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Pedepat. PaccmoTpeHs! MeTO/BI OIpEAEICHUs 30HBI IOBPEXKACHUS HO IIapaMeTpaM aBapUHHOTO
pexuMa, KOTOpBIE MOTYT OBITh MCHOJB30BaHBI NI YITy9IICHHS TTOKa3aTeleil TEXHHIECKOro Co-
BEpIICHCTBA TOKOBBIX 3alIUT JIMHUM pacnpenenuTensHbix cered 6—10 kB ¢ ogHOCTOpOHHUM 1H-
tanneM. OTMEYEHO NMPEUMYIIECTBO AJTOPUTMA OINpPEeiIeHnsT 30Hbl KOpoTkoro 3ambikanus (K3)
10 YPOBHIO aBapUHHBIX TOKOB IO CPABHEHHUIO C JHCTAHIMOHHBIM OJHOCTOPOHHUM METOJOM IO
napaMeTpam HOBPEKASHHON neTnu (metens). [Ipennosxkeno mpou3BoUTh BEIYUCICHHE PACUETHOM
ynaneHHocTd MecTa K3 Ha ocHOBe pazHOCTEl TOKOB MOBPEXAECHHBIX (a3, 4To oOecreunBaeT He-
3aBUCHMOCTH TIOJy9E€HHOTO pe3ysbTaTa OT BHAA MOBpexkaAcHus. [Ipennoxken crnocod MOBBIEHUS
JIOCTOBEPHOCTH METO/ia OIpE/CNICHHUs 30HbI KOPOTKOTO 3aMbIKaHMs II0 YPOBHIO aBAPHHMHBIX TO-
KOB Ha OCHOBE MH(OPMAIUH O BHAE MOBPESKACHUS. MeTOIOM BEIYHCIUTEIHHOTO SKCIICPUMEHTa
UCCIIEI0BAaHO BIMSHUE HAarpy304HBIX TOKOB M NEPEXOJIHBIX CONPOTHBICHUI Pa3IMYHOIO YPOBHS
Ha BEIMYUHY U XapakTep M3MEHCHHUS IOIPEIIHOCTEd OmpelesieHUs PacueTHOIO PacCTOSHUA 10
MecTa KOPOTKOTO 3aMbIkaHus. OIpeseneHbl YpOBHU MEPEXOAHBIX CONPOTHBICHUN OTHOCUTEIBHO
TIOJTHOTO COMPOTHBIICHUS JIMHUU B 3aBUCHMOCTH OT MECTa BO3HHUKHOBeHHs K3, mpu KoTOphIX
obecrieqnBaeTcs JOCTOBEPHOE YCTAaHOBJIEHHE 30HBI MOBPEXICHUS, MOKa3aHO, YTO XapaKTep HX
M3MEHEHUs] IPUMEPHO OIMHAKOB IS JTMHUHA cpenHeid u Oonbmol mmuHEL [lokaszaHa menecood-
Pa3HOCTh KOPPEKIHUH PACIETHOTO PACCTOSHHUS 10 MECTA MOBPEXACHHS BO MHOTHX CITydasX KOpPOT-
KUX 3aMBIKaHUH Yepe3 MepexoHOe CONPOTHBICHHUE VIS MOBBIICHHS 3aIUTOCIIOCOOHOCTH OBICT-
poneiicTByromieil cTyneHy TokoBol 3amuThl. IIo pe3yabTaTaM BBIYHUCIUTEIBHOIO 3KCIEPUMEHTA
HOJTy4YEHBI TONPAaBOYHBIC KOA()(UUUEHTHI U1l KOPPEKIUY BEIMYMHBI aBApUHHOTO TOKA, HA OCHOBE
KOTOPOTO IIPOM3BOJKTCS ONpEEIeHNe 30HBI TOBPEXKAeHUs. BhimonHeHa oleHka paboTocnocoo-
HOCTH IIPEAJIOKEHHOTO CII0c0o0a KOPPEKIHUH, TTOKa3aHO, YTO €ro NMPHMEHECHHE IT03BOJISIET IOBHI-
CHUTH JOCTOBEPHOCTH ONIPEAEICHHUS 30HBI TIOBPEKACHUS U PACIIIPUTH 30HY MTHOBEHHOTO OTKIIIO-
yenns K3. MccnenoBaHbsl JUHAMUYECKHE CBOMCTBA MPEATIOKEHHOTO aJTOPUTMA IS Pa3IUIHBIX
PEKXIMOB PabOTHI IMHHUHU. Y CTAHOBIIEHO, YTO B HAUXYAIIEM CIydae 00ecIednBaeTCsl ONpeeIeHne
30HBI KOPOTKOT'O 3aMbIKaHUS 3a BpeMs, He NpeBblmaroniee 27 Mc.
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Determination of the Fault Zone by the Level
of Short-Circuit Currents

F. A. Romaniuk”, E. V. Buloichyk”, M. A. Shevaldin"”
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The methods of determination the fault zone according to the parameters of the emer-
gency mode, which can be used to improve the performance of technical perfection of current
protection lines of distributive 6-10 kV one-way power networks, are considered. The advanta-
ge of the algorithm of determination the zones of short circuit (SC) according to the level of emer-
gency currents as compared to the remote unilateral method addressing the parameters of the
damaged loop corrupted loops (loops) is noted. Calculation of the estimated distance to the point
of SC on the basis of difference of damaged phase currents has been proposed, that enables
the independence of the obtained result on the type of the fault. A technique for increasing the
reliability of the method for determination the short-circuit zone by the level of emergency cur-
rents based on information about the type of damage has also been proposed. The effect of load
currents and contact resistances of different levels on the magnitude and nature of the changes in
the errors of the calculated distance to the short circuit was investigated by the method of compu-
tational experiment. The levels of contact resistances relative to the total resistance of the line
depending on the place of SC occurrence are determined that provides reliable determination
of the fault zone; it is demonstrated that the nature of their alteration is approximately the same
for lines of medium and long length. The expediency of correction of the calculated distance to
the fault location in many cases of short circuits through the contact resistance so to improve the
protection capacity of the high-speed current protection stage is demonstrated. Based on the results
of the computational experiment, correction factors for the correction of the value of the emergen-
cy current have been obtained; on the basis of the latter the fault zone is determined. The estima-
tion of efficiency of the proposed method of correction has been carried out; it is shown that its
application makes it possible to improve the accuracy of determination the fault zone and to ex-
pand the zone of instantaneous shutdown of short circuit. The dynamic properties of the proposed
algorithm for different modes of the line operation have been investigated; it is ascertained that, in
the worst case, the determination of the short circuit zone for a time not exceeding 27 ms is pro-
vided.

