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Pedepar:

1. MeTa po60TH noJisirae y BUPillleHHi 3aBJaHHS 10 YIOCKOHAJIEHHIO METO/IiB Ta KPUTEPIiB, 110 BUKOPUCTOBYIOTHCS
L7151 OLIHKU CTaHy TPaHC(POPMATOPHUX MacCeJ], 3 yPaxyBaHHSIM TPUBAJIOCTI Ta PESKAMIB eKCILTyaTawii
TpaHcopmaTopiB Hanpyroio 110 kB ta aBToTpancdopmaTopis Hanpyroio 330 kB. O6’eKT LOCIiIKEeHHS — IPOoLiecu
cTapiHHs TpaHcOpPMaTOPHUX Macesl y 6akax TpaHcPopmaTopis Ta aBToTpaHcdopmaropis 110-330 kB 3
ypaxyBaHHAM PEXKMMIB Ta TPMBAJIOCTI eKCIlTyarauii. [Ipeamer gociifkeHs — mapameTpu Macedl, 1o
XapaKTepU3yloTh HOTO CTaH, B 6akax TpaHcdopmMartopis Ta aBrorpancdopmaropis 110-330 kB, 1m0 eKCIyaTyioThCs B

pi3HUX peskuMax. 3a pe3yJibTaTaMy HayKOBOT'O OCJIiIP)KeHHSI OTPUMAaHO HACTYIIHI pe3ysbTaTy: 1. Brepiue



