=>= =5=FD4?<, ?D<G5<, ?D< G65?<G5=<< >>MDD<F<5=F4 74FGE4=<O <47=<F=>7> ?>F>>4 

3ò , =5?>EF>O=EF64 <47=<F=>7> =4?DO65=<O < EF5?5=< =5?<=5==>EF< D4E?D545?5=<O 

<47=<F=>7> ?>F>>4 ?> 4?<=5 <47=<F=>= F5?< >= 6>7D4EF45F. 
�4?DO65==>EF< <>4G?OF<>==>7> <47=<F=>7> ?>?O =4 E>>F65FEF6GNM<E GG4EF>4E 

D5DD><47=<F=>7> E>54<=<F5?L=>7> M?5<5=F4 =4E>4OFEO >4>: 
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�OD465=<O (19) - (20) O6?ONFEO <4F5<4F<G5E><<< <>45?O<< <47=<F=OE F5?5= E 
<>4G?OF<>==O<< >5<>F>4<< D5DD><47=<F=>7> E>54<=<F5?L=>7> M?5<5=F4 D47D45>F4==>7> 
���&. 

&4><< >5D47><, ?D< <EE?54>64=<< <47=<F=OE F5?5= <=4G>F<>==OE 44FG<>>6 5>?LL<E 
F>>>6 4?O GEFD>=EF6 E<EF5< M?5>FD>E=4565=<O M?5>FD<G5E>>7> FD4=E?>DF4 ?>?GG5=O 
4=4?<F<G5E><5 6OD465=<O <47=<F=>7> ?>F>>4 6 D5DD><47=<F=OE E>54<=<F5?L=OE M?5<5=F4E 
< <47=<F=>7> =4?DO65=<O, EE5<4 74<5M5=<O M?5<5=F4D=>7> GG4EF>5 <47=<F=>= F5?<, 4 F4>65 
<4F5<4F<G5E><5 <>45?< <47=<F=>= F5?5 D47D45>F4==>7> 44FG<>4. 

%?<E>> <E?>?L7>64==>= ?<F5D4FGDO 
1. �<<D>6 %.$., C4D4D>6 �.�., $GEF4<>6 �.,. -?5>FD><47=<F=O= 44FG<> F>>4 4?O 

E<EF5< G?D46?5=<O GEFD>=EF64<< FO7>6>7> M?5>FD>E=4565=<O// %<<<G5E>4O F5E=>?>7<O. 
�>=FD>?L < G?D46?5=<5 3 &4L>5=F, 2014 3 7 2. 3 %. 26-31.  

2. �4F5=F $'7. 704217. 'EFD>=EF6> 4?O ?D5>5D47>64=<O F>>4 / �<<D>6 %.$., %4D4D>6 
�.�., &GD4O55>>6 �.%., $GEF4<>6 �.,., %GL5>>>6 �.%.// �D<F<4?L=O= 65EF=<>, 2010. - 78. 

3. $GEF4<>6 �.,., �=4G>F<>==O= 44FG<> F>>4 4?O E<EF5< G?D46?5=<O GEFD>=EF64<< 
FO7>6>7> M?5>FD>E=4565=<O// $5EGDE>E55D574NM<5 F5E=>?>7<< =4 65?57=>4>D>6=>< 
FD4=E?>DF5: &57. 4>>?. $5E?. =4GG=>3F5E=<G5E>>= >>=D5D5=F<< E GG4EF<5< 74DG556=OE 
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GG5=OE. 3&4L>5=F, 2017. %. 77-79 
4. �GF �.�. �D5>5D47>64F5?L=O5 GEFD>=EF64 M?5>FD>?>574>6 ?5D5<5==>7> F>>4. 3 

�>E>64: �4DLDGF, 2006. 4 54 E. 
5.  �4=<?>6 �.�. %>6D5<5==O5 ?D><OL?5==O5 44FG<>< F>>4 // %>6D5<5==4O 

M?5>FD>=<>4. 3 �>E>64, 2004. 3 >>FO5DL. 3 %. 26 3 35. 
6. �4=<?>6 �.�. %>6D5<5==O5 ?D><OL?5==O5 44FG<>< F>>4 // %>6D5<5==4O 

M?5>FD>=<>4. 3 �>E>64, 2004. 3 >>FO5DL. 3 %. 26 3 35. 
7. �GDF>6F56 �.�. �7<5D<F5?L=O5 FD4=ED>D<4F>DO F>>4 =4 0,4 3 10 >�. �>7<>6=>EF< 

G?GGL5=<O E4D4>F5D<EF<> // �>6>EF< -?5>FD>F5E=<><. 3 �>E>64, 2008. 3 7 1(49). 3%. 46-54. 
8. �??>?E><= %.�., �>DE><= �.�. < 4D. $4EG5FO M?5>FD><47=<F=OE ?>?5=. �>4 D54. 

�>DE>>7> �.�. 3 �>E>64: �4DLDGF, 2006. 3 992 E., 
9. �DF5=L56 �.�. �>65D>4 < >4?<5D>6>4 ED54EF6 <7<5D5=<=/ �DF5=L56 �.�., �G>4L56 ..�. 

3 �>E>64: %F4=44DF<=D>D<, 2006. 3 406 E. 
10. �F4<4?O= -.�. �D<5>DO < <5F>4O <7<5D5=<O M?5>FD<G5E><E 65?<G<=: 'G55=>5 

?>E>5<5. 3 �>E>64: �D>D4, 2005. 3 415 E. 
 

����&�$/� �����&�/� � �����&���&�'�%��� �%���&/ 
$��'�,&�&�� ��''���/ %���%&�� �����&�/% ����'�%&�& 

$GEF4<>6 '.$., &<??45>56 �.&.,  
'<DG<>E><= �>EG44DEF65==O= �5447>7<G5E><= '=<65DE<F5F 

rustamov2110@mail.ru  

�57>D=>= EF4FL5 4=4?<7<D>64=O <5E4=<7<O D>D<<D>64=<O =4=>G4EF<F 6 
D47?<G=OE <4FD<F4E, ?5DE?5>F<6=O5 E?>E>5O ?>?GG5=<O =4=>EFDG>FGD, D57G?LF4F>6 
<EE?54>64=<O <47=<F>>?F<G5E><E MDD5>F>6 < =5?<=5==OE >?F<G5E><E MDD5>F>6 6 =4=>-
D47<5D=OE D>F>==OE >D<EF4??4E ?>E?54=OE ?5F, ?D<<5=5=<5 =4=><4F5D<4?>6 6 
<54<F<=E>>= ?D4>F<>5. 

�?NG56O5 E?>64: <47=<F=O5 =4=>G4EF<FO, D5DD><47=<F=O= <4F5D<4?, 
<47=<F>>?F<G5E><= MDD5>F, E<=F57. 

�E=>6=4O G4EFL 
�47=<F=O5 =4=>G4EF<FO, <5E4=<7<O <E D>D<<D>64=<O 6 D47?<G=OE <4FD<F4E, 

>>DD5?OF<< <564G E4D4>F5D<EF<>4<< G4EF<F < D<7<G5E><<< E6>=EF64<< 65M5EF6, <E 
E>45D64M<E, =4E>4OFEO 6 F5=FD5 6=<<4=<O E>6D5<5==>= D<7<>< <47=<F=OE O6?5=<=. $4=55 
5O?4 ?>>474=4 6>7<>6=>EFL E>744=<O <47=<F=OE =4=>G4EF<F 6 5>D4F=>< EF5>?5, 
4>?<D>64==>< >4=>6D5<5==> >>E<44<< 65?574 < D54>>75<5?L=OE ($�) M?5<5=F>6 6 
=56OE>><E >>=F5=FD4F<OE, GF> ?D<4464?> EF5>?G E6>=EF64, E4D4>F5D=O5 4?O 
<47=<F>G?>DO4>G5==>7> E>EF>O=<O, ?D< E>ED4=5=<< ?D>7D4G=>EF< 6 6<4<<>< < 5?<6=5< 
<=DD4>D4E=>< 4<4?47>=4E E?5>FD4[1,2]. $45>F4 [3] ?>E6OM5=4 <EE?54>64=<N EFDG>FGD=>7> < 
<47=<F=>7> G?>DO4>G5=<O =4=>G4EF<F 6 E<EF5<5 EF5>>? K2O3Al2O33GeO23B2O3, 
4>?<D>64==OE >4=>6D5<5==> Fe2O3 < R2O3, 745 R 3 Gd, Tb, Dy, Ho, Er, Yb, <?< Y2O3 < 
Bi2O3 E ?><>MLN D5=F75=>6E>>= 4<DD4>F<< < E?5>FD4?L=OE 746<E<<>EF5= <47=<F=>7> 
>DG7>6>7> 4<ED><7<4 (���). � >4G5EF65 <EE>4=OE <4F5D<4?>6 ?D< E<=F575 EF5>>? 
<E?>?L7>64?< KNO3, Al2O3, GeO2, < H3BO3. �>E<4 65?574 Fe2O3 6 >>=F5=FD4F<< 4.0 <4E. 
% < >>E<4O R2O3 6 >>=F5=FD4F<OE 1.532.0 <4E. % E65DE 100% >E=>6=>7> E>EF464 4>546?O?< 6 
L<EFG ?5D54 E<=F5 7><. &5E=>?>7<O E<=F574 EF5>>? ?D54EF46?5=4 6 [1]. &4><< >5D47><, 
E>7?4E=> 44==O< D5=F75=>6E>>= 4<DD4>F<< < E?5>FD4?L=O< 746<E<<>EFO< ���, >E=>6=>= 
<47=<F=>= D47>= =4=>G4EF<F 6 EF5>?4E O6?O5FEO <4775<<F ³-Fe2O3 [3]. 

�4=<<< <7 E4<OE ?5DE?5>F<6=OE E?>E>5>6 ?>?GG5=<O =4=>EFDG>FGD, ?D<<5=O5<OE 6 
<<>D>-, =4=>- < >?F>M?5>FD>=<>5, O6?ONFEO <5F>4O E <E?>?L7>64=<5< >><?D5EE<>==>= 
??47<O. $4=55 E>>5M4?>EL [4], GF> 6>745=EF6<5 >><?D5EE<>==>7> ??47<5==>7> ?>F>>4 =4 
>D5<=<= E 66545=<5< 6 ??47<G <5F4??<G5E>>7> ?>D>L>4 (Fe, Ni, Co) ?D< 6>4<F > 
D>D<<D>64=<N =4 ?>65DE=>EF< <<L5=< =4=>EFDG>FGD<D>64==>7> >4=>D>4=>7> ?>>DOF<O, 
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?D54EF46?ONM57> E>5>= E?>= ED5D<G5E><E D5DD><47=<F=OE =4=>G4EF<F, >>F>DO5 <>7GF 
<E?>?L7>64FLEO >4G5EF65 5<F>6OE OG55> =>6OE GEFD>=EF6 <47=<F=>= 74?<E< < ED4=5=<O 
<=D>D<4F<< E> E65DE6OE>>>= ??>F=>EFLN, 6OE>>>GG6EF6<F5?L=OE E5=E>D>6 < 44FG<>>6 6 
5<>=4=>F5E=>?>7<OE, <54<F<=5 < 4D. � EF4FL5[5] ?>>474=>, GF> ?>6545=<5 <47=<F=>= 
EFDG>FGDO D5DD><47=<F=OE =4=>G4EF<F 65?574 ED5D<G5E>>= D>D<O 6> 6=5L=5< <47=<F=>< 
?>?5 746<E<F >F <E D47<5D4. '4EF<FO E r f R0 E>ED4=ONF E>EF>O=<5 >4=>D>4=>7> 
=4<47=<G<64=<O, 4 <7<5=5=<5 =4?D46?5=<O =4<47=<G5==>EF< 6 ?5D5>?NG4NM5< ?>?5 =4 
?D>F<6>?>?>6=>5 >EGM5EF6?O5FEO >>75D5=F=O< ?>6>D>F><. �D< r > R  <7<5=5=<5 6=5L=57> 
?>?O ?D<6>4<F > =4DGL5=<N >4=>D>4=>= =4<47=<G5==>EF< G4EF<FO, 6>7=<>=>65=<N < 
D476<F<N 6<ED56>= <47=<F=>= EFDG>FGDO. �45?N445<O= E>4G>>>5D47=O= ?5D5E>4 >F 
>4=>D>4=>= =4<47=<G5==>EF< > 6<ED56>= 6 >FEGFEF6<< 6=5L=57> ?>?O <>6=> D4EE<4FD<64FL 
>4> =5>>F>DO= 4=4?>7 D47>6>7> ?5D5E>44 6F>D>7> D>44 E >D<F<G5E>>= F>G>>= r = 13 =<. �?O 
G4EF<F, D47<5DO >>F>DOE E>?>EF46<<O E L<D<=>= 4><5==>= EF5=>< < >5<5==>= 4?<=>= 4?O 
44==>7> <4F5D<4?4, <<=<<<74F<O E6>5>4=>= M=5D7<< >55E?5G<645FEO =5 D475<5=<5< 
<4F5D<4?4 =4 4><5=O (>4> MF> <<55F <5EF> 6 <4>D>>5D47F4E), 4 D>D<<D>64=<5< 6<ED56>= 
EFDG>FGDO, G<5=LL4NM5= E>5EF65==>5 <47=<F=>5 ?>?5 G4EF<FO 6 55 >>D5EF=>EF<[5]. 

�EE?54>64=<5 <47=<F>>?F<G5E><E MDD5>F>6 < =5?<=5==OE >?F<G5E><E 
MDD5>F>6 6 =4=>-D47<5D=OE D>F>==OE >D<EF4??4E O6?O5FEO >4=>= <7 4>FG4?L=OE ?D>5?5< 
D<7<>< <47=<F=OE O6?5=<=. � F>< G<E?5, D47D45>F>4 E?>E>5>6 G65?<G5=<O 65?<G<=O G7?4 
?>6>D>F4 ??>E>>EF< ?>?OD<74F<< 3 MDD5>F4 $4D445O, ?D54EF46?O5F 646=O= =4GG=O= < 
?D4>F<G5E><= <=F5D5E [6,7]. � =4EF>OM5= D45>F5[10]. �=4?<7<D>64=O E?5>FD4?L=O5 E6>=EF64, 
F.5. G4EF>F=O5 746<E<<>EF< D47=>EF5= ?>>474F5?5= ?D5?><?5=<O < >>MDD<F<5=F>6 
?>7?>M5=<O 4<M?5>FD<G5E><E >D<EF4??>6, >>F>DO<< >?D545?ONFEO E4D4>F5D<EF<>< 
<47=<F>>?F<G5E><E O6?5=<=. �7GG5=O F4>65 E?5>FD4?L=O5 >E>55==>EF< MDD5>F4 $4D445O, 4 
F4>65 4<E?5DE<>==O5 E6>=EF64 <47=<F=>7> >DG7>6>7> 4<ED><7<4. '>474==O5 <EE?54>64=<O 
>5GE?>6?5=O F5<, GF> 6 E>6D5<5==>= =4=>M?5>FD>=<>5 < =4=>D<7<>5 <<55FEO 5>?LL4O 
?>FD55=>EFL 6 <4F5D<4?4E (<?< EFDG>FGD4E) E G4EF>F=> G?D46?O5<O<< <47=<F>>?F<G5E><<< 
E6>=EF64<< [8,9]. �5>5M4O D57G?LF4FO ?>?GG5==OE ?D< 4=4?<75 G4EF>F=OE 746<E<<>EF5= 
D4D44556E>>7> G7?4 6D4M5=<O < G7?4 M??<?F<G=>EF<, <>6=> ?D<=F< > 6O6>4G, GF> <E 
<4>E<<4?L=O5 7=4G5=<O >5D4F=> ?D>?>DF<>=4?L=O F<>?<G5E>>= G4EF>F5 74FGE4=<O 
M?5>FD>==>= 6>?=O. %?54>64F5?L=>, ?D< <4?OE ?>7?>M5=<OE G44UFEO EGM5EF65==> G65?<G<FL 
65?<G<=O <EE?54G5<OE <47=<F>>?F<G5E><E O6?5=<=. �>6=> ?D54?>?>74FL, GF> < =5?<=5==>-
>?F<G5E><5 MDD5>FO, >>F>DO5 <>6=> ?D>4=4?<7<D>64FL 6 E?54GNM<E ?>DO4>4E D47?>65=<O 
?> <=F5=E<6=>EF< 6>?=O, F4>65 5G4< <E?OFO64FL 4=><4?<<. 

� =4EF>OM55 6D5<O <<>D> - < =4=>>D>>D<EF4??<G5E><5 D5DD<FO ?5D5E>4=OE <5F4??>6 
4>EF4F>G=> <EE?54GNFEO, L<D>>> ?D<<5=ONFEO, 4 F4>65 <E?>?L7GNFEO 6 ?D4>F<G5E><E 
?D<?>65=<OE (=4?D<<5D, 4?O ?>?GG5=<O <47=<F=OE 6<4>>EF5=, <47=<F=OE =>E<F5?5= 
<=D>D<4F<<, 74M<F=OE M>D4=>6 >F M?5>FD><47=<F=OE < <>=<7<DGNM<E <7?GG5=<= [11,12], 6 
>4G5EF65 >>=FD4EF=OE 65M5EF6 6 <47=<F=>-D57>=4=E=OE <EE?54>64=<OE [13], <4F5D<4?>6 
4=>44 6 <>==OE ?<F<56OE 54F4D5OE [14,15], >4> >4F4?<74F>D>6 4?O ?>?GG5=<O 4D><4F<G5c><E 
74?>75=>?D><76>4=OE [16] < F. 4.). � D45>F5 [17] ?D54EF46?5=O D57G?LF4FO <EE?54>64=<O 
>D<EF4??<G5E>>= EFDG>FGDO < <47=<F=OE E6>=EF6 =4=>G4EF<F D5DD<F>6 ?5D5E>4=OE 
<5F4??>6 (>>54?LF, =<>5?L, <4D74=5F), E<=F57<D>64==OE G=<D<F<D>64==O< E?>E>5>< E 
<E?>?L7>64=<5< ?DO<OE <<F5?? 4>45F<?EG?LD4F4 =4FD<O. �D<EF4??<G5E>4O EFDG>FGD4 
>5D47F>6 <EE?54>64=4 <5F>4>< 4<DD4>F<< D5=F75=>6E><E ?GG5= =4 ?D>7D4<<=>-4??4D4F=>< 
>><??5>E5 �$��-3� (6 CuK³-<7?GG5=<<). $47<5D G4EF<F >5D47F>6 <EE?54>64= <5F>4>< 
?D>E65G<64NM5= M?5>FD>==>= <<>D>E>>?<< =4 <<>D>E>>?5 JEOL JEM-1011 (GE>>DONM55 
=4?DO65=<5 100 >�). �E5 ?>D>L>< E>45D64F =4=>G4EF<FO >4<=4>>6>7> D47<5D4 6 ?D545?4E 2-
6 =<. �47=<F=O5 E6>=EF64 >5D47F>6 >F5=5=O ?> F5<?5D4FGD=O< < ?>?56O< 746<E<<>EFO< 
G45?L=>= =4<47=<G5==>EF<. �E5 >5D47FO ?D>O6?ONF E6>=EF64 EG?5D?4D4<47=5F<>>6 E 
D47?<G=O<< F5<?5D4FGD4<< 5?>><D>6>< =<65 45 �. 
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�4=<<< <7 ?5DE?5>F<6=OE >4=4<44F>6 6 E>6D5<5==>= 4?LF5D=4F<6=>= M=5D75F<>5 6 
>4G5EF65 >E=>6O F65D4>F>??<6=OE M?5<5=F>6 O6?ONFEO ?5D>6E><F>?>4>5=O5 E<EF5<O =4 
>E=>65 D5DD<F>6 RFeO3 (R=Ce, Y, Ba, Sr) [18-20]. �>6OL5==O= <=F5D5E > 44==><G >?4EEG 
EFDG>FGD >5GE?>6?5= <E <E>465==>= >D<EF4??<G5E>>= EFDG>FGD>= E 6>7<>6=>EFLN 
74?>?=5=<O 64>4=E<= M>6<64?5=F=O<< <>=4<< 65?574 [21], >>F>D4O >>47O645F EGM5EF65==>5 
6?<O=<5 =4 EFDG>FGD=O5, >?F<G5E><5, <47=<F=O5 < 4<M?5>FD<G5E><5 E6>=EF64 [22-23]. �D< 
MF>< =4?<G<5 6 EFDG>FGD5 D5DD<F=OE E<EF5< <47=<F=OE 4><5=>6 ?>76>?O5F <E?>?L7>64FL <E 
6 >4G5EF65 <47=<F>>?F<G5E><E 44FG<>>6, >4F4?<74F>D>6, GEFD>=EF6 4>?7>6D5<5==>7> 
ED4=5=<O 44==OE. �4> <765EF=>, =4=>D47<5D=O5 EFDG>FGDO 6 >F?<G<5 >F <4>D>EFDG>FGD 
>5?444NF 5>?LL>= ??>M44LN 4>F<6=>= ?>65DE=>EF<, 5>?55 6OE>>>= E<<<G5E>>= < 
>>DD>7<>==>= EF>=>>EFLN, G=<>4?L=O<< <47=<F=O<< < M?5>FD<G5E><<< E6>=EF64<<, GF> 
?D<65?> > 4>F<6=><G <E?>?L7>64=<N <E 6 E>6D5<5==>= M=5D75F<>5 < <<>D>M?5>FD>=<>5. 
%D54< 5>?LL>7> D47=>>5D47<O >>E<4=OE ?5D>6E><F>6 < ?5D>6E><F>?>4=>5=OE EFDG>FGD 
>E>5>5 6=<<4=<5 G45?O5FEO D5DD<F4<, 6 >>F>DOE 6 >4G5EF65 D54>>75<5?L=>7> M?5<5=F4 
<E?>?L7G5FEO F5D<=, <=F5D5E > >>F>D><G >5GE?>6?5= 57> >D<EF4??<G5E>>= EFDG>FGD>= < 
?D>6>4OM<<< E4D4>F5D<EF<>4<<. � D45>F5 [24] ?D54EF46?5=O D57G?LF4FO <EE?54>64=<O 
?>?GG5=<O D5DD<F=OE =4=>G4EF<F, 4 F4>65 <7<5=5=<O <E EFDG>FGD=OE, <47=<F=OE < 
>?F<G5E><E E6>=EF6 6 D57G?LF4F5 F5D<<G5E>>7> >F6<74. 'EF4=>6?5=>, GF> <EE>4=O5 
=4=>G4EF<FO ?D54EF46?ONF E>5>= >>E<4 F5D<O CeO2, ED54=<= D47<5D >>F>DOE =5 ?D56OL45F 
20-25 =<. � E>45 <EE?54>64=<O GEF4=>6?5=4 4<=4<<>4 D47>6OE ?D56D4M5=<=, 4 F4>65 
GEF4=>6?5=> =4G4?> D>D<<D>64=<O <47=<F=>= D47O 75<4F<F4 E ?>E?54GNM<< 
G?>DO4>G5=<5< EFDG>FGDO. �?D545?5=>, GF> G65?<G5=<5 F5<?5D4FGDO >F6<74 ?D<6>4<F > 
E=<65=<N >>=F5=FD4F<< ><E?>D>44 6 EFDG>FGD5 =4=>G4EF<F < ?>E?54GNM5<G G?>DO4>G5=<N 
>D<EF4??<G5E>>= D5L5F>< E D>D<<D>64=<5< <47=<F=>= D47O 75<4F<F4. 

�?47>44DO G44G=><G E>G5F4=<N <47=<F=OE, M?5>FD<G5E><E < >?F<G5E><E E6>=EF6 
65?57><FFD<56O= 7D4=4F (���) Y£Fe¥O¡¢ O6?O5FEO 646=O< <4F5D<4?>< 4?O D47?<G=OE 
>5?4EF5= <<>D>6>?=>6>= F5E=<>< < <47=<F>>?F<>< [25-28], =4E>4<F L<D>>>5 ?D<<5=5=<5 6 
>4G5EF65 4>F<6=OE M?5<5=F>6 F65D4>F5?L=OE ?475D>6, F<D>G?OF>D>6, D57>=4F>D>6, 6 
GEFD>=EF64E <47=<F=>= ?4<OF< [29-30]. %FDG>FGD4 ��� ?D54EF46?O5F E>5>= FD5E<5D=O= 
>4D>4E <7 G5D54GNM<EEO F5FD4M4D>6 Fe�4 < >>F4M4D>6 Fe�6, E>54<=5==OE >5M<<< 
65DL<=4<<, 4 >DG?=O5 <>=O Y3+ D4E?>?>65=O 6 4>45>4M4D<G5E><E ?GEF>F4E ><E?>D>4=>= 
D5L5F>< [31]. � D45>F5 [32] �D54?>65= E?>E>5 ?>?GG5=<O =4=>?>D>L>4 65?57>-<FFD<56>7> 
7D4=4F4 <5F>4>< ?>MF4?=>7> >E4645=<O 7<4D>>E<4>6 <FFD<O < 65?574 (III) <7 E?>D<4=OE 
D4EF6>D>6 E<?L=>>E=>6=O< 4=<>=<F>< ��317-8 6 �� - D>D<5 E ?>E?54GNM<< 
?D>>4?<64=<5< ?D5>GDE>D4 ?D< 700 ð%. �D>4G>FO <EE?54>64?< <5F>44<< D5=F75=>D47>6>7> 
4=4?<74, ��-$GDL5 E?5>FD>E>>?<<, M?5>FD>==>= <<>D>E>>?<<, 4 F4>65 <7GG<?< 
<47=<F>>?F<G5E>>5 ?>6545=<5 =4=>>><?>7<F4 =4 >E=>65 MF>7> ?>D>L>4.  

� =4EF>OM55 6D5<O 6EU 5>?LL55 ?D<<5=5=<5 6 <54<F<=E>>= ?D4>F<>5 =4E>4OF 
D47?<G=O5 =4=><4F5D<4?O. �E=>6=O<< ED5D4<< ?D<<5=5=<O <47=<F=OE =4=>G4EF<F 
O6?ONFEO 4<47=>EF<>4 < <=EFDG<5=FO <EE?54>64=<= (5<>E5=E>DO, �$&, <4D>5DO 
5<><>?5>G?, 5<>E5?4D4F<O < ?D>5>?>47>F>6>4, <EE?54>64=<O <>?5>G?OD=>7> 
674<<>45=EF6<O). �=>7>>55M4NM4O >5?4EFL ?D<<5=5=<O <47=<F=OE =4=>G4EF<F 3 44D5E=>5 
F5D4?56F<G5E>>5 6>745=EF6<5 (F5?564O 4>EF46>4 F5D4?56F<G5E><E <>?5>G?, G?D46?O5<4O 
?>>4?L=4O 7<?5DF5D<<O >?GE>?5=) [33-39]. �4=>= <7 >E=>6=OE ?D>5?5< ?>?GG5=<O 
=4=>G4EF<F O6?O5FEO E>ED4=5=<5 <E EF45<?L=>EF< < 74M<F4 >F 47D574F<<. � E>45 
<EE?54>64=<= 5O?4 ?D>6545=4 >F5=>4 GEF>=G<6>EF< > 47D574F<< <47=<F=OE =4=>G4EF<F =4 
>E=>65 >>E<4>6 <5F4??>6 ?5D5<5==>= 64?5=F=>EF<. � EF45<?L=>EF< =4=>G4EF<F <4D74=F56>7> 
D5DD<F4 < <47=5F<F4 EG4<?< ?> 65?<G<=5 ·-?>F5=F<4?4. � D45>F5 [40] <E?>?L7>64?< =4FD<=-
4F5F4F=O= 5GD5D (D� 4.0-5.5), =4FD<=-D>ED4F=O= 5GD5D (D� 5.5-8.0), FD<E-7?<F<=>6O= 5GD5D 
(D� 8.0-9.0) E >>=F5=FD4F<5= E>?5= 100 <<>?L/?. �O?> GEF4=>6?5=>, GF> ?D< 7=4G5=<OE D� 
(4.0-5.5) 6OO6?ONFEO =<7><5 7=4G5=<O ·-?>F5=F<4?4, GF> E6<45F5?LEF6G5F > 6OE>>>= 
=5EF45<?L=>EF< E<EF5<O. 'EF4=>6?5=O >?F<<4?L=O5 GE?>6<O, ?D< >>F>DOE =45?N445FEO 
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<<=<<4?L=4O 47D574F<O <47=<F=OE =4=>G4EF<F : 4?O <4D74=F56>7> D5DD<F4 - FD<E-
7?<F<=>6O= 5GD5D E> 7=4G5=<O<< D� 8.0-8.5, 4?O <47=5F<F4 3 =4FD<=-D>ED4F=O= 5GD5D 6 
4<4?47>=5 D� 6.5-8.0 < FD<E-7?<F<=>6O= 5GD5D E> 7=4G5=<O<< D� 8.0-8.5. �>?GG5==O5 
D57G?LF4FO D4EL<DONF <<5NM<5EO 6 ?<F5D4FGD5 44==O5 > ?>?GG5=<< <47=<F=OE =4=>G4EF<F 
=4 >E=>65 >>E<4>6 <5F4??>6 < <>7GF 5OFL <E?>?L7>64=O ?D< <E E<=F575 4?O ?D<<5=5=<O >4> 
6 4<47=>EF<>5 745>?564=<=, F4> < 6 F5D4?<< 4?O F>G=>7> =4F5?<64=<O ?5>4DEF65==OE ED54EF6 
E ?><>MLN <47=<F=>7> ?>?O. � E>45 <EE?54>64=<= >?D545?5=4 EF45<?L=>EFL 
=4=>G4EF<F <4D74=F56>7> D5DD<F4 < <47=5F<F4 6 D47?<G=OE 5GD5D=OE E<EF5<4E. 
'EF4=>6?5=O >?F<<4?L=O5 7=4G5=<O D� 4?O ?>?GG5=<O EF45<?L=OE =4=>G4EF<F. �>?GG5==O5 
D57G?LF4FO <>7GF 5OFL <E?>?L7>64=O ?D< E<=F575 <47=<F=OE =4=>G4EF<F E F5?LN E=<65=<O 
<E 47D574F<<. %F45<?L=>EFL E<=F57<DG5<OE =4=>G4EF<F 5G45F O6?OFLEO D5L4NM<< 
?4D4<5FD>< ?D< <E ?D<<5=5=<< >4> 6 4<47=>EF<>5, F4> < 6 F5D4?<< ?>ED54EF6>< 44D5E=>= 
4>EF46>< ?5>4DEF65==OE ?D5?4D4F>6[40]. 

� D4<>4E 4<EE5DF4F<>==>= D45>FO <EE?54>64=O E?>E>5O >>=FD>?O D47<5D>6 
65?57>G7?5D>4=OE =4=>G4EF<F ?>>DOFOE 5OGL<< EO6>D>F>G=O< 4?L5G<<=><. $47D45>F4= 
<5F>4 E<=F574 EF45<?L=OE 4<47=>EF<G5E><E D5475=F>6 =4 >E=>65 65?57>G7?5D>4=OE 
=4=>G4EF<F, DG=>F<>=4?<7<D>64==OE D47?<G=O<< F<?4<< D4E?>7=4NM<E <>?5>G?. �?5D6O5 
?D54?>65= /�$-<<<G=>4=4?<7 =4 >E=>65 ?>D<EF>= F65D4>= D47O 4?O >?D545?5=<O 
?D>EF4FE?5F<D<G5E>>7> 4=F<75=4. %>744= E>65DL5=EF6>64==O= /�$-<<<G=>4=4?<7 E 
<E?>?L7>64=<5< ??4=L5F4 4?O <<<G=>?>7<G5E><E D54>F<=. $47D45>F4==O= <5F>4 E>G5F45F 6 
E555 ?D5<<GM5EF64 F65D4>D47=>7> 4=4?<74 < 4=4?<74 6 >5N5<5 6<4>>EF<. -DD5>F<6=>EFL 57> 
<E?>?L7>64=<O 5O?4 ?>>474=4 =4 ?D<<5D5 F5EF-E<EF5<O 4?O >?D545?5=<O 4=F<F5? ?D>F<6 
EF>?5=OG=>7> 4=4F>>E<=4[46]. 

%<=F57 =>6OE =4=>EFDG>FGD E G5D54>64=<5< <47=<F=OE < =5<47=<F=OE 
E?>56 GD576OG4==> 4>FG4?5= 6 E6O7< E 5GD=O< D476<F<5< =>6>7> =4?D46?5=<O 
M?5>FD>=<>< 3 E?<=FD>=<><, >E=>64==>< =4 E?<=-?>?OD<7>64==>< M?5>FD>==>< FD4=E?>DF5. 
-F> >5GE?46?<645F 4>FG4?L=>EFL D47D45>F>< 6OE>>>F>G=OE < G4>5=OE 6 <E?>?L7>64=<< 
<5F>4>6 >>=FD>?O E6>=EF6 ?>?GG45<OE EFDG>FGD. � E>6D5<5==>= F5E=>?>7<< ?D><76>4EF64 < 
<5F>44E 
4=4?<74 F>=>>??5=>G=OE D5DD><47=<F=OE <4F5D<4?>6 646=5=LGN D>?L <7D4NF 
?>65DE=>EF=O5 MDD5>FO, >>F>DO5 GG6EF6<F5?L=O > >EF4F>G=>= 4F<>ED5D5 6 F5E=>?>7<G5E>>= 
>4<5D5 < 6=5 55 ?D< EF4=44DF=OE <7<5D5=<OE ex situ. 

�7?>65==O= 6OL5 <4F5D<4?O ?>>47O645F, E>7?4E=> 44==O< D5=F75=>6E>>= 
4<DD4>F<< < E?5>FD4?L=O< 746<E<<>EFO< ���, >E=>6=>= <47=<F=>= D47>= =4=>G4EF<F 6 
EF5>?4E O6?O5FEO <4775<<F ³- Fe2O3. �?O G4EF<F, D47<5DO >>F>DOE E>?>EF46<<O E L<D<=>= 
4><5==>= EF5=>< < >5<5==>= 4?<=>= 4?O 44==>7> <4F5D<4?4, <<=<<<74F<O E6>5>4=>= 
M=5D7<< >55E?5G<645FEO =5 D475<5=<5< <4F5D<4?4 =4 4><5=O (>4> MF> <<55F <5EF> 6 
<4>D>>5D47F4E), 4 D>D<<D>64=<5< 6<ED56>= EFDG>FGDO, G<5=LL4NM5= E>5EF65==>5 
<47=<F=>5 ?>?5 G4EF<FO 6 55 >>D5EF=>EF<. �4=>D47<5D=O5 D5DD<FO >>54?LF4, =<>5?O, 
<4D74=F4, >>F>DO5 <>7GF 5OFL ?>?GG5=O <7 >FD45>F46L<E E6>= ED>> <47=<F=OE <4F5D<4?>6 E 
<E?>?L7>64=<5< 7<5D<4=>= F5E=>?>7<<, >5?444NF EG?5D?4D4<47=<F=O<< E6>=EF64<< < <>7GF 
?D<<5=OFLEO 6 >4G5EF65 >><?>=5=F>6 «<47=<F=OE <O?», 4 F4>65 6 4DG7<E ?D4>F<G5E><E 
?D<?>65=<OE, 745 MF> >4G5EF6>, 557GE?>6=>, =5>5E>4<<>. �4 >E=>65 ?>?GG5==OE 44==OE 
GEF4=>6?5=4 4<=4<<>4 D47>6OE ?D56D4M5=<= ?>4 45=EF6<5< F5<?5D4FGDO, 4 F4>65 
GEF4=>6?5=> =4G4?> D>D<<D>64=<5 <47=<F=>= D47O 75<4F<F4 6 =4=>G4EF<F4E. �?D545?5=>, 
GF> G65?<G5=<5 F5<?5D4FGDO >F6<74 ?D<6>4<F > E=<65=<N >>=F5=FD4F<< ><E?>D>44 6 
EFDG>FGD5 =4=>G4EF<F < ?>E?54GNM5<G G?>DO4>G5=<N >D<EF4??<G5E>>= D5L5F>< E 
D>D<<D>64=<5< <47=<F=>= D47O 75<4F<F4. 

�>7<>6=>EF< E<<<>>6-E<=F5F<>>6 6?<OFL =4 <47=<F=O5 E4D4>F5D<EF<>< 
E<=F57<DG5<OE =4=>G4EF<F ?GFU< <7<5=5=<O <E <>DD>?>7<<: D47<5D>6, D>D<O < E>EF464, 
E>>F=>L5=<O O4D>->5>?>G>4, D4E?>?>65=<O G4EF<F 6 <4FD<F5; F5<?5D4FGD=4O >5D45>F>4 
(>F6<7) <>65F <5=OFL >D<EF4??<G5E>GN EFDG>FGDG O4D4 < >5>?>G>< < F.?. �F45?L=O5 F<?O 
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<47=<F=OE =4=>G4EF<F 4>EFG?=O G65 E5=G4E, =5>>F>DO5 D<D<O ?D><76>4OF < ?>EF46?ONF 
>5D47FO. � <E?>?L7>64=<< <47=<F=OE G4EF<F 6 5<>?>7<< < <54<F<=5 (?D5645 6E57>, 4?O 
?5G5=<O D4>4), =4<5F<?EO 7=4G<F5?L=O= ?D>7D5EE < 44?L=5=L<5 ?5DE?5>F<6O 745EL >EF4NFEO 
65EL<4 5?47>?D<OF=O<<. <>7GF <E?>?L7>64FLEO 6 F5E=>= 674<<>E6O7<. 
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$G7<564 �.�.(����), �GD>4>6 �.( ����), �E<><?6>=>6 �.$(&�&') 
�==>F4F<O: �4==>< EF4F<5 ?>>474=4 >>=F5=FD<DGNM<<< GEFD>=EF64<< < ?4D=<>>6O5 

75?<>EGL><.[1]. �E=>6>= F5>D<< EGL>< 74>>=><5D=>EF< ?5D5=>E4 F5??4 < 6?47< 6> 
6?46=OE<4F5D<4?4E ?D< 674<<>45=EF6<< <E E =4DD5FO<< 7474<<, E 7>DOG<<< ?>65DE=>EFO<<, 
4 F4>65 6 ?D>F5EE5 >5?GG5=<O F5??>6O<< < M?5>FD><47=<F=O<< 6>?=4<< ?D< =4?<G<5 
D47>6OE ?D56D4M5=<=. 

�?NG>6O5 E?>6>: ?4D=<>>6O5 75?<>EGL><, <=>7>>><>=5=F=GN ED54G, E?>O DDG>F>6, 
EGL><?5D5<5M5=<5 6?47<, >5576>6<64=<< ?>D<EF>7> F5?4. 

� ?5D56>45 M>>=><<>< $5E?G5?<>< '755><EF4= =4 ?GFL D476<F<O DO=>G=>= M>>=><<>< 
646=GN D>?L <7D45F E>744=<5 =>6OE <4?>>FE>4=OE < 557>FE>4=OE F5??>F5E=>?>7<G5E><E 
?D>F5EE>6, 6OE>>>MDD5>F<6=OE <=>7>DG=>F<>=4?L=OE <4L<= < 4??4D4F>6. �4DO4G E MF<< 
646=>5 6=<<4=<5 G45?O5FEO M>>=><<< EODL56OE < M=5D75F<G5E><E D5EGDE>6 < ?>6OL5=<N 
>4G5EF64 7>F>6>= ?D>4G>F<<. �4=<< <7 D4E?D>EFD4=5==OE F5??>F5E=>?>7<G5E><E ?D>F5EE>6 
O6?O5FEO EGL>4, >>F>D4O EGM5EF65==> 6?<O5F =4 >4G5EF6>, 6D5<O >5D45>F>< < 
M=5D7>?>FD55?5=<5 ?D><76>4<<>= ?D>4G>F<<, =4 4>?N >>F>D>= ?D<E>4<FEO 4> 60% 6E5E 
M=5D7>74FD4F. 

$4EG5F=O5 746<E<<>EF< 4?O >?D545?5=<O >>MDD<F<5=F>6 <4EE>>F44G<, 6=GFD5==5= 
4<DDG7<< 6?47< 6 <4F5D<4?5 < >F=>E<F5?L=>= GE44>< <>7GF 5OFL <E?>?L7>64=O 4?O D4EG5F4 
?D>F5EE4 F5??>- < <4EE>5<5=4 ?>4>5=OE <4F5D<4?>6 
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'EFD>=EF64 ?D54=47=4G5==O5 4?O EGL>< 6?46=OE <4F5D<4?>6 E <E?>?L7>64=<5< 
E>?=5G=>= M=5D7<< ?GF5< ?D5>5D47>64=<O 55 6 F5??>6GN, <>6=> D4745?<FL =4 465 7DG??O: 
GEF4=>6>< E >>=F5=FD<DGNM<<< GEFD>=EF64<< < ?4D=<>>6O5 75?<>EGL><.[1]. 

�E=>6>= F5>D<< EGL>< 74>>=><5D=>EF< ?5D5=>E4 F5??4 < 6?47< 6> 6?46=OE <4F5D<4?4E 
?D< 674<<>45=EF6<< <E E =4DD5FO<< 7474<<, E 7>DOG<<< ?>65DE=>EFO<<, 4 F4>65 6 ?D>F5EE5 
>5?GG5=<O F5??>6O<< < M?5>FD><47=<F=O<< 6>?=4<< ?D< =4?<G<5 D47>6OE ?D56D4M5=<=. 

&5>D<O EGL>< EG<F45FEO 646=O= D4745? =4G>< > F5??><4EE>>5<5=5. �4>>=><5D=>EF< 
?5D5=>E4 M=5D7<< < <4EEO 6> 6?46=OE <4F5D<4?4E 6 ?D>F5EE5 <E >5576>6<64=<O O6?ONFEO 
>G5=L E?>6=O<< < 5M5 =54>EF4F>G=> <7GG5==O<<. � =4F>OM55 6D5<O< <<55FEO <4?> D45>F 
>5>5M4NM57> E4D4>F5D4. �D4>F<G5E>< =5 <7GG5=O 6>?D>EO F5??><4EE>>5<5=4 6 ?D>F5EE4E 
EGL>< 6 75?<>E<EF5<4E. 

�?46=O= <4F5D<4?, ?>4?564M<= EGL>5 ?D54EF46?O5F E>5>= <=>7>D47=GN < 
<=>7>>><>=5=F=GN ED54G.%GL>4 F4>>= E<EF5<O ?D< ?D>=<7O64=<< EGL<?L=O< 475=F>< 3 
E?>6=O= ?D>F5EE, E>?D>6>644NM<=EO F5??><4EE>?5D5=>E>< <564G D47?<G=O<< D474<< < 
>><?>=5=F4<< E<EF5<O. �7GG45FEO MF4 E<EF5<4 =4 D47?<G=OE GD>6=OE ?>4D>5=>EF< < 
E?>6=>EF<. �4=4>> 6 E6O7< E <=>7>D47=>EFLNED54O GD46=5=<O, 55 >?<EO64NM<5 4>?6=O 
E>45D64FL ?>65DE=>EF< D4745?4 D47 <5> G5D57 =<E >EGM5EF6?O5FEO ><=5<4F<G5E>>5, 
4<=4<<G5E>>5 < F5D<>4<=4<<G5E>>5 674<<>45=EF6<5 <564G D474<<. 

�4>>=><5D=>EFL F5??><4EE>>5<5=4 6 E<EF5<5 75?<>GEF4=>6>4 6?46=O= <4F5D<4? 
>>DG64NM4O ED544 4>?6=4 5OFL >?<E4=4 E>>F65FEF6GNM<<< GD46=5=<O<<, >4G5EF65==> < 
>>?<G5EF65==> G4>6?5F6>DONM<<< D54?L=><G ?D>F5EEG.[3]. 

� >5M5< E?GG45 D<7<G5E>4O <>45?L ?D>F5EE4 <>65F 5OFL ?D54EF46?5=4 E?54GNM<< 
>5D47><. %GL>4 6?46=>7> <4F5D<4?4 ?D><EE>4<F 6 E?>5,>>F>DO= E4D4>F5D<7G5FEO F>?LM<=>= 
h < ??>M44LN ?>65DE=>EF< S. %?>= E>EF>OM<= <7 54<=<G=OE M?5<5=F>6 E4D4>F5D<7GNM<EEO 
>5N5<>< V1??>M44LN ?>65DE=>EF4 , S1, ?>?=>EFLN < 6?47>E>45D64=<5< w1. �D>EFD4=EF6> 
<564G 54<=<G=O<< >5N5>F4<< 6=GFD< E?>O 74?>?=5=> 6>74GE><, E4D4>F5D<7GNM<<EO 
F5<?5D4FGD>= 3??>F=>EFLN 6>4O=OE ?4D>6 3 E>>D>EFLN ?>F>>4. �4D4<5FDO 6>74GE4 6=5 E?>O 
>5>7=4G4NFEO 557 7=4>4. �E?4DO5<4O 6?474 <7 <4F5D<4?4 ?5D6>=4G4?L=> ?>EFG?45F 6 
6>74GL=>5 ?D>EFD4=EF6> 6=GFD< E?>O, 4 74F5< ?>4 6>745=EF6<5< F<D>G?OF<< ?5D5E>4<F 6=5 
E?>5 < 44?55 6 >>DG64NMGN ED54G.� 746<E<<>EF< >F E?>E>54 M=5D7>?>46>44 > 
6OEGL<645<><G <4F5D<4?G >=< ?>4D4745?ONFEO >>=65>F<6=O5, D44atsi>==O5 < 
>><5<=<D>64==O5. 

� >>=65>F<6=OE 75?<>EGL<?>4E 6OEGL<645<O= <4F5D<4? 6>E?D<=<<45F F5??> >F 
6>74GE4, =47D5F>7> 6 75?<>6>74GE>=47D564F5?OE. �EF5EF65==4O F5D>G?OF<O EGL<?L=>7> 475=F4 
=5E>>?L>4 >7D4=<G<645F ?D><76>4<F5?L=>EFL >>=65>F<6=OE EGL<?>>, F4> >4> =5 
>55E?5G<645F <=F5=E<6=>7> ?D> =<7O64=<O F5??>=>E<F5?5< E?>O DDG>F>6. � >?<EO645FEO 
>>=EFDG>F<O E>?=5G=>= EGL<?>< ?D><76>4<F5?L=>EFLN 770>7/45=L ?D< E=<65=<< 6?46=>EF< 
?D>4G>F4E 30 4> 18%. �47D5645<O= 6>74GE =4?D46?O5FEO 65=F5?OF>D>< 6 FG==5?L, 745 
>FD454FO645<O5 DDG>FO D4E?>?>65=O =4 F>=><E 5G>>6OE ??4=>4E. �>=FD>?L=4O EGL>4 =4 
6>74GE5 ?>>474?4 7=4G<F5?L=>5 ?>6D5645=<5 DDG>F>6,6 F> 6D5<O >4> 6 E>?=5G=>= 
EGL<?>5??>4O 45E>?NF=> =56D54<<O. %>?=5G=O5 D44<atsi>==O5 EGL<?L=O5 GEF4=>6>< 
?D54EF46?ONF E>5>= 54<=O= 47D574F, 6 >>F>D><6OEGL<645<O= ?D>4G>F D47<5M4NF 
=5?>ED54EF65==> ?>4 6>745=EF6<5< E>?=5G=>= D44<atsi<. �E=>6=4O 4>?O M=5D7>?>46>44 > 
<4F5D<4?G >EGM5EF6?O5FEO D44<atsi>==O< E?>E>5><. �><5<=<D>64==> 75?<>EGL<?>4 
?D54EF46?ONF E>5>= E>G5F4=<5 46GE F<?>6 GEF4=>6>>.[2]. 

�?46=O= <4F5D<4? ?D54EF46?O5F E>5>= >>??><4=>5 >4?<??OD=> 3 ?>D<EF>5 F5?>, 6?474 
6 >>F>D>< E6O74=4 D47?<G=O<< D>D<4<< E6O7<. �4<<5=55 ?D>G=>= E6O7LN >5?4445F 6?474, 
=4E>4OM4OEO 6 <<>D>?>D4E < >4?<??OD=OE F5?4. �D< 55 G44?5=<< ?D>F5EE <E?4D5=<O <>65FL 
5OFL D4EE<>FD5= >4> <E?4D5=<5 E> E6>5>4=>= ?>65DE=>EF< 6>4O < ?>65DE=>EFL <E?4D5=<O 
E>6?4445F E ?>65DE=>EF< F5?4. �> <5D5 6OEOE4=<O F5?4 =4G<=45FEO ?D>F5EE G7?G5?5=<O 7>=O 
<E?4D5=<O.  
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�5OG=> 674<<>45=EF6<5 <564G 747>< < G4EF<F4<< 6 E?>5 6>?NG45F =5 >4<= 
F5??>>5<5=, 4 F5??>>5<5=, E>?D>6>644NM<=EO ?<5> <4EE>?5D5=>E><, ?<5> E<<<G5E>>= 
D54>F<5=. �4=4>> 6>7<>6=> ?D<<5=5=<5 E?>O 4?O ?D>EF>7> =47D564=<O <?< >E?4645=<O 
7D4=G?<D>64==OE F65D4OE G4EF<F.  

�5 7>6>DO G65 > ?D4>F<G5E>>< 7=4G5=<<, <7GG5=<5 <5E4=<7<4 F5??>>5<5=4 <564G 
E?>5< F65D4OE G4EF<F < ?57>>= D47>= O6?O5FEO 65EL<4 646=>= ?5D6>= EFG?5=LN 4?O 
?>=<<4=<O 5>?55 E?>6=OE 674<<>45=EF6<=, 6>?NG4O F4><5 ?D>F5EEO, >4> EGL>4. 

$4EE<>FD<< >5M<= <5E4=<7<, ?> >>F>D><G F5??>F4 ?5D5445FEO >F ?57>>= D47O > E?>N 
F65D4OE G4EF<F, 6D5<5==> ?D54?>?>6<6, GF> ?5D544G4 F5??>FO > >F45?L=>= G4EF<F5 
?D><EE>4<F E>>D55 6 GE?>6<OE 6=5L=57> >>=FD>?O, G5< ?<<<F<DG5FEO 55 ?D>=<>=>65=<5< 
6=GFDL G4EF<FO. 

&4> >4>, F65D4O5 G4EF<FO E>D>L> ?5D5<5L<64NFEO, <E ED54=OO F5<?5D4FGD4 6 
D47?<G=OE G4EFOE E?>O 4>?6=4 5OFL 6 >E=>6=>< ?>EF>O==>=. �>=<65=<5 F5<?5D4FGDO 
?57>>= D47O ?> <5D5 55 ?D>46<65=<O 6 65DE=NN G4EFL E?>O 5G45F >?D545?OFLEO GE?>6<5< 
D56<<4 <454?L=>7> 6OF5E=5=<O 4?O ?57>>= D47O.[4]. 

� ?D>F5EE4E EGL>< ?5D5<5M5=<5 6?47<, F> 5EFL, <4EE>>5<5= 6 <4F5D<4?5 ?D><EE>4<F 
>4> 6 6<45 6<4>>EF<, F4> < 6 6<45 ?4D4. &D4=E?>DF 6<4>>EF< <>65F >EGM5EF6?OFLEO: 
>4?<??OD=O< ?5D5=>E>< ?>4 45=EF6<5< D47=>EF< >4?<??OD=OE ?>F5=F<4?>6, ??5=>G=>7> 
F5G5=<O, >5GE?>6?5==>7> 7D44<5=F>< D4E>?<=<64NM57> 446?5=<O ??5=><, ?>65DE=>EF=>= 
4<DDG7<< 6 <<>D>- < ?5D5E>4=OE ?>D4E, 6 D57G?LF4F5 F5G5=<O ?>4 45=EF6<5< 
7D46<Fatsi>==OE E<? (6 >DG?=>?>D<EFOE F5?4E), F5D<>>4?<??OD=>7> F5G5=<O 6<4>>EF< 6> 
6E5< >5N5<5 ?>DO, F5D<>>4?<??OD=>7> ??5=>G=>7> 46<65=<O 64>?L EF5=>< ?>DO [7]. 

�5 6E5 <5E4=<7<O <4EE>?5D5=>E4 (6 G4EF=>EF<-<7>F5D<<G5E>>7> <4EE>?5D5=>E4) 6=>EOF 
6 F>< <?< 4DG7>< >>=>D5F=>< E?GG45 EGM5EF65==O= 6>?44 6 >5M<= ?>F>> 65M5EF64. �D< 
5>?LL<E 6?47>E>45D64=<O <4F5D<4?4 ?D5>5?444NM<< <5E4=<7<>< <4EE>?5D5=>E4 O6?O5FEO 
>4?<??OD=O=. �4?<??OD=>5 46<65=<5 6<4>>EF< 6 ?>D<EFOE F5?4E 6O7O645FEO >4?<??OD=O<< 
E<?4<< 6E4EO64=<O, >>F>DO5 >?D545?ONFEO 75><5FD<G5E><<< E6>=EF64<< E<EF5<O < 
E<4G<645<>EFLN EF5=>> ?>D. �4?<??OD=O5 E<?O < ?D>F<6>45=EF6GNM<5 << E<?O FD5=<O 
746<EOF >F D44<GE4 >4?<??OD4, ?>MF><G 6 F5?5 E ?>?<>4?<??OD=>?>D<EF>= EFDG>FGD>= 6 
>464>= ?>D5 45=EF6GNF E6>< E<?O, >>F>DO5 6E?54EF6<5 E>54<=5=<O ?>D <564G E>5>= 
?>EF>O==> 674<<>45=EF6GNF, GF> E>7445F E?>6=GN >4DF<=G E<?>6>7> ?>?O. '5< F>=LL5 ?>DO, 
F5< 5>?LL5 >4?<??OD=4O E<?4 6E4EO64=<O, >>F>D4O 4?O F<?<=4D<G5E>>7> >4?<??OD4 D46=4: 

$>4? = 2ó cosñ /r 
745 ó 4 ?>65DE=>EF=>5 =4FO65=<5 =4 7D4=<F5 6<4>>EFL - 6>74GE. 

�D< >5576>6<64=<< ?>D<EF>7> F5?4 <5=<E>< 6 F>=><E ?>D4E, 6E?54EF6<5 <E 5>?LL57> 
>4?<??OD=>7> ?>F5=F<4?4, 6E4EO64NF 6?47G <7 5>?55 L<D>><E ?>D, GF> < >5GE?>6?<645F 
>4?<??OD=O= ?>F>>.[5]. 

$<7<G5E><= 4=4?<7 O6?5=<O ?5D5=>E4 <4EEO 6 >4?<??OD=> ?>D<EF>< <4F5D<4?5 
?>>47O645F, GF> MF> - E?>6=O= ?D>F5EE, E>EF>OM<= <7 DO44 <5E4=<7<>6, ?D>O6?ONM<EEO 6 
F>= <?< <=>= <5D5 6 746<E<<>EF< >F 6<44 ?D>F5EE4 (EGL>4, 44E>D5F<O, M>EFD47<D>64=<5). 
�D<<5=<F5?L=> > >F45?L=O< ?D>F5EE4< <>6=> 6O45?<FL E?54GNM<5 >E=>6=O5 <5E4=<7<O. 

�?4EE >>??><4=OE >4?<??OD=> ?>D<EFOE <4F5D<4?>6 3 ?>D<EFO5 <4F5D<4?O E 
?D>=<F45<O<< EF5=>4<< ?>D. %>5EF65==>, F65D44O D474 F4>65, GG4EF6G5F 6 <4EE>?5D5=>E5. � 
MF>< E?GG45 G44?5=<5 6?47< <7 74<>=GFOE ?>D ?D<EGL>5 <4F5D<4?>6 D4EF<F5?L=>7> 
?D><EE>645=<O (E5<5G>4).  

�?474, =4E>4OM4OEO 6 4<E?5DE=>< F5?5, G45D6<645FEO 6 =5< E<?4<< D47?<G=>= 
65?<G<=O < ?D<D>4O, 45=EF6<5 >>F>DOE <>65F <7<5=OFLEO 6 746<E<<>EF< >F 
6?47>E>45D64=<O, F5<?5D4FGDO < ?>D<EF>= EFDG>FGDO. �?O F5D<>4<=4<<G5E>>7> >?<E4=<5 
E>EF>O=<O 6?47< >4?<??OD=>-?>D<EF>7> F5?4 6 MF<E GE?>6<OE =G6=> D4E?>?474FL >><??5>E>< 
F5D<>4<=4<<G5E><E DG=>F<=, F4><E, >4> <7<5=5=<5 M=F4?L?<< ��, M=FD>?<< �S, E6>5>4=>= 
M=5D7<< �F ?D< >?D545?5=<< 6?47>E>45D64=<< J < F5<?5D4FGD5 &. %6>5>4=4O M=5D7<O �F 
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>>?<G5EF65==> E4D4>F5D<7G5F ?>F5=F<4?L=GN E?>E>5=>EFL 65M5EF64, ?D<45D6<645F 
E<<<G5E>>5 <?< D<7<G5E><5 ?D56D4M5=<O [6]. 

�?O E?>6=OE <=>7>>><?>=5=F=OE E<EF5< D4EF<F5?L=>7> ?D><EE>645=<O <O =5 
D4E?>?4745< 44==O<< 4?O D4EG5F4, 65?<G<=G E6>5>4=>= M=5D7<< �S <>6=> >?D545?<FL ?> 
>>=EF4=F4<  

�S=-RT ln P>5 / Ps 
745,  R-G=<65DE4?L=4O 747>64O ?>EF>O==4O (R=8,314 �6/>7*>) 
&-F5<?5D4FGD4, �. 
$>5- 446?5=<5 6>4O=OE ?4D>6 =44 ?>65DE=>EFLN 
$s-446?5=<5 =4EOM5==>7> ?4D4 ?D< F5<?5D4FGD5 &, �4. 
�=4?<7 <7>F5D<, ?>?GG5==OE M>E?5D<<5=F4?L=O< ?GF5<, ?>76>?O5F ?> E4D4>F5D=O< 

F>G>4< >?D545?<FL =5>>F>DO5 >5?4EF< 6?47>E>45D64=<< E>>F65FEF6GNM<5 >?D545?5==O< 
D>D<4< E6O7< 6?47< E <4F5D<4?>< E>>F65FEF6GNM<E >?D545?5==O< D>D<4< M=5D7<< E6O7<. 

Ë=1/N * dw/dÇ 
745 :  

Ç= 1/N [(w1-wk) +A 2,3 lg wk-wp / w2-wp + ³(wk-w2)] 
w1,wk,w2 3 E>>F65FEF65==> 6?47>E>45D64=<5 ?D>4G>F4 =4G4?L=>5, >D<F<G5E>>5 < 

>>=5G=>5. 
N 3 �4>E<<4?L=O= E>>D>EFL EGL><, ?5D6>7> ?5D<>44. 
³ - >>MDD<F<5=F <4EE>5<5=4. 
�5EG645=<5 <4EE>5<5=4 E?>5 6 >F?<G<5 >F F5??>>5<5=4, >7D4=<G<645< D4EE<>FD5=<5< 

>5<5=4 <564G >6<44NM<< 475=F>< (?57>>= D47>=) < F65D4O<< G4EF<F4<<. �4EE>?5D544G< 
<564G ?57>>= D47>= < >F45?L=O<< G4EF<F4<< E?>O, ?>4>5=> F5??>?5D544G5, <>65F 
?D><EE>4<FL ?<5> 6> 6=5L=5=, ?<5> 6> 6=GFD5==5= 4<DDG7<>==>= >5?4EFOE.[7]. 

%?<E>> <E?>?L7G5<>= ?<F5D4FGDO. 
1. �.�.'<4D>6, ,. �. �<D7<O56, �.�..EG?55>>6. �5?<>EGL>4 E5?LE>7?D>4G>F>6: 

&>L>5=F.$4=,1994.  
2. �GD>4>6. �=F5=E<D<>atsiO ?D>F5EE4 EGL>< E5<O= ?>4E>?=5G=<>4 6 4MD>D>=F4==>= 

EGL<?L=>= GEF4=>6>5. �4F5D<4?O D5E?G5?<>4=E>>= =4GG=> 3 ?D4>F<G5E>>= >>=D5D5=F<< 
«�D>5?5<O MDD5>F<6=>7> <E?>?L7>64=<O F>??<6=>-M=5D75F<G5E><E D5EGDE>6». ��-�. 7. 
�4DL<. 19-20 45>45DL 2008 7.  

3. �.�. �GE<44<=>6, $.�. �454E>46456, �. �GD44>6. $47D45>F>4 F5E=>?>7<< EGL>< 
E5<O= ?>4E>?=5G=<>4 6 D>=F4=<DGNM5< E?>5. «�<L?>� E^64?<> <4·EG?>F?4D<=< 
^EF<D<L44, E4�?4L44 64 <L?>6 55D<L44 M>>?>7<> F>74 D5EGDE F56>6G< F5E=>?>7<O?4D», 
$5E?G5?<>4 <?<<=-4<4?<= >>=D5D5=F<OE< <?<<= <4�>?4?4D F^??4<<. &>L>5=F 2009.  

4. �4DGD>6 �.%. %>65DL5=EF6>64=<5 < <=F5=E<D<>atsiO ?D>F5EE4 EGL>< O45D ??>4>6OE 
>>EF>G5>. �<E.>>=4.F5E.=4G>. &. 1994.  

5. �>D5<E �.$. &5??>>5<5= < 7<4D><5E4=<>4 4<E?5DE=OE E>6>7=OE ?>F>>>6. "-=5D7<O", 
M., I970.  

6. -D74L56 ,4ED<UD %4<G4<??456<G, $4=7<56 &G?>G= �<<D>6<G �4F5<4F<G5E>>5 
<>45?<D>64=<5 EFatsi>=4D=>7> F5<?5D4FGD=>7> D56<<4 E<EF5< >F>??5=<O «6<6>F=>6>4G5E>>-
75?<>F5??<G=>7> >><??5>E4» // Universum: F5E=<G5E><5 =4G><. 2022. 710-5 (103). URL: 
https://cyberleninka.ru/article/n/matematicheskoe-modelirovanie-statsionarnogo-temperaturnogo-
rezhima-sistem-otopleniya-zhivotnovodchesko-gelioteplichnogo-kompleksa (44F4 >5D4M5=<O: 
25.11.2022). 

7. �4?<=<G5=>> $.�. -=5D7>E55D574NM<5 D56<<O EGL>< < 4>F<6=>7> 65=F<?<D>64=<O 
75D=4 ?D< ED4=5=<< 6 GE?>6<OE E>7O=EF6 : �6F>D5D... >4=4. F5E=. =4G>/ �<56, 2005. 
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�����& ���'�/&�/ -$$��&��� �%�%������ ��&&� &�� 
����$&�$��'���� %�&&������$� �������$��� &�¶��� ����, �� 

��¶���, 
%4D4D>6 �54GD4GD �4?<>>6<G, &>L>5=F 446?4F FD4=E?>DF G=<65DE<F5F< 4>F5=F< 

�G<45>56 %4D64D55> %4<D456<G, &>L>5=F 446?4F FD4=E?>DF G=<65DE<F5F< 4>F5=F< 
(sarvarbek2289@mail.ru) 

�<D<L 
-?5>FDM=5D75F<>444 >5=7 �^??4=<?4UF74= M?5>FD M=5D7<O=< =47>D4F 64 ·<E>5?4L=<=7 

46F><4F?4LF<D<?74= F<7<<?4D< (-�¶�&) 64 4<E?5FG5D?<> 5>L>4DG6 F<7<<< (SCADA) 
E4<4D44>D?<7<=< >L<D<L >^? 6<·4F44= >4FF4 F>> ^774DF<D7<G (�&�)?4D<=<=7 4E>E<= 
E4D4>F5D<EF<>4?4D<44= 5<D< - ^?G4L 4=<�?<7<74 =<E54F4= �^=<?4UF74= N�>D< F4?45?4D74 
5>�?<�. �>L�4G4 4=F74=44, �&� ?4D=<=7 4=<�?<> E<=D< 4==4= ^?G4L E4F>?<7< 5<?4= 
<5NUD?4=44<,5G ^7 =4654F<44, �&� =<=7 E4FF>?<>?4D< <4=54?4D<=< GG�GDD>� F4·?<? 
�<?<L=< 64 G?4D=< >4<4=F<D<L =^??4D<=< 4=<�?4L=< F4�>7> �<?44<[1]. 

�4E4?4=<=7 �^=<?<L<. 
�47=<F <>4G?OF<O MDD5>F<74 4E>E?4=74= >4FF4 F>> ^774DF<D7<G=<=7 E4FF>?<>?4D< 

<4=54?4D<=< F4·?<? �<?<L 64 54·>?4L. 
�4F<64 
�47=<F <>4G?OF<O MDD5>F<74 4E>E?4=74= �&� =<=7 E4FF>?<>?4D< F4L><? MFG6G<?4D< 

<4=54?4D<=< 4=<�?4L, G?4D=< E<D4F 64 E>= 6<·4F44= 54·>?4L74 556>E<F4 ^F<L44= 4664? 
�&� E4F>?<>?4D< <4=54?4D<=<=7 1-D4E<44 >5?F<D<?74= F4E=<D< ·4<44 G=<=7 �<E�4G4 
F4·?<?<74 F^EF4?<5 ^F4<<7.  

�&� E4F>?<>?4D< <4=54?4D<

�E>E<= E4F>?<> <4=54?4D< �^L<<G4 E4F>?<> <4=54?4D<

�?G4L GEG?< 64 <L?4L ?D<=F<?<=<=7 
F4>><<??4L<474=?<7<

/E4L447< 
=>4=<�?<>?4D

&4N<<=?>6G< <4=54 
?4D4<5FD?4D<=<=7 =><GF44<??<7<

�>�G?4= F4L�< 
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1- D4E<.�4FF4 F>> ^774DF<D7<G?4D=<=7 E4F>?<>?4D< <4=54?4D< F4E=<D< 

�&� ^774DF<D<L DG=>F<OE<74 >^DE4F44<74= F4NE<D<=<=7 E4D4>F5D<74 �4D45 ^?G4L 
E4F>?<>?4D< 444<F<6 (E577<D?<>>4 5>�?<� 5^?<474= 64 ^774DF<D7<G ><D<L >4FF4?<>?4D<=<=7 
54DG4 �<=<4F?4D<44 ^774D<4E 5^?74=) 64 <G?LF<??<>4F<6 (E577<D?<>>4 5>�?<� 5^?74= 64 
><D<L >4FF4?<7<=<=7 6>D<= �<=<4F<74 �4D45 ^774DG6G<) E4F>?<>?4D74 5^?<=44<. �G 
E4F>?<>?4D=<=7 ·4D 5<D< <G=F474< 64 F4E>4<D<= E4D4>F5D74 M74 5^?<L< <G<><= [2].  

�&� 44 D>=44?4=<?4UF74= ^?G4L GEG?< 64 <L?4L ?D<=F<?<=<=7 
F4>><<??4L<474=?<7< ·4<44 �GD<?<4=< OE4L44 =^? �^=<?74= >4<G<?<>?4D 4E>E<= 
E4F>?<>?4D <4=54?4D<74, F4N<<=?>6G< <4=54 (�GD<?<4 <47=<F><>4G?OF<>= D56<<44 
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<L?474=44 <>4G?OF<O?>6G< F>> <4=54<) ?4D4<5FD?4D<=<=7 =><GF44<??<7< 64 =>�G?4= 
F4L�< L4D><F?4D �^L<<G4 E4F>?<>?4D <4=54?4D<74 ><D44<.  

�7 =4654F<44 D>=44?4=<?4UF74= ^?G4L GEG?< 64 <L?4L ?D<=F<?<=<=7 
F4>><<??4L<474=?<7< ·<E>5<44= N7474 >5?44<74= E4F>?<>?4D <4=54?4D<74 �G=<447<?4D 
><D44<: 1) ^?G4=4UF74= F>>?4D U>< G?4D=<=7 D4D�?4D< =>?74 F5=7 5^?74=44 ·4< <47=<F 
^F>477<G447< �>?4<� <47=<F <=4G>F<OE< ( ) ·<E>5<44= ^?G4L GG?�4<?4D<44 E<7=4? ?4=4> 
5^?<L<; 2) N�>D< 74D<>=<> F4L><? MFG6G<?4D=<=7 <466G4?<7< G<�<L >GG?4=<L<=<=7 
>4FF4?<7<=< >4<4=F<D44<; 3) <47=<F ^F>477<G <4F5D<4?< 4E>E<= <47=<F?4=<L M7D< G<7<�<=< 
4??D>>E<<4F<O?4L =4F<64?4D<=<=7 F46D<5444 >?<=74= M7D< G<7<�44= D4D� �<?<L< ^?G4L 
�GD<?<4E<=<=7 ·<E>5<= ^774DF<D<L DG=>F<OE< 5<?4= G=<=7 M>E?5D<<5=F4? DG=>F<OE< 
^DF4E<44 D4D� N7474 >5?<L<74 >?<5 >5?44<. 

�GD<?<4=< OE4L44 =^? �^=<?74= >4<G<?<>?4D �G=<447< E4F>?<> <4=54?4D<=< ?4=4> 
5^?<L<74 >?<5 >5?44<: 1) GGF4 >>=FGD?< <47=<F 74=6<D<=<=7 ·4D 5<D >>=FGD<447< <>E 
EF5D65=?4D=<=7 5<D E<? �<?<5 OE4?<4E?<7< G?4D44 L<=4?4D447< F>>?4D ^74D> F5=7 5^?74=44 
·4< FGD?< �<=<4F?< <47=<F >�<<?4D< ·>E<? 5^?<L<74 64 =4F<6444 ^?G4L GG?�4<<44 E<7=4? 
?4=4> 5^?<L<74 >?<5 >5?44<; 2) <>4G?OF<O <47=<F 74=6<D<447< EF5D65=?4D=<=7 ^74D> 
?4D4??5? 6>=?4LF<D<?<4E?<7< 64 <>4G?OF<O GG?�4<?4D< E<<?4D<=<=7 =>F5><E ^D4?<L< 
<47=<F 74=6<D<447< <47=<F >�<<?4D<=<=7 F4�E<<?4=<L �>=G=<OF<=< ^774DF<D<5 N5>D44<; 
3) ^?G4L GG?�4<?4D<=<=7 6>=?4L<L ^D=<=<=7 =>4=<�?<7< G<�<L E<7=4?<=<=7 >4<4=<L<74 
>?<5 >5?44<. 

�>4G?OF<O?>6G< F>> <4=54< ?4D4<5FD?4D<=<=7 =><GF44<??<7< (F>>=<=7 4<??<FG44E<, 
D474E< 64 G4EF>F4E<=<=7 =><<=4? �<=<4F?4D<44= >�<L<) 64 =>�G?4= F4L�< L4D><F?4D, 
4E>E4= ·4D>D4F=<=7 ^774D<L< <47=<F ^F>477<G ?4D4<5FD?4D< 64 <>4G?OF<O GG?�4<?4D< 
E<<?4D< M?5>FD �4DL<?<7<=<=7 ^774DF<D<5 N5>D<L< =4F<64E<44 �^L<<G4 E4F>?<>?4D=< 
N7474 >5?F<D44<. 

�&� ?4D E4F>?<>?4D<=<=7 <4=54?4D<=< 4=<�?4L, F4·?<? MF<L 64 G?4D=< E>= 6<·4F44= 
54·>?4L44 >^?<=G4 ^?G4L E4F>?<>?4D< =474D<OE< M?5<5=F?4D<44= D>=44?4=<?44<. �<<> 
5G=44 E4F>?<> <4=54?4D<=< 4=<�?4L 64 �&� FGD?< F45<4F?< 74=6<D?4D< ?4D4<5FD?4D<=<=7 
^74D> F4NE<D?4D<=< E4F>?<> F5=7?4<4?4D<=< >5?F<D<5 G<�4D<L44 ·<E>574 >?<L44 ·4<44 
=4F<64?4D=< 54·>?4L44 5<D<G=G4 �<=<=G<?<>?4D N7474 >5?44<.  

,G=<=7 GGG= ·4< �&� ?4D=<=7, 4==<�E4 <L?4L ?D<=F<?< FGD?< E<? D<7<> F45<4F?< 
74=6<D?4D44 N7 55D44<74= ·>4<E4 64 64D4U=?4D74 4E>E?4=74= ^?G4L ^774DF<D7<G?4D<=<=7 
E4F>?<>?4D<=< F44�<� MF<L44 FGD?< E<? D<7<> F45<4F?< 74=6<D?4D M=5D7><=D>D<4F<>= 
<>45?<74 4E>E?4=74= ?4D4<5FD<> EFDG>FGD4 EE5<4 (�%%) GEG?<44= D>=44?4=<L 4=G4 �G?4= 
·<E>5?4=44< [3].  

�&� =<=7 ^?G4L E4F>?<>?4D<=< =474D<= F44�<� MF<L GGG= FG7<?44<74= �%%44 
<G=F474< 64 F4E>4<D<= F4L><? MFG6G<?4D44= <5>D4F 5^?74= 444<F<6 E4F>?<>?4D ·4D 5<D 
M?5<5=F4D 765=> G<�<L >4FF4?<7<74 �^L<<G4 >^D<=<L<44, <G=F474< 64 F4E>4<D<= F4L><? 
MFG6G<?4D44= <5>D4F 5^?74= <G?LF<??<>4F<6 E4F>?<>?4D ME4 �%%447< ·4D 5<D M?5<5=F4D 
765=> (74=6<D?4D4D> D<7<>-F5E=<> MDD5>F ($&-) U>< 74=6<D ?4D4<5FD<) G74F<L 
>>MDD<F<5=F< U>< ?4D4<5FD<74 �^L<<G4 >^D<=<L<44 <=>54F74 >?<=44<. �%%447< 
>4FF4?<>?4D, ?4D4<5FD?4D 64 FGD?< F45<4F?< 74=6<D?4D=< ^74D> 5>�?>6G< >>MDD<F<5=F?4D74 
�^L<<G4?4D >^D<=<L<44 ><D<F<?74= E4F>?<>?4D=<=7 N7474 >5?<L E4545?4D< FGD?< D<7<> 
F45<4F?< 74=6<D?4D >4FF4?<>?4D<=< 74=6<D ?4D4<5FD?4D< 64 >>MDD<F<5=F?4D< 5<?4= 
5>�?>6G< D<7<> MDD5>F?4D 5<?4= 556>E<F4 5>�?4=74=4<D.  

�%% GEG?< UD44<<44 �&� ^?G4L E4F>?<>?4D<=< ·<E>5?4L >5F<4->5F?<7< �G=<447<G4 
[3]: 1) �GD<?<4=<=7 EF4F<> D56<<< GGG= FG7<?74= �%% M?5<5=F4D 765=>?4D74 46D4F<?44<; 2) 
G U>< 5G D<7<> MDD5>F=< ^7<44 4>E MFF<D74= ·4D 5<D M?5<5=F4D 765=> GGG= 444<F<6 64 
<G?LF<??<>4F<6 E4F>?<>?4D=<=7 <G=F474< 64 F4E>4<D<= (^DF4 >644D4F<> >�<L<) F4L><? 
MFG6G<?4D< EFDG>FGD4 EE5<444 <=>54F74 >?<=44<; 3) E4F>?<>?4D <4=54?4D< 64 G?4D=<=7 
�<=<4F?4D< �%% UD44<<44 4=<�?4=44< 64 54·>?4=44<, 5G=44 EFDG>FGD4 EE5<4447< 
74=6<D?4D4D> >4FF4?<>?4D 64 ?4D4<5FD?4D ^DF4E<447< 74=6<D?4D4D> MDD5>F?4D ·4<44 FGD?< 
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E<? D<7<> F45<4F?< F4L�< >4FF4?<>?4D ·<E>574 >?<=44<; 4) ·4D 5<D M?5<5=F4D 
765=>(^774DF<D7<G) GGG= 444<F<6 64 <G?LF<??<>4F<6 E4F>?<>?4D=<=7 <G=F474< 64 F4E>4<D<= 
F4L><? MFG6G<?4D< ·<E>5?4=44<; 5) �%% M?5<5=F4D 765=>?4D< E4F>?<>?4D<=< G?4D=< 
EE5<444 ^74D> G?4=<L GEG??4D<=< <=>54F74 >?74= ·>?44 E4F>?<>?4D =474D<OE< 
F5=7?4<4?4D<44= D>=44?4=74= ·>?44 ^774DF<D7<G E4F>?<7< ·<E>5?45 F>?<?44<  

�=F<5 ^F<L 6><7><, 444<F<6 64 <G?LF<??<>4F<6 E4F>?<>?4D=<=7 <G=F474< 64 
F4E>4<D<= F4L><? MFG6G<?4D<=< 54·>?4L 4=<�?<7< >^? 6<·4F44= �%%447< 
>>MDD<F<5=F?4D, ?4D4<5FD?4D 64 >4FF4?<>?4D=< G?4D=<=7 ·4�<�<= �<=<4F?4D<44= >�<L<74 
>?<5 >5?G6G< <4=54?4D=< 4=<�?4L 44D464E<74 5>�?<� 5^?44<.  
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�Ë 
ÃË

� Q ± ÃQ
Qµ�B    

QµAB 3

Iµ�B 

3

3

jË

3

UM�B 

K K I U
� K 

ÃK 

4

4
40 µ M

� I ± ÃI

IµAB 33

K 20

� K 2 ÃK 2

M<
K K I Uµ<
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± ÃQ
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(<4=54)

(G<�<L)
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D<

L

 IM� 
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C µ<3
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2-D4E<. �%% 1- GEFG=<=<=7 E>444?4LF<D<?74= ?4D4<5FD<> EFDG>FGD4 EE5<4E<. 

�47=<F><>4G?OF<O D56<<<44 <L?4UF74= �&� E4F>?<> <4=54?4D<=< 4=<�?4L GGG= 
G=<=7 EF4F<> D56<<< GGG= FG7<?74= �%% 4E>E<44 G=<=7 E4F>?<> <4=54?4D< <=>54F74 
>?<=74= �%% [7] 44 >5?F<D<?74=. 

�=F<5 ^F<L 6><7><, L<=4?4D 64 <>4G?OF<O GG?�4<< F57<L?< F>>?4D ^F<L< 
=4F<64E<44 �<7<=4<. �G=<=7 >�<54F<44 <>4G?OF<O GG?�4<< E<<<=<=7 4>F<6 �4DL<?<7< 
>DF44<. �<<> GL5G GG?�4< F>> <4=54<44= F4N<<=?4=4UF74=?<7< 5><E E<< M?5>FD 
�4DL<?<7<=<=7 ·4D>D4F F4NE<D<44 ^774D<L< <4=54 F>><=<=7 ^774D<L<74 >?<5 >5?<4=4<. 
'<�<L GG?�4<<74 G?4=74= ^?G4L 4E5>5< U>< 5>L�4DG6 F<7<<<=<=7 F57<L?< M?5<5=F< 
(N>?4<4) >4FF4 ><D<L �4DL<?<7<74 M74 5^?74=?<7< E4545?< G<�<L GG?�4<<447< F>> ·4< 
=>?74 O�<= 5^?44<. ,G=<=7 GGG= ·4< �&� =<=7 �%%44 GL5G E<<?4D �4DL<?<>?4D<=<=7 
·4D>D4F F4NE<D<447< ^774D<L< <=>54F74 >?<=<474=.  

[4] 44 >5?F<D<?74= �%% �&� EFDG>FGD4 EE5<4E<447< ·4D 5<D M?5<5=F4D 765=>74 F4NE<D 
>^DE4F44<74= E4F>?<>?4D 54DG4 <4=54?4D<=< <=>54F74 >?<=74= ·>?44 FG7<?74= 5^?E4-44, 
G=<=7 4E>E<44 �&� E4F>?<7<=< ·<E>5?4L 64D4U=< 5<D<G=G4 �<=<=G<?<>?4D=< N7474 
>5?F<D44<. 'G=><, �%%=<=7 5<FF4 GEFG=< (<4E4?4=, A 64 B L<=4?4D >D4?<�<447< EF5D65=44 
6>=?4L74= ^?G4L GG?�4<<44 ·>E<? 5^?44<74= G<�<L >GG?4=<L<=< ^?G4=4UF74= F>>?4D 
D4D�<74 5>�?<�?<> F5=7?4<4E<=< E4F>?<>?4D=<=7 54DG4 <4=54?4D<=< ·<E>574 >?74= ·>?44 
>5?F<D<5 G<�4D<L) GGG= 5>L�4 GEFG=447< <47=<F 74=6<D< >4FF4?<>?4D< F4NE<D<=< <=>54F74 
>?<L >5D4> 5^?44<. 

,G=<=7 GGG= ·4< ·<E>5?4L?4D=< 5<D>7 E>444?4LF<D<L <4�E44<44 �&� EF4F<> 64 
4<=4<<> E4D4>F5D<EF<>4?4D<=< F44�<� MF<L44 ·>E<? �<?<=74= F5=7?4<4?4D44= D>=44?4=<5, 
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[5] 447< �%% ·4D 5<D GEFG=<44 G7G� G<7<�?4D 5<?4= 46D4F<?74= 5^?47<=< 5<FF4 M?5<5=F4D 
765=> 5<?4= 4?<4LF<D4<<7 64 ·4D 5<D GEFG==< 4?>·<44-4?>·<44 F44�<� MF4<<7. �G=44 
�%%=<=7 ·4D 5<D GEFG=<44 G7G� G<7<�?4D 5<?4= 46D4F<?74= 5^?4>, 5G 5D44 

 3 U=4>L L<=4?4D447< F>>?4D=< G?4D >D4?<�<447< EF5D65=44 ·>E<? 
�<?74= <47=<F >�<<< =^?<447< 74=6<D=<=7 =4F<646<= <47=<F E<�<<<, 
[H]; ; ;  3 GG >>=FGD?< <47=<F 74=6<D<=<=7 U=4>L 5^?<474= 

L>E>5G4E<=<=7 <>E D46<L44 =4F<646<=,  ·46> >D4?<�< 64 ?^?4F �<E<<=<=7 <47=<F 
�4FF<�?<>?4D<.  

�4E4?4=, 1- GEFG=447< 5^?4> GGG= �G=<447< F5=7?4<4=< U7<L<<<7 <G<><=: 

 
(1) 

5G 5D44  64  - 

<47=<F><>4G?OF<O D56<<<44 <L?4UF74= �&� >5?F<D<?74= E4F>?<7<=<=7 <>E D46<L44 
<G=F474< 64 F4E>4<D<= F4L><? MFG6G<?4D<; (  64 ), (  64 ) 64 (  64 ) 3 
<>E D46<L44 F4L�< ^774DG6G4= 64 ^774D<4E <47=<F <4=4>=?4D<, ·4D>D4F ·4<44 <>4G?OF<O 
74=6<D<=< F4N<<=?45 FGDG6G< <4=54 F>>< ?4D4<5FD?4D<=<=7 =>D<4? �<=<4F?4D<44= 
>�<L<44= F44�<� MF<?4UF74= �&� 44 ?4=4> 5^?44<74= 444<F<6 64 <G?LF<??<>4F<6 
E4F>?<>?4D <G=F474< 64 F4E>4<D<= F4L><? MFG6G<?4D<=<=7 <4=54?4D<. 

�G=>74D4 
�?<=74= =4F<64?4D44= >^D<=<5 FGD<54<><, ^774DF<D7<G=<=7 ·4F>?<> <4=54?4D<44= 

5<D< - F5<?5D4FGD4=<=7 >�<L< 5<?4= 5>�?<� 5^?74= E4F>?<>?4D FGD?< >><?5=E4F<O GEG??4D< 
5<?4= >4<4=F<D<?<L< <G<><=. 

�&� E4F>?<>?4D<=< 4=<�?4L44 G?4D �%%447< FGD?< 765=>?4D< >>DD5?OF<O 
>>MDD<F<5=F?4D<=< <=>54F74 >?<L E4F>?<>?4D=< 54·>?4L 4=<�?<7<=< >L<D44<, 4=D<< 
·>??4D44 ME4 ^774DF<D7<G 4=<�?<7<74 �^=<?74= >DF<�G4 F4?45?4D=< >?<5 F4L?4L <<>>=<=< 
55D44<. 

,G=44= �<?<5, <47=<F><>4G?OF<>= D56<<44 <L?4UF74= �&� >5?F<D<?74= 
E4F>?<7<=<=7 <G=F474< 64 F4E>4<D<= F4L><? MFG6G<?4D< <>E D46<L44  64  44=, 
LG �&� FD4=ED>D<4F>D D56<<44 <L?4UF74=44 ME4 - <>E D46<L44  64  44= 
>L<4=4<. 

�445<UF?4D 
1. �<<D>6 %.$., %4D4D>6 �.�., $GEF4<>6 �.,., �F4G??456 �.�. -?5>FD><47=<F=O5 

?D5>5D47>64F5?< 5>?LL<E F>>>6 4?O E<EF5< FO7>6>7> M?5>FD>E=4565=<O. �>=>7D4D<O // 
�744F5?LEF6> «$4= 64 F5E=>?>7<O», - &.:2018, 360E 

2. %4D4D>6 �.�., �G<45>56 %.%. -?5>FD><47=<F=O5 ?D5>5D47>64F5?< F>>4 =4 
<47=<F><>4G?OF<>==>< MDD5>F5 4?O 6OO6?5=<O =5E<<<5FD<G=>EF< D47 // &>L&��� 
4E5>D>F=><4E<, 2020=, 72, 75-80 E. 

3. %4D4D>6 �.�., �GD4564 �.�. -?5>FD F4N<<=>F< F<7<<<74 M=5D7<O =47>D4F< 
·<E>5?4L=<=7 46F><4F?4LF<D<?74= F<7<<?4D<=< 6>D<= MF<L=<=7 E4<4D44>D?<7< ·4�<44 // 
�4GG=O5 FDG4O $5E?G5?<>4=E>>= =4GG=> 3 F5E=<G5E>>= >>=D5D5=F<< «$5EGDE>E55D574NM<5 
F5E=>?>7<< =4 65?57=>4>D>6=>< FD4=E?>DF5», &4L>5=F, 3-4 45>45DO, 2020 7. % 96-100 

4.Safarov A.M., Jumaboyev S.KH., Sattarov K.A. Device for detection of the phase current 
asymmetry in the three-phase lines of non-traction consumers // MIST: Aerospace 2019 IOP Conf. 
Series: Materials Science and Engineering 734 (2020) 012196 doi: 10.1088/1757-
899X/734/1/012196, P. 4 
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$�&�$���� ¶�$���& &�������%� �$������ %��%$�� 
����$�&�$���� ������� $������$��� &�¶��� ����, 

%4D4D>6 %.%., �4DL< <G·4=4<E?<> <�F<E>4<UF <=EF<FGF< 
�==>F4F<O: $>F>D ·4D4>4F =^=4?<L<=< F44�<� �<?<L74 4E>E?4=<5 E<=ED>= 

75=5D4F>D=<=7 FGD?< D56<<?4D<=< 4=<�?4L GEG?< F4>?<D MF<?44<. �G GEG?=<=7 
<<>>=<OF?4D< M=7 >44<= M?5>FD M=5D7<O F<7<<<=<=7 -¶� 44 FG7<?74= 44EFGD< UD44<<44 
E<=>644= ^F>47<?4<. �?<=74= =4F<64?4D 5>L�4 GEG??4D UD44<<44 >?<=74= =4F<64?4D44= 
E4<4D44>D?<7< 4=<�?4=4<.  

�==>F4F<O: �4 >E=>65 <EE?54>64=<O =4?D46?5=<O 46<65=<O D>F>D4 ?D54?>65= <5F>4 
>?D545?5=<O D47?<G=OE D56<<>6 E<=ED>==>7> 75=5D4F>D4. �>7<>6=>EF< MF>7> <5F>44 5O?< 
?D>65D5=O E ?><>MLN ?D>7D4<<O ?D>EF5=L5= M?5>FD>M=5D75F<G5E>>= E<EF5<O. �O?> 
GEF4=>6?5=>, GF> ?>?GG5==O5 D57G?LF4FO 5>?55 MDD5>F<6=O, G5< D57G?LF4FO, ?>?GG5==O5 E 
?><>MLN 4DG7<E <5F>4>6. 

�4?<F E^7?4D: D>F>D, E<=ED>= 75=5D4F>D, -¶�, ^F><=G< 64D4U=?4D, F4E=<D?4L 
DG=>F<OE<, 464D<O74 �4DL< 46F><4F<>4 

�?NG56O5 E?>64: D>F>D, E<=ED>==O= 75=5D4F>D, -��, ?5D5E>4=O5 ?D>F5EEO, DG=>F<O 
>?4EE<D<>4F<<, ?D>F<6>>F>47=4O 46F><4F<>4. 

%<=ED>= 75=5D4F>D?4D=<=7 (%�) ^F><=G< 64D4U=?4D<=< (��) 5>L�4D<L GGG=, 
46F><4F<> 5>L�4DG6 F<7<<<44 ^D=4F<?74= 464D<O74 �4DL< 46F><4F<>4?4D 4E>E4= M?5>FD 
M=5D75F<>4 F<7<<<=<=7 FGD�G=?<> 7>=4E<=< 54·>?4L 4?7>D<F<?4D<44= D>=44?4=44<. %�=< 
FGD�G=?<> U>< =>FGD�G=?<> 7>=4E<=< 4=<�?4L >G?<=G4 �O?G=>6 DG=>F<OE< =474D<OE< 
4E>E<44 U>< MF4?>= E<=D?4D=< 55?7<?4=4<74= F4E=<D?4L DG=>F<OE< (&$) F5=7?4<4?4D<44= 
D>=44?4=74= ·>?44 4=<�?4=44< [1-2]. 

�<D>�, 5G GEG??4D=< �G??474=44 5<D �4F>D ><D<F<?74= F4E<<=?4D =4F<64E<44 
FGD�G=?<> 7>=4E< ·4�<�<=44= ><G<>D>� 5^?<5, <4=4 LG G?4D=<=7 5>L�4DG6 
E4<4D44>D?<7<=< E57<?4D?< 44D46444 ?4E4=F<D44<. �G=44= F4L�4D<, <466G4 GEG??4D 
5>L�4DG6 �GD<?<4E<=<=7 5>L?4=�<G >D74=<44 <4F5<4F<> <>45?=< <>E?4LF<D<L >D�4?< 
^F<L 64D4U=< 5>E�<G?4D<=<=7 EGEGE<OF?4D<=< ·<E>574 >?<L74 <<>>= 55D<4=4<. 

[1] 44 �O?G=>6 DG=>F<OE< UD44<<44 >?<=74= 64 =>G<7<�?< &$ F5=7?4<4E< 4E>E<44 
>?<=74= &��-1000/4 F<?<447< 75=5D4F>D=<=7 FGD�G=?<> 7>=4?4D< F4��>E?4=44<. --% 
E<=D?4D<=< F4= >?<L GGG= ·4? �<?G6G< DG=>F<O=<=7 G<7<�?< F4E6<D< [2] U>< D>F>D 
F5=7?4<4E< 64 G=<=7 ·>E<?4?4D<=<=7 G<�<L 5GDG47<74 5>�?<� 5^?<474= 5>�?4=<L?4D44= 
D>=44?4=<?44<. 

%�=<=7 GF><=G< 64D4U=?4D=< =47>D4F �<?<L=< 4<4?74 >L<D<L &$ F5=7?4<4E<=< 
>?<L 5>E�<G<=< ^7 <G<74 >?44<. 'L5G 5>E�<G44, E<=ED>= 75=5D4F>D=<=7 M=7 >44<= 
<>45?<44= D>=44?4=74=44, --%447< ^F><=G< 64D4U=?4D=<=7 ·<E>5-><F>5?4D< FGD?< E<? 
5G7<?<L?4D 64 44EF?45>< D56<< ?4D4<5FD?4D< GGG= 4<4?74 >L<D<?44<, E^=7D4 >?<=74= 
·<E>5 F^??4<<=< %� =<=7 FGD�G= U>< =>FGD�G= <L?4L< E<=D?4D<74 5^?<=44< 64 &$ 
F5=7?4<4E< ?4D4<5FD?4D< >?<=44<. ,G=44= �<?<5, %� =<=7 FGD�G=?<> 7>=4?4D<74 =4D4�4F 
--% =<=7 <4F5<4F<> <>45?< <L>=G?<?<7< (F^�D< 5G<< 55D<L?<7<), 54?>< &$ F5=7?4<4E< 
?4D4<5FD?4D<=< >?<L447< E4F>?<>?4D ·4< F4NE<D �<?44<. �<D>�, FGD�G=?<>=< 54·>?4L=<=7 
556>E<F4 GEG??4D<=< 4D74??<7<, FGD�G=?<> 74E<D4?4D<=< �G?4= 4=<�?4L <<>>=<=< 55D44< 
64 G?4D44= >E>= D>=44?4=<L74 >?<5 >5?44<. 

�4N?G<><, M=5D75F<>4 E>·4E<=< F4D><5<= �4=F4 �GD<L 64 M=5D7<O 5>7>D<=< 6>D<= 
5F<L --%=<=7 <466G4 5>L�4DG6 F<7<<<=<=7 <5D4DE<> <G=>E454F?4D<=<=7 5G7<?<L<74 
>?<5 >5?4< 64 =4F<6444 M?5>FD M=5D75F<>4E< >5N5>F?4D<=< 5>L�4D<L44 F5E=>?>7<> 
647<D4?4D E>=<=<=7 E57<?4D?< ^E<L< >G74F<?4O?F< 64 LG 5<?4= 5<D �4F>D44 
M=5D7>E<EF5<4=<=7 4<=4<<> 647<OF?4D<=< G?4D=<=7 E<?<4-E<??<7< 64 6>D<= MF<L 
<=F57D4F<OE<=< F4·?<? �<?<L F4?45 MF<?<>>44. 

�<>D>?D>F5EE>D F5E=>?>7<O?4D<=<=7 FGD?< E<? 5>L�4DG6 F<7<<?4D<74 ><D<F<?<L< 64 
O=7< 4E5>D>F F5E=>?>7<O?4D<=<=7 D<6>6?4=<L< M=5D75F<>4 >5N5>F?4D< GGG= 
<=F57D4F<O?4L74= (46F><4F?4LF<D<?74= 64 46F><4F<>) 5>L�4DG6 F<7<<?4D<=< �GD<L GGG= 
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L4D><F OD4F4<. �4<>=46<= 464D<O74 �4DL< 46F><4F<>4 (���) �GD<?<4?4D<=< OD4F<L44 
<=F5??5>FG4? GEG??4D44= D>=44?4=<L 44D464E<, G?4D=< <L<=< 55D<?74= <4E4?4=< 5G<L74 
<>E?4LF<D<L <<>>=<=< 55DO?F<. �4N?G<><, D4�4<?< ��� �GD<?<4?4D<=<=7 
E4<4D44>D?<7<, 4==<�E4 >5N5>F <>45?<=<=7 >=<= ·>?4F<74 <>E?4L<L<=< F4N<<=?4L 64 64�F 
^F<L< 5<?4= ^F<L 64D4U=<=<=7 ^7<74 E>E EGEGE<OF?4D<=< ·<E>574 >?<L <<>>=<OF<=< 
55D<L >^? 6<·4F44= --% ·>?4F<=< 54·>?4L44 �G??4=<?74= GE?G574 (<5F>474) 5>�?<�. 
,G=44= �<?<5, <L=<=7 5>L <4�E44< D4�4<?< ��� �GD<?<4?4D<=<=7 5>L?4=�<G >D74=?4D< 
GGG= ·4<, <4N?G<>F?4D=< 5>L�4D<L F<7<<< GGG= ·4< GEG??4D 64 <4F5<4F<> <>45??4D=< 
F4>><<??4LF<D<L 4>?74D5 647<D4 5^?<5 �>?<>�44. 

��� �GD<?<4E<=< <L74 FGL<D<L >D74=<=<=7 <>45?< ·4? �<?G6G< 4E>E >^D<=<L<44 
F4�4<< MF<?<L< <G<><=, G=<=7 UD44<<44 >^D<5 G<�<?4UF74= F<7<<44 64D4U==< F46E<D?>6G< 
4<DD5D5=F<4? F5=7?4<4?4D F<7<<<=< 5G<4E44=, 464D<O 647<OF<44 --% =<=7 FGD�G=?<7< 
L4DF?4D< 4=<�?4=44<. 

¶4? �<?G6G< 4E>E 5G --% =<=7 44EF?45>< D56<<<=< 64 464D<O 647<OF<=<, --% =<=7 
FGD�G= 64 U>< =>FGD�G= <L?4L E>·4?4D<=< F46E<D?>6G< ?4D4<5FD?4D <4=4>=<44 <4N?G< 
5^?44<74= E<DF=<=7 <4N?G< 5<D 4??D>>E<<4F<OE< 5^?44<. [2] 74 <G6>D<�, 4<=4<<> 
FGD�G=?<>=< F4·?<? �<?<L <4=4>= GEG?< 4E>E<44 =>D<4?, 464D<O 64 464D<O44= >5=<=7< 
D56<<?4D=<=7 5GDG4> �G664F< E4D4>F5D<EF<>4?4D< 64 4?<4LF<D<L EE5<4?4D<=< F46E<D?4L 
GGG= <L?4F<?44<74= F5=7?4<4 UD44<<44 4<4?74 >L<D<?44<. ,G=< F4N><4?4L >5D4>><, 
F5=7?4<4?4D =4D4�4F 75=5D4F>D=<=7 ^F><=G< -.� >D�4?< (��$ =<=7 <GF4=>E<5 FGD<=< 
·<E>574 >?74= ·>?44), 54?>< E<=ED>= -.� (��$ =< ·<E>574 >?<474= ·>?44) 64 75=5D4F>D 
L<=4?4D<447< >GG?4=<L (>GG?< F4NE<D �<?G6G< ��$ =< ·<E>574 >?74= ·>?44) >D�4?< ·4< 
U7<?<L< <G<><=. [2] 44 75=5D4F>D D>F>D<447< D<7<> 64D4U=?4D=< ·<E>574 >?<L GGG= 
75=5D4F>D=<=7 4E<=ED>= �G664F< 5>�?4=<L?4D<44= D>=44?4=<L F4>?<D MF<?44<: 

        (1) 

; 
�4D�4D>D?<> L4DF<44= >5?<5 G<�<5, F57?4=<L <4=4>=< 64 <G<><= 5^?74= 

F>D<>7?4=<L <4=4>=<=<=7 F5=7?<7<74 4E>E?4=<5, D>F>D=<=7 G<�<L 5GDG47< >D<F<> 
E<D?4=<L �<=<4F<74 5F74=44 =>?74 4=?4=44<. �64D<O D56<<<44 D>F>D=< F57?4L<L< ?4=F<44 
N7474 >5?44<74= ><=5F<> M=5D7<O �<E�4 FGF4LG6=< ^G<D74=44= >5=<= F>D<>7?4L74 
E4DD?4=44<. �G=44= F4L�4D<, D>F>D=<=7 G<�<L 5GDG47<=<=7 ^774D<L< 464D<O44= >5=<=7< 
D56<< �G664F<=<=7 5GDG4> E4D4>F5D<EF<>4E< 5<?4= 55?7<?4=44<. �74D 44EF?45>< D56<< 
?4D4<5FD?4D< ^774D<4E4 64 ·<E>5-><F>5?4D44 75=5D4F>D=< 5>L�4D<L F<7<<?4D< ·<E>574 
>?<=<4E4, 464D<O ·>?4F<44= >5=<=7< D56<<44 75=5D4F>D=<=7 ·4D4>4F<=< 4=<�?4=4<74= 
5>�?<�?<>?4D ^774D<4=4<. �64D<O ·>?4F<44 D56<<447< ?4D4<5FD?4D 4D> D4D�?4D D>F>D 
>D<F<> 5GDG47<74 5F<5 5>D44<74= 64�F74 F4NE<D �<?44<. 'L5G D4D�?4D �<E�4 FGF4LG6=< 
^G<D74=44= >5=<= ^F<L D56<<<74 F4NE<D �<?<4=4<. �64D<O44= >5=<=7< D56<<=<=7 
E4D4>F5D<EF<>4E< D56<< <4=4>=<=< FGD�G= 64 U>< =>FGD�G= D56<<?4D E<=D?4D<=<=7 
"MF4?>=<74" 5^?<=44<74= 5>�?<�?<>=< 4=<�?4=4<. ,G=44= �<?<5, &$ >>MDD<F<5=F?4D<=< 
4=<�?4L GGG= 6G44 >^? ·<E>5-><F>5?4D=< 5464D<L L4DF M<4E, ?5><= D>F>D=<=7 464D<O44= 
>5=<=7< D56<<<44 G<�<L 5GDG47<74 5>�?<�?<7<=< 4=<�?4L GGG= ><G<>D>� ·<E>5-
><F>5?4D=< 5464D<L ><D>O. '<7<�?< 5^?<474= F<7<<?4D=< >^D<5 G<�<L44, G<G<4= >?74=44, 
4=4?<F<> 5G<<=< F>?<L <G<><= M<4E, ?5><= M=7 >44<= EE5<4?4D GGG= 5G<<=<=7 ^7< M<4E, 
54?>< D>F>D ·4D4>4F< FD45>F>D<OE<=<=7 F5=7?4<4E<=< >?<L <G<><=. 

$(s) =< MNF<5>D74 >?<474= ·>?447< F5=7?4<4?4D E<EF5<4E<=< >^D<5 G<�4<<7: 

 
                 (2) 

5G=44: 
 - E<=ED>= 75=5D4F>D=<=7 GF><=G< -.� E< 64 �4DL<?<7<,  

U 3 E<EF5<4 L<=4E<447< >GG?4=<L, 
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- 47D574F=<=7 <=5DF<>= 4><<<=E<, 

- E<D?4=G6G4=?<>, 
- >GG?4=<L 64 %� =<=7 GF><=G< -.�4E< GDF4E<447< 5GDG4>, 

- D>F>D=<=7 >G=44?4=7 ^�< 64 %� =<=7 GF><=G< -.�4E< GDF4E<447< 5GDG4>. 
(2) F5=7?4<4?4D E<EF5<4E<447< 5<D<=G< F5=7?4<4=< <>><=G<E<74 5^?4<<7 64 

�^=<447<=< ·>E<? �<?4<<7: 
     (3) 

(3) F5=7?4<4=< <=F57D4??45 �^=<447<=< ·>E<? �<?4<<7:  
   (4) 

�74D (4) F5=7?4<4 >>MDD<F<5=F?4D< 464D<O44= >5=<=7< D56<<=<=7 ?4D4<5FD?4D< 
>D�4?< 4=<�?4=E4 64 E<D?4=<L=<=7 5>L?4=�<G L4DF?4D< (=>?74 F5=7) E<D4F<44 �45G? 
�<?<=E4 64 5G=44 5GDG4> G7<=<=7 >D<F<> 5GDG4> �<=<4F<74 MD<LE4, G ·>?44 5<7 464D<O44= 
>5=<=7< ·>?4F=<=7 ·4D4>4F FD45>F>D<OE<=< >?4<<7. �74D (4) F5=7?4<4 >>MDD<F<5=F?4D< 
464D<O D56<<<=<=7 ?4D4<5FD?4D< >D�4?< 4=<�?4=E4 64 E<D?4=<L=<=7 5>L?4=�<G L4DF< 
E<D4F<44 (=>?74 F5=7) �45G? �<?<=E4 64 5GDG4> 44EF?45>< E<=ED>= D56<<447<45> 5^?E4 G 
·>?44, 5<7 464D<O D56<<<=<=7 ·4D4>4F FD45>F>D<OE<=< >?4<<7. ,G=44= �<?<5, 44EF?45>< 
D56<< <4N?G<>F?4D< 4E>E<44: FGD5<=4=<=7 �G664F<, G=<=7 5>L?4=�<G 5GDG47<, --% 
�4DL<?<>?4D< >D�4?< &$ =<=7 FGD�G= U>< =>FGD�G= D56<<?4D< MF4?>=< 4=<�?4=44<. $56<< 
?4D4<5FD?4D<=<=7 ^?G>6?4D< 4E>E<44 D>F>D=<=7 G<�<L 5GDG47< 6>D<= �<=<4F< 4=<�?4=44< 
64 5G �<=<4F FGD�G=?<> L4DF?4D< G574D4E<=< 55?7<?>6G< 5GDG4> 5<?4= F4��>E?4=44< 64 &$ 
�<=<4F?4D< 4=<�?4=44<. �<E�4 FGF4LG6=< ^G<D<L=<=7 G574D46<= 5GDG47<=< 464D<O 
·>?4F<447< 64 464D<O44= >5=<=7< (C, %) �<=<4F?4D<44= D>=44?4=<5 �^=<447< D>D<G?4 
>D�4?< 4=<�?4=<L <G<><=: 

=                 (5) 

&$ =< ?4E4=<L F5=45=F<OE< 75=5D4F>D=< FGD�G=?<> G574D4E<74 O�<=?4L4UF74=<=< 
5<?4<D44<. �74D �45G? �<?<=74= 5>L�4DG6 =47>D4F G>D4?4D< <6>5<= 5G<< 55DE4, G=44 &$ 
�<=<4F< O=4 ^E<L=< 5>L?4=4<, 4>E ·>?44, &$ �<=<4F< =>?74 F5=7?4LE4, 75=5D4F>D=< 
^G<D<L >5D4> 5^?44<. �<E�4 FGF4LG6=< ^G<D<L=<=7 G574D46<= 64�F<=< 4=<�?4L GEG?< 
�G=<447< 5>E�<G?4D44= <5>D4F: 

1. $>F>D ·4D4>4F FD45>F>D<OE< F5=7?4<4?4D<=< M=5D7>E<EF5<4=<=7 464D<O ·>?4F?4D<44= 
>5=<=7< D56<<< GGG= 4=<�?4L. 

2. $>F>D ·4D4>4F FD45>F>D<OE< F5=7?4<4?4D<=< M=5D7>E<EF5<4=<=7 464D<O ·>?4F< GGG= 
4=<�?4L. 

3. �64D<O 64 464D<O44= >5=<=7< D56<<?4D GGG= D>F>D ·4D4>4F FD45>F>D<O?4D< 
F5=7?4<4E<=< 5<D74?<>44 5G<L. $>F>D=<=7 G<�<L 5GDG47< �<=<4F< <>>4?4 ·4D4>4F 
FD45>F>D<O?4D F5=7?4<4?4D< 5G<<<=< �4=>4F?4=F<DE4 5G ·>? (5GDG4>) E<EF5<444 �<E�4 
FGF4LG6=< ^G<D<L=<=7 G574D46<= 5GDG47< ·<E>5?4=44<. 

4. �<E�4 FGF4LG6=< GG<D<L=<=7 G574D46<= 5GDG47<=< 4=<�?4L D>D<G?4E<74 4E>E4= 
[6]: 

         (6) 

�G=<44 <7?4=<L?4D =4F<64?4D< >5?F<D<?74= 5^?<5 G=44 --% =<=7 >44<= EE5<4E< 
>^D<5 G<�<?74=. �G=44 EE5<4 5>L?4=�<G D56<<<74 �G664F ^774D<L?4D< F4NE<D< ^D74=<?44< 
(D4E<-1). �G=44 F4L�4D< �<E�4 FGF4LG6=< ^G<D<L 64�F<447< FGD�G= 64 U>< =>FGD�G= 
D56<<?4D E4D4>F5D<EF<>4E<=< F4E=<D?4L E<=D?4D< MF4?>=<74 F4NE<D< ·4< ^D74=<?44<. 
�E>E4=  DG=>F<>=4? 5>�?4=<L >^D<5 G<�<?74= 5^?<5 FGD?< E<? ?4D4<5FD 
^774D<L?4D<=< 464D<O 64 464D<O44= >5=<=7< D56<<?4D74 F4NE<D< >^D<5 G<�<?74=. 
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&j=9 c. % 2d = 0,2 =.5.,  Xt = 0,4 =.5.,  Xl = 0,6 =.5. 

$4E< -1. �44<= --% EE5<4E<. 
�G=<447< ·>?4F?4D ^D74=<5 G<�<?4<: 
1. --% =<=7 5>L?4=�<G <L?4L D56<<<44 FGD5<=4 �G664F< ^774D44<, �<E�4 

FGF4LG6=<=7 5<D FGD< (GG D474?< E<<<5FD<> ) 5<D 6>=44 >^D<5 G<�<?44<, 45<?D5D <><5=F< 
·<E>574 >?<=<4=4<, 75=5D4F>D=<=7 �^7�4F<L GG?�4<<447< ^F><=G< 64D4U=?4D ·<E>574 
>?<=<4=4<: Pt= var (0.6,0.7,&&,1 =5.), $46=const; Pd=0. 

2. %<EF5<4=<=7 44EF?45>< <L D56<<<44 FGD5<=4 �G664F< ^774D<4=4<, �<E�4 
FGF4LG6=<=7 6>=?4L<L< ^774D44<, �^7�4F<L GG?�4<<44 45<?D5D <><5=F< ·<E>574 
>?<=<4=4<: Pt= const (1 =.5.);  

$46 = var.(0.4 =.5.); Pd = 0. 
3. -?5>FD EF4=F<OE<=<=7 44EF?45>< <L?4L D56<<<44 FGD5<=4=<=7 �G664F< 

^774D<4=4<, �<E�4 FGF4LG6=<=7 FGD< 64 6>=?4LG6< ^774D<4=4<, 45<?D5D <><5=F< ^774D44<: 
Pt = const (1 >5); $46 = 0.4 >5; P4 = var. 