Keywords: power line, overcurrent protection, technical excellence, short circuit zone, relative
asymmetry, contact resistance, speed performance

For citation: Romaniuk F. A., Buloichyk E. V., Shevaldin M. A. (2018) Determination of the
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Benenune

OyHKIUSA ONPECIICHUs 30HbI KOpoTKoro 3ambikanusa (K3) mo mapamerpam
ABAPHUIHOTO PEKUMA MOXKET OBITh HCIIOJB30BaHA B TOKOBBIX CTYIEHYATHIX 3a-
nuTax Jaani 6—10 KB ¢ 0MHOCTOPOHHUM NUTAHWEM ISl TTOBBHIMICHHUS MX TEX-
HUYECKOTO coBepineHcTBa. Tak, mis OpIcTponeicTByrOmEl (TIepBOii) CTYNEeHH
TOKOBOM 3allUThI, BBHIMOJHSIIOMEH (QYHKIMH TOKOBOW OTCEYKH O€3 BBLACPK-
ku BpemeHu (TO), Tok cpabaTeiBaHHS BHIOMpAETCS U3 YCIOBHA €€ HeIeHCTBHA
B KOHIIE 3amuinaeMoro y4actka [1, 2]. JlanHHoe 00CTOsATENhCTBO 00YCIOBIUBAET
OTpaHNYCHHOCTH 30HBI MTHOBCHHOI'O OTKIIIOYCHUA TO, KOTOpasd 3aBUCUT OT BU-
Jla TIOBPEXICHUS, Pe’KMMa PabOThI CETH M COKPAIAeTCs P HATMYUHN MTEPEeX0/I-
HOTO COTIPOTHBJICHHUS B MECTE MOBPEXKIIEHUS, BCIEACTBHE YEro paccMaTpuBae-
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Mas CTYIEeHb MOXKET cTaTh HeddekTurHOM [2—5]. BBenenue B aaroputm QyHK-
IUOHMPOBAHUSI TOKOBOW 3aIUTHl (YHKUUH OINpelesIeHUs] 30HBI KOPOTKOTO
3aMBIKaHUS TI03BOJIIET YMEHBIINUTh BIUSHUE OTMEUCHHBIX BBIIIE (PAaKTOPOB U B
psae cimydaeB AOOUTHCS OOJNBIIEH 3aIUTOCTIOCOOHOCTH OBICTpPOJIEHCTBYIOMIEH
CTYICHH.

Onpez[e.ﬂelme 30HbI KOPOTKOI'O 3aMbIKAHUSA

B [3, 4] npennoxxeHbl METOIbI ONPECIICHUS 30Hbl KOPOTKOTO 3aMbIKAHUS Ha
OCHOBE OJTHOCTOPOHHETO AMCTAaHIIMOHHOTO METOa TI0 IapamMeTpam MOBPEK/ICH-
HOW men (TeTens). MecTo MOBPEeXK/ICHHS YCTaHABIUBACTCS ITYyTEM CPaBHCHHS
pac4eTHOro pacctosHus [+, 10 Touku K3, BBIYMCICHHOTO MO PEAKTHUBHOW CO-
CTaBJISAIONIEH KOMIUIEKCHOTO COMPOTHBIICHHUS TIOBPEXKICHHOM TN WU TIeTENb,
C JUIMHOW KOHTPOJIMPYEMOW JMHUKM. MeToJ| 00eCIICUMBaET PACHIMPEHUE 30HBI
MTHOBEHHOTO OTKIIFOUEHUS 110 95 % IIMHBI JIMHAW | TTOBBIIMIAET 3 (PEKTUBHOCTH
nepBoii crymenn npu K3 depes mepexonHoe COMPOTHBIIEHHE, OIHAKO TpeOyeT
HAJIMYUS TENeH HaNpsHKCHUS, YTO YCJIOXKHSET 3allUTy W BBI3BIBACT HEOOXOIU-
MOCTh TIPEIyCMaTpHUBaTh KOHTPOJh MX HCIHPABHOCTH IS MUCKIIOYCHHUS HeTpa-
BUJIbHBIX JE€UCTBHI 3alUTHI B cly4yae UX HapyuleHus. [loaToMmy B psizne ciiyuaeB
MIPEJICTABIISICTCS  11EIeCO00Pa3HBIM | OMPEACHSATh 30HY KOPOTKOTO 3aMbIKaHHS
Y BBIYUCIATH [+, TONBKO IO YPOBHIO aBAPUUHBIX TOKOB. DTOT MOIXOM, MPEIIO-
JKEHHBIN B [5, 6], MOXeT MpUMEHATHCS B ceTsix 6—10 kB mpu Hanwaum BO3MyI-
HBIX JIMHUW, TUTAIONIUX arpONpPOMBIIUICHHYI0 HAarpy3ky. OTIW4YUTEIbHONH 0CO-
OCHHOCTBIO TAKUX JHHHAW SBISETCS CPaBHUTENHHO OOJBINAs MPOTSHKEHHOCTH
MIPU MAJIOM CEYEHUH MPOBOIOB. DTO 00yCIOBIMBAET Pe3KOe N3MEHEHNE YPOBHS
toka K3 1o Mepe ymajieHus TOUKH MOBPEKICHUS OT UCTOYHUKA MUTaHus. MeTon
TpeOyeT mpeaBapuTeNsHOTO pacdera TOKoB Tpexdasnoro K3 B KOHTPOIBHBIX
TOYKAaX, a ISl TOCTOBEPHOTO OTPEAEITICHHS 30HBI TIOBPEKICHHUS TIPU HECHMMET-
puusbix K3 B BeIpaxkeHue Juis pacuera -, BBOIAUTCS KOAP(DHUIIUCHT, BEITUYNHA
KOTOPOTO BBIOWpAETCs B 3aBUCUMOCTH OT BHIa KOPOTKOTO 3aMbIKaHus [6]:

3) 3)
l _(kIK] _]K)IK2 (1)
T _ g3\
(Ilcl _IK2 )IK
3) 3 _ -
rae 1q, lo paccUMTaHHBIE TIO M3BECTHBIM METOJMKAM TOKU Tpex(hasHo
ro K3 B Hauane (IK1(3)) U KOHIIE (IK2(3)) 3alMIIaAeMo TuHuy; [, — cpeqHee u3 AByX
WM TPEX 3HAYCHUH TOKOB IMOBPEKIACHHBIX (a3; k — K0dPPHUITUEHT, YIUTHIBAIO-
1M BUJ IOBPEXKICHHUS, = 1, K? = \/3 /2.
Kak cmpaBemiuBo otmeueHo B [7], nmpu aByxdasubix K3 nelicTyromee
3HAYCHHUE PA3HOCTH TOKOB TOBPEXKICHHBIX (a3 OyIaeT HauOONBIIUM M3 TpPex

nerens AB, BC, CA u paBHBIM \/glf). Jns tpexdazupix K3 mis Beex metenn

noBpexaenus [, =1, =1.,= \/51153 ). C y4eToM 3TOr0 006CTOATENHCTBA U3 BHI-

paxenus (1) MOKHO HCKIIOUNTH KOXPQPHUUMEHT kK W ONpEAeNiTh PacueTHYIO
yIAJICHHOCTH 0 TOYKH KOPOTKOTO 3aMBIKAaHHS HE3aBHCHUMO OT €ro BUJA



F. A. Romaniuk, E. V. Buloichyk, M. A. Shevaldin
Determination of the Fault Zone by the Level of Short-Circuit Currents 399

_ (IKH _IK)IKK
Ly —m, 2)

rae Ly, I — Toku Tpexdaznoro K3 B Havame W KOHIIE 3allWIAeMON JIMHUH,

YMHOXKEHHbBIE Ha V3 I - Tekymee 3HadeHHe Toka K3, ompenensemoe kak
HauOobIlIee U3 NSHCTBYIONUX 3HAYCHHI Pa3HOCTEH (Da3HBIX TOKOB.

AJNTOPUTM OIIpeJIeNICHHsT 30HBI TOBPEXKICHUS Ul TOBBIMICHHUS €r0 JIOCTO-
BEPHOCTH CIIETyeT OPTaHU30BBIBATH CIICIYIONTIM 00pa3oM:

— OoIpeneNsieTCs pacueTHas YAAJCHHOCTh J0 TOYKU TOBPEXICHUS [x, CO-
rimacHo (2);

— eci [+ < 1, TO KOPOTKOE 3aMBbIKaAHUE HAXOAUTCS HA 3AMUINACMOMN JTMHAU 1
paccTosiHUE 10 TOYKH MOBPEXKJCHUS B MMEHOBAHHBIX €JIMHUIIAX MOXKET OBITh
OTIPEICNICHO KaK

L= led, 3)

riae [, — hakTryeckas JUIMHA 3alUIAeMON JIMHUU B IMCHOBAHHBIX SAMHUIAX;

—ecn [+ > 1, TO MOBpEXICHUE HAXOAUTCS HA CMEKHOM JIMHAM U JJIST pacde-
Ta paccTosSHUSA OT ee Hadanma mo Mecra K3 B (2) Bmecto Ly M [ B Hadame
Y KOHIIC 3allUIIIaeMOU JTMHUU OJICTABIISIFOTCSI COOTBETCTBYIOIIME TOKU B HaYaJe
¥ KOHIIE CMEKHOM JTUHHUH,

—eciu [+ <0, To OBpexkACHUE PUKCHPYETCS Ha KOHTPOIHPYEMOH JIMHUH,
B MPOTHUBHOM ClIydae 0oOlllee pacCTOSHHE OT Havaja ydyacTka J0 MecTa IOoBpe-
KICHUS OTIPEACIISIETCS 110 BRIPAXKEHHUIO

ll( = lnl + l*KlJ'l27 (4)

rae [ — hakTrdeckas UIFHA CMEKHOM TMHAM B UMEHOBAHHBIX €IMHUTIAX.

Ha nocroseprocts onpeznenenus 30861 K3 oka3piBaeT BIMSHHE MHOXKECTBO
¢daktopoB [3, 8], B TOM yHcle BEIMYMHA HArPy30YHBIX TOKOB M MEPEXOIHOTO
COTIPOTHBJICHHUS B MecTe MoBpexaeHus. Ha mpumepe Bo3aymabx guanid 10 kB
pazHo#t el (10 u 15 kM) npu Tpex- u AByxda3ubix K3 B pexuMax X01ocToro
X0Jla M C Harpy3koi Ha pHuc. 1 mokaszaHsl 3aBUCUMOCTH R,/Z, = f (I+) BeTUYHHBI
MEPEXOTHOTO COMPOTHUBIICHHUS, OTHECEHHOTO K TIOJHOMY COTPOTHBIEHHIO 3a-
HIMIIaeMON JTUHUHM, OT PACCTOSIHUS 10 TOUYKH MOBPEXAEHUs, IPH KOTOPHIX 30Ha
KOPOTKOT'O 3aMbIKaHHUS MOXET OBbITh YCTAaHOBJIEHA JOCTOBEPHO.

