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Dolzarbligi: qayta tiklanadigan energiya manbalari tomonidan ishlab chiqariladigan elektr energiyasining ulushi
tobora ortib bormoqda, shu munosabat bilan shamol va gidrogeneratorlar asosidagi elektr manbalarini tatbiq qilish
va ularning avtomatik boshqarish tizimlarini rivojlantirish dolzarb ahamiyatga ega bo‘lib bormoqda. Bunday
o‘zgaruvchan tok generator qurilmalari tarkibida sinxron elektr mashinalar, fazali va qisqa tutashtirilgan rotorli
asinxron mashinalar qo‘llaniladi. Asinxron mashinalarning stator va rotor zanjirlariga o‘rnatiladigan chastota
o‘zgartkichlari ularni qo‘zg‘atish jarayonlarini boshqarish imkonini beradi, biroq generatsiyani boshlash uchun
qo‘shimcha tashqi ta’minot manbalaridan foydalanish talab etiladi. Magnit o‘tkazgichdagi qoldiq magnitlanish
tufayli qisqa tutashgan rotorli asinxron mashinaning stator chulg‘amlariga kondensator batareyalarini ulash orqali
uning o0°‘z-o‘zidan uyg‘onish jarayonini, hamda chiqish kuchlanishining barqarorligi kabi talablarni ta’minlash
mumkin. Taklif etilgan kondensatorli qo‘zgatish usuli markazlashmagan, ya’ni avtonom elektr ta’minoti
sharoitida generator qurilmasining ish rejimlarini o‘zgartirishga moslashishini ta’minlash imkonini beradi.
Mazkur maqolada, o‘tkazilgan tajriba natijalari asosida quvvati 4 kW bo‘lgan qisqa tutashgan rotorli asinxron
generator (AG) o‘tkinchi jarayonlaridagi chiqish kuchlanish qiymatini aks ettirgan ossillogrammalar olindi va
tahlil qilindi.

Magsad: avtonom holatda ishlayotgan AG ning yuklamasini o‘zgartirish jarayonidagi o‘tkinchi jarayonlarda
chiqish kuchlanishini barqarorlashtirish va natijalarini tahlil qgilish.

Usullari: tajriba asosida elektr energetikasi tizimlarining barqarorlashgan va o‘tkinchi jarayonlarini tahlil qilish
usullardan foydalanildi.

Natijalar: avtonom tizimlarning quvvat manbalari konstruksiyasining soddaligi, texnik xizmat ko‘rsatishning
qulayligi, nisbatan kichik massa (kVA/kg) va hajmga ega bo‘lishi, chiqish holat parametrlarining barqarorligi kabi
talablarga javob berishi lozim. Tahlil asosida AG ni qayta tiklanuvchi energiya manbalarida foydalanish bo‘yicha
tegishli takliflar kiritiladi.