�5=5D4F>D D>F>D<=<=7 ·4D4>4F FD45>F>D<OE<44, <<E>? E<D4F<44, 75=5D4F>D D>F>D<=<=7 
·4D4>4F FD45>F>D<OE< >5?F<D<?74=. �>L?4=�<G D56<<44 75=5D4F>D=<=7 �G664F< ^774D<474= 
·>?44 64 �<E�4 FGF4LG6 L4D><F<44 5GDG4> >G664F< 4<??<FG44E< ^774D<L?4D< 4>E 
MFF<D<?74=. 

 
$4E<-2. �5=5D4F>D D>F>D<=<=7 ·4D4>4F FD45>F>D<OE<. 

 �5=5D4F>D D>F>D<=<=7 ·4D4>4F FD45>F>D<OE< F4·?<?<44= >5?<5 G<�44<><, �<E�4 
FGF4LG6=<=7 EE5<4447< 6>=?4LG6< 474D 5G=44 FGD5<=4 �G664F< 5>L?4=�<G �<=<4F<44= 
^774D<4E4 464D<O44= >5=<=7< D56<<44 D>F>D ·4D4>4F< F5=7?4<4?4D< 5>�?<�?<7< ^774D<4=4<, 
5G ?4D4<5FD?4D >><5<=4F<O?4D<=<=7 <>><=G< 64D<4=F<44 D>F>D ·4D4>4F< F5=7?4<4?4D< 
E4D4>F5D<EF<>4E<447< 46D4?<L M7D< G<7<�< M>4=?<7<=< F4E4<�?4=4< 64 5G=44= 5<?<=44<>< 
&$ FGD�G= U>< =>FGD�G= D56<<?4D E<=D<=<=7 MF4?>=< ^774D<4=4<. �4 LG 5<?4= 5<D �4F>D44 
D4E<-3 44  =<=7 G574D46<= �<E�4 FGF4LG6 64�F<74 5>�?<�?<7< E4D4>F5D<EF<>4E< 
>5?F<D<?74=, 5G=44= >^D<=<5 FGD<54<>< 5G 5>�?<�?<> =>G<7<�?< E4D4>F5D74 M74.  

U=const 

f = const 

   

    ¶46> G74F<L ?<=<OE<  

 

&1 

�1 

% 

.>. 
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$4E<- 3.  =<=7 G574D46<= �<E�4 FGF4LG6 64�F<74 5>�?<�?<7< E4D4>F5D<EF<>4E<  

%G?>E4 
1. -?5>FD EF4=F<O?4D<=<=7 M?5>FD F<7<<< 5<?4= ?4D4??5? <L?4L<=< F4N<<=?4L 

M?5>FD M=5D7<O F<7<<?4D<=<=7 <L?4L<447< DG=44<5=F4? ^774D<L?4D L4D><F<44 --% =<=7 
<L>=G?<?<7<=< >L<D<L 647<D4E< <G·<< 4·4<<OF74 M74. 'L5G <G4<<>=< ·4? �<?<L >^? 
6<·4F44= 5>L�4DG6 64 =47>D4F F<7<<?4D<=<=7 ^7 64�F<44 464D<O D56<<?4D<=< 4=<�?4L< 64 
LG 464D<O74 �4DL< >><??5>E F4NE<D?4D=< �^??4=<?<L<=< F4?45 MF44<. 

2. �5D47?4D=< 4=<�?4L =474D<OE< GEG??4D<74 4E>E?4=74= 75=5D4F>D=< GF><=G< 
64D4U=?4D<=< 5>L�4D<L 4?7>D<F<< �O?G=>6 DG=>F<O?4D<44= D>=44?4=74= 4?7>D<F<?4D74 
=<E54F4= 5>L�4DG6 E4<4D44>D?<7<=< >L<D44<. 

3. �5=5D4F>D44 GF><=G< 64D4U=?4D=< 5>L�4D<L D>F>D ·4D4>4F< FD45>F>D<O?4D<74 
4E>E?4=74= ·>?44 <L?45 G<�<?74=.  

�445<UF?4D 
 [1] �?5>E4=4D>6 �.�. �D<<5=5=<5 F5>D<< D4E?>7=464=<O >5D47>6 4?O >?4EE<D<>4F<< 

D56<<>6 E?>6=OE M?5>FD<G5E><E E<EF5< // -?5>FD<G5EF6>.3 1978. - N9.- %. 76-77. 
 [2] �5=<>>6 �. �. �5D5E>4=O5 M?5>FD><5E4=<G5E><5 ?D>F5EEO 6 M?5>FD<G5E><E 

E<EF5<4E: 'G55. 4?O M?5>FD>M=5D75F. E?5F. 6G7>6. 3 �.: �OEL. L>., 1985. 3 536 E.  
 

����¶� ����,'����� $��������� -��$��/�� &���, �� -��$��/ 
%���$���$���� %�¶�%��� ������&��� $����/&�� ��,��$�, 

%4D4D>6 %.%., �4DL< <G·4=4<E?<> <�F<E>4<UF <=EF<FGF< 
'74�>6 �.'., &5D<<7 <G·4=4<E?<>-F5E=>?>7<O <=EF<FGF< 4EE<EF5=F< 

�==>F4F<O: 'L5G <4�>?444 =<D<> E4=>4F >>DE>=4?4D<44 M=5D7<O=< F564L 64 M=5D7<O 
E4<4D44>D?<7<=< >L<D<L 5^=<G4 4<4?<UF74 6>D<= �<?<=44<74= F4E?<??4D 64 G=< 
D4>??4LF<D<L <G<><= 5G?74= =^=4?<L?4D, O=7< 74<>=46<= F5E=>?>7<O?4D44= D>=44?4=<L 
5^=<G4 ?>=<·4?4D, 5>L�4DG6=< F4L><? MF<L, <==464F<>= D4>?<OF=< D4>??4LF<D<L 
<<>>=<OF?4D< 5^=<G4 F4E?<??4D 54U= MF<?74= 

�==>F4F<O: � 44==>= EF4FL5 ?D54EF46?5= 4=4?<7 6=54D5=<O 6 ?D4>F<>G 
M=5D7>E55D565=<O < ?>6OL5=<O M=5D7>MDD5>F<6=>EF< =4 >DG?=OE ?D><OL?5==OE 
?D54?D<OF<OE < 6>7<>6=O5 =4?D46?5=<O 55 4>F<6<74F<<, ?D>5>FO ?> <E?>?L7>64=<N =>6OE 
E>6D5<5==OE F5E=>?>7<=, >D74=<74F<< G?D46?5=<O, 6>7<>6=>EF< 4>F<6<74F<< 
<==>64F<>==>= 45OF5?L=>EF< 

�4?<F E^7?4D: -=5D7<O=< F564L, M=5D7<O E4<4D44>D?<>, <==>64F<>= D4>?<OF, M?5>FD 
M=5D7<O=<=7 E<D4F >^DE4F7<G?4D< 

�?NG56O5 E?>64: -=5D7>MDD5>F<6=>EFL, M=5D7>MDD5>F<6=>EFL, <==>64F<>==4O 
45OF5?L=>EFL, >4G5EF65==O5 ?>>474F5?< M?5>FD<G5E>>= M=5D7<<. 

�4�>?444 <466G4 <5NUD<=-·G�G�<= 5474=< ^D74=<L, GL5G E>·444 >?<5 5>D<?4UF74= 
<<=F4�46<= E<UE4F <>=<F>D<=7< =4F<64?4D< 64 =<D<> E4=>4F >>DE>=4?4D< D4·54D?4D<=<=7 
E^D>6?4D< 4E>E<44 M=5D7<O F564L 64 M=5D7<O E4<4D44>D?<7<=< >L<D<L 5^=<G4 
�755><EF>==<=7 6>D<= 4<4?<UF< F4·?<? �<?<=44<. �466G4 �>=G=G<?<> 5474E<=<=7 M=5D7<O 
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F564L 64 M=5D7<O E4<4D44>D?<7<=< >L<D<L E>·4E<447< <==>64F<>= D4>?<OF=< 
D4>??4LF<D<L <<>>=<OF?4D<=< G5>?4=4<74= EGEGE<OF?4D< 4=<�?4=4<.  

�=<�?4=74= <G4<<>?4D=< ·4? �<?<L=<=7 <G<><= 5^?74= GEG??4D<44= 5<D< E<D4F<44 
?>=<·4 U=44LG6<44= D>=44?4=<L F4>?<D MF<?44< 64 G=<=7 GEG??4D< 64 6>E<F4?4D<=< >^D<5 
G<�<?4UF74= D4>?<OF E>·4E<=<=7 ^7<74 E>E EGEGE<OF?4D<74 <>E?4LF<D<L 74DGD4F< 
4E>E?4=44<. �4D>D?4D=< �45G? �<?<L 64D4U=?4D<=< �GD<L 64 M=5D7<O F564<>>D 
<==>64F<O?4D=< OD4F<L, 4<4?74 >L<D<L 64 F<6>D4F?4LF<D<L 5^=<G4 ?>=<·4?4D=< 
5>L�4D<L FG7<?<4E<=< L4>??4=F<D<L74 �^=<?44<74= F4?45?4D >^D<5 G<�<?74=.  

$<6>6?4=74= <4<?4>4F?4D 5<?4= E>?<LF<D74=44 �755><EF>= O??< <G>< <4·EG?>F<=<=7 
M=5D7<O 7<G?<7<=<=7 N�>D< 44D464E< M=5D7<O F564L 64 M=5D7<O E4<4D44>D?<7< E>·4E<44 
4<4?74 >L<D<?4UF74= 446?4F E<UE4F<=< D4>??4LF<D<L 74DGD?<7<=< >?4<=44= 55?7<?45 
55D44<. '=< D4>??4LF<D<L=<=7 <G<><= 5^?74= =^=4?<L?4D<44= 5<D< <==>64F<>= 
D<6>6?4=<L 64D4U=?4D< 64 M=5D7<O=< F564L 64 M=5D7<O E4<4D44>D?<7< 64D4U=?4D<=<=7 
^74D> F4NE<D<=<=7 >?4<=44= 4=<�?4=74= F4NE<D<74 4E>E?4=<L< <G<><= [1, 2]. '=<=7 
<>·<OF< LG=44= <5>D4F><, 5<D F><>=44= <==>64F<>= F5E=>?>7<O?4D, 4E5>5-GE>G=4?4D 64 
<4F5D<4??4D44= D>=44?4=<L M=5D7<O F564L 64D4U=?4D<=< 4<4?74 >L<D<L 64 M=5D7<O 
E4<4D44>D?<7<=< >L<D<L GGG= E<D4F 6<·4F<44= O=7< <<>>=<OF?4D OD4F44<.  

�>L�4 F><>=44=, M=5D7<O F564L 64 M=5D7<O E4<4D44>D?<7<=< >L<D<L 64D4U=<=< 
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THE EFFECT OF A QUANTIZING MAGNETIC FIELD ON THE TEMPERATURE 
DEPENDENCE OF THE COMBINED DENSITY OF STATES IN QUANTUM WELL 

HETEROSTRUCTURES 
Sayidov Nozimjon Abdulnosirovich 

2nd year basic doctoral student, Namangan Instituti of Engineering and Technology 
e-mail: sayidovnozimjon@gmail.com, Tel:+998998705868 

Abstract: In this work, the dependence of the combined state density oscillations on the strong 
magnetic field in heterostructures based on rectangular quantum coils is studied. The influence of 
the quantizing magnetic field on the temperature of the combined density of states in nanoscale 
real-field heterostructures is studied. A new mathematical model has been developed to calculate 
the temperature dependence of the two-dimensional combined state density of quantum coils in 
quantizing magnetic fields. The proposed model explains the experimental results in nanoscale, 
regular field, parabolic dispersion semiconductors. 

Key words: heterostructure, nanoscale, quantum coil, density of states, oscillation. 
Introduction 

As is known, the impact of external factors (temperature, magnetic field and pressure) on 
quantum-dimensional heterostructures leads to a change in the position of the energy levels of 
charge carriers and, consequently, to a shift in the magneto-optical absorption edge [1-3]. The 
magneto-optical absorption spectrum of nanosized semiconductors is determined by the energy 
distance between different minima of the expanded zone. Hence, the band gap of the quantum well 
can either decrease or increase due to external influences. Thus, the study of the magneto-optical 
absorption spectrum near the boundary of its absorption edge provides information on the structure 
of the energy spectrum of charge carriers near the lower edge of the conduction band and near the 
upper edge of the valence band of the quantum well, which is essential for determining the 
magnetic, optical, and electrical properties of nanosized semiconductors. 

Methods 
The combined densities of states of a quantum well play an important role in the oscillations 

of the interband magneto-optical absorption. Therefore, in many cases the matrix element ( cp õ ) 

changes little within the Brillouin zone. Consequently, the structure of the spectrum predominantly 
determines the combined density of states in quantum-well heterostructures. In the absence of a 
magnetic field, the dependence of the density of energy states of the conduction band and valence 
band in a quantum well on the energy spectrum of charge carriers are step functions [4-6]: 
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(1) 

Here, and  are the effective masses of electrons and holes in the size quantization 
subband in the quantum well with numbers n and m. Heaviside step function. Then, in the 
allowed zone, there is a zero-dimensional combined density of states, which is a discrete non-
decreasing function. In this case, the combined density of states is described using the so-called 
Dirac delta function : 

 
(2) 

The combined density of states is a collection of infinitely narrow and high peaks. All the 
results obtained above are valid for cases without the influence of magnetic field quantizations, 
temperature, and pressure. In a quantizing magnetic field, the combined density of states is defined 
as the integral over all states in the conduction band with energies EC and in the valence band with 
energies EV of the quantum well that satisfy the law of conservation of energy in the magneto-
optical transition. Let us analyze the simplest model of the band structure near the band gap edge of 
a direct-gap heterostructure with a quantum well under the action of a strong magnetic field. That is, 
the valence band of the quantum well is completely filled with charge carriers, and the conduction 
band is empty. Here, the filling functions of the corresponding states are equal to fV=1, fC=0. In 
addition, the dependence of impurity levels on the combined density of states of a quantum well 
with a parabolic dispersion law can be neglected in this model. The magnetic field inductions are 
directed transversely (along the Z axis) and will be perpendicular to the XY plane. Hence, in the 
presence of a strong magnetic field, the dispersive energy laws are used to calculate the combined 
density of states of a quantum well, which can be written in the following form: 

 

 

(3) 

Here,  is the number of Landau levels of charge carriers in the allowed zone of the 
quantum well;  - cyclotron frequency of the magnetic field in the conduction and valence 
bands of the quantum well; d is the thickness of the quantum well;  is the number of size 
quantization subband in the conduction band and in the valence band of the quantum well;  
is the serial number of electron and hole quantization levels along the Z axis, respectively. For 

and , disregarding spin, magneto-optical transitions will correspond to 
the law of conservation of energy 

 

 
 

(4) 

Where,  is the absorbing photon energy. Hence, in the conduction and valence bands of the 
quantum well, the movement of free electrons and holes in all three directions is limited. When 
exposed to a quantizing magnetic field, the quantum well becomes analogous to a quantum dot. 
And also, the energy spectrum of charge carriers will be entirely discrete. According to formula (2), 
when replacing E with  and  with  in the argument , we have: 

 
(5) 

Thus, under the action of a quantizing magnetic field, formula (5) can be used to determine 
the combined density of states of the quantum well. 
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At T=0, the Gaussian distribution function is delta-shaped and is determined by the following 
expression [5-7]: 

ø ù ø ù
ø ù

2

2

1
, e x p iE E

G a u s s E T
k T k T

ö öý
÷ ÷ý ÷ ý
÷ ÷
ø ø

  (6) 

In addition, to describe interband magneto-optical absorption, it is usually assumed that each 
energy spectrum of a quantum well is smeared according to the Gaussian law with a smearing 
parameter. This approach can be described by the temperature dependence of the two-dimensional 
combined density of states in a quantum well. 

Results 
Hence, the deep filled discrete Landau levels of charge carriers in the quantum well depend 

exponentially on the two-dimensional combined density of states. To calculate the temperature 
dependence of the two-dimensional combined density of states  we assume 

that  at &=0 equal to the known energy function 6
. For a heterostructure with quantum wells, in a strong magnetic field, the two-

dimensional combined density of states is calculated by formula (5). As the temperature increases, 
each combined density of states in the allowed band of the quantum well with the energy of the 
conduction band and the valence band  smears out. Thermal blur 

 with energy  is computed by Shockley-Read 

statistics -Hall [8-10]. Thus, under the influence of a quantizing magnetic field, in the allowed zone 
of the quantum well, the resulting two-dimensional combined density of states, taking into account 
the contribution of the thermal smearing of all states, will be determined by the sum of all blurs. 
Hence, at a finite temperature T, this reduces to the expansion in the series 

 in terms of Gaussian functions for nanoscale semiconductor 

structures. 
Formula (5) does not take into account thermal smearing of the two-dimensional combined 

density of states. If we expand  into a series according to formula (6), 

then we can take into account the temperature dependence of the two-dimensional combined 
density of states in the allowed band of the quantum well. In a strong magnetic field, the thermal 
smearing of the combined density of states of the quantum well leads to smoothing of the discrete 
Landau levels of charge carriers, and the thermal smearing is calculated using formula (6). At T=0, 
formula (6) turns into a delta function of the form: 

ø ù ø ù
0

, ,i i
T

G auss E E T E Eô
þ

þ ý  (7) 

Thus, from formulas (5) and (6) it follows that, under the influence of a quantizing magnetic 
field, the temperature dependence of the combined density of states of the quantum well is reduced 
to the following analytical expression: 

 

 

(8) 

Where,  is the temperature dependence of the combined 

density of states oscillations in the allowed band of the quantum well in the presence of a strong 
magnetic field. B is the induction of the transverse quantizing magnetic field. 

Discussion 
This new analytical formula expresses the effect of a quantizing magnetic field on the 

temperature dependence of the two-dimensional combined density of states in quantum well 
heterostructures. The resulting expression is convenient for processing experimental data on 
oscillations of interband magneto-optical absorption in quantum wells at various magnetic fields 
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and temperatures. Thus, a mathematical model has been obtained that describes the influence of 
external factors (temperature and magnetic field) on the two-dimensional combined density of states 
in nanoscale semiconductor structures [11-15]. 
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mahsulot yoki yarim fabrikatlarni ishlab chiqarishga mo8ljallangan katta ishlab chiqarish 
binolaridan iborat bo8ladi. 

Tarmoqlardan qat9iy nazar ishlab chiqarish binolarini to8rt guruhga, ya9ni, ishlab chiqarish, 
energetika, transport, ombor xo8jaligi binolari turlarga ajratiladi. 

Tayyor yoki yarim fabrikat mahsulotlarni ishlab chiqarish uchun mo8ljallangan binolar ishlab 
chiqarish binolari deyiladi. Ular ishlab chiqarish tarmoqlariga ko8ra: tikuvchilik, shtampovka-
temirchilik, termik, asbobsozlik, ta9mir va shu kabi ko8pgina turlarga ajraluvchi binolardir. 

Ishlab chiqarish binolarining yoritilganlik darajasini o8lchash, rostlash va avtomatlashtirish 
uchun mavjud zamonaviy texnik vositalar, ularning asosiy parametrlari va imkoniyatlarini ko`rib 
chiqamiz. 

Usullar 
Ulardan eng asosiysi boshqaruv qurilmasi bo8lib, hozirgi kunda eng arzon, yetarli 

imkoniyatlarga ega bo`lgan qurilma mikrokontrollerlardir.[1] 
Quyida mikrokontrollerlar to`g`risidagi ba`zi ma`lumotlarni ko`rib chiqamiz. 
Mikrokontrollerning asosini mikropotsessorlar tashkil qiladi. Ushbu qurilmaning asosiy 

vazifasi arifmetik-mantiqiy amallarni bajarishdan iborat. Quyidagi tasvirda (1-rasmga qarang) 
Atmega328 mikroprotsessorining ko`rinishi keltirilgan. 

 
1-rasm. Atmega328 mikroprotsessori ko`rinishi. 

Mikrokontrollerning mikroprotsessordan farqi shundaki, u mikroprotsessordan tashqari 
operativ xotira, dastur uchun xotira, takt chastotasi generatori kabi boshqa qurilmalarni ham o`z 
ichiga oladi. Mikrokontrollerni kichik kompyuter deb hisoblash mumkin. Mikrokontrollerning eng 
asosiy qurilmasi mikroprotsessor hisoblanadi. Quyidagi tasvirda (2-rasmga qarang) 
mikrokontrollerning tuzilish sxemalaridan biri keltirilgan. 

 
2-rasm. Mikrokontrollerning tuzilish sxemasi. 

Barcha qurilmalar bitta plataga joylashtirilib mikrokontroller platasi hosil qilinadi. Quyidagi 
3-rasmda Arduino Nano mikrokontrollerining ko`rinishi keltirilgan. 

 
3-rasm. Arduino Nano mikrokontrollerining tashqi ko`rinishi. 

Ushbu seriyadagi kontrollerlarning laboratoriya sharoitida foydalanishga mo`ljallangan 
Arduino UNO turining ko`rinishi quyidagi 4-rasmda keltirilgan. 
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4-rasm. Arduino UNO mikrokontrollerining tashqi ko`rinishi. 

Arduino Nano mikrokontrollerining pinlari sxemasini quyidagi ishchi maketining tasvirini 
quyidagi 5-rasmda keltiramiz [1]. 

Hozirgi kunda dunyoda mikrokontrollerlarning ko`plab turlari mavjud bo`lib, ularga 
quyidagilarni misol qilib olish mumkin: 

÷ MCS 51 (Intel) 
÷ ESP8266 i ESP32 (Espressif) 
÷ MSP430 (TI) 
÷ ARM (ARM Limited) 
o ST Microelectronics STM32 ARM-based MCUs 
o ARM Cortex, ARM7 i ARM9-based MCUs 
o Texas Instruments Stellaris MCUs 
o NXP ARM-based LPC MCUs 
o Toshiba ARM-based MCUs 
o Analog Devices ARM7-based MCUs 
o Cirrus Logic ARM7-based MCUs 
o Freescale Semiconductor ARM9-based MCUs 
o Silicon Labs EFM32 ARM-based MCUs 
÷ AVR (Atmel) 
o ATmega 
o ATtiny 
o XMega 
÷ PIC (Microchip) 
÷ STM8 (STMicroelectronics) 
÷ S8051F34x 
÷ RL78 (Renesas Electronics) 
B>shqaruvchi qurilma sifatida Arduino Nano mikr>k>ntr>llerni tanlaymiz.[13]  
Arduino Nano - bu o8rnatilgan USB portga ega sirtga o8rnatiladigan <Breadboard= platasi. Bu 

eng kichik, to8liq va <Breadboard=ga mo8ljallangan. Diecimila/ Duemilanove-da (elektrda) ko8proq 
analog kirish pimlari va bortda + 5V AREF o8tish moslamasi bo8lgan hamma narsalar mavjud.  

Dasturiy ta'minot ketma-ket kutubxonasi Nano-ning har qanday raqamli pinlarida ketma-ket 
aloqa qilish imkoniyatini beradi. ATmega168 va ATmega328 shuningdek I2C (TWI) va SPI 
aloqalarini qo8llab-quvvatlaydi. Arduino dasturi I2C avtobusidan foydalanishni soddalashtirish 
uchun Wire kutubxonasini o8z ichiga oladi. 

Natijalar 
K>ntr>ller Arduin> (IDE) dasturiy ta`min>t yordamida dasturlanadi. Shu dasturning o8zi 

STK500 yordamida dasturni mikr>k>ntr>ller x>tirasiga yuklab beradi. Bunda qo8shimcha texnik 
v>sitalar talab qilinmaydi.[1] 

Yoritilganlik darajasini aniqlash uchun yorug8lik miqdorini o8lchash uchun yorug8likka 
bog8liq qarshilik(fotorezistor) lardan foydalanamiz. [3] 
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5-rasm.Yorug8likka bog8liq qarshilik(fotorezistor) LDR. 

LDR ishlash usullari. 
LDRning ishlash asoslarini murakkab tushuntirishlarni chuqurlashtirmasdan tushunish ancha 

oson. Avvalo elektr toki material ichidagi elektronlar harakatidan iborat ekanligini tushunish kerak. 
[4] 

Yarim o8tkazgichlarda potentsiallar farqi ta'sirida ma'lum yo8nalishda siljishi mumkin bo8lgan 
juda ko8p erkin elektronlar mavjud. Yuqori qarshilikka ega bo8lgan izolyatorlar juda oz miqdordagi 
erkin elektronlarga ega va shuning uchun ularni harakatga keltirish qiyin, shuning uchun oqim 
oqadi. 

LDR yoki fotorezistor har qanday yarim o8tkazgichli material yuqori qarshilikka ega. Chunki 
erkin va harakatlana oladigan elektronlar juda kam. Elektronlarning katta qismi kristall panjaraga 
qulflangan va harakatlana olmaydi. Shuning uchun bu holatda yuqori LDR qarshilik mavjud. 

Yorug8lik yarim o8tkazgichga tushganda, yorug8lik fotonlari yarim o8tkazgich panjarasi 
tomonidan so8riladi va ularning energiyasining bir qismi elektronlarga o8tadi. Bu ularning 
ba'zilariga elektr tokini o8tkazishi uchun kristall panjaradan ajralib chiqish uchun yetarli energiya 
beradi. Bu yarim o8tkazgichning qarshiligining pasayishiga va shu sababli umumiy LDR 
qarshiligiga olib keladi. 

Jarayon tobora rivojlanib, LDR yarim o8tkazgichiga ko8proq yorug8lik tushgani sababli, elektr 
tokini o8tkazish uchun ko8proq elektronlar ajralib chiqadi va qarshilik yanada pasayadi. 

Fotoresistor / LDR tuzilishi 
Strukturaviy ravishda fotorezistor - bu gorizontal tanaga ega bo8lgan nurga sezgir qarshilik. 

Fotorezistorning asosiy formati quyida keltirilgan.(6-rasm) 

 
6-rasm. Fotorezistorning tuzilishi 

Faol yarim o8tkazgich mintaqasi odatda yarim izolyatsion substratga yotqiziladi va faol 
mintaqa odatda ozgina aralashtiriladi[2-5]. 

Ko8pgina diskret fotorezistorli qurilmalarda fotorezistorning yorug8lik ta'sir qiladigan 
maydonini ko8paytirish uchun raqamlararo naqsh qo8llaniladi. Naqsh faol maydon yuzasida 
metalllashda kesiladi va bu nurni o8tkazadi. Ikkala metallizatsiya joylari qarshilik uchun ikkita 
kontakt vazifasini bajaradi. Ushbu maydonni nisbatan kattalashtirish kerak, chunki kontaktning faol 
maydonga chidamliligini kamaytirish kerak. 
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7-rasm. Fotoresistor ichki tuzilishi 

Fotoresistor tuzilishi, ta'sir doirasini maksimal darajada oshirish uchun raqamlararo naqshni 
namoyish etadi. 

Ushbu turdagi struktura ko8rinadigan ko8plab kichik fotorezistorlar yoki nurga bog8liq 
rezistorlar uchun keng qo8llaniladi. Interdigital naqsh juda taniqli. 

Odatda LDR / fotorezistor spetsifikatsiyasi quyidagicha bo8lishi mumkin: 
FOTOREZISTORNING TEXNIK XUSUSIYATLARI 

PARAMETR MISOL SHAKLLARI 

Maksimal quvvat sarfi 200 mVt 

Maksimal kuchlanish @ 0 lyuks 200V 

Eng yuqori to8lqin uzunligi 600nm 

Min. qarshilik @ 10lux 1,8 kg 

Maks. qarshilik @ 10lux 4,5 kg 

Turi. qarshilik @ 100lux 0,7 kg 

1 soniyadan keyin qorong8i qarshilik 0,03M« 

5 soniyadan keyin qorong8i qarshilik 0,25M« 
LDRlar juda foydali elektron komponentlar bo8lib, ular turli xil yorug8lik sezgichlari 

dasturlari va ular bilan bog8liq elektron sxemalar dizaynlari uchun ishlatilishi mumkin. LDR 
qarshiligi shu qadar keng diapazonda o8zgarib turishi sababli, ular ayniqsa foydalidir va bu erda 
ko8rsatilganidan tashqari ko8plab LDR elektron konstruktsiyalari mavjud. Ushbu elektron 
komponentlardan foydalanish uchun yuqorida aytib o8tilgan LDR qanday ishlashini bilish kerak. 

Umumiylikka zarar yetkazmasdan, taklif etilayotgan mikr>k>ntr>ller yordamida 
avt>matlashtirilgan tizimning sxemasini s>ddalashtirib, quyidagicha tasvirlashimiz mumkin. (8-
rasm) [2-6] 

 
8-rasm. Avt>matlashtirilgan tizimning sxemasi. 

Diagrammada Arduino Nano mikrokontrolleri, binoni yoritish uchun qo8yilgan chiroqlar, 
binoning turli qismlaridagi yorug8lik miqdorini o8lchash uchun foydalaniladigan fotorezistorlardan 
iborat. 

Arduino Nanoning pinlaridan chiquvchi elektr toki bino chiroqlarini to8g8ridan-to8g8ri 
quvvatlantirish uchun yetarli emas. Shuning uchun ham mikrokontroller va chiroqlar orasida NPN 
tipli tranzistorlardan foylanagan holda maxsus kuchaytirgichlar qo8llaymiz. Ushbu kuchaytirgichlar 
qo8llangan holatdagi sxemani quyidagi chizmada ko8rishingiz mumkin. (9-rasm) 
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9-rasm. Avt>matlashtirilgan tizimning maxsus kuchaytirgichlar yordamida 

takomillashtirilgan sxemasi. 
Munozara 

Binoning turli qismlariga qo8yiladigan yorug8lik datchiklari (fotorezistorlar) va yoritish 
chiroqlari soni binoning kattaligi, shakli va boshqa xususiyatlaridan kelib chiqqan holda turlicha 
farq qilishi mumkin. Binoning ma9lum bir qismiga o8rnatilgan yorug8lik datchiklari yordamida 
binoning o8sha qismidagi yorug8lik miqdori o8lchanadi va mikrokontrollerga jo8natiladi. Ushbu 
ma9lumotlarni talab etilgan yorug8lik miqdoriga taqqoslab, yoritilish miqdori mikrokontroller 
yordamida rostlanadi. 

Xulosa 
1. Ushbu maqolada quyidagi ishlar amalga oshirildi: 
÷ ishlab chiqarish turlari va xususiyatlariga qarab binolarining yoritilish sxemasi va darajasiga 

bo`lgan talablar o`rganib chiqildi; 
÷ hozirgi kunda foydalanilayotgan yoritish tizimlari tahlil qilindi; 
÷ asosiy yoritishni boshqarishning asosiy avtomatlashtirilgan tizimlari tahlil qilindi; 
÷ ishlab chiqarish turlari va xususiyatlariga qarab ish joylarini differensial yoritish 

konsepsiyasi ishlab chiqildi va yangi avtomatlashtirilgan tizimi taklif qilindi; 
÷ avtomatlashtirilgan boshqaruv tizimi algoritmi ishlab chiqildi va dasturi yaratildi; 
÷ yaratilgan tizim ishlash jarayonini kuzatishga mo8ljallangan maket tayyorlandi. 
2. Ushbu yaratilgan tizimlar nafaqat ishlab chiqarish sifatini oshirish va ishchilarga 

qulay sharoit yaratish bilan birgalikda tabiiy va sun9iy yoritish tizimlarining bir-biri bilan 
integratsiyalashgan holda bir butun bo8lib ishlashini ta9minlaydi. Bu esa elektr energiyasi 
samaradorligiga ham sezilarli ta9sir ko8rsatadi. 
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F4D<>�44= G7<?74= ·>?4F44 4<4?74 >L<D<?G6G< 6>D<= F4N<<D< 1 =<?44 1 5<D <4DF444=, 
�>?74= 54DG4 FD4=ED>D<4F>D?4D=<>< ME4 4 =<?44 1 <4DF444= >4< 5^?<474= F4DF<544 4<4?74 
>L<D<?44<. 

&D4=ED>D<4F>D=< >G<L, G=<=7 D4>? �<E<?4D<=< (<47=<F ^F>477<G 64 GG?�4<?4D) 
E<=G<>?45 F5>L<D<L 64 E<=4L 5<?4= 5>�?<� 5^?74= >4?<F4? F4N<<D 5<D<=G< <4DF4 G <L74 
FGL<D<?74=<44= E^=7 6 =<?44= >^? 5^?<474= <G444F44, >5=<=G4?<> ME4, 74DGD4F 5^=<G4 
^?G4L 64 E<=4L =4F<64?4D<74 5>�?<� ·>?44 4<4?74 >L<D<?44<. &D4=ED>D<4F>D=<=7 ·>?4F< 
OEL< 5^?74= F4�4<D44 G=<=7 D4>? �<E<< >G<?<4=4< 64 G=< >^D<>44= ^F>47<L, <G<=< 
F>74?4L, <4·>4<?4L 6>=?4D<=< F<>?4L ON=< D57<=4 �4F?4<?4D< 64 4?>·<44 �<E<?4D<=< 
F4N<<D?4L 5<?4= G5>?4=<?44<. �4N74= F4N<<D FD4=ED>D<4F>D=<=7 D4>? �<E<<=< 
G<�4D<4E44=, G=<=7 ^D=4F<?74= 6>=<44 <>=< U<>>EF74 F^?<> F^><?<5, 54>=<=7 <G<74 >G74FG6 
?N><44= ><D<L >D�4?< 4<4?74 >L<D<?44<. &D4=ED>D<4>D?4D44 D>EF?>6G< ($�� 64 ���) 
�GD<?<4?4D=<=7 =4654F44= F4L�4D< F4N<<D< 55?7<?4=74= E>=447< G7<5-G?4L?4D44= E^=7 
746>4 =^D<�=><4?4D<44 55?7<?4=74= >^DE4F<4?4D74 <G6>D<� F4DF<544 4<4?74 >L<D<?44<.  

�L?4F<L L4D><F?4D<44 G?>4= FD4=ED>D<4F>D?4D=<=7 >4?<F4? F4N<<D< ^D=4F<?74= 
6>=?4D<44 <=65=F4D =<�<4 >>=EFDG>F<O?4D=< �^??474= ·>?44; F4�E<<?>6G< �GD<?<4?4D=<=7 
O�<=<44, M?5>FD EF4=F<O?4D< <4L<=4 74?<=<=7 FD4=ED>D<4F>D?4D=< ^D=4F<?74= 
6>=?4D<74G4 5D >EF< =^?<74 M74 5^?74= F4N<<D?4L <4=4>=G4?4D<44 �GD<?G6G< 
FD4=ED>D<4F>D <<=>D4?4D<44 4<4?74 >L<D<?44<. '=G4?<> >4FF4 5^?<474= 
FD4=ED>D<4F>D?4D M?5>FD EF4=F<O?4D< M?5>FD F5E?4D<=<=7 GEF4E>=4?4D<44 F4N<<D?4L 
<L?4D< 4<4?74 >L<D<?44<. 
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$5<>=F �<?<L GGG= E>=4?4D 64 �GD<?74= <=L>4F?4D FD4=ED>D<4F>D?4D=< G?4D74 G4=7 
64 4F<>ED5D4 U�<=74DG<?<>?4D<44= <L>=G?< ·<<>O?4L< L4DF. &4L<L 64 >^F4D<L 
<L?4D<=< 5464D<L F4N<<D?>6G<?4D44= 4?>·<44 5<?<< 64 >^=<><4?4D=< F4?45 MF44<. ,G 
E4545?< FD4=ED>D<4F>D?4D=< F4N<<D?4L <4=4>=G4E<74 >?<5 >5?<L, G<�<L?4D=< 5G<L, D4>? 
�<E<<=< >^F4D<L, 4?>·<44 45F4??4D 64 FG7G=?4D=< >^G<D<L <L?4D<=< 5464D<L <4EEGE 
F4>5?46G<-<GF4E4EE<E?4D74 N>?4=44<. &4>5??46 <L?4D<=< 5464D<L GGG= 7<4D46?<> �%-400 
=4E>E EF4=F<O?4D, >><??5>F 4><>D4F?4D, F>?>4F5??4D, F5<<D =^? D5?E?4D<, =^? ??<F4?4D<, 
5<D =5GF4 ^?G4<447< F5<<D 5^?4>?4D<, FG<54, ?>< 64 U�>G L?4?4?4D F4?45 �<?<=44<. 

&D4=ED>D<4F>D?4D=< F4N<<D?4L GGG= >G<L L4DF?4D<: &4N<<D?4L 446D<44 
FD4=ED>D<4F>D <7>?OF<OE<=<=7 =4<?4=<L< ·46>=<=7 F4D><5<447< =4<=<=7 NF<?<L< 
=4F<64E<44 E>4<D 5^?44<. �G=44= ·>?4F D4>? �<E<=<=7 ·4D>D4F< 4FD>D-<G·<F ·46>E<=<=7 
·4D>D4F<74 =<E54F4= ?4EF 5^?74=44 >G74F<?44<. �?<� ·46> =<E54F4= E>6G� 4>F<6 �<E<74 
F5>>4=44 G=<=7 E<DF<44 =4<?<> >>=45=E4F<O?4=44< 64 <7>?OF<O F><>=<44= L<<<?44<. 
&4N<<D 446D<44 <7>?OF<O=<=7 =4<?4=<L<=< >?4<=< >?<L 64 FD4=ED>D<4F>D=< �GD<F<LE<7 
<L74 FGL<D<L GGG= D4>? �<E<=< =<E5<= =4<?<7< 75% 74G4 5^?74= ·46>44 35 >� 64 G=44= 
?4EF >GG?4=<L?< FD4=ED>D<4F>D?4D GGG= 24 E>4F74G4, 110 >� 64 G=44= N�>D< >GG?4=<L?< 
FD4=ED>D<4F>D?4D GGG= ME4 16 E>4F74G4 GL?45 FGD<L74 DGEE4F MF<?44<. �G=44= F4L�4D< 
D4>? �<E<=<=7 ·4D>D4F< 4FD>D-<G·<F=<=7 ·4D>D4F<74 F5=7 U>< G=44= N�>D< 5^?<L< L4DF. 
�74D GL5G L4DF 5464D<?<4E4, FD4=ED>D<4F>D=< >G<L �>?4<D<?44< U>< D4>? �<E< 4FD>D-
<G·<F ·4D>D4F<44= N�>D< ·4D>D4F74G4 �<74<D<?44<. $4>? �<E<=< 4FD>D-<G·<F=<=7 
·4D>D4F< =>?44= ?4EF 5^?74= ·>?4F44 >G74F<L 74DGD4F< N7474 >5?74=44, FD4=ED>D<4F>D 
�>?�>� F47<447< <>==<=7 ·4D>D4F< 200% 44= N�>D< 5^?7G=G4 �<74<D<?44<. �<�<D?< >5-·46> 
L4D><F<44 >^D<> ·46>=<=7 ·4D>D4F< F4L�4D<447< ·4D>D4F74 =<E54F4= >4<<44 100% 74 
>DF<�G4 FGF<5 FGD<?G6G< E>=444 4<4?74 >L<D<?44<. �FD>D-<G·<F=<=7 ·4D>D4F< 00% 44= 
N�>D<, =<E5<= =4<?<> 75% 74G4, F4N<<D?4L ?4=F<44 D4>? �<E<=<=7 ·4D>D4F< 4FD>D-<G·<F 
·4D>D4F<74 =<E54F4= 100% 74G4 5^?74=44 D4>? �<E<=<=7 ·46>44 FGD<L<74 DGEE4F MF<?74= 64�F 
446><<=?<7< N�>D<44 >^DE4F<?74=<74 =<E54F4= <>>< 54D464D >L<D<?<L< <G<><=. �74D 
D4>? �<E< ·46>44 O=444 G7>�D>� 64�F 446><<44 FGD<5 �>?E4, G ·>?44 74DGD?<7< <7>?OF<>= 
F46E<D?4D=< ^?G4L =4F<64?4D< 5^=<G4 4=<�?4=G6G< <7>?OF<O=< �GD<F<L 4<4?74 
>L<D<?44<. 

�4?<F4? F4N<<D44 FD4=ED>D<4F>D?4D=< U=<L 64 <L ·46<<: &D4=ED>D<4F>D=< 
F4N<<D?4L GGG= U=<L74 ><D<L<L44= >?4<= G F4L�< F><>=44= E<=G<>?45 >G74F<?44< 64 
74DGD<= ^?G4L?4D 4<4?74 >L<D<?44<. �=<�?4=74= 45DD5>F?4D <L ·46<< �4=4=><4E<74 
><D<F<?44<. ,G=44= E^=7 <>==<=7 5<D �<E<< FD4=ED>D<4F>D44= F^><?44<, =47>D4F 
4E5>5?4D<, ·<<>O, 46F><4F<>4 64 E>6GF<L F<7<<<=<=7 5>L�4DG6< 45<>=F46 �<?<=44<. �G<5 
>?<=74= 4E5>5?4D F5>L<D<L GGG= ?45>D4F>D<O74 F>?L<D<?44<. %^=7D4 >5=74=F<D7<G, 
E4�?>6G< �G6GD, F5D<>E<D>=?< D<?LFD 64 E>6<F><G?4D 5G<?44<. �G=44= >5=<=7< 4<4??4D 
5^?<5 D4>? �<E<=< 5^L4F<L 64 54>44= G<�4D<5 >?<L ·<E>5?4=44<. II-IV 7454D<F?< 
FD4=ED>D<4F>D?4D=<=7 �>?�>�<44 >^F4DG6G< E4?�4?4D <466G4 5^?<5, G?4D UD44<<44 �>?�>� 
54>=<=7 GEF<44= D4>? �<E< 5<?4= 5<D74 >^F4D<?44< 64 F4N<<D?4L GGG= <4EEGE 6>=74 
^D=4F<?44<. �E>E<44 5^L4F<?G6G< <>E?4<4?4D74 M74 5^?74= 5G<?G6G< �>5<�?< V-VII 
7454D<F?< >4FF4 �G664F?< FD4=ED>D<4F>D?4D44 54>=<=7 �^=�<D>� L4>?447< N�>D< �<E<< 
>^F4D<?74=44 D4>? �<E< >G<?44<. �<D>� 5G=<=7 GGG= >?4<=44= <>==< F^><L, ><D<L?4D=<=7 
>>=F4>F �<E<?4D<44= 5>?F?4D=< 5G<L, G<�<L?4D=< G5F74 EGD<5 �^=<L 64 ><D<L?4D=< 5G<5 
>?<L ?>7<<. �4·>4<?>6G< D?4=5F?4D74 M74 5^?74= �� ><D<L?4D<=< 5G<L �� G<�<L 
=^??4D<=<=7 45<?D5D?4D<=< <4EEGE ?N>?4D >D�4?< G774=44= E^=7 4<4?74 >L<D<?44<. 
�<D<L?4D 5G<?74=<44= E^=7 D4>? �<E< 54>44 >G74F<?44< 64 <4·>4<?4=<L?4D F5>L<D<?44<. 
$4>? �<E<=< >G<L (�^=�<D>�=< >^F4D<L, >>?>>>?) G=74 F57<5 >5F<4E?<> 64 L<>4EF?4<4E?<> 
GGG= 6G44 M·F<UF>>D?<> 5<?4= 5464D<?44<. �^F4D<L 64D4U=<44 >>?>>>?74 �^L<<G4 
4D�>=?4D 4<>7=4? 5^=<G4 <4·>4<?4=<5 <G6>74=4F=< E4�?4=<L<74 MD<L<?44<. $4>? �<E<=< 
F4N<<D?4L F5><E?4=74= F^L4<444 U>< 54>=<=7 F47?<7<44 4<4?74 >L<D<?44<. 

&D4=ED><4F>D=<=7 >4?<F4? F4N<<D?4L <L?4D<=<=7 ·46<<74 �G=<447<?4D ><D44<: 
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�47=<F ^F>477<G=< >^D<>44= ^F>47<L 64 F>74?4L, G^><4 64 �>F<4?4D=< >?<5 F4L?4L 
GGG= D4>? �<E<=< <EE<� <>= 5>E<<< 5<?4= N6<L, F>DFG6G< L?<?>4 64 OD<> F^E<=?4D<=< 
F5>L<D<L 64 �4=F4 F<>?4L, O�<= 6>=447< F>DFG6G< L?<?>4?4D=< F>DF<L. �47=<F 
^7>477<G?4D=<=7 5D74 G?47<G<=< 64 ?D5EE?>6G< 45F4??4D=< F5>L<D<L; 

'G?�4<?4D 64 G<�<L?4D=< >G74F<L 64 F>74?4L. 'G?�4<?4D <7>?OF<O?4D<=<=7 ·>?4F<=< 
F5>L<D<L. 'G?�4<?4D=<=7 ?D5EE?4=<L E<D4F<, G?4D44 45D>D<4F<O=<=7 =^�?<7< 64 
G?4D=<=7 =>D<4? ·>?4F<74 =<E54F4= >^G<L<=< F5>L<D<L. 'G?�4<?4D=< E<�G6G< 6<=F?4D 64 
?D5EE?>6G< E4?>4?4D UD44<<44 ?D5EE?4L (?D5EE?>6G< E4?�4?4D74 M74 5^?<474= 
FD4=ED>D<4F>D?4D44 ?D5EE?4L GG?�4<?4D=< 7<G?4LF<D<L =^?< 5<?4= 4<4?74 >L<D<?44<). 
/D<> 64 G<�<L?4D <7>?OF<O?4D<=< F5>L<D<L 64 F4N<<D?4L. ,>E>5G4?4D=<=7 G7<5-
G?47<G?4D<=< >^D<>44= ^F>47<L 64 F5>L<D<L. $�� �GD<?<4E< 54DG4 <5E4=<7<?4D<=<=7 
OD>�?<?<7<=< F5>L<D<L, 54>, >5=74=F<D7<G, <>= G<�4DG6G< �G6GD, D44<4F>D?4D, F5D<>E<D>= 
D<?LFD (45E>D55DO) 64 ·46> �GD<F><G?4D=< (��$) >^D<>44= ^F>47<L, F>74?4L 64 
F4N<<D?4L. �4>=< 5^OL, ><D<L?4D=< >^D<>44= ^F>47<L, F>74?4L 64 F4N<<D?4L, (66>4) 
><D<L?4D44 <>==< 4?<4LF<D<L E>6<F<L F<7<<<=< (=4E>E?4D, 65=F<?OF>D?4D, E>6<F><G?4D, 
4D<4FGD4?4D=<) >^D<>44= ^F>47<L, F>74?4L 64 F4N<<D?4L, FD4=ED>D<4F>D <>=<=< E<=4L 64 
F>74?4L, <7>?OF<O=< �GD<F<L, 474D 5G=74 74DGD4F 5^?E4. �<G?4LF<D7<G?4D=< ON=< 
D57<=4?4D=< 4?<4LF<D<5, FD4=ED>D<4F>D=< F^?<� =<�<L, <>=F46 �<?<L. �>=F46 <L?4D< 
FG74F<?74G G=< 4>F 5<?4= D4E<<=?4LF<D<L ?>7<<. 

&D4=ED>D<4F>D?4D=< �GD<F<L: &4N<<D44= E^=7 <L74 FGL<D<?G6G< 
FD4=ED>D<4F>D?4D=< �GD<F<L F4N<<D?4L <4=4>=G4E<44 4<4?74 >L<D<?44<. �GD<F<L 
LG=44= <5>D4F><, 55?7<?4=74= EG=N<= OD4F<?74= L4D><F?4D44 =4<?<> <7>?OF<O=<=7 <G>< 
�4F?4<?4D<44= G=<=7 N74E<74 64 N74E<44= 4FD>D-<G·<F74 >^G44<. �4<?<>=<=7 <4F5D<4? 
<G<44 >^G<L< D<7<> �>=G=?4D74 <G6>D<� F4D744 E>4<D 5^?<5, =4<?<7< >4FF4 5^?74= 
�4F?4<44= =4<?<7< ><G<> 5^?74= �4F?4<74, ^F4 �<74<D<?74= �4F?4<44= >4< �<74<D<?74= 
�4F?4<74 ^F44<. �4<?<>=<=7 <7>?OF<O E<DF<44= 4FD>D-<G·<F74 >^G<L< <7>?OF<>= <4F5D<4? 
E<DF<44 64 4FD>D-<G·<F44 5G� 5>E<<?4D<=<=7 D4D�< F4NE<D<44 E>4<D 5^?44<. ,G=44= 
�<?<5, �GD<F<L 64D4U=<44 <4F5D<4?=<=7 E<DF<44 5G�=<=7 5>E<<<=< �<74<D<L >D�4?< 
>L<D<L 64 4FD>D D47>44 5>E<<=< 64>GG< ·>E<? �<?<L U>< �GD<F<?UF74= <G·<F=< �GDG� 
·46> 5<?4= 65=F<?OF<O?4L >D�4?< >4<4=F<D<L ?>7<<. �4>GG< >EF<44 �GD<F<?74=44 EG6 
5G�?4D< �GD<FG6G< >4<5D4 U>< 54>44= =4E>E?4D UD44<<44 G<�4D<5 N5>D<?44<.  

�L?4F<L44 D4>? �<E<=< <=4G>F<>= �GD<F<L GEG?< >5=7 F4D�4?74= 5^?<5, 5G=44 
�GD<F<L 54> 456>D?4D<44= GND<4 F>>?4D F4NE<D<44 46D4?G6G< <EE<�?<> ·<E>5<74 ·>E<? 
5^?G6G< 64>GG< >EF<44 4<4?74 >L<D<?44<. 'ND<4 F>>?4D FD4=E4D>D<4F>D=<=7 54><74 
^D4?G6G< <4EEGE <47=<F?>6G< G^?�4< UD44<<44 <=4G>F<O?4=44<.  

�GD<F<L GGG= D4>? �<E< <GF?4�> 5^L 54>>4 FGL<D<?44<: D4>? �<E<=<=7 ·4D E<? 
6>=?4D<74 F5D<>?4D4 64 F5D<>�4DL<?<>?4D ^D=4F<?44<; 54>=<=7 �>?�>�< 64 G=447< 54DG4 
F5L<>?4D OEL<?45 7<G?4=44<; 54>=<=7 456>D?4D< 4E5>?>?>F=> U>< L<L4747?4<4 5<?4= 
�<74<D<?44<; F4L�4D< F><>=44 <EE<�?<> <7>?OF<OE<=<=7 F47<44 F5D<><5FD?4D 
6>=?4LF<D<?44<. �=4G>F<>= GG?�4< 54>>4 G=<=7 ?4EF>< �<E<<44 ^D4<?4D G<G<<= E>=<=<=7 
60-65%, �>?74= ^D4<?4D< N�>D< �<E<<44 6>=?4L44<74= �<?<5 ^D4?44<. 'G?�4<=<=7 5G=44= 
6>=?4LG6< D4>? �<E<=< 5<D F5><E44 �<7<L<=< F4N<<=?4=4<. V-VII 7454D<F?< 
FD4=ED>D<4F>D?4D=< �<74<D<L GGG= <=4G>F<>= GG?�4<=< F4N<<=?4L 560-1000 >�� 
�G664F?< 380 � >GG?4=<L?< FD4=ED>D<4F>D44= 4<4?74 >L<D<?44<. �4>=<=7 FG5< M?5>FD 
?5G?4D UD44<<44 ><74<D<?44<. $4>? �<E<=< 100-1050% ·4D>D4F74G4 �<74<D<L 64�F< G=<=7 
^?G4<?4D<, <4EE4E< 64 <7>?OF<OE< E<=D<74 5>�?<� 5^?<5, G 110 >� >GG?4=<L?< 
FD4=ED>D<4F>D?4D GGG= 30-40 E>4F=<, 220-500 >� >GG?4=<L?< FD4=ED>D<4F>D?4D GGG= ME4 3 
60-80 E>4F=< F4L><? MF44<. &D4=ED>D<4F>D=< �GD<F<L EE5<4E< 1- D4E<44 F4E6<D?4=74=. 
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1- D4E<. &D4=ED>D<4F>D=< ^7 54><44 64>GG< >EF<44 �GD<F<L EE5<4E<. 

1- 54>=<=7 <EE<�?<> <7>?OF<OE<; 2- <=4G>F<>= GG?�4<=<=7 ^D4<?4D<; 3- E>6<FG6G< 
>>?>=>4; 4- 64>GG< =4E>E?4D; 5- E^D<5 >?<=G6G< ·46>=< F>74?4L D<?LFD<; 6- �>?4<� 

<>=?4D=< F^><L GGG= 54>G4; 7- 64>GG<<5FD. 
�4>GG<-F<7<<<=<=7 <L?4L< F5>L<D<?74=<44= E^=7 <=4G>F<>= G^?�4< 2 74 >GG?4=<L 

55D<?44<, 54> FG5<=< �<74<DG6G< ?5G?4D <L74 FGL<D<?44< 54>447< ·4D>D4F 1000% 74G4 
5F>47<?44<. ,G=44= E^=7 64>GG<-=4E>E?4D 4 <L74 FGL<D<?44< 64 >D4= >G<?<5, G >D�4?< 
54>=<=7 ?4EF>< �<E<<74 ?4EF>< 5^L?<�44= D<?LFD 5 >D�4?< >?<=G6G< <EE<� ·46> E^D<?44<. 
¶46>=<=7 E^D<?<L< 54>447< 64>GG< 0,003 ��4 44= >L<4=4<74= (110 >� 64 G=44= ?4EF 
>GG?4=<L?< FD4=ED>D<4F>D?4D GGG=) �<?<5 D>EF?4=44<. �GD<L=< F57?4LF<D<L GGG= 
<7>?OF<O=<=7 <G>< 64 F4L�< �4F?4<?4D< ^DF4E<44 ·4D>D4F D4D�<=< ·>E<? �<?<L <4>E44<44 
�<74<D<L ·>?4F< 64>GG<=<=7 >?<5 F4L?4=<L< 64 <7>?OF<O=<=7 GEF>< �4F?4<?4D<=< F57 
E>6<F<L 5<?4= 4?<4L<=<5 FGD44<. �GD<F<L 64D4U=<=<=7 =47>D4F< G7?G>E<7 >?<5 5>D<?44<. 
¶4D E>4F44 F5D<><5FD?4D 64 64>GG<<5FD 7 =<=7 >^DE4F<L?4D< U7<5 5>D<?44<, 2500 � 74 
<^?64??4=74= <57>><<5FD UD44<<44 <7>?OF<O=<=7 �4DL<?<7< ^?G4=44<. �774D<4E ·4D>D4F44 
<7>?OF<O=<=7 �4DL<?<7< 64 4<M?5>FD<> <ED>D?4D 5GDG47<=<=7 F4=75=E< ^774D<4E 5^?E4 
·4<44 E>6<FG6G< >>?>=>444 =4<?<>=<=7 46D4?<L< F^EF4E4 �GD<F<L 64D4U=< FG7474= 
·<E>5?4=44<. ,G=44= E^=7 �<74<D<L F^EF4F<?44<, 54>447< ·4D>D4F 80-85% 74G4 
?4E4=F<D<?44< 64 FD4=ED>D<4F>D74 50-600% 74G4 �<74<D<?74= �GDG� <>= �G=<?44<. �>==<=7 
E4F·< �>?�>�44= 150-200 << 54?4=474 >^F4D<?74=44 �G=<L F^EF4F<?44< 64 6-10 E>4F 
446><<44 <7>?OF<O74 <>= 64>GG< >EF<44 L<<4<D<?44<. %^=7D4 D4>? �<E< >^D<>44= ^F>47<L 
64 GG?�4<?4D=< ?D5EE?4L GGG= 54>44= G<�4D<5 >?<=44<. 'G=>< �GD<F<L44 <7>?OF<O ·4< 
�GD<=4<. &D4=ED>D<4F>D =<�<?74=<44= E^=7 M?5>FD<> E<=>6?4D 64 <>==<=7 ·<<<> F4·?<?< 
4<4?74 >L<D<?44<.  

&D4=ED>D<4F>D?4D=< E<=4L ·46<< 64 <5NUD?4D<. &4N<<D?4L 446D<44 
E<=4L?4D=<=7 <4�E44< FD4=ED>D<4F>D=<=7 ·>?4F<=< 64 F4N<<D=<=7 E<D4F<=< F5>L<D<L44= 
<5>D4F4<D. 'G?�4<?4D 4?<4LF<D<?<4=4<74= >4?<F4? F4N<<D44 E<=>6?4D ·46<<74 
�G=<447<?4D ><D44<: 

- FD4=ED>D<4F>D=<=7 54>< 64 ><D<L?4D<447< <>==< E<<<> F4·?<??4L 64 E<=4L; 
- L>E>5G4?4D G7<5-G?47<G<=<=7 54DG4 ·>?4F?4D<44 G^?�4<?4D=<=7 ^774D<4E F>>4 

�4DL<?<7<=< ^?G4L. ¶4D E<? D474?4D=<=7 �4DL<?<>?4D< 5<D-5<D<44= 2% 44= >4FF4 
<<�4>D74 D4D� �<?<4E?<7< L4DF; 

- 54DG4 L>E>5G4?4D44 FD4=ED>D<4F>D=<=7 FD4=ED>D<4F<O?4L >>MDD<F<5=F<=< ^?G4L. 
�?G4L EE5<4 �4=F4 ?4=64=4?4=74=44 U>< L>E>5G4?4D=<=7 G7<5-G?47<G< >?<=74= F4�4<D44 
4<4?74 >L<D<?44<; 

- O�<= 6>=447< F>DFG6G< 5>?F?4D, OD<> F^E<=?4D< <7>?OF<O?4D<=<=7 �4DL<?<7<=< 
^?G4L 64 F>DFG6G< 5>?F?4D=<=7 <7>?OF<O?4D<=< >L<D<?74= >GG?4=<L 5<?4= E<=4L. 
�7>?OF<O �4DL<?<7<=<=7 �<=<4F< <5NUD?4=<4=4<. '=<=7 F46E<O MF<?G6G< �4=<4F< 3 10 
��< 44= ><G<> M<4E. �7>?OF<O=<=7 �4DL<?<7<=< 44EF?45>< �<=<4F<=<=7 50% 74G4 5^?74= 
�<=<4F74 >4<4=<L<74 DGEE4F MF<?44<. &>DFG6G< 5>?F?4D=<=7 <7>?OF<O?4D< 2000 6 74G4 
5^?74= ^774DG6G4= F>> E<=>6 >GG?4=<L<=< 1 <<=GF 446><<44 >^F4D4 >?<L< L4DF; 
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�445<UF?4D 
1. -.�.%4<F>6, '.�.�E<54>6, �.�.�GD5>=5>56, ..�.%4<<4>6, ,.�.�5>G4=>6. 

$47D45>F>4 <<<F4F<>==>= <>45?< >><5<=<D>64==>= 75?<>65FD>M=5D75F<G5E>>= GEF4=>6><. 
�<D7> '?G755> =><<447< '755><EF>= <<??<= G=<65DE<F5F< EG7GD<447< «/D<<GF>477<G?4D 
D<7<>4E< 64 <<>D>M?5>FD>=<>4» <?<<=-F44><>>F <=EF<FGF< &>L>5=F L4ED<447< =�-�= 
<<??<= F44><>>F G=<65DE<F5F< D545D4? 446?4F 5N465F< >?<= F4N?<< <G4EE4E4E< 
=/D<<GF>477<G?4D D<7<>4E<, <<>D>- 64 =4=>M?5>FD>=<>4=<=7 DG=44<5=F4? 64 4<4?<= 
<G4<<>?4D<= <467GE<447< 1-E4?>4D> 4=6G<4= <4F5D<4??4D<, &>< 1; 28-29 >>FO5DL &4L>5=F 
2021; EFD. 216-218. 

2. -.�.%4<F>6, ' .�.�E<54>6, ..�.%4<<4>6, ,.�.�5>G4=>6, �.$.$4E<<44<=>6. 
�7<5D<F5?L=O5 >><??5>EO < GG5F >?<<4F<G5E><E 44==OE ?D< D47D45>F>5 < ?D>5>F<D>64=<< 
>><5<=<D>64==OE 75?<>65FD>M=5D75F<G5E><E GEF4=>6>>. �564G=4D>4=4O =4GG=4O-
F5E=<G5E>>5 >>=D5D5=F<O "&5=45=F<O D476<F<O 4?LF5D=4F<6=>= < 6>7>5=>6?O5<>= 

M=5D75F<><: ?D>5?5<O < D5L5=<O 17-18 <4O 2021, EF. 402-408. 
3. -.�.%4<F>6., ,.,.&>E<D64=>6., $.�F4>?>6., ,.�.�5>G4=>6., ..�.%4<<4>6. 

�==>64F<>==O= ?>4E>4 > >?D545?5=<N M?5>FD>D<7<G5E><E ?4D4<5FD>6 D>F>M?5<5=F>6. 
«�4=>EFDG>FGD=O5 ?>?G?D>6>4=<>>6O5 <4F5D<4?O 6 D>F>M=5D75F<>5» E5>D=<> =4GG=OE 
FDG4>6 II �564G=4D>4=4O =4GG=4O >>=D5D5=F<O 19-20 <4O 2021, EF. 67-69. 

 
-���&$ -��$��/�� ¶�%���� ���, ��'�� �%�����$� �� �,��, 

&�$&����$� 
%>5<D>6 �., ��&-2 7GDG· <47<EFD4FGD4=F< 

�?<<= D4E54D ?D>D5EE>D �.%G??<56 
&>L>5=F �46?4F &D4=E?>DF G=<65DE<F5F< 

¶>7<D7< ?4=F44 ·4D �4=44= ·GEGE<= >>DE>=4 64 D<D<4, >G<� 4>F<O4>D?<> 64<<OF< >45< 
>>DE>=4 64 <G4EE4E4?4D �755><EF>= $5E?G5?<>4E< �47<D?4D �4E>4<4E<=<=7 2002 =<? 5 <N= 
7 150 D4�4<?< <-?5>FD M=5D7<O <EF5N<>?<=< ·<E>574 >?<L 64 =47>D4F �<?<L F<7<<?4D<=< 
F4>><<<??4LF<D<L44 �^L<<G4 G>D4?4D<= �4D>D< 5^=<G4, 2022 =<? <G444F<74G4 �7.  

�E<D7< ?4=F?4D44 64·>= <<�UE<44 M=5D7<O D5EGDE?4D �<=<4F<=< >L<5 5>D<L<, E4=>4F 
64 5>L�4 M=5D7<O =<�G6G4= E>·4?4D (FD4=E?>DF 64 FGD4D-6>= >><<G=4? E^64?<>?4D<)44 
M=5D7<O=< ·<E>574 >?<L=< F4L><? MF<L <G=>E454F?4D< ^774D<>�44. �EF5N<>?G<?4D E4DD 
MF<?74= M?5>FD M=5D7<O ·4�<=< M=5D7<O D5EGDE 5F>47G6G<?4D<74 L4DF?< =>D<4, >5?<L<?74= 
�<=<4F U>< ME><D74= 64 =>4=<� 4E5>5?4D >D�4?< M<4E, 54?>< O=7< 74<>=46<= 64 N�>D< 4=<�?< 
^?G>6 4E5>5?4D< 4E>E<44 ·<E>5?4L?4D74 >4FF4 MNF<5>D �4D4F<>�44?4D. �G=U 5>7>D<=<=7 
F4NE<D< >EF<44 M=5D7<O D5EGDE?4D F4N<<=>F<, <EF5<>?G<?4D GGG= 5<D<=G< =4654F44 M=5D7<O 
D5EGDE?4D=< <�F<E>4 �<?<L 64 G?4D=<=7 <>?<O6<= =^�>F<L?4D<=< >4<4=<L< 4=<� ·<E>5?4D 
>EF<44 M>4=?<7<74 <L>=G ·>E<? �<?<>�44?4D.  

-=5D7<O D5EGDE?4D=< 74<>=46<= F<6<?<74F<O?4L74= E464>-E>F<� ^F>47<L, 
46F><4F?4LF<D<?74= M=5D7<O ·<E>5?4L 4E5>5?4D<74 4E>E?4=74= 5^?E4, ^?G4L <L?4D<44 
<<=<<4? <LG<?4D=< <LF<D>><, <4N?G<>F?4D=< =<�<L 64 G?4D=< �4=F4 <L?4L 
<L>=G?<?<7<, 4=<�?<?<7<, F57 <>E?4LG6G4= 64 F57>>D?<?<7<, M=5D7<O=< ·<E>5?4L447< 
FGD?< E<? F4D<D F<7<<?4D< 5<?4= <>E?4LG6<, >45< <<>>=<OF?4D< M=5D7<O 5F>47G6G< 5<?4= 
<EF5N<>?G< F4D4D?4D<74 >4FF4 �G?4=?<>?4D OD4F44<. �>F<6 �G664F 3 64�F 5<D?<7< <G<44 
<EF5N<>? �<?<=44<74= 4>F<6 M=5D7<O <<�4>D<: 

 
¶<E>5?47<G F><>=44= ^?G4=44<74= 4>F<6 �G664F, �F, �G=<447< <D>44?4D44= 

4=<�?4=44<: 
5<D D474?< ·<E>5?47<G GGG= 

; 
GG D474?< <>>< M?5<5=F?< ·<E>5?47<G GGG= 
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; 
F^DF D474 F4D<>�44 GG D474?< GG M?5<5=F?< ·<E>5?47<G?4D GGG= 

. 
$54>F<6 �G664F 3 �45G? �<?7<G (FD4=ED>D<4F>D, M?5>FDND<F7<G) <47=<F <4=4>=< 64 

75=5D4F>D >D4E<447< F<D>G?OF<O?4=44<74=, 64�F 5<D?<7<447< M?5>FD M=5D7<O=< <<�4>D<74 
4=F<?44<. ,G=44 M=5D7<O=< 4=D<5>L?4L <EE<�?<>, <5E4=<> 64 5>L�4 4=?4=F<D<L?4DE<7 
446D<= 4<4?74 >L44<. 

$54>F<6 �G664F, (64D), D54>F<6 M=5D7<O ·<E>5?47<G< >D�4?< ^?G4=44< 64 �G=<447<G4 
4=<�?4=44<: 

. 
&4D<>� 64 FD4=ED>D<4F>D?4D447< D54>F<6 �G664F=< N>?4=<L<, F4D<>� ^F>47<L 

�>5<?<OF<=< >4<4=F<D44< 64 75=5D4F>D=<=7 ^D=4F<?74= F^?<� �G664F<=< �^??4=<?4L 
<<>>=<OF<=< G5>?4=4<.  

�GDG4> D474E<=<=7 E<?6<L< 3 M?5>FD >GG?4=<L 64 F>>?4D447< D474?< E<?6<L 
7D44GE?4D=< F4L><? MF44<. �=4G>F<6 F46E<D74 M74 5^?74= N>?4<444 F>> D474 5^=<G4 
>GG?4=<L44= �>?<5 >5F44< (2.5-D4E<). %<�<<?< F46E<D< 5^=<G4 N>?4<444 F>> D474 5^=<G4 
>GG?4=<L44= ^F<5 >5F44<. 

 
1-D4E<. $474=< 5GDG4> E<?6<L<447< >GG?4=<L 64 F>> >=<= �<=<4F?4D< 

 
�5>F>D 3 =^=4?<L 64 �<=<4F >^DE4F7<G?4D<=< L4DF?< 7D4D<> G<7<4E<. 
�5>F>D 4<47D4<<4 3 F>> 64 >GG?4=<L 65>F>D?4D<=< L4DF?< 7D4D<> G<7<4E< (2-D4E<).  
�GG?4=<L D474?4D<=< 4?<4L<L F4DF<5< F^�D< U>< F5E>4D< 5^?<L< <G<><=. �GG?4=<L 

D474?4D<=< F^�D< F4DF<5?4=<L< 3 ��%, �%�, %��, (E>4F EFD5?>4E< 5^=<G4, 3-D4E<). 
�GG?4=<L D474?4D<=< F5E>4D< F4DF<5?4=<L< 3 �%�, %��, ��%?4D44 �^L<<G4 ·4F>?<> 64 
4>F<6 M=5D7<O447< <=4G>F<>= ·<E>5?47<G44 ^7<ND4D ·>?4F?4D=< N7474 >5?F<D44<. $54>F<6 
M=5D7<O447< ·<E>5?47<G?4D F5E>4D<?4=<4 F4DF<544 >GG?4=<L D474 64 N>?4<4?4D< 
F5E>4D<?4=<4 E4D4>4F?4=44<. 

 
2-D4E<. 'G D474?< F>D<>�?4D447< >GG?4=<L 64 F>>?4D 65>F>D 4<47D4<<4?4D<  

¶<E>5?47<G=<=7 4=<�?<> E<=D 55?7<?4D< 3 D><7?4D44 >^DE4F<?44<74=, =^? 
�^=<?44<74= ·4F>?<> G574D4E<74 F5=7, ^?G4=4UF74= F>>=<=7 ·4<<4 4<4?47>=<447< <<=<<4? 64 
<4>E<<4? �<=<4F?4D<, ·<E>5?47<G74 ^D=4F<?74= EF4=44DF?4D U>< F5E=<> L4DF?4D<447< 
5<D?<>?4D74 M74 �G664F >>MDD<F<5=F<=<=7 <<�4>D<4<D. ,<F447< ·<E>5?47<G44 2 D4�4<< 
4=?4=444 >^DE4F<?44<, <4E4?4=  .  
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¶<E>5?47<G=<=7 ^7ND4D?<7< 3 >5F<4->5F G?4=<474= 74=6<D 64 �^??4=<?4UF74= 
>GG?4=<L F4NE<D<447< 4<E> E4D4>4F< U>< ·<E>5?47<G <=4<>4F>D<=<=7 <<?F<??4L<4<D. 

¶<E>5?47<G=<=7 E577<D?<> 5^E4�4E< 3 G4EF>F4?4D 64 cosÇ=1 >GG?4=<L =><<=4? 
�<=<4F<=<=7 <5E4=<7<?< ·<E>5 ^774D<L<447< >^DE4F44<74= M=7 ><G<> <5LUD?4L74= F>> 
�<=<4F<4<D. 

&>> FD4=ED>D<4F>D<=<=7 �GF5?4=<L<. �?G>6 FD4=ED>D<4F>D?4D<447< 5<D �GF5?< 
�<E�<G?4D 5<D?4<G< 64 <>><?4<G< ^D4<4 �<E�<G?4D< 455 4F4?44< 64 G?4D 5<D =^=4?<L44 
^74>74 ^D4?74= ^D4<4<D. &5E>4D< �GF5 3 F>> FD4=ED>D<4F>D?4D<=< (&&) 5<D?4<G< 64 
<>><?4<G< ^D4<?4D<447< F>> =^=4?<L<=< ^774D<L<. 

 
 

3-D4E<. �GG?4=<L D474E<=< F^�D< F4DF<5?4=<L< 
¶<E>5?47<G M?5<5=F<=< ^?G>6 F>>?< 74=6<D<447< F>> =^?4=<L<=<=7 ^774D<L<, D474 

E<?6<L<447< 1800 5GDG4>>4 ^774D<L<74 F5=74<D, 64 G <4=D<= 4=?4=F<D<L E4D4>4F 44<<74 
>?<5 >5?44< (4-D4E<). 

 
                                   4)                                          5)                                          6) 

4-D4E<. &&=<=7 <>><=G< ^D4<< 64 ·<E>5?47<G F>>?< 74=6<D<447< F5E>4D< �GF5?< G?4=<L 
5>�?>6G< E<< >D�4?< (4), &&=< <>><?4<G< ^D4<< (5) 64 &&=< 5<D?4<G< ^D4<< (6) 5^=<G4 

5464D<?<L< 
&& ^D4<<=< F^�D< �GF5?< G?4=<L< 64 ·<E>5?47<G M?5<5=F<=< ^?G>6 F>>?< 74=6<D 

2.9-D4E<44 >^DE4F<?74=. ¶<E>5?47<G=< <G>< 5GDG47< 3 ^?G4=4<74= M?5<5=F >GG?4=<L<=< $U 
<47=<F >�<<< 64 $1 F>>?< 74=6<D<447< <47=<F >�<<< >D4E<447< D474?< 5GDG4> E<?6<L<74 
4=F<?44< (<=4G>F<>= ·<E>5?47<G GGG= 4>F<6 M=5D7<O 900 74 F5=7).  

 
4)                                                       5) 

5-D4E<. && ^D4<?4D �GF5?4D<=< G?4=<L< 64 ·<E>5?47<G=< F>>?< 74=6<D<: 
 4 3 �1 3 �1 3 � 3 5<D �GF5?<; 5 3 �2 3 �2 3 � 3 5<D �GF5?<; �1�2 3 F4D<>�; �1�2 3 ^?G>6 

 
%G?>E4: �%�'- F<7<<<=< F5<<D =^? FD4=E?>DF<, M=5D75F<>4 �<E<<=< =47>D4F?4L GGG= 

FGD?< E<? GEG??4D<, ·<E>574 >?<L F5D<<=4??4D< 64 4E>E<= <L?45 G<�<?74= �%�'- =< 
F4L><? MF<L EE5<4E< FG7<?74=.  
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�L?45 G<�<?74= �%�'- F<7<<<=< 46F><4F?4LF<D<?74= F<7<<?< 4<E?5FG5D 
5>L�4DG6<=< �GD<L447< E4DD?4D 64 G?4D44= >DFF<D<?44<74= <�F<E>4<= E4<4D4?4D< 
·<E>5?4=74=. 

,G 5<?4= 5<D74 FD4=ED>D<4F>D ?G=>?4D<447< F5E=<> ·46DE<7?<>?4D<=<=7 �><44?4D 64 
F5<<D =^?44 E4D4>4F ·46DE<7?<>?4D< F^�D<E<44 <4N?G<>F 55D<?74=.  

$>=44?4=<?74= 4445<UF?4D D^=E4F< 
1. %>6D5<5==O5 >><?LNF5D=O5 F5E=>?>7<< 6 �%' M?5>FD<G5E><E E5F5=: 

�=D>D<4F<>==O5 <4F5D<4?O G5F65DF>7> <564G=4D>4=>7> =4GG=>-F5E=<G5E>>7> E5<<=4D4, 
�>E>64, 28 <4O 3 1 <N=O 2001 7. 

2. �>?>6<=E><=, �.�. �D<=F<?O ?>EFD>5=<O G=<65DE4?L=>= 46F><4F<7<D>64==>= 
E<EF5<O >>=FD>?O < G?D46?5=<O ?5D5>?NG5=<O<< 6 M?5>FD<G5E><E E5FOE / �.�. �>?>6<=E><= 
// �5EF=<> ����--2004. 3 �., 2004. 3 %. 2043213. 

3. ..�. &65F>>6. -6>?NF<O 46F><4F<7<D>64==OE E<EF5< >?5D4F<6=>-4<E?5FG5DE>>7> 
G?D46?5=<O ?>4EF4=F<O<<//�6F><4F<74F<O 6 ?D><OL?5==>EF<. 2013. 711. C. 86-98. 

4.�>55F �.�., �>?>>64 �.�. �==>64F<>==>5 D476<F<5 M?5>FD>M=5D75F<>< =4 5475 
>>=F5?F<< SmartGrid. �.: ��& -=5D7<O. 2010. 208 E.  
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Talaba: O8ralov Abbos 
Elektr m4shin4l4ri s4no4tning turli sox4l4rid4, qishloq xo`j4ligid4 v4 m4ishiy elektrotexnik 

qurilm4l4rid4 ishl4til4di. Shu s4b4bli h4m elektr m4shin4l4ri ishl4b chiq4ril4yotg4n m4xsulotning 
sif4tig4 4lb4tt4 t4hsir ko`rs4t4di. Dem4k, ul4rning texnik3itisodiy ko`rs4tkichl4ri v4 ul4rni ishl4tish 
xususiyatl4ri yaxshi bilishi lozim.  

Tokning turiga asosan elektr mashinalar o8zgarmas va o8zgaruvchan tok mashinalariga 
bo8linadi. Elektr mashinalar vattning juda kichik qiymatidan million kilovattgacha va undan yuqori 
quvvatlarda tayyorlanadi. Ko8p qo8llaniladigan elektr mashinlarda energiyaning o8zgarishi magnit 
maydon ta9sirida bo8ladi. SHuning uchun ularni induktiv elektr mashinalar deyiladi. Shuningdek, 
energiyani elektr maydon ta9sirida ham o8zgartirish mumkin, bunday elektr mashinalarini sig8imli 
elektr mashinalar deyiladi, lekin bunday mashinalar ko8p tarqalmagan. Magnit maydon yordamida 
elektr maydonga nisbatan ming martagacha katta energiya xosil qilinishi mumkin. Bir xil o8lchamli 
induktiv va sig8imli elektr mashinalaridan induktiv mashinalar yordamida ancha katta quvvatga 
erishish mumkin. Elektr mashinaning asosiy elementi bo8lib xisoblangan ferromagnit o8zaklar 
yordamida kuchli magnit maydon xosil qilish mumkin. O8zgaruvchan magnit maydonlarda uyurma 
toklarini kamaytirish maqsadida magnit o8zaklar yupqa elektrotexnik po8lat tunukalardan 
tayyorlanadi. Elektr mashinalarining cho8lg8amlari ham asosiy elementlardan xisoblanib, mis, 
alyuminiy va ularning qotishmalaridan iborat bo8lgan elektrotexnik materiallardan tayyorlanadi. 
Cho8lg8amlarni ximoyalash maqsadida, turli elektr ximoyalash materiallardan foydalaniladi. Elektr 
mashinalar generator va dvigatel rejimida qo8llanilishi mumkin. Elektr mashinalarida energiyaning 
o8zgarishi quvvat isroflari bilan bog8liq, shuning uchun elektr mashinalarining foydali ish 
koeffitsientlari 100% dan kichik bo8ladi. Katta quvvatli elektr mashinalarining FIK i 98 ø 99.5% ga 
teng bo8lib, quvvati 10 Vt gacha bo8lgan elektr mashinalariniki 20 ø 40 % gacha bo8ladi. 

 Elektr mashinalarni quvvatlariga nisbatan quyidagi guruxlarga bo8lish mumkin:  
0.5 kVt gacha juda kichik mashinalar yoki mikromashinalar;  
0.5 ø 20 kVt - kichik quvvatli mashinalar;  
20 ø 250 kVt o8rtacha quvvatli mashinalar va 250 kVt dan ortiq quvvatli mashinalarga katta 

quvvatli mashinalar. 
Elektr motorlar ishlab chiqarish korxonalarida qo8l mehnatini yengillatib, ishlab chiqarish 

jarayonlarini avtomatlashtirishda, inson salomatligini saqlash va mehnat xavfsizlik darajasini 
oshirishga yordam beradi va keng qo8llaniladi. Zamonaviy zavod va fabrikalarni, har qanday ishlab 
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chiqarish korxonalarini elektr motorlarsiz tasavvur etib bo8lmaydi. Buni <GM Uzbekistan= 
korxonasi misolida ham ko8rishimiz mumkin. Ushbu zavod haqida so8z borar ekan avvalo uning 
yaratilish tarixiga bir nazar tashlasak mubolag8a bo8lmaydi. 

O8tgan asrning 90-yillarida bu zavod joylashgan o8rinda <Asaka pritseplar zavodi= bo8lgan. 
Sexlarning xavfsizlik holati va ishchilarning mehnat sharoitlarini yengil deb bo8lmasdi. Chunki hali 
og8ir qo8l mehnati ko8p edi. Asosan temir buyumlarga ishlov berish va yuklash-tushirish ishlari qo8l 
mehnati orqali bajarilgan. Chet ellarda odat tusiga kirib borayotgan zamonaviy jihozlar faqat 
televizor ekranida namoyon edi. Ushbu zavodda ishlayotgan yoshlar 1990-yili Rossiya 
televideniyasi orqali e8lon qilingan <Oka= va <Tavriya= rusumli yengil avtomobillarini ishlab 
chiqarishga yaroqli zavod maydoni kerakligini va u SSSRning qayerida joylashganligidan qat8iy 
nazar u yerda yangi zamonaviy zavod tashkil etilishini bilgani holda o8z takliflari bilan shunday 
imkoniyat ayni shu zavod o8rnida borligini bildirganlar. O8zbekiston Respublikasi komsomoli 
kengashi Toshkent shahrida Asaka shahri yosh ishchilar vakili sifatida qatnashgan zavod ishchisi 
Lutfulla Abdukarimov minbarda o8z nutqida shu to8g8rida zavod yoshlarining taklifini aytib o8tadi. 
Shundan so8ng imkoniyat berilib Rossiya avtomobil zavodi bilan aloqaga kirishildi. 1991-yili 
mustaqilligimiz e8lon qilindi va Rossiya taraf bu zavodni qurilishini to8xtatib qo8ydi. Lekin endi 
boshqa chet ell firmalari yordamida ushbu ishni amalga oshirish imkoni borligini O8zbekistonning 
muhtaram birinchi Prezidenti homiyligida davom ettirildi. Ko8p izlanishlar olib borildi, Turkiya 
davlatidagi <Dogan= firmasi, Italiya va Angliya davlatlaridan firmalar vakillari zavodga kelib 
o8rganib ketishdi. Lekin bu ish faqat 1992-yil birinchi Prezidentimizning <Janubiy Korea= ga qilgan 
rasmiy safari chog8ida amaliy yakun topdi. Birinchi Prezidentimiz I.A.Karimov Janubiy Korea 
televideniyasi orqali DEU firmasining yengil avtomobillarini ko8rsatib turib - shunday 
avtomobillarni Asakada chiqaramiz, deb e8lon qildilar. Dunyoga mashhur DEU korporatsiyasi raisi 
janob Kim U Jun Asaka shahriga 20dan ortiq kerakli mutaxassislar-avtomobil zavodi qurishni 
tashkil etuvchi injener texniklar bilan keldi va zavod ichini ayalanib ko8rib chiqdi. Zavod qurish 
imkoni borligi koreys mutaxassislaritomonidan to8liq e8lon qilindi. 1993-yili proekt-loyihalash 
ishlari va qurilishga kerakli firma, injener-texnik kadrlarni jalb qilish ishlari boshlandi. Qurilishga 
O8zbekiston davlati (51%), Janubiy Korea DEU kompaniyasi (49%) yopiq aksiyadorlik jamiyati 
tashkil etildi, so8ngra ikkala aksiyador tarafidan zavod qurilishiga jami 650mln AQSH dollari 
mablag8i ajratildi. Qisqa muddat, ya8ni 2.5 yilda zavod qurib bitirilib ishga tushirildi. Zavod sexlari 
to8la dunyodagi eng yangi zamonaviy oldingi texnologiyalar va eng yangi markadagi asbob 
uskunalar bilan jihozlandi. Albatta, ishchi kadrlar Janubiy Korea DEU kompaniyasida amaliyotda 
bo8lib kelishdi. Endi ular avvalgidan ancha yorug8 va qulay bo8lgan xavfsiz mehnat sharoitlariga 
ega bo8lishdi. 1996-yil 19- iyul sanasida birinchi avtomobil zavod konveeridan chiqdi. Bu 
jahonshumul voqea dunyoda 28-avtomobil ishlab chiqaruvchi davlat- O8zbekistondagi <O8zDEU 
avto= (hozirgi nomi <GM Uzbekistan=) avtomobil zavodi bo8lib butun dunyoda tan olindi va jahon 
matbuotida e8lon qilindi. Jahonga mashhur bu zavod mana shunday dunyo yuzini ko8rgan. 

Endi asosiy masalamiz bo8lmish elektr mashinalariga qaytsak. Elektr mashinalari-bu 
elektromexanik qurilmalar bo8lib, ularda elektr energiyasi mexanik energiyaga yoki mexanik 
energiya elektr energiyasiga o8zgaradi. Elektr mashinalari asosiy ko8rsatkichi boshqa 
o8zgartgichlardan farqi shundaki, ularda qayta-qayta o8zgartirish mumkin, ya8ni bitta mashina ikki 
rejimda birinchi dvigatel sifatida elektr energiyasi mexanik energiyaga, keyin generator rejimda 
mexanik energiya elektr energiyasiga aylanadi. Bunday mashinalarda hosil qilinadigan elektr 
maydoniga qarab (shu sabab energiya o8zgarayotgani uchun) elektr mashinalari quyidagi uch turga 
bo8linadi: induktivlik, sig?imlik va induktivsig?imlik. Zamonaviy elektr mashinalari, ya8ni ishlab 
chiqarishda keng qo8llaniladigan turi- bu induktiv (rasm2) mashina hisoblanadi. Energiyaning 
o8zgarishi ularda magnit maydonida amalga oshiriladi. Va bu induktiv mashinaelektr mashina 
(dvigatel) yoki elektr motori deb ataladi. Sig?imli elektrik mashinalar garchi induktivlidan ancha 
oldin kashf etilganiga qaramay hozirgacha u qadar amaliy qo8llana olinmadi. Bunga asosiy sabab 
energiyani o8zgartirish uchun zarur bo8lgan yetarli quvvatli elektrik maydon yaratish 
murakkabligidir. Induktiv-sig?imli mashinalar faqat so8nggi yillari paydo bo8lindi. Ularda 
energiyani o8zgartirish elektromagnit maydonida sodir bo8ladi va ular induktiv hamda sig8imli 
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elektr mashinalarning xossalarini birlashtiradilar. Amaliyotda bunday mashinalar hali kam 
qo8llaniladi. Elektr mashina ishlashi (aylanishi) uchun aylanuvchi magnit maydoni yaratilgan 
bo8lishi kerak. 

Hamma elektr mashinalarida aylanuvchan magnit maydon hosil bo8lish prinsipi bir xilda 
kechadi va ideal benuqson umumlashtirilgan elektr mashina oddiy elektr mashina bo8lib hisoblanadi 
(rasm1). Bunday mashina simmetrik, to8yintirilmagan, tekis va silliq havo tirqishiga (stator va rotor 
oralig8idagi tirqish) ega bo8lgan bo8ladi. Uning stator va rotor qismlarida ikkitadan chulg8am bo8lib: 
w va w statorda, w va w rotorda ular bo8shliqda bir-biriga nisbatan elektr burchak uchi 90 ga teng. 
Agar shunaqa mashinalarni stator chulg8ami yoki rotorni chulg8amga vaqt birligida 90 buriluvchan 
elektr toki berilsa, undagi havo tirqishida aylanuvchi magnit maydoni hosil bo8ladi, ya8ni 
aylanuvchan aylanma maydon yonida simmetrik sinusoidal kuchlanishli maydon bo8ladi. Sababi 
bunday mashina fazoviy tor tirqishida garmonika bo8lmaydi. U benuqson ideal elektrik 
mashinalardan u yoki o8zga darajada bir biridan farqlanadilar, chunki real mashina fazoviy tor 
tirqishida mavjud mashinalarda ideal sinusoidal maydon olmoq mumkin emas. 

Induktor mashinalar tuzilishi rotori 1 va statori 2 dan iborat. Agar rotori elektrga oid burchak 
uchi 90 ga burilgan bo8lsa umumiy magnit qarshilik mashina vaqt birligida aylanadi va doimiy tok 
bilan manbalanayotgan qo8zg8atish chulg8ami o8zgaruvchan maydon tashkil etadigan kuchlanishi 
rotorni 1ga aylantiradi. 

 
                              a)                               b)                             c)                             d) 

1 - rasm. Elektr mashinalarining asosiy konstruktiv bajarilishi: 
4 - asinxronli; b - sinxronli; c - kollektorli; d 3 induktorli 

 

2- rasm. Modifikasiyalangan elektr mashinalarining konstruktiv bajarilishi:  
4) 3 segment statorli mashina; b) 3 chiziqli dvigatel va uch fazali (AC) zgaruvchan tok 

induksion motori kesimi. 
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ASINXRON MOTORLI ELEKTR YURITMANI VEKTORLI BOSHQARISHDA QUTBLI 
VA AYLANUVCHAN KOORDINA TIZIMLARINING O8ZARO BOG8LIQLIGI. 

Sharipov Sh.N., Sattorov T.A. 
Buxoro muhandislik-texnologiya instituti 

Annotatsiya: Ushbu maqola asinxron elektr dvigatellarning tezligini datchiksiz o8lchash 
usullarini ishlab chiqish va takomillashtirishga, hamda ushbu tizim modelining matematik ifodalash 
masalasiga qaratilgan. 

Tayanch so8zlar: Stator, rotor, juft qutblar soni, burchak chastotasi, elektr yuritma, burchakli 
tezlik. 
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Statorli koordinata tizimidan tashqari dvigatelning rotor cho8lg8ami bilan bog8langan va unga 
nisbatan qo8zg8almas turgan d - q rotorli koordinata tizimini ham qo8llashimiz mumkin. Bu tizim 
elektrik fazoda rotor bilan birga aylanadi. Ushbu koordinata tizimida qaralayotgan fazoviy 
vektorlarni d - q indeks bilan belgilaymiz, mos ravishda bunday indekslar bilan fazoviy vektorlarni 
d va q o8qlaridagi proeksiyalarini ham belgilaymiz. Rortorga tegishli kattaliklarni 2 indeksi bilan 
yozish qabul qilinganligi uchun rotorli koordinata tizimi haqiqiy sonlar o8qi d va statorli koordinata 
tizimidagi qo8zg8almas x o8qi orasidagi burchakni  deb belgilaymiz. Rotorning fizik fazodagi 
burilishi va elektrik fazodagi burilishi orasidagi farqni nazardan chetga chiqarmaslik kerak. 1-
rasmda belgilangan barcha burchaklarning o8lchov birligi el.rad. Rasmda tasvirlangan fizik fazoda 
o8qlarning joylashuv holatlari faqatgina motorning juft qutblar soni  teng bo8lganiga mos 
keladi. 

 
1-rasm. Turli koordinata tizimlarida fazoviy vektorning joylashuvi 

Rasmda shuningdek x - y va d - q koordinatalar tizimlariga nisbatan ixtiyoriy yo8naltirilgan 
yana bir umumiy  koordinata tizimi tasvirlangan. Bunday keyingi bayonlarimizda ushbu 
koordinata tizimi elektrik fazoda ta9minot manbai kuchlanishining burchak chastotasiga teng 
bo8lgan sinxron burchak tezlik bilan aylanadigan tizim deb qaraymiz. Statorli koordinata tizimiga 
nisbatan ushbu tizimning burilish burchagining oniy qiymatini  deb belgilangan [1,4,5,6]. 

MYUK vektorini fazoviy vektor misolida qarashni davom ettirib, qo8zg8almas x - y 
koordinatalar tizimiga nisbatan aylanuvchi vektor uchun quyidagi ifodani yozishimiz mumkin: 

  , (1) 
yoki 

 , 

bu yerda  - MYUK ning amplutuda qiymati. 
Burchak  vaqtning funksiyasi hisoblanadi, agar elektr yuritma ish rejimining o8zgarishida 

MYUK qiymati o8zgarsa  ning qiymati ham o8zgarishi mumkin. 
SHunga o8xshash tarzda fazoviy vektor ifodasini rotorli koordinata tizimi uchun yozishimiz 

mumkin. Buning uchun d - q koordinata tizimining o8zi statorli koordinata tizimiga nisbatan  
burchakga siljishini hisobga olish kerak: 

 . (2) 

Fazoviy vektor proeksiyasi orqali d - q koordinata tizimidagi ifodaning yozilishi quyidagi 
ko8rinishda bo8ladi[2] 

. 
 (1) va (2) ifodalarni solishtirish natijasida statorli tizimdan rotorli tizimga va teskarisiga 

rotorli tizimdan statorli tizimga o8tkazish formulalariga ega bo8lamiz: 
; (3) 

  (4) 
Umumiy koordinata tizimida fazoviy vektor quyidagi ko8rinishda yoziladi 

, 

yoki 
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Fazoviy vektorni umumiy koordinata tizimida yozilishi bilan statorli yoki rotorli tizimdagi 

yozilishi orasidagi bog8lanish quyidagicha aniqlanadi: 
; (5) 

; (6) 

; 

. (7) 

Keyingi bayonlarimizdan shu narsa ma9lum bo8ladiki, asinxron dvigatelli elektr yuritmani 
matematik ifodalanishida, ham statorli koordinata tizimidagi kattaliklar ham rotorli koordinata 
tizimidagi kattaliklar mavjud bo8ladi. Bu barcha kattaliklarni qandaydir bitta umumiy tizimga 
keltirilish kerak. Yuqorida keltirilgan formulalar buni amalga oshirish imkoniyatini beradi. 

Asinxron motorlarda ideal salt ishlash rejimidan tashqari qolgan barcha rejimlarda ta9minot 
kuchlanishining burchak chastotasi  va elektrik fazodagi rotorning tezligi  turlicha bo8ladi. 
Statordagi kuchlanishning burchak chastotasi bilan elektrik fazodagi dvigatelning tezligi orasidagi 
farq  rotor EYUKining burchak chastotasini belgilaydi va bu farq elektr yuritmani 
matematik ifodalash jarayonida hisobga olinishi kerak.  

Fazoviy vektorni o8ziga xos xususiyatini xulosa o8rnida aytishimiz mumkin: vaqtning har bir 
momentidagi fazoviy vektorning cho8lg8am o8qidagi proeksiyasi ushbu cho8lg8am kattaliklarning 
oniy qiymatlariga teng bo8ladi [2, 8, 9, 10, 12]. 

Sinxron dvigatel statorining konstruksiyasi asinxron dvigatel statorining konstruksiyasidan 
farq qilmaydi. Unda xuddi asinxron dvigatelnikiga o8xshab uch fazali cho8lg8am joylashgan bo8ladi. 
CHo8lg8am uch fazali kuchlanish manbaidan ta9minlanganda ulardan oqib o8tuvchi tok sinxron 
tezlik bilan aylanuvchi magnit maydonni hosil qiladi. Sinxron motor rotorining konstruksiyasi 
asinxron motor rotori konstruksiyasidan keskin farq qiladi. Sinxron motor rotorida o8zgarmas tok 
manbaidan ta9minlanadigan bir fazali (qo8zg8atuvchi) cho8lg8am joylashgan bo8ladi. O8zgarmas 
qo8zg8atish tokining mavjudligi rotorni o8zining magnit maydonini hosil bo8lishiga olib keladi. Bu 
maydon statorning aylanuvchan magnit maydoni bilan ilashadi va rotorni stator maydoni tezligi 
bo8yicha sinxron aylanishiga majbur qiladi. SHuning uchun barqarorlashgan rejimda dvigatelning 
tezligi hamma vaqt sinxron tezlik  ga teng bo8lib, bu qiymat ta9minot kuchlanishi chastotasi va 
stator cho8lg8amining juft qutblar soni  bilan aniqlanadi. Dvigatel tezligining sinxronlikdan 
lahzali og8ishi faqatgina o8tkinchi jarayonlarda, masalan dvigatel validagi yuklamaning o8zgarishi 
natijasida yuzaga kelishi mumkin. O8tkinchi jarayon oxirida va agar yuklama momenti ruxsat 
etilgan maksimal qiymatidan oshmasa tezlik yana  qiymatiga qaytadi.  

Sinxron dvigatellar konstruktiv tuzilishidan qat9iy nazar ayon qutbli va ayonsiz qutbli 
dvigatellarga bo8linadi. Birinchi holda rotor qutblari rotorning o8zidan alohida tarzda tayyorlanadi. 
Elektrotexnik po8latdan tayyorlangan o8zakda qo8zg8atish cho8lg8ami o8ramlari o8rnatiladi va tayyor 
o8ramli qutblar rotorga mahkamlanadi. Ikkinchi holda rotorning magnit o8tkazgichi yig8iladigan 
elektrotexnik plastinkalarda maxsus radial o8yiqlar mavjud bo8ladi. Rotor yig8ilgandan keyin uning 
sirtida hosil bo8lgan bo8ylanma pazlarda qo8zg8atish cho8lg8ami o8ramlari joylashtiriladi. Rotor 
uzunligi bo8ylab tizilgan maxsus pazlarda dempferli (ishga tushirish) cho8lg8amining o8zaklari 
o8rnatiladi. Ushbu o8zaklar rotor tishlari bilan qisqa tutashtiruvchi segmentlar bilan birlashtiriladi, 
alohida qutblar segmentlari o8zaro biriktirilib natijada asinxron dvigatelniki kabi olmag8on 
g8idirakini eslatuvchi qisqa tutashtirilgan cho8lg8am hosil bo8ladi. Ushbu cho8lg8am sinxron 
dvigatelni ishga tushirish uchun xizmat qiladi. Ishga tushirish jarayonida u asinxron dvigatel kabi 
tezlanish oladi, biroq sinxron tezlikka o8tishda rotor cho8lg8amiga qo8zg8atish kuchlanishi beriladi 
va dvigatel sinxronlikka harakat qiladi. Ishga tushirish vaqtiga dvigatel qismalarida katta EYUK 
hosil bo8lishini olini olish maqsadida qo8zg8atish cho8lg8ami qisqa tutashtiriladi yoki qo8shimcha 
qarshilik ulanadi. SHuningdek dempferli cho8lg8am o8tkinchi jarayonda hosil bo8luvchi rotorni 
tebranishiga olib keladi. Barqarorlashgan sinxron rejimda, ya9ni qachonki stator maydonining 
tezligi va rotorning tezligi bir-biriga teng bo8lganda dempferli cho8lg8amda tok bo8lmaydi. 
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Ayon qutbli rotorli motor bilan yayonsiz qutbli rotorli motorning konstruktiv farqi asosan 
birinchi navbatda, rotor qutblari bilan mos keluvchi va d o8q sifatida belgilanuvchi to8g8ri o8q 
bo8yicha yo8nalgan stator cho8lg8amining induktivligi, hamda q o8q deb belgilanuvchi kvadraturali 
o8q bo8yicha yo8nalgan stator cho8lg8amining induktivligi bir xil bo8lmasligi hisoblanadi. 
Ikkinchidan ushbu induktivliklar bir-biriga tengdir. 

Odatda sinxron dvigatellar 3 katta quvvatli rostlanmaydigan elektr yuritmalarda qo8llanadigan 
sinxron tezligi 100 dan 3000 ayl/min. etadigan quvvati bir necha o8ndan kilovattdan bir necha o8n 
ming kilovattgacha bo8ladigan ulkan motor xisoblanadi. SHunga qaramay rostlanadigan manbadan 
ta9minlanayotgan sinxron dvigatelning tezligini rostlash, stator kuchlanishining chastotasini 
o8zgartirish orqali amalga oshirish mumkin. 

Sinxron dvigatelda kechadigan elektromagnit jarayonlarni eng sodda hol uchun, ya9ni 
dempferli cho8lg8am rotorda bo8lmagan hol uchun qarab chiqamiz. Buning uchun faqatgina ayon 
qutbli rotorli dvigatelni ko8rib chiqamiz, biroq shuni nazarda tutish kerakki, ayon qutblidan ayonsiz 
qutbli motorga o8tishda faqatgina motorning matematik ifodalanishida stator cho8lg8amining 
induktivligi ikkala o8q bo8yicha teng deb qabul qilish kerak bo8ladi. 

Asinxron dvigatelning matematik ifodalanishi jarayonida bajarilganidek, qaralayotgan hol 
uchun rotor bilan bog8langan va u bilan birga aylanuvchi d 3 q koordinatalar tizimini kiritamiz. 
Lekin asinxron va sinxron dvigatellardagi d 3 q koordinatalar tizimi orasida sezilarli farq borki, bu 
farq birinchi holda ushbu koordinata tizimi elektrik fazoda rotor tezligiga  teng 
tezlik bilan aylanadiki bu ideal salt ishlash rejimidan tashqari qolgan barcha rejimlarda sinxron 
tezlikdan farq qiladi. Ikkinchi holda elektrik fazodagi uning tezligi hamma vaqt sinxron tezlik 

=  ga tengdir. SHunday qilib, sinxron dvigatelning matematik ifodalanishida d 3 q 
koordinata tizimi, asinxron dvigatelni matematik ifodalanishida qo8llanilgan sinxron tezlik bilan 
aylanuvchan  koordinatalar tizimi kabi rolni o8taydi. 

Sinxron dvigatelning stator cho8lg8ami asinxron dvigatelning stator cho8lg8amidan deyarli 
farq qilmasligi bois, stator kuchlanishining muvozanat tengnlamasi bevosita sinxron dvigatelning 
matematik ifodalanishida qo8llanilishi mumkin. Buning uchun unga ta9luqli fazoviy vektorlarni 
ularning koordinata o8qlaridaga proeksiyalari orqali tasvirlash kerak bo8ladi: [13, 14, 15] 

  (8) 
Rotor cho8lg8ami burchak chastotasi  teng bo8lgan uch fazali o8zgaruvchan tok bilan 

ta9sirlashadigan asinxron dvigateldan farqli ravishda, sinxron motor qo8zg8atish cho8lg8amidan 
o8zgarmas tok oqib o8tadi. Qo8zg8atish cho8lg8amidagi kuchlanish  , tok  va rotor oqim ilashuvi 

 lar rotorga nisbatan qo8zg8almas va u bilan birga va mos ravishda d 3 q koordinata tizimi bilan 
birga aylanuvchi fazoviy vektorlar bilan tasvirlanishi mumkin. Ushbu farazda ular stator 
kuchlanishi, toki va oqim ilashuvilarini uch fazali tizimda qarab chiqish natijasida hosil bo8lgan 
fazoviy vektorlardan farq qilmaydi. SHuning uchun, d 3 q koordinata tizimining haqiqiy o8qlar d 
yo8nalishini qo8zg8atish cho8lg8ami o8qi yo8nalishi bo8ylab yo8naltirib, ya9ni d o8qni rotor oqimi 
ilashuvi vektori va u bilan mos keluvchi qo8zg8atish kuchlanishi va toki vektorlari bo8yicha 
yo8naltirib, o8zaro  tenglama bilan bog8langan rotorga tegishli kattaliklarni fazoviy 
vektorlarning d koordinata o8qidagi proeksiyasi sifatida qarash mumkin. 

Toklar va oqim ilashuvlari orasidagi bog8lanishlarni tahlil qilish uchun 2-rasmda tasvirlangan 
dvigatel modelidan foydalanish qulayroqdir. Modelda statorning uch fazali cho8lg8ami d 3 q 
aylanuvchan koordinata tizimiga nisbatan qo8zg8almas turgan va aktiv qarshilik  hamda  va 

 induktivliklar bilan xarakterlanuvchi ikki faza bilan almashtirilgan. Ushbu cho8lg8am o8qlari d 
va q koordinata o8qlari bo8ylab yo8nalgan. Ularga  va  o8qlar bo8yicha o8zgarmas kuchlanish 
qo8yiladi va natijada cho8lg8amlardan  va  toklar oqib o8tadi. Qarshiligi  va induktivligi  
bo8lgan rotor cho8lg8amiga qo8zg8atuvchi kuchlanish  vat tok  quyilgan. 2-rasmdan qo8rinib 
turibdiki, tanlangan koordinata o8qlarida stator oqim ilashuvi d o8q bo8yicha  va  toklar bilan, q 
o8qi bo8yicha esa faqatgina  tok bilan aniqlanadi. 
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Yuqorida aytilganlarni hisobga olgan holda dempfersiz cho8lg8amli sinxron dvigatelda 
kechadigan elektromagnit jarayonlarning matematik modeli aylanuvchan koordinata tizimi o8qidagi 
umumlashgan vektorlar proeksiyasi uchun yozilgan tenglamalar tizimi ko8rinishida tasvirlanishi 
mumkin: 

 ; (9) 
 

 ; (10) 
 

 
2-rasm. Aylanuvchan koordinata tizimidagi sinxron dvigatelning modeli. 

 ; (11) 
 ; (12) 

 
 ; (13) 

 . (14) 
bu erda ,  - mos ravishda stator cho8lg8ami va qo8zg8atish cho8lg8ami fazalarining 

qarshiliklari; ,  va  - mos ravishda d va q koordinata o8qlari bo8yicha stator cho8lg8amining 
to8la induktivligi va qo8zg8atish cho8lg8amining to8la induktivligi; d koordinata o8qi bo8yicha 
qo8zg8atish cho8lg8ami va stator cho8lg8ami orasidagi o8zaro induksiya koeffitsienti,  . 

Odatda ma9lumotnomalarda sinxron motorlar parametrlari nisbiy birliklarda beriladi. SHuning 
uchun sinxron dvigatelda kechadigan elektromagnit jarayonlarni matematik ifodalanishi masalasi 
qaralayotganda nisbiy birliklarga o8tish maqsadga muvoffiq bo8lar edi, ya9ni uning matematik 
ifodalanishiga kiruvchi tenglamalarni normallashtirish kerak. Normallashtirish uchun kerak 
bo8ladigan baza qiymatlari shunday tanlanishi kerakki, unda dvigatelda kechagidan fizik 
jarayonlarni ifodalovchi birlamchi tenglamalarni maksimal qisqartirish imkonini bersin. 
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IMPROVING THE QUALITY OF ELECTRIC POWER 
BASED ON THE THEORY AND FUZZY SETS 
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Annotatsiya; Ushba maqolada elektr tarmoqlarida elektr energy sifat ko8rsatchiklaridan 

kuchlanish og8ishi va kuchlanish nosimmetriyasini bartaraf etish ko8rib chiqilgan. Maqolada 
noanilik ko8phadalari nazariyasidan foidalangan ·olda kuchlanish og8ishini rostlash uchun yuklama 
ostida rostlash qurilmasini pog8onasini tanlash bo8yicha misol keltirilgan. 

Kalit so8zlar: elektr energiya sifati, kuchlanish og8ishi, kuchlanish nosimmetriyasi, yuklama 
ostida rostlash kurilmasi, ko8p hadalari nazariyasi. 

This article discusses the indicator and quality of electricity as a voltage deviation and the 
elimination of voltage unbalance. For regulation voltage deviations in the article is an example of 
selecting the stage of the on-load tap-changer , using the theory of fuzzy sets . 

Key words: power quality, voltage deviation, voltage unbalance, on-load tap-changer, fuzzy 
set theory. 

Introduction 
The problems of ensuring the quality of electricity in rural and regional general-purpose 

networks are well studied and widely described in domestic and foreign publications. At the present 
stage of development of complex electric power systems, it becomes especially relevant to 
maximize the cost reduction for solving problems related to the management, optimization and 
planning of their modes. First of all, this is due to an increase in the speed and efficiency of the 
algorithms used. Computer technology and new programming technologies make it possible to 
implement rather complex, but at the same time powerful algorithms [1]. 

The quality of electricity is a combination of its properties that determine the impact on 
electrical equipment, instruments and apparatus and are estimated by indicators of the quality of 
electricity, numerically characterizing the levels of electromagnetic interference in the power supply 
system in terms of frequency, effective voltage value, the shape of its curve, symmetry and voltage 
pulses [2]. 

For a long time, GOST 13109-97 has been the main document that establishes the standards 
for the quality of electrical energy in our country. One of the main parameters of the quality of 
electrical energy is the steady-state voltage deviation and voltage unbalance. In order to maintain 
this parameter within acceptable limits, the following methods are used: 

voltage regulation on outgoing lines; 
voltage regulation on substation buses; 
joint regulation while reducing (increasing) the voltage both at the substations and on the 

lines; 
additional regulation when a local change in voltage is required at a particular consumer; 
voltage regulation by changing power supply schemes. 
One way to regulate the voltage on outgoing lines is to use transformers with on-load tap-

changers [1]. The reactive power consumed in electrical networks causes additional active losses (to 
cover which energy is spent at power plants) and voltage losses (worse conditions for voltage 
regulation). In some electrical installations, the reactive power can be much greater than the active 
power. This leads to high reactive currents and overloads the current sources. To eliminate 
overloads and increase the power factor of electrical installations, reactive power compensation is 
carried out [3]. One way to compensate for reactive power is to use reactive power compensation 
devices (RPC). 

To solve the problem of maintaining voltage and reducing asymmetry in district and city 
general-purpose networks, an attempt was made to develop a voltage regulation algorithm based on 
controlling the position of the transformer tap and turning on or off static capacitor banks (SCBs) on 
0.4 kV buses. 

Methods. 
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The algorithm is based on the fuzzy set theory. The advantages of fuzzy -systems in 
comparison with other control systems are proved in [4,5]. The main ones are: 

the ability to operate with fuzzy input data; 
the possibility of fuzzy formalization of evaluation and comparison criteria: 
operating with the criteria "majority", "possibly", "predominantly"; 
the ability to conduct qualitative assessments of both input data and output results: the ability 

to operate not only with data values, but also with their degree of reliability and its distribution; 
the possibility of fast modeling of complex dynamic systems and their comparative analysis 

with a given degree of accuracy [1]. 
To implement the algorithm based on fuzzy logic, the MatLab mathematical modeling system 

with the built-in Fuzzy Logic Design package was chosen. With its help, you can quite simply 
create a base of production rules for controlling the controller, as well as build response surfaces 
and see how this algorithm will behave with various input data. 

Mamdani's algorithm was chosen as a fuzzy algorithm, because it is more understandable for 
programming, and also the accuracy of the output is not so important to him, but the visibility of all 
the components of the algorithm. 

The input variables are: the voltage on the substation busbars, the position of the power 
transformer on-load tap-changer, the number of BSCs included in the operation. The output data 
are: the controller's decision to change the position of the OLTC tap and the decision to connect or 
disconnect reactive power compensation devices (RPC). 
 
 

 
 
 
 
 
 

Rice. 1. Controller input and output 
The following fuzzy membership functions Fig. 1 were used as input data: 
voltage - 5 triangular membership functions (very low, low, normal, high, very high); 
 
 
 
 
 
 

Rice. 2. On-load tap position 
number of BSCs - 4 triangular membership functions (0, 1, 2, 3). 
tap position - 5 triangular membership functions (very low, low, normal, high, very high) 

fig.2. 
The following fuzzy membership functions (Fig. 3) were taken from the controller output: 
OLTC control - 3 triangular membership functions (down, do not change, up); 

 
 
 
 
 
 

 
Rice. 3. Fuzzy membership functions of the tap changer 

BSC control - 3 triangular membership functions (disconnect, do not connect, connect). 
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The choice in favor of triangular membership functions is explained by the fact that stepwise 
regulation is used in this model, i.e. change of tapping point of the tap changer or the number of 
BSCs by a specific number. 

