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PACYET NMOKA3ATEJIEW HAOEXHOCTU

LM®OPOBOU NOACTAHUUN

C.N. Makawéea, I1.C. [NuH4yko8

LarnbHesocmoyHbil 2ocydapcmeeHHbIl yHusepcumem riymedl cOObUWeHUS,

2. Xabaposck, Poccusi

CraTbs paccMaTpUBaeT BOIPOCHI TIOBBIIICHHUS HAJICKHOCTH HU(MPOBBIX MOJCTAHIIUN C YIETOM MPOBOIUMOI
B HACTOsIIEE BPeMsl MOJUTUKOW Ha WHTCHCHU(DHUKAIIUIO I(PPOBU3AINH SKOHOMHKH, SJIEKTPOIHEPTETHUKH H TIPO-
MbInuieHHOCTH Poccuiickoit @enepanum. st TeXHOIOTHE TU(PPOBOH MOACTAHINU POU3BEICH JTUTEPATYPHBIN
aHaJM3 CYMIECTBYIOUINX TUPEKTHB H METOIUYECKOTO 00ECIIeUeHHs BOIPOCOB PacdeTa W OLCHKH MOKa3aTeNeH
HazexxHocTd. Ha nmpumepe nedicTByromeil noncranuuu PyaHas, kotopasi B HacTosiiee BpeMsl MEPEeBOJAUTCS B
UPPOBYIO MOTU(PHKAIINIO, COCTABICHBI €¢ TOTOJIOTHYCCKAss CXeMa U CXeMa 3aMEIICHHUs 10 HaJCKHOCTH pac-
npeaeauTensHoro yerpoiictea 220 kB. IIpon3sBeneHa duciieHHAs OICHKA BEPOSTHOCTH OE30TKa3HOW pabOThI
OCHOBHOTO 00opymoBanus PY 220 kB ¢ y4eToM OCHOBHBIX MOJOKCHHH KIACCHYECKOW TCOPHH HAIACKHOCTH.
BrraBreHs! y31bI HUPPOBOI MOACTAHIINH ¢ HU3KUMH [TOKA3aTEISIMU TI0 HAIS)KHOCTH, a TaKKe Hanbosee ysa3BH-
MBI€ DJIEMEHTHI CXEM 3aMelIeHUs ee y370B. OTMedeH (pakTop HETATHBHOTO BIHMSHUS HA HACKHOCTH MU(POBOU
TIOJICTAHIIMY HAMYUS OOJBIIOTO KOJMYECTBA BTOPHYHBIX LETel Mpy MPUMEHEHHH HU(PPOBBIX H3MEPHUTEIBHBIX
TPUOOPOB M YCTPOMCTB compsiykeHus. J{aHbl peKOMEHAAINH MO TOJIEPKAHUIO TPeOyeMOro YpOBHSI HaIEKHO-

CTH 3J'[eKTpOCHa6)KeHI/IH.

Kniouegvie cnosa: yughposas noocmanyusi, HaoesircHocms, yudposoi mpancgopmamop moxa, Hapabomka

Ha omkas, 6eposimHocntb bezomrasHoll pa6ombl.

BBenenue

[udpoBsie TEXHOIOTUH IPOYHO BOILIH B KU3Hb
COBPEMEHHOTO YeJIOBEKa, 3aTPOHYB NMPAKTUYECKH BCE
OCHOBHBIE c(ephl ero IesATeNbHOCTH, HE CTAJ0 HC-
KIIFOYCHHEM W BHEApeHHe MUGPOBU3AIMH Ha O0BEK-
Tax 3JeKTpodHepreTuku. Tak, Ykazom [Ipesunenra
Poccuiickoit ®epepaunu ot 07.05.2018 Ne 204
«O HalMOHANBHBIX LENAX U CTPATErMYEeCKUX 3ajadax
pazsutus Poccuiickoit ®epepanun Ha nEpUod 10
2024 roga», myHkT 11 [1], nudposas Tpanchopmanus
9HEPIreTUUCCKON HMH(PPACTPYKTYphl yKa3aHa Kak IMPH-
OPHUTETHOE HAIPaBJICHHUE PA3BUTHS CTPAHBI, YTO MOJ-
pasymeBaeT BHeEIpEeHHE ITUQPOBBIX TEXHOJOTUH U
mIaTOPMEHHBIX pPEIICHUH Ha O0BEKTaX TOIUTUBHO-
SHEPTETHYECKOT0 KoMILIeKkca. Bo mcnomHeHue 3amgad,
noctaBieHHbIX Ilpesunentom Poccuiickoit denepa-
WU W HaIlMOHAIBHOU mporpammoi «Lludposas 3xo-
Homuka Poccuiickoit ®enepanun», MHHHCTEPCTBOM
sHepreTuku Poccuiickoil dexaepanuu COBMECTHO C
MPEIIPUATHSIMHA  TOIDITHBHO-YHEPTETHIECKOTO  KOM-
IUIeKca CO3IaH BEIOMCTBEHHEIN TpoekT «l{udposas
sHepreTrkay [2]. B aToM mpoekte 0003HaUECHBI 337291
cHIbKeHUsT K 2024 ronay ANMHTEIBHOCTH IIEPEPHIBOB
AJIEKTPOCHAOKEHUS, CPEHEN YacTOThI TEXHOJOTHYE-
CKHX HapyIICHWH, aBapUMHOCTH Ha OOBEKTaxX HJIeK-
TPOIHEPTETUKH, YTO HEPA3PHIBHO CBS3aHO C TOKa3a-
TEISIMH HaJIe)KHOCTH IIEKTPOCHAOKEHUS KaK OTICIb-
HBIX MOTpPEeOUTENCH MM OOBEKTOB JIICKTPOIHEPTETH-
KH B YaCTHOCTH, TaK M CHCTEM JIICKTPOCHAOXKCHUS B
LEJIOM.

OOmIen3BECTHO, YTO OJHUM U3 KIFOUYCBBIX 3JIc-
MEHTOB CHCTEMBI 3JICKTPOCHAOKEHHUS SBIIACTCS DIICK-
tpuueckass moxactanuus (IIC) — amekTpoycTaHOBKa,

mpenHa3HaYeHHas JJs Mpuema, npeoOpa3oBaHMs Ha-
MIPSDKEHUS B CETH MEPEMEHHOTO TOKa W pacmpejiene-
HUS DJIEKTPOIHEPTHH B CUCTEMaX AJIEKTPOCHAOKEHUS
pa3IMYHBIX TOTpeOuTenei. [ Takux TpamTuIMOHHBIX
MOJICTAHINH, MIMPOKO SKCIUTYaTHPYEMBIX B HACTOS-
uiee BpeMs B Poccuiickoit @enepanuu 1 MUpE, OCHO-
BOM anmsi oOMeHa WHQpOpPMAIMA MEXAY OJOKaMH |
anemeHTamMu [IC ciyxaT pe3ynbTaThl aHAJIOTOBBIX
U3MEPEHUI SJCKTPUYCCKUX BEIUYUH MOCPEICTBOM
uzMepuTenbHbIX TpanchopmaropoB Toka (TT) u Ha-
npsoxerns (TH). Bompocsl Hage:xXHOCTH MOJICTaHIINI
3TOTO TUMA JOCTATOYHO XOPOIIO U3YYEHBI M B JIOCTA-
TOYHOM CTENEHU MPEACTaBICHbl B OTEUECTBEHHOW U
3apyOexHOM ydueOHOW W HaydyHOU jutepatype [3-8],
Yero HeJb3sl CKa3aTh O BOIPOCAX HAJECKHOCTH HOBBIX,
MUQPPOBBIX MOJICTAHINH.

