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Pe)xuMbl oHOLeNHbIX BO3AYLUHbIX JIMHUI 3nekTponepegaum 110—330 kB
C UCNOJIb30BaHMEM pe3epBHoi ¢asbl’

A. C. lleBuH
(CapaToBCKUi1 rocyiapCTBEHHBIN TEXHUYECKUI YHUBEPCUTET)

1719 NOBbILLIEHNUS HAAEKHOCTH PabOThi BOAYLLIHBIX JWMHWA 3NEKTPONEPEAayYH NPEANIAraeTcs UCrosb30BaTb PE3€pB-
Hyto (basy, pesepBupyroLLyIO JIOO0H M3 MOBPEXAEHHbLIX (DasHbIX NMPOBOAOB M NMO3BOJISIOLYIO PON3BOANTE 1Moghas-
HYIO 11/18BKY FOJIONEAHO-U3MOPO3EBbIX OT/IOXEHUY 1PN COXPAHEHMN GECTIEPEOOVIHOCTY 3/IEKTPOCHAOXEHNS NMOTPE-
butens. [IPOBEAEH aHam3 PEXUMOB 1 NOCIEAYIOLEE OBOCHOBAHNE, UCXOAS U3 NOJYHYEHHbIX JaHHbIX, BO3MOXHOCTH
MIPUMEHEHNUS Ha BO3AYLUHbIX JIMHUAX KIaCCOM HarpsxeHns 110—330 kB pe3epBHOi pasbl 6€3 CyLeCTBEHHOro
HAapYLIEHNS KaYECTBA IEKTPOSHEPIMN. B Ka4eCTBE PE3EPBHON (Pa3bl NCIIONb3YETCS TPO303aLUNTHBIN TPOC ¢ napa-
METpamy (pa3Horo npoBOAAa M (Da3HON u3019UNeEN, UCTIONb3YIOLLIMICS B rPO30BBIE CE30HbI /1 3aLLUTbl BO3AYLLHbIX
JWHMA OT rpO30BbIX NEPEHANPSIXKEHMY], a B OCTA/IbHOE BPEMS — B KAYECTBE YETBEPTOrO PE3EPBHOMO IPOBOAA.
B nporpamme Matlab (Simulink) paspabotaHa 3/eKTPOANHAMUYECKAs MOAENL U MPOaHAIN3NPOBAHbI NapameTpbl
PEXUMA PAOOTLI BO3AYLLHON JWIHNY FIPY MCITO/Ib30BaHUM YETBEPTOIO NMPOBOAA B KAYECTBE PESEPBHON (Pa3bl.
KmoueBble cnoBa: pe3epsHas (hasza, rpo303alluTHEI TPOC, YETBEDTLIN MPOBOA, FOSIONEAHO-N3MOPO3EBBIE OT/IO-
JKeHns, NoghasHas nNiasKa, BO3AYLLHAA JIMHUA J/IEKTPONEPEAAYN.

BBepneHune. bonee NosoBUHbI BCEX MOBPEXAEHUIA BO3AYLIHbIX TMHWIA snekTponepeaaymn (B13M) npowc-
XOUT BCNEACTBUE FONONEAHO-BETPOBLIX BO3AEUCTBUMN. TONONEAHO-BETPOBLIE BO3ENCTBUS, KaK NpaBu-
N0, OXBATbIBAKOT 3HAUYUTESIbHLIE TEPPUTOPUM M MOTYT NPUBOAUTL K 06pbiBaM NPOBOAOB M FPO303aLUUT-
HbIX TPOCOB, MOMIOMKE apMaTypbl, NOBPEXAEHUD ONOP M, B KOHEYHOM CUéTe, K notepe paboTocnocob-
HOCTW JIMHWK 1 BOMbLIOMY MaTepuUansHOMY yilepby. Hanbonee npoctoi u yaobHbIiA cnocob niaeku OT-
NOXEHNI — METOJ, KOPOTKOrO 3aMblKaHWsl, HO, NMPU 3TOM, KaK MpaBWo, NPUXOAUTCA OTKJIOYATL BCHO
JIMHUIO, TEM CaMbIM HapYLUAs HAAEXKHOCTb SNEKTPOCHABXKeHUS.

MpUMeHeHWe pe3epBHOI (ha3bl NO3BOSIUT OCYLLECTBNATL Noda3Hblii PEMOHT U NPOWU3BOANTL MO-
tha3Hyro nnaBKy rononénHO-N3MOPO3EBbLIX OT/IOKEHMIA HE OTKIOYAS JIMHWIO. TakuM 06pa3oM, BO3MOXKHO
NOBLICUTb HAAEKHOCTb SNEKTPOCHAbXeHUs noTpebutens.

