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Pedepar:

1. Y puceprauiiiziil po60oTi BUpillyeTbCs 3aa4i 3 po3pOOKM HOBUX Ta YO,OCKOHAJIEHHS iCHYI0OUMX MaTEMaTUYHUX
Mopenel i MeTOZiB AiarHOCTyBaHHS TEXHIYHOTO CTaHY KOMYTAaLliHOTO 00J1afHAaHHSI €HEPrOCUCTEM, MOJEJIIOBAaHHS
nipcucrem enekrpoeHepreTnyHux cucrtem (EEC) st oLiHKY pesKuMHOI HaliHOCTI IPYU KaCKaZHOMY XapakTepi
BiZIMOB B YMOBax HeBU3HaY€HOCTI BUXiiHOI iHpopMalii. Y nepiiomy posfini mpoaHani3oBaHO yMOBU
(OYHKLIOHYBaHHS, OCOOJIMBOCTI i CTpaTeriyHi Liji cyyacHOro erany pepopMyBaHHS BiTUM3HSIHOL
€JIEKTPOEHEPreTUKH, PO3IJISIHYTi IPO6JIEMH i MEPCIEKTUBU PO3BUTKY €JIEKTPOMEPESKEBOT0 KOMILJIEKCY YKpaiHU.

BusHaueHo, o Hapasi iCHye CTillka TeHAEHLd 10 MiABUIIEHHS aBapiliHOCTI Ta BaXXKOCTI HACJIiIKIB aBapii,



