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OCOBEHHOCTHU MOJAJIBHOI'O IPEOBPA3OBAHMUA
SJEKTPUYECKUX BEJIMYHNH
KABEJIbHOM JIMHUHU JIEKTPOINEPEJIAYM B YCTPOMCTBE
BOJIHOBOI'O OITPEJAEJIEHUA MECTA ITIOBPE)KJIEHUSA

Knwuesvle cnosa: mooanvroe npeo6pa306anue, KabenbHas IUHUS 3/zel<mponepeaaqu,
60JIHOB0O€E onpe()eﬂeﬁue mecma noepeofa)enu}l.

H3z6ecmmo, ymo npu KOpOmMKoOM 3aMbIKAHUU HA BO30YUIHOU TUHUU DNIEKMPONnepeoaiu B0THbL
6 azax codeparcam cocmagigouue 08yx 8030VIULHBIX U OOHO20 3eMIAHO20 BOHOBbIX Ka-
Hanos. M3-3a pasnoii ckopocmu pacnpocmpaneHus no JUHUU JMUX COCMAagIAIoWuUx 6 mecme
YCIMAHOBKU YCMPOUICMEA 60IHO6020 ONpeOeNeHUsi MeCa NOBPeXCOeHUs. OHU 603HUKAION
6 pastoe épems. Imo npusooun K momy, 4mo QpoHmsl 60JH 8 (hazax cCMaAHOBAMCS MeHee
BbIPAMHCEHHBIMU, U, CIEO0BAMENLHO, CHUXCAIOMCS MOYHOCHb (PUKCAYUU MOMEHIMOB UX 803-
HUKHOBEHUSL U IMOYHOCMb ONpedeNeHus Mecma nospexcoenus. JJs pazoenenus PasHvlx ee-
JUYUH 6030YUIHOT IUHUU DNEKMPONepedayll Ha He3aUCUMbLE COCMABTSIIOUJUE BOTHOBbIX K-
HA08 UCNOTb3VIOMCA UH8ApUarHmHvie npeobpasosanus Kuapk, Kappenbayspa wiu Beo-
nona. O0Haxko Oannvle npeobpa308aHiis 8 KIACCUYECKOM 8Uoe He MO2ym Obimb NPUMEHEHbL
K 97IEKMPUYECKUM 6eUYUHAM KAOETbHOU IUHUU, NOCKOTbKY €€ KOHCMPYKYUS OMIu4aemcs
Om KOHCMPYKYUU 6030YWHOU TuHUU 31exmponepedauu. Llens Hacmoswezo uccredosa-
HUA — WIIIOCMPAYUS. UCNOTb308AHUA MOOATLHO0 NPeobpas30eanus Ha KabenbHou TUHUM.
B pesynomame uccredosanus noayuensl credyloujue 6bi600bl. MOKU 6 JHCUNAX KADenbHOU
JUHUU He GIUsIon Opye Ha Opyad, ROSMOMY 8 YCHPOUCHEE BOIHOBO20 ONPEOeNeHUs Mecmad
HOBPENCOCHUS, USMEPAIOWEM BOIHbL MOKA, HEOOXOOUMO UCNOTb308ANb HENOCPEOCBEHHO
ghasnvie moxu scun 6e3 MooanbHO20 NPeodpPa308anUsl; eCiu YCIMpPOUCMB0 80IHOB020 Onpe-
OefieHus: Mecma NoBpeiCcOeHs. KOHMpOIUPYem MoK UL HANPadxiCenus JKpanos Kaberetl,
MO HYIHCHO OCYWeCmBIAMb MOOWIbHOE NPeobpasosanue, npu smom mpedyemcs yuecnv,
YUMo MpU B0HOBbIX KAHANA, 00PA3YEMbIX IKPAHAMU, AHANOSUYHbL MPEM BOTHOBbIM KAHA-
JAM 6030YUIHOU TUHULL, €CTIU K KAOeTbHOU JTUHUU NPUMBIKAEM CUTO80L MPaHCHOpMamop,
MO BOHbI MOKA 8 HCUNAX OYOYM NOTHOCHbIO OMPANCAMbCS OM MECMA USMEPEHUL, 8 Ma-
KOM CIyuae 6 yCmpoucmee 80JIHOB020 ONPeOeeH s MeCA NOBPENHCOCHUS HEOOXOOUMO UC-
NONB306aMb BONIHbL HANPANCEHUS. 8 KAHATIE MENHCOY MHCUNOU U IKDAHOM KaXHCO020 Kabeis
mpexgazHoti epynnei.

