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Pedepar. PaccMOTpeHBI IPUHIUIILI BHIIOIHEHHS. TOKOBOM 3allUThI 3JIEMEHTOB 3JIEKTPOIHEPLeTH-
YECKHUX CHCTEM C CHJIOBBIMH TpaHC(OpMaTopamu. B 31eKTpoycTaHOBKAX C CHIIOBBIMH TpaHCHOp-
MaTopaMH B psJie CIydaeB BO3HHKAaeT OpPOCOK TOKa HaMarHWYHMBAaHUS, KOTOPBIH MOXET BBI3BATh
JI0KHOE cpabaThIBaHME TOKOBOH 3amuThl. {711 TOro 4ToObl N30€KaTh 3TOT0, MPUHUMAIOT CIEIH-
aJbHBIE MepBl IO OJOKMPOBKE MAHHON 3aIUTHl NPH HAIMYUHM OpOCKa TOKAa HaMarHHMYMBAHMS.
B crarbe onmcaHsl cnocoObl peanu3anuu GJIOKMPOBOK LH(POBBIX TOKOBBIX 3aIIUT IPU OpOCKax
TOKa HaMarHW4uBaHus. OCHOBHOH CIIOCOO BBIOJIHEHHS OJIOKMPOBKHU 3aIUTHL IPU Opocke Toka
HaMarHU4MBaHUS 3aKIJIFOUaeTCsd B OTCTPOMKe MO rapMoHHKaMm. Hamudue rapMOHHK HU3ILETO IMO-
psinKa BBICTYNAET KPUTEPHEM, pa3pellaloliiM cpadaTbIBaHHE 3alIUTHI, @ COJAEpKaHHE TIapMo-
HUK BBICIIETO TOPsKa, HA0OOPOT, CBUAETENBCTBYET O MOSBICHUH OPOCKa TOKA HAMarHUIHMBaHUS
U WCTIONB3YeTCsl IJIs1 OIOKUPOBKH ee AeiicTBus. [IpuBeneHo yciaoBue cpabaThiBaHUs GIOKHPOBKU
uQpoBoil 3amMTE IpH OPOCKEe TOKAa HaMarHWYuBaHMsA. OmpcaHa peanus3anys U pacCMOTpPEeHa
GyHKIMOHANBHAS cXxeMa LU(POBOM YacTH peaiu3alyy OJIOKHPOBOK TOKOBBIX 3alUT. B cxeme
cozepxkarcs (opMupoBaTeNnn OPTOrOHANBHBIX COCTABILIOIINX CHUTHAIOB IIEPBOM M BTOPOH rapMo-
HHUK, (GWIBTPHI NpPAMOW M OOpaTHOH MOCIIEIOBATENBHOCTEH, OJIOKM ONpeNelIeHUs] aMIUIUTY],
B KOTOPBIX 110 YKa3aHHBIM OPTOrOHAJBHBIM COCTaBIIIOIIMM BBIYUCIAIOTCS aMILUIUTYABI TOKA IEep-
BOM rapMOHHMKH IPSAMON MOCIEAOBATEIbHOCTH U TOKA BTOPOIl rapMOHUKH 0OpaTHOH MocienoBa-
TenbHOCTH. [0 yKka3aHHBIM BENMYMHAM BEIYHCIICTCS TTapaMeTp OJOKHPOBKH, KOTOPHIH CpaBHUBA-
eTcsl ¢ ycTaBKOi cpabatbiBanusA. IIpeqsIoxEHO yCOBEPIICHCTBOBAHHE MPHUHIMIIOB BBIMTOTHEHUS
OJIOKMPOBKY TOKOBOH 3aI[UTHI AJIEKTPOYCTAHOBOK C TpaHc(hOpMaTOpaMH IpH OpOCKe TOKa Hamar-
HUYMBAHUSA IyTeM 100aBlieHHs B (DYHKLUHOHAIBHYIO cxeMy Lu(poBoii yactu Oioka popmMupoBa-
HHS MAaKCUMAJIBHOTO 3HAYSHWSI, KOTOPBIA ONpeersieT HanOOBbIITy0 aMIUIUTY Ty TIepBOH rapMOHH-
KU TIOJIHOTO TOKa.
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Principles of Implementation of Blocking of Current Protection
of Electrical Power Units with Transformers

