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Abstract

In the scientific-research work was considered the problem of relay protection
reliability estimation with taking to account the statistical data about relay protection
faults. The relayreliability definitionwas defined, and its criteria and indicators were
analyzed.Based on the conducted analysis were identified that for evaluating the
reliability of relay protection at the most suitable time interval,supposed to be used
indicators such as probability and risk of failure.Were considered the main failure
modes of relay protection systems and determined that the greatest danger is refusing
of triggering.Also were analyzed national and foreign statistical data of failures of
relay protection, which showed a growing number of failures MPRP (Micro
Processor Relay Protection) in recent years.Therefore,it should be noted that first of
all we need to investigate the reliability of relay protection circuits containing MPRP.

The probabilistic-statistical approach to the reliability evaluation of objects in
electric power industry was investigated.This approach can be applied to evaluate the
reliability of relay protection and reliability of electric networks in view of relay
protection action. Fuzzy models for the technical state evaluation of the main electric
power equipment and reviewed the problem associated with the devices of relay
protection, in solving which uses modern intellectual methods and approaches. Based
on the conducted analysis was determined that fuzzy model with a hierarchical
structure best fits for evaluating condition of individual relay protection device.

Were examined and compared existing methods of evaluating the reliability of
relay protection: fault tree” method, logic-probabilistic method and the method of
Markov chains.the advantages and disadvantages of these methods were considered,

and as a result, was determined that for the evaluation of the probability of failure



device relaying on the interval time the best is “fault tree method”.It allows
identifying the desired value Q(A¢) as a function of parameters of reliability elements
that make up the circuit relay protection based on both electromechanical as well as
microprocessor base.Also, this method is adaptive to use in probabilistic and
statistical estimation algorithms risk of accident in the EPS (electric power system)
and its subsystems.

This method was adapted by the statistical distribution functions of equipment
faults using. Comparison analysis of electromechanical and microprocessor relays
reliability was made according to the obtained method. The results of analysis have
shown that the reliability of digital relays is lower. Authors recommend using the
improved “fault tree”” method for the solving of risk-oriented management problems.

The hierarchical fuzzy model for comprehensive evaluation of the technical
state of relay protection was created. This modelwas implemented for the current
transformer and microprocessor relay.Also was developed the fuzzy model to
determine the effect of the environment on the performance of relay protection.

The complex probabilistic-fuzzy model for estimating the probability of failure
schemes for relay protection was developed. This complex model is based on the
reviewed schemesfault tree. Fault probabilities of scheme elements are determined by
the modified integral statistical functions of fault distribution at the checked time
interval. Modification is implemented by taking into attention the technical state of
relay scheme elements. Technical state evaluation of relay scheme elements is

performed according toMamdani-type models using Zade relationship matrix.
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B wmarucrepckoit pabore paccMoTpeHa MpoOieMa OLEHKH HaJeKHOCTU
YCTPOMCTB PENEHMHOM 3aIIATHI Ha OCHOBE CTATUCTUYECKMX JAaHHBIX II0 OTKa3am
JIEMEHTOB peJedHOM 3amuThl. OnpenencHo MOHATHE HAACKHOCTH PENEHHON
3aIIMTHI, TPOAHAIM3UPOBAHBI €€ KPUTEPUU U MoKa3aTenu. Ha 0CHOBE MpOBEIEHHOTO
aHaJIN3a OIPENIEIIEHO, YTO JJIsI OUCHKU HAJEHKHOCTH YCTPOUCTB PEJICHHON 3allUThI HA
WHTEpBaJe BpeMEHH HanboJee MOoX0 ST TaKUe MOKa3aTeNH, KaKk BEPOSITHOCTh U PUCK
OTKa3a. PaccMOTpEHBI OCHOBHBIE BHUBI OTKA30B YCTPOWCTB PEJIIEMHOW 3alIUTHI, U
OIpENENICHO, YTO HAauOOJbIIYI0 OMACHOCTh MPEACTABIISAIOT OTKa3bl B cpabaThIBaHUM.
Takke MpPOAHATM3UPOBAHBI OTEYECTBEHHAss M 3apyOekHash CTATHCTHKUA OTKa30B
YCTPOMCTB PEIEHHON 3aIlUThI, KOTOPBIE MOKA3aJId, YTO B MOCJIEAHUE TOJBI PACTET
konmuecTBo oTkazoB MIIP3. Hcxoas U3 3TOro, MOXHO CKa3aTh, YTO B IEPBYIO
ouepeb HYKHO UCCIIEN0BAaTh HAAEKHOCTh cxeM P3 conepsxkamux MITP3.