IIpn xoporkom 3ambikanuu (K3) Ha BO3AYIIHOM JTUHHM 3JEKTpoIepenayvu
(JIDIT) BosHEI B hazax comepkaT COCTABJISIONINE ABYX BO3AYITHBIX U OJHOTO 3€M-
JITHOTO BOJTHOBBIX KaHAJOB [1]. M3-3a pa3HOM CKOPOCTH PacIpOCTPaHECHUS dTHX CO-
CTaBJIAIONINX B MECTE€ YCTAHOBKH YCTPOHCTBAa BOJHOBOTO OMpPEIEIIEHUS MECTa I0-
Bpexaeanst (OMII) oHM BO3HUKAIOT B pa3Hoe BpeMs [5]. DTO IPUBOIUT K TOMY, UTO
(GpoHTHI BOJH B (pa3ax CTaHOBATCS MEHEe BBHIPAKEHHBIMHU W, CIIEIOBATEIBHO, CHU-
JKAIOTCS TOYHOCTH (PUKCAIIF MOMEHTOB WX BOSHHKHOBEHUS M TOYHOCTH OIpeIene-
HUsl MecTa noBpexeHus [8]. lns pasznenenus ¢a3Hbix BeawmduH Bo3ayurHoH JIDIT
Ha HE3aBUCUMBIE COCTABIISIOIINE BOJTHOBBIX KaHAJIOB HCIOJIB3YIOTCS HHBAPHAHTHEIC
npeobOpazoanus Knapk [3], Kappenbayapa [6] unu Beanona [9]. OnHako naHHBIC
npeoOpa3oBaHusl B KJIACCHYECKOM BUAE HE MOTYT OBITh MPUMEHEHBI K JIEKTpHUe-
CKUM BenmuuHaM kadenbpHo# muanu (KJI), mockonbKy e€ KOHCTPYKIHUS OTINYaeTCsI
OT KOHCTPYKIIUH Bo3xymHoM JIDII.
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Ienp HACTOSAIIETO UCCIETOBAHUS — WILTIOCTPALUS UCTIOIB30BAHUS MOAAIBHOTO
npeobpazoBanus Ha KJI.

Marematuueckas moaeab KJI. Cerogas B IEKTpUUECKHX CETAX HamboJee
pactpoctpanensl KJI, mpencrapmnstomue codoii TpexdazHyro rpymiy OJHOKUIBHBIX
kabeneii!. [ToaTOMy cHawajia pacCMOTPUM B3aWMOCBS3b DJICKTPUYSCKUX BEITHMYUH
B OTHOKWJIBHOM Kabesie, a 3aTeM pPaclpOoCTPaHWUM IONYYCHHBIE 3aKOHOMEPHOCTH
Ha Tpex(ha3Hyo TPYIITy.

Toku ¥ HampsHKeHWS B OJHOXKWIBHOM KaOene CBS3aHBI COOTHOIICHHUSIMU
(prc. 1) [4]

0 [Ql (x, p)] _ [ Z:1(p) _Z1z(P)] [11 (x,p)
U,(up)]  1=Z12(p)  Za(p) 1LCxp))’ 0
[_1 (x,p) [ﬁ(p) 0 ] [Ql(x. p)]
L ox L (x,p) 0 L®ILW:p)l

