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Dolzarblik: Ushbu magolada sinxron generatorlarning qo‘zg‘atish tokini nazorat qilish asosida uning
ishonchliligini oshirish usuli ishlab chigilgan. Sinxron generatorning qo‘zg‘atish cho‘lg‘amlari o‘zgarmas tok
manbasidan ta’minlanadi hamda qo‘zg‘atish tizimi ishlab chiqarilgan quvvatni boshqarish va himoya qilish
elementlarini o°z ichiga oladi. Ushbu usulning boshga mavjud usullardan fargi shundaki, generator qo‘zg‘atish
tokining o‘zgarish sabablari Matlab/Simulink dasturi yordamida ko‘rsatib berilgan.

Magsad: Mazkur usulni amaliyotga joriy gilishdan ko‘zlangan magsad generatorlarning ishlash davrida
go‘zg‘atish cho‘lg‘amlarini izolyatsiyasini shikastlanishini, quvvat o‘zgarishlarini, elektr tarmog‘iga beriladigan
kuchlanishning tushuvlari bilan bog‘liq bo‘ladigan avariyalarini oldini olish orgali ularning normal ishlash
davrini uzaytirish, texnologik jarayonning uzliksizligini ta’minlash, generatorning texnik - igtisodiy gismlariga
sarflanadigan xarajatlarni kamaytirish hamda iste’molchilarini uzluksiz elektr energiya bilan ta’minlashdan
iborat.

Usullar: Tadgigotni tizimli yondashuv, regression tahlil va eksprerimentni nazariy rejalashtirish metodlari orgali
olib borilgan. Elektr stansiyasi bir gancha qurilmalardan tashkil topgan bo‘lib bir-biriga bog‘liq ravishda ishlaydi.
Shuning uchun tizimli yondashuv murakkab tizimlarni tasvirlashda muhim rol o‘ynaydi. Sinxron generatorlarni
go‘zg‘atish tokini nazorat gilishda elektromexanik parametrlarini vaqtga bog‘liq holda o‘zgarish funksiyasini
matematik kutilma orqgali tasvirlash va optimal yechimni topish uchun regression tahlil metodidan foydalanish
qulayroqdir.

Natijalar: Tadqiqot natijalari “Navoiy issiqlik elektr stansiyasi” AJ da ishlab turgan 110 MVatt quvvatli sinxron
generator parametrlari asosida olingan. Elektr stansiyalarida joylashgan sinxron generatorlarni qo‘zg‘atish tokini
nazorat gilishda generatorning stator xamda rotor cho‘lg‘amlarining izolyatsiyasini shikastlanishi, kuchlanish
tushuvlarini, tarmoqga beriladigan quvvat o‘zgarishlarini, texnologik jarayonning uzluksizligini,
generatorlarning texnik-igtisodiy gismlariga sarflanadigan xarajatlarni kamaytirish, iste’molchilarni uzluksiz
elektr energiya bilan ta’minlash orqali energiya ta'minoti ishonchliligi va barqarorligini oshirishga erishildi.
Kalit so‘zlar: generator, qo‘zg‘atish tizimi, tok, kuchlanish, chastota, quvvat, stator, rotor, manba, ta’minot,
avariya, shikastlanish, elektr energiyasi iste’moli, Matlab/Simulink.
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AKTyaJIbHOCTB: B 1aHHOI1 cTaThe omuchIBaeTCsl pa3paboTaHHBINA METO/I MOBBILICHUS HAAS)KHOCTH CHHXPOHHBIX
TeHEepaTOpPOB Ha OCHOBE YIPABJICHUS] TOKOM BO30y»kIeHHUs. Bo30yxknaromme memu CHHXPOHHOTO TeHepaTopa
MIUTAIOTCS OT HCTOYHHKA TIEPEMEHHOTO TOKA, a CHCTeMa BO30YXKICHHS BKIIOYAeT B ceOsl 3TIEMEHTHI yIPaBI eHUS
n 3amuTel. OTIHYHe 3TOTO METOa OT APYTUX CYIIECTBYIONIUX 3aKII0YaeTCS B TOM, YTO MPHINHBI H3MEHEHUS
TOKa BO30YKICHUS T€HEpaTOpa ONPENENSIOTCs ¢ MOMOIIBIO MporpaMmMbl Matlab/Simulink.

