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TMBPUAHOE NEPKOHO-NONYMNPOBOAHMKOBOE PEJIE TOKA
C BITIOKMPOBKOWU OT ANEPUOANYECKOU COCTABIJIAIOLLEN
U BPOCKOB TOKA HAMAITHUYUBAHUA

B. WN. l'ypeBuy, K.T.H., LleHTpanbHasa nabopaTtopusa anekTpuyeckon komnaHum N3pauns

B craTtbe npuBegeHo onucaHue rubpuaHoOro rep-
KOHO-MONyNnpoBOAHMKOBOIO pere Toka ¢ 6rnokupoBkomn
OT anepuoauyeckon cocTaBnsAolwen u 6PoCKOB ToKa
HamarHmuuBaHusa. OHO nNpopaoskaeT Cepuro NPOCTbIX
rmépuaHbIX pene 3awuTbl, NPeAsiIoXeHHbIX aBTOPOM
paHee. 1o ero MHeHuUI0, pene 3alWuUTbl, BbINOMHEHHbIE
Ha repKoHax u AUCKPETHbIX NOJTyNPOBOAHUKOBLIX 35e-
MEHTaX, MOTyT C YCMNEXOM 3aHATb OnpeaesieHHYI0 HULWY
B COBPEMEHHON perieHOn 3alyuTe.

Vcnonb3yemble cerogHs anekTpoMexaHnyeckune perne 3a-
WmThl 66K padpaboTaHbl 40-50 net Tomy Hasag, a pene Tuna
RI weeackon dpmpmbl ASEA, koTopoe B AarnbHenwem 6bino
NPaKTUYECKN MOMHOCTBLIO CKOMMPOBAHO KOHCTPYKTOpaMu 13-
BecTHoro pene PT-80, — 90 net Tomy Ha3ag. [aneko He Bce-
rAa OHW U3roTaBMNMBANMCh U3 BbICOKOKAYECTBEHHBIX MaTepu-
arnoB, a MeExaHU4eckue aetanu umenu Tpebyemyro To4HOCTb
pasmMepoB, Ka4eCTBO e aHTUKOPPO3NOHHOTO MOKPLITUS Me-
Tannuyecknx aetanei 4acto BooOLUEe He BbiAEPXXUBANo Kpu-
TMKN. [Ja 1 Bpemsa aKcnnyataumm AaHHbIX pene yxe AaBHO
NPeBbICUIO BCE HOPMUPYEMble CPOkW. B aTux ycnoeusx co-
BEpLUEHHO 060CHOBaHbI M MOHATHBI HAPEKaHWsA 3HEPreTUKOB
Ha HeJoMnyCTMMOE COCTOsIHME Napka penenHon 3alumTbl.

K coxaneHuio, oyeBuaHble KOHCTPYKTUBHbIE, TEXHO-
nornyeckme n NpPou3BOACTBEHHble HeaoCTaTku BecbMa
OrpaHNYeHHONW HOMEHKNAaTypbl 3NEKTPOMEXaHNYECKUX
pene 3awuThl, BbIMYCKaBLUNXCA AECATKN NeT TOMY Ha3aj,
B CCCP, coBeplieHHO HeonpaBAaHHO aBTOMaTU4YeCKU
NepeHoCATCA Ha BECb KIacc afieKTpoOMexaHN4eCcKux pene,
No3TOMy MOXHO cAenaTb BbiBog 06 ux 6ecnepcnekTuns-
HocTu. lNMpn 3TOM eAUHCTBEHHOW anbTepHaTUBON cylle-
CTBYIOLLEMY CEroAHs NfavyeBHOMY MOMOXEHUIO Aen Cyu-
TaeTcsl CKOpeuwmnin 1 NoBCEMECTHbI MaccoBbI nepe-
X0, Ha MUKPONpPOLLECCOPHbIE YCTPONCTBA penenHon 3a-
wutel (MYP3). Bonpoc o He0OOCHOBaHHOCTU TaKoro
BbIBOAA YXXe HEOAHOKPaTHO NogHUMarncs asTopoM B ero
MHOTrOYMUCIEHHBbIX Ny6rnvkaumax Ha aTy Temy [1-6].