F. A. Romaniuk®, A. G. Shapozhnikova®
DBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Principles of implementation of current protection of elements of electric power sys-
tems with power transformers are considered. In some cases, in facilities with power transformers
there could be an inrush of a magnetizing current that can cause a false positive current protection.
The special measures of blocking of current protection ought to be taken to avoid this. The me-
thods of implementation of blocking digital current protection when magnetizing current inrush
takes place are described. The main way of blocking protection from magnetizing current inrush
is tuning-out by harmonics content. The presence of lower harmonics content serves as a criterion
of permitting operation of the protection and the higher harmonics content, on the contrary, indi-
cates the appearance of magnetizing current inrush and is used to block the protection action.
The operation condition of blocking of digital protection from magnetizing current inrush is pre-
sented. A realization of digital part of implementation of current protection blocking is described
and the functional scheme of the latter is considered. The scheme contains conditioners of ortho-
gonal components of signals of the first and second harmonics as well as the filters of positive and
reverse sequences and blocks of determination of amplitudes. The blocks compute current ampli-
tudes of first harmonic of positive sequence and the negative sequence current of the second har-
monic with the use of the orthogonal components. By these values the characteristic quantity of
blocking is calculated, which is compared with the activation setpoint. The improvement of per-
formance of the principles of blocking current protection of electric transformers with current
magnetizing inrush has been suggested by incorporating the digital part the block of the maximum
value formation that determines the maximum amplitude of the first harmonic of the total current
into the functional block scheme.

Keywords: power engineering, maximum current protection, relay protection, magnetizing current
inrush
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BBeaenne

B snexTpoycTaHOBKax ¢ CHJIOBBIMH TpaHC(POPMATOpaMu MPH BKIIOYCHUH UX
B pa0oTy, B IIMKJIAaX aBTOMAaTHUYECKOI'O MOBTOPHOI'O BKIIOUCHMSA, aBTOMaTHYe-
CKOTO BBOJIa pe3epBa, NMPH BOCCTAHOBJIECHUHM HANPSHKEHUS MOCIE OTKIIOYEHMS
BHEIIHMX KOPOTKHX 3ambikaHuii (K3) u B psie npyrux ciydaeB BO3HHKAeT Opo-
cok Toka HamaraumamBaHusa (bTH), KoTOpeIii MOKET JOCTHTATh ACCATHKPATHBIX
3HAa4YEeHUH 10 OTHOIIEHHIO K HOMHHAIBHOMY [1]. B kaxknoit u3 ¢az BTH otnnya-
eTcs 10 ee BeMYMHE, TAPMOHUYECKOMY COCTaBy, (hopMe M 3aTyXaeT 10CTaTOYHO
MeieHHo. Ilepexonnsiil npouecc npu BTH sBisieTcss HECUMMETPUUHBIM PEXKU-
MoM. OOBIYHO TOKH B JIBYX (hazax OJIHOIOJSIPHBI, MAKCUMAJIbHBI 110 BETUYHWHE
U Co/IepKaT anepHoANUECcKyI0 COCTABISAIONIYI0, OCHOBHYIO TApMOHHKY, a TaKxke
CIEKTp BBICIIMX I'apMOHHK. B TpeTheil (aze TOK MeHblIe, IPAaKTHUECKH HE CO-
JIEPKUT alepruoIMIECKyI0 COCTABIIAIONIYIO U XapaKTepU3yeTCs CYLIECTBEHHBIM
COJICpKAaHUEM BBICIIUX TAPMOHUK [2].
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[Tox neiictBuem BTH ToKOBBIE 3aIUTHI MOTYT cpadaThIBaTh JIOKHO. Bepo-
SATHOCTb JIOXKHBIX CpaOaThIBaHUK TeM OOJIbllle, YEM BBIIIE YyBCTBUTEIBHOCTb
u ObIcTpojeiicTBUE 3amuThl. M30ekaTh 3TOro MOKHO JTMOO yBEeIHMYEHHEM Mapa-
METPOB CpadaThIBaHUs TOKOBBIX 3aIUT, YTO HE BCETa MPUEMIIEMO II0 YCIOBHIM
qyBCTBUTENIBHOCTH K K3 1 ObIcTponeicTBus, 100 MPUHATHEM CIELUAIbHBIX
Mep 1o ux OnokupoBke npu Hanmuanu BTH.