Iudposoit noacranmuert (LIIIC) npuHsITO HA3BI-
BaTh JJIEKTPOYCTAHOBKY, Tll¢ Bce HH()OpMAIMOHHBIC
CBSI3M MEXIY ONOKaMH TOJCTAHIIUH SBISIOTCS UG-
POBBIMH, a TONydeHHEe WH(POpPMAIMKA BEACTCA MpPH
MIOMOII BOJIOKOHHO-ONTHYECKUX MPUOOPOB — OMNTH-
YECKUX M3MEPUTEIbHBIX TpaHchopmaTopoB Toka (Ha-
npsokeHns). B atom ciydae mudpoBBIMH KaHalIaMU
nepenayn JaHHBIX SIBJISIOTCS BTOPUYHBIE IEMU TMOJ-
CTaHIMK, 4TO 00Opa3yeT enuHyr HHPOPMAIMOHHYIO
ceTh (ceTh mepenayu AaHHBIX). IHBIMH cllOBaMH, Ha-
nmgue THQOPMAIMOHHOTO OOMEHA MEXKIy dJIeMEHTa-
MH IPOTPaMMHO-aNapaTHOTO KOMILIEKCa IOJCTaH-
UM TOCPEICTBOM HUPPOBBIX YCTPOWCTB W SBISACTCS
onpenesiomuM npusHakom LIIC [2, 10-13]. Pa3Bu-
tue texHonoruu L[IIC oTkprIBaeT BO3MOXHOCTH OBI-
CTpPOTO | MPAMOTO 00MeHa HH(pOpMaIHEH MEKIY YCT-
poicTBaMM TOJCTAHIIMK, YTO B KOHEYHOM HTOTE IO-
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3BOJIIET OTKA3aThCS OT MACChl MEIHBIX KaOCIBbHBIX
CBsI3CH, MOBBICUTh TOYHOCTh M OBICTPOTY Iepeladu
uHpOpPMALUH, a TaKKe TOOUThCs Ooyiee KOMIAKTHOTO
pacnionoxenusi otaenbHbix 6sokoB LIIC. [upoxoe
MPUMEHEHNE TaKOW TEXHOJIOTHH HapsAy C MOCTEIEH-
HBIM cokpaieHneM uncia [IC craporo tuma mocpen-
CTBOM IlepeBOja WX Ha IM(poBBIC B OyayIIeM HpHu-
3BaHO CYIIECTBEHHO COKPATUTHh PACXOAbI HA MPOCKTH-
pOBaHHE YHEPTETHUECKUX 00BEKTOB, YCKOPHUTH ITyCKO-
HallaJIOYHbIC PAOOTHI, OOJIETYUTh JKCILTyaTalluio U
obciyxuBanue [12—15].

Bmecte ¢ Tem, HECMOTpsl Ha BHIMICTICPCUUCIICH-
Hbele poctouHcTBa TexHojoruu LIIC, oTKpeITEIMU U
aKTyaJIbHBIMM Ha CETONHIIIHUN IEHb OCTAlOTCA BO-
npocel HagexHoctd LIIC. Ilpu kaxymemes odonimmu
HHPOPMAIMU MO BompocaM HU(PPOBU3AIUK IO Ha-
CTOSAIIEr0 BPEMEHH B JOCTYIHBIX MH()OPMAIIMOHHBIX
HUCTOYHHKAX OTCYTCTBYIOT NPHUMEpPHl YUCICHHOMN
OIICHKH TOKa3aTelel HaJIeKHOCTH, PE3yNbTaThl CPaB-
HUTEIHHOTO aHajJN3a KOHKPETHBIX ITOKa3aTeled Ha-
JIEKHOCTH AJIEKTpOCHaOXKeHHs moTpeduteneii mnpu
MUTAaHUU WX OT OOBIYHEIX ¥ HHU(GPOBEIX OOBEKTOB
AJIEKTPOIHEPTeTHKH U T. 1. Takas cuTyauus, Ha Hail
B3I, SABISETCA IOCTaTOYHO CEPHE3HBIM CHCPIKU-
BalOMMM (PaKTOpOM I TIOJTHOIICHHOW M BCECTOPOH-
HEW WH)KEHEpHOW OIICHKH BO3MOXKHOCTEH HIHM(POBHU-
3alMU U €€ PacIpOCTpPaHEHUsS B 3JIEKTPOIHEPreTHIE-
CKUX CHUCTEMaX.

IMocTaHoBKA LeJIU U 32/1a4 MCCJeJ0BAHUS

[Ipunumas BO BHUMaHUE MPAKTUYECKYIO 3HAUH-
MOCTbh KOJINYECTBEHHOW OLICHKHW IMOKa3aTeJIeh HaJlexk-
HOCTH 3JICKTpOCHAOXeHHs moTpeduTeneil mma oboux
TUTIOB TOJCTAHIMA — UU(PPOBOW M aHAIOTOBOH, a
Takxe paHee BblaBuUraemele B [12—15, 17-19] npen-
MOJIOKEeHUs 0 cHrbkeHuu HanexHoctu LIIC, csazan-
HOE C YBEIMYCHHEM KOJMYECTBA JJIEMEHTOB BTOPHY-
ueix neneut 1I1C, Beenenuem B cxemsbl LIIC onTrue-
ckux uzmepurenbHelx TT u TH u T. 1., nenpro jaHHOM
paboThI siBNsieTCs noBbieHne Haaexxnoctu LI1C.

JIIst MOCTHIKEHUS TOCTABJICHHON IIeH HEeo0Xo-
JIUMO PEUIUTh CIEAYIINUe 3aaadu id [u(poBoi
MOJICTAHITUH

— COCTaBUTb CXEMBI 3aMEIIEHUS 110 HAJE)KHOCTH;

— IPOM3BECTH pacyeT U OLEHKY IOoKa3aTelel Ha-
JIeKHOCTH;

— Ha OCHOBaHUHU pE3YJTATOB CPAaBHUTEIHHOIO
aHaJM3a ToKa3aTeliell HaJe)KHOCTH BBIIBUTH «ClIa0ble
MECTay MOACTAHIIMIA;

— pa3paboTaTh HEOOXOAMMEIC MEpHI IO MOAICP-
JKaHUI0 TPeOyeMOro YpOBHS HaIEeKHOCTH DIICKTPO-
cHaOXXeHUs TOTpeOUTENeH.