Kalit so'zlar: qisqa tutashgan rotorli 0°z-o‘zidan qo‘zg‘atishli AG, reaktiv quvvatni avtomatik rostlash qurilmasi.
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AKTYyaJBHOCTb: JIOJIS JIEKTPOIHEPTHH, TIPOU3BOIMMON 13 BO30OHOBIISIEMBIX HCTOYHUKOB, HEYKIIOHHO PacTeT, B
CBSI3M C 9YeM IPHMEHEHHE BETPOBHIX M THPOTEHEPATOPOB, a TAKXKE Pa3BUTHE MX CHUCTEM aBTOMATHYECKOTO
YIOpaBICHUA NPHOOPETAIOT 0CcoOyI0 aKTyalbHOCTh. B cocTaBe Takux TIe€HEpaTopoB MEPEMEHHOIo TOKa
HCHOJIB3YIOTCS CHHXPOHHBIE JJISKTPUYECKHE MAIIMHBI, a TaKXKe AaCHHXPOHHBIE MAIIMHBI C (a3sHBIM |
KOPOTKO3aMKHYTBIM POTOpOoM. YacToTHele IpeoOpa3oBaTeNu, YCTaHaBIMBaeMble B LIEIHM CTAaTOpa U POTOpa
ACHHXPOHHBIX MAIllMH, TO3BOJIIOT YIPABIATh MPOLIECCAMU X BO30YXIEHMS, OJHAKO JUIA 3allycka FeHepaluuu
TpebyeTcs WCHOJB30BAaHUE JONOJNHUTENBHBIX BHEIIHMX HMCTOYHHKOB NHTaHUs. bilaromaps ocraTodHOH
HaMarHM4Y€HHOCTH B MarHHUTOIIPOBOJIE, ITyTe€M MOAKIIOYECHHS KOHICHCATOPHBIX Oarapeif k oOMOTKaMm craropa
ACHHXPOHHOI MAIINHEI C KOPOTKO3aMKHYTEIM POTOPOM, MOKHO 00ECTICUHUTH IIPOLECC CAMOBO30Y KICHNS, a TAKKe
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Takue TpeOOBaHMs, KaKk CTAaOWIBHOCTh BBIXOJHOTO HampspkeHus. [IpeanmaraeMeiii MeTol KOHAEGHCATOPHOTO
BO30YKICHUS MO3BOJIACT aaTHPOBATh TEHEPATOPHYIO YCTAHOBKY K M3MCHCHHUIO PEKUMOB PabOTHI B YCIOBHUAX
JICLICHTPAIM30BAaHHOTO, TO €CTh aBTOHOMHOTO 3JICKTPOCHAOKEHHUs. B JaHHOW cTaThe, Ha OCHOBE PE3yJIbTaTOB
MPOBEJICHHBIX YKCIICPUMEHTOB, ObLIH IOJIYYCHBI U TIPOAHATM3UPOBAHbI OCHUIIIIONPaMMBbI, OTPaXKAIOIINE 3HAYCHHUE
BBIXO/IHOTO HAIPSDKCHUS B TEPEXOAHBIX IMPOIECCax aCUHXPOHHOTO reHepatopa (Al) ¢ KOpOTKO3aMKHYTBHIM
POTOPOM MOITHOCTHIO 4 KBT.

Heanb: crabumu3anys BEIXOTHOTO HANPSDKEHHS B TIEPEXOHBIX TpoIeccax Mpu H3MEHeHH Harpysku AT, pabora-
FOIIIETO B aBTOHOMHOM PEXHME, U aHAITN3 MMOJYYCHHBIX PE3YJIbTATOB.

MeToabl: HCIOIH30BAIUCH METOBI aHAHM3a YCTAHOBHUBIIMXCS U TIEPEXOJHBIX MPOIECCOB B CHCTEMaX JJIEKTPO-
SHEPreTHKH Ha OCHOBE IKCIIEPUMEHTOB.

Pe3yabTaTbl: aBTOHOMHBIC CHCTEMBI JIOJDKHBI OTBEYaTh TAKMM TPEOOBAaHHUSIM, KaK MPOCTOTAa KOHCTPYKIIMU
HMCTOYHHMKA MTUTAHUSA, YA0OCTBO TEXHUUECKOTO OOCTYKHUBAHMS, OTHOCUTEIHHO Majas Macca (KBA/kr) u o0bem, a
TaKkKe CTAaOMJIBLHOCTh BBIXOJAHBIX TapaMeTpoB. Ha ocHOBe aHanu3a OyIyT BHECEHBI COOTBETCTBYIOIIUC
MPEATIOKEHUS 110 UCTIONB30BaHUI0 Al B BO30OHOBISIEMbIX HCTOYHHUKAX SHEPTHHU.