B ocHoBe kmaccuueckoro croco0a BBITOJIHEHHUS OJOKHPOBKU 3allUTHI MIPU
BTH nexut orcTpoiika no rapMoHukaM. Hannuue rapMOHHMK HHM3IIErO MOpsAKa
MOJKET BBICTYNATh KPUTEPHEM, pa3pellaloniiM cpadaTblBaHWE 3allIMTHI, a CO-
JepKaHUue TapMOHHMK BBICHIETO MOPsIKa, HA0OOPOT, CBHICTEILCTBOBATH O I10-
seenun bTH ¢ wncrmonmb3oBanmeM ero aiis ONOKUPOBKH JEWCTBUS 3alllUTHI
Jis inpoBBIX YCTPOMCTB 3aIIUTHI YCIOBHE CpAaOATHIBAHUS OJIOKHMPOBKU MOMKET
OBITh 3aITMCAHO CIICAYIONIMM 00pa3oM:
do >K (1)
I 6!

K

rae |, — KOMOMHMPOBAHHBIA rapMOHUYECKHH TOK B TOKE passl; | 4 = KOMOH-

HMpOBaHHBIN TOK (a3el; K —ycTaBka cpabaThIBaHus.

Haubonee mpocras peanuzanus (1) 3akiarodaeTcs B UCIOJB30BAaHUN aMILIH-
TyZbl TOKa BTOPOI TApMOHUKY B TOKE JaHHOM (ha3bl B KAU€CTBE KOMOMHUPOBAH-
HOTO TAPMOHHUYECKOT'0 TOKA U aMIUTUTYAbl OCHOBHOW TAPMOHHUKH B TOKE TOIl ke
(a3bl B KaueCTBE KOMOMHUPOBAHHOTO TOKA (ha3bl.

Hpyras peanmuzarus (1) COCTOUT B UCIIONB30BAHUN B KaueCTBE KOMOMHUPO-
BaHHOTO TOKa (pa3bl ero AeiCTBYIOMIETO 3HAYCHHUSI.

B cnyyae npumeHeHHs AaHHBIX CIOCOO0B (hOPMUPOBAHUS BEIUYHH MPOBEP-
Ka ycJoBusl cpaOaTbiBaHMsl OJOKMPOBKM (1) ocyliecTBisieTcss OJHOBPEMEHHO
OTIENBHO sl Kaxa0# (asbl. [ onpeneneHus HeoOXOUMOCTH AEUCTBUS OJ10-
kupoBkH npu uaeHTudukanud BTH no ogHol u3 (a3 HeoOXoauma peaar3ariys
JOTIOJTHUTENNBHON JIOTUKU. JleiicTBME TOKOBOH 3alllMTHI B TOM CIy4ae MOXKET
OBITH CKOPPEKTHPOBAHO HCIIOJIB30BAHUEM IEPEKPECTHOM OJOKHPOBKU WM IIy-
TEeM IPUMEHEHHS OIEHKH CYMMBI TAPMOHUK TI0 TpeM (hazam.