Hens: Llenbio sBisieTcs BHEAPEHHE JaHHOTO METOJAA B MPAKTHKY ULl IPOJUICHUS CPOKa HOPMaJIbHOW PaboThI
TeHEepaToOpoOB MyTeM MPeJOTBPAIIeHHs] MOBPEXKICHHUI BO30YKTAIOMNX KOJEI, W3MEHEHHH MOIIHOCTH H3-3a
aBapHii, CBA3aHHBIX C IMAJCHUEM HANpSHKEHUs, MOJAaBAEMOTO HAa HJIEKTPUUIECKYIO CETh; CHI)KEHHE TEXHHKO-
9KOHOMHYECKUX

3aTpaT Ha DJJEMEHTHl TeHepaTopa u obecredyeHne TmoTpedHuTeNnel OecrmepeboitHon

JJIEKTPOIHEPTUEH.
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Metoasi: MccnenoBanue MpoBOIMIOCH HA OCHOBE CUCTEMHOTO MOJIX0/1a, METOJ0B PErPECCHOHHOTO aHalu3a 1
TEOPHUH IUIAHUPOBAHMS HKCIEPUMEHTA. DJIEKTPOCTAHLUH ¢ CHHXPOHHBIMH T€HEPAaTOPaMU COCTOUT U3 MHOTHX
YCTPOWCTB, KOTOPBIE pabOTAIOT HE3aBUCHMO APYT OT ApyTra. [103ToMy cHCTEMHBIH OAXO0/1 UTPAET BAXKHYIO POJIh
B ONHCAHUU CIOXHBIX cucTeM. [IpHu ympaBieHHH TOKOM BO30Y>KICHHS CHHXPOHHBIX T€HEPAaTOpOB ynoOHee
onucate (PyHKIUIO W3MEHEHHUS JJEKTPOMEXaHMYECKHX MapaMeTpOB BO BPEMEHU B BHAE MAaTEMaTHYECKOTO
OKHIIAHKS, @ TAKXKE UCTIOIB30BaTh METO/I PETPECCHOHHOTO aHAN3a ISl ONIPEEICHUS ONTUMAIBHOTO PEIICHHS.
PesyabraThi: Pe3ynbraThl uccnemoBaHus ObUTH TMOJTY4YEHBbl HAa OCHOBE aHajIW3a MapamMeTpoB CHHXPOHHOIO
re”eparopa MoiHocThio 110 MBT, Ha AO “HaBowuiickas TeruioBas snektpoctanuus”. [ToBbleHHe HaIEKHOCTH
U YCTOWYHMBOCTH DHEPrOCHAOKEHHS JOCTHIAaeTCS 3a CUCT KOHTPOJIS TOKa BO30OYXKICHHS CHHXPOHHBIX
TeHEepPaTOPOB AJIEKTPOCTAHIMH, KOHTPOJISI U30JSIUH CTATOPOB U POTOPOB, MaJl€HUH HANpSHKEHHs, N3MEHEHUH
MOIIHOCTH, CHIDKAIOTCS 3aTpaThl HA TEXHUKO-DKOHOMHYECKHE KOMIIOHEHTHI TE€HEPaTOpPOB, 00ECIeYMBAETCS
Oecrniepe0oitHOE ANEKTPOCHA0KEHHE TOTPEOUTETEH.

