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OCOBEHHOCTH NOCTPOEHUS MOJIEJINA
JIEKTPUUYECKOMW CETU ABAPUMHOI'O PEXKUMA
B OTHOCTOPOHHEM METOJIE BOJTHOBOI'O OITPEJIEJIEHUS
MECTA NOBPEXKJIEHUS JTUHUHA SJEKTPOIEPEJAYN

Knrwouesvie cnosa: asaputinvlii pexcum, 00HOCMOPOHHUL MEMOO 80IHOB020 ONPeOeeHUs
Mecma nogpedcOeHs, hporm GOIHbL, KOPOMKOE 3AMbIKAHUE.

B o0Hocmoportux 601H06bIX Memodax onpeodenenuss Mecma nogpexcoerust 0Jis YCmaHogie-
HUsL (PpOHMA BOJIHbL, BPEMSL BOHUKHOBEHUSL KOMOPO2O ONPEOeNAemcs NOIOJNCEHUEM KOPOM-
K020 3aMbIKAHUA HA TUHUU dTeKMPOnepeoaiu, UmepayuoHHo CmposSmcs MOOenu deKmpu-
uecKotl cemu asaputinozo pexcuma. M3 ecex mooenet 6oioupaemcs ma, KOmMopas no3eosem
no eeauuuHe Qponma nepeotl 6ONHbL U MOMEHMY €20 B03HUKHOBEHUS CHOPMUPOBAMb OYeH-
KU 6elUdUH (DPOHMOB BONIH U 6PEMEH UX BO3HUKHOBEHUs, Haubonee GIU3KUe K COOMeEem-
CMBYIOWUM BETUHUHAM, ONPEOEeHHbIM NO UsMepeHusm ycmpoticmea. Ha ocrose evlOpan-
HOU MOOenu 3JeKMPU4eckoll cemu a8apuiino2o pexcuma uoeHmuguyupyiom pabouuil
@Dponm 8onHbL U ONPEVENAIOM MECO KOPOMKO20 3amMbiKaHus. Hzeecmuble peanuzayu 00-
HOCMOPOHHE20 MEMOOa 60IHOB020 ONPEOeNeHUs MECHIA NOBPENCOEHUS UCHONb3VIOM YNPO-
WeHHble MOOeNU SNEKMPUECKOU Cemu A8apuiiHO20 pexcuma: He bepemcs 6 pacyem G-
HUle 8UOd KOPOMKO20 3AMBIKAHUS U €20 CONPOMUBTIEHUS, d MAK*Ce NAPAMEMPOS INEMEHINO8
cemu Ha 6eIUHUHb (PPOHMOE BOMH. YKA3AHHbIE HEOOCMAMKU MO2YM 6bl36aNtb KAK NOGbl-
WEHHYIO NOZPeUHOCb ONpedeleHUst Mecma NOo8pedcoeHus, max u omkas 6 pabome
yempoticmea. B nacmosiyeti pabome u3nodicena meopus noCMpoenus Mooenu dnekmpute-
CKOUL cemu asaputino20 pexcumad, a UMEHHO: GIUAHUE MeCMa KOPOMKO20 3AMbIKAHUA U €20
6uoa Ha genudunvl pponmos eonn. Ocoboe sHUMAHUE YOeNeHO U3VUEHUI0 BONPOCA pacnpe-
OeNenUs COCMABIAIOWUX BOTHOBbIX KAHALO08 NpU NEPexo0e B0 MeCma KOPOMKO20 3aMbl-
kauus. Tloxasano, ymo 01 NpasunbHO20 onpeoeneHus paboye2o GpPoHma 80Hbl 8 MOOEU
INEKMPULECKOU Cemu ABAPULIHO20 PEHCUMA NOMUMO ONUHbL TUHUU DNEKMPOnepeoaiu u ee
60JIHOBLIX CONPOMUGTIEHUTE HEOOXOOUMO YYUMbIBAMb BUO KOPOMKO20 3AMbIKAHUA U €20 CO-
npomuenenue, a Makdice 603HUKHOBEHUE QPOHIMOB B0IH 6 OOHOM 60IHOBOM KaHALe NOO 603-
Oelicmeuem GpoHmos 6011 OpPy2020 B0THOB020 KAHAN.

