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SUN’IY NEYRON TARMOG*‘I YORDAMIDA ASINXRON MOTORLARNING
NOSOZLIKLARINI MONITORING QILISH VA DIAGNOSTIKA QILISH
Nizamov J.A.

Andijon davlat texnika instituti.

Annotatsiya. Uch fazali asinxron motorlar sanoat jarayonlarida keng qo ‘llaniladi va ulardagi nosozliklar ishlab
chigarish samaradorligiga jiddiy ta’sir ko ‘rsatadi. Ushbu tadgqiqot tok, harorat va vibratsiya signallarini tahlil qilish
asosida nosozliklarni erta aniqlash va diagnostika qilish usulini taklif etadi. Tajribalar test stendida stator
nomutanosibligi, rulman shikastlanishi va mil nomutanosibligi sharoitlarida o ‘tkazildi. Nosozliklarni tasniflash uchun
NARX sun’iy neyron tarmog‘i ishlab chiqildi va optimallashtirildi. Natijalar model yuqori aniqlikka ega ekanini
ko ‘rsatdi: nosoz motor 94,2%, mil nomutanosibligi 95%, rulman 98%, stator 95%

Kalit so“zlar: sun’iy intellekt nosoz liklarni tasniflash asinxron motor sun’iy neyron tarmoq

MONITORING AND DIAGNOSIS OF FAULTS IN THREE-PHASE ASYNCHRONOUS
MOTORS USING ARTIFICIAL NEURAL NETWORKS
Nizamov J.A.

Andijan state technical institute.

Annotation. Three-phase induction motors play a critical role in industrial applications, and their failures may
lead to serious operational problems. This study focuses on early fault detection using current, temperature, and
vibration signals combined with artificial intelligence techniques. Experiments were performed on a test bench
simulating stator unbalance, bearing damage, and shaft misalignment. A NARX neural network was developed and
optimized for fault classification. The results demonstrate high performance, achieving accuracies of 94.2% for faulty
motor, 95% for misalignment, 98% for bearing faults, and 95% for stator faults

Keywords: artificial intelligence; neural networks; induction motor; fault monitoring; fault diagnosis;
classification; NARX.

Utch fazali asinxron motorlar (UFA) zamonaviy sanoatning deyarli barcha tarmoglarida keng
qo‘llaniladigan asosiy elektr yuritma elementlaridan hisoblanadi. Ular ozig-ovqat sanoatidagi
sanitariya talablari yuqori bo‘lgan muhitlardan tortib, neft-kimyo, metallurgiya va og‘ir sanoat kabi
murakkab ekspluatatsiya sharoitlarigacha bo‘lgan jarayonlarda samarali ishlatiladi. Past tannarx,
konstruktiv soddalik, mexanik mustahkamlik va yuqori ishonchlilik uch fazali asinxron
motorlarning sanoat yuritmalarida keng tarqalishiga asosiy sabab bo‘lmoqda. Uch fazali asinxron
motorlar elektr energiyasini mexanik energiyaga aylantiruvchi elektromexanik o‘zgartirgichlar
bo‘lib, elektr tarmog‘idan olinadigan quvvatni yukka uzatiladigan mexanik chiqish quvvatiga
transformatsiya qiladi. Ushbu jarayonda tabiiy issiqlik va elektr yo‘qotishlar mavjud bo‘lishiga
qaramay, motorlar yuqori foydali ish koeffitsiyentini saqlab qoladi.