Knarwuessbie ciioBa: camoBo30ysknatommuiics Al' ¢ KOpOTKO3aMKHYTBIM POTOPOM, YCTPOHCTBO aBTOMATHUYECKOH pe-
TYJIMPOBKU PEAKTUBHOU MOIIHOCTH.
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Relevance: the share of electricity generated from renewable sources is steadily increasing, therefore, the use of
wind and hydrogenerators, as well as the development of their automatic control systems, is gaining particular
relevance. In the composition of such alternating current generators, synchronous electric machines, as well as as
asynchronous machines with a phase and short-circuited rotor, are used. Frequency converters installed in the stator
and rotor circuits of asynchronous machines allow for controlling their excitation processes, but for starting the
generation, it is necessary to use additional external power sources. Due to the residual magnetization in the
magnetic core, by connecting capacitor banks to the stator windings of an asynchronous machine with a short-
circuited rotor, it is possible to ensure the self-excitation process, as well as such requirements as the stability of
the output voltage. The proposed method of capacitor excitation allows for the adaptation of the generator unit to
changes in operating modes under decentralized, i.e., autonomous power supply conditions. In this article, based
on the results of the conducted experiments, oscillograms reflecting the value of the output voltage in the transient
processes of an asynchronous generator (AG) with a 4 kW short-circuited rotor were obtained and analyzed.

Aim: stabilization of the output voltage in transient processes when the load of the autonomously operating AG
changes, and analysis of the obtained results.

Methods: methods for analyzing established and transient processes in electric power systems based on experi-
ments were used.

Results: autonomous systems must meet requirements such as the simplicity of power supply design, ease of
maintenance, relatively small mass (kVA/kg), and volume, as well as the stability of output parameters. Based on
the analysis, appropriate proposals will be submitted for the use of AG in renewable energy sources.

Keywords: self-exciting short-circuited rotor AG, a device for automatic regulation of reactive power.

1. Kirish (Introduction)

Jahonda elektr energiyasiga bo‘lgan talabning ortib borishi munosabati bilan qayta tiklanuvchi
energiya manbalaridan foydalanish kengayib bormoqda. 2024-yilda qayta tiklanuvchi energiya
manbalari dunyoda ishlab chiqarilgan elektr energiyasining 33,5 foizini tashkil etdi, shundan 8,6 foizi
shamol elektr stansiyalariga to‘g‘ri keladi. Markazlashgan elektr ta’minotidan uzoqda joylashgan kichik
quvvatli avtonom iste’molchilarni ta’minlash birinchi navbatda shamol energiyasi manbalaridan
foydalanishga bog‘liq. Agentlik ma’lumotlariga ko‘ra, 2023-yilda qayta tiklanuvchi energiya
manbalarining o‘rnatilgan umumiy quvvati 3870 gigavattni tashkil etib, yangi rekordga erishdi. 2024-
yilda ishga tushirilgan yangi energetika quvvatlarining 86 foizi qayta tiklanuvchi energiya manbalariga
to‘g‘ri keladi. Shamol elektr stansiyalari (SHES) va gidro elektr stansiyalar (GES) dan foydalanishni
kengaytirilishi magsadga muvofiq hisoblanadi. O‘tkazilgan nazariy va amaliy tadqiqotlardan, mazkur
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stansiyalarda o‘z—o‘zidan qo‘zg‘atishli, qisqa tutashgan rotorli asinxron generatorlardan foydalanish
boshqa turdagi generatorlarga qaraganda texnik va iqtisodiy, hamda xizmat ko‘rsatilishi bo‘yicha qator
afzalliklarga ega ekanligi ma’lum bo‘ldi [1].

2. Usullar va natijalar (Methods and materials)

AG chigish kuchlanishini rostlovchi mikroprotsessorli reaktiv quvvatni avtomatik rostlash qurilmasi
(RQARQ) ning strukturaviy sxemasi 1 - rasmda ko rsatilgan.