[na onpenenenus mecra nospexaeHus (OMII) B 0JHOCTOPOHHUX BOJHOBBIX
METOJ]aX PaCIO3HAIOT CPell BCeX (PPOHTOB BOJIH, BO3HUKIINX B MECTE NU3MEPEHHUH,
(pOHT BONHBI, BpeMsI BOSHUKHOBEHHSI KOTOPOTO OTIPENEIsIeTCS MOJOKEHHEM KO-
potkoro 3ambikanus (K3) wa nmuaun anexrponepenaun (JIDI) (nanee — pabounit
¢poHT BomHBI) [6—8]. st 3TOTO CTPOSITCS MOJIENH IEKTPUIECKON CETH aBapHIfHO-
ro pexuma (OCAP) (pucyHOK).

U3 Bcex mopenell BeIOMpaeTcs Ta, KOTOpas MO3BOJISIET IO BEIHYMHE (HpPOHTA
MEepBOH BOJHBI 1 MOMEHTY €ro BO3HHKHOBEHHs C(DOPMHUPOBATH OLICHKH BEJIMYUH
(pPOHTOB BOJIH M BPEMEH WX BO3HHKHOBEHUS, HanOoJee OJIM3KIEe K COOTBETCTBYIO-
UM BETUIMHAM, OTIPEJICIICHHBIM 110 u3MepenusiM [9]. Ha ocHoBe BRIOpaHHOM MO-
nemu DCAP unentuduuupytot pabounii GpoHT BOJHBL U onpeaeisior Mecto K3.
W3 BEIIIEN3I0KEHHOTO CIIEAYET, YTO TOYHOCTh U yCTOMYNBOCTh (DYHKITMOHHUPOBA-
HUS YCTPONCTBA, PEATU3YIOMET0 OIHOCTOPOHHWH MeTonm BomHOBOoro OMII,
HaIPAMYIO 3aBUCAT OT MPaBUIBHOCTH MocTpoeHust moaenu JCAP.
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| Modens anekmpuyeckoll cemu asapuliHozo pexuma |

OHBHK&I BEITUYUH
W = Wpy (hpoHmOoe eoniH 8 Wi @in fin  @ex fex
mecme K3 OueHka speMeHl 803HUKHOBEHUS (hpoHma gens bgen  Wyen, Lgen
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TumoBast cTpyKTypHast cxeMa crocoba 0MHOCTOpOHHETO BostHOBoro OMIT:
[Wh,], [tn] — BenmmauEbl GPOHTOB BOJIH M BpEMEHA UX BO3HUKHOBEHHSI, ONPEIETEHHBIE
1o usmepennsm; (W], [£,] — ouerku Benuunn GpoHTOB BOIH U OLEHKU BPEMEH HX BO3HHKHOBEHUS
B MECTe U3MepeHH, cOPMHUPOBAHHBIE C MCTIONB30BAHMEM MOJIECIH DJIEKTPUYECKON CETH aBapHAHOTO
pesxuma; Wy, tp,, — BEIMIMHA TEPBOTO H3MEPEHHOTO (POHTA BOJNHEI H BPEMS €TO BOSHUKHOBEHHS;
W, fw — OlICHKA BETMYMHEBI IEPBOTO (POHTA BOJIHEL, MAJAONICH Ha MECTO H3MEPEHHUI;

W;, W,., W, — orieHKHU BenHurH (HPOHTOB MaJAIOIICH, OTPaXKCHHON U MPEIIOMJICHHON BOJH,
chopMUpOBaHHbIE C UCIIOIB30BAHAEM MOJICIH IIEKTPHUECKOM CETH aBaAPUIHOTO PEXKUMA;
Win, Wy, ten, toen — OUCHKH BEMYMH (QPOHTOB BOIH U BPEMEH UX BO3HHKHOBEHHS,
00pa30BaHHBIX B BOJHOBBIX KaHANAX B PE3YJIbTATE B3AUMHOTO BIIHSHHS