[lo pesympTaTam MpenBapUTEIbHBIX BBIYHCIUTEIBHBIX SKCIIEPHIMEHTOB
MO>KHO yTBEP)KAATh, YTO MOTPEIIHOCTH ONpEACTICHUS [+, MPH HAIHYHU Tepe-
XOAHOTO conpoTtuBieHus B Mecte K3 u mo mepe ero yBenuueHust OyayT Bo3pac-
TaTh HE3aBHCHMO OT BHJa MOBPEXIEHUS W peknMa padoTel muHUU. KopoTkue
3aMbIKaHUS Yepe3 MepexXoHOE CONPOTHUBICHHUE AaKe MPU MaJloOl €ro BeJIHYHHE
BOJIM3W KOHIIA 3alIMIIaeMO JTMHUH OyayT BOCIPUHUMATECS KaK BHEIIHHE, IPH-
geM deM OJKe TOYKa MOBPEXACHUS K KOHI[Yy yJacTKa, TeM MPH MEHBIIHNX Be-
nnuuHax R, 30Ha K3 Oyzer ycraHOBIeHa HOCTOBEpHO. 3aMETHOE BIHMSIHUE Ha
BEJIMYHMHY JIOITyCTUMOI'O TIEPEXOTHOTO CONPOTHUBIICHHUS OKa3bIBaeT BU KOPOTKO-
ro 3aMBIKaHHA. BiHsHVE BENMWYMHBI HArPy30YHOTO TOKA OLTYTHMO CKa3bIBAeTCS
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npu 6mm3kux K3 u cHmKaeTcs o Mepe yJqaleHus: TOUYKH TOBPEXKIEHHUS OT MecTa
YCTaHOBKH 3aILUTHI.

Lad
LAy

/
/

y
/

= = e ke
LN

Ln

0.2 0.4 0.6 l.oe 10

) b

mﬁ( .
2.0 %I‘_ /6

L3 Vs 4\%2}“\

1.0 =
0.5 I

0 =

-
0.2 0.4 0.6 [+ 0. e 1.0

Puc. 1. OTHOCHTETBHAS BEIMYNHA IIEPEXOJHOTO COIPOTHBIICHNS,
IIpU KOTOPOH 00ecrieurBaeTCs JOCTOBEPHOE YCTAaHOBICHHE
30HBI HOBPEKACHHs K Tpex(dasHbix (a) u aByx¢asubix (b) KOPOTKHX 3aMBIKAHHSIX
B pekuMe xosocToro xona (1, 2, 5, 6) n Harpy3ounom pexume (3, 4, 7, 8):
1,3, 5, 7= s nuHun aiauHon 15 km; 2, 4, 6, 8 — miis auHun aiauHo# 10 kM

Fig. 1. The relative magnitude of the contact resistance that provides
the reliable determination the fault zone for three-phase (a) and two-phase (b) short circuits
in the idle mode (1, 2, 5, 6) and load mode (3, 4, 7, 8):
1,3, 5,7 for aline of 15 km long; 2, 4, 6, 8 — for a line of 10 km long

Y IOBNETBOPUTENBHBIE TIOTPEIIHOCTH OIPEEIICHUSI pACUETHON YAaEeHHOCTH
npu K3 B KOHIIE KOHTPOJIMPYEMOTO M Hayalle CMEKHOTO y4acTKOB, HE MPHBO-
JSIIAe K 3HAYUTENEHOMY COKpAIIeHHIO 30HBI MTHOBEHHOTO OTKITIOUSHHS WITH
HECEJIEKTHBHOMY JEWCTBUIO 3aIUTHI, MOTYT OBITH IOJYYE€HH TPHU OTCYTCT-
BUU R, WIN OTHOCHUTENBHO MaJIbIX €TO 3HaYCHUsX. TakuM oOpa3oM, B psje Ciy-
yaeB IS TOBBITIEHUS (PPEKTHBHOCTH OBICTPOACHCTBYIOIIEH CTYIIEHH TOKOBOM
3aIIUTHl TEIeCO00Pa3HO BBIMOMHATh KOPPEKIHMIO PACUYETHOTO PACCTOSHHS [0
MecTa MOBpeKACHUS. [Ipy 3TOM OCYIIECTBISTH €€ MOYKHO MYTEM KOPPEKIUH
B (2) KaK TeKyIIero 3Ha4eHUs aBapUHHOTO TOKA, TAK U MPEABAPUTENHHO PACCUH-
TaHHBIX U 33JJaHHBIX TOKOB K3 B KOHTPOJIBHBIX TOYKAX.

s onpeneneHus: 30HBI TOBPEXACHU 1o (2) He TpeOyeTcs BBIABICHUE €ro
BUJa, OJHAKO 3Ta MH(OpPMAIHI MOXKET OBITh HCIOIB30BaHA ISl BBHITIOJHEHHS
KOPPEKIINY pPac4YeTHOW yHaneHHOCTH [«. IIpum sToM pacmosnaBanme Buma K3
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MPOM3BOINTCS Ha OCHOBE JBYX OTHOCHTEIBHBIX HECUMMETPHUH pa3HOCTEl (as-
HBIX TOKOB JuHWH Al; 1 Al cornacHo [9]:

]max _Imin
A11 = Imin ; (5)
Lo — 1o
A, = —max min , 6
? Imid _Imin ( )

THC Laxs Imid> Imin — HAKIOONBIIIEE, CpEIHEE W HAUMEHBIIICE NCHCTBYIOIIHE 3HAUC-
HUS pa3HOCTeH (Da3HBIX TOKOB JIMHUH.