rae I;(x,p) — TOK, MPOTEKAIOIINHA TO >KHJIE W BO3BPAILAIOIINICS Yepe3 dKpaH;
I, (x,p) — TOK, MPOTEKAIOIIMIA 10 Hapy>XHOW MOBEPXHOCTH PKpaHa M BO3BpAILA0-
muiica yepes 3emmo; U; (X, p) — HampspKeHUe MexXIy >kuioi u akpanom; U, (x, p) —
HAIIPSDKEHHE MEXIy dKpaHoM u 3emieil; Z;(p) = Zo% (p) + +Z1(p) + Z(p);
Z2%t (p) — yenbHOE CONPOTHBIIEHNE BHENIHEN MOBEPXHOCTH JKUIIBL; Z; in < (p) — ynens-
HOE CONMPOTHBIICHHE BHYTpeHHeil m3omsmmy; Z'(p) — yIenbHOE CONPOTHBICHHE
BHYTPCHHEH OBEPXHOCTH 9Kpana; Z, (p) = Z<U(p) + Z (p) + Z4(p); Z8* (p) —
yJIeIbHOE COTPOTHBIIEHHE BHEIHEH MoBepXHOCTH dkpana; Z2t (p) — yaenbHoe co-
NPOTHBIICHNE BHEIIHEH n3omauun; Z,(p) — conpomBneHne TIOBEPXHOCTH 3EMIIN;
Z1,(p) — ynenbHOE BHYTpEHHEE CONPOTHBICHHE dKpaHa, Y; (p) u Y, (p) — ynenbHbie
€MKOCTHBIE ITPOBOJUMOCTH BHYTPEHHE U BHEIIHEH M30JIAIMH, COOTBETCTBEHHO.
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Puc. 1. IlosicHeHHe K pacueTy OAHOXHIBHOTO Kademst

1 CTO 56947007- 29.060.20.071-2011 CunoBsle kabenbHbIE TUHUH HanpskenueM 110-500 xB. Yeio-
Bus coszfanus. Hopmel u tpeboBanus. Cranmapt opranmsanun OAO «DCK EDCy», nara BBeneHus:
25.03.2011.
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U3 puc. 1 BunHO, 4TO
{Ql(x; p) = Uc(x,p) — Uz (%, p), 2
L(x,p) = L(x,p) + Li(x,p),
rae U (x,p) n I;(x,p) — pa3HbIe HaNpsOKEHUE JKWIIBI U TOK B HKpaHE, COOTBET-

CTBEHHO.
s ynobcrBa BBeZieM 0003HAYECHUS

L(x,p) = L(x,p) u Uz (x,p) == Us(x,p).
Torna u3 (1) u (2) nonyuum TenerpadHble ypaBHEHHS OJHOKHIBHOTO KaOes

(0 [Qc(x: p)] _ [ch(p) ch(p)] [&(x. p)]

xUs(, 0] 1Zes(P)  Zss(P)) Ls(x, p))’

0 [Lc(x,p)] _ [ Yee(p) —ﬁc(p)] [Qc(x:p)]
oxls(x,p)]  1=Yee(@)  Yss(p) 11Us(x, D)V
rie
Zec(p) = Z:1(p) — 2Z12(p) + Z2(p),
Zes(p) = —Z12(p) + Z2(p),
Zss(p) = Z2(p),
Yee (@) = Y1 (p),
Yos(p) = Ya(p) + Y2 ().

PacmipocTpaHuM paccyaeHUs Ha CUMMETPUYHYIO TpeX(hasHyw Tpymy Oj-
HOXKWJIBbHBIX Kabenel (puc. 2). I[Ipu 3TOM ydTeM, YTO 3JIEKTPOMATHUTHAS CBA3b
MEXIy ONHOXUIBHBIMUA KaOeasMu oOyCIIOBJICHA JIMIIh TOKaMH B 3KpaHax [7],
a éMKOCTHas IPOBOAMMOCTh MEXIy dKpaHaMH KaOesiel paBHA HYIIO, MOCKOIbKY
OHU 3a3eMJICHHI [7].

Puc. 2 Tpexcasnas rpymnma ofHOXXWIBHEIX Kaberei
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C yuerom (1) ans cuMMeTpUYHOM Tpexpa3Hoi TPyNIbI OTHOKHUIIBHBIX Ka0emnei

HOJ‘Iy‘II/IM
0 !1]_[21 le” ]
dx U] [-Z4,

sel=[o vl
ox] 10 Y,]|U,)

rae Uy u U,, I u I, — BexTophi-cTonOusl, cocrosmue us Uy, (x,p) u Uy, (x,p),
L, (x,p) u I,,(x,p), coorserctBenno (v = 4,B,C); Zy u Z15, Y; u Y, — auaro-
HaJbHBIE MATPHIBI, SJIEMEHTHl Ha TJIABHOW JMAroHalM KOTOPBIX paBHBI Z;(p)
uZi,(p), Y1(p) u Yo(p), coorBercTBeHHO; Z, — MaTpHLA, SJIEMEHTHI HA TJIaBHOM
JMaroHaJIu KOTOPO# paBHHI Z,(p), a BCe OCTaNbHbIE — YACTbHOMY MEXIyhasHoMy
comnpoTtuBieHuto Zy, (p), 0 — HyneBas mMatpuia.

