AHOTANIA

Jomopowun C. B. YnockoHaJ€HHS METOJIIB IPOTHO3YBaHHS PHU3UKIB
NOpYLIEHHS! POOOTH PO3MOAUTFYUX MPUCTPOIB BUCOKOI Hanpyru. — KBamigikaiiiina
HayKOBa Ipalls Ha MpaBax PYKOIHKCY.

Huceprarnisi Ha 3100yTTS HAyKOBOTO CTymHeHs JokTopa (dinocodii 3a
cnemianbHicTIO 141 — «EnekTpoeHepreTrka, eJIeKTpOTEXHIKa Ta eJIeKTPOMEXaHIKay
— HamionanpHU# yHIBEpCUTET «3aropi3bKa MojiTexHikay, M. 3anopiioks, 2021 p.

Hucepraiiiina po0OoTa TPHUCBSUYEHA BUPIMIEHHIO TMHTaHb CTOCOBHO
YIOCKOHAJICHHSI ICHYIOUOI CHCTEMH pO3MOAUICHHS (IHAHCOBHX AaKTHBIB Ha
MJIaHOBO-TIOTIEPEKYBaIbHI PEMOHTH BiIIOBIIAJILHOTO 00JIaTHAHHS PO3MOALIBYMX
MPUCTPOIB BUCOKOI HAMPYTH €IEKTPOCHEPTETUIHHX i ITPUEMCTB.

JInst focsiTHEHHS 111€1 MeTH OYJ10 OCTaBJIEHO 3aj1ayi:

— BU3HAUUTU HOMEHKJIATYpy OCHOBHOTO €JEKTPOOOIaJHAHHS, BIJl SIKOTO
3aJeKUTh (DYHKIIOHYBAaHHSA PO3MOAUIBYUX MPUCTPoiB BUcOKOi Hanpyru (PIIBH);

— BU3HAYUTH OCHOBHI MapaMeTpH, sIK1 BIUIMBaIOTh Ha TexHIYHMM cTaH (TC)
neBHOTO enekTpooonannanns PIIBH;

— YIOCKOHAJIMTU MaTeMaTh4Hi Mozeni Bu3HaueHHs TC BiAMOBIAaIBHOTO
enextpoobnanHanns PIIBH;

—  po3poOWTH  MOJETh  MPOTHO3YBAHHS  3QJMINTKOBOTO  PECYpCy
enextpoobnannanns PIIBH;

— pO3pOOUTH MOJIENb BU3SHAUEHHS pU3HKIB MopyiueHHsa podotu PIIBH;

— eKCIEPUMEHTAIbHO MIATBEPAUTH €(EKTUBHICTh PO3POOIECHUX MOJENEH 1
METO/y JUJIsi MPOTHO3yBaHHsI pU3KKIB nopyimeHHs poootu PIIBH.

OO0'eKT MOCHIIKEHHS — eKCIUTyaTalis PO3MOJIbUMX MPUCTPOIB BUCOKOI
Hanpyru 00’ €HAHOT €JIEKTPOCHEPTETUYHOT CUCTEMHU Y KpaiHHU.

[IpenMer mocnigKeHHS — METOAW 1 MOJEN Il MPOTHO3yBAaHHS PHU3UKIB
MOPYIICHHS pOOOTH PO3MOAUTBYUX MPUCTPOIB BUCOKOT HATIPYTH.

Metoau nocnimkeHHs. BupimeHHs MocTaBieHUX y JUCEpTaIiiiHIid poOoTi

3aBJlaHb JOCATHYTO Ha 0a3l TEOPETUYHHX OCHOB MPOEKTYBAaHHS amapariB BUCOKOI
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HAIpyTu, Teopii WMOBIPHOCTI, TeOpii HAMIMHOCTI, TOJOXEHb TEOpii HEUITKOi
JOTIKMA, METOAY eKCIEpTHUX CHCTEM, METOAY WMOBIPHICHO-CTATUCTUYHOTO
MojentoBaHHsA. Bci  po3paxyHku B poOOTI BUKOHAHO 3 BUKOPUCTAHHSIM
nporpamuoro npoayktry MATLAB Fuzzy Logic (License Number: 271828) ta
MATLAB Coder'™ nus iHTerpyBaHHS B CHCTEMy O€3IEpPEepBHOIO KOHTPOIIO
(CBK), a Takox opuriHaibHUM mporpamHuM 3a0e3nedeHHsM CBK TOB
«EneproaBToMaTtu3zaiisy.

B po6oTi oTprMaHO Taki HAyKOBI Pe3yJIbTaTH.