MeTtoabl M 00LEKT HCCJIE0BAHUS

PemeHHe IIOCTABJICHHBIX 3ada4 AOCTUTACTCA mnmy-
TéM KOMIUJICKCHBIX AHAJIUTHYCCKUX HCCJ’[C}IOBaHHﬁ,
KOTOPBIC OIMUPAIOTCST Ha 0a30BBIC, TPaAUIIMOHHBIC
MOJIOKEHUS TEOpPUH HajaekHOocTU. [IpoBoauMeblil aHa-
JU3 HAAEKHOCTH D3JIEKTPOCHAOXKEHHS NOoTpeduTenei

OCHOBaH Ha COCTaBJICHHH W MOCJIEAYIONIEM pacdere
CXEM 3aMEeLICHUsI TI0 Ha/Ie)KHOCTH ITyTeM Ipe/ICTaBIIe-
HUS TOIOJIOTHH PACCMATPUBACMOIl 3JIEKTPUUIECKOMH
CeTH B BUJIE IIOCIIEA0BATEIBHO-TAPALICIBHBIX COCIH-
HeHu#l [3—6]. Ilpu sTOM K pemaeMbIM 3ajadyaMm BbI-
YHCICHUS I[OKas3aTeled HaJIe)KHOCTH BOCCTAHABIIH-
BaeMBIX OOBEKTOB CHCTEM D3JEKTPOCHAOXKEHHS MpH-
MEHUM TIOJIOXKEHUsI Teopun MapkoBa u Ilyaccona o
ciaydaitHbIx mporeccax [3—8]. OO0beKTOM HcclenoBa-
uus seisercs [1C 220 kB, B wactHocTH — ee pacripe-
JIeUTENbHOE YCTPOCcTBO HanpsbkeHueM 220 kB.

Teopernueckas 4acTb

B cootBerctBuM ¢ 'OCT 27.002-2015 «Hanex-
HocTh B TexHuke (CCHT). TepMuHBI U OIIpeaeneHus»
[OJT TEPMHUHOM «HAAEKHOCTH» IIOHUMAETCS KOM-
IUIEKCHOE CBOMCTBO OOBEKTa COXPAHSATh BO BPEMEHH
CrOCOOHOCTh BBHITIONHATE TpeOyeMble (PYHKIHU B 3a-
JTAaHHBIX PEKUMAaX U YCIOBHUAX NPUMEHEHHUS, TEXHUYE-
CKOTO 00CITy>KMBaHUs, XpaHEHUSI M TPaHCIOPTHUPOBA-
Hus [20]. HagexxHOCTh SIBISIETCSI CBOMCTBOM, KOTOPOE
B 3aBHCHMOCTH OT HA3HA4YEHHUS KOHKPETHOTO pac-
CMaTPUBAEMOT0 00BEKTa M YCIOBHH €ro mpeObIBaHUSA
MOXET BKJIIOUaTh TOTOBHOCTh, O€30TKa3HOCTb, JIOJIT0-
BEYHOCTh, PEMOHTONPHUTOJHOCTE M COXPAHAEMOCTH
WJIM ONPEEIIEHHOE COYETaHUE ITUX CBOMCTB. B Kiac-
CHYECKOW Teopuu HaAEKHOCTH [3—8] sl OLEHKU Ha-
JIeKHOCTU MPHUMEHSIOTCS KOJMYECTBCHHBIE ITOKa3aTe-
71 6E€30TKAa3HOCTH, JAONTOBEYHOCTH, PEMOHTONPUTO-
HOCTH M COXPaHSEMOCTH, a TAKXKE KOMIUIEKCHBIE TO-
KazaTelH, XapaKTepHU3YIOIIUe TOTOBHOCTH M 3(dek-
TUBHOCTh HCIIOJIb30BAHUSA TEXHUYECKHX OOBEKTOB
(B 4aCTHOCTH, AJIEKTPOYCTAHOBOK).

BepostHOCTE O€30TKa3HOH paboTHl R — Hamboee
pPacIpOCTPAHEHHBIM B MHPOBOH IIPAKTHKE KPUTEPUil
JUTS OIICHKH HaJe:KHOCTH oObekTa [17, 21]. Dtot kpu-
TEpUil XapakTepu3yeT BEPOSATHOCTh TOTO, YTO B IIpe-
Jenax 3aJaHHONW HapaOOTKM OTKa3 OObEKTa HE BO3-
HuKHeT. [IpuHUMas BO BHUMAaHUE AOIYIIEHHE O TOM,
YTO pacIpeielieHe 110 BPEMEHH KOJIMYECTBA OTKAa30B
TEXHUYECKUX CPEICTB, BXOMAILIMX B AIICKTPO3HEpre-
TUYECKHE CHUCTEMBI, IPOUCXOAUT MO SKCIIOHEHIHAIIh-
HOMY 3aKOHY [3—6], BepoATHOCTh Oe30TKa3HOU pabo-
ThI 00BEKTa R OnpeaesnsieTcs N0 BRIPakeHHIO

R=e1, (1)
rae A — MHTEHCHBHOCTHh OTKAa30B, 1/4; ¢ — 3amaHHBIH
HHTEpBaJl BpEMEHH, 4.

BeposiTHOCTh OTKa3a () €CTh BEpOATHOCTH TOTO,
9YTO 0OBEKT OTKAXKET XOTS OBl OAMH pa3 Ha 3aJaHHOM
HHTEpBaJie BpeMeHHU f. BeposTHOCTh OTKaza Q ormpe-
JIETISIIOT TI0 BBIPKEHHIO

O=1-R 2)

Hapa6otka no otkasa T ecth HapaboTKa 00BEKTa,
OTCYHTHIBaEMasi OT MEPBOTO €T0 HCIIOIB30BAHUS (MIIH
OT €ro BOCCTaHOBJEHMsI) A0 oTKa3a. Benmnuuna T, d,
OTIpEETISIETCSI IO BHIPAKEHHIO

1

= 3)
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Pacyem nokasamenelii HaGexxHocmu
yughpoeoli nodcmaHyuu

BepositHOCTh 0€30TKa3HOU paboThI 00BeKTa R(f)
Ha 33JaHHOM HWHTEpBajJe BPEMEHH f, COOTBETCTBYIO-
mas XapaKTepUCTHKAM 3aBOJa-M3TOTOBHTENS, OIpe-
JETSAETCS 10 BHIPAKCHUIO