Masalan, Braziliyada sanoat sektori umumiy elektr energiyasi iste’molining 31,6 foizini
tashkil etadi, shundan taxminan 68 foizi elektr motorlari hissasiga to‘g‘ri keladi. Bu esa motorlarni
samarali ishlatish va monitoring qilish orqali katta energiya tejash imkoniyatlari mavjudligini
ko‘rsatadi. Amaliy ekspluatatsiya jarayonida asinxron motorlar turli yuklamalar va stress omillariga
duch keladi. Atrof-muhit sharoitlari, issiqlik ta’siri, mexanik zo‘rigishlar, magnit maydon
o‘zgarishlari va elektr parametrlaridagi nomutanosibliklar motorlarda turli nosozliklarning yuzaga
kelishiga olib kelishi mumkin. Agar ushbu nosozliklar o‘z vaqtida aniqlanmasa, motorlarning
kutilmagan ishdan chiqishi, ishlab chiqarish samaradorligining pasayishi va sanoat xavfsizligiga
tahdid yuzaga kelishi ehtimoli ortadi. Statistik tahlillar shuni ko‘rsatadiki, asinxron motorlardagi
nosozliklarning taxminan 40-50 foizi mexanik tabiatga ega. Ushbu nosozliklar asosan rulman
shikastlanishlari va rotor-stator eksantrikligi bilan bog‘liq bo‘ladi. Rulman nosozliklari ichki yoki
tashqi halqa, aylanuvchi elementlar yoki qafas qismlarida yuzaga kelishi mumkin. Vibratsiya, ichki
mexanik stresslar, tabily eksantriklik hamda rulman orqali oqadigan toklar bu jarayonni
tezlashtiruvchi asosiy omillar hisoblanadi. Harorat omili ham rulmanlarning ishlash muddatiga
sezilarli ta’sir ko‘rsatadi. Shu sababli motor nominal yuk sharoitida ishlaganda uning harorati
belgilangan me’yorlardan oshmasligi lozim.

Elektr ta’minotidagi kuchlanish nomutanosibligi stator toklarining oshishiga, mis
yo‘qotishlarining ko‘payishiga va natijada motorning qizib ketishiga olib keladi. An’anaviy uch
fazali asinxron motorlar, odatda, atrof-muhit harorati 40 °C gacha bo‘lgan sharoitlar uchun
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mo‘ljallangan bo‘lib, ushbu chegaradan yuqori haroratlar issiglik stressini keltirib chigaradi. Asosiy
tushunchalar (Preliminaries) Uch fazali asinxron motorlardagi nosozliklarni monitoring qilish
sohasida ko‘plab tadqiqotlar olib borilgan. Turli metodlar, xususan, neyron tarmogqlar va sun’iy
intellekt (AI) asosidagi usullar, mexanik va elektr nosozliklarni aniqlash va tasniflashda samarali
ekanligi ko‘rsatildi. Diagonal takrorlanuvchi neyron tarmogqlar stator chulg‘amidagi qisqa
tutashuvlarni aniglashda yuqori aniqlikni ta’minlaydi. Tayanch vektor mashinasi va klonal tanlash
algoritmi esa uch fazali asinxron motorlarning stator va rotor nosozliklarini aniqlashda samarali
go‘llaniladi.Takrorlanuvchi neyron tarmoqlar hamda dinamik Bayes modellashtirish tizimining
parallel ishlashi orqali tizim chiqish signallari real obyekt ko‘rsatkichlari bilan solishtiriladi, bu esa
nosozliklarni erta bosqichda aniqlash imkonini beradi. Vibratsiya signallari, tok signallari va
akselerometr ma’lumotlari asosida nosozliklarni diagnostika qilish usullari ham keng
qo‘llanilmoqda. To‘lginli o‘zgartirish, Furye o‘zgartirishi va noaniq mantiq usullari signal
xususiyatlarini ajratish hamda nosozliklarni tasniflashda samarali hisoblanadi.

Radial bazis funksiyali neyron tarmogqlar va ko‘p qatlamli perseptron arxitekturalari stator
chulg‘amidagi qisqa tutashuvlar, rotor novdalarining uzilishi hamda podshipnik nosozliklarini
aniglashda yuqori aniqlik ko‘rsatadi. Shuningdek, AI usullari, xususan, chuqur o‘rganish va
uzluksiz o‘rganish (continual learning), yangi nosozlik turlarini aniqlash va diagnostika tizimlarini
kengaytirishda samarali vosita ekanligi ko‘rsatildi. Ushbu metodlar sanoat ilovalarida uch fazali
asinxron motorlarning ishonchliligini oshirish va texnikxizmat ko‘rsatishni samaraliroq qilish
imkonini beradi.

1-rasmda uch fazali asinxron motor (TIM) uchun nosozliklarni tasniflash daraxti keltirilgan
bo‘lib, u ikki asosiy toifaga ajratiladi: elektr nosozliklar va mexanik nosozliklar. Uch fazali
asinxron motorlarda uchraydigan nosozliklarning tagsimlanishi quyidagicha: rulman bilan bog‘liq
nosozliklar — 40%, stator chulg‘amidagi nosozliklar — 38%, rotor bilan bog‘liq nosozliklar —
10%, boshqa turdagi nosozliklar — 10% ni tashkil etadi [4].