Results 
After selecting the membership functions, a base of 163 production rules was created to 

control the output variables. The rules were created according to the following principles: 
if the voltage on the consumer's busbars is very low or low, then the tap position of the on-

load tap-changer should move down and/or the MCRM should be connected; 
if the voltage on the consumer's busbars is very high or high, then the tap position of the on-

load tap-changer must move upwards and/or the CRMS must be turned off. 
In addition to these basic principles for the creation of rules, the position of the on-load tap 

changer was also taken into account, i.e. if the tap is in the extreme upper or lower position, then the 
regulation should be carried out only by turning on the BSC. Similarly, with the number of BSCs: if 
the maximum number of them is connected, then the regulation should be carried out only by 
changing the position of the OLTC tap, or if they are not connected at all, then it makes no sense to 
give a command to turn them off. 

Emergency operating modes were not provided for in this model, however, their 
implementation is quite possible. 

After the rule base was created, the response surfaces were built, which are presented below: 
Consider the operation of the controller on specific examples Fig. 4.: 
1. The voltage on the consumer's tires is low (193 V), 1 compensation battery is 

connected, the tap position of the on-load tap-changer is 9. 

 
Rice. 4. The principle of operation of the controller 

Conclusion 
At the output of the controller there will be values: the position of the OLTC tap 6 (6.43 is 

rounded up to an integer according to the rules of mathematics), and the number of batteries - 2. 
Indeed, this solution will increase the voltage on the consumer's buses. 2. The voltage on the 
consumer's buses is high (247 V), 3 capacitor banks are connected, the tap position is 8. The output 
of the controller will be the values: tap position 9 (8.62 is rounded up to an integer according to the 
rules of mathematics), and the number of batteries is 2 Indeed, this solution will reduce the voltage 
on the consumer's buses. 1. The resulting fuzzy model with a base of production rules, created on 
the basis of the FUZZy -Logic application package, allows you to automatically regulate and 
maintain voltage in rural and district distribution networks. 2. The use of the fuzzy logic apparatus 
makes it possible to jointly use the capabilities of transformers with on-load tap-changers and BSCs 
to maintain voltage within normalized limits, which is an urgent task for grid and distribution 
companies. 

Based on the response surfaces, it can be concluded that the resulting fuzzy algorithm makes 
adequate voltage regulation decisions. 
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Abstract: Global environmental problems associated with traditional energy generation have 
led to a rapid increase in the use of renewable energy sources (RES) in power systems. The 
integration of renewable energy technologies is commercially available nowadays, and the most 
common of such RES technology is wind turbine (WT). This paper proposes an application of Salp 
Swarm Algorithm (SSA) for determining the optimal allocation of WT based distributed generation 
(DG) units in the distribution system (DS) with the aim of minimizing the total power and energy 
losses. 

Keywords4uncertainties; wind turbine; differential evolution algorithm; distribution system 
Introduction 

In the last few years, considerable attention has been paid to the usage of RES (such as WT, 
etc.) to minimize power losses due to global environmental problems associated with traditional 
generation. Many countries have been introduced or are proceeding towards the implementation of 
renewable energy policies like the Renewable Energy Portfolio Standard (RPS) [1]. Accepting an 
RPS is a production obligation of a certain percentage of the total electricity production from RES 
for a specific date. However, available WT energy is unstable and variable. However, high WT 
integration can lead to large power fluctuations, which may risk the provision of continuous power 
supply. In addition, the amount of WT energy that can be absorbed by the power system at a 
particular time may be significantly limited, since the available traditional units may not be able to 
respond to changes caused by WT units9 fluctuations [1-3]. 

WT produces energy when exposed to wind speed, and several other components are needed 
to properly conduct, control, convert, distribute and store the energy produced by the turbine. In 
restructured power systems, the use of distributed generation energy resources, including wind 
turbine (WT), fuel cells, small micro turbines, etc. The advantage of distributed generation energy 
resources includes reducing power and energy losses, improving voltage profile (VP), and 
increasing network reliability. To achieve the advantages of DG units, the choice of the optimal 
location and size becomes a major problem [3-5]. 

Problem formulation 
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Objective function 
The objective of this article is to minimization the real power and energy losses and improve 

the DS voltage [6-7].  
Real power loss 
The first term of the objective function is the real power loss, which is determined by equation 

(1)  
                (1) 

Accordingly, minimizing the total active power losses in the DS leads to reduce the total 
active energy losses 
�� during 24 hrs as: 

2 4

1

( )lo s s lo s s
t

E P t t
ý

ý ôõ      (2) 

where, 
 Is the current passing through line k  
 Is the total number of branches 

 Total number of sections in the system 
Resistance of the line section between buses k and k + 1 

Voltage Profile improvement 
The second goal of this work is to improve the VP, which is represented by the VP index in 

equation (3) [8]. 
       (3) 

where,  
  Collection of the load buses  

 Nominal voltage at load bus k. 

 Voltage amplitude at bus k. 
 WT and Load models  
3.1.1 Wind speed modeling: Weibull PDF was chosen to evaluate the stochastic behavior of 

wind speed at a predetermined duration of time [9]. Weibull PDF for wind speed vt (m/s) at the t-th 
time interval can be calculated as: 
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The shaping rate ( tk ) and scale rate ( tc ) at tth time interval are expressed as [9]: 
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where, t
vý  and tó  are mean and Sd of wind speed at time interval 8t9. 

WT power generation: The hourly WT average output power corresponds to a specific time 
interval 8t9 (Pt

WT) can be expressed as (6). A typical day for three years is generated in p.u., as 
shown in Fig. 4. 

1

( ) ( )
s

o

n
t t t

WT WT g b g
g

P P v f v
ý

ýõ        (6) 

where 8g8 denotes a stage factor and ns is the number of wind speed discrete stage. vt
g is the 

gth stage of wind speed at tth time interval. 
The WT power generation [9] with an average wind speed (vag) for stage <g= is expressed as: 
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where Pr is the nominal power rate that WT can be generated; vcout is cut-out; cut-in (vcin) and 
nominal (vr) wind speed, respectively, constants A and B are achieved as 9]: 
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Load model 
The load demand for the system is modelled corresponding to the normalized daily 24- hours 

load curve with a peak of 1 pu, as shown in Fig. 1 [10-11]. The load factor (LF) can determine as 
the field beneath the load curve, the load curve in p.u. subdivide by the sum of time interval [10] 

24

1

. . ( )

24t

per unit Demand t
LF

ý

ýõ       (9) 

 
Fig 1. Normalized daily active load curve and WT output 

The voltage-dependent load demand model, which includes variable load over time, can be 
calculated as [10-11]: 

( ) ( )*

( ) ( )*

p

q

n
k ok k

n
k ok k

P t P t V

Q t Q t V

ý

ý
      (10) 

where, kP and kQ  represent active and reactive power injected at node k. okP and okQ  represent 

the active and reactive power loads injected at nodes k. kV represents the voltage value at node k, 
and np and nq represent active and reactive load demand voltage indexes, respectively [10-11], 
where np = 1.51 and nq = 3.4. 

Salp Swarm Algorithm (SSA) 
Source of inspiration. 
Salps are barrel-shaped, planktonic tunicate. They move by contracting, thus pumping water 

through its gelatinous body. Salps jet propulsion are one of the most efficient in the animal 
kingdom. However, the salp strains the pumped water through its internal feeding filters, feeding on 
phytoplankton. This swarming behavior is considered the main inspiration of this optimizer which 
some researchers believe that this behavior is done for achieving better movement using rapid 
assortment changes and foraging [11].     

Mathematical model of SSA  
In the SSA, the possible solutions of optimization problem are represented by positions of 

multiple salps (salp chain), the proposed salps can be divided to leader that represents the salp 
located in the beginning of the chain and followers that represent the rest of salps in the swarm. The 
best solution (best salp) is considered as the food source to be pursue by the salp chain. After the 
first iteration the leader changes its position with respect to the food source, so the leader explores 
and exploits the space around the best solution also the follower salps move gradually towards the 
leader. Hence, it can prevent from being trapped in local optima stagnation and converge it to 
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globally optimum results in proper time. The salps move and search food source in the oceans and 
aggregated together forming swarm (chain) as shown in Fig. 2. The flow chart of SSA is shown in 
Fig.3. 

 
Fig. 2 Swarm of aggregation slaps 

 
Fig. 3. Flow chart for SSA 

Simulation and results 
Based on the proposed methodology, a program was written in MATLAB software. To 

evaluate the effectiveness of the proposed approach, the program was applied to test systems at 
nominal load. The test system is a standard 69-bus DN with a total load of 3801.5 kW and 2694.6 
kVAr as shown in Fig.4. The power flow is performed using Sbase = 100MVA and Vbase = 12.66 kV 
[12]. The power losses in the base case are 224.98 kW. The minimum voltage of this test system is 
0.90919 pu. 

 
Fig.4. The standard 69-bus distribution system 

In this paper, the power flow is analyzed using the reverse / forward sweep algorithm in the 
base case. Without WT based DG allocation and with optimal WT based DG allocation. The 
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observed results are presented in Table 1 and Table 2. It can be seen from the results that the 
integration three WT based DG units improve DS performance.  

Table 1: The observed results for 69-bus system 
WT- 
location 

WT- size/PF Power 
loss 

Voltage profile 
(minimum voltage 
at the bus) 

61 
18 

11 

2113/0.82 
458/0.83 
668/0.82 

 
4.48 

 
0.99427 @ bus 50 

Table 2 Daily energy loss for 69-bus system 
Scenario Energy loss (kW h) Loss reduction % 
Base case 2044.796 - 
With WT 727.47 66 

Conclusion 
The proposed approach is used to reduce power losses, energy loss and improve VP in the 

distribution system. To test the effectiveness of the proposed approach was tested on a test system 
with a standard 33 bus system. For the 69-bus system, the loss reduction is 98% and energy loss 
reduction is 66 %. In addition, the VP performance is improved over the base system.  
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TESTING OF THE TRACKING SYSTEM OF SOLAR PANEL ORIENTATIONS 

Tashpulatova Dildora Xaydarkulovna, Jizzax State Pedagogical University of Uzbekistan, 
Email: toshpulatova987d@gmail.com  

Abstract - Different power applications require different tracking systems. For certain 
applications a tracking system is too costly and will decrease the max power that is gained from the 
solar panel. Due to the fact that the earth rotates on its axis and orbits around the sun, if a PV 
cell/panel is immobile, the absorption efficiency will be significantly less at certain times of the day 
and year. The use of a tracking system to keep the PV cell/panel perpendicular to the sun can boost 
the collected energy by 10 - 100% depending on the circumstances. The use of a tracking system 
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greatly improves the power gain from solar radiation. This background goes into further detail on 
the operation of solar cells and the reason tracking is needed. The different tracking technologies 
are also described and how they compare to one another.  

Key words: Photovoltaic, testing, angle, power, Cells, Matlab, PV Module, Modelling. 
A fundamental understanding of how a photovoltaic panel works is essential in producing a 

highly efficient solar system. Solar panels are formed out of solar cells that are connected in parallel 
or series. When connected in series, there is an increase in the overall voltage, connected in parallel 
increases the overall current. Each individual solar cell is typically made out of crystalline silicon, 
although other types such as ribbon and thin-film silicone are gaining popularity [1-3].  

The final part of the functionality testing of the tracking system is to compare its performance 
to other types of panel orientations and tracking systems. To do this, an accurate simulation of the 
sun9s angle to particular point on the earth9s surface was needed to calculate the power and energy 
gained by a tracking system. To simplify the math, a few assumptions were made. One is that the 
earth is perfectly spherical so that elevation of the solar panel setup does not come into play. Second 
is assuming that the sun moves from exactly east to exactly west every day of the year. Finally, that 
the year is exactly 365, 24 hour days or 8760 hours long. Finally, that the time at the point of the 
solar panel corresponds to the sun9s position so that at midnight the sun is exactly behind the earth 
at 180° to the zenith and that at noon, the sun is directly between the east and west horizons or 0° to 
the zenith. Given that the earth rotates a full 360° in 24 hours in an east-to-west direction, the 
following equation can be given for the angle of the sun to the zenith of the point on the earth given 
in the east-west direction henceforth called the X direction: 

o
xZ 15 (Ç 12)= ' -               (1) 

The variable t is the amount of time from midnight on the first day of the simulation in hours. 
This equation gives the following results: 

7 Time Angle of the sun 
1 t = 0 hours (midnight first day) ZX = 15°(-12) = -180° 
2 t = 12 hours (noon first day) ZX = 15°(0) = 0° 
3 t = 24 hours (midnight second 

day) 
ZX = 15°(24) = 360° = 0° 

4 hours (noon second day) ZX = 15°(12) = 180° t = 36 
And the cycle repeats every day. To find an equation for the sun in the north-south direction, 

henceforth referred to the Y direction, the tilt of the earth9s axis to its orbit around the sun is given 
at 23.5°. So as the earth orbits around the sun, the equator9s Y angle to the sun goes from 0° at the 
vernal equinox to 23.5° at the summer solstice back to 0° at the autumnal equinox then to -23.5° at 
the winter solstice and finally back to 0° at the vernal equinox again. Given that this value 
fluctuates over the 365 day or 8760 hour year, the angle to the zenith on the equator is given as [4]: 

             (2) 

The time variable Ç  is now the measure of hours from the midnight on the vernal equinox. 
However, because the point chosen might not be at the equator, the latitude also comes into effect. 
Positive latitude is the angle of the point specified on the earth9s surface north of the equator. 
Negative latitude is consequently south of the equator. So to bring the latitude into the equation, ZY 
is now the difference of the latitude angle, defined as $, to the angle of the sun to the equator: 

              (3) 
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Figure 1: Percent Total Solar Radiation 

Now that equations for the x and Y angle of the sun to the zenith of some point on the earth 
have been derived, the amount of available sunlight radiation to that point can be calculated. NASA 
defines this amount of radiation under perfectly sunny and clear conditions to be a function of the 
cosine of the angle of the sun to the zenith (Figure 1) [5].  

So the radiation percent coming from both individual directions is defined as: 
o

x xR cos(Z ) cos[15 (Ç 12)].= = -               (4) 

            (5) 

And then the total radiation of the sun hitting a point on the earth9s surface at latitude  at 
time t in hours from midnight on the vernal equinox is: 

    (6) 

Putting this equation into MATLAB and plotting the radiation hitting for Jizzax Region which 
is $ = 42.2625° north over a 24 hours starting on the midnight of the vernal equinox and discarding 
all negative values yields the Figure 2. 

 
Figure 2: Percent Total Solar Radiation in Jizzax Region 

Conclusion 
In summary, the use of a tracking system greatly improves the power gain from solar 

radiation. This background goes into further detail on the operation of solar cells and the reason 
tracking is needed. The different tracking technologies are also described and how they compare to 
one another.  
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%G?>E4 �<?<5 LG=< 4=F<L <G<><=>< FD4=ED>D<4F>D?4D 4<M?5>FD<> E>6GF<L <>=<=<=7 
�<7<5 >5F<L<=< G7?G>E<7 =47>D4F �<?<L 64 >?4<=< >?<L >D�4?< F4=ED>D<4F>D=< G7?G>E<7 
<L?4L<=< x4<44 G=< N�>D< �G664F44 G7>� 64�F <L?4L<=< F4N<<=?4L4<D. 

-?5>FD FD4=ED>D<4F>D?4D<44 ?>DF?4L, U=�<==< 4=<�?4L 64 G=<=7 >?4<=< >?<L74 
<^?64??4=74= FD4=ED>D<4F>D=< 46F><4F?4L74= E>6GF<L F<7<<< O=7< F<7<< ·<E>5?4=44< 

&D4=ED>D<4F>D?4D=<=7 <L44= G<�<L ·>?4F?4D<74 4E>E4= >DF<�G4 N>?4=<L >�<54F<44 
FD4=ED>D<4F>D <>=<=<=7 �<7<L< 64 �<E�4 FGFGLG6 N7474 >5?<L< E4545 5^?44<. 

�466G4 46F><4F?4L74= ·<<>O?4L 6>E<F4?4D< 64 F<7<<?4D<=<=7 �<<<4F54·> N�>D< 
>GG?4=<L?< FD4=ED>D<4F>D?4D=< F^?4 64 <L>=G?< ·<<>O �<?<L <<>>=<OF<=< 55D4 
>?<4UF74=?<7< =4F<64E<44 <EF5N<>?G<?4D=< M=5D7<O 5<?4= G7?G>E<7 F4N<<=?4L?4D44 
G7<?<L?4D E>4<D 5^?<>�44. ,G =G�F4< =474D44= N�>D< >GG?4=<L?< FD4=ED>D<4F>D?4D=< 
D46�G?>F44 E>4<D 5^?44<74= �<E�4 FGF4LG6?4D44= ·<<>O?>6G< O=7<G4 F5E=>?>7<O?4D74 
4E>E?4=74= GEG? 64 �GD<?<4?4D=< �^??4L 74DGD?<7<=< F4?45 MF<>�44.  

,G=44= �GD<?<4?4D44= 5<D 5G FD4=ED>D<4F>D=< U=�<= 64 ?>DF?4L44= ·<<>O?4L 
�GD<?<4E<4<D  

&D4=ED>D<4F>D=< ·<<>=?4L �GD<?<4E<74 �G=447<G4 ·G?>E4 55D<L <G<><=  
ø -=5D7<O <ED>D<=< >4<4=F<D<L. 
ø �DF<�G4 N>?4<4 =4F<64E<74 FGL4UF74= G^?�4<?4D447< <EE<�?<>=< 

>4<4=F<D<L  
ø '^?�4<?4D=< <L?4L <G44F<=< G74=F<GD<L  
ø &D4=ED>D<4F>D?4D74 E>6GF<L F<7<<=< ><D<F<L 5<?4= <L?4L <G44F<=< 

G74=F<D<L  
ø &D4=ED>D<4F>D?4D74 E>6GF<L F<7<<<=< ><D<F<L 5<?4= FD4=ED>D<4F>D=< 

�G664F=< >LD<L . 
&D4=ED>D<4F>D?4D447< <>= <ED>D<=< >4<4=F<D<L74 MD<L4<<7 -=5D7<O G74F<L 

F<7<<<44 FD4=ED>D<4F>D?4D=< <L?4L <G444F<=< G74=F<D<L >D�4?< <�F<E>4<= E4DD 
E4D464F?4D=< 60% 74G4 >4<4=F<D<L74 MD<L<L <<>>=<OF< OD4F<?44< 64F<7<<447< 
G7<?<L?4D=< >?4<=< >?<5, <EF5<>?G<?4D=< G7?G>E<7 M?5FD M=5D7<OE< 5<?4= F4N<<=?4L74 
MD<L4<<7. 

$>=44?4=<?74= 4445<UF?4D D^=E4F< 
1. �. %. �4D<<>6, �.�.�<D·4=44D>6 64 5>L� , -?5>FD>F5E=<>4 64 M?5>FD>=<>4 

4E>E?4D<: �?<= ^�G6 NDF. F4?45?4D< GGG= 44DE?<>. 4 &.: '�<FG6G<, 1995-4468 5- 
2. Valenta, Leos Cerny, Ivan Maternik-Demontoux, Anna.Power Transformers and 

Environmental Protection. IFAC-PapersOnLine. 2016 
3. Yang, Xian Guan, Jun Lin, Chunyao Zhou, Dan Ke, Chunjun Chen, Whenzhe Hao, Zhiguo 

Dynamic pressure analysis and protection of transformer in internal arcing fault by FEM. 
Proceedings of the 5th IEEE International Conference on Electric Utility Deregulation, 
Restructuring and Power Technologies, DRPT 2015. 
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4. Muller, Sebastien Brady, Ryan De Bressy, Gael Magnier, Philippe Perigaud, Guillaume 
Prevention of transformer tank explosion part 1: Experimental tests on large transformers. 
American Society of Mechanical Engineers, Pressure Vessels and Piping Division (Publication) 
PVP. 2008 

5. Mostafaei, Mohsen Faiz, Jawad Venikar, Prasad A. Ballal, Makarand S.  
Turn-to-turn fault monitoring methods in electrical power transformers4State of the art 

International Transactions on Electrical Energy Systems. 2018. 
6. Chybowski, Leszek. Kazienko, Damian. The Development of an Explosion Protection 

System in the Starting Air Manifold of a High Power Engine. System Safety: Human - Technical 
Facility 3 Environment. 2019. 

 
'�$������� %�%&���� ��������� ����&����$�����/ 

�$��������� -���&$��$����� % ,����/� �����&����  
&><D>6 �?<<6>= �G6GD>6<G 

�.F.=., ?D>D5EE>D, 74654GNM<= >4D54D>= <-?5>FD<G5E><5 <4L<=O= &4L>5=FE>>7> 
7>EG44DEF65==>7> F5E=<G5E>>7> G=<65DE<F5F4 

E-mail: olimjontoirov@gmail.com  
&4G54?4<56 �74<4F �E>4D>6<G 

&4L>5=FE><= 7>EG44DEF65==OE F5E=<G5E><= G=<65DE<F5F 
'755>E><= =4F<>=4?L=O= <=EF<FGF <5FD>?>7<< 

E-mail: t.azamat@nim.uz 
�6545=<5 

�5DE?5>F<6>= 44?L=5=L57> ?>6OL5=<O F>G=>EF< < 557>?4E=>EF< 6 ?N5OE ED5D4E 
45OF5?L=>EF< O6?O5FEO 46F><4F<74F<O ?D>F5EE4, ?D<<5=5=<5< =>65=L<E F5E=>?>7<=. �4=<< 
<7 =4?D46?5=<=, 6 >>F>D>= =5>5E>4<<4 46F><4F<74F<< O6?O5FEO <7<5D<F5?L=4O F5E=<>4 6 
>5?4EF< <>=<7<DGNM57> >5?GG5=<O.  

$57G?LF4FO <7<5D5=<= <>=<7<DGNM<E <7?GG5=<= <>7GF <<5FL E5DL57=O5 ?>E?54EF6<O, 
< >=< <>7GF EGM5EF65==> ?>6?<OFL =4 D47?<G=O5 ED5DO 45OF5?L=>EF<. �N5>5 <7<5D5=<5 
<>=<7<DGNM57> <7?GG5=<O 4>?6=O 5OFL F>G=O<<, 4 =5>?D545?5==>EF< 4>?6=O 5OFL 
E6545=O > <<=<<G<G [1]. 

�?O 4>EF<65=<O 6OE>>>= E>>D>EF<, F>G=>EF<, 6OE>>>7> D47D5L5=<O, 6OE>>>= 
=4456=>EF< < G?GGL5=<O D44<4F<>==>= 74M<M5==>EF< E?5F<4?<EF>6 ?45>D4F>D<< 6 
=4EF>OM55 6D5<O EGM5EF6G5F F5=45=F<O > D47D45>F>5 46F><4F<7<D>64==>= E<EF5<O 
G?D46?5=<O E<EF5<O ?<=5==>7> ?>7<F<>=<D>64=<O (LPS) E E4D4>F5D<EF<>4<< F>G=>7> 
?>7<F<>=<D>64=<O < =4456=>EF< [2].  

�>E>>?L>G <7<5D5=<O <>=<7<DGNM57> <7?GG5=<O, E>744==>7> >5?GG4F5?L=>= 
GEF4=>6>>= ($<E.1) 6 =5>>F>D>= EF5?5=<, 746<E<F >F 6D5<5=< <7<5D5=<O < F>G=>EF< 
?>7<F<>=<D>64=<O, >>=EFDG>F<O EF>?4 < E<EF5<O G?D46?5=<O EF4?4 GD576OG4==> 646=>=. 

$<E.1. �4<<4 3 < D5=F75=>6E>4O >5?GG4F5?L=4O GEF4=>6>4 
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� 44==>= EF4FL5 ?D<6>4OFEO 4E?5>FO 6O5>D4 M?5>FD>46<74F5?O 4?O ?D<6>44, 
?D54=47=4G5==>7> 4?O 4<EF4=F<>==>7> G?D46?5=<O LPS, E GGUF>< >E>55==>EF5= ?D>F5EE>6, 
?D><EE>4OM<= 6> 6D5<O <E?>?L7>64=<O >5?GG4F5?L=OE GEF4=>6>> < >55E?5G5=<O 
557>?4E=>EF< 6> 6D5<O M>E??G4F4F<<. 

&5>D5F<G5E><5 >E=>6O 
�6F><4F<74F<O G?D46?5=<O LPS ($<E.2) ?D>6>4<FEO 6 ?45>D4F>D<< <>=<7<DGNM57> 

<7?GG5=<O 6 '755>E>>< =4F<>=4?L=>< <=EF<FGF5 <5FD>?>7<<. 
LPS >55E?5G<645F ED54EF64 4?O F>G=>7> ?>7<F<>=<D>64=<O ?D<5>D4 D44<4F<>==>= 

74M<FO <?< 4>7<<5FD4 =4 F>G=>< D4EEF>O=<< >F <EF>G=<>4 <?< D5=F75=>6E>>= GEF4=>6><, 4 
F4>65 4?O 6OD46=<64=<O <<L5=< ?> 65DF<>4?< < 7>D<7>=F4?< ?> >E56>= ?<=<< ?GG4 [3].  

�EL X ?>76>?O5F 46<74FLEO 64>?L ?GG4, GEF4=46?<64O D4EEF>O=<5 <564G <EF>G=<>>< < 
F5=FD>< 4>7<<5FD<G5E>>7> ?D<5>D4. �EL Y 4>?GE>45F 7>D<7>=F4?L=>5 46<65=<5 
?5D?5=4<>G?OD=> ?GGG. �EL Z >55E?5G<645F 65DF<>4?L=>5 46<65=<5 ?5D?5=4<>G?OD=> ?GGG. 

%F4=44DF=>5 ?5D5<5M5=<5 ?> >E< X E>EF46?O5F 4 <, EF4=44DF=>5 ?5D5<5M5=<5 ?> >E< 
Y 4 1 <, EF4=44DF=>5 ?5D5<5M5=<5 ?> >E< Z 4 30 E< (E E4<O< 65DE=<< ?>?>65=<5< =4 
>E56>= ?<=<< 54?><). �EL X < >EL Y ?5D5<5M4NFEO 6DGG=GN; D4EEF>O=<5 >F >E56>= ?<=<< 
?GG4 G>474=> L>4?>= =4 4>D>6>4E. �> >E< Z >4?<5D>6>G=O= EF>? ?5D5<5M45FEO < 
>>=FD>?<DG5FEO E ?><>MLN ?5D5>?NG4F5?O<< =4 LPS. $4EEF>O=<5 =<65 >E56>= ?<=<< 54?>< 
G>474=> =4 L>4?5 =4 >E=>64=<<.  

 
$<E. 2. %<EF5<4 ?<=5==>7> ?>7<F<>=<D>64=<O 

�?4FD>D<4 4?O 4>7<<5FD<G5E><E ?D<5>D>6 ?D54=47=4G5=4 4?O >5?57G5=<O <>=F464 < 
6>7<>6=>EF< GEF4=>6>< 6 F>65 ?>?>65=<5 <=>7>>D4F=>. �?4FD>D<4 D47<5D>< 42 E< x 42 E< 
<77>F>6?5=4 <7 4?N<<=<56>= ??4EF<=O, 4=>4<D>64==>= 6 G5D=O= F65F. �4 ??4EF<=5 
6O7D46<D>64=4 E5F>4 D47<5D>< EF>D>=O >644D4F4 1 E<. � ??4EF<=5 ?D>E65D?5=O >F65DEF<O < 
=4D574=O D57L5O (M6x1) E <=F5D64?>< 10 E<, 4?O D<>E4F<< ?D<E?>E>5?5=<O 6OD46=<64=<O 
=4 ??4FD>D<5. �?4FD>D<4 D4EEG<F4=4 6O45D6<64FL 45 >7 [4]. 

$57G?LF4FO 
�?O 46F><4F<74F<< LPS 5G4GF ?D<<5=5=O M?5>FD>?D<6>4O E L47>6O<< 46<74F5?O<< 

(,�). � ,� >FEGFEF6GNF <5E4=<G5E>< FDGM<5EO G4EF< <?< 45F4?<. -F> >?D545?O5F 57> 
6OE>>GN =4456=>EFL < 5>?LL>= D5EGDE. �>EF><=EF6> ,� 74>?NG45FEO 6 >FEGFEF6<< 
E?5F<4?L=>7> 44FG<>4 ?>?>65=<O. 

�4 D<EG=>5 3 ?>>474=4 DG=>F<>=4?L=4O EE5<4 46GE>>>D4<=4F=>= E<EF5<O E ,�. 

$<E. 3. $G=>F<>=4?L=4O EE5<4 46GE>>>D4<=4F=>= E<EF5<O E ,� 
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�4 D<EG=>5 3 ?D<=OFO E?54GNM<5 >5>7=4G5=<O: �� 3 <<>D>>>=FD>??5D; �,� 3 
4D4=65D ,�; ��13��4 3 >>=5G=O5 6O>?NG4F5?<; $ 3 D54G>F>D; �� 3 <E?>?=<F5?L=O= 
<5E4=<7<; ���1, ���2 3 5?>>< 7444=<O ?>?>65=<O; Q7441, Q7442 3 7444==O5 D4EEF>O=<O 
46<65=<O <E?>?=<F5?L=>7> <5E4=<7<4. 

� F5?>< 4?O ?>7<F<>=<DGNM<E M?5>FD>?D<6>4>6 LPS E4D4>F5D=O E?54GNM<5 
?4D4<5FDO: <4?4O E>>D>EFL 46<65=<O; <4?4O <>M=>EFL 46<74F5?O; 5>?LL>5 ?5D544F>G=>5 
G<E?> 6 D54G>F>D5; =<7>4O G4EF>F4 E6>5>4=OE >>?554=<= 6 GEF4=>6>5. 

�?O >55E?5G5=<O 6OE>><E F>G=>EF=OE E4D4>F5D<EF<> 6 LPS =5>5E>4<<> D5L4FL 
7444G< G?GGL5=<O E4D4>F5D<EF<> E4<>7> M?5>FD>?D<6>44, ?>445D64=<O 7444==>7> 
?>?>65=<O, <<=<<<74F<< M=5D7>?>FD55?5=<O M?5>FD>?D<6>44<< ?D< ?>7<F<>=<D>64=<< < 
>55E?5G5=<O 6OE>>>= =4456=>EF< E<EF5<O. 

�4> ?>>474=> =4 D<EG=>5 4, 46F><4F<7<D>64==4O E<EF5<4 ?<=5==>7> 
?>7<F<>=<D>64=<O 5G45F E>EF>OFL <7 E<EF5<O <>=<F>D<=74 < G?D46?5=<O (>><?LNF5D), 
5?>>>6 46F><4F<G5E>>7> G?D46?5=<O (<<>D>>>=FD>??5D4) < E ?D<6>44 E L47>6O< 46<74F5?5<.  

$<E. 4. �D<=F<?<4?L=4O EE5<4 E<EF5<O G?D46?5=<O 

-F4 E<EF5<4 G?D46?5=<O 5G45F >55E?5G<64FL ?5D5<5M5=<5 >4?<5D>6>G=>7> EF>?4 ?> 
FDU< >EO<, 6D4M5=<5, ?>4N5< < 4DG7<5 ?5D5<5M5=<O, >55E?5G<64O F5E=<G5E>GN ?>445D6>G 
<7<5D5=<=. 

�EE>4O <7 =5>5E>4<<>EF< 46F><4F<74F<< G?D46?5=<O E<EF5<O ?<=5==>7> 
?>7<F<>=<D>64=<O D4EE<>FD5=4 ?D<=F<?<4?L=4O EE5<O ?>4>?NG5=<O =5>5E>4<<OE 
E>EF46?ONM<E G4EF5=, >>F>DO5 5G4GF E?D>5>F<D>64=O < ?>4>5D4=O >?F<<4?L=O5 46<74F5?< 
4?O ?>?GG5=<O =44U6=>=, 557>?4E=>= < GEF>=G<6>= E<EF5<O.  

�4>?NG5=<5 
%<EF5<4, >4> ??4FD>D<4 46F><4F<G5E>>7> G?D46?5=<O =>6>7> F<?4 =4 >E=>65 

M?5>FD>?D<6>44 E L47>6O< 46<74F5?5<, 5G45F >F?<G4FLEO 6OE>>>= ?D4>F<G=>EFLN, F>G=O< 
?>7<F<>=<D>64=<5<, 5OEFDO< ?5D5<5M5=<5<, 6OE>>>= EF5?5=LN 46F><4F<74F<< < E>D>L5= 
=4456=>EFLN, 4 F4>65 444?F<DG5FEO > F<DD>6><G ?D5>5D47>64=<N FD44<F<>==>7> 
GEFD>=EF64 G?D46?5=<O. 

%?<E>> ?<F5D4FGDO 
1. G. Amit, D. Hershkovitz, Y. Levi, I. Hershko, H. Datz, A performance analysis of a 

new secondary standard dosimetry laboratory irradiation system, Measurement 185 (2021) 
2. Liu Bin, Zhou Min, Design of Automatic Control System for NDT Device, Energy 

Procedia, Volume 17, Part A, 2012, pages 68-73. 
3. &><D>6 �.�., &4G54?4<56 �.�. �6F><4F<74F<O G?D46?5=<O E<EF5<O ?<=5==>7> 

?>7<F<>=<D>64=<O >5?GG4F5?L=>= GEF4=>6><. �564. =4GG=>-?D4>F<G5E>>= >>=D5D5=F<< 
«�>FG4?L=O5 ?D>5?5<O M=5D75F<>< 6 GE?>6<OE F<DD46<74F<< M>>=><<><» �GE�&�, 2022 7., 
E. 422-425. 

4. P. Sullivan, Hopewell Designs, Inc., Operations & Maintenance Manual. Models: 
G10-X80 Irradiator and Ancillary Equipment. United States 2022. 
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���%&������ &�.�������'�� ¶���$�� ¶���&� �� -��$��/ 
&������$��� ��%�����$� 

&><D>6 �?<<6>= �G6GD>6<G, F.D.4., ?D>D5EE>D 
&>L>5=F 446?4F F5E=<>4 G=<65DE<F5F< <-?5>FD <4L<=4?4D<= >4D54D4E< 

<G4<D< 
E-mail: olimjontoirov@gmail.com 

�D>�>6 %4D4>D -D><= ^�?< 
&>L>5=F 446?4F F5E=<>4 G=<65DE<F5F< <-?5>FD <4L<=4?4D<= >4D54D4E< 

4>>F>D4=F< 
-?5>FD M=5D7<O F564L D5E?G5?<>4<<7=<=7 �^? F4D<>�?4D44 >4FF4 ^D<= M74??4=4<. 

�4<?4>4F<<<7=<=7 E4=>4F E>E4?4D<44 M?5>FD M=5D7<O <NEF5<>? E46<< ^774D<L< <4EEG?>F 
<L?45 G<�4D<L >^?4=<L< 64 M?5>FD M=5D7<O=< <ED>D< >L<L<74 >?<5 >5?44<. -=5D7<O 
E4<4D44>D?<> F5E=>?>7<OE<44 M?5>FD M=5D7<O D5EGDE?4D<44= >�<?>=4 D>=44?4=<L 
<�F<E>4<UF<<<7 F4N<<=>F< ^E<L<74 E<7<4F �<?44<. �L?45 G<�4D<L E4=>4F<, FD4=E?>DF, 
�GD<?<L, �<L?>� 64 EG6 E^64?<7?4D< E>·4?4D<44 M=5D7<O E4<4D44>D?<>74 MD<L<L E>?4F<=< 
^D74=74=<<<744, E4=>4F �GD<?<4?4D<44 M?5>FD ND<F<4 F<7<<< >�<?>=4 5>L�4D<L >D�4?< 
M?5>FD M=5D7<O <NEF5<>?<=< >4<4=F<D<L M=5D7<O E4<4D44>D?<>74 MD<L<?<L M=7 4=<� GEG?< 
M>4=?<7< 4=<�?4=4< [1-11]  

 �4<?4>4F<<<7=<=7 M=7 =<D<> E4=>4F E>·4?4D<44 E4< M?5>FD ND<F<4?< F<7<<< 
D<6>64?4=F<D<L 4E>E<= ><<? M>4=?<7< <E5>F?4=4<. ,G E>·4?4D<44= 5<D< M?5>FD M=5D7<O=< 
>4FF4 <EF5<>?G<E< 5^?474= F>�->>= <5F4??GD7<O E4=>4F<4<D. &>�->>= <5F4??GD7<O E4=>4F< 
FD4=E?>DF <5E4=<7<<?< <4L<=4?4D44= F4L><? F>?74=. �?4EF<=>4?< F4N<<=?47<G?4D F>�->>= 
<5F4??GD7<O E4=>4F<44 >5=7 F4D�4?74= 4E>E<= <4L<=4 E<E>5?4=44<. $G44=< �4=F4 <L?4L 
64�F<44 ??4EF<=>4?< F4N<<=?47<G FD4=E?>DF <4L<=4E< F5E=>?>7<> 64D4U=< 4E>E<= 5>�?>6G< 
5^?<5 E<7<4F �<?44<. '4EF>F4 ^774DF<D7<G 5<?4= 5>L�4D<?44<74= M?5>FD ND<F<4?< 
M?5>FD><5E4=<> F<7<<< 6444??<> 5<?4= 6>D<= MF<?<L< =4D4�4F M=5D7<O F564L 
<G4<<>E<=<, 54?>< D5EGDE?4D=< F564L=< ·4< ·4? �<?<L74 <<>>= 55D44<. &>� -<5F4??GD7<O 
E4=>4F<=<=7 FGD?< <5E4=<7<?4D< GGG= G4EF>F4 ^774DF<D7<G 5<?4= 5>L�4D<?44<74= M?5>FD 
ND<F<4?< F<7<<44= D>=44?4=<L =4D4�4F M?5>FD M=5D7<OE< 64 <>44<= D5EGDE?4D=< 
F564=4<74=, 54?>< D5EGDE?4D=< F564L=< F4N<<=?4=4<74= O=7< M=5D7<O F564L 
F5E=>?>7<OE<=< OD4F<L74 <<>>= 55D44<. 

¶>7<D7< 64�F44 F5E=>?>7<> GE>G=4?4D GGG= G4EF>F4 ^774DF<D7<G 5<?4= 
5>L�4D<?44<74= M?5>FD ND<F<4?< M?5>FD><5E4=<> F<7<<?4D=< >5=7 6>D<= MF<L 5>L?4=4<. 
&>�-<5F4??GD7<O >>DE>=4?4D<44, 4==<�E4 ??4EF<=>4?< F4N<<=?47<G?4D44, >>=65=5D?4D44, 
>><?D5EE>D?4D44 64 5>L�4 F5E=>?>7<> GE>G=4?4D=<=7 M?5>FD <4L<=4?4D<44 M=5D7<O 64 
D5EGDE?4D=< F564L44 <6>5<= =4F<64?4D 55D44< [4, 6-8, 11]. 

�?4EF<=>4?< F4N<<=?47<G=< M?5>FD ND<F<4?< G4EF>F6<= ^774DF<D7<G UD44<<44 
5>L�4D<?<L< 5>L�4 FD4=E>?DF �GD<?<4?4D<44= M=57D<O F564<>>D?<7< F57 >L<L< 5<?4= 
D4D� �<?44<. �L?45 G<�4D<L 64 4<4?<UF44 ??4EF<=>4?< F4N<<=?47<G FD4=E?>DF 
<4L<=4E<=< F^�D<44=-F^�D< F4D<>�74 G?45 <L74 FGLD<L 64 N>?4=<L 446D<44 F>>=<=7 
=>F5>E E4D4>4F?4=<L<=< >^DE4F4<. �?4EF<=>4? F4N<<=?47<G=< E<??<� <L74 FGL<D<L=< 
F4N<<=?4L GGG=, M?5>FD ND<F<4?< G4EF>F46<= ^774DF<D7<G UD44<<44 5>L�4D74=44 DG44=< 
�4=F4 <L?45 G<�4D<L F5E=>?7<> 64D4U=<44 M?5>FD M=5D7<O <ED>D< >4<4=<L<, D5EGDE F4L<L 
E46<< ^E<L<74 >?<5 >5?4<.  

'4EF>F46<= ^774DF<D7<G UD44<<44 ??4EF<=>4?< F4N<<=?47<G F4D=E?>DF <4L<=4E<=< 
5>L�4D<L44 O=7< M?5>FD <5E4=<> F<7<< <L?45 G<�<?4<. �G G4EF>F46<= ^774DF<D7<G 5<?4= 
5>L�4DG6 F<7<<<44 4E<=ED>= <>F>D=<=7 F57?<7<=< ^774DF<D<L >D�4?< ??4EF<=>4?< 
F4N<<=?47<G=<=7 <L D56<<?4D<44 M=7 E4<4D4?< 5>L�4DG6?< M?5>FD <5E4=<> F<7<<?4D<=< 
<L?45 G<�<L 64 G7>� <G444F?< <L?4L GGG= F5E=>?>7<> 64D4U= L4DF?4D<74 <G6>D<� ?4EF 
F57?<>44 ??4EF<=>4?< F4N<<=?47<G=< 5>L�4D<L44 5<D 64�F=<=7 ^7<44 M=5D7<O 64 
D5EGDE?4D=< F564L <4E4?4?4D<=< ·4? �<?44<. 
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�?4EF<=>4? F4N<<=?47<G?4D=<=7 <L?4L D56<<?4D<, FG7<?<L< 64 �^??4L E>·4?4D<, 
F>DF<L >GG< 64 N> >^F4DG6G< >>D?GE FGD<, F4L<?4UF74= N> FGD< 5^=<G4 F4E=<D?4=44<. 
�?4EF<=>4?< F4N<<=?47<G=<=7 FGD?4D< 64 <L?4F<?<L 1-D4E< 5^=<G4 �G=<447< 7GDGE?4D74 
5^?<=44< . 
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5^?44<.  
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$5E?G5?<>4<<7=<=7 F>�->>= E4=>4F<44 ??4EF<=>4?< F4N<<=?47<G?4D >5=7 F4D�4?474=. 

�?4EF<=>4?< F4N<<=?47<G44 M?5>FD M=5D7<O E4<4D44>D?<7>4 MD<L<L 5^=<G4 
�G=<447<?4D <?<<<=-F44�<�>4?4D <L?4D >?<5 5>D<?4<: 

 - -?5>FD ND<F<4?< G4EF>F46<= ^774DF<<D7<G 5<?4= 5>L�4D<?G6G< ??4EF<=>4?< 
F4N<<=?47<G=< <L D56<<?4D<=< F4·?<? �<?<L; 

 - �?4EF<=>4?< F4N<<=?47<G=< F^�D<44=-F^�D<, G4EF>F46<= ^774DF<D7<G 5<?4= <L74 
FGL<D<L ND747<L 64 N>?4=<L D56<<?4D<=< <4F5<4F<> <>45??4D<=< <L?45 G<�<L; 

 - �?4EF<=>4?< F4N<<=?47<G?4D=<=7 ??4EF<=>4?4D<=< G<44<<=?<7<=<, E<?6<L 
5GDG47<, LG=<=745> D54G>F>D=<=7 55�4D>D <L?4L<, D>?<>?4D< 64 5>L�4 �<E<?4D< <L?4L< 
64�F<44 <L>=G?<?<7<=< >L<D<L <4E4?4?4D< ^D74=<L; 

 - &GD=< F4=?4L=< ·<E>574 >?74= ·>?44 ??4EF<=>4?< F4N<<=?47<G=< 5>L�4D<L 64 
46F><4F?4LF<D<L <4E4?4?4D< 64 �<E<L <>E?4<4?4D<, F>D<>7?4D, F<7<<?4D=<=7 <L?4L<=< 
46F><4F<> 5>L�4D<L GEG??4D<= F4E?<? �<??<L 5?>> EE5<4=< OD4F<L; 

 - '�-��-�&=<=7 O=7< M?5>FD <5E4=<> F<7<<<=< 64 4?7>D<F<<=< <L?45 G<�<L .  
-?5>FD ND<F<4?< G4EF>F46<= ^774DF<D7<G 5<?4= ??4EF<=>4?< F4N<<=?47<G=< 

5>L�4D74=44 <>>< E<? GEG?44 <L74 FGLD<DL ?>7<<: <L74 FGL<D<L44= 5>L?45 54DG4 
·4D4>4F?4=G6G< <4EE4?4D=< 55D<?74= =><<=4? F57?<>>4 F57?4LF<D<L, ??4EF<=>4?< 
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F4N<<=?47<G=< E4D4>4F<=<=7 5GFG= >>=FGD< 5^=?45 ^774D44< [4-5]. 

�?4EF<=>4?< F4N<<=?47<G=< <L74 FGL<D<L=<=7 55?7<?4=74= 5>E�<G?4D< GGG= 
F4=?4=74= 4E<=ED>= <>F>D >GG<74 <G6>D<� ??4EF<=>4?< F4N<<=?47<G=< <L74 FGL<D<L 
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�?4EF<=>4?< F4N<<=?47<G=<=7 <L?4L F4E?<?< �?<?<� F>�->>= <5F4??GD7<O 
>><5<=4F<44 >^D<5 G<�<?4<. �4<?4>4F<<<744 DG44 �4=F4 <L?4L <=L>>F?4D<44= �?<4?<� 
>>=-<5F4??GD7<O >><5<=4F< M=7 =<D<>?4D<44= 5<D< ·<E>5?4=44<. &>�->>= E4=>4F<44 
<5=<D4? D5EGDE?4D=< �4=F4 <L?4L44 M=5D7<O F564=4<74= F5E=>?>7<O?4D D>=44?4=<L 4E>E<= 
^D<=?4D=< M74??4=4<.  

�?<<=-F5E=<> 4445<UF?4D=< >^D<5 G<�<L 64 F4·?<? �<?<L =4F<64?4D< >^DE4F44<><, 
G4EF>F4 ^774DF<D7<G >D�4?< ??4EF<=>4?< F4N<<=?47<G=< M?5>FD ND<F<4E<=< 5>L�4D<L 
GEG??4D< 5^=<G4 <4F5<4F<> <>45??<=< <L?45 G<�<L, <L?4L D56<<?4D447< <L>=G?<?<7<=< 
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46F><4F?4LF<D<L F<7<<<=< =47>D4F �<?<L M?5>FD><5E4=<> F<7<<44 M=5D7<O 
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ELEKTROVOZLARNING TOK QABUL QILGICHLARIGA TEXNIK XIZMAT 
KO8RSATISH VA JORIY TA9MIRLASH 

Tursunov J.Sh., Termiz muhandislik-texnologiya instituit assistenti 
O8zbekiston Respublikasining siyosiy va iqtisodiy mustaqilligini mustahkamlash, hamda 

uning jahon hamjamiyatiga faol kirib borishi transport ta9minotining yuqori darajasini talab etadi, 
bu esa eng avvalo mamlakat iqtisodiyotining qon tomiri bo8lgan temir yo8llar rivojlanishini taqozo 
etadi. 

Mustaqillikning ilk kunlaridanoq yurtimizda transport kommunikatsiyalari, xususan, temir 
yo8l sohasining jadal rivojlanishiga katta e9tibor qaratilmoqda. Temir yo8l transporti iqtisodiyotning 
yo8lovchi va yuk tashish xizmat talablarini qoniqarli darajada bajarmoqda. Butun transport sektori 
yuk aylanmasining 65% temir yo8l transporti ulushiga to8g8ri keladi. Tashish xajmining o8sishi, 
temir yo8llarning yuk va yo8lovchilarni qabul qila olish imkoniyatlarini oshirish, texnik vositalarni 
modernizatsiyalashni va yangilashni talab etadi. 

Elektr harakatlanuvchi tarkib (EHT) ning tok qabul qilgichlari 3 kontakt osma (kontakt sim) 
bilan elektr aloqani vujudga keltiruvchi tortish elektr apparatlaridir. Tok qabul qilgichning 
konstruksiyasi EHT mo8ljallangan harakatning maksimal tezligida belgilangan qiymatdagi kontakt 
simdan tokni olishni ta`minlashi zarur. 

Elektrlashtirilgan temir yo8llarda turli konstruksiyadagi tok qabul qilgichlar qo8llanadi. Bu 
holat temir yo8lning doimiy va o8zgaruvchan tokda elektrlashishi bilan, shuningdek, qo8llanayotgan 
EHT turli quvvatda va konstruktiv tezlikka egaligi bilan tushuntiriladi.  

Tok qabul qilgichlar turli richaglar tizimi va engil r4malardan tashkil topgan va sharnir 
yordamida o8zaro birikkan hamda polozlarning vertikal yo8nalishi bo8yicha harakatlanishini 
ta`minlaydigan murakkab mexanizmlarni o8zida aks ettiradi. Polozlar ramalarda polozlarning 
zaruriy ressorlanishini hamda ularning tok qabul qilgich ramalari yuqorigi sharniriga nisbatan 
burchakli harakatini ta`minlovchi karetkalar yordamida mahkamlanadi. Tok qabul qilgichlarning 
ko8taruvchi 3 tushiruvchi mexanizmlari ko8taruvchi va tushiruvchi prujinalar, pnevmatik silindr va 
pnevmatik yuritmaning richaglar tizimidan tashkil topgan. Tushiruvchi prujinalar pnevmatik silindr 
ichida joylashishi yoki tashqi prujinalar ko8rinishida o8rnatilishi mumkin.  

Elektrovoz tok qabul qilgichlariga o8z vaqtida texnik xizmat ko8rsatish va joriy ta9mirdan 
o8tkazish dolzarb ahamiyatga ega. Chunki tok qabul qilgichlarga o8z vaqtida texnik xizmat 
ko8rsatish va joriy ta9mirdan o8tkazilmasa, tok qabul qilgichlarning texnik parametrlari belgilangan 
me9yorlardan tushib ketadi va elektrovozlar kontakt tarmog8i orqali elektr energiya bilan 
ta9minlanmay qoladi. 

Hozirgi kunda <O8zbekiston temir yo8llari= da L-13U va DSA 200E tok qabul qilgichlari 
elektrovozlarda foydalanilmoqda.  

Tok qabul qilgichlariga texnik xizmat ko8rsatish jarayonida quyidagi ishlar bajarilishi shart: 
Tayanch izolyatorlari, rama asoslari, sharnirli ulanishlari, karetka holati, uzatma detallari 

(silindr va izolyator), prujina, shuntlarning butunligi va ishonchli mahkamligi (maydoni 10 foizdan 
yuqori bo8lgan shunt to8qimalarining sinishiga yo8l qo8yilmaydi) tekshiriladi. Tok qabul qilgichni 
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ko8tarish va tushirish vaqti tekshiriladi, agar kerak bo8lsa sozlanadi. Ko8tarish vaqti 5,4 sek., 
tushirish vaqti 4 sek. Ko8mirli o8rnatmalarning holati tekshiriladi, agar kerak bo8lsa almashtiriladi. 
70±10 N statik holatda kontakt bosimi tekshiriladi, agar kerak bo8lsa sozlanadi. Amortizatorda moy 
chiqishi va harakati tekshiriladi. Tekshirish ishlari tugagandan so8ng tok qabul qilgich va 
izolyatorning barcha qismlari artiladi. 

Tok qabul qilgichlarini 1-joriy ta9mirdan o8tkazish jarayonida tehnik xizmat ko8rsatish 
jarayonidagi ishlardan ta9shqari quyidagi ishlar bajarilishi shart: 

Tok qabul qilgichni pantografining boshidagi prujinaning shikastlanmaganligi va 
bo8shashmaganligi tekshiriladi, agar kerak bo8lsa murvatlarning tortilishi tekshiriladi va prujina 
almashtiriladi. Siqilgan prujina butunlay sakrab chiqishi va ikkita ko8mirli o8rnatgichning gorizontal 
darajasi saqlanib turilishi kerak. Ko8mirli o8rnatgichlar tekshiriladi va tozalanadi, qalinligi 5 mm 
dan kam bo8lgan poloz yoki umumiy balandligi f22 mm bo8lgan yorilgan polozlar almashtiriladi. 
Tok qabul qilgichni ko8tarish uchun po8latli sim arqonlarning tortilishi tekshiriladi, po8latli sim 
arqonni TOP 2000 surtma bilan moylanadi. Podshipniklarning noto8g8riligi va deformatsiyasi 
tekshiriladi, agar kerak bo8lsa nosoz podshipniklar almashtiriladi. Tok qabul qilgichning 
qaytaruvchi podshipniklari 89D surtma bilan moylanadi va quyidagi ishlar bajariladi: 

 
1-rasm. VL turidagi elektrovozlar tok qabul qilgichi. 

Tok qabul qilgich 2600 mm dan oshmasligi kerak bo8lgan maksimal ko8tarish balandligi 
o8lchanadi va agar kerak bo8lsa, sozlanadi. 

0,5 - 2,25 m balandlikda o8lchanganida 6 dan 8 kgk/sm² gacha bo8lishi kerak bo8lgan kontakt 
tarmog8idagi pantograflarning bosimi o8lchab ko8riladi va agar kerak bo8lsa sozlanadi. 

Tok qabul qilgich ko8tarishdan saqlaydigan kuch o8lchanadi va agar kerak bo8lsa, sozlanadi - 
8 kgk / sm² ga teng bo8lishi kerak. 

Chap va o8ng tok qabul qilgichlar karetkalarining ishi (bosish va ko8tarish) o8lchanadi, 
ko8tarish paytidagi farq 14 - 20 mm bo8lishi kerak. 

Ko8chirish burchagi 4 gradusdan oshmasligi kerak bo8lgan tok qabul qilgich joylashtirilishining 
erkinligi va gorizontal holati tekshiriladi va agar kerak bo8lsa, sozlanadi. 

Tok qabul qilgichlarni ko8tarish va tushirish vaqtlarini o8lchash va agar kerak bo8lsa, sozlash kerak: 
- silindr bosimi 5,2 - 10 atm bo8lgan 1,8 m balandlikka ko8tarishda - 6 - 8 sek.  
- 1,8 m balandlikdan bo8shatilganda - 5-8 sek. 
Ko8tarish va tushirishda tok qabul qilgichlar ishining to8g8riligi tekshiriladi, egilgan ramalar 

yo8qligi va sharnirlar tiqilib qolmasligi kerak. Barcha boltlar tekshiriladi. Tekshiruvni tugatgandan 
so8ng tok qabul qilgich va izolyatorlarning barcha qismlari artib olinadi. 

Tok qabul qilgichlarni yozgi mavsumga 01-apreldan o8tkazilsa, 01-noyabr sanasidan qishgi 
mavsumga o8tkaziladi: 

Yozgi mavsumda tok qabul qilgichlarning ko8tarishdan saqlaydigan kuch 8 kgk / sm² ga teng 
bo8lishi kerak. Qishgi mavsumda tok qabul qilgichlarning ko8tarishdan saqlaydigan kuch 9 kgk / sm² 
ga teng bo8lishi kerak. Kontakt tarmog8i tok qabul qilgichlarning bir maromda yeyilishi uchun zig-zak 
usulda tortiladi. To8g8ri uchastkalarda kontakt tarmog8i zig-zak usulda tortilish vaqtida ikki rels orasi 
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o8rta qismi nol qilib olinadi va ikki tomonga 300 mm. gacha chiqishi ruxsat etilgan. Egri uchastkalarda 
esa ikki tomonga 450 mm. gacha chiqishi ruxsat etilgan.  

Tok qabul qilgichlarini 3-joriy ta9mirdan o8tkazish jarayonida quyidagi ishlar bajarilishi shart: 
Tok qabul qilgichlar elektrovozdan yechiladi va elektr apparatlarini ta9mirlash bo8limiga 

yuboriladi.  
Tok qabul qilgich tayanch ustunlariga o8rnatiladi, uning qismlari va detallari sochiladi va 

tekshiriladi. Yoriqlar, payvandlangan choklar kesiladi va qayta joylashtiriladi. Tok qabul qilgich 
asosining aniqlangan botiqliklari to8g8rilanadi. Izolyatorlarning bolt teshiklari markazlari orasidagi 
masofa chizilgan o8lchamlariga mos kelishi kerak. Teshiklar orasidagi masofa diagonal bo8yicha 3 
mm dan oshmasligi kerak. 

 
2-rasm. Uz-EL turidagi elektrovozlar tok qabul qilgichi. 

Birlashtiruvchi trubalar va asos burchaklarining mahkamlanishi tekshiriladi. Nakonechnik 
simlarining shikastlangan ulanish nuqtalari tozalanadi va qalaylanadi. 

Tok qabul qilgichlarning asosiy o8qlari ko8zdan kechiriladi. Sharikli podshipniklar qayta 
ko8rib chiqiladi. Nosoz podshipniklar almashtiriladi. 

Dastagli-prujina mexanizmi qismlarining holati tekshiriladi. Qismdagi nuqsonli prujinalar va 
ularni asosiy val bilan bog8laydigan sharsimon podshipniklar almashtiriladi. Egilgan sinxronlash 
tyagasi to8g8rilanadi. 

Koretkalar sochiladi, ularning qismlari holati tekshiriladi, shikastlangan qismlar ta9mirlanadi 
yoki almashtiriladi. Koretkalar ishlash masofasi yeyilishi me9yor standartlariga mos kelishi kerak. 

Chuqurligi 3 mm dan yuqori bo8lgan pachoqliklar, yoriqlar, egilish va kuyish joylari bo8lgan 
yuqori ramalarning trubalari korroziya natijasida shikastlangan, shuningdek muftali trubalar 
yangilariga almashtiriladi. 

Pastki ramalarning trubalari silindrsimon yoki konus shaklida bo8lib, ularning yoriqlari 
chuqurligi 3 mm dan oshiq, uzunligi 150 mm dan ortiq uzunlikdagi ikkita joyda, egilish va kuyish, 
korroziya shikastlanishlari bo8lgan trubalar almashtiriladi.  

  Poloz qismlarga ajratiladi va ta9mirlanadi. Poloz ramasi shablonga qarab tekshiriladi, egilgan 
rama maxsus tirgakda to8g8rilanadi. Devor qalinligi 1,3 mm dan kam bo8lgan poloz ramasi 
yangisiga almashtiriladi. Polozda vintlar uchun yoriqlar va teshiklarni payvandlash, shuningdek, 
moslamaning mos keladigan konfiguratsiyasi va uzunligini olish uchun yon bag8irlari 
gardishlarining burchak kesmalarida ruxsat etiladi. Polozning uchlari egilish burchagi tasdiqlangan 
chizmalar talablariga mos kelishi kerak. Polosga yangi ko8mir qo8shimchalari to8plami o8rnatiladi 
va chizmalar talablariga muvofiq sozlanadi. 

Tok qabul qilgichlarning amortizatorlarini holati tekshiriladi, yaroqsiz rezina va boshqa 
qismlar almashtiriladi. 
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Tok qabul qilgich yig8iladi, barcha sharnirli va ishqalanish bo8g8inlari oldindan moylanadi. 
Tok qabul qilgich yig8ilishining oxirida quyidagilar tekshiriladi: 

- tok qabul qilgichning maksimal ko8tarish balandligi; 
- poloz markazining tok qabul qilgich asosi markaziga nisbatan uning o8qi bo8ylab siljishi; 
- poloz ustki yuzasining gorizontaldan og8ishi; 
- barcha turdagi tok qabul qilgichlar uchun 6 mm dan oshmasligi kerak bo8lgan tushirilgan 

holatda sozlangan tok qabul qilgichdagi ko8taruvchi prujina uzunligining farqi; 
- polozning biriktirma o8qi atrofida burilish burchagi, har bir tomonda o8rtacha holatiga 

nisbatan 5o 3 7° bo8lishi kerak; 
- 2 mm dan oshmasligi kerak bo8lgan ikki tomonlama tok qabul qilgichlar ikkala polozining 

aloqa yuzalarini bir-biriga nisbatan og8ishi; 
- tok qabul qilgichning kontakt simini faol va passiv statik bosishda ishchi balandlik 

diapazoni; 
- ishchi diapazonda bir tomonlama harakati bilan polozning eng katta va eng kichik bosish 

orasidagi farq; 
- tok qabul qilgichni ko8tarish va tushirish vaqti; 
Belgilangan parametrlar yeyilish va me9yor standartlariga va tok qabul qilgichlarning texnik 

ma9lumotlariga mos kelishi kerak. 
Barcha trubkasimon ramalar va tok qabul qilgich asosi bo8yaladi, elektr va sharnirli 

bo8g8inlar, shuntlar, tirgaklar va polozlar, polietilen yenglar, rezina buferlar bundan mustasno. 
Bir tok qabul qilgich uchun tayanch izolyatorlarining balandligi farqi 2 mm dan oshmasligi 

kerak. Tok qabul qilgichning og8ishini yo8qotish uchun tok qabul qilgich va tayanch izolyatorlari 
o8rtasida shaybalarni o8rnatishga ruxsat beriladi. 

Polietilen trubkalar qayta ko8rib chiqish uchun yechiladi, iliq suv va sovun bilan yuviladi. 
Trubka namligi siqilgan havo bilan puflab tozalanadi. Trubkaning yuzasi silliq, yoriqlar, yirtiqlar va 
chuqurliklardan holi bo8lishi kerak. Qalinligi 4 mm dan kam bo8lgan yoriqlar va chuqurliklar 
bo8lgan burtlar kesiladi va qayta shakllantiriladi. Bunday holda, trubka uzunligining qisqarishi 
chizma o8lchamidan 50 mm dan oshmasligi kerak. Ta9mirlashdan keyin trubka 700 kPa (7 kgk / 
sm2) siqilgan havo bosimi va 60 kV kuchlanishli o8zgaruvchan tok, tebranishi 50 Gs bo8lgan 
izolyatsiyaning dielektrik quvvati uchun 1 minut davomida sinovdan o8tkaziladi. Sinov qilingan 
trubkada sana, joy va sinov parametrlari ko8rsatiladi. 
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MAXSUS AVTOMOBILLARDA YOQILG8I O8RNIDA ELEKTR ENERGIYADAN 

FOYDALANISHNING AFZALLIKLARI 
Ulashov Jakhongir Zayniddinovich 

Chirchiq oliy tank qo8mondonlik muhandislik bilim yurti 
Jahzu@mail.ru 

Annotatsiya. Ushbu maqolada bugingi kunada foydalanish jihatdan qulay bo8gan elektr 
energiyasi va uning differensial tenglama orqali yechimlarini topish masalasi haqida so8z boradi. 

�==>F4F<O. � MF>= EF4FL5 D5GL ?>=45F >5 M?5>FD<G5EF65, >>F>D>5 E57>4=O G4>5=> 
<E?>?L7>64FL, < > ?D>5?5<5 ?><E>4 57> D5L5=<= G5D57 4<DD5D5=F<4?L=>5 GD46=5=<5. 

Annotation. In this article we will talk about electricity, which is convenient to use today, 
and about the problem of finding solutions to it through a differential equation  

Kalit so8zlar: elektr, elektromobil, texnik xizmat, tenglama, differensial, elektr toki. 
�?NG56O5 E?>64: M?5>FD<G5EF6>, M?5>FD><>5<?L, F5E=<G5E>>5 >5E?G6<64=<5, 

GD46=5=<5, 4<DD5D5=F<4?, M?5>FD<G5E><= F>>. 
Keywords: electricity, electric vehicle, maintenance, equation, differential, electric current. 
XXI asrda neft va gaz tabiiy boyliklarga bo8lgan ehtiyojning ortishi ularning zaxiralari 

kamayishi olib keladi. Bu muammoni hal etish va ularni o8rnini bosa oladigan energiyani topish 
masalalari jumladan elektr energiyadan foydalanish orqali o8z yechimini topa boshladi. Elektr 
energiyasi olinishi osonligi, ekologik tozaligi, foydalanishi qulayligi bilan ajralib turadi. 
Mamlakatimizda bu energiya ilmiy-amaliy jihatdan olimlarimiz tomonidan o8rganilib kelinmoqda. 
Respublikamizdagi temir yo8llarning elektrlashuvi, yer osti va yer usti metrolarining ko8payishi, 
elektr stansiyalarining qurilishi, chet davlatlar bilan birgalikdagi quyosh elektr stansiyalari ishga 
tushirilishi bunga yaqqol misol bo8ladi. Masalaning dolzarbligi shundaki, respublikamizda faoliyat 
olib borayotgan transport va texnika universitetlarida, ilmiy tadqiqot institutlarida mashinalarga 
o8rnatilgan elektr jihozlaridan foydalanish, uni diagnostika qilish ishlariga bo8lgan e9tibor 
rivojlangan mamlakatlarga nisbatan biroz oqsayotganligi bu borada ham izlanishlar olib borishni 
kerak ekanligini ko8rsatmoqda. Masalan, yurtimizda eletromobillar sezilarli miqdorda ko8zga 
tashlanmoqda. Biroq ularga texnik xizmat ko8rsatish shahobchalari kamligi ulardan keng qamrovda 
foydalanishga noqulayliklar keltirib chiqaradi.  

Elektr energiyasining keng ko8lamda barcha sohalarda rivojlantirishini ta9minlash to8g8risida 
bir nechta prezident qarorlari chiqqan bo8lsada, elektromobillariga texnik xizmat ko8rsatish 
parklarining loyihalari hozirgacha yagona standart ko8rinishiga keltirilgani yo8q. Shu sababdan 
ichki yonuv dvigatellariga xizmat ko8rsatadigan texnik xizmat ko8rsatish shahobchalaridan 
foydalanilmoqda. Avtomobillar elektr jihozlarining ishlash jarayoni shunchalik murakkabki, uni 
insonlar sezgi organlari: ko8rish, eshitish va hid bilish orqali sezmaydilar. Faqat bu jarayonlar 
bilvosita maxsus qurilmalar, asboblar yoki zamonaviy elektron datchiklar orqali aniqlanadi. 
Tadqiqotning maqsadi, elektr tokini qanday qilib aniqlash va bu muammoni yechishdan iborat. 

Muammuni yechishda matematikaning differensial tenglamalar bo8limidan foydalanamiz. 
Muhtaram prezidentimiz Shavkat Miromonovich Mirziyoyev buyuk bir akademikning so8zini eslab: 
<Har qanday ilmiy ish matematikasiz fikrligicha qolib ketaveradi=, degan edilar. Shunday ekan, 
dunyo muammolarini yechishda matematika, fizika, hozirgi zamon uchun muhim bo8lgan 
kompyuter texnologiyasi fanlarining o8rni alohida ahamiyatga ega ekanligini yodda tutish lozim [1]. 
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Yuqoridagi fikr mulohazalarni e9tiborga olib elektr toki differensial tenglama orqali inson 
tushinadigan holatga keltiramiz. Buning uchun quyidagi differensial tenglamani yechamiz.
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Elektr tokining mavhumligi insonning bilish chegaralariga yaqinlashtirishda matematikadagi 
trigonometrik funksiyalar va fizika fanining elektr bo8limi orqali tushuntiriladi.  

Xulosa 
Xulosa qilib aytadigan bo8lsak, hozigi kunda elektr energiyasidan oqilona foydalanishni 

bilishimiz kerak. Mavjud muammolarni yechimini topish bo8yicha izlanishlarni amalga oshirish va 
olingan tadqiqot natijalarni amaliy qo8lash usullarini yaratishdan iborat. 
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Annotatsiya. Ushbu maqolada elektr energiyasi haqida so8z borib uni qanday qilib insonning 
bilish chegarasiga olib kelish masalasini differensial tenglama va operatsion hisob metodi orqali 
ko8satishga to8talib o8tilgan. 
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?D545?4 G5?>65G5E><E 7=4=<= E ?><>MLN 4<DD5D5=F<4?L=>7> GD46=5=<O < <5F>44 
>?5D4F<>==>7> <EG<E?5=<O. 

Annotation. This article talks about electricity and how to push it to the limit of human 
knowledge using a differential equation and the operational calculus method. 

Kalit so8zlar: elektr, elektr toki, tenglama, differensial,operatsion hisob, integral. 
�?NG56O5 E?>64: M?5>FD<G5EF6>, M?5>FD<G5E><= F>>, GD46=5=<5, 4<DD5D5=F<4?, 

>?5D4F<>==>5 <EG<E?5=<5, <=F57D4?. 
Keywords: electricity, electric current, equation, differential, operational calculus, integral. 
Harbiy mashina nafaqat jangovar vazifani bajaruvchi vosita balki harbiy xizmatchi uchu qulay 

bir bir bo8lishi kerak. Bu qulaylikni hozirgi kunda rivojlanib borayotgan avtomatika va 
elektrotexnika misolida ham ko8rishimiz mumkin. Bularning barchasini ishga tushirish uchun esa 
albatta elektr toki zarur bo8ladi. Elektr tokini insonning bilish chegarasiga keltirish uchun fizika va 
matematika qonunlaridan foydalanamiz. Fizikada elektr bo8limi, matematikada differensial 
tenglamalar yoki operatsion hisob bo8limi orqali tushuntirish berish mumkin. 

Operatsion hisob hozirgi kunda matematikaning muhim bo8limlaridan biri hisoblanadi. 
Mexanika, radioelektronika, fizika, elektrotexnika va elektronika fanlarining turli masalalarini 
yechishda operatsion hisob metodlaridan foydalaniladi. Operatsion hisob hozirgi zamon avtomatika 
va telemexanika sohalarida keng qo8llaniladi. Shu sababli harbiy mashinalarning elektr jihozlarini 
ilmiy tekshirish natijasida hosil qilingan oddiy va murakkab differensial tenglamalarni operatsion 
hisob metodlaridan foydalanib yechishni eng to8g8ri yo8l deb hisobladik. Harbiy mashinaning elektr 
jihozi sodda elektr sxemadan iborat bo8lsin (1-chizma) [1]. 
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formula uchun  va  tengliklar o8rinli. Bundan esa birinchi tartibli o8zgarmas 

koeffetsientli bir jinsli bo8lmagan differensial tenglama hosil bo8ladi.  hosil bo8gan 

tenglamaning har ikkala tomonini L  gab o8lib quyidagi yechilishi qulay bo8lgan differensial 
tenglamani hosil qilamiz.  

1-chizma. Sodda elektr zanjir 

L 

R 

 

G 
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 yoki   (1) 

(1) tenglamaning bir jinsli qismini yechib olamiz.  

0
R d i

i
L d t

÷ û ý þ  R di
i

L dt
÷ ý ý þ  di R

dt
i L
ý ý ÷  tenglikning ikkala qismini integrallab 

quyidagi yechimni olamiz.  

d i R
d t

i L
ý ý ÷ þò ò ln ln

R
i t C

L
ý ý ÷ û þ ln ln ln

R
t

Li e C
ý ÷

ý û þ

ln ln
R

t
Li C e

ý ÷ö ö
ý ÷÷ ÷

ø ø

 

( )
R

t
Li t C e

ý ÷
ý ÷%  (2) 

(2) tenglikdagi C  o8zgarmasni t -vaqtning funksiyasi ( )C t deb qaraymiz va undan hosila 

olamiz  hosil bo8lgan natijani (1) tenglamaga olib borib 

qo8yamiz.  

 

Tenglamaning umumiy yechimi *( ) ( ) ( )
R

t
L L

i t i t i t C e
R

ý ÷
ý û ý ÷ û%  dan iborat bo8ldi. 

Boshlang8ich shartni qanoatlantiruvchi C  o8zgarmasni topib olamiz. 

0
L L

C C
R R

û ý þ ý ý  

( ) 1
R R

t t
L L

L L L
i t e e

R R R

ý ÷ ý ÷ö ö
ý ý ÷ û ý ÷ ý÷ ÷

ø ø
 bu biz talab qilgan yechim. 

II-usul. (Operatsion metod). 1
di R

i
dt L

û ÷ ý  tenglamani matematik operatsion hisoblash usuli 

orqali yechishda ba9zi funksiyalarning tasvirlar jadvalidan foydalanamiz [2].  

1
( )

L
i t t

R t
ö ö÷ û ý þ÷ ÷
ø ø

%  
1

( )i t
L

t t
R

ý þ
ö ö÷ û÷ ÷
ø ø

% 1 1
( )

L
i t

LR t t
R

ö ö
÷ ÷

ý ÷ ý÷ ÷
÷ ÷û
ø ø

%

 

tasvir jadvaliga ko8ra 

1 1
1,

R
t

Le
Lt t
R

ý
þ þ

û
 bu almashtirish orqali ( ) 1

R
t

LL
i t e

R

ýö ö
ý ÷ ý÷ ÷

ø ø
% ni hosil qilamiz. Bu esa biz 

topishimiz kerak bo8lgan yechim. 
Xulosa 

Xulosa qilib aytadigan bo8lsak differensial tenglama orqali biroz vaqt talab etuvchi bu 
muammolarni operatsion hisob va ba9zi funksiyalarning tasvir jadvali orqali oson hal etishimiz oson 
bo8ladi. Bu olingan bilim va ko8nikma inson hayotini elektr toki xavfidan asrashga hamda undan 
oqilona foydalanishga turtki bo8ladi deb hisoblaymiz. 

Foydalanilgan adabiyotlar: 
1. G8.N.Mahmudov. Avtomobillarning elektr va elektron jihozlari. Darslik / <NOSHIR= 

Toshkent 2011. 3 304 b. 
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2. �.%.�<E>G=>6. �<DD5D5=F<4? 64 <=F57D4? ·<E>5. �4DE?<>. �755>G4 F4D6<<4. 
��<FG6G< =4LD<UF<. &>L>5=F-1974. 3 616 5. 

3. �4=>6 �.�. %<EF5<O G?D46?5=<O 746<74=<5< 46F><>5<?L=OE 46<74F5?5=. 
�=<74 / �.: �>DOG4O ?<=<O-&5?5>><, 2005. 3 184 E. 

4. />>6?56 �.$. �<47=>EF<>4 M?5>FD>==OE E<EF5< 46F><>5<?O. 'G55=>5 ?>E>5<5 / 
�.: %����-�D5EE, 2003. 3 272 E. 

 
���$�%/ � ��������%&� �%���,������/ ��&��&$���������/% 

-��$��&�'�%��% %�%&�� � $�%�'����� '�����%&�� 
'<<D>6 �.�. >4FF4 ^�<FG6G< 

�54<LG>GD>6. �.� <47<EFD4=F<, �4D��� 
-=5D7>E<EF5<4 $5E?G5?<>< '755><EF4= O6?O5FEO F5=FD4?<7>64==>=, < >4> 6E5 

FD44<F<>==O5 ?>4>5=O5 M=5D7>E<EF5<O, <<55F EGM5EF65==O5 =54>EF4F><, F4><5 >4>, 
7=4G<F5?L=O5 ?>F5D< M=5D7<< <7-74 >F44?5==>EF< G4EF< ?>FD55<F5?5=, =54>EF4F>G=4O 
7<5>>EFL ?D><76>4EF65==>7> ?D>F5EE4 6 E6O7< E =<7>>= 4>?5= GG4EF<O 6 =5< 
6OE>>><4=56D5==OE M?5>FD>EF4=F<=, >FEGFEF6<5 4>?6=>7> D57G?<D>64=<O ?>FD55?5=<O < 
F4D<D<>4F<< M=5D7<<. �E5 MF< =54>EF4F>< 6 >>=5G=>< EG5F5 ?D<6>4OF > ?>6OL5=<N D4EE>44 
F>??<64, EF5?5=< M<<EE<< %�2 < E555EF><<>EF< ?D><76>4<<>= M=5D7<<.  

� =4EF>OM55 6D5<O G>474==O5 >FD<F4F5?L=O5 ?>E?54EF6<O F5=FD4?<7>64==>= 
M=5D7>E<EF5<O E>744?< ?D54?>EO?>< 4?O ?>EF5?5==>7> ?5D5E>44 > 4DG7<<, 5>?55 
MDD5>F<6=O< D>D<4< G?D46?5=<O ?D>F5EE>< ?D><76>4EF64 < ?>FD55?5=<O, > F4>>6O< <>6=> 
>F=5EF< 45F5=FD4?<7>64==O5 M=5D7>E<EF5<O (�&-%). 

� =4EF>OM55 6D5<O 6 <<D5 DG=>F<>=<DG5F <=>65EF6> �&-% F<?4 microgrid, smart 
grides, >?4EF5DO D4E?D545?U==>= 75=5D4F<< < 6<DFG4?L=O5 M?5>FD>EF4=F<<. &4><5 E<EF5<O 
<>7GF ?><>GL D5L<FL >G5=L 646=O5 7444G<, >4><<< O6?ONFEO >?F<<<74F<O, EF45<?<74F<O, 
7<5>>EFL M=5D7>E<EF5<O, <=F57D4F<O 6>7>5=>6?O5<OE <EF>G=<>>6 M=5D7<< (��-) < «G<=OE» 
G?D46?ONM<E F5=FD>6 6 ?D>F5EE ?D><76>4EF64 < D4E?D545?5=<O M=5D7<< [1].  

�<>D>7D<4O (<<>D>E5F<) - >F=>E<F5?L=> =55>?LL<5 ?> D47<5D4< 
M=5D7>>55E?5G<64NM<5 E<EF5<O, 45=EF6GNM<5 6 D4<>4E G5F>> >?D545?5==OE 7D4=<F 4?O 
75=5D4F<<, 4>>G<G?<D>64=<O, ?5D544G< < D4E?D545?5=<O M=5D7<< [2]. �E=>6=O<< 
?D5<<GM5EF64<< <<>D>7D<4>6 O6?ONFEO E?54GNM<5: 

- E=<65=<5 ?>F5DL M=5D7<< 6 FD4=E?>DF=>= E<EF5<5 (?<=<OE ?5D544G< M=5D7<<) <7-74 
=57=4G<F5?L=>7> D4EEF>O=<O <564G >5N5>F4<< ?D><76>4EF64 < ?>FD55?5=<O M=5D7<<; 

- E><7<5D<<>EFL 54<=<G=>= <>M=>EF< <EF>G=<>>6 < ?>FD55<F5?5= M=5D7<< E 
<>M=>EFLN M=5D7>E<EF5<O, GF> ?>76>?O5F G65?<G<FL >>MDD<F<5=F <E?>?L7>64=<O 
<>M=>EF<; 

- EGM5EF65==>5 674<<=>5 ?>?>6<F5?L=>5 6?<O=<5 D56<<>6 D45>FO M?5<5=F>6 =4 
GEF>=G<6>EFL < =44U6=>EFL D45>FO M=5D7>E<EF5<O; 

- ?>6OL5=<5 =4456=>EF< M=5D7>E=4565=<O, F4> >4> �&-% <>65F D45>F4FL 6 46>==>< 
D56<<5, F.5. 6 D56<<5 674<<>45=EF6<O E M=5D75F<G5E>>= E<EF5<>= < 6 46F>=><=>< D56<<5. 

�F<5G5==O5 ?D5<<GM5EF64 45?4NF 4>FG4?L=O< E>744=<5 �&-% < 6 E6O7< E MF<< 6 <<D5 
D54?<7GNFEO 6E5 5>?LL5 ?D>5>F>6 ?>4>5=OE >5N5>F>6 M=5D7>E=4565=<O. %>7?4E=> 
GF65D645=<O< 5657>4=<>4 �564G=4D>4=>7> -=5D75F<G5E>>7> �75=FEF64 World Economic 
Access Outlook 2017, <<>D>7D<4O O6?ONFEO =4<5>?55 M>>=><<G=O< E?>E>5>< D4EL<D5=<O 
4>EFG?4 > M=5D7<< 6 >F44?5==OE D4=>=4E. �-� F4>65 ?D>7=>7<DG5F, GF> > 2030 7>4G 30&40 
% =4E5?5=<O D476<64NM<EEO EFD4= 5G4GF E=4564FLEO M=5D7<5=, ?>EF46?O5<>= <<>D>7D<44<<, 
45=EF6GNM<<< =4 5475 6>7>5=>6?O5<OE <EF>G=<>>6 M=5D7<< [3]. 

-=5D7>E=4565=<5 �&-% >EGM5EF6?O5FEO <7 M=5D7>GEF4=>6>> =4 5475 ��-, F5??>6OE, 
4<75?L=OE, 747>6OE < 4DG7<E M?5>FD>EF4=F<=. �>?LL<=EF6> �&-% - MF> ?>>4?L=O5 
M=5D75F<G5E><5 E<EF5<O 75F5D>75==>7> (7<5D<4=>7>) F<?4 E <=65DF>D=>= 75=5D4F<5=, 
=4>>?<F5?O<<, <EF>G=<>4<< 6>7>5=>6?O5<>= M=5D7<< < <=F5??5>FG4?L=O< G?D46?5=<5< 
(D<E. 1). 
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�D< MF>< �&-% <>7GF 5OFL ?>4>?NG5=O > F5=FD4?<7>64==>= M=5D75F<G5E>>= E5F< 4?O 
>EGM5EF6?5=<O FD4=74>F<< M=5D7<< 4?O 55 <<?>DF4 <?< M>E?>DF4 6 746<E<<>EF< >F 
E?>6<6L<5EO E<FG4F<<.  

�G5=L 646=O< ?D5<<GM5EF6>< �&-% O6?O5FEO 6>7<>6=>EFL D57G?<D>64FL =5 F>?L>> 
75=5D4F<N M=5D7<<, 4 F4>65 G?D46?OFL 55 ?>FD55?5=<5< E <E?>?L7>64=<5< 4?O MF>= F5?< 
E>>F65FEF6GNMGN IT-F5E=>?>7<N, >>F>D4O ?>76>?O5F D4E?D545?OFL 6EN 75=5D<D>64==GN 
M=5D7<N <564G ?>FD55<F5?O<<, >EGM5EF6?O5F 4>>G<G?OF<N <7?<L=5= 55 G4EF<, 
>5<5=<64FLEO 5N E F5=FD4?<7>64==>= M=5D7>E<EF5<>=. 

�4>>?<F5?<
M=5D7<<

%-%

«'<=O5»

4><4
«'<=4O»

E5FL

�44=<O

�-%

�-% &D4=E?>DF

&-%

�D><OL?5==>EFL

�4>>?<F5?<
M=5D7<<

%-%

«'<=O5»

4><4
«'<=4O»

E5FL

�44=<O

�-%

�-% &D4=E?>DF

&-%

�D><OL?5==>EFL

 
$<E. 1. %E5<4 45F5=FD4?<7>64==>= M=5D7>E<EF5<O 

�E=>6=O< =54>EF4F>>< E>6D5<5==OE �&-% O6?O5FEO ?D<<5=5=<5 4>D>7>EF>OM<E 
M?5>FD>E<<<G5E><E, D575=5D4F<6=> - F>??<6=OE < 4DG7<E M=5D7>4>>G<G?<DGNM<E E<EF5<, 
>>F>DO5 =5 <>7GF >55E?5G<FL 5>?LL<5 >5N5<O =4>>??5=<O M=5D7<< < <<5NF 6OE>><5 
74FD4FO. 

�OL5?D<6545==O5 >5EF>OF5?LEF64 6 >5?4EF< M=5D7>4>>G<G?<DGNM<E E<EF5< EF4?< 
>E=>6=>= ?D<G<=>= 4?O L<D>>>7> ?D<<5=5=<O 7<4D>4>>G<G?<DGNM<E M?5>FD<G5E><E 
EF4=F<= (��-%), <>M=>EFL >>F>DOE E57>4=O ?D56OL45F 156 ��F, GF> E>EF46?O5F 96 % >F 
>5M57> >5N5<4 4>>G<G?<D>64==>= M=5D7<< 6 <<D5 [4]. 

�EE>4O <7 MF>7>, =4< ?D54EF46?O5FEO F5?5E>>5D47=O< 4?O �&-% <>M=>EFLN 1 ��F < 
6OL5 6 >4G5EF65 =4>>?<F5?5= M=5D7<< <E?>?L7>64FL ��-%, E>EF>OM5= <7 =<6=57> < 65DE=57> 
6>4>5<>6, M=5D75F<G5E><E GEF4=>6>> (7<4D>FGD5<=O < =4E>EO), ?D54=47=4G5==OE 4?O 
6OD45>F>< M?5>FD>M=5D7<< < ?5D5>4G>< 6>4O 6 65DE=<= 6>4>5<, >>F>DO= O6?O5FEO 
ED4=<?<M5< 7<4D46?<G5E>>= M=5D7<< (D<E. 2).  

$%

�� &'

��-%

$-%

�-%

��%

&-%

$%

�� &'

��-%

$-%

�-%

��%

&-%

 
$<E.1. %E5<4 ?>>4?L=>= M=5D75F<G5E>>= E<EF5<O 

$-% 3 D>F>M?5>FD<G5E>4O EF4=F<O; �-% 3 65FD>M?5>FD<G5E>4O EF4=F<O;  
��-% 3 7<4D>4>>G<G?<DGNL4O M?5>FD<G5E>4O EF4=F<O; $% 3 D4E?D545?<F5?L=4O EF4=F<O;  

�� 3 ?D><76>4EF65==O5 ?D54?D<OF<O; &' 3 F5=FD G?D46?5=<O;  
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��% 3 6<?<M=>->><<G=4?L=O5 E>7O=EF64; &-% 3 F5??>64O M?5>FD<G5E>4O EF4=F<O. 
�D<5?<7<F5?L=O5 D57G?LF4FO F5E=<>>-M>>=><<G5E><E D4EG5F>6 >E=>6=OE ?4D4<5FD>6 

�&-% =4 5475 65FD>M?5>FD<G5E>>= EF4=F<< (�-%) < ��-% E <4>E<<4?L=>= <>M=>EFLN 5 
��F ?>>47O64NF, GF> 6 M=5D7>E<EF5<5 G45?L=4O EF><<>EFL M=5D7<< =5 ?D56OL45F 0,08 
$/>�F÷G4E E GG5F>< 4>>G<G?<D>64=<O M=5D7<< 6 ��-%. �D< MF>< <>M=>EFL �-' E>EF46?O5F 
3,5&3,7 ��F, �-' 3 1,3&1,5 ��F, >5N5<O 6>4>5<>6 3 380&420 FOE. <3 (?D< =4?>D5 10 
<5FD>6, ��� ��-% 3 0,7). �>4>64O 6OD45>F>4 M?5>FD>M=5D7<< 6 M=5D7>E<EF5<5 E>EF46?O5F 
17&20 <?=. >�F÷G4E. '45?L=4O EF><<>EFL 4>>G<G?<D>64=<O M=5D7<< 0,07 $/>�F÷G4E, 4 6 
=4>>?<F5?OE E ?<F<=-<>==O<< 54F4D5O<< 44==O= ?>>474F5?L ?> 44==O< >><?4=<< 
Bloomberg New Energy Finance E>EF46?O5F =5 =<65 0,187 $/>�F÷G4E [5]. 

�4>?NG5=<5 
1. �5D5G<E?5==O5 ?>F5=F<4?L=O5 ?D5<<GM5EF64 �&-% =5>5E>4<<> <E?>?L7>64FL < 6 

M=5D7>E<EF5<5 $5E?G5?<>< '755><EF4=, F4> >4> <=>7>?5F=<= >?OF M>E??G4F4F<< MF>= 
>FD4E?< ?>>47O645F, GF> >4=>= <7 7444G, D5L5=<5 >>F>D>= >55E?5G<645F =4456=>EFL 
M=5D7>E=4565=<O O6?O5FEO E>744=<5 =5>5E>4<<>7> 4<4?47>=4 < 4<=4<<>< D57G?<D>64=<O 
?D><76>4<<OE <>M=>EF5=, ?D5645 6E57>, 74 EG5F <E?>?L7>64=<O ��-.  

2. �> D57G?LF4F4< ?D5464D<F5?L=OE ED46=<F5?L=OE M>>=><<G5E><E D4EG5F>6 ?>?GG5=>, 
?D< 74<5M5=<< 4=4?>7<G=>= <>M=>EF< &-% <7-74 D47=>EF< EF><<>EF< M?5>FD>M=5D7<< 
(EF><<>EFL M=5D7<< &-% ?D<=OF4 D46=>= 0,12 $/>�F÷G4E) M>>=><<O 74FD4F E>EF46?O5F 
700&800 FOE. $ 6 7>4, 4 4>>G<G?<D>64=<5 M=5D7<< 6 ��-% ?> ED46=5=<N E =4>>?<F5?O<< =4 
5475 ?<F<=-<>==OE 4>>G<G?OF>D>6 ?D<=>E<F 4>?>?=<F5?L=O= 4>E>4 6 D47<5D5 650&700 FOE. 
$. �E?< GG5EFL M>>?>7<G5E><5 74FD4FO, >>474=<5 E<EF5<=OE GE?G7, 6O7>4O >F 
?D>7D4<<<D>64==>7> D57G?<D>64=<O <>M=>EF5= < 4DG7<E 6>7<>6=>EF5=, F> 6O<7DOL, 
=5E><=5==>, 5G45F 5MU 5>?LL5. 

�<F5D4FGD4 
1. Urishev B. Decentralized Energy Systems, Based on Renewable Energy Sources. USA, 

Journal Applied Solar Energy, 2019, Vol. 55, No. 3, pp. 2073212. 
2. Urishev B. Microgrid Control Based on the Use and Storage of Renewable Energy Sources. 

USA, Journal Applied Solar Energy, 2018, Vol. 54, No. 5, pp. 3883391. 
3. World Economic Access Outlook. https://www.iea.org/publications/.../ WEO2017Special 

Report_EnergyAccessOutlook.pdf 
4. Electricity storage and renewables: Costs and markets to 2030. Available: 

http://www.irena. org/publications /2017/Oct/Electricity-storage-and-renewables-costs-and-
markets. 

5. Jeff  S t .  John.  Report: Levelized Cost of Energy for Lithium-Ion Batteries Is 
Plummeting. March, 2019. Available: https://www.greentechmedia.com/articles/ read/report-
levelized-cost-of-energy-for-lithium-ion-batteries-bnef. 
 
������%�$������ �����$�%&�� �$����� �%�%����� $'��&����� 

��&'����$���� %'%'%�/&��$� 
'<<D>6 �.�., �4D��� >4FF4 ^�<FG6G<E< 

�GD5>=>64 �.%., �4D��� 2-5>E�<G F4?454E< 
/D<< ^F>477<G?< <4F5D<4??4D 4E>E<44 F4=UD?4=74= M?5>FD>= 4E5>5?4D 64 �GD<?<4?4D 

·>7<D7< 64�F44 <L?45 G<�4D<L 64 F5E=>?>7<> 64D4U=?4D=<=7 54DG4 E>·4?4D<44 >5=7 
�^??4=<?<>�44. ,G E4545?< F4L�< F4NE<D?4D74 ^F4 E577<D, ^?G4<< ><G<>, 5=7<?, <L?4L 
F57>>D?<7< N�>D<, <L D56<<< F4L�< F4NE<D MFG6G< ><<??4D74 45OD?< 5>�?<� 5^?<474=, 
<5E4=<> F4NE<D?4D74 64 6<5D4F<O74 G<44<?<, G7>� <G444F <L?4=4<74= DG=>F<>=4? 
44FG<>?4D=< OD4F<L 74<>=46<= M?5>FD>=<>4 E4=>4F<=<=7 4>?74D5 <4E4?4?4D44= 
·<E>5?4=44<. 'L5G E>·444 >?<5 5>D<?4UF74= F44�<�>F <L?4D<=<=7 =4F<64?4D<44= 
<4N?G<><, ·4D �4=44= M?5>FD>= 4E5>5?4D=<=7 EGEGE<OF?4D<, G?4D F4=UD?4=74= 
<4F5D<4??4D=<=7 D<7<>46<= 64 ><<U6<= E>EE4?4D< 5<?4= G76<= 5>�?<� [1,2,3]. �47>GD 
F44�<�>F <L?4D<=<=7 F4·?<??4D< LG=< >^DE4F4<><, OD<< ^F>477<G?< <4F5D<4??4D< 4E>E<44 
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OD4F<?74= 44FG<>?4D=<=7 4E>E<= >4<G<?<>?4D<44= 5<D< E<D4F<44 D4�4F 5<FF4 D<7<> 
>4FF4?<>=< (·4D>D4F, 5>E<<, UD<F<?74=?<>, <47=<F <4=4>= >GG?4=74=?<7< 64 5>L�.) ^?G4L 
U>< �4=4 MF<L GGG= <^?64??4=74= 5^?<5, DG=>F<>=4? EGEGE<OF?4D74 M74 M<4E?<7<=< 
>^DE4F<L <G<><=. 

.�>D<44 >5?F<D<?74= F44�<�>F =4F<64?4D<74 4E>E?4=<5, ^F4 >><?5=E4F<O?4=74= 
>D5<=<= 4E>E<44 F4L�< F4NE<D?4D74 E577<D?<> 44D464E< N�>D< 5^?74= DG=>F<>=4? 
44FG<>?4D=< OD4F<L <<>>=<OF?4D<=< >^DE4F<5 55D<L <4�E44<44 <4D74=5F ><D<L<4 
4F><?4D< 5<?4= ^F4 >><?5=E4F<O?4=74= D-Si<B,Mn> <4F5D<4?<=<=7 M?5>FD>D<7<> 64 
D>F>M?5>FD<> EGEGE<OF?4D< ·4D>D4F=<=7 >5=7 ( �) >D4?<�<44 ^D74=<?4<. 
&44�<�>F GGG= F4=?4=74= <4D74=5F 4F><?4D< 5<?4= ^F4 >><?5=E4F<O?4=74= D-Si<B,Mn> 
=4<G=4?4D< E4=>4F44 <L?45 G<�4D<?74= 5>L?4=�<G ���-1, ���-10, ���-100 DGEG<?< 
<>=>>D<EF4?? >D5<=<=74 <4D74=5F 4F><?4D<=< 4<DDG7<OE< =^?< 5<?4= ·>E<? �<?<=4<. 
�4D74=5F 4F><?4D<=<=7 4<DDG7<OE<44= E^=7 5>L?4=�<G ���-1 DGEG<?< <>=>>D<EF4? 
>D5<=<= 4E>E<44 >?<=74= 64 M?5>FD D4>? <4D74=5F ><D<L<4 4F><?4D< >>=F5=FD4F<OE< 
<4>E<<4? �<=<4F<44 5^?74= D-Si<B,Mn> =4<G=4?4D<=<=7 M?5>FD>D<7<> ?4D4<5FD?4D< 
�G=<447< 1-64464?44 >5?F<D<?74=. 

D-Si<B,Mn> =4<G=4?4D<=<=7 M?5>FD>D<7<> ?4D4<5FD?4D<. 1-64464?. 

�<DDG7<O 
·4D>D4F< 

&, 0% 

�<DDG7<O44= 
>5=<=7< 

E>?<LF<D<4 M?5>FD 
�4DL<?<7< 
ò (�<;E<) 

�D5<=<=44 74DO4 
F4LG6G< 74DD4G4?4D 

·4D4>4FG4=?<7< µ 
(E<2/�;E) 

�D5<=<=44 74DO4 
F4LG6G< 

74DD4G4?4D 
>>=F5=FD4F<OE< 

n, D (E<-3) 

-?5>FD 
^F>47G6-
G4=?<> 
 FGD< 

�>L?4=�<G ���-1 DGEG<?< <>=>>D<EF4? >D5<=<= 
1060 80 198,2 3,94÷1014 p 
1080 2,3÷102 202 1,3÷1014 p 
1100 4,2÷103 218,4 6,8÷1012 p 
1120 1,1÷104 225 2,5÷1012 p 
1140 3,4÷104 189 9,7÷1011 p 
1150 8÷104 195 4÷1011 p 
1160 2,2÷105 228 1,2÷1011 p 

�>L?4=�<G ���-10 DGEG<?< <>=>>D<EF4? >D5<=<= 
1020 5.6÷10 3 205.6 5.4÷1012  p 
1030 1.2÷104 215.2 2.4÷1012  p 
1040 6.4÷104 198 4.9÷1011  p 
1045 9÷104 219.5 3.16÷1011  p 
1050 2.2÷105 208 1.36÷1011  p 

�>L?4=�<G ���-100 DGEG<?< <>=>>D<EF4? >D5<=<= 
900 1.2÷105 182 2.86÷1011 p 
920 2.1÷105 951 2.6÷1010 n 
940 8÷104 1108 7÷1010 n 
980 7.5÷103 1227 6.8÷1011 n 

�4D74=5F ><D<L<4 4F><?4D< 5<?4= ^F4 >><?5=E<D?4=74= Si<B,Mn> <4F5D<4??4D< 
4E>E<44 F57>>D?<7< 64 E577<D?<> 44D464E< N�>D< 5^?74= DG=>F<>=4? 44FG<>?4D=< OD4F<L 
<<>>=<OF?4D<=< <?<<= 6<·4F<44= 4E>E?4L <4�E44<44 5>L?4=�<G ���-1, ���-10, ���-100 
<4F5D<4??4D< 4E>E<44 >?<=74= 64 M?5>FD ^F>47G6G4=?<> FGD< 5<D E<?, E>?<LF<D<4 
�4DL<?<>?4D< F5=7 Ãû2·105 �<;E<, 4<<> M?5>FD D4>? <4D74=5F 4F><?4D< >>=F5=FD4F<OE< 

, ,  5^?74= D-Si<B,Mn> 
=4<G=4?4D<44 M?5>FD F>>< 46F>F55D4=<L?4D< ?4D4<5FD?4D<=<=7 ·4D>D4F74 5>�?<�?<7< 
F44�<� �<?<=4<.  
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&46D<54 4E>E<44 >?<=74= =4F<64?4D=< 4=<�?<> 44D464E<=<=7 N�>D<?<7< 64 
<L>=G?<?<7<=< F4N<<=?4L <4�E44<44, F44�<�>F <L?4D< ·4D>D4F=<=7 >5=7 >D4?<�<44, ON=< 

�, ·4D>D4F ^774D<L<=<=7 ·4D , F55D4=<L?4D=<=7 E^=<L< 
>G74F<?4UF74= E>·4?4D<44 ME4  �<=<4F?4D< >D4?<�<44 >?<5 5>D<?4<. �4D74=5F 
><D<L<4 4F><?4D< 5<?4= ^F4 >><?5=E<D?4=74= D-Si<B,Mn> =4<G=4?4D<44 M?5>FD F>>< 
46F>F55D4=<L?4D< 4<??<FG44E<=<=7 ·4D>D4F74 5>�?<�?<7< 7D4D<7< 1-D4E<44 F4E6<D?4=74=. 
%>?<LF<D<4 M?5>FD �4DL<?<>?4D< 45OD?< F5=7 64 <GF?>� 5<D E<? L4D><F44 D-Si<B,Mn> 
=4<G=4?4D<44 >?<5 5>D<?74= F44�<�>F =4F<64?4D< LG=< >^DE4F4<><, ·4D>D4F F4NE<D<44 
M?5>FD F>>< F55D4=<L?4D< 5>L?4=�<G ���-100 <4F5D<4?< 4E>E<44 >?<=74= 64 <4D74=5F 
M?5>FD D4>? 4F><?4D< >>=F5=FD4F<OE<  5^?74= D-Si<B,Mn> =4<G=4?4D44 
M?5>FD F>>< 46F>F55D4=<L?4D< ·4D>D4F=<=7 >5=7 >D4?<�<44  � ·>E<? 5^?44< (1-
D4E<, 3-M7D< G<7<�?< 5>�?4=<L), M?5>FD D4>? <4D74=5F 4F><?4D< >>=F5=FD4F<OE< 10 <4DF4 
N�>D<  5^?74= D-Si<B,Mn> =4<G=4?4D<44 F44�<�>F ^F>47<?4UF74= 
L4D><F?4D=< <GF?>� 5<D E<? 5^?<L<74 �4D4<4E44= M?5>FD F>>< 46F>F55D4=<L?4D< 
·4D>D4F=<=7  � >D4?<�<44 <466G4 5^?44< (1-D4E<, 2-M7D< G<7<�?< 5>�?4=<L). 
-?5>FD D4>? <4D74=5F ><D<L<4 4F><?4D< >>=F5=FD4F<OE< M=7 N�>D<  
5^?74= D-Si<B,Mn> =4<G=4?4D44 M?5>FD F>>< 46F>F55D4=<L?4D< ·4D>D4F=<=7 O=444 �<E�4 

 � >D4?<�<44 >G74F<?4<.  
'L5G F44�<�>F =4F<64?4D<44= <4N?G< 5^?4<><, M?5>FD D4>? <4D74=5F ><D<L<4 

4F><?4D< >>=F5=FD4F<OE< >DF<5 5>D<L< 5<?4= D-Si<B,Mn> =4<G=4?4D<44 M?5>FD F>>< 
F55D4=<L?4D<=<=7 <466G4 5^?<L< ·4D>D4F >D4?<�< �<E�4D<5, ><G<> �<=<4F?4D<74 F><>= 
E<?6<5 5>D44< (1-D4E<, 1,2,3-M7D< G<7<�?< 5>�?4=<L?4D).  

&44�<�>F =4F<64?4D< 4E>E<44 FG7<?74=, M?5>FD F>>< 46F>F55D4=<L?4D< 
4<??<FG44E<=<=7 ·4D>D4F74 5>�?<�?<7< 7D4D<7<44= >^D<=<5 FGD<54<><, >><?5=E<D?4=74= D-
Si<B,Mn> =4<G=4?4D<44 M?5>FD D4>? <4D74=5F ><D<L<4 4F><?4D< >>=F5=FD4F<OE< >DF<5 
5>D<L< 5<?4= D>F>F>>=<=7 <4>E<<4? 64 <<=<<4? �<=<4F?4D< >D4E<447< D4D�=<=7 >5E><= 
>DF<L<=<, D>F>F>>=<=7 <=DD4�<7<? =GD?4D F4NE<D<44 E^=<L GG�GD?<7<74 5>�?<�?<7< 5<?4= 
4E>E?4L<<<7 <G<><=. 

10

-5

-3

-2

-1

10

10

10

10

-4

80 100 120 140 160 180

321

I (A)

T (K)

 
1-D4E<. D-Si<B,Mn> =4<G=4?4D<44 M?5>FD F>>< F55D4=<L?4D< 4<??<FG44E<=<=7 

·4D>D4F74 5>�?<�?<7< 7D4D<7<. 
1) Ãû2·105 �<;E< , ;  

2) Ãû2·105 �<;E< , ; 

3) Ãû2·105 �<;E< , . 
-?5>FD F>>< F55D4=<L?4D< G4EF>F4E<=<, D-Si<B,Mn> =4<G=4?4D<44 M?5>FD D4>? 

<4D74=5F ><D<L<4 4F><?4D< >>=F5=FD4F<OE< >DF<5 5>D<L< 5<?4= 6G44 ><G<> <<�4>D74 
^774D<L<=<, F55D4=<L?4D 4<??<FG44 �<=<4F<=<=7 ^774D<L< 5<?4= 5>�?<� 5^?<L< 4E>E<44 
<7>·?4L<<<7 <G<><=. �4D74=5F 4F><?4D< 5<?4= ^F4 >><?5=E<D?4=74= >D5<=<=44 ·4D>D4F 
F4NE<D<44 M?5>FD F>>< 46F>F55D4=<L?4D< ?4D4<5FD?4D<=< F4L�< F4NE<D?4D (<=F57D4?, 
<>=>ED><4F<> UDG�?<>, ·4D>D4F, M?5>FD <4=4>=<) =4F<64E<44 ^774D<L<=< F44�<�>F 
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=4F<64?4D< D-Si<B,Mn> <4F5D<4?< 4E>E<44 F4L�< F4NE<D?4D74 E577<D?<7< 44D464E< N�>D< 
5^?74= DG=>F<>=4? 44FG<>?4D=< OD4F<L <<>>=<OF<=< 55D44<. 'L5G DG=>F<>=4? 
44FG<>?4D=<=7 F46E<D?>6G< 4E>E<= ?4D4<5FD?4D< �G=<447< F4DF<544 5^?44< (2-64464?). 

�><?5=E<D?4=74= >D5<=<= 4E>E<44 DG=>F<>=4? 44FG<>?4D=<=7 ?4D4<5FD?4D<.  
2-64464? 

�^??4=<- 
?<L< E>·4E< 

%577<D?<> 44D464E< 
&55D4=<L=< 

5^E4�46<= 
<4=4>= 

>GG?4=74=-
?<7<74 

=<E54F4= 

&55D4=<L=<  
5^E4�46<= 

G4EF>F4E<74 
=<E54F4= 

&55D4=<L=<  
4<??<FG44 
�<=<4F<74 
=<E54F4= 

&55D4=<L=< 
 G4EF>F4E<  
�<=<4F<74  
=<E54F4= 

¶4D>D4F 
44FG<> 

�
E<
�

÷ø )32(  
�

�F210)21( ÷ø  
�
�610)32( ý÷ø  

�

�F210)21( ÷ø  

�DG�?<> 
44FG<> 

�>
E<

�
÷ø )54(  

�>

�F210)32( ÷ø  
�>
�610)43( ý÷ø  

�>
�F

)54( ø  

 
�4464?44 >5?F<D<?74= <4N?G<>F?4D44= >^D<=<5 FGD<54<><, >><?5=E<D?4=74= D-

Si<B,Mn> >D5<=<= <4F5D<4?<44= F4=UD?4=74= 64 ·4D>D4F F4NE<D<44 M?5>FD F>>< 
46F>F55D4=<L?4D< MDD5>F< 4E>E<44 <L?4=4<74= DG=>F<>=4? 44FG<>?4D ·>7<D7< 64�F44 
E4=>4F44 �^??4=<?4UF74= <466G4 [4,5] 44FG<>?4D44=, F46E<D?>6G< ?4D4<5FD?4D<=<=7 
>^DE4F><G?4D< 5^=<G4 �4F>D 4D74??<>?4D74 M74 5^?<5, G?4D=< M?5>FD <4=4>=< 
>GG?4=74=?<7<, ·4D>D4F 64 UDG�?<> <=F5=E<6?<7<=< �4=4 MFG6G< >^? DG=>F<O?< 44FG<>?4D 
E<D4F<44 <L?4F<L <G<><=. 

�445<UF?4D 
1. �.�.,GDE4?5=>>. �D<=F<? D45>FO <=DD4>D4E=OE 44FG<>>6. // �>?D>EO =4G>< < 

>5D47>64=<O. 77, 2017, EFD.28-30. 
2.  �.�.�<D>6E>4O < 4D. �4=><4F5D<4?O 4?O E5=E>D>6-44FG<>>6 =4 >E=>65 

E<EF5<O ZnSe-CdTe. // �4GG=O5 65EF=<>. 72 (110), 2012.  
3.  �.,. �54<=>6., �.�. �4<54>6, -... %4?456. &5<?5D4FGD=> M?5>FD<G5E>4O 

=5GEF>=G<6>EFL < =<7>>G4EF>F=O5 >>?554=<O F>>4 6 <>=>>D<EF4??4E E5?5=<44 74?<O. // $&�, 
1980, 6. 4, E.754- 759. 

4.  �.%.,5DEF>5<F>64. �4FG<>< D<7<G5E><E 65?<G<=. %�5:�&��, 2017.-57E. 
 
232TH IZOTOPINING ENERGIYA SPEKTRI VA HOLATLAR STRUKTURASI 

Usmanov Pazlitdin Nuritdinovich, Ne9matjonov Shuhratjon Rustamjon o8g8li 
Namangan muhandislik-texnologiya instituti 
E-mail: usmanov1956.56@mail.ru tel: 90 599-22-99 

Kirish 
Aktinid oilasi nuklidlarining yengil yadrosi bo8lgan deformatsiyalangan 232Th izotopi yarim 

yemirilish davri zaryadli zarralar oqimi eksperimentida ulardan yadro-nishon sifatida foydalanish 
imkonini beradi. Energiya va elektr o8tishlar bo8yicha mavjud eksperimentlar Alaga qoidalaridan 
chetlanishlar borligini ko8rsatadi [1]. 

Ushbu yadro bo8yicha eng to8liq ma9lumotlar quyidagi ishlarda taqdim etilgan [2-4]. 
Bandlarning rotatsion holatlar to8g8risidagi natijalar olingan ular Ã

10K ûý ý  30I ý h  gacha, 
Ã

20K ûý ý 20I ý h  gacha, Ã
12K ûý 18I ý h  gacha va bir nechta Ã +

¿1K ý  holatlar borligi to8g8risida 
natijalar mavjud.  

Mazkur ishda quyi joylashgan band holatlarini Koriolis aralashuvini hisobga oluvchi 
fenomenologik model [5-7] doirasida 232Th  yadrosi musbat juftlilik holatlari xususiyatlari 
o8rganilgan. Rotatsion bandlar holatlarini energiyalari va strukturasi hisoblangan. Energiyaning 
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hisoblangan qiymatlari mavjud eksperiment qiymatlari bilan taqqoslangan va ularning o8zaro 
mosligi qoniqarli ekanligi ko8rsatilgan. 

Model tavsifi 
Biz foydalanadigan modelning asosiy qonuniyatlarini bayon qilamiz [5]. Rotatsion bandlarni 

aralashtirish faqat Koriolis kuchlarining ta'siri natijasida sodir bo8ladi. 
Shunday qilib, model quyidagi Gamiltonian ko8rinishga ega 

rot KKH H H òý û ,
 

, ' , ' rot , ' 1
ÆË · Ë ( ) Ç( , )·K K K K K x K KH I K j K I K ñòý ý

,
   (1) 

bu yerda Ë ( )rot I ý  o8zak aylanma harakati burchak chastotasi; Æ
xK j K ò ý  Koriolisning 

rotatsion K  va K ò  bandlar o8rtasidagi o8zaro ta'sirining matritsa elementi (rotatsion bandlar 
orasidagi ta9sirini ifodalovchi matritsa elementi); Ç( , )I K  koeffitsiyentlari quyidagi ko8rinishga ega: 

1
Ç( ,0) 1 ( 1)

2
II ù ùý û ýû û ,  

1 2
2

Ç( ,1) 1
( 1)

I
I I

ù ù
ý ýú úûû û

. 