Vuklama

1-rasm. Mikroprotsessorli RQARQ strukturaviy sxemasi
Fig.1. Structural diagram of the microprocessor ARPRD

1-rasmdagi sxema bo‘yicha AG, yuklamani 380 V sinusoidal kuchlanish bilan ta’minlaydi. Taqqoslash
elementining kirishiga generatordan chiqqan Ur, L4 signallari beriladi. Bunday holda, tagqoslash
elementi yuklama tokini generator salt ishlash toki bilan solishtiradi, ya’ni joriy toklar vektorlari
yig‘indisini yaratadi. Yuklama toki signalning parametrlarini I, = [, + I. ga o‘zgartiradi, bunda
kondensator toki yuklamaning induktiv tashkil etuvchisini kompensatsiyalashi nazarda tutiladi.
Natijada, dastlab, mikroprotsessorga, generatorga ulangan yuklamaga mos Ui va I signallari
uzatiladi. Biroq, mikroprotsessorga, ushbu signallardan tashqari yana faza siljish burchagi, quvvat
koeffitsiyenti kabi signallar uzatilishi mumkinligidan, mikroprotsessorli RQARQ dan ushbu qayd
qilingan signallar bo‘yicha ham rostlashni amalga oshirish mumkinligi ma’lum bo‘ladi. Amaliyotda
RQARQ dan, asosan iste’molchilar reaktiv quvvatlarining kompensatsiyasi uchun foydalanilganligi
sababli, qurilmaning faqat quvvat koeffitsiyenti kanali qo‘llangan [2].

Qaralayotgan, AG bilan bog‘liq mazkur ilmiy tadqiqotda, AG ning yuklanish holatlaridagi chiqish
kuchlanishining o‘zgarishlarini RQARQ tatbiq qilgan holda rostlanishiga erishildi, ya’'ni RQARQ ning
kuchlanish kanali qo‘llanildi.

AG ga ulangan yuklama miqdoriga qarab, mikroprotsessor tezlik bilan AG kuchlanishini nominal
qiymatlarda barqaror saqlab turilishini ta’minlovchi zaruriy kondensator sig‘imini aniglaydi va
kondensator batareyalaridan tegishli bittasini avtomatik ulash uchun ishga tushirgich (kontaktor)ga
komanda beradi. Har qanday ortib boruvchi yuklama uchun, shunga o‘xshash tarzda kondensator
batareyalarini avtomatik ravishda ketma-ket ishga tushirilishi ta’minlanadi [3].

AG ni qo‘zg‘atishda, miqdor va xarakter jihatidan turli yuklamalarni qo‘shish vaqtidagi o‘tkinchi
kuchlanish qiymatining o‘zgarishini qayd etish jarayonlari “UTD1000L” rusumidagi ossillografdan
foydalanildi.

AG ning chiqish kuchlanishi va chastotasi o‘zgarishlari generator asosiy magnit oqimi @
o‘zgarishiga bog‘liq bo‘lib, rostlash qurilmasiga ega bo‘lmagan AG ning chiqish kuchlanishi va
chastotasi qaysi yuklamagacha o‘zining nominal qiymatlarida o°zgarishsiz qolishini quyida keltirilgan
2-rasmdagi T-simon almashtirish sxemasi asosida tahlil qilindi [4].

IA¥e Iia R _jKl I'2a _'i!'i‘:
] _l .ﬂ|1 —112{-
Ry.| | Ikcl——C |}l' 2 iXn - R'2
- -j Xe S

2-rasm. Nominal kuchlanishda qo‘zg‘atilgan AG almashtirish sxemasi
Fig.2. Nominal voltage induced AG replacement circuit