HccenenoBan BEPOSTHOCTHO-CTATUCTUYECKUM ITOAXOJ K OLIEHKE HAIEKHOCTH
OOBEKTOB B AJIEKTpOdHEpretuke. ONpeneneHo, YTo €ro MOXKHO MNPUMEHHUTH IS
OLICHKHU HAJIEKHOCTH YCTPOWCTB PEJECUHOM 3alUThl U HANEHKHOCTU DIICKTPUYECKUX
CETEU C yYETOM JIEUCTBUS PEICUHON 3amuThl. [[poaHaAM3UpOBaHbl HEUETKHE MOAEIU
I OLUEHKHM TEXHUYECKOTO COCTOSIHUSL OCHOBHOTO JIJIEKTPO-3HEPTETHYECKOTO
00OpyZIOBaHUSI U PACCMOTPEHBI 3aJa4yM, CBA3AHHBIE C YCTPOWCTBAMH DEJICHHOMN
3aIUTHI, NPU PEUICHUU KOTOPBIX MPUMEHSIIOTCS COBPEMEHHBIE WHTEIUICKTyalbHbIC
METOAbl M MoaxoAbl. Ha OCHOBE NpPOBENEHHOrO aHajau3a OMNPEIEJIECHO, YTO IS
OLICHKM COCTOSIHMSI OTIEJIBHOIO YCTPOWCTBA PEJEVMHOM 3alUThl JIyYIll€ BCETO

MOJXOJUT HEYETKAsI MOJIENb C UEPAPXUUECKON CTPYKTYPOH.



PaccMOTpeHsBl M CPaBHUTENIBHO CYLIECTBYIOIIME METO/bI OLICHKH HAIACKHOCTH
YCTPOMCTB PEICUHON 3aluThl, & HMEHHO: METOJ <JIEpEBAa OTKAa30B», JIOTUKO-
BEPOSATHOCTHBI METOJ U METOJ Leneil MapkoBa. bbuil pacCMOTpPEHBI HEIOCTATKU U
PEUMYILECTBA ITUX METOJIOB, IO pe3yjbTaTaM Yero ObLJIO ONPENENIECHO, YTO IS
OLIEHKH BEPOATHOCTH OTKa3a YCTPOMCTBA PEJICHON 3alUThl HA UHTEPBAJIE BPEMEHU
Jy4dllle BCErO MOAXOAUT METOJ «JepeBa OTKa30B». OH IMO3BOJISIET ONPEACIUTH
UCKOMYIO BEIMYMHY Kak (YHKIHMIO OT TOKa3zaTelel HaJAeKHOCTU DJIEMEHTOB,
cocTaBsironMX cxemy P3  kak Ha JJIEKTpOMEXaHUYECKOM, Tak M Ha
MUKponpoueccopHod 0aze. Takke 3TOT MeTOA SBISETCA AaJalTUBHBIM IS
WCIIOJB30BaHUsI B BEPOSTHOCTHO-CTATUCTHYECKUX AJITOPUTMAaX OLEHKU pHCKa
BO3HHMKHOBeHUs aBapuu B EDC u ee noacucremax.

OTOT MeToJ ObUI aAanNTHUPOBAH K UCIHOJIb30BAHUIO CTATUCTUUYECKUX (PYHKIUI
pacnpeneneHuss OTka3oB oOopyaoBaHus. [lo momydeHHOMY MeToay NpOBEIECH
CPABHUTENIbHBIA  AaHANW3  HAJACKHOCTU  JJIEKTPOMEXAHWYECKHUX U MHKpO-
MIPOILIECCOPHBIX 3amMT. [lo pe3ynpTraTaM aHanm3a YCTAaHOBJIEHO, YTO HAJIEKHOCTH
MHUKDPOIIPOLIECCOPHBIX ~ 3allUT  HUXE. PEKOMEHIyIOT IPUMEHATb  yCOBEP-
IIEHCTBOBAaHHBIM METOJ JI€épeBa OTKAa30B B 3a/1adyax pUCKAa OPUEHTHPOBAHHOTO
yIpaBJICHHUSI.

Pa3paborana uepapxuueckass HEYETKass MOJENb i KOMIUIEKCHOM OLEHKU
TEXHUYECKOTO COCTOSHUSI YCTPOMCTB PENEHMHOM 3alUThl, KOTOpas COCTOMUT U3 TPEX
OCHOBHBIX 4YacTe€il, a HMMEHHO: HEYETKOM MOJENN I OIpPEACIICHUsS BIUSHUSA
OKpY’Karoliei cpeabpl Ha pabOTOCIOCOOHOCTh PEICHHOM 3alUThl, HEUETKask MOJIEIIb
st ouenku TC TpaHchopmaTopoB TOKa M HedeTkas Mojenb Juisi oueHku TC
MHKPOIIPOLIECCOPHOTO TEPMHUHAIIA.