N3 (3) ¢ yuerom (2), mpuHUMAas BO BHUIMaHHE, YTO YACIBHOE BHYTPEHHEE CO-
NpOTUBJICHUE KpaHa Z1,(p) = 0, nonyunm [4, 7]

“oelu] -2l

)

4

sl -xlu]
rae U, u Ug, I, u Ig — BexTopeI-cTONONBL, cocrosmue u3 U, ., (x,p) u Us, (x,p),
I.,(x,p) u I5,,(x,p), COOTBETCTBEHHO; Z = [E %: , Y= _Y_‘_C(ZC X{j C], Z.

U Zg; — MaTpHIIpl, SJIEMEHTHI Ha TIIABHBIX AUArOHAJISIX KOTOPBIX paBHEI Z .. (p) ¥ Zss (p),
COOTBETCTBEHHO, a Bee OCTATbHBIC — Zy (P), Y, U Ygg — MMATOHATIBHBIE MATPHIIBL, dJIC-
MEHTHI Ha TJIABHOW TMaroHaJIM KOTOPBIX paBHHI Y .. (p) U Ys(p), cCOOTBETCTBEHHO.

[ponuddepennmpoBaB 06a BEIpakeHHsI CUCTEMBI (4), Iony4nM audepeHnu-
aJIbHBIE YPABHEHUS C OJHOW HEU3BECTHOI

sl =22
(5 lil=22fi]

MopaansHoe npeodpa3zoBaHne dIeKTpuYecKuXx Beqnyun. Pemenne nudde-
pEHIMATBHBIX ypaBHEHUH (5) sABISACTCS CIOXKHOHM 3alayei, TOCKOJIBKY TpeOyeT
ydeTa B3aUMHOM CBSI3M MEXIY DIICKTPUYCSCKUMH BEIMUMHAMH B JKMJIAX U DKpaHaXx.
YroObl MPEosIoNeTh 3Ty CIOXKHOCTh, YJOOHO paccMaTpUBaTh PaclpOCTPaHEHHUE
BOJIH B HE3aBUCHUMbIX BOJIHOBBIX KaHaJlaX.

HampsokeHusl ¥ TOKM BOJHOBBIX KaHAJIOB ONMPEICIAIOTCS C HUCIOJb30BAaHUEM
CBOHMCTB MaTPUYHBIX MPeoOpa30BaHUil TTOT00MS 3 YpaBHEHHUH

o] =] ®

)
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L b
I = Ti | (7)
=S =S
rae T, u T; — maTpuiipl cBA3M BEIUYMH BOJIHOBBIX KAHAJIOB C (Da3HBIMU BEIMYHHAMY;
U7 u U, I u I — HanmpshKEHUS] ¥ TOKH BOJTHOBBIX KaHAJIOB: BEKTOPHI-CTOJIOLIBI,
cocrosmme u3 U.s(x,p) u Uss(x,p), I.s(x,p) u I;s5(x,p), COOTBETCTBEHHO
(6 =1,2,3).
Honcrassist (6) u (7) B (5), mosyuum cuctemy AudQepeHInaTbHbIX YpaBHEHHH
BOJIHOBBIX KaHAJIOB!
(0° !Z"] T.~l7yT [gln]
02 lup] = e e fup ]
0% I
— 3| = T, HYZT; [—C ] :
g o] = 77z
N3 (8) cmenyer, uro matpuisl npeodpazoBanuii T, u T; HomKHBI OBITH BHI-
GpaHbI TakuM 06pazom, utobs! npoussenerns T, ZYT, u T;”'YZT; Gbum muaro-
HaJILHBIMHM MaTpulamMud. JTo OyAeT BEpHO TOJBKO B TOM Ciydae, eciu Matpuubl Ty,
u T; OyayT cocroats 3 cobcTBeHHBIX BeKTOpOoB MaTpull ZY u YZ, COOTBETCTBEHHO
[1]. C yueToM 3TOT0 MOKHO MOJIYYUTH MATPHIIBI TIPEOOPa30OBaHUS IJIsT TOKOB