I-rasm. Uch fazali asinxron motorlarda uchraydigan (TIM) nosozliklar

2-rasmda NARX turidagi neyron tarmoqning topologiyasi keltirilgan. Bu yerda uuu tashqi
kirish signali, oldingi chiqish (javob) signali, y(k)y(k)y(k) esa baholangan (hisoblangan) chiqishni
anglatadi. Tarmoqgdagi moviy bloklar kechikish elementlarini, ragqamlar bilan belgilangan doiralar
esa yashirin qatlamdagi neyronlarni ifodalaydi. Mazkur eksperimental stend real sanoat sharoitida
ishlayotgan dvigatelning ish rejimini modellashtirish imkonini beradi. Tadqiqot jarayonida ikki
asosiy turdagi nosozliklar tahlil qilindi. Birinchi toifa mexanik nosozliklar bo‘lib, ularga milning
muvozanatsizligi va rulmanlarning shikastlanishi kiradi. Ushbu nosozliklarni aniglashda asosan
vibratsiya va harorat signallaridan foydalanildi. Ikkinchi toifa elektr nosozliklar bo‘lib, ular stator
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chulg‘amlaridagi nugsonlar bilan bog‘liq bo‘lib, bunday holatlarda o‘ram toklarining va harorat
parametrlarining o‘zgarishi tahlil gilindi.

2-rasm. NARX neyron tarmog ‘ining topologiyasi

3-rasmda ROC egri chizigi (yashil, to‘q sariq va ko‘k ranglarda) namunalar ko‘rsatilgan.
Sezgirlik (sensitivity) va xoslik (specificity) qiymatlari 100% ga qanchalik yaqin bo‘lsa, sinovning
aniqligi shunchalik yuqori bo‘ladi. ROC egri
chizig‘i kesish (cutoff) qiymatlari o‘zgartirilganda
sezgirlik va xoslik ganday o‘zgarishini namoyish
etadi [3].
Ushbu tadqiqotda uch fazali asinxron motorlar
uchun mo‘ljallangan monitoring va nosozliklarni
diagnostika qilish tizimini yaratishda maxsus ishlab
chiqilgan metodologiyadan foydalanildi.
Eksperimental tadqiqotlar Braziliyada joylashgan
Rio Grande do Norte Federal University (UFRN)
ning mashinalar laboratoriyasida tashkil etilgan
sinov stendida olib borildi. Tok, vibratsiya va
harorat signallaridan tashkil topgan ma’lumotlar
to‘plami NARX tipidagi neyron tarmoq uchun 3-rasm. ROC egri chizig ‘i
kirish ma’lumotlari sifatida foydalaniladigan datasetni shakllantirishda qo‘llanildi. Sinovlar
motorning normal ish holatida, shuningdek, stator kuchlanishining nomutanosibligi, milning
eksantrikligi va rulman nuqsonlari kabi sun’iy ravishda hosil qilingan nosozlik sharoitlarida amalga
oshirildi. Keyingi bosqichlarda signallarni yig‘ish jarayoni, foydalanilgan o‘lchov qurilmalari va
qo‘llanilgan usullar, shuningdek nosozlik holatlarini emulyatsiya qilish mexanizmlari batafsil bayon
qilindi. Taklif etilgan metodologiyani amaliyotga tatbiq etish uchun ishlab chiqilgan blok-sxema
besh asosiy moduldan iborat bo‘lib, ular test stendi, ma’lumotlarni yig‘ish tizimi, signallarni qayta
ishlash bosqichi, NARX neyron tarmog‘i asosida klassifikatsiya qilish hamda yakuniy natijalarni
vizual va tahliliy shaklda taqdim etish jarayonlarini o‘z ichiga oladi. Ketma-ket bosqichlar asosida
motorlarning nosozlik holatlari aniqlanib, ularning ishonchli diagnostikasi amalga oshirildi [5].
Tajriba ishlarini amalga oshirishda DLB MAQ-RN rusumli eksperimental stenddan
foydalanildi. Ushbu stend Andijon davlat texnika instituti Elektr muhandisligi kafedrasi
laboratoriyasida o‘rnatilgan bo‘lib, uch fazali asinxron motorlarda signallarni yuqori aniqlikda
yig‘ish va nosozliklarni aniglash uchun zarur bo‘lgan texnik imkoniyatlar bilan ta’minlangan.
Mazkur stend yordamida bajarilgan tajribalar natijalari ishonchli va takrorlanadigan bo‘lishi
ta’minlandi. Dasturlashtirilgan nosozlik sinovlari elektr dvigatelidagi nosozliklarni signal tahlili
asosida aniqlashga garatilgan bo‘lib, maxsus ishlab chiqgilgan besh xil ssenariy asosida o‘tkazildi.
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4-rasm. Jarayonning blok-sxemasi.