[Tyrem aHanm3a pe3yabTaToB OOJBIIOTO KOJUYECTBA BBIYUCIUTEIBHBIX 3KC-
MEPUMEHTOB OBUIH TOJTYYSHBI BBIPAKEHUS IS pacueTa MonpaBouHbIX K03ddu-
IIMEHTOB M OMPEENICHBl YCIOBUS WX MPUMEHEHWs, MO3BOJIAIONINE KaK yIOBIIe-
TBOPUTH TPEOOBAHUIO CEIICKTUBHOTO JCHCTBUS TOKOBOW OTCEUKU O€3 BBIACPIKKHU
BPEMEHH, TaK W yCTAaHOBUTH 30HY IOBPEKICHHUS C TPHUEMIIEMOH IOCTOBEp-
HOCTBIO M 00€CTIeUnTh TOBHIIIEHNE 3aIIUTOCTIOCOOHOCTH OBICTPOEHCTBYIOIIEH
CTYIICHU 3aluThl. J[J1s onpenenenus ciaydyaeB, Korjaa He00X0IMMO BBOJUTH KOP-
PEKILHIO, TOCTaTOYHO KOHTPOJIMPOBATH MO YPOBHIO TOJBKO OTHOCHUTEIHHYIO
HECUMMETPHIO Alj, pACCYUTAHHYIO COTJIacHO (5).

XapakTep usMeHenus R,/Z, = f(l+) 11 TUHUI pa3HON [UIMHBI B UACHTHYHBIX
YCIIOBUSIX IPUMEPHO OJIMHAKOB (puc. 1), YTO MO3BOJSET paccMaTpuBaTh Mpeia-
raeMbplil aJTOpUTM KaK YHHBEpCANbHBIN mist nmuHui 6—10 kB cpemneit u 6omb-
10U JUTUHEL.

OnpenesieHue KOPPEeKTUPYIOIIUX KOIPPULEHTOB

Pacuernas YAAJICHHOCTL OO0 TOYKHU IMOBPEKIACHUA NPU YCIOBUH, KOTAAa KOP-
PEKIMU MOABCPracTCs TCKYUICC 3HAYCHUC TOKAa KOPOTKOTI'O 3aMbIKaHUA, ONIPCAC-
JCTCA KaK

(o ~ 1K, )

L K,

K

(7

7€ L, Liw, Ix— TO XK€, 9TO U B (2); K, — MOTIPaBOYHBIH KOAPPUITHCHT.

[Tpu metammuuecknx nByx¢asHeix K3 Ha HarpyXeHHOW JNHHUM U OTHOCH-
TEJIbHO MaJIBIX 3HAYEHUSAX MEPEXOJHOI0 CONPOTUBIICHUS, KOIJa YPOBEHb OTHO-
CUTEIILHOM HeCMMMETpHHU pa3HocTel (ha3HbIX TOkoB Al > (0,95, HE0OX0AUMOCTh
B KOoppekiun orcyTcTByeT U K, = 1. Ilpu Al; < 0,95 nezaBucumo ot ypoBHs Al,
HOIMPAaBOYHBINA KOI(PPUIHEHT ONPEAEIeTCs [0 BEIPAKEHHIO

K, =2-Al, 8)
rae Al; — ypoBeHb OTHOCHTENBHOM HECUMMETPHH, ONpeAeIsieMbIid TI0 (5).

Cnemyer oTMeTuTh, YTO UIsi HecuMMeTpu4HbIX K3 Ha HeHarpykeHHOU
JUHUH JTI000T0 Poja KOPPEKIHMST Ha OCHOBE OTHOCHTEIHHONH HECUMMETPHH TO-
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KoB Al| He mpescTaBiIseTCd BO3MOXKHOH, TaK KaK HE3aBHCHMO OT YpOBHEH mepe-
XOJTHBIX COMPOTHBIIEHUII W MECTOPACIIONOKEHUS MOBpexaeHust Al mpaxThde-
cku He m3MeHsercs (Al;=1), a HUCIONB30BaTH C JTOH IEIBI0 OTHOCHTEIh-
HYI0 HECHUMMETpUIo Al HE TMO3BOJISET 3HAYUTEIBHEIN pa3opoc ee 3HaueHUi [9].
[Ipu 3TOM B yKa3aHHOM peXHME NPUHITOE BHIPKEHHE AJISI MOMPABOYHOTO KO-
a¢unmenHTa He MOBIUACT HA PE3yNbTAT pacdyera l«, YTO UCKII0YacT HEOOXO/IH-
MOCTH BBISIBJICHUS BU/Ia HATPY30YHOTO PEXHUMa AJIsi 00ecIieueH s TOCTOBEPHOTO
YCTAHOBJICHHUS 30HBI KOPOTKOTO 3aMBIKaHUSI.

[Ipn merammyeckux TpexdasHeix K3 # OTHOCHTENBPHO MajbIX 3HAYCHUSX
MIEPEXOTHBIX COMPOTUBICHNN, KOTJa YPOBEHb OTHOCHTEIHHON HECUMMETPHH
pasHocTelt (a3Hpix TOKOB Al < 0,14, HEOOXOAUMOCTE B KOPPEKIIUU OTCYTCT-
ByeT U K, =1. B nporuBHoM ciyudae, korna Al; > 0,14, He3aBUCHUMO OT ypOB-
Hs1 Al, ToTIpaBoOYHBINA KOG GHUIUEHT ONpeesIeTcs KakK

_Laptlpe+1ey

K =—2—+r—=%& 9
n T )

min
rae lyp, Ipc, Icy— MEHCTBYyIOMEE 3HAYCHUE pa3HOCTEH (a3HBIX TOKOB; [y, —
HAaUMCHBIIICE U3 HUX.

[IpunsTHIil cIoco0 KOppeKiuu paborocmocodeH npu Tpexdazupix K3 xak Ha
Harpy>KeHHOM, TaKk ¥ Ha HEHATPY>KEHHOH JTMHUSX.

