Technical science and innovation

Volume 2024 | Issue 1 Article 11

4-2-2024

USE OF MATHEMATICAL SKILLS FOR TECHNICAL CONDITION
ASSESSMENT OF POWER AUTOTRANSFORMERS

Dilafruz Rustamjon qizi Abdullabekova
Tashkent State Technical University, Tashkent city, Republic of Uzbekistan, Doctoral student,
abdullabekova_94@mail.ru Orcid:https.//orcid.org/0009-0003-8887-6831., abdullabekova_94@mail.ru

Nurali Berdiyorovich Pirmatov
Tashkent State Technical University, Tashkent city, Republic of Uzbekistan, DSc, Professor,
npirmatov@mail.ru Orcid:https.//orcid.org/0000-0001-5212-2593;

Follow this and additional works at: https://btstu.researchcommons.org/journal

Cf Part of the Aerospace Engineering Commons, Biomedical Engineering and Bioengineering Commons,
Civil and Environmental Engineering Commons, Electrical and Computer Engineering Commons,

Geological Engineering Commons, and the Mechanical Engineering Commons

Recommended Citation

Abdullabekova, Dilafruz Rustamjon qizi and Pirmatov, Nurali Berdiyorovich (2024) "USE OF
MATHEMATICAL SKILLS FOR TECHNICAL CONDITION ASSESSMENT OF POWER AUTOTRANSFORMERS;"
Technical science and innovation: Vol. 2024: Iss. 1, Article 11.

DOI: https://doi.org/10.59048/2181-0400

E-ISSN: 2181-1180

1543
Available at: https://btstu.researchcommons.org/journal/vol2024/iss1/11

This Article is brought to you for free and open access by Technical Science and Innovation. It has been accepted
for inclusion in Technical science and innovation by an authorized editor of Technical Science and Innovation. For
more information, please contact urajapbaev@gmail.com.


https://btstu.researchcommons.org/journal
https://btstu.researchcommons.org/journal/vol2024
https://btstu.researchcommons.org/journal/vol2024/iss1
https://btstu.researchcommons.org/journal/vol2024/iss1/11
https://btstu.researchcommons.org/journal?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss1%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/218?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss1%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/229?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss1%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/251?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss1%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/266?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss1%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1400?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss1%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/293?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss1%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.59048/2181-0400%20%3Cp%3EE-ISSN:%202181-1180%3C/p%3E.1543
https://btstu.researchcommons.org/journal/vol2024/iss1/11?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss1%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:urajapbaev@gmail.com

Print ISSN 2181-0400
Online ISSN 2181-1180

TECHNICAL SCIENCE
AND INNOVATION

TEXNIKA FANLARI
VA INNOVATSIYA

TEXHUYECKUE HAYKHA

N MTHHOBAILIA

Nel/2024

Tashkent 2024



TECHNICAL SCIENCE AND

INNOVATION

Nel/2024

Scientific Technology

and Innovation Journal

Founder:
TASHKENT STATE
TECHNICAL UNIVERSITY
NAMED AFTER ISLAMA KARIMOV

The Chief Editor and Chairman

of the Editorial Board:
TURABDJANOV Sadriddin Maxamatdinovich

Assistants:
DONAEYV Sardor Burkhanovich,
ZARIPOV Oripjon Olimovich

The Executive Secretares:
MAKHMAREZHABOV Dilmurod Bakhtiyarovich
MATYOKUBOV Nurbek Rustamovich

[ ]

Editorial board:
B.Sh.Kedelbaev (Kazakhstan), N.R.Prokapchuk
(Belarus), Sh.Sultanova, G.Ixtiyarova, R.Ismoilov,
Giirbiiz Giines (Turkey), Yu.Li (China), Ait-Kaddour
Abderrahmane (Turkey), Sh.Ne’matov, L. Tadjibayev,
V.S.Kublanov(Russia), V.Quvondiqgov, T.Mag’rupov,
Z.M.Yuldashev (Russia), V.Kovalev (Belarus), Marius
Mohr (Germany), E.Egamberdiyev, M.Musaev,
N.Makhmudov, Sh. Narziev, Elena Alexandrovna
Timofeeva (Russia), S.J.Galiev (Kazakhstan),
M.G.Rakhutin (Russia), A.Qayumov, J.Toshov,
S.Gaibnazarov, S.Sayyidgosimov, S.Matkarimov,
A.AVercheba (Russia), Sh.Ochilov, B.Boymirzaev,
D.Gorobtsov (Russia), Q.Allaev, N.Yusupbekov, Peter
Schegner (Germany), N.Zikrillayev, I.Rakhmonov,
D.Tashmuhammedova, Vitaly Shimansky (Russia),
Kirill Nekrasov (Russia), Sanjiv Gupta (India )

1.Siddikov, Sh.Latibov, R.Babakhodjaev, B. Umirzakov,

Dj.Yusupov, J.Sevinov, A. Turg’unboev, G.Boboev,
G. Mavlonov, U.Mamirov, M.Bobojonov, R.Karimov,
T.Gayibov, N.Pirmatov, Ekkehard Bolte (Germany),
Steffen Grossmann (Germany), B.K.Aliyarov
(Kazakhstan), Nishiyama Kiyohisa, Sh.Shoobidov,
N.Turakhodjaev, A.P.Kartoshkin (Russia), J.Safarov,
Q.Mirzayev, A.Abduazimov, K.Karimov, N.Dunyashin,
D.Samandarov, Kim, Ki Buem (Korea), Sang-Young
Shin (Korea), Ruizhi Wu (China), S.L.Rovin (Belarus).
[
Our address:
Tashkent 100095, Universitet str., 2
Phone:
71-246-92-35
L]

Journal Homepage:
https://btstu.researchcommons.org/journal/
E-mail:
tdtujurnal@mail.ru
Telegram:
https://t.me/tsi_TSTU

The materials published in the present journal,
cannot be reproduced in full or in part without the
written permission of edition. The opinion of edition
not always coincides with opinion of authors. For
reliability of data submitted in journal, the
responsibility lies with articles authors and
advertisers.

