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Pedepar:

1. MeTta po60TH NOJISITa€ y BUPILIEHH] 3aBIAHHS 110 YI,OCKOHAJIEHHIO METOIB Ta KPUTEPIiB, 1110 BUKOPHUCTOBYIOTbCS
L7151 OLIHKY CTaHy TPaHCPOPMATOPHUX MaceJl, 3 ypaxyBaHHSIM TPUBAJIOCTI Ta PEKUMIB eKCILTyaTalii
TpaHc@opmaTopiB Hanpyroio 110 kB ta aBToTpaHcdopmaTopis Hanpyrow 330 kB. O6’eKT NOCIiIKEeHHs — IpoLiecu
CTapiHHS TPaHC(OPMATOPHUX MaceJl y 6aKax TpaHCcPopmMaTopiB Ta aBToTpaHcpopmaropis 110-330 kB 3



ypaxyBaHHAM PEXMMIB Ta TPUBAJIOCTI eKCIlTyaranii. IIpeamer gocuifkeHs — mapameTpu mMacell, 1o
XapaKTepu3yloTh HOTO CTaH, B 6akax TpaHcdopmMartopis Ta aBroTpancdopmartopis 110-330 kB, 110 eKcIyaTyioThCs B
Pi3HUX peXrUMax. 3a pe3yJbTaTaMy HayKOBOT'O JAOCIIIP)KEHHS OTPMMAaHO HACTYIHI pe3ysnbTaru: 1. Bnepme
BCTAHOBJIEHO Ta HAYKOBO OOI'PYHTOBAHO 1110 3HAYEHHS NIapaMeTPiB TpaHC(HOPMATOPHUX MaceJl, sIK IPUIaTHUX TaK i
He IIPUAATHUX 10 TI01aJIbIIO] eKCITyaTallii, pO3MoisieHi 3rifHO 3 3aKOHOM Beli6yity, Ipu LIbOMy BCTAHOBJIEHO
3HAUYLIMHI BIUIMB PE>KMMIB Ta YMOB eKCILTyaTallii 06s1aJHaHHS Ha 3Ha4Y€HHSI LIUX [1apaMeTPiB, 110 00YMOBIIIOE
HEeOOXiJIHICTb iX ypaxyBaHHs IIPM KOPETyBaHHI TPaHUYHUX 3HaY€Hb IIOKa3HUKIB MaceJ; 2. Biepie HayKoBO
OOI'PYHTOBAHO BUKOPUCTaHHS TPAaHUYHUX 3HaU€Hb [TOKAa3HUKIB TpaHC(HOPMATOPHUX MaceJl, sIKi BU3HAYalOThCS
MiHiMi3auieo QyHKLI cepeHbOro PU3UKY IJ1s1 ONHOMIPDHUX PO3IOAINIB, 3 ypaxyBaHHSIM PEXUMIB eKCIlTyaTallii
TpaHcopmaTopiB Ta aBToTpaHcdopmaropi Hanpyro 110-330 kB, mo go3sosmio as TpaHcdopmaTopis 110 kB
3HM3UTH pu3uku B 1,05-37,2 pasu, a 1151 aBrorpancopmaropis 330 kB B 1,8-4974419,5 pasiB nopiBHSHO 3 pU3UKaMH,
1110 CYTIPOBOJIKYIOTh BUKOPUCTAHHS TPAaHUYHUX 3HAYEHDb PETJIaMEHTOBAHUX B JIiI0YOMY B YKpaiHi HOpMaTUBHOMY
IOKYMEHTI; 3. Briepiue 3arpornoHOBaHO METOZ, 17151 KOPETyBaHHS IPAaHUYHUX 3HAY€Hb I0KA3HUKIB
TpaHCPOPMATOPHUX MACEJ 32 KOMILJIEKCOM JiarHOCTUYHUX O3HaK 3 YpaxyBaHHSIM OCOOJIMBOCTEN IIPOLIECY CTapiHHS
TpaHC(POPMATOPHUX MACEJ], @ TAKOX PEXKUMIB Ta YMOB €KCILTyaralii Tpancopmaropis 110 kB, ta
aroTpaHcdopmaropis 330 kB, skuil BinpisHAETHCS Bif, iCHYIOUMX THM, 10 TPAaHUYHI 3HAYEHHS ITOKa3HUKIB MaceJ
BM3HAYaIOThCS 32 PaxyHOK MiHiMizalii QyHKIii cepegHbOro pusmKy AJis1 6araToMipHUX pO3INOJiiB TOKAa3HUKIB, 110
MAaIOTh 3HAUYILil CTOXaCTUYHUI 3B'S30K, 110 JO3BOJIMTb 3HU3UTU PU3UKU B 1,7-35,7 pasu 115 TpaHcdopmaTopis 110