Pe3y.l'll>TaTbl HCCJICAOBaAHUA p360TO0H0006HOCTl/I MeETOoAAa

HccnenoBanne paboOTOCIIOCOOHOCTH MPEIIOKEHHOTO AITOPUTMa C YIETOM
MOTPEITHOCTEN, BHOCUMBIX W3MEPHUTEIHHBIMU TPEeo0pa3oBaTEeIMA TOKa, MPO-
BOJMJIOCH METOJIOM BBIYMCIUTENIEHOTO 3KCIEPUMEHTA MOCPEACTBOM IPOrpaM-
MHOTO KOMILTEKCA, PEeaTH3YIOIET0 MaTEMaTHUYECKYI0 MOJENb PaaialbHOW CETH
HampsbkeHueM 6—10 kB ¢ n3o01upoBaHHON HEWTPaAIhI0 M OJHOCTOPOHHUM ITHTA-
muem [10, 11]. [IpenenbHOEe 3HAYEHUE MIEPEXOAHOTO COMPOTUBICHUS R,/Z; =3,
MPY KOTOPOM TPOBEPSIIOCH MOBEICHUE AITOPUTMA, IPUHATO UCXOJS U3 YCIOBHS
VIOBJICTBOPEHUST TpeOyeMOi 4yBCTBUTEILHOCTH TOCIEAHEH (B 00mEeM ciydae
TPEThel) MEIJICHHOACUCTBYIONICH CTYNEeH! (MakCHUMallbHAsi TOKOBas 3allluTa),
KOTOpasi TI0 YPOBHIO TOKa cpabaThIBAHMSI OTCTPAUBACTCS OT HAUOOJBITIETO pado-
YEeTo TOKa C YIeTOM CaMO3aITyCKa JJIEKTPOBUTATEIbHON HarPy3KH.

Onenka crmoco0a MOBBIMICHUS JOCTOBEPHOCTH OmpeneineHus 30H6 K3 1o
YPOBHIO aBapUWHBIX TOKOB IPOU3BOINIACH 10 CIEAYIOIINM MTOKA3aTeIsIM:

— OTHOCHUTECJIbHas IOTrpE€UIHOCTh 5 OMpEeACICHUA PpacyY€THOr0 pPacCTOAHUA
JI0 TOYKH TIOBPEXKJICHUS TMO3BOJISIET OLIEHUTh COKpAIlEHUE 30HBI MIHOBEHHOTO
OTKITIOUEHHS] B PA3iMYHBIX pekrMax paboTel cetn u Bupax K3, ompenenuts
mpejiesbl pab0TOCIIOCOOHOCTH METO/Ia U KPUTEPHH 00ECIICUCHHUS CEICKTHBHOTO
JIEHCTBUS 3aIUTHI TIPH OJIHOBPEMEHHOM COXpaHEeHUH d((HEKTHBHOCTH OBICTPO-
JIEHCTBYIONIEH CTYNEHH B HEOJArOMPUITHBIX YCIOBUsIX. OmnpenenseTcs 1mo Bbl-
PaXKCHHIO
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l*]( _l*q)
§=—"""% 100 %, (10)

Z*q)

rae [+, — pakTudeckoe pacCTOsIHUE 10 MECTa MOBPEXKICHHUS;

— BpeMs YCTAHOBJICHUS 30HBI TIOBPEXKJCHUS — OBICTPOJCHCTBUE METOJA SB-
JISIeTCSl OJTHMM W3 PeIaloniuX (akTOpOB, TaK KaK MPEJIOKEHHBIN alrOpuTM
paccMmarpuBaeTcs Kak CIoco0 MOBBIIICHHUS 3alUTOCTIOCOOHOCTH TIEPBOU CTyTIe-
HU TOKOBOM 3alIUTHI, paboTatomieil 6e3 BhIACPKKH BPEMEHHU.

Anamms paboTtocnocobHocT Metoaa nipu nByX(hasaerx K3 BeIMOMHSIICS T
HArpy304YHOTO PEeXNMa, TaK KaK MpHU HECUMMETPUIHOM MOBPEKICHUN Ha HEHa-
IPY>KEHHOM JIMHUM KOppekius He mpousBoautcs. Cienyer OTMETUTh, YTO MpH
3TOM 30HAa MTHOBEHHOT'O OTKIIOYEHHS cocTaBiser He MeHee 90 % NIMHBL IH-
HUU TIpU METAUINYECKHX KOPOTKHX 3aMBIKaHMAX M Ccokpamaerca A0 58 %
npu R,/Z,= 1. BeicTpoaelcTByIomas CTyneHb cuuTaercsi 3QQPeKTUBHOH, eciu
oxBatbiBaeT He MeHee 20 % IMHBI IWHUH [2], 30Ha MTHOBEHHOTO OTKITIOUSHHS
KOPOTKHX 3aMbIKaHHI Ha HCHATPY>KEHHOW JIMHUM YJIOBJIETBOPSET 3TOMY YCIIO-
BUIO TPU H3MEHEHUM TMEPEXOJHOTO CONPOTHBICHUS B MECTE IOBPCIKICHHS
BILIOTH 10 R,/Z, < 1,72—1,75 (puc. 1b, 3aBucumoctu 5, 6).