Ushbu ssenariylar dvigatelning turli ekspluatatsion holatlarini aks ettirish maqsadida ishlab
chiqilgan. Ular normal ish rejimidan tashqari, milning nomutanosibligi, podshipniklarning
shikastlanishi hamda stator toki nomutanosibligi kabi sun’iy ravishda yaratilgan nosozlik holatlarini
ham oz ichiga oladi. Sinovlar dvigatelning uch xil aylanish tezligida amalga oshirildi: 900 ayl/min,
1200 ayl/min va 1800 ayl/min. Mazkur ish doirasida esa faqat 1800 ayl/min tezlikda olingan
eksperimental ma’lumotlar tahlil gilinadi. Ushbu holat mos yozuv (referens) rejimi sifatida gabul
qilinib, ideal sharoitlarda dvigatelning normal ishlash holatini ifodalaydi. Tajriba davomida
tebranish (vibratsiya), fazalardagi elektr toki va harorat signallari uzluksiz ravishda yig‘ib olindi.
20-rasmda datchiklar o‘rnatilgan dvigatelning umumiy ko‘rinishi tasvirlangan. Mos ravishda, 1 va
2-rasmlarda vibratsiya va tok signallarining vaqt sohasidagi grafiklari, 3 va 4-rasmlarda esa ushbu
signallarning chastota sohasidagi spektral ko‘rinishlari keltirilgan. Bundan tashqari, ideal ish
sharoitidagi dvigatel haroratining o‘zgarishi ham alohida ko‘rinishda taqdim etilgan [6].

5-rasm. Tebranish signalining vaqt sohasidagi ko ‘rinish
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6-rasm. Tebranish signalining chastota sohasidagi ko ‘rinishi

Xulosa. Ushbu tadqiqot doirasida uch fazali asinxron motorlarda nosozliklarni erta aniqlash
va ularning holatini baholashga qaratilgan, aqlli yondashuvga asoslangan integratsiyalashgan
diagnostika usuli taklif etildi. Tok, vibratsiya va harorat signallaridan olinadigan ma’lumotlar
asosida NARX turidagi sun’iy neyron tarmog‘i ishlab chiqildi hamda uning ishlash ko‘rsatkichlari
optimallashtirildi. O‘tkazilgan tadqiqotlar natijalari taklif etilgan yondashuv yuqori aniqlikni
ta’minlashini ko‘rsatdi: nosoz motor holatini aniqlash aniqligi 94,2%, milning nomutanosibligini
aniglash 95%, rulman nosozliklarini aniglash 98% hamda stator nosozliklarini aniglash 95% ni
tashkil etdi. Eksperimental test stendida bajarilgan sinovlar shuni tasdiqladiki, signallarni vaqt va
chastota domenlarida kompleks tahlil qilish hamda sun’iy neyron tarmoqlarga asoslangan
klassifikatsiya algoritmlarini birgalikda qo‘llash mexanik va elektr nosozliklarni ishonchli tarzda
identifikatsiya qilish imkonini beradi. Ushbu yondashuv faqat bitta diagnostik parametrga
tayanuvchi an’anaviy monitoring tizimlariga nisbatan sezilarli ustunlikka ega ekanligi aniqlandi [7].
Olingan natijalar shuni ko‘rsatadiki, tok, vibratsiya va harorat signallarini birgalikda tahlil qilishga
asoslangan kompleks monitoring tizimi nosozliklarni dastlabki bosqichlarda aniqlash imkonini
beradi. Shuningdek, NARX turidagi neyron tarmog‘i dinamik jarayonlarni modellashtirishda
samarali va ishonchli vosita ekanligi tajriba orqali tasdiglandi. Taklif etilgan tizim sanoat sharoitida
kutilmagan to‘xtashlar sonini kamaytirish, energiya samaradorligini oshirish va texnik xizmat
ko‘rsatish bilan bog‘liq xarajatlarni qisqartirishga xizmat qilishi mumkin.Kelgusidagi tadqiqotlarda
ishlab chiqilgan modelni boshqa turdagi nosozliklarni aniglashga moslashtirish, uni real sanoat
obyektlari sharoitida sinovdan o‘tkazish, shuningdek, onlayn monitoring va raqamli platformalar
bilan integratsiya qilish istigbolli ilmiy yo‘nalishlar sifatida ko‘rib chiqiladi.