KB, a 1y aBTOTpaHcdopmaropis 330 kB B 8-84,4 pasiB NOPIBHSAHO 3 PU3UKAMU, 110 CYIPOBOJKYIOTb BUKOPUCTAHHS
IPaHMYHUX 3HAYEHDb PEIJIAMEHTOBAHUX B [[iI0YOMY B YKpaiHi HODMAaTUBHOMY JOKYMEHTI; 4. OTpUMaB NOJA/IbIINN
PO3BUTOK METOJ, BUBHAYEHHS XapaKTePy 3aJIeXKHOCTEN IIOKa3HUKIB TpaHCPOPMATOPHUX MaceJl, IKUH BiJIpi3HIeTbCS
ypaxyBaHHSM TPUBAJIOCTi €KCITyaTallii, 1110 T03BOJIMIIO BCTAHOBUTY, 1110 B aBTOTpaHcpopMaropax 330 kB, 3Ha4eHHS
MTOKa3HUKIB y 4acCi 3MiHIOIOTbCS HEJIIHIMHO, a XapaKTep 3aJIe>KHOCTEN OKPEMUX MTOKA3HUKIB CIIIBIIAMIAE 3
KiHETUYHUMU KPUBUMU OKUCIIOBAHHS; 5. Briepiie po3po6seHo Mofesib MHOKUHHOI perpecii A1 paHHbOI
IiaTHOCTMKU CTaHy TPaHC(POPMATOPHUX MACEJ], 32 KOMIIJIEKCOM JIiarHOCTUYHUX O3HAK, 3 YPaXyBaHHSIM YMOB Ta
PEeKMMIB eKCITyaTanii o61afHaHHS, [0 Ha BiMiHY Bifj iCHyI0UMX J4O3BOJISIE BUSBIATY 00JIaHAHHS 3 IPUCKOPEHUM
CTapiHHSM MaceJ, e B TOM MOMEHT 4acy KOJIM 3HaY€HHsI IOKa3HUKiB 3HaXOSThCs B 00J1aCTi 11O BifITIOBial0Th
HOPMaJIbHOMY CTaHy. BCTaHOBJIEHO 110 [TOXMOKA OLIiIHKY HaBYEHUX MOJieJiell 3HaxoAUThCs B Mexxax 0,327-0,407
poKy ITpakTuyHe 3HaY€HHSI OTPUMAHUX PE3YJIbTaTIB [J1s eJleKTpoeHepreTuku: 1) OTpuMaHi Ta HayKOBO
OOIrpyHTOBaHI BapiaTUBHI rpaHWYHi 3HAYEHHS ITOKA3HUKIB Mace, sKi 3MiHIOI0TbCS B 3aJIEXKHOCTI Bifl TPUBAJIOCTI Ta
PeXuMIB eKcIlyartallii TpaHcOpMaTopiB, BUKOPUCTOBYIOTHCS B SIKOCTi JOAATKOBUX KPUTEPIiB IIPU OLIIHKU CTaHy
TpaHC(POPMATOPHUX MACEJ B pAMKax IIPOBEJIEHHS IEPIOJUYHMX BUITPOOYBAHb CIIY>X00I0 i30JIs11ii Ta IPO303aXUCTy
AT «XapkiBo6sieHepro»; 2) Po3po6sena metoauka 17151 pOpMyBaHHS €TaJOHHUX TPAEKTOPiil NOKA3HUKIB i3071s11ii B
yMOBax 06MeKeHOi arpiopHoi iHdopMallii BUKOPUCTOBYETbCS B HAYKOBIH NisyibHOCTI Kadenpu nepepayvi
esnextpoeneprii HTY «XIII» npu nocnimkeHHi mpoleciB cTapiHHS i30J1s11ii BUCOKOBOJILTHOTO 06J1alHAHHS
€JIEKTPUYHUX MepeX; 3) Po3po6yieHi MeTOIM AiarHOCTUKY CTaHy TPAHC(POPMATOPHUX MaceJl, IPOrPaMHO
peasiizoBaHi B BUTJIATi OKpeMUX MoayJliB iHdpopMmauifiHo-aHaniTuyHoi cuctemu «CIPEHA», sika Ha maHui yac
po3pobisieTbes Ha Kadenpi «Ilepenaya enexkrpuynoi eHeprii» HTY «XTI1I»; 4) OTpumaHni B po60Ti pe3yibTaTtu
BMKOPHUCTOBYIOTbCS Y HaBYaJIbHOMY IIpoleci Ha Kadenpi «[lepenada e1eKTpUYHOI €HEPTii» B OCBITHIX KOMIIOHEHTAX:
«TexHika BUCOKMX Hampyr», «MaremMaTrryHi OCHOBU TEXHIYHOI AiarHOCTUKN» Ta «MaTeMaTU4Hi 3a4a4i EHEPTEeTUKU»

HarjioHasibHOTO TEXHIYHOTrO YHIBEPCUTETY «XaPKiBCbKUI MOJIITEXHIYHUN IHCTUTYT».