IIpu Tpexdasznbix K3 Koppekius pacuyeTHOrO PacCTOSHUS [« MPOU3BOIUTCS
HE3aBHCHUMO OT pekrMa padoThl JuHUA. OIHAKO KOPOTKHE 3aMBIKaHUS depes
MEPEXOAHOE COIMPOTHBICHHE HAa HEHArpy>KEHHOH JIMHUN XapaKTepPH3YIOTCS
MEHBIIIMMH TOTPEUTHOCTSMHU OMNPEJICICHUS [+, YeM aHAJOTHYHBIC TOBPEXKIIC-
HUS TPY HAJIMYWM TOKA HArpy3ku. [Ipu OTCYTCTBHM MEPEXOHOTO COTPOTUBIIC-
HUS B MECTE€ KOPOTKOTO 3aMbBIKaHUS M OTHOCHUTEIILHO MAaJIbIX €ro 3HAYCHUSX
MOTPEIIHOCTH OTPEENICHHS PAcueTHOH yAaJeHHOCTH MOTYT MMETh OTpHIIa-
TeNbHBIN 3HaK, B TOM 4yucie nmpu K3 B KOHITE 3amAMIaeMoi JTUHUH, T1Ie, C TOYKH
3peHus o0ecTieueHns CeNeKTHBHOCTH JeicTBus TO u coKpamieHust 30HbI MTHO-
BEHHOTO OTKJIIOYEHHS, TOYHOCThH OmpeaeneHus I+, ocodeHHo BaxHa. [Ipu mo-
BPEXIIEHNH B KOHIIE KOHTPOJHMPYEMOH IJIMHUM B DPEXKUME XOJIOCTOTO XOAa
Y OTHOCUTENFHO MaJIbIX R, YKa3aHHBIE TOTPEIIHOCTH MEHBIIE TI0 a0COIIOTHOMY
3HaueHu0. [1o 3TMM COOOpakCHHSM HArpy30UYHBIA PEXKUM OBLT BBIOpaH IS
aHayM3a paboOTOCIIOCOOHOCTH  MPEIOKEHHOTO alNropuTMa Kak HawOolee Ts-
Kenblt. OTMETHM TOJBKO, YTO MPU HM3MEHEHWH OTHOCUTEIIBHON BEIUYMHBI
MEPEXOHOTO COMPOTHBIECHUS B mpenenax R,/Z, = 0-3 30Ha MTHOBEHHOI'O OT-
kimoueHus Tpexdasnpix K3 Ha HeHarpyXeHHOU JHMHUU OYyJET COCTaBJIATh HE
meHee 95=70 % cooTtBercTBeHHO. Iy CpaBHEHHWS, MPHU OTCYTCTBUU KOpPpPEK-
1nu [+, 30Ha NEHCTBUS OBICTPOACHUCTBYIONIEH cTyneHn cHikaeTcs 10 20 % yxe
mpu R./Z, = 2,3-2,4 (puc. la, 3aBucumoctu 1, 2).

3aBucuMocTH 0 = f{/+) npu Tpex- u AByx(a3ubix K3 Ha HarpyKeHHOH JINHUH,
MOCTPOCHHBIE C YYETOM MNPEAJIOKEHHOTO crocoba KOPPEeKIHU Mo pe3ysibTaTam
BBIYUCIIUTEIHLHOTO 3KCIIEPUMEHTA, MPEJICTaBICHbl Ha puc. 2, 3. Mecro moBpe-
XKAeHns (UKCHPYETCsl Ha 3allfIaeMol JHHUW Tph [x < 1, B TPOTUBHOM CIIy-
gae — Ha CMEXHOM. 3aBUcHUMOCTh 1 (puc. 2, 3) mpencraBiseT co00i KPUBYIO
MPENEIbHBIX MOTPEITHOCTEN Opax, OTPAHUYMBAIONIYIO JHATMA30H JIOTMYCTHMBIX
3HAYeHHUH O, IPU KOTOPBIX MECTO MOBPEXKACHUS OyAeT YCTaHOBJIEHO AOCTOBEp-



@. A. Pomaniox, E. B. Bynouuux, M. A. Lllesanoun
OnpeeneHne 30HbI TOBPEKICHHS IO YPOBHIO TOKOB KOPOTKOTO 3aMBIKAHUS

404

HO. /{7151 3TOTO HEOOXOMMMO BEHITIOJIHEHHE YCIIOBHiA: Tipnu K3 B mpemenax KOHTPO-
JTUPYEeMON JUHUU 3HAYCHUSI OTHOCUTEIBHBIX TMOTPELIHOCTEH JODKHBI JIeKATh
HIDKe KpuBoH 1, a mpu BHemTHUX K3 — BEITIIE.
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Puc. 2. OTHOCHTEIBHBIE TIOTPELIHOCTH ONPEAEIEHHUS [+
npu Tpex¢asHbIX KopoTKHX 3ambIkaHuAX (K3): 1 — kpuBas nmpenensHbIX HOTrpenIHoCTelH;
2 — meraiutnueckue K3; 3, 4, 5, 6 — K3 uepes mepexoanoe conporusienue ¢ R, /Z,=0,5; 1;2; 3

Fig. 2. Relative errors of determination of /s, for three-phase short circuits (SC):
1 — curve of limit errors; 2 — metal SC; 3, 4, 5, 6 — short circuit through contact resistance
with R/Z,=0,5;1;2;3
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Puc. 3. OTHOCUTENBHBIC TOTPEIIHOCTH OTPENICIICHHS PACUCTHOH yIaICHHOCTH
TOYKH HOBPEKACHUS MPU IBYX(a3HBIX KOPOTKHX 3aMbIKAHHSX:
1,2, 3,4, 5—T0 %e, 4yTo Ha puc. 2

=30

Fig. 3. Relative error of determination of the calculated distance to fault points
for two-phase short circuits: 1, 2, 3, 4, 5 — the same as in fig. 2

C pocTOM BENWYHMHBI MIEPEXOTHOTO COMPOTUBIICHHUS B MECTE MOBPEKICHUS
MOTPEIIHOCTH oTpenesieHus [« Bo3pactatoT. s mertammmueckux K3 HezaBucu-
MO OT UX BHJA XapaKTEpHO 3aHI)KEHHE PacYeTHON YAaJCHHOCTH TOYKH IMOBpe-
JKICHUS KaK B IIpesesiax 3alliiaeMoy JUHUM, TaK U Ha cMEKHOU. To ke Mox-
HO cKa3aThb W mpo Tpexdasuple K3 ¢ ManblM mHepexonHbIM COMPOTHBIIE-
HueM (R,/Z; < 1), 3a HCKIIIOUEHHEM MOBPEXKICHNHN, OJM3KUX K MECTY YCTaHOBKH
3amUThl. 3aBUCUMOCTH O = f{/+) mpu AByxda3ubix K3 uepes3 mepexoaHoe compo-
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TuBACHUE R, /Z,> 0,5 u TpexdasHbIx ¢ R,/Z, > 1 HOCAT aHAJOTHYHBIN XapaKTep.
IIpu 3TOM 711 KOPOTKUX 3aMBbIKaHMM B Mpejenax 3allldillaeMOd JIMHUU Xapak-
TEpPHO 3aBbIIIEHUE [+, M, KaK CIEICTBUE, COKPAIICHHE 30HHl MTHOBEHHOTO OT-
KIIFOUCHMSI, a TIpu [+ > 1 — 3aBbIlICHUE TPU OJIM3KUX W 3aHWKCHUE MPU YAalICH-
HbIX K3, HO Ha BeIMYUHY, HE TIPEBBIIIAIOILYIO O yyx.