U3 Bcex mopeneit BrIOMpaeTcss Ta, KOTOpasi MO3BOJSAET 10 BeMUYnHE (PPOHTA
MEepBOH BOJHBI U MOMEHTY €r0 BO3HHKHOBEHHS C(OPMHUPOBATH OICHKH BEIHYNH
(pPOHTOB BOJIH M BPEMEH WX BO3HHKHOBEHU:, HanOoJee OJIM3KIEe K COOTBETCTBYIO-
IIUM BETUIUHAM, OTIPEJCIICHHBIM 10 u3MepeHusiM [9]. Ha ocHoBe BRIOpaHHOM MO-
nenmu DCAP unenTuduuupyot padounii GpoHT BOJHBI U onpenensioT Mecto K3.
W3 BBIIEN3TI0KEHHOTO CIIENyeT, YTO TOYHOCTh U YCTOHUMBOCTh (PYHKIIMOHHPOBA-
HUSl YCTPOMCTBa, pPEaTU3YyIOMIEr0 OJHOCTOPOHHHUH MeToj BosiHOBoro OMII,
HanpsAMYIO 3aBUCAT OT MPABUIBHOCTH MocTpoeHus moaenu JCAP.

B monenu DCAP Bpemena BO3HUKHOBEHHS (JPOHTOB BOJIH B MECTE N3MEPEHHM
MOTYT OBITh OIICHEHBI TI0 U3BECTHOW CKOPOCTH PACIpPOCTPAHEHHS BOIHBI B BOJIHO-
BOM KaHaJle ¥ MyTH, npoiaeHHoro ew ot mecta K3 [5], [9].

B mactosmieir paboTe WILTIOCTPUPYIOTCS OCOOEHHOCTH ITOCTPOCHUS MOAETH
OCAP mipu orpeiesieHnH OIIEHOK BEIMYUH ()POHTOB BOJIH B MECTE U3MEPEHUH.

AHanu3 TpoOBOJUTCS C UCTHOIB30BAHUEM COCTABISAIOLINX BOJHOBBIX KaHAJOB,
SBIIAIOLINXCS KOHTPOJIUPYEMON BEIUYMHON ycTpoiicTBa BomHOBoro OMIT [1].

Tak kak TpexdazHoe u aByxdaznoe K3 Ha 3emito pa3BHBaIOTCs U3 OAHO(A3-
Horo win aByx(dasznoro K3 [2], To B 1aHHOI paboTe OHU HE paCCMATPUBAIOTCS.
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Oanodaznoe K3. Tax kak 1 (a3HbIX HaNpsDKEHUH ug, 9 = A, B, C cuMMer-
puunoit JISII cipaseanuso [4]

1 0 1
Uy [ 1 1] Uy

ug|=[72 1 [ugl (1)
Uc 1 Ug

—— -1 1

2

TIE Uq, Ug, Uy — COCTABJIAIOIIME BYX MEKTY(PA3HBIX M HyJIEBOTO BOJHOBBIX KaHa-
0B, ¥ nipu oxHohazHoM K3 ug = 0, TO 11 HANPSHKEHUH U g B MECTE OJHO(A3HO-
ro K3 (B kauectBe mpumepa paccmorpum K3 ¢a3er 4) MoxxHO 3anucats [9]

Up g = Ujg + Ui + Up g + Uy, (2)
1
Usp = Urc = _Eui,a + U — Eur,a + U, (3)
a 711 TOKOB
ui,a ui,O ur,a ur,o . . .
T L/ KL PR /9 @)
Zia 210 Zia ZL0
ui,oc ui,o ur,a ur,O lt,a .
20 mp Zm me 2 O ®
Zia 21,0 Zia 210

TIE Ujgq, Uigs Uy g Upro — BEINYUHBI (DPOHTOB MANAIOIIUMX U OTPAKEHHBIX BOJIH
HaMpsHKeHUS B MEXKAy(Pa3HOM o- M HYJIEBOM BOJHOBOM KaHalle, COOTBETCTBEHHO;
Z1 q, Z1,0 — BOTHOBOE conpotusnenue JIDII mexaydazHoro a- u HyJaeBOro BOJIHOBO-
ro KaHasa, COOTBETCTBEHHO; i 4 — BENMMYMHA (PPOHTA BONMHBI TOKA K3; iy ¢, irg —
BEJMYNHBI (POHTOB MpETOMICHHBIX yepe3 MecTo K3 BoimH Toka B MexayhasHoM
O- ¥ HYJIEBOM BOJIHOBOM KaHAJIe, COOTBETCTBCHHO.