Gamilton operatorining xususiy to8lqin funktsiyasi quyidagi ko8rinishda bo8ladi: 

û 0, ,02

',
, ' ' , '

' ',0

2 1
2 Ë (»)

16 Ã

Ë
(») ( 1) (» ) 0 .

1 ·

I I
K M

I
K K I I K I

M K K M K K
K K

I
IM K D

D b D bòû û û
òý ý

û
ý û

üÿù ùû û ý ýû ûû ÿþ
õ

      (2) 

bu yerda , (»)I
M KD ò ý  umumlashgan sferik funksiya, 0 3 Kbû  operator uchun, boshqacha aytganda 

yadroning ichki sistemadagi asosiy holati; ,ËI
K Kò ý  bir xil I  spinli turli band holatlarining Koriolis 

o8zaro ta9siri tufayli vujudga keladigan aralashuv koeffitsiyentlari.  
( )K Iõ  energiya va ,ËI

K K ò aralashuv amplituda koeffitsiyentini topish uchun Shredinger 

tenglamasini yechamiz: 

, ' , ,Ë ( )Ë ,I I
K K K K K K KH Iõò òý    (3) 

bu yerda ( )K Iõ ý  bandlarning o8zaro ta'sirini hisobga olgan holda yadro ichki 
qo8zg8alishining energiyasi. 

Bunday holda, holatning to8la energiyasi quyidagicha topiladi: 
( ) ( ) ( )K K rotE I I E Iõý û    (4) 

( )rotE I  o8zakning aylanish energiyasi Xarrisning ikki parametrli formulasi yordamida 
hisoblanadi [8]: 

2 4
0 1

1 3
( ) ( ) ( )

2 4rot rot rotE I I I÷ ÷ý ñ û ñ                         
(5)

 

burchak aylanish tezligi Ë ( )rot I  quyidagi formula bilan aniqlanadi [6]: 
1 1

1 13 3
3 2 3 22 2

0 0

1 1 1 1 1 1

Ë ( )
2 3 2 2 3 2rot

I I I I
I

ü ü ü ü
ù ù ù ùÿ ÿ ÿ ÿö ö ö ö ö ö ö öñ ñÿ ÿ ÿ ÿú ú ú úý û û û ý ûý ý ý ý÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷

ñ ñ ñ ñ ñ ñú ú ú úø ø ø ø ø ø ø øÿ ÿ ÿ ÿû û û û
ÿ ÿ ÿ ÿþ þ þ þ

% % % %

 ,       (6) 

bu formulada ( 1)I I Iý û%
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Hisoblash natijalari  
232Th yadrosi uchun hisob-kitoblar amalga oshirildi. 0ñ  va 1ñ  o8zakning inertsial parametrlari 

asosiy bandning eksperimental energiya qiymatlarining 10I ó h  gacha qiymatlardan foydalanib (5) 
formula asosida aniqlandi. Modelining Gamilton operatoriga asosiy 1(0 )û , ³ ý vibratsiyali 

Ã
2( 0 )K ûý , bitta Ã

12K ûý  va eksperimentda ma'lum bo8lgan 14 ta Ã +
¿1K ý  holatlari kiritildi. 

Modelning parametrlari quyidagi ketma-ketlikda aniqlandi: 
ýasosiy 1(0 )û , ³ ý vibratsiyali 2(0 )û  va Ã +

¿1K ý  bandlarning bosh energiyalari 
10Ëý , 

20Ë  va 

¿1Ë  eksperimentdan olinadi, chunki bu bandlarning bosh energiyalarini Koriolis kuchlari 

aralashtirmaydi;  

ý Ã
12K ûý  bandning bosh energiyalari va 

¿,1 ¿
Æ Æ( ) 1x K xj K jý ý lar erkin parametrlar bo8lib, 

ularning qiymatlari kichik kvadratlar metodi yordamida energiyani nazariy va eksperiment 
qiymatlarini o8zaro mosligi asosida aniqlanadi. 

Energiya tavsifida ishlatilgan model parametrlarining sonli qiymatlari 1-jadvalda keltirilgan. 
Holat energiyalarini hisoblashda foydalanilgan model parametrlari. Jadval 1. 

0ñ  
2 / MeVh

 

1ñ  
4 3/ VMeh  

12Ë  

Me
V 

0( )xj

 
0( )xj

 
12 ,( )xj

 

60.31 534.64 
0.73

7 
0.22

6 
0.90

9 
0.90 

Izoh: 0ñ , 1ñ 3aylanuvchi o8zakning inertsiya parametrlari; 
12÷ ý  Ã

12K ûý  bandning bosh 

energiyalari; 
¿,1 ¿

Æ Æ( ) 1x K xj K jý ý  rotatsion band holatlari Koriolis aralashuvi matritsa elementlari. 
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 ,( )E MeV

232
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Rasm 1. 232Th  izotopining nazariy va eksperiment energiya qiymatlarini taqqoslash. 

1-rasmda 232Th  yadrosining rotatsion holatlari hisoblangan energiyalari keltirilgan va 
eksperiment qiymatlari bilan taqqoslangan. Taqqoslashlardan ko»rinib turibdiki biz foydalangan 
model o»rganilgan yadroning uyg»ongan holatlar energiyalari eksperiment qiymatlarini yaxshi 
aniqlikda hisoblay oladi. 
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Shuni ta9kidlash lozimki, Ã
12K ûý  bandda juft spinli holatlar 18I ý h  gacha aniqlangan. Lekin 

7I ý h  , 13I ý h , 15I ý h  va 17I ý h  holatlarini eksperiment qiymatlari aniqlangan. Bizni 
hisoblashlar bu holatlar uchun quyidagi 2(7) 1.158E MeVý , 2(13) 2.005E MeVý , 2(15) 2.365E MeVý  

va 2 (17) 2.759E MeVý natijalarni ko8rsatadi. 
Xulosa 

232Th  yadrosi musbat juftlilik holatlarining energiya xususiyatlari fenomenologik model 
doirasida o8rganilib, quyi joylashgan rotatsion band holatlarini Koriolis kuchi ta9sirida aralashishi 
o8rganildi. Asosiy 1(0 )û , ³ ý vibratsiyali 2(0 )û  va Ã

12K ûý  band holatlarining energiyasi va 

strukturasi isoblablangan. Hisoblangan energiya mavjud eksperiment ma'lumotlar bilan 
taqqoslangan hamda ular bilan yaxshi moslikka ega ekanligi ko8rsatilgan. Ã

20K ûý  va 12û  
bandlarining bosh energiyalarining bir-biriga yaqinligi tufayli, bu bandlar holatlarida Koriolis 
aralashuvi keskinroq bo8lishi ko8rsatilgan. Eksperimentda aniqlangan Ã

12K ûý  bandning 7I ý h  , 
13I ý h , 15I ý h  va 17I ý h  holatlarini energiyalari bashorat qilingan. Bu esa o8z navbatida bu 

holatlarning elektromagnit xususiyatlaridagi noadibatiklikda namoyon bo8lishi bashorat qilingan.  
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236U YADROSI MANFIY JUFTLIKLI HOLATLARINING 

ENERGIYASI VA STRUKTURASI 
Usmanov P.N., Nishonov A.N 
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e-mail: usmanov1956.56@mail.ru  

Kirish 
Hozirgi vaqtda atom yadrosi tuzilishi fizikasida aktinidlar oilasi yadrolarining manfiy juftlilik 

holatlarini eksperimental va nazariy tadqiqotlari juda dolzarbdir [1]. Aktinidlardagi quyi darajadagi 
manfiy juftlikli holatlarning kollektiv tabiati tasodifiy faza usuli [2-4] doirasida olib borilgan hisob-
kitoblarda aniqlangan. Ushbu bashoratlar Coulomb qo'zg'alishi haqidagi ma'lumotlarga mos keladi. 
236U yadrosiga asoslanib qurilgan aylanma bandlari va oktupol tebranish holatlari ma'lum.  

Ushbu ishda 236U dagi manfiy juftlilik holatlarning xossalarini o'rganish uchun biz Ã 0K ýý  va 
Ã 1K ýý  bandlarni holatlarini Koriolis aralashtirishni ko'rib chiqadigan fenomenologik modeldan 
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foydalanamiz [5, 7]. Quyi joylashgan oktupol bandlarning energiya spektri, strukturasi bilan 
ularning holatlaridan dipol elektrli o8tishlar o8rganilgan. 

Model 
Model [6, 7] doirasida yadroning Gamiltonian operatori quyidagi ko8rinishga ega: 

( ) ( )rot KKH H I H Iòý û
     (1) 

01 1.
1

( ) 1 ( 1) ( )( )
2

I
KK K KK rot x KKH I I jò ò òñý÷ ô ý ý ý ÷ ô    (2) 

Bu yerda ÷0 va ÷1 mos ravishda ÷0 va ÷1 va dan aylanma bandlar asoslarining bosh 

energiyalari; ÷rot(I)- yadroning burchakli aylanish chastotasi; 01
Æ( ) 0 1x xj jý ýý  - ichki to'lqin 

funktsiyalari orasidagi matritsa elementi. 
Biz to'lqin funksiyasini quyidagi shaklda qidiramiz: 

û ý

2
,0

, ,

Ë2 1

16Ã 1 ·

(») ( 1) (») 0

I
K K

K K

I I K I
M K K M K K

I
IMK

D b D b

ò

ò ò

òû û û
ò ò ò òý ý

û
ý ô ô

û

ô û ý

õ
    (3) 

bu yerda Ë I
K Kò  - aylanma bandlar holatlarining aralashtirish koeffisienti; ,

I
M KD ò  - Wigner 

funktsiyasi; Kbûò  - manfiy juftlilik band asosi bo'lib xizmat qiluvchi bir fononli holatlar: 

3 0 0K Kb bü
û û
ý ý  bilan Ã 0K ýý  va Ã 1K ýý  

Shredinger tenglamasini yechish 
( ( ) ( ))Ë 0I

K v v K vH I Iý õ ý       (4) 

bandlarning Ã 0K ýý va Ã 1K ýý -holatlarining energiya xos qiymatlarini aniqlaymiz 
2 2 2

0 1 0,10 1
0,1

(Ë -Ë ) 4Ë ( )( )Ë +Ë
·( )

2 4
rot xI j

I
û

ý ñ      (5)  

 umumiy energiyasi quyidagi formula bilan aniqlanadi; 
( ) ( ) ( )v rot vE I E I Iý û õ        (6) 

Aylanadigan yadro Erot(I)  energiyasi Xarris formulasi yordamida aniqlanadi 
2 4

0 1
1 3

( ) ( ) ( )
2 4rot rot rotE I I Iý ñ ÷ û ñ ÷     (7) 

2 3
0 1( 1) ( ) ( )rot rotI I I Iû ýñ ÷ ûñ÷     (8) 

bu yerda ñ0 va ñ1- aylanuvchi yadroning inersial parametrlari. (8) kubik tenglamani yechib, 
yadro aylanish chastotasi ÷rot(I) ni aniqlaymiz. (8) tenglama bitta haqiqiy va ikkita kompleks 
yechimga ega. (8) tenglamaning haqiqiy yechimi ÷rot(I) aylanish chastotasining qiymati bo'lib, u 
quyidagi analitik formula bilan aniqlanadi: 

1/31/23
0

2
1 1 1

1/31/23
0

2
1 1 1

( 1) ( 1)
( )

2 3 4

( 1) ( 1)
.

2 3 4

rot
I I I I

I

I I I I

ü üù ùö öû ñ ûÿ ÿú ú÷ ý û û ûý ý÷ ÷
ñ ñú úñø øÿ ÿû ûþ þ

ü üù ùö öû ñ ûÿ ÿú úû ý ûý ý÷ ÷
ñ ñú úñø øÿ ÿû ûþ þ

    (9) 

Ã 0K ýý  va Ã 1K ýý  bandlardagi Koriolis holatlarining o'zaro ta'sirini hisobga olgan holda 
manfiy juftlik holatlarining xos to'lqinli funktsiyalari uchun biz quyidagi formulaga ega bo'lamiz: 

1 2

, , ,
0

ËI I I
K K K K K v

v
ò ò

ý

ù ùýö öû ûõ      (10) 

Buyerda  
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00
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1
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=Ë · ( ),   = Ë ( )( ) ,
2

I I
rot x

I I
rot x

$ I $ I j

$ I $ I j
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    (11) 

Bu yerda K va 'K  0 va 1 qiymatlarni qabul qiladi. 
Hisoblash natijalari 

Hisob-kitoblar 236U yadrosi uchun amalga oshirildi. Aylanma bandlarning Ã 0K ýý  va 1ý 
holatlarini aralashishi ko'rib chiqildi. Holatlar energiyasini tavsiflashda model parametrlari band 
bosh energiyalari ÷0, ÷1 va matritsa elementi (jx)01, bo'lib, u aylanma zonalarining Koriolis 
aralashuvini tavsiflaydi. Bu parametrlar xisoblangan va experimental energiya qiymatlarini o8zaro 
mos kelishligi asosidagi kichik kvadratlar metodi yordamida aniqlandi. [9-14] da, ushbu model 
doirasida noyob yer mintaqasi yadrolarining musbat-juftlikli va manfiy-juftlikli aylanish 
holatlarining xususiyatlarini o'rganib chiqilgan, bu yerda aylanadigan o8zakning ñ0 va ñ1 inertsial 
parametrlari Xarris formulasi [8] yordamida asosiy bandning 8I ó h  spingacha bo'lgan 
eksperimental energiyalaridan foydalangan holda aniqlangan. 

Bizni holda, oktupol bandlari holatlarining hisoblangan energiyalari va experiment qiymatlari 
o'rtasida yaxshi moslikga erishish uchun biz yuqorida tavsiflangan usul bilan aniqlangan ñ0 va ñ1 
parametrlarini o'zgartirishimiz kerak bo8ldi. Hisob-kitoblarda model parametrlarining foydalanilgan 
qiymatlari jadvalda keltirilgan. 

1-jadval.  
 0÷  
�M�  

1÷  
�M�  

0 1( )xj  0ñ  
2 / � M�h  

1ñ  
4 3/ �M�h  

0,679 0,948 2.34 66.93 385.7981 

Eslatma: ÷K- Ã 0K ýý  va Ã 1K ýý  bandlarning bosh energiyalari; (jx)01- Koriolis 
aralashuvining matritsa elementi; ñ0 va ñ1 aylanuvchi yadroning inertsial parametrlari. 

1-rasmda manfiy juftlik bandlari holatlarining nazariy va eksperimental energiyalari Ã 0K ýý  
va 1ý  bilan taqqoslanadi. Foydalanilgan model [11, 12] Ã 0K ýý  bandning energiyalari bo'yicha 
eksperimental va nazariy ma'lumotlarni yaxshi mos kelishini ko8rsatadi. Ã 1K ýý  banddagi 
holatlarning energiyalarida eksperimental va nazariy qiymatlar o'rtasida nomuvofiqlik mavjud. 
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1-rasm. Ã 0K ýý  va 1ý  bandlari holatlarining nazariy va eksperimental energiyalarini 

solishtirish. 
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2-rasmda spinning funktsiyasi sifatida Ã 0K ýý  bandning holatlari uchun aralashish 

amplitudasi koeffitsientlari 0
I
Kù  ko'rsatilgan. I ortishi bilan 01

Iù  komponenti kamayadi, 01
Iù  

komponenti esa ortadi. Spinning katta qiymatlarida bu ta'sir E1-o'tishlarining noadiabatikligida 
namoyon bo'lishi kerak.  
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2-rasm. Ã 0K ýý band xolatlarining strukturasi. 

Umumiy xulosalar 

1. 236U yadrosining manfiy juftlik holatlarining energetik xossalari fenomenologik model 
doirasida o'rganildi, unda quyi joylashgan aylanma bandlar Ã 0K ýý  va 1ý  holatlarining Koriolis 
aralashuvi ko'rib chiqildi.  

2. Amaldagi model Ã 0K ýý  band uchun eksperimental energiya ma'lumotlarini yaxshi 
moslaydi. Lekin Ã 1K ýý  bandning juft spinli holatlari energiyalarida eksperimental va nazariy 
qiymatlar o»rtasida tafovutlar mavjud bo»lib, u burchak momenti I ning ortishi bilan ortib borishi 
kuzatiladi.  

4. Ko»rsatilganki, holatlar energiyasining tavsifini takomillashtirish uchun. Ã 1K ýý bandning 
Ã 2K ýý  va 3ý bilan bandlar holatini aralashtirishni hisobga olish kerak.  

Ã 1K ýý  bandning holat energiyasidagi nazariy va eksperimant energiyalarini mosligini 
yanada takomillashtirish uchun Ã 2K ýý  va Ã 3K ýý  bandlarning ham holatlarini Kariolis aralashuvini 
e9tiborga olish lozimligi ko8rsatildi. 
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�4=4 <7 646=5=L<E ?D>5?5< ?D< <E?>?L7>64=<< D575=5D4F<6=OE F5??>>5<5==<>>6 
74>?NG45FEO 6 >?D545?5=<< >?F<<4?L=>= ?D>4>?6<F5?L=>EF< F<>?4, ?D< >>F>D>= 
4>EF<745FEO <4>E<<4?L=4O F5??>64O <>M=>EFL 4??4D4F4, F> 5EFL >>?<G5EF6> F5??>FO, 
?5D544645<>5 >F GE>4OM<E ?D>4G>F>6 E7>D4=<O > ?>4>7D5645<><G 6>74GEG, >F=5E5==>5 > 
>5M5<G 6D5<5=< F<>?4.  

�4==4O 7444G4 =5 <>65F 5OFL D5L5=4 E ?><>MLN <765EF=OE <5F>4>6 D4EG5F4, 6 >>F>DOE 
6<5EF> 4>FG4?L=OE 7=4G5=<= F5<?5D4FGD F5??>=>E<F5?5= <E?>?L7GNFEO 7=4G5=<O, 
>ED54=5==O5 ?> 4?<=5 >4=4?4 < 6D5<5=< F<>?4, 4 F4>65 DO4 4DG7<E 4>?GM5=<=. 
->E?5D<<5=F4?L=O5 <EE?54>64=<O D575=5D4F<6=OE F5??>>5<5==<>>6 ?D54EF46?ONF 5>?LL<5 
E?>6=>EF< 6E?54EF6<5 5>?LL>7> >>?<G5EF64 >>=EFDG>F<6=OE < D56<<=OE ?4D4<5FD>6, 
6?<ONM<E =4 ?D>F5EE F5??>>5<5=4. �>MF><G >E=>6=O< <5F>4>< <EE?54>64=<O ?D>F5EE>6, 
?D><EE>4OM<E 6 D575=5D4F<6=OE F5??>>5<5==<>4E, EF4?> <E <4F5<4F<G5E>>5 <>45?<D>64=<5. 

� >4G5EF65 >5N5>F4 <>45?<D>64=<O D4EE<>FD<< M?5<5=F =4E44>< D575=5D4F>D4, 
?D54EF46?5==O= =4 D<E. 1.  

 
$<E. 1. %E5<4 D4EG5F=>= >5?4EF<  

�4F5<4F<G5E>4O <>45?L D575=5D4F<6=>7> 6>74GE>?>4>7D564F5?O 6>?NG45F E?54GNM<5 
GD46=5=<O: 

1) GD46=5=<5 M=5D7<< 4?O =4E44><  

               (1) 

2) GD46=5=<5 M=5D7<< 4?O F5??>=>E<F5?O  

            (2) 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

282 

745  3 F5<?5D4FGD4;  3 ??>F=>EFL;  3 F5??>5<>>EFL;  3 F5<?5D4FGD>?D>6>4=>EFL;  3 
E>>D>EFL; <=45>E «1» >F=>E<FEO > =4E44>5, «2» 3 > F5??>=>E<F5?N; 

3) GD46=5=<5 =5D47DO6=>EF< 4?O F5??>=>E<F5?O  
                    (3) 

745  3 <4EE>6O= D4EE>4 F5??>=>E<F5?O, ?>EF>O==O= ?> 4?<=5 < 6> 6D5<5=< 6 F5G5=<5 
?>?GF<>?4 =47D564 <?< >E?4645=<O. 

�?O D4EG5F4 <7<5=5=<O ??>F=>EF< F5??>=>E<F5?O 64>?L ?>F>>4 <E?>?L7G5FEO GD46=5=<5 
E>EF>O=<O <454?L=>7> 7474  

.                       (2) 

$4EG5FO [1] ?>>474?<, GF> <7<5=5=<5< 446?5=<O ?> 4?<=5 F5??>>5<5==>7> 4??4D4F4 
<>6=> ?D5=55D5GL.  
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NASOS AGREGATLARINING ISH HOLATLARI (REJIMLARI) 

Uzaqov Navruz Choriyor o8g8li 
Radjabov Shahboz Baxtiyor o8g8li. 

Tezmiz muhandislik-texnologiya instituti asistentlari 
Kirish 

Ma9lumki, hozirgi vaqtda mamlakatimizda faoliyat yuritayotgan yirik ishlab chiqarish sanoat 
korxonalarida, xususan neft va gaz soxasining gazni sovutish qurilmalari, suv ta9minoti nasos 
qurilmalari, suvni sovutish qurilmalari, issiqlik ta9minoti yo8nalishida dimosos, ventilyator va suv 
ta9minot nasos qurilmalari asinxron elektr dvigatellarini zamonaviy chastota o8zgartirgich 
qurilmalari orqali boshqarish amaliyotga joriy qilinmoqda va joylarda dastlabki samaradorlikka 
ham erishildi.  

Nasos agregatining ish rejimini tavsiflovchi asosiy parametrlar - bu suyuqlik oqimi (podacha) 
va bosimdir (napor). Oqim - vaqt birligida nasos agregati tomonidan haydalgan suyuqlik hajmi 
(m3/soat, m3 /s). 

Bosim (napor) - suyuqlikni ma9lum bir balandlikka ko8tarish va quvur liniyasidagi ishqalanish 
kuchlarini yengish uchun zarur bo8lgan nasosning tushirish va so8rish trubkalaridagi suyuqlikning 
o8ziga xos energiyalari orasidagi farq. Napor tushunchasi bosim atamasiga tengdir P - napor va 
bosim H=P/(Ãg) nisbati bilan o8zaro bog8langan, bu yerda H - napor, m; P - nasos bosimi, Pa; Ã - 
suyuqlik zichligi, kg/m3; g - erkin tushish tezlanishi, m/s2. Nasos agregatining ishlash rejimi - bu 
butun tizimning o8zgaruvchan ish sharoitlariga muvofiq uning uskunasini ishlashining ma9lum 
tartibi. Nasos agregatlari, suv ta9minoti, kanalizatsiya, isitish, neft haydash nasoslari va boshqalarga 
bo8linadi. Suv nasos stantsiyalari I va II ko8taruvchi (podyom) va kuchaytiruvchi stansiyalarga 
bo8linadi. 

Birinchi podyom nasos stansiyasi suv ta9minoti manbasidan suv oladi va uni tozalash 
inshootiga yetkazib beradi. Bundan tashqari, tozalangan suv tortishish kuchi bilan toza suv 
idishlariga (CWR) kiradi.  

Ikkinchi podyom suvni toza suv idishdan suv o8tkazgichlari, magistral quvurlar orqali 
taqsimlash tarmog8iga, u yerdan iste9molchiga yetkazib beradi. 

Agar ishlab chiqilgan bosim suvni kerakli balandlikka ko8tarish uchun yetarli bo8lmasa, suvni 
oraliq rezurvuarlar orqali to8g8ridan-to8g8ri tarmoqdan ham oladigan kuchaytiruvchi nasos 
stantsiyalari (booster stantsiyalari) quriladi. Ikkinchi holda, stantsiyalar "quvurdan quvurga" sxema 
bo8yicha ishlaydi. Suv nasos stantsiyalari ham texnik va ichimlik suvining SNSlariga bo8linadi. 
Ushbu SNSning qurilmasi bir xil, ammo ularning ish rejimlari bir-biridan farq qiladi. Texnik suv 
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SNSning ishlash tartibi korxonaning ishlab chiqarish sikli bilan, ichimlik suvi SNS esa aholi 
turmush ritmi bilan belgilanadi. 

Kanalizatsiya nasos stantsiyalari (KNS) oqava suvlarni tozalash inshoatiga haydash uchun 
mo8ljallangan. Kanalizatsiya tarmog8idan chiqindi suvlar KNS qabul qilish rezurvariga kiradi, u 
yerdan bosim o8tkazgichlariga quyiladi va ulardan so8ndirish kameralari orqali tortish 
kollektorlariga kiradi. Kollektorlardan boshqa yirik kanalizatsiya nasos stantsiyalari yana oqava 
suvlarni kattaroq kesimdagi bosim kollektorlariga yetkazib beradi. Shunday qilib, nasosning bir 
necha bosqichlari orqali chiqindi suv tozalash inshootlariga (aeratsiya stantsiyalari va boshqalar) 
kiradi. 

Issiqlik nasos stansiyalari isitish va issiq suv ta9minoti tizimlarini issiq suv bilan ta9minlash 
uchun mo8ljallangan. Issiq suv manbalari markaziy qozonxonalar va issiqlik elektr markazlari 
bo8lib, ularda tarmoq nasoslari o8rnatiladi. Ushbu nasoslarning yordami bilan suv, suv isitgichlari 
orqali o8tkaziladi (qozonxonalar), bu yerda u isitish turbinalaridan keladigan bug8 bilan isitiladi va 
undan keyin quvurlar tarmog8i orqali iste9molchilarga yetkaziladi. Issiqlik almashtirgichlar 
(teploobmennik) orqali issiqlikdan voz kechgandan so8ng, sovutilgan suv qaytish liniyasi orqali 
tarmoq nasoslarining so8ruvchi kollektoriga qaytadi. 

Issiqlik elektr stantsiyalarining (IES) nasos agregatlari elektr va issiqlik energiyasini ishlab 
chiqarishning texnologik jarayonida turli funktsiyalarni bajaradi va bunday holatlarda ta9minot 
nasosi qozon agregatlarini suv bilan ta9minlaydi, kondensat agregatlari esa kondensatni (turbinadan 
suvga aylangan bug8) deaeratorga haydaydi. Sirkulyatsiya nasoslari kondensator va sovutish 
moslamalari (gradirnaya, sovitish hovuzlari) orqali sovutiladigan suvining doimiy aylanishini 
ta9minlaydi. 

Nasos stantsiyalari bir yoki bir nechta nasos agregatlari bilan jihozlangan bo8lib, ularning soni 
juda katta farq qiladi, ya9ni 1 dan 20 gacha. Nasos agregati bir nechta agregatlarni o8z ichiga olgan 
bo8lsa, nasoslarning bosimi (napor) va so8rish liniyalari bir-biriga bosim va so8rish kollektorlari 
orqali ulanadi. Bunday holatlarda bosim kollektorlari - bosim kollektorlariga, so8rish quvurlari esa 
so8rivchilarga ulanadi. Qabul qiluvchi rezurvuarlar mavjud bo8lganda, assimilyatsiya manifoldlari 
bilan ta9minlanmasligi mumkin va bunday holatda nasoslarning assimilyatsiya (so8ruvchi) liniyalari 
to8g8ridan-to8g8ri rezurvuarga ulanadi. Zamonaviy nasos qurilmalarida lopostli nasoslar (markazdan 
qochma va osevoy) eng keng tarqalgan. Markazdan qochma nasoslar (1.1-rasm, a) spiral shaklga 
ega bo8lgan qo8zg8almas korpus 1 ichida valga 3 o8rnatilgan ishchi g8ildirak (koleso) 2 mavjud. 
Ishchi g8ildirak 2 ikkita diskdan iborat bo8lib, ular orasida kurakchalar (lopostlar) 4 joylashtiriladi. 
Nasos korpusi quvurlar orqali quvur liniyalari 5 va 6 mos ravishda so8rish va napor trubkalariga 
ulangan holatda bo8ladi. Nasos korpusi va uning so8rish quvuri suyuqlik bilan to8ldirilgan bo8lsa va 
keyin ishchi g8ildirak aylantirilsa, u holda suyuqlik ishchi g8ildirak kurakchalari ta9sirida aylana 
boshlaydi. Markazdan qochma kuchlar suyuqlikni periferiyaga olib boradi, bu yerda bosim 
kuchayadi va g8ildirak markazida past bosim bo8ladi. Ushbu bosim farqi tufayli suyuqlik bosimi 
quvur liniyasiga kiradi. Shunday qilib, suyuqlikni uzluksiz yetkazib berish amalga oshiriladi. 

Markazdan qochma nasoslar bir bosqichli (bitta ishchi g8ildirak bilan) yoki ko8p bosqichli 
(bir nechta g8ildirakli) bo8lishi mumkin. Konstruksiyasi bo8yich valning joylashishiga qarab, ular 
gorizontal va vertikal nasoslarga bo8linadi. 

O8qli nasoslar. Ishchi g8ildiragi sharsimon kamerada aylanadi. Oqim tezligining o8zgarishi 
tufayli ishchi g8ildirak kurakchalari suyuqlikka ta9sir qilganda, kurakchalar ustidagi bosim ortadi, 
ostida esa pasayadi. Bosim farqi tufayli nasosning o8qi bo8ylab suyuqlik harakatlanadi. Ushbu 
turdagi nasoslar past bosimli (naporli) (20 m gacha) ko8p miqdorda suv haydash uchun 
mo8ljallangan. 
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1-rasm. Bir stupenli markazdan qochma nasos (a) sxemasi va uning (b) ishchi xarakteristikasi. H-

nasos napori; Q-oqim; ·-FIK; hvak
dop- ruxsat etilgan vakuumli so8rish balandligi; N-quvvat; D-
ishchi g8ildirak diametri. 

O8qli nasoslar (ON turi) qattiq mahkamlangan ishchi g8ildirak kurakchalari va aylanuvchi 
kurakchalar (�� tipi) bilan ishlab chiqariladi. Ikkala turdagi nasoslar ikkita versiyada ishlab 
chiqarilishi mumkin: D - gorizontal joylashgan valli, V - vertikal v4lli. 

ON nasos kurakchalarini o8rnatish burchagini o8zgartirish qobiliyati yuqori FIK qiymatlarini 
saqlab, nasosning oqimi va bosimini keng diapazonda rostlash imkonini beradi. Shuning uchun, bu 
turdagi nasos rostlanmaydigan elektr yuritma bilan jihozlangan. 

Nasoslarning xarakteristikalari nasosning asosiy parametrlarining ma9lum bir ishch g8ildirak 
diametri D uchun ma9lum aylanish n chastotasida Q oqimiga bog8liqligidir. 

Yuqoridagi rasmda, b) uchta diametrli g8ildiraklar uchun (460, 430 va 400 mm) 1450 min-1 
aylanish chastotasida D1250-65 markazdan qochma nasosining ishlashi ko8rsatilgan. Boshqa 
turdagi nasoslarning xarakteristikalari 1.1rasm, b) da ko8rsatilganlardan farq qilishi mumkin. 

Nasosning muhim xususiyatlaridan biri uning naporini H=f(Q) oqimiga bog8liqligidir. 
Ko8pincha Q-H xarakteristikasi yoki bosim-oqimining xarakteristikasi deb ataladi. Ushbu 
xarakteristika tekis yoki tik, doimiy ravishda kamayib boruvchi (barqaror) yoki avval ortib, keyin 
kamayib boruvchi (labil, ya9ni beqaror) bo8lishi mumkin. Markazdan qochma nasoslarning ish 
parametrlari nisbatan keng chegaralarda o8zgarishi mumkin. Oqimning oshishi bosimning 
pasayishiga olib keladi va oqimning pasayishi bosimni oshiradi. Nasosning xarakteristikasi 
bo8yicha oqim va bosimlarning ish diapazonining chegaralari o8ralgan vertikal chiziqlar bilan yoki 
boshqa tarzda belgilanadi. Tavsiya etilgan oqim va bosimlar doirasida H = f (Q) xarakteristikasi 
kvadratik parabolaning (1.1) shaklidagi tenglamasi bilan tavsiflanadi: 

       (1.1) 
bu yerda Hf->qim nolga teng bo8gandagi fiktiv napor, m; Sf-nasosni gidravlik fiktiv qarshiligi, 

c2/m5. 
Uy nasoslari uchun Hf va Sf parametrlarining qiymatlari [1, 2] adabiyotlarda keltirilgan. 
Fiktiv bosimning nominal bosimga nisbati Nf

*= Nf/Nnom nasosning bosim xarakteristikasining 
keskinligi haqida fikr beradi. Toza suvni haydaydigan ko8pgina nasoslar uchun nisbiy fiktiv bosim 
Hf = 1,25, chiqindi suvni haydaydigan nasoslar uchun esa, Hf = 1,45. 

Nasos yuritmasi. Nasoslarni ishlatish uchun, asosan, qisqa tutashgan rotorli asinxron va 
sinxron motorlar qo8llaniladi. Ba9zan fazali rotorli asinxron elektr motorlar ham qo8llaniladi. 400 
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kVt gacha bo8lgan elektr motorlari odatda 380-660 V kuchlanish uchun va undan yuqori quvvatda 
6-10 kV kuchlanishli motorlar foydalaniladi. 

Quvurlar. Quvurlar armaturalari. Nasos stantsiyalarining ichki quvurlari (nasoslarning bosim 
va so8rish liniyalari, so8rish va bosim kollektorlari va boshqalar) po8lat quvurlardan yasalgan. Po8lat 
quvurlarni ulash payvandlash yo8li bilan amalga oshiriladi. Nasos qurilmalarida quvur liniyasi 
armatura sifatida zadvijkalar, zatvorlar, teskari klapanlar ishlatiladi. 

Zadvijkalar o8chirish elementi bo8lib, nasoslarning ish rejimini nazorat qilish uchun 
ishlatilmasligi kerak. Diskni aylantirish klapanlari turli xil versiyalarda, ya9ni o8chirish moslamalari 
sifatida, nasoslarning ishlashini tartibga solish elementi sifatida ishlab chiqariladi. Zatvor va 
zadvijkalar qo8lda mexanik yoki elektr yuritmalar bilan boshqariladi. 

Teskari klapanlar bosim quvurlarini bo8shatish va nasos to8xtatilgandan keyin orqaga 
qaytishni oldini olish uchun mo8ljallangan. Tezkari klapanlarining konstruksiyasi har xil bo8ladi, 
ya9ni: sekin qo8nish, bitta diskli, ko8p diskli, qarshi og8irlik bilan va boshqalar. 

Nasosning ishlashi paytida, suv oqimi ta9sirida, klapan diski o8z o8qi atrofida aylanadi va suv 
u orqali o8tadi. Nasos to8xtagandan so8ng, klapan diski o8z og8irligi va suv bosimi ta9sirida bosim 
o8tkazgichining yonidan tushadi va zatvor yopiladi. 

Xulosa 
Bunda ON nasos kurakchalarini o8rnatish burchagini o8zgartirish qobiliyati yuqori FIK 

qiymatlarini saqlab, nasosning oqimi va bosimini keng diapazonda rostlash imkonini beradi. 
Shuning uchun, bu turdagi nasos rostlanmaydigan elektr yuritma bilan jihozlangan. Nasosning 
muhim xususiyatlaridan biri uning naporini H=f(Q) oqimiga bog8liqligidir. Ko8pincha Q-H 
xarakteristikasi yoki bosim-oqimining xarakteristikasi deb ataladi.  
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NASOSLAR VA NASOS AGREGATLARI HAQIDA  
Uzaqov Navruz Choriyor o8g8li 

Radjabov Shahboz Baxtiyor o8g8li 
Tezmiz muhandislik-texnologiya instituti asistentlari. 

E-mail: uzoqovnavruz@gmail.com 
Kirish  

Hozirgi vaqtda dunyoning barcha rivojlangan mamlakatlarini energetika tizimida soha 
mutaxassislari tomonidan energiya samarador va tejamkor texnologiyalarni yanada 
takomillashtirish jarayoni bilan bog8liq olib borilayotgan ilmiy 3 tadqiqot ishlari o8ziga xos muhim 
amaliy ahamiyat kasb etmoqda. Shu ma9noda tahlil qilinganda, mamlakatimizning yirik ishlab 
chiqarish sanoat korxonalarida ishlab chiqariladigan maxsulotlarida energiyaning ulushi rivojlangan 
va rivojlanayotgan mamlakatlarga nisbatan yuqoriligi kuzatilmoqda. Ishlab chiqariladigan 
maxsulotlarda energiya ulushini ratsional darajada kamaytirish va energiya samaradorligini oshirish 
bo8yicha O8zbekiston Respublikasi Prezidentining iqtisodiyot tarmoqlari va ijtimoiy sohaning 
energiya samaradorligini oshirish, energiya tejovchi texnologiyalarni joriy etish va qayta 
tiklanuvchi energiya manbalarini rivojlantirishga oid qonunlar qabul qilingan. 

Suyuqlikka energiya berilganda uning bosim harakatini yaratuvchi gidravlik mashina nasos 
deb ataladi. Nasos elektr yuritma va uzatish mexanizmi bilan birgalikda nasos agregatini hosil 
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qiladi. Nasoslarning kerakli rejimda ishlashini ta9minlaydigan uskunalar majmuasi nasos agregatini 
tashkil qiladi. 

Nasos agregatini odatda bir yoki bir nechta nasos agregatlari, quvurlar, ochish-yopish 
armaturalari, nazorat-o8lchov asboblari, nazorat va himoya vositalaridan tashkil etadi. Obyektning 
ishlashini ta9minlaydigan bir yoki bir nechta nasos agregatlari, energiya ta9minoti tizimi, yordamchi 
mexanizmlar, maishiy va ishlab chiqarish binolarini o8z ichiga olgan tuzilma nasos stantsiyasi deb 
ataladi. 

Nasos agregatining ish rejimini tavsiflovchi asosiy parametrlar - bu suyuqlik oqimi (podacha) 
va bosimdir (napor). Oqim - vaqt birligida nasos agregati tomonidan haydalgan suyuqlik hajmi 
(m3/soat, m3 /s). 

Bosim (napor) - suyuqlikni ma9lum bir balandlikka ko8tarish va quvur liniyasidagi ishqalanish 
kuchlarini yengish uchun zarur bo8lgan nasosning tushirish va so8rish trubkalaridagi suyuqlikning 
o8ziga xos energiyalari orasidagi farq. Napor tushunchasi bosim atamasiga tengdir P - napor va 
bosim H=P/(Ãg) nisbati bilan o8zaro bog8langan, bu yerda H - napor, m; P - nasos bosimi, Pa; Ã - 
suyuqlik zichligi, kg/m3; g - erkin tushish tezlanishi, m/s2. 

Nasos agregatining ishlash rejimi - bu butun tizimning o8zgaruvchan ish sharoitlariga muvofiq 
uning uskunasini ishlashining ma9lum tartibi. 

Nasos agregatlari, suv ta9minoti, kanalizatsiya, isitish, neft haydash nasoslari va boshqalarga 
bo8linadi. Suv nasos stantsiyalari I va II ko8taruvchi (podyom) va kuchaytiruvchi stansiyalarga 
bo8linadi. 

Birinchi podyom nasos stansiyasi suv ta9minoti manbasidan suv oladi va uni tozalash 
inshootiga yetkazib beradi. Bundan tashqari, tozalangan suv tortishish kuchi bilan toza suv 
idishlariga (CWR) kiradi. 

Ikkinchi podyom suvni toza suv idishdan suv o8tkazgichlari, magistral quvurlar orqali 
taqsimlash tarmog8iga, u yerdan iste9molchiga yetkazib beradi. 

Agar ishlab chiqilgan bosim suvni kerakli balandlikka ko8tarish uchun yetarli bo8lmasa, suvni 
oraliq rezurvuarlar orqali to8g8ridan-to8g8ri tarmoqdan ham oladigan kuchaytiruvchi nasos 
stantsiyalari (booster stantsiyalari) quriladi. Ikkinchi holda, stantsiyalar <quvurdan quvurga= sxema 
bo8yicha ishlaydi. 

Suv nasos stantsiyalari ham texnik va ichimlik suvining SNSlariga bo8linadi. Ushbu SNSning 
qurilmasi bir xil, ammo ularning ish rejimlari bir-biridan farq qiladi. Texnik suv SNSning ishlash 
tartibi korxonaning ishlab chiqarish sikli bilan, ichimlik suvi SNS esa aholi turmush ritmi bilan 
belgilanadi. 

Kanalizatsiya nasos stantsiyalari (KNS) oqava suvlarni tozalash inshoatiga haydash uchun 
mo8ljallangan. Kanalizatsiya tarmog8idan chiqindi suvlar KNS qabul qilish rezurvariga kiradi, u 
yerdan bosim o8tkazgichlariga quyiladi va ulardan so8ndirish kameralari orqali tortish 
kollektorlariga kiradi. Kollektorlardan boshqa yirik kanalizatsiya nasos stantsiyalari yana oqava 
suvlarni kattaroq kesimdagi bosim kollektorlariga yetkazib beradi. Shunday qilib, nasosning bir 
necha bosqichlari orqali chiqindi suv tozalash inshootlariga (aeratsiya stantsiyalari va boshqalar) 
kiradi. 

Issiqlik nasos stansiyalari isitish va issiq suv ta9minoti tizimlarini issiq suv bilan ta9minlash 
uchun mo8ljallangan. Issiq suv manbalari markaziy qozonxonalar va issiqlik elektr markazlari 
bo8lib, ularda tarmoq nasoslari o8rnatiladi. Ushbu nasoslarning yordami bilan suv, suv isitgichlari 
orqali o8tkaziladi (qozonxonalar), bu yerda u isitish turbinalaridan keladigan bug8 bilan isitiladi va 
undan keyin quvurlar tarmog8i orqali iste9molchilarga yetkaziladi. Issiqlik almashtirgichlar 
(teploobmennik) orqali issiqlikdan voz kechgandan so8ng, sovutilgan suv qaytish liniyasi orqali 
tarmoq nasoslarining so8ruvchi kollektoriga qaytadi. 

Issiqlik elektr stantsiyalarining (IES) nasos agregatlari elektr va issiqlik energiyasini ishlab 
chiqarishning texnologik jarayonida turli funktsiyalarni bajaradi va bunday holatlarda ta9minot 
nasosi qozon agregatlarini suv bilan ta9minlaydi, kondensat agregatlari esa kondensatni (turbinadan 
suvga aylangan bug8) deaeratorga haydaydi. Sirkulyatsiya nasoslari kondensator va sovutish 
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moslamalari (gradirnaya, sovitish hovuzlari) orqali sovutiladigan suvining doimiy aylanishini 
ta9minlaydi. 

Nasos stantsiyalari bir yoki bir nechta nasos agregatlari bilan jihozlangan bo8lib, ularning soni 
juda katta farq qiladi, ya9ni 1 dan 20 gacha. 

Nasos agregati bir nechta agregatlarni o8z ichiga olgan bo8lsa, nasoslarning bosimi (napor) va 
so8rish liniyalari bir-biriga bosim va so8rish kollektorlari orqali ulanadi. Bunday holatlarda bosim 
kollektorlari - bosim kollektorlariga, so8rish quvurlari esa so8rivchilarga ulanadi. Qabul qiluvchi 
rezurvuarlar mavjud bo8lganda, assimilyatsiya manifoldlari bilan ta9minlanmasligi mumkin va 
bunday holatda nasoslarning assimilyatsiya (so8ruvchi) liniyalari to8g8ridan-to8g8ri rezurvuarga 
ulanadi. 

Zamonaviy nasos qurilmalarida lopostli nasoslar (markazdan qochma va osevoy) eng keng 
tarqalgan. Markazdan qochma nasoslar (quyidagi rasm) spiral shaklga ega bo8lgan qo8zg8almas 
korpus 1 ichida valga 3 o8rnatilgan ishchi g8ildirak (koleso) 2 mavjud. Ishchi g8ildirak 2 ikkita 
diskdan iborat bo8lib, ular orasida kurakchalar (lopostlar) 4 joylashtiriladi. Nasos korpusi quvurlar 
orqali quvur liniyalari 5 va 6 mos ravishda so8rish va napor trubkalariga ulangan holatda bo8ladi. 
Nasos korpusi va uning so8rish quvuri suyuqlik bilan to8ldirilgan bo8lsa va keyin ishchi g8ildirak 
aylantirilsa, u holda suyuqlik ishchi g8ildirak kurakchalari ta9sirida aylana boshlaydi. Markazdan 
qochma kuchlar suyuqlikni periferiyaga olib boradi, bu yerda bosim kuchayadi va g8ildirak 
markazida past bosim bo8ladi. Ushbu bosim farqi tufayli suyuqlik bosimi quvur liniyasiga kiradi. 
Shunday qilib, suyuqlikni uzluksiz yetkazib berish amalga oshiriladi. 

Markazdan qochma nasoslar bir bosqichli (bitta ishchi g8ildirak bilan) yoki ko8p bosqichli (bir 
nechta g8ildirakli) bo8lishi mumkin. Konstruksiyasi bo8yicha valning joylashishiga qarab, ular 
gorizontal va vertikal nasoslarga bo8linadi. 

O8qli nasoslar. Ishchi g8ildiragi sharsimon kamerada aylanadi. Oqim tezligining o8zgarishi 
tufayli ishchi g8ildirak kurakchalari suyuqlikka ta9sir qilganda, kurakchalar ustidagi bosim ortadi, 
ostida esa pasayadi. Bosim farqi tufayli nasosning o8qi bo8ylab suyuqlik harakatlanadi. Ushbu 
turdagi nasoslar past bosimli (naporli) (20 m gacha) ko8p miqdorda suv haydash uchun 
mo8ljallangan. 

1-rasm. Bir stupenli markazdan qochma nasos (a) sxemasi va uning (b) ishchi xarakteristikasi. H-
nasos napori; Q-oqim; ·-FIK; hvak

dop- ruxsat etilgan vakuumli so8rish balandligi; N-quvvat; D-
ishchi g8ildirak diametri. 
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O8qli nasoslar (ON turi) qattiq mahkamlangan ishchi g8ildirak kurakchalari va aylanuvchi 
kurakchalar (�� tipi) bilan ishlab chiqariladi. Ikkala turdagi nasoslar ikkita versiyada ishlab 
chiqarilishi mumkin: D - gorizontal joylashgan valli, V - vertikal v4lli. 

Xulosa 
Biz bunda nasoslar va nasos agregatlarida ularni ta9rifini, nasoslarning bosim (napor)i, 

lopostli nasoslarni, naporli nasoslarni, nasos yuritmasi, quvurlar, quvur armaturalari, nasos 
agregatlarinining ish holatlarini va boshqa bo8limlarini o8rganib chiqdik. Bir bo8g8inli markazdan 
qochma nasos sxemasi va uning ichki xarakteristikasini va boshqa sxemalarni o8rganib chiqdik. 
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QISHLOQ XO8JALIGI MAXSULOTLARINI YETISHTIRISHDA 
ELEKTROTEXNOLOGIYANING O8RNI  

Vakhabova S.K., Yoqubjanova Yo.G8., Namangan muhandislik-qurilish instituti 
Umarov B.N., Namangan muhandislik-qurilish instituti talaba 

Mamlakatimizda mustaqillik yillarida amalga oshirilgan keng ko8lamli islohotlar 
xalqimizning munosib hayot kechirishi, fuqarolarimizning bunyodkorlik salohiyatini ro8yobga 
chiqarish uchun zarur shart-sharoitlarni yaratib berdi. Ayni vaqtda mamlakatimiz bosib o8tgan 
taraqqiyot yo8lining chuqur tahlili, bugungi kunda jahon bozori kon9yunkturasi keskin o8zgarib, 
globallashuv sharoitida raqobat tobora kuchayib borayotgani, davlatimizni yanada barqaror va jadal 
sur9atlar bilan rivojlantirish uchun mutlaqo yangicha yondashuv hamda tamoyillarni ishlab chiqish 
va ro8yobga chiqarishni taqozo etmoqda.  

Shunday ekan qishloq xo8jaligi sohasini rivojlantirish va qishloq xo8jalik mahsulotlarini 
ishlab chiqarilishi uchun hozirgi davrdagi eng muhim vazifa bu- energiya va resurslardan oqilona 
foydalanish, ularni tejaydigan texnologiya va texnika vositalarini ishlab chiqish hamda joriy 
etishdir. Chunki, energiya va resurslardan oqilona foydalanish, ularni tejaydigan texnologiya va 
texnika vositalarini ishlab chiqish hamda joriy etish qishloq xo8jalik ekinlari urug8ining sarfini 
kamaytirib, bir tekis va ravon unib chiqishini ta9minlash, hosildorligini ko8paytirib, yetishtirilgan 
mahsulot tannarxini pasaytirish, bu nafaqat mahsulotga balki mahsulot tayyorlanishi uchun zarur 
bo8ladigan elektr energiyasini ham tejash va undan oqilona foydalanish imkoniyatini yuzaga 
keltiradi. 

Tadqiqot vazifalardan ko8rinib turibdiki, qishloq xo8jaligini rivojlantirishning hozirgi 
bosqichida elektr energiyasining roli shunchalik oshdi, texnologik jarayonlarni elektrlashtirmay 
turib u yoki bu turdagi mahsulot turini ko8paytirishni tasavvur etish qiyin. 

Qishloq xo8jalik sohasiga energiya va resurstejamkor elektr nurlatish qurilmasini tadbiq etish, 
elektr nurlatish manbalari sifatida ul9trabinafsha nurlanish chiroqlarini kiritish va nurlatilgan 
o8simlik va parranda maxsulotlarini sifat darajasini boshqa kimyoviy unsurlar bilan boyitilgan 
mahsulotlar bilan taqqoslash, olingan natijalar asosida ul9trabinafsha nurlatish chiroqlarini afzallik 
tomonlarini asoslab berish hamda uning iqtisodiy samaradorligini hisoblab topishdan iborat. 
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Olib borilayotgan tadqiqotning maqsadi qishloq xo8jaligida o8simlikshunoslik va 
parrandachilik soha yo8nalishlarini rivojlantirish, sohalarni ish jarayonini kengaytirish, xosildorlik 
sifatini yanada ko8tarish maqsadida elektr avjlantirgich jihozi bilan ta9minlash va ularni xozirgi kun 
talabiga mos keltirgan xolda iqtisodiy samaradorligini orttirish yo8llarini aniqlashdan iboratdir. 

Elektr energiyasiz qishloq xo8jaligi garmonik faoliyat yuritishi mumkin emas. Elektr 
energiyasi qishloq xo8jaligida elektr mashinalarning elektr yuritmalarida, xonalarni yoritish va 
isitishda hamda ko8plab texnologik jarayonlarda qo8llaniladi. Qishloq xo8jaligi ishlab chiqarishi o8z 
tabiati bo8yicha uzluksizdir va shu sababli uni oqimga aylantirish imkoniyatlari mavjud. Lekin 
sanoat bilan qishloq xo8jaligi orasida bir nechta to8g8rilanmaydigan farqlar mavjud. Ulardan 
asosiysi shuki, qishloq xo8jaligida asosiy mehnat ob9ekti tirik organizmlar hisoblanadi va ular ishlab 
chiqarish jarayonlarida o8zlarining hayot funktsiyalarini saqlab qoladilar. Sanoatda esa mehnat 
predmetini asosan jonsiz ob9ektlar tashkil etadi. Shuning uchun sanoatda texnologik jarayonlar 
asosan kimyoviy va fizik jarayonlarga va qishloq xo8jaligida esa biologik jarayonlarga asoslanadi. 
Kimyoviy va fizik jarayonlar biologik jarayonlarga nisbatan oson va yengil rostlanadi. Biologik 
jarayonlar atrof muhit sharoitiga (yorug8lik, harorat, suv, havo muhitini kimyoviy tuzilishi, namlik 
va boshqalarga) bog8liq bo8ladi. Shuning uchun qishloq xo8jaligi ishlab chiqarishi tarmog8ini 
industrial asosga o8tkazish yengil bo8ladi, chunki atrof muhit sharoitini rostlash kam mehnat talab 
qilishi bilan bog8liq. Bunday tarmoqlarga chorvachilik, parrandachilik, yopiq sharoitda mahsulot 
yetishtirish, qishloq xo8jaligi mahsulotlarini qayta ishlash va shu kabilar. Liniyali ishlab chiqarishni 
tashkil etish uchun qishloq xo8jaligi mahsulotlarini ishlab chiqarishning progressiv 
texnologiyalarini va elektrlashtirilgan mashinalarning avtomatik boshqarish tizimlarini ta9minlashni 
yaratish zarur [1]. 

Yangi ming yillikda insoniyat oldida turgan muammolardan eng dolzarbi Yer ko8rrasi 
aholisini yetarli darajada sifatli oziq-ovqat mahsulotlari bilan ta9minlash bilan bir qatorda atrof-
muhitning ekologik sofliligiga erishishdir. Oziq-ovqat mahsulotlari yetishtirish bilan 
shug8ullanadigan barcha mamlakatlarda qishloq xo8jalik ekinlari hosildorligini oshirish va sifatli 
ko8rsatkichlari, jumladan, ekologik sofligini ta9minlash shu kunning eng muhim masalalaridan 
biridir. Bu o8rinda shuni qayd qilish joizki, ishlab chiqarishda qo8llanilib kelinayotgan 
agrotexnologiyalarning imkoniyatlari deyarli tugab bo8lgan, ular qishloq xo8jalik ekinlarining 
hosildorligini talab darajasida oshirishni ta9minlamayapti. Bu masalani kimyoviy dorivorlar va 
avjlantirgichlar yordamida yechishga asoslangan texnologiyalar atrof-muhit, tuproq, suv va havoni 
zaharli kimyoviy moddalar bilan ifloslantirishga olib kelmoqda. Bu narsa faqatgina atrof-muhit 
ekologik sofligini buzibgina qolmasdan, qishloq xo8jalik ekinlarida mutatsiya, ya9ni irsiy 
o8zgaruvchanlik sodir bo8lishiga olib kelmoqda, undan tashqari ushbu sharoitda yashayotgan issiq 
qonlilar, jumladan odamlar va uy hayvonlarida yuqumli kasalliklar ko8payishiga olib kelmoqda. 
Shu sababdan qishloq xo8jalik ekinlarining sifat ko8rsatkichlarini yaxshilash va hosildorligini 
oshirish, aholini sof qishloq xo8jaligi mahsulotlari bilan ta9minlash qishloq xo8jaligi muammolari 
bilan shug8ullanuvchi barcha ilmiy muassasalar va olimlarning ustivor masalasiga aylangan. 

Ma9lumki, barcha o8simliklarga asosan yerdan tashqari manbalardan tushadigan umumiy va 
radiatsion nurlar ta9sir ko8rsatadi. Odatda bunday manbalar barqaror ishlamaydi, ya9ni yerga 
tushadigan nur energiyasi vaqt o8tishi bilan o8zgaradi. Shu sababli vaqti-vaqti bilan o8simliklarga 
ta9sir etadigan nur energiyasi juda kichik qiymatga ega bo8lib qoladi, bunday hollarda yorug8likni 
ma9lum bir darajada saqlab turish zarurati yuzaga keladi. Bizning planetamizga koinotdan keladigan 
energiya maxsus chastotali elektromagnit to8lqinlari ko8rinishida, ya9ni radio to8lqinlardan boshlab 
nurlanishgacha bo8lgan chastotaga ega bo8ladi. Gamma nurlanishlar tabiatan bir xil bo8lsalar ham, 
chastotasi turlichadir. Tuproqning sathidagi o8simliklarga esa barcha chastotadagi radio to8lqinlar 
o8z ta9sirini ko8rsatadi. Shu sababli o8simliklar genetik jihatdan barcha chastotadagi energiyani 
o8zlashtirishga moslashganlar. Biroq, bironta elektromagnit to8lqinlari chastotasining jadalligi 
o8zgarsa, bu hol o8simliklarning rivojlanish va hosildorligiga turlicha ta9sir etishi mumkin. 
O8simliklarning ustki qismi quyosh radiatsiyasining barcha nurlarini o8zlashtirib, rivojlanadi, 
o8simlik ildizlariga esa quyosh nurlari bevosita tushmaydi, ularga faqat nurlarning infraqizil 
qismigina yetib boradi. 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

292 

Yuqoridagi manbalarga tayanib shunday xulosaga kelishimiz mumkinki, ul9trabinafsha nurlari 
bilan nurlantirish o8simliklarning rivojlanishini jadallashtirish uchun ham va ularni 
zararkunandalardan himoyalash uchun ham qo8llash mumkin. Xar ikkala holda o8simliklarga elektr 
bilan jonlantirilgan (faollashtirilgan) suv hamda ul9trabinafsha nurlar bilan ta9sir ko8rsatiladi. Elektr 
jonlantirilgan suvni purkash bilan bir vaqtning o8zida nurlatish texnologiyasini amalga oshirish 
uchun texnik imkoniyatlar bo8lmagan hollarda uni bir vaqtning o8zida qator oralariga ishlov berish 
bilan o8simliklarni o8g8itlar bilan oziqlantirish paytida amalga oshirish mumkin. 

     
1-rasm. Elektrotexnologiya qo8llab yetishtirilayotgan kartoshka maxsulotlarini ekish oldidan 

ishlov berish jarayoni 
Bu holda o8simliklarni ham qator oralariga ishlov berguncha, ham ishlov bergandan so8ng 

elektr jonlantirilgan suv bilan purkash mumkin. Hozirgi vaqtda ekologik toza texnologik 
operatsiyalar yaratish hayotiy zaruriyat bo8lib qolmoqda. Fanning bu sohasida elektr energiyasidan 
foydalanish zararsiz va arzon usuldir [2]. 

Bugungi kunda qishloq xo8jalik ekinlari maxsuldorligini genetik potentsial darajasi tamom 
bo8lgan emas. Faqat o8simliklarni genetik potentsial imkoniyatlarini o8rganish bilan qishloq xo8jalik 
ekinlarini, o8simliklarini maxsuldorligi oshirish mumkin. Bu yo8nalishda bir qancha ilmiy tadqiqot 
ishlari olib borildi. Shu narsa aniqlandiki, nafaqat urug8ga majmuiy va bosqichli elektr ta9sir 
ettirish, balki vegetativ organlariga ta9sir ettirish natijasida ham qishloq xo8jalik ekinlari 
hosildorligini oshirish mumkin. Ko8p tadqiqotchilar fikricha ushbu ta9sir ettirishlar, urug8larni 
tashki tuproq iqlim sharoitlar ta9siriga ko8proq chidamli bo8lishini sababini aniqlab bunga sabab 
elektr energiyasining ta9siridir deb o8z xulosalarini bildirishgan. 

O8simliklarni elektravjlantirish texnologiyasi-urug8, tuproq va o8simliklardan tashkil topgan 
murakkab biologik tizimiga majmuiy va bosqichli elektromagnit ta9sir etishdan iborat. 
O8simliklarni elektravjlantirish texnologiyasini sug8oriladigan va sug8orilmaydigan tog8oldi, cho8l 
tekislik va yaylovlardagi dalalarda ham issiqxonlarda yetishtiriladigan barcha qishloq xo8jalik 
ekinlari, gullar, xar xil dekorativ va dorivor o8simliklar, cho8l va yayloq o8tlari hamda mevali, 
manzarali va o8rmon daraxtlarini o8stirishda qo8llash mumkin. 

Bahorda, o8simliklarni elektr avjlantirish texnologiyasini qo8llab ekilgan kartoshkadan yangi 
qazib olingan hosildan urug8lik kartoshka sifatida foydalanib, yozda ushbu texnologiyani qo8llab 
ekilsa va o8stirilsa undan kuzgi kartoshka hosili olish mumkinligi tajribada isbotlangan. 

  
2-rasm. Elektrotexnologiya qo8llab yetishtirilgan kartoshka maxsulotlari 

Urug8ni elektravjlantirish, ekishdan oldin va ekish jarayonida amalga oshiriladi. 
Tuproqni elektr avjlantirish, urug8ni ekin jarayonida, vegetatsiya davrida g8o8za qatorlari 

oralariga ishlov berishda, shuningdek, o8simliklarni kasalliklardan va zararkunandalardan ximoya 
qilish bilan birga amalga oshiriladi [3]. 

O8simlikka vegetatsiya davrida elektr ta9sir etish o8simlikning har xil fiziologik rivojlanish 
bosqichlarida tuproqni elektravjlantirish bilan bir vaqtda amalga oshiriladi. Ushbu elektr ta9sir 
g8o8za qator oralariga ishlov berish (kul9tivatsiya, sug8orish oldidan ariq ochish), shuningdek 
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o8simliklarni kasalliklar va zararkunandalardan ximoya qilish omillari (o8simliklarni purkash) bilan 
birga amalga oshiriladi. 

    
3-rasm. Tuproq va urug8larni elektravjlantirish jarayoni 

O8simliklar tomchilab sug8orilganda tuproqni va o8simliklarni elektravjlantirish sug8orishdan 
1-3 kun avval amalga oshiriladi. <Urug8-tuproq-o8simlik=dan iborat tizimni elektravjlantirish 
texnologiyasini amalga oshirishni ta9minlaydigan texnik uskunalar-statsionar va mobil variantlarda 
bajarilgan. Urug8ni ekishdan oldin elektravjlantirish statsionar sharoitda ishlaydigan 
elektravjlantirgich tomonidan amalga oshiriladi. 

Statsionar elektravjlantirigich tarkibiga-ul9trabinafsha nur taratuvchi 220 vol9t kuchlanishli 
yoritgichlar bilan jixozlangan ikki yoritgichli qo8lda ishlatiladigan nurlatgich va antennasidan past 
chastotali elektromagnit impuls tarqatadigan ko8chma radioimpul9sli bioavjlantirgich kiradi. U 220 
vol9t kuchlanishli o8zgaruvchan tok elektr manbaiga, shuningdek, 12 vol9t kuchlanishli traktor 
generatoriga yoki akkumlyatoriga ulab ishlatiladi [4]. 

Tuproq va o8simlik elektr avjlantirgichi tarkibiga traktorga osiladigan rama, 30,60 va 90 Vt 
quvvatli ul9trabinafsha nur taratuvchi ikkita bir yoritgichli nurlatgich va ul9trabinafsha nur 
taratuvchi yoritgichlarning energiya manbai bilan ta9minlovchi maxsus yoquv tizimi (MYoT) 
kiradi. 

Ul9trabinafsha tarqatuvchi yoritgichlarning ishlashi MYoT tomonidan amalga oshiriladi. 
MYoT qizish simlari butun va kuygan yoritgichlarni yoqib ishlatish imkoniga ega. MYoT 
traktorning kabinasiga o8rnatiladi va traktorning akkumlyatori yoki 12 V kuchlanishli o8zg8armas 
tok generatoriga ulanib ishlatiladi. 

   
4-rasm. Elektr avjlantirilgandan so8ng yetishtirilgan paxta xosilining natijasi 

Urug8ni elektravjlantirish: 
-modda almashinuvini tezlatadi va unish jarayonini faollashtiradi; 
-unib chiqayotgan urug8 xujayrasining fermentativ faolligini, nam yutish xususiyatini va 

osmatik bosimini oshiradi; 
-urug8da nuklein va oqsil almashishini kuchaytiradi, natijada-DNK (dizoksiribonuklein 

kislotasi) va RNK (ribonuklein kislotasi)ning sintezi kuchayadi (2-3 martaga), bu yadro 
strukturalarning funktsional faolligini o8zgarishiga olib keladi; 

-genik va bloksintez qiluvchi apparatning strukturaviy funktsional xususiyatlarini elektr 
avjlantirish xisobiga o8zgaradi, o8simlikning yer ustki va tomir qismida fiziologik o8sish va 
rivojlanish kuchayadi (25-30% ga), shuning bilan bir vaqtda fotosintez jarayonining maxsuldorligi 
oshadi (40-45% ga) va xujayora yadrosidagi funktsional genlar soni ko8payadi. Bularning barchasi 
o8simliklarning sho8rga (urug8 unib chiqish jarayonida), kasalliklarga (2-5marta), suv tanqisligiga 
(25-30%) va boshqa ekstremal xodisalarga chidamkorligini oshiradi; 

-elektr ta9sir pil9tsaning shakllanishini buzmaydi, uning yashash qobiliyatini pasaytirmaydi, 
pil9tsani ril9tsada va stolbikda normal o8sishiga va changlanishiga yordam beradi; 
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Vaqt bo8yicha xosil tuganaklari va gullari shakllanishining bir tekisda kechishiga yordam 
beradi. Bu esa, xosilning tekis pishib yetilishi (95% gacha) ta9minlaydi (masalan, g8o8zadagi paxta 
xosilini g8o8zaning bor bo8yicha pastdan tepagacha bir tekis ochiladi). 

Urug8ni elektravjlantirish uning sifat ko8rsatkichlariga, nafaqat birinchi yilgi ekishda, balki 
ikkinchi yilgi hosildan olingan urug8ga ham salbiy ta9sir etmaydi. Elektravjlantirgich qo8llab 
yetishtirilgan hosil urug8ida mutagen ta9sir kuzatilmaydi, elektravjlantirishning ta9siri keyingi 1-2 
yilda ham saqlanadi, o8simlikning morfoxo8jalik ko8rsatkichlari kuchayadi va yaxshilanadi. 

Xulosa 
Tuproq, urug8 va o8simliklarni elektravjlantirish tuproq rezosferasi mikroflorasiga ijobiy ta9sir 

ko8rsatish hisobiga tuproqdagi foydali mikroorganizmlar sonini ko8paytiradi, zararlarni 
ko8paytiradi, zararlarni kamaytiradi, plesenli mikroskopik zamburug8 (grib)larning kamayishi va 
aktinometsitlar sonining oshishi hisobiga tuproqning fitosanitar holatini yaxshilaydi, tuproqdagi 
azot va fosforni o8simlik qabul qilishi mumkin bo8lgan qismini sezilarli oshishiga yordam beradi, 
bu elektravjlantirilgan o8simlikda avjlantirilmaganga qaraganda 2-3 marta ko8p azot, fosfor va kaliy 
to8planishiga olib keladi, elektravjlantirilgan o8simlikda avjlantirilmaganga nisbatan 1,5-2 marta 
ko8p Cu, Mn, Zn to8planishga olib keladi. 
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ENERGOTEJAMKOR SARALASH QURILMASINING TEXNOLOGIK ISH 
JARAYONINI NAZARIY ASOSI 
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ashir-el@mail.ru; sojidavsk310783@gmail.com  
Ilmiy manbalardan ma9lumki, elektr maydoni qishloq xo8jalik ekinlari urug8iga ularning 

barcha muhim fizik-mexanik xossalarini hisobga olgan holda yo8naltirilgan elektr maydon kuchi 
bilan ta9sir ko8rsatadi. Natijada, qishloq xo8jalik ekinlari urug8i elektr maydonida barcha muhim 
fizik-mexanik xossalari, ya9ni massasi, zichligi, geometrik o8lchamlari, elektr qarshiligi, dielektrik 
singdiruvchanligi va boshqa shunga o8xshash muhim xossalari bo8yicha saralanadi. Shuni hisobga 
olib, keyingi yillarda olib borilgan ilmiy-tadqiqot ishlari natijasida qishloq xo8jalik ekinlari urug8ini 
saralash texnologik samaradorligini yana ham oshirish uchun takomillashtirilgan, energiya va 
resurstejamkor elektr saralagich qurilmasi ishlab chiqildi [1-5]. Taklif qilinayotgan qurilmada elektr 
maydoni ikki xil sharoitda, ya9ni ikkita dielektrik materialni bir-biriga ishqalanishi natijasida hamda 
qarama-qarshi ishorali elektrodlar orasida vujudga keladi. Natijada, qishloq xo8jalik ekinlari 
urug8iga ishqalanish natijasida hamda qarama-qarshi ishorali elektrodlar orasida vujudga keladigan 
elektr maydoni ta9sirida hosil bo8ladigan yig8indi elektr maydon kuchi ta9sir etadi. Yig8indi elektr 
maydon kuchi ta9sirida urug8lar ish organining yuzasiga katta kuch bilan tortilib, ularni urug8lik va 
texnik fraktsiyaga saralash aniqligi oshadi. 
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Yuqorida ta9kidlanganlardan kelib chiqib, qishloq xo8jalik ekinlari urug8ini 
takomillashtirilgan elektr saralagich qurilmasida saralash texnologik jarayonini nazariy tadqiq 
etishda, uning mana shu o8ziga xos tomonlari hisobga olinishi kerak. 

Tukli chigitlarni takomillashtirilgan elektr saralagich qurilmasida saralash texnologik 
jarayonini nazariy tadqiq etish nazariy mexanika va elektrotexnikaning qonun va qoidalaridan 
foydalangan holda matematik tahlil asosida o8tkaziladi. 

Rasmda takomillashtirilgan elektr saralagich qurilmasining ish organi yuzasiga tushgan 
qishloq xo8jalik ekinlari urug8iga ta9sir etadigan kuchlar sxemasi tasvirlangan. 

  
  a)           b) 

13rasm. Urug8larga ta9sir etadigan kuchlar sxemasi: 
13yuklash bunkeri; 23ta9minlagich; 33urug8; 43erga ulangan elektrod;  

53 dielektrik baraban; 63qarama-qarshi ishorali elektrodlar;  
73ajratib oladigan (ishqalanadigan) cho8tka; 83sirpanish taxtasi 

Rasmda tasvirlangan sxemadan ko8rinib turibdiki, elektr saralagich qurilmasining ish organi 
yuzasiga kelib tushgan urug8larga quyidagi kuchlar sistemasi ta9sir etadi: 

1. Ishqalanish natijasida vujudga keladigan elektr maydoni ta9sirida hosil bo8ladigan elektr 
maydon kuchi Gk . 
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bunda E 3 elektr maydon kuchlanganligi, V/m; 
      Q 3 urug8 oladigan zaryad, Kl; 

·0= 8,85·10-12 F/m 3 dielektrik doimiyligi; 
a,b3mos ravishda, urug8ning katta va kichik o8qi, m; 
 ·u3urug8ning nisbiy dielektrik singdiruvchanligi; 
F33urug8larni tuzilishini hisobga oladigan koeffitsient 
2. Zaryadlangan urug8ni zaryadlangan baraban bilan o8zaro ta9siri natijasida vujudga 

keladigan aks ko8zgu elektr maydon kuchi Gz  
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bunda rekv=(1/2) 3ab$  3 urug8ning ellipsoid yuzaga teng bo8lgan ekvivalent radiusi,m. 

3. Qarama-qarshi ishorali elektrodlar orasida vujudga keladigan elektr maydoni ta9sirida hosil 
bo8ladigan elektr maydon kuchi Ge  
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bunda Sy 3 urug8ni elektrodlarga tegib turgan samarali qutblangan yuzasi, m2; 
      U3qarama-qarshi ishorali elektrodlarga beriladigan kuchlanish, V;     
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      ·u 3 elektrod izolyatsiyasining dielektrik singdiruvchanligi; 
 » 3 elektr maydon kuchlari bilan vertikal o8q orasidagi burchak, gradus; 

      h 3 elektrod izolyatsiyasining qalinligi, m; 
 ly 3 urug8dagi elektr maydon kuch chiziqlarining o8rtacha uzunligi, m.        
4. Markazdan qochma kuch Gm 
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bunda m 3 urug8 massasi, kg; 
 Vy 3 urug8ning chiziqli tezligi, m/s; 
 Rb 3 baraban radiusi, m; 
 R 3 baraban o8qidan urug8ning og8irlik markazigacha bo8lgan masofa,m. 
5. Og8irlik kuchi G 

                         G=mg,                              (5) 
bunda g 3 erkin tushish tezlanishi, m/s2. 

6. Inertsiya kuchi Gi 

                            Gi= dtmdV G / .                              (6) 

7. Ishqalanish kuchi Gish 

                         Gish =f£N,                                  (7) 
bunda f 3 urug8ning ish organi yuzasi bo8ylab harakatlangandagi ishqalanish koeffitsiyenti. 

8. Ish organini urug8ga ko8rsatadigan reaktsiya kuchi £N 
                     £N=2Ncos (³/2) ,                            (8) 

bunda ³ 3 reaktsiya kuchlarini yo8nalish burchagi, gradus. 
1-rasmdan ko8rinib turibdiki, Gk , Gz va Ge elektr maydon kuchlari urug8larni ish organi 

yuzasiga tortadi, markazdan qochma kuch G8m esa undan itaradi, og8irlik kuchi G yuqori yarim 
tsilindrda urug8larni ish organining yuzasiga bosadi, pastki yarim tsilindrda esa undan itaradi. 
SHuning uchun ushbu ta9sir etadigan kuchlarning o8zaro nisbatiga asosan qishloq xo8jalik ekinlari 
urug8ini fizik-mexanik xossalariga bog8liq ravishda, ish organining yuzasidan uzilish burchaklarini 
asoslash mumkin. 

1-rasmda tasvirlangan sxemaga asosan, qishloq xo8jalik ekinlari urug8i takomillashtirilgan 
elektr saralagich qurilmasining ish organi yuzasidan uzilishi uchun, £N=0, ya9ni quyidagi shart 
bajarilishi kerak 

                      Gk + Gz + Ge + Gcos³ 3 Gm = 0,              (9) 
bunda ³ 3 urug8ni ish organining yuzasidagi burilish burchagi, gradus. 

(9) ifodadagi Gk , Gz , Ge , G va Gm kuchlarni o8rniga ularning qiymatlarini qo8yib hamda 
ba9zi bir o8zgartirishlardan keyin, qishloq xo8jalik ekinlari urug8ini takomillashtirilgan elektr 
saralagich qurilmasining ish organi yuzasidan uzilish burchagini topish uchun quyidagi ifodani 
olamiz 
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(10) ifodadan ko8rinib turibdiki, agar elektr saralagich qurilmasining konstruktiv o8lchamlari 
va ish rejimi o8zgarmas bo8lsa, qishloq xo8jalik ekinlari urug8ining ish organi yuzasidan uzilish 
burchagi elektr maydon kuchlanganligi E va qarama-qarshi ishorali elektrodlarga beriladigan 
kuchlanish U ning qiymatlarini kvadrati hamda urug8lar va qarama-qarshi ishorali elektrodlarning 
fizik-mexanik xossalari(m, a, b, ·y, Fz, ly, h, ·u)ga bog8liq ekan. Shuning uchun elektr maydon 
kuchlanganligi va qarama-qarshi ishorali elektrodlarga beriladigan kuchlanishning qiymatini 
o8zgartirib, qishloq xo8jalik ekinlari urug8ini takomillashtirilgan elektr saralagich qurilmasining ish 
organi yuzasidan uzilish burchagini keng ko8lamda o8zgartirish mumkin. Yoki boshqacha aytganda, 
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elektr maydon kuchlanganligi va elektrodlarga beriladigan kuchlanish takomillashtirilgan elektr 
saralagich qurilmasida qishloq xo8jalik ekinlari urug8ini saralash texnologik jarayonini 
boshqaradigan asosiy omillardan biri bo8lib xizmat qiladi. 

Ammo, shuni ta9kidlash kerakki, takomillashtirilgan elektr saralagich qurilmasida qishloq 
xo8jalik ekinlari urug8ini saralash texnologik jarayonida ish organi va ajratib oladigan 
(ishqalanadigan) cho8tkani aylanishlar soni o8zgarmaydi. Shunga mos ravishda, dielektrik baraban 
yuzasida ishqalanish natijasida vujudga keladigan elektr maydoni ham o8zgarmaganligi sababli, 
elektr maydon kuchlanganligining qiymati ham o8zgarmaydi. Ushbu qayd qilinganlar hisobga 
olinsa, qishloq xo8jalik ekinlari urug8ini takomillashtirilgan elektr saralagich qurilmasining ish 
organi yuzasidan uzilish burchagini qarama-qarshi ishorali elektrodlarga beriladigan kuchlanishning 
qiymatiga bog8liq ravishda asoslash mumkin [6-7]. 

Qishloq xo8jalik ekinlari urug8ini elektr saralagich qurilmasining ish organi yuzasidan 
uzilish burchagini asoslash uchun, (10) ifodadan foydalanib, tukli chigit misolida, parametrlarning 
quyidagi ma9lum qiymatlarida hisoblashlar o8tkazamiz: Vy=Vb=1,05 m/s; g=9,81 m/s2; R=0,203 m; 
·0=8,85·10-12 F/m; E=6·105 V/m; a=9,7·10-3m; b=5,4·10-3m; Fz=0,87; L=0,69; Su=67,12·10-6 m2; 
h=1,05·10-3m; ·u=7,0; ly=4,48·10-3 m; ·u=4,0; cos(»/2)=0,3565; U=3000, 3500 va 4000 V. 

2-rasmda qarama-qarshi ishorali elektrodlarga beriladigan kuchlanishning har xil qiymatlarida 
tukli chigitlarni elektr saralagich qurilmasining ish organi yuzasidan uzilish burchagini ular 
massasiga bog8liq ravishda o8zgarish grafigi tasvirlangan. 

 
23rasm.Elektrodlarga beriladigan kuchlanish(U)ning har xil   

qiymatlarida tukli chigitlarni uzilish burchagi(³)ni 
ular massasi(m)ga bog8liq o8zgarishi 

Rasmda tasvirlangan egri chiziqlardan ko8rinib turibdiki, qarama-qarshi ishorali elektrodlarga 
beriladigan kuchlanishning qiymati o8zgarishi bilan bir xil massali tukli chigitlarni elektr saralagich 
qurilmasining ish organi yuzasidan uzilish burchaklari ham o8zgarayapti. Jumladan, agar 
elektrodlarga beriladigan kuchlanishning qiymati 3000 V ga teng bo8lganda, massasi 100 mg li tukli 
chigit ish organining yuzasidan 82°07' da uzilsa (2-rasm, 1-egri chiziq), 4000 V ga teng bo8lganda, 
u 97°50' da uzilayapti (2-rasm, 3-egri chiziq). Ya9ni qarama-qarshi ishorali elektrodlarga 
beriladigan kuchlanishning qiymati oshishi bilan, bir xil massali tukli chigitlarni elektr saralagich 
qurilmasining ish organi yuzasidan uzilish burchagining ko8lamini kengayishi kuzatilayapti. 
Bundan, qarama-qarshi ishorali elektrodlarga beriladigan kuchlanishning qiymatini o8zgartirib, 
qishloq xo8jalik ekinlari urug8ini takomillashtirilgan elektr saralagich qurilmasida saralash 
texnologik jarayonini, ularning fizik-mexanik xossalariga bog8liq ravishda boshqarish mumkin 
degan xulosa kelib chiqadi. 

Shunisi e9tiborliki, elektrodlarga beriladigan kuchlanishning qiymati oshishi bilan massasi har 
xil bo8lgan tukli chigitlarni elektr saralagich qurilmasining ish organi yuzasidan uzilish burchaklari 
orasidagi farqning oshishi ham kuzatilayapti. Masalan, agar elektrodlarga beriladigan 
kuchlanishning qiymati 3000 V ga teng bo8lganda, massasi 60 va 140 mg li tukli chigitlarni uzilish 
burchaklari orasidagi farq 25°28' ni tashkil etsa, u 4000 V ga teng bo8lganda, ushbu ko8rsatkich 
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40°30' ni tashkil etayapti. Bundan, qishloq xo8jalik ekinlari urug8ini urug8lik va texnik fraktsiyaga 
saralash aniqligini oshirish uchun, ularni elektr saralagich qurilmasida saralash texnologik 
jarayonini nisbatan katta kuchlanishlarda olib borish kerak degan xulosa kelib chiqadi. 

2-rasmda tasvirlangan egri chiziqlarning tahlili shuni ko8rsatadiki, agar massasi 100 mg dan 
kichik bo8lgan tukli chigitlar sifatsiz va ekish uchun yaroqsiz deb qabul qilinsa, takomillashtirilgan 
elektr saralagich qurilmasida sifatsiz urug8larni sifatli urug8lardan aniq ajratish uchun ish 
organining diametri 400 mm, aylanishlar soni 50 min-1 va ishqalanish natijasida vujudga keladigan 
elektr maydon kuchlanganligining qiymati 6·105 V/m ga teng bo8lganda, qarama-qarshi ishorali 
elektrodlarga 3500 V atrofida kuchlanish berish yetarli ekan. 

Qarama-qarshi ishorali elektrodlarga beriladigan kuchlanishning ushbu qayd qilingan 
qiymatida qabul qilish bunkerini bo8lish tekisligi o8qining koordinatalarini to8g8ri o8rnatish, elektr 
saralagich qurilmasining ish organi yuzasidan uziladigan qishloq xo8jalik ekinlari urug8ini urug8lik 
va texnik fraktsiyaga aniq ajratish va sifatli, biologik ko8rsatkichlari bir-biriga yaqin, laboratoriya 
va dala sharoitidagi unuvchanligi hamda potentsial hosildorligi yuqori bo8lgan sara urug8liklar olish 
imkonini berib, sara urug8liklar olish ta9minlanadi. 

Qishloq xo8jalik ekinlari urug8ini elektr maydonida saralash bo8yicha ishlab chiqilgan texnika 
vositalari va ilmiy-tadqiqot ishlarining tahlili shuni ko8rsatdiki, ularni saralash samaradorligin 
oshirish imkoniyati mavjud ekan. Shuni hisobga olib, qishloq xo8jalik ekinlari urug8ini elektr 
maydonida saralash bo8yicha keyingi yillarda bajarilgan ilmiy-tadqiqot ishlarining afzalliklari 
hamda kimyo sanoatining yutuqlaridan foydalanib, elektr saralagich qurilmasi takomillashtirildi. 
Natijada, elektr saralagich qurilmasining saralash samaradorligi hamda qishloq xo8jalik ekinlari 
urug8ini urug8lik va texnik fraktsiyaga ajratish aniqligi oshdi. Takomillashtirilgan elektr saralagich 
qurilmasining yana bir afzallik tomoni shundaki, qarama-qarshi elektrodlarga kuchlanish 
bermasdan, ishqalanish natijasida vujudga keladigan elektr maydonida mayda urug8larni, 
elektrodlarga kuchlanish berib, massasi jihatdan yirik bo8lgan qishloq xo8jalik ekinlari urug8ini 
saralash mumkin.  

Xulosa 
Takomillashtirilgan elektr saralagich qurilmasida qarama-qarshi ishorali elektrodlarga 

beriladigan kuchlanishning qiymatini o8zgartirib, qishloq xo8jalik ekinlari urug8ini ish organining 
yuzasidan uzilish burchaklarini ularning fizik-mexanik xossalariga bog8liq ravishda keng ko8lamda 
o8zgartirish hamda ularni urug8lik va texnik fraktsiyaga aniq ajratish orqali sifatli, biologik xossalari 
bir-biriga yaqin, laboratoriya va dala sharoitidagi unuvchanligi hamda potentsial hosildorligi yuqori 
bo8lgan sara urug8liklar olish mumkin. SHu bilan birga, takomillashtirilgan elektr saralagich 
qurilmasida sifatli tukli chigitlardan sifatsiz tukli chigitlarni ajratib olish uchun ish organi diametri 
400 mm, aylanishlar soni 50 min-1 va ishqalanish natijasida vujudga keladigan elektr maydon 
kuchlanganligining qiymati 6·105 V/m ga teng bo8lganda, qarama-qarshi ishorali elektrodlarga 3500 
V atrofida kuchlanish berish yetarli bo8lib, sifatli urug8liklar olish ta9minlanadi. 
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KAM QUVVATLI ISTE9MOLCHILAR UCHUN FOTOELEKTRIK TIZIMLARNING 

SAMARADORLIGINI OSHIRISHDA MONITORING NAZORATINI TADQIQ ETISH 
Xamidov Yusup Karimberdi o8g8li, Termiz muhandislik-texnologiya instituti assistenti 

Qodirov Jumanazar Urol o8g8li, Termiz muhandislik-texnologiya instituti assistenti 
Annotatsiya: Ushbu maqolada muqobil energiya manbalaridan foydalanib kichik quvvatli 

iste9molchilarni elektr ta9minoti bilan uzluksiz ta9minlash tizimi ko8rib chiqilgan. 
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Kalit so8zlar: Monokristal quyosh panellari, polikkristal quyosh panellari, quyosh 
fotoelektrik modullari. 

Mavzuning dolzarbligi: 
Davlatimizning rivojlanishi yonilg8i energetik resurslarga bo8lgan talabning uzluksiz ortib 

borishi bilan bog8langan. Respublikada organik yonilg8ilarning kamayib borishi yangi va yangi 
konlarni o8zlashtirishni talab qilib, yanada ko8proq miqdorda yonilg8i energetik resurslarni 
transportirovka qilish muammosini ham tug8diradi. Bu esa ularning uzluksiz qimmatlashuviga olib 
keladi, ishonchli energiya bilan ta9minlash muammolarini yechishni murakkablashtiradi va 
kelajakda yonilg8i hamda energiya ishlab chiqarishning o8sish sur9atlarini pasayishiga olib kelishi 
muqarrar. Shu bilan birga ekologik muammolar ham kuchayadi. Bunday holat nafaqat energiya 
is9temolining masshtablari uzluksiz o8sishi bilan, balki past navli yonilg8ilarning roli iste9molda 
ortishi bilan ham bog8langandir. 

Maqsadi va vazifalari. 
O8zbekiston sharoitida quyosh elektr stansiyalaridan (QES) foydalanish imkoniyatlarini 

o8rganish. QES uchraydigan asosiy muammolarni bartaraf etish ustida tadqiqot olib borish. Bugungi 
kunda quyosh energiyasidan foydalanish, elektr energiya bilan bog8liq bir qancha muammolarni 
bartaraf qiladi. Masal qishloq xo8jaliklarda, elektr energiyasi yetib bormagan aholi yashamaydigan 
cho8llarda, tog8li zonalarda elektr energiyaga muhtoj bo8lingan holatlarda QES lar ancha qo8l 
keladi.  

Tadqiqotning ilmiy yangiligi. 
Fanning geliotexnika (gelios3grekcha quyosh), geliomaterialshunoslik yo8nalishlari tez 

rivojlanmoqda. Bu esa quyosh yerda inson xayoti va taraqqiyoti jarayonida asosiy energiya manbai 
bo8lib qolishini ko8rsatmoqda. 

Kremniy eritmalarini har tomondan kesish orqali ishlash yaxshilanadi. Ushbu jarayon 
qimmat, ammo samarali. Bitta kristalli elementlarning samaradorligi 22% ga yetishi mumkin. 
Ularning narxi mintaqadagi polikristalldan 10% yuqori. 

Kremniydan tashkil topgan quyosh panellari 
Fanning geliotexnika (gelios3grekcha quyosh), geliomaterialshunoslik yo8nalishlari tez 

rivojlanmoqda. Bu esa quyosh yerda inson xayoti va taraqqiyoti jarayonida asosiy energiya manbai 
bo8lib qolishini ko8rsatmoqda. 

Kremniy eritmalarini har tomondan kesish orqali ishlash yaxshilanadi. Ushbu jarayon 
qimmat, ammo samarali. Bitta kristalli elementlarning samaradorligi 22% ga yetishi mumkin. 
Ularning narxi mintaqadagi polikristalldan 10% yuqori. 

 
Monokristal quyosh panellari: 

Monokristal quyosh panellarini ishlab chiqarishda eng toza kremniydan foydalaniladi. 
Ko8rinishida esa, barcha yacheykalar bir tizimga ulangan holda bo8ladi. Monokristalni tozalab 
bo8lgandan so8ng uni qotishi uchun vaqt talab etiladi. Qotib bo8lgandan so8ng esa o8ta yupqa 
plastinalarga ajratiladi. 

Bunday plastinalar elektroddan yasalgan yuqa sim bilan bir biriga bog8lanadi. Amorfli 
panellarga nisbatan qimmatroq turadi. Sababi, bu turdagi panellarni ishlab chiqarish juda qiyin. 
Ammo, bu turdagi panellarni tanlash ham yaxshi, sababi bu panellarning foydali ish koeffitsiyenti 
20% atrofida bo8lib, quyosh panellari uchun juda yaxshi ko8rsatkich.  
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Polikristal quyosh panellari: 
 Polikristalni ajratib olish uchun, kremniylik plastina 

sovutiladi. Bu turdagi panellarni ishlab chiqarish 
monokristal panellarni ishlab chiqarishdan ko8ra arzondir. 
Shu sababli, bu panellar ham arzonroq. Bu panellarni 
tayyorlash ham kam energiyani talab etadi, bu omil ham 
narxga ijobiy ta9sir etadi. Nega bu turdagi panellarning 
foydali ish koeffitsiyenti 18% va undan past? Polikristalning 
ichida paydo bo8ladigan aralashma sababli foydali ish 
koeffitsiyenti pasayib ketadi. 

Qo8llanilishi mumkin bo8lgan joylar: 
Quyosh panellari inson hayotida ko8p sohalarda qo8llanishni boshladi. Boshlanishida 

faqatgina uy sharoitidagi xo8jalik ishlari va elektrenergiyasi o8rniga qo8llanilgan bo8lsa, hozirda bu 
qobiqdan chiqib boshqa sohalarga ham kirib bormoqda.  

- Qishloq xo8jaligi va boshqa ishlab chiqarish strukturalarida 
- Kichik korxonalarda 
- Xususiy uylarda issiqlikni saqlash uchun 
- Ko8cha yoritgichlarida, energiya tejovchi lampa uchun 
- Kommunal korxonalarda, shaxarni yoritish uchun 
Quyosh fotoelektrik modullarining afzalliklari. 
Quyosh resurslaridan foydalanishni bir necha xil afzalliklari bor: 
-Boshqa energiya manbaalaridan farqli o8laroq, quyosh energiyasi tugamaydi. Quyosh 

panellarini o8rnatish va undan foydalanish elektr va issiqlik energiyasidan foydalanish uchun ajoyib 
yechim bo8lib xizmat qiladi. NASA tadqiqotlari bo8yicha quyosh yana 6.5 milliard yil o8z nurini 
sayyoramizdan ayamaydi. 

-Quyosh energiyasini potensiali o8ta yuqori darajada. Foydalanish uchun olinishi mumkin 
bo8lgan energiya manbai terravatlarda o8lchanadi. Bu esa talabdan ko8ra 20 baravar ko8proqdir. 
Undan, tashqari quyosh energiyasini isrof qilib tugatishni iloji yo8q, shu sababdan bu energiyadan 
kelajak avlod ham bemalol foydalanishi mumkin. 

-Quyosh nurlari Yer sayyorasining istalgan nuqtasigacha yetib boradi, bu faqatgina ekvator 
atrofida joylashgan davlatlarga tegishli emas, hatto Shimoliy Qutbda ham quyosh energiyasidan 
bemalol foydalanish mumkin. Hozirda davlatlar orasida bu energiyada foydalanish bo8yicha 
Germaniya ustunlik qiladi. 

-Ekologiya uchun xavfsiz.  
Sxematik ravishda, quyosh energiyasi bilan ishlaydigan elektr ta'minoti tizimi quyidagicha: 
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Fotoelektrik modullarni o8rnatish va hisoblash 
Fotoelektrik modullarni (quyosh panellari) loyihalashni hisoblashni rejalashtirishda bilishimiz 

kerak bo8lgan birinchi narsa - bu quyosh panellariga ulangan uskunalar tomonidan sarflanadigan 
elektr energiyasi. Vatt (Vt yoki kVt) bilan o8lchanadigan kelajakdagi quyosh energiyasidan 
foydalanuvchilarning nominal quvvatini sarhisob qilsak, biz elektr energiyasini iste'mol qilishning 
o8rtacha oylik nisbati - W * h (kVt * soat) ni o8lamiz. Va quyosh batareyasining zarur quvvati (Vt) 
olingan qiymat asosida aniqlanadi. 

Bir xo8jalik uchun quyosh elektr stantsiyasi tomonidan energiya bilan ta'minlanishi ko8rib 
chiqamiz. Buning uchun uyda kundalik sharoitda ishlatiladigan elektr jixozlarni ummumiy 
quvvatini quydagicha xisoblab chiqamiz. 

Bu jadvalda 1 sutka mobaynida qishda va yozda kerak bo8ladigan sutkalik quvvatini 
hisoblaymiz. 

 
Jadvalda ko8rinib turibdiki bizga yoz oyida koproq elektr energiya quvvati talab qilinarkan. 

Demak hisob 3 kitobni yoz oyi uchun xisoblashimiz kerak ekan.  
Kundalik energiya iste'moli 1400 Vt / soat (1.4 kVt / soat) va 250 Vt quvvatli quyosh 

batareyalari o8rtasida nomuvofiqlik mavjud, ular doimiy ish paytida kuniga 6 kVt soat ishlab 
chiqarishi kerak (bu belgilangan ehtiyojdan ancha ko8p). Ammo biz quyosh panellari haqida alohida 
gaplashayotganimiz sababli, shuni esda tutish kerakki, ushbu qurilmalar o8zlarining ishlab chiqarish 
quvvatini faqat kunduzi (taxminan 9 dan 16 soatgacha), hatto aniq kunlarda ham ishlab chiqishi 
mumkin. Bulutli havoda elektr energiyasi ishlab chiqarish ham sezilarli darajada pasayadi. Va 
ertalab va kechqurun batareyada ishlab chiqarilgan elektr energiyasi miqdori kunlik o8rtacha 
narxlarning 20-30 foizidan oshmaydi. Bundan tashqari, nominal quvvat har bir hujayradan faqat 
buning uchun maqbul sharoitlar mavjud bo8lganda olinishi mumkin. 

Endi yuqoridagi jadvaldan quydaki parametrlarni aniqlaymiz. Naminal quvvat, maksimal 
quvvat, kechki va kunduzgi quvvatlar va ishlash vaqtlari, kerakli kuchlanish, akkumulyator 
kuchlanishi, akkumulyator sig8imi va shunga o8xshash hamma parametrlar bizda bor. Quyidagi 
parametrlar orqali quvvatlarni xisoblab olamiz. Bunda bizga quyidagi formula yordam beradi.  

Quyidagi jadvalda panelni umumiy quvvatini topamiz. 
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bu yerda bizga kerakli bolgan tok kuchini 30% yuqoriroq tanlashimiz kerak 
Endi yuqoridagi natijalardan foydalanib akkumulyator soni, umumiy tok kuchi, umumiy 

quvvatlarni aniqlaymiz. 

 
Demak bizni bu xisob kitobimizda bizga 5 ta akkumulyator kerak ekan. Yuqorida biz 

akumulyator tok sig8imi 200 A*Soat va kuchlanishi 48V bolgan akkumulyator tanladik. Endi biz 
qish oylari uchun hisob 3 kitob qilib bizga kerakli quvvatni to8plab beradigan panellar sonini 
aniqlaymiz. Buning uchun akumulyator sonini har bir akkumulyator tok sig8imiga ko8paytiramiz. 
Chiqqan natija umumiya akkumulyatorlarni sig8imini beradi. Endi biz kechda quyosh yoq paytda 
akkumulyatorlardan foydalanishimiz uchun ularning zaryadi to8la bo8lishi kerak. Ummumiy 
sig8imni to8ldirish uchun o8rtacha 10 soat vaqt ketadi. Umumiy sig8imni 10 ga bo8lsak bitta 
akkumulyatorni soatiga beradigan tok sig8imi kelib chiqadi. Quyosh paneli kunduzi akkumulyatorni 
zaryadlashdan tashqari, kunduzgi istemol quvvatinixam yetkazib berishi kerak. Kunduzgi kerakli 
quvvatni yig8ishi uchun zarur bo8lgan tok sig8imini aniqlaymiz. Kunduzgi kerak bo8ladigan 
quvvatni 220v ga bo8lamiz. Bu tok kuchini beradi. Shu tok kuchidan 30% ko8p qiymatini olamiz. 
Bu natija kunduzgi zaryadlash vaqtida kerak boladigan tok kuchi. Qish oyida zaryadlash vaqtini 8 
soat deb olsak natijani 8 ga bo8lsak 1soatda kerak boladigan A*Soat kelib chiqadi va akkumulyator 
zaryadlash tok sig8imini qo8shamiz. Shunda umumiy tok sig8imini bitta panel tok sig8imiga 
bo8lamiz. Endi kerakli kuchlanish berish uchun panelni ulanishini aniqlab olamiz. Bitta panel tok 
sig8imi 2x1 o8lchamli panel uchun taxminan 8A ga teng. Bizga panel 24V berishi kerak. Agar panel 
12V bersa, kerakli quvvatni yetkazib bera olmaydi. Shunda 2ta panelni bitta qilib ulansa, yuqoridaki 
chiqgan panel sonini 2 ga ko8paytiramiz. Chiqgan natija bizga kerak bo8ladigan umumiy panellar 
soni bo8ladi. 

O8zbekiston hududi uchun 1 metr kvadrat maydonga tushadigan quyosh quvvat 4,5 
kVt*soat/m2 deb olamiz. Panelning foydali ish koeffitsienti 19,5 % deb olamiz. 
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Iqtisodiy qism 
Bizning bu kichik stansiyamizni qurish uchun iqtisodiy xisob 3 kitob qiladigan bo8lsak 6ta 

akkumulyator 2,85mln so8mdan 17,1mln bo8ladi. Panelimiz 22tasi, 31.68mln so8m bo8ladi. Kabel 
uchun panel narxiga 5% qo8shiladi. Shunda panel bilan kabellarni umumiy qiymati 33.264mln so8m 
bo8ladi. Endi bundan tashqari panellarni o8rnatish uchun kerak bo8ladigan maxsulotlarga 20% 
qo8shiladi. Shunda jami 39.91 mln so8m bo8ladi. Invertorni tanlashda 30% ko8p qiymatlisini 
olishimiz kerak. Bizda 5kvt li invertor olingan. 5kvt li invertor 8.5mln so8mni tashkil etadi. 
Kontroller xam 60A likdan 2 ta kerak. 3.2mln so8mdan 6.4 mln so8m bo8ladi. Endi o8rnatish uchun 
haq to8lash qoldi. Bu har bir panel uchun hisoblanadi. Yani 22ta panelga 450 ming so8mdan 9.9 mln 
so8m bo8larkan. Shunda bu stansiyani qurish uchun bizga jami 74.59mln so8m mablag8 talab 
qilinarkan.  

O8z o8zini oqlash yilini hisoblash uchun 74,59mln so8m ni bo8lishimiz kerak 1yil uchun 
davlatga to8lanadigan elektr energiya mablag8iga.  

Quyidagi jadvaldan shuni xulosa qilishimiz mumkinki, bu QES ni qurishimiz uchun jami 
74.59mln so8m sarf xarajat qilar ekanmiz. 

 
Xulosa 

O8zbekistonda noana9anaviy energiya manbalari, birinchi navbatda, quyosh energiyasidan 
foydalanishni kengaytirishga katta e9tibor berilmoqda. Prezidentimiz Islom Karimovning 2013-yil 
1-martda qabul qilingan <Muqobil energiya manbalarini yanada rivojlantirish chora-tadbirlari 
to8g8risida=gi farmonida muqobil energetika sohasidagi ilmiy salohiyatni yanada rivojlantirish, 
malakali kadrlar tayyorlash, bu boradagi qonunchilikni takomillashtirish, muqobil energiya 
manbalarini ishlab chiqaruvchilar va foydalanuvchilarni rag8batlantirish, ularga soliq va bojxona 
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imtiyozlari berish, <Muqobil energiya manbalari to8g8risida=gi qonun loyihasini ishlab chiqish 
vazifalari belgilangan.  

Ta9kidlash joizki, O8zbekiston Markaziy Osiyo davlatlari orasida birinchilardan bo8lib quyosh 
energetikasi bo8yicha o8z ilmiy ishlanmalariga asoslangan yangi taraqqiyot bosqichiga ko8tarilgan 
mamlakatdir. Bu borada O8zbekiston Respublikasi Fanlar akademiyasining <Fizika-Quyosh= ilmiy-
ishlab chiqarish birlashmasi Fizika-texnika institutining xizmati katta. Institut olimlari 
mamlakatimizdagi ulkan gelioenergetika salohiyatidan oqilona foydalanish bo8yicha samarali 
tadqiqotlar olib bormoqda. Mana, o8n yildan ko8p vaqtdan buyon mamlakatimiz olimlarining ilmiy 
ishlanmalari asosida quyosh energiyasi bilan suv isitadigan qurilmalar negizida uy-joy va ijtimoiy 
ob9ektlarni issiq suv va issiqlik bilan ta9minlash tizimi ishlab chiqilmoqda va ulardan tajriba 
tariqasida foydalanilmoqda. 
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3. -.�.%4<F>6, '. �.�E<54>6, ..�.%4<<4>6, ,.�.�5>G4=>6, �.$.$4E<<44<=>6. 
�7<5D<F5?L=O5 >><??5>EO < GG5F >?<<4F<G5E><E 44==OE ?D< D47D45>F>5 < ?D>5>F<D>64=<< 
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Vysotski M., Vershynin A., Grozberg Y. 

(�>?>F><= �>EG44DEF65==O= G=<65DE<F5F <<5=< �6DD>E<=<< �>?>F>>=) 
m.vysotskiy@psu.by 

�545=<5. � >?4EEG GEFD>=EF6 4?LF5D=4F<6=>= M=5D75F<>< <>7GF 5OFL >F=5E5=O < 
GEFD>=EF64 ?DO<>7> ?D5>5D47>64=<O <5E4=<G5E>>= M=5D7<< 6 F5??>6GN. �765EF=O GEFD>=EF64 
F4>>7> ?D5>5D47>64=<O [1, 2, 3, 4], < ED54< =<E EGM5EF6G5F DO4 GEFD>=EF6 E ?>EF>O==O<< 
<47=<F4<< < <=4G>F<>==O< =47D56>< ?D< <7<5=5=<< <47=<F=OE ?>F>>>6 [5, 6]. &4> 6 [6] 
>?<E4=> GEFD>=EF6> ?DO<>7> ?D5>5D47>64=<O <5E4=<G5E>>= M=5D7<< 6 F5??>6GN, 6 >>F>D>< 
?>6OL5=<5 MDD5>F<6=>EF< ?D5>5D47>64=<O 4>EF<745FEO 74 EG5F <E>?NG5=<O 6>74GL=OE 
747>D>6 6 <47=<F=OE F5?OE. �47=<F=O5 ?>F>>< >><<GF<DGNFEO (?D5DO64NFEO < 74<O>4NFEO) 
G5D57 ?>46<6=O5 D>?<>>6O5 M?5<5=FO (?D5DO64F5?<) <47=<F=OE F5?5=. �>74GL=O5 747>DO 6 
<47=<F=OE F5?OE <E>?NG5=O, >4=4>> 6>?D>E <=F5=E<6=>EF< ?D>E>645=<O <47=<F=>7> ?>F>>4 
G5D57 ?5D5>4FO64NM<5EO D>?<><, 4 F4>65 6?<O=<5 >>=F4>F=>7> E>?D>F<6?5=<O =4 
<=F5=E<6=>EFL ?D>E>645=<O <47=<F=>7> ?>F>>4 6 44==>= >>=EFDG>F<< =5 >E65M5=O. 
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&4> >4> 6 [6] <47=<F=O5 ?>F>>< 74<O>4NFEO G5D57 >4FOM<5EO D>?<><, >>F>DO5 
EF4=>6OFEO E>EF46=>= G4EFLN <47=<F=>= F5?<, F> 6>7=<>45F =5>5E>4<<>EFL >>?<G5EF65==> 
>F5=<FL 6?<O=<5 ?>46<6=OE M?5<5=F>6 (D>?<>>6) <47=<F=>= F5?< =4 ?D>E>645=<5 
<47=<F=OE ?>F>>>6. � MF>= E6O7< F5?LN 44==>= D45>FO O6?O5FEO M>E?5D<<5=F4?L=> ?>?GG<FL 
>>?<G5EF65==GN >F5=>G EF5?5=< >E?45?5=<O <47=<F=>7> ?>F>>4 ?D< 57> ?D>E>645=<< G5D57 
D>?<>>6O5 M?5<5=FO D47=OE F<?>6 6 <47=<F=OE F5?OE. 

�5F>4O <EE?54>64=<=. �?O ?D>6545=<O <EE?54>64=<= G4>5=> <E?>?L7>64FL 
FD4=ED>D<4F>D =4 EF5D6=56>< D475>D=>< E5D45G=<>5 F<?4 �� (D<E. 1), =4?D<<5D &%-180. 

 
$<E. 1. �->5D47=O= FD4=ED>D<4F>D E D47N5<=O< E5D45G=<>><. 
1 - D47N5<=O= E5D45G=<>; 2 3 D5DD><47=<F=O5 6>?44OL<; 

3 3 ?5D6<G=4O >5<>F>4; 4 - 6F>D<G=4O >5<>F>4. 
$5DD><47=<F=O5 6>?44OL< 2 6O?>?=5=O 6 D>D<5 ?DO<>G7>?L=>7> ?4D4??5?5?<?544, 

<<5NF >4<=4>>6>5 E5G5=<5 < D4E?>?>65=O 6 =5?>46<6=>< <47=<F>?D>6>45 1. �47=<F=O5 
?>F>>< 6 F4>>< FD4=ED>D<4F>D5 (D<E. 1) 5G45< EG<F4FL >?>D=O<<. &>744 74<5=<6 >4<= <7 
D5DD><47=<F=OE 6>?44OL5= 2 =4 D>?<>>6O= M?5<5=F, ?D< GE?>6<<, GF> ??>M44< >E=>64=<O 
6>?44OL4 < MF>7> M?5<5=F4 5G4GF >4<=4>>6O<<, 5G45< ED46=<64FL <47=<F=O5 ?>F>>< 6 
G>474==OE <47=<F=OE F5?OE ?D< D46=OE 7=4G5=<OE <47=<F>46<6GM5= E<?O (��%). 

%E5<O >>=EFDG>F<= M?5<5=F>6 <47=<F=OE F5?5= E ?5D5>4FO64NM<<<EO D>?<>4<<, 
>>F>DO5 5O?< <EE?54>64=O 6 44==>= D45>F5, ?D<6545=O =4 D<E. 2 3 4. � >4G5EF65 D>?<>>6 
<E?>?L7>64?<EL >4> ?>?=>F5?O5 D5DD><47=<F=O5 F<?<=4DO, F4> < L4D<>>?>4L<?=<>< F4><E 
65 D47<5D>6. 

�?O >464>7> <7 ?D<6545==OE 6<4>6 M?5<5=F>6 <47=<F=OE F5?5= E ?5D5>4FO64NM<<<EO 
D>?<>4<< FD55G5FEO ?>?GG<FL DG=>F<>=4?L=GN 746<E<<>EFL <47=<F=>7> ?>F>>4 >F ��% 
($i=f(F)), < ED46=<FL 55 E >?>D=>= DG=>F<5= $0=f(F) 4?O <47=<F=>= F5?< E 46G<O 
D5DD><47=<F=O<< 6EF46>4<<. -F> ?>76>?<F >?D545?<FL >4>>= <7 <EE?54G5<OE M?5<5=F>6 
<47=<F=>= F5?< 6 <5=LL5= EF5?5=< >E?45?O5F <47=<F=O= ?>F>> < >>?<G5EF65==> >F5=<FL 57> 
>E?45?5=<5. 

  
$<E. 2. %E5<4 M?5<5=F4 <47=<F=>= F5?< E 

46G<O ?5D5>4FO64NM<<<EO D>?<>4<< <?< 
?>4L<?=<>4<< < �->5D47=O< >E=>64=<5<. 

$<E. 3. %E5<4 M?5<5=F4 <47=<F=>= 
F5?< E G5FODL<O ?5D5>4FO64NM<<<EO 

D>?<>4<< <?< ?>4L<?=<>4<< < �-
>5D47=O< >E=>64=<5<. 
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$<E. 4. %E5<4 M?5<5=F4 <47=<F=>= F5?< E 46G<O ?5D5>4FO64NM<<<EO D>?<>4<< <?< 

?>4L<?=<>4<< < ,->5D47=O< >E=>64=<5<. 
�?O ?D>6545=<O F4><E <7<5D5=<= E?54G5F E>5D4FL M?5>FD<G5E>GN EE5<G, ?D<6545==GN 

=4 D<E. 5. 

 
$<E. 5. %E5<4 6>?NG5=<O FD4=ED>D<4F>D4 &1 (&%-180) 4?O <EE?54>64=<O <47=<F=OE 

F5?5=. 
�D< MF>< 5G45< <E?>?L7>64FL >5<>F><, D4E?>?>65==O5 F>?L>> =4 >4=>= >4FGL>5 

FD4=ED>D<4F>D4, F> 5EFL ?>?>6<=G >5<>F>>. &>744 >5<>F>4 W1=375 6<F>>6, 4 W2=76 6<F>>6 
[7, E. 250]. &D4=ED>D<4F>D D45>F45F 6 D56<<5 E>?>EF>7> E>44. 