CIIPUYMHEHUX B MIEPIIY YEPTY BiIMOBAMU CUJIOBOTO i KOMyTaL[iHOTO 00J1aiHaHHS. BCTaHOBJIEHO, 10 HA BiIMOBU
BHCOKOBOJIbTHUX BUMUKAaYiB MIpUINaJae 3Ha4Ha YacCTKa iHiliowoynx nogii. Ha 0CHOBI aHai3y iCHYIOUUX METOZIB i
MoJeJiell OLiHKY TEXHIYHOIO CTaHy BUMUKAUiB BUBHAUEHO, 1110 HANO1IbII €(PEKTUBHUM MiTX0[0M L1010
MOJIEJIIOBAaHHS TEXHIYHOTO CTaHy € TaKUH, IO IPYHTYETHCS HA IHTEJIEKTYaIbHOMY aHaJli3i JaHux. JloclimpKeHHs
icHyrOuMX migxomiB i MeTOAIB aHai3y HaAiMHOCTI (PYHKIIOHYBAaHHS 00’€KTiB €HEPreTUYHOI ray3i 10oKa3as, 10
HaMo6inbI ePeKTUBHUM TiIX0A0M 10 BU3HAYEHHS KiJIbKiCHMX MTOKAa3HUKIB pexkuMHoi HafiiHocTi EEC € migxonu, sKi
I'PYHTYIOTbCSl HA BUKOPUCTAHHS METOLB TEOPii pU3MKy. Y ApyroMy po3zisi pencTaBieHa XxapaKTepUCTHKA
PEXMMIB IIOPYIIEHHS HOPMaJIbHOTO pexkuMy B migcucreMi EEC npu BigMOBax OKpeMUX €JIEMEHTIB. BcTaHOBIEHO
rosioBHi (pakTOpU, HASBHICTb SIKUX [IPU3BOAUTD 1O 30i/bLIEHHS KiJIbKOCTI aBapifiHux cutyanii B EEC. O6rpyHTOBaHa
HEeOOXiJIHICTb pO3pOOKM MOJiesIel OLiIHKY TeXHIYHOT'O CTaHy, PECYypCy Ta MIMOBIPHOCTI BiIMOBHU €J1IeKTPOO00JIaHAHHS
B 33J]a4ax aHaJli3y pe>KUMHOI HaAiHOCTi. BU3HA4eHO i OGIPYHTOBAHO METO/, IOA0 06y 0BU KOMILIEKCHOI
MaTeMaTHU4HOI MOZeJli OLiHKM TEXHIYHOTO CTaHy BUCOKOBOJIbTHMX BUMUKauiB. Po3pobieHa iepapxiuHa CTpyKTypHa
CXEMa HEYiTKOTO JIOTIYHOTO BUCHOBKY OTPUMAHHS arperoBaHoi OL[iHKU TEXHIYHOTO CTaHy €JIEra30BOr0 BUMMUKAYa.
JI7151 BUBHAUEHHSI IPIOPUTETY BUBEJIEHHS 3 €KCILyaTallii KoMyTaliliHOro obJ1afjHaHHS 3a pe3yJIbTaTaMU OLiHKU
TEXHIYHOTO CTaHy 3aIIPOIIOHOBAHO METOAM 6araTOKpUTEPialbHOrO BUGOPY anbTepHAaTHB. OOIPYHTOBAHO
IOLBbHICTD i €PEeKTUBHICTb 3aCTOCYBAHHS METOLy IMOBIPHICHO-CTaTUCTUYHOTIO MOJIEJIIOBAHHS [J151 BUBHAYEHHSI
PU3MKY [OPYIIEHHS HOPMAJIBHOTO peXXuMy B mifgcucremax EEC npu BuBeeHHI 3 eKCILlyaTallii BACOKOBOJIbTHUX
BAMUKAUiB. Y TPETbOMY PO3Liji 3aIIPONIOHOBAHO KOMIIIEKCHI JIIHIBICTUYHI MaTeMaTUYHi MOZEJIi €J1eEra30BOro
BUMMKAaya 1 BU3HAYEHHS PeCypcCy IpaLe3naTHOCTi Ta UIMOBIPHOCTI BiIMOBH, Ki IDYHTYIOTbCS Ha BUKOPUCTaHHI
indopmauii om0 napameTpiB TEXHIYHOTO CTaHy, OTpUMaHuX B pexxumi Online a6o B pesxxumax Online ta Offline.
JI7151 moeiHaHHS pe3yJIbTaTiB Pi3HUX METOAiB BUMipoBaHHs B pexkumax Online ta Offline MoHiTOpUHTY BUMKKayda