R(f)=e™. @)
BepositHocTs  Oe30TKa3HOW — paboTBHl  OJloKa

Rénoxa_nap» COCTOSIIETO U3 ABYX MapanjelbHO COEIH-
HEHHBIX 2JIeMeHTOB 1 u 2, OyaeT paBHa

R6n01<a7nap =1- QI'QZ =

=1-(l—e™").(1—e2"). (5)

BepositHocTs  Oe30TKa3HOW — paboTBHI  OJloKa

B/1220kB deBpanbckas

.
1

5
©J

TTAT2220

]

0

I I LWnnbl 110kB
-1

\
AT2
m Ja'AY
TT AT2 110

TTAT26

m

TH-1

g~

6 kB
]

Réoxa_nocn, COCTOSIIETO W3 IBYX MOCIIEIOBATEIBEHO
COCMHEHHBIX AJIeMEHTOB | U 2, OyneT paBHa

Mt Ayt
R6J]0K217HOCJ] =R1'R2 =e e (6)

B kiaccuueckoM H3JI0KEHHH TEOPUH HA/IEKHO-
ctd [3—6] 1 Toro 4TtoOBl paccYUTaTh BEPOATHOCTH
0e30TKa3HOW paboThl R 00BeKTa A MHTEpBalia Bpe-
MEHH OT MOMEHTa BKJIIOYEHHS JI0 JII00OT0 3aJaHHOTO
MOMEHTa BPEMEHH #, HEOOXOIUMO:

1) cocTaBUTh CXeMy 3aMEIICHUS MO HAJICKHOCTH
Ha OCHOBaHHMHU HCXOJAHOI MH(pOpMaUUeld 0 TOMOJOTHH
paccMaTpuBaeMoOro 00bEKTa,

2) ompenenuTh cpeaHee BpeMs 0e30TKa3HOH pa-

=

P3A pesepBHOE

HWnrepdeiic
Vrpasienue omeparopa
[PUCOEIUHEHIEM
HPUCOSANHEHHEM
pe3epBHOE CepBep TOUHOTO
BPEMEHHU

Puc. 1. TunoBasi cxema rnaBHbIX 31eKTpuyeckux coeguHeHmn MNC 200/110/6 kB
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60161 T WM MOCTOSHHYIO HHTCHCHBHOCTH OTKA30B A
MO CIPABOYHBIM (MJIM OTIBITHBIM) JAHHBIM VIS KaXI0-
TO DIIEMEHTA CXEMBI 3aMEIIICHHUS 10 HaIe)KHOCTH;

3) pac4eTHBIM TYTEM C WCIIOIH30BAaHHEM OC-
HOBHBIX BhIpaxkeHmit (1)—(6) 1 mostamHOrO TIpeodpa-
30BaHUS CXEMBI 3aMEIICHUS 10 HAJACKHOCTH OIpe/e-
JUTHh UTOTOBYIO BEPOSITHOCTh 0€30TKa3HOH paboThl R
o0BeKTa.

Tomnosaorusi cxeMbl IVIABHBIX 3JIeKTPHYECKHX

coeJuHeHUIl HU(POBOIl MOACTAHIUMA

Ha puc. | mpexacraBineHa TUIOBas CXeMa TJaB-
HBIX 3ekTpudeckux coeaumuenuit [1C 200/110/6 B,
rae Bce ycrpoiictBa [IC cBsA3aHBI MexXIy cOOOH WH-
(dhopmarmonHoit cetsro. IlocpencTBoMm 3T0# HHDOP-
MAaIMOHHOI CeTH BCe CHTHAJIBI, BKIIIOYasi MTHOBEHHBIE
3HAYCHMS TOKOB M HANpPSDKEHUH B KOHTPOJIBHBIX TOY-
KaX, onn(POBHIBAIOTCS U IIEPENAIOTCS B BUIE LUPPO-
BOTO MOTOKa 1Mo mpoTokosy Sampled Values, perma-
MeHTHpoBaHHOTO MOK 61850-9-2 [22] npu momoru
YCTPOMCTB conpshKeHus ¢ muHoH npouecca (Y CIL).

Jna oOMeHa curHamamMm MeXAy YCTpoicTBaMu
peneitHoit 3ammTel U aBTomMatuku (P3A), ycrpoiict-
BaMM YIIPABJICHUS NPHCOCIUHEHUS, PETUCTPATOPAMHU
aBapuiiHbIX coObiTuil (PAC), ycrpoiictBamMu omnpene-
neruss Mecra mnoBpexnaeHms (OMII), ycrpoiicTBamu
KOHTpOJIsL KaduecTBa dnektpuaeckor sHeprun (KKD) u
yCTpOHCTBaMH yueTa 3nekTposHeprun (99) B mudpo-
BoM Buzae wucnonedyercs mporokon GOOSE, raxoke
peraMeHTHpyeMbIi ctanaaproM MOK 61850-8-1 [22].

[Ipoueccrl, npoucxoasmue Ha IIIIC, koHTpOIH-
pYIOTCS yIOaJeHHO: YIIpaBIeHHE KOMMYTAallMOHHBIMA
anmaparamu (KA) mpoucxomur mudo ¢ aBTOMaTH3H-
poBaHHOrO pabouero Mmecta (APM) omepaTHBHOTO
MepCcoHaNa, JTU00 C MyHKTA JUCIIETYCPCKOTO yIpaBie-
HUS, B Yb€M BEICHUM HAXOAUTCS TOT WK uHOU KA.

Takum ob6pa3oM, enuHas TEIEKOMMYHHUKAIHOH-
Hasg uHQpacTtpykrypa LIIC, BbimonmHeHHas Ha 0ase
COBPEMEHHBIX TEXHOJIOTHH ITOCPEICTBOM IM(POBOTO
oOMEeHa MEXIy WHTEJUICKTyaJbHBIMH 3JIEKTPOHHBIMHU
ycTpoiictBamu (DY), MO3BOJSET OCYIIECTBIATH MO-
HUTOPHHT BCEX NMPOLIECCOB B HEIMOCPEICTBEHHOM OH-
30CTH OT MCTOYHHMKOB MH(OpMaIHy, IepeaBaTh 3Ha-
YUTEIbHbIE 00BEMBI JAHHBIX BO BCE IOACHUCTEMBI IIPU
TIOMOIIY BOJIOKOHHO-ONITHYECKUX JIMHUH CBSI3H U CIe-
7aTh OOJIBIIMHCTBO (YHKIWH, BHIIOIHIAEMBIX HA TIOA-
CTaHLUH, BUPTyalabHBIMH. 1lpy Takoil uHppacTpyKTy-
pe LIIC Bce u3MepHUTENbHBIE YCTPOHUCTBA CTAHOBSATCA
UCTOYHMKaMH HH(OPMAILMH, a BCE BCTPOCHHBIC HH-
TEJUIEKTyaJIbHbIE 3JIEKTPOHHBIE YCTPOMCTBA — €€ IO-
TPeOUTETIIMI.