Ushbu sxemadan, AG aktiv yuklamasining oshishi sirpanish S ning ortishini, natijada rotor aktiv
qarshiligi R, ni kamayib, rotor aktiv toki /24 ning oshishini, natijada stator aktiv toki /;4 ni oshishini
keltirib chiqaradi. /;4 ning oshishi esa stator chulg‘amining aktiv va induktiv qarshiliklaridagi
kuchlanish tushuvining oshishi hisobiga, aktiv yuklama va kondensator uchlaridagi kuchlanish U ni

kamayishini keltirib chiqarib kondensator toki /¢ (I, = xl) ni kamayishiga sababchi bo‘ladi. AG
C
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yuklamasining nominal quvvatdan oshishiga almashtirish sxemasidagi barcha aktiv va induktiv
qarshiliklar, jumladan stator aktiv va induktiv qarshiliklarining kamayishi mos keladi. AG ning
almashtirish sxemasidan generatorga ulangan yuklamaga mos ravishda kondensatorlar sig‘imining
avtomatik o‘zgarishi hisobiga yuklama uchidagi kuchlanishning barqaror saqlanishi ta’minlanadi [5].

2- rasmda, dastlab 4 kW 1i, AG ni salt ishlash holatida ishga tushirilgandan so‘ng, AG ning
chiqishiga hisoblash yo‘li bilan aniglangan fazaviy sig‘im Cgo'zer =17 mkF ni ulash orqali chiquvchi
fazaviy kuchlanishi U=220 V ga teng bo‘lgan holatda salt ishlayotgan AG ga 1,2 kW quvvatli aktiv
yuklamalar ulanganda ham chiqish kuchlanishining deyarli o‘zgarmasdan qolishi ma’lum bo‘ldi.

3- rasmda, AG chiqishiga 4 kW gacha ortib boruvchi uch fazali aktiv yuklama ulanganda, chiqish
kuchlanishi kontaktorlar va mikroprotsessordan iborat avtomatik rostlovchi qurilma hisobiga, o‘zining
nominal qiymati darajasida barqaror qolishi ma’lum bo‘ldi. Ossillogrammadan, AG chigishiga 3 kW
yuklama ulanganda o‘sha faza kuchlanishining 3 sek davomida 200 V gacha tushib, kontaktorlar va
mikroprotsessordan iborat avtomatik rostlovchi qurilma hisobiga qayta tiklanganligini ko‘rish mumkin

[6].

U(B)

t{c)

2-rasm. C=17 mkF=const holatida qo‘zg‘atilgan AG ga quvvati 1,2 kW gacha bo‘lgan uch fazali aktiv
yuklamalar ulangandagi chiqish kuchlanishining ossillogrammasi

Fig2. Oscillogram of the output voltage when connecting three-phase active loads with a power of up
to 1,2 kW to an AG excited at C=17 pF=const.

250 U (B)

200 1/

150
100

50
t(c)
0
18:47:01 1B:47:05 18-47:10 18:47:14 18:47:18 1B:47:23 18:47:27 18:47-31 18:47:36 1B:47:40 18:47-44
3-rasm. RQARQ dan iborat avtomatik rostlovchi qurilmaga ega bo‘lgan AG ga 0,45 kW 0,9 kW va 3
kW aktiv quvvatli yuklamalar ketma-ket ulanganida chiqish kuchlanishining o°zgarishi
ossillogrammasi
Fig. 3. oscillogram of the change in output voltage when loads with an active power of 0.45 kW, 0.9

kW, and 3 kW are connected in series to an AG with an automatic regulation device consisting of an
ARPRD.

Yuqoridagilardan, AG ning chiqishiga aktiv yuklama va turli yuklamali AD ulanganda ham
chiquvchi kuchlanishning barqaror qolishining sababi, ular tomonidan talab etiladigan reaktiv
quvvatning AG dan emas, balki ishchi kondensatordan uzatilishini ko‘rsatadi [7].