Kpome Toro cnpaBennuso

Ur g = if aRr = Ut qZ1 0 + Ut0Z10, (6)
1. .
Urp = Urc = _Elt,azl,cx + 10Z1,0 (7)

rae Ry — conporusnenue B Mecte K3.
U3 coBmectHO penienus (2)—(7) cneayer, 4To

ZZZ,OL ]
e S T g F 20 + G, e T Mgened
_ 21,0
ur,O - 2Zl,a + Z10 + 6Rf ui,O + ugen,Ov
ZZl'a

THE Ugenq = U; o — BeJIMYMHA (POHTA BOJIHBI HANPSIKEHUS, BO3HUK-

2Z1q+Z10+6Rf

meid B o-KaHaJe npu mnaacHuu Ha MECTO K3 BOJIHBI B HYJICBOM KaHaJIC,
Z1,0
Zzl,a+zl,0+6Rf

B HYJICBOM KaHaJIe PH MajJicHuu Ha MecTo K3 BOJHBI B a-KaHase.
B cBsi3u ¢ Tem, YTO BOJHBI B KaHANaX PacHpOCTPAHSIOTCS C Pa3HOM CKOPO-
CTBIO, TO MaaaTh Ha MecTo K3 onm OyayT B pazHoe Bpems. CiemoBareiabHO, MPO-

Ugen,0 = U; q — BEIMYMHA (POHTA BOJIHBI HANPSKEHHs, BOSHUKIICH
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1ecc oOpa3oBaHMS HOBBIX BOJIH B pe3ysibTaTe WX majieHus Ha mecto K3 HyxHO
paccMaTpHuBaTh U KOKAOW Malalollei BOJIHBI OTAEIHHO.

Benmmanabl GpoHTOB MpeIOMIIEHHBIX BOJH HAMIPSKEHUS MOTYT OBITh HaICHBI
IO U3BECTHBIM BBIPAXKEHUSIM [3]

Ut = Ujq T U,
Ugo = Ujo T Upo-

Bennuunsl (I)pOHTOB OTPA’)XCHHBIX U MPEJIOMJICHHBIX BOJIH TOKAa B - U HYJIC-
BOM BOJIHOBBIX KaHaJIaX MOT'YT OBITh HaﬁILeHBI C Y4€TOM U3BCCTHBIX COOTHOIICHHI

. u’O(
ih, =—
T (8)
, Ug
I’O -
21,0

THC Uy = Uy o) Upar Ug = Up g, Ugp-

JAByxda3znoe K3. Tax xax npu asyxdaznom K3 (B xauecTBe mpumepa pac-
cmotpuM K3 a3 B u C) BOMHBI pacipOCTPaHSIOTCS TOJIBKO B TIOBPEXKISHHBIX (ha-
3ax [3] M ug =uy =0, T0 ¢ yueTom (1) mis HANPSHKEHUH Us g B MECTE JABYX(pa3HO-
ro K3 moxxHo 3anmcats

Urp = ~Urc = Uig + Urp, )
a 111 TOKOB

uig Urg . .
— ——— =1+ i, 10
2z e (10)

Kpowme Toro, cripaBeayino

uf‘B - uf,C = ifRf, (11)
uf_B = —uf’C = itrBerB' (12)

CoBmectHOe pemenue (9) — (12) mo3BoOJIAET ONPEACIIUTE OTPAKEHHYIO BOJTHY
HaIIPSDKECHUS:
Zl:B
—_—— u .
Rf + Zl:B L'B

Urg =

Torz[a HpeHOMHeHHaH BOJIHA HaHpH)KeHI/ISI
& (13)

Upg = ———Ujg.

B Rf + ZLB L B

OTpaxxeHHbIe U TTPETOMJICHHBIE BOJHBI TOKa MOTYT OBITh Ope/ieNieHbI 110 (8).