ITpu cocTaBneHny CXeMbl 3aMELIEHUs IO Ha/leXK-
Hoctu LIIC mo cpaBHEHHIO C pPacyeTOM TPaIMUIIAOH-
HBIX [IC HE0OXOOMMO y4ecTh 3HAYMTENIBHO OOJbIIee
KonmyecTBO ycnoBuil. K mpumepy, HameXHOCTh BBI-
kirouatens LIIIC GyaeT 3aBUCeTh HE TOJBKO OT 3aBO-
JCKUX €r0 XapaKTepPHCTHK, HO U OT XapaKTEPHCTUK
VCII, napamMeTpoB JHMHUM BOJOKOHHO-ONTHUYECKOU
ceszu (BOJIC), mo xoTopoit mporcxoauT oOMeH JaH-

HBIMH, a TaKKe OT HAJIe)KHOCTH KOMMYTaTOPOB U Tep-
muHanmoB P3A. IMommmo 3Toro, HeoOxomumo OyaeT
ydecTb MpaBWIbHYIO paboTy uHTEep(erica onepaTopa.

IIpumep pacuyéra BeposiTHOCTH 0e30TKa3HOM
pa6oTsl 0s10Kka pa3benuHuTess 220 kB
uu¢poBoi NOACTAHIIUA

IIpowsBenem pacyer BepOATHOCTH OE30TKa3HOM
pabots! pazsenunuTens 220 kB HIIC, xotopsrii 060-
3HaueH Ha puc. 1 kak P-1 220 kB.

Cxema 3aMelIeHHs [0 HaJeKHOCTH pacupeeiu-
tenbpHOTO yerpoiicTBa 220 kB LIIC npexcrasieHa Ha
puc. 2a. Ha He#l npuHATHI creayrone 0003HAYCHUS:
LTH, UTT — uudpoBoit TparchopMaTOp HAIPSIKSHUS
U TOKa cooTBeTCTBeHHO; P-1, P-2, P-3 — pa3benunu-
Telu BbICOKOBOJIbTHBIE 220 KB; B-1 — BBICOKOBOJIBT-
Heiid BeIKMIOUatens LIIIC. Ha puc. 26 mpexacraieHa
cXeMa 3aMeIICHUS 0 HaJIe)KHOCTH OJIOKa pa3beIuHU-
tens 220 kB.

HanexxHocTh pa3bequHUTENS 3aBUCUT HE TOJIBKO
OT 3aBOJCKUX XapaKTEPUCTHUK, HO U OT COBOKYIHOCTHU
pa3MYHBIX YOPABJISAIOMIMX BO3JACHCTBUM Ha HEro.
Tak, Kk mpuMepy, BO3HUKHOBEHHE OTKa3a Pa3beIrHU-
TeIsl MOXET HAacTynuTh BceiencTBue oTkaza Y CIL,
[IO3TOMY B CXeMe pHC. 1 MPeayCMOTPEHO pe3epBHPO-
BaHHE HATPY>KEHHBIM TyOJIMPOBAaHHEM CXEMBI YIIPaB-
JIEHUS] pa3beIUHHUTENEM, YTO MOBBIIIAET HAJAEKHOCTD
BCEH CXEMBI.

3amamguMmcsl pacdeTHBIM IIEPHOJOM  BpPEMEHHU
t=2190 4. Takast ATUTENBHOCTH 00YCIOBIICHA TIEPHO-
JUYHOCTBIO TEXHHUYECKOTO obOciyxuBanusi [T-obopy-
JIOBaHMsI Ha paccMarpuBaeMoil mojactaniuu PynHas.
CornacHO MPOEKTHON MOKyMEHTAllUd TEXHHYEeCcKoe
oOciyxuBanue a1t mudpoBeix ycrpoiicts Ha LIIC
Pyanast momKHO MpOU3BOAUTHCS OUH pa3 B KBapTal,
T. €. OJIUH pa3 B TPU MECALA, YTO COOTBETCTBYET JJIU-
TenbHOCTU BpeMeHu 2190 u. [Jlanee, ucnomnb3ys JaH-
HbI€ 3aBOJOB-U3TOTOBUTENEH 3IEKTPOTEXHUYECKOM
MPOIYKIIKH, Ipou3BeeM pacueT o ¢popmynam (1)—(4).
BeposarHocTh 0€30TKa3HOM pPabOTHI pa3beAMHUTENSA
P-1 220 kB, Rp._;, o hopmyste (4) cocTaBut

Roy = o 07610772190 _ 0,983.

AHaJOTUYHBIM 00pa3oM MPOU3BEIEM pacdeT s
JIpYTUX OJIOKOB pHC. 2 U MPEACTaBUM IOKa3aTeIH Ha-
nexHocty snmemenToB LI1C B Buae taou. 1.

U3 pe3ynpTaToB pacyera, IpUBEACHHBIX B Ta0M. 1
U Ha cXeMe puc. 20, CIIEAyeT, YTO BEPOATHOCTH 0€30T-
Ka3HO# paboTel, paBHyto 0,983, mMeror 2 3meMeHTa
CXEMBI 3aMCIICHHS 10 HAJCKHOCTH: pPa3beAUHUTEIH
P-1 u YCIII. OcransHBle 8 3IE€MEHTOB B IIOCJIEA0BA-
TEJNbHO COCAMHEHHOM cXeMe 3aMelIeHHUsI UMEIOT Bepo-
SITHOCTH 0€30TKa3HOM paboThl, paBHy 0,999. Takum
00pa3oM, cBOpaunBas CXeMy IIOCIIEA0BAaTEIHLHOIO CO-
€IMHEHHS, ITI0JIy4aeM BepOATHOCTh OE30TKa3HOW pa-
60THI 111 6i1oka pazsenunuTers P-1 LIIC, papayto

Rp.; =0,983-0,983-0,999° =0,959.