CreneHb 3aHWKCHUS PACUCTHOW YIAJCHHOCTH B HAaUXyAIIeM cirydae mpu K3
B KOHIIE 3allUIIaeMON JUHUN He MpeBBIaeT 5 %, 9To M03BOJIAET MPUHATH I10-
pOroBOE OTHOCHUTEIBHOE 3HAUCHHE (PAKTUIECKON JITMHBI JINHUH, ITyTEM CpaBHE-
HHA C KOTOPBIM (PUKCHPYETCS 30HA NOBPEXKIACHUS, [+ 4 = 0,90-0,95.

IIpu tpexdasznpix Meraumueckux K3 Ha HarpykenHoi juauu Al < 0,14
YW KOPPEKIHsI HE IPOW3BOAMTCA, a 30HA MTHOBEHHOTO OTKJIIOYCHHS C yde-
TOM HUMCIOIIMXCS O TEM WIM HWHBIM TPUYHHAM IOTPEIIHOCTEH COCTaBISCT
1o 95 % nmnuebl uHWW. [Ipy M3MEHEHUH MTEPEXOTHOTO COMPOTHUBIICHUS B JIHa~
nazone R,/Z,=0,5-3,0 30Ha MCHOBEHHOT'O OTKJIIOUEHHUS OXBAaTBIBACT M0 95-56 %
muann (puc. 2). Ilpu oTCyTCTBHM KOPpPEKUUH M TeX e BeluuuHax R,/Z, 30Ha
JIEWCTBUST TOKOBOW OTCEUKH O€3 BBIIEPKKH BPEMEHH COKparqaercs mo 74—12 %
COOTBETCTBEHHO, & HauOOJIbIIIEe 3HAUCHHE TIEPEXOTHOTO COMPOTUBIECHHS, P KO-
topoM TO cuutaercs a3dbexTuBHOM, R,/Z, = 2,73 (puc. 1a, 3aBucumoctH 3, 4).

[pu aByxda3zubix MeTaumueckux K3 Ha Harpy:KeHHOU JIMHUK M OTCYTCTBHH
koppekuuu (Al; > 0,95) 30Ha melicTBUS OBICTPOACHCTBYIONICH CTYIIEHH OXBATHI-
BaeT He MeHee 90 % nmuHum, a npu R,/Z, = 0,5-1,0 7o 90 % (puc. 3, 3aBHUCHMO-
ctu 3, 4). Ilpu R,/Z, = 2,0 30Ha MTHOBEHHOT'O OTKJIFOUCHHMSI COCTaBIsIeT 10 63 %
(puc. 3, 3aBucumocTth 5). [Ipu Tex ke YpOBHAX MEPEXOMHOTO COMPOTHUBIICHHUS,
HO B CJIydae OTCYTCTBHS KOPPEKINH, 30Ha AeiicTBus TO cocTaBiseT MmopsaKa:
79 % — npu R/Z,=0,5; 62 % — npu Ry/Z,=1; 24 % — npu R,/Z,=2 (puc. 1b,
3aBHCHMOCTH 7, 8).

JluHamuueckue xapaKTepUCTUKH arOPUTMa orpeneieHus 30Hb K3, mpen-
CTaBJICHEI Ha puC. 4.
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Puc. 4. [IlnnaMuaeckne XapakTepUCTHKU alTOPUTMa OIIPEISIICHUS
30HBI KOPOTKUX 3aMbikanuil: 1 — Tpexdasnoe K3; 2 — nByxdaznoe K3;
3 — NPUHATOE NOPOrOBOE 3HAYEHUE [+ ¢ = 0,95

Fig. 4. Dynamic characteristics of the short circuit zones determination algorithm:
1 — three-phase CS; 2 — two-phase CS; 3 — accepted threshold value /« , = 0.95
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OTH XapaKTePUCTHKH MO3BOJISIOT OLEHUTH OBICTPOICHCTBHE MPEIOKEHHO-
r'0 METO/a, KOTOPOE YHCICHHO MOXET OBITh ONPENIENICHO KaK MHTEPBal BPEMEHU
OT MOMEHTa BO3HMKHOBEHHUS KOPOTKOTO 3aMbIKaHUS W 10 MOMEHTa BPEMEHH,
KOT/Ia pacyeTHasl yJaJeHHOCTH [« JOCTHUTHET MPUHATOTO IO pe3ylbTaTaM BbI-
YUCJIUTEIBHOIO SKCIIEPUMEHTA IOPOTOBOro 3HaUeHUs [+, 4 = 0,95.

CornacHo TpHUBENEHHBIM AMHAMHYECKHM XapaKTEPUCTHKAaM, KOTOpPBIE MHO-
CTPOEHBI AJISl HAUXYJIIETO ciydas, Korjaa ObICTpoAeHCTBUE aJrOpUTMa MHHH-
MaJIbHO, MPEAJIOKECHHBIC PELICHUS MO3BOJISIOT YCTAHOBUTH 30HY MOBPEKICHUS
pH AByX- U Tpexdas3ubix K3 3a Bpems1, He npessbimaroriee 27 Mc.

BbIBO/IbI
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