17151 IPaBUJIbHOI OLIiHKM TEXHIYHOTO CTaHy NPOIOHYETHCSI BAKOPUCTOBYBATU HEWITKY JIOTIKY. BupileHHs 3aBiaHHS
KOMILJIEKCHOI OL[iHKY TE€XHIYHOT'O CTaHy Ilepei6ayae CTBOPEHHS HEUiTKUX eKCIIEPTHUX MiICUCTEM [JIs1 OCHOBHUX
(YHKLiOHATIbHUX BY3JliB. LIeHTpaJIbHUM €JIeMEHTOM € 6a3a IIpaBUJl Ta MEXaHi3M HEUiTKOTO BUCHOBKY.
3anponoHOBaHi JiHIBICTUYHI MaTeMaTU4YHa MOJIEJIi BUCOKOBOJIbTHMX BUMMKAYiB I03BOJISIIOTh BUBHAYUTHU
MIMOBIDHOCTI BilMOBHU, OLiHIOBATU PU3UK IOPYIIEHHSA HOPMaJILHOT'O PEXXUMY Ta BU3HAYATH ITIOKA3HUKY PEKMMHOI
HagiriHocTi EEC. [I7151 oOKpeMuX TUIIiB BUCOKOBOJIbTHUX BUMMKAUiB IJIs1 SIKUX MOXJINBO cpopmyBaTH QYyHKILi
PO3NOoAiNy UMOBIPHOCTI BiIMOBY 332 CTATUCTUYHMMU JAHMMU I10 BiIMOBaM 3 YpaxyBaHHSIM iHIUBIIyaIbHUX
XapaKTepUCTHUK 3aMIPOIIOHOBAHO METO/], BUBHAUYEHHS MOBIPHOCTI BiZIMOBM Ha iHTEPBaJli CIOCTEPEXKEHHS. Y
YETBEPTOMY PO3[Iiji pO3TJIIHYTO METOIM i MaTEMAaTU4HI MOJIeJIi 17151 aHali3y pu3uKy B nigcucteMi EEC B ymoBax
KaCcKaJHOTO po3BUTKY aBapii. Ha ocHOBI norsm6seHoro aHauisy NpUYrMH BUHUKHEHHS JIAHLIIOTIB IO, SIKi
BM3HA4YaJIbHUM YMHOM BILJIMBAIOTh HA BUHMKHEHHS i PO3BUTOK aBapiiHOI CUTYyallil BUSBJIEHO OCHOBHI ME€XaHi3MU
PO3BUTKY BEJIMKUX CUCTEMHUX aBapiil Ta 1obygoBaHa y3arajibHeHa cxeMa po3BUTKy aBapii B EEC. 3 ypaxyBaHHAIM
JIMOBIpHICHOTO XapaKTepy BifilMOB OCHOBHOI'O CUJIOBOTO i KOMYTaLlifHOTO 06JIalHaHHSI, & TAKOK IIOMUJIOK
IVCIIETYEPCHKOTO i ONIepaTUBHOIO IEPCOHAY BU3HAYEHO BUMOIO 10 MaTEeMAaTUYHUX MOJeJell OL[iHKU PEXXUMHO]
HaginnocTti EEC ripu KackafHOMY cLeHapil po3BUTKY aBapii. BpaxoByoun 3HaYHUI1 piB€Hb HEBU3HAYEHOCTI
indopmanii om0 IMOBIPHOCTI CTaHIB Ta CTYIIEHIO BaKKOCTI HACJIIKIB B IIPOLIECi pO3BUTKY KacKagHOi aBapil
PO3pobiieHa KOMIIJIEKCHA HEYiTKa MOJeJIb OLIiHKY PU3UKY PO3BUTKY KackafHux BinMoB B nigcucteMi EEC. Y m'sitomy
PO3iJi BUPIlIyeTbCA 3a7a4a MOJEJIIOBAHHA i HOCIIIKEHHS PEeXKMMHOI HaniHoCTi migcucrem EEC npu BinmoBax i
BMBEJIEHHi 3 eKCIlTyaTalii KOMyTaliifHoro 061agHaHHS i KAaCKaZHOMY PO3BUTKY BiZMOB. JlOCIIiIPKEHO JeKijbKa TUIIB
MOJIeJIeNl BU3HAYEHHS PECYPCY Ta MIMOBIPHOCTI BilMOBY BUMHKaYiB. [IpOBeI€HO pO3paxyHOK Ta aHaJli3 pe3yJIbTaTiB
IIPUMHATTS ONTUMAJIBHOTO PillleHHs O/I0 BUBEJIEHHS 3 €KCIIyaTallii BAMUKAYiB 32 KDUTEPISIMU HA OCHOBI METOLY
ontyMisauii [lapeTo Ta IMOBIpHICHO-CTaTUCTUYHOIO MOJEJIOBAHHA [J1S1 OLiHKY PU3MKY BUHUKHEHHS aBapifHO]