HOCKOJ’ILKY cxXema BBaHMOHGﬁCTBHH MCIKAY Pa3b-
CAWHUTCIICM U BTOPUYHBIMU LCTIAMU OAWHAKOBA IJId
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LTH
P-1
P-2
LTT
B-1
LTT

P-3

O H H H H H -

a)

Paspequnurens
220 kB P-1

—

. Konrpos-|

P-1
yCl

BOJIC

KommyTtatop

BOJIC

Vnpasnenve
TIPUCOCIMHEHUEM
OCHOBHOE\DE3epBHOE

BOJIC

KommyTaTop

BOJIC

Wnrepdeiic

nep y
orepatopa

\\J\_LHC

6)

Puc. 2. Cxembl 3amelneHus no HagexHoctu LIMNC: a — pacnpegenutensHoe ycTponcTtBo 220 kB;

6 — 6nok pasbeauHuTens 220 kB

Tabnuua 1

PacueT nokasaTtenen HageXHOCTU pa3beauHuTens 6noka P-1 220 kB

HaunmenoBanue Bpewms MNurencus-
O603HaueHue .
obopymoBaHus, HapabOTKH HOCTh BeposarHocTh 6e30TKa3HOI paboThl R
610Ka Ha puc. 20
NPOU3BOAUTENb Ha oTka3 7, 4| 0TKa30B A, 1/4
Pa3zbenunurens
SDF245pll*— _ _
P-1 (1 OOYXHrjr 131 400 7.6:10° | Ry, = 076107219 _ g 983
2E/3MD50, ABB)
Tepmunan 1075 -0,8107°-2190
YCII (B22704v700, DKPA) 125 000 0,8-10 Rycyy =e =0,983
KommyTrarop R —1—(l1- e—2,9-10*"-2190 y
Kommyratop | (RedBox RED25, 345 000 2,9-10° Oroxxowmyrl ( )
Hirschmann) x(1—e 221072190y — 0 999
Li=15M Agonct = 0,15-3,88-107 =0,582-1077
2 [L=20m | Msonc2 =0,2-3,88-107 =0,776-107
3 JInams BOJIC na 1 km — 3,88:10 =
2 | Erox BOJIC Repoenonct =1—(1— ¢ 05821077 2190y
LIEJIMKOM x(1— 6—0,776-10'7 -2190) ~0,999
APM (utepdeiic) 100 000 1075
oreparopa 1075219
Biok Kontpomnep T1IC Rspoxympup =1—(1—€ )%
YIpaBJICHUS (SPRECON-E-C, . 100 000 10° x(1— 6_10*5.2190) ~0,999
Sprecher Auto-mation
GmbH)
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pa3zsenuHUTENEH, 0003HAUYCHHBIX Ha puc. | u 2a Kak
P-2 u P-3, To u monHAas BEpOSATHOCTH OE30TKa3HOU
paboTel s 3THX paszpeaunureneit P-2, P-3 Oyner
paBHa BeIMYUHE, paccuuTaHHOM 11t P-1, T. e. cocra-
BUT Bennuuny 0,959.

IIpumep pacuéra BepoOATHOCTH 0€30TKA3HOM
pa6oThl 6J10Ka BhIKJIIOUYaTe s 220 kB
uudpoBoii MoACTAHIUH

[TpousBenem pacuer BepoOATHOCTH Oe30TKa3HOM
pabotsr Beikmrouarens 220 kB LIIC, xoropsrit 060-
3HayeH Ha puc. 1 u 2a xak B-1 220 xB. Ha cxeme 3a-
MEIIEHHS 110 HaleKHOCTH (pHUC. 3) M300pakeHBI AJie-
MEHTbl BTOPUYHOW CXEMBbI, OKa3bIBAIOLIME BIMSHUE HA
MOJIHYIO BEPOSITHOCTh 0€30TKa3HOH pabOTHl CHIIOBOTO
BBIKJIIOYATEIS.

Kak MOXHO 3aMeTHTh, CXEMBI 3aMEILICHHS 110 Ha-
JEKHOCTH VI pa3beIUHHUTETSI M U BBIKIIOYATEIIs
220 kB (cm. puc. 26, u puc. 3) CX0XH: 371eCh pacro-
JoxeHbl Takke 10 mociienoBaTeNbHO COENMHEHHBIX
6J710K0B, 8 M3 KOTOPBIX COCTOAT U3 JBYX MapalIeIbHO
COEIMHEHHBIX 311eMeHTOB. [Ipn pacuere BeposTHOCTH
0e30TKa3HOW paboTHl OJI0OKa BBIKITIOYATEIS MAapKH
3AP1 DT-245, mpousBoactea ABB, cornmacuo pas-
HBIM 33aB0JIa-U3TOTOBUTEIISI BpeMs HapaOOTKM Ha OTKa3
cocraBisieT T, = 131 400 4, a MHTEHCUBHOCTL OTKa-
30B Ag; = 0,76+ 107 1/q [23].

BeposarHocTs 6€30TKa3HON pabOTHI BBIKIIFOUATE-
751 Ha uHTEpBayie BpeMeHH 2190 4 coctaBut

B cocraB 6y10ka aBTOMaTHKH YIpPaBICHHUS BbI-
kirouareneM B-1, o0o3HaueHHOTO Ha puC. 3 Kak
AYB, Bxomar tepmumHan P3 JI3J1+KC3 (mapxka
192607 09, 3aBoa-uszrotosurens IKPA) u tepmu-
Han P3A KC3+AVYB (mapku 11132607 016 sTtoro
XKe Mpou3BoAUTENd). s KaXXI0T0 U3 3THX TePMU-
HaJoB BpeMs HapabOTKHM Ha OTKa3 COCTaBISAET
Tiepwunan = 1250009, a MHTEHCHUBHOCTb  OTKa30B
Mreprmman = 0,8-10° 1/u. BeposTHOCTh  6¢30TKa3HOIH
pabotsl 6moka P3A Ha mHTepBane Bpemenu 2190 u
COCTaBUT

—5
Ropoepzn =1— (1= 81072190

— . 75.
x(l—e 0,8-10 2190):0’999_
Takum 00pazoM, BEpOATHOCTH OE30TKa3HOU pa-
6oTel s Onoka BeIKMrodarens B-1 IIIIC, cocraBut
10 aHaJoruu ¢ pazseaunurenem P-1 LIIC:

Ry, =0,983-0,983-0,999° =0,959.

IIpumep pacuéra BepoATHOCTH 0€30TKA3HOM
padoThI 6;10Kka HUPPOBLIX TpaHchopMaTOPOB
TOKAa M HanpsixkeHus1 HUGPOBOI MOACTAHIUMA
[IpumeM B pacueT XapaKTEpUCTHUKH LU(PPOBBIX
TpaHcdopmaTopoB Ipon3BoacTBa Kommanuu IIpodo-
texk: ITT mapku TTO0-220, HITH mapxu JJHED-220.
Jlist o6onx TpaHCHOPMATOPOB IOKA3ATENHN 0 HATEK-
HOCTH HWMEIOT OAWHAKOBBIC 3HAYCHUs: BpeMs Hapa-
0otku Ha otka3 cocTaBisfeT Tirr = Tyry =120 000 u,