Foydalanilgan adabiyotlar

I. J Nizamov, Sh Ergashov, DI Kurbanbaeva Phase angle measurement device between the
resultable electric drive force and the electric drive force of the main harmonic magnetic field in
the air gap of the industrial ... AIP Conference Proceedings4/P Conf. Proc. 3152, 040021 (2024)
https://doi.org/10.1063/5.0218808

2. J Nizamov, SO Ergashov, ON Berdiyorov, UN Berdiyorov Device for measuring the resulting
magnetic field of the stator winding of asynchronous motor for general industrial application AIP
Conference Proceedings AIP Conf. Proc. 3152, 050013 (2024)
https://doi.org/10.1063/5.0218809 June 2024

3. M Taniev, U Mirkhonov, M Rakhmatova, F Isakov, S Ergashov, J Nizamov Study of the
substitution scheme of the parameters of a phase-rotor induction generator AIP Conference
Proceedings Proc. 2552, 060010 (2023). https://doi.org/10.1063/5.0130746 January 2023

4. NB Pirmatov, AM Egamov, CM Giyasov, , J] Nizamov NA Mamarasulov, UN Berdiyorov,
Some aspects of comparing the operational properties of synchronous machines with a
conventional and two mutually shifted excitation windings E3S Web of Conferences
10.1051/e3sconf/202340103056 EID: 2-s2.0-85169675134Part of ISSN: 22671242 25550403

Development of science and technology Scientific and technical journal Ne2/2026 170


https://pubs.aip.org/aip/acp
https://doi.org/10.1063/5.0218808
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:ufrVoPGSRksC
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:ufrVoPGSRksC
https://pubs.aip.org/aip/acp
https://pubs.aip.org/aip/acp
https://doi.org/10.1063/5.0218809
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:u5HHmVD_uO8C
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:u5HHmVD_uO8C
https://pubs.aip.org/aip/acp
https://pubs.aip.org/aip/acp
https://doi.org/10.1063/5.0130746
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:d1gkVwhDpl0C
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:d1gkVwhDpl0C
https://doi.org/10.1051/e3sconf/202340103056
https://portal.issn.org/resource/ISSN/2267-1242

Mashinasozlik va energetika

5.

K Alimkhodjaev, M Mirsaidov, M Khalikova, J Nizamov Transient processes of vibration
machines with inertial electric drives E3S Web of Conferences 2020 | Conference paperDOI:
10.1051/e3sconf/202021601121EID: 2-s2.0-85098463210 Part of ISSN: 22671242 25550403

6. G Mustafakulova, A Egamov, U Mirkhonov, J Nizamov Calculation and study of the magnetic

9.

10

11.

12.

13

14.

15

16.

field of the stator winding of a turbine generatorE3S Web of Conferences 2020 | Conference
paper DOI: 10.1051/e3sconf/202021601118 EID: 2-s2.0-85098455421

. Nizamov, J., Boixanov, Z., Siddikov, L., ...Abdurahmonov, Three-phase asynchronous motor

three-phase current converter for the research of electromagnetic processes AIP Conf. Proc.
3331, 030038 (2025) https://doi.org/10.1063/5.0306165

. Nizamov, J., Bekishev, A., Mustafakulova, G., ...Khalbutayeva, Modeling of reactive power

compensation of the electric arc steelmaking furnace DSP-100 UMK at JSC Uzmetkombinat AlP

Conf. Proc. 3331, 010001 (2025) https://doi.org/10.1063/12.0039318

Boihanov Z.U. (2023). Modeling of asynchronous motor reactive power consumption on the
basis of current transdusers. https://doi.org/10.5281/zenodo.10073963

. Siddikov, 1. K., Malikov, A., Makhsudov, M. T., Boikhanov, Z. U., & Uzaqov, R. (2022, June).