W3 (13) Buano, uro npu Ry = 0 Om 4vepe3 mecto aByx(aznoro K3 BomHbI
He npenomistores. [Ipu Ry = 30 OM' 1 cpeiHEM BOJHOBOM CONPOTHBJIEHHH MEX-
nyha3Horo BONHOBOrO Kananma juHuM z;g = 390 Om u3 (13) rtakke cuenmyer,

! Texunueckue TpeGOBAHIS K MUKPOIPOLIECCOPHEIM ycrpoiicteam P3A. CTO 56947007-29.120.70.241-
2017: yrBep>kaeHbI 1 BBeIeHHI B ieticTBre nprka3zoMm [TAO «DCK EDCy ot 28.02.2017 Ne 82.
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4TO BeJIMYMHA (POHTA MpPEJIOMIIEHHOH depe3 Mecto AByxdasnoro K3 BomHbI co-
craBisger 7% OT BenWyuHBI (PPOHTA TAnaroulel BOJHBI. B CBsA3M ¢ 4em Mopenb
OCAP nmomkHa OBITH pa3zienicHa OTHOCHUTENBHO MecTa K3 Ha nBe He3aBHCHMBIC
YacTH W B35Ta TOJBKO Ta M3 HUX, KOTOPas COACPKUT MECTO M3MEPEHUH. DTO 1mo3-
BOJISIET CHU3UTH KOJINYECTBO OLICHOK (POHOBBIX BOJIH U, CJIE€JOBATENBHO, YIIPOCTUTD
3aady pacro3HaBaHUs pabodeil BOJTHBI.

BuiBoasbl. VccenoBanue mokaszano, 4TO YCIIEIIHOE PacliO3HABaHUE BOJIHBL,
oTpaxkeHHOU OT MecTa K3, TpeOyer yuera B mogenmn DCAP Buma K3 u ero compo-
tuBneHnd. Tak mpu omHodaszHOM K3 HEoOXOAMMO YYHTHIBATH BO3MOXKHOCTH TIO-
POXIIEHHS COCTABIISIOIIUX B OJHOM BOJHOBOM KaHaJIe O] BO3ACHCTBHEM COCTAB-
JSIOIIUX APYroro BosiHoBoro kanana. [Ipu nByxdaznom K3 moxens ICAP pexu-
Ma JIOJDKHA OBITH pasfelieHa OTHOCUTeNnbHO MecTa K3 Ha jBe He3aBHCHMBIE YacTH
Y B34Ta TOJBKO Ta M3 HHUX, KOTOpPask COJAEPKHUT MECTO M3MEPEHUH. DTO TO3BOJISET
CHHM3HTH KOJMYECTBO OLEHOK (DOHOBBIX BOJIH M, CII€OBATEIBHO, YIPOCTUTh 3aJauy
uaeHTH(UKAIUKN BOJTHBI, OTpakeHHOH oT Mecta K3.
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Aleksey O. FEDOROYV, Vladimir S. PETROV, Vitaliy A. HRISTOFOROV

ELECTRICAL NETWORK OF FAULT REGIME MODEL
CONSTRUCT FEATURES IN A SINGLE-END TRAVELING WAVE
FAULT LOCATION METHOD

Key words: fault regime, single-end traveling wave fault location method, traveling wave
front, short circuit.

In the single-end traveling wave (TW) fault location methods, for determining TW front,
the arrival time of which is determined by the place of the short circuit (SC) on the power
line, electrical network of fault regime models are constructed. From the electrical net-
work of fault regime models, only one is selected that allows, by the first TW front magni-
tude and its arrival time, to obtain estimations of the TWs fronts magnitudes and their ar-
rival times which are closest to the corresponding quantities determined from locator
measurements. Based on the selected electrical network of fault regime model the used
TWs are identified and the fault place is determined. Known implementations of the sin-
gle-end traveling wave fault location method use simplified electrical network of fault re-
gime model: the influence of the fault type and its resistance, as well as the parameters of
the electrical network elements, are not taken into account on the TWs fronts magnitude.
These disadvantages can cause both an increased error in determining the fault location
and even failure in the operation of the locator. In this article, the theory of constructing
electrical network of fault regime model is presented: the influence of fault location and
its type on the TWs fronts magnitude are considered. Particular attention is paid to the
study of the issue of the TWs generation as a result of the cross-transmission effect. It is
shown that in order to correctly determine the used TW front in the electrical network of
fault regime model, in addition to the power line length and its characteristic impedance,
it is necessary to take into account the short circuit type and its resistance, and the possi-
ble TWs generation in one mode under the influence of TWs in another one.
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