—0,76-107-21 .
Ry, =e 0.7610°72190 _ () 983, a HHTEHCHBHOCTB OTKa30B Ayt = Ay = 0,83 107 1/4.
7 - h \\
N
B-1220xB ~
/ \\
/ yCul \
/ \
/ \
/ \
, BOJIC \
/ \
/ \
/’ KommyTtaTop \\
I \
I \
" BOJIC ‘\
Brikmouarens B-1 | \
220 xB | |
K | AVB l
— |
1 |
| |
\ BOJIC I
\ I
\ |
‘\ KommyTratop ,’
\ !
\ /
\ /
\ l BOJIC ;
\ /
\ KonTtpou+ . /
o ep Wnrepdeiic 7
N LI oneparopa /
N\ /
7
N 7 7
Puc. 3. Cxema 3amelueHus no HagexHoctu LMNC
6noka Bbikntovartens 220 kB
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Tabnuua 2
Pe3ynbTaThl pacyeTa BepOATHOCTM Ge30TKa3Hou paboTsl PY 220 kB LIMNC
BepositHOCTE O€30TKa3HOM [T —— Bmm}oqa?ei(x),p YAOBAHUC
paboThI 31eMeHTa R; P 220 kB B 220 kB IITH 220 xB IITT 220 xB
Rosuexra 0,983 0,983 0,981 0,981
Ryci 0,983 0,983 — —
Rpojic 0,999 0,999 — —
Ronox p3A 0,999 0,999 - —
R0k xommyr 0,999 0,999 — —
R yip 0,999 0,999 — —
PesynbpTHpytoniee 3HaueHue 0,959 0,959 0,981 0,981

BepositHocTs 6e30Tkaznoit padotel LITT u LITH Ha
paccmaTpuBaeMoM HHTepBajie BpeMeHu 2190 1 Oynet
paBHa

—0,83107-2190 _
RLITH—ZZO = RuTT-zzo =e =0,981.

ITocme pacuera OTHENBHBIX 3JIEMEHTOB CXEMBI
3amenteHuss no HanexHoctu LIIC, mpeacraBieHHOM
Ha pHUC. 22, MOXKHO MEPEXOTUTh K PacUeTy pPe3yibTH-
pYyIOIIEero 3HAauYeHHUs Al paclpeneIuTeNbHOTO YCT-
poiicta 220 xB.

PacuéT BeposiTHOCTH 0€30TKa3HOI padoThI

pacnpeaenuTeabHoOro yerpoicraa 220 kB

M (POBOI MOACTAHUNHU

CBeneM paccuMTaHHbBIE 3HAYEHUS 10 OTAENBHBIM
6moxam LITIC B Tabm. 2.

Ha cxeme 3amelnenns o HaJ€KHOCTH, IPUBEICH-
HOU Ha pHuC. 2a, CEMb 2JIEMEHTOB CIEAYIOT APYT 3a Ipy-
ToM ¥ 00pa3yloT MHOTORJIEMEHTHYIO IIETIOUKY, TAE Ka-
MBI 3JIEMEHT BHOCHUT CBOIO JIONIIO OTKA30B B CHIDKE-
HUE OOIIel HaleKHOCTU CUCTEMBI. [l Takoil CXeMBbI
OTKa3 OJJHOTO 3JIEMEHTa NMPUBOJUT K OTKa3y BCeH cHuC-
TeMbI B 1esioM. OnpenenuM BepOsTHOCTh 0€30TKa3HOM
paboter PY 220 kB HIIC ans mociemoBaTenbHO CO-
€IIMHCHHBIX DJIEMEHTOB 10 aHAJIOTUH ¢ PopMyJIoii (6):

Rey2oxs = Riyrn * Rp-y - Rpy * Rypr - Ry X
X Ryrr - Rp.3 =0,959*-0,981° = 0,798512.

Pesynbrupyromas BelTHYHHA BEPOATHOCTH Oe3-
0TKa3HOH paboTel R 00BekTa B COOTBETCTBHU C [24]
JIOJDKHA CTPEMUTbCS K 3HaueHuto, paBHomy 0,996.
B aToM ciydae HameKHOCTh 00BEKTa CUUTACTCS JOC-
TATOYHO BBICOKOH. Kak moxaszamm pe3yibTaThl Mmpo-
U3BEJICHHOTO pPacyera, 3HAYeHHE BEPOSTHOCTH 0e3-
OTKa3HOUW paboThl pacmpeaenuTeIbHOTO YCTPOMCTBA
220 xB LIIC, paBHoe 0,798512, 3HAUUTENHHO MEHb-
1€ peKOMEHIYEMBIX 10 [24] 3HaueHWH W HUXKeE, YeM
AQHAJIOTHYHBIA TIOKa3aTesNb A TPaJUIMOHHBIX, HE
uudpoBsIx noacrannmii [3-8, 25-28].

[TomyyeHHOE pacyeTHBIM ITyTEM HH3KOE 3Haye-
HHE BEpOATHOCTH Oe3oTkazHOW paboter PY 220 xB
QpoBoH MOACTAHIMH OOBSCHACTCS CIICTYIONINMHU
¢dakTopamu:

— OOJIBIIIOE KOJMYECTBO 3JIEMEHTOB BTOPHYHBIX
neneit [{IIC;

— HaJIMYUe 3JIEMEHTOB CXEMBl CO CPaBHHUTEIHHO
HU3KUMH XapaKTEepPUCTHKAMH II0 HAJEKHOCTH: LH(-
POBBIE M3MEpPUTENIBHBIE TpaHC(HOPMATOPHI, YCTPOIHCT-
Ba COMNPSDKEHUS C IIMHOW IIPOLIECCa;

— HaJIMYUe B CXEME 3aMELICHMS 10 HaICKHOCTH
paccMaTpUBaeMOro OOBEKTa Hepe3epBHPYEMBIX 3Je-
MEHTOB (YCTpOMCTBO CONpsKEHHS ¢ IIMHOM Iporecca,
CHJIOBOE 00OpyJoBaHHE, IU(POBBIE M3MEPUTEIbHBIC
TpaHcopMaTopsl TOKA U HAIIPSKEHNS).

IToBpimenuss moxkazarenein HanéxHoctu LIIC
MOXHO JOOWTBCS NPU TOMOIIM YCTPAHEHHS CIaOBIX
MeECT B cxeMe LHU(POBON MOACTAHIUH, ITyTEM pe3ep-
BUPOBAHM 3JIEMEHTOB, IIOJBEPKECHHBIX PUCKY OTKa3a.
Taroke K IOBBIIICHUIO HAJIS)KHOCTH B OyaymieM Mo-
JKeT MPUBECTH YCHUJIICHHE NPOU3BOAMUTEISAMHU MPOIYK-
I[UH aNlapaTHOW YacTH 3JEKTPOYCTAHOBOK, TaK Kak
AKTUBHBIC TEMIIbI Pa3BUTHA IM(PPOBHU3ALNU IITEKTPO-
9HEPreTHYECKNX OOBEKTOB M HAKAIUIMBAEMBIH OITBIT
SKCIUTyaTali IH(POBOM ammapaTypbl Ha OOBEKTax
JJIEKTPOIHEPTETUIECKOTO KOMIUIEKCa OyAyT AHMKTO-
BaTh MPOM3BOANTEISIM OoJiee BRICOKHE TPeOOBaHUS 110
HaJIe)KHOCTH IIOCTaBJIsIeMOTo obopyznoBaHus. Bmecre
C TeM IPOBOMAIIASCS B HACTOSIIEE BPEMsI B OTPACIIH
MOJIMTHKA TIepexoa Ha o0ciyXuBaHue 1o (axTuie-
CKOMY TEXHHYECKOMY COCTOSHHIO OOOpYIOBaHUS
TaKXKe CHOCOOCTBYET HEKOTOPOMY CHIKEHHIO BEpo-
SITHOCTH OTKa3a, TaK Kak OyJeT crmocoOCTBOBAThH yBe-
JIMYEHUIO MEKXPEMOHTHOTO MHTEPBaJIa M HCKIIOYEHUIO
HEHY)KHBIX MaHHIyJSLui ¢ obopynoBanuem [12, 15,
29, 30].