OcHOBHAfl YACTh

[IpuBeneHusie B [3] pe3yapTaThl UCCIEAOBAHUN MOKA3ald, YTO HUCIIOIb30Ba-
HUE JUIS BBITOMHEHUS OIOKUPOBKU 3aIIUTHI CYMMBI TApMOHHK IO TpeM (azam
sIBIsIETCSl Hanbouree 2GGheKTUBHBIM pemeHneM. [Ipu 3ToM AeicTByroIIee 3HaUe-
HHE TOKa MOXET OMPECIITHCS TOIBKO C YYETOM FapMOHMK HU3IIETO MOPSIKA.
OCHOBHEIC  OJIOKEHUSI 10 BBITIOJHEHUIO TaKOH OJIOKUPOBKH IMPEIICTABICHBI
B [4]. [Ipu ux pa3paboTke MPUHATO BO BHUIMaHHE CIIEAYIOMIEE.

B tpexdasznapix cucremMax B CHMMETPUYHBIX PEKHMax IEpPBbIE TAPMOHHUKHU
gacrotord 50 't B (ha3HBIX TOKaxX OOpa3yrT MPSAMYK IOCIEI0BATEIHLHOCTD,
a BTopble yactoToii 100 I'm — oOpaThyro [2]. [Ipy BO3ZHMKHOBEHHH HECHMMET-
puH, HapuMep npu HeCUMMETPUUHBIX K3, B (pa3HBIX TOKaX yKa3aHHBIX CUCTEM
MOSIBJIAIOTCS COCTABIISIONINE OOpaTHOW MOCIEeNOBaTeIFHOCTH JAPYTHUX YacToT,
B ocHOBHOM 50 ['mI.
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B ocHOBE BBEIYHCIICHNS CHMMETPHYHBIX COCTABIISIOMUX MPAMOM M 00paTHOM
MOCIIEOBATEIEHOCTEN JIEKUT CYMMHPOBAHHUE 3HaYeHHH (Da3HBIX TOKOB C COOT-
BeTCTBYIOMUMHU K03 dunmentamu [4]. braaromaps stomy Oymer obecriedeHO
BBITIOJTHEHNE OJIOKUPOBKH 3aIUTH CYMMBI TAPMOHUK IO TpeM (hazam.

C ydeToM M3JI0KEHHOTO BBINIE OfHA W3 peanu3anuii (1) 3akmogaercs B UC-
MOJIb30BAaHUK aMIUTUTY]IbI TOKA BTOPOW TaPMOHUKU OOPATHOW MOCICIOBATCITh-
HOCTH |y, B KauecTBe KOMOMHHPOBAHHOTO TAPMOHHYECKOTO CHUTHATA U aMILIH-
TyIbl TOKa TEPBOM TapMOHHKH TPSIMON IOCIENOBATEIHHOCTH Iy B KadecT-
BE KOMOWHUPOBAaHHOI'O CHTHaia. B MHKpPONPOIIECCOPHOM TOKOBOH  3aluTe
3JIEKTPOYCTAHOBOK BBIITOIHEHHE TaKOW OJOKHUPOBKH OPTaHU3YETCS CIEAYIOITIM
obpazom.

Bropuunbie nosHbIe TOKU (Pa3 AIIEKTPOYCTAHOBKY iy, Ip, I, MOCTYMAIOIINE OT
WU3MEPUTEIHHBIX TPAaHCPOPMATOPOB TOKA, MOJIBEPTalOTCs aHAIOTOBOM 00paboT-
K€, BKIIOYAIONICH NpPEABAPUTEIBHYIO (UIBTPALMI0 C IOMOIIBI0 YaCTOTHBIX
(bubTpoB. BEIXOJHBIE CHTHANBI YKa3aHHBIX (UIBTPOB B Pe3ysbTaTe aHaJoro-
G poOBOro Mpeodpa3oBaHus NPEACTABNIAIOTCS HU(PPOBBIMH OTCUETAMH MIHO-
BEHHBIX 3HAYCHUI TOKOB (a3 ing, inb, ine, KOTOPBIE TOCTYMAIOT HAa BXOJ mUMPO-
Boi wactu (I{U). B mudpoBoii 4acTu comepaTesi peaaTn3yeMble MPOTPaMMHBIM
MyTEeM HU3MEPUTEIbHBIC, JOTMYSCKUE U IPYyrHe (YHKIMOHAILHBIC OPTraHBI, dJie-
MeHTHI OokupoBku. DyHkmoHanpHas cxema U, obecnieunBaromas OmiucanHyro
BBIIIIE OPTAHU3AIMIO PA0OTHI OJIOKMPOBKH, TIPHUBEJICHA Ha pHUC. 1.