KiioueBble c1oBa: reHeparop, ciucTeMa Bo30yKIeHus, TOK, HAPsHKEHHUE, YacTOTa, MOIIHOCTb, CTATOP, POTOP,

WCTOYHHUK MMTAHUS, aBapysl, TOBPEKICHUE, MOTPeOIeHHE A1eKTpodHepriu, Matlab/Simulink.
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Relevance: In this article, a method has been developed to increase its reliability based on controlling the
excitation current of synchronous generators. The excitation circuits of the synchronous generator are powered
by an alternating current source, and the excitation system includes controls and protection of the generated
power. The difference between this method and other existing ones is that the reasons for the change in the
excitation current of the generator are indicated using the Matlab/Simulink program.

Aim: The purpose of introducing this method into practice is to extend the period of normal operation of
generators by preventing damage to the insulation of the exciting rings, power changes, accidents associated with
adrop in voltage supplied to the electrical network, ensuring the continuity of the technological process, reducing
the cost of technical and economic parts of the generator and providing consumers with uninterrupted electricity.
Methods: The study was conducted using a systematic approach, regression analysis methods and theoretical
experimental planning. The power plant consists of several devices that operate independently of each other.
Therefore, a systematic approach plays an important role in the description of complex systems. When controlling
the excitation current of synchronous generators, it is more convenient to describe the function of changing
electromechanical parameters over time using mathematical expectation and use the regression analysis method
to find the optimal solution.

Results: The results of the study were obtained based on the parameters of a 110 MW synchronous generator
operating at Navoi Thermal Power Plant JSC. Increasing the reliability and stability of power supply was achieved
by controlling the excitation current of synchronous generators located at power plants, damage to the insulation
of the stator and rotor of the generator, voltage drop, changes in power supplied to the network, continuity of the
technological process, reducing the cost of technical and economic components of generators, uninterrupted
power supply to consumers.

Keywords: generator, excitation system, current, voltage, frequency, power, stator, Rotor, Source, Power supply,
accident, damage, power consumption, Matlab/Simulink.

1. Kirish (Introduction)

Hozirgi vagtda respublikamizda elektr energiyani ishlab chigarish bo‘yicha sinxron generatorlardan
keng ko‘lamda foydalanilib kelinmoqda, qolaversa sinxron generatorlar elektr stansiyalarning asosiy
negizi hisoblanadi. Shunday ekan, sinxron generatorlarning ish jarayonlarida sodir bo‘ladigan
avariyalarni erta aniglab bartaraf etish bugungi kunning dolzarb vazifalardan biri hisoblandi [1-2].
Sinxron generatorlarning ish jarayoniga ta’sir qiluvchi avariyalardan biri bu uning qo‘zg‘atish
tizimidagi tokning o‘zgarishi ogibatida vujudga keladigan avariyalardir. Ushbu tizimda vujudga
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keladigan avariyalar tufayli ishlab chiqarilayotgan elektr energiyaning sifatiga katta ta’sir ko rsatadi,
natijada, stator va rotor orasida hosil bo‘ladigan magnit maydonining o‘zgarishi, chastotaning og‘ishiga,
stator va rotor gismlarining harorati ko‘tarilishiga, izolyatsiyaning yemirilishiga, bu holatlar esa
generatorning ish rejimlariga salbiy ta’sir ko‘rsatadi. Sinxron generatorlarni qo‘zg-atish tizimidagi tok
bilan bog‘liq bo‘lgan muammolarni oldini olish uchun generatorlarning go‘zg‘atish tokini muntazam
ravishda nazorat gilib, diagnostik tahlil olib borish lozim bo‘ladi. Natijada, generatorning qo‘zg‘atish
toki bilan bog‘liq bo‘ladigan avariyalarni erta aniglanib ularni bartaraf etish imkoni yaratiladi [3-4].