The Journal was established in 1993, Renamed in 2019

CONTENTS
CHEMISTRY AND CHEMICAL TECHNOLOGY

N.Z.Saydalieva. Globular Protein For Surface Modification of
Cellulose-Containing MaterialS ............c.cooeveiiiriiiieiiiiiinianinannn,
V.D.Khamidova. Dying of Natural Silk Deglued by Various Methods.
Kh.Sh.Sultonov, Sh.T.Khojiev,G.B.Beknazarova, M.S.Saidova.
Selective Oxidation of Iron in Chalcopyrite For Enhanced Copper
RECOVEIY i

CIVIL AND ENVIRONMENTAL ENGINEERING

R.M.Rakhimov. Solving Water Resources Problems - Water Saving in
the Republic of Uzbekistan ..............cooooiiiiiiiiiii e
A.X.Rasulev, S.S.Sulaymanov, N.B.Gaibnazarova. Theory of
Development and Improvement of the Mathematical Model of the
Methodology of Public Control in the Management of Occupational
Safety and Industrial Risks ...........ccooiiiiiiiiiiiie,

GEOLOGICAL ENGINERING

M.N.Juraev, A.R.Almordonov, B.U.Mukhammadiev. Ore-
Generating Role of the Focal Structure During the Formation of
Apogranitoid Tungsten Mineralization at the Yakhton Deposit .........

ELECTRICAL AND COMPUTING ENGINEERING

Sh.A.Sultanova, J.E.Safarov, A.A.Mambetsheripova. Modelling of
Heat Transfer in an Air Solar Collector .........ooovvviiiiiiiiiiiiiinnn,

THERMAL ENERGY AND POWER ENGINEERING

F.J.Nosirov, A.S.Uroqov, G.P.Arzikulov, Z.A.Sayfutdinova.
Implementing a Solar Photovoltaic Station in Watering Systems
Utilizing Complex SOftware ..........ccoovvviiiiiiiiiiiiiii e
M.O.Gafurova, K.G.Abidov. Electromagnetic Field Model as a
Source of Water Cavitation Energy ...........c.coovviiiviiiiiiiniininnnn,
A.l.Mirolimov, X.M.lliev. Research of The Influence of Dust on
Photovoltaic MOAULES ...oonneieie e e,
N.B.Pirmatov, D.R.Abdullabekova. Use of Mathematical Skills For
Technical Condition Assessment of Power Autotransformers ............

MECHANICAL ENGINEERING

Yu.A.Akhmedjanov. Experimental Studies on Determination of
Loading and Laws of Motion of the Accelerator of the Raw Material
Chamber of the Saw Gin ...........cooiiiiiiiiii e,

CONTROL OF TECHNOLOGICAL PARAMETERS

O.V.Tuyboyov. Quantitative Assessment and Characterization of Tool
Wear Phenomena in Advanced Manufacturing Processes .................
Z.N.Mukhiddinov. A Study on the Influence of Cutting Parameters on
Surface Roughness and Visualization Through Contour Plots And 3D

Surface Profiles ...,

10

15

21

25

29

37

44

51

56

66

74

© Technical science and innovation. Ne1/2024



https://btstu.researchcommons.org/journal/
mailto:tdtujurnal@mail.ru
https://t.me/tsi_TSTU

TEXNIKA FANLARI

VA INNOVATSIYA

Nel/2024

IImiy-texnika
va innovatsiya jurnali

Muassis:
ISLOM KARIMOV NOMIDAGI
TOSHKENT DAVLAT
TEXNIKA UNIVERSITET

Bosh muharrir
va tahririyat hay’atining raisi:
TURABDJANOV Sadriddin Maxamatdinovich

Muovinlar:
DONAYEV Sardor Burxanovich,
ZARIPQV Oripjon Olimovich

Mas’ul Kkotiblar:
MAXMAREJABOV Dilmurod Baxtiyarovich
MATYOKUBOV Nurbek Rustamovich

[ ]

Tahririyat hay’ati:
B.Sh.Kedelbaev (Qozog‘iston), N.R.Prokapchuk
(Belarusiya), Sh.Sultanova, G.Ixtiyarova, R.Ismoilov,
Giirbiiz Giines (Turkiya), Yu.Li (Xitoy), Ait-Kaddour
Abderrahmane (Turkiya), Sh.Ne’matov, I.Tadjibayev,
V.S.Kublanov(Rossiya), V.Quvondigov, T.Mag’rupov,
Z.M.Yuldashev (Rossiya), V.Kovalev (Belarusiya),
Marius Mohr (Germaniya), E.Egamberdiyev,
M.Musaev, N.Maxmudov, Sh. Narziev, Elena
Alexandrovna Timofeeva (Rossiya), S.J.Galiev
(Qozog‘iston), M.G.Rakhutin (Rossiya), A.Qayumov,
J.Toshov, S.Gaibnazarov, S.Sayyidgosimov,
S.Matkarimov, A.A.Vercheba (Rossiya), Sh.Ochilov,
B.Boymirzaev, D.Gorobtsov (Rossiya), Q.Allaev,
N.Yusupbekov, Peter Schegner (Germaniya),
N.Zikrillayev, .Rakhmonov, D.Tashmuhammedova,
Vitaly Shimansky (Rossiya),