BKC
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Ine ‘|_> - Imll

®OC "
~ B = OOII = BOA2 [—

Puc. 1. dyakunonanbpHas cxeMa Iu(pOBOH YacTH OIOKUPOBKH

Fig. 1. Functional scheme of digital part of blocking

Conepxaimuecs B cxeme (OpPMHUpPOBATENN OPTOTOHAIBHBIX COCTABJISIO-
nwx (POC) curnanor meppoit rapmonnku (I117) u Bropoit rapmonuku (POC BI)
BBIIETISIOT U3 (Da3HBIX TOKOB TaPMOHWKH C YaCTOTaMH COOTBETCTBEHHO 50 m
100 I', a Takxke GOPMHUPYIOT MX CHHYCHBIC U KOCHHYCHBIC OPTOTOHAJILHBIC CO-
crapisitomie (OC) [4]. PunbTpbl mpsMoi W 00paTHOM MOCIEAOBaTEIbHO-
creii (DI u POII) ¢ ucnonszoBanneM OC CUTHAIOB COOTBETCTBYIOLIMX Trap-
MOHHK TOKOB BBIIEISIFOT COCTaBIIAIOLINE OAHOMMEHHBIX MOCIEN0BATENBHOCTEN,
KOTOpBIE B UTOrE TPEACTABISIOTCS UX CHHYCHBIMU M KOocuHycHbiMU OC [4].
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B 6mokax ompenenenus ammutyn bBOA1 u BOA2 no ykazanaeiMm OC BeIYHC-
JITFOTCS aMIUTHTY Il TOKA TIEPBOY TAPMOHUKY MPSIMOH TOCIEIOBATEILHOCTH |myg
Y TOKa BTOPOI TApMOHUKH OOPaTHOU MOCIIEA0OBATENBHOCTH |2y, [10 yKazaHHBIM
BEITMYMHAM HAXOJIAT mMapaMmeTp OJOKUPOBKH, KOTOPBIA CPABHUBAIOT C YCTaBKOM
cpabateiBaHus K.

B HOpManbHBIX pexumax, IMpH Meperpy3kax, caMo3ammyCcKe dIeKTPOBUTaTe-
nei, a takke npu TpexdasHbix K3, He CONMPOBOXKMAIONIMXCS HACHIICHHEM
TparcdopmaropoB Toka, Ha BbiBogax POC III" comepkaTcst COOTBETCTBYIOIIUE
OC mnepBoit rapMoHUKH (a3HBEIX TOKOB. B pesynbrare 0OpabOTKH yKa3aHHBIX
coctapisitomux PIIIT ma ero Beixoge dopmupyercs OC mpsiMolt mocnenoBa-
TEJIHHOCTH OTNPENCICHHBIX BEMYMH, Oaronaps yemy Ha Beixoje BOA1 ¢dukcu-
pyercst koHeuHOe 3HaueHUue |ny;. [Ipu 3TOM BTOpas rapmonuka B (ha3HBIX TOKAxX
OTCYTCTBYET, OpTOTOHaIbHBIE cocTaBistonue Ha Beixoaax ®OC BI' paBHbI Hy-
JII0 WJIM UMEIOT Mautble BenmunHbl. CooTBercTBeHHO OC 0OpaTHOM IMOCiIenoBa-
TeapHOCTH Ha BbIxofle POII gBISIFOTCS HYJIEBBIMH WM HECYIIECTBEHHBIMH,
BCIICJICTBHE YEro OOpaTHasi MOCIeAOBATeILHOCTE Iy, Ha BhIxoge BOA2 pasHa
HyJTI0, OO0 MMeeT HeOOoJbIIOe 3HAUYCHWE, Ha3piBaeMoe HebOagaHcoM. B aTom
cllyyae 4HCIIeHHOE 3HadeHue mapamerpa Imypf/ln < Kg; 1 koMaHaa OJOKHPOBKH
HE BhIpabaThIBACTCS.