Pa3paboTana KOMIUIEKCHAsT MOJENIb JUIsi OLEHKH BEPOSTHOCTH OTKa3a
pesieHOM 3alMThl, KOTOpas BKJIOYAeT B ce0sd HEYETKHE MOJIEIN OLEHKU
TEXHUYECKOTO COCTOSIHUSI MUKPOMIPOLIECCOPHOIO YCTPOMCTBA PEJEHHOW 3AIIUTHI U
TpaHC(HOPMATOPOB TOKA, MOJENb BIHMAHHUS OKpYXalolled Ccpeipl, a TaKkxKe

CTaTUCTUYCCKHUEC JaHHBIC II0O OTKAa3aM KaXaoro #n3 J3JICMCHTOB CXCMBI. Ot



BEPOSITHOCTH OTPEJCICHBl AHAIMTUYECKUM 00pa3oM MOCPEACTBOM HCITOJIH30BAHUS
KOMIIO3UIIMOHHOTO MpaBuia 3aje.
Ota Mojenb TMO3BOJISAET MOJMYYUTh aJCKBATHBIE PE3yJbTAaThl I OUEHKH

BEPOSTHOCTH OTKA30B PEICHHOMN 3AILUTBHI.
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B marictepcbkiii  poOOTI  pO3TISIHYTO MpoOJIeMy OIIHKM HaaldHOCTI
IPUCTPOIB PEJICMHOTO 3aXMCTy 3 YpaxyBaHHSIM CTaTUCTHYHUX JaHUX 3 BiJIMOB
€JIEMEHTIB PENIEUHOr0 3axXuCTy. BU3HAUEHO NOHATTS HAIIMHOCTI peIeHHOro
3aXUCTy, MPOAHAII30BAHO ii KpUTEpil Ta MOKa3HUKH. Ha OCHOBI IpOBENEHOIO
aHai3y BU3HAUEHO, IO [IJIs OIIHIOBAHHS HAJIAHOCTI MPUCTPOIB PEIEHHOTO
3aXMCTy HA 1HTEpBaJIl Yacy HaWOLIbII MIAXOASTh TaKl MOKA3HHUKH, SIK IMOBIPHICTb
Ta PU3UK BIAMOBHU. PO3TJIIsSIHYTO OCHOBHI BHUJM BIIMOB MPHUCTPOIB PEJICHHOTO
3aXHCTy, Ta BU3HAUEHO, IO HAWOUIBIIy HEOE3NEeKy CTAHOBISATH BIIMOBU Yy
copaifoBaHHi. Takoxx MpoaHaIi30BaHO BITYM3HAHY Ta 3apyOiKHY CTAaTUCTUKY
BIJIMOB MPHUCTPOIB PEICHHOTO 3aXUCTY, SIKA MOKa3ala, 0 B OCTaHHI POKU 3POCTAE
KuIbKicTh BiMOB MIIP3. Buxonasuu 3 1boro Mo>kHa cka3zaTd, 110 B MEPILY Yepry
MOTPIOHO OCTIKYBATH HaIMHICTh cxeM P3, o mictars MITP3.

JocmimkeHo iIMOBIPHICHO-CTAaTUCTUYHUN TX11 0 OI[iHIOBAHHS HAIIMHOCTI
00’€KTIB B eJeKTpoeHepreTulll. BuzHaueHo, 10 WOro MOKHA 3aCTOCYBAaTH IS
OI[IHIOBAHHS HAMIAHOCTI TMPHUCTPOIB PEJICHHOTO0 3aXUCTy Ta HAIIAHOCTI
SICKTPUYHUX MEPEX 3 ypaxXyBaHHsSM Jii peseitHoro 3axucty. IIpoanamizoBaHo
HEYITKI MOZeIl  OJId OLIIHIOBAHHA  TEXHIYHOI'O CTaHy  OCHOBHOTO
CJIEKTPOCHEPTETUYHOTO OOJIafHAHHS Ta PO3TJISHYTI 3ajadvi, TMOB’s3aHl 3
OPUCTPOSIMU PENIEHHOTO 3aXKCTY, MPU PO3B’SI3aHHI SKHX 3aCTOCOBYIOTHCSI Cy4YacH1
IHTEJICKTyaJIbHI METOJU Ta MiaXoau. Ha oCHOBI MpOBEEHOTO aHaIi3y BU3HAYECHO,
IO A7l OLIHIOBAHHS CTaHy OKPEMOTO MPHUCTPOIO PEIEHHOro 3aXHMCTy HaWKparie

M1IXOIUTh HEYITKA MOJIEIb 3 1€PAPXIYHOI0 CTPYKTYPOIO.