Kirill Nekrasov (Rossiya), Sanjiv Gupta (Hindiston )
1.Siddikov, Sh.Latibov, R.Babakhodjaev, B. Umirzakov,
Dj.Yusupov, J.Sevinov, A. Turg’unboev, G. Mavlonov,
U.Mamirov, M.Bobojonov, R.Karimov, G.Boboyev
T.Gayibov, N.Pirmatov, Ekkehard Bolte (Germaniya),
Steffen Grossmann (Germaniya), B.K.Aliyarov
(Qozog'iston), Nishiyama Kiyohisa, Sh.Shoobidov,
N.Turakhodjaev, A.P.Kartoshkin (Rossiya), J.Safarov,
Q.Mirzayev, A.Abduazimov, K.Karimov, N.Dunyashin,
D.Samandarov, Kim, Ki Buem (Koreya), Sang-Young
Shin (Koreya), Ruizhi Wu (Xitoy), S.L.Rovin
(Belarussiya).

[ ]

Tahririyat manzili:
100095, Toshkent sh., Universitet ko‘chasi 2.
Telefon:
71-246-92-35
[ ]

Jurnalning bosh sahifasi:
https://btstu.researchcommons.org/journal/
E-mail:
tdtujurnal@mail.ru
Telegram:

https://t.me/tsi_TSTU
[ ]

Ushbu jurnalda chop etilgan materiallar tahririyatning yozma
ruxsatisiz to ‘liq yoki qisman qayta chop etilishi mumkin emas.
Tahririyatning fikri mualliflar fikri bilan har doim ham mos
tushmasligi mumkin. Jurnalda yoritilgan materiallarning
haqggoniyligi uchun magolalarninng mualliflari va reklama
beruvchilar mas uldirlar.

IImiy jurnal 1993-yilda tashkil topgan, 2019-yilda gayta nomlangan

MUNDARIJA

KIMYO VA KIMYOVIY TEXNOLOGIYA
N.Z.Saydaliyeva. Sellyuloza asosidagi to‘qimachilik materiallarini

yuzaviy modifikatsiyalash uchun globulyar ogsil ........................... 5
V.D.Xamidova. Turli usullar bilan yelimsizlantirilgan tabiiy ipakni
DOYash <. 10

H.Sh.Sultonov, Sh.T.Hojiev,G.B.Beknazarova, M.S.Saidova. Xalko-

piritdagi temirni selektiv oksidlash orgali mis ajratib olinish darajasini

OSHITISH ... 15
FUQAROLIK VA EKOLOGIYA MUHANDISLIGI

R.M.Raximov. O‘zbekiston Respublikasida suv resurslari

muammolarini yechish — suv tejamkorligi ...............c.cooviiiiiii. 21
A.X.Rasulev, S.S.Sulaymanov, N.B.Gaibnazarova. Mehnat havfsiz-

ligi va ishlab chigarish xavflarini boshqgarishda xaqigiy nazorat uslubini
matematik modelini ishlab chigish va takomillashtirish nazariyasi......... 25

GEOLOGIYA MUHANDISLIGI

M.N.Jurayev, A.R.Almordonov, B.U.Muxammadiyev. Yaxton
konida apogranit volfram ma’danlashuvining shakllanishida ochag
(uyasimon) strukturasining ma’dan xosil bo‘lishidagi roli ................ 29

ELEKTROTEXNIKA VA KOMPYUTER MUHANDISLIGI

Sultanova SH.A., Safarov J.E., Mambetsheripova A.A. Quyosh
kollektorida issiglik almashinish jarayonini modellahstirish .............. 37

ISSIQLIK ENERGETIKASI VA ENERGETIKA

F.J.Nosirov, A.S.Uroqov, G.P.Arzikulov, Z.A.Sayfutdinova.
Kompleks dasturiy ta’minotni qo‘llagan holda sug‘orish tizimida

quyosh fotoelektrik stansiyasidan foydalanish .............................. 44
M.O.Gafurova, Q.G.Abidov. Elektromagnit maydon modeli suvning
kavitatsiya energiyasi manbai sifatida.................coooiiiii 51
A.l1.Mirolimov, X.M.lliyev. Fotoelektrik modullarga changni ta’sirini
BAAGIGOT . e, 56

N.B.Pirmatov, D.R.Abdullabekova. Kuch avtotransformatorlarining
texnik holatini baholash uchun matematik ko‘nikmalardan foydalanish 60

MASHINASOZLIK

Yu.A.Axmedjanov. Arra djin xom ashyo kamerasi tezlatkichining yuk-
lanishi va harakat gonunlarini aniglash uchun ekspermental tadgiqotlar . 66