�7<5D5=<5 F>>4 6 ?5D6<G=>= >5<>F>5 FD4=ED>D<4F>D4 &1 (D<E. 5) 6O?>?=O5FEO 
6>?LF<5FD>< V1 ?> ?445=<N =4?DO65=<O =4 >5D47F>6>< E>?D>F<6?5=<< R0=100 >< <?< R0=10 
><, 6 746<E<<>EF< >F 7=4G5=<O F>>4. �>?LF<5FD>< V3 <7<5DO5FEO 45=EF6GNM55 7=4G5=<5 -�% 
�2 6F>D<G=>= >5<>F>< FD4=ED>D<4F>D4 &1. �7<5=OO E ?><>MLN ��&$4 =4?DO65=<5 =4 
?5D6<G=>= >5<>F>5 &1 (>>=FD>?L ?> 6>?LF<5FDG V2), <7<5DO5< 65?<G<=G �2 E ?>E?54GNM<< 
6OG<E?5=<5< 45=EF6GNM57> 7=4G5=<O <47=<F=>7> ?>F>>4 $  [8]: 

2

2

�
$

W÷
ý

÷
,     (1) 

745, �2 3 45=EF6GNM55 7=4G5=<5 -�%, <7<5D5==>5 6> 6F>D<G=>= >5<>F>5 &1, W2 3 G<E?> 
6<F>>6 6F>D<G=>= >5<>F><, 2 f÷ ðý ÷ ÷ - >DG7>64O G4EF>F4. 

�5?<G<=G ��% >?D545?O5< >4> ?D><76545=<5 F>>4 I1 6 ?5D6<G=>= >5<>F>5 &1 =4 G<E?> 
6<F>>6 W1. � D57G?LF4F5 ?>?GG45< 746<E<<>EFL $=f(F), F> 5EFL 746<E<<>EFL <47=<F=>7> 
?>F>>4 $ >F 65?<G<=O ��% F 4?O <EE?54G5<>= <47=<F=>= F5?<. 

�5D54 ?D>6545=<5< <EE?54>64=<= >?D545?<< 65DE=NN 7D4=<FG 4<4?47>=4 <7<5=5=<O 
<47=<F=>7> ?>F>>4. �?O MF>7> 6 FD4=ED>D<4F>D5 &1 (D<E.1) G44?<< D5DD><47=<F=O5 
6>?44OL< 2 <7 <47=<F=>= F5?<, < ?>4>?NG<< &1 6 EE5<G (D<E. 2). % ?><>MLN ��&$4 
6OEF46<< =4?DO65=<5 =4 ?5D6<G=>= >5<>F>5 &1 U2=110 � (?> 6>?LF<5FDG V2) < <7<5D<< -�% 
�2 6>?LF<5FD>< V3. �>?GG<< �2=22,5 �. &>744 E>7?4E=> (1) 65DE=55 7=4G5=<5 <47=<F=>7> 
?>F>>4 E>EF46<F: 

42
max

2

22,5
9,43 10

314 76

E
$

W÷
ýý ý ý ÷

÷ ÷
 �5. 

�4?55 E>5<D45< <47=<F>?D>6>4 FD4=ED>D<4F>D4 E>7?4E=> D<E. 1 < E=<<45< 
E4D4>F5D<EF<>< $=f(F).  
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$57G?LF4FO. � D57G?LF4F5 6O?>?=5==OE <7<5D5=<= ?> 6OL5>?<E4==>= <5F>4<>5 5O?< 
?>?GG5=O E5<5=EF6> DG=>F<>=4?L=OE 746<E<<>EF5= $i=f(F) (D<E. 6).  

7 2431 5 6

 
$<E. 6. �D4D<>< 746<E<<>EF5= $i=f(F) 4?O <47=<F=OE F5?5=: 

1 3 E D5DD><47=<F=O<< 6EF46>4<< (>?>D=4O); 2 3 E>45D6<F D>?<>>6O= M?5<5=F E 46G<O 
?>4L<?=<>4<< < �->5D47=O< >E=>64=<5<; 3 3 E>45D6<F D>?<>>6O= M?5<5=F E G5FODL<O 

?>4L<?=<>4<< < �->5D47=O< >E=>64=<5<; 4 3 E>45D6<F D>?<>>6O= M?5<5=F E 46G<O 
?>?=>F5?O<< D>?<>4<< < �->5D47=O< >E=>64=<5<; 5 3 E>45D6<F D>?<>>6O= M?5<5=F E 
G5FODL<O ?>?=>F5?O<< D>?<>4<< < �->5D47=O< >E=>64=<5<; 6 3 E>45D6<F D>?<>>6O= 
M?5<5=F E 46G<O ?>4L<?=<>4<< < ,->5D47=O< >E=>64=<5<; 7 3 E>45D6<F D>?<>>6O= 

M?5<5=F E 46G<O ?>?=>F5?O<< D>?<>4<< < ,->5D47=O< >E=>64=<5<. 
�4> 6<4=> <7 ?>?GG5==OE 7D4D<>>6 746<E<<>EF< $i=f(F) (2 - 7) 4?O 6E5E <EE?54>64==OE 

64D<4=F>6 ?>EFD>5=<O M?5<5=F>6 <47=<F=OE F5?5= E D>?<>4<< (?>4L<?=<>4<<) ?564F =<65 
>D<6>= 1, >>F>D4O E>>F65FEF6G5F 746<E<<>EF< $0=f(F) 4?O >?>D=>= <47=<F=>= F5?<. -F> 
7=4G<F, GF> <47=<F=O= ?>F>> >E?45?O5FEO, ?D>E>4O G5D57 D>?<>>6O= M?5<5=F. �> >4> 6<4=> 
<7 D<E. 6 D475D>E DG=>F<= $i=f(F) >F=>E<F5?L=> DG=>F<< $0=f(F) ED46=<F5?L=> =565?<>, < 
?D< <E?>?L7>64=<< ?N5>7> 64D<4=F4 >>=EFDG>F<< D>?<>>6>7> M?5<5=F4 <47=<F=>= F5?<, 
<47=<F=O= ?>F>> E=<645FEO 7=4G<F5?L=> <5=LL5, ?> ED46=5=<N E =4?<G<5< 6>74GL=>7> 
747>D4 [6]. 

�>?<G5EF65==> >F5=<FL E=<65=<5 <47=<F=>7> ?>F>>4 6 <47=<F=>= F5?< E D>?<>>6O<< 
M?5<5=F4<< >F=>E<F5?L=> >?>D=>= <47=<F=>= F5?< 6 >F=>E<F5?L=OE 54<=<F4E ?D< 
?>EF>O==>= ��% F=constant <>6=> ?> D>D<G?5: 

0

0

100 %i
$

$ $
$

ô
ý

ý ÷ .   (2) 

�7 ED46=5=<O <564G E>5>= 746<E<<>EF5= 2 (E 46G<O ?>4L<?=<>4<<) < 4 (E 46G<O 
?>?=>F5?O<< D>?<>4<<) 6<4=>, GF> ?>?=>F5?O5 D>?<>< ?D<<5D=> =4 10% <5=LL5 >E?45?ONF 
<47=<F=O= ?>F>>. �=4?>7<G=O= 6O6>4 <>6=> E45?4FL ?D< ED46=5=<< 746<E<<>EF5= 3 (E 
G5FODL<O ?>4L<?=<>4<<) < 5 (E G5FODL<O ?>?=>F5?O<< D>?<>4<<). 

'65?<G5=<5 >>?<G5EF64 D>?<>>6 (?>4L<?=<>>6) 6 F>G>5 >>=F4>F4 <47=<F=>= F5?< 
F4>65 ?D<6>4<F > G<5=LL5=<N E=<65=<O <47=<F=>7> ?>F>>4, GF> 5EF5EF65==> < >G56<4=>. 
-F> 6<4=> <7 ED46=5=<O 746<E<<>EF5= 2 < 3, 4 F4>65 4 < 5. 

�D<6O5 2 < 6 E 46G<O ?>4L<?=<>4<< <, E>>F65FEF65==>, E �->5D47=O< < ,->5D47=O< 
>E=>64=<O<< ?D4>F<G5E>< E>6?444NF, ?D54?>?474O =4?<G<5 ?>7D5L=>EF5= <77>F>6?5=<O < 
<7<5D5=<=. �=4?>7<G=> >D<6O5 4 < 7 E 46G<O ?>?=>F5?O<< D>?<>4<< < F>65 E �->5D47=O< < 
,->5D47=O< >E=>64=<O<<, F4>65 E>6?444NF. �FEN44 <>6=> E45?4FL 6O6>4, GF> >>=EFDG>F<O 
>E=>64=<O D>?<>>6>7> M?5<5=F4 ?D4>F<G5E>< =5 6?<O5F =4 >E?45?5=<5 <47=<F=>7> ?>F>>4, 
>E=>6=>5 6?<O=<5 >>47O64NF >>=EFDG>F<6=O5 D47<5DO D>?<>>6.  

�5EG645=<5. �D>6545==>5 <EE?54>64=<5 ?>>474?>, GF>: 
3 74<O>4=<5 <47=<F=OE F5?5= 4465 G5D57 M?5<5=FO F5?< E ?5D5>4FO64NM<<<EO 

D>?<>4<< ?D<6>4<F > >E?45?5=<N <47=<F=>7> ?>F>>4, F> 5EFL <47=<F=>5 E>?D>F<6?5=<5 F5?< 
6>7D4EF45F >F 15% 4> 25%; 

3 =5E<>FDO =4 =5 <454?L=>EFL 74<O>4=<O <47=<F=OE ?>F>>>6 G5D57 M?5<5=FO E 
?5D5>4FO64NM<<<EO D>?<>4<<, <47=<F=O5 ?>F>>< E=<64NFEO 6 <5=LL5= EF5?5=< (=4 15-
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25)% ?> ED46=5=<N E 74<O>4=<5< <47=<F=OE ?>F>>>6 G5D57 6>74GL=O5 747>DO (?D< ·=1<< 
5>?55 G5< =4 80%) ?D< F>= 65 ��% [6]. 

%?54>64F5?L=>, E?>E>5 <E>?NG5=<O 6>74GL=OE 747>D>6 6 <47=<F=OE F5?OE 74 EG5F 
?5D5>4FO64NM<EEO D>?<>>6 <>6=> EG<F4FL 4>EF4F>G=> MDD5>F<6=O<. 

�<F5D4FGD4 
1. �??>7<F=O= 65FD>F5??>75=5D4F>D: ?4F. 2612237, $>EE<O , ��� F03D 9/22, F24J 3/00 / 

%5D>6 �.$., �4<>=>6 �.�., &5D5E>6 �.�., �474D>6 �.�.; 7 2015150585; 74O6?. 25.11.2015; 
>?G5?. 03.03.2017, �N?. 7 7. 

2. �.�. �4<>=>6, �.�. �<EL><6, �.�. �474D>6, �.$. %5D>6, �.�. &5D5E>6. �5=5D4F<O 
F5??4 6 <G?LF<F<?<=4D>6>= E<EF5<5 �GMFF4-&M=?>D4 // &5??>D<7<>4 < 4MD><5E4=<>4. 2019. 
&. 26, 75. %. 729-739. 

3. �5FD>6>= DD<>F<>==O= F5??>75=5D4F>D: 4.E. %%%$ 7 1627790, ��� F 24, J 3/00. / 
�<DN?<= �.�., �5FD>64 �.�., �4E<?L564 �.�., ,454?<= �.�.; >?G5?. 10.08.1991, �N?. 7 19. 

4. �<ED56>= 65FD>F5??>75=5D4F>D: ?4F. 2656515, $>EE<O , ��� F03D 3/00, F24J 3/00. / 
%54OE �. �.; 72017102162; 74O6?. 23.01.2017; >?G5?. 05.06.2018, �N?. 7 16. 

5. 'EFD>=EF6> 4?O ?D5>5D47>64=<O <5E4=<G5E>>= M=5D7<< 6 F5??>6GN: ?4F. 2097946, 
$>EE<O, ��� H05B 6/10. / �?L<= �.�., �474=E><= �.�., �4D<4=>6 �.�., �<E556 �.�.; 
795117680/06; 74O6?. 17.10.1995; >?G5?. 27.11.1997, �N?. 7 21. 

6. �5DL<=<= �.%., &5D5<5F><= �.�. %?>E>5 ?>6OL5=<O MDD5>F<6=>EF< ?DO<>7> 
?D5>5D47>64=<O <5E4=<G5E>>= M=5D7<< 6 F5??>6GN // &57<EO 4>>?444 =4 VI �E5D>EE<=E>>= 
=4GG=>-?D4>F<G5E>>= >>=D5D5=F<< «-=5D75F<>4 < M=5D7>E55D565=<5: F5>D<O < ?D4>F<>4». 3 
7. �5<5D>6>, $>EE<O. 3 2021 7. 3 105-1÷105-5 E.  

7. &D4=ED>D<4F>DO 5OF>6>= D44<>M?5>FD>==>= 4??4D4FGDO: %?D46>G=<>. 3 �.: $44<> < 
E6O7L, 1994. 3 320 E.: <?. 3 (�4EE>64O D44<>5<5?<>F5>4; �O?. 1186). 

8. %6<D<45=>> -.�., �<FG=>6<G $.�. �E=>6O M?5>FD>F5E=<>< < M?5>FD>E=4565=<O.- 
�=.: &5E=>?5DE?5>F<64, 2008.- 436 E., <?. 
 
-��$��%��$������ � -$$��&����%&� ��$�$���&�� %��,���/% 

&�%������/% �&%���� ��&���'$��'�%���� �$������%&��  
KHASANOV A.S1., VOKHIDOV B.R.2, QAYUMOV O.A3. 

1JSC "Almalyk MMC", Navoi State Mining and Technological University 
E-mail: golf.87@mail.ru 

Assistent of the Department of "Mining" at the Karshi Instituti of Engineering and Economics 
�6545=<5 

->>=><<G5E>>5 D476<F<5 $5E?G5?<>< '755><EF4= >EGM5EF6?O5FEO 74 EG5F ?>6OL5=<O 
MDD5>F<6=>EF< =4D>4=>-E>7O=EF65==>7> ?D><OL?5==>7> >><??5>E4, >4=>= <7 646=5=L<E 
E>EF46?ONM<E >>F>D>7> O6?O5FEO F65F=4O <5F4??GD7<<. �4EE>64O 4>5OG4 DG4O 
E>6D5<5==O<< F5E=<G5E><<< ED54EF64<< ?>6?5>?4 74 E>5>= E=<65=<5 ED54=57> E>45D64=<O 
6 =5= <54< <, >4> E?54EF6<5, ?5D5E>4 =4 ?D><76>4EF6> 5>?55 554=OE >>=F5=FD4F>6, 
E>45D64=<5 <54< 6 >>F>DOE E>EF46?O5F 14-15%, ?D>F<6 18% ?> ?5D6>=4G4?L=><G ?D>5>FG. � 
E>G5F4=<< E <E?>?L7>64=<5< 7>?>F>E>45D64M<E >64DF56OE D?NE>6, E>45D64=<5 SiO2 6 
>>F>DOE E>EF46?O5F 60-65%, ?5D5D45>F>4 5>?55 554=OE >>=F5=FD4F>6 ?>6?5>?4 74 E>5>= 
G65?<G5=<5 6OE>44 L?4>>6 ??46<?L=OE 47D574F>6, 45E>?NF=O5 < >F=>E<F5?L=O5 ?>F5D< 
<54< 5?47>D>4=OE <5F4??>6, E >>F>DO<< EF4?< =5?D<5<?5<> 6OE>><<< [1]. 

�5N5>F < <5F>4<>4 M>E?5D<<5=F>6 
�4 �� «�?<4?O>E><= ���» 5O?4 ?D>6545=4 D45>F4 ?> ?D5464D<F5?L=><G 

>557<56<64=<N F5>GM<E 6<4><E L?4>>6 < ?D><76>4EF6G 65?574 <7 MF<E L?4>>6 ?>E?5 
?D5464D<F5?L=>7> >554=5=<O M?5>FD>F5D<<5=. $57G?LF4FO >>474?<EL =5G4>6?5F6>D<F5?L=O<< 
<7-74 =<7>>7> <76?5G5=<O <54< < 5?47>D>4=OE <5F4??>6 < ?>?GG5=<O 65?574 =<7>>7> 
>4G5EF64, ?D<7>4=>7> F>?L>> G4EF<G=> 4?O 6=GFD5==<E =G64. �?G5>>>5 >554=5=<5 L?4>>6 < 
G65?<G5=<5 ?5D5D45>F>< F<=>>6>7> >?<=>5D4 6>7<>6=> ?D< E>744=<< GEF4=>6>< ?> 
46F>75==>= ??46>5 6 D4E??465 (?D>F5EE �4=N>>64). �4=4>> MF< F5E=>?>7<< =5444?F<D>64=O > 
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6OE>>>?<D<F=O< >>=F5=FD4F4< [2]. �E?>?L7>64=<5 G7?5D>44 >?<=>5D4 6 >4G5EF65 F>??<64 
O6?O5FEO =5?>76>?<F5?L=O<, F.>. =4 =4EF>OM<= <><5=F EF><<>EFL >>>E<>4 7>D474> 6OL5, G5< 
4DG7<E M=5D7>=>E<F5?5=. 

� 44==>= D45>F5 4?O ?D5464D<F5?L=>7> <EE?54>64=<O <<>D>EFDG>FGDO <E?>?L7>64?EO 
<5F4??>7D4D<G5E><= <<>D>E>>? ���-8� E G65?<G5=<5< 6 600 D47 6 >><??5>F5 E 
D>F>4??4D4F><. �5F4?L=>5 ?D5F<7<>==>5 <EE?54>64=<5 EFDG>FGDO ?D>6>4<?>EL ?D< ?><>M< 
<<>D>D5=F75=EFDG>FGD=OE 4=4?<74F>D>6 6 <=EF<FGF5 75>?>7<< �� $5E?G5?<>< '755><EF4= < 
4DG7>= 4??4D4FGDO [3]. '4EFL <EE?54>64=<= ?> <7GG5=<N <<>D>EFDG>FGDO L?4>>6 
?D>6>4<?4EL =4 E?5F<4?L=>< >5>DG4>64=<<, 6O?GM5==>< 6 %,�, 6 ,4=E4=E>>< 
G=<65DE<F5F5.  

%<<<G5E><= 4=4?<7 ?D>6>4<?EO ?> EGM5EF6GNM<< <5F>4<>4< �� «�?<4?O>E><= 
���», 7D4=G?><5FD<G5E><= E>EF46 >?D545?O?< D4EE56>< G5D57 =45>D EF4=44DF=OE E<F. 
&5<?5D4FGD4 74<5DO?4EL F5D<>?4D>=, 6 =5>>F>DOE E?GG4OE <E?>?L7>64?< >?F<G5E><5 
?<D><5FDO. '4EF=O5 <5F>4O <EE?54>64=<O D47D454FO64?<EL 4?O >464>= D5L45<>= 
F5E=<G5E>>= 7444G<. �5D5G5=L G4EF=OE <5F>4>6 <EE?54>64=<=, 6>?NG4O <5F>4<>G < >?<E4=<5 
?D<<5=O5<>7> >5>DG4>64=<O, <7?>65=O =<65, 6 ?>E?54>64F5?L=>EF<, E>>F65FEF6GNM5= 
>G5D54=>EF< <E ?D<<5=5=<O [4]. �5> F<=>>6>7> ?D><76>4EF64 (F<=>>6O= >5>) ?D54EF46?O5F 
E>5>= >>=5G=O= ?D>4G>F 6OM5?4G<64=<O F<=>>6>7> >74D>4 < 7<4D>?<F<G5E>>= >G<EF>< 
D4EF6>D>6. � E>EF46 F<=>>6>7> >5>4 6E>4<F F<=> 6 6<45 =5D4EF6>D<<OE E>54<=5=<=, >EF4F>< 
>><?>=5=F>6 ?GEF>= ?>D>4O, 4 F4>65 7>?>F> < E5D55D>. �5> F<=>>6>7> ?D><76>4EF64 
?D54EF46?O5F E>5>= 6?46=O= 4<E?5D7<D>64==O= <4F5D<4?, 6 746<E<<>EF< >F E>EF464 EODLO, 
E>45D64M57>, %: 12-25 % Zn; 3-12 % Pb; 0,2-3,0 % Cu; 0,1-0,2 Cd; 23-32 % Fe; 5-10 % S; 8-12 
% SiO2. �4 �� «�?<4?O>E><= ���» F<=>>6O= >5> ?5D5D454FO645FEO 65?LF564=<5< E 
?>?GG5=<5< F<=>>6>7> >?<=>5D4 < F<=>>6OE 6>77>=>6. � D4<>4E =4EF>OM5= D45>FO 
F<=>>6O= >5> <E?>?L7G5FEO 4?O ?D><76>4EF64 F<=>>6>7> >?<=>5D4 4?O 7D4=G?OF<<. %>EF46 
F<=>>6>7> >5>4 4?O ?D>6545=<O ?45>D4F>D=OE >?OF>6, %: Cu-1,3; Zn-18,2; Pb-3,2; Fe-27,3; S-
8,4; SiO2-11,2; <EE>4=4O 6?46=>EFL E>EF46<?4 j18 %. �?<=>5D F<=>>6>7> ?D><76>4EF64 
O6?O5FEO >>=5G=>= ?D>4G>F<5= 65?LF564=<O F<=>>6>7> >5>4. %>EF46 >?<=>5D4 F<=>>6>7> 
746>44 �� «�?<4?O>E><= ���» ?D<6545= 6 F45?<F5 1. 

&45?<F4 1. %<<<G5E><= E>EF46 >?<=>5D4 �&� 

�><?>=5=FO 
%>45D64=<5, % 

Cu Zn Fe S CaO SiO2 O S �D>G<5 

�?<=>5D �&� 
71 
72 
73 
74 

 
2,6 
5,8 
2,7 
1,5 

 
0,8 
1,27 
1,2 
1,56 

 
34,0 
30,06 
28,2 
32,0 

 
2,5 
6,2 
6,8 
4,3 

 
2,6 
1,9 
2,1 
2,3 

 
18,0 
13,2 
16,6 
20,3 

 
8,96 
- 
- 
- 

 
12,0 
12,5 
14,6 
13,8 

 
18,5 
29,1 
Al 034,3 < ?D. 
Al 034,9 < ?D. 

%D54=<= E<<<G5E><= E>EF46 >?<=>5D4 �&� ?D<6545= 6 F45?. 2. $57G?LF4FO E?5>FD4?L=>7> 
4=4?<74 >?<=>5D4 =4 DO4>6O5 < E>?GFEF6GNM<5 M?5<5=FO ?D<6545=O 6 F45?. 3.  

&45?<F4 2. %<<<G5E><= E>EF46 >?<=>5D4 
%>54<=5=<5 SiO2 CaO MgO Al2O3 KO NaO Mn3O4 

(MnO) 
TiO2 Fe (o5M) Cu 

%>4.,% 16.42 6.06 2.72 4.08 0.60 0.43 0.47 0.21 19,5 2.2 
%>54-=<5  Pb Zn As  Cd S  C Ba  Au Ag  

%>4.,% 0.51 2.1 0.155 0.01 8.39 29.55 2.3 3.2 7/F 260,27 
7/F 
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&45?<F4 3. $57G?LF4FO E?5>FD4?L=>7> 4=4?<74 >?<=>5D4 =4 D54><5 < E>?GFEF6GNM<5 M?5<5=FO 
�><?>=5=F V Bi Sn Ga Sb Cr Jn Mo Ni 

%>45D6=<5,% 0,001 
0,003 

0,001 
0,003 

0,001 
0,01 

0,001 
0,01 

0,01 
0,03 

0,001 
0,01 

0,01 0,001 
0,005 

0,001 
0,005 

$57G?LF4FO D47>6>7> 4=4?<74 >?<=>5D4 ?D<6545=O 6 F45?. 4. �<=5D4?>7<G5E><= E>EF46 
>?<=>5D4 F<=>>6>7> ?D><76>4EF64 ?D<6545= 6 F45?. 5. 

&45?<F4 4. $57G?LF4FO D47>6>7> 4=4?<74 >?<=>5D4 

�4<<5=>64=<5 E>54<=5=<= %>45D64=<5 <54<, % 
$4E?D545?5=<5 Cu ?> 

E>54<=5=<O< 

�F>D<G=O5 EG?LD<4O <54< 
%4?L>>?<D<F 
�54L <5F4??<G5E>4O 
$5DD<FO <54< 
%G<<4  

1,91 
0,16 
0,01 
0,05 
2,13 

89,7 
7,5 
0,5 
2,3 
100 

 
�> 44==O< <=EF<FGF4 ����F65F<5F E>45D64=<5 65?574 6 6<45 <5F4??4 6 >?<=>5D5 

F<=>>6>7> ?D><76>4EF64 ED47G ?>E?5 57> ?>?GG5=<O 4>EF<745F 10-70 % >F >5M57> 
E>45D64=<O, GF> ?>76>?O5F ?>?GG<FL <7 =57> <5F4??<G5E>GN DD4>F<N ?D><76>4EF6> >>F>D>= 
>D74=<7>64=> =4 '�%&�. �><E?5==O5 E>54<=5=<O 65?574 ?>O6<?<EL ?D< <EE?54>64=<< 
<<=5D4?>7<G5E>>7> E>EF464 6 D57G?LF4F5 6F>D<G=>7> >><E?5=<O. �?O F5?5= <EE?54>64=<O 
E5?4D4F<< >?<=>5D4 ?D54EF46?O5F <=F5D5E E4D4>F5D<EF<>4 57> <7<5=5=<O. 

&45?<F4 5. �<=5D4?L=O= E>EF46 >?<=>5D4 F<=>>6>7> ?D><76>4EF64 
�4<<5=>64=<5 

<<=5D4?4 
�>?<G5EF6>, 

% 
�4<<5=>64=<5 <<=5D4?4 �>?<G5EF6>, 

% 
%F5>?> 3 D4O?<F 35,0 '7>?L (>>>E<>) 29,55 

�>D=<F 3 E4?L>>7<= 3,0 �5?57> <5F4??<G5E>>5 3,0 
%4?L>>?<D<F 0,5 �<<>=<F 7,0 

�<DD>F<= 12,0 $5DD<FO <54< 0,10 
�47=5F<F 5,0 $5DD<FO F<=>4 5,0 

�54L <5F4??<G5E>4O 0,01   
 
�4> 6<4=> <7 ?D54EF46?5==OE 44==OE G7?5D>4, E>45D6<FEO 6 6<45 E6>5>4=OE 75D5= >F 

20 4> 90 % 6 746<E<<>EF< >F >DG?=>EF< DD4>F<<. �O45?5=<O G7?5D>44 6 ?O?L 6>7<>6=> 
7D46<F4F<>==O< <5F>4>< ?D< <7<5?LG5=<<. 

$57G?LF4FO < >5EG645=<5 
�45>D4F>D=O5 <EE?54>64=<O ?> E5?4D4F<< >?<=>5D4 <5F>4>< >FE44>< ?D>6>4<?<EL =4 

?45>D4F>D=>= >FE44>G=>= <4L<=5 <=EF<FGF4 «%D5447=<?D>F65F<5F», EE5<4 >>F>D>= ?D<6545=4 
=4 D<E.1. �?O ?D>6545=<O ?45>D4F>D=OE D45>F 5O?< ?>47>F>6?5=O FD< ?D>5O 65E>< 100 >7 
F5>GM57> >?<=>5D4, >>F>DO5 5O?< <7<5?LG5=O 4> >DG?=>EF< -4, -6 < -10 <<. � D57G?LF4F5 
>FE44>< 5O? ?>?GG5= >5>74MU==O= >>=F5=FD4F < G7?5D>4E>45D64M4O ?U7>4O DD4>F<O (>>>E<>). 
�DG?=>EFL 4D>5?5=<O E>EF46<?4 -4, -6, -10 << 4?O >?OF>6 1, 2, 3.  
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$<E.1. &5E=>?>7<G5E>4O EE5<4 >5>74M5=<O F<=>>6>7> >?<=>5D4. 
%4D4>F5D<EF<>4 <EE>4=>7> < 4D>5?5=>7> >?<=>5D4 ?D<6545=4. �>E?5 >FE44>< ?>?GG<?< 

>5>74M5==O= >>=F5=FD4F, 6 >>F>DO= <76?5>45FEO >F 52 4> 75 % <54<, 4 F4>65 5?47>D>4=O5 < 
D54><5 <5F4??O < G7>?L=O= >>=F5=FD4F (>>>E<>), 6 >>F>D>< >>=F5=FD<DG5FEO >E=>6=4O G4EFL 
G7?5D>44. �>?55 E>D>L<5 D57G?LF4FO ?>?GG5=O ?D< 4D>5?5=<< >?<=>5D4 4> -6 <<, GF> < 
?D54?4745FEO 4?O ?D><OL?5==OE GE?>6<=. �>F5D< <54< < 5?47>D>4=OE <5F4??>6 >FEGFEF6GNF, 
F4> >4> >>>E<> 6>76D4M45FEO 6 65?LF-?5GL.  

�46<E<<>EFL <76?5G5=<O G7?5D>44, <54< < 65?574 6 G7>?L=O= >>=F5=FD4F < 
E5?4D<D>64==O= >?<=>5D >F >DG?=>EF< <7<5?LG5=<O >?<=>5D4 ?5D54 E5?4D4F<5= ?D<6545=4 =4 
D<E.2. �?F<<4?L=4O >DG?=>EFL 4D>5?5=<O -4 <<. �D< >DG?=>EF< 4D>5?5=<O -10 << E>EF46 
G7>?L=>7> >>=F5=FD4F4 (44 % %) =5G4>6?5F6>D<F5?L=O=. �> D57G?LF4F4< ?45>D4F>D=OE >?OF>6 
=4 �� «�?<4?O>E><= ���» 5O?4 E>744=4 >?OF=>-?D><OL?5==4O GEF4=>6>4 4?O E5?4D4F<< 
>?<=>5D4. �46<E<<>EFL <76?5G5=<O G7?5D>44 6 G7>?L=O= >>=F5=FD4F < E5?4D<D>64==O= 
>?<=>5D >F >DG?=>EF< <7<5?LG5=<O >?<=>5D4. 

 
$<E.2. �46<E<<>EFL <76?5G5=<O G7?5D>44, <54< < 65?574 6 G7>?L=O= >>=F5=FD4F < 

E5?4D<D>64==O= >?<=>5D >F >DG?=>EF< <7<5?LG5=<O >?<=>5D4. 

�DG?=>EFL <76?5G5=<O 
4 6 10 

73 E5?4D<D>64==O= 

G7>?L=O= >>=F5=FD4F 

�
76

?5
G5

=<
5 

G7
?5

D>
44

 

100 

 

 

 

 

 

L?4> 
&O6U?4O 
DD4>F<O 

(>>=F5=FD4F) 

�U7>4O 
DD4>F<O 

�EE>4=O= >?<=>5D 

�>=FD>?L=4O D5LUF>4 

�DG?=>5 4D>5?5=<5 

�>4D5L5F=O= 
>>=F5=FD4F 

�44D5LUF=O= 
>>=F5=FD4F 

�FE44>4 (��� 3 2� 3 1) 

�5?>>5 4D>5?5=<5 

�E65F?5=<5 

L?4< 
�U7>4O 
DD4>F<O 

(>>>E<>) 

�4 65?LF564=<5 
%?<6 

�E65F?U==4O 
6>44 6 >5>D>F 

�FE>4O 6 >F64? 

�D>E>G5=<5 

�5576>6<64=<5  �5576>6<64=<5 
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QUYOSH ENERGIYASI YORDAMIDA SUV ISITISH TIZIMLARINING UMUMIY 
TAHLILI 

Xolmatov F.T., Samarqand davlat arxitektura qurilish instituti (Phd) tayanch doktoranti 
Annotasiya: Ilm-fan taraqqiyoti quyosh energiyasidan foydalanish bo8yicha ilg8or usullarni 

taqdim etmoqda. Bu borada ishlab chiqilgan qurilish texnologiyalari binolarni loyihalashtirishda 
bino barpo etilayotgan joyning iqlim sharoiti, foydalanilayotgan qurilish materiallari hisobga 
olinishini nazarda tutadi. Bu qurilish nihoyasiga yetgach, binoni yoritish, isitish yoki sovutish uchun 
quyosh energiyasidan imkon qadar ko8proq foydalanishda zarur. 

Kalit so8zlar: passiv, kollektor, akkumulyator, absorbsion, baypas 
Binolarni isitishda quyosh energiyasidan foydalanilsa bo8ladi. Binolarni isitish sistemasi suv 

isitish sistemasiga o8xshash bo8lib, ulardan o8lchamlari kattaligi bilan farq, qiladi. Ko8pincha 
issiqlik tashuvchi vazifasida suv va havodan foydalaniladi. Isitish sistemasining asosiy tarkibi 
kollektor, akkumulyator, yuklama (isitiladigan xona yoki bino) va rostlovchi qurilmalardan  

iborat bo8ladi. Mo8tadil iqlim sharoiti uchun isitish sistemasini qo8shimcha energiya manbai 
bo8lishi kerak. Sistemalarni loyihalash va hisoblashda quyosh va qo8shimcha energiyalar orasidagi 
optimal nisbatni aniqlashga to8g8ri keladi. 

Quyosh qo8yi joylashganda ekvator tarafga qaratilgan Shimoliy yarim sharda, Janubga, 
Janubiy yarim sharda Shimolga qaratilgan katta oynali binolarda qish paytlari quyosh nurini tutish 
juda samaradorli bo8ladi. 

Kollektor, akkumulyator va qo8shimcha energiya manbai quyosh isitish sistemasining asosiy 
qismini tashkil qiladi. Bunday sistemalarni ekspluatatsiya sharoitiga bog8liq holda to8rtta ish 
rejimiga ajratib qarash mumkin. 

A-rejim- Quyosh energiyasi tushayapti, binoning issiqlik ta8minoti talab etilmayapti, unda 
kollektordan olinadigan hamma energiya akkumulyatorga to8planadi. 

V-rejim- Quyosh energiyasi tushayapti, binoning issiqlik ta8minoti talab etilyapti, unda 
kollektordan olinadigan hamma energiya binoning issiqlik talabini qondirish uchun sarflanadi. 
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S-rejim- Quyosh energiyasi tushmayapti, binoning issiqdik ta8minoti shart, akkumulyatorda 
energiya to8plami mavjud, unda binoni isitish akkumulyatordagi issiqlik energiyasi hisobiga amalga 
oshadi. 

D-rejim- Quyosh energiyasi tushmayapti, binoni isitish shart, ammo akkumulyatordagi 
energiya tugagan, unda binoni isitish qo8shimcha energiya manbai hisobiga bajariladi. 

Mavjud sistemalarda beshinchi ish rejim ham bo8lishi mumkin. Masalan, akkumulyator 
energiyasiga to8yingan issiqlikka talab yo8q, kollektor energiya ishlab berish mumkin. Bunday 
sharoitlarda energiyani to8plash yoki foydalanishga imkon bo8lmay qoladi, ammo bu energaya 
sarflanishi kerak. Bunday hollar uchun qo8shimcha ish rejimlarini ko8rib qo8yishga tug8ri keladi, 
ya8ni issiq suv ta8minoti rejimi. Ayrim sistemalarda bir vaqtda bir necha ish rejimlarini bajarish 
mumkin. Qo8shimcha issiqlik manbai va akkumulyatorni havo isitish sistemalarining keng 
qo8llanilgan sxemasi varianti (1-rasm) keltirilgan. 

Uch yurishli zaslonka 

 
1-rasm. Havoli isitish sistemasining prinsipial sxemasi. 

Bu sistemada (1-rasm) energiyani akkumulyatsiyalash mahsuloti sifatida toshlar, energiyani 
kollektordan akkumulyatorga, so8ng binoga issiqlik tashuvchi sifatida havodan foydalaniladi. 
<Zaslonka= larning holatini belgilab to8rt rejim bajariladi. Ammo sistemada akkumulyatorga bir 
vaqtda energiyani to8plash va uni tarqatish rejimlarini bajarib bo8lmaydi. Agarda yuklamani 
ta8minlash uchun energiya yetarli bo8lmasa qo8shimcha isitish energiyasini kollektor yoki 
akkumulyatordagi energiya bilan birgalikda binoni isitishga sarflash mumkin. 

Sistemada ventilyatorni qo8llashdan maqsad shuki, kollektordagi bosim atrof-muhit 
bosimidan yuqori bo8lishi, bu bosim evaziga kollektordagi issiqlik yo8qolishini kamaytirish. Havoli 
isitish sistemalari boshqa, ya8ni issiqlik tashuvchi sifatida suv olingan sistemalarga Qaraganda bir 
qator yutuqlarga ega. Havoli sistemalarda kollektordagi issiqlik tashuvchining muzlab qolish va 
issiqlik uzatilmagan davrda qizib ketish ehtimollari bo8lmaydi. Bunday sistemalarda metallarning 
yemirilishi sezilarsiz, issiqlikni rostlash jihozlari esa holi o8rnatilgan. Havoli isitish sistemalarining 
kamchiliklaridan asosiylari - bu havo to8ldirilganda katta sarf, akkumulyatorning nisbatan katta 
hajmliligi va sistemaga oddiy absorbsion havo konditsionerini ulash qiyinligidir. 

Qo8shimcha energiya manbali va akkumulyator bakli keng tarqalgan suv isitish sistemasining 
prinsipial sxemasi (2-rasm) keltirilgan. 

Uch yurishli kran 

 
2-rasm. Suvli isitish sistemasining prinsipial sxemasi 
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Bu sistema quyosh kollektori, akkumulyator qismi, qo8shimcha energiya manbai va yuk 
qismlari bir-biriga bog8liksiz rostlash jarayonlarini bajarishga imkon beradi. Bunday sistemalarda 
quyosh energiyasi hisobiga qizdirilgan suvni akkumulyatorga tushishi va bir vaqtni o8zida undan 
binoni isitish uchun issiqdik chiqarilishi mumkin. Bu sistemada qo8shimcha issiqlik manbai 
hisobiga akkumulyatorni isitmaslikka imkon beradigan <baypas= liniyasi ko8zda tutilgan. 
Sistemaning yaxshi tomonlaridan issiqlik uzatish sistemasi va akkumulyatorda umum-issiqlik 
tashuvchidan foydalanilganligi akkumulyatorni kichik hajmligi, sistemada absorbsion havo 
konditsioneridan foydalanishga imkon borligidadir. Ammo sistemada issiqlik tashuvchi sifatida 
suvdan foydalanish ayrim qiyinchiliklarga olib keladi. Masalan, kollektorni muzlab qolish 
ehtimolidan saqlash, sistemada yemirilish havfini borligi va hokazolar. 
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NASOS QURILMASINING ISH TARTIBINI ANIQLASH 

Xolmirzayev I.J., Termiz muhandislik-texnologiya instituti 
+ 998 99 562 43 83 

Annotatsiya: Maqolada nasos stansiyalarining energiya samaradorligini oshirish uchun 
energiya tejamkor ish rejimlarini o8rganish, nasos agregatlarini innovatsion texnologiyalar bilan 
boshqarishni joriy etish, ishga tushirish rejimlarini takomillashtirishda elektr yuritmaning 
elektromexanik o8tish jarayonlarini tadqiq qilish, energetik uskunalarning optimal ish rejimlarini 
ishlab chiqish, shuningdek elektr energiya iste9molini boshqarish jarayonida texnik omillarning 
kompleks ta9sirini aniqlash masalalariga yechimlari yoritilgan. Ushbu yo8nalishda jumladan, 
energiya va resurs tejamkorlikni ta9minlashga imkon beruvchi zamonaviy usullar, ya9ni nasosning 
uskunalarini innovatsion texnologiyalar asosida nasos agregatlarining rasonal ish rejimlarini ishlab 
chiqish dolzarb vazifalardan hisoblanadi. 
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Annotation: In the article, the study of energy-saving operating modes to improve the energy 
efficiency of pumping stations, the introduction of control of pumping units with innovative 
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technologies, the study of electromechanical transients of electric power when improving starting 
modes, the development of optimal operating modes of power equipment, as well as the need for 
electricity. Ways to solve the problems of determining the complex action are highlighted technical 
factors in the property management process. In this direction, one of the urgent tasks is the 
development of modern methods that save energy and resources, i.e., the development of pumping 
units based on innovative technologies. 

Kirish 
Nasos qurilmasi nasos agregati va quvurlar sistemasidan iborat bo8lib, ular ish jarayonida 

ma9lum texnologik bog8liqli bo8ladi. Haqiqatdan, nasos qurilmasining quvurlar sistemasida 
suyuqlikni harakatlantirish uchun ortiqcha bosim 
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zarur va bu bosim nasosda dvigatelning ishi hisobiga vujudga keladi. Boshqacha 
aytganda nasosning bosimi suv ko8tarish geometrik balandligi va quvurlar sistemasining 
gidravlik qarshiliklar yig8indisiga teng bo8lishi lozim. 

Quvurlardagi gidravlik qarshilik uchun bosim isrofi ularda suyuqlikning oqish tezligi 
v ga bog8liq; bo8ladi va gidravlika xulosalariga ko8ra quyidagi tenglamadan aniqlanishi 
ham mumkin: 
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Berilgan quvur uchun l , d, F, 2g,ü  lar doimiy, shuning uchun formula (3) ni 
quyidagicha yozish mumkin: 

2QAh ÷ý÷     (4) 

Bunda 
22

1
)

1
(

gFd
A üø ûõý

 - quvurning o8lchamlari va materialini ifodalaydigan 
qiymat. 

Bunday holda nasos qurilmasining o8zatishi Q bilan suyuqlikni harakatlantirish 
uchun zarur bo8lgan bosimi quyidagiga teng: 

 
H=H r+AQ2  

(5) 
Bu tenglama nasos qurilmasi quvurlar sistemasini xarakterlaydigan barcha 

qiymatlarni o8zaro bog8laydi va shuning uchun bu sistemaning gidravlik xarakteristikasi 
deb ataladi. 

Ko8rsatilgan ifodadan foydalanib, bu xarakteristikani grafik tarzda yasash mumkin, 
lekin har xil uzatish Q lar berish kerak (1-rasm). Rasmdan berilgan quvurlar sistemasi 
bo8yicha har qaysi o8zatish uchun qanday bosimlar kerakligi yaqqol ko8rinib turibdi.  

Bir chizmaning o8zida nasos xarakteristikasini va quvur xarakteristikani chizganda 
(grafiklarni birlashtirganda) nasos qurilmasini xarakterlaydigan grafiklar hosil bo8ladi (1-
rasm). 
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1-rasm. Nasos qurilmasi quvurlar sistemasining xarakteristikasi. 

Rezervuardagi suv sathi vaziyatining nasos ishiga ta9siri 
 

 
2-rasm. Nasos qurilmasining xarakteristikasi 

Nasosning xarakteristikasi ma9lum aylanish chastotasida biror suyuqlik sarfi uchun 
bosim vujudga keltirish sharoiti va imkoniyatlari haqida tasavvur beradi. 

Quvurlarning xarakteristikasi nasos qurilmasining quvurlarida o8shandek uzatishda 
suyuqlik haydash uchun qanday bosim kerakligini ko8rsatadi. O8zatishni Q a gacha 
kattalashtirilsa, mumkin bo8lgan bosimlarning zarur bosimlardan dastlabki kattaligi asta-
sekin kamayadi. O8zatish Q a da nasosning bo8lishi mumkin bo8lgan bosimi nasos 
qurilmasining quvurlar sistemasida suyuqlikning harakatlantirish uchun zarur bosimga 
tenglashadi va nihoyat, o8zatish yanada oshirilganda qurilmaning zarur bosimiga nisbatan 
nasosning bosimi etishmaslik ehtimoli oshadi. 

Nasosning N4Q egri chizig8i bilan nasos qurilmasi quvurlar sistemasining zarur 
bosimlar egri chizig8i kesishishi nuqtasi A nasos qurilmasining ish nuqtasi deb ataladi. Bu 
nuqta berilgan qurilma quvurlar sistemasidagi ayni nasosning ishini rostlamasdan turib 
erishiladigan yagona o8zatishni ko8rsatadi. Nasoslarni katalogdan tanlash ham shu shart 
bilan belgilanadi, chunki odatda optimal f. i. q da nasosning bosimi nasos qurilmasining 
hisobiy bosimiga teng bo8lishiga intilinadi. 

Nasos qurilmalarining real ish sharoitida, ayniqsa suv satxi o8zgarib turadigan ochiq 
suv manbalari (daryo, kul, suv omborlari) dan suv olishda Ya4Q egri chizig8idagi ish 
nuqtasining vaziyati o8zgarib turadi. Masalan, qurilmaning bosim rezervuari to8lganda ish 
nuqtasi A N4Q egri chiziqqa chapga siljiydi (3- rasmdagi nuktaga qarang), chunki shunda 
suv ko8tarish geometrik balandligi Yag kattalashadi, quvurlarda-gi gidravlik qarshilik egri 
chizig8i o8zgarmay qoladi. 
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3-rasm. Q egri chizig8idagi ish nuqtasining vaziyati o8zgarib turishi. 

Bosim rezervuari bo8shatilganda suv ko8tarish geometrik balandligi I t  
kichrayganligi to8fayli quvur gidravlik qarshiliklar egri chizig8i pasayadi va ish nuqtasi A 
vaziyatdan o8ngga siljiydi (3- rasmdagi A" nuqtaga qarang). Nasos qurilmasini loyihalashda 
bu holni albatta hisobga olish kerak chunki o8zatish oshgan sari nasosning quvvati ham 
oshadi, uning so8rish xususiyati esa kamayadi. 

Adabiyotlar 
1.Kamalov T.S. Chastotno reguliruemiy elektroprivod nasosix stansiy mashinnogo 

orosheniya. 3 T.: Fan, 2014. 3 368 s. 
2.Udut L.S., Malseva O.P., Koyain N.V. Proektirovanie i issledovanie avtomatizirovannix 

elektroprivodov. Ch.8. Asinxronniy chastotno-reguliruemiy elektroprivod. Uchebnoe posobie. 3 
Tomsk: TPU, 2009. 3 354 s. 

3.Didich V. A. PovOshenie effektivnosti nasosnix agregatov v sistemax melioratsii i 
orosheniya / S. V. Oskin, V. A. Didich // Mexanizatsiya i elektrifikatsiya selskogo xozyaystva - 
2011. - 76. - S. 23424. 

4.Babakin V.I. Kurs leksiy po dissipline: AvtomatizirovannOy elektroprivod tipovOx 
proizvodstvennix mexanizmov i texnologicheskix kompleksov. Chast 1-2. 3 Ufa: Ufimskiy 
gosudarstvenniy neftyanoy texnicheskiy universitet, 2007. 3 102 s. 

5.Kamalov T.S., Muminov K., Abdullax S. Chastotnoe upravlenie asinxronnogo 
elektroprivoda orositelnogo nasosa // Uzbekskiy jurnal «Problemi informatiki i energetiki». 3 
Tashkent, 1994. 3 7 5. 3 S. 29-34. 

6.Moskalenko V.V. Elektricheskiy privod. Ucheb. posobie dlya VUZov. 3 M.: Akademiya, 
2007. 3 368 s. 

7.Kopilov I.P. Matematicheskoe modelirovanie elektricheskix mashin. Ucheb. posobie dlya 
VUZov. 3 3-ye izd., pererab. i dop. 3 M.: Vissh. shk., 2001.3 327s. 

 
AKKUMULYATORLAR 

Xudoyqulov Z.R., Najmiddinov A.A. 
(Termiz muhandislik-texnologiya instituti) 

zokir.xudoyqulov2021@gmail.com 
Akkumulyator (Lotincha: accumulator 3 to»plovchi) 3 keyinchalik foydalanish maqsadida 

energiyani to»playdigan qurilma. Elektr, issiqik, gidravlik, inersion xillari bor. Elektr akkumulyator 
elektr toki ta¾sirida kimyoviy energiyani elektr energiyasiga aylantirib beradigan galvanik tizim. 
Elektr akkumulyator musbat elektrod, manfiy elektrod va elektrolitdan iborat. Elektrodning 
elektrolitga tegib turuvchi sirtida potensiallar farqi hosil bo8ladi. Bu farq EYuK (elektr yurituvchi 
kuch) deyiladi. Yig8ilgan energiyani sarflash vaqtida kimyoviy energiya elektr energiyasiga, 
energiyani to8plash vaqtida esa elektr energiyasi kimyoviy energiyaga aylanadi. Elektrolit tarkibiga 
karab, akkumulyatorlar kislotali, ishqorli, vodorodli va litiyli xillarga bo8linadi. 

Kislotali akkumulyatorlarda elektrolit sifatida sulfat kislota eritmasi, musbat elektrod sifatida 
qo8rg8oshin oksidi, manfiy 265 elektrod sifatida qo8rg8oshin ishlatiladi. Bunday 
akkumulyatorlardan avtomobil transportida, aloqada foydalaniladi. Ishqorli akkumulyatorlar 
elektrodining xiliga qarab, kadmiy nikelli va temir nikelli, kumush ruxli va kumush kadmiyli 
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bo8ladi. Kadmiy nikelli akkumulyator musbat elektrodi grafit aralashtirilgan nikel oksididan, 
manfiy elektrodi kadmiy aralashtirilgan temirdan tayyorlanadi. Elektrolit sifatida o8yuvchi kaliy 
eritmasi yoki o8yuvchi natriy eritmasiga ozgina litiy gidrooksid qo8shilgan aralashma ishlatiladi. 
Akkumulyator zaryadlanish va zaryadsizlanish vaqtidagi o8rtacha kuchlanish (har bir elementga 132 
V) va sig8im bilan ifodalanadi. Kuchlanishni oshirish uchun akkumulyatorlar ketma-ket ulanib, 
batareyalar hosil qilinadi. Kadmiynikelli va temirnikelli akkumulyator aviatsiyada, aloqa 
vositalarida, elektr transport mashinalarida, kosmik apparatlarda; kumush-ruxli va kumush-kadmiyli 
akkumulyator aviatsiya, aloqa vositalari, kinoga olish apparati va boshqa joylarda ishlatiladi. 
Issiqlik akkumulyator tarmoqdagi bug8 bosimini birday saqlab turadi. Gidravlik akkumulyator 
gidravlik qurilmalarda suyuqlik yoki gazning bosim va sarfini baravarlaydi, 1003300 atm bosim 
ostida suyuqlikni yig8ib, gidravlik presslarga va boshqa mashina-qurollarga bir me¾yorda berib 
turadi. Inersion akkumulyator maxovikdan iborat bo8lib, undan turli mashinalar, transport vositalari 
va boshqalarda foydalaniladi. 

Avtonom energiya manbalaridan farqli ravishda, lityum-ion akkumulyatorlar nisbatan kichik 
hajmlarda ishlab chiqariladi, biroq elektromobillarning parki bu vaziyatni boshqa yo8nalishga 
o8zgartiradi. 

Besh-o8n yil davom etadi va sarflangan lityum-ionli batareyalar yiliga bir necha million 
tonnadan oshib ketadi. Besh-o8n yil o8tib, qayta ishlangan lityum-ionli akkumulyatorlar yiliga bir 
necha million tonnadan oshib ketadi. Bu litiy, kobalt va boshqa materiallar ko8rinishidagi noyob 
resurslarni iste9mol qilish miqdorining o8sishigina emas, balki yer va suvning chiqindi 
batareyalaridan ham ifloslanishining oldini olish harakati bo8lib hisoblanadi. Bu haqda o8ylash vaqti 
keldi va dolzarb masalaga aylanmoqda. Bugungi kunda ishlatilgan lityum-ion batareyalarning 
taxminan 5 foizi yo8q qilindi. Mazkur raqam ushbu batareyaga bo8lgan talab oldida juda kichik 
raqamdir. Olimlar oldida batareyalarni arzon narxda sotish uchun texnologik jarayonni yaratish yoki 
yangi mahsulotlar uchun materiallarni qayta ishlatish vazifasiga duch kelmoqdalar. Bunday jarayon 
texnologiyasi San-Diyegodagi Kaliforniya Universiteti (Kaliforniya San-Diyego Universiteti) 
laboratoriyasida ishlab chiqilgan. Professor Jeng Chen (Zheng Chen) qayta ishlangan litiy-ionli 
batareya uchun materialni tiklash texnologiyasini ishlab chiqdi. Kichik modifikatsiyalari bilan 
ishlov berish texnologiyasi litiy-kobalt oksidi va NMK (nikel, marganets va kobalt) birikmalarini 
tiklash uchun teng ravishda mos keladi. Birinchi holda, elektronika uchun akkumulyator, 
ikkinchidan esa, elektromobillar uchun akkumulyatorlar yaratish haqida fikr yuritilmoqda. 

Litiy ionlarining ko8p qismi va tarkibidagi litiy tuzlari bilan aralashma tayyorlanadi. Keyin 
aralashmaning 800 # ga tez va qisqa muddatli isitiladi, so8ngra eritma sekin soviydi. Agar litiy-ion 
akkumulyator uchun katod qayta ishlangan materialdan katod tayyorlansa, batareya butunlay yangi 
va yangi ishlab chiqarilgan materiallardan tayyorlanganidek o8zini tutadi. Laboratoriyada 
o8tkazilgan testlar shuni ko8rsatdiki, qayta tiklangan materialdan ishlangan katodli akkumulyator 
yangi xom ashyolardan tayyorlangan katodli batareyadan qolishmaydi. 

Olimlarning bu boradagi izlanishlari bir vaqtning o8zida bir necha muammolarni hal qiladi. 
Iqtisodiy resurslar saqlanib qoladi, chiqindilar atrof-muhitni ifloslantirmaydi va qayta ishlaydigan 
batareyalar arzonlashishi mumkin. Professor Zheng Chen tomonidan taqdim etilgan texnik jarayon 
texnologiyasi bugungi kunda katotlarning qayta ishlanishida ikki marta iqtisodiy jihatdan 
ahamiyatlidir. Shunday qilib, materialning asosiy xususiyatlarini tiklash uchun 5,9 m5gajoul 
sarflanadi, bu juda oz ko8rsatkichdir. Ishlab chiqarish jarayonini boshlash uchun akkumulyator 
batareyasi shaklidan qat9i nazar, batareyalardan katotlarni chiqarib olish va laboratoriya ishlarini 
sanoat darajasiga moslashtirish uchun avtomatlashtirilgan tizimni yaratish kerak. Qayta ishlashni 
Osiyo hududida joylashgan korxonalar amalga oshirishi rejalashtirilgan. 

Elektromobil harakatlanishi uchun asinxron dvigatilini nima elektr energiyasi bilan ta9minlab 
beradi?  

Albatta bu litiyli ionli akkumulyator bo8lib, bu turdagi akkumulyatorlar ko8p sonli 
batareyalaridan tashkil topgan. Litiy metall batareyalar birinchi marta 1912-yilda Gilbert N. Lyuis 
tomonidan taklif qilingan. 1970-yilga kelib litiy-ionli akkumulyatorlarni tadqiq qilishni boshlagan. 
Litiy metallning juda faol kimyoviy xossalari sababli, litiy metallni qayta ishlash imkoniyati yo8q. 
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Shuning uchun litiy batareyalar uzoq vaqt davomida ishlatilmadi. Fan va texnologiyaning 
rivojlanishi jadallashgandagina litiy batareyalar diqqat markazida bo8ldi. Litiy batareyalar qayta 
zaryadlanuvchi va kata miqdordagi elektr energiyasini o8zida mujassamlashtiruvchi batareyadir. 
Bularning beshinchi avlod litiy-metall batareyasi 1996-yilda vujudga kelgan va uning xavfsizligi, 
o8ziga xos quvvati, o8z-o8zidan tushirish tezligi va ishlash bahosi nisbati litiy-ion batareyalarga 
qaraganda yaxshiroqligi aniqlangan. 

Litiy ionli batareyalarni ilk bor ommaviy ishlab chiqarish 1970-yillarga to8g8ri keladi. Litiy 
batareyaning musbat elektrod materiallari marganets dioksidi yoki tionil xlorid, manfiy elektrod esa 
litiy hisoblanardi.Bu turdagi batareyalarni ko8p marataba zaryadlash mumkin edi, lekin aylanish 
jarayoni yaxshi emasligi sabab batareyada zo8riqishlar paydo bo8lib litiy kristallari osonlik bilan 
hosil bo8lardi. Shuning uchun batareyani to8liq zaryadlash taqiqlangan. 1982-yilda Illinoys 
Texnologiya Universitetining RR Agarwal va JR Selman litiy ionlarining grafitga joylashtirish 
imkoniyati borligini topdi. Shundan so8ng odamlar litiy ionli grafitning xususiyatlaridan 
foydalangan holda qayta zaryadlanadigan batareyani ishlab chiqarishga urindi. Birinchi mavjud 
bo8lgan litiy ion grafit elektrodi Bell Labs tomonidan muvaffaqiyatli ishlab chiqarildi. 

1989-yilga kelib esa A.Manthiram polimer anyonli musbat elektrodning yuqori kuchlanish 
hosil qilishini aniqladilar. 

1992-yilda Sony korporatsiyasi manfiy elektrod va litiy tarkibidagi tarkibiy musbat elektrod 
sifatida karbonli material yordamida litiy batareyasini ixtiro qildi. Zaryad qilish va tushirish 
jarayonida metall litiy mavjud emas, faqat litiy ion batareyasi bo8lgan litiy ionlari mavjud. 
Keyinchalik, litiy-ion batareyalar iste9molchi elektronika yuzini inqilob qildi. Litiy kobaltat 
yordamida musbat elektrod materiallari sifatida ishlatiladigan bunday akkumulyator portativ 
elektron qurilmalar uchun asosiy kuch manbai hisoblanadi. 

1996-yilda Padhi va Goodenou litiy temir fosfat (LiFePO4) kabi olivin tuzilishi bilan fosfatlar 
an9anaviy katod materiallaridan, ayniqsa, yuqori harorat qarshiligidan ko8ra xavfsizroq ekanligini 
va an9anaviy litiy ion batareyalaridan ancha ustun bo8lganini aniqlashdi. Shuning uchun u joriy 
yuqori oqimdagi oqim kuchining litiy batareyasining katot materialiga aylandi. 

Batareyani ishlab chiqarish tarixi mobaynida jahonda batareyalar sanoati rivojlanishining 
uchta xususiyatini ko8rishimiz mumkin. Birinchidan, litiy-ionli batareyalar, vodorod-nikel 
batareyalari va h.k. Ikkinchisi - batareyalarni akkumulyatorga aylantirish, bu barqaror rivojlanish 
strategiyasiga mos keladi; Uchinchidan, batareya kichik, yengil va nozik yo8nalishlarda rivojlanib 
bordi.  

 Litiy ionli batareyalar telekommunikatsiya va axborot bozorlarini rivojlantirish, ayniqsa 
mobil telefonlar va noutbuklarni keng miqyosda ishlatilishi bozor imkoniyatlarini yanada 
kengaytirdi. Polimer litiy-ion batareyasi "XXI-chi asr batareyasi" deb nomlanadi va yangi 
akkumulyator batareyasini ochadi. Rivojlanish istiqbollari juda optimistikdir. 

2015-yil mart oyida Kyoto Universitetining professori Tanaka Xyun 70 yillik mehnati bilan 
kichik hajmdagi, kata quvvatga ega bo8lgan litiy-ion batareyasini ishlab chiqdi. Ushbu sinovda 
ishlab chiqarilgan uzoq muddatli litiy-ion batareya hajmi 8 kub santimetrni tashkil etadi va 25 ming 
martagacha qayta zaryadlashga imkon beradi.  

Litiy batareyalarni ishlab chiqish istiqbollari: 
Litiy batareyalar gidroenergetika, olov kuchlari, shamol energetikasi, quyosh elektr 

stantsiyalari, post va telekommunikatsiyalar uchun uzluksiz quvvat manbalari, shuningdek elektr 
asboblari, elektr velosipedlari, elektr mototsikllari, elektr transport vositalari, harbiy texnika, 
aviatsiya-kosmik kabi energiya tejash quvvat tizimlarida keng qo8llaniladi.  

Litiy-ion batareyalar noutbuklar, video kameralar va mobil aloqa kabi portativ qurilmalarda 
noyob ishlash afzalliklari tufayli keng qo8llanilgan.Ishlab chiqarilgan katta hajmli litiy-ion 
batareyalar elektr asboblarda sinovdan o8tkazildi va XXI-asrda elektromobillar uchun asosiy 
energiya manbalaridan biri bo8lishi kutilmoqda va yonma-yon yo8ldoshlar, aerokosmik va 
energiyani saqlash uchun ishlatiladi. Energiya etishmovchiligi va dunyodagi atrof-muhitni 
muhofaza qilish bosimi bilan. Litiy batareyalar elektr avtomobil sanoatida, xususan, litiy batareya 
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sanoatining rivojlanishi va qo8llanilishiga yordam beruvchi litiy temir fosfat batareyasi ko8rinishida 
keng qo8llaniladi. 

"Rejalashtirish" ning joriy etilishi dunyo litiy batareya modelini o8zgartirishiga sabab bo8lishi 
kutilmoqda 

 2012-yil 18-aprelda Davlat kengashi "energiya tejash va yangi energetika vositalarini ishlab 
chiqarishni rivojlantirish rejasi (2012 - 2020)" (bundan keyin "rejalashtirish" deb nomlangan) ni 
muhokama qilingan va tasdiqlangan, unda transformatsiya uchun sof elektr uzelning asosiy 
strategik yo8nalishi aniqlandi avtomobil sanoati korxonalari gibrid avtomobil 2020-yilga borib, 500 
ming dona sof elektr transport vositasi va 2020-yilga borib 5 milliondan oshirish rejalashtirilgan. 

"Rejalashtirish"ni joriy etish ushbu seminarda katta tashvish uyg8otdi. Ko8pgina 
mutaxassislar, bu harakat avtomobil sanoatining rivojlanish davrining yangi bosqichiga o8tishiga 
ko8maklashadi, deb hisoblaydilar 

Litiy-marganets batareyalari, odatda, 3,0 v dan yuqori nominal kuchlanishga ega va ular 
integratsiyalashgan elektron quvvat manbalari sifatida foydalanish uchun ko8proq mos keladi va 
kompyuterlar, kalkulyatorlar va soatlarda keng qo8llaniladi. 

Litiy ionli akkumulyatorlarning tuzilishiga e9tiborimizni qaratadigan bo8lsak, odatdagi litiy-
ionli akkumulyator 15 yoki 16 ta batareyalar to8plami birikishidan yaxlitlanadi. O8z navbatida 
batareyalar to8plami kichik-kichik batareyalar yig8indisini tuziladi.  

 

 
 

BATAREYA BATAREYALAR TO8PLAMI 
Elektromobillardagi mavjud birgina litiyli akkumulyatorni 7000 tadan ko8proq batareyalar 

tashkil etishi mumkin. 
Uning texnik xarakteristikalariga chuqurroq yondashadigan bo8lsak quyidagicha xulosaga 

kelish mumkin: 
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Tesla model-3 elektromobilining litiyli akkumulyatori misolida: 
Akkumulyator turi: Litiy-ionli 
÷ Kuchanishi: 350 V  
÷ To8la zaryadlanish bilan yurish masofasi: 426/335 km 
÷ Gabarit o8lchamlari: Uzunligi-2100mm  
     eni-1200mm 
     balandligi- 150mm 
÷ Og8irligi: 450 kg 
÷ Quvvati: 100 kwt 
 

 
 
Litiy-ionli batareyalar mobil telefonlar, noutbuklar, elektr asboblar, elektr transport vositalari, 

ko8cha chiroqlari zahiralash quvvat manbalari, navigatsiya chiroqlari va kichik uy jihozlari uchun 
keng qo8llaniladi. Bu eng katta dastur guruhi deb aytish mumkin. 

Akkumulyatorni tashkil etuvchi batareyalari paralel biriktiriladi. 
 Akkumulyatorlar ishlash mobaynida ortiqcha issiqlik ishlab chiqarish evaziga qiziydi. Bu esa 

akkumulyator ish faoliyatiga salbiy ta9sir ko8rsatish xavfini oshiradi. Shu sababli akkumulyatorning 
qizishini oldini olish maqsadida sovutishga ehtiyoj seziladi.  

 Ya9ni, ortiqcha issiqlik radiator orqali tashqariga chiqarib yuboriladi.  
Foydalanilgan adabiyotlar 
1. Internetning www.forums.tesla.com sayti ma9lumotlaridan foydalanildi. 
2. Internetning www.geografiya.uz sayti ma9lumotlaridan foydalanildi. 
3. Internetning www.Milliy tiklanish.uz sayti ma9lumotlaridan foydalanildi. 
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ASINXRON ELEKTR DVIGATELLARINING RELELI HIMOYASI 

Yeshmuratov N.Q., Gaipov I. Q. 
Berdaq nomidagi Qoraqalpoq davlat universiteti, Nukus shahri 

Annotatsiya: Maqolada 10 kV kuchlanishli asinxron elektr dvigatellarining ne normal 
jarayonlaridan biri bo8lgan qisqa tutashuvdan releli himoyasini tanlash va asoslashdan iborat. 
Asinxron elektr dvigatellari sanoat korxonalarida asosiy elektr istemolshilaridan biri hisoblanadi 
va uning ishdan chiqishi og8ir oqibatlarga olib kelishi mumkun. Dviagtellarning normal shoriyitda 
ishlashini taminlash maqsadida normal bo8lmagan jarayonlarni o`rganish va ulardan rele 
himoyasini tanlashning hisoblashlari olib borilgan. Hisoblashlarni osonlashtirish maqsadida 
da9sturiy taminoti ishlab chiqilgan va uning blok sxemasi yaratilgan. 

�=>=F4F<O: %F4FLO E>EF><F <7 6O5>D4 < >5>E=>64=<O D5?5==>= 74M<FO >F 
>>D>F>>7> 74<O>4=<O, O6?ONM57>EO >4=<< <7 LF4F=OE ?D>F5EE>6 4E<=ED>==OE 
M?5>FD>46<74F5?5= 10 >�. �E<=ED>==O5 M?5>FD>46<74F5?< O6?ONFEO >4=<<< <7 >E=>6=OE 
?>FD55<F5?5= M?5>FD>M=5D7<< =4 ?D><OL?5==OE ?D54?D<OF<OE, 6OE>4 <7 EFD>O >>F>DOE 
<>65F <<5FL E5DL57=O5 ?>E?54EF6<O. % F5?LN >55E?5G5=<O =>D<4?L=>= D45>FO ��� 
«�6<47F5?E» ?D>6>4<?<EL <EE?54>64=<O =5LF4F=OE ?D>F5EE>6 < ?>45>D D4EG5F>6 D5?5==>= 
74M<FO. �?O >5?57G5=<O D4EG5F>6 5O?> D47D45>F4=> ?D>7D4<<=>5 >55E?5G5=<5 < E>744=4 
57> 5?>>-EE5<4. 

Kalit so8zlar: Asinxron elektr dvigatel, rele himoya, qisqa tutashuv, maksimal tok himoyasi, 
da9sturiy taminot, blok sxema. 

�?NG56O5 E?>64: �E<=ED>==O= M?5>FD>46<74F5?L, D5?5==4O 74M<F4, >>D>F>>5 
74<O>4=<5, <4>E<<4?L=> F>>>64O 74M<F4, ?D>7D4<<=O= FD4=ED>D<4F>D, 5?>>-EE5<4. 

Key words: Asynchronous electric motor, relay protection, short circuit, overcurrent 
protection, software transformer, block diagram. 

Bugungi kunda barcha texnologik jarayonlar va elektr texnik qurilma va mashinalarning 
bajaruvchi organlarini elektr dvigatellar tashkil etadi. Dunyoda ishlab chiqarilayotgan elektr 
energiyasining taxminan 60% qismi asinxron elektr dvigatellarda mexanik energiyaga o8zgartiladi. 
Asinxron dvigatellarning tuzilishi o8zgarmas tok dvigatelleriga nisbatdan anchha sodda va narxi 
arzon.  

Har yili yuqori kuchlanishli elektr qurilmalarning normal bolmagan rejimlari natiyjasida 
shikastlanishlarning 25-30 % elektr dvigatellariga tog8ri keladi. Shikastlanishning asosiy tu9ri stator 
va rotor chulg8amlarining izolyatsiyasining buzilishi bilan bog8liq. Ko8pshilik shikastlanishlarning 
80-95 % stator chulg8amlarining noto8g8ri oralishi shunan 70 % yetkazilgan shikastlanish faza va 
frontal qismlarda qolgan 25-30 % bolsa fazalarning bir-biriga tegip qolishi va izolyatsiyaning 
buzilishi hisoblanadi [1.2]. Sanoat karxonalarida, nasos stantsiyalarida yoki elektr stantsiyasining 
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o8z ehtiyoj mexanizmlarida elektr dvigatellarning ishtan shiqishi mahsulotning yaroqsiz bolishi, 
ishab shiqarish jarayonining toqtab qolishi yoki energetika tizimining normal ishlashining buzilishi 
kabi og8ir oqibatlarga olib kelishi mumkun. Shu kabi og8ir oqibatlarning oldini olish va energetika 
tizimining normal rejimda ishlashini taminlash uchun releli himoya va avtomatikasini qollashni 
talab etadi.  

Asinxron elektr dvigatellarning asosiy shikastlanish tu9rlari 
" O8ta yuklanish; 
" Kuchlanishning pasayishi; 
" Faza simining uzilishi, yoki bir fazaning yo8qolishi; 
" Dvigatel mexanik qismining shikastlanishi; 
" Sinxron elektr dvigatellerining asinxron rejimi. 
Elektr dvigatellerning fazalararo qisqa tutashuvdan releli himoyasi. Fazalar aro qisqa 

tutashuvdan himoyalash uchun tokli kesim va differentsial himoya ishlatiladi. 5000 kWt gacha 
bolgan dvigatelni himoyalash uchun tokli kesim tavsiya qilinadi (ilova 1). Agar tokli kesimning 
sezgirligi yetarli bo8lmasa differentsial himoyadan foydalanish kerak. Differentsial himoyadan katta 
quvvatli dvigatellarda (3500-4000 kWt) foydalanish maxsadga muvofiq. 

Tokli kesim 
Elektr stantsiyalarning o8z extiyojlari uchun quvvati 2000 kWt gacha bo8lgan elektr 

dvigatellarida bir releli sxemasi 1.1 a-rasm. Quvvati 2000-4000 kWt bo8lgan elektr dvigatellarida 
1.1 b-rasm eki releli tokli kesim himoyasi qo8llaniladi, agar bir releli sxemaning sezgirlik 
koeffitsienti 2 dan pa9st bo8lsa quvvati 2000 kWt bo8lgan elektr dvigatellar uchun tok kesimining 
eki releli sxemasidan foydalaniladi. 

Tok kesimining ishlab ketish toki asinxron dvigatellarning yurgizish tokiga bog8liq bo8ladi. 
Isz=ki*Ipusk                    (1.1) 

bu yerda ki-ishonshlilik koeffitsienti, rele va hisoblashlarda xatoliklarni hisobga oladi. Ipusk- 
elektr dvigatelning yurgizish toki. 

Himoyaning sezgirligi tizimning minimal ish rejimida elektr dvigatelning kirishidagi 2 fazali 
qisqa tutashuv toki bilan baholanadi [2]. 

 
1- rasm. Tokli kesim sxemasi a - bir releli, b 3 eki releli 

Asinxron elektr dvigatelning qisqa tutashuvdan releli himoyasini tanlash. 
Qisqa tutashuv vaqitida elektr dvigatelning qisqa tutashuv bo8lgan o8rinda nominaldagidan bir 

qancha ko8p tok oqadi shu sababli qisqa tutashuvdan himoya uchun asinxron elektr dvigatellarde 
maksimal tok himoyasi tanlanadi. Maksimal tokli himoya uchun ta9sir etuvchi kattalik himoya 
o8rnatilgan yerdan oquvchi tok hisoblanadi. Quyidagi masalada asinxron elektr dvigatelning 
maksimal tokli himoyasini bajarish uchun tok relesining ishlash tokini aniqlaymiz. Buning uchun 
pasport malumotlari quydagicha bo`lgan asinxron elektr dvigatelni misol sifatida qaraymiz. 

 Pnom=630 kWt 
 Unom=10 kV 
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 Nts=1500 ayl/min 
 ·= 94,8 % 
 tsosÇ= 0,9 
Asinxron dvigatelning nominal tokini topib olamiz  

Inom=  =  = 42,65 A 

Asinxron dvigatelning releli himoyasiga tok transformatorni tanlaymiz va transformatorning 
transformatsiya koeffitsentini aniqlaymiz.Asinxron elektr dvigatelning nominal toki 42,65 A 
bo`lgani uchun unga (50) tok transformotori tanlandi, va tok transformotorining transformatsiya 
koeffitsienti quydagicha topiladi 

 
Himoyaning ichlash toki quydagicha topiladi 

Iqor.is= A 

bu yerda Kb tok relesining qaytish koeffitsienti hisoblanib u tok relesining turiga qarab 
tanlanadi  

 RT-80 (Induktsion rele) Kb=0,62 
 RT- 40 (Elektromexanik rele) Kb=0,82 
 RST-15 (Yarim o`tkazgichli rele) Kb=1  
Kixt - relening ehtiyot koeffitsienti, KM.I.T motorni ishga tushirish koeffitsienti. 
Relening turini tanlab himoyaning ishlash toki tanlangannan so`ng tanlangan relening ishlash 

tokini aniqlaymiz. 

IR.is= Ktsx*  = 1*  = 15,6 A 

bu yerde Ktsx 3sxema koeffitsienti hisoblanib rele qurilmasining tok transformotoriga ulanish 
sxemasiga qarab tanlanadi. 

 Yuldiz sxemasida ulansa Ktsx=1 
 To`liq bo`lmagan yuldiz sxemasida ulansa Ksx=  ga teng dep olinadi.  
Chunday qilib bu misolda biz asinxron elektr dvigatelning qisqa tutashuvidan releli 

himoyasini ko`rib chiqtik va misol bo`yincha induktsion tok relesini tanladik , uni yuldiz sxemasida 
ulab relening ishlash tokini aniqladik [5]. 

Yuqoridagi misollarda maksimal tok himoyaning ishlash toki, sabir vaqti va sezgirlik 
koeffitsienti himoyaning aniqlanishii kerak bo`lgan parametrlari hisoblanadi. O`chirgish o`chirishga 
olib keladigan fazadagi birlamchi minimal tok himoyaning ishlash toki Iqor.is chu vaqtda relening 
chulg`amidan o`tadigan ikkilamchi tok relening ishlash toki IR.is hisoblanadi. Himoyani dastlabki 
holatga qaytaruchi maksimal tok qaytish toki dep nomlanadi. Qaytish tokining ishlash tokiga nisbati 
relening qaytish koeffitsienti dep nomlanadi. 

Kuchlanishi 10 kV bo`lgan asinxron elektr dvigatelning qisqa tutashuvdan releli 
himoyasining dasturiy tamiynoti va uning blok sxemasi. 

Asinxron elektr dvigatellerni normal bo`lmagan ish rejimlariga himoyada qollaniladigan releli 
himoya qurilmalarini hisoblash va tanlash ishlarini asonlashtirish maqsadida kuchlanishi 10 kV 
elektr dvigatellerning maksimal tokdan va o`ta yuklanishdan releli himoyani hisoblash va tanlash 
imkoniyatini beruvchi dástúriy taminot ichlab chiqildi. 

Bu dasturiy taminot asinxron elektr dvigatellarning normal bo`lmagan ish rejimi qisqa 
tutashuv vaqtida tok miqdorining nominalidan ortib ketishi natijasida ishlovchi maksimal tok 
relesini tanlash va o`ta yuklanishdan releli himoyaning nazariy va amaliy tadqiq qilishga 
asoslangan. 

Dastur kuchlanishi 10 kV elektr dvigatellarning maksimal tok va o`ta yuklanishdan releli 
himoya vaqtida qatnashuvchi kattaliklar va parametrlarni ratsional hisoblash asosida, elektr 
motorlarning qisqa tutashuv vaqtidagi relelarning ishlash tokini hisoblash imkoniyatiga ega. 1.2-
rasmda kuchlanishi 10 kV asinxron dvigatellerning maksimal tokli himoyasini hisoblash uchun 
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tuzilgan dasturiy tamiynotning blok sxemasi ko`rsatilgan. Bundan tashqari bu dasturiy tamiynotning 
phyton dasturlash tilida tuzilgan kodi keltirilgan (qochimsha 1). 

 
2-rasm. Kuchlanishi 10 kV elektr dvigatellerning maksimal tokdan himoyasini hisoblash 

uchun tuzilgan dasturiy tamiynotning blok sxemasi 
Qo8shimcha 1 

Kuchlanishi 10 kV elektr motorlarning maksimal tokdan himoyasini hisoblash uchun 
tuzilgan dasturiy tamiynotning python dasturlash tilidagi kodi. 

Pn = int(input("Elektr motorning nominal quvvati: ")) 
Un = int(input("Elektr motorning nominal kuchlanishi : ")) 
alfa = float(input("Elektr motorning quvvat koeffitsenti : ")) 
eta = float(input("Elektr motorning foydali ish koeffitsenti : ")) 
In = (Pn*100)/(3**(1/2)*Un*alfa*eta) 
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if 32 <= In <= 56: 
  print(f"Elektr motorning nominal tok: {In} ") 
  Inn = 50 
if 57 <= In <= 80: 
  print(f"Elektr motorning nominal tok: {In} ") 
  Inn = 75 
if 81 <= In <= 100: 
  print(f"Elektr motorning nominal tok: {In} ") 
  Inn = 100 
nTT = Inn/5 
print("Tok transformotorining xisobiy transformatisya koeffitesenti:",nTT) 
PT = int(input("Rele túrini tanlang\n " 
    "1)PT-80(induktsion rele)Tok relesing qaytish koeffitesenti: 0.62\n " 
    "2)PT-40(elektron magnit rele)Tok relesing qaytish koeffitesenti: 0.82\n" 
    "3)PTST-15(yarim otkizgish rele)Tok relesing qaytish koeffitesenti: 1\n")) 
if 1 == PT: 
  Kv = 0.62 
  print(f"PT-80(induktsion rele) Tok relesing qaytish koeffitesenti: {Kv}") 
elif 2 == PT: 
  Kv = 0.82 
  print(f"PT-80(induktsion rele) Tok relesing qaytish koeffitesenti: {Kv}") 
elif 3 == PT: 
  Kv = 1 
  print(f"PT-80(induktsion rele) Tok relesing qaytish koeffitesenti: {Kv}") 
else: 
  print("bunday manis joq") 
print("Zaxira koeffitesenti: 1.05") 
Kz = 1.05 
Ix = (Kz/Kv)*In 
print("Xisobiy tok: ",Ix) 
SX = int(input(f"Sxema túrin tanlang:\n 1)yulduz sxema: sxema koeffitesenti = 1 \n 2)tuliq 

bolmagan yulduz sxema: sxema koeffitesenti = {3**(1/2)}\n")) 
if 1 == SX: 
  Ksx = 1 
  print(f"PT-80(induktsion rele) Tok relesing qaytish koeffitesenti: {Ksx}") 
elif 2 == SX: 
  Ksx = 3**1/2 
  print(f"PT-80(induktsion rele) Tok relesing qaytish koeffitesenti: {Ksx}") 
else: 
  print("bunday manis joq") 
Ir = Ksx*Ix/nTT 
print("Relening ishlash toki: ",Ir) 
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ELEKTR ENERGIYASI OLISHDAGI SUV ISROFI. CHEKKA HUDUDLARDA SUN9IY 
SUV HAVZALARI YORDAMIDA ELEKT ENERGIYASI OLISH MINI STANSIYALARI. 

Ziyayev F.Ch., Termiz muhandislik 3 texnologiya instituti assistenti 
Fayziyev X.A., Termiz muhandislik 3 texnologiya instituti talabasi 

Annotatsiya: Elektr energiyasi sanoatida signing isrof bo8lishini taxlil qilish. Chekka va 
tog8li hududlarda sun'iy suv havzalari yonida mini stansiyalar qurish va suv isrofiga yo8l qo8ymay 
aholi punktlarini elektr energiyasi bilan taminlash. Kelajakda elektr energiyasi muammosiga 
barham berish.  

Kalit so8z: elekt, energiya, suv , stansiya, ekologiya, tejamkor, isrof, aholi, punkt, litr, sanoat, 
ko8mir, quyosh, shamol.  

Bilamizki bugungi kunda elektr energiyasini har bir hududlargacha yetkazish, elektr energiya 
ishlab chiqarishda ko8pgina muammolarga duch kelyabmiz. Biz energiya olishda ko8plab tabiiy 
omillardan foydalanamiz. Suv, shamol, quyosh, ko8mir kabi omillardan elektr energiya olinishini 
barchamiz yaxshi bilamiz.  

Ekologlar bugun dolzarb muammo bilan yuzlashmoqda-energiya ishlab chiqarishda suv sarfi, 
ayniqsa qurg8oqchilik hukumron davlatlarda ancha muammolarga sabab bo8lmoqda.  

Hatto neft yoki muqobil energiya manbalariga ishlov berishda juda ko8p suv sarflanadi. 
Energetika sektorida suv eng muhum vositalardan buri hisoblanadi. Amerikada 50 foiz elektr 
energiyasini ta'minlovchi ko8mirni oling, konchilik mahsulotlarini tashish, jihozlarni sovitish, 
moylash va ta'mirlash uchun albatta suv zarur. Yadro zavodlarida elektrodlarni sovitish va 
trubinalarni ishga tushirish uchun aynan suv qo8llaniladi. Bio yonilg8i sohasida esa ekinni sug8orish, 
fermentlash, etanol kabilarni ishlab chiqarishni ham suvsiz tasavvur etish qiyin.  

Iqlimni kuzatuvchi «World Watch» instituti ilmiy hodimi Aleksandr Oks bunga qancha suv 
ketishini chamaladi. «Ko8mirdan bir megavat energiya hosil qilish uchun 4 mingdan 8 ming 
litrgacha suv kerak bo8ladi. Amerikani o8zidagi barcha zavodlarni, bug8 yordamida ishlovchi jamiki 
zavodlarni olsak 2020-yilda hammasi uchun triliand litr suv sarflagan. Bu bir yil uchun ketgan 
mahsulot hisoblanadi»-deydi u.  

Suv yo8qmi, energiyani barcha turi ham yo8q deb hisoblash mumkin. Tan olishimiz kerakki 
muqobil energiya manbalari, jumladan quyosh panellari ham subga muhtoj axir. Texnikani sovitish 
tozalash ishlari ham bor. Bu ehtiyojlar natijasida Kaliforniya, Massachuset va boshqa shtatlarda 
ayrim GES, AESlar vaqtincha yopilgan. Havosi issiq, suv shundoq ham tanqis shtatlarda energiya 
ishlab chiqaruvchi bir necha zavod yopildi. Butun dunyo bo8ylab shu muammosi yuzaga kelmoqda.  
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Devid Broun AQSH janubida ob-havo va atmosfera tozaligini kuzatuvchi dasturlarni yuritadi. 
Bu loyihalar natijasida iqlimdagi har qanday o8zgarishlar qayd etib boriladi. Issiq hududlardagi 
jazirama oxirgi bir asrda eng og8ir deb ko8rilar ekan, bu energetika sanoatini ham to8xtatib qo8yishi 
aniq.  

1-rasm. Qashqadaryo viloyatida joylashgan Tolimarjon IES stansiyasi 
Energetika kompaniyalari suvdan tejab-tergab foydalanishga majbur bo8lmoqda bugun. 

Ko8mirni tozalovchi fabrika bo8ladimi, tabiiy zahiralarni qazib olish bo8ladimi, haqiqat bilan 
yuzlashishga majbur. Iqlim o8zgarishda davom etgani sari kompaniyalar suv ham kamayib borishini 
tushunadi. Ekspertlar aytishi bo8yicha yer yuzining Janubi-G8arbiy hududlarida yaqin bir necha 10 
yillarda suvga bo8lgan talab yanada ortadi. Dunyoda qishloq xo8jaligi ham energeyika sektori bilan 
deyarli bir xil suv iste'mol qiladi. Soni oshib borayotgan aholi, qishloq xo8jaligi va energeyika 
sanoati tashnaligi kuchayib borar ekan, yechim topishimiz shart.  

Yuqorida keltirilgan misollar ham bugun yurtimizdagi muammolardan buri xisoblanadi. 
Aytishimiz joizki biz O8zbekistonning chekka va tog8li hududlarida, aholi yashash punktlarini 100 
foiz elektr energiyasini bilan taminlab bera olganimiz yoq. Taqdim etmoqchi bo8lgan loyihamiz 
chekka hududlardagi aholi yashash punktlarida sun'iy suv havzalari orqali kam harj usulda elektr 
energiya olish va o8sha hududlardagi aholini elektr energiyasi bilan taminlashdan iboratdir. Bu usul 
orqali suv isrofiga yo8l qo8yilmaydi. Loyiha mohiyati shundan iboratki ikkita generator parraklari 
yuqori va quyi qism orqali o8rnatiladi. Suv quyi qisimdan bosim orqali yuqoriga chiqadi va 
yuqoridagi parrakni aylantiradi. Yuqoridagi parrak suvni quyi parrakga uzatadi. Generatordagi 
parraklar aylanishi tufayli elektr energiyasi hosil bo8ladi. Tok mini stansiyada to8planadi va aholiga 
uzatiladi. Bu jarayon muntazam davom etadi. Bu usul suvni isrof etmagan holda 500 tonna suvni 
muntazam aylantirish orqali yuz beradi. Bunkerdagi suv har 20 kunda almashtirib turiladi. Suvni 
almashtirish jarayonida chiqarilgan suv qishloq xo8jaligi uchun haydaladi. Shu tarzda suv isrofiga 
yo8l qo8ymagan holda elektr energiyasi olishga erishish mumkin. Bu ko8rinishdagi mini stansiyalar 
doimiy sun'iy suv havzalari yonida barpo etilishi shart. Bu mini stansiyalar ekalogik va tejamkorlik 
jihatidan juda qulay hisoblanadi. Biz bu mini stansiyalar orqali muntazam va tejamkor elektr 
energiyasi olish, chekka tog8 hududida yashovchi aholi punktlarini muntazam energiya bilan 
taminlashga erishish mumkin.  

Bu mini stansiyalar kelajakda elektr energiyasi muammosini bartaraf etishda oz bo8lsada o8z 
hissasini qo8shadi degan umiddamiz. 

Adabiyotlar ro8yxati: 
1. www.uzbekistonmed.uz  
2. www.xc.uz  
3. www.serviceproekt.ru  
4. Klebanov A.F. Tog8-kon sanoati korxonalarining raqamli transformatsiyasi: moda 

frazeologiyasi yoki ob'ektiv zaruratmi? Mineral resurslarni kompleks rivojlantirish va saqlash 
muammolari va istiqbollari. 3 M.: IPKON RAN, 2018. 3 S. 61365. 
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NASOS AGRIGATLARIDA QO8LLANILADIGAN O8ZGARUVCHAN TOK 
ELEKTR YURITMA TEZLIGINI DATCHIKSIZ ANIQLASH USULI 

G8affarov K.K., Buxoro muxandislik-texnologiya instituti assisenti. 
komilgafforov@mail.ru 

Imomova Z.B., Buxoro neft va gaz sanoati kolleji katta o8qituvchisi 
Gulruh Bafoyeva., Buxoro muxandislik-texnologiya instituti talabasi 

Annotatsiya: Ushbu maqolada asinxron dvigatelning tezligini datchiksiz aniqlash usullarni 
qarab chiqilgan. Bu usullarning murakkablik darajasi elektr yuritmani rostlash diapozoni talablari 
bilan va tezlikni o8lchashning aniqliligiga qo8yilgan talablar bilan aniqlandi. Maqolada tezlikni 
datchiksiz aniqlash sxemasini qurish prinsipi qo8zg8almas koordinata tizimida asinxron motorning 
vektorli matematik ifodalashga asoslangan. 

Kalit so8zlar. asinxron dvigatel, datchik, yuritma, chastota, invertor. 
Elektr yuritmani yopiq tizimini qurish uchun motor tezligining haqiqiy qiymatini o8lchash 

kerak bo8ladi. Rostlash tizimining kirishida bu qiymat berilayotgan qiymat bilan solishtiriladi. Ko8p 
hollarda tezlikni o8lchash aylanuvchi tezlik datchiklari yordamida amalga oshiriladi. Bunday 
datchiklar elektron o8zgartirish blogi bilan bog8langan hamda motor valiga o8rnatilgan qurilma 
bo8lib, ular tezlikning mexanik qiymatlarni anologli yoki diskret elektr silnallarga 
aylantiradi[1,2,5,7].  

Oxirgi o8n yil mobaynida kuzatilayotgan o8zgaruvchan elektr yuritmadagi aylanuvchi 
o8zgartirgichlardan xoli bo8lishga intilish tezlik datchiklariga ham etib keldi. Bu esa tezlikni 
datchiksiz o8lchash usullarini ishlab chiqish va takomillashtirishga olib keldi. Bu usullarda tezlikni 
o8lchashboshqa maqsadlar uchun oson o8lchanadigan elektr kattaliklardan foydalaniladi. Bunday 
kattaliklarga birinchi navbatda motor ta9minot olayotgan invertor chiqishidagi kuchlanish va stator 
toki hisoblanadi. Sxemotexnika nuqtai nazaridan bunday yondashish tizimning elektron qismini 
funksiya ko8rinishda uzatishni bildiradi. Shu paytgacha bu vazifani aylanuvchi datchiklar bajargan. 
Bu esa tizimning murakkablashishiga olib keladi, lekin agar boshqarish tizimini mikroprotsessor 
asosida yaratish bunday murakkablashgan tizimli elektr yuritmani sezilarli qimmatlashishiga olib 
kelmaydi, buning ustiga yana bir foydali momentni hosil qilishimiz mumkin, ya9ni tezlik datchikini 
boshqarish tizimi bilan ulovchi simlarga hojat qolmaydi. Boshqarish tizimi motor va datchikdan 
ancha uzoq masofada turgan bo8lishi mumkin.  

Tezlikni datchiksiz aniqlash uchun turli xil usullarni amalga oshirish mumkin. Bu usullarning 
murakkablik darajasi elektr yuritmani rostlash diapozoni talablari bilan va tezlikni o8lchashning 
aniqliligiga qo8yilgan talablar bilan aniqlanadi[2,8,10]. Maqolada asinxron motorning tezligini 
aniqlash usullari besh guruhga bo8lingan. 

Birinchi guruhga tegishli bo8lgan usul noadaptiv usullar bo8lib, bu usullarda motor tezligi 
befosita o8lchanayotgan kuchlanish va stator toki orqali aniqlanadi. Birinchi usulga tegishli yana bir 
usul sxemadagi manba kuchlanashi chastotasi va rotordagi EYUK ni hisoblash orqali tezlikni 
aniqlashga asoslangan. Ikkinchi guruhga tegishli usullar bu adaptiv usullardir. Ular elektr yuritma 
tezligini rostlashning yopiq tizimiga tegishli bo8lib, ularda adaptatsiya o8lchanayotgan tizimning 
aniqlilik darajasini oshirish uchun qo8llanilgan. Uchinchi guruhga motor konstruksiyasining 
xususiyatlariga asoslangan usullar kiradi. Masalan motorning magnitlanish egri chiziqdan 
olinadigan ma9lumotlardan foydalanib tezlikni aniqlash. To8rtinchi guruh 3 bu neytron zanjirlar 
nazaryasiga asoslangan nochiziqli usullar, va oxirgi beshinchi guruh 3 qo8shimcha yuqori chastotali 
signallarni yoki boshqa qo8shimcha ma9lumotlarni aniqlilik darajasini oshirish uchun 
qo8llaniladigan guruhlar usulidir. [3,11,12,13,15] 

Ushbu maqolamizda biz faqatgina bir muncha soddaroq bo8lgan asinxron motorni matematik 
ifodalanishi shakllari asoslangan noadaptiv usullarni qarab chiqamiz.  

Tezlikni datchiksiz aniqlash sxemasini qurish prinsipi qo8zg8almas koordinata tizimida 
asinxron motorning vektorli matematik ifodalashga asoslangan.Agar formulaga 

 o8zgartirishlar kiritib va dvigatelning burchak tezligi 

 ekanligini hisobga olsak, bunday ifodani 
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formuladan topib olishimiz mumkin. U holda x-y qo8zg8almas koordina 

tizimida qisqa tutashtirilagn asinxron dvigatelning tenglamasi quyidagi ko8rinishga ega bo8ladi:  

              (1) 

(2) 

               (3) 

              (4) 
(2) tenglamada Ë tezlikning mavjudligi uning qiymatini ikkita o8zgaruvchan kattaliklar 

qiymatlari orqali topish imkonini beradi. Bundan tashqari tezlikning datchiksiz aniqlash yana uchta 
sxema varianti ko8rib o8tilgan: aylanuvchan; koordinata tizimida qo8zg8almas koordinata tizimida; 
qo8zg8almas vaaylanuvchan koorditnatatizimida[4,13,14,16].1-rasmga tasvirlangan birinchi variant 
sxemasini tahlil qilayotgan vaqtda birinchi navbatda (1), (2) va (3) ifodalarga bir qator 
o8zgartirishlar kiritish kerak bo8ladi,chunki (1) tenglamadan o8lchash mumkin bo8lmagan rotorning 
toki va oqim ilashuvlari vektorlarini chiqarib tashlab mumkin bo8lsin[5]. Shu maqsadda (2) va (3) 
formuladan rotor tokining chiqarib tashlab, ning qiymatini topish kerak: 

       (5) 

bu yerda Ã- dvigatelning sochilish koeffitsienti.  
Bu tenglamani differensiallab quyidagiga ega bo8lamiz: 

 
Bu ifodaga (1) ifodadan stator oqim ilashuvini uchun topilgan ifodani qo8yib  

 
(1) formulaning o8ng qismidagi ikkinchi qo8shiluvchi uchun ifodani aniqlaymiz: 

.      (6) 

(1) tenglamaga kiruvchi rotor tokining vektorini (2) formulaga asosan stator toki va 
oqim ilashuvi orqali ifodalash mumkin: 

              (7) 

(5), (6) va (7) ifodalarning (1) formulaga qo8yib, tenglamaning hamma qismini ga 
ko8paytirib,  ga bo8lib va qo8shiluvchi hadlarni guruhlab yangi ifodaga ega bo8lamizki, qaysikim 
bu ifodada faqatgina o8lchash mumkin bo8lgan kattaliklarning fazoviy vektorlari kiradi.  

 
      (8) 

Tenglamaning chap qismini qo8zg8almas koordinata tizimi o8qidagi stator kuchlanishi va toki 
vektorlarining proeksiyasi ko8rinishda ko8rinishda yozish mumkin: 

; 
, 

bu yerda , - 1,a-rasmda tasvirlangan sxema uchun hisoblanadigan o8zgaruvchilar. 
Keyingi qadam sinxron tezlik bilan aylanadigan ³-³ koorinata tizimiga o8tish hisoblanadi. Buning 
uchun  va  kattaliklarga o8zgaruvchan funksiya kiritilishi kerak. Hisoblangan va 

stator oqim ilashuvi vektorining proeksiyasi orqali joriy  burchak qiymatini hisoblash 1,b-

rasmda ko8rsatilgan oqim modeli orqali amalga oshiriladi.  tenglamaning 
o8ng qismini ³-³ koorinata tizimiga o8tkazishda va ³ o8qni stator oqim ilashuvi vektori yo8nalishi 
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bo8yicha yo8naltirib, ya9ni faraz qilaylikki ,demakki , hamda tenglamani haqiqiy 
va mavhum qismlarga ajratib (8) ifodani quyidagi ko8rinishda yozishimiz mumkin: 

 
. 

Ushbu tenglamalarning ikkichisi asosida dvigatelning tezligi hisoblanadi  

 

 
1-rasm. Aylanuvchi koordinata tizimida asinxron dvigatelli elektr yuritmaning tezligini 

datchiksiz aniqlash: 
a-strukturasi; b-oqim modeli sxemasi 
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5^?44<.  

�G ·>?4F?4D 5>7>D <G·<F< F><>=<44= <EE<�?<> M?5>FD EF4=F<O?4D< (�-%) GGG= 
>D74=<> U�<?�< 5<?4= F4N<<=?4=<5, G=<=7 =4DE< ^E<L44 446>< MF44< 64 74E<D4?4D OD>�E<7 
·>?74 >5?44<. ,G=<=7 GGG= �4=F4 F<>?4=44<74= <4=54. 44DU M=5D75F<>4E< 
7<4D>M?5>FD>EF4=F<O?4D=< �GD<L >D�4?< M?5>FD F<7<<?4D<44 E4?>·<OF ^E<L<=< 
D564?4LF<D<L44 F>5>D4 MNF<5>D=< F>DF44<. �<D<=G<44=, ><G<> 64 ^DF4 
7<4D>M?5>FD>EF4=F<O?4D, E^=7D4 =<D<> 7<4D>M?5>FD>EF4=F<O?4D �GD<L74 GEFG=?<> 55D<?44<. 
�==<�E4, ><G<> 64 ^DF4 7<4D>M?5>FD>EF4=F<O?4D �GD<?<L<44 <L?45 G<�4D<L <�F<E>4<UF<, 
LG=<=745>, �� �GD<?<L<, GE>G=4?4D=< ^D=4F<L 64 <L74 FGL<D<L 74DGD 5^?44<. 
7<4D>M?5>FD EF4=F<O?4D< 64 M?5>FD F4D<>�?4D<=<=7 <L>=G?<?<7< 64 E46DE<7?<7<=< 
F4N<<=?4L <G4<<>?4D< ?4=4> 5^?44<. 

�<4D>M?5>FD EF4=F<O?4D< <GD4>>45 F45<<= 64 F5E=<> <46<G4?4D4<D. '?4D=< 
?>=<·4?4L, �GD<L 64 <L?4F<L G<G<<= F5E=<> 64 <4EEGE D4=?4D=<=7 >5=7 4><D4E< 5<?4= 
F4=<L<L=< F4?45 �<?44<. 
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'L5G <G4><<4?4D=< ·4? �<?<L ·4<44 %GDE>=44DU 6<?>OF< E4=>4F >>DE>=4?4D< 64 
4·>?< <EF5N<>?G<?4D<=< E<D4F?< 64 G7?G>E<7 M?5>FD M=5D7<OE< 5<?4= F4N<<=?4L <4�E44<44 
'755><EF>= D5E?G5?<>4E< ?D57<45=F<=<=7 7 ��-311 �4D>D< �45G? �<?<=4<. �4D>D74 
<G6>D<� %GDE>=44DU 6<?>OF< %4D<>E<U FG<4=< EG4G4<447< &^?>?4=7 EG6 ><5>D< �>L<44 
&^?>?4=7 �-% �GD<?<L< >^DE4F<?74= 

&^?>?4=7 EG6 ><5>D< �>L<44 &^?4?4=7 �-% �GD<?<L< �755><EF>= $5E?G5?<>4E< 
�47<D?4D �4E>4<4E<=<=7 1993 =<? 22 =>O5D447< 7 437-$ E>=?< D4D<><L<74 4E>E4= 
«�<4D>?D>5>F» ��� F><>=<44= ?>=<·4?4LF<D<?74=. &G?>?4=7 �-% =<=7 ?>=<·4 5^=<G4 
G<G<<= �G664F< 175 <�F F4L><? MF44<. 

1993 =<? 23-=>O5D44 �755><EF>= $5E?G5?<>4E< �47<D?4D �4·>4<4E< F><>=<44= GL5G 
?>=<E4E< F4E4<�?4=74=. '=447< >GDE4F7<G?4D >G=<447<G4: 

  2 F4 >4FF4 47D574F -72,5 ��& 
  2 F4 ><G<> 47D574F -15 ��& 
  �4<<: -175 ��& 
 �DF4G4 =<??<> <L?45 G<�4D<L 514 <?=. >�F/E>4F F4L><? MF44<. 
�755><EF>= $5E?G5?<>4E< -=5D75F<>4 �47<D?<7< $564?4LF<D<L 5^?<<< <�>4?D>5>F= 

M>E?5DF<74 5^?<<< F><>=<44= 1992 =<? 12->>FO5D44 �-% �GD<?<L< ?>=<E4E< F4E4<�?4=74=. 
�755><EF>= $5E?G5?<>4E< �5?<>D4F<O 64 %G6 E^64?<7< �47<D?<7<=<=7 1994 =<? 19-

467GEF<447< F>?L<D<�< 5^=<G4 &-% (&-$) &^?>?4=7 EG6 ><5>D< �>L<447< &^?>?4=7 
�-%=<=7 5<D<=G< =4654F< �GD<?<L<74 >^DE4F<4 55D<?4<. 

&-% (&-$) 5^=<G4 4?>·<44 �-%=<=7 5<D<=G< =4654F< �<4D>47D574F?4D<=<=7 ·4D 
5<D<=<=7 �G664F MDD5>F?<7< 8,27 ��&=< F4L><? MF<?44<. &^?4?4=7 EG6 ><5>D< �>L<44 
7<4D>M?5>FD>EF4=F<O �GD<?<L< 1994 =<? 5>L?4=74=. 

�755><EF>= D5E?G5?<>4E< ?D57<45=F<=<=7 7 ��-311 �4D>D<74 <G>D<�: 
&^?4?4=7 7<4D>M?5>FD>EF4=F<OE< 5<D<=G< =4654F< 2 F4 �G664F< 15 <�F44= 5^?74= 

7<4D>75=5D4F>D?4D< 27 <N=L 2006 =<? <L74 FGL<D<?4<.�>=<·4 5^=<G4 ^DF4G4 =<??<> <L?45 
G<�4D<L 63,3 <?= >�F/E F4L><? �<?44<. 

7 �<??4D 
�L?45 G<�4D<?74= M?5>FD 

M=5D7<OE< (>6F/E.) 
�L <46EG<< 

1 2006 29.6  
2 2007 61.69 14.02-22.10 
3 2008 50.9 11.02-02.08 
4 2009 84.15 27.02-14.11 
5 2010 78.0 21.01-14.117 
6 2011 78.04 12.03-31.12 
7 2012 72.64 20.01-24.10 
8 2013 73.51 11.01-23.10 
9 2014 77.84 01.01-23.10 

10 2015 81.73 09.03-18.10 
11 2016 93.45 17.03-22.10 
12 2017 102.9 01.04-05.11 
13 2018 86.12 14.03-09.11 
14 2019 48.0 24.03-31.12 
15 2020 96.7 15.01-25.11 
16 2021 98.3 08.01-29.12 

 
�G664F< 15 <�F 5^?74= 2 F4 7<4D>47D574F E>7<D7< >G=44 ^DF4G4 E4D 5<D< 8 <�F 44= 16 

<�F M?5>FD M=5D7<OE< <L?45 G<�4D<>�44. 
�4<< 5^?<5 2022 =<?74 �444D 1218.57 <?=. >�F/E>4F M?5>FD M=5D7<OE< <L?45 

G<�4D<?4<.  
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&^?4?4=7 �-% 7<4D>75=5D4F>D?4D<=<=7 4E>E<= >^DE4F><G?4D<. 

�^DE4F7<G?4D 
�?G>6 

5<D?<7< 
�>=<·4 
5^=<G4 

1-?GE>>6>= 
>><??5>E 

%G6 ><5>D<=<=7 M=7 N�>D< =G�F4E< < 960,0 888,0 

�D=4F<?74= �G664F <�F 175,0 30,0 
�466G4 �G664F <�F -- 16,5 

¶<E>5?4=74= EG6 E4DD< �3 /E 137,0 20,2 
-=7 N�>D< 5>E<< < 170 95 

¶<E>5?4=74= 5>E<< < 145 78 
-=7 >4< 5>E<< < 92 60 
�DF4G4 5>E<< < 156 -- 

�^? =<??<> ^DF4G4 <L?45 G<�4D<L �?=. >�F/E 514,0 63,3 

�7D574F?4D E>=< 4>=4 
2E72,5 +2E15 

<�F 
2E15 <�F 

 
1 ?GE>>6>= >><??5>E 5^=<G4 <L?45 G<�4D<?4UF74= M?5>FD>M=5D7<O ·4D 5<D 

7<4D>75=5D4F>D44 4,048,25 <�F F4L><? MF<>�44, 5G=74 E4545 �-%=< EG6 �G6GD< %G6 
><5>D<=<=7 4E>E<= EG6 G<�4D<L F<7<<<74 G?4=74=. %G6 G<�4D<L <=L>4F<44= EG6 E4DD< 
>^?4=<L< 5<?4= �-% 7<4D>FGD5<=4?4D<44 5>E<< >4<4O4< 64 �G664F FGL44<. 

-?5>FD>M=5D7<O <L?45 G<�4D<L=< ?>=<·4 >^DE4F7<G<74 MD<L<L GGG= �G=<447< F5E=<> 
<G4<<>?4D=< ·4? MF<L >5D4>. 

1. %G6 ><5>D<44 ?>=<·4 5^=<G4 �GD<?74= E4=<F4D EG6 G<�4D<L <=L>4F<=< <L74 
FGL<D<L >5D4>. 

2. %G6 ><5>D ·46<<=< ?>=<·4 >^DE4F7<G?4D<74 5F>47<5 �-%=< EG6 5<?4= 
F4N<<=?>6G< �G6GD=< �GD<?<L<=< =<·>OE<74 5F>47<L >5D4> 5^?44<. 

�445<UF?4D 
1. �755><EF>= $5E?G5?<>4E< �47<D?4D �4·>4<4E<=<=7 2018 =< 18 O=64D447< 

722-E>=?< �4D>D< (�?5>FD 64 <EE<�?<> 5=5D7<OE<44= D>=44?4=<L �><44?4D<) 
2. $54>F<6 �G664F=< >><?5=E4F<OE< 5^=<G4 <L?4D=< F4L><? 5F<L F4DF<5< 

F^�D<E<447< =<7><. 
3. -?5>FD>F5E=<G5E><= E?D46>G=<> (1.2.3 >=<7<) 
4. <%?D46>G=<> ?> M?5>FD<G5E><< GEF4=>6>4< 6OE>>>7> =4?DO65=<O= (�>E>64 

-=5D7<O-1981 7.) 
5. <%?D46>G=<> ?> -?5>FD>E=4565=<N ?D><OL?5==OE ?D54?D<OF<= < (�>E>64 

-=5D7<O-1986 7.) 
 

$���&�� �'���&�� ������%�&�/ ����, 
¶�%����� -��$��/�� &���, 

,4=<4=>6 �4E4< $4<<>6<G >4FF4 ^�<FG6G<,  
�54G?47<7>6 �>7>D�G? �>5>�G?>6<G 4EE<EF5=F. 
&5D<<7 <GE4=4<E?<>-F5E=>?>7<O <=EF<FGF<. 

maxamshaymanov@gmail.com, +998936371881 
%4=>4F >>DE>=4?4D<=<=7 M?5>FD F4N<<=>F<=< ?>=<·4?4LF<D<L44 >^D<?44<74= 4E>E<= 

<4E4?4?4D44= 5<D< 3 5G D54>F<6 �G664F=< >><?5=E4F<O �<?<L4<D. �>DE>=4=<=7 D54>F<6 
�G664F >>5D<F5=F< �4=44= 5^?<L?<7<=< M=5D7>E<EF5<4 ·4? �<?44<, GG=>< D54>F<6 �G664F=< 
>><?5=E4F<O?4L <4E4?4E< F^�D< 5G<?74=44 <EF5N<>?G<?4D, ?<=<O?4D, M?5>FD F4D>4FG6G< 
�GD<?<4?4D, FD4=ED>D<4F>D?4D, ^774DF7<G?4D 64 75=5D4F>D?4D=< ^7 <G<74 >?74= F<7<< 
<L<=<=7 MDD5>F<6?<7< F4N<<=?4=44<.  

�<=<O 64 FD4=ED>D<4F>D?4D44= D54>F<6 �G664F ^F<L< =4F<64E<44 �^L<<G4 4>F<6 
�G664F 64 M=5D7<O =>5G474DG<?< E>4<D 5^?44<. �74D $ �4DL<?<>74 M74 5^?74= ?<=<O >D�4?< $ 
64 Q �G664F?4D< G74F<?E4, 4>F<6 �G664F =>5G474DG<?<7< �G=<447<G4 4=<�?4=44<:  
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�5<4>, D54>F<6 �G664F=< ?<=<O44= G74F<L< =4F<64E<44 �^L<<G4 4>F<6 �G664F 

=>5G474DG<?<7< (ôP
Q

U
Rp ý

2

2
 ) E>4<D 5^?<5, G=<=7 �<=<4F< Q =<=7 >644D4F<74 F^�D< 

?D>?>DE<>=4?4<D. ,G=<=7 GGG= M?5>FD EF4=F<O?4D< 75=5D4F>D?4D<44= <EF5N<>?G<?4D74 
D54>F<6 �G664F G74F<L <4�E4474 <G6>D<� M<4E. 