2. Materiallar va usullar (Materials and Methods)

Issiglik elektr stansiyalari hamda gidroelektr stansiyalarida joylashgan katta quwvvatli sinxron
generatorlarning rotoriga o‘rnatilgan go‘zg‘atish chulg‘ami generatorning asosiy magnit maydonini
hosil gilish uchun xizmat qilib kelmogda. Ushbu chulg‘am o‘zgarmas tok manbaidan ta’minlanadi.
Oc‘rta va katta quvvatli sinxron generatorlarning go‘zg‘atish chulg‘amlari shu generatorning valiga
o‘zgarmas tok generatoridan ta’minlanadi [6]. Qo‘zgatish tizimining asosiy vazifasi har qanday
ekspluatatsiya ishonchlilik, foydalanishning qulayligi, texnik xizmat ko‘rsatishda va bargarorlikda
o‘tkinchi jarayonning turg‘unligini saqlash hisoblanadi. Zamonaviy virtual kompyuter dasturlari orqali
generatorning gqo‘zg*atish tizimini boshqarish usullarining bir nechtasi mavjud (1-rasm).

Gibrid qo ‘zg ‘atish usuli PLC asosidagi boshgaruv usuli

O ‘z-0 zini qo ‘zg ‘atish usuli Adaptiv Boshgaruv usuli

Sinxron
generatorlarning
qo ‘zg ‘atish tizimini
boshqarish usullari

Fuzzy Tuned PID boshqgaruv usuli Sun’iy intellekt usuli

Ko p siklli boshqaruv usuli Genetik algoritm usuli

Teskari qo zg ‘atishli

’ Klemmalar orgali boshgariladigan
boshgaruv usuli

Hamiltonion tizimi

1-rasm. Sinxron generatorning go‘zg-atish tizimini boshqarishning usullari
Fig.1. Methods for controlling the excitation system of a synchronous generator

Statik qo‘zg*atish tizimini joriy qilish hamda cheksiz katta quvvatli tarmoq bilan sinxron generatorni
parallel ulab ishlatishning Matlab/Simulink virtual dasturi orgali simuliyatsiya modeli yaratilgan [7,8].

3. Natijalar (Results)

ST1A turidagi qo‘zg‘atish tizimida kuch hamda tok transformatorlar orqali generatordan ishlab
chigarilayotgan kuchlanish yoki tarmogning yordamchi shinasidan olingan kuchlanish qo‘zg‘atkichga
gaytariladi. Qo‘zg‘atkichga berilayotgan kuchlanish uch fazali to‘g‘rilagich yordamida to‘g‘rilanadi va
boshgariladi. Ushbu turdagi qo‘zg‘atish tizimida maksimal qo‘zg‘atuvchi kuchlanish to‘g‘ridan-to‘g‘ri
generator ishlab chiqarayotgan elektr enegiyasining kuchlanishiga bog‘lik bo‘ladi. Qo‘zg‘atish
tizimining ST1A turida qo‘zg‘atkichga beriladigan kuchlanishni to‘g‘rilagich yordamida boshqarish
imkoniyati yaratiladi (2-rasm) [9,10,11].

vio

ret o | vaoka
VAO=Efd0+KLR" (Ifd-ILR)
VAD/Ka - _ VAmax
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Initial values are shown in biue

2-rasm. ST1A turidagi statik qo‘zg-atish tizimining prinsipial sxemasi
Fig.2. A principled scheme of a static excitation system of type ST1A
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Shunday qilib, yugorida keltirilgan ST1A tizimda, generatorning klemmalarida vujudga keladigan
nosozlik hamda qo‘zg‘atkichga beriladigan kuchlanishni kamayishini bartaraf qilish imkoniyati yaratish
mumkin [12]. Qo‘zg‘atkichning maksimal kuchlanishi generatorning ishlab chiqarilayotgan
kuchlanishga to‘g‘ri proportsional va to‘g‘rilagichning tartibga solish samarasi kirish signali (KS)
giymati bilan ifodalanadi. Ko‘p hollarda generator rotorini va go‘zg‘atkichni himoya qilish uchun
go‘zg‘atish tokini cheklagich o‘rnatiladi [13,14].