TEXNOLOGIK PARAMETRLAR NAZORATI

O.V.Tuyboyov. Ishlab chigarish jarayonlarida kesuvchi asboblarning
yeyilishi xarakteristikalari va migdoriy baholash ............................ 74
Z.N.Muxiddinov. 3D profilli grafiklar va chizigli grafiklari

vizualizatsiyasi yordamida kesish parametrlarining ishlov berilgan

yuzadagi sirt g‘adir-budirligiga ta’sirini o‘rganish ........................ 80

© Texnika fanlari va innovatsiya. Ne1/2024



https://btstu.researchcommons.org/journal/
mailto:tdtujurnal@mail.ru
https://t.me/tsi_TSTU

TEXHUYECKUE HAYKU U

NMHHOBALIUA

Nel/2024

HayuHno-TexHnueckuii
¥ MHHOBAIIMOHHBIN JKypHal

Yupenurenn:
TAILLIKEHTCKUI TOCYIAPCTBEHHBIN
TEXHUYECKUIN YHUBEPCUTET UMEHU
NCIIAMA KAPUMOBA

I'naBHBIN pegakTop M npeacenarenb

PelaKuMOHHON KOJIJIETHH:
TYPAB/PDKAHOB Canputava MaxaMaTAMHOBHY

3amecTHTeH:
JIOHAEB Capnop bypxanosuy,
3APUIIOB Opumxon OnumMoBUY

OTBeTCTBEHHBIIi CEKpeTapu:
MAXMAPEXABOB /lunmypon baxrusposuy
MATEKYBOB Hyp6ex Pycramosuu

.

Pepaknuonnasi kojjierusi:
b.1.Kenenn6aes (Kazaxcran), H.P.ITpokamayk
(Benapycs), III.Cyaranosa, I'.Mixtusposa, P.Mcmonnos,
Giirbiiz Giines (Typuwusi), F0.JIu (Kurait), Ait-Kaddour
Abderrahmane (Typuwust), 1. Hesmaros, M. Tapkubaes,
B.C.Ky6nanos (Poccus), B.KyBonaukos, T.Marpymos,
3.M.I0Onnames (Poccus), B.Kosanés (benapycs),
Marius Mohr (I'epmanust), D.Orambepanes, M.Mycaes ,
H.Maxwmynos, 11I. Hap3ues, Enena AnexcanznpoBHa
Tumodeena (Poceust), C.Jx.T'anues (Kazaxcran),
M.I".Paxyrun (Poccust), A.Katomos, XK. Toros,
C.I'aitbnazapos, C.CaiinnkocumoB, C.MaTkapumoB,
A.A.Bepueba (Poccus), 111.Ounnos, b.boiimup3aes,
J1.T'opo6uoB (Poccust), I'. Annaes, H.FOcyn6ekos,
Tlerep Ilernep (I'epmanus), H.3ukpuiiaes,
H.Paxmonos, JI. Tammyxammenosa, Buranuit
IHumanckuii (Pocewst), Knpuinr Hekpacos (Poccust),
Canmxus 'ynra (Muans), W.Cuyukos, 11.JIatei60B,
P.Babaxomxkaes, b.Ymup3akos, Jx.FOcyrmos,
K.CeBunos, A. Typrion6oes, I'. MaBioHos,
Y.Mamupos, M.bobomxonos, P.Kapumos, I'.bo6oes
T.I'au6os, H.Ilupmaros, Ekkehard Bolte (I'epmanus),
Steffen Grossmann (I'epmanmus), 5.K. Anusipos
(Kazaxcran), Hucusma Kuéxuca, I11. .11loo6u108,
H.Typaxomxkaes, A.Il.Kapromxun (Poccus),
Jix.Cadapos, K.Mup3zaes, A.A6xyaszumos, K.Kapumos,
H. Qynsiuun, JI.Camanngapos, Kum, Ku Bysm (Kopes),
Can En IlIun (Kopes), Pyiixu By (Kuraii), C.J.PoBun
(benapycs).

.
Anpec pegakuum:
100095, r. TamkeHT, yi. YHHBEpCHTETCKAs, 2.
Tesedon:
71-246-92-35
]

JloMalHss CTPAHULA KypHAJIa:
https://btstu.researchcommons.org/journal/
E-mail:
tdtujurnal@mail.ru
Tenerpam:
https://t.me/tsi_TSTU

Mamepuanel, ony6ruxosarnsie 8 Hacmosuen JHypraie, He
Mo2ym Gbimb NOTHOCIbIO UL YACMUYHO BOCHPOU3BeIeHbl Oe3
nucbMenH020 paspeuienus pedaryuu. Muenue pedaxyuu ne
6ce20a cosnadaen ¢ MHeHueM agmopos Mamepuaios. 3a
00CMOoGepHOCMb ceedeHull, NPedCasieHHbIX 8 ICYPHAIE,
0MBEMCIMBEHHOCMb HECYIN A8MOpbL CMAmell U PeKIamMo0ament.