3. Natijalar va muhokama (Results and discussion)

Sanoatda ishlab chiqarilishi keng yo‘lga qo‘yilgan, kichik o‘lchamlardagi turli sig‘imli, arzon
kondensatorlar batareyalaridan foydalanilgan holda, Qoraqalpoq davlat universiteti “Energetika
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muhandisligi” kafedrasida, yig‘ilgan reaktiv quvvatni avtomatik rostlash qurilmasi (RQARQ) dan AG
chiqish kuchlanish rostlagichi sifatida tatbiq qilinishi, kontaktorlar va mikroprotsessordan iborat
avtomatik rostlovchi qurilma yordamida qisqa tutashgan an’anaviy rotorli AG ning har ganday
yuklamasida ham chiqish kuchlanishini nominal kuchlanish miqdorida o‘zgarishsiz qolishi ta’minlandi

[8].
4. Xulosa (Conclusion)

Xulosa shuki, sig‘imi avtomatik rostlanuvchi kondensatorlar majmuasidan iborat RQARQ hisobiga
AG yuklamasi miqdorlari har qanday o‘zgarganida ham AG chigishidagi kuchlanish miqdorining
barqaror, nominal miqdorlarda o‘zgarmasdan qolishi ta’minlanadi.

ADABIYOTLAR

1. I.U. Rakhmonov, K. M. Reymov, A.M. Najimova, B.Uzakov, B Seytmuratov. Analysis and cal-
culation of optimum parameters of electric arc furnace. Journal of Physics: Conference Series 1399
(2019) 055048, 1-4. DOI: 10.1088/1742-6596/1399/5/055048.

2.Y Bobojonov, B Seytmuratov, AN Sultanov, B Fayzullaev. Calculated studies of the vibrational
properties of the mode parameter of the electric power system containing asynchronous turbogenerators
by their frequency characteristics. E3S Web of Conferences 289 EDP Sciences 2021.
https://doi.org/10.1051/e3sconf/202128907025.

3. Allayev, K.R., Fedorenko, G.M., Postnikov, V.I., Ostapchuk, L.B. Asynchronous generators as
power system’s natural dampers. 43rd International Conference on Large High Voltage Electric Sys-
tems 2010, CIGRE 20102010, 9p43rd International Conference on Large High Voltage Electric Sys-
tems 2010, CIGRE 2010; Paris; France; 22 August 2010.
https://doi.org/10.1051/e3sconf/202021601177.

4. Fazylov Kh.F., Allaev K.R. Analysis of the operation of an electrical system during simultaneous
operation of synchronous and asynchronous generators. Power engineering New York Volume 18, Issue
3, 1980, Pages81-88. https://doi.org/10.1088/1757-899X/163/1/012033.

5. Yu.Bobozhonov, B. Seytmuratov, B. Fayzullaev, A Sultonov. Study of the influence of different
designs of massive rotor of asynchronous generator on their maximum power // E3S Web of Confer-
ences 216, 01168 (2020) RSES 2020 (Scopus). https://doi.org/10.1051/e3sconf/202021601168.

6. Yu.M. Bobozhonov, K. M. Reymov, B.T. Seytmuratov, Khakimov T.Kh. Research of the de-
pendence of the resistance of asynchronous generators with massive rotors on their design // E3S Web
of Conferences 384. 2023. PP, 01042, 1-4. https://doi.org/10.1051/e3sconf/202338401042.

7. Yu.Bobozhonov, B. Seytmuratov, B. Fayzullaev, A Sultonov, Sh. H. Husanov. Calculated studies
of the vibrational properties of the mode parameter of the electric power system containing asynchro-
nous turbogenerators by their frequency characteristics // E3S Web of Conferences 289 EDP Sciences
2021 (Scopus) https://doi.org/10.1051/e3sconf/202128907025.

8. Bobojonov Y.M., Reymov K.M., Seitmuratov B.T. Development of two-speed asynchronous
electric motors for the undercarriage of mine self-propelled cars // E3S Web of Conferences 384. 2023.
PP, 01044, 1-5. https://doi.org/10.1051/e3sconf/202338401044.