�<774 <4N?G<><, E<EF5<4 75=5D4F>D< 4>F<6 �G664F 5<?4= 5<D74?<>44, 75=5D4F>D=<=7 tgÇ 
3 D54>F<6 �G664F >>MDD<F<5=F<74 5>�?<� D46<L44 <4N?G< <<�4>D447< D54>F<6 �G664F ·4< 
<L?45 G<�4D44<. %4=>4F >>DE>=4?4D<=<=7 F5E=>?>7<> 64D4U=<=< F4·?<?< LG=< 
>^DE4F44<><, >>DE>=4?4D447< 4E>E<= >GG <EF5N<>?G<?4D<=< 4E<=ED>= 46<74F5??4D F4L><? 
MF44<. �==4= 4E<=ED>= 46<74F5??4D D54>F<6 �G664F=<=7 4E>E<= <EF5N<>?G<?4D<, ON=< 
G<G<<= <L?45 G<�4D<?74= D54>F<6 �G664F=<=7 60-65%<=< <EF5N<>? �<?G6G<?4D< 
·<E>5?4=44<. ,G=44= >5?<5 G<�<5, E4=>4F >>DE>=4?4D<44 D54>F<6 �G664F 4>F<6 �G664F74 
=<E54F4= 20-30%74 >^? <EF5N<>? �<?<=44<. ,G ^D<=44, M?5>FD F4D<>�?4D<447< <ED>D?4D 
<D>44?4D<=< F4·?<? �<?44<74= 5^?E4>: 
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.�>D<447< 4>F<6 64 D54>F<6 �G664F, >GG?4=<L <ED>D?4D< <D>44?4D<44= >^D<=<5 
FGD<54<>< D54>F<6 �G664F <ED>D?4D74 F^�D< ?D>?>DF<>=4?. /N=<, M?5>FD F4D<>�?4D< >D�4?< 
�4=G4 >^? D54>F<6 �G664F <EF5N<>?G<74 G74F<?E4, F4D<>�?4D447< <ED>D?4D <<�4>D< ·4< 
LG=G4 >^? 5^?44<. �G ME4 F5E=<>-<�F<E>4<= >^DE4F><G?4D=<=7 U<>=?4LG6<74 >?<5 >5?44<. 
$54>F<6 �G664F=< ?<=<O 64 FD4=ED>D<4F>D?4D >D�4?< G74F<L M?5>FD M=5D7<OE<=< �^L<<G4 
=>5G474DG<?<7<74, >GG?4=<L =^�>FG6<=< >L<L<74 64 F4N<<=>F F<7<<<74 >5F44<74= 
·4D464F?4D=< >DF<L<74 >?<5 >5?44<. ,G <4�E4444 D54>F<6 �G664F=< <EF5N<>?G<?4D74 O�<= 
6>=44 <L?45 G<�4D<L <4�E4474 <G6>D<� ·<E>5?4=44<. �G=44 D54>F<6 �G664F <L?45 
G<�4DG6G< <4EEGE �GD<?<4?4D44= D>=44?4=<?44<.  

.�>D<44 >5?F<D<?74= <G?>·474?4D �G=<447< <<E>? UD44<<44 FGLG=F<D<5 ^F<?44<. 
�G=44 <>>< ·>?4F >^D<5 G<�<?44<.  

�<D<=G< ·>?4F44 <EF5N<>?G<74 74DGD 5^?74= D54>F<6 �G664F F^�D<44=-F^�D< 
M=5D7>F<7<<44= G74F<?44<. 

 �>><=G< ·>?4F44 <EF5N<>?G< GGG= 74DGD 5^?74= D54>F<6 �G664F <EF5N<>?G<=<=7 ^7<44 
<L?45 G<�4D<?44<. �>>< ·>?4F F4��>E?4=<L< =4F<64E<44 D54>F<6 �G664F=< 
>><?5=E4F<O?4L <4E4?4E<=<=7 M=5D7<O F564<>>D?<7<447< 4>?74D5?<7< 64 G=<=7 F5E=<>-
<�F<E>4<= >^DE4F><G?4D74 F4NE<D< 4=<�?4=44<. 

1-·>?4F. �EF5N<>?G<74 74DGD 5^?74= D54>F<6 �G664F <<�4>D< M=5D7>F<7<<44= 
G74F<?44<. �EF5N<>?G<=<=7 4>F<6 �G664F74 F4?45< 500 >�F, D54>F<6 �G664F74 5^?74= F4?45< 
450 >��$ 455 >?<=44<.  

S=P+jQ=500+j450 
�G �G664F=<=7 ?<=<O 64 FD4=ED>D<4F>D?4D447< <ED>D?4D<=< ·<E>574 >?<5, M?5>FD 

EF4=F<O 75=5D4F>D<44= 600 >�F 4>F<6 �G664F, 550 >��$ D54>F<6 �G664F G74F<?44<. 
�5<4>, S=P+jQ=500+j550 <<�4>D447< �G664F=< ?<=<O 64 FD4=ED>D<4F>D?4D >D�4?< 

^F>47<L GGG=, LG �G664F=< ^F>4744<74= FD4=ED>D<4F>D?4D, ·46> 64 >455? ?<=<O?4D< ·4<44 
>><<GF4F<>= 4??4D4F?4D F4=?4=<L< >5D4>. 

2-·>?4F. �EF5N<>?G<74 74DGD 5^?74= D54>F<6 �G664F <<�4>D< <EF5N<>?G<=<=7 ^7<44 
<L?45 G<�4D<?44<. �G=44 ·4< 1-·>?4F447< >45< <EF5N<>?G<=<=7 4>F<6 �G664F74 F4?45< 500 
>�F, D54>F<6 �G664F74 5^?74= F4?45< 450 >��$ 455 >?<=44<. $4�4F7<=4 450 >��$ D54>F<6 
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�G664F M=5D7>F<7<<44= G74F<?<4=4<. �G �G664F <4EEGE >><?5=E4F<O �GD<?<4?4D< UD44<<44 
<EF5N<>?G<=<=7 ^7<44 <L?45 G<�4D<?44<. �G=44 �G664F?4D=<=7 ?<=<O 64 
FD4=ED>D<4F>D?4D447< <ED>D?4D<=< ·<E>574 >?<5, EF4=F<O 75=4D4F>D<44= 600 >�F 4>F<6 
�G664F, 100 >��$ D54>F<6 �G664F G74F<?<L<=< >^D<L <G<><=. 

�5<4>, 5<7 S=P+jQ=600+j100 <<�4>D447< �G664F=< ?<=<O 64 FD4=ED>D<4F>D?4D >D�4?< 
^F>47<L GGG=, LG �G664F=< ^F>4744<74= FD4=ED>D<4F>?4D, ·46> 64 >455? ?<=<O?4D< ·4<44 
>><<GF4F<>= 4??4D4F?4D=< F4=?4L<<<7 >5D4>. 

%G?>E4 
%G?>E4 E<D4F<44, <>>< ·>?4F F4��>E?4L F4·?<?<44=: 5<D<=G< ·>?4F447< 

S=P+jQ=600+j550 �G664F=< G74F<L GGG= <>><=G< ·>?4F447< S=P+jQ=600+j100 �G664F74 
=<E54F4= >4FF4 E4DD ·4D464F?4D 4<4?74 >L<D<?44<. �G 556>E<F4 >4FF4 �G664F447< >GG 
FD4=ED>D<4F>D?4D=<=7 F4=?4=<L<, ·46> 64 >455? ?<=<O?4D< >5E<< N74?4D<=<=7 
>4FF4?4L<L< 5<?4= E4D4>F5D?4=44<. �G >^DE4F><G?4D F<7<<=<=7 <�F<E>4<= 
>^DE4F><G?4D<=< U<>=?4LF<DE4, N�>D<447< <ED>D <D>44?4D<74 5<D<=G< 64 <>><=G< 
·>?4F447< �G664F?4D �<=<4F?4D<=< �^=<5 ·<E>5?4L =4F<64E<44 <ED>D?4D <<�4>D< 
>D4E<447< D4D�=<=7 E57<?4D?< 44D46444 5^?<L<, F<7<<=<=7 F5E=<> >^DE4F><G?4D<=<=7 
U<>=?4L<L<=< <D>44?4=4<. 

$54>F<6 �G664F <EF5N<>?G<?4D< 4E>E4= 4E<=ED>= ND<F7<G?4D, FD4=ED>D<4F>D?4D 64 
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Annotation.This article addresses the issues of the economical mode provided by pressure 
stabilization in the fluid supply system of pumping units.It is shown that the main control parameter 
in systems stabilizing the pressure in the network is the pressure at the dictating point.It is proved 
that the stabilization of the pressure at the dictating point provides the necessary minimum pressure 
in the network and reduces the energy consumption spent by the pumping station for water supply. 
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For a significant group of pumping units, the economical mode is ensured by stabilization of 
pressure (pressure) in the fluid supply system. Such installations include pumping stations of the 
second and third elevations of industrial and urban water pipelines, pumping stations of pumping, 
stations of closed irrigation systems and the like.The need to stabilize the pressure in the network of 
these stations is due to the variable nature of the water consumption regime. The probabilistic 
nature of water consumption requires continuous changes in the operating mode of the pump unit. 
Changes must be made in such a way that the required values of technological parameters (feeds, 
heads) in the system as a whole are maintained and at the same time the minimum possible energy 
consumption of the pump unit is ensured. 

This problem is solved by an automatic control system (ACS) of the pump installation, 
stabilizing the pressure in the network at a given value.It is almost impossible to stabilize the 
pressure at all points of a complex branched network. Therefore, we can talk about stabilizing the 
pressure at some individual points in the network, called dictators.As dictatorships, points are 
chosen where the provision of normal pressure at which ensures the maintenance of the same or 
higher heads at other points of the network. As a dictating point, a section of the water supply 
network located at the highest geodetic elevations and the most distant from the pump station in the 
hydraulic ratio is selected, i.e., the section to which the pressure losses are of the greatest 
importance.The location of the dictation points is determined by hydraulic calculation of the 
network or empirically, as well as by the results of long-term operational observations. With a 
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significant redistribution of water flows in the network, the dictating point can change its location. 
When the network is working in conjunction with pumping stations that are close to the consumers, 
for example, pumping stations, the dictating point can be located on the pressure head of the station. 
The main control parameter in systems that stabilize the pressure in the network is the pressure at 
the dictating point (s). Stabilization of the pressure at the dictating point provides the necessary 
minimum pressure in the network and reduces the energy consumption spent by the pumping station 
for water supply[1,2,5]. 

Below we consider the process of stabilizing the pressure at a dictating point using the 
example of a simple unbranched water supply network. Suppose that one pump is operating at the 
station(Fig.1). For normal water supply to consumers at dictating point A, the so-called free head 
�fr must be maintained. Point A is located at Z2 above the water level in the tank. Losses of 
pressure in the conduit depend on the flow rate to the second degree. Therefore, in order to raise the 
water from the mark Z1 to the mark Z2, to overcome the hydraulic resistance and provide a given 
free head, it is necessary to develop the water head 

.   (1) 
Graphically, the dependence of the required pressure at the outlet of the pumping station on 

the flow rate is shown by curve 1 in Fig. 2. If this dependence is observed, a stable required 
pressure  is maintained at the dictating point. 

However, this pressure during operation of the pump with a constant speed is only supported 
in maximum flow mode.The rest of the time, when the pump operates at a low flow rate, for 
example at 7 h, the system operates at a high pressure. In fig. 2 shows how the pressure changes at 
different times of the day depending on the change in the water supply of the pump unit. 

 
Fig.1. Schematic diagram of the stabilization of pressure in the dictating point A of the water 

supply network: 
1 - centrifugal pump; 2 - adjustable electric drive; 3 - pressure sensor; 4 - PI controller; 5 - 

master device; 6 - communication channel; 7 - water-folding devices; 8 - water conduit. 
In order for the pump installation to work without exceeding the pressure for any water 

consumption, it is necessary to equip it with an appropriate automated control system (ACS), which 
includes adjustable electric drive. Such a system consists of a pump unit equipped with an 
adjustable electric drive, a pressure sensor, a proportional-integral controller (PI controller), a 
master device and communication channels between the converter and the controller (see. 
Fig.1).The master device determines the required pressure value at the dictating point of the water 
supply network.The signals from the pressure sensor installed in the dictating point of the network, 
and from the master device are fed to the PI controller, where they are compared with each other, 
processed accordingly and then transmitted to the control system of the controlled electric drive of 
the pump unit[3,6,8,10]. 
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Fig.3. The process of stabilizing the pressure at the dictating point A (see Fig. 1): I(n1), I(n2), 

I(n3) - characteristics of the regulated pump at n1, n2, n3, respectively; II1, II2, II3 - characteristics 
of the conduit at different times t1, t2, t3, respectively; III - water consumption schedule. 
Ifdue to the closure of another tap, a further decrease in water consumption to Q3 occurs, the 

operating point of the pump will sequentially move from point 2ò to point 3, and then 3ò. In this 
case, as a result of the ACS action, the pressure characteristic of the pump moves to the position 
corresponding to the speed of rotation n3. 

The control system is adjusted so that changes in the rotation frequency occur when there are 
small deviations of the values at the dictating point from the set values.For this reason, the curved 
triangles1, 2, 2ò, and 2ò, 3, 3ò on the graph are small. As a result, the operating point of the pump 
moves almost smoothly along the characteristic of the pipeline and, therefore, the system works 
without exceeding the pressure, i.e., in the economical mode.The process of stabilizing the pressure 
at the dictating point of the network when working with several pumping units is more 
complicated.If all operating units are equipped with the adjustable electric drive, the control process 
proceeds in the same way as described above, with the difference that the command to change the 
rotational speed is sent simultaneously to all operating pump units. Then the speed of the working 
units changes synchronously, and as a result of this, the pressure characteristics of all pumps 
simultaneously and uniformly change their position. Due to this, the operating parameters of 
adjustable pumps (supply, pressure, efficiency, etc.) change the same and, therefore, the distribution 
of loads between the working pump units occurs evenly.The task is more difficult to solve in those 
cases when both regulated and unregulated pumping units work simultaneously.In this case, the 
regulation process is carried out by changing the speed of the adjustable units and sequentially 
changing the number of working unregulated pumps.  
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Fig.4. Schedule of joint operation of the network and pumps (regulated and unregulated):I(n1) 

- pressure characteristic of an adjustable pump at a speed of n1; I(n2) - the same for n2; II - pressure 
characteristic of an unregulated pump; I(n1)+I(n2)+II - total pressure characteristics of both pumps 

at n1 and n2, respectively; III - characteristics of the pipeline 
In fig. 4 is a graph of the joint operation of the network and two pumps: regulated and 

unregulated. As in the previous case, when the water consumption changes and the pressure 
increases at the dictating point, the speed of the adjustable pump decreases, and when the pressure 
decreases, it increases.But at the same time, the characteristic of an adjustable pump changes its 
position, while an unregulated pump remains unchanged.For this reason, although the pumps 
operate with the same pressure, their supply is different.With a decrease in speed, the variable 
displacement pump operates at a lower flow rate, while the noncontrollable flow increases. Other 
operating parameters of regulated and unregulated pumping units (efficiency, power, etc.) also 
differ. In the event of a significant change in water consumption, there comes a time when the flow 
of the regulated pump decreases to zero, and the flow of the uncontrolled pump increases to a 
certain value of IIQ3 (see Fig. 4, point 3).At this time, the pressure of an unregulated pump 
becomes greater than a regulated one. The check valve of the adjustable pump closes, and if it is 
absent, water flows through the pump in the opposite direction.As a rule, when equipping the pump 
unit with an adjustable drive, the presence of a check valve is mandatory[8,10,11,13]. 

It should be borne in mind that the process of changing water consumption does not always 
go monotonously. Often, when the supply limit value Q3 is reached, the process can stop and go in 
the opposite direction. In such cases, a situation arises in which an uncontrolled pump will 
repeatedly turn on and off.To avoid such phenomena, self-propelled guns must contain a locking 
device that allows you to turn off or turn on an unregulated pump only if there is a steady trend in 
water consumption. In some cases, for example, if water consumption for a long time fluctuates 
around the boundary value of Q3, it is advisable to equip both adjustable electric drive pumps so 
that in this mode they both work with a reduced speed.When installing different types of pumps at 
the pumping station, in order to avoid the formation of the so-called dead zones (DZ), it is advisable 
to equip the largest pumps with the most gentle characteristic with an adjustable electric drive. 

A dead zone occurs if the adjustable electric drive is equipped with a pump, the pressure 
characteristic of which lies below the characteristics of an unregulated pump. Under these 
conditions, when the limit value of the supply Q3 is reached, the uncontrolled pump cannot be 
turned off, since the adjustable pump, working even with the maximum speed, will not provide the 
necessary supply IQ1 <IIQ3. At the same time, it can no longer influence the regulation process, 
since the pressure it develops is less than the pressure IIH3 created by an unregulated pump 
(Fig.5).If a larger pump is equipped with a controlled electric drive, the self-propelled gun can give 
an impulse to turn off the unregulated pump with some lead, while water consumption has not yet 
decreased to the limit value of water supply Q3.An impulse to turn on an uncontrolled pump can 
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also be given in advance, until water consumption increases to the limit value Q3.This prevents the 
operation of the pump unit in the zone of low values of efficiency, which increases the efficiency of 
the regulation process[13,14]. 

 
Fig.5.The formation of dead zones (MOH) in the process of regulating a pumping unit: 

I(n1) - pressure characteristic of an adjustable pump at a speed of n1;I(n2) - the same for n2; 
II - pressure characteristic of an unregulated pump; III - characteristics of the pipeline 
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Annotation. Improving the energy efficiency of the technological process in the water 
supply of pumping stations, as well as the development of energy and resource-saving modes of 
hydromechanical equipment and electrical systems of pumping stations in a number of priority 
areas.  
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G?D46?5=<5, ���, FD4=ED>D<4F>D, D57G?OF>D, 4E<=ED>==O= 46<74F5?L. 

Key words:. Equipment, station, pump, electric drive, frequency, unit, control, efficiency, 
transformer, regulator, asynchronous motor. 

�<L?>� E^64?<7<=< F4?45 64 M·F<U6?4D<44= >5?<5 G<�74= ·>?44 EG674 5^?74= 
F4?45=<=7 ^774DG6G4=?<7<, EG�>D<L 64�F<=<=7 4><<<= M<4E?<7<, M><=?4D=< 4?<4LF<D<5 
M><?<L< 64 5>L�4 4FD>D-<G·<F ><<??4D=< =474D74 >?<5 <5?<>D4F<O F<7<<<447< =4E>E 
EF4=F<O?4D<=<=7 D>EF?4=44<74= M?5>FD ND<F<4 4E>E<44 M=5D75F<> E4<4D44>D?<7<=< >L<D<L 
<4E4?4?4D<74 4?>·<44 4·4<<OF 55D<?<>�44. ,G=<=7 GGG= =4E>E �GD<?<4?4D<=<=7 
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46F><4F?4LF<D<?74= 5>L�4DG6 F<7<<?4D<44 =4E>E?4D=<=7 <L D56<<<=< EG6 F4N<<=>F< 
F<7<<<=<=7 <L D56<<< 5<?4= <>E?4LF<D<L GGG= G4EF>F4?< 5>L�4D<?44<74= M?5>FD ND<F<4 
�^??4=<?44<[8]. '4EF>F4?< 5>L�4D<?44<74= ND<F<444= D>=44?4=<L 5>E<< E577<G?4D< 
UD44<<44 =4E>E=<=7 F5E=>?>7<> D56<<< GGG= E4<4D4?< 4�??< 5>L�4DG6 F<7<<?4D<=< 6>D<= 
MF<L74 <<>>= 55D44<. ¶>7<D7< >G=44 >^??45 <4<?4>4F?4D=<=7 >?<<?4D< =4E>E 
�GD<?<4?4D<44 G4EF>F4?< 5>L�4D<L=< 6>D<= MF<L 64 LG 5<?4= =4E>E �GD<?<4<=<=7 <L 
D56<<< 5<?4= EG6 5<D 6>=44= <>><=G< 6>=74 �G=<?<L<44 F5E=>?>7<> 64D4U=<=<=7 <L 
D56<<?4D<=< 5<D F5><E <G6>D<�?4LF<D<L 5^=<G4 F44�<�>F?4D >?<5 5>D<>�44?4D. 

�G=44= F44�<�>F?4D=< 4<4?74 >L<D<L44, EGEGE4= =4E>E EF4=F<O?4D=<=7 ·4674447< 
EG6=<=7 E4F·<=< 5>L�4D<L 4E>E<44 M=5D7<O E4<4D44>D?<7<=< >L<D<L, G=<=7 �G664F 
E4DD<74 F4NE<D MFG6G< M=7 <G·<< ><<??4D=< 4=<�?4L, «G4EF>F4?< D>EF?4=44<74= M?5>FD 
ND<F<4-4E<=ED>= <>F>D-<5?<>D4F<6 =4E>E» F<7<<?< 5>L�4D<L 64 =4E>E �GD<?<4E<=<=7 
>?F<<4? <L D56<<<=< 4=<�?4L 64 G?4D=< F44�<� �<?<L <G·<< ·<E>5?4=44< 

-=5D75F<>4 D5EGDE?4D<44= E4<4D4?< D>=44?4=<L44 <5?<>D4F<O F4D<>�?4D<=< 
5>L�4D<L74 =^=4?F<D<?74= 46F><4F?4LF<D<?74= F<7<<?4D=< <L?45 G<�<L <G·<< 
4·4<<OF74 M74. �<FF4 =4E>E?< =4E>E EF4=F<O?4D< N�>D< G=G<4>D?<>44 <L?4L74 <<>>= 
55D44<74= 5^?E4, >^? =4E>E?< EF4=F<O?4D ME4 M=5D7<O E4DD<74 >4<D>� MNF<5>D 55D<5, 
·4�<�<= <ED>D F4?45?4D<=< �>=4<D<L74 <G64DD4� 5^?<L44<.  

�<G<> 64 ^DF4 �G664F?< >^? 5?>>?< =4E>E �GD<?<4?4D< L4D><F<44 <4D>4744= �>G<D<4 
=4E>E?4D=< 5>L�4D<L =4F<64E<44 E4<4D44>D?<7< 64 <L>=G?<?<7<=< >L<D<L, 4==<�E4 
N>?4=<L=<=7 ^774DG6G4= F4L><? MFG6G<E< 5^?74= EG6 F4N<<=>F< F<7<<?4D<44, <4E4?4=, 
F<>?4L 64 ?4EF EF4F<> 5>E<<74 M74 F<7<<?4D44 6G44 4>?74D54<D. 

�774DG6G4= EG6 E4DD< L4D><F<44 =4E>E EF4=F<O?4D<=<=7 E4<4D44>D?<7<=< 4=<�?4L 
=4F<64?4D<=< ^D74=<L >D�4?< =4E>E EF4=F<O?4D< E4<4D44>D?<7<=< ?4E4=<L<=<=7 4E>E<= 
E4545?4D< 4=<�?4=44< [2]. �>L�4D<?44<74= =4E>E �GD<?<4=<=7 E4<4D4E<7 7>=444 ^F>4744<74= 
64�F<74 F4NE<D �<?G6G< 4E>E<= ><<??4D 4=<�?4=44<. '?4D=< ·4D 5<D<=<=7 5<D 7G<44 
<L?4L<=< <=>54F74 >?74= ·>?44 =4E>E 7GDG·?4D<=< 5>L�4D<L GEG?< F4>?<D MF<?44<.  

,G=44= �<?<5, =4E>E EF4=F<OE<=< 5>L�4D<L F<7<<<=<=7 F46E<D?4D< M=5D7<O 
D5EGDE?4D<=< (M?5>FD M=5D7<OE<, EG6) <EF5N<>? �<?<L <G=>E454F?4D<=<=7 ^774D<L< 5<?4= 
G4<54DG4E 5>�?<�. �4E>E EF4=F<O?4D<=<=7 4E>E<= <4�E44?4D<44= 5<D< M=5D7<O 
E4<4D44>D?<7<=< >L<D<L, F5E=>?>7<> 64D4U==<=7 ·4< 5>E<<, ·4< G=G<4>D?<> 5^=<G4 
55?7<?4=74= F4?45?4D<74 646>5 55D<L<4<D. �GDG·?< 5>L�4D<L=< 6>D<= MF<L =4E>E 
EF4=F<OE<=<=7 �G664F E4DD<=< 20-24% 74G4 >4<4=F<D<L=< >^DE4F44<, ·4?>>4F?< 647<OF?4D 
E>=<=< 85% 74G4 >4<4=F<D<L74 MD<L<?44<. 

�5?<>D4F<6 F<7<<?4D44 �4=F4 F<>?4=74= 5D?4D44 >?F<<4? EG6, ·46>, <EE<�?<> 64 
>7G�4 D56<<?4D<=< OD4F<L=< F4N<<=?4=4<74= ^74D> 5>�?<� 7<4D46?<> 64 5>L�4 
�GD<?<4?4D, ON=< >4=4??4D, >>??5>F>D?4D, �G6GD?4D, EG6 ><5>D?4D<, F^�>=?4D, =4E>E 
EF4=F<O?4D<, EG6 >?<L 6>=?4D< >45<?4D 5<?4= 5D <4=4>=?4D<=<=7 5GFG= EFDG>FGD4E<=<=7 
^774D<L< >G74F<?44< [10]. 

�4N?G<><, $5E?G5?<>4<<744 6,3 <<??<>= 75>F4D EG�>D<?44<74= 5D=<=7 4,3 <<??<>= 
75>F4D< =4E>E EF4=F<O?4D< >D�4?< EG6 5<?4= F4N<<=?4=74=. �5?<>D4F<6 EG�>D<L=<=7 
>4?<F4? E4D464F?4D 6<·4F<44=, <=DD4FG7<?<4=< D<6>6?4=F<D<L <4<?4>4F<<<7=<=7 EG6 
E^64?<7< 4E>E<= F4D<>�?4D<44= 5<D< ·<E>5?4=44<. �755><EF>= $5E?G5?<>4E< EG6 E^64?<7< 
647<D?<7< 54?4=E<447< 5301 F4 =4E>E EF4=F<O?4D<74 G<G<<= �G664F< �4D<=<5 7000 <3/E 
5^?74= 1693 F4 =4E>E �GD<?<4< ^D=4F<?4<. 
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1-D4E<44 �G=<-�4D4DL>= ·4674 <DD<74F<O F<7<<?4D< 5>L�4D<4E< =4E>E EF4=F<O?4D< 

64 M=5D75F<>4 5^?<<< �^?>4= <5?<>D4F<6 =4E>E EF4=F<OE<=<=7 F5E=>?>7<> EE5<4E< 
>5?F<D<?74=  

$4E<74 <G6>D<� �^?>4= <5?<>D4F<6 =4E>E EF4=F<OE<44 �G664F< 250 >�F 5^?74= 5 F4 
4E<=ED>= 46<74F5??< =4E>E �GD<?<4E< <L?4=4<. �4E>E?4D 2,2 >< <4E>D444 6>=?4L74= EG6 
><5>D<=< (·>6G7=<) EG6 5<?4= F^?4<D<L GGG= <^?64??4=74=. ->E??G4F4F<O �<?<=44<74= 
�1250 / 65 DGEG<?< =4E>E?4D=<=7 F46E<D?4D< 2-D4E<44 >^DE4F<?74=. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

$4E<-2. �1250 / 65 DGE<?< =4E>E=<=7 F46E<D?4D<.  
�G F5E=>?>7<> EE5<4 �<L?>� E^64?<7<447< >^?G<?<> <5?<>D4F<6 =4E>E 

EF4=F<O?4D<44 (=4E>E �GD<?<4?4D<=<=7 E>=< 64 �G664F< ^774D74=44) �^??4=<?44<. 
3-D4E<44 �G=<-�4D4DL>= ·4674 <DD<74F<O F<7<<?4D< 5>L�4D<4E<=<=7 =4E>E 

EF4=F<O?4D< 64 M=5D75F<>4 5>L�4D<4E< �^?>4= <5?<>D4F<6 =4E>E EF4=F<OE<=<=7 F46E<D?4D< 
>^DE4F<?74=.  

&44�<�>F?4D =4F<64E<, LG=<=745> 3-D4E<44= >^D<=<5 FGD<54<><, GL5G =4E>E 
EF4=F<OE< E4<4D4E<7 D56<<44 <L?4=4<, GG=>< ?4D4??5? <L?4L FGD4=?< =4E>E �GD<?<4?4D< 
^DF4E<44 F4N<<=>F 64 N>?4=<L?4D=< <4�5G? F4�E<<?4L 74DGD4F< FG�<?44<. 

&5E=>?>7<> 64D4U==<=7 F4?45?4D<=< �>=4<D<L GGG= =4E>E=<=7 <L?4L< EG6=< 
5>L�4D<L 5<?4= F4DF<574 E>?<=44< (D4E<-344 1 3 >?4?4= F^?<� >G<?74=44, 2- >?4?4= 30 
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7D44GE44 >G<?74=44). �4E>E=<=7 ?4D4??5? <L?4L ·>?4F?4D<44 5<D?<>?4D >D4E<447< 
N>?4=<L=< 46D4F<L 64 ·>6G7447< EG6 E4F·<=<=7 54D�4D>D?<7<=< F4N<<=?4L45> F5E=>?>7<> 
647<D4E<=< 4<4?74 >L<D<L=<=7 <GD4>>45?<7< 5<?4= 5>�?<� �<=<=G<?<>?4D ?4=4> 5^?<L< 
4=<�?4=4<. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3-D4E<. �G=<-�4D4DL>= ·4674 <5?<>D4F<O F<7<<?4D< 5>L�4D<4E< =4E>E EF4=F<O?4D< 64 
M=5D75F<>4 5>L�4D<4E< �^?>4= <5?<>D4F<6 =4E>E EF4=F<OE<=<=7 M>E??G4F4F<>= F46E<D?4D<. 

 
�G=44= F4L�4D<, E^=77< ^= =<??<>?4D44 N7 55D74= M=5D7<O =4DE?4D<=<=7 >L<L< 

M=5D7<O44= E4<4D4?< D>=44?4=<L74 >^?D>� MNF<5>D �4D4F<L 74DGD4F<=< >5?F<D<5 G<�4D4<. 
�^?7<=4 EG6 F4�E<<?4L F<7<<?4D<44 EG6=< ·4=44L, F4L<L 64 5F>47<5 55D<L, =4E>E?4D=< 
5>L�4D<L=< F4>><<??4LF<D<L, M=5D7<O E4DD<=< >4<4=F<D<L74 64 M>E??G4F4F<O 
E4D464F?4D<74 >?<5 >5?44<74= >4FF4 <<�4>D447< M=5D7<O F4?45 MF<?<L< E4545?<, 
F4D<>�=<=7 O=444 E4<4D4?< <L?4L<=< 4<4?74 >L<D<L GEFG6>D 647<D4 E<D4F<44 �4D4?<L< 
>5D4>. 'L5G <G4<<>=< ·4? �<?<L44 =4E>E?4D=<=7 E4<4D44>D?<7<=<, <EF5N<>?G<?4D 
F4?45<=<=7 FG7<?<L<=< 64 F<7<<44 5>L�4DG6G< ND<F<474 M74 5^?<L <<>>=<OF<=< ·<E>574 
>?<L >5D4>. �4E>E �GD<?<4?4D<=< 5>L�4DG6?4D< ^DF4E<447< ^74D> 5>�?<�?<>, =4F<6444 
=4E>E=<=7 M=5D7<O <EF5N<>?<, M=5D7<O E4DD< 64 F4D<>�447< F>> D56<<< F4D<>�=<=7 G<7<�?< 
5^?<474= 7<4D46?<>4E< 64 =4E>E=<=7 F46E<D?4D< >D�4?< >^D<5 G<�<?<L< >5D4>. 

�4N?G<>< =4E>E EF4=F<O?4D< M=7 >4FF4 M?5>FD M=5D7<OE< F4?45 �<?44<74= 
>5N5>F?4D44= 5<D<4<D[3]. ,G <G=>E454F 5<?4= G?4D=<=7 M=5D7<O F564=4<74= D56<<?4D<=< 
F4N<<=?4L 4?>·<44 GEFG6>D ^D<==< M74??4=4<, 5G EG6 F4N<<=>F<=<=7 F5E=>?>7<> 64D4U=<=< 
4<4?74 >L<D<L44 $5E?G5?<>4 <<�UE<44 >4FF4 <<�4>D447< M?5>FD M=5D7<OE<=< (<EF5N<>? 
�<?<=74=?4D=<=7 F4E<<=4= 15-18%) F564L74 <<>>= 55D44<.�L D56<<?4D<=< <L?45 G<�<L 
647<D4?4D< �G=<447<?4D74 4E>E?4=<L< ?>7<<: 

- �4E>E EF4=F<OE< F4N<<=>F<44 EG6 <EF5N<>?< 64464?<=<=7 �4FN<= <G6>D<�?<7<; 
- <5?<>D4F<6 =4E>E EF4=F<O?4D<=< EG6 5<?4= F4N<<=?4L=<=7 F5E=>?>7<> 64D4U=<=< 

·4D F><>=?4<4 46F><4F?4LF<D<L74 �>4<D 5^?74= 5>L�4D<?44<74= M?5>FD ND<F<4 5<?4= 
M=5D7<O-7<4D><5E4=<> GE>G=4?4D=<=7 >�<?>=4 64D<4=F<=< F4=?4L. 

�G7G=7< >G=74 >5?<5 <5?<>D4F<6 =4E>E EF4=F<O?4D<44 G=G<4>D?<>=< 5>L�4D<L44 
�^??4=<?44<74= GEG?-5G F4N<<=?4=4UF74= EG6=< 5>E�<G<4-5>E�<G (�GD<?<4 5^=<G4) 
5>L�4D<L=< F4N<<=?>6G< <L 5<D?<>?4D< E>=<=< ^774DF<D<L4<D. ,G 5<?4= 5<D74, 
5>L�4D<?44<74= <5?<>D4F<6 =4E>E EF4=F<O?4D<=<=7 4>E4D<OF<44 EG6 E4DD<=<=7 ·4�<�<= 
64464?< 64 G=<=7 <5?<>D4F<6 =4E>E EF4=F<O?4D<=<=7 <L?4L< 5<?4= �>??4=<L< ^DF4E<44 
=><G6>D<�?<> <466G4. ,G=<=7 GGG=, M><?74= M><=?4D=<=7 ·>E<?4>D?<7<=< =^�>F<L=< 
<EF<E=> �<?<L GGG= <5?<>D4F<6 =4E>E EF4=F<O?4D< >DF<�G4 N>?4=<L 64464?< 5<?4= 
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<L?4=4< 64 5G ^7 =4654F<44 EG6 D5EGDE?4D< 64 M?5>FD M=5D7<OE<=<=7 4E>EE<7 E4DD?4=<L<74 
>?<5 >5?44<. 

�4E>E EF4=F<O?4D<=<=7 O=4 5<D F46E<D< G?4D=< 5>L�4D<?<474= F<7<<< ^D=<74 
5>L�4D<?44<74= M?5>FD ND<F<474 ^F>47<L4<D, 5G 4?54FF4, M?5>FD 64 EG644= E4<4D4?< 
D>=44?4=<L74 <<>>= 55D44<, =4E>E EF4=F<OE<=< EG6 5<?4= F4N<<=?4L=<=7 F5E=>?>7<> 
64D4U=?4D<=< >><??5>E 46F><4F?4LF<D<L74 ^F44<, M?5>FD 6<·>7?4D<=<=7 N>?4=<L?4D<=< 
5>L�4D<L <>E?4LG6G4=?<7<=< >L<D44<, M?5>FD 6<·>7?4D<=<=7 N>?4=<L<=< 5>L�4D<L 
�G664F 64 7<4D><5E4=<> 6<·>7?4D=<=7 G<G<<= <L?4L <G444F<=< G74=F<D44<. 

$>=44?4=<?74= 4445<UF?4D 
1.'G64L56 �.�., �4?<64=>> %.%., ,<L>6 �.�., &65F456 �.�., �4?47>6 ..�. 

-=5D7>E55D574NM<5 4E<=ED>==O5 46<74F5?< // -?5>FD>F5E=<>4. 3 2009. 3 7 5. 3 %. 2311. 
2.�57=>6 �.%. '4EF>F=>-D57G?<DG5<O= M?5>FD>?D<6>4 =4E>E=OE GEF4=>6>>. 3 �.: 
�4L<=>EFD>5=<5, 2013. 3 176 E. 

 3.�??456 �.$., %>L<<>6 $.�. -=5D7>E55D565=<5 =4 ?D><OL?5==OE ?D54?D<OF<OE. 3 
&.: «$4=» �� $'7., 2011. 3 208 E.  

4. �?L<=E><= �.$., �>E>4?5=>> �.�. -?5>FD>?D<6>4. -=5D7>- < D5EGDE>E55D565=<5. 3 
�.: �& «�>445<<O», 2008. 3 208 E.  

5.�4<4?>6 &.%. '4EF>F=> D57G?<DG5<O= M?5>FD>?D<6>4 =4E>E=OE EF4=F<= <4L<==>7> 
>D>L5=<O. 3 &.: $4=, 2014. 3 368 E.  

6. &>??4D>6 �.�., �5<5=FL56 ..�. �=4?<7 E<EF5< G?D46?5=<O =4E>E=OE EF4=F<= // 
�765EF<O &><E>>7> ?>?<F5E=<G5E>>7> G=<65DE<F5F4. 3 2007. 3 &. 311. 3 7 4. 3 %. 1133118. 

7.,4=<4F>6 �.%.,%4D<7>6 �.�.,%>?<GD>4>6 �.�.,%4FF4D>6 &.�. «-?5>FD <4L<=4?4D<» 
D4=<44= 44DE?<>. �GE>D>: %44D<44<= %4?<< �GE>D<=, �GD4>=4 =4LD<UF<,-2021 =.-634 5. 

8.�57=>6 �.%. '4EF>F=>-D57G?<DG5<O= M?5>FD>?D<6>4 =4E>E=OE GEF4=>6>>. 3 �.: 
�4L<=>EFD>5=<5, 2013. 3 176 E. 

9.�4>D �.�., %<=<FO= �.�., �6DGF<= �.�. �6F><4F<G5E>>5 G?D46?5=<5 7DG??>= 
=4E>E=OE 47D574F>6 E F5?LN E=<65=<O 74FD4F M?5>FD>M=5D7<< // -=5D75F<>4. �765EF<O 6G7>6 < 
M=5D75F<G5E><E >5N54<=5=<= %��. 3 2017. 3 7. 1. 3 %. 54366.  

10.�4?LF56 �.�., %64F>6 �.%. �?D545?5=<5 M=5D7>MDD5>F<6=OE D56<<>6 D45>FO 
=4E>E=OE 47D574F>6 E G4EF>F=> D57G?<DG5<O< M?5>FD>?D<6>4>< =4 >4=4?<74F<>==OE 
EF4=F<OE // &DG4O ��&' <<. $.�. �?5>E5564. 3 2017. 3 7 4. 3 %. 1003107.  

11.,4=<4F>6 �., %>?<GD>4>6 �.�. -?5>FD F4N<<=>F< F<7<<<44 M?5>FD M=5D7<O=< 
<�F<E>4 �<?<L <G4<<>?4D< // �4F5D<4?O $5E?G5?<>4=E>>= =4GG=> 3F5E=<G5E>>= 
>>=D5D5=F<< �>D=>-<5F4??GD7<G5E><= >><??5>E: 4>EF<65=<O, ?D>5?5<O < ?5DE?5>F<6O 
<==464F<>==>7> D476<F<O. �46><=, 2016 7. -%.223 
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ISHLAB CHIQARISHDA AVTOMATLASHTIRISH, BOSHQARISH VA AXBOROT 
TEXNOLOGIYA MASALALARI 

__________________________________________________________________ 
 

ISHLAB CHIQARISH KORXONASIDA BAXTSIZ HODISALARNI AVTOMATIK 
TEKSHIRISH VA HISOBGA OLISH 
Akhmadaliyev Anvarbek Alijon o8g8li, 

Namangan engineering-technological instituti assistent, Uzbekistan. 
e-mail: anvarbek19932627@mail.com 

Annotation: Chief specialist, chief energy engineer, labor protection engineer, complex, 
annual, five-year or multi-year plans, capital funds, housing construction fund, depreciation fund 
general expenditure funds, regulatory information supply, medical examination, accidents, 
certificate of form N-1, statistical, monographic, topographical and economic examination, TMEK, 
occupational diseases, disinfection, entry instructions, initial, periodic, current, regular at the 
workplace outside instruction, labor protection room. 

Annotatsiya: Bosh mutaxassis, bosh energetik, mehnat muhofazasi muxandisi, kompleks, 
yillik, besh yillik yoki ko8p yillik rejalar, kapital mablag8lar, uy-joy qurilishi jamg8armasi, 
amortizatsiya jamg8armasi umumharajat mablag8lari, me8yoriy-axbarot ta8minoti, tibbiy ko8rik, 
baxtsiz hodiasalar, N-1 shakldagi dalolatnoma, statistik, monografik, topografik va iqtisodiy 
tekshirish, TMEK, kasb kasalliklari, dezinfeksiya, kirish yo8riqnomasi, ish joyidagi boshlang8ich, 
davriy, joriy, navbatdan tashqari yo8riqnoma, mehnat muhofazasi xonasi. 

Keywords: Frequency coefficient and weight coefficient, document drawn up in form N-1, 
calendar period (month, quarter, year), Weight coefficient Ko, dangerous and harmful production 
factors 

Kalit so8zlar: Chastota koeffisiyenti va og8irlik koeffisiyenti, N-1 formasida tuzilgan 
dalolatnoma, kalendar vaqt oralig8ida (oy, kvartal, yil), Og8irlik koeffisiyenti Ko, xavfli va zararli 
ishlab chiqarish omillari. 

Mehnat xavfsizligi bo8yicha tashkiliy va profilaktika chora-tadbirlarini ishlab chiqish va joriy 
qilishni, uning umumiy kompleksini boshqarish, shuningdek mehnat xavfsizligi bo8yicha qoida va 
me8yorlarga rioya hamda nazorat qilishni avtomatik quyidagi usul bilan hisoblash yaxshi samara 
beradi. Statistik usul-hisobot davrida ro8y bergan baxtsiz hodisalarning sabablarini aniqlashga 
asoslangan. Bunda asos qilib N-1 formasida tuzilgan dalolatnoma va ishga layoqatsizlik varqasi 
olinadi. Bu usul jarohatlanishning umumiy holatini, uning o8zgarib borish jarayonini tadqiq etishda, 
ularning kelib chiqish sabab va holatlarining qonuniyatlarini va ular orasidagi aloqalarni aniqlashda 
qo8l keladi.  

Jarohatlanish darajasini aniqlashda nisbiy statistik ko8rsatkichlar 3 chastota koeffisiyenti va 
og8irlik koeffisiyentidan foydalaniladi. Jarohatlanishning chastota koeffisiyenti Kch ma8lum 
kalendar vaqt oralig8ida (oy, kvartal, yil) ro8y bergan va 1000 kishiga to8g8ri kelgan baxtsiz 
hodisalar sonining shu tsexda ishlovchilarning ro8yxatdagi soniga nisbati bilan o8lchanadigan 
kattalik bo8ladi. 

 
Bu yerda, Kch 3 chastota koeffisiyenti,  
a 3 baxtsiz hodisalar soni,  
b 3 ishlovchilarning o8rta hisobdagi ro8yxatdagi soni.  
Og8irlik koeffisiyenti Ko har bir baxtsiz hodisaga o8rta hisobda qancha ishga yaroqsizlik 

kunlari to8g8ri kelishini ko8rsatadi:  
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bu yerda: S 3 ma8lum davr ichida bo8lib o8tgan hamma baxtsiz hodisalarning ishga 
yaroqsizlik kunlarining yig8indisi. 

Ishlab chiqarish korxonalarida inson omiliga zarar keltiradigon baxtsiz hodisalarni oldini olish 
va oldindan bo8lgan hisob kitoblarni amalga oshiradigon tizim nazoratini avtomatlashtish hozirgi 
kunda dolzarb hisoblanib kelmoqda. Bu dolzarb masalani oldini olishda hisob kitoblarga asoslangan 
nazoratni avtomatik hisoblaydigon tizim yaratish hozirgi zamon uchun juda muhimdir. Bu tizim 
orqali ishlab chiqarish jarohatlanishining sabablari dinamikasidan tashqari bunda baxtsiz 
hodisalarning turlari, xavfli va zararli ishlab chiqarish omillari, ularning organizmga ta8siri harakteri 
o8rganiladi. Shu bilan birga jabralanuvchi haqida ma8lumot (kasbi, staji, yoshi va boshqalar) va 
baxtsiz hodisaning qachon va qayerda bo8lganligi haqida ma8lumotlar beriladi. 

Xavfsizlikni ta9minlash o8z ichiga murakkab jarayonni oladi va uni elementar tashkil 
etuvchilarga dastlabki xolatlar, g8oyalar, prinsiplar deb ataluvchilarga bo8lish mumkin. «Prinsip» 
so8zi lotincha <principim= so8zidan olingan bo8lib, boshlanish, g8oya, asos demakdir. Ishlab 
chiqarishning turi, texnologik jarayonlarning afzalliklari, qo8llaniladigan jihozlarning har xilligi - 
bularning xammasi xavfsizlikni ta9minlash prinsiplarining ko8p xilligiga shartlashadi. Prinsiplar 
muxim uslubiy axamiyatga egadir. Xavfsizlikni ta9minlash bo8yicha to8lakonli profilaktik ish ilmiy-
tekshirish, tajriba - konstruktorlik, loyixa ishlarida, ishlab chiqarish ob9ektlarini qayta ko8rish va 
foydalanish bosqichida faqat ongli ravishda xavfsizlik prinsiplarini xisobga olish bilan mumkin 
bo8ladi. Prinsiplarning nazariy va ilmiy axamiyati shundan iboratki, ular bizni o8rab olgan 
dunyodagi xavflar bo8yicha bizlarning bilim darajamizni aniqlaydi va o8z navbatida ximoya 
tadbirlariga va ularni xisoblash usullariga talablar belgilaydi. Prinsiplarning axamiyati amaliy 
jixatdan xam muximdir: ular raqobatlashayotgan variantlarni taqqoslab taxlil qilish asosida 
xavflardan ximoyalanishning optimal yechimlarini topishga imkon beradi. Prinsiplarning evristik 
qiymati shundan iboratki ular Mexnat xavfsizligini boshqarishni tashkil qilishda xal qiluvchi 
axamiyatga egadir. Xavfsizlikni ta9minlash prinsipini bir-birini to8ldiruvchi element sifatda o8zaro 
bog8lanishda qarash muximdir. Konkret sharoitlarga bog8lik xolda bir va boshqa prinsiplar har xil 
amalga oshiriladi. Xavfsizliknita9minlash prinsiplari ularni amalga oshirish belgilariga qarab shartli 
ravishda 4 ta sinfgabo8linadi: taxminiy, texnikaviy, tashkiliy va boshqaruv prinsiplari. Taxminiy 
prinsiplar o8zida xavfsiz yechimlarni topuvchi yo8nalishni aniqlovchi metodologik va ma9lumot 
bazasi bo8lib xizmat qiluvchi asos soluvchi g8oyalarni taqdim etadi. Bunga quyidagi prinsiplar 
kiradi: operatorning aktivligi, faoliyatni gumanlashtirish, strukturani o8zgartirish, operatorni 
almashtirish, sinflashtirish, xavfni bartaraf qilish va kamaytirish, sistemalik va boshqalar. 
Texnikaviy prinsiplarxavfli omillarning ta9sirini bevosita oldini olishga yo8naltirilgan. Texnik 
prinsiplar fizik qonunlarniishlatishga asoslangan. Bunga quyidagilar kiradi: masofadan ximoyalash, 
ekranlashtirish, kattikligini oshirish, blokirovkalash (yakkalash), vakuumlashtirish, xavo 
kirmaydigan qilish, passiv zveno kiritish, zichlashtirish, flegmatizasiyalash va yeta olmaslik 
prinsiplari. Boshqaruv prinsiplarideb, xavfsizlikni ta9minlash jarayonining alohida bosqich va 
etaplari orasida o8zaro bog8lanish va munosabatlarni aniqlovchi prinsiplarga aytiladi. Ularga rejali, 
nazoratli, boshqarmali, majburiyli, qayta aloqali, samarali, javobgarlik, rag8batlantirish, ierarxik, bir 
ma9noli, adekvatli prinsiplari kiradi. Tashkiliy prinsiplargaxavfsizlik maqsadida Mexnatni ilmiy 
tashkil qilish qoidalarini amalga oshiruvchi prinsiplar kiradi. Ulargavaqt bo8yicha ximoyalash, 
ma9lumot berish, rezervlashtirish, normallashtirish, kadrlarni tanlash, ketma-ketlik, ergonomik, 
Mehnatni rasional tashkil qilish va zidlik prinsiplari kiradi. Bir vaqtda ayrim prinsiplar bir nechta 
sinflarga kiradi. Xavfsizlikni ta9minlash prinsiplari sistemalarni xosil qiladi. Va bir vaqtning o8zida 
har bir prinsip nisbatan mustakillik kashf qiladi. Ayrim prinsiplarni alohida ko8rib chiqamiz. Har bir 
ko8rib chiqayotgan prinsipga ta9rif beramiz va misollar keltiramiz. Sistemalik prinsipi - shundan 
iborat bo8lib har qanday xodisa, harakat va ob9ekt sistemalik konsepsiyasi bilan ko8riladi. 
«Sistema» so8zi grekcha - systema so8zidan olingan bo8lib, butun, qismlar va birikmalardan 
to8zilgan demakdir. Sistema deganda elementlar majmuasi tushuniladi, ular orasidagi o8zaro 
ta9sirlar adekvatli ravishda bir xil natijaga olib keladi. Bunday sistemani aniq sistema deb ataymiz. 
Agar elementlarning o8zaro ta9siri har xil natijalarga olib kelsa, buni noaniq sistema deyiladi. 
Sistemaning noaniqlik darajasi qancha yuqori bo8lsa shunga ko8ra har xil natijalar paydo bo8ladi. 
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Sistemadagi noaniqlik uning elementlarini va ular o8rtasidagi o8zaro ta9sir harakterini to8liq xisobga 
olmaslikdan tug8iladi. Sistemaning elementlariga moddiy ob9ektlar xamda ular orasidagi munosabat 
va aloqalar kiradi. 
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TEXNOLOGIK JARAYONLARNI AVTOMATLASHTIRISH TUSHUNCHASI VA UNING 
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Kirish 
Avtomatlashtirish 3 texnologik jarayonlarni odam ishtirokisiz boshqaradigan texnik vositalarni joriy 

etish demakdir. Avtomatlashtirish ishlab chiqarish jarayonidagi odam ishtirok etmagan sanoatning yangi 
bosqichi bo8lib, bunda texnologik va ishlab chiqarish jarayonlarini boshqarish funksiyasini avtomatik qurilmalar 
bajaradi. Avtomatlashtirishni joriy etish ishlab chiqarishning asosiy texnik 3 iqtisodiy ko8rsatkichlarining 
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yaxshilanishiga, ya9ni ishlab chiqarilayotgan mahsulot miqdori va sifatining oshishi hamda tannarxining 
kamayishiga olib keladi. 

Avtomatika fan va texnikaning avtomatik boshqarish nazariyasi va amaliyoti, avtomatik 
sistemalarni qurish prinsiplari va texnik jihatlarini o8z ichiga oladi. Avtomatlashtirish 3 bu texnik 
jihozlarning qo8llanilishi, matematik usullar va boshqarish sistemalarida, buning natijasida inson 
qisman yoki butunlay informatsiya olishda o8zgartirish, uzatish va energiyani ishlatishdan ozod 
bo8ladi.  

Avtomatlashtirishning maqsadi 3 mehnat unumdorligi va ishlab chiqarishning sifatini oshirish 
rejalarini avtomatlashtirish, optimallashtirish va boshqarish, insonni zararli sharoitlarda ishlashdan 
ozod qilishdir. U fan va texnikani umumiy rivojlantirish natijasidir. Texnologik jarayonlarni 
avtomatlashtirishning rivojlanishi asosan 50-60 - yillarda boshlangan. Texnika siyosatini maqsad sari 
yo8naltirilganligi hisobiga kimyoviy ishlab chiqarishning turli sohalarida avtomatlashtirishning darajasi 
oshdi. Texnologik jihozlanishning yaxlitligi va undagi o8zlashtirilgan texnologik jarayonlarni 
boshqarishni texnologik jarayonda amalga oshirilishi, texnologik obyektni boshqarishni tashkil qiladi. 
Axborotlarni avtomatlashtirilgan holda yig8ish va qayta ishlashni ta9minlovchi hamda inson 
faoliyatining turli sohalardagi optimal boshqarish uchun zarur bo8lgan inson-mashina sistemasiga 3 
avtomatlashtirilgan boshqarish sistemasi (ABT) deyiladi [2]. 

<Texnologik jarayonlarni avtomatlashtirish= kursining asosiy maqsadi: avtomatikaning 
zamonaviy texnik vositalari hamda EHM bilan boshqariladigan mikroprotsessorli texnika bazasi asosida 
ABTlarni qurish usullari va prinsiplarini to8la-to8kis o8rganishdan iborat. Kursning amaliy mohiyati 
mamlakatimiz xalq xo8jaligi taraqqiyotidagi ustuvor vazifalar bilan bog8langan.  

Texnik jarayonlarda odamning ishtirok etishiga ko8ra avtomatlashtirishni quyidagilarga ajratish 
mumkin: avtomatik nazorat, avtomatik rostlash va avtomatik boshqarish. 

Avtomatik nazorat 3 texnologik jarayonlarda tezkor ma9lumotlarni avtomatik ravishda qabul qilish 
va uni qayta ishlash uchun kerakli bo8lgan sharoitlarni ta9minlaydi. 

Avtomatik rostlash 3 texnologik jarayonlarning tegishli parametrlarini avtomatik rostlovchi asboblar 
yordamida talab qilingan sathda saqlanishini nazarda tutadi. Bu holda odam faqat avtomatik rostlash 
sistemaining (ART) to8g8ri ishlashini nazorat qiladi.  

Avtomatik boshqarish 3 texnologik operatsiyalarni belgilangan ketma-ketlikda avtomatik ravishda 
bajarilishini va boshqaruv obyektiga nisbatan bo8ladigan ta9sirlarning muayyan muttasilligini ishlab 
chiqishdan iborat. 

Boshqarish to8g8risida tushuncha va uning sxemalari 
Kundalik xayotimizda biz xar xil jarayonlarni boshqarishga duch kelamiz. Masalan, korxona 

faoliyatini, xarbiy operatsiyalarni, transport vositalarini va hokazo. U yoki bu jarayonni oldiga 
qo8yilgan maqsad sari yo8naltirishga boshqarish deyiladi [5]. 

Har qanday jarayonni boshqarish quyidagi to8rtta bosqichdan iborat. Buni sxematik tarzda 
quyidagicha ifodalash mumkin (1-rasm):  

 
 
 
 
 

 
 

 
1-rasm. Boshqarish bosqichlari. 

bu yerda: BO 3 boshqarish obyekti; I 3 boshqarish maqsadi; II 3 boshqarish to8g8risida axborot; III 
3 taqqoslash, tahlil etish va qaror qabul qilish; IV 3 qabul qilingan xabarni bajarish. 

Quyida misol tariqasida talabalarni o8qitish jarayonini boshqarishni ko8ramiz. 

BO I IV III 

II 
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2-rasm. Talabalarni o8qitish jarayonini boshqarish. 
Boshqarish jarayonini hamma bosqichlarini bajarilishini ta9minlaydigan texnik vositalar 

to8plamiga boshqarish sistemasi (tizimi) deyiladi. 
Boshqarish jarayonini hamma bosqichlari odam ishtirokisiz bajarilsa avtomatik boshqarish 

deyiladi. Agar biror bosqich odam ishtirokida bajarilsa avtomatlashtirilgan boshqarish deyiladi.  
Boshqarish jarayonini hamma bosqichlari odam ishtirokisiz bajarilishini ta9minlaydigan 

texnik vositalar to8plamiga avtomatik boshqarish sistemasi deyiladi [3].  
ABSni boshqarishda quyidagi sxemalardan foydalaniladi: 
1. Funksional sxema 3 bu sxema sistemaning qanday elementdan tashkil topganini 

bildiradi. Unda xar bir elementga mos ravishda shu elementning nomi yoki u bajaradigan 
funksiyasining nomi keltiriladi. 
 
 
 
 

3-rasm. Funksional sxema. 
2. Strukturaviy sxema (model) 3 bu sxema sistemaning matematik modelini bildiradi. 

Bunda xar bir elementga mos ravishda algebraik, differensial, integral tenglamasi yoki qandaydir 
uzatish funksiyasi keltiriladi. 

 
 

 
4-rasm. Strukturaviy sxema. 

3. Prinsipial sxema 3 bu sxema funksional sxemani kengaytirilgan kurinishi bulib, bunda 
xar bir elementni kengaytirib kursatiladi.  

Oddiy avtomatik boshqarish sistemalarining funksional sxemasi 
Kirish va chiqish kattaligi bitta bo8lgan sistemani bir o8lchamli sistema deyiladi. Bir 

o8lchamli oddiy ABS funksional sxemasini kuyidagicha qurish mumkin (5-rasm) [1]: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5-rasm. Bir o8lchamli oddiy ABT funksional sxemasi. 
bu yerda x(t) 3 kirish signali; y(t) 3 chiqish (rostlanuvchi yoki boshqariluvchi) kattalik; xb(t) 3 
boshqariluvchi kattalikning berilgan qiymati; &x=xb(t)3ytb(t) 3 boshqariluvchi kattalikning berilgan 
qkiymatdan chetlashishi yoki og8ishi; F(t) 3 qo8zg8atuvchi signal yoki ta9sir; ytb(t) 3 asosiy teskari 
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bog8lanish signali; y0(t) 3 maxalliy teskari bog8lanish signali; xp 3 boshqaruvchi, rostlovchi kattalik 
yoki signal [4]. 

1 3 topshiriq beruvchi element. Boshqarish maqsadiga muvofiq keladigan boshqarish 
signallarini tashkil etish uchun mo8ljallangan. 

2, 2' 3 taqqoslovchi yoki solishtiruvchi element. Bunda bir necha signal absolyut qiymati 
bo8yicha solishtiriladi. 

3, 4 3 kuchaytiruvchi va o8zgartiruvchi element. Bu boshqarish maqsadiga muvofiq 
signallarni kuchaytirish va o8zgartirish uchun mo8ljallangan. 

5 3 ijro etuvchi element. Bu boshqarish maqsadiga muvofiq boshqaruv obyektiga ta9sir 
etuvchi signalni tashkil etish uchun mo8ljallangan. 

6 3 boshqarish obyekti. Bu boshqarish maqsadiga muvofiq, o8z xolatini o8zgartirishi kerak 
bo8lgan xar qanday fizik tabiatli jarayonlar, qurilmalar va xokazolar bo8lishi mumkin. 

7 3 mahalliy teskari bog8langan element yoki korrektlovchi qurilma. Bu sistemaning 
dinamik xususiyatini yaxshilash uchun ishlatiladi. 

8 3 asosiy teskari bog8lanish elementi yoki axborot datchiklari deyiladi. Bu sistemada 
bulayotgan jarayonlar to8g8risida teskari bog8lanish zanjiri orqali ma9lumot olish uchun 
mo8ljallangan. 

 
 

 
 
 
 

6-rasm. Bir o8lchamli oddiy ABT soddalashtirilgan funksional sxemasi. 
Teskari bog8lanish deb, chiqishdagi signalni kirishga berishga aytiladi. Teskari bog8lanish 

quyidagi turlarga bo8linishi mumkin: 
1. Musbat va manfiy teskari bog8lanish 
2. Maxalliy va asosiy teskari bog8lanish.; 
3. Birlik va nobirlik teskari bog8lanish 

K = 1;     K b 1. 
4. Qattiq va elastik teskari bog8lanish. 

Chiqish signal kirish signali bilan qo8shilsa musbat teskari bog8lanish deyiladi. Agar 
teskari bog8lanish zanjiri elementning koeffitsienti birga teng bo8lsa, birlik, aks xolda nobirlik 
teskari bog8lanish deyiladi. 

Bir yoki bir necha elementni qamrab olsa maxalliy teskari bog8lanish, butun sistemani 
qamrab asosiy teskari bog8lanish deyiladi.  
Qattiq teskari bog8lanish o8tkinchi jarayon va muvozanat rejimda, elastik teskari bog8lanish esa 
faqat o8tkinchi jarayonda ta9sir etadi. 
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�==>F4F<O: � MF>= EF4FL5 >E65M5=4 4>FG4?L=>EFL ?D<<5=5=<O >><?LNF5D=OE 
?D>7D4<< 4?O D5L5=<O ?D4>F<G5E><E 7444G 6 D47?<G=OE ED5D4E 45OF5?L=>EF< G5?>65>4. �4=4 
?D>7D4<<4 =4 O7O>4E ?D>7D4<<<D>64=<O «DELPHI» 4?O D5L5=<O E<EF5< ?<=5==OE 
GD46=5=<=. �>>474= ?D<<5D ?D<<5=5=<O ?D>7D4<<O 4?O D4EGUF4 ?<=5==OE M?5>FD<G5E><E 
F5?5= ?>EF>O==>7> F>>4 6 M?5>FD>F5E=<>5.  

Annotation: In this article the urgency of application of computer programs for the decision 
of practical tasks in various fields of activity of the person is covered. Also the example of 
application of the program for calculation of linear electric circuits of a direct current in the 
electrical engineer is shown and the program in programming languages "DELPHI" is given. 

�>E?5 >5D5F5=<O =4L5= $5E?G5?<>>= =5746<E<<>EF< 4?O 5U M>>=><<G5E>>7> < 
E>F<4?L=>7> D476<F<O >F>DO?<EL 5>?LL<5 6>7<>6=>EF<. % ?5D6OE L47>6 =5746<E<<>EF< 
5>?LL5 6=<<4=<O EF4?> G45?OFLEO 6=54D5=<N 6 6<7=L E>6D5<5==OE <=D>D<4F<>==OE 
F5E=>?>7<=, >><?LNF5D<74F<< 6E5= 45OF5?L=>EF< G5?>65>4. 

$>?L <=D>D<4F<>< 6 E>6D5<5==OE GE?>6<OE ?>EF>O==> 6>7D4EF45F. �5OF5?L=>EFL, >4> 
>F45?L=OE ?N45=, F4> < F5?OE >D74=<74F<= 6EU 6 5>?LL5= EF5?5=< 746<E<F >F <E 
<=D>D<<D>64==>EF< < E?>E>5=>EF< MDD5>F<6=> <E?>?L7>64FL <<5NMGNEO <=D>D<4F<N. 
�=54D5=<5 >><?LNF5D>6, E>6D5<5==OE ED54EF6 ?5D5D45>F>< < ?5D544G< <=D>D<4F<< 6 
D47?<G=O5 <=4GEFD<< ?>E?G6<?> =4G4?>< ?D>F5EE4, =47O645<>7> <=D>D<4F<74F<5= 
>5M5EF64. %>6D5<5==>5 <4F5D<4?L=>5 ?D><76>4EF6> < 4DG7<5 ED5DO 45OF5?L=>EF< 6EU 
5>?LL5 =G644NFEO 6 <=D>D<4F<>==>< >5E?G6<64=<<, ?5D5D45>F>5 >7D><=>7> >>?<G5EF64 
<=D>D<4F<<. �=D>D<4F<74F<O =4 >E=>65 6=54D5=<O >><?LNF5D=OE < 
F5?5>><<G=<>4F<>==OE F5E=>?>7<= O6?O5FEO D54>F<5= >5M5EF64 =4 ?>FD55=>EFL 6 
EGM5EF65==>< G65?<G5=<< ?D><76>4<F5?L=>EF< FDG44 6 <=D>D<4F<>==>< E5>F>D5 
>5M5EF65==>7> ?D><76>4EF64, 745 E>ED54>F>G5=> 5>?55 ?>?>6<=O FDG4>E?>E>5=>7> 
=4E5?5=<O.  

� ?>6E54=56=>= 6<7=< <O G4EF> 6EFD5G45<EO E 646=O<< 7444G4<< ?D4>F<G5E>>7> 
7=4G5=<O, => E =<<< <=>744 FDG4=> E?D46<FLEO 6DGG=GN. �?O <E D5L5=<O E=4G4?4 
=5>5E>4<<> E>744FL <4F5<4F<G5E>GN <>45?L 7444G<, F.5. ?D54EF46<FL 5U 6 <4F5<4F<G5E><E 
D>D<G?4E < 6OD465=<OE.  

� 44==>= D45>F5 ?D54EF46?5=4 < 6O=5E5=4 =4 D4EE<>FD5=<5 ?D>7D4<<4 ?> 6OG<E?5=<N 
=5<765EF=OE 65?<G<= 6 E<EF5<5 <7 n GD46=5=<= E n =5<765EF=O<< 65?<G<=4<<. �D>7D4<<4 
?D<6545=4 =4 O7O>4E «DELPHI» [1].  

�D<<5=5=<5 MF>= ?D>7D4<<O <=>7>7D4==>, F4> >4> E<EF5<4 <7 n GD46=5=<= E n 
=5<765EF=O<< 65?<G<=4<< 6EFD5G45FEO 6 D47?<G=OE >5?4EFOE 45OF5?L=>EF< G5?>65>4 < 6 
D47?<G=OE ED5D4E =4G><. 

�D>7D4<<4 >E=>64=4 =4 <5F>45 D5L5=<O E<EF5<O <7 n GD46=5=<= E n =5<765EF=O<< 
65?<G<=4<< ?> <5F>4G �4GEE4. �D<<5=5=<5 ?D>7D4<<O =56>7<>6=>, >>744 <<5NFEO 
>4<=4>>6O5 >>MDD<F<5=FO 6 >464>< >F45?L=> 67OF>< GD46=5=<< E<EF5<O, F4> >4> 6 MF>< 
E?GG45 <<55FEO 55E>>=5G=>5 <=>65EF6> D5L5=<=. �4?D<<5D, 6 E<EF5<5: 

5E1 + 5x2 + 5x3 = 20 
2E1 + 2x2 + 2x3 = 8 

7E1 + 7x2 + 7x3 = 28. 
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�>>465< =4 ?D<<5D5, >4> ?D>7D4<<4 ?D<<5=O5FEO 6 M?5>FD>F5E=<>5 ?D< D4EGUF5 
?<=5==OE M?5>FD<G5E><E F5?5= ?>EF>O==>7> F>>4. �5>5E>4<<>EFL 5U ?D<<5=5=<O E>EF><F 6 
F><, GF> >=4 ?>76>?O5F 7=4G<F5?L=> E>>D4F<FL 6D5<O D4EGUF4 < >5?57G45F G<EF65==O= FDG4 
?D< D4EGUF5. 

�?O =4G4?4 GEF4=>6<< ?D><76>?L=O5 GE?>6=>-?>?>6<F5?L=O5 =4?D46?5=<O F>>>6 6 
65F6OE EE5<O [2,3,4]. 

�?O >?D545?5=<O F>>>6 6> 6E5E 65F6OE EE5<O <5F>4>< >>=FGD=OE F>>>6 5G45< ?>?474FL, 
GF> 6 >464>< =5746<E<<>< >>=FGD5 F5GUF E6>= >>=FGD=O= F>>. 'D46=5=<O E>EF46<< 
>F=>E<F5?L=> >>=FGD=OE F>>>6, ?>F>< >?D545?<< F>>< 65F65= G5D57 >>=FGD=O5 F>><. '<E?> 
=5<765EF=OE D46=> G<E?G GD46=5=<=, E>EF46?5==OE ?> 6F>D><G 74>>=G �<DE7>D4. 

� EE5<5 FD< =5746<E<<OE >>=FGD4. �5>7=4G<< >>=FGD=O5 F>>< G5D57 I11, I22, I33. 
'E?>6=>-?>?>6<F5?L=O5 =4?D46?5=<O >>=FGD=OE F>>>6 <>6=> 6O5D4FL ?D><76>?L=>. �?O 
=4L57> E?GG4O <E =4?D46?5=<O 6O5<D45< ?> G4E>6>= EFD5?>5 < ?> =5<G E>>F65FEF65==> >5E>4 
>>=FGD4. &>744 ?> 6F>D><G 74>>=G �<DE7>D4 ?>?GG<<: 

- I11(R1 + R3 + R4) 3 I22R1 3 I33R3 =  E3 
3 I11R1 + I22(R1 + R2 + R6) 3 I33R6 = 3E2 
3 I11R3 3 I22R6 + I33(R3 + R5 + R6) = 3E3 

 
 
 
 
 I4             R4                           I11           
                                                                           I1             R1                      I2           R2 
 
                                 R3                         E3                                       I22 
 

 
                                I3                                                                                 E2 

                                              I33                           I6           R6 
  I5             R5                
 
 
 
 
�5>7=4G<< I11=E1; I22=x2; I33=x3. �>4EF46?OO 7=4G5=<O E>?D>F<6?5=<= R1=55, R2=80, 

R3=100, R4=40, R5=70, R6=120 < -�%, E2=25, E3=15 ?>?GG<< E<EF5<G GD46=5=<= 4?O 
>?D545?5=<O F>>>6: 

195E1 3 55x2 3 100x3 =15 
3 55E1 + 255x2 3 120x3 = 325 
3100E1 3120x2 +290x3 = 3 15 
�?O D5L5=<O ?>E?54=5= E<EF5<O GD46=5=<= 6>E?>?L7G5<EO ?D>7D4<<>=  =4 O7O>4E 

«DELPHI» (E<. �D<?>65=<5 1) < ?>?GG<< E?54GNM<5 D57G?LF4FO: 
E1 = 3 0,042;   
x2 = 3 0,172 
x3 = 3 0,137 
�FEN44: 
I1 = I11 3 I22 = 3 0,042 + 0,172 = 0,13 � 
I2 = I22 = 3 0,172 � 
I3 = I11 3 I33 = 3 0,042 + 0,137 =0,095 � 
I4 = I11 = 3 0,042 � 
I5 = I33 = 3 0,137 � 
I6 = I33 3 I22 = 3 0,137 + 0,172 = 0,035 � 
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  I4       R4              I11           
                                     I1        R1          I2       R2 
 
                   R3              E3                I22 
   
                     I3                                    E2 

 
                         I33          I6        R6 
  I5       R5                
 
 
 
�=4>< (3), ?>?GG5==O5 6 D57G?LF4F5 >?D545?5=<O F>>>6 6 65F6OE, >7=4G4NF, GF> 

<EF<==O5 =4?D46?5=<O F>>>6 6 65F6OE <<5NF ?D>F<6>?>?>6=>5 =4?D46?5=<5 >F=>E<F5?L=> 
GE?>6=>-?>?>6<F5?L=>7> =4?D46?5=<O F>>>6 E>>F65FEF6GNM<E 65F65=. �EF<==O5 
=4?D46?5=<O F>>>6 6 65F6OE F5?< ?D<6545=O LFD<E>6O<< ?<=<O<<.  

�D<?>65=<5 1 
�D>7D4<<4 =4 O7O>5 ?D>7D4<<<D>64=<O «DELPHI» 

 
label 1, 2, 3, 4; 
 
var 
A:array[1..1000, 1..1000] of real; 
B, X:array[1..1000] of real; 
N, I, J, K: integer; 
A1 :real; 
 
begin 
WRITE ('INPUT THE AMOUNT OF UNKNOWN NUMBERS: N:='); 
READLN (N); 
FOR I := 1 TO N DO 
 begin 
  FOR J := 1 TO N DO 
   begin 
    WRITE ('INPUT THE FACTOR OF THE ',J,' UNKNOWN NUMBER OF THE ',I,' 

EQUATION: A(', I, ',', J, ')='); 
    READLN (A[I, J]); 
   end; 
  WRITE ('INPUT THE RESULT OF THE EQUATION: B(', I, ')='); 
  READLN (B[I]); 
 end; 
FOR K := 1 TO N - 1 do 
 begin 
  IF A[K, K] <> 0 THEN GOTO 2; 
   FOR I := K + 1 TO N do 
    begin 
     IF A[I, K] <> 0 THEN GOTO 1; 
    end; 
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  WRITELN ('NO DECISION'); 
  GOTO 4 ; 
1: FOR J := K TO N do 
 begin 
  A1 := A[I, J]; 
  A[I, J] := A[K, J]; 
  A[K, J] := A1; 
 end; 
  A1 := B[I]; 
  B[I] := B[K]; 
  B[K] := A1; 
2: FOR I := K + 1 TO N do 
     A[K, I] := A[K, I] / A[K, K] ; 
  B[K] := B[K] / A[K, K]; 
 FOR I := K + 1 TO N do 
   begin 
    FOR J := K + 1 TO N do 
       A[I, J] := A[I, J] - A[K, J] * A[I, K]; 
    B[I] := B[I] - A[I, K] * B[K] 
   end; 
 end; 
IF A[N, N] = 0 THEN 
  begin X[N] := 1; GOTO 3 ; end; 
X[N] := B[N] / A[N, N]; 
3: FOR I := N - 1 DOWNTO 1 do 
   begin 
    X[I] := B[I]; 
    FOR J := I + 1 TO N do 
       X[I] := X[I] - A[I, J] * X[J]; 
   end; 
FOR I := 1 TO N do 
   begin 
    WRITELN ('X(', I, ')= ',X[I]:3:3); 
   end; 
4: READLN; 
end. 

��&�$�&'$�  
1. �>5D>6E><= %. «DELPHI 7». �.- %�5. «�<F5D». 2005. 736 E. 
2. �D<4F>6 %.%. �5F>4<G5E><5 G>474=<O ?> D4EG5FG >>=FD>?L=OE 7444=<= ?> >GDEG 

&�- (�<=5==O5 F5?O ?>EF>O==>7> F>>4). $5D��, 2002. 17 E. 
3. �<7<4F>6 �.�., �EG=>6 �.%., %><<4>6 �.�. <�474D<= M?5>FD>F5E=<>4= D4=<44= 

4<4?<= <4L�G?>F?4D=< 5464D<L GGG= GE?G5<= �^??4=<4. $4D��, 2021. 92 5. 
4. �EG=>6 �.%., %><<4>6 �.�. <�474D<= M?5>FD>F5E=<>4= D4=<44= E<E>5-7D4D<> 

<L?4D< (G<7<�?< ^774D<4E F>> M?5>FD 74=6<D?4D<)=< 5464D<L GGG= GE?G5<= �^??4=<4. 
$4D��, 2020. 20 5. 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

368 

SANOAT BINOLARINI LOYIHALASHNING UMUMIY ASOSLARI 
Botirova Nodira Sherali qizi, Abdikomilova Mohinur Jamoliddin qizi 

Jizzax politexnika instituti talaba  
Botirov Bektosh Farhod o8g8li, assistent 

korreys95@gmail.com  
Barcha sanoat ishlab chiqarish korxonalari ishlab chiqarish tarmoqlari bo8yicha tasniflanadi. 

Ishlab chiqarish tarmog8i - bu xalq xo8jaligi tarmog8ining ajralmas bir qismi bo8lib, u transport, 
yoqilg8i, energetika, sanoat, qishloq xo8jaligi, qurilish va h.k. tarmoqlardan tashkil topadi. 
O8zbekiston Respublikasi iqtisodiyot tarmog8ida jami 15 dan ortiq yirik tarmoqlar mavjuddir. Yirik 
tarmoqlar o8z navbatida 160 dan ortiq kichik tarmoqlarga ajratilgan. Qurilish sohasi iqtisodiyotning 
alohida sohasi sifatida qaraladigan bo8lsa, tarmoq, transport qurilishi, qishloq xo8jalik qurilishi, 
turar-joy qurilishi, kommunal xo8jalik qurilishi va h.k. kichik sohalarga ajratilgan. Qurilish ishlarini 
olib borish va loyihalash tizimlarida tarmoqni turlanish asos qilib olingan va ushbu asosda sanoat 
binolari turlarga ajratib tasniflanadi. 

Har qanday tayyor mahsulotlar va yarim fabrikatlar ishlab chiqarish uchun mo8ljallangan 
korxonalar sanoat korxonalari deb yuritiladi va mahsulotlar ishlab chiqarish uchun sanoat 
korxonalarida olib boriladigan texnologik jarayonlar bilan to8g8ridan-to8g8ri yoki qisman bo8lsada 
aloqador va texnologik jarayonlar yuritiladigan binolar sanoat binolari deb ataladi. Har qanday 
sanoat korxonalari qanday turdagi mahsulotlar ishlab chiqarishidan qatiy nazar o8z tarkibida quyida 
keltiriladigan bino turlariga ega bo8lishi shart: 

 - asosiy ishlab chiqarish binolari; 
 - energetika binolari; 
 - transport-omborxona xo8jalik binolari; 
 - yordamchi binolar. 
Sanoat korxonalarining asosiy ishlab chiqarish binolarida sanoat korxonasida ishlab 

chiqariladigan tayyor mahsulotlar yoki yarim fabrikat shaklidagi tayyor mahsulotlar ishlab 
chiqariladi va istemol uchun uzatiladi (M: mexanik yig8ish, to8quv, temirchilik, shtamplash, termik 
ishlov berish, temir beton mahsulotlar ishlab chiqarish va h.k. sexlar). 

Sanoat korxonalarining energetika binolarida korxonada bo8lib o8tadigan texnologik 
jarayonlarni amalga oshirish uchun zarur bo8ladigan energetik jarayonlar amalga oshiriladi (issiqlik 
energetika qurilmalari, transformator stansiyalari, issiqlik qurilmalari, kompressor qurilmalari va 
h.k.lar joylashtirilgan binolar). 

Sanoat korxonalarining transport-omborxona xo8jalik binolariga transport parklari, garajlar, 
xom ashyo va tayyor mahsulotlar omborlari hamda xo8jalik ishlari uchun mo8ljallangan binolari 
kiritiladi. 

Sanoat korxonalarining yordamchi binolariga ma9muriy, maishiy, xizmat ko8rsatuvchi, 
ovqatlanish, tibbiyot va boshqa xizmatlarda foydalanish uchun mo8ljallangan binolari kiritiladi. 

Sanoat korxonalarining binolari quyidagi belgilariga qarab klassifikatsiyalanadi: 
a) mo8ljallanishiga qarab : 
1-guruh: - og8ir sanoat, mashinasozlik, qurilish buyumlari va mahsulotlari ishlab chiqarish 

uchun mo8ljallangan sanoat korxonalari binolari (mashinasozlik va og8ir sanoat zavodlarining 
quyuv, tokarlik, frezerlash, chilangarlik-temirchilik, mexanik 3 yig8ish, tamirlash sexlari, qurilish 
korxonalarining ustunlar, to8sinlar, tomning yuk ko8taruvchi konstruksiyalari ishlab chiqarish 
sexlari va h.k. lar); 

2-guruh: - tayyorlanishi bo8yicha yengil vaznga ega bo8lgan mahsulotlarni ishlab chiqarish 
uchun mo8ljallangan sanoat korxonalari binolari (yengil sanoat korxonalari, mebel, tikuv trikotaj 
fabrikalari sexlari va boshqa korxonalarning sexlari); 

3-guruh: - texnologik jarayonlarni olib borishda olovga va kimyoviy jarayonlarga tez 
beriluvchan xususiyatga ega bo8lgan mahsulotlarni tayyorlovchi sanoat korxonalari binolari (neft va 
neft mahsulotlarni qayta ishlovchi, ishlab chiqarish jarayonida ishqorlar, kislotalar va boshqa 
turdagi kimyoviy reaksiyalarga hamda olovga tez beriluvchan mahsulotlar bilan ish olib boruvchi 
korxonalarning sexlari va h.k. lar); 
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4-guruh: - tayyorlanish jarayonida va texnologiyada o8ta kuchli aniqlikni va sifatni talab 
etuvchi mahsulotlarni tayyorlovchi sanoat korxonalari (yuviler mahsulotlari, elektronika 
mahsulotlari, oziq-ovqatlar ishlab chiqarish korxonalarining sexlari va h.k. lar); 

b) Hajmiy-tarxiy yechimlarida konstruktiv loyihalanashiga qarab: -karkassiz va karkasli; 
v) Hajmiy-tarxiy yechimlarida qavatlar soniga qarab: - bir qavatli, ikki kavatli va ko8p qavatli; 
g) Yuk ko8taruv transport jihozlarining mavjudligiga qarab: - yuk ko8taruv transport 

jihozlariga ega bo8lgan va yuk ko8taruv transport jihozlariga ega bo8lmagan; 
d) Tom tuzilishining konstruktiv sxemasi bo8yicha: - karkasli tekis tom yopma konstruksiyali 

(to8sin, ferma, arka va ramali konstruksiyalardan), karkasli fazoviy tom yopma konstruksiyali 
(qobiqli, tahlama, gumbaz, kesishgan chaparasta konstruksiyali va h.k. lar);  

e) Asosiy yuk ko8taruv konstruksiyalarining tayyorlanish mahsulotiga qarab: - temir-beton 
karkas konstruksiyali, metall karkas konstruksiyali, g8isht-tosh devorli, metall va yog8och 
konstruksiyali; 

j) Isitish sistemasining mavjudligiga qarab: - isitiladigan va isitilmaydigan; 
z)Shamollatish sistemasining mavjudligiga qarab: - to8siq konstruksiyalarida joylashtirilgan 

maxsus yoriqlar orqali tabiiy shamollatiladigan, maxsus shamollatish qurilmalari yordamida suniy 
shamollatiladigan, belgilangan parametrlar nazorat etilib maxsus kondinsionerlar yordamida 
sovutiladigan (harorat, namlik, havoning tozalik darajasi va h.k.); 

i)Yoritish sistemasining mavjudligiga qarab: -tabiiy yoritiladigan, suniy yoritiladigan, aralash 
yoritiladigan; 

k) Tom profili bo8yicha: -fonar qurilmalari bilan, fonar qurilmasiz; 
l) Tomdan suvning oqishiga qarab: -uyushtirilgan yoki uyushtirilmagan; 
m) Binoning issiqlik-namlik rejimidan kelib chiqib issiqlik va par saqlovchi qatlamga ega 

bo8lgan (uteplenniye), issiqlik va par saqlovchi qatlamga ega bo8lmagan (neuteplyonniye). 

 
1-rasm. Bir qavatli sanoat binolarining turlari. 

a) bir qavatli bir proletli bino, osma turdagi yuk ko8taruv jihozi bilan; b)bir qavatli bir 
proletli bino, ko8prikli turdagi yuk ko8taruv jihozi bilan; v)bir qavatli ikki prolyotli bino, osma 
turdagi yuk ko8taruv jihozi bilan; g)ko8p proletli prolyotlar balandligi har xil bino, ko8prikli turdagi 
yuk ko8taruv jihozi bilan; d)ko8p proletli, fonarli bino, osma turdagi yuk ko8taruv jihozi bilan; e, 
j)fonarli ko8p prolyotli bino, ko8prikli turdagi yuk ko8taruv jihozi bilan; i)bir qavatli sanoat 
binosining umumiy ko8rinishi. 

Barcha sanoat binolari quyidagi belgilariga qarab to8rt sinfga ajratiladi va o8z-o8zidan 
ma9lumki ularni loyihalash va qurish ishlarini amalga oshirishda ularga alohida ekspluatatsion 
talablar qo8yiladi. 

Uzoq muddatli xizmat qilish bo8yicha sanoat binolari uch darajaga bo8linib I-darajaga 
kiritiluvchi binolar kamida 100 yil, II-darajaga kiritiluvchi binolar kamida 50 yil, III-darajaga 
kiritiluvchi binolar kamida 20 yil xizmat ko8rsatish muddatiga ega bo8lmog8i lozim. 

Foydalanilgan adabiyotlar 
1. O.B.Berdiyev, B.Botirov <Sanoat binolari= o8quv qo8llanma. 2022 
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2. ShNQ 1.01.01-09.Qurilish sohasidagi normativ xujjatlar tizimi. 
3. QMQ 2.01.06-97 Qurilishda qo8llaniladigan fizik kattaliklar birliklari ro8yxati. 
4. SHNQ 1.03.01-03 Korxonalar, binolar va inshootlar uchun kapital qurilishning 

loyiha xujjatlari tarkibi, uni tayyorlash, ishlab chiqish, kelishish va tasdiqlash. 
5. SHNQ 1.03.07-10. Qurilishda mualliflik va texnik nazorat to8g8risidagi NIZOM. 
6. SHNQ 2.01.02-04. Bino va inshootlarning yong8in xavfsizligi. 
7. QMQ 2.01.03-96. Zilzilaviy tumanlarda qurilish. 
8. QMQ 2.01.01-94. Loyihalash uchun iqlimiy va fizikaviy geologik ma9lumotlar. 

 
MATLAB SIMULINK DASTURIY TA'MINOTIDA  

ELEKTR UZATISH LINIYASINI MODELLASHTIRISH 
Ibragimov Iskandar Isroilovich 

Qarshi muhandislik-iqtisodiyot instituti 
iskandarisroilovich@gmail.com 

Annotatsiya. Bu maqolada kuchlanishi 220 kV, chastotasi 50 Hz va uzunligi 40 km bo8lgan 
havo uzatish liniyani elektr hisobi berilgan. Matlab (Simulink) dasturida elektr tarmoqning modeli 
ishlab chiqilib, liniyani boshidagi va oxiridagi kuchlanish, quvvatlar hamda kuchlanish, quvvatlar 
hamda kuchlanish og8ishi tadqiq qilindi va liniyani foydali ish koeffitsiyenti aniqlandi. 

�==>F4F<O. � MF>= EF4FL5 D4EE<>FD5=> M?5>FD<G5E><= D4EGUF ?<=<= M?5>FD>?5D544G 
220 >�, ?D>FO6U==>EFLN 40 >< < G4EF>F>= 50 �F. % ?><>MLN ?D>7D4<<O Matlab (Simulink) 
E>744=4 <>45?L M?5>FD<G5E>>= E5F< < D4EEG<F4FL E>?D>F<6?5=<5 < ?>F5D< =4?DO65=<O ?> 
?<=<<. 

Annotation. This article discusses the electrical calculation of 220 kV power lines, 40 km 
long and 50 Hz frequency. Using the Matlab (Simulink) program, a model of the electrical network 
was created and the resistance and voltage losses along the line were calculated. 

Kalit so8zlar: elektr uzatish liniyasi, Matlab Simulink, quvvat, kuchlanish, foydali ish 
koeffitsiyenti, kuchlanishni isrofi 

�?NG56O5 E?>64: ?<=<O M?5>FD>?5D544G, Matlab Simulink, <>M=>EFL, =4?DO65=<5, 
>>MDD<F<5=F ?>?57=>= <>M=>EF<, ?>F5D< =4?DO65=<O 

Keywords: power line, Matlab Simulink, power, voltage, useful power factor, voltage loss 
MATLAB tizimining SimPowerSystems kutubxonasi konkret qurilmalarni modellash uchun 

mo8ljallangan Simulink paketining qo8shimcha kutubxonalaridan biri bo8lib hisoblanadi. 
SimPowerSystems elektrotexnik qurilmalarni imitatsion modellash uchun bloklar to8plamiga ega. 
Kutubxonaning tarkibiga passiv va aktiv elektrotexnik elementlar, energiya manbalari, 
elektrodvigatellar, transformatorlar, elektr uzatish liniyalari va boshqa qurilmalarning modellari 
kiradi. Unda kuch elektronikasi qurilmalarini va ularni boshqarish sistemalarini modellash uchun 
mo8ljallangan bloklarni o8z ichiga oluvchi bo8lim ham mavjud. Simulink va SimPowerSystemsning 
maxsus imkoniyatlaridan foydalanib quyidagi  ishlarni bajarish mumkin: 

÷ qurilmalarning ishlashini imitatsiya qilish; 
÷ sistemaning rejimlarini hisoblash; 
÷ zanjir uchastkasining impedansini (to8la qarshiligini) hisoblash; 
÷ chastotaviy xarakteristikalarni olish; 
÷ turg8unlikni tahlil qilish; 
÷ tok va kuchlanishlarni garmonik tahlil qilish. 
Bundan tashqari murakkab elektrotexnik tizimlarni modellashda imitatsion va tarkibiy 

modellash usullaridan birgalikda foydalanish mumkin. SimPowerSystems bloklaridan foydalanib 
tuzilgan modelda Simulink paketining boshqa bibliotekalarining bloklaridan hamda MATLAB 
funksiyalaridan ham foydalanish mumkin, natijada elektrotexnik tizimlarni modellashda 
foydalanuvchi cheklanmagan imkoniyatlarga ega bo8ladi.  

SimPowerSystems kutubxonasi juda keng hisoblanishiga qaramasdan kerakli blok 
kutubxonada topilmasa, bunday blokni foydalanuvchining o8zi ham yaratishi mumkin. Bunda 
kutubxonada mavjud bloklarga asoslanib Simulinkning ost tizimlar yaratish imkoniyatlaridan yoki  
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Simulink asosiy kutubxonasi bloklari va boshqariluvchi tok va kuchlanish manbalaridan 
foydalaniladi. 

Shunday qilib, hozirgi vaqtda Simulink tarkibidagi SimPowerSystems elektrotexnik 
qurilmalar va tizimlarni modellash uchun eng yaxshi vositalardan biri bo8lib hisoblanadi.  

SimPowerSystems kutubxonasi yettita asosiy bo8limga ega: 
÷ Electrical Sources -elektr energiya manbalari; 
÷ Connectors - ulagichlar; 
÷ Measurements 3 o8lchash va nazorat qurilmalari; 
÷ �lements-elektrotexnik elementlar; 
÷ Power Electronics -kuch elektronikasi qurilmalari; 
÷ Machines-elektr mashinalari; 
÷ Powerlib Extras-qo8shimcha elektrotexnik qurilmalar. 

SimPowerSystems maxsus 
texnologiyalar kutubxonasida 
transformatorlar, elektr uzatish liniyalari, 
elektr mashinalari va sanoat elektronikasi 
kabi qurilmalar modellari mavjud. Sodda 
elektr ta9minoti tizimini modellashtirish 
uchun sodda dasturiy tizimlar ta'minoti 
imkoniyatlari namuna sifatida 
ko'rsatilgan. Elektr energetika tizimi 
bo8yicha murakkab masalalarni o8rganish 
bo8yicha tadqiqot qilish uchun amaliy 
tadqiqotlar ham mavjud. [2] 

Qisqa vaqt ichida yuqoridagi 
bloklardan foydalanib, siz murakkab 
elektr ta9minoti tizimining to'liq modelini 
yaratishingiz va modelning ishlash 
rejimlarini tadqiq etishingiz mumkin. 

Elektr tarmoqlarini hisoblashda 
biz chiziqli tenglamalarning murakkab tizimlarini yechish bilan birga murakkab elektr tarmoqlarni 
hisoblash kabi ba'zi qiyinchiliklarga duch kelamiz.[1] 

Ushbu jarayonni soddalashtirish uchun biz MATLAB (Simulink) dasturiy ta9minotida elektr 
ta9minoti tizimi parametrlarini hisoblashni PowerGui (elektr ta9minoti tizimlari uchun 
ixtisoslashtirilgan blok texnologiyasi) yordamida modellashtirdik. 

Hisoblash uchun 40 km uzunlikdagi 220 kV, 50 Hz kuchlanishli elektr uzatish liniyasi qabul 
qilindi, ko8rilayotgan tarmoqning boshi va oxiridagi kuchlanish va quvvatni tadqiq etildi. 

1 km uchun liniyaning aktiv qarshiligi quyidagicha: 

 
40 km uzunlikdagi elektr uzatish liniyasi aktiv qarshiligini aniqlaymiz: 

 
1 km uchun liniyaning induktiv qarshiligi quyidagicha: 

 
40 km uzunlikdagi elektr uzatish liniyasi induktiv qarshiligini aniqlaymiz: 

 
40 km uzunlikdagi elektr uzatish liniyasi to8la qarshiligini aniqlaymiz: 

 
 

 
Elektr uzatish liniyasi to8la qarshiligi quyidagicha: 

 

 
1-rasm. SimPowerSystems kutubxonasi tarkibi. 
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Elektr uzatish liniyasidagi aktiv va reaktiv qarshiliklarni aniqlab olamiz: 

 

 

 

 
Liniyaning tok va kuchlanishlarini aniqlaymiz: 

 
Har bir fazadagi kuchlanishni aniqlaymiz: 

 
Faza toklarini aniqlab olamiz: 

 
Fazalardagi kuchlanishlar va liniya kuchlanishlarini aniqlab olamiz: 

 
 

 
Liniyaning kuchlanishini aniqlab olamiz: 

 
Liniyaning tokini aniqlab olamiz: 

 
Elektr uzatish liniyasining uzatilgan toki joriy tokka teng. 
Uzatilgan to8la, aktiv va reaktiv quvvatlarni aniqlaymiz: 

 
 

 

 

 
Kuchlanish isrofini aniqlaymiz: 

 
Liniyaning foydali ish koeffitsiyentini aniqlaymiz: 

 
Yuqoridagi keltirilgan hisoblar yordamida elektr uzatish liniyasining imitatsion sxemasini Matlab 

Simulink dasturida SimPowerSystems bloki orqali yaratib olamiz. 

 
2-rasm. Matlab (Simulink)dasturidagi elektr uzatish liniyasining modeli 

Yaratgan imitatsion sxemamizni qo'shimcha bloklar bilan yanada takomillashtirib, quyidagi 
natijalarni hosil qilamiz.: 
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2-rasm. Matlab Simulink dasturidagi hisobiy natijalarning ko'rinishi. 

�4>?NG5=<5 
Ushbu tadqiqot davomida elektr ta9minoti tizimi parametrlari tegishli hisoblar yordamida 

aniqlangan va Matlab Simulinkda modellashtirilgan. Elektr uzatish liniyasining parametrlarini 
Matlab (Simulink)da modellashtirish natijalari va hisoblangan ma'lumotlar bilan taqqoslaganda 
natijalarning bir-biriga juda yaqin chiqqanligini va xatoliklar juda kichik qiymatda bo8lganligini 
aniqlashimiz mumkin. 

Matlab Simulinkni afzalligi shundaki, dasturda foydalinish oson va qulay, modellashtirish 
natijalari haqiqiy qiymatlar bilan deyarli mos. Bu dastur muhandislik faoliyatini samaradorligini 
oshirishga keng imkoniyatlar yaratib bera oladi.  

Adabiyotlar 
1. 'UD=OE �.�. �>45?<D>64=<5 M?5>FD<G5E><E GEFD>=EF6 6 Matlab, 

SimPowerSystems < E<<G?<=>, 2008 -<74. �<F5D-288 E. 
2. Dadajonov T. MATLAB asoslari, Darslik -598 bet, Farg8ona -Texnika nashriyoti, 

2008 y.  
3. �.'5D=OE. Simulink: ED544 E>744=<O <=65=5D=OE ?D<?>65=<=. �<4?>7-��$�. 

2003. 
 

DASTURLI TA'LIM VA MODELLASHTIRISH TEXNOLOGIYASI 
Jo8rayeva Bonu Shoxtiyor qizi 

Qarshi davlat universiteti 2-kurs talabasi 
Annotatsiya: Ushbu maqolada modulli tizim tushunchasi,modulli tizimning tarkibiy 

qismlari.modulli o8qitish texnologiyasining tamoyillari,dasturli ta'limning mazmuni, maqsadi va 
vazifalari. Dasturli ta'limni vujudga kelish tarixi,dasturli ta'lim turlari. Masofaviy ta'lim va uni 
amaliyotga joriy etish imkoniyatlari va o8quv dasturi doirasida taqdim etilayotgan o8quv 
materiallarining samaradorligini aniqlash haqida fikrlar berilgan. 

Kalit so8zlar: Metod, tamoyillar, pedagogik texnologiyalar, o8quv materiali, ta9lim uslubi, 
modul, bilim. 

Dasturlashtirilgan o8qitish XX asrning 50-yillari boshida paydo bo8ldi. U amerikalik psixolog 
B.Skinner nomi bilan bog8liq. U materiallarning o8zlashtiri-lishini boshqarishning samaradorligini 
oshirishda, axborotlarni qismma-qism uzatishning muntazam programmasi asosiga qurish va uni 
nazorat qilishni tavsiya etdi.N.Krauder tarmoqlangan dasturni ishlab chiqdi, unda nazorat 
natijalariga ko8ra ta'lim oluvchilarga mustaqil ishlar uchun turli xildagi materiallar tavsiya etiladi. 

G.K.Selevko dasturlashtirilgan o8qitishga quyidagi ta'rifni beradi, ya'ni dasturlashtirilgan 
o8qitish deganda o8qitish uskunalari (EHM, programmalashtirilgan darslik, kinotrenajer va b.) 
yordamida programmalash-tirilgan o8quv materialining o8zlashtirilishini boshqarishni tushunadi. 
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Dasturlashtirilgan o8quv materiali muayyan mantiqiy izchillikda beriladigan nisbatan katta 
bo8lmagan o8quv axborotlari («kadrlar», «fayllar», «odimlar») seriyasidan iborat bo8ladi. 

Dasturlashtirilgan ta'lim o8z mazmuni va tuzilishiga hamda maqsadiga ko8ra juda 
aniqlashtirilgan maqsadli ta'lim tizimiga o8xshashdir.Bu tizimda ham barcha ish faoliyati oxirgi 
natijaga qaratilgan bo8lib, kichik-kichik qadamlar bilan o8zlashtirish asos bo8lib xizmat qiladi. 
Dasturlashtirilgan ta'lim ko8proq talabalarning imkoniyatlarini hisobga olish va individual 
yondashish yo8nalishiga asos hozirlaydi. 

Dasturli ta'limning asosiy mazmuni shundan iboratki pedagog butun o8quv materialini bir 
necha qismlarga bo8lib chiqadi. Bu bilimlar soddadan murakkabga qarab joylashtiriladi. Har bir 
qism haqida to8la axborot berilgach, ana shu qismni o8zlashtirilganlik darajasi tekshirib boriladi. 
Barcha talabalar o8zlashtirib olganliklariga ishonch hosil qilishlari bilan, ikkinchi qismga o8tiladi va 
bu bilimlar ham mukammal o8zlashtirilganligi aniqlangach, o8quv materialini keyingi qismi 
o8rganiladi. Dasturlashtirilgan ta'limning asosiy vazifasi kichik-kichik qadamlar bilan o8quv 
materialini talabalarga etkazishdir va bunda o8zlashtirish doimiy monitoring ostida kuzatishdan 
iborat bo8ladi. Har bir qadamni qay darajada o8zlashtirishni kuzatish o8zining afzalliklariga ega. 
Bunda talabalar o8quv materialini qaysi qismini chuqur va qaysi qismini zaif o8zlashtirganligi 
haqidagi ma'lumot ham darhol yuzaga chiqadi. Noaniqliklar va tushunmovchiliklar o8z vaqtida 
to8g8rilab boriladi. 

Agar an'anaviy darsda faqat o8quv materialini o8rganib bo8lgandan keyingina 
mustahkamlashga va tekshirishga e'tibor berilsa, dasturli ta'limda o8quv materialini o8zlashtirish 
jarayonining hamma bosqichlari nazorat qilib boriladi. Dasturli ta'lim tushunchasi metodikada 60-
yillardan boshlab rivojlana boshladi. Ammo hanuzgacha keng tarqalmagan. Chunki bu metod 
pedagogdan ko8p mehnat va ijod talab etadi. Ushbu metodni ijobiy tomonlari shundan iboratki, 
o8quv materialini mantiqiy bo8laklarga ajratilishi bilimlarni tizimli o8zlashtirishga yordam beradi. 
Har bir bosqichda o8zlashtirishni monitoring qilib borilishi esa har bir talabani o8zlashtirish 
darajasini tekshirib borish va vaqtida tuzatishlar kiritishga imkon beradi. Birinchi qismni 
egallanmay turib, ikkinchi qismga o8tilmaydi. Natijada yangi mavzuni barcha talabalar yaxshi 
o8zlashtiradilar. 

Talabaga bo8lgan individual yondashuv yaxshilanadi, chunki bunda har bir talabaning nafaqat 
bilimi balki o8ziga xos xususiyatlari ham namoyon bo8lib boradi. Talaba shaxsini yaxshiroq 
o8rganishga imkon tuqiladi. O8qituvchi va talaba o8rtasida uzviy aloqa hosil bo8ladi. Ammo bu 
metodni o8ziga xos kamchiliklari ham bor. Bu usulni chegaralangan miqdordagi talaba guruhi bilan 
ishlaganda qo8llash mumkin. O8qituvchidan nazorat va tekshirish ishlarini tuzish talab etiladi. Agar 
o8rganiladigan mavzu yaxlit marakkab bog8lamli mantiqqa ega bo8lsa, uni bosqichlarga bo8lib 
o8rganish noo8rin. Bu metod ketma-ket zanjirli bog8lamga ega bo8lgan mavzularda qo8llanilishi 
yaxshi samara beradi. Bu metod talabada ko8proq esda saqlash, axborotni yodlab olish kabi 
malakalarini rivojlantiradi. Shuning uchun uni muammoli ta'lim bilan muvofiqlashtirgan holda 
qo8llash kerak. Muammoli ta'limni ko8proq seminar darslarda o8tkazish, dasturli ta'limdan esa 
ma'ruzalarda foydalanish qulay. 

Dasturlashtirilgan ta'limning asosiy vazifasi - kichik-kichik qadamlar bilan o8quv materialini 
talabalarga etkazish va o8zlashtirish jarayonini doimiy nazorat qilib borishdan iborat. Bunda 
mavzuni qaysi qismi chuqur va yuzaki o8rganilganligi ma'lum bo8ladi va kamchiliklarni darhol 
tuzatish imkoni tug8iladi. Bu tushuncha 50-yillardan boshlab, AQSHlik psixolog B. Skinner 
tomonidan rivojlana boshlangan bo8lsada, hanuzgacha keng tarqalmagan. Uning o8ziga xos ijobiy 
va salbiy xususiyatlari bor.Dasturlashtirilgan ta'lim nafaqat kompyuter yordamida, balki kompyuter 
ishtirokisiz ham tashkil etilishi mumkin. Bunda o8quv jarayoni o8ta aniqlik bilan loyihalanadi. 
Ammo kompyuter texnologiyalaridan foydalangan holda darsning tashkil etilishi dars 
samaradorligini yanada oshishiga yordam beradi.Kompyuterda dasturlashtirilgan ta'lim o8zining 
yuqori imkoniyatlari bilan ajralib turadi. Dasturlar turlicha ko8rinishda tuzilishi mumkin. 

"Modulli o8qitish" termini xalqaro tushuncha-modul bilan bog8liq bo8lib, uning bitta ma'nosi - 
faoliyat ko8rsata oladigan o8zaro chambarchas bog8lik elementlardan iborat bo8lgan tugunni 
bildiradi. Bu ma'noda u modulli o8qitishning asosiy vositasi sifatida, tugallangan informatsiya bloki 
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sifatida tushuniladi.Modulli o8qitish-o8qitishning istiqbolli tizimlaridan biri hisoblanadi, chunki 
odam bosh miyasi o8zlashtirish tizimiga eng yaxshi moslashgandir. Modulli o8qitish asosan inson 
bosh miyasi to8qimalarining modulli tashkil etilganligiga tayanadi. 

O8qitishning modul tizimi haqida rasmiy ravishda birinchi bo8lib 1972 yil, YUNESKOning 
Tokiodagi Butunjaxon Konferentsiyasida so8z yuritilgan edi. Modulli o8qitish texnologiyasi - 
funktsional tizimlar, fikrlashning neyrofiziologiyasi, pedagogika va psixologiyaning umumiy 
nazariyasidan kelib chiqadi.Modulli o8qitish-o8quv jarayonini tashkil etish shakli bo8lib, unda 
o8qitish o8quv materialining mantiqan tugallangan birliklari modullarni, bosqichlar va qkadamlar 
bo8yicha o8zlashtirishni anglatadi.O8qitishning modulli texnologiyasi, o8qitishning qabul qilingan 
tamoyillariga muvofiq ishlab chiqariladi va amalga oshiriladi.Modulli o8qitish modullar bo8yicha 
tuzilgan o8quv programmalari asosida o8qitishni tashkil etishdir. Modul kurs mazmunini uch sathda 
qamrab oladi: to8la, qisqartirilgan va chuqurlashtirilgan. Programma materiallari bir vaqtning o8zida 
barcha ehtimol ko8rilgan kodlarda: rasm, test, ramzlar va so8z bilan berilishi mumkin. 

O8qitish moduli o8quv materialining avtonom (mustaqil) qismi bo8lib, quyidagi 
komponentlardan tashkil topadi: 

- aniq ifodaga ega bo8lgan o8quv maqsadi (maqsadli programma); 
- axborotlar banki: o8qitish programmasi shaklidagi ayni o8quv materiali; 
- maqsadlarga erishish bo8yicha metodik qo8llanma; 
- zaruriy malakalarni shakllantirish bo8yicha amaliy mashgulotlar; 
- qo8yilgan modul maqsadiga qatiy muvofiq keluvchi nazorat ishi. 
Pedagogik texnologiyalarning elementar birliklari tizimi modullardan tashkil topadi.Modul 3 

pedagogik texnologiyani tashkil etuvchi, uning tarkibiy bo8laklarini ifodalovchi tushunchadir. 
Bunday bo8laklar kichik modul, birlamchi modul, modullar to8plami, modullar darajasi va 
modullarning majmuaviy tuzilmasi kabi turlardan iborat bo8ladi. 

Modullar o8z ko8lamiga ko8ra mayda, o8rtacha va yirik bo8lishi mumkin. Ularning bir-biriga 
nisbatan proportsionalligi qat'iy bo8lmasligi, ularning o8zaro ta'siri umumiy jarayonda turlicha 
bo8lishi mumkin.Modulli o8qitish 3 pedagogik jarayonni ilmiy va metodik jihatdan tartibli va 
maqsadga muvofiq bajarishga xizmat qiladi. Har qanday pedagogik texnologiyaning tarkibiy 
bo8laklari o8zaro joylashuvi va pedagogik texnologiya jarayonlarini amalga oshirish ketma-
ketligining oldindan belgilangan tartib-qoidalari algoritm deyiladi. 

Eng kichik bo8lak pedagogik texnologiyaning o8ziga hos qismi bo8lib, bunday kichik 
modullardan birlamchi modul tashkil topadi. Modullar to8plami o8qitish jarayonini ilmiy tashkil 
etishga va uning sifat hamda samarasini ta'minlash uchun qo8llaniladi. Modullarning o8zgaruvchan 
va modernizatsiyalanadigan tabiati tufayli ulardan dinamik ravishda foydalaniladi. Modulli o8qitish 
3 tartibli o8qitish demakdir. Bunda o8quv materiali bitta o8quv mashg8uloti hajmida, o8quv 
predmetining biror mavzusi yoki biror bo8limi darajasida, ba'zan esa o8quv fanining yirik tarkibiy 
qismi o8lchamida, ya'ni bloklar tarzida ham modullar yordamida o8qitilishi mumkin. Oliy va o8rta 
maxsus, kasb-hunar ta'limi muassasalarida bir necha turdosh o8quv fanlarining tarkibiy bo8laklarini 
hamda ayrim fanlarni o8qitish texnologiyasini tashkil qiluvchimodullar (bloklar) tarzida o8qitish 
keng qo8llanilmoqda. Davlat ta'lim standartlarining tarkibiy bo8laklariga mos keladigan bloklardan 
ham foydalanilmoqda. O8quv reja va dasturlarning tarkibiy bo8laklarini hamda ularning bajarilishini 
ta'minlaydigan texnologiyaga xizmat qiluvchi modullar ham mavjud. Ta'lim usullari, metodlari va 
vositalari uchun qo8llaniladigan modullar ham yaratilmoqda. Modullar, birinchi navbatda, ta'lim 
mazmuniga daxldor tushunchalar, qoidalar, nazariyalar, qonunlar va ular orasidagi umumiy 
bog8lanishni ifodalovchi qonuniyatlarni tushuntirishga samarali xizmat qiladi. Bilim oluvchilarning 
o8quv-bilish faoliyatlari hamda ularning o8zlashtirishini nazorat qilishda ham modullardan 
foydalaniladi. 

Modullashtirish va o8quv jarayonini texnologiyalash yuzasidan keyingi yillarda ilmiy-
pedagogik tadqiqotlar o8tkazilmoqda. Lekin bu borada o8quv tarbiya jarayonini modullashtirish va 
algoritmlashtirish ishlari nihoyasiga etkazilgan emas. Bu holatning nezisi va takomillashuvini 
atroflicha tadqiq etish orqali va tajriba-sinov ishlari hamda pedagogik eksperimentning qat'iy 
xulosalariga tayanib ta'lim jarayoniga modulli yondashuvni kuchaytirish mumkin. Ta'lim-tarbiya 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

376 

jarayonlariga modullashtirish va algoritmlash madaniyati to8la kirib borganida pedagogik 
texnologiyalarning yaratilishi va ularning amalda qo8llanilishi borasida sezilarli yutuqlarga erishish 
imkoniyati kuchayadi. 

Quyidagi tamoyillar modulli o8qitish texnologiyasining asosini tashkil etadi: 
1. Faoliyatlik tamoyili. Bu tamoyil, modullar mutaxassisning faoliyat mazmuniga muvofiq 

shakllanishini anglatadi. Bu tamoyilga ko8ra modullar fan bo8yicha faoliyat yondashuvi yoki tizimli 
faoliyat yondashuvi asosida tuzilishi mumkin. Modulli o8qitish texnologiyasiga fan bo8yicha 
faoliyat yondashuvida, modullarni o8quv rejasi va dasturlar tahlili natijasida tuzishni taqozo etadi. 
Tizimli faoliyat yondashuvida, modullar bloki, mutaxassisning kasbiy faoliyati tahlili asosida 
shakllantiriladi. 

2. Tenglik, teng hukuklik tamoyili. Bu tamoyil pedagog va talabaning o8zaro munosabati 
sub'ekt - sub'ektiv xarakterligini belgilaydi. Bu esa modulli o8qitish texnologiyalarni, shaxsga 
yo8naltirilgan texnologiyalar toifasiga taalluqliligini ko8rsatadi. Ya'ni modulli o8qitish 
texnologiyasi, shaxsning individual psixologik xususiyatlariga moslashgan bo8ladi. 