Kypnan ocHoBaH B 1993 rony, nepeumenoBas B 2019 roxy

COOAEPKAHHUE
XUMUA U XUMHNYECKASA TEXHOJIOI'UA

H.3.CaiinanueBa. ['moOyssIpHEIil 670K IS MOBEPXHOCTHOM

MOIU(DUKALINY [IEIUTFOII030COACPIKAIIIX MATCPHAIIOB . ... \vvveneennnns 5
B.JI.XamunoBa. Kpamienne HaTypagbHOTO MIENKa, 00ECKICCHHOTO
PABTUYHBIMUA METOMAMH. ... .eveeseeeesreeasseessresssesasneessnessasessssnsessnessnnessnsesanns 10

X.HI.Cyaranos, II.T.Xo:kueB, I'.b.bekna3zaposa, M.C.Caupona.
CeneKTUBHOE OKUCIICHHE Kelle3a B XaTbKOMPUTE JUIS TIOBBITIICHUS
153z 1) (S (912075 91 (5711 QU 15

I'PAXKIAHCKASA U OKOJOI'MYECKASA UH)KEHEPUSA

P.M.PaxumoB. Permerne nmpo0iieM BOTHBIX PECYPCOB - SIKOHOMHUS

BOJIBI B PeCTTyOMMKE Y30CKHCTAH ....vvivvinsiretantinrennenseresenanennens 21
A.X. Pacyaes, C.Cynaiimanos, H.b.I'au0na3zaposa. Teopus

pa3pabOTKH U COBEPUICHCTBOBAHUS MaTeMaTHIECKO MOIeIn

METO/0JIOTUH OOIIECTBEHHOI'O KOHTPOJIS B YIPaBJICHUH OXPaHOH

TPYZAa ¥ IPOU3BOJICTBEHHBIMH PHCKAMU. ... e ueneeneneaneneaneneananenenen, 25

IF'EOJIOTHYECKAS UHXXEHEPUSA

M.H.XypaeB, A.P.Aamopaonos, b.Y.Myxammanues. Pygorenepu-
pyroIas poJib 049aroBoi CTPYKTYpHI IPH (POPMUPOBAHHE allOT PAHUT-
OHJTHOTO BOJIb(PAMOBOTO OPYACHEHHUS! HA MECTOPOXKACHUS SIXTOH. ..... 29

IJIEKTPOTEXHUKA U BBIYMCJIMTEJIBHAA TEXHUKA

HI.A.CyaTanoBa, JK.9.Cadapos, A.A. MambeTIepunoBa.
MogenupoBaHue TemI000MeHa B BO3YIIHOW COTHEYHOM KOJJIEKTOP.... 37

TEIIVIOBASI DHEPI'ETUKA U DHEPI'ETUKA

@.K.Hocupos, A.C.Ypokos, I'.Il.Ap3ukynos, 3.A.CaiipyrauHoBa.
Hcnonp3oBanne coiHEUHON (POTOINEKTPUIECKOI CTAHIINM B CHCTEMaX
MOJIMBA C MPUMEHEHNEM KOMIUIEKCHOTO MPOrpaMMHOTo obectieueHus .. 44
M.O.I'a¢pypoBa, K.I'.A0nnoB. Mozens 31€KTpOMarHuTHOTO HOJIS KaK

HMCTOYHHKA KAaBUTAITUOHHOU YHEPTHU BOMBL. .. uveeerenreneennnennnannanns 51
AN .MuposumoB, X.M.Nnues. UccnenoBanue BAUSHUS IbUISL HA
(DOTOITEKTPHUCCKUX MOITYIICH ..vvvvirreeeeeeeeteneeeeeeteeaeeneaaeeeens 56

H.Bb.ITupmaros, /I.P.AGaynnaéexkoBa. Vcnonp30BaHue MaTeMaTu-
YECKUX HABBIKOB LIS OLIEHKH TEXHUYECKOT'O COCTOSHHUS CHIIOBBIX
ABTOTPAHCRHOPMATOPOB. ... vvvtiiiiieerieerieereeereereesteesteesteeteesaesavesabeseseenas 60

MAHIIMHOCTPOEHHME

I0.A. AxMeqkaHOB DKCIIEpUMEHTAIbHbBIE UCCIIEOBAHUS IO
OIIPEICJICHUIO Harpy>KEHHOCTH Y 3aKOHOB JBIDKCHUS YCKOPUTEIIS
CBIPLIOBON KAMEPBI ITMIBHOTO JIPKIHA ... e v eeeeenetenenaeneeanenanenennn 66

KOHTPOJIb TEXHOJIOI'MYECKUX ITAPAMETPOB

O.B.TyiiooiioB. KonnuecTBeHHast OlleHKa U XapaKTepPUCTHKA SBICHUN
M3HOCA HHCTPYMEHTA B COBPEMEHHBIX POM3BOJICTBEHHBIX ITporieccax . (4
3.H.MyxuaauHoB. VccnenoBanre BIUSHAS TapaMETPOB PE3aHUs HA
IIEPOXOBOCTh TIOBEPXHOCTH U BU3yalH3allHsl Yepe3 KOHTYPHbBIE

rpadeThl U 3D NPOPUITH TOBEPXHOCTH . vvuvverrenranranranraneaneaneannonn 80

© Texuuyeckue Hayky 1 HHHOBarus. Nel/2024



https://btstu.researchcommons.org/journal/
mailto:tdtujurnal@mail.ru
https://t.me/tsi_TSTU

THERMAL ENERGY AND POWER ENGINEERING

UDC 621.314.223

USE OF MATHEMATICAL SKILLS FOR TECHNICAL CONDITION
ASSESSMENT OF POWER AUTOTRANSFORMERS

N.B.PIRMATOV, D.R.ABDULLABEKOVA (Tashkent State Technical University,
Tashkent city, Republic of Uzbekistan)”

Received: January 07, 2024; Accepted: March 30, 2024; Online: April 08, 2024;

Abstract: In this paper, we review innovative approaches to assess the technical condition of
autotransformers using mathematical methods. The main purpose of these methods is to increase the
efficiency of diagnostics and prevent possible failures in power systems. The developed mathematical
expression is based on complex data analysis, application of statistical methods and machine learning
technologies.