curyauii B EEC meTogom MonTe-Kapio.

2. The PhD thesis solves the problems of developing new and improving existing mathematical models and
methods for diagnosing the technical condition (determining the service life) of switching equipment of power
systems, modeling subsystems of electric power systems (EPS) to assess the operational reliability in case of
cascading failures under conditions of uncertainty of the initial information. In the first section the conditions of



operation, features, and strategic goals of the current stage of reforming the domestic power industry are
analyzed. The problems and prospects of the development of the power grid complex of Ukraine are discussed. It
is determined that there is a persistent trend towards an increase in accidents and the severity of consequences
caused primarily by failures of power and switching equipment. In the second section presents a characterization
of the disturbance modes in the subsystem of the power system during the failures of individual elements. The
main factors leading to an increase in the number of emergency situations in the power system are identified. The
necessity of developing models for assessing the technical condition, resource, and failure probability of power
equipment in the analysis of operational reliability is justified. A method for constructing a comprehensive
mathematical model for assessing the technical condition of high-voltage switches is proposed. A hierarchical
structural scheme of a fuzzy logical inference for obtaining an aggregated assessment of the technical condition of
a SF6 circuit breaker is developed. In the third section, complex linguistic mathematical models of a SF6 circuit
breaker are proposed to determine the resource and failure probability. These models are based on the use of
information on the technical condition parameters obtained in Online or Online and Offline modes. Fuzzy logic is
suggested for combining the results of different measurement methods in Online and Offline monitoring modes to
correctly assess the technical condition. The solution to the task of a comprehensive assessment of the technical
condition involves creating fuzzy expert subsystems for the main functional units. The central element is a rule
base and a mechanism for fuzzy inference. The proposed linguistic mathematical models of high-voltage switches
allow determining failure probabilities, evaluating the risk of a deviation from normal mode, and determining the
indicators of operational reliability of power systems. In the fourth section discusses methods and mathematical
models for analyzing the risk in the power system subsystem under conditions of cascading accident development.
Based on a deep analysis of the causes of event chains that significantly influence the occurrence and development
of emergency situations in power systems, a generalized scheme for the development of an emergency in a power
system is constructed. Taking into account the probabilistic nature of failures of the main power and switching
equipment, as well as errors of dispatchers and operational personnel, the requirements for mathematical models
for assessing the operational reliability of power systems in a cascade scenario of accidents are determined.
Considering the significant level of uncertainty in information about the probability of states and the severity of
consequences during the development of a cascade accident, a comprehensive fuzzy model for assessing the risk
of developing cascade failures in the power system subsystem is developed. In the fifth section the task of
modeling and studying the operational reliability of power system subsystems during failures and
decommissioning of switching equipment and the cascade development of failures is addressed. Several types of
models for determining the resource and failure probability of switches are investigated. A calculation and analysis
of the results are carried out for making an optimal decision on decommissioning switches based on criteria using
the Pareto optimization method and probabilistic-statistical modeling to assess the risk of an emergency situation
in the power system by the Monte Carlo method.
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IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: BiHHMIIbKMII HAIliOHA/IbHUI TEXHIYHUI YHiBEpCUTET
Kopg 3a €IPIIOY: 02070693

Micue3HaxoaKeHHS: ByJI. XMeJIbHUIIpKeE 1I0ce, 6yz. 95, Binnung, Binauuskuit p-H., 21021, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. 'an1 Onekcangp BajeHTUHOBUY

2. Oleksandr Hai

KBasigikamis: . . 1., gou., 05.09.03



InenTudikarop ORCID ID: 0000-0001-5460-7260
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHU: HaujonanbHuil yHiBepcUTET G6i0peCypCis i

IPUPOJOKOPUCTYBaHHS YKpaiHu

Kopg 3a €IPIIOY: 00493706

Micue3Haxoa>KeHHS: By ['epois O60ponu, 6y, 15, Kuis, 03041, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tyrau FOpi#t IBanOBUY

2. Tuhai Yurii I.

KBastidikamisi: zi. 1. 1., crapmmii HaykoBuii criiBpo6iTHUK, 05.14.02

InenTudikarop ORCID ID: He 3acrocosyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHUYHOI 0COOH: [HCTUTYT estekTpopMHamiku HanioHanbHOi akagemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417236

Micue3HaxoaKeHHS: np. Bepecreiicbkuii, 6yn. 56, Kuis, 03680, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. Kupuk Banepiit BaseHTnHOBAY

2. Valerii Kyryk

KBasigikamis: n. . v., npodecop, 05.09.03
Imentudikarop ORCID ID: 0000-0003-0419-8934
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: HanjioHanbHu# TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJITEXHIYHU IHCTUTYT iMeHi Irops Cikopcekoro”
Kog 3a €IPIIOY: 02070921
Micue3HaxoaKeHHS: npocnekT Bepecreiicekuii, 6yg. 37, Kuis, 03056, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

Aupynbckuin Onekcanap CraHiciaBOBAY

SAupynsckuii Onexkcannp CTaHiClIaBOBUY

Boupapenko OsnekcaHp JleoHinoBu4

VkpIHTEI

IOpuenko TeTsHa AHaTOJiiBHA



