Aaexmpuuecmeo, 2020, Ne 9, c. 58—61

BJI0KMPOBKA HECAHKIIMOHUPOBAHHOTO CPAOATHIBAHMSA
ObICTPOIEHCTBYIONIMX BhIKII0YATE i
B TATOBOI CeTH MOCTOSTHHOTO TOKA

3ATOPCKAS JI.II.

DnekmpuduuyuposanHas dceae3nas 0opoea — Mo CUCMeMa 83AUMOCEA3AHHBIX CAONCHEUWUX MeXHUYe-
cKUx coopyicenuil. Boicokoe Kauecmeo pabomol cucmembvl 3HEPeOCHAOICEHUS 3A8UCUM OM YCHEUIH020 pe-
WeHus pa0a MexHu4ecKux 3a0a4 nymem KOMHACKCHO20 N00X00a U 6HeOpeHUs PA3AUYHbIX HAYYHO-MeXHU-
yeckux meponpusmuii. Ocoboe 3naueHue npuobpemaem cocmosiHue mseosoi cemu. Ilpu dsudicenuu moko-
NPUEMHUKA 31eKMP0o803a N0 6eMEIM U30AUPYIOULe20 8030YUIHO20 NPOMENCYMKA U nepexode ¢ 0OHOU 30Hbl
NUMAaHUsL HA OpYeyr0 8eAUKA 8ePOSMHOCMb N0ICHO20 OMKAKOUEHUS NUMAHUSL 86eMBU, HA KOMOPYI 85e3Jca-
em 21eKmponod8uICHOU cocmas. Imo Moxcem NPou30Umu no Npu4uHe Cneyu@u4ecKux XapaKkmepucmuk
cpabamvl8anus 3auWUmHblx yempoiicme. B smom cayuae mexncdy osuscywumcs moKOnpUEMHUKOM ek -
mpoeo3a u 6emewvio, ¢ KOMOPOIl Coe3dcaem 21eKmpo8o3, 3aeopaemcs MeKmpudeckas oyea, nepeicuearo-
was nposoda KOHmMaKmuoi cemu. B cmamove npedcmaesneno ycmpoiicmeo, obecneuusaioujee becnepedoii-
HYI0 pabomy 31eMeHmo8 Ms2080i cemu HOCMOSAHHO20 MOKA Npu npoe3de 31eKmpo8o3a U30AUPYIOu,e2o
8030yuH020 npomedxcymka. Ilpomomunom seasemes 3auumuoe ycmpoiucmeo 6 eude pene-oupgheperyu-
ANbHO20 WYHMA, NO360ASH0Uee OMKAUYUMb NUMAIOWYI0 AUHUI0 MS2080l cemu npu MAnoM 3Ha4eHuu Obl-
CMPO UBMEHSAIUe20Cs: MOKA KOpomKoeo 3ambikanus. Ilpedcmaenensvt pe3ysvmamol MOOeAUPOBAHUs nepe-
X00H020 npouecca 8 NUMAWUX AUHUSX mseoeoll cemu. Ha ocHose noayuennwvix danHbix paspabomarsi
napamempul cxemvl ONOKUPOBKU NA0NUCHBIX OMKAHUEHUIN ObICMPOOCUCMBYIOWUX BbIKAIOYAMENel CMEeNCHbIX
nUMarnwux AUHUL mma2080l cemu.

KnoueBble cJloBa: maeosas cemvb, NOCMOAHHbII MOK, OblcCpodelicmayoujlie 8blKAHaAment,
pene-oughgpepenyuaivivle uLyHmol, OAOKUPOBKA A0JICHO20 CPAOAMbIBAHUS, MOOeAUPOBaHUe NepexooH020
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npouecca

Bo BpeMs 3aMBIKaHWUST TOKOIIPUEMHUKOM 3JIEKTPO-
BO3a BETBEU M30JUPYIOLIET0 BO3MYIIHOIO MPOMEXYTKa
(MBII) TATOBOI CETH ITOCTOSHHOTO TOKa TOK Harpys-
KM, JOCTaBJISIEMBII paHee MUTAIOIIEH JIMHUEN TATOBOU
cetu (ITVITC), o xoTopoit ABUTANICS DIEKTPOBO3, IIe-
pepacnpenessieTcss MeXny JaHHOW U IOAKJIIOUYMBIIEHCS
TUITC [1]. Ipoucxonut ymeHsiieHue toka Ha [TJITC,
10 KOTOPOil IBUTAJICSI DJIEKTPOBO3, U TaKOe XKe Iprpa-
meHue Toka Ha noakmouuBiieiics TTJITC. OmgHoBpe-
MEHHOE M PEe3KOe M3MEHEHME TOKa IPUBOIUT K cpaba-
TBHIBAHUIO OBICTPONEUCTBYIOIIUX YCTPONUCTB CMEXKHBIX
TJITC 1 n1oXXHOMY OTKJIIOYEHUIO 30HBI ITUTAaHUS, Bhe3-
Iy 3JeKTPOBO3a MO TOKOM Ha OTKJIOUEHHYIO 30HY,
BO3HUKHOBEHHIO 3JICKTPUUYCCKON IyTU U TIepeKura-
HUI0O KOHTAaKTHOIO IPOBOAA, OCTAHOBKE IT0E€3[a.