®)

RN T
0 01 0 0 O 01 0 00 O
1 V3 1 0 01 00 O
-1 0 0 -z — = 1 1 1 1
= 3 2 3|1 '={-= R —— —=
0 -10 35 0 3 V3 V3 V3 3
1 V31 3 3 3 3
[0 0 —1—5—75_ 11 1 11 1 -
Y HaIpsDKEHUH
[ 1 3
1 00 5 g 100 -1 0O 0
0 1 0 010 0 -1 O
1 3 0 01 O 0 -1
001 —= -¥21 000 -+ 2 _1
2 3 -1
T, = 1 \/§ Ty — = \/E 3 \/3_ (10)
3 3
000 —5 —+ 1 y- .
0 0O 12 (3) 1 0ol 2 X 2
1 1 1
000 35 = 5
0 0 0 —% —g 1] 3 3 3

W3 ananuza ypasaenwuii (6), (7), (9) u (10) cnenyer, uro:

1. Tokn B xmmax KaOenpHOW JTWHUHM HE BIHUSAIOT Apyr Ha npyra. [loatomy
B ycTpoiictBe BosiHOBoro OMII, n3mepsironieM BOJIHBI TOKa, HEOOXOAUMO HCIIONb-
30BaTh HEMOCPEICTBEHHO (ha3HbIEe TOKM 0€3 MOAAIBHOTO MPeoOpa3oBaHHUs.
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2. Ecnu yerpoiictBo BosniHOBoro OMII KOHTpoOnHpyeT TOKH WK HalpsKeHUS
9KpaHOB Kabenel, To Hy>KHO OCYIIECTBIISITh MOAaIbHOE peoOpa3osanue. [Ipu aTom
TpeOyeTcs y4ecTh, UTO TPH BOIHOBBIX KaHasa, 00pa3yeMbIX SKpaHaMH, aHATOTUYHEI
TPEM BOJIHOBBIM KaHajaM BO3AYIUHOW JIMHUU.

3. Ecnu x kaOenpHON TMHUHM PUMBIKAeT CUIOBOH TPaHC(QOPMATOP, TO BOJHEI
TOKa B XMIax OyIyT ITOJHOCTBIO OTPaXXaThCsl OT MEeCTa U3MepeHuil. B Takom ciryuae
B ycTporicTBe BOJHOBOro OMII HEOOX0IMMO HCIOIL30BATh BOJIHBI HAIPSHKEHUS
B KaHaJie MEXIY KUJIOH U DKpaHOM KaKAOro Kabeist Tpex(da3HOW TpyIIIbL.
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MODAL TRANSFORM FEATURES OF CABLE LINE ELECTRICAL VALUES
IN A TRAVELING WAVE FAULT LOCATOR
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1t is known that during a short circuit on an overhead line, the traveling waves in the phases
contain components of two aerial and one ground modes. Due to the different propagation
velocity along the line of these components at the locator installation place they arrive at
different times. This leads to the fact that the traveling wave front in the phases becomes
less pronounced, and, consequently, the accuracy of determining their arrival time and ac-
curacy of the fault location decrease. To divide the phase values of an overhead line into
independent components of modes, invariant transformations — Clark transformation,
Karrenbauer transformation, or Wedepohl transformation — are used. However, these
transformations in their classical form cannot be applied to the electrical values of a cable
line, since its design differs from that of an overhead power line. The purpose of the article
is to illustrate the use of modal transformation on a cable line. As a result of the study, the
following conclusions were obtained: currents in the cable line cores do not affect each
other, therefore, in the wave fault locator that measures current waves, it is necessary to
use directly the phase currents of the cores without modal transformation; if the wave fault
locator measures the currents or voltages of the cable screens, the modal transformation
should be performed, and it must be taken into account that the three modes formed by the
screens are similar to the three modes of the overhead line; if a power transformer is adja-
cent to the cable line, the current traveling waves in the cores will be completely reflected
from the measurement place, in this case in the wave fault locator it is necessary to use
voltage traveling waves in the mode between the core and the screen of each cable of the
three-phase group.
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