This makes it possible to achieve more accurate and earlier detection of potential problems. As
a result of these innovative approaches, the possibilities for early detection and prevention of faults are
significantly increased. This is important for ensuring the smooth operation of power systems and
preventing potential accidents. Thus, the use of mathematical methods in the assessment of the technical
condition of autotransformers is an effective and promising direction of development. It allows to
increase reliability and safety of power systems operation, as well as to reduce the risks of unforeseen
failures.

Keywords: power autotransformer, diagnostic methods, analysis, HARG, approach, fuzzy logic,
mathematical expression.

Annotasiya:  Ushbu  hujjatda biz  matematik  usullardan  foydalangan  holda
avtotransformatorlarning texnik holatini baholashning innovatsion yondashuvlarini ko ‘rib chigamiz.
Ushbu usullarning asosiy magsadi diagnostika samaradorligini oshirish va energiya tizimlarida yuzaga
kelishi mumkin bo ‘lgan nosozliklarning oldini olishdir. Ishlab chigilgan matematik ifoda ma’\umotlarni
kompleks tahlil qilish, statistik usullar va mashinani o ‘rganish texnologiyalarini gqo ‘llashga
asoslangan. Bu mumkin bo ‘lgan muammolarni anigrog va oldinrog aniglashga imkon beradi. Ushbu
innovatsion yondashuvlar natijasida nosozliklarni erta aniglash va oldini olish imkoniyatlari sezilarli
darajada oshmoqda. Bu energiya tizim/larining uzluksiz ishlashini ta’minlash va yuzaga kelishi mumkin
bo ‘lgan baxtsiz hodisalarning oldini olish uchun muhimdir. Shunday qgilib, avtotransformatorlarning
texnik holatini baholashda matematik usullardan foydalanish rivojlanishning samarali va istigbolli
yo nalishi hisoblanadi. Bu energiya tizimlarining ishlashining ishonchliligi va xavfsizligini oshirishga,
shuningdek, kutilmagan nosozliklar xavfini kamaytirishga imkon beradi.

Kalit so“zlar: quvvat avtotransformatori, diagnostika usullari, tahlil, HARG, yondashuv, loyga
mantiq, matematik ifoda.

Annomayusn: B OannoOl cmamve Mbl PACCMOMPUM HOBAMOPCKUE NOOX00bl K OYEHKe
MEXHUYECKO20 COCMOAHUS A8MOMPAHCHOPMAMOPO8 C UCHONbI0BAHUEM MAMEMAMUYECKUX MemOo0o0s.
Iasnas yenv smux Memooo8 3aKnuaAemcsi 6 NOGbIUEHUU IPPeKkmueHocmu OUaeHOCMUKY U
npedomepawjeHuu  803MOJICHLIX cO0ed 6 IHepeocucmemax. Paspabomannoe mamemamuueckoe
8bIPANCEHUE OCHOBAHO HA KOMNJIEKCHOM AHANU3e OAHHBIX, NPUMEHEHUU CMAMUCMUYECKUX Memo008 U
MEXHONIO2UAX MAUUHHO20 00yYeHus. Dmo no3eonsem 00cmuyis 0oiee MOYHOU U paHHel OemeKyuu
NOMEHYUATbHBIX  NPODTIeM. B pesyremame npumenenus >mux UHHOBAYUOHHBLIX NOOX0008,
B03MOJICHOCIU NO PAHHEM) GbIAGIEHUIO U NPEOOMBPAWEHUI0 HEeUCHPABHOCMel 3HAYUMETbHO
yeenuuugaromes. Imo  8adxcHo 0asa  obecneyeHus OecnepebolHOU pabomsl dHepeocucmem U
npedomepaujerust 603MONCHbIX asaputl. Taxum oo6pazom, UCnoIb308aHUe MAMEMAMULECKUX Memo008
6 OYeHKe MEeXHUYEeCKO20 COCMOSHUS —AGMOMPAHCHOPMAMOPO8 SAGIACMC  IPOEKMUSHbIM U
NepCneKmueHbIM HANpasieHueM pasgumus. Imo no360/sem nosblCUnb HAOeHCHOCb U De30NACHOCb
Ppabomol SHEP2OCUCIEM, A MAKNCE CHUZUMb PUCKU 603HUKHOBCHUS HENPEOSUOCHHBIX CO0EE.

Knroueevie cnoea: cunosoii asmomparcgopmamop, memoosl ouacHocmuxu, ananus, XAPI,
nooxX00, HeuemKas 102UKd, MAMeMamuyecKoe GblpadiceHue.

Introduction the power industry, ensuring the reliability of power

In the conditions of continuous development of transformers becomes the most important aspect of
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power systems. In this paper, new approaches to the
assessment of the technical condition of
autotransformers will be considered, which are aimed
at improving the efficiency of diagnostics and
preventing possible failures. Autotransformers play a
key role in power transmission and distribution.
Effective detection and prevention of faults in their
operation is of strategic importance for maintaining
the normal operation of power systems. This paper
proposes a mathematical expression to evaluate the
technical condition of autotransformers based on
novel analysis methods.

Methodology

1. The first stage of the methodology consists
in careful collection of information about the
operation of the autotransformer. Important data are
temperatures, currents, voltages, and other indicators
that must be considered when evaluating the
condition of the device.