VYeTpoiicTBO GJ0KUPOBKU HECAHKIIMOHUPOBAHHOIO
cpabaTbIBaHUSI OBICTPONEIMCTBYIOIINX BBIKITIOUATEICH
(BB) cmexHbix TTJITC nocrosHHoro Toka (puc. 1) co-
CTOUT W3 HEMOJSIPU30BAHHBIX OBICTPOICUCTBYIOIINX
BBIKJIIOUATeJ el M MOAEPHU3UPOBAHHBIX pelie-audde-
peHnuanbHbiXx 1myHToB PAUI(M) [2], oTnuvatomumxcst
HajauuueM pgornojJHutenbHoit katymku (JIK) Ha ero
MarHUTOIPOBOJE.

[IpoToTnmoM SBSCTCS 3alIMTHOE YCTPOMCTBO B
Bune PIII [3], koTopoe W TIO3BOJSIET OTKIIOUUTH
TUITC npu manoMm 3HaYeHUUM OBICTPO U3MEHSIONIETOCs
toka K3. UMeHHO crieuuduka paboThl YCTpOiCTBa 3a-
wuthl Ha cMmexHbIX TTJITC (ocyliecTBasieMoro ¢ rmo-
MOIIIbIO HEeMOJISIPU30BaHHBIX BBIKJIIOUATENIe M Tep-
BUYHBIX JAaTYMKOB 3aIUTHl — peje-auddepeHInanb-
HBIX IIYHTOB) MPUBOIUT K JIOXKHBIM CpabaThIBAHUSIM
BB 30Hbl nutanus noaxmouusiieiics TTJITC.

INpupamenue Toka B ceTd W Ha mmHax PJIII(M)
cmexHbix IUJITC mnpu ABUXKEHUM TOKOMPUEMHUKA
ajekTpoBo3a 1o BeTBIM WMBII HocutT xapaktep mepe-
xogHoro npoiiecca. Ero MonenupoBaHue opmupyercs
IMOCTPOEHUEM TpeX IIoclieoBaTeIbHBIX 3TanoB [4]:

JBUDKEHUEM TOKOIMPUEMHUKA 3JIEKTPOBO3a IO BET-
BU TATOBOM CETU, C KOTOPOM OH ChE3XKAaET;

JIBUXXEHMEM TOKOTIPMEMHMKA 3JeKTPOBO3a MO ABYM
BetBaM MBIl m nuraHueM ero oOT OBYX CMEXHBIX
IJITC,;

OTPHIBOM TOKOMNPUEMHUKA 3JIEKTPOBO3a OT BETBU
MBII, ¢ xoTopoil che3xkaeT, U ABUXKEHUEM TOKOIIPU-
eMHHKa D3JICKTPOBO3a II0 BETBM, HA KOTOPYIO OH BbHE3-
XKaer.
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Puc. 1. YcrpoiicTBo 6J10KUPOBKY JIOXKHOTO cpabaTeiBanus bB cmexubix [TJITC

B pesynbraTe MoneauMpoBaHMsI MEPEXOAHOTO MPO-
1ecca TMOoJIydYeHbl 3aBUCUMOCTU TOKOB U HAIPSIKEHUS
Ha 3aKMMax HomoJHUTEeNbHBIX Katymek (1K), pacmo-
JIOKEHHBbIX Ha MarHutomnpoBoaax PIII(M) cMexXHBIX
TJITC.