3. Tizimli kvantlash usuli. Bu tamoyil axborotni siqib berish nazariyasi, muhandislik bilimlar 
kontsepsiyasi, didaktik birliklarni yiriklash nazariyalarining talablariga asoslanadi. Shular bilan bir 
qatorda bu tamoyil quyidagi psixologik-pedagogik konuniyatlarni hisobga olishni taqozo etadi: 

- katta hajmdagi o8quv materiali, qiyinichilik bilan va xohishsiz (istalmasdan) eslanadi; 
- ma'lum tizimda kisqartirilgan holda berilgan o8quv materiali, osonroq o8zlashtirilali; 
- o8quv materialidagi, tayanch qismlarni ajratib ko8rsatilishi, eslab qolish faoliyatiga ijobiy 

ta'sir ko8rsatadi. 
Shu bilan bir qatorda o8quv materialining asosini ilmiylik va fundamentallik tashkil etishi 

lozim. 
4. Motivatsiya (qiziqishni uyg8otish) tamoyil. Bu tamoyilning mohiyati talabaning o8quv-

bilim olish faoliyatini rag8batlantirishdan iborat bo8ladi. Bu asos soluvchi qoidadir. Modulning 
o8quv materialiga qiziqishni ug8otish, bilim olishga rag8batlantirish, mashg8ulotlar paytida faol 
ijodiy fikrlashga da'vat etish, modulning tarixiy va muammoli elementlarining vazifalari 
hisoblanadi. 
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Kalit so8zlar: AWS- Automatic Watering System (Avtomatik Sug8orish Tizimi). AWS 
tomchilab sug8orish tizimlarni boshqaruvchi qurilma. 

AWS bilan hattoki juda eski rusumdagi sug8orish tizimlarini ham arzimagan mablag8 evaziga 
zamonaviy aftomatlashtirlgan tizimga aylantirish mumkin va buning uchun hech qanaqa malakali 
texnikni keragi yoq. 

Bu qurilma kodlar yordamida tuzilgan dastur orqali ishlardi. Ya9ni qurilmaga bizga kerak 
bo8ladigan namlik darajasini kiritamiz so8ng AWS kiritilgan qiymatga qarab texnalogik jarayonni 
bajaradi. 

Automatic Watering System (avtomatik sug8orish tizimi) loyihaga qoyilgan asosiy 
talablar 

1. Suv sarfini maksimal darajada tejash 
2. Ortiqcha energiya sarfidan qutilish. 
3. Nasoslarning yaroqlilig muddatini oshirish. 
4. Nasoslarning almashinuvchanligini ta9minlash. 
5. Ish jarayonida inson aralashuvini kamaytirish. 
6. Ishlash jarayonini soddalashtirish 
Afzalliklari 

1. Suv sarfini maxsimal darajada tejash 
2. Ortiqcha energiya sarfidan qutilish. 
3. Nasoslarning yaroqlilig muddatini oshirish. 
4. Nasoslarning almashinuvchanligini ta9minlash. 
5. Ish jarayonida inson aralashuvini kamaytirish. 
6. Ishlash jarayonini soddalashtirish 

AWS ning xususiyatlari 
Ma9lumot xavsizligi yuqoriligi, ulanish jarayoni soddaligi, dastur algaritmi hovuzdagi suv 

miqdorini doimiy nazorat qiladi va nasoslarning ortiqcha energiya sarfini kamaytiradi. 
AWS ning ishlash jarayoni 
AWS 2ta signalizatr va namlik sensori orqali 2ta nasosni boshqaradi va signallari 
quyidagicha qayta ishlaydi 

7 Holatlar Sath chegarasi 
Xavfsiz 
hudud 

Namlik 
sensor 

1-nasos suv 
manbayidan hovuzga 

2-nasos 
hovuzdan 

dalaga 1 1-holat 0 0 0 0 0 
2 2-holat 0 0 1 0 0 
3 3-holat 0 1 0 1 0 
4 4-holat 0 1 1 1 1 
5 5-holat 1 1 0 0 0 
6 6-holat 1 1 1 0 1 

 
AWS NING ISHLASH JARAYONIDA INSON QILADIGAN ISHLAR 

Suv manbayida uzilish bo8lgan vaqtta AWS suv sathi hafsiz hudud oralig8igacha tizimni 
nazoratda ushlaydi lekin bu hududdan pasga tushib ketganda butun boshni tizimni ishdan to8xtatadi 
chunki nasoslarning erkin holda ishlashi ularning ishlash muddatini kamaytiradi. 

Agar AWS tizimni butunlay ishdan to8xtatganda aperatr suv kelishidagi muommolarni 
(ariqdagi yoki quvurdagi tiqilishlar) hal qilib 1chi nasosni qo8lda suv havsiz hududga ko8tarilguncha 
yaniq holda ushlab turishimiz kerak bo8ladi . 

Bu hududga kirganda esa tizim yana qayta ishga tushadi va jarayonlar avvalgidek aftomatik 
tarzda davom eta boshlaydi. 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

378 

 
Foydalanilgan adabiyotlar: 

1. England, K. (1990). Automatic Watering System for Foxes. 
2. Mckinley, MD 2005, Scotts sprinklers & watering systems, Meredith Books, Des 

Moines, la. 
3. Ortho (2006). All About Sprinklers and Drip Systems. Ortho Books. 

4. Yit Jih Wong (2001). Automatic Plant Watering System Controller. 
5. Kipkebut, S. (2015). Automatic irrigation control system. GRIN Verlag. 
 

%'��$�������� ,�$��&�� ����� �$��-����, &�%������� 
��$�����$� �� &�%���� ��%�&���$����� &�%���� 

�4D<<>6 $.$, '>D<56 $.$ 
&5D<<7 <G·4=4<E?<>-F5E=>?>7<O <=EF<FGF< 

�==>F4F<O: �4�>?444 ?<G4= ^D7<G=<=7 >>=EFDG>F<O?4D< >5?F<D<?74=, ON=< ?<G>�?< 
OEE< D>F>D=<=7 EG�4D<L 6^O7<74 =<E54F4= 6>=?4L<L< =474- D<= 64 M>E?5D<<5=F4?L 
F44�<�>F =4F<64?4D< ^D74=<?4<.  

�4?<F E^7?4D: %><>=, F45<<= ^F?4D, %57<5=F-54D<>�?<, �^L 5DGE?< OD<< >E<4, 
$>F>D?< ?<G4=^D7<G, OEE< D>F>D?<. 

'>D64G<?<> �<L?>� E^64?<7<=<=7 <G·<< F4D<>�< 5^?<5, <4<4?4>4F 4·>?<E<=<=7 
7^LF, EGF, FGEG< 64 ·4UF<= 74DGD <4·EG?>F?4D 5<?4= F4N<<=?4= 4<.�5=<=7< =<??4D44 
G>D64G<?<>=< D<6>6?4=F<D<L GGG= ·G>G<4F F><>=<44= <G·<< G>D4-F445<D?4D 55?7<?4=4<. 

�G7G=7< >G=44 $5E?G5?<>4 �D5745=F<=<=7 <�F<E>4<UF=< 6444??4LF<D<L 64D4U=<44 
�<L?>� E^64?<> <L?45 G<�4D<L<=< D<6>6?4=F<D<L, F><4D�4, L<D>4F, 45·�>= 64 D5D<5D 
E^64?<>?4D< ·4<44 >?4EEF5D?4D44 G>D64 <>??4D< >^?4=F<D<L=< D4�54D?4=F<D<L=< 
>GG4=F<D<L 5>D4E<447< �4D>D 64 D4D<>=?4D O��>? <<E>? 5^?4 >?44< /1/. 

,G=<=745>, G>D64 <>??4D<=< >^?4=F<D<L44 44�4? ·4L4> F4=UD?4L=<=7 ^D=< 6G44 
<G·<<4<D. 

$5E?G5?<>4=<=7 64=G5<= <<=F4�4?4D<44 %GDE>=44DU 6<?>OF<=<=7 &5D<<7, �G<�^D�>= 
64 �G7D>5>4 FG<4=?4D<44 EG�>D<?44<74= L4D><F?4D<44 5G�4>= 64 4D?4 ?>O?4D< 4>=E<7 
�<E<<44= >><54==<?4D UD44<<44 E><>= ·>E<? �<?<=44< ·4<44 G=<=7 F4D><5<44 F45<<= 
^F?4D <466G4 5^?E4, E><>==<=7 F^=<<?<?<7< 64 5=<<?<?<7< >DF4<.�4N?G<><, ^D<L 
4??4D4F?4D<=< L<>4EF?4=<L44= E4�?4L <4�E44<44 64 5>L�4 ><<??4D=< ·<E>574 >?74= ·>?44 
5>L>�?<, 4>=?< 64 >7G�45>? M><=?4D ?>O?4D<=< <4N?G< 5<D 54?4=4?<>44 ^D<L74 F^�D< 
>5?44< |3|. 

�G<?444=,>><54==?4D=<=7 ^D<L 54?4=4?<7< (2-64464?) G?4D=< >DF<�G4 N>?4=<L<E<7 
<L?4L<,4>==< =>5G4 �<?<4E44= O=G<5 46D4F<5 >?<L44= >5?<5 G<�<5 ^D=4F<?44< 64 
1 447< ?>O?4D E>=< 64 G?4D=<=7 G<G<<= G7G=?<7<74 5>�?<� D46<L44 �G=<447<G4 5^?<L< 
F46E<O MF<?44< 

 
 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

379 

2-64464?. �>L>�?< M><=?4D ^D<L 54?4=4?<7< 
1 447< 
?>O?4D 
E>=< 

     �>O=<=7 G<G<<= G7G=?<7<, E< 
65-70 71-80 81-90 91-100 101-

110 
111-
120 

121- 
130 

131-
140 

141-
150 

             �D<L 54?4=4?<7<,E< 
  200 12   15   14 15 18 21 25 25 30 
  300   12   16    16 17 18 22 27 28 33 
  400  12   17    18 18 19 24 28 30 34 
  500 13   17   19 20 21 25 28 30 35 
  600  14   18   19 20 21 27 31 33 35 
  700  14   18   20 21 22 28 34 35 36 
 

.�>D<447< 1-64464?44= >^D<=<5 FGD<54<>< EG�>D<?44<74= L4D><F?4D<44 5G�4>= 64 
4D?4 ?>O?4D< 4>=E<7 �<E<<44= >><54==<?4D UD44<<44 E><>= ·>E<? �<?<L44 25%-30% E><>= 
GGG= OD>�?< 5G�4>= 64 4D?4 ?>O?4D< 5D44 �>?<5 =45G474DG<??<> GGD4=4<.  

%G�>D<?44<74= L4D><F?4D<44 5G�4>= 64 4D?4 ?>O?4D< 4>=E<7 �<E<<44= >><54==<?4D 
UD44<<44 E><>= GGG= ^D<5 >?<=74=44= E^=7 �>?74= �<E<<=< ^D<L GGG= FGD?< E<? 
>>=EFDG>F<O447< ?<G4= ^D7<G?4D <L?4F<?44<.  

�<G4= ^D7<G?4D FD4>F>D 5<?4= 47D574F?4=<L<74 �4D45 F<D>4?<4, >E<4 64 OD<<>E<4; 
^D<L 4??4D4F<=<=7 FGD<74 �4D45 E57<5=F-54D<>�?< U>< D>F>D?<;^D<L 4??4D4F<=<=7 E>=<74 
�4D45 5<D, <>>< 5DGE?<; FGD?4D74 5^?<=44<./3/ 

%57<5=F-54D<>�?< �^L 5DGE?< OD<<>E<4 ?<G4=^D7<G FD4>F>D=<=7 ^=7 F><>=<74 
^D=4F<?44< (1- D4E<). �D<L 4??4D4F?4D<=<=7 ^=7 �<E<< F4O=G �<?4<D4> 9 74 EGO=44<. � = 9 
></E>4F F57?<>>4G4 <L?4= >?44<. 

 
 
 
 
 
 
 
 

1- D4E<. %57<5=F-54D<>�?< �^L 5DGE?< OD<<>E<4 ?<G4=^D7<G: 
1- >4D44= 64?<; 2 -74=6<D?< G74F<4; 3 - >?4<=7< ^D<L 4??4D4F<=<=7 ·4D4>4F ND<F<4E<; 4- 

>D�4447< ^D<L 4??4D4F<=<=7 ·4D4>4F ND<F<4E<;5->D�4447< M>EE5=FD<>=<=7 �GF<E<; 6 - >D�4 
M>EE5=FD<7<; 7 - 7<4D>E<?<=4D; 8- >D�4447< ^D<L 4??4D4F<; 9- ?=56<4F<> F4O=G �<?4<D4>; 10- 

D4<4; 11- F>DF�<; 12 - >?4<=7< ^D<L 4??4D4F<; 13 - L4FG=; 14->?4<=7< M>EE5=FD<>=<=7 
�GF<E<; 15- F4E<4?< G74F<4; 16- 4><>D4F; 174 EGDG6G< G<6<�; 18 4 F4EF4. 

�4L<=474 54?4=4 ^DG6G< 4??4D4F ^D=4F<?74= 5^?<5, G=<=7 54D<>�?4D<447< ?^?4F 
??4EF<=4?4D=<=7 F<�<44 >5DF<>?4D OE4?74=. �D<L 4??4D4F?4D< ·4D4>4F=< FD4>F>D=<=7 
�G664F >?<L 64?<44= >?44<: ·4D4>4F >4D44= 64?< 1, 74=6<D?< G74F<4 2, G74F<4 3 64 
?>=4E<<>= F4E<4 4 64 15 ?4D >D�4?< G74F<?44<. �D<L 4??4D4F<=< <L ·>?4F<74 FGL<D<L 64 
FD4=E?>DF ·>?4F<74 >^F4D<L 7<4D>E<?<=4D 7 64 11 ?4D UD44<<44 5464D<?44<. �<G4=^D7<G 
E4�?47<G?4D 5<?4= 6<·>7?4=74=. 

�D<L 4??4D4F< FD4>F>D ·4D4>4F< =^=4?<L<74 ?5D?5=4<>G?4D M<4E, 54?>< G=<=7 G5F>< 
=G�F4E< D4<474 <4·>4<?4=74= <G>< =G�F4E<74 =<E54F4= 25-50 << 74 <?74D<?4F<5 ^D=4F<?44<. 
�D<L 4??4D4F<=< ·4D4>4F?4=F<DG6G< L4FG==<=7 G7G=?<7<=< ^774DF<D<5, ?<G>�=<=7 G5F>< 
·>?4F?4D<44 E57<5=F ^�<=< �^7�4?<4E 54D<>� ^�< GEF<74 FGL<L< E>7?4=44<. %57<5=F 5<?4= 
54D<>� ??4EF<=4E< >D4E<447< F<D�<L 1,5-1,0 << 5^?<L< GGG= 5>EG6G< �<E�<G E57<5=F74 
F57<5 FGD<L< >5D4>. 



<RESPUBLIKA JANUBIDA ELEKTR ENERGETIKA SOHASINING RIVOJLANISH ISTIQBOLLARI= 
XALQARO ILMIY- TEXNIKA ANJUMANI 

380 

$>F>D?< ?<G4=^D7<G (2- D4E<) N�>D< ·>E<?4>D, UF<5 64 G4?>4L<5 �>?74= ^F?4D=< 
^D<L74 <^?64??4=74=. �<G4=^D7<G D4<4 13, G=<=7 �4=>F< 3, D>F>D?< ^D<L 4??4D4F<, 
<G6>74=4F?>6G< 64 ·4D4>4F?4=F<DG6G< <5E4=<7<?4D, F^E<� 9 ?4D44= <5>D4F4<D./3/ 

 
2-D4E<. $>F>D?< ?<G4=^D7<G: 

13E4�?47<G; 23GEFG=; 33D4<4 �4=>F<; 43E4?D4; 535DGE; 63?<G>�; 73D>F>D;8-5^?7<G; 93F^E<�; 
10->D>=LF5==; 113>E7<G; 123^�; 133D4<4. 

$>F>D?< ^D<L 4??4D4F< 5DGE 5, F4O=G 5>L<>�?4D<74 M74. �DGE GEF<74 F^DFF4 D>F>D 7 
?4D ^D=4F<?74=. $>F>D?4D 6GDF< 5<D-5<D<74 F5E>4D< 4=?4=44<.¶4D 5<D D>F>D 7 G5F?4D<74 
<>><F444= ??4EF<=4E<<>= ?<G>� L4D=<D?< �<?<5 <4·>4<?4=74=. �<D 6GDF D>F>D?4D74 
^D=4F<?74= ?<G>�?4D ME4 5<D-5<D<=<=7 ^DF4E<74 FGL44<74=45> 6>=?4LF<D<?74=. 
$>F>D?4D=<=7 7>D<7>=F4? 6>=?4L<L<74 <G6>74=4F?>6G< ?DG6<=4?4D F4D4=7?<7<=< 
^774DF<D<L ·<E>5<74 MD<L<?44<. �^?7<G 8 5DGE=<=7 >E<D<74 45OD?< F<> ^D=4F<?<5, ^D<L 
64�F<44 G574D4447< ?>O?4D=< ·4D4>4F =^=4?<L< 5^=<G4 <G>4D<74 M=74LF<D<5 
>5F44<.�5=<=7< ND<L44 FD4>F>D �<?4<D47< G?4D=< 5>E<4=4<, =>5G474DG<?<> >^?4=<4=4<. 
�DGE D4<474 E4�?47<G >D�4?< G?4=74= 5^?<5, G F^E<��4 GGD474=<44 5GD<?<5, E<=<L44= 
E4�?4=44<. 

�<G4=^D7<G=<=7 F5E=>?>7<> 64D4U=< �G=<447<G4 ^F44<. �=?4=4UF74= D>F>D447< ?<G>� 
<4D>4744= �>G<D<4 >GG?4D F4NE<D<44 D44<GE 5^=<G4 6>=?4L44<, =4F<6444 �^L=< D>F>D 
?<G>�?4D<=<=7 FD45>F>D<O?4D< 5<D-5<D<=< �>??4L< ·<E>5<74 G4?4 ^D<L74 =^? �^=<?<4=4<. 
�=?4=4UF74= ?<G>� >5E<5 >?74= ?>O?4D D>F>D GEF<447< �<?>D44= E<D?4=<5 ^F<5, 5D74 
FGL44<. 

.�>D<447< ?<G4=^D7<G?4D=<=7 >4<G<?<7< LG=44>< EG�>D<?44<74= L4D><F- ?4D<44 
5G�4>= 64 4D?4 ?>O?4D< 4>=E<7 �<E<<44=  >><54==<?4D UD44<<44 E><>= GGG= ^D<5 
>?<=74=44= E^=7 �>?74= �<E<<=< ^D74=44,6^O> <G<447< ?>O=<=7 �>?74= �<E<< ^D<?<4= 
�>?44<. %G�>D<L 6^O><74 =<E54F4= �<O ^D=4F<?74= OEE< D>F>D?< F5><E 4=?4=G6G< 4<E>-
?<G>�?< 4??4D4F?< ?<G4= ^D7<G ME4 �G=<447<G4 FG7<?74=: D4<4, E4D4- >4F G74F<L <5E4=<7<<, 
64? 64 ?<G>�, 5544 ^D7<G ?4EF4G<?<> FD4>F>D?4D<74 ^D=4F<4 ·>?4F44 47D574F?4=44< 64 
4=?4=<4 E4D4>4F=< FD4>F>D?4D=<=7 �G6- 64F >?<L 64?<44= >?<=44<.�4?=<=7 5<D GG< E4D4>4F 
G74F<L <5E4=<7<<74 <4E>4<?4=E4, <>><=G< GG<74 ME4 4<E> 74=>4 UD44<<44 <4E>4<?4=44<, 
4<E> 4=?4=4E< 5^=?45 F5L<>?4D >G<?<5, G?4D74 5>?F-74=>4 UD44<<44 ?<G>� <4·- >4<?4=44<, 
?<G>�=<=7 >5EG6G< �<DD4E<=<=7 ODGE< N�>D<44 ·>E<? �<?<=- 74=.,G=<=745>, ?<G>�=<=7 
GG>< �<E<< 7>D<7>=F4? 5D E<DF<74 =<E54F4= ?4D4??5? �<?<5 M7<?74=. 

 
 
 
 
 
 
 
 

3-D4E<.->E?5D<<5=F4? ?<G4= ^D<L 4??4D4F<=<=7 DD>=F4? F4E6<D< 
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4-D4E<.->E?5D<5=F4? ?<G4= ^D<L 
4??4D4F<=<7 U=<44 >^D<=<L<=<=7 F4E6<D< 

5-D4E<.->E?5D5<5=F4? ?<G4= ^D<L 4??4D4F< 
?<G>�<=<=7 F4E6<D< 

 
 

 

 

 

6-D4E<.->E?5D<<5=F4? ?<G4= ^D<L 4??4D4F< <LG< �<E<<=<=7 F4E6<D<  
->E?5D<<5=F4? ?<G4= ^D<L 4??4D4F< �G=<447<G4 FG7<?74= (3,4,5 64 6-D4E<?4D):^D<L 

4??4D4F< 64?< 6, 4<E>;74=>4 3 L4=54 5<?4= 5<D74?<>44,?<G>� 5, <4·>4<?>6G< 5>?F 2,74=>4 64 
L4=54 5<?4= 5<D74?<>44,EG�>D<L 6^O7< 1. �D<L 4??4D4F< 7,E4D4>4F G74F<L <5E4=<7<< 64?< 
8, EG�>DL 6^O><44 ·>E<? 5^?74= F^E<= 9, 5544 ?>OE< 10,?<G>�=<=7 ^F><D?<> �<DD4E< 5 64 
F46D<54 446><<44 ?<G>� 54?4=4?<7<=< D>EF?4L GGG= F5L<>?4D 11 E>E<? �<?<=74=.  

�445<UF?4D. 
1. �75><EF>= $5E?G5?<>4E< �D57<45=F<=<=7 G>D64 <>??4D< >^?4=F<D<L=< 
D4�54D?4=F<D<L=< >GG4=F<D<L 5>D4E<447< �4D>D 64 D4D<>=?4D<. 
2. �4D<<>6 $.$.,-L�>D456 '.'., �E<><?>6 �.�. �G�4>= ?>OE< 4>=E<7 �<E<<=< =<�<LF<D<L 
=^??4D<.//<%GDE>=44DU44 �<L?>� E^64?<7<=< <=F5=E<6 F5E=>?>7<O 4E>E<44 
D<6>6?4=F<D<L= <467GE<447< $5E?G5?<>4 <?<<=-4<4?<= 4=6G<4=< <4F5D<4??4D<, 
&5D<<7:&5D<�',2001=.,64-66 5. 
3. �4D<<>6 $.$.,&^?474=>6 �.�.,&4=7<D>64 �.�. �EE?54>64=<5 =4>?>==> -4<E>>6>7> D45>G57> 
>D74=4 D>F>D=>7> >>E<?>4. // <�4E5-EG=4D >>??56?4D<44 F5E=<>4 64 �<L?>� E^64?<> 
D4=?4D<=< ^�<F<L <G4<<>?4D< 64 <EF<�5>??4D<= <467GE<447< <?<<=-4<4?<= 4=6G<4=< 
<4F5D<4??4D<, �4DL<: �4D���, 2012 =.,118-119 5. 

 
�$��/,����/� ��&�$��& ��-�� (IIoT), ��� ����/ &�%������/ � 

%$�$� �$������%&������ ���'%&$�� 
Kudratillaev Meirbek, Tashkent University of Information Technologies named after 

Muhammad al-Khwarizmi, 
m.qudratillayev@tuit.uz  

�==>F4F<O: � >5M5< E?GG45 ?>4 �=F5D=5F><-65M5= ?>=<<45FEO E>6>>G?=>EFL 
D47=>>5D47=OE ?D<5>D>6, GEFD>=EF6, 44FG<>>6, >5N54<=U==OE 6 E5FL ?>ED54EF6>< ?N5OE 
4>EFG?=OE >4=4?>6 E6O7<, <E?>?L7GNM<E D47?<G=O5 ?D>F>>>?O 674<<>45=EF6<O <564G 
E>5>= < 54<=EF65==O= ?D>F>>>? 4>EFG?4 > 7?>54?L=>= E5F<.  

� EF4FL5 D4EE<>FD5=O 6>?D>EO < ?>=OF<5 > ?D><OL?5==>= <=F5D=5F-65M5= < 
674<<>45=EF6<O 44==>= F5E=>?>7<< E ?D><76>4EF6><. �D><OL?5==O= <=F5D=5F-65M5= 
?D54EF46?5= >4> E>6>>G?=>EFL E5F5= < E6O74==>7> E =<<< ?D><76>4EF65==>7> >5>DG4>64=<O, 
4>?>?=<F5?L=>7> ?D>7D4<<=>7> >55E?5G5=<O < 6EFD>5==O<< 44FG<>4<<. %<EF5<O >>F>DO5 
?D54=47=4G5=O 4?O E5>D4, >5<5=4 44==O<< < <>7GF G?D46?OFLEO 46F><4F<G5E>< 557 GG4EF<O 
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G5?>65>4. �D<6545=O 4=4?<7O ?> ?>6>4G <=F57D4F<< F5E=>?>7<< �=F5D=5F4-65M5= 6 
?D><76>4EF65, D4EE<>FD5=O ?>?>6<F5?L=O5 EF>D>=O 6 44==>= ED5D5. &5?LN 44==>7> 
<4F5D<4?4 ?D54=47=4G5=> 4?O ?>?=>F5==>7> ?>=<<4=<O >5 F4><E 646=OE F5E=>?>7<OE >4> 
?D><OL?5==O= <=F5D=5F-65M5=, 745 ?D54EF46?5=O 6>7<>6=>EF< < >F5=>< <E?>?L7>64=<O. 

�?NG56O5 E?>64: �D><OL?5==O= �=F5D=5F-65M5= (IIoT), 46F><4F<74F<O, 
?D><76>4EF65==4O 4>F<6=>EFL, E<EF5<O 4=4?<74 < >5D45>F>< 44==OE, '-$, &�� 

�������� 
�==>64F<>==O5 ?>4E>4O > D54?<74F<< =>6OE 7444G 6 >5?4EF< 6=54D5=<O 

<=D>D<4F<>==OE F5E=>?>7<< =5E><=5==> E6O74=> E 6=54D5=<5 F4><E F5E=>?>7<< >4> IoT. � 
E>6D5<5==>< MF4?5 D476<F<O ?D><76>4EF65==>7> ?>F5=F<4?4 ?N5>7> ?D54?D<OF<O < 
>D74=<74F<< ?>FD55G5FEO >5=>6?OFL E<EF5<G <=D>D<4F<74F<< < 46F><4F<74F<<. &5?L 
>>F>D>7> O6?O5FEO ?>6OL5=<5 >4G5EF64 < >>=>GD5=F>E?>E>5=>EF<.  

�D><OL?5==O= <=F5D=5F-65M5= ?D54EF46?O5F E>5>= E?5F<4?L=GN E<EF5<G E 
5>?LL<<< >>?<G5EF64<< GD>6=5=, 4 F4>65 D47?<G=O<< 44FG<>4<<, GEFD>=EF64<< < 
>>=FD>?5D4<<, >>F>DO5 D4E?>?>65=O 6 ?D<5>D4E ?D><OL?5==OE >5N5>F>6. � E>EF46 
>>F>DOE 6E>4OF >4> 4??4D4FO 4?O E5>D4 < 6<7G4?L=>7> ?D54EF46?5=<O <=D>D<4F<<, E F5?N 5U 
?>E?54GNM5= >5D45>F><. �>?>?=<F5?L=> <>7GF <E?>?L7>64FLEO < 4DG7<5 E4<O5 D47?<G=O5 
>><?>=5=FO. 

 'F> F4>>5 �D><OL?5==O= <=F5D=5F-65M5=? Industrial Internet of Things 3 E<EF5<4 
>>F>D4O 4>F<6=> ?D<<5=O5FEO 4?O D54?<74F<< >>D?>D4F<6=OE F5?5= 6 D47=OE >FD4E?OE 
?D><OL?5==>EF<. $47D45>F>4 ?>76>?O5F GE?5L=> =4>4??<64FL 44==O5 < E>65DL4FL <E 
?5D5EO?>G 46F><4F<G5E>< 557 6O?>?=5=<O >4><E-?<5> 45=EF6<= 6DGG=GN. �?O >?F<<<74F<< 
D45>FO E<EF5<O, ?D54GE<>FD5=4 6>7<>6=>EFL G44?U==>7> >>=FD>?<D>64=<O < G?D46?5=<O 
?D>F5EE4<<. �D><OL?5==O= IoT E>EF><F <7 >><?LNF5D=>= E5F< < E?5F<4?L=OE 44FG<>>6, 
>>F>DO5 ?>4>?NG4NFEO > =5>5E>4<<O< ?D><76>4EF65==O< >5N5>F4< < GEFD>=EF64< 4?O 
4>>G<G?<D>64=<O 44==OE.  

 �=4GEFD<4?L=O= <=F5D=5F 65M5= (?D><OL?5==O=) E<>65F <7<5=<FL 6EN 
M>>=><<G5E>GN <>45?L 674<<>45=EF6<O «?>EF46M<>-?>FD55<F5?L». � F><G 65 ?>76>?O5F: 

÷ �6F><4F<7<D>64FL ?D>F5EE <>=<F>D<=74 < G?D46?5=<O 6<7=5==O< F<>?>< 
>5>DG4>64=<O; 

÷ %>744=<5 E4<>>?F<<<7<DGNM<5EO MDD5>F<6=>= F5?>G>< >F ?D54?D<OF<<-
?>EF46M<>>6 4> >><?4=<= ->>=5G=OE ?>FD55<F5?5=; 

÷ �5D5E>4 > <>45?O< «M>>=><<>< E>6<5EF=>7> <E?>?L7>64=<O» < F.4.  
�4<5>?55 ?D>46<=GFOE E?GG4OE ?D><OL?5==O= �=F5D=5F 65M5= ?>76>?O5F =5 F>?L>>, 

GF> ?>6OE<FL >4G5EF6> F5E=<G5E>>= ?>445D6><, => < >55E?5G<FL ?5D5E>4 E <E?>?L7>64=<5< 
D476<FOE ED54EF6 F5?5<5FD<<, => < >55E?5G<FL ?5D5E>4 > =>6>= 5<7=5E-<>45?< 57> 
M>E??G4F4F<<, >>744 >5>DG4>64=<5 >??4G<645FEO 74>47G<>>< ?> D4>FG <E?>?L7>64=<O 57> 
DG=>F<<.  

������ �$��/,������� ��&�$��&� ��-��  
(INDUSTRIAL INTERNET OF THINGS)  

 �?46=>5 >F?<G<5 >5OG=>7> < ?D><OL?5==>7> �=F5D=5F4-65M5= E>EF><F 6 >5?4EF< 
?D<<5=5=<O. IoT 6>?NG45F 6 E555 ?N5O5 GEFD>=EF64, >>F>DO5 ?D54=47=4G5=O 4?O 
46F><4F<7<D>64FL >4>GN-=<5G4L >?D545?U==GN 7444GG <?< 65 G?D46?OFL 4<EF4=F<>==> 
(G44?5==>).  
 IIoT- MF> ?>4>4F57>D<O E4<> IoT, 745 L<D>>> ?>E6OM5=4 > ?D><OL?5==><G ED5DG < 
6545=<N 5<7=5E4. % ?><>MLN 57> <>6=> 46F><4F<7<D>64FL ?D>F5EEO ?D><76>4EF64, 
G<5=LL<FL D4EE>4O =4 <77>F>6?5=<5 ?D>4G>F<<, E65EF< > <<=<<G<G G5OF><. /D><< 
?D<<5D>< �=F5D=5F4-65M5= 6 ?D><OL?5==>EF< O6?ONFEO 44FG<>< 747DO7=5=<O, >>F>DO5 
E?54OF < >>=FD>?<DGNF 74 E>5?N45=<5< =>D< M>>?>7<G5E>>7> 747DO7=5=<O 6>74GE4. �45EL 
4<EF4=F<>==O= 74?GE> >5>DG4>64=<O <?< <4OG>< =4 FD4=E?>DF=OE ED54EF64E, ?><>74NM<5 
>FE?56<64FL ?><5M5=<5 7DG7>6 [1].  
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$<E 1. �D54EF46?5=<O >5 Industrial Internet of Things IIoT 

 �4> D45>F45F ?D><OL?5==O= �=F5D=5F-65M5=? $4EE<>FD<< ?D<=F<? D45>FO 44==>= 
F5E=>?>7<<. 
 �?7>D<F< 45=EF6<< 4?O 4>EF<65=<O ?>EF46?5==>= F5?5= E>EF><F <7 E?54GNM<E 
MF4?>6: 

÷ �5D6O< MF4?>< O6?O5FEO GEF4=>6>4 6E5E =5>5E>4<<OE 4?O D45>FO M?5<5=F>6: 44FG<><, 
>>=FD>??5DO, <E?>?=<F5?L=O5 <5E4=<7<O, 4??4D4FO 4?O 674<<>45=EF6<O G5?>65>4 E 
<4L<=>=. 

÷ %5>D < 66>4 6E5E <=D>D<4F<< =5>5E>4<<4O 4?O ?D>6545=<O F>G=>7> < 4>FG4?L=>7> 4=4?<74 
>5M57> E>EF>O=<O >><?4=<< < >FE?56<64=<O >>=>D5F=OE 44==OE. 

÷ $57G?LF4F >>F>D>= O6?O5FEO ?>?GG5==>= ?D< ?D>6545=<< D45>FO D4E?D>EFD4=ONF ?> 6E5< 
>F45?4< 44==>= >D74=<74F<<. 

÷ �F>DO645FEO 4>EFG? 6E5< D45>F=<>4< ?D54?D<OF<O <?< >D74=<74F<< 4?O =4?46<64=<O 
5OEFD>7> >5<5=4 4>>G<5=F4<< < E6O7< 4?O D5L5=<O ?D><76>4EF65==OE 6>?D>E>6 557 >FDO64 
E?5F<4?<EF>6 >F ?D>F5EE4 D45>FO. 

&�%������� INDUSTRIAL INTERNET OF THINGS 
 �?O D54?<74F<< ?>EF46?5==OE F5?5= E>6D5<5==O5 ?D54?D<OF<O <>7GF <E?>?L7>64FL 
D47?<G=O5 F5E=>?>7<< �D><OL?5==>7> <=F5D=5F4-65M5=. $4EE<>FD<< =4<5>?55 
D4E?D>EFD4=5==O5 < MDD5>F<6=O5. 
 &<DD>6O5 46>==<>< 
 �>4 F<DD>6O<< 46>==<>4<< ?>=<<4NF 6<DFG4?L=O5 >>?<< >5N5>F>6, >>F>DO5 
?>76>?ONF 4=4?<7<D>64FL D45>FG D54?L=OE D<7<G5E><E GEFD>=EF6. &4>, 46>==<> 746>44 
(4=4?>7 6<DFG4?L=O=) ?><>745F G?D46?OFL ?D54?D<OF<5<, >?F<<<7<D>64FL >?5D4F<<, 4 >>?<O 
74??4=<D>64==>7> ?D><76>4EF65==>7> ?D>F5EE4 44UF 6>7<>6=>EFL >EGM5EF6?OFL >>=FD>?L 
=44 ?D>4G>F>< 5MU 4> 57> <E?>?L7>64=<O.  
 $44<>G4EF>F=4O <45=F<D<>4F<O RFID 
 RFID- <5F>4 46F><4F<G5E>>= <45=F<D<>4F<<, <E?>?L7GNM<= <5F>< (FD4=E?>=45DO) < 
E?5F<4?L=O5 EG<FO64NM<5 GEFD>=EF64. �5F>4 ?><5M45FEO =4 ?N5>= F>64D, 4 EG<FO64F5?L 
<45=F<D<F<DG5F 5U ?>ED54EF6>< D44<>6>?=. �4?L=>EFL <45=F<D<>4F<< <>65F 64DL<D>64FLEO 
>F =5E>>?L><E E4=F<<5FD>6 4> 300 <5FD>6. �D< MF>< <>6=> E ?U7>>EFLN >FE?56<64FL 
?D><OL?5==O5 >5N5>FO < >>=FD>?<D>64FL. 
 'EFD>=EF6> M?5>FD>==>= D57<EFD4F<< '-$ (ELD) 
 '-� - ?D54EF46?ONF E>5>= 44FG<>< E?5F<4?L=O5, >>F>DO5 EF46OFEO =4 46F><>5<?L < 
?>76>?ONF >>=FD>?<D>64FL 57> E>>D>EFL, 6D5<O ?5D546<65=<O < G4EF>FG <E?>?L7>64=<O 
F>D<>7>6. �5>DG4>64=<O 6 >E=>6=>< GEF4=46?<645FEO =4 ?4EE46<DE><5 46F>5GEO <?< 
7DG7>6O5 <4L<=O. �45EL ?D54GE<4FD<64NFEO >4>: M>>=><<O D5EGDE>6 < >55E?5G5=<O 
557>?4E=>EF< 6>4<F5?O. 
 �=F5??5>FG4?L=O5 6OG<E?<F5?L=O5 E<EF5<O 6=5 &�� 
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 �=F5??5>FG4?L=O5 6OG<E?<F5?L=O5 E<EF5<O 6=5 &�� 3 E<EF5<4 �D><OL?5==>7> IoT 
(�=F5D=5F4-65M5=), ?D<764=4 ?>6OE<FL >4G5EF6> >5E?G6<64=<O < GE>>DOFL 
?D><76>4EF65==O5 ?D>F5EEO. � =5= >EGM5EF6?O5FEO 75=5D4F<O, 4=4?<7, <=F5D?D5F4F<O 
<=D>D<4F<<, >>F>D4O ?>EFG?45F E ?5D<D5D<<.  
 �D>7=>7=>5 >5E?G6<64=<5 
 � ?D>7=>7=><G >5E?G6<64=<N >F=>EOF E<EF5<O, >>F>DO5 ?>?GG4NF <=D>D<4F<N >F 
<4L<==>7> >5>DG4>64=<O <?< GEFD>=EF6 E> 6EFD>5==O<< 44FG<>4<<. �=< 6O?>?=ONF E5>D < 
?5D544GG 44==OE, 4 44?55 ?D><76>4OF 4=4?<7 ?>?GG5==OE E6545=<= < <E E>ED4=5=<5 6 5475. 
�?>E?54EF6<< E>5D4==4O 5474 44==OE ?D54>EF46?O5F ?>?L7>64F5?O< F>G>< ED46=5=<O, 
>>F>DO5 ?>76>?ONF 4=4?<7<D>64FL F5 <?< <=O5 E>5OF<O. 
%$�$/ �$��/,������� ��&�$��&� -��-�� 

%>6D5<5==4O IIoT E<EF5<4 <>65F <E?>?L7>64FLEO =5 F>?L>> =4 ?D><76>4EF65, => < 6 
4DG7<E >FD4E?OE. �?NG56O<< ED5D4<< 55 ?D<<5=5=<O O6?ONFEO: 

÷ �D><OL?5==>EFL 3 ?D< <E?>?L7>64=<< F5E=>?>7<< IoT 6 ?D><OL?5==>EF< 
<>6=> >>=FD>?<D>64FL E>EF>O=<5 EF4=>>6 < ?D54G?D5644FL <E ?>?><><, GF> 
E?>E>5EF6G5F E>>D4M5=<N 6D5<5=< ?D>EF>O < ?>6OL5=<N MDD5>F<6=>EF< D45>FO 
746>44. 

÷ �>7<EF<>4 < E>?44O 3 ?>76>?O5F 46F><4F<G5E>< 74>47O64FL ?D>4G>F<N <?< EODL5 
4?O ?D><76>4EF64, >55E?5G<64FL ?>EF>O==>5 =4?<G<5 =G6=OE F>64D>6, 4 F4>65 >FE?56<64FL 
4>F<6O. 

÷ $<F5=? 3 ?><>745F ?D<=<<4FL D5L5=<O ?> >F45?L=O< F>D7>6O< F>G>4<, <E?>?L7>64FL 
6<FD<=O E>7?4E=> <=F5D5E4< ?>>G?4F5?5=, 7>F>6<FL ?D><>4>F<<. 

÷ �4D46>>ED4=5=<5 3 ?>76>?O5F >FE?56<64FL ?4F<5=F>6 < G654><?OFL 6D4G5= >5 <E 
E>EF>O=<<, ?>6OL45F E>>D>EFL < F>G=>EFL D547<D>64=<O 6 <54<F<=E><E GGD5645=<OE. 
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AYLANUVCHI MEXANIZMLAR QUVVATINI BURCHAK TEZLANISHINI 
O8LCHOVCHI DATCHIK YORDAMIDA ANIQLASH 

1Ko8charov Farrux Jabbor o8g8li, 1Begmatov Murodjon Turg8un o8g8li,  

Mustafoqulov Almardon Mamatovich, Karabayev Ibragim Turdiyevich.2 
1<Tashkent irrigatsiya va qishloq xo8jaligini mexanizatsiyalash muhandislari instituti= milliy 

tadqiqot universiteti, 39 Q.Niyoziy, Tashkent, 100000, O8zbekiston 
2Termiz muhandislik-texnologiya instituti, 288a Islom Karimov, Termiz, 

E-mail: murod05071991@mail.ru 
Annotatsiya. Ushbu maqolada qishloq va suv xo8jaligida ishlatiladigan aylanuvchi 

mexanizmlarning burchak tezlanishini o8lchovchi datchik haqida yozilgan bo8lib, uning asosiy 
parametrlari keltirilib o8tilgan. Shuningdek maqolada datchikning ba9zi parametrlari tekshirilgan va 
xatoliklari aniqlangan. Xatoliklarni to8g8irlash bo8yicha tavsiyalar ishlab chiqilgan. 

Kalit so8zlar: burchak tezlik, burchak tezlanish, og8irlik markazi, inertsion massa,  
Kirish 
Qishloq va suv xo8jaligining keng tarmoqlarida elektr motorlar ishlatilib, uning valiga turli 

ko8rinishda turlicha quvvatga ega bo8lgan yuklamalar ulanadi. Motor yuklama bilan ishlash 
jarayonida uning valiga tushadigan og8irlik turlicha bo8ladi va bu ba9zida motorning nominal 
quvvatidan ortib ketishi ham mumkin.  

Aylanuvchi qismlarga ta9sir etayotgan quvvatni o8lchash va nazorat qilib turish uchun, turli 
xil datchiklar ishlab chiqilgan. Bu datchiklar aylanuvchi mexanizmlarning burchak siljishi, burchak 
tezligi, burchak tezlanishi kabi parametrlarini o8lchash va nazorat qilish imkonini beradi [1,2,3].  

Aylanuvchi mexanizmlarning burchak tezlanishini o8lchashda ishonchliligi yuqori bo8lganligi 
sababli ko8p hollarda elektromagnit burchak tezlanish datchiklaridan foydalaniladi. Shunday 
datchiklardan biri elektromagnit burchak tezlanishi datchigi bo8lib, u magnit o8tkazgich, o8q sterjn, 
inertsion massa, qo8shimcha nomagnit material, qo8zg8atish cho8lg8ami, o8lchash cho8lg8ami kabi 
elementlardan tashkil topgan.  

Bu datchikning ishlash prinsipi quyidagicha: qurilmada O shakldagi magnit o8tkazgich bo8lib, 
uning pastki qismida sterjn o8q mavjud. Unda inertsion massa joylashtirilgan. Bundan tashqari 
magnit o8tkazgichda o8lchash va qo8zg8atish cho8lg8amlari ham bor. Inertsion massa bu magnit 
yumshoq materialdan tayyorlangan halqa bo8lib, uning radiusi va qalinligi doimiydir, uning tashqi 
tomoni aylana bo8ylab chiziqli qonun bo8yicha o8zgaradi. Qo8shimcha nomagnit massa inertsion 
massaning muvozanatini ta9minlaydi. Inertsion massa va aylana sterjn orasidagi masofa magnit 
suyuqlik bilan to8ldirilgan. Sinov ob9ekti doimiy tezlikda aylanganda inertsion massa magnit 
zanjirga nisbatan tinch holatda bo8ladi va chiqish signali nolga teng. Burchakli tezlanish sodir 
bo8lganda, inertsion massaga buraluvchi moment ta9sir qiladi, bu uni doimiy burchak tezlik bilan 
aylanishiga olib keladi. Burchak tezlik burchak siljishidan vaqt bo8yicha olingan hosilaga teng, yoki 
tebranish momentining ishqalanish koeffitsientiga nisbatiga teng  

Aylanuvchi jism momenti tanadagi statik moment va o8rganilayotgan obekt burchak 
tezlanishi ko8paytmasiga teng 

       (1) 
Bu yerda l0-inertsiya momenti, -burchak tezlanish 
Datchikning magnit oqimi, 

       (2) 

F-magnit yurituvchi kuch, - havo oralig8ining magnit qarshiligi 
Havo oralig8ining magnit qarshiligi.  

      (3) 

bu yerda,  va S mos ravishda havo oralig8ining kengligi va yuzasi, - havoning magnit 
singdiruvchanligi. 

Inertsion massaning tashqi yuzasi chiziqli qonun bo8yicha o8zgarganda havo oralig8ining 
yuzasi [4,5,6]. 
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       (4) 
K1 va K2 doimiy kattalik koeffitsientlari,  burchak kattaligi. 
O8lchash cho8lg8amlarida hosil bo8layotgan EYuK havo oralig8ining magnit qarshiligiga, 

burchak tezlanishga to8g8ri proportsional.  

       (5) 

      (6) 

Bu yerda, f-inertsion massaning o8qqa nisbatan ishqalanish koeffitsienti, burchak tezlik. 
Tashqi o8zgaruvchi yuza eng minimal nuqtaga yetgan vaqtda hosil bo8layotgan elektr 

yurituvchi kuch ham minimal qiymatga erishadi. Keyin esa shu jarayon yana qaytadan takrorlanadi. 
Bu takrorlanishlar sonini aniqlash uchun quyidagi formuladan foydalansak bo8ladi. 

Birlik vaqtdagi impluslar soni [7,8,9].  

      (7) 

1-rasmdagi datchikda disk elementi, soat milning aylanish holatiga qarab sezilarli darajada 
doimiy ravishda o8zgarib turadigan xarakterli shaklni o8z ichiga oladi. Xarakteristik shakl magnit, 
optik yoki kontaktsiz qurilma bilan o8lchanadigan boshqa xarakteristikalar bo8lishi mumkin. 
Datchik milning holatini ifodalaydi. 1-a rasmda o8zgartgich b rasmdagi o8zgaruvchan sirt 
aylanayotganda o8zgarishlarni o8lchaydi [10,11,12]. 

 
1-rasm. Mutlaq aylanish va momentni o8lchash datchigi. 

2-rasmda ko8rsatilgan keyingi datchik quyidagicha ishlaydi: o8tkazgich 17 yordamida (orqali) 
datchik izlanish obyektiga o8rnatiladi, tokolgich chotkalari uning halqalariga keltiriladi va ularni 
ikkilamchi asbobga ulanadi. Keyin eksperiment o8tkaziladi. Burchak tezligi paydo bo8lganida 
datchik balansi ma9lum darajada buriladi, natijada g8altakning 14 seksiyasida EYuK paydo bo8ladi. 
Ikkilamchi asbob e qiymatiga ishlov beradi [13,14,15]. 

Ushbu datchiklarning umumiy bir kamchiligi bu massa muvozanatining buzulganligidir. 
Birinchi burchak tezlanish datchigida inertsion massa ikki xil materialdan tashkil topgan (3-a-rasm). 
Materiallarning zichligi o8zaro teng emas. Bu esa ushbu datchikda inertsion massani muvozanati 
ta9minlamaydi. Ya9ni og8irlik markazi siljigan holga olib keladi. Buni aniqlash biroz murakkab 
bo8lib, matematik yoki fizik modeldan foydalanishga to8g8ri keladi.  

  
2-rasm. Burchak tezlanish datchigining yuqoridan va yon tomonidan ko8rinishlari. 

Ikkinchi datchigimiz ham yuza shakli notekis bo8lib uning ham og8irlik massasini siljishiga 
olib keladi. 

Materiallar va usullar 
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Ushbu ishni o8rganishda matematik va fizik modellashtirish usullaridan foydalandik. Fizik 
modelni yaratishda SolidWorks 2014 dasturi(3-b-rasm) va matematik modelni yaratishda Matlab  
2014 dasturlaridan foydalandik (4-rasm). 

3-rasm. Burchak tezlanish datchigi. a) inertsion massaning turli tomondan ko8rinishlari b) 
datchigning Solid Works dasturida qurilgan 3 o8lchamli ko8rinishi 

 
a) 

  
b) 

4-rasm. Matlab dasturida og8irlik markazi kordinatlarini aniqlash. a) inertsion massa bir jinsli 
bo8lmagan holatda va b) bir jinsli bo8lgan holatda. 

Solidworks dasturida tahlil qilib ko8ramiz. Solidworks dasturida detallarni og8irlik markazini 
osongina aniqlash mumkin. Quyida 5-rasmda og8irlik markazini aniqlash ko8rsatilgan. b) rasmdan 
ko8rinib turibdiki inertsion massaning og8irlik markazi markazdan siljigan. 

 
 
 
 
 
 
 
 

 
a)         b) 

5-rasm. Solidworks dasturida inertsion massaning og8irlik markazini aniqlash 
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Aylanuvchi mexanizmlar quvvati kuch momentini burchak tezlikka ko8paytmasiga teng [16]. 
       (8) 

Kuch momenti inertsiya momentiga to8g8ri proportsional [17,18]. 
      (9)  

Inertsiya momenti esa jism massasiga to8gri proportsional 
      (10) 

Ushbu formulalarni umumlashtirib quyidagi formulani keltirib chiqaramiz. 
     (11) 

Bu yerda r-aylanish o8qigacha bo8lgan masofa 

 
6-rasm. Inertsion massa tashqi yuzasi, magnit qarshilik va hosil bo8layotgan elektr yurituvchi 

kuchning burchak siljishiga bog8lanish grafigi 
6-rasmda inertsion massa yuzasi, magnit qarshilik va chiqishdagi elektr yurituvchi kuchning 

burilish burchagiga bog8liqligi keltirilgan. 
Bir jinsli bo8lmagan inertsion massaning og8irlik markazini siljib ketish xatoligi [19,20] 

     (12) 

Bir jinsli bo8lmagan inertsion massaning og8irlik markazini siljib ketish xatoligini 
materiallarning zichligiga bog8liqligi quyidagi 7-rasmda ifodalangan. 

 
7-rasm. Xatolikning materiallar zichligiga bog8liqligi 

Natijalarni tahlil qilish.  
Aylanuvchi mexanizmlar quvvatini aniqlash burchak tezlik yoki burchak tezlanishni o8lchash 

orqali amalga oshirsa bo8ladi. Yuqorida ko8rilgan datchiklarni barchasida aylanuvchi mexanizmlar 
quvvatini aniqlasa bo8ladi, faqat bunda datchikning aniqligiga e9tibor berish zarur. 

5-4 rasmda SolidWorks dasturida inertsion massaning pastki va yuqori nuqtalaridan og8irlik 
markazigacha bo8lgan masofalar o8lchanayapti. Ko8rib turganimizdek pastki masofa yuqorisidan 
kattaroq. 5-b rasmda og8irlik markazining yuqoriga siljiganini ko8rish mumkin.  

4-rasmda matlab dasturida og8irlik markazini hisoblash uchun Simulink modeli ishlab 
chiqilgan bo8lib, unda ko8rsatayotgan natija bir jinsli materialdan yasalgan huddi shunday inertsion 
massaning og8irlik markazi kordinatalaridan farq qiladi. Ushbu rasmda a) va b) rasmlarda x0 
kordinata qiymatini o8zgarganini ko8rish mumkin. Birinchi holda bir jinsli bo8lmagan, ikkinchisida 
esa bir jinsli bo8lgan inertsion massaning og8irlik markazi kordinatalari berilgan. Ushbu natijalarni 
barchasi bizning farazimiz to8g8ri ekanligini ko8rsatadi. 

Ushbu datchikning muvozanat sharti quyidagicha  
      (12) 
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Bu yerda m1- inertsion massaning massasi, r1- inertsion massaning inertsiya o8qigacha 
bo8lgan masofasi, m2- datchikning inertsion massa bilan birgalikdagi massasi, r2- datchikning 
inertsiya o8qigacha bo8lgan masofasi. Ushbu shart bajarilgan holda datchik muvozanatda bo8ladi. 
Ya9ni o8z o8zidan aylanib ketmaydi. 

Xulosa 
Xulosa o8rnida shuni aytish mumkinki qurilmaning hisobga olinmagan kichik xatosi o8lchash 

paytidagi xatoliklarga olib kelishi mumkin. Bu xatoliklar esa o8z navbatida enrgiyaning ortiqcha 
ishlatilishi yoki aylanuvchi mexanizmlarni ortiqcha yuklanishdan zo8riqishi olib kelishi mumkin. 
Xatoliklar har doim mavjud, lekin ularni minimallashtirish uchun qurilmani takomillashtirib borish 
zarur bo8ladi. 
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TOKLAR FERROREZONASI HODISASINI KOMPYUTERDA MODELLASHTIRISH  
Nazirova Zamira Gafirovna  

(Toshkent davlat transport universiteti, 
Elektr ta9minoti kafedrasi professori v.b., zamira_nazirova@mail.ru ) 

Kirish 
Hozirgi vaqtda oliy ta9limda o'quv jarayonini takomillashtirishning muhim tendentsiyalaridan 

biri bo'lib unga innovatsiyalarni, jumladan, informatsiyon-kommunikatsion va kompyuter 
texnologiyalarni keng joriy etish talab etilishidir. Ayniqsa sirtqi va masofaviy ta9lim shakllarda 
tahsil o'luvchi talabalar soni oshib borishi bilan bu dolzarb masalaga aylanmoqda. Elektr energetika 
sohasiga yuqori malakali kadrlarni tayorlaydigan oliy texnika ta9lim muassasalarining <Nazariy 
elektrotexnika= va <Elektrotexnika= fanlari bo'yicha o'quv rejalarida laboratoriya mashg'ulotlarini 
o'tkazish ko'zda tutilgan [1,2,3]. Ularda talabalar tajribalar o'tkazib elektrotexnikaning asosiy 
nazariy qonunlari va hodisalarini (shu qatorda, ferrorezonans hodisalarini) o'rganish, tekshirish va 
tasdiqlash; eksperimental tadqiqotlarni tayyorlash va o'tkazish ko'nikmalarini egallash; tajriba 
natijalarini rasmiylashtirishni o'rganishi maqsad qilib qo'yilgan.  

Usullar. Real fizik laboratoriya stendlarida tajribalarni o'tkazish uchun oliy ta9lim 
muassasalar kuchli moddiy-texnika laboratoriya bazasiga ega bo'lishi kerak. Ammo shunday 
tajribalar bo'ladiki ularni o'tkazish uchun qimmatbaho yoki gabaritli uskunalar va asboblar yoki 
ma9lum parametrlarga ega manbalar talab etiladi. Undan tashqari, ushbu laboratoriya ishlarini 
namoyish shaklida emas balki frontal shaklida o'tkazish uchun laboratoriya ishi stendlari sonini 
gruhdagi kichik guruhlar sonigacha oshirish kerak. Ikkita o'qituvchi o'tkazadigan laboratoriya 
darsini alohida laboratoriya honalarida oborish kerak. Real stendlarning boshqa kamchiliklaridan 
biri bu ularning vaqt o'tishi bilan eskirishi, ayrim elementlari va o'lchov asboblari ishdan chiqishi va 
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ta9mirga muhtoj bo'lishidir. Bundan tashqari, laboratoriya ishining murakkab sxemasini talabalar 
tomonidan yig'ish jarayoni darsning asosiy vaqtini egallab, olchovlarni batafsil o'rganishga va ishni 
rasmiylashtirish masalalariga kam vaqt qoladi. Masofadan turib, uy sharoitida va mustaqil bunday 
stendlarda laboratoriya ishlarini o'tkazishga umuman imkoniyat yo'q. Ushbu salbiy jihatlar ta9lim 
sifatini oshirmaydi. Yuqorida sanab o'tilgan kamchiliklardan virtual laboratoriyasi ozod.  

Virtual laboratoriyalar yordamida kompyuterda sxemotexnik modellashtirish hozirgi vaqtda 
texnik universitetlarida o'quv jarayonining muhim qismidir. MDH texnika universitet va institutlari 
ko'pgina kafedralarida <Nazariy elektrotexnika= fanidan kunduzgi, sirtqi ta¾lim bo'limlari 
talabalariga dars berishda qo'llaniladigan ma9lum an¾anaviy laboratoriya ishlari to'plamlari va 
stendlari mavjud bo'lib, ulardagi ayrimlari virtual shakliga o'tkazilgan [4,5,6]. Ammo bu ishlar 
asosan chiziqli elektr zanjirlarga bag'ishlangan bo'lib, nochiziq zanjirlarni, jumladan, ferrorezonans 
hodisalarni tadqiq qilishga oid ishlar sanoqli va ularni amalga oshirish uchun ko'p savollar ochiq 
qolgan. Bu maqolada muallif toklar ferrorezonasi hodisasini organish uchun tuzgan va amaliyotta 
qo'llagan virtual laboratoriya ishini taqdim etmoqda. 

Ferrorezonans hodisasi va umuman nochiziq zanjirlar bo'yicha ko'p ilmiy izlanishlar va 
tadqiqotlar olib borgan O'zbekistonda xizmat ko'rsatgan fan va texnika arbobi, akademik, texnika 
fanlari doktori, professor G.R.Raximov 1963 yilda shu nomli monografiyasida quyidagi ta9rifni 
bergan: «Ferrorezonans 3 bu nochiziq induktivlik va chiziqli kondensatordan iborat konturning 
ma9lum parametrlaridagi chastotasi manba chastotasiga teng, amplitudasi esa maksimumga 
yaqinlashadigan davriy avtoparametrik ravishda qo'zg'aladigan elektromagnit tebranishlar paydo 
bo'lish hodisasidir». Ushbu hodisani o'rganishda tahlilni soddalashtirish maqsadida induktiv 
g'altakdagi nosinusoidal tok va kuchlanishlar ekvivalent sinusoidalar bilan almashtiriladi. Reaktiv 
elementlarning o'zaro ulanish usuliga qarab (ketma-ket va parallel), zanjirda kuchlanishlar va toklar 
ferrorezonansi kuzatiladi. 

Virtual elektrotexnik laboratoriyasini tuzish uchun ya9ni tadqiq etilayotgan hodisa va unga 
mansub sxemalarni modellashtirish uchun dasturiy ta9minotni tanlash kerak. U talabalar tomonidan 
o'rganish uchun sodda, yuklab olishlari uchun qulay va bajarish tartibi hamda ko'rinishi maksimal 
darajada real laboratoriyasiga o'xshash bo'lishi kerak. Zamonaviy dasturiy muhitlar MATLAB, 
Multisim 10, PSPICE paketlar va boshqa shunga o'xshash bir qator dasturlar [4,6,7] orasida 
munosib o'rinni egallagan elektr zanjirlarini modellashtirish va tahlil qilish bo'yicha eng sodda 
bolgan Electronics Workbench [2,3,4] dasturi tanlandi. Bu vosita birinchidan, fanning nazariy 
qismini o'rganishni juda ko'rgazmali qilish imkonini bersa, ikkinchidan, talabani haqiqiy 
laboratoriyada ishlashga tayyorlash, unga tajribalarni rejalashtirish va o'tkazish uslubini o'rgatish 
imkonini beradi. Sxemani yig'ish, o'lchash asboblarini ulash, generatorlar parametrlarini o'rnatish va 
o'lchov asboblari panellarida rejimlarni o'rnatish kabi amallar ketma-ketligini bajarish orqali talaba 
o'lchov natijalarini tanish shaklda oladi (huddi real laboratoriyasida olganday). Ampermetr, 
voltmetr va boshqa shu kabi asboblarning ko'rsatkichlarini kompyuter ekranida ko'rish ish 
jarayonini tabiiy va tushunarli qiladi.  

Natijalar. Tajribalar ikkita rejimda o'tkazilishi kerak, shuning uchun ularga mos sxemalar 
yig'iladi: birinchisida kuchlanishni va ikkinchisida tokni o'zgartirib, o'rganilayotgan hodisani 

kuzatish mumkin. 3 mkF sig'mili chizikli kondensator olindi. 1-jadvalda keltirilgan )(HB  
magnitlanish xarakteristikasiga ega bo'lgan nochiziqli induktivlik sifatida EWB ning asosiy 
elementlar (Basic) bazasidan uzaksiz g'altak (Coreless Coil) va ferromagnit uzak (Magnetic Core) 
lar olindi va o'zaro ketma-ket ulandi (g'altakning <MMF= 3 magnit yurutuvchi kuch uchlariga). 
Sxemadagi o'zak ifodasiga kursor bilan ikki marta bosib, yangi o'zak hosil qilinadi, keyin <Edit= 

tugmasini bosib uning va )(HB  xarakteristikasining parametrlari <Sheet 1-4= larda o'rnatiladi (1,a-
rasm). Bu xarakteristikaning EXCEL dasturi yordamida qurilgan egri chizig'i 1,b-rasmda 
keltirilgan. 
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1-jadval 
Magnitlanish xarakteristikasi 

� (A/m) -96 -88 -80 -64 -48 -32 -16 0 16 32 48 64 80 88 96 

� (Wb/m2) -1,6 -1,58 -1,52 -1,5 -1,48 
-

1,4 
-

1,3 
0 

1,
3 

1,
4 

1,48 
1,
5 

1,5
2 

1,58 
1,
6 

 

 a) b)     1-rasm. 
1-tajriba sxemasidagi (2-rasm) <Funksional Generator=dan uzatilayotgan sinusoidal 

kuchlanishning amplitudasini asta-sekin noldan 450 V gacha ko'tarib, 8310 ta nuqta uchun mos 
kuchlanish va tok qiymatilari o'lchanib, natijalar 2-jadvalga yoziladi. EXCEL elektron jadvallar 
dasturining diagrammalarni tuzish imkoniyatlaridan foydalanib, 2-jadvaldagi natijalar bo'yicha 
zanjirning ø ùUI , ø ùUIC  va ø ùUIL  volt-amper xarakteristika(VAX)lari quriladi (3-rasm).. Real ø ùUI  
ferrorezonas xarakteristikasida pastga tushuvchi, ya9ni noturg'un uchastkasi va u <S=-simonligi juda 
yaxshi namoyon etilgan. Shu grafikda talabalarga toklar ferrorezonansining ideal xarakteristikasini 
chizish (yulduzchali VAX), uni reali ø ùUI  bilan solishtirish, ferrorezonans A  nuqtasini topish, VAX 
ning har xil uchastkalarida zanjir xarakterini aniqlash bo'yicha topshiriq beriladi. 

 
2-rasm. 

1-tajriba natijalari  (var U)                2-jadval 

7 Um U (V) I (mA) IC (mA) IL (mA) 
| IL3 IC | 

(mA) 
Izohlar: 

1 0 0 0 0 0 0 tok 
2 100 70,71 61,95 67,4 5,567 61,8 ý  
3 200 141,1 123,9 134,8 11,13 123,7 ý  
4 232 164 135,9 156,3 23,32 133,0 ý  Imax 
5 250 176,8 131,8 168,3 44,63 123,7 ÿ  
6 266 188,1 127,7 179 64,81 114,2 ÿ  
7 373 263,7 99,12 250,2 227,5 22,7 ÿ  Imin 
8 396 280 103,7 265,5 265,4 0,1 ý  IL=IC 
9 410 289,9 107,9 274,8 288,7 13,9 ý  

10 450 317,9 128,5 301,2 355,7 54,5 ý  
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2-tajribani o'tkazish uchun 4-rasmdagi sxema tuziladi va unda kirishga ulangan J tok 
manbaining tok qiymati asta sekin (hech qayerdan qaytmasdan) 0 dan 100 mA gacha oshiriladi va 
natijalar 2-jadvalga yoziladi. Shu jarayonda tok 68 A bo'lganda kirishdagi kuchlanish 77,62 V dan 
304 V gacha sakrab o'zgardi (5-rasm). Endi tokni asta sekin kamaytiriladi va teskari sakrash 
kuzatiladi. Ushbu sakrash simon o'zgarishlar releli effekt deyiladi va shunda zanjirda fazalar 
to'ntarilishi sodir bo'ladi.  

 
4-rasm. 

3-jadval 2-tajriba natijalari  (var I) 

 
5-rasm. 

7 J (mA) U (V) I (mA) 
1 0 0 0 
2 20 22,83 20 
3 40 45,65 40 
4 60 69,3 60 
5 65 74,18 65 
6 68 77,62 68 
7 69 304 68,7 
8 70 304,9 69,72 
9 80 321,6 79,72 

10 100 340 99,74 
Munozara. Shunday qilib, bu virtual laboratoriya ishida hamma mo'ljallangan tajribalar 

o'tkazildi va hodisalar o'rganildi (real laboratoriyada 2-tajribani bajarish ayrim muammolarga duch 
kelar edi). Demak zamonaviy kompyuter texnologiyalarda, jumladan virtual nochiziq elektr 
zanjirlar bilan eksperementlarni o'tkazishda, qimmatbaho uskunalar bilan jihozlangan maxsus 
xonalarga ehtiyoj bo'lmaydi, ya9ni kompyuterga ega izlanuvchi yoki talaba unga qulay joyda 
(masofadan) yuklanishi va o'rganish oson bo'lgan, komponentlari va sxemalarni yig'ish maksimal 
real fizik stendlarga yaqillashgan EWB ("Elektron ish taxtasi") yordamida mustaqil ravishda 
tadqiqot ishlarini olib borish imkoni bo'ladi. Ammo virtual tajriba fizik tajribaga nisbatan bir qator 
afzalliklarga ega bo'lsa ham, uni butunlay o'rnini bosa olmaydi.  

Adabiyotlar: 
1. Amirov S.F. va boshq., Nazariy elektrotexnika. 3 Toshkent: O'zbekiston,2016.3 482 b.  

A 

3-rasm 

U (B)  

 I  (mA) 
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AKKUMULIYATOR BATAREYALARINI SIFATLI ZARYADLASHDA 
ISHLATILADIGAN QURILMALARINI AVTOMATIK BOQARISH USULLARI. 

Qosimov Baxtiyor Axmatjonovich5 Jizzax politexnika instituti 
(baxtiyor_086@mail.ru) 
Tel: +99891 569 97 04 

Mamlakatimizda jadallik bilan avtomobilsozlik sanoati rivojlanib bormoqda. Ishlab 
chiqarilyotgan zamonaviy avtomobillarning ravon xarakatlanishi, buzilmasdan uzoq muddat 
ishlashi va extiyot qisimlarning sifatli bo8lishi uchun ularga o8z vaqtida texnik xizmat ko8rsatish 
ishlarini amalga oshirish lozim bo8ladi. Avtomobillarning elektr jihozlarini nazorat qilib borish 
vazifasini ham o8z zimmasiga oladi. Shu nuqtaiy nazardan avtomobillarning akkumulyator 
batareyalariga ham servis hizmat ko8rsatish ishlari shular jumlasidandir. Zamonaviy avtomobillarda 
akkumulyator keyinchalik foydalanish maqsadida energiyani to8playdigan qurilma. Elektr, issiqdik, 
gidravlik, inersion xillari bor. Elektr akkumulyator elektr toki ta9sirida kimyoviy energiyani elektr 
energiyasiga aylantirib beradigan galvanik tizim. Elektr akkumulyator musbat elektrod, manfiy 
elektrod va elektrolitdan iborat.  

Elektrodning elektrolitga tegib turuvchi sirtida potensiallar farqi hosil bo8ladi. Bu farq elektr 
yurituvchi kuch deyiladi. Yig8ilgan energiyani sarflash vaqtida kimyoviy energiya elektr 
energiyasiga, energiyani to8plash vaqtida esa elektr eenergiyasi kimyoviy energiyaga aylanadi. 
Elektrolit tarkibiga karab, akkumulyatorlar kislotali va ishqorli xillarga bo8linadi. Kislotali 
akkumulyatorlarda elektrolit sifatida sulfat kislota eritmasi, musbat elektrod sifatida qo8rg8oshin 
oksidi, manfiy 265 elektrod sifatida qo8rg8oshin ishlatiladi.  

Bunday akkumulyatorlardan avtomobil transportida, aviasiyada, aloqada foydalaniladi. 
Ishqorli akkumulyatorlar elektrodining xiliga karab, kadmiy nikelli va temir nikelli, kumush ruxli 
va kumushkadmiyli bo8ladi. Kadmiy nikelli akkumulyator musbat elektrodi grafit aralashtirilgan 
nikel oksididan, manfiy elektrodi kadmiy aralashtirilgan temirdan tayyorlanadi. Elektrolit sifatida 
o8yuvchi kaliy eritmasi yoki o8yuvchi natriy eritmasiga ozgina litiy gidrooksid qo8shilgan 
aralashma ishlatiladi. akkumulyator zaryadlanish va zaryadsizlanish vaqtidagi o8rtacha kuchlanish 
(har bir elementga 132 V) va sig8im bilan ifodalanadi. Kuchlanishni oshirish uchun 
akkumulyatorlar ketma-ket ulanib, batareyalar hosil qilinadi. Kadmiy nikelli va temir nikelli 
akkumulyator aviasiyada, aloqa vositalarida, elektr transport mashinalarida, kosmik apparatlarda; 
kumush ruxli va kumush kadmiyli akkumulyator aviasiya, aloqa vositalari, kinoga olish apparati va 
boshqada ishlatiladi. Issiqlik akkumulyator tarmoqdagi bug8 bosimini birday saqlab turadi. 
Gidravlik akkumulyator gidravlik qurilmalarda suyuqlik yoki gazning bosim va sarfini 
baravarlaydi, 1003300 atm bosim ostida suyuqlikni yig8ib, gidravlik presslarga va boshqa mashina 
qurollarga bir me9yorda berib turadi. Inersion akkumulyator maxovikdan iborat bo8lib, undan turli 
mashinalar, transport vositalari va boshqalarda foydalaniladi. Soatlardagi prujinalar, aviasiya 
modellaridagi rezina motor ham yenergiya akkumulyatori hisoblanadi. Akkumuliyator batareya 
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paketlarini ishlatganda, ularning uzoq muddatli, ishonchli ishlashi va shinalar bo8yicha talab 
qilinadigan kuchlanish darajasi ta9minlanishi kerak to8g8ridan-to8g8ri oqim oddiy va favqulodda 
vaziyatlarda ogoh bo8lishni talab qiladi. 

Yangi o8rnatilgan yoki akkumulyator batareyalarini ta9mirlashni uzoqlashtirish ishga 
tushirilishi oldin elektrolitlar, batareya, yer qarshilik uchun mas9ul va to8lash va izolyasiya nisbatan 
oxirida batareya kuchlanish 10-soatlik chiqarish, sifati va zichligi joriy batareya hajmi nazorat qilish 
lozim. 

Zaryadlanuvchi batareyalar doimiy zaryad rejimida ishlaydi. Qayta zaryadlantiruvchi qurilma 
1-2% ga chidamli batareya avtobuslarida quvati barqarorligini ta9minlashi kerak. 

Doimiy ravishda ishlatilmaydigan qo8shimcha batareyalar alohida zaryadlovchi qurilmaga ega 
bo8lishi kerak. 

Barcha akkumulyator batareya paketlarini to8liq zaryadlangan holga olib kelish va 
elektrodlarning elektrolizlanishini oldini olish uchun akkumulyator batareyasini tenglashtirish 
kerak. 

Batareyalarning haqiqiy hajmini aniqlash uchun boshqaruvlar bajarilishi kerak, yuzining 90% 
ga teng, uning zaryad quvvati uchun keyingi favqulodda batareya chiqarish nimstansiya keyin ko8pi 
8 soat amalga oshirilishi lozim. Akkumulyator batareya kuchlanish batareyada 2.5-2.7 V gacha 
qadriyatlarni yetishi mumkin. Akkumulyator kislotasi, elektrolitlar, distillangan suv yoki 
kondensning kimyoviy tahlillari kimyoviy laboratoriya tomonidan bajarilishi kerak. Saqlash xonasi 
toza bo8lishi kerak. Zaminda to8kilgan elektrolitlar quruq paypal yordamida darhol chiqariladi. 
Shundan so8ng, zamin soda kislotasi eritmasiga namlangan mato va undan keyin suv bilan tozalab 
tashlanishi kerak. Akkumulyator tanklar tanklar, javonlar va izolyatorlar ostida izolyatorlar, plastik, 
qoplama javonlar tizimli suv yoki natriy bikarbonat eritmasi birinchi namlangan latta bilan artib, 
so8ng quruq matoda artish lozim. Batareya xonasidagi harorat kamida + 10 ° C darajasida saqlanishi 
kerak. Doimiy xodimlarni kuzatmasdan turib, quyosh stansiyalarida + 5 ° C gacha haroratni 
kamaytirishga ruxsat beriladi. Batareya xonasida haroratni tubdan o8zgartirmang, chunki 
namlikning zichligi va batareyaning izolyatsiyasi qarshiligini kamaytirmasligi kerak. Batareya 
xonasidagi derazalar yopilishi kerak, derazalar ochiq rangga bo8yalgan. Yoz oylarida havo oqimi 
uchun va shamollatish uchun oynalarni ochish uchun ruxsat beriladi, agar tashqi havo 
ifloslanmagan bo8lsa.  

Qo8rg8oshin plastinkaning yuqori qirralari yog8och tanklar yonidagi tegmasligi kerak. Agar 
eyektrodning chetiga tegib turgan bo8lsa, u eyelektrolitlar tomchilarining tankga tushishiga 
to8sqinlik qilish va tankning yog8ochini yo8q qilish uchun egilgan bo8lishi kerak. Ochiq 
batareyalardagi elektrolitlar bug8lanishini kamaytirish uchun qopqoqni (yoki shaffof kislotaga 
chidamli plastikni) ishlatish kerak. Lentalarning tagliklar ichki chetidan tashqariga chiqmasligini 
ta9minlash kerak. Batareya xonasida begona narsalar bo8lmasligi kerak. Faqat idishlarni 
elektrolitlar, distillangan suv va sodali eritma bilan saqlash mumkin. 

Konsentrlangan sulfat kislota kislota xonasida saqlanishi kerak. Zaryad qilish avtomobil 
batareyasi ikki xil usulda amalga oshiriladi. Batareya, mashinada bevosita turadi dvigatel 
ishlayotgan va amaliyot generator, zaryadlash avtomatik ravishda hisoblanadi. 

MDH mamlakatlarining aksariyat hududlarida batareyalar ishlab chiqaruvchilari to8liq 
zaryadlangan batareyaning zichligini 1,28 kg / sm3 darajasida saqlashni tavsiya etadilar. Zichlik 
0,03 kg / sm3 ga teng bo8lsa. batareyalardagi banklarning asl yoki zichligi 0,01 kg / cm3 dan farq 
qiladi, batareya zaryadlanishi kerak. 

Gidrometr bo8lmasa, siz voltmetr yordamida batareyaning zaryadlash darajasini taxminan 
taxmin qilishingiz mumkin. O8lchovni oxirgi safardan kamida sakkiz soat o8tgach amalga oshirilishi 
kerak. Standart avtomobil akkumulyatorlari uchun (12 V ga teng) nisbati quyidagicha bo8ladi: 

to8liq zaryadlangan batareya - 12,7 V va undan ortiq. 
" ish haqi 80% dan 12,5 V gacha.  
" 60% dan 12.3 V gacha to8lov.  
" 40% dan 12,1 V gacha.  
" 20% dan 11,9 V gacha to8lov.  
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" to8liq to8ldirilgan - 11.7 V va undan kam. 
Uch oyda bir marta elektrolitlar darajasini va zichligini tekshirish tavsiya etiladi. Bundan 

tashqari, batareyaning zaryadlanish kuchlanishini avtomobilga qo8shimcha ravishda tekshirish 
tavsiya etiladi. Buning uchun biz vositani ishga tushiramiz va 5 minutdan keyin batareykasidagi 
volsiyani tekshiramiz. U 13,9 - 14,5 V gacha bo8lishi kerak. Agar kuchlanish bu cheklovlardan 
oshib ketgan bo8lsa, batareya zaryadsizlanishi yoki zaryadlovga uchraydi, bu esa uni ishlatish 
manbasini sezilarli darajada kamaytiradi. Shunga ko8ra, bunday noto8g8ri imkon qadar tezroq yo8q 
qilinishi kerak. 

Ba9zi batareyalar qanday texnik xizmat ko8rsatish kerakligini ko8rsatadigan xizmat ko8rsatish 
belgisini o8z ichiga oladi. Bunday holda, uning ko8rsatmalarini kuzatib borish va o8z vaqtida xizmat 
ko8rsatishni ta9minlash kifoya. 

Batareyani zaryad qilish uchun deyarli har qanday manbadan foydalanishingiz mumkin 
to8g8ridan-to8g8ri oqim haqida 15-16 C, bir kuchlanish ta9minlash imkoniga ega va aniq joriy 
zaryadlash gapirishda 3 A zaryad joriy 0,1 batareya hajmi, zaryad muddati taxminan 20 bo8ladi 
(batareyaning dastlabki ish haqiga bog8liq). Ammo yaxshi to8lov kichikroq oqim va uzoqroq Bu 
batareyaning ishlashiga ijobiy ta9sir ko8rsatadi. 

Bunday batareyalarni boshqarish hamda ishlash mudatini oshirish maqsadida biz shunday 
avtomatik boshqarish hamda zaryadlash qurilmasini tavsiya etamiz. 

Akkumliyator batareyasi klenmalari manbaga tartibli ulash talab etilmaydi. Avfzaliklari: 
Klenmalarni ulashda to8g8ri ulash sxema asosida bo8lib avtomatik ishga tushiriladi. Bu sxemada uy 
sharoitida ishlatishda havfsiz hisoblanib hech qanday qiyinchilik tug8dirmaydi. Klenmalar 
akkumliyator batareya klenmalariga ulab qo8yilsa bas. Akkumliyator batareyasini zaryadlash 
vaqtida akkumliyator batareyasi quvatiga qarab kerakli kuchlanish miqdoriga qarab avtomatik 
boshqariladi hamda akkumliyator batareyasi zaryadlanib bo8lgach avtomatik uziladi. 

 
1-rasm. Boshqarish tizimi. 

Bu sxemada uy sharoitida ishlatishda havfsiz hisoblanib hyech qanday qiyinchilik 
tug8dirmaydi. Klenmalar akkumliyator batareya klenmalariga ulab qo8yilsa bas. Akkumliyator 
batareyasini zaryadlash vaqtida akkumliyator batareyasi quvatiga qarab kerakli kuchlanish 
miqdoriga qarab avtomatik boshqariladi hamda akkumliyator batareyasi zaryadlanib bo8lgach 
avtomatik uziladi. Bu akkumliyator batareyasini zaryadlash qurilmasi qayta tiklanuvchi quyosh 
energiyasi yordamida ham zaryadlashi mumkin bo8ladi. 

Doim akkumulatorlar batareyasiga texnik xizmat ko8rsatishda xavfsiz ishlash qoidalariga 
rioya qilish talab etiladi. Elektrolit tayyorlashda suvni kislotaga emas, balki kislotani suvga jildiratib 
quyish shartligini takitlab o8tish lozimdir. Buning uchun maxsus idishdan foydalaniladi. Qo8l va yuz 
terisiga, shuningdek, kiyimga elektrolit sachrashiga yo8l qo8yilmasligi lozim bo8ladi. Agar teri va 
kiyimga sachragan elektrolit darhol 10 %li soda eritmasi yoki navshadil spirti eritmasi bilan yuvib 
ketkaziladi. Elektrolit quyiladigan teshiklarga olovni yaqinlashtirish yaramaydi. 
Akkumulatorlarning zaryadlanish darajasini yuklama vilkasi bilan tekshirish vaqtida qizigan 
rezistorga tegib ketmaslik kerak, aks holda kuyib qolish extimoli yuqori bo8ladi. Akkumulatorlar 
batareyasi bilan ishlab bo8lingandan so8ng qo8l sovunlab yuviladi. 6ST-45, 6ST-75, 6ST-128, ST-
165 va 6TST-50YeMG akkumulatorlar batareyalaridan biri qismlarga ajratiladi. Yig8ish ishlarida 
akkumulatorlar batareyasi bakidan musbat va manfiy plastinalarning yarimbloklari qopqog8i bilan 
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chiqarib olinadi. Yarimbloklar ajratilib, plastinalar sanaladi. Separatorlar chiqarib olinadi. Musbat 
plastinalar manfiy plastinalar bilan blokka yig8iladi, separatorlar o8z joyiga qo8yiladi. Bundan 
tashqari separatorlarni qovurg8ali tomonlari bilan musbat plastina tomonga o8rnatish kerakligini 
lozim bo8ladi. Yig8ilgan blok qopqoqlari bilan bakchaga tushiriladi va elektrolit tayyorlanadi. 

 Zaryadlangan batareya ko8zdan kechirish shartdir. Kofusga tok o8tayotganiga, qopqoqlar 
tuzukligiga ishonch hosil qilish maqsadga muvofiqdir. Buning uchun voltmetrdan chiqqan sim uchi 
qopqoqlar mastika yoki bokcha sirtiga tekkiziladi, maxsus chiqarilgan sim esa akkumulatorlarning 
elementlararo birikmalariga siqiladi. Agar tok o8tmayotgan bo8lsa, voltmetr strelkasi og8maydi. 
Batareya quriguncha yaxshilab tozalanib artilishi lozimdir. Probkalar burab chiqariladi va ulardagi 
shamollatish teshiklarini tozalash kerak. elektrolit sathi sath o8lchash trubkasi yordamida tekshirish 
mumkundir. Buning uchun trubka saqlash shchitchasiga taqalguncha akkumulatorga tushiriladi va 
yuqorisini barmoq bilan siqib, chiqarib olinadi. Trubkadagi elektrolit ustunchasining balandligi 
yelekrolit sathini ko8rsatadi, himoya to8sig8idan 10-15 mm yuqori bo8lishi kerak. Yuklama vilkasi 
yordamida har bir akkumulator kuchlanishi tekshiriladi, buning uchun vilka o8tkir uchlari bilan qutb 
shtirlariga qo8yiladi va ishonchli kontaktni ta9minlash uchun vilka dastasi 5 daqiqa bosib turiladi. 
Voltmetr ko8rsatishlari yozib olinishi kerak. Elektrolit zichligi densimetr bilan tekshiriladi. 
Batareyaning texnik holati va zaryadlanish darajasi to8g8risida xulosa chiqariladi.  

Zarur bo8lsa, zaryadlash uchun u to8g8rilagichga ulanadi. Generator ishlamayotganda yoki 12 
V dan kam kuchlanishli tok ishlab chiqarayotganda batareya elektr energiyasini iste9molchilarga 
beradi. Musbat va manfiy plastinalar, separatorlarni hamda batareyaning boshqa kichikroq 
akkumulatorlar qanday ulanganini ko8rsatish, batareyalar markalarining ma9nosini aytib berish, 
elektrolit sathi va zichligi, shuningdek, batareyaning zaryadsizlanish darajasi qanday tekshirilishini 
ko8rsatish taklif qilinadi. 

Xulosa o8rnida shuni aloxida takidlab o8tish lozimki avtomobillarning extiyot qismlariga 
sifatli servis xizmat ko8rsatish, akkumliyator batareyasini o8z vaqtida nazoratdan o8tkazib turish, 
avtomobillarga akkumliyator batareyasini to8g8ri tanlay olish va undan to8g8ri foydalanish hamda 
avtomobillarning elektr jihozlariga o8z vaqtida xizmat ko8rsatib turish jihozlarning uzoq muddat 
xizmat qilishiga olib keladi. 
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G>>?4D= =<=7 ?4=4> 5^?<L<74 >?<5 >5?44<. �465GD<= <<LG< G>>?4D==<=7 ?4=4> 5^?<L< ME4 
55F>= 64 F5<<D-55F>= >>=EFDG>F<O?4D=<=7 <GEF4·>4<?<7<=< >4<4=F<DG6G< ·4<44 
>>=EFDG>F<O?4D=<=7 G?4=<L �<E<?4D<447< 55F>= N74E<447< N?�4 ?4D44 (F5<5=F=4O 
??U=>4)=< F>74?4L, =<D<> 5>�?>6G<?4D=< >G<L, G?4D=<=7 N74E<=< >5=<=7< �G=<?44<74= 
55F>= �>D<L<4E< 5<?4= OEL< G?4L<L< GGG= N�>D< 5>E<<?< ·46> 5<?4= F>74?4L >45< 
�^L<<G4 <L 64�F< ·4D464F?4D<=< F4?45 MF44<.  

.�>D<447< ·4D464F?4D=< 54DF4D4D MF<L GGG= U>< G7?G>E<7 F5E=>?>7<O74 M74 5^?<L, 
U>< 55F>= �G=<L 64�F<447< G7<?<L?4D 64�F<=< 4664?7< �G=<?74= 55F>==<=7 �>F<L 
64D4U=?4D< FG74<4E44= 4<4?74 >L<D<L=< F4?45 MF44<.  

.�>D<447< <G4<<>?4D=< ·4? MF<L=<=7 =^??4D<44= 5<D< 55F>= F4D><5<74, <4EEGE 
55F>==<=7 �>F<L<=< <E5><=?4LF<DG6G< �^L<<G4?4D= =< ><D<F<L4<D. 'L5G 64D4U= 55F>= 
<L?4D=< 5464D<L 64D4U=< 64 55F>= �>D<L<4E< <L?4F<?44<74= 6>=74 55F>= �>D<L<4E<=< 
5F>47<5 55D<L 64�F< 5<?4= E4D4>F5D?4=44<.  

�5F>= F4D><5<74 <E5><=?4LF<DG6G< �^L<<G4?4D==< ><D<F<L=<=7 O=4 5<D 4·4<<OF?< 
F><>=< 55F>= �>D<L<4E<=< G7>� 6>=?4D74 FD4=E?>DF 6>E<F4?4D< 5<?4= F4L<L U>< 
64�F<=G4?<> <465GD<= D46<L44 <L?4D=< F^EF4F<5 FGD<L ·>?4F?4D< 5<?4= ·4< 
E4D4>F5D?4=44<.  

�5F>= F4D><5<74 �^L<?44<74= <E5><=?4LF<DG6G< �^L<<G4?4D= =<=7 ·4D4>4F 
<5E4=<7<< LG=44= <5>D4F><, 64D4U=44 >?<=>5D <<=5D4??4D< 7<4D>?<7?<=44< 64 7<4D>F4F<O 
64D4U=< E5><=?4L44<, OL=< 64D4U= <>54==<44 �>D<L<4 F4D><5<447< >E4>=<=7 E5><= 
46D4?<L<L<74 L4D><F OD4F<?<5, >47>G?OF<O 64D4U=< 64 F5<5=F 4>=4?4D< 64 
7<4D4F?4D<=<=7 O=7<44= ·>E<? 5^?<L 64D4U=<=< E5><=?4LF<D44<.  

�5F>= F4D><5<74 <E5><=?4LF<DG6G< �^L<<G4?4D==< �^L<L =^?< 5<?4= >?<=>5D 
<<=5D4??4D<=<=7 7<4D>?<7?4=<L< 64 7<4D>F4F<O 64D4U=?4D<74 F4LE<D MF<4E44= C3S 44= 
46D4?<5 G<�44<74= MD><= >E4> >D�4?< ·4< MD<L<L <G<><=4<D.  

�GEF4E>4<?<> F4?45?4D< 5^=<G4 55F>==<=7 �>F<L<=< E5><=?4LF<DG6G< �^L<<G4?4D 
4FD>D-<GE<F=<=7 20ñ 2 0% ·4D>D4F<44 55F>==<=7 >�<L ·4D4>4F 64�F<=< >L<D44<.  

�5F>==<=7 �>F<L<=< E5><=?4LF<DG6G< �^L<<G4?4D GGG= 7 EGF>4 <>54==<44 55F>==<=7 
<GEF4·>4<?<7<=< 30% 74G4 >4<4=F<D<L <G<><=?<7< G574D46<= ·>?4F E4=4?44<, 5G=44 28 >G= 
<>54==<44 55F>==<=7 <GEF4·>4<?<7< >L44<, ^F>47G6G4=?<7< ME4 >4<4=<5 5>D44<. 

�GD<?<L 4<4?<UF<44 55F>==<=7 �>F<L<=< E5><=?4LF<DG6G< �^L<<G4?4D44= 
D>=44?4=<L=<=7 <4L?G< F46D<54?4D< <466G4. ¶>7<D7< >G=44 �GD<?<L <=4GEFD<OE<=<=7 
55F>= 64 F5<<D-55F>= >>=EFDG>F<O?4D <L?45 G<�4DG6G< >>DE>=4?4D<44 �^L<<G4?4D=<=7 
�G=<447< FGD?4D<44= D>=44?4=<?<>�44: 

÷ $%�-500 (�%�-500). �G=<4-OE?<F 55F>= 64 F5<<D-55F>= >>=EFDG>F<O?4D GGG= 
E5><=?4LF<DG6G< �^L<<G4. �<FD<?>FD<<5F<?D>ED>= ><E?>F4E< 4E>E<44 <L?45 
G<�4D<?G6G< �>D<L<4. &5<<D-55F>= ^74>?4D (4D<4FGD4) ?4D74 >>DD>7<>= F4LE<D ^F>47<4=4<, 
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55F>=74 <L?4F<?44<74= F5<5=F <4EE4E<=<=7 0,2-0,15 % <<�4>D<44 <L?4F<?44< ($$ 44 
<L?45 G<�4D<?44<). 

�<E54F4= N�>D< <GEF4E>4<?<>>4 M74 5^?74= 64 <5NUD<= <^·<F44 F57 �>F44<74= (1...3 
>G=44) 55F>= >?<L GGG= 4E>E4=, F57 �>F44<74= F5<5=F?4D, LG=<=745>, FGD?< GEG??4D 5<?4= 
�>F<L=< F57?4LF<D44<74= F5<5=F?4D <L?4F<?44<. �G=44= GEG??4D74 �G=<447<?4D ><D44<: 

EG?5D??4EF<D<>4F>D?4D �^L<L >D�4?< EG6-F5<5=F =<E54F< >4<4=F<D<?74= �4FF<� 
55F>= �>D<L<4E<=<< �^??4L; 

�>F<L=< F57?4FG6G< �^L<?<4?4D %4%l2, 7?<=>75<?< F5<5=F 64 E. <L?4F<L;  
>><??5>E 64 <4EEGE �^L<?<4?4D �^L<5, G?4D=< �GDG� U>< E^? GEG?44 <4=44?45 FG><L;  
F5<5=F �>D<L<4E<=< D4>??4LF<D<L >D�4?< 64 E.> 
.�>D< D4>? 64 F57 �>FG6G4= F5<5=F?4D <L?4F<?74=44 55F>==<=7 =<E5<= 

<GEF4E>4<?<7< 44EF?45>< >G=?4D44 F57 >DF44<. �5F>=-=<=7 =<E5<= <GEF4E>4<?<7<74 
5>�?>6G< E<?< 64 EG6-F5<5=F =<E-54F< E57<?4D?< F4NE<D >^DE4F44<. 

%G6-F5<5=F =<E54F<=<=7 >4<4=<L< =<E5<= <GEF4E>4<?<>=<=7 >L<L<74 >?<5 >5?44<, 
5>�?>6G< D4>??<7< �4=G4 N�>D< 5^?E4, =<E5<= <GEF4E>4<?<> ·4< LG=G4 N�>D< 5^?44<. 

�5F>==<=7 44EF?45>< >G=?4D447< <GEF4E>4<?<7<=<=7 ^E<L<74 5>�?>6G<=<=7 E>EE4?4D< 
64 E<??4D< >4FF4 F4NE<D >^DE4F44<. �G<-?444=, >><?>7<F<>= 5>�?>6G<?4D 4E>E<44 
F4=UD?4=74= 55F>= <GEF4E>4<?<7<=<=7 >DF<L< 55F>= �>D<L<4E< F4=UD?4=74=<44= E^=7 
44EF?45>< E>4F?4D44U� E>4<D 5^?44<. �D444= 15...16 E>4F ^F74G, <GEF4E>4<?<7< 50 ��4 74G4 
5^?74= 55F>= >?<L <G<><=.  

�>DF?4=4F5<5=F 4E>E<447< 55F>= F4D><5<=< F4=?4L44 F46D<-546<= �>D<L<4 GGG= 
<5NUD<= L4D><F44 �>F44<74= 55F>==<=7 1 >G=?<> <GEF4E>4<?<7< �G=<447<G4 4=<�?4=<L< 
<G<><=: 

Rb1 = 0,65·RF1(&/%-1,3)       (1) 
5G 5D44 RF1-F5<5=F=<=7 E<�<?<L447< 1 >G=?<> <GEF4E>4<?<7<, ��4. 

&5<5=F?4D=<=7 �>F<L F57?<7< 5^=<G4 E<=D?4=<L< 1-64464? 
&5<5=F=<=7 

E<??4D< 
�<=5D4?>7<> F46E<D?4D< 

k28-90 = 
R90/R28 

k28-180 = 
R180/R28 

I �?N<<=4F?< F5<5=F (%3·�>12 %) 1...1,05 1...1,1 
II �?<F?< F5<5=F (%3·S>50 %, %3·�<8 %) 1,05...1,2 1,1...1,3 

III 

�GD4>>45 <<=5D4?>7<> F46E<D?< F5-<5=F?4D 
(?GFF>?4=?<, %4�F>14 % 5^?74= 

?>DF?4=4F5<5=F, L?4> <<�4>D< 30...40 % 
5^?74= L?4>?< ?>DF?4=4F5<5=F) 

 
1,2...1,5 

 
1,3...1,8 

IV 
�5?<F?< ?>DF?4=4F5<5=F 64 L?4>?< 

?>DF?4=4F5<5=F (L?4> <<�4>D< 50 %44= 
N�>D<) 

 
1,6...1,7 

 
1,85 

 &4��>E?4L GGG= Rn = R28(lgn/lg28)
 

1,85 1,55 

 
�G?4= L4D><F?< <G·<F44 5G=44= F5<5=F?4D 4E>E<447< 55F>==<=7 <GEF4E>4<?<7< OD<< 

=<??<> UL<44 G=<=7 28 >G=?<> UL<447< <GEF4·>4<-?<7<74 =<E54F4= 1,5...1,8 <4DF4 ^E44<, 
LG=<=745>, <GEF4E>4<?<>=<=7 4EF4-E5><= ^E<L< >5=<=7< 5<D =5G4 =<??4D <>54==<44 
>G74F<?44<. 

�5F>= 64 F5<<D-55F>= >>=EFDG>F<O?4D GGG= N�>D<44 >5?F<D<?74= <E5><=?4LF<DG6G< 
�^L<<G4?4D= 5<?4= 5<D74?<>44 N�>D< >>=F5=FD4F<O?< ^DF4G4 64 >4<??4EF<D<F<> >GG?4D74 
M74 5^?74= �%&, '��, 113-63 >D5<=<= >D74=<> EGN�?<>44=, ��-� <4D>4?< 
7<4D<4E5E>6<>>E4=44=, 75>E4<5F4D>ED4F44= 64 5>L�4?4D44= E4< D>=44?4=<L <G<><=.  

�L?45 G<�4D<L44 N�>D<44 >5?F<D<?74= �^L<<G4?4D=<=7 55F>==<=7 <GEF4·>4<?<7<74, 
F5<5=F F>L<=<=7 E<<<> 64D4U=?4D =4F<64E<44 EFDG>FGD46<= L4>??4=<L<74 �4= 44D46444 
F4LE<D MF<L<=< >?4<=44= 4=F<5 55D<L 5<D <G=G4 <D4>>45?<>?4D=< FG�4<D44<, LG=<=7 GGG= 
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·4< <E5><=?4LF<DG6G< �^L<<G4?4D==< 55F>= F4D><5<74 �^L<L 4<4?447< <5UD<= ·G664F?4D 
F4?45?4D< 4E>E<44 5<D 64�F=<=7 ^7<44 <GEF4·>4<?<>>4 F5>L<D<L >D�4?< 4<4?74 >L<D<?44<.  

 
$>=44?4=74= 4445<UF?4D D^=E4F< 

1. �4EF>D=OE �.�. �>546>< 6 55F>=O < EFD><F5?L=O5 D4EF6>DO. '%�. 2-5 <744=<5. 
�74. $5=<>E. 2007. 3% 47-51. 

2. �465=>6 ..�. �><4D �.�. &5E=>?>7<O 55F>==OE < 65?57>55F>==OE <745?<=. 
�.%FD>=<744F 19877. 

3.  �>=EF4=F>?G?> �.%. �D<<5D� 7444G< ?> <5E4=<G5E>><G >5>D>4>64=<N 746>4>6 
65?>7>55F>==OE <745?<=. �. �OEL4O L>>?4. 1986 7.  

4.  &5E=>?>7<O 65?>7>55F>==OE <745?<= 6 ?D<<5D4E < 7444G4E ?>4 D54. �>?>64 
�.�.�. �. �OEL4O L>>?4. 19877. 

5.  $%& '7. 724-96. �5F>=O. �D46<?4 >>=FD>?O ?D>G=>EF<.  
6.  &<F5?4GD< �.�. �D>5>F<D>64=<5 ?D54?D<OF<= E5>D=>7> 65?57>55F>=4. 

%FD>=<744F. 1989 7.  
7.  %<FD>6 �.�. &5E=>?>7<O 65?>7>55F>==OE <745?<= �. �OEL4O L>>?4. 1978 7. 
8.  �>?>>6 �, �474D<= %.�. %?D46>G=<> <>?>4>7> D45>G57> ?D54?D<OF<= E5>D=>7> 

65?57>55F>=4 �. �OEL4O L>>?4.19917.  
9.  �G?44L56 %. �5F>= 64 F5<<D-55F>= 5GN<?4D< F5E=>?>7<OE<44= 5>E�<G 64 

5<F<DG6-<4?4>46<= <L<=< 5464D<L GGG= GE?G5<= �^??4=<4. %4<4D�4=4 %4<����, 2000=.  
10. %4<<7>6 �.�., %4E4=>64 �.�., �>><D>6 �.%., �><<?>6 

 
$��, � ���'���� ������$�����/ � �$������%&�� -��$��� 

Shamshitdinov Maqsudbek Elmurod o8g8li 
(Namangan muhandislik-texnalogiya instituti) 

masud@gmail.com tel+998945908868 
A���&�&�/: �?O F5?5= ?>6OL5=<O MDD5>F<6=>EF< G?D46?5=<O 6 D45>F4E 

<EE?54GNFEO F4>65 E?54GNM<5 E4D4>F5D<EF<>< M=5D75F<G5E><E >><??5>E>6 3 
<45=F<D<F<DG5<>EFL, =45?N445<>EFL, ?D>7=>7<DG5<>EFL < G?D46?O5<>EFL M=5D7>E<EF5<. �4 
57> >E=>65 >EGM5EF6?ONFEO D>D<4?<7>64==O5 <4>D>->?<E4=<O DG=>F<>=<D>64=<O 
M=5D7>E<EF5<, 47D57<D>64==O5 ?> >?D545?U==O< ?D<7=4>4< 547>6OE D4>F>D>6 
M=5D7>?D><76>4EF6. 

�?NG56O5 E?>64: <>45?<D>64=<5, F5E=<G5E><= 4=4?<7, ?5DE?5>F<64, 6E?><>74F5?L=>5 
>5>DG4>64=<5, DG=>F<>=4?L=4O <>45?L, <5F>4>?>7<O, F5E=<>>-M>>=><<G5E><= ?>>474F5?L, 
E<=F57<D>64==O5 <>45?<. 

� F5?><, 6OO6?5=4 =56>7<>6=>EFL E>744=<O 54<=OE 7?>54?L=OE <4F5<4F<G5E><E 
<>45?5= 5>?LL<E E<EF5< M=5D75F<><. %?>6=>EFL >?<E4=<O M=5D75F<G5E><E ?D>F5EE>6 < 
D5L5=<O ?D>5?5< G?D46?5=<O 6 M=5D75F<>5 >5GE?46?<645FEO =4?<G<5< <=>7<E D47?<G=OE < 
74G4EFGN ?D>F<6>D5G<6OE D4>F>D>6, 4 F4>65 FD55>64=<= > DG=>F<>=<D>64=<N M=5D7>E<EF5<. 
�?O F5?5= ?>6OL5=<O MDD5>F<6=>EF< G?D46?5=<O 6 D45>F4E <EE?54GNFEO F4>65 E?54GNM<5 
E4D4>F5D<EF<>< M=5D75F<G5E><E >><??5>E>6 3 <45=F<D<F<DG5<>EFL, =45?N445<>EFL, 
?D>7=>7<DG5<>EFL < G?D46?O5<>EFL M=5D7>E<EF5<. 

,<D>>> D4E?D>EFD4=U==O< >?4EE>< <>45?5= DG=>F<>=<D>64=<O ?D><76>4EF65==OE 6 
F>< G<E?5 M=5D75F<G5E><E E<EF5<, O6?ONFEO ?D><76>4EF65==O5 DG=>F<<, >?<EO64NM<5 
?D>F5EEO ?D5>5D47>64=<O 6E>4=OE D5EGDE>6 6 >>=5G=O5 ?D>4G>FO. �4==O= >?4EE <>45?5= 6 
D45>F5 6O5D4= 6 >4G5EF65 547>6>7> 4?O >><??5>E=>7> 4=4?<74 M=5D75F<G5E><E E<EF5<. �4 57> 
>E=>65 >EGM5EF6?ONFEO D>D<4?<7>64==O5 <4>D>->?<E4=<O DG=>F<>=<D>64=<O M=5D7>E<EF5<, 
47D57<D>64==O5 ?> >?D545?U==O< ?D<7=4>4< 547>6OE D4>F>D>6 M=5D7>?D><76>4EF6.  

$4EE<>FD5=O <5F>4O >F5=<64=<O ?4D4<5FD>6 DG=>F<>=4?L=OE <>45?5=: <5F>4 
=4<<5=LL<E >644D4F>6 (���), 54=5E>6E><= <5F>4 >F5=<64=<O, <5F>4 <4>E<<4?L=>7> 
?D464>?>4>5<O < 4D. �F<5G5=>, GF> 4>EF><=EF6>< =4<5>?55 L<D>>> ?D<<5=O5<>7> <5F>44 
��� O6?O5FEO 57> ?D>EF>F4 < >FEGFEF6<5 =5>5E>4<<>EF< 7=4=<O 65D>OF=>EF=OE 
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E4D4>F5D<EF<> ?4D4<5FD>6 <EE>4=OE 44==OE. �54>EF4F>>< <5F>44 E?54G5F EG<F4FL 
GG6EF6<F5?L=>EFL >F5=>> ��� > D54><< 6O5D>E4< M>E?5D<<5=F4?L=OE 44==OE, GF> FD55G5F 
?D>6545=<O ?D5464D<F5?L=>= >5D45>F>< <EE>4=>= <=D>D<4F<<. �D>4=4?<7<D>64=O F4>65 
<5F>4O >F5=<64=<O >><??5>E=>= MDD5>F<6=>EF< DG=>F<>=<D>64=<O E<EF5<, ?D>F5EE>6 < 
47D574F>6, >E=>64==O5 =4 <E?>?L7>64=<< >4> >5N5>F<6=>=, F4> < EG5N5>F<6=>= <=D>D<4F<<. 

� D45>F5 6 >4G5EF65 547>6>= 6O5D4=4 E>6D5<5==4O <5F>4>?>7<O <=>7>>D<F5D<4?L=>7> 
>F5=<64=<O ED46=<F5?L=>= MDD5>F<6=>EF< 3 Data Envelopment Analysis (DEA), ?>76>?ONM4O 
<<=<<<7<D>64FL EG5N5>F<6<7< ?D< >F5=>5 D4=7>6 G4EF=OE >D<F5D<56, E6UDFO645<OE 6 
>5>5MU==O=, 7?>54?L=O= >D<F5D<=. 

%GFL MF>7> ?>4E>44 E>EF><F 6 D>D<G?<D>6>5 7444G <4F5<4F<G5E>>7> ?D>7D4<<<D>64=<O, 
D5L5=<O >>F>DOE >?D545?ONF 7=4G5=<O >5>5MU==OE 7?>54?L=OE >D<F5D<56 MDD5>F<6=>EF< < 
D4=7< G4EF=OE, ?>>4?L=OE ?>>474F5?5= >4G5EF64. 

�F>D4O 7?464 ?>E6OM5=4 4=4?<7G M>E?5D<<5=F4?L=OE 44==OE, E4D4>F5D<EF<> < 
F5E=<>>-M>>=><<G5E><E ?>>474F5?5= DG=>F<>=<D>64=<O D57<>=4?L=>= M=5D75F<G5E>>= 
E<EF5<O.  

�EE?54>64=4 4<=4<<>4 ?D><76>4EF64 F5??>6>= M=5D7<< Yt(t), M?5>FD<G5E>>= Ye(t) < 
EG<<4D=>= M=5D7<< Y(t) 6 1976 3 2008 7>4O, ?D>4=4?<7<D>64=4 MDD5>F<6=>EFL <E?>?L7>64=<O 
547>6OE D5EGDE>6 6 EF45<?L=O= ?5D<>4 E>7O=EF6>64=<O 1976 3 1989 77. < ?5D5E>4=O= MF4? 
M>>=><<G5E><E < EFDG>FGD=OE ?D5>5D47>64=<= 1990 3 2008 77.  

�<=4<<>4 DG=>F<>=<D>64=<O M=5D7>E<EF5<O 6 MF< ?5D<>4O E4D4>F5D<7G5FEO 
EGM5EF65==> D47?<G=O< ?>6545=<5<. %F45<?L=O= D>EF ?>>474F5?5= 1976 3 1989 77. E<5=<?EO 
7=4G<F5?L=O< E=<65=<5< >5N5<>6 ?D><76>4EF64 F5??4 < M?5>FD>M=5D7<< 6 ?5D<>4 
EFDG>FGD=OE <7<5=5=<=. �5N5< ?D><76>4EF64 F5??>6>= M=5D7<< E=<7<?EO =4 55,1 %, 
M?5>FD<G5E>>= 3 =4 48,8%, ?D< MF>< <7<5=<?4EL EFDG>FGD4 M=5D7>?D><76>4EF64 (D<EG=>> 1). 
�4<5>?55 E<?L=> <7<5=<?EO 54?4=E 6OD45>F>< ?D><OL?5==>7> ?4D4 < 7>DOG5= 6>4O 6 
?D><76>4EF65 F5??>6>= M=5D7<<.  

� 1989 7. ?4D>64O =47DG7>4 ?D56OL4?4 6 1,28 D474 =47DG7>G ?> 7>DOG5= 6>45, 4 > 1994 
7>4G >=4 EF4?4 6 1,74 D474 <5=LL5. � D57G?LF4F5 G4EFL 75=5D<DGNM57> < 6E?><>74F5?L=>7> 
>5>DG4>64=<O 6O6545=4 6 D575D6, 4 M>E??G4F<DG5<>5 F5E=>?>7<G5E>>5 >5>DG4>64=<5 
6O=G645==> <E?>?L7G5FEO 6 =5MDD5>F<6=OE D56<<4E. �D< MF>< F4>65 G65?<G<?4EL 
=5D46=><5D=>EFL M=5D7>?D><76>4EF64 6 F5G5=<5 7>44: 6 2004 3 2007 77. ED54=55 <<=<<4?L=>5 
7=4G5=<5 F5??>6>= =47DG7>< ?5F>< E>EF46<?> 21,06 % < M?5>FD<G5E>>= 3 43,04 % >F 7<<=57> 
<4>E<<G<4. -F> 4>?>?=<F5?L=> GEG4L<?> MDD5>F<6=>EFL D45>FO M=5D7>E<EF5<. 

 
 

�D><76>4EF6> M=5D7<< 1989 7. 3 100 % 
1996 3 2008 77. 3 56% ?> ED46=5=<N E 1989 7. 

$<EG=>> 1 3 %FDG>FGD4 ?D><76>4EF64 M=5D7<< M=5D7>E<EF5<>= %4<4DE>>= >5?4EF< 
�O? 6O?>?=5= 4=4?<7 F5E=<>>-M>>=><<G5E><E ?>>474F5?5= >><5<=<D>64==>= 

6OD45>F>< F5??>6>= < M?5>FD<G5E>>= M=5D7<< M=5D7>E<EF5<O. %555EF><<>EFL 
M?5>FD>M=5D7<< 6>7D>E?4 6 4,43 D474, E555EF><<>EFL F5??4 3 6 4,74 D474, ?D< MF>< 6 F5G5=<5 
7>44 E555EF><<>EFL 6OD454FO645<>= M=5D7<< <7<5=O5FEO 6 2,27 D474. � GE?>6<OE =4DGL5=<O 
54?4=E4 E>6<5EF=>7> ?D><76>4EF64 F5??>6>= < M?5>FD<G5E>>= M=5D7<< E=<7<?4EL E<EF5<=4O 
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MDD5>F<6=>EFL <E?>?L7>64=<O F>??<6=OE D5EGDE>6. �?O 5U <EE?54>64=<O 5O? <7GG5= 
>>MDD<F<5=F <E?>?L7>64=<O F>??<64 (��&), >?D545?O5<O= <7 54?4=E>6>7> GD46=5=<O: 

, 
(1) 

745  3 M?5>FD<G5E>4O <  3 F5??>64O M=5D7<<,  3 D4EE>4 F>??<64. 
�=4?<7 ?>>474?, GF> 65?<G<=4 ��& 6 7<<=<= >F>?<F5?L=O= E57>= E>>F65FEF6G5F 

=>D<4F<6=O< ?>>474F5?O< (0,7 3 0,8), 4 ?5F>< 7=4G<F5?L=> G<5=LL45FEO (4> 0,49 3 0,54) 3 =4 
33 %. &4><5 >F>?>=5=<O D54?L=OE =47DG7>> D45>FO >5>DG4>64=<O M=5D7>E<EF5<O >F 
=><<=4?L=OE EGM5EF65==> G65?<G<?< 74FD4FO M?5>FD<G5E>>= M=5D7<< =4 E>5EF65==O5 
=G64O, >>F>DO5 4>EF<7?< 12,2 %.  