REFERENCES

1. I.U. Rakhmonov, K. M. Reymov, A.M. Najimova, B.Uzakov, B Seytmuratov. Analysis and cal-
culation of optimum parameters of electric arc furnace. Journal of Physics: Conference Series 1399
(2019) 055048, 1-4. DOI: 10.1088/1742-6596/1399/5/055048.

2. Y Bobojonov, B Seytmuratov, AN Sultanov, B Fayzullaev. Calculated studies of the vibrational
properties of the mode parameter of the electric power system containing asynchronous turbogenerators
by their frequency characteristics. E3S Web of Conferences 289 EDP Sciences 2021.
https://doi.org/10.1051/e3sconf/202128907025.

3. Allayev, K.R., Fedorenko, G.M., Postnikov, V.I., Ostapchuk, L.B. Asynchronous generators as
power system’s natural dampers. 43rd International Conference on Large High Voltage Electric Sys-
tems 2010, CIGRE 20102010, 9p43rd International Conference on Large High Voltage Electric Sys-
tems 2010, CIGRE 2010; Paris; France; 22 August 2010.
https://doi.org/10.1051/e3sconf/202021601177.

4. Fazylov Kh.F., Allaev K.R. Analysis of the operation of an electrical system during simultaneous
operation of synchronous and asynchronous generators. Power engineering New York Volume 18, Issue
3, 1980, Pages81-88. https://doi.org/10.1088/1757-899X/163/1/012033.

5. Yu.Bobozhonov, B. Seytmuratov, B. Fayzullaev, A Sultonov. Study of the influence of different

161

Version 3 2025 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.tdtu.uz/index.php/journal


https://energy.tdtu.uz/index.php/journal
https://doi.org/10.1051/e3sconf/202021601177
https://doi.org/10.1088/1757-899X/163/1/012033
https://doi.org/10.1051/e3sconf/202021601168
https://doi.org/10.1051/e3sconf/202338401042
https://doi.org/10.1051/e3sconf/202128907025
https://doi.org/10.1051/e3sconf/202338401044
https://doi.org/10.1051/e3sconf/202021601177
https://doi.org/10.1088/1757-899X/163/1/012033

Version 3 2025 PROBLEMS OF ENERGY AND SOURCES SAVING

designs of massive rotor of asynchronous generator on their maximum power // E3S Web of Confer-
ences 216, 01168 (2020) RSES 2020 (Scopus). https://doi.org/10.1051/e3sconf/202021601168.

6. Yu.M. Bobozhonov, K. M. Reymov, B.T. Seytmuratov, Khakimov T.Kh. Research of the de-
pendence of the resistance of asynchronous generators with massive rotors on their design // E3S Web
of Conferences 384. 2023. PP, 01042, 1-4. https://doi.org/10.1051/e3sconf/202338401042.

7. Yu.Bobozhonov, B. Seytmuratov, B. Fayzullaev, A Sultonov, Sh. H. Husanov. Calculated studies
of the vibrational properties of the mode parameter of the electric power system containing asynchro-
nous turbogenerators by their frequency characteristics // E3S Web of Conferences 289 EDP Sciences
2021 (Scopus) https://doi.org/10.1051/e3sconf/202128907025.

8. Bobojonov Y.M., Reymov K.M., Seitmuratov B.T. Development of two-speed asynchronous
electric motors for the undercarriage of mine self-propelled cars // E3S Web of Conferences 384. 2023.
PP, 01044, 1-5. https://doi.org/10.1051/e3sconf/202338401044.

162

Version 3 2025 PROBLEMS OF ENERGY AND SOURCES SAVING https://energy.tdtu.uz/index.php/journal


https://energy.tdtu.uz/index.php/journal
https://doi.org/10.1051/e3sconf/202021601168
https://doi.org/10.1051/e3sconf/202338401042
https://doi.org/10.1051/e3sconf/202128907025
https://doi.org/10.1051/e3sconf/202338401044