4. Muhokama (Discussion)

CHegaraviy dastlabki tokni (1d) parametri bilan, kuchaytirish koeffsentini esa (Cch) parametrlari
orgali belgilanadi. Ushbu modelda cheklovchi ST1A turidagi qo‘zgatish modelining mos giymatlari
bilan chegaralovchi modelning qiymatlarini mosligini ta’minlash uchun o‘rnatiladi. Matlab/Simulink
virtual dastur orgali SMIB (Single Machine Infinite Bus — katta kuvvatga ulangan tarmoq) ga ulangan
sinxron generatorning ST1A turidagi qo‘zg‘atish tizimining virtual modeli ishlab chigilgan (3-rasm).

Ao

3-rasm. Sinxron generatorning ulangan ST1A turidagi qo‘zg‘atish tizimining virtual modeli
Fig.3. Virtual model of the stla type excitation system to which the synchronous generator is connected

SMIB ga ulangan sinxron generatorning ST1A turidagi qo°‘zg‘atish tizimini quyida Matlab/Simulink
virtual mubhitida olingan simuliyasiya natijalari ko‘rsatilgan. Simuliyasiya vagti t = 5 sek vaqt davomida
amalga oshirildi (4-rasm).

<Elecirical power Pe (pu)>

4
U

04

0z

[ I I

<Rotor speed wm (pu)>

<Eleciomagnetic lorque Ta (pu)>

<Load angle delta (deg)>

0 05 1 5 2 25 a a5 4 a5

4-rasm. Sinxron generatorining ST1A turidagi qo‘zg‘atish tizimi olingan natijalar
Fig. 4. Results obtained from the ST1A type excitation system of the synchronous generator
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E3]

4- rasmda keltirilgan “ ” rang generatorning ishlab chiqarayotgan quvvati o‘zgarishi;
rang generatorning rotorini o‘zgarishi holati; “ ” rang generatorning elektromagnit momenti
o‘zgarish holati; ” rang generatorga beriladigan qo‘zg‘atish toki ko‘rsatilgan.

Yugorida keltirilgan rasmda simuliyatsiya natijalari kelitirilgan bo‘lib, bular:

1 - holatda generator ishga tushishda quvvat o‘zgarishi 0 + 1.5 sekund davomida o‘zgarishini
kuzatish mumkin, 1.5 sekunddan keyin generator bargaror holatda ishlay boshlaydi;

2 - holatda rotorning tezligi qo‘zg‘atish toki berilgan holatda unda tebranish kuzatiladi va u 1.1
sekundda o‘z holatiga gaytib nominal tezlikda harakatlanadi;

3 - holatda generatorga Qo‘zg‘atish toki boshlang‘ich holatda berilganda generatorning
elektromagnit momentni 0 + 1.1 sekund oralig‘ida o‘zgarishini ko‘zatiladi va u 1.1 sekunddan so‘ng
bargaror holatga o‘tadi;

4 — holatda generatorga berilgan qo‘zg‘atish tokini o‘zgarishi kursatilgan bo‘lib unda boshlang‘ich
0 giymatdan 0.5 sekundda berilgan nominal qiymatga erishadi, 0.5 + 1 sekund oralig‘ida generatordagi
o‘tkinchi jarayonning hisobiga qo‘zgatish tokini giymati biroz ko‘tariladi va 1 sekunddan so‘ng
go‘zg‘atish toki nominal holatga tushishini kuzatish mumkin [14,15].

5. Xulosalar (Conclusions)

Xulosa gilib shuni aytish mumkinki elektr stansiyalarida joylashgan katta va kichik quvvatli sinxron
generatorlarni  go‘zg‘atish tokini nazorat qilish generatorlarning elektromagnit-aylantiruvchi
momentini, ichki gizishlarini, izolyatsiyaning yemirilishlarini, rotor aylanish tezligining o‘zgarishlari
va ishlab chigarilayotgan elektr energiyasining sifatining buzilishi hamda ish jarayonlarida buladigan
avariyalarni aniglash imkonini beradi. Natijada, generatorning ish jarayonlarida vujudga keladigan
avariyalar erta bartaraf etilib, generatorlarning muddatdan oldin ta’mirga kelish holatlarining oldini
olishga erishiladi.
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