[Mpu Hecummerpuunbix K3, HE CONMPOBOKIAFOIIUXCS HACHIIICHUEM TpPaHC-
(hopMaTopoB TOKa, B (Pa3HBIX TOKAX MOSIBIISETCS COCTABIIIONIA OOpaTHOU ITO-
CJIeIOBaTEeNFHOCTH TEPBON TapMOHMKH, KoTopas He mpomyckaetcs ®OC BI'.
BcenenctBue atoro 3nauenue |y, OyZeT HECYIIECTBEHHBIM U JACWCTBHE 3aIIHUTHI
Ha OTKITIOYeHHE He OJIOKHpyeTCs.

B cirygae K3 mr00bIX BHIOB, COITPOBOKIAIONIMXCS HACKHIIIICHHEM TpaHchopma-
TOPOB TOKa, B (Da3HBIX TOKaX, KPOME COCTABIISIOIIEH 0OpaTHOW MOCIIEAOBATEIIBHO-
CTH TICPBOI T'apMOHUKH, TMOSBIISIFOTCS COCTABISIOIINE OOPATHOW TOCIIEIOBATEIh-
HocTU BhicHIMX TrapMoHUK [5—10]. Oanako na BeiBoge ®OC BI' mpucyrctByroT
Tonbpko OC BTOpOH TrapMOHHKH HE3HAYMTENbHON BenyuuHbL. [Ipu 3TOM |y, Oyaer
HECYIIIECTBEHHBIM U KOMaH/Ia GIOKHPOBKY HE BHIPA0ATHIBACTCSI.

B pexxumax paboThI AIEKTPOYyCTaHOBKH, conpoBokmaromuxcs bTH, He3apu-
CHUMO OT CTENCHH HACHIIIEHUS TPaHC(HOPMATOPOB TOKA B (Pa3HBIX TOKAxX MOSB-
JIIFOTCS BTOpPbIE TapMOHUKM 3HAYUTENHbHOW BENWYHHBI. B pesynpraTe MX BBI-
nenennss U oopadorku ®OC BI, ®OIl, BOA2 uuciaerHoe 3HauYeHUE |y
CyIeCTBEHHO Bo3pactaeT. [Ipu 3ToM lmpo/lm1y cTaHOBUTCS OOJIBIIIE YCTaBKU Cpa-
OarbiBaHUs Ky, U BeIpaOaThIBaeTCS KOMaHa OJOKUPOBKH 3amuThl. [1o okoHUa-
HUH MEPEXOHOTO mporecca Iy, cCHkaeTcs, U Korga napaMeTp lmxpf/lni omyc-
Kaercs HiKe Kg,, OJIOKMPOBKA CHIMAaETCSI.