Y aucepramiiiHiii poOOTI BHUPIIIEHO HAYKOBO-MPAKTHYHY 3aJady
NPOrHO3yBaHHs pu3MKiB nopyueHHs pobotu PIIBH, sika rpyHTyeThcs Ha JaHMX
CBK 110,10 TOTOYHOTO TEXHIYHOTO CTaHy B1JIMOBIIAJILHOTO €IEKTPOOOIIaTHAHHS.

[IpoBeneHo aHaii3 ICHYIOUMX METOJIB NPOTHO3Y PHU3UKIB MOPYIICHHS
poOOTH  €JEKTPOYCTAHOBOK E€IEKTPOCHEPreTUYHUX CHCTeM. BusiBieHo psif
HEJIOJTIKIB 100 aKIIEHTIB ITiJl Yac KepyBaHHsS pU3MKaMu (€KOHOMIYHI, €KOJIOT14HI,
Oe3meKoBi Ta 1H.), MPIOPUTETHOCTI TOCTII)KYBaHOTO OOJaJHAHHS, MIAXOIIB Yy
BUIAJIKy BU3HAYEHHS IMOBIPHICHOI CKJIa/I0BOI PU3HUKY.

BusHaueHo HOMEHKIJIATypy BIANOBIAAIBHOTO €JIEKTPOOOIaTHAHHS, SKE
3a0e3neuye HopMalibHy poOoty PIIBH. BcTaHoBieHO 4YMHHUKHM BIUIMBY Ha
(GYHKIIIOHYBAaHHS BIJMOBIIAJILHOTO €JIEKTPOOOIaIHAHHSA, 3a SKUMHU MOXKJIMBE
MIPOTHO3YBAHHS PU3HKIB BiIMOB eneMenTiB PIIBH.

Po3pobiieHo y3araibHEHy HEUITKY MaTeMaTU4yHy wmojeib ominku TC
BIZIMOBiIaTbHOTO  enekTpoobnamuanus PIIBH, B skiii iHTerpoBaHO OCHOBHI
JMIarHOCTUYHI YMHHUKHW BIUTMBY Ha 3QJMIIKOBUN PECypC €IEKTPOOOIaHAHHS.
VY3aranpHeHy HeUiTKy MaremaTuuHy Mozenb iHterpoBaHo B CBK 3aBmsku
yHi(iKkaiii OCHOBHHX KOHTPOJIbOBAaHUX MapaMeTpiB.

Po3po6aeno HeuiTki MaTemMaTtuyHi Mojen oimiHeHHS TC Takux eJeMEeHTIB
pO3MOAUIBYMX MPUCTPOIB: amapara 3aXHMCTy Bl TEpEHaIpyr, eJlIera3oBoro

BUMHKa4a, TpaHc(hopmaTopa CTpyMy, po3’ € JHyBava.



3

[IpoBeaeHO eKCTIEPUMEHTAIEHO-MOICTBbHI JOCIKEHHS 3 BUKOPUCTAHHIM
po3po0IeHNX HeUiTKuX MmatemMatudHux Mmozenei. 3a manummu CBK momo TC
BU3HAUYC€HO HWMOBIPHICTh BIIMOBH BijnoBifgansHoro obnannands PITIBH EEC.

3anporoHOBAHO 1 peali30BaHO yIOCKOHAJICHUN EKCIIePTHO-CTATUCTUIHUI
METO/I IPOTHO3YBAHHS 3aJIMIIIKOBOTO PECYPCY €NEKTPOOOIaTHAHHS B PEXKUMI «On-
line», oOrpyHTOBAHO MOEJHAHHS HMOBIPHICHO-CTATUCTUYHOTO Ta €BPUCTUYHOIO
METO/I1B TPOTHO3YBaHHS.

3anpoIroHOBaHO 1 peani30BaHO METo MoaudiKaIli CTaTUCTUYHOT DYHKITIT
po3moAlTy WMOBIPHOCTI BimMoBH enektpooOnamnanas PIIBH 3a  nmanuvm
notoynoro koHTpomo TC 3acobamu CBK.

Po3po6eHo 1 peastizoBaHO KMOBIPHICHO-TOIIOJIOTIYHUNA METO/ BU3HAUCHHS
nopymenass pob6oru PIIBH. Ha ocHOBI po3pobiieHOro MeTomy MpOBEACHO
PO3paxyHKH MO0 VYMOPABIiHHS pU3MKAMHU eKCIUTyarTaiii BiJMOBiIaJbHOTO
enextpoobsannanns PIIBH 06’exta EEC.