� E>6>>G?=>EF<, <7<5=5=<5 E>>F=>L5=<= >5N5<>6 ?D><76>4<<>= F5??>6>= < 
M?5>FD<G5E>>= M=5D7<<, G65?<G5=<5 >>?<G5EF64 M?5>FD<G5E>>= M=5D7<<, 6OD454FO645<>= 6 
>>=45=E4F<>==>< D56<<5, =5D46=><5D=>EFL 6OD45>F>< F5??>6>= < M?5>FD<G5E>>= M=5D7<< 
6O764?< EGM5EF65==>5 E=<65=<5 ?>>474F5?5= MDD5>F<6=>EF< >4> M=5D7>E<EF5<O 6 F5?><, F4> 
< >F45?L=OE 75=5D<DGNM<E ?D><76>4EF6. %4D4>F5D<EF<>< D47?<G=OE M=5D7><EF>G=<>>6 
<<5NF 4>EF4F>G=> 5>?LL>= D475D>E, >5GE?>6?5==O= E?5F<D<>>= <E D45>FO, =><5=>?4FGD>= 
>5>DG4>64=<O, 674<<>E6O7O<< E D47?<G=O<< >FD4E?O<< %4<4DE>>7> D57<>=4?L=>7> 
?D><OL?5==>7> >><??5>E4. 

�5D46=><5D=>EFL E555EF><<>EF< 6OD45>F>< M=5D7<< =4 D47?<G=OE &-& 6 F5G5=<5 7>44 
<7<5=O5FEO 6 ?D545?4E 20 3 90 %. �5?<G<=4 ��& 6 ?5F=<= ?5D<>4 7=4G<F5?L=> G<5=LL45FEO 
(4> 0,35 3 0,6) 3 =4 18 3 56 % 3 ?> ED46=5=<N E =>D<4F<6=O< ?>>474F5?5<. 

�D< MF>< D4EE>4O M?5>FD>M=5D7<< =4 E>5EF65==O5 =G64O 6E5E &-& ?D56OL4NF 
D4EG5F=O5 ?>>474F5?<, E>>F65FEF6GNM<5 MDD5>F<6=>= E54?4=E<D>64==>= >><5<=<D>64==>= 
75=5D4F<< M=5D7<<, 6 2 3 3 D474, GF> E6<45F5?LEF6G5F > >D4==5 =5MDD5>F<6=>< <E?>?L7>64=<< 
>E=>6=>7> < 6E?><>74F5?L=>7> >5>DG4>64=<O. �D>6545==O= 4=4?<7 6OO6<? GF>, >E=>6=>5 
>>?<G5EF6> M=5D7<<, <4GM5= =4 E>5EF65==O5 =G64O (74-86 %), ?>FD55?ONF FO7>-4GFL56>= < 
>>=45=E4F=>-?<F4F5?L=O= >><??5>EO < F5??>D<>4F<>==4O GEF4=>6>4. � E>>F65FEF6<< E MF<<, 
>4=<< <7 547>6OE =4?D46?5=<= ?>6OL5=<O MDD5>F<6=>EF< >><5<=<D>64==>= 6OD45>F>< 
M=5D7<< O6?O5FEO E=<65=<5 E>5EF65==OE M?5>FD<G5E><E =G64 75=5D<DGNM<E ?D54?D<OF<=. 

&D5FLO 7?464 4<EE5DF4F<< ?>E6OM5=4 <>45?L=><G 4=4?<7G MDD5>F<6=>EF< 
DG=>F<>=<D>64=<O D57<>=4?L=>= M=5D7>E<EF5<O, <45=F<D<>4F<< ?4D4<5FD>6 <>45?5=, 
>?D545?5=<N ?>>474F5?5= >4G5EF64 ?>?GG5==OE <>45?L=OE 746<E<<>EF5=. 

%>>=EFDG<D>64=> FD< >?4EE4 <>45?5= D47?<G=OE EFDG>FGD E 47D57<D>64==O<< 
?>>474F5?O<< DG=>F<>=<D>64=<O M=5D7>E<EF5<O =4 >E=>65 46GED4>F>D=OE =5>4=>D>4=OE 
?D><76>4EF65==OE DG=>F<= (�$). �4 5475 47D57<D>64==OE <>45?5= ?D>6545=> <EE?54>64=<5 
6?<O=<O <7<5=5=<O EFDG>FGDO =>D<4F<6=>7> 54?4=E4 >><5<=<D>64==>= 6OD45>F>< F5??>6>= 
< M?5>FD<G5E>>= M=5D7<< &-& =4 >><??5>E=GN MDD5>F<6=>EFL DG=>F<>=<D>64=<O 
M=5D7>E<EF5<O. �45=F<D<>4F<O ?4D4<5FD>6 E<=F57<D>64==OE <4F5<4F<G5E><E <>45?5= 
?D>6545=4 =4 >E=>65 D54?L=OE < ?D<6545==OE > <4>E<<4?L=><G 7=4G5=<N EF4F<EF<G5E><E 
44==OE M=5D7>E<EF5<O, GED54=5==OE 6 F5G5=<5 7>44 74 ?5D<>4 2004 3 2007 77. 

�45=F<D<>4F<O ?D>6>4<?4EL <5F>4>< =4<<5=LL<E >644D4F>6 E >D<F5D<5< 

>?F<<4?L=>EF< 3 <<=<<<74F<5= >644D4F<G=>7> >F>?>=5=<O <>45?L=OE 746<E<<>EF5=  

>F D54?L=OE 44==OE : 

 

 

745 ti 3 7>4O 6D5<5==>7> <=F5D64?4 =45?N45=<=,  3 ?5D<>4 <EE?54>64=<O. 

�4G5EF6> ?>?GG5==OE <>45?5= >F5=<64?>EL >>MDD<F<5=F>< 45F5D<<=4F<< , 
ED54=5>644D4F<G=O< >F>?>=5=<5<  < F->D<F5D<5< $<L5D4. �=4G<<>EFL ?>?GG5==OE 
?4D4<5FD>6 <>45?5= >?D545?O?4EL t->D<F5D<5< %FLN45=F4. �D>7=>7=O5 E6>=EF64 <>45?5= 
>F5=<64?<EL =4 >E=>64=<< >D<F5D<O �4D5<=4-'>FE>=4 .  
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�=4?<7 6E5E E<=F57<D>64==OE <>45?5= ?>>474?, GF> �$ G4>6?5F6>D<F5?L=> >?<EO64NF 
<7<5=5=<5 ?>>474F5?5= MDD5>F<6=>EF<. %D54=5>644D4F<G=O5 >L<5>< ?>7D5L=>EF< D4EGUF>6 

=5 ?D56OL4NF 6,83 %, >>MDD<F<5=FO 45F5D<<=4F<<  7=4G<<O ?> EF4F<EF<>5 $<L5D4 < 
=4E>4OFEO 6 ?D545?4E 0,900 3 0,996. �5?<G<=O >D<F5D<O �4D5<=4-'>FE>=4  
E6<45F5?LEF6GNF >5 >FEGFEF6<< 46F>>>DD5?OF<< >EF4F>>6, F.5. 746<E<<>EF< >5?444NF 
6OE>><<< ?D>7=>7=O<< E6>=EF64<<. �45=F<D<F<D>64==O5 ?4D4<5FDO <>45?5= 7=4G<<O ?> 
>D<F5D<N %FLN45=F4.  

�5D6O= >?4EE <>45?5= 5O? ?>EFD>5= 4?O 4=4?<74 6?<O=<O 6 GE?>6<OE 
=5E54?4=E<D>64==>EF< >><5<=<D>64==>7> ?D><76>4EF64 7>4>6>= EFDG>FGDO >F?GE>4 
F5??>6>= < M?5>FD<G5E>>= M=5D7<< =4 65?<G<=G >5>5M5==>7> M>>=><<G5E>>7> ?>>474F5?O 
D45>FO M=5D7>E<EF5<O 3 E555EF><<>EF< M=5D7<<.  

�>45?L 4?O >?D545?5=<O 746<E<<>EF< 65?<G<=O EG<<4D=>= E555EF><<>EF< M=5D7<<  
>F >F?GE>45<OE F5DD<F>D<4?L=>= 75=5D<DGNM5= >><?4=<5= <>M=>EF5= E>>=EFDG<D>64=4 6 
6<45 46GED4>F>D=>= =5>4=>D>4=>= ?D><76>4EF65==>= DG=>F<< �>554-�G7?4E4, 745 6 
>4G5EF65 6E>4=OE D4>F>D>6 5D4?<EL F5??>64O  < M?5>FD<G5E>4O  <>M=>EF<: 

, (2) 

745  3 <4ELF45=O= >>MDD<F<5=F,  <  3 >>MDD<F<5=FO M?4EF<G=>EF<, 
O6?ONM<5EO ?>74D<D<<G5E><<< DG=>F<O<< GG6EF6<F5?L=>EF< 65?<G<=O E555EF><<>EF< > 

<7<5=5=<N >F?GE>45<OE <>M=>EF5=  < . �=4G5=<O M?4EF<G=>EF5=  <  
?>>47O64NF ?D>F5=F G65?<G5=<O ?>>474F5?O MDD5>F<6=>EF< ?D< G65?<G5=<< 
E>>F65FEF6GNM<E <>M=>EF5=  <  =4 1 %.  

�D4D<G5E>4O <??NEFD4F<O E>?>EF46?5=<O D54?L=OE EF4F<EF<G5E><E 44==OE < 
D57G?LF4F>6 <>45?<D>64=<O (1) ?D54EF46?5=4 =4 D<EG=>5 2. 

 
$<EG=>> 2 3 %555EF><<>EFL 6 F5G5=<5 7>44. Sb 3 D54?L=O5 < Sbm 3 <>45?L=O5 44==O5. 

�=4?<7 <45=F<D<F<D>64==OE D4>F>D=OE M?4EF<G=>EF5=  <  6OO6<?, GF> 
6?<O=<5 >5NU<>6 ?D><76>4EF64 F5??>6>= < M?5>FD<G5E>>= M=5D7<< =4 65?<G<=G EG<<4D=>= 
E555EF><<>EF< ?D><7654U==>= M=5D7<< 6 GE?>6<OE E?>6<6L5=EO =5=>D<4F<6=>= EFDG>FGDO 
M=5D7>?D><76>4EF64 ?D>F<6>?>?>6=>. �>>474F5?L MDD5>F<6=>EF< M=5D7>E<EF5<O 3 
E555EF><<>EFL  3 E=<645FEO =4 0,6 % ?D< G65?<G5=<< F5??>6>= <>M=>EF<  =4 1 % < 
6>7D4EF45F =4 0,25 % ?D< D>EF5 =4 1 % M?5>FD<G5E>>= <>M=>EF< . %?54>64F5?L=>, 
?>?>6<F5?L=>5 6?<O=<5 G65?<G5=<O >5NU<>6 ?D><76>4EF64 F5??4 =4 65?<G<=G EG<<4D=>= 
E555EF><<>EF< M=5D7<< 6 2,4 D474 ?D56OL45F >FD<F4F5?L=>5 6?<O=<5 D>EF4 >>?<G5EF64 
?D><7654U==>= M?5>FD<G5E>>= M=5D7<<. 

�4 >E=>65 �$ F<?4 (2) 5O?> F4>65 <EE?54>64=> 6?<O=<5 <7<5=5=<O EFDG>FGDO 
M?5>FD<G5E>>= <>M=>EF< , ?>?GG5==>= 6 D47?<G=OE F5E=>?>7<G5E><E F<>?4E &-& 3 
>>=45=E4F<>==><  < F5??>D<>4F<>==><  3 =4 65?<G<=G E555EF><<>EF< M?5>FD>M=5D7<< 

:  

, (3) 
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745  3 <4ELF45=O= >>MDD<F<5=F,  <  3 >>MDD<F<5=FO M?4EF<G=>EF< 
E555EF><<>EF< M?5>FD>M=5D7<< > <7<5=5=<N >F?GE>45<OE <>M=>EF5= E>>F65FEF65==>: 

 < . 

�45=F<D<F<D>64==O5 D4>F>D=O5 M?4EF<G=>EF< <>45?< (3)  < , 6OO6<?< 
?D<=F<?<4?L=> ?>?>6<F5?L=>5 6?<O=<5 >5><E D4>F>D>6 3 G65?<G5=<O F5??>D<>4F<>==>= < 
>>=45=E4F<>==>= 6OD45>F>< 3 =4 E555EF><<>EFL M?5>FD>M=5D7<<. �4=4>>, 6?<O=<5 65?<G<=O 
M?5>FD<G5E>>= <>M=>EF<, 6OD45>F4==>= 6 F5??>D<>4F<>==>< D56<<5 =4 E555EF><<>EFL 
M?5>FD>M=5D7<< EGM5EF65==> 5>?LL5 (6 5,5 D47) 6?<O=<O 65?<G<=O >>=45=E4F<>==>= 

6OD45>F><, >>F>D>5 ?D4>F<G5E>< ?D<  >FEGFEF6G5F. &4><< >5D47><, <7 4=4?<74 
?>EFD>5==OE <45=F<D<F<D>64==OE 47D57<D>64==OE <>45?5= (2), (3) E?54G5F, GF> 547>6O<< 
=4?D46?5=<O<< <7<5=5=<O EFDG>FGDO M=5D7>?D><76>4EF64, >55E?5G<64NM<<< ?>6OL5=<5 
M>>=><<G5E>>= MDD5>F<6=>EF<, O6?ONFEO G65?<G5=<5 F5??>6>= <>M=>EF< < 
F5??>D<>4F<>==>7> >F?GE>4 M=5D7<<.  

�F>D>= >?4EE <>45?5= 5O? ?>EFD>5= 4?O <EE?54>64=<O 6?<O=<O <7<5=5=<O EFDG>FGDO 
>><5<=<D>64==>7> ?D><76>4EF64 F5??4 < M?5>FD>M=5D7<< =4 65?<G<=G E<EF5<=>7> ?>>474F5?O 
MDD5>F<6=>EF< <E?>?L7>64=<O F>??<6=OE D5EGDE>6 6 F5E=>?>7<G5E><E ?D>F5EE4E 

M=5D7>?D><76>4EF6 3 >>MDD<F<5=F4 <E?>?L7>64=<O F>??<64 :  

, (4) 

745  <  3 >>MDD<F<5=FO M?4EF<G=>EF< ��& > <7<5=5=<N F5??>6>= 

 < M?5>FD<G5E>>=  <>M=>EF5= <  >?D545?O5FEO ?> D>D<G?5 (1). 
%E>4<<>EFL �$ (3) < D54?L=OE 44==OE 7D4D<G5E>< ?D54EF46?5=4 =4 D<EG=>5 3. 

�45=F<D<F<D>64==O5 4>EF>65D=O5 7=4G5=<O D4>F>D=OE M?4EF<G=>EF5=  < 

 3 6OO6<?< ?>?>6<F5?L=>5 < 5>� ?LL55 6?<O=<5 65?<G<=O F5??>6>= <>M=>EF<  =4 

?>>474F5?L MDD5>F<6=>EF< M=5D7>E<EF5<O ��& . $>EF F5??>6>= <>M=>EF< =4 1 % 
G65?<G<645F ��& =4 0,33%. �>6OL5=<5 M?5>FD<G5E>>= <>M=>EF< =4 1 % =4?D>F<6, E=<645F 
>>MDD<F<5=F <E?>?L7>64=<O F>??<64 =4 0,16 %.  

-F>F D57G?LF4F ?> ?>>474F5?N MDD5>F<6=>EF< M=5D75F<G5E><E F5E=>?>7<= ?>?=>EFLN 
E>>F65FEF6G5F ?>?GG5==O< D4=55 =4 >E=>65 <>45?< (2) 6O6>44< > 6?<O=<< EFDG>FGDO 
=47DG7>< =4 E555EF><<>EFL M=5D7<< < 6OO6?O5F 5>?LLGN (?D4>F<G5E>< 6 2 D474) >>DD5?OF<N 
>5NU<>6 6OD454FO645<OE F5??>6>= < M?5>FD<G5E>>= M=5D7<= E ?>>474F5?5< M>>=><<G5E>>= 
MDD5>F<6=>EF< M=5D7>?D><76>4EF6 ( ) ?> ED46=5=<N E E4D4>F5D<EF<>>= 

M=5D7>MDD5>F<6=>EF< . 

 
$<EG=>> 3 3 �>MDD<F<5=F <E?>?L7>64=<O F>??<64 6 F5G5=<5 7>44. kit 3 D54?L=O5 44==O5, 

kitm3 3 D4EG5F=O= ?> <>45?< . 
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�4 5475 <>45?< �$ (4) <EE?54>64=> 6?<O=<5 E>5EF65==OE =G64 M=5D7>E<EF5<O  =4 

>>MDD<F<5=F <E?>?L7>64=<O F>??<64  E GG5F>< EFDG>FGDO >><5<=<D>64==>7> 
M=5D7>?D><76>4EF64.  

, (5) 

745  3 >>MDD<F<5=F M?4EF<G=>EF<. 
$57G?LF4FO <45=F<D<>4F<< ?>>474?<, GF> D>EF E>5EF65==OE M?5>FD<G5E><E =G64 

>>47O645F =57=4G<F5?L=>5 =574F<6=>5 6?<O=<5 =4 ?>>474F5?L MDD5>F<6=>EF< <E?>?L7>64=<O 
F>??<6=OE D5EGDE>6 3 65?<G<=4 D46=4 0,06. 

�>?GG5==O5 7=4G5=<O D4>F>D=OE M?4EF<G=>EF5= 6 D57G?LF4F5 <45=F<D<>4F<< 
=5>4=>D>4=>= 46GED4>F>D=>= ?D><76>4EF65==>= DG=>F<<:  

,  (6) 

 <  E4D4>F5D<7GNF D4>F<G5E>< D46=GN GG6EF6<F5?L=>EFL ��& > 
<7<5=5=<N EFDG>FGDO M?5>FD<G5E>>= =47DG7><, 6OD45>F4==>= 6 >>=45=E4F<>==><  < 
F5??>D<>4F<>==><  F5E=>?>7<G5E><E F<>?4E M=5D7>E<EF5<O. '65?<G5=<5 >F?GE>4 
M?5>FD>M=5D7<< ?> F5??>D<>4F<>==><G F<>?G E=<645F 74FD4FO F>??<64 =4 0,2 %, ?>6OL5=<5 
4>?< >>=45=E4F<>==>= 6OD45>F><, =4?D>F<6, 3 G65?<G<645F D4EE>4 F>??<6=OE D5EGDE>6 
?D4>F<G5E>< =4 F4>GN 65 65?<G<=G. 

�?O <EE?54>64=<O EFDG>FGDO 54?4=E4 ?D><76>4EF64 F5??4 < M?5>FD<G5E>>= M=5D7<< 
F4>65 5O?< E<=F57<D>64=O <>45?< 6 D>D<5 >4=>D>4=>= �$: 

< , 
 

?>4F65D4<6L<5 6O6>4O <>45?L=>7> 4=4?<74 =5>4=>D>4=OE �$ (4) < (6) > 
F5?5E>>5D47=>EF< G65?<G5=<O F5??>6>= <>M=>EF< < F5??>D<>4F<>==>7> >F?GE>4 M=5D7<< 
4?O ?>6OL5=<O MDD5>F<6=>EF< M=5D7>E<EF5<O.  

&D5F<= >?4EE <>45?5= ?>EFD>5= 4?O <EE?54>64=<O 6?<O=<O <7<5=5=<O EFDG>FGDO 
>><5<=<D>64==>7> ?D><76>4EF64 F5??>6>= < M?5>FD<G5E>>= M=5D7<< =4 E>5EF65==O= D4EE>4 
M?5>FD>M=5D7<< M=5D7>E<EF5<O. �?O MF>7> E>>=EFDG<D>64=O �$, 4=4?>7<G=O5 <>45?O< (2) < 
(3):  

< (7) 

. (8) 

�4 D<EG=>5 4 ?D<6545=> E>?>EF46?5=<5 <>45?< (7) < D54?L=OE 44==OE. 

�45=F<D<F<D>64==O5 ?4D4<5FDO <>45?5= (7) (  < ) < (8)  

(  < ) ?>>47O64NF, GF> G65?<G5=<5 < F5??>6>= , < M?5>FD<G5E>>= <>M=>EF< 
, 6OD45>F4==>= >4> 6 F5??>D<>4F<>==O< , F4> < 6 >>=45=E4F<>==O<  F<>?4E 

?D<6>4OF > D>EFG 65?<G<=O E>5EF65==OE M?5>FD<G5E><E =G64.  
�>45?< (2), (3), (4), (6), (7) < (8), >5?444NM<5 5>?55 6OE>><<< 4??D>>E<<4F<6=O<< 

E6>=EF64<<, 6O5D4=O 4?O <EE?54>64=<O ?>>474F5?5= >5>5M5==>= MDD5>F<6=>EF< 
75=5D<DGNM<E ?D54?D<OF<=.  
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$<EG=>> 4 3 %>5EF65==O5 =G64O 6 F5G5=<5 7>44.  

 3 D54?L=O5 < m3 3 <>45?L=O5 44==O5. 
� F5?><, E=<65=<5 4>?< 6OD45>F>< F5??>6>= M=5D7<< >F=>E<F5?L=> =>D<4F<6=OE 

5>?55 <=F5=E<6=> 6?<O5F =4 >><??5>E=GN MDD5>F<6=>EFL E>6<5EF=>7> ?D><76>4EF64 F5??4 < 
M?5>FD>M=5D7<<. �?O ?>6OL5=<O MDD5>F<6=>EF< =5>5E>4<<> 6>EEF4=>6?5=<5 54?4=E4 
6OD45>F>< < 6OD46=<64=<5 F5??>6>= =47DG7>< 6 F5G5=<5 7>44.  

%��%�� ��'���������/% ��''�/% $���& 
1. -.�.%4<F>6, '.�.�E<54>6, �.�.�GD5>=5>56, ..�.%4<<4>6, ,.�.�5>G4=>6. 

$47D45>F>4 <<<<F4F<>==>= <>45?< >><5<=<D>64==>= 75?<>65FD>M=5D75F<G5E>>= GEF4=>6><. 
�<D7> '?G755> =><<447< '755><EF>= <<??<= G=<65DE<F5F< EG7GD<447< «/D<<GF>477<G?4D 
D<7<>4E< 64 <<>D>M?5>FD>=<>4» <?<<=-F44><>>F <=EF<FGF< &>L>5=F L4ED<447< <�-�= 
<<??<= F44><>>F G=<65DE<F5F< D545D4? 446?4F 5N465F< >?<= F4N?<< <G4EE4E4E< </D<< 
GF>477<G?4D D<7<>4E<, <<>D>- 64 =4=>M?5>FD>=<>4=<=7 DG=44<5=F4? 64 4<4?<= <G4<<>?4D<= 
<467GE<447< 1-E4?>4D> 4=6G<4= <4F5D<4??4D<, &>< 1; 28-29 >>FO5DL &4L>5=F 2021; EFD. 216-
218. 

2. -.�.%4<F>6, ' .�.�E<54>6, ..�.%4<<4>6, ,.�.�5>G4=>6, �.$.$4E<<44<=>6. 
�7<5D<F5?L=O5 >><??5>EO < GG5F >?<<4F<G5E><E 44==OE ?D< D47D45>F>5 < ?D>5>F<D>64=<< 
>><5<=<D>64==OE 75?<>65FD>M=5D75F<G5E><E GEF4=>6>>. �564G=4D>4=4O =4GG=4O-
F5E=<G5E>>5 >>=D5D5=F<O "&5=45=F<O D476<F<O 4?LF5D=4F<6=>= < 6>7>5=>6?O5<>= 

M=5D75F<><: ?D>5?5<O < D5L5=<O 17-18 <4O 2021, EF. 402-408. 
3. -.�.%4<F>6., ,.,.&>E<D64=>6., $.�F4>?>6., ,.�.�5>G4=>6., ..�.%4<<4>6. 

�==>64F<>==O= ?>4E>4 > >?D545?5=<N M?5>FD>D<7<G5E><E ?4D4<5FD>6 D>F>M?5<5=F>6. 
«�4=>EFDG>FGD=O5 ?>?G?D>6>4=<>>6O5 <4F5D<4?O 6 D>F>M=5D75F<>5» E5>D=<> =4GG=OE 
FDG4>6 II �564G=4D>4=4O =4GG=4O >>=D5D5=F<O 19-20 <4O 2021, EF. 67-69. 

 
��$$������ �'$�&�, &�%������/%� %���$���$���� 

'�'���$����� &�.%�$�  
Rakhmatov G8ulomjon, $4D�>=4 446?4F G=<65DE<F5F< 

gulomjon.rahmatov@mail.ru 
�<D<L. �4EF4 E><-4LUE<=< 44EF?45>< �4=F4 <L?4L F5E=>?>7<> 64D4U=?4D<=< 

<4�E44?< E4<4D44>D?<>>4 M74 F5E=<>4 64 F5E=>?>7<O?4D=< OD4F<L74 ><4 >5=7 �4<D>6?< 
<?<<=-4<4?<= G>D4-F445<D?4D 4<4?74 >L<D<?<>�44. �G 5>D444 2019-=<? 29-<N?447< ��-
4406 E>= �4D>D �45G? �<?<=74=. �4EF4 F>74?4L >>DE>=4?4D< F><>=<44= F4=UD?45 
55D<?4UF74= ?4EF4 E><-4LUE<, <L?45 G<�4D<?4UF74= ?4EF4 <4·EG?>F?4D< 64 G=<=7 E<D4F<=< 
E4�?4L=< F4N<<=?4L, E><-4LU, <LG< >GG< 64 M=5D7<O E4DD<=< >4<4=F<D<L =^?<44 E<7<4F 
�<?44<74= F5E=<>4 64 F5E=>?>7<O?4D=< �^??4L <G·<< 4·4<<OF >4E5 MF<>�44.  

&44�<�>F =4F<64?4D<44 ?4EF4 F>?4E< 96-98 % ?<L74= F5??N?>7444= <5>D4F 5^?<L< 
4=<�?4=74= [1, 2]. &>?4 EFDG>FGD46<= FG7<?<L 5^=<G4 �>64>->4?<??OD <4F5D<4??4D �4F>D<74 
><D44< [3]. �4E>5DF<O?4=74= =4< <<�4>D<, F45<<= L4D><F44 <G·<F ·>?4F<, F>?4 �>5<�<=<=7 
U�-FG>?<?<7< 64 ·4D>D4F< 5<?4= 556>E<F4 5>�?<�4<D. &>?4 ^7<=<=7 4FD>D<447< <G·<F 5<?4= 
F4NE<D?4LG6, N74=<=7 >4FF4 5^?74=?<7< GGG= ^774D<4E F5D<>4<=4<<> L4D><F44 >4FF4 
F57?<>447< 44E>D5F<O 64 45E>D5F<O 5<?4= 5>L�4 F4D><5<= 5^?4>?4D44= 46D4?<5 FGD44<. 
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,G=<=7 GGG= =4<?<> F>?444= F57 46D4?44<. �G=< �GD<F<L F5E=>?>7<OE<44 4?>·<44 
MNF<5>D74 >?<L 74DGD 5^?44<.  

'<7<F=<=7 ?^EF?>�< ·4< �>64>->4?<??OD <4F5D<4? ·<E>5?4=<5, �4?<=?<7< 300 <>< 74 
O�<= �464F<4-�464F 6>=?4L74= O7>=4 U�>GE<<>= >?5F>4?4D44= FG7<?74= [4]. '<7<F=<=7 
F4D><5< 40÷45 % F5??N?>74, 20÷35 % ?O7=<=4, 28÷30 % ?5=F>74=>6, 2÷3 % ?D>F5<=, 2÷3 % 
EG6 64 5 % 4FD>D<44 5>L�4 <>444?4D44= <5>D4F 5^?44<. �G <>444?4D =4<?<> 5<?4= D<7<>-
><<U6<= 64 D<7<>-<5E4=<>46<= 5>�?4=<L74 M74. �4�<7 ME4 >>??><4 <4F5D<4? 5^?<5, ><<U6<= 
5>�?4=74= =4<?<>, D<7<>-><<U6<= 5>�?4=74= =4<?<>, 44E>D5F<>=, >E<>F<>, F4D><5<= 64 
>7D>� <<�4>D44 <<>D>>4?<??OD447< <5E4=<> 5>�?4=74= =4<?<>>4 M74 5^?44<.  

'EG??4D. '7?G>E<7 =GD?4=<L >4FF4 7<G?<>>4 M74 5^?74= M=5D7<O?< <<?G?LE74 4=?4=44<. 
�<?G?LE447< M=5D7<O 7<G?<7<=<=7 N�>D<?<7< <=DD4�<7<? =GD?4=<L=< <4·EG?>F74 GG�GDD>� ><D<5 
5>D<L<=< F4N<<=?4=4<. '7>� <=DD4�<7<? E>·4E<44 >64=F M=5D7<OE<=<=7 G=G4 >4FF4 5^?<474=?<7< 
E4545?< >D74=<> F4L><? MFG6G<?4D=<=7 5G7<?<L< >G74F<?<4=4< [5].  

�4N?G<><, �GD<F<L 64D4U=<44 M=7 OEL< =4F<64 <EE<�?<> =GD?4=<L< 4E>E4= EG644 
NF<?<5, 4E>E<= <>44444 <<=<<4? NF<?<L E>4<D 5^?74=44 >?<=44<. %G644 M?5>FD><47=<F 
F^?�<=?4D E?5>FD<=<=7 E>·4?4D< 5^=<G4 NF<?<L E?5>FD< 1-D4E<44 >5?F<D<?74=. '=44= 
>^D<=44<>< 5,25 <><, 6,6 <><, 7,4 <><, 16 <>< 64 21 <>< 4<4?47>=?4D44 <4>E<<4? NF<?<L74 
M74 [6] (1-D4E<). $4E<44= ·G?>E4 �<?<L<<<7 <G<><=-><, 5<7 GGG= 25 <>< F^?�<= 
G7G=?<7<447< <=DD4�<7<? =GD?4=<L >5D4> 64 G ?4EF4=<=7 =4<?<7<=< >4<4=F<D<L74 E<7<4F 
�<?44<. 

 
 
 
 
 
 
 
 

1-D4E<. %G6 <>?5>G?4E< E?5>FD?4D<=<=7 ^774D<L<. 
&>L>5=F F^�<<4G<?<> 64 5=7<? E4=>4F <=EF<FGF<44 DG=>F<>=4? >5D4<<>4 4E>E<447< 

<=DD4�<7<? �GD<F<L �GD<?<4E<=<=7 E<=>6 �GD<?<4E< <L?45 G<�<?4<. �GD<?<444 �G=<447< 
F46D<54 =4F<64?4D< 4=<�?4=4<. �<774 <4N?G<><, ?4EF4=< �GD<F<L44, �GD<F<L ·4D>D4F< 
<5NUD F4?45?4D< 4E>E<44 50 0% 44= >L<4E?<7< F44�<�>F?4D =4F<64E<44 4=<�?4=74=. 
�GD<?<4=<=7 <LG< 7>=4E<44 GGF4 N�>D<44= ?4EF74 �4D45 300 <<, 400 << 64 500 << 
=G�F4?4D<74 <Operation manual for temp.& humidity meter= UD44<<44 5<D 64�F=<=7 ^7<44 
·4D>D4F 64 ·46>=<=7 =<E5<= =4<?<7<=< >^DE4FG6G< F5D<>?4D4?< 44FG<> UD44<<44 =47>D4F74 
>?<=4<. �47>D4F =4F<64E<44 <LG< ·4D>D4F 50 0% 44=, ·46>=<=7 =<E5<= =4<?<7< ME4 27 % 44= 
>^F4D<?<474=?<7< 4=<�?4=4<.  

�4F<64?4D. �4<?<>?4D< 12.0, 17.0 64 24.0 % 5^?74= 100 7D >�<D?<>447< ?4EF474 15 7D. 
�^L<<G4 EG6 ?GD>4?4<. �4F<6444 ?4EF4=<=7 =4<?<>?4D< <>E D46<L44 28.9 %, 34.6 % 64 42.6 
% 74 >^F4D<?4<. �4EF4=< �GD<F<L 64D4U=<44 =GD?4F7<G 64 ?4EF4=<=7 >D4E<447< <4E>D4 170 
<< �<?<5 >?<=4<. �GD<?<444 F46D<54 ^F>47<?4<, F46D<54 ^F>47<L 64�F< 3 <<=GF44= 42 
<<=GF74G4 446>< MF4<. ¶4D 3 <<=GF44 ?4EF4=<=7 >�<D?<7<=< >4<4=<L< <Valor3000Xtreme= 
DGEG<?< 200 7D. >�<D?<>74G4 ^?G>6G< M?5>FD>= F4D>7<44 ^?G45 5>D<?4<.  

28.9 % =4<?<>447< ?4EF4=<=7 =4<?<7< 3 <<=GF44= 42 <<=GF74G4 5^?74= 64�F >D4?<�<44 
12.0 % 74, 34.6 % =4<?<>447< ?4EF4=<=7 =4<?<7< 16.5 % 74 ·4<44 42.6 % =4<?<>447< 
?4EF4=<=7 =4<?<7< 19.9 % 74 >4<4=74=?<7< 4=<�?4=4< (2-D4E<) [7, 8].  
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2-$4E<. �4EF4=<=7 N74 �<E<<447< EG674 <=DD4�<7<? =GD?4=<L=<=7 F4NE<D< 
200 << �4?<=?<>447< ?4EF4=<=7 �GD<L =4F<64E<44: =4<?<7< 12.10 % 5^?74= 

?4EF4=<=7 =4<?<7< 3 <<=GF 446><<44 ?4EF4=<=7 N�>D< �<E<<44 1.95 % 74, ^DF4 �<E<<44 1.41 
% 74 64 �G=< �<E<<44 1.66 % 74 >4<4=<L< 4=<�?4=4<. �4<?<7< 14.70 % 5^?74= ?4EF4=<=7 
=4<?<7< 3 <<=GF 446><<44 ?4EF4=<=7 N�>D< �<E<<44 1.72 % 74, ^DF4 �<E<<44 0.94 % 74 64 
�G=< �<E<<44 1.09 % 74 >4<4=<L< 4=<�?4=4<. �4<?<7< 18.30 % 5^?74= ?4EF4=<=7 =4<?<7< 3 
<<=GF 446><<44 ?4EF4=<=7 N�>D< �<E<<44 2.63 % 74, ^DF4 �<E<<44 1.19 % 74 64 �G=< 
�<E<<44 1.54 % 74 >4<4=<L< 4=<�?4=4<. 

300 << �4?<=?<>447< ?4EF4=<=7 �GD<L =4F<64E<44: =4<?<7< 12.10 % 5^?74= 
?4EF4=<=7 =4<?<7< 3 <<=GF 446><<44 ?4EF4=<=7 N�>D< �<E<<44 1.77 % 74, ^DF4 �<E<<44 0.85 
% 74 64 �G=< �<E<<44 0.58 % 74 >4<4=<L< 4=<�?4=4<. �4<?<7< 14.70 % 5^?74= ?4EF4=<=7 
=4<?<7< 3 <<=GF 446><<44 ?4EF4=<=7 N�>D< �<E<<44 2.30 % 74, ^DF4 �<E<<44 1.36 % 74 64 
�G=< �<E<<44 1.47 % 74 >4<4=<L< 4=<�?4=4<. �4<?<7< 18.30 % 5^?74= ?4EF4=<=7 =4<?<7< 3 
<<=GF 446><<44 ?4EF4=<=7 N�>D< �<E<<44 1.62 % 74, ^DF4 �<E<<44 1.37 % 74 64 �G=< 
�<E<<44 2.37 % 74 >4<4=<L< 4=<�?4=4< (3-D4E<) [9, 10].   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3-$4E<. 300 << �4?<=?<>447< 12.10 %, 14.70 % 64 18.30 % =4<?<>447< ?4EF4=<=7 =4<?<7<=< 
>4<4=<L<44, ?4EF4 E><-4LUE<=<=7 N�>D<, ^DF4 64 ?4EF>< �<E<?4D<447< F4·?<? =4F<64?4D<. 

�GD<F<L �GD<?<4E<44 ?4EF4=<=7 �4?<=?<7< 300 << >?<=<5, G=< 3-<<=GF 64�F 
446><<44 �GD<F<L =4F<64E<64 �4F?4<=<=7 N�>D<, ^DF4 64 ?4EF>< �<E<?4D<447< =4<?<>=< 
>4<4=<L< =4F<64?4D< 64 G?4D=<=7 7D4D<> F5=7?4<4E< �G=<447< 64464?44 >5?F<D<?74=. 
�4F<6444 �G=<447< 4=D<< ·G?>E4?4D74 >5?<L<<<7 <G<><=: 
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�4<?<>, % 
�4�F, E5>;  

12.10 % 14.70 % 18.30 % 

�4EF4=<=7 N�>D< �<E<<44 
0 12.10 14.70 18.30 

30 11.44 13.55 17.59 
60 11.08 13.18 17.37 
90 10.87 12.97 17.22 

120 10.62 12.76 17.01 
150 10.46 12.54 16.83 
180 10.33 12.40 16.68 

&5=7?4<4  y=0.00004x2-
0.017x+12.1 

y=0.00007x2-
0.025x+14.7 

y=0.00003x2-
0.015x+18.3 

�4EF4=<=7 ^DF4 �<E<<44 
0 12.10 14.70 18.30 

30 11.82 13.91 17.70 
60 11.65 13.74 17.51 
90 11.52 13.62 17.36 

120 11.44 13.53 17.21 
150 11.34 13.42 17.06 
180 11.25 13.34 16.93 

&5=7?4<4  y=0.00002x2-
0.018x+12.1 

y=0.00005x2-
0.016x+14.7 

y=0.00003x2-
0.013x+18.3 

�4EF4=<=7 �G=< �<E<<44 
0 12.10 14.70 18.30 

30 11.97 13.88 17.58 
60 11.96 13.67 17.10 
90 11.82 13.58 16.79 

120 11.72 13.44 16.46 
150 11.62 13.36 16.17 
180 11.52 13.23 15.93 

&5=7?4<4  y=-0.0000012x2-
0.003x+12.1 

y=0.000047x2-
0.016+14.7 

y=0.00004x2-
0.02x+18.3 

 
�G=>74D4. $G=>F<>=4? >5D4<<>4 4E>E<447< <=DD4�<7<? �GD<F<L =4F<64E<44 5<D 

�4F>D 4<4?<= =4F<64?4D 64 ·G?>E4?4D=< �4=4 �<?<L <G<><=:  
1. &46E<O �<?<=74= �GD<?<444 <=DD4�<7<? �GD<F7<G=<=7 F5<?5D4FGD4E< 45OD?< 50 0% 

M>4=?<7< <4�E4474 <G6>D<�4<D. 
2. �4EF4=< �GD<F<L44 =GD?4F7<G 64 ?4EF4 >D4E<447< <4E>D4=<=7 >?F<<4? �<=<4F< 

300 << M>4=?<7< 4E>E?4=4<. 
3. �GD<L 64D4U=<44 <LG< ·4D>D4F 55?7<?4=74= F4?45?4D 4E>E<44 M>4=?<7<, ?4EF4=< 

<5E4=<> L<>4EF?4=<474=?<7<, >DF<�G4 =4<?<> 5G�?4=4UF74=?<7<=< <=>54F74 >?<5, F>?4=<=7 
E<D4F >^DE4F><G?4D<74 7<U= 5F<4E?<7<=< ·G?>E4 �<?<L <G<><=. 

4. �=DD4�<7<? =GD?4=<L F45<4F<74 <G6>D<� =GD?4=74= <4·EG?>F F4D><5<447< 
74<5GDG�?4D=< D<7<>?>7<> D4>?<OF<=< F^EF4F<L74 E<7<4F �<?<L<, �GD<F<?74= ?4EF4=<=7 
EF5D<??4=<L<.  

�445<UF?4D 
1. �=4D�G?>6, �. -. (2022). �4EF4 ·><-4LUE<=< �GD<F<L44 <=DD4�<7<? 

=GD?4=<L=<=7 �<UE<= F4·?<?<. �==>64F<>= F5E=>?>7<O?4D, 1(1 (45)), 65-70. 
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KONVOLYUSION NEYRON TARMOG»IGA ASOSLANGAN ISHONCHLILIK 
USULINI ISHLAB CHIQISH 

Sultonov Ruzimatjon Anvarjon ugli, Fergana Polytechnic Instituti 
Email: ruzimatjonsultonov@gmail.com  

Su9niy neyron tarmoqning asosiy vazifasi konvolyusion operasiyalar yordamida tahlil 
qilingan signaldan yuqori darajali xususiyatlarni olishdir. Ushbu tarmoqlar yordamida tuzilgan 
algoritm parametrlarini tanlash usullari va konvolyusion qatlamlar soni bo8yicha turli qoidalar 
asosida tashkil qilinadi. Su9niy neyron tarmoq tuzilishini har bir qo8shimcha konvolyusion qatlamni 
kiritish bilan nosozliklarni bartaraf qilish darajasini ortirish mumkin. Tadqiqotda sun9iy neyron 
tarmoqning diagnostika jarayonida birinchi qatlam asosiy xususiyatlar filtri sifatida keltirilgan 
bulib, elektr yuritma ishonchliligiga tasir qiluvchi omillarni maksimal va minimal qiymatlar asosida 
keyingi qatlamga yunaltirililgan. 

Kirish. Konvolyusion operasiyaning keyingi bosqichida yuqori tartibli xususiyatlarni, ya9ni 
minimal va maksimal qiymatlar orasidagi masofalarni aniqlash imkoni xosil qilingan. Shu sababli, 
tarmoq tuzilishiga qarab taqdim etilgan ma9lumotlarning turiga, shuningdek, sun9iy neyron tarmoq 
tomonidan bajariladigan funksiyaga bog8liq bo8ladi. 

Murakkab xususiyatlarni aniqlash uchun bir nechta qatlam to8plamidan tashkil topgan 
tuzilmalar qo8llaniladi. Xususiyatlarni aniqlash qobiliyati tarmog8 tomonidan umumlashtirish 
ko8nikmalarini egallash jarayoni bilan bog8liq. Sun9iy neyron tarmog8ning keng ko8lamli tuzilishi 
tufayli haddan tashqari moslashishdan saqlaydigan usullar asinxron dvigatelarga bir qancha 
nosozliklar tizimini bartaraf qilishga xizmat qiladi. Sun9iy neyron tarmog8 tuzilishi va usuli 
tadqiqotda qo8llaniladigan tarmog8 misolida asinxron dvigatel stator cho8lg8amining boshlang8ich 
shikastlanishlarini tashxislash uchun tavsiflanadi. 

Quyidagi 1 -rasmda to8qimachilik korxonasi elektr yuritmalarining bir nechta konvolyusion 
qatlamlar to8plamidan va nosozlikni aniqlash uchun bir qator qatlamlardan iborat sun9iy neyron 
tarmog8ning asosiy tuzilishi keltirilgan. 1-rasmda ishlab chiqilgan sun9iy neyron tarmog8larning 
vazifasi to8g8ridan-to8g8ri uch fazali asinxron dvigatel signalidan olingan ma9lumotlar asosida stator 
cho8lg8amlarining shikastlanish darajasini farqlash natijalari olingan. 

 
 
 

 
 
 
 
 

1-rasm. Konvolyusion neyron tarmog8ining asosiy tuzilishi 
Sun9iy neyron tarmog8ining alohida qatlamlari tadqiqotchilar tomonidan [1; 61-78-b.] batafsil 

muhokama qilingan. Asinxron dvigatelning xar bir qatlamlarini qo8llanilishi sun9iy neyron 
tarmog8iga asoslangan asinxron dvigatelning stator ma9lumotlarining xarakterli xususiyatlarini olish 
imkoni berdi, bu esa asinxron dvigatel xatolarining neyron detektori samaradorligini oshirishga olib 
keldi. Konvolyusion qatlam [2; 79-80-b.] ikkita ma9lumot to8plamini birlashtirishning konvolyusion 
operasiyasidan foydalangan holda xususiyat detektori funksiyasini bajaradi. Ushbu konvolyusion 
operasiya ko8p o8lchovli kirish massivlari uchun amalga oshiriladi. Keltirilgan stator nosozliklarini 
aniqlash uchun sun9iy neyron tarmog8 dasturida konvolyusion qatlam asinxron dvigatel to8lqin 
shaklida nosozlik belgilarini qidiradigan filtr vazifasini bajaradi. 

Jarayonni tezlashtirish va shuningdek, asinxron dvigatelining barqarorligini oshirish uchun 
normallashtirish qatlami ishlatilingan [3]. Ushbu qatlam oldingi qatlamning chiqishini 
normallashtiradi, qatlam elementlarining o8rtacha qiymatini ayiradi va bu olingan qiymat ularning 
standart og8ishiga olib kelinadi. Ushbu normalizasiya usulidan foydalanishning ta9siri [3; 12-13-b.] 
to8liq muhokama qilinadi. Klassik neyron tarmog8 tuzilmalarida bo8lgani kabi, faollashtirish 
funksiyasi sun9iy neyron tarmog8 tuzilmalarida hal qiluvchi qism hisoblanadi. Eng ko8p 
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ishlatiladigan faollashtirish funksiyasi rektifikasiya qilingan chiziqli birlikdir. U asosan 
konvolyusion qatlamlarni to8ldiruvchi sifatida ishlatiladi va o8zaro ta9sirlarni chiziqli 
bo8lmaganlikni ifodalash natijasida asinxron dvigatel ishonchlilik ko8rsatkichini oshirish imkonini 
beradi. 

Sun9iy neyron tarmog8 parametrlarining sezilarli soni neyronlarga umumlashtirish xususiyati 
nuqtai nazaridan o8ziga xos xususiyatlarni berishda ba9zi qiyinchiliklarni keltirib chiqaradi. Chiqib 
ketish qatlami bitta neyron boshqalarning holatiga kuchli bog8liq bo8lgan vaziyatdan qochish uchun 
ishlatiladi.  

Tadqiqotni amalga oshirish usuli. Sun9iy neyron tarmog8lardagi oxirgi qatlam odatda to8liq 
bog8langan qatlam bo8lib, bu tarmog8 faoliyatining natijasi bo8lgan alohida sinflar ulushini baholash 
imkonini beradi. Sun9iy neyron tarmog8larda qo8llaniladigan to8liq bog8langan qatlamlar asosan 
softmax qatlamlari bilan bog8lanadi [4; 9-13-b.]. Ularning vazifasi toifalardan biriga tegishli kirish 
elementlarining erta kirish signalini aniqlashdir. Softmax qatlamlari erta kirish vektori shaklini oladi 
va tasniflash qatlami tomonidan sun9iy neyron tarmog8 kirish matritsasi belgilangan toifalardan 
biriga tegishliligini aniqlash uchun ishlatiladi. Shu maqsadda yo8qotishlarning o8zaro entropiyasi 
hisoblab chiqiladi.  

Su9niy neyron tarmog8ni ishlatish jarayoni, ko8p hollarda, stokastik gradiyent tushish (SGT) 
algoritmiga muvofiq amalga oshiriladi. SGT ishlatish usuli yuklanmagan gradiyentni baholashni 
aniqlashga imkon beradi, buning uchun kichik ma9lumotlar paketidan olingan namunaviy 
gradiyentlarning o8rtacha qiymatidan foydalaniladi. SGT algoritmining eng muhim parametri 
o8rganish tezligidir. Bu qiymat ko8pincha o8rganish egri chizig8ini tahlil qilish orqali amalga 
oshiriladigan sinov va xatoliklarda tanlanadi. Bu yondashuv ish jarayonini optimallashtirishga 
imkon bermaydi, chunki agar bu parametrning qiymati juda yuqori bo8lsa, u o8rganish egri 
chizig8ining tez tebranishini keltirib chiqaradi, bu esa ish vaqtini uzaytirishda qiymat natijalari juda 
past bo8ladi. SGT usulidan farqli ravishda, bir nechta ketma-ket gradiyentlar bir xil yo8nalishga 
ishora qilganda SGT algoritmi eng katta qadam hajmiga ega [7]. Ish jarayoni, SGT algoritmiga 
ko8ra, o8rganish tezligi va asinxron dvigatelning ishga tushirish parametrining boshlang8ich 
qiymatini aniqlashdan boshlanadi. Sungra {x1, ..., xk} kichik-paketi namunasi uchun p gradiyenti 
munosabatga ko8ra baholanadi: 

 

 

bu yerda: x i 4 tasodifiy tanlangan elementi o8lchami m, L (f (xi, w), yi) namuna uchun 
hisoblangan yo8qotish funksiyasi. 

Hisoblangan gradiyent qiymati uchun p,  va  quyidagi munosabatlarga muvofiq 
yangilanadi: 

 

 

 

 
Bu yerda:  4giperparametr oldingi gradiyentlarning hissalari qanchalik tez eksponent tarzda 

yo8qolishini aniqlaydi. 
Yuqoridagi algoritm to8xtash sharti bajarilgunga qadar takrorlanadi, bu ko8pincha ish davrlari 

soni yoki yo8qotish funksiyasining qiymati hisoblanadi. SGT usuli, gradiyentni taxminiy baholash 
uchun ma9lumotlar paketlaridan foydalanish tufayli, joriy o8lchov ma9lumotlaridan foydalangan 
holda, eksperyemental tekshirish paytida tarmog8ni ishlash extimolini beradi. Bu, ayniqsa, elektr 
dvigatellarining nosozliklarini aniqlashda sun9iy neyron tarmog8ni amalga oshirish nuqtai nazaridan 
ushbu usulning afzalligi xisoblanadi. 

Natijalar. Taklif etilgan sun9iy neyron tarmog8ga asoslangan nosozlik detektorining 
eksperemental tekshiruvi 2-rasmda keltirilgan 3 kVt asinxron dvigatel bilan maxsus dastur 
yordamida amalga oshirildi. Asinxron dvigatelning konstruksiyasi 0-5 stator burilishlari oralig8ida 
asinxron dvigatelning kirish tarmog8ining birida aylanishlararo qisqa tutashuvlarni fizik 
modellashtirishga imkon berdi (asinxron dvigatel parametrlari, nominal ma9lumotlar, ulanishlar, 
burilishlararo qisqa tutashuvni modellashtirish uchun stator cho8lg8ami). Sinovdan o8tgan vosita 
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fs=10-50 Hz diapazonidagi chastota konvertoridan oziqlangan bo8lib, us/fs=const nazorati ostida 
ochiq tezlikda ishlaydi. Sinovlar TL =(0-1)TN oralig8ida yuk momentining turli qiymatlari uchun 
o8tkazildi. Yuklash mashinasi moment asosida ishlaydigan, 10 kHz modulyasiya chastotasi bilan 
ishlaydigan sanoat chastota konvertoridan oziqlangan. 

Sun9iy neyron tarmog8 ma9lumotlarini tayyorlash jarayonida asinxron dvigatel statorlarining 
haqiqiy qiymatlaridan foydalanilgan. O8lchangan diagnostika signallari Instruments (Ostin, TX) 
LabVIEW dasturida ishlab chiqilgan diagnostika ilovasiga ma9lumotlarni yig8ish o8lchov kartasi 
(DAQ) tomonidan tahlil etilgan. Diagnostik signal o8lchagandan so8ng, Matlab dasturidan 
foydalangan holda kirish ma9lumotlariga oldindan ishlov berildi. Shuni ta9kidlash kerakki, sun9iy 
neyron tarmog8ga asoslangan detektorda 2-rasmda ko8rsatilgan haqiqiy elektr yuritma tezligi va 
yuklama momenti haqidagi ma9lumotlar asosida signallar faqat jarayonini kuzatish uchun 
o8lchangan. Elektr yuritma tezligi va yuklama momenti haqidagi ma9lumotlarni aniqlash 

Nosozlik belgilarini chiqarish jarayonida sun9iy neyron tarmog8dan foydalanadigan 
diagnostika tizimida o8lchangan kirish signallari to8g8ri ishlov berilishi kerak. Su9niy neyron 
tarmog8 ishlash prinsipi tarmog8 kirish matritsasini mos ravishda moslashtirishga majbur qiladi. 
Ishlab chiqilgan kirish to8plami kirish matritsasining o8lchami va tarmog8qa etkazilgan ma9lumotlar 
miqdori o8rtasida farq bo8lishi kerak. Agar kirish matritsasining o8lchami juda katta bo8lsa, u 
tarmog8ni o8qitish vaqtini sezilarli darajada oshiradi va juda kichik bo8lsa, kirish ma9lumotlarini 
sinflarga to8g8ri taqsimlashni ta9minlay olmaydi. 

Ma9lumotlarni oldindan qayta ishlash algoritmining quyidagi bosqichlari 3-rasmda 
ko8rsatilgan.  

1-bosqich. Asinxron dvigatelning kirish parametrlari o8lchanadi. Tadqiqotda diagnostik 
signalning atigi 2000 ta namunasini o8lchagandan so8ng nosozlikni aniqlash imkoniyatini nazarda 
tutadi, bu tezlikni o8zgaritirish komponenti 10 GHz gacha teng bo8lgan vosita kuchlanishining 
ikkita to8liq davrni tashkil etdi. 

Keyinchalik, har biri 1×2000 o8lchamli asinxron dvigatel vektorlari sinovdan o8tgan 
dvigatelning nominal parametrlariga normallashtirildi. 

2-bosqich. Uchinchi bosqichda har bir normallashtirilgan vektorni (nisbiy birliklarda 
ifodalangan) 40×50 matritsaga aylantirish ishlatilgan. Bu operasiya o8lchangan asinxron 
dvigatellarining har biri uchun bajarildi.  

3-bosqich. Ushbu proseduraning oxirgi bosqichi standartlashtirilgan asinxron dvigatel 
namunalarini o8z ichiga olgan uchta matritsani uch o8lchovli matritsaga aylantirishdan iborat. 
Asinxron dvigatel diagnostik signalni qayta ishlash usuli neyron tarmog8 uchun 3200 ta kirish 
vektorini yaratishga imkon berdi. Shuni ham ta9kidlash kerakki, adabiyotda [5,6,9], 
qo8llanilganlarga nisbatan bunday kam sonli namunalardan foydalanish bitta o8lchov vaqtini 0,2 s 
gacha cheklash imkonini berdi. 

Asinxron dvigatelning elektr nosozliklarini aniqlash uchun ishlatiladigan konvolyusion 
neyron tarmog8ining (sun9iy neyron tarmog8) kirish qatlamini ishlab chiqishning sxematik 
diagramma; I MEAS - asinxron dvigatellarining o8lchov qiymati, I N - asinxron dvigatellarining 
nominal qiymati. 

Xulosalar. Ishlab chiqilgan sun9iy neyron tarmog8larning eksperemental tekshiruvi stator 
cho8lg8amlarining 16 nosozlik toifasi uchun asinxron dvigatel holati to8g8risidagi ma9lumotlarni o8z 
ichiga olgan asinxron dvigatellarining 3200 vektoriga asoslangan stator cho8lg8amning qisqa 
tutashuvilari. Eksperemental tadqiqot to8rt bosqichda o8tkazildi: 

" asinxron dvigatelning yagona stator fazasining shikastlanish darajasini baholash 
samaradorligini tahlil qilish, sun9iy neyron tarmog8-1; 

" asinxron dvigatel sun9iy neyron tarmog8-2 statorining uch fazasida shikastlanish darajasini 
baholash samaradorligini tahlil qilish; 

" sun9iy neyron tarmog8ning ish jarayoni parametrlarining asinxron dvigatel ishonchliligini 
baholash samaradorligiga ta9sirini o8rganish; 

" sun9iy neyron tarmog8 tuzilmasining asinxron dvigatel shikastlanishini baholash 
samaradorligiga ta9sirini tahlil qilish. 
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Neyron tarmog8li jarayon Matlab muhiti yordamida amalga oshirildi. Ishlab chiqilgan 
tuzilmalarni tavsiflovchi asosiy miqdorlar va sun9iy neyron tarmog8 jarayonining parametrlari 1-
jadvalda keltirilgan. 

Tadqiqotda, o8zgarishlar asinxron dvigatellari haqidagi ma9lumotlarga asoslanib, asinxron 
dvigatelning stator cho8lg8amga zarar yetkazish darajasini tasniflash uchun sun9iy neyron tarmog8-1 
va sun9iy neyron tarmog8-2 konvolyusion tarmog8larning ikkita tuzilishi ishlatilgan. Tarmog8larning 
tuzilmalaridagi farqlar ularga yuklangan vazifadan kelib chiqadi (toifalar sonini baholash). Sun9iy 
neyron tarmog8-1 strukturasining qo8shimcha konvolyusion qatlam bilan kengayishi tarmog8qa 
stator cho8lg8amning qaysi bosqichida shikastlanish sodir bo8lganligini aniqlash imkoniyatini berdi. 
Strukturaning biroz kengayishi asinxron dvigatel stator nosozliklari toifalari sonini uch baravar 
oshirish imkonini xosil qildi. 1-jadvalda ko8rsatilganidek, ishlab chiqilgan tarmog8lar ma9lum 
konvolyusion tuzilmalar bilan solishtirganda nisbatan kam sonli neyronlar bilan tavsiflanadi. Bu 
shuni anglatadiki, ba9zi muammolarni hal qilish uchun ko8p sonli neyronlarga ega bo8lishi shart 
emas, balki aniqlovchi xususiyatlarni ko8p qatlamlardan foydalanish talab etiladi. 
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F5E=>?>7<G5E><E D56<<>6 ?D><76>4EF64. 

�?O <EE?54>64=<= <E?>?L7>64?< F>=>GN >>=65DF5D=GN ?O?L E> ED54=<< E>45D64=<5< 
>><?>=5=F>6, ?D<6545==OE 6 F45?<F5 2 < ?D><OL?5==O< E>45D64=<5< 5?47>D>4=OE 
<5F4??>6. 

&45?<F4 2. 
$57G?LF4FO E<<<G5E>>7> 4=4?<74 >>=65DF5D=>= ?O?< ��� �� «����» 

�><?>=5=F Pb %u Zn Fe SiO2 S>5M SSO4 MgO CaO Cd 
%>45D64=<5, % 31,56 2,2 14,7 0,46 0,65 11,47 8,52 0,33 2,84 0,19 

 
�E=>6=O5 >><?>=5=FO ?O?< 3 MF> ?57>> 6E>DO645<O5 D>D<O: CuO (E5DO= F5=>D<F), 

Cu2O (>D4E=O= >G?D<F), CuSO4 (55?O= 5576>4=O= <?< 7>?G5>= E4?L>>><4=<F E 65?FO< 
>FF5=>><) < 4D. (ZnSO4, FeSO4, PbSO4). �<=5D4?>7<G5E><= (=4 >?F<G5E>>< <<>D>E>>?5 
���-7 6 >FD465==>< E65F5) < D5=F75=>D47>6O= (=4 4??4D4F5 '$%-50��) 4=4?<7O 
?>>47O64NF >E>55==>EFL ?O?<, 74>?NG4NMGNEO 6 E>45D64=<< 6 =<E 7=4G<F5?L=OE 
>>?<G5EF6 EG?LD4F=OE D>D< F65F=OE <5F4??>6: 6 <EE>4=>= ?O?< <54L =4 74% EG?LD4F=4O, 
=4 14% EG?LD<4=4O (6 >E=>6=>< 6 D>D<5 >>65??<=4) < =4 12% >>E<4=>-E<?<>4F=4O; 65?57> 
=4 70-72% 6 6<45 <47=5F<F4 < 28-30% - EG?LD4F4 2-E 64?5=F=>7> 65?574; E6<=5F < F<=> =4 
80% =4E>4OFEO 6 EG?LD4F=>= D>D<5. 

�4> 6<4=> <7 E<<<>>-<<=5D4?>7<G5E>>7> E>EF464, ?O?L M?5>FD>D<?LFD>6 >>=65DF5D4 
O6?O5FEO G=<>4?L=>=: >=4 5>74F4 F5==O<< >><?>=5=F4<<, 7?46=O< >5D47>< E6<=F><, 
F<=>><, <54LN < 4D. �D><5 MF>7>, >=4 6>4>D4EF6>D<<4, F.5. ?D<7>4=4 4?O 46F>=><=>= 
7<4D><5F4??GD7<G5E>>= ?5D5D45>F><. 

� D4<>4E 44==>7> <EE?54>64=<O D47D45>F4=4 =>64O F5E=>?>7<G5E>4O EE5<4 4?O 
?>?GG5=<O <7 F>=>>= >>=65DF5D=>= ?O?< >G<M5==>7> >4D5>=4F4 E6<=F4, ?D<5<?5<>7> 4?O 
?D><76>4EF64 <5F4??<G5E>>7> E6<=F4 557 4>?>?=<F5?L=>7> D4D<=<D>64=<O. 

%GM=>EFL F5E=>?>7<G5E>>7> ?D>F5EE4 ?D54EF46?O5F E>5>= ><E?>5 6OM5?4G<64=<5, 
46GE EF44<==>5 E>?56>5 6OM5?4G<64=<5 ?O?<, >4D5>=<74F<O <7 E>?56>7> D4EF6>D4 >4D5>=4F4 
E6<=F4, ?D>>4?>4 < 6>EEF4=>6<F5?L=4O ??46>4 >4D5>=4F4 E6<=F4 E ?>?GG5=<5< 
<5F4??<G5E>>7> E6<=F4. 

&45?<F4 3. 
$57G?LF4FO E5D=>><E?>F=>7> 6OM5?4G<64=<O >>=65DF5D=>= ?O?< ��� �� «����» 

t, >% 
%F5?5=L D4EF6>D5=<O Cu < Zn, % 

&:�=1:3 &:�=1:4 &:�=1:5 &:�=1:6 &:�=1:7 &:�=1:8 
%u Zn %u Zn %u Zn %u Zn %u Zn %u Zn 

60 18 12 26 17 34 23 53 39 72 54 70 74 
70 32 20 45 35 55 48 75 59 84 70 80 76 
80 44 30 56 46 76 60 85 74 95 86 92 88 
90 45 40 58 52 77 63 84 75 94 84 90 88 

 
� D57G?LF4F5 6OM5?4G<64=<O ?D< 7444==>< E>>F=>L5=<< &:�=1:3÷8 ?D><EE>4<F 

=5=FD4?<74F<O E5D=>= ><E?>FO >F <EE>4=>= >>=F5=FD4F<< 80÷120 7/? 4> 7=4G5=<< D� 0,8-1 
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(30-35 7/?). �OM5?4G<64=<5 ?D>6>4<?< ?D< >>=F5=FD4F<OE E5D=>= ><E?>FO 40, 60, 80, 100, 
120 < 140 7/?. �> ?>?GG5==O< 44==O<, >?F<<4?L=>= O6?O5FEO >>=F5=FD4F<O E5D=>= ><E?>FO 
4?O ?>?=>7> ?5D5E>44 <54< < F<=>4 6 D4EF6>D 110-125 7/? 

�46<E<<>EFL <76?5G5=<O <54< < F<=>4 6 D4EF6>D >F >>=F5=FD4F<< E5D=>= ><E?>FO ?D< 
?D>4>?6<F5?L=>EF< ?D>F5EE4 2 G4E4 

�7 ?>?GG5==OE 44==OE 6<4=>, GF> ?D< E5D=>><E?>F=>< 6OM5?4G<64=<< 6 5>?55 
D47546?5==OE ?G?L?4E ?>6OL5=<5 F5<?5D4FGDO ?>?>6<F5?L=> 6?<O5F =4 EF5?5=L 
D4EF6>D5=<O <54<, F<=>4 6 D4EF6>D < =5 E?>E>5EF6G5F D4EF6>D5=<N E6<=F4. 

�OE>>>5 <76?5G5=<5 <54< < F<=>4 6 D4EF6>D ?D< ><E?>F=>< 6OM5?4G<64=<< ?O?< E 
?>?=O< D4745?5=<5< E6<=F4 >F ?D<<5E5= <54<, F<=>4 < 65?574 4>EF<7=GF> 6 ?D<EGFEF6<5 
>><E?<F5?O >>E<44 <4D74=F4. -DD5>F 4>EF<745FEO 74 EG5F D54?<74F<< ?D>F5EE4, E<<<G5E>4O 
EGM=>EFL >>F>D>7> >5GE?>6?5=4 D54>F<5= >><E?5=<O EG?LD<4=>= E5DO 4> M?5<5=F=>= E 
>E6>5>645=<5< <54< 4> 6>4>D4EF6>D<<>= D>D<O 5?47>44DO >><E?<F5?L=>-
6>EEF4=>6<F5?L=O< ?D>F5EE4< E GG4EF<5< ><E?>D>44.  

�>E?5 D<?LFD4F<< >E44>> ?D><O64?< 6>4>= 4> D�=5,5÷6,0 ?D< F5<?5D4FGD5 6>4O 
80°%. �>?GG5==O= D4EF6>D E E>45D64=<5< <54< 5 7/? < F<=>4 22,5 7/? O6?O5FEO 
?D>4G>F<6=O< D4EF6>D>< 4?O <76?5G5=<O F<=>4 < <54<.  

�?O <76?5G5=<O E6<=F4 <7 >5>4 ?D>6>4<?< 46GE EF44<4?L=>5 E>?56>5 6OM5?4G<64=<5 
?D< >>=F5=FD4F<< =4FD<O E?>D<EF>7> 250 < 150 7/? E>>F65FEF65==> ?D< F5<?5D4FGD5 ?D>F5EE4 
80-90>%. �D>4>?6<F5?L=>EFL 6OM5?4G<64=<O 2 G4E4 =4 >464>= EF44<< ?D< E>>F=>L5=<< 
&:�=1:5. �?O >G<EF>< E?>D<44 E6<=F4 >F =5D4EF6>DU==OE >><?>=5=F>6 ?G?L?G ?>465D74?< 
D<?LFD4F<N. 

� D57G?LF4F5 F5E=>?>7<G5E><E < M>E?5D<<5=F4?L=OE <EE?54>64=<= >?D545?5=O 
>?F<<4?L=O5 F5E=>?>7<G5E><5 ?>>474F5?< ?D>F5EE4 6OM5?4G<64=<O (D<E. 2, 3). 
�4D5>=<74F<N E6<=F4 ?D>6>4<?< E 4>546?5=<5< >4?LF<=<D>64==>= F5E=<G5E>>= E>4O 6 
ED54G D� 4> 8,5-9. 

PbCl2+Na2CO3=2PbCO3+2NaCl 
 �46<E<<>EFL EF5?5=< D4EF6>D5=<O E6<=F4 ?>E?5 II EF44<< E>?56>7> 6OM5?4G<64=<O 6 
D4EF6>D >F ?D>4>?6<F5?L=>EF< ?D>F5EE4 < F5<?5D4FGDO 

�>E?5 >4D5>=<74F<< ?G?L?4 >FD<?LFD>6O64?4EL < D4EF6>D <E?>?L7>64?EO >4> 
>5>D>F=O= D4EF6>D. �>?GG5==O= >5> PbCO3 ?D>>4?<64?< ?D< F5<?5D4FGD5 450>% < ?>?GG<?< 
7?UF (PbO). �?UF E 4>546?5=<5< D?NE4 < 7D4D<F4 ?>465D7?< 6>EEF4=>6<F5?L=>= ??46>5 < 
?>?GG<?< <5F4??<G5E><= E6<=5F E E>45D64=<5< E6<=F4 99,06%. 

�5EG645=<5 
�=4?<7 ?D>6545==OE M>E?5D<<5=F>6 ?>76>?O5F E45?4FL E?54GNM<5 6O6>4O: 
- ?D< E>?56>< 6OM5?4G<64=<< >5>4 6 <=F5D64?5 F5<?5D4FGD >F 60 4> 80>%, >F=>L5=<< 

&:� = 1:6 < ?D>4>?6<F5?L=>EF< ?D>F5EE4 >F 2 4> 4 G4E>6 >64DF < 5?47>D>4=O5 <5F4??O 6 
D4EF6>D =5 <76?5>4NFEO; 

- ?>6OL5=<5 F5<?5D4FGDO ?>?>6<F5?L=> 6?<O5F =4 EF5?5=L D4EF6>D5=<O E6<=F4 ?D< 
E>?56>< 6OM5?4G<64=<<; 

- =4 >E=>65 =4GG=OE <EE?54>64=<= D47D45>F4=4 F5E=>?>7<O ?5D5D45>F>< >>=65DF5D=>= 
?O?<, >>F>D4O ?>76>?O5F ?>6OE<FL 6OE>4 <5F4??<G5E>>7> E6<=F4 E 6OE>><< <76?5G5=<5< < 
=4<?GGL<<< F5E=<>>-M>>=><<G5E><<< < F5E=>?>7<G5E><<< ?>>474F5?O<<. 

&4><< >5D47><, ?D>6545==O5 <EE?54>64=<O ?>>474?< ?D<=F<?<4?L=GN 6>7<>6=>EFL 
?5D5D45>F>< >>=65DF5D=>= ?O?< E ?>?GG5=<5< <5F4??<G5E>>7> E6<=F4 =5 =<65 99%. 
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Abstract4 This paper introduces a hybrid approach to find the optimal location and size of 
distributed generations (DG) in the radial distribution network (RDN). The proposed approach is 
based on the whale optimization algorithm (WOA) technique to calculate the optimal allocation of 
DGs and loss sensitivity index (LSI) to obtain the best buses for DGs installation in RDN. The 
presented approach is applied to the standard 33-bus RDN to minimize power losses. The results 
obtained prove that the developed approach can be highly effective in integrating DG into RDN in 
comparison with other methods in the literature. 

Keywords4 whale optimization algorithm distributed generation; photovoltaic; wind 
turbines; distribution network 

Introduction  
Due to the huge growth in electricity demand, the use of traditional energy sources is causing 

environmental problems. These power units emit huge amounts of greenhouse gases. With a global 
concern to reduce addiction to fossil fuels and reduce climate change, an alternative paradigm for 
electricity generation has been adopted. Distribute generation across the radial distribution network 
(RDN) [1-2]. The RDN is the endpoint of the power system. It acts as a link between the power 
supply area and individual consumers with unidirectional power flow. Research shows that about 
70% of the total power loss in a power system is attributed to the DS side. A small source of energy 
directly connected to the grid or close to the consumer is called "Distributed Generation (DG)". DG 
is an attractive replacement for centralized power generation. DG divisions include both renewable 
and non-renewable energy sources. DGs have tremendous technical, economic, and environmental 
benefits. These technical and economic benefits can be achieved by choosing the location, size, and 
type of DG for installation in an electrical power system (EPS). The integration of a DG based on 
Renewable Energy Sources (RES) into the RDN has environmental benefits such as environmental 
friendliness (no emissions), free availability, abundance in nature, and so on [3-4]. 

The most commonly used DG systems in the residential sector are solar photovoltaic (PV) 
technology, small wind turbines (WT), fuel cells, natural gas-fueled ultrasounds, and emergency 
standby generators, usually fueled by diesel or gasoline. However, the commercial and industrial 
sectors use solar photovoltaic panels, hydropower, biomass combustion, biomass or natural gas fuel 
cell combustion, reciprocating internal combustion engines, and standby generators powered by 
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petroleum-type diesel systems. Integration of DG units does not guarantee the reliability and 
stability of the system if they are placed in non-optimal places with different sizes. Instead of 
improving reliability and maintaining system stability, this will affect the voltage profile and 
increase system losses [5]. The optimal placement of the DG has taken on great importance due to 
its various advantages. However, integrating DG into an existing system will be an important and 
challenging task. As DG integration changes the behavior of the network from passive to active. 
Bidirectional power flow ultimately increases system losses and affects the reliability and stability 
of operation [6]. Planning to integrate a DG into an existing system requires optimal location, size, 
type of DG, and network connectivity. This reduces overall power loss, improves the system 
voltage profile and stability, reliability, safety, power quality, power factor, and overall system 
efficiency. Incorrect placement of WG units will distract from all of the above advantages [7]. 
Therefore, it is very important to place the DG unit in an optimal location and with a suitable size. 

Problem Formulation  
As mentioned above, the optimal allocation of DG is achieved to minimize system power 

losses. The power loss calculations can be achieved as follows. If we assume the two buses radial 
distribution network as shown in Fig. 1. 

The active and reactive power flow can be calculated as follows [8-9]: 
2 2
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i i

i i L i i i
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The voltage at receiving bus can be calculated using (3). 
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Fig. 1. Equivalent scheme of RDN. 

The active and reactive power losses between buses i and i+1 can be expressed as follows: 
2 2

( , 1) , 1 2| |
i i

loss i i i i
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      (4) 
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ø ø
     (5) 

The main objective function is the minimizing total active power losses that can be given as 
follows: 

( )obj lossF minimize Pý      (6) 

where, lossP is the total power loss. 
The above objective function is subjected to some constraints such as DG size, bus voltage, 

and branch current. 
Equality constraints 
The generated power must be equal to the demand loads and power losses as [8]: 
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where, swingP  and swingQ  are the active and reactive powers of swing bus, 
DG

N  is the number of 

DGs, and L is the number of transmission lines. 
2.1 Inequality constraints 

" Voltage limitation 
The bus voltages must be within the minimum voltage value ( minV ) and the maximum voltage 

value ( maxV ) 

min max| |iV V Vó ó        (9) 

" The limits of power generated from DG 
The DG8s installation capacity in the network is limited. Therefore, it must not exceed the 

power provided by the substation [7] to prevent reverse power flow. 

 
1 1 1
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min max( )DG DG DGP P i Pó ó       (12) 
min max( )DG DG DGQ Q i Qó ó       (13) 

where, max
DGP and min

DGP  are the maximum and minimum active powers generated by DG unit, 
max
DGQ  and min

DGQ  are the maximum and minimum reactive outputs of DG unit.  
" Transmission line current limitation 

The maximum transmission line current must meet the following constants [7]. 

max,k kI Ió       (14) 

where Imax is the maximum allowed current through the branch k. 
Loss sensitivity index 
The appropriate buses for the integrating of the DGs are definite by using the LSI. The LSI 

widely used to solve DG sizing and locating problems in RDN [13-14]. 
LSI can be expressed as: 
After determined the PLS index for all buses organized in descending order. The order 

determines the priority of buses for DG installing. The calculated PLS index values are illustrated in 
Fig. 2. 
Whale optimization algorithm 

Mirjalili developed the WOA approach in 2016 [15] as a novel nature-inspired heuristic 
technique to solve problems related to engineering and different mathematical optimization issues. 
The common behaviors of humpback whales are the basis of the WOA. This optimization technique 
is inspired by the bubble net hunting approach of humpback whales as they follow a circular shaped 
route for hunting small fish near the surface. This feeding process is a distinctive behavior of 
humpback whales, making this optimization unique among other nature-inspired optimization 
methods. To design the mathematical model of the WOA, three steps are involved in the bubble-net 
hunting process. 

Numerical results and discussion 
To show the effectiveness of the proposed approach applied to IEEE 33-bus RDS. This RDS 

with real and reactive power is 3715 kW and 2300 kVAr, respectively. The base power loss of this 
system is 210.98 kW and the lower bus voltage is 0.9038 p.u. Other information can be found in 
[8].  

The single line scheme of the standard 33-bus system is shown in Fig 3.  
The system power loss is decreased to 111.027 kW, 87.166 kW, and 72.79 kW by integrating 

one, two, and three PV units, and power loss is decreased to 67.83 kW, 28.63 kW, and 11.74 kW by 
integrating one, two, and three WT units in RDS, respectively. Integration of one, two, and three PV 
units improves the minimum voltage to 0.9424 pu, 0.9685 pu, and 0.96868 pu, and integration of 
one, two, and three WT units improves the minimum voltage to 0.95835pu, 0.98025 pu, and 
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0.99212 pu, respectively as shown in Fig.4. From these figure, it is clear that the voltage profile of 
each bus has been significantly improved relative to the base case by optimally determining the 
sizes and locations of the DG units by using the proposed approach. Besides, the proposed approach 
obtains the minimum power loss compared to other techniques as shown in Table.1.  

Table 1: The results comparison of proposed approach and other methods 
Number and type 
of DG 

Hybrid 
approach [13] 

EA [14] PSO [4] Proposed method 

One 
PV 

Bus (Size 
(KW /P.F)) 

6(2530/1) 6(2530/1) 6(2590/1) 6 (2590.2/1) 

 Power loss 
(KW) 

111.42 111.07 111.03 111.027 

Two 
PV 

Bus (Sizes 
(KW /P.F)) 

13(844/1) 
30(1149/1) 

13(844/1) 
30(1149/1) 

13(850/1) 
30(1160/1) 

13(851.5/1) 
30 (1157.6/1) 

 Power loss 
(KW) 

87.43 87.172 87.170 87.165 

Three 
PV 

Bus (Sizes 
(KW /P.F)) 

13 (798/1) 
30 (1050/1) 
24 (1099/1) 

13(798/1) 
30(1050) 
24 (1099) 

14(770/1) 
30(1070/1) 
24(1090/1) 

13(801.71/1) 
30(1053.6/1) 
24 (1091.3/1) 

 Power loss 
(KW) 

72.79 72.79 72.790 72.786 

One 
WT 

Bus (Size 
(KW /P.F)) 

6 (3028/0.82) 6(3119/0.82) 6(3035/0.82) 6(2558.5/0.82) 

 Power loss 
(KW) 

67.937 67.937 67.928 67.83 

Two 
WT 

Bus (Sizes 
(KW /P.F)) 

13(1039/0.91) 
30(1508/0.72) 

13(938/0.90) 
30(1573/0.73) 

13(914/0.91) 
30(1535/0.73) 

13(858.3/0.91) 
30 (1089.1/0.7) 

 Power loss 
(KW) 

28.98 28.98 28.56 28.50 

Three 
WT 

Bus (Sizes 
(KW /P.F)) 

13 (873/0.9) 
30(1439/0.71) 
24(1186/0.89) 

13(886/0.90) 
30(1450/0.71) 
24(1189/0.90) 

13(863/0.91) 
30(1431/0.71) 
24(1188/0.9) 

24(1069.9/0.9) 
30(1029.9/0.71) 
13 (793.8/0.9) 

 Power loss 
(KW) 

11.76 11.8 11.76 11.740 

Conculision 
In this paper, whale optimization algorithm (WOA) with a loss sensitivity index (LSI) has 

been proposed for the solution problem of optimal allocation of DG units in RDN. The main goal of 
the proposed technique is to minimizing power losses. The proposed approach has been applied to 
the standard 33-bus system and compared results obtained with existing optimization techniques. 
The proposed approach is very effective in finding the optimal solution (minimum power loss) 
compared to other optimizations technique. This study also focuses on parameters that depend on 
optimal DG allocation and sizing.  
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<SIRO= ����$�, '%'�� '''� ¶����� ��¶%'��&��$�� �,��� 
'���$�, 

/D4L>6 %4=64D �>D�G? G�?< 
&�&�, �=7<? E4=>4F 64 >7<� >6�4F F5E=>?>7<O?4D< >4D54D4E< 4EE<EF5=F< 

�G6>=4<�>64 .?4G7 �G<4 �<7<, &�&�, F4?454 
Mail.ru: sanjaryarashov@mail.ru  

�=>F4F<O. �4�>?444 <Siro= <?< <L?45 G<�4D<L GGG= ·><4>< <4·EG?>F?4D F4=UD?4L 
64D4U=< >5=7 UD<F<?74=. �G=44 <4·EG?>F G<7<�<= 7<G?<7<74 G^7<L <<�4>D<, 5GD4<?4D E>=<, 
<4L<=4=<=7 L4=?4L ?4D4<5FD?4D< 5>�?<�?<7< 4=<�?4=4<. &46D<54 =4F<64E<44 >?<=74= 14 
F5>E?< <Siro= <?< 5<?4= ·4?�4?< GEG?44 =<7<D<?74= 14 F5>E?< �4=F4 F4D4L <?=<=7 D<7<>-
<5E4=<> ·GEGE<OF?4D< F4��>E?4=74=. 

�=>F4F<O. � EF4FL5 >?<E4= ?D>F5EE <77>F>6?5=<O EODLO 4?O ?D><76>4EF64 ?DO6< 
<Siro=. �<=5==>= ??>?F=>EF< ?DO6< 746<E<F >F >>?5FGEF64 6OFO6>< >>?5G5EF64 >DGF>< < 
?4D4<5FD>6 <4L<=O. %D46=5=<5 D<7<>4-<5E4=<G5E>>5 E6>=EF6> ?DO6< <Siro= 14 F5>E < 
?DO6< 14 F5>E >>?LF56>7> ?DO45=<O. 

Anotation. The article describes the manufacturing process of raw materials for the 
production of "Siro" yarn. The linear weaving of yarn depends on the size of the hood, the number 
of twists and the parameters of the machine. Comparison physicist - the mechanical property of 
yarns <Siro= 14 tex and yarns 14 tex ring spinning. 

¶>7<D44 L<444 5<?4= D<6>6?4=4UF74= 446D44 F^�<<4G<?<> E4=>4F<=<=7 5>7>D 
<G=>E454F?4D< L4D><F<447< D<6>6< F5E=<>4 64 F5E=>?>7<O=<=7 F4>><<??4L<L<, D4= 64 
F5E=<>4=<=7 O=7< NFG�?4D<=< <L?45 G<�4D<L74 F445<� MF<L, 64D4U=< E4<4D44>D?<7<=< 
>L<D<L 64 F4=UD <4·EG?>F E<D4F<=< OEL<?4L 5<?4= 5>�?<�4<D. �G=44= L4D><F?4D44 
F^�<<4G<?<> E4=>4F< >?4<74 <4·EG?>F E<D4F<=< >5?7GE<44 OEL<?4L, 5GN<?4D 
4EE4DF<<5=F?4D<=< O=7<?4L 64 >5=74=F<D<L, <L?45 G<�4D<L74 F4>><<??4L74= E5D<4EEG? 
F5E=>?>7<O?4D=< F445<� MF<L, F5E=>?>7<> 64D4U=?4D447< ^F<<?4D=< �<E�4DF<D<L 
647<D4?4D<=< >^=44?4=7 �^O4<. .�>D<44 >5?F<D<?74= <G><4?4D=< 5G<<<, O=7< FGD447< 
747?4<4 64 F<D<>4F46 <>F>?4D< <L?45 G<�4D<L 5^?<5 5G=44= <4F>?4D <L?45 G<�4D<L GGG= 
?<L<F<?74= <??4D44= D>=44?4=<L F4?45 MF<?44<. 

 �44F44 >?4EE<> GE?<44 ?<L<F<?74= <? <L?45 G<�4D<L F5E=>?>7<> 64D4U=< ^F<<?4D< 
>^? 5^?74=?<7< E4545?< <4·EG?>F F4==4D·< >DF<5 >5F44<. �<7<D<?74= <? E<D4F<=< OEL<?4L 
5G 747?4<4 64 FD<>>F46 <4·EG?>F?4D< ·<??4D<=< >^?4=F<D<L=<=7 =^??4D<44= 5<D<4<D. 
<Siro= GEG?44 O=7< FGD447< <? <L?45 G<�4D<L N�>D<447< <4E4?4?4D=< 54DF4D4D �<?<L=<=7 
�G?4= 5G<<?4D<44= 5<D<4<D [1]. 
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<Siro= <?< <L?45 G<�4D<L >D�4?< F^�<<4 64 F<D<>4F46 <4F>?4D< E<D4F<=< OEL<?4L, 
F^�<L447< G7<?<L?4D=<, <?447< FG>4>D?<> <<�4>D<=< ·4<44 <4F>=<=7 <L�4?4=<L447< 
5<<D<?<L<=< >4<4=F<D<L <<>>=<=< 55D44<. ¶4?�4?< =<7<D<L <4L<=4E< G^7<L 4E5>5< 
?4D4<5F<D?4D<=< 5<D >7 ^774DF<D<L >D�4?< 2 F4 ?<?<>=< 4?>·<44 4?>·<44 5<D M7G6G< 
64?<>74 G?4=<L< E4D 5<D ?<?<>74 5<D ·<? G^7<L 64 5GD4< 55D<L E<E>5<74 ·>E<? 
�<?<=44<[2]. 

<Siro= =<7<D<L O=7< =<7<D<L GEG?< 5^?<5 2F4 <><<� 4?>·<44 ^74D> 5GD4< >?<5 
5<D?4<G< <? L4>??4=44< 64 G?4D=< 5<D 5<D< 5<?4= �4=F4 ?<L<F<L GG5GDG47<=< E>E<? 
�<?<L FG>4>D?<>=< >4<4=F<D<L74 >?<5 >5?44< 64 5G ·>?4F=< ^D74=<L <4�E44<44 <�E5>D= 
F5>EF<?= �^L<4 >>DE>=4E<44 F<??< E4D4?4=<4 FG7<?4<, LG E4D4?4=<4 4E>E<44 F4=UD?4=74= 
OD<< <4·EG?>F F<F<?<5, 4D4?4LF<D<?<5, F>74?4=74=44= E^=7 >>DE>=444 <466G4 5^?74= DK-
803 <4D>4?< F4D4L <4L<=4E<44= ^F>47<?<5 5 >F5>E?< F4D4?74= ?<?F4 >?<=4<. &4D4?74= 
?<?F4 0-^F<<44 VOUK <4D>4?< ?<?F4?4L <4L<=4E<44 5 >F5>E?< F^�<D?4=74= ?<?F4 ·>E<? 
�<?<=4<. �4=F4 F4D4L <4L<=4E<44= F4D4?74= ?<?F4 >?<L GGG= E-36 ?<?F4 5<D?4LF<D<L 
<4L<=4E<44 55,5 >F5>E G<7<�<= 7<G?<>447< ·>?EF F4=UD?4=4<. &4=UD?4=74= ·>?EF E-86 
<4D>4?< �4=F4 F4D4L <4L<=4E<44= 4,8 >F5>E?< �4=F4 F4D4?74= ?<?F4 >?<=4<. <�E5>D= 
F5>EF<?= �^L<4 >>DE>=4E<44 ^DF4 F>?4?< ?4EF444= F4=UD?4=74=, 4,8 >F5>E?< ?4EF4 64 <5?4=6 
?<?F4?4D<44= <Siro= <?< <L?45 G<�4D<L GGG=, E<=>6 F46D<54 <L?4D< &&�%� �>L<447< 
<�<7<D<L F5E=>?>7<OE<= >4D54D4E< ^�G6 ?45>D4F>D<OE<44 4<4?74 >L<D<?4<. %<=>6 
?45>D4F>D<OE<44 >5?F<D<?74= ?4EF4 64 <5?4=6 ?<?F4?4D<=<=7 G<7<�?< 7<G?<7< D564 4E>E<44 
4=<�?4=<5, ?45>D4F>D<O44 <466G4 5^?74= HSR-1000 ?<?F4?4L <4L<=4E<44 ?<?F4?4L II 
^F<<44= ^F>47<?4<. �G ^F<<44 HSR-1000 ?<?F4?4L <4L<=4E<=<=7 F5E=<> F46E<D?4D< 
4E>E<44, <4L<=4=<=7 ?4D4<5F<D?4D<74 F57<L?<G4 ^774DF<D<L?4D ><D<F<?4<.  

1. �4L<=444= G<�4UF74= <4·EG?>F=<=7 G<7<�?< 7<G?<7< &G<�=3,2 >F5>E 74 F5=7 �<?<5 
55?7<?4=4<. 

2. �4L<=4=<=7 >><?NF5D 44EFGD<74 ><D<F<?4UF74= G<G<<= G^7<L <<�4>D< �G=447< 
D>D<G?4 4E>E<44 4=<�?4=4<. 

     � =   (1) 

 �G 5D44 E- G<G<<= G^7<L <<�4>D<,&><D-><DG6G< <4·EG?>F G<7<�?< 7<G?<7< OL=<: 
&><D=4,8 >F5>E, &G<�- G<�G6G< <4·EG?>F=<=7 G<7<�?< 7<G?<7< &G<�=3,2 >F5>E, d-<4L<=474 
><DG6G< <4·EG?>F=<=7 �^L<?<L?4D E>=<, d=6. 

      � =  =  =9 (2) 

3.�4·EG?>F=< G<�<L F57?<7< 1000-1200 </<<= >D4?<�<44 F4=?4=4<. 
 HSR-1000 ?<?F4?4L <4L<=4E< >><?NF5D 44EFGD<74 &><D=4,8 >F5>E �<=<4F?4D< 

><D<F<?4<, <4L<=4 <L74 FGL<D<?<5 3,2 >F5>E?< ?4EF4 64 <5?4=6 ?<?F4?4D< >?<=4<. 
%<=>6 ?45>D4F>D<OE<44 >?<=74= 3200 F5>E?< ?4EF4 64 <5?4=6 ?<?F4?4D<44= ?<?<> 

>?<L <4�E44<44, =4654F447< ^F<< Zinser-668 ?<?<>?4L <4L<=4E<44 4<4?74 >L<D<?4<.  
 �464D<?74= <L?4D >5F<4->5F?<7< �G=447<G4: 
a) '<�4UF74= ?<?<>=<=7 G<7<�?< 7<G?<7< 310 F5>E �<?<5 F4=?4=4<. 
b) Zinser-668 ?<?<>?4L <4L<=4E<=<=7 >><?NF5D<74 ><D<F<?44<74= G<G<<= 

G^7<L <<�4>D< 4=<�?4=4<. 
 &><D-><D4UF74= <4·EG?>F G<7<�?< 7<G?<7<, &><D=3200 F5>E, &G<�=310 F5>E. 

� =  =  =10,3 10  (3) 

c) �GD4<?4D <<�4>D< �G=447<G4 4=<�?4=4<. 
 (4) 

�G 5D44:  -?<L<F<L >>MDD<F5=F<, &- G<7<�<= 7<G?<> [3]. 
&46D<5444 >5D4>?< G<7<�?< 7<G?<>447< <4·EG?>F=< >?<L GGG= Z6=64, ZNW=39 =><5D?< 

F<L?< G74F<4?4D Z6=67, ZNW=33 =><5D?< F<L?< G74F<4?4D 5<?4= 4?<4LF<D<?4< 64 =G�>D<44 
F4=?4=74=, ·<E>5?4=74= �<=<4F?4D <4L<=4=<=7 >><?NF5D 44EFGD<74 ><D<F<?4<. �4L<=4 
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<L74 FGL<D<?<5, F46D<5444= >GF<?74= =4F<6474 MD<L<?4< ON=< 310 F5>E G<7<�?< 
7<G?<>447< ?4EF4 64 <5?4=6 ?<?<>?4D< >?<=4<. &&�%� �>L<447< <�<7<D<L F5E=>?>7<OE<= 
>4D54D4E< ^�G6 ?45>D4F>D<OE<44 O=7< FGD447< <Siro= <?<=< >?<L GGG= ?45>D4F>D<O44 
<466G4 5G?74= Zinser-350 ·4?�4?< =<7<D<L <4L<=4E<=<=7 G^7<L 4E5>5<44 6>=?4L74= 
7<G?47<G?4D=<, <Siro= <?<=< ·>E<? �<?<L GGG= <4EEGE F4=UD?4=74= 7<G?47<G?4D 5<?4= 
4?<4LF<D<?4<  

 ¶4?�4?< =<7<D<L <4L<=4E<44 T=14 F5>E?< <Siro= <?< >?<L GGG= <4L<=4=<=7 
·4D4>4F G74F<L EE5<4E< F4·?<? �<?<=4<. ¶<E>5?4L <L?4D< 5464D<?<5 <4L<=4=<=7 G^7<L 
64 ?<L<F<L F<L?< G74F<4?4D< 4?<4LF<D<?4<, <4L<=4=<=7 >><?NF5D 44EFGD<74 ><D<F<?4< 
E^=7D4 ND7<7<?<5 =4F<64?4D >?<=4<. ,G=<=7 5<?4= 5<D 64�F44 F4��>E?4L <4�E44<44 ^DF4 
F>?4?< ?4EF444= �4=F4 F4D4L E<EF5<4E<44 >?<=74= 14 F5>E?< �4=F4 F4D4L <?< 64 14 F5>E?< 
<Siro= <??4D<=<=7 D<7<>-<5E4=<> ·GEGE<OF?4D< <CentexUz= ?45>D4F>D<OE<447< 74<>=4<<= 
E<=>6 GE>G=4?4D<44 4=<�?4=<5, �<=<4F?4D< 1-64464?44 >5?F<D<?74= 

1-64464? 
<Siro= 64 �4=F4 F4D4L <??4D<=<=7 D<7<>-<5E4=<> EGEGE<OF?4D< 

7 �^DE4F><G?4D =><< <Siro= <?< �4=F4 F4D4L 
<?< 

1 �?=<=7 G<7<�<= 7<G?<7<, F5>E 14 14 
2 �=7?<7 =><5D<, Ne 42 42 
3 �4>E<<4? G7GL >GG<, cN  377,33 189,09 
4 �<E5<= G7GL >GG<, cN/F5E  17,6 13,43 
5 '74=<L< (F<4E)   5,46 4,4 
6 �<E5<= G7GL >GG< 5^=<G4 64D<4F<O 

>>MDD<F<5=F< CV   
5,29 6,45 

7 '7<?<L 64�F<, E5>G=4 3,44 2,83 
8 �GD4<?4D E>=< 896 941 

 
.�>D<44 >5?F<D<?74= <4N?G<>F?4D 4E>E<44 <Siro= <?<=<=7 <4N?G< 5<D >GG 

F4NE<D<447< G74=<L 4<47D4<<4E< 1-D4E<44 >5?F<D<?4<. 

 
1-D4E<.<Siro= <?<=<=7 >GG F4NE<D<447< G74=<L 4<47D4<<4E< 

�<47D4<<444= >^D<=<5 FGD<54<>< <?=<=7 G74=<L< 5,46  74 5F74=44, <4>E<<4? G7<L 
>GG< 377,33  cN 5^?74=, 64 G7<L 64�F< 3,44 E5>G=4=< F4L><? 5F74=44 <?44 55D<?74= >GG 
F4NE<D<44 G=<=7 G7G=?<7< 5^=<G4 G74=<L >G74F<?44<. ¶4?�4?< GEG?44 =<7<D<?74= �4=F4 
F4D4L <?<44 ME4 G74=<L 4,4 % F4L><? MF<5, G7<?<L 64�F< ME4 2,83 E5>G=F=< F4L><? MF4<. 
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14 F5>E?< <Siro= 64 �4=F4 F4D4L <??4D<=<=7 5<D E<? G7G=?<>?4D447< 64D<4FF<O 
>>MDD<F<5=F?4D<=<=7 �<=<4F?4D< <D>44?4=74= 4<47D4<<4 2-D4E<44 ^7 4>E<=< F>?74=. 
�<47D4<<4 4E>E<44 E4D <>>4?4 <?=<=7 3 64 10 <5FD G7G=?<>?4D447< =>F5><E?<> 
>^DE4F><G?4D<=<=7 �<=<4F?4D< <D>44?4=74=. 

 
        - �4=F4 F4D4L <?< (1)           - <Siro= <?< (2) 

2-D4E<. '7G=?<> 5^=<G4 64D<4FF<O >>MDD<F<5=F?4D< 4<47D4<<4E< 
�4D<4FF<O >>MDD<F5=F<=<=7 �<=<4F?4D< 5^=<G4 ·>E<? 5^?74= 4<47D4<<4 F4·?<?< 

=4F<64?4D<74 >^D4 <Siro= <?<=<=7 G7G=?<> 5^=<G4 =>F5><E?<7<, �4=F4 F4D4L <?<=<=7 
G7G=?<> 5^=<G4 =>F5><E?<7<44= >4< M>4=?<7<=< >^DE4F44<. �G ME4 >?<=74= <Siro=<?<=<=7 
�4=F4 F4D4L <?<74 =<E54F4= E<D4F?< M>4=?<7<=< 4=7?4F44<. 

&46D<54 >^DE4F><G?4D< 4E>E<44 <Siro= <?< ^7<=<=7 G7<?<L447< ?<L<�?<7<=<=7 
N�>D<?<7<, <?447< 5GD4<?4D74 55D<?4UF74= 5GD4<?4D =G=4?<L< Z/Z 5^?74=?<7< ·<E>5<74 
<?447< =>F5>E?<> >4<4=<L<74 MD<L<?4<. 
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Annotation 
Annotation: The article studies the problems of alternating and direct currents. Existing and 

widely spread types of great current converter meters are analyzed. Advantages of magneto-
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1. Introduction 
At the current stage of energy development, when electrical appliances and power tools are 

widely used, accurate measurement of current strength is important in ensuring high reliability and 
safety of industrial systems and networks.  

As an example, consider the measurement of large currents in electrified rail transport: 
traction generators. Locomotive and electric locomotive motors, traction substation transformers 
and converters (samplers), power transmission lines, consumers and separate elements of electrified 
railway power supply system (27.5 and 6 kV inputs, 6 kV distribution device feeders, contact 
network, maintenance points, SCBS (signalling, centralization, blocking systems), TCR (two-
conductor-rails), compensating devices, bus connectors, chargers together with control and 
management of battery operating modes; testing, manufacture and consumption of electrical 
equipment and devices in the process of managing tasks such as accounting for the electricity being 
done, there is a need for large AC and AC converters. 

1.1 Classification of measured currents by value. 
Due to a large number of controlled and controlled objects, the size of the corresponding 

currents, it is necessary to define the concept of "large" current. The lower limit of the measured 
"large" current can be set based on a zero value that can be measured directly by the ammeters used 
in practice [1]. In practice, ammeters use additional scale converters to expand the measuring range. 
The upper limit of such ammeters can be several tens of amperes. On the other hand, the accuracy 
of the measurement should also be taken into account when setting the lower limit of current 
converters that measure larger currents. Analysis of current converters that measure large currents 
shows that the bulk of them can measure currents of 10A and larger with sufficient accuracy [2]. 
The series Z-source network, an expansion of the popular concept of the Z-source dc link, was 
originally proposed for boosting the output voltage of power electronic inverters. In this paper, that 
idea is extended on a three-phase indirect matrix converter. The converter is based on the 
ultrasparse matrix topology characterized by the minimum number of semiconductor switches [6]. 

The upper limit of large currents is determined by modern energy advances. The maximum 
currents taken by the industry are up to 500 kA in AC, up to 70 kA in the built-in alternating 
current, and up to 700 kA in the alternating current [3]. Currents of up to 1000 kA are expected in 
the future [4]. 

From the above, it can be seen that the measuring range of large currents is 10-106 A. The 
task of creating a universal device that can measure current at this scale with the required accuracy 
is very difficult and practically impossible. It is therefore recommended that the total scale be 
divided into the following small scales: Relatively small currents (10-102 A), large currents (102-
104A), very large currents (104-105A), very large currents (105 A and greater) and for each small 
scale a large current meter of this or that type and design solution should be recommended [4]. 
Many modern power conversion systems require a bidirectional energy transfer capability as a 
central part of their system operation [3]. AC and DC power transfer paradigms clashed with each 
other in the early days of the electric power system. [8]. Two types of DC-DC converters are 
compared [1]. 

1.2  Types of large current measuring converters. 
Due to the purpose of changing large currents, different requirements are placed on the 

accuracy characteristics of large current measuring transducers. For example, if the device requires 
high reliability and stability of characteristics to change large currents when used for control and 
management systems, the extreme precision required for typical test devices is not required. 
Extremely high accuracy of modification will be needed to test new products - electric machines, 
apparatus and more. Voltage Source Converter based High Voltage Direct Current (VSC HVDC) 
technology is used more and more in modern power systems [1]. To achieve an adequate reserve of 
reliability, large current measuring transducers with 2-3 times higher accuracy are used in these 
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cases. Voltage Source Converters (VSC) are becoming more common in modern High Voltage DC 
(HVDC) transmission systems [2]. We know that large currents and high-voltage scale 
transformations into an electricity metering system include the tasks of multiplying them and 
integrating them over time [6]. To achieve high accuracy of the final result, it is necessary to reduce 
the errors of all components of the error, including current and voltage converters. Large current 
measuring transducers designed for laboratory and scientific research differ in purpose from the 
devices discussed above. Correspondingly, their technical characteristics and constructive 
performance differ [1]. They differ primarily in the wide range of alternating current. The second 
peculiarity is that it requires very high precision. Therefore, from large current meters for laboratory 
and scientific research to electrotechnical devices, instruments for measuring (verification) work 
form a nomenclature for testing for various purposes. Microminiature electromechanical inertial 
sensors are created with electrostatic converters which possess high adaptability to manufacture [1]. 

There are some peculiarities of measuring large currents [1, 7]. One of them is a very strong 
precise chain and depends on their geometric dimensions. The conductors in such chains are solid 
stationary tires or tire packages that are rigidly mounted. Separation of conductors from this is 
labour-intensive and impossible to do in the right place and time. Accordingly, one of the 
requirements is the separation of large current measuring transducers. The next peculiarity of large 
current circuits is the continuity of the power supply system. In AC and DC power lines (up to 750-
1500V), the main requirement at the outputs of transformers and generators is to provide galvanic 
separation between measuring and power circuits [8]. 

Large DC sources typically use symbolic, semiconductor, or thyristor AC-to-AC converters. 
In this case, large alternating currents are obtained not from one, but several units connected in 
parallel to the total load. In most cases, these currents are measured, i.e. separately from each unit, 
and from their sum secondary signals of the converters are formed [7]. 

In measuring and controlling large currents, the main purpose of changing a large current 
value is through a measuring transducer, which is usually a change in electrical (current, voltage) 
magnitude to a second physical quantity. The measured magnitude value is proportional to the large 
current and is convenient to transfer to measuring or control and monitoring systems, the scale of 
change and other technical characteristics are coordinated with the output characteristics of the 
measuring transducer. 

It is known [1] that there are two views (principle) of the physical nature of current in existing 
large current measuring transducers: 

1. The occurrence of potential difference in alternating current flowing resistance 
terminals; 

2. The formation of a magnetic field in the space around the conductor is used by the 
law of complete current. In the latter case, the magnetic field is often an intermediate magnitude, 
and in the first case, the measuring variable does not play the role of the output magnitude as the 
voltage obtained at the output. The state in which a large current meter is used in the first principle 
is called resistive, and the state in which the second principle is implemented is called 
electromagnetic because the current is used in one form or another. Depending on the conversion of 
the magnetic field to the output signal, a large current measuring transducer is distinguished as 
follows: Induction (current transformer), magnetic modulation (alternating current transformers), 
magneto-current comparators, magneto-galvanic, magneto-resonance, magneto-optic, 
electromechanical. In modern railways coaches, the electrical separation between the high voltage 
side and the auxiliary types of equipment on the consumer side is realized by means of heavy and 
bulky 50 Hz transformers [5]. 

1.3 Application of large current measuring transducers depending on the current 
value 

Because of the above, the selection and use of this or that type of large current measuring 
transducers should take into account the specifics of the object and the purpose of their application. 
Boost and Buck-Boost PFC converter faces very high THD and poor PF in open loop control [5]. 
Comparing the metering converters used in our opinion and practice in the management and control 
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of power supply equipment in the national economy and electric transport, the results of the analysis 
are promising to use magneto-galvanic and magneto-modulation measuring converters and AC 
transformers in large AC transformers (Table 1). 

Purpose of 
application 

Manageme
nt and 
control 

Inspection 
of 

measuring 
instrument

s 

Testing of 
electrical 
equipmen

t 

Laborator
y and 

scientific 
research 

Electricity 
accounting 

Extre
mely 
high 

voltage 
devices 

Relatively 
small 
currents 
(10-102A) 

Magneto-
galvanic, 
current 
transformers 

Magnetic 
current 
comparators 

Resistive, 
current 
transforme
rs 

Magnetic 
resonance, 
current 
transforme
rs 

Resistive, 
current 
transformers 

Magnet
o-optic 

large 
currents 
(102-104A) 

Electromech
anical 
current 
transformer 

Magnetic 
current 
comparators 

Magnetic 
resonance, 

current 
transforme
rs 

Magnetic 
resonance, 

current 
transforme
rs 

Current 
transformer, 
AC 
transformer 

Remote 
current 
transfor
mer 

Very large 
currents 
(10 / 4-10 / 
5A) 

Magneto-
galvanic, 
current 
transformers 

Magnetic 
current 
comparators 

Magneto-
galvanic, 
current 
transforme
rs 

Current 
transforme
r, AC 
transforme
r 

Alternating 
current 
transformer, 
magnetic 
current 
comparator 

- 

Extreme 
currents 
(105A and 
greater) 

Magneto-
optic 

Magneto-
optic 

Magneto-
optic 

Induction Magnetic 
current 
comparator 

- 

Table 1. Purposes of application of large current measuring converters. 

1.4 Application of large current meters depending on mains voltage. 
When we studied the application of large current measuring transducers above depending on the 

current value, we saw that the following four types of measuring transducers are used: resistive, 
magneto-galvanic, current transformer and magneto-optic. Let us consider these measuring 
converters for three classes of voltage (low to 1kV, medium to 6-35 kV, high to 110-750kV). 

Description Current transformers Resistive Magneto-galvanic Magne
to-

optic 

Operating 
temperature 
range, °C 

-45 - +60 -40-+60 -40-+150 

N
ot

 a
pp

li
ca

bl
e 

Rated voltage, 
kV 

To 0,66 kV To 1 kV 

 

to 6 kV 
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Nominal 
current, A 

5; 10; 15; 20; 30; 40; 50; 
75; 80; 100; 150; 200; 

300; 400; 600; 800; 
1000; 1500; 2000; 3000; 

4000; 5000; 6000 
15000; 25000 

0,3; 0,5; 0,75; 1; 
1,5; 1; 1,55; 4; 5; 

6; 7,5; 10; 15; 
20; 30; 50; 75; 
100; 150; 200; 
300; 500; 600; 

1000; 1500; 
2500; 4000; 
6000; 7500; 

10000; 15000 

Open type: ± 57, 
..., ± 950 

Compensation 
type: ± 5, ... ± 1200 

A with a logical 
output of 0.5; 3.5; 

5.0; 7.0; 10; and 54 
A 

Shelf life, years 30 15 20 

Working 
frequency 

50, 60 Hz 500 kHz Open type: 100 
kHz, compensation 

system  1 MHz 

Galvanic 
dependence 

Electromagnetic No absolute 

Price High Low Medium / high 

Accuracy class 0,2; 0,2S;0,5S,1 0,2; 0,05; 0,1; 
0,2; 0,5 

0,1 to 0,8 

Weight, kg 0.5 to 150 0,1 to 35 To 1 kg 

Table 2. 1 kV rated voltage. 

Description Current transformers Resistive Magneto-
galvanic 

Magneto-
optic 

Operating 
temperature 
range, °C 

-45 -+50 

N
ot

 a
pp

li
ca

bl
e 

N
ot

 a
pp

li
ca

bl
e 

N
ot

 a
pp

li
ca

bl
e 

Rated voltage, 
kV 

10 

Nominal 
current, A 

5;10;15;20;30;40;50; 
75;80;100;150;200; 
300;400;600;800; 
1000;1500;2000; 
3000;4000;5000;6000 

  Accuracy 
class 

0,25;0,5,5;0,5 

Weight, kg 20 to 90 

Working 
frequency, Hz 

50,60 

Secondary 
chain galvanic 

Electromagnet 
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bonding 

Secondary 
circuit output 
parameters 

1� 5� 

Price High 

Table 3. 6-35 kV Nominal voltage. 

   Description Current transformers        
Resistive 

Magneto-
galvanic 

Magneto-optic 

Operating 
temperature 
range, °C 

-60-+55   -50-+60 

Nominal 
voltage, kV 

110-750   110-750 

Nominal 
current, A 

100;150;200;150; 
300;400;500;600; 750; 
800;1000;1200 
1250;1500;1600;2000 
2500;3000;3500;4000; 
5000;6000;8000;9000; 
10000;12000;15000;18000 

  100-500000 

Accuracy class 0,2;05   0,2 

Weight, kg 450-7500   40 kg to 400 kg 

Use 30   30 

Secondary 
chain galvanic 
bonding 

 Electromagnet       Absolutely 

Price High   High 

Table 4. 110-750 kV Nominal voltage table. 

Conclusion 

The most common measuring meter in the management and control system of power supply 
facilities of the national economy and electric transport is a current transformer. It operates over a 
wide range of temperatures and rated currents, has sufficient accuracy for practical application, and 
can operate over a wide range of rated voltages. Current transformers provide secondary circuit 
galvanic separation [4]. The main drawback is that the secondary winding is not allowed to 
separate, as this creates an emergency due to overvoltage and overheating. A resistive measuring 
transducer can be used in low-voltage variable and fixed circuits. They are simple to perform, have 
high measurement accuracy, but have galvanic contacts, which limits their field of application.  

The analysis shows that a magneto-galvanic measuring transducer is now widely used to 
measure alternating and alternating currents. Disadvantages: temperature dependence, small 
nominal voltage range compared to current transformers, magneto-optic current transformers are 
used in most cases to measure very large currents. The future development of large current 
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measuring transducers should be focused on the creation of large-scale measuring transducers that 
change large currents on a large scale, have high measurement sensitivity at relatively small 
currents, provide stable characteristics and high metrological characteristics in transient processes in 
power supply systems. The SC converter is evidently a promising candidate for future high power 
density integrated DC-DC converters [7]. 
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