3akJouenue

Ha ocHoBanuu neiicTByrolero pacnpeaeauTeb-
Horo ycrtpoiictBa PY 220 xB wmonepuusupyemoit
I1C 220 xB Pynnast coctaBiieHa TOIOIOTHYECKAs CXe-
Ma B I(pPOBOil ee MOTU(PHKAIIMA B COOTBETCTBHH C
KOHIenIe 1udpoBoit moacraniuu. Ilpu paccMoT-
peHun pa3zpabOTaHHOHN TOTMOJIOTHYECKONH CXEMBbI BBISIB-
JIEHO HETaTWBHOE BIIMSHWE HA TMOKA3aTeNW HaJEKHO-
CTH TOJCTAHIIUUA HAMWIUSA OOJNBIIOTO KOJUYECTBA
BTOpUYHBIX Liened. Ha oCcHOBaHWMM MaHHBIX 3aBOJOB-
M3TOTOBUTENEH 3IEKTPOTEXHUUECKOU MPOTYKIUHU IS
HIIC cocraBneHa cxema 3aMeLICHHs MO HAAEKHOCTU
B BUJE NOCIEA0BATEIbHO-NAPAJUIEIbHBIX COETUHEHUN
3JIEMEHTOB.

BecTHuk OYplY. Cepus «QHepreTukay.
2019. T. 19, Ne 4. C. 41-51

47



ANeKTpo3HepreTuka

BrimonHeH pacder BepoSITHOCTH 0O€30TKa3HOM
paboTsl pacnpenenuTensHoro yerpoiicrsa PY 220 kB,
3Ha4YEeHHE KOTOPOH COCTaBUIIO Rpyoygp =0,798512,

YTO HUXKE YpPOBHA, pekoMeHayemoro denepanbHoii
ceTeBoil komnanueil Poccuiickoit @enepanum, paBHO-
ro Rock gac =0,996.

CTOUT OTMETHUTH, YTO B CXEME 3aMELICHUS I10
HaJe’)KHOCTH LUGPOBON MOACTAHINUU BBHIIOIHICTCS
pe3epBUPOBaHNE KOMMYHUKAI[MOHHBIX 3JIEMEHTOB,
HaIpuMep, ONTHYECKOE KOJIBLIO Mepefadyd AaHHBIX
a1 npotokonoB SV u GOOSE, HO Hapanxy ¢ 3TUM
PSSO DJIEMEHTOB, HaxXOIALIUMXCS B 30HE pHUCKa, pe-
3epBOM HE 00J1aJaeT — K MpUMepy, YCTPOHCTBO cO-
HOpsDKeHUS] ¢ IIMHOM Ipoliecca, YTO, HECOMHEHHO,
SBIISIETCSl YSA3BUMBIM MECTOM TaKOH MOIU(pUKAIUH
HIIC.

B mensx mOBBINICHHS HAIEKHOCTU IH(PPOBBIX
HNOJCTAaHIUI IpeIaraeTcss NPUMEHEHUE PE3EPBUPO-
BaHUs AN OJUHOYHBIX AJIEMEHTOB, MOJBEPKEHHBIX
PHUCKY OTKa3a, yCHIEHHE TpeOOBaHMI K MOKa3aTelsM
HaJIe)KHOCTH 000pynoBaHus (cpeqHee BpeMs Hapa-
0OTKM Ha OTKa3, MHTEHCHBHOCTh OTKa30B), KOTOpOE
3aKIIabIBACTCS 3aBOJAMHU-U3TOTOBUTENSAM 3IEKTPO-
TEXHUYECKOH U PaTUOdJIEKTPOHHON mpoaykuuu. OT-
HOCHUTENHbHO HU3KHE Tokazatenu HaaexkHoctu LIIIC,
BBISIBIICHHBIE B pE3yJbTaTe MPOBEACHHBIX HCCIIE0BA-
HHUH, MOTYT CTaTh HETaTUBHBIM (hakTOpPOM, KOTOPBIi
caepxuBaeT pasButue TexHomoruu LIIIC, mostomy
HEOOXOIMMO TNPHHHMAaTh MX BO BHUMAHHC e€Ile Ha
CTaJuM NPOEKTUPOBaHUs cucTeMbl. [loBbIIEHHE Ha-
nexxnoctu LIIC u ycrpanenue storo 6apbepa mo3Bo-
auT Oojiee IMOJHO OUIYTHTh NPEUMYILNEecTBa OT Iepe-
X0/a Ha IU(POBBIC TEXHOJOTHH B 3JIEKTPOIHEPTETH-
Ke: TOBBICUTh YPOBEHb aBTOMATHU3allMH, COKPATUTH
pacxoasl Ha IPOEKTHUPOBAHME, ITyCKO-HallaJ0YHBIC
paboThI, 3KCIUTyaTallMi0 U OOCITy)KMBaHHE >HEPreTH-
YECKHX 00BEKTOB.
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DIGITAL SUBSTATION RELIABILITY EVALUATION

S.1. Makasheva, smakasheva@gmail.com,
P.S. Pinchukov, pinchukov-pavel@mail.ru

Far Eastern State Transport University, Khabarovsk, Russian Federation

The paper considers the means of boosting the reliability of digital substations, taking into account the in-

tensifying digitalization of the Russian Federation economy, power supply and industry. The paper analyses
the existing directives and methodology in sphere of calculating and evaluating the reliability indicators for
digital substation technology. The topological scheme and the reliability equivalent circuit of substation switch-
gear 220 kV are compiled as an example for the Rudnaya Substation, located in the Far East of Russia and cur-
rently being converted to its digital version. A numerical estimation of the survival function for the main
equipment of the 220 kV switchgear is given based the classical theory of reliability. The digital substation
blocks with low reliability indicators are identified. The large number of secondary circuits which using for di-
gital measuring and connecting interface devices are revealed as a negative factor for the reliability indexes.
The means for required reliability level maintaining for the digital substation are considered.

Keywords: digital substation, reliability, digital current transformer, mean time between failures, survival
function.
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