Hucepramiiiny po0OOTy BHUKOHAHO Ha Kadenpli eNeKTpUYHHX Ta
CJICKTPOHHUX amapaTiB HallloHaIbHOTO YHIBEPCHUTETY «3amnopi3bKa MOJITEXHIKaY 1
Ha Oa3i minmpuemctBa TOB «EneproaBromatusanis». Pesynbratn muceprarii
BIIPOBA/DKEHO B paMKax JOCHiIHOT ekcrutyartamii B mporeci BUpoOoHuITBI CBK
(MoHITOpHMHTY) OOnagHaHHA po3noAuTbuMx npuctpoiB mias  IIC  «Hypa»
(Pecmy6nika Kazaxcran).

KirouoBi cioBa: po3monimpuMii MPUCTPIi, PU3MK, 3ATUINKOBUN peECypc,

TEXHIYHUI CTaH, HEUITKA MOJIEJb, TOMOJIOTTYHUIA BIUIUB, €KCIIEPTHI CHCTEMH.
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ABSTRACT

Domoroshchyn S. V. Improved methods for predicting the risk of high
voltage switchgear disruption. — Qualifying scientific work on the rights of
manuscripts.

Dissertation for the degree of Ph.D in specialty 141 “Electric Power,
Electrical and Electromechanics” — National University “Zaporizhzhya
Polytechnic”, Zaporizhzhya, 2021.

The dissertation work is devoted to the solution of issues on the
improvement of the existing system of distribution of financial assets for planned
preventive repairs of responsible equipment of high-voltage switchgears of electric
power enterprises.

To achieve this goal, the following objectives were set:

- determine the nomenclature of the main electrical equipment on which the
operation of high voltage switchgear (HVS) depends;

- determine the main parameters that affect the technical condition (TC) of
certain electrical equipment of the HVS;

- improve mathematical models for determining the TC of responsible
electrical equipment of the HVS;

- develop the model of forecasting the residual life of HVS electrical
equipment;

- develop a model for determining the risks of disruption of the HVS;

- to experimentally confirm the effectiveness of the models developed and
the method for predicting the risks of malfunctioning the HVS.

The object of the study is the operation of high voltage switchgears of the
EPS.

The subject of the study is methods and models for predicting the risks of
disruption of high-voltage switchgears.

Research methods. The solution of the problems set in the dissertation

work was achieved on the basis of the theoretical foundations of designing high-
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voltage devices, probability theory, reliability theory, the positions of the theory of

fuzzy logic, the method of expert systems, and the method of probability-statistical
modeling. All calculations in the work were made using the MATLAB Fuzzy
Logic software product (License Number: 271828) and MATLAB Coder™ for
integration into the continuous monitoring systems (CMS), as well as the original
software of the enterprise "Energy Automation.".

The following scientific results are obtained in the work.

The dissertation work solved the scientific and practical problem of
predicting the risks of malfunction of the HVS, which is based on data from CMS
regarding the current technical state of responsible electrical equipment.

Analysis of existing methods of forecasting the risks of disruption of
electrical installations of electric power systems was carried out. A number of
deficiencies were identified regarding the emphasis in risk management
(economic, environmental, without pitch, etc.), the priority of the equipment under
investigation, approaches in determining the probabilistic component of the risk.

The nomenclature of responsible electrical equipment has been determined,
which ensures normal operation of the HVS. Factors of influence on the
functioning of responsible electrical equipment have been established, according to
which it is possible to predict the risks of failures of HVS elements.

A generalized fuzzy mathematical model of TC evaluation of responsible
electrical equipment of HVS has been developed, in which the main diagnostic
factors of impact on residual life of electrical equipment are integrated. The
generalized fuzzy mathematical model is integrated into the CMS due to the
unification of the main controlled parameters.

Fuzzy mathematical models have been developed for evaluating the TC of
the following components of switchgear: overvoltage protection device, gas-
insulated switch, current transformer, disconnector.

Experimental model studies were carried out using developed fuzzy
mathematical models. According to CMS data as per TC, the probability of failure
of the responsible EPS HVS equipment is determined.
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An improved expert-statistical method of predicting the residual life of
electrical equipment in the "on-line" mode is proposed and implemented, a
combination of probabilistic-statistical and heuristic prediction methods 1is
justified.

Method of modification of statistical function of distribution of probability
of failure of electrical equipment of HVS is proposed and implemented based on
data of vehicle monitoring by means of CMS.

A probabilistic-topological method for determining a malfunction of the
HVS has been developed and implemented. On the basis of the developed method,
calculations were made to manage the risk of operation of the responsible electrical
equipment of the EPS facility.

Dissertation work was carried out at the Department of Electrical and
Electronic Devices of the National University "Zaporizhzhya Polytechnic" and on
the basis of the enterprise "Energy Automation." The results of the dissertation
were introduced, as part of pilot operation, in the production of SBC (monitoring)
equipment of switchgears for PS "Nura" (Republic of Kazakhstan).

Keywords: switchgear, risk, residual resource, technical condition, fuzzy

model, topological influence, expert systems.
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