2. The aim of the study is to solve the problem of improving the methods and criteria used to assess the condition
of transformer oils, taking into account the duration and operating modes of 110 kV transformers and 330 kV
autotransformers. The object of study is the aging processes of transformer oils in the tanks of 110-330 kV
transformers and autotransformers, taking into account the operating modes and duration of operation. The
subject of research is the parameters of oils that characterise its condition in the tanks of 110-330 kV transformers
and autotransformers operated in different modes. The following scientific results were obtained from the study: 1.
The values of parameters of transformer oils, both suitable and unsuitable for further operation, are distributed



according to the Weibull law for the first time, and a significant influence of modes and conditions of equipment
operation on the values of these parameters is established, which necessitates their consideration when adjusting
the limit values of oil indicators. 2. The use of limit values of transformer oil indicators determined by minimising
the average risk function for one-dimensional distributions, considering the operating modes of transformers and
autotransformers with voltage of 110-330 kV, was scientifically substantiated for the first time, which allowed to
reduce the risks for 110 kV transformers by 1.05-37.2 times, and for 330 kV autotransformers by 1.8-4974419.5 times
compared to the risks associated with the use of limit values regulated in the current Ukrainian regulatory
document. 3. A method for adjusting the limit values of transformer oil indicators by a set of diagnostic features,
considering the peculiarities of the aging process of transformer oils, as well as the modes and operating
conditions of 110 kV transformers and 330 kV autotransformers, is proposed for the first time, which differs from
the existing ones because the limit values of oil indicators are determined by minimizing the average risk function
for multivariate distributions of indicators with a significant stochastic relationship, which will reduce the risks by
1.7-35.7 times for transformer oils. 4. The method of determining the nature of the dependencies of transformer oil
indicators was further developed, which differs in consideration of the duration of operation, which made it
possible to establish that in 330 kV autotransformers, the values of indicators change nonlinearly over time, and
the nature of the dependencies of individual indicators coincides with the kinetic curves of oxidation. 5. A multiple
regression model for early diagnostics of transformer oils, based on a set of diagnostic features, is developed for
the first time, considering the conditions and modes of equipment operation, which, unlike existing ones, allows to
identify equipment with accelerated oil aging, even when the values of indicators correspond to the normal state.
It was found that the error of the trained models estimation is in the range of 0.327-0.407. Practical implications of
the results for the electric power industry: 1) The obtained and scientifically substantiated variable limit values of
oil indicators, which vary depending on the duration and operating modes of transformers, are used as additional
criteria for assessing the condition of transformer oils as part of periodic tests by the Insulation and Lightning
Protection Service of JSC Kharkivoblenergo. 2) The developed methodology for the formation of reference
trajectories of insulation indicators under conditions of limited a priori information is used in the scientific
activities of the Department of Electric Power Transmission of National Technical University “Kharkiv Polytechnic
Institute” in the study of the aging processes of insulation of high-voltage equipment of electrical networks. 3)
Methods for diagnosing the condition of transformer oils have been developed and implemented as separate
modules of the informational and analytical system "SYRENA", which is currently being developed at the
Department of Electric Power Transmission of National Technical University “Kharkiv Polytechnic Institute”. 4)
The results of the dissertation are used in the educational process at the Department of Electric Power
Transmission in the educational components “High Voltage Equipment”, “Mathematical Basics of Technical
Diagnostics” and "Mathematical Problems of Energy" of the National Technical University “Kharkiv Polytechnic
Institute”.
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VIII. 3aKkJII04Hi BiZoMOCTi
BnacHe IlpizBume Im's I10-6aTbKOBI [llepuenko Cepriit OpiioBry

TOJIOBH paju

Biacue IpizBume Im's I1o-6aThbKOBI [lepyenko Cepriit IOpifioBuy

rOJIOBYIOYOrO Ha 3acigaHHi

BiznoBigansHHU 3a MiATOTOBKY Baiiues FOpiii [BaHOBIY

00JIIKOBHX JOKYMEHTIB

Peectparop VYkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