Study of the static characteristics of the secondary stator voltage converter of the currents of an
induction motor. In American Institute of Physics Conference Series (Vol. 2432, No. 1, p.
020003). https://ui.adsabs.harvard.edu/abs/2022 AIPC.2432b0003S/abstract

Z. G. Chen, T. Lei, Z. J. Hua, B. Z. Urazali Ugli and A. R. Yigitali Ugli, "Short-term
photovoltaic power generation prediction based on VMD-IGWO-LSTM," 2024 IEEE 4th
International Conference on Digital Twins and Parallel Intelligence (DTPI), Wuhan, China,
2024, pp. 682-686, doi: 10.1109/DTPI61353.2024.10778814. keywords: Short-term
photovoltaic power generation prediction based on VMD-IGWO-LSTM | IEEE Conference
Publication | IEEE Xplore.

Siddikov [.X., Karimjonov D.D., A’zamov S.S. Uzakov R. Study on determination of an
asynchronous motor’s reactive power by the current-to-voltage converter//[OP Conference
Series: Earth and  Environmental Science, ICECAE-2022, doi:10.1088/1755-
1315/1142/1/012023 Study on determination of an asynchronous motor’s reactive power by the
current-to-voltage converter — IOPscience

. O. Ishnazarov, X. Xaydarov, “Mathematical Analysis of the Impact of External Factors on the

Operating Modes of Pump Installations in the Technological Process,”, Journal of Academia
Open, vol. 10, no. 1, 2025, https://doi.org/10.21070/acopen.10.2025.10507.

N. Pirmatov, X. Xaydarov, “Investigating the issues of energy saving by means of a
mathematical model of transient processes of asynchronous engines in pump units,” (in Uzbek),
Journal of Science and innovative development, vol. 6, mno. 5, pp. 63-71,
https://dx.doi.org/10.36522/2181-9637-2023-5-7

. N. Pirmatov, S. Mahamadjonov, M. Matqosimov and H. Haydarov, “Characteristics of the static

and dynamic operating modes of the asynchronous generator in renewable energy sources and
the production of electric energy control through a frequency converter,” in 2024 II
International Scientific and Practical Conference “Energy, Ecology and Technology in
Agriculture”, E3S Web Conf. vol. 480, no. 01007,
https://doi.org/10.1051/e3sconf/202448001007

N. Pirmatov, X. Xaydarov, S. Abduraxmonov and Sh. Sayitov, “Energy saving using a
frequency converter in asynchronous motor operating modes,” in 2023 International
Conference on Green Energy: Intelligent Transport Systems - Clean Energy Transitions
(GreenEnergy 2023), E3S Web of  Conf. vol. 508, no. 08011,
https://doi.org/10.1051/e3sconf/202450808011

17. X. Xaydarov, K. Qarshiyev, U. Berdiyorov, “Energy saving using a frequency converter in

asynchronous motor operating modes,” in 2024 AIP Conf. Proc, vol. 3152, no. 030008,
https://doi.org/10.1063/5.0219049

“Fan va texnologiyalar taraqqiyoti” Ilmiy-texnikaviy jurnal  Ne2/2026 171


https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:2osOgNQ5qMEC
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:2osOgNQ5qMEC
https://doi.org/10.1051/e3sconf/202021601121
https://portal.issn.org/resource/ISSN/2267-1242
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:9yKSN-GCB0IC
https://scholar.google.com/citations?view_op=view_citation&hl=ru&user=FJCMDS0AAAAJ&citation_for_view=FJCMDS0AAAAJ:9yKSN-GCB0IC
https://doi.org/10.1051/e3sconf/202021601118
https://doi.org/10.1063/12.0039318
https://doi.org/10.5281/zenodo.10073963
https://ui.adsabs.harvard.edu/abs/2022AIPC.2432b0003S/abstract
file:///C:/Users/User/Downloads/Telegram%20Desktop/Nizamov%20Scopus%20(6).docx%23metrics
file:///C:/Users/User/Downloads/Telegram%20Desktop/Nizamov%20Scopus%20(6).docx%23metrics
file:///C:/Users/User/Downloads/Telegram%20Desktop/Nizamov%20Scopus%20(6).docx%23metrics
https://doi.org/10.21070/acopen.10.2025.10507
https://dx.doi.org/10.36522/2181-9637-2023-5-7
https://doi.org/10.1051/e3sconf/202448001007
https://doi.org/10.1051/e3sconf/202450808011
https://doi.org/10.1063/5.0219049