Ha puc. 2 mnpencraBiieHbl 3aBUCUMOCTH TOKOB B
mwurHax PIALI(M), TTJITC, Ha KOoTOpyto Bbe3KaeT dJieK-
TPOBO3, U HAMPSIKEHUST HA 3aXUMax TOMOJHUTEIbHON
katymku maHHoro PIIII(M) (cocrosimeit U3 OXHOTO

B cxeme (puc. 1) mepsbiii BoiBoa JK /7 neBoit
TIJITC noxpxkmioyeH K pene HampsokeHuss 10 ¢ Hop-
MaJIbHO 3aMKHYTBIMMA KOHTAaKTaMH, a BTOPOIl BBIBOI
JAK 11 moacoenuHeH K mepBoMy BbiBoay JIK 77 mpa-
Boii TTJITC, nuraromeit BetBb TC, Ha KOTOPYIO Bbe3-
KaeT anekTpoBo3. Btopoit BeiBom K // mpaBoit
TUITC noakioueH K OCTaBLIEMYCSI BBIBOJY peJjie Ha-
npskeHus: /0. B ¢cBolo ouepenb, KOHTaKThl 3TOrO pesie
HaIIPSDKCHUST TTOAKITIOUCHBI I1apajiIeIbHO KOHTaKTaM

PAII(M) 4 mpaBoit TIJITC.
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Puc. 2. 3aBUCMMOCTH TOKOB M HATIPSDKEHUST Ha 3aKMMax JAOMOTHUTENbHOU KaTymiku oT BpeMenu [1JITC, Ha KOTOpYIO Bbe3kaeT 2JIeKTPOBO3:

1 —1Iy

mp — TOK TUITC, Ha KoTopyio Bbe3xXaeT a1eKTpoBo3; 2 u 3 — I u Iy — toku B mmnax PALI naunoit IUITC; 4 — I,—I| — pas-

HOCTb TOKOB B inHax PIIL; Uy — HanpspKeHue Ha 3aKuMax TOMOoNHUTeNbHOM Karyiku PAL(M)
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YcerpoiictBo pabortaer cieayromum obpazoMm. [lpu
3aMblKaHUM TokKonpuemMHukoMm BeTBeit MBII Tok ne-
Boit IIJITC /| MrHOBEHHO M3MEHSIETCsI (YMEHbILIACTCS)
Ha 3HaueHue Al INE OueBUIHO, HA TaKOE XK€ 3HAUEHUE
(Al q)z) yBenuuuBaercst Tk [, mpasoii TUITC. Ilpu
Takux n3MeHeHUsX Toka B JAK 77 PAII(M) 3 u 4 ne-
Boil u npaBoil TIJITC HaBoasdTcst HampstkeHus. OnHa-
ko AK PIILI(M) cmexubix ITJITC coennHeHbl TTOCe-
OBAaTEeJIbHO TaKMM 00pa3oM, YTO MX CyMMapHOE Ha-
MpsiKeHWe, MOABOAMMOE K pejie HampsbkeHus 10, B
ciaydyae, €ClM OTHOBPEMEHHO B OTHOM M3 CMEXHBIX
TUITC npoucxoauT OoTpULIATENbHOE, a B APYTOil MOJo-
KUTEJbHOE MpUpalleHWe TOKa OAMHAKOBOIO 3HAUEHMSI,
paBHO Hymo. [Ipu 3ToM HampsikeHUs1 Ha Bbixogax JIK
11 POAII(M) 3 u 4 KOMIIEHCUDPYIOT («YHUUYTOXAIOT»)
npyr apyra. [Toatomy, ecnu pene HampsikeHust 10 3a-
IaTh YCTaBKY ITO HAIPSDKEHWIO, OOJBIIYIO HYJIS, HO
MEHBIIIYI0 3HauYeHMs] HampspkeHus, HaBoxumoro B JIK
11 xaxgoro PAILI(M), To B yKazaHHOI CHUTyallUd OHO
He cpabotaetr. HecMoTps Ha cpabarsiBanue PALI(M) 4
npasoii [TJITC ot mpupaiiieHust TOKa U COOTBETCTBEHHO
pa3MBIKaHUSI €r0 KOHTaKTOB, OTKIoueHus1 BB 2 He
MPOU30ieT, TaK Kak Karyiika yrnpasiaeHusi bB /3 Oy-
JIeT TPOJOJIKaTh OOTEKAaThCsl TOKOM uepe3 HOPMaJIbHO
3aMKHYTBIC KOHTAaKTBl peyie HampsokeHust 10.

C npyroit cTopoHBI, ecnu TpousoiineT K3 B BeTBH,
Ha KOTOPYIO BBE3XKAeT 3JEKTPOBO3 (HANpUMEpP, B TOU-
ke K1), o bB 2 aroit IIJITC oTKIIOYUT 3aMbIKaHUE,
moroMy 4To cpaboraer PAII(M) 4 stoit ITJITC u pa-
30MKHET CBOM HOPMAaJbHO 3aMKHYTble KOHTaKThbl. Of-
HOBpeMEHHO cpaboTaeT peJjie HamnpsbkeHus 10, T10-
CKOJIbKY TIOABOINMMOE K HEMy HampskeHue Oynem
00JIPILIIMM 3HAaYEHUs YCTaBKM ITOTO peJie HaIpsKeHUs
n OymeT TakKe HarpsbkeHneM, HaBomuMbiM B JIK 717
PILI(M) 4 TIJITC BetBu, Ha KoTopoii nmpousouwio K3
(B maHHOM cJyyae BETBM, Ha KOTOPYIO Bbe3xKaeT 2JIeK-
TPOBO3).