AHanus ncnonb30BaHus pesepBHOM (asbl. B HACTOSLLEN CTaTbe U3NOXKEHbI PE3YNLTaThl MOAENM-
poBaHusl pexumMoB pabotbl B/19M 110—330 kB ¢ pe3epsHoi tha3oil.

SneKkTponepeaaya ¢ pe3epBHON $asoi paccMOTPeHa Ha MPUMEpPE OAHOLEMHbIX BO3AYLLHbIX JU-
Hui1 (BJT) HanpsixeHnem 110 kB ¢ npoBoaom AC-70, 220 kB — AC-240 1 330 kB — 2xAC-240. B pacué-
TaxX TPaHCMOHUPOBAHME JIMHUKU HE YYMTbIBaNoCh. lNpeaBaputenibHas MOWHOCTb, Nepeaasaemas no au-
HuM anekTponepeaaun (J1301), n npeaensHOe 3Ha4YeHne AJIMHbI onpeaenseTca ucxoas m3 tabnuupl 1 [2].

Tabmya 1
HaTtypasnbHas MOWHOCTb U NpeAenbHble 3HaueHusa anavnbl BJ1 110—330 «B
HoMuHansHoe HanpsixeHue, KB HaTypanbHas mowHocTb BJ1, MBT MpeaencHoe 3HavyeHwe anuHel BJ1, kKM
110 (157) 40 80
220 160 250
330° 360 400

B npuknagHoi nporpamMe Simulink nporpaMmHoro naketa Matlab npy noMoLm MHCTpyMeHTa
Compute RLC Line Parameters 6noka Powerqui 66111 BbluMceHbl napameTpbl J19I Ha OCHOBaHUK xa-
PaKTEPUCTMK NPOBOAOB N FEOMETPUUECKUX pa3MepoB MHuK (puc. 1).

! pa6oTa BLINONHEHA B paMKax UHULMATMBHOM HIP.
2 [1ns BN 330 kB 6bina B3sTa MOLLHOCTL 310 MBT, MCXOAS M3 MaKCUManbHOrO Toka BbIGpaHHOro Mposoaa Mapku AC-240.
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Puc. 1. Moaenb onopel oaHouenHoin BJISM: p — da3Hblii NpoBoa, g — rPo303alMTHLIN TPOC, X U ¥y — KOOpAMHaTHI NpoBoaa

[eoMeTpuyeckmMe napaMeTpbl pacrofioxXeHuss nNpoeoAoB BJ1 B MpOCTpaHCTBE MpeacTaBieHbl B
Tabnuue 2.

Tabmya 2
NeoMeTpuueckue napameTpbl pacnonoXxeHus nposonos BJ1 B npocTpaHcTBe
HanpsixeHwe BJ1, kB Mposoa da3a X, M Y, M

pl A -2,1 19

p2 B 3,5 23
110 03 C 4,2 19

gl pesepBHas pasa-rpo3oTpoc 0 25

p1 A -3,9 25,5

p2 B 3,5 32
220 p3 C 6,1 25,5

gl pesepBHas pasa-rpo3oTpoc 0 36

p1 A -5,8 25,5

p2 B 4,8 33
330 p3 C 8,3 25,5

gl pesepBHas pasa-rpo3oTpoc 0 37,7

Mpu nomolum 6Gmubnuotekm 6nokoB Sim Power Systems 6bina cmoaenupoBaHa moaens BJ1SM

NpeaCTaB/IEHHAS HA PUCYHKe 3.
P Vabc
PQ P Vabc
P Iabc PQ

Scope2 | Iabc
3-phase Scoped
Instantaneous 3-phase
Active & Reactive Powerl Instantaneous

Active & Reactive Power2

P
Continuous I:I » I:I
= I
powergui
Scope1
Scope3
Vabc[ T
gt A
A labe Pi Section Line ,:—l_. A VabcH Three-Phase
||}—@—M—WLB B a labe|— Series RLC Load
e : 2B
c < . e i — JW\I" n
Three-Phase Sourcel Pi Section Line B c
Three-Phase -_,_- cl= L—=a|C
V-I Measurementl Three-Phase

Pi Section Line C /-] Measurement

Puc. 3. SnekTpoauHaMuyeckasi Mofenb BO3AYLWHON NMMHUM SNeKTponepeaaqm
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MpuHUMNManbHas cxema moaenu B Simulink COCTOMT M3 cneayoLLmMx 6/10KOB:

— Three-Phase Source — MoaenupyeT TpExcasHbli UCTOUHMK HAMPSKEHWUS,

— PI Section Line — mMogenupyeT 0aHOMa3HY MMHUIO SNEKTponepeayn ¢ CocpeaoTOMEHHbIMM
napameTpamu,

— Three-Phase Series RLC Load — moaenupyet TpéxdasHyto Harpysky,

— 3-phase Instantaneous Active & Reactive Power — BLINONIHAET U3MEPEHME aKTUBHOW 1 peak-
TUBHOMN MOLLHOCTEN B TpéxdasHbIX LEensix,

— Three-Phase V-I Measurement — BbINOJIHSET U3MEPEHUE TOKOB U HampsiXeHuin B Tpéxdas-
HbIX Lensix,

— Scope — oTobpaxaeTt rpachmKkn CUrHanNoB.,

— Powerqui — OCyLLeCTBNAET PaCYET YCTAHOBUBLLErOCS PEXUMA.

Mo nonyyeHHbIM MapaMmeTpaM NnHUKM OblaM paccuuTaHbl pexuMmbl BJIDM npu noouepénHoM
BKJIOYEHUN pe3epBHOiA hasbl g1 BMECTO OCHOBHbIX NpoBoaoB pl, p2, p3 (Tabn. 3).

Tabnuya 3
MapameTtpsbl pexxnma 3kcnnyatauuun BJ1 110 kB ¢ pe3epBHOii (ha3oi

BapuaHTbl KoahrumeHT HeCcuMMeTprM No 06paTHOM NOCNefoBaTENBHOCTU M MOTEPS HAMPSXXEHWS B IMHWN
Pexxumbl akc-
WNCAONHEHMSA nnyataua BN 110 kB 220 kB 330 kB
BN Y Kuuz, Yo AU, % Kiuz, %o AU, % Kz, %o AU, %
BN Tpagnum- .
OHHOrO Wg- | [1OPManbHbI 0,056 12,84 0,105 11,74 0,198 3,55
peXmm
NOSHEHWS
91 BKIO4EH 0,337 12,39 0,314 11,4 0,243 3,45
BMeCTO pl
Bl ¢ pe- 1 BKMIOYEH
3epBHON 9 0,367 12,9 0,335 12,2 0,091 4,13
. BMECTO p2
(hason 1 BKMIOYEH
9 0,140 12,77 0,209 11,33 0,229 3,41
BMECTO p3

3aknroueHue. AHanu3 pexxuMos skcnyaTaummn B/1 110—330 kB ¢ pe3epeHoi hasoit NOKa3bIBAET, YTO,
npyv nooYepéaHOM BKIKYEHMM PE3EPBHOrO MPOBOAA BMECTO OCHOBHBLIX MPOBOAOB JIMHWUM YPOBHU
HECMMMETPUU HaMNpPsHKEHUS MO 0B6paTHON NMOCNEA0BATENIbLHOCTM 3HAUUTENBHO HUXKE [OMYCKAaEMOro Hop-
MaTUBHOIO 3Ha4YeHUsl, COCTaBASALEro 2 % [2], 3HAYEHMsI NOTEPb HAMPSXEHWUIA HE3HAYUTENBHO OT/IN-
YalTCA OT NOTEPb JIMHUN B HOPMAJIbHOM PEXMME, MO3TOMY SKCMJTyaTaums IMHUKU C pe3epBHbIM NPOBO-
JIOM NPYMEHMMA HapaBHE C HOPMAJIBHOM 3KCMTyaTauueid MMHUK,
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REGIMES OF 110—330 KV SINGLE-CIRCUIT OVERHEAD TRANSMISSION LINES
WITH REDUNDANT PHASE!

D. S. Levin
(Saratov State Technical University)

To improve the performance reliability of the overhead power lines, a redundant phase that can reserve any of the
damaged phase conductor, and allow single-phase fusing glaze-ice and rime depositions with conservation of the
consumer supply continuity is offered for use. The mode analysis and the subsequent rationale are performed on
the basis of the obtained data, the application possibility of the redundant phase for the overhead power lines with
110—330 KV voltage rating without the substantial power quality damage. As a redundant phase, the ground wire
with phase conductor parameters and phase insulation is used. It serves to protect overhead circuits from the at-
mospheric overvoltage in thunderstorm seasons, and as a redundant fourth wire — during the rest of the time. In
Matlab (Simulink) program, an electrodynamical simulation model is developed, and the operating regime parame-
ters of the overhead circuit using the fourth wire as a redundant phase are analyzed.

Keywords: redundant phase, ground wire, fourth wire, glaze-ice and rime depositions, single-phase fusion, over-
head transmission line.

! The research is done within the frame of the independent R&D.
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