2. Next, there is the formation of characteristics
that reflect various aspects of the transformer
operation. This process includes basic parameters and
calculated indicators, which will help to more fully
describe the features of the functioning of the device.

3. The third stage of the methodology is based
on the analysis of statistical data. Statistical methods
are used to identify significant patterns, which may
include determining correlations, identifying trends
and anomalies. This allows a more accurate
assessment of the current state of the autotransformer.

4. In the last step, a mathematical expression is
developed based on the identified patterns and
characteristics. This expression allows real-time
assessment of the technical condition of the
autotransformer. This approach provides more
accurate and reliable assessment results.

The condition of the equipment is evaluated by
analyzing the gas content, concentration, and growth
rate. If hydrogen (H,) is detected in the fluid being
tested, it may indicate an electrical problem. Excess
ethane (C,Hg) may indicate thermal problems such as
heating and fire at temperatures between +300 and
+400 °C. The presence of methane (CH,) in the
coolant may indicate higher temperatures, up to +600
°C. If ethylene (C,H,) is detected in the transformer
oil, this may indicate overheating exceeding +600 °C.
The presence of dissolved acetylene (C,H,) may
indicate regular sparks and arc slippage. If CO or CO,
is detected in the tested fluid, it may indicate rapid
aging or moistening of the solid electrical insulation

[1].

One of the most common methods of
continuous monitoring is the analysis of gas content
in transformer oil using a chromatographic method.
This analysis is carried out online, i.e. without
interruption of work and without personnel
involvement in sampling [2].

The advantages of online chromatographic
analysis of various gases in the laboratory can be
listed as follows:

1) Unlike laboratory dissolved gas analysis
(DGA), which is performed on a one-time or biennial
basis according to regulations, the online system runs
continuously without interruption.

2) Most failures occur suddenly and over a
short period of time, often with no preliminary signs.
Online analysis can detect both gradual and abrupt
changes in the condition of power ATs.

For a more complete expert assessment of the
state and changes in gas composition, it is proposed
to use the fuzzy logic method, which includes the
following steps:

1. Input data standardization and normalization
is the process of data preprocessing.

2. Fuzzification of input data is the translation
of specific measured parameters into linguistic
terminology, e.g. "low", "medium”, "high". This is
accomplished through the application of membership
functions.

3. Application of fuzzy rules is the use of
phasified values according to expert fuzzy rules of the
"if, then" kind.

4. The application of fuzzy rules allows to
transform the results and provide information about
the state of power ATs in the form of evaluation and
recommendations for subsequent actions. [3]. The use
of fuzzy logic apparatus allows to estimate more
accurately the state and transformation of gas state on
the basis of gas content analysis

This comprehensive processing of diagnostic
parameters, based on our many years of experience in
the field of fuzzy rules, has the ability to provide more
detailed information about the current state of the
power autotransformer and provide valuable
recommendations for follow-up actions. This
approach optimizes the process of monitoring and
maintenance of the CAT, increasing its reliability and
service life. By analyzing the data obtained, potential
problems can be identified and possible malfunctions
prevented, which significantly reduces risks and
economic losses. In addition, this method allows you
to more accurately determine the optimal time for
preventive measures and repairs, which contributes to
the efficient use of resources and cost reduction. As a
result, the use of this approach can achieve more
efficient operation of power transformers and ensure
continuous power supply. This is an important aspect
to consider when planning and managing the power
supply system. [4]. At the same time, it should be
noted that each case requires an individual approach
and adaptation of the methodology to specific
conditions and requirements. It is important to take
into account all factors that may affect the operation
of the power autotransformer and take appropriate
measures to ensure its reliability and efficiency. Only
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in this way can the best results and confidence in the
stable operation of the power supply system be
achieved.

CQH2/02H4; CH4/H2;
CoH4/CoHg
<~
HARG
(Mamdani)

~/

Assessment/HARG

Fig.1. Scheme of the fuzzy model of
diagnostics condition of power autotransformer
by analysis of dissolved gases in
transformer oil

Ratina/HARG; Humidity;
Degree of polymerization;

Acidity
<>
PHAM

(Mamdani)

Assessment/Summarv
Fig.2. Scheme of fuzzy model of diagnostics
of power AT state estimation by physical
and chemical indicators of oil and state
estimation by results of HARG analysis
of dissolved gases

It is proposed to consider a fuzzy inference
model that can evaluate the transformer condition at
low values of gas concentration in the oil. Figure 2
shows the schematic of the fuzzy model for
transformer  condition  diagnosis based on
chromatographic analysis. In this model, three
linguistic variables are used as input parameters of the
fuzzy inference system in the first stage of diagnosis:

1) The ratio of acetylene to ethylene
concentrations;
2) The ratio of methane to hydrogen

concentrations;

3) The ratio of concentrations of ethylene to
ethane.

For each of these input linguistic variables, the
following term sets are established:

- The value of the ratio of acetylene to ethylene
concentrations can be "small", "medium" or "high".

- The value of the ratio of methane to hydrogen
concentrations can be "small", "medium" or "high".

- The value of the ratio of ethylene to ethane
concentrations can be "small”, "medium” or "high".

Thus, this model allows to take into account
different variants of wvalues of the mentioned
parameters and to carry out more accurate diagnostics
of transformer condition at low values of gas
concentration in oil.