PosristHyTo Ta TOPIBHSHO ICHYHOYI METOAM OIHIOBAHHS HAJIHHOCTI
MPUCTPOIB PEJIEMHOTO 3aXUCTy, a caMe: METOJ «JAepeBa BIJAMOBY», JOTIKO-
WMOBIpHICHUN METOJT Ta METO/I JIaHI[IoT1B MapkoBa. bynu po3risHyTi HEAOJIKU Ta
mepeBardn LUX METOJIB, 3a pe3ylbTaTaMd 4Yoro OyJlo BH3HAYEHO, IO IS
OITIHIOBAHHSI IMOBIPHOCTI BIIMOBU IPUCTPOIO PEJICHHOr0 3aXHMCTy Ha 1HTEpBai
yacy HaMKpallle MiAXOAUTh METOJ «JepeBa BiIMOB». BiH J03BoJisiE BU3HAUYHUTH
IIYKaHy BEJIMYUHY Q(At) sIK (YHKIIIO BiJ] MOKAa3HHUKIB HAJAIMHOCTI €IEMEHTIB, 110
CKJafaroTh cxemy P3 sk Ha enexkTpoMexaHIuHId, TaK 1 Ha MIKPOIIPOLIECOPHiM 0a3i.
Takox 1€t MEeTO/1 € aJallTUBHUM JIJI1 BAKOPUCTAHHS B IMOBIPHICHO-CTaTUCTUYHUX
anropuTMax OI[IHIOBaHHS pu3uKy BUHUKHEHH: aBapli B EEC Ta ii miicucremax.

[le#i MeTom Oys0 ananToOBaHO 0 BUKOPUCTAHHS CTATUCTUYHHMX (YHKIIIH
pO3MOJIIy BIAMOB  OONaJHaHHSA. 3a OTPUMAHUM  METOJOM  IIPOBEACHO
MOPIBHSJIBHUN aHaNl3 HAAIMHOCTI EJEKTPOMEXaHIYHUX Ta MIKPONPOLECOPHUX
3aXMCTIB. 3a  pe3yJbTaTaMM  aHalidy  BHU3HAYEHO, IO  HAJIHHICTb
MIKPOIIPOLIECOPHUX ~ 3aXHUCTIB € HWXK4Y0K. PEeKOMEHIylTh 3acTOCOBYBATU
BIOCKOHAJEHUH METOJ JepeBa BIIMOB B 3a/JadaXx pU3HKY OpIEHTOBAHOIO
yIpaBIIiHHSL.

Po3pobieno iepapxiuHy HEUITKY MOJEIb JJIsi KOMIUIEKCHOTO OIlIHIOBAaHHS
TEXHIYHOTO CTaHy IPUCTPOIB PENEHHOr0 3axXUCTy, fAKa CKIAJa€eTbcs 3 TPbOX
OCHOBHHUX YaCTHH, a caMe: HEWITKOi MOJEeNi JJisi BU3HAYCHHS BILUTUBY OTOUYYHOUOTO
CepeIoBUIIA Ha TMpale3AaTHICTh peJIeHHOro 3aXUCTy, HeUiTKa MoIesb JJist OIiHKU TC
TpanchopMaTtopiB  CTpyMy Ta HEUITKa Mojeinb i omiHooBaHHA TC
MIKpOTIPOIIECOPHOTO TEPMiHATTY.

Po3pobieHo KOMITIEKCHY MOJENb JJIS OIIHIOBAaHHS MWMOBIPHOCTI BIAMOBH
pesieHOro 3aXMCTy, sIKa BKIIIOYAE B ce0e HEUITKI MOJIEl OLIHKH TEXHIYHOIO CTaHy
MIKpOTIPOIIECOPHOTO MPHUCTPOIO PEICHHOTO 3aXUCTy Ta TPaHCHOPMATOPIB CTPyMY,
MOJIeJIb BIUIUBY OTOUYIOYOTO CEPEIOBHUINA, & TAKOXX CTATHCTUYHI JaHl MO BIIMOBaM
KOXKHOT'O 3 eJeMEeHTIB cxeMHu. L{i MMOBIpHOCTI BHM3HAYEHI aHATITUYHUM YUHOM 3a

JIOTIOMOT'OF0 BUKOPUCTAHHST KOMITO3UIIIMHOTO MpaBujia 3aje.



Ils Momenb AO3BOJIIE OTPUMATH AJCKBATHI PE3YNbTATH ISl JJISl OIIHKH

HMOBIPHOCTI BIZIMOB PEJICHHOTO 3aXHUCTY.