B umdpoBeIx ycTpoiicTBax 3amuThl ycioBue cpadaTbiBaHus OnokupoBkH (1)
MOJKET OBITh pPeaIn30BaHO, KOTJa B KauecTBE KOMOMHUPOBAHHOTO TOKA UCTIONb3Y-
eTCs HanOOJbINAs AMIUTUTY/IA TIEPBOM TApMOHUKH TOJHOTO TOKA |pay. DyHKIHO-
HaJIbHAs cxeMa I[U(POBOH YaCTH TaKOH OJIOKMPOBKH OTIMYACTCS OT MPUBEACHHOM
Ha puc. 1 numb Tem, uto 610K hopMupoBaHust KoOMOHMHUpoBaHHOTO curHana BKC
BBITIOJHSIETCS B COOTBETCTBHHU CO CXEMOH, ITPEICTAaBICHHON Ha puC. 2.
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®OC III" BBIMONHSAET YIOMSIHYThIEC paHee (PYHKIHUH — BBIACISICT U3 MOJHBIX
(ha3HBIX TOKOB MEPBBIE TAPMOHUKH C yacToToi 50 I'11, KOTOpBIE MPEICTABIAIOTCS
Ha Beixozie uX OC. B BOA1 o OC BBIMUCHSIOTCS aMILTUTYIHbIE 3HaYeHUS (a3-
HBIX BEJIMYHH U MTEPEAAOTCS Ha BBIXOJ B BUIE OTCUYECTOB B TUCKPETHHIE MOMEH-
ThI BpeMEHH |y, lmp, Ime. B Oloke dopmMupoBaHUS MaKCHMAaTbHOTO 3HAYCHHS
BD®M3 onpenensieTcs | ¢ UCMIOIB30BAaHUEM OTHOTO M3 CJICIYIONTUX ITOAXOA0B.

.ina |
inp q;ﬁ_c | BoAl - BOM3 Jax
e | - -

Puc. 2. ®ynxnmonanbHas cxema 010ka GOpMHPOBaHUS KOMOMHHPOBAHHOT'O CHTHAJIA

Fig. 2. Functional scheme of unit of combined signal forming

IlepBbIif M3 HUX OCHOBAH HA BBIACICHUH W3 Tpex aMmauTyId lna, Imp, Imc
HauOOJIBIIEr0 3HAYEHUS

L nas

max = Max3 s (2

max
|

mc*

JIOCTOMHCTBOM TaKOT'0 MOAXOa SABJISCTCS BO3MOKHOCTh UCIIOIB30BAHMS |y
TaK)KE B KAYECTBE KOHTPOJIMPYEMOI BEIMYMHBI B TOKOBOH 3aIllMTE MIPH €€ OIHO-
CHCTEMHOM HUCITOJIHEHUMU.

Bropoii moaxomx mpemycMaTpuBaeT omnpeaeieHue |y, KaKk CpelHero 3xHave-
HUS TpeX aMIUTATYT a, Impy Ime

la + Lo + Do

| _ _ma . 3
: ®3)

[loBeneHne B pa3NUUHBIX peXUMaxX pabOTHI AIIEKTPOYCTAHOBKH OJOKMPOBKU
JTAHHOTO HCTIOTHEHHUS CYIIECTBEHHO HE OTINYAETCS OT paHEee paCCMOTPEHHOTO.

CrnegyeT OTMETUTh, YTO ISl MPUEMIIEMON MO TOYHOCTH OLIEHKH aMIUIUTY-
Il TOM WM WHOM TapMOHHUKH TpeOyeTcs OIlpeleleHHOe BpeMsa. JTO O3HAYaerT,
YTO pacCMOTpPEHHbIe BapuaHThl OnokupoBok oT BTH He ¢opmupyror curnan
paspemieHus cpabaThIBaHMS 3aIIUTH KAK MHHIMYM B TE€UYE€HHE OJHOTO IEepHOoaa
MPOMBIIIIEHHON YacTOTBHI.

BBIBO/I

[IpennoxxeHbl yCOBEPIIIEHCTBOBAHHBIE TPUHITUITHI BBITOTHEHUS OJIOKHPOBKHU
TOKOBOW 3alllUTHI 3JEKTPOYCTAHOBOK C TpaHchopMaropamMu MpH OpPOCKEe TOKa
HamarHnuvBanus. CpaBHUTENBHAS OleHKAa WX A((EKTUBHOCTH MOXET OBITH
MPOM3BEIEHA M0 Pe3yJabTaTaM HCIBITAHWA METOIOM BBIYMCIUTENIBHOTO JKCIIe-
PUMEHTa, a TaKXkKe C UCIOJIB30BaHUEM OCIIHIUIOrpaMM OpocKa TOKa HaMarHUYH-
BaHUS B YKa3aHHBIX JIEKTPOYCTAHOBKAX, HAXOSAIINXCS B paboTe.
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