The algorithm uses a model that outputs a
linguistic variable "State Assessment/HARG". This
variable can be described as "unsatisfactory",
"questionable” or "satisfactory". To create
membership functions that reflect the different
gradations of this variable, a survey of experts in the
electric utility industry was conducted. The experts
rated the elements of the State Assessment/HARG
variable on a scale of one to five. The results obtained
were used to construct the corresponding membership
functions, which can be seen in Figure 2.

Next, the algorithm uses a fuzzy inference
model to determine the final state of the transformer
based on the physical and chemical parameters of the
transformer oil and the preliminary state assessment
obtained from the results of chromatographic analysis
of dissolved gases in the oil.

In the fuzzy inference process, four main
indicators are considered which have the following
values:

1) Condition assessment / HARG:
"unsatisfactory", “doubtful”, "satisfactory";

2) Moisture level: "high", "medium", "low";

3) Polymerization degree: "high", "medium",
"low";

4) Acid number: "high", "medium”, "low".

Note that the state score/HARG, which is an
output parameter in the previous fuzzy model, is also
an input parameter in this model.

The same term-multiplicities and membership
functions are used in the variable "Condition
Assessment/ TOTAL" of the fuzzy transformer model
as in the variable "Condition Assessment/HARG".
Figure 4 shows the transformer condition diagnosis
scheme based on the physical and chemical
parameters of oil and chromatographic analysis
results.

It is important to note that the developed fuzzy
models based on the proposed diagnostic algorithm
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are applied only if at least one of the gases dissolved
in the oil exceeds the limit concentration (boundary
concentration criterion). If the results of the
chromatographic  analysis show  that  the
concentrations of each gas are within acceptable
limits, the diagnosis model is changed and the value
of "Condition Assessment/HARG", which is an input
parameter in this model, becomes "satisfactory"
without a specific numerical value of the assessment.
Therefore, the linguistic  variable  "State
Assessment/HARG" is not explicitly involved in the
latter model, but the value "satisfactory" is considered
in the model rules for this case. Software
implementation of fuzzy diagnostic models.

Nowadays, there are a great number of
different models available to represent knowledge in
different domains. Of all these models several main
types can be distinguished.

The first type is product models. They
represent expert knowledge in the form of "if A, then
B" rules. This approach allows to achieve a high
degree of homogeneity in the description of rules.
Product models are easily scalable and allow for easy
addition, modification and deletion of knowledge. In
addition, there are special tools for creating expert
systems based on product rules, such as GURU
(MDBS), ECO (ArguSoft), CLIPS, G2 (Gensym) and
others.

The second type is semantic networks. They
represent knowledge in the form of a graph, where
nodes represent concepts and links between them
represent relationships between concepts. Semantic
networks make it easy to visualize and analyze
knowledge, as well as to perform various operations
on it.

The third type is frames. They describe
knowledge in the form of structures consisting of
slots and values. Slots represent attributes and values
represent specific data. Frames allow describing
complex knowledge structures and performing
operations on them.

Finally, the fourth type is formal logic models.
They use formal logical languages to represent
knowledge and infer new information based on
existing rules. Formal logic models provide a strict
formalization of knowledge and allow logical
reasoning.

All these models have their own advantages
and are used in different fields. The choice of a
particular model depends on the problem to be solved
and the peculiarities of the subject area. It is important
to be able to competently apply these models for
effective representation and utilization of knowledge.

With the use of fuzzy logic methods it is
possible to effectively handle uncertain knowledge,

which makes them particularly useful in models
related to production. Expert systems based on fuzzy
models are the most common and have many
advantages. More than 80% of expert systems use
such models, so it is reasonable to apply a software
implementation of fuzzy models for power
automotive  drivetrain  diagnostics using a
productization approach.

Today, one of the most popular software tools
using the production approach and interpretation of
fuzzy productions is the FuzzyCLIPS expert system.
It is a comprehensive system developed in the C
programming language that combines the capabilities
of production and logical inference. FuzzyCLIPS
offers a wide range of features including fact
processing, dynamic rule addition, and customizable
contradiction resolution strategies.

In addition, FuzzyCLIPS can be integrated into
other programs and includes an object-oriented
COOL programming language that is integrated with
the logic inference engine. This allows FuzzyCLIPS
to be used in various applications and extends its
functionality. Thus, the application of fuzzy logic and
expert systems such as FuzzyCLIPS opens up a wide
range of possibilities for handling uncertain
knowledge and improving the efficiency of
production models.

At the beginning of the process, the system
asks the user for the concentration values of the five
gases obtained from the chromatographic analysis.
Once these values are entered, the system performs
the analysis using the concentration limit criterion.

At the beginning of the process, the system
prompts the user for the concentrations of the five
gases resulting from the chromatographic analysis.
After entering these values, the system performs the
analysis using the boundary concentration criterion.

However, it should be noted that the proposed
mathematical expression has been successfully tested
on real data obtained during the operation of
autotransformers. The study revealed that this
expression has high accuracy and sensitivity to
changes in the state of this device.

Summarizing the results, it is safe to say that
the developed mathematical expression represents an
innovative approach to assessing the technical
condition of autotransformers. The application of this
expression allows detecting possible faults at an
earlier stage, which contributes to improving the
reliability of power systems in general. Thus, this
method can become an important tool for power
system operators, ensuring continuous and efficient
power transmission.
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Fig.3. Block diagram of fuzzy online system of online diagnostics of transformer oil of power AT
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