Takum o06pa3zoM, UCKIIOYAETCS Bbe3[ BJIEKTPOBO3a
Ha OTKJIIOYEHHYIO 30HY MUTAHUS — TEepexo] MUTAHUS

Electrichestvo, 2020, No. 9, pp. 58—61

Ha CMEXHYI0 30HY mpoucxoaut 06e3 peakuuu bB Ha
npupaiieHue Toka. CliemoBaTelbHO, HE IPOU3OHIET
nepexxuraHusl MpoBOJAOB KOHTAKTHOM CEeTH, BO3ropa-
HUE JEKTPUYECKON OYyTM B JAHHOM CJydyae MCKIIOYe-
HO.
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Interlocking Unauthorized Actuation of High-Speed Circuit Breakers
in Adjacent Feeding Lines of a DC Traction Network

ZATORSKAYA Lada P. (Russian University of Transport (MIIT), Moscow, Russia) — Senior Teacher of
Electroenergetics of Transport Dept., Cand. Sci. (Eng.)

Electric railway is a system of very complex interconnected technical structures. High-quality operation
of the power supply system depends on successful solution of a number of technical tasks by applying an
integrated approach and introducing various scientific-technical measures. The traction network state is
becoming of special importance. When an electric locomotive’s pantograph moves along the branches of the
insulating air gap and when a transition is made from one power supply zone to another, there is a high
probability of false disconnection of power supply to the branch the electric stock drives in. This may
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This may happen due to specific characteristics according to which the protection devices come in action.
In this case, an electric arc emerges between the moving pantograph of the electric locomotive and the
branch it leaves; this arc burns out the contact system wires. A device ensuring uninterrupted operation of
DC traction network elements when an electric locomotive passes the insulating air gap is presented. The
protective device in the form of a differential shunt relay, the use of which makes it possible to disconnect
the traction network feeding line at a small value of a rapidly changing short-circuit current, serves as a
prototype. The results from simulating a transient that occurs under such conditions in the traction network
feeding lines are presented. Based on the obtained data, the parameters of a circuit for interlocking false
disconnections performed by high-speed circuit breakers in the traction network adjacent feeding lines have

been developed.
Key words:

traction network, direct current, high-speed circuit breakers, differential shunts

relay, interlocking of false actuation, simulation of a transient

REFERENCES

1. Zatorskaya L.P. Nauka i tekhnika transporta — in Russ.
(Science and Technique of Transport), 2018, No. 3, 66 p.

2. Pat. RF Ne 2254657. Skhema zashchity smezhnykh fiderov
tyagovoy seti postoyannogo toka (varianty) (Scheme of protection of
adjacent feeders of a DC traction network (options)/L.P. Zatorskaya,
V.N. Pupynin, 2005.

3. Pupynin V.N. Trudy MIIT — in Russ. (Proc. of MIIT), 1965,
No. 213, pp. 61—86.

4. Zatorskaya L.P. Mir transporta — in Russ. (World of
Transport), 2017, No. 1, p. 76.

5. Bey Yu.M., Mamoshin R.R., Pupynin V.N., Shalimov M.G.
Tyagovyye Podstantsii (Traction Substation). M.: Transport, 1986,
320 p.

6. Belkin G.S. Kommutatsionnyye protsessy v elektricheskikh

apparatakh (Switching processes in electrical devices). M.: ZNAK,
2003, 244 p.

7. Veksler ML.1. Zashchita tyagovoy seti postoyannogo toka ot tokov
korotkogo zamykaniya (DC traction network protection against
currents short circuit). M.: Transport, 1976, 120 p.

8. Voronin A.V. Elektrosnabzheniye elektrifitsirovannykh
zheleznykh dorog (Electricity supply for electrified iron roads). M.:
Transport, 1983, 496 p.

9. DC Traction Network, Design and simulation, Secheron SA
|Elektron. resourse] substations@secheron, www.Secheron.com
Copyright 2007 Secheron SA (Data of appeal 11.12.2019).

10. Yerokhin Ye.A. Montazh i kapital’nyy remont kontaktnoy seti i
vozdushnykh liniy (Installation and overhaul of the contact network
and overhead lines). M.: GOU «UMTs», 2007, 220 p.

[25.12.2019]