BCTAQHOBJIEHO Ta HAyKOBO OOI'PYHTOBAHO L0 3HAYEHHS IapaMeTpiB TpaHCPOPMATOPHUX Mace]l, SIK IPUIATHUX TaK i
He IIPUIATHUX 0 NOaJbIIO] eKCIITyaTallil, po3MoAisieHi 3rifHO 3 3aKOHOM Beli6yi1y, Ipu LIbOMy BCTAaHOBJIEHO
3HAUyLIMI BIUIMB PEKMUMIB Ta YMOB eKCILTyaTallii 061aJHaHHS Ha 3Ha4Y€HHsI LIUX 1apaMeTPiB, 1110 00YMOBIIIOE
HEOOXIiJIHICTb iX ypaxyBaHHs IIPM KOPETyBaHHI TPaHUYHUX 3HaY€Hb [TOKA3HUKIB Maces; 2. Biepie HayKoBO
OOI'PYHTOBAHO BUKOPMCTAaHHS 'PAHUYHUX 3HAU€Hb [I0KA3HUKIB TPaHCHOPMATOPHUX MACeJl, SIKi BU3HAYAIOThCS
MiHiMizalieo QyHKIiI cepegHbOro PUBUKY [1J1s1 OGHOMIPHUX PO3NOLiiB, 3 ypaxyBaHHIM PEXUMIB eKCITyaTallii
TpaHc@opmaTopis Ta aBToTpaHcpopmaropis Hanpyrow 110-330 kB, mo go3sosmio ajs TpaHcdopmaropis 110 kB
3HM3UTH pu3uku B 1,05-37,2 pasuy, a g1 aBrorpancopmaropis 330 kB B 1,8-4974419,5 pasiB nopiBHSHO 3 pU3UKaMH,
1110 CYNIPOBOIKYIOTh BUKOPHCTAHHS TPAaHUYHUX 3HAYEHDb PETJIAMEHTOBAHUX B [III0YOMY B YKpaiHi HOpMaTUBHOMY
IIOKYMEHTI; 3. Briepiue 3arporoHOBaHO METOZ, 17151 KOPET'yBaHHS I'PAHUYHUX 3HAY€Hb I0KA3HUKIB
TpaHC(POPMATOPHUX MACEJ 32 KOMILJIEKCOM JiarHOCTUYHUX O3HaK 3 YpaxyBaHHSIM OCOOIMBOCTEN IIPOLIECY CTapiHHS
TpaHCHOPMATOPHUX MACEJI, a TAKOXK PEXUMIB Ta yMOB eKcIlyaTauii TpaHcdopmaTopis 110 kB, Ta
aBroTpaHcdopmaropis 330 kB, skuit BipisHAETHCSI Bif, iCHYIOUMX THM, 1110 TPAaHUYHI 3HAaYEHHS ITOKa3HUKIB MaceJ
BM3HAYAIOThCS 32 PaxyHOK MiHiMizalii QyHKIil cepegHbOro pu3UKy AJ1s 6araToOMipHUX pO3NOJiiB MOKAa3HUKIB, 110
MAaIOTh 3HAUYILil CTOXaCTUYHUI 3B'S30K, 110 JO3BOJIUTb 3HU3UTU PU3UKU B 1,7-35,7 pasu 15 TpancdopmaTopis 110
KB, a i1 aBToTpancdopmaropis 330 kB B 8-84,4 pasiB OPiBHSHO 3 PU3UKaMHU, 10 CYIIPOBOMKYIOTh BUKOPUCTAHHS
IrPAaHNYHUX 3HAYEHDb PEIJIAMEHTOBAHUX B [[iI04OMY B YKpaiHi HODMAaTUBHOMY JOKYMEHTI; 4. OTpUMaB 04BN
PO3BUTOK METOJ, BUBHAYEHHS XapaKTePy 3aJIeXKHOCTEN MTOKa3HUKIB TPaHCPOPMATOPHUX Mace]l, IKUH BiJIpi3HIETbCS
ypaxyBaHHSM TPUBaJIOCTi €KCILTyaTallii, 1[0 JO3BOJIMJIO BCTAHOBUTY, 10 B aBTOoTpanchopmaTopax 330 KB, 3HaueHHs
ITOKA3HUKIB y 4acCi 3MiHIOIOTLCS HEJIIHIMHO, a XapaKTep 3aJIeKHOCTEN OKPEMUX MTOKA3HUKIB CITIBIIAMIAE 3
KiHeTUYHMMU KPUBMMU OKUCJIIOBAHHS; 5. Briepie po3po6sieHO MOJieib MHOXKUHHOI perpecii [711 paHHbO]
IiaTHOCTMKY CTaHy TPaHC(POPMATOPHUX MACEJ], 32 KOMIIJIEKCOM JIiarHOCTUYHUX O3HAK, 3 YPaXyBaHHSIM YMOB Ta
PeKMMIB eKCIIyaTalii o6agHaHH, 110 Ha BiMiHY Bifl iCHyI0UMX JO3BOJISIE BUSBIATY 00JIafHAHHS 3 IPUCKOPEHUM
CTapiHHSIM MaceJ, 1je B TOM MOMEHT 4acy KOJIM 3Hau€HHsI IOKa3HUKIB 3HaXOIThCs B 00J1aCTi 1O BiTIOBiIalOTh
HOPMAaJIbHOMY CTaHy. BCTaHOBJIEHO 110 NOXMOKA OLiHKM HaBYEHUX MOZEJIEN 3HaX0auThcs B Mexax 0,327-0,407
poky I[IpakTr4yHe 3HaU€HHS OTPUMAHUX PE3yJIbTATiB [1Jisl eJIeKTpoeHepreTuku: 1) OTpumani Ta HayKOBO
OOIpYHTOBaHI BapiaTUBHI rpaHUYHi 3HAUEHHS ITOKa3HUKIB Mace, sIKi 3MiHIOI0TbCSI B 3aJIEXKHOCTI Bifl TPUBAJIOCTI Ta
PEeXUMIB eKcIlyaTallii TpaHcOpMaTopiB, BAUKOPUCTOBYIOTbCS B SIKOCTi JOAATKOBUX KPUTEPIiB ITPU OLIIHKU CTaHy
TpaHC(POPMATOPHUX MACEJI B PAMKaX [IPOBEJIEHHS IEPIOJNYHUX BUITPOOYBAHD CIY>X0O0I0 i30Is11ii Ta FPO303aXUCTY
AT «XapkiBobsieHepro»; 2) PozpobsieHa metoauka s popMyBaHHS €TaJIOHHUX TPAEKTOPIiil MOKA3HUKIB i30J1s111ii B
yMOBax 0OMeXXeHOi arpiopHoi iHdopMallii BUKOPUCTOBYETbCS. B HAYKOBIiH NIisbHOCTI Kadenpu nepepayvi
esnexktpoeneprii HTY «XIlII» npu nocnimkeHHi mpoleciB cTapiHHA i30J1s11ii BUCOKOBOJILTHOTO 06J1alHAHHS
€JIEKTPUYHUX MepexX; 3) Po3po6iieHi MeToIM AiarHOCTUKY CTaHy TPAaHC(HOPMATOPHUX MaceJl, IPOrPaMHO
peasizoBaHi B BUTJISi OKpeMUX MoayJliB iHpopMaLifiHo-aHaniTuyHoi cuctemu «CHIPEHA», sika Ha maHuil yac
pospobisieTbes Ha Kadenpi «Ilepenava enexkrpuynoi eHeprii» HTY «XTI1I»; 4) OTpumaHi B po60Ti pe3yibTatu
BMKOPHMCTOBYIOThCS Y HaBYaJIbHOMY IIpoleci Ha Kadenpi «[lepenada e1eKTpUYHOI €HEPTii» B OCBITHIX KOMIIOHEHTAX:
«TexHiKa BUCOKUX Hanpyr», «kMaremMaTnyHi OCHOBU TE€XHIYHOI AiaTHOCTUKN» Ta «MaTeMaTU4Hi 3a7a4i EHEPTETUKU»

HarjioHasibHOrO TEXHIYHOTrO YHIBEPCUTETY «XaPKiBCbKU MOJIITEXHIYHUIN 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
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH pagu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiJaJIbHUM 3a PEECTpalLio HayKoBoOi

OisIJIBHOCTI

[lleBuenko Cepriit FOpiftoBry

[lleBuenko Cepriit FOpiftoBry

Sariues IOpiit IBaHOBUY

VKpIHTEI

Opuenko Tetsna AHaTosiiBHA