Mo MHeHuio aBTOpa, B penenHon 3awmuTe no-npexHe-
My cyliecTByeT Gonbluoe KONMYecTBO AOCTATOYHO Mpo-
CTbIX 3afay, pellaembiX C MOMOLLbIO MPOCTbIX anropuT-
MOB, AN KOTOpbIX NpUMeHeHue goporoctosawmux MYP3 He
TONbKO 3KOHOMMWYECKW He onpaBAaHo, HO MHOrda U npo-
CTO onacHo [7-8]. ing Takux cnyyaes npegnaraeTcs npu-
MEHeHMe 3aLUTHBLIX pene HOBOro MOKOMEHWUs, Tak Hasbl-
BaeMbIX rmMOpuaHbIX perne, OCHOBAHHbIX Ha KOMOUHaLumm
repKOHOB M ANCKPETHbIX NONYNPOBOAHMKOBbIX 3NEMEHTOB.
Kak nokasaHo B [8], Ha OCHOBE 3TON TEXHONOIrMMU MOXET
ObITb CO3aaH LEMNbI CNEKTP pa3nnYHbIX YCTPONCTB penen-
HOW 3aLmnThbl, BKNOYAA Jaxe TakMe OTHOCUTENbHO CIOX-
Hble, Kak pene ¢ 3aBMCUMOW BblAEPXKKOW BPEMEHMU, pere
MOLLLHOCTU U1 T.A.

B paHHOW cTatbe npuBeAeHoO onucaHue ele Of4HOro
pene 3awuTbl, peanuayoLwero OTHOCUTENbHO CIOXHYI0
PYHKUMIO 1 BbIMNONIHEHHOIO Ha OCHOBE HOBOW rMOpuaHON
TEXHOMOrMmn, NPeasioKeHHON aBTOPOM.

Kak n3BectHo, B NepBbIii MOMEHT NOCNE BKMIOYEHNS MOLL-
HOro TpaHcdopmaTopa Ha XOroCTOM XOAY Wn Npu Marnow

Harpyske no4Tn BeCb TOK PacxodyeTcs Ha HamarHudMBaHue
Xenesa cepaeyHuka. Tok 3TOT OA4HOMONSAPHLIN (puc. 1), 4To
NPUBOAMUT K CYLLIECTBEHHOMY CMELLEHWIO CUHYCOMABI NOTpeb-
nsiemoro TpaHcopmMaTopoM NepeMeHHOro Toka OTHOCUTENb-
HO HYNeBOro 3Ha4YeHUsi B NePBbIN MOMEHT MOCIe ero BK-
YeHus. AHanorMyHoe CMeLLeHVe CUHYCOUbI Bbi3biBaeT ane-
progmyeckas cocTaBnsaloLwas nepexoaHoro npowuecca npu
KOPOTKOM 3aMblkaHWN B NIMHWUK anekTponepenad (puc. 2).

Mpw GonbluMX KPaTHOCTAX TOKa KOPOTKOrO 3amblKaHWS
CBOe BMMSIHWE OKa3bIBaeT Takke M TpaHcopmaTop Toka,
CYLLECTBEHHO MCKaXalLWwmii 3Ty, y)Ke CMELLEHHY0, CUHY-
counay n3-3a CBOero HacbliweHus (puc. 3).

OueBungHo, 4TO pene 3awuThbl (TOkOBOE, AuddepeHun-
anbHoe) He OOMKHO cpabaTbiBaTb OT MOBbILEHHOrO 3Ha-
YeHWsi ToKa, BbI3BAHHOMO CMeLLieHeM CMHycouabl. Ha npak-
TUKE MCMOMb3YIOTCA pas3nnyHble MeToAbl, NpeaoTBpaLlato-
LMe NoXHble cpabaTblBaHWs pene: OT MPoCcTon GrnoKMpoB-
KW pefie Ha HEKOTOpoe MOCTOsIHHOe Bpems (Bpemsi nepe-
XOAHOro npouecca) 40 BblAeneHns ¢ NOMOLLbI0 PUnLTPOB
BTOPOW rapMOHWKN TOKa, €€ YCUNEHNS SNEeKTPOHHBIM yCU-
nutenem n OpMMpPOBaHMSA TOPMO3HOTO curHana, 3arpyo-
nsiowero pene. B MYP3 ncnone3aytotcs ewle 6onee cnox-
Hble anropuTMbl, BbINOMHSIOLWMNECH MUKPONPOLIECCOPOM.

B rmbpuagHom pene ncnonb3yetcs MHOM NpuHUMN 6ro-
KMPOBKM pene oT anepuognyeckon coctasnstoLen n 6poc-
KOB TOKa HamarHuumeaHus (puc. 4). OHO cocTouT M3 Tpex

I TTTTIITIYTR

Puc. 1. TocTosiHHaa cocTaBnsoLwas Toka HamarHuYmBaHus
npy BKMHOYEHUM MOLLHOIO TpaHccopmMaTtopa
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Puc. 2. CmelleHne cnuHyconabl Toka KOPOTKOrO 3amblkaHns
noa AevcTBMEM anepuonyecKkor COCTaBnsAoLLEN

1 BpeMeHHasi AuarpaMma cpabaTbiBaH/s repkoHOB

B Npeanaraemom pere. | — MakcumarnbHbIi paboquin ToK
nHum; g0, lg,, — TOKM cpabaTbiBaHMs repkoHOB

SW2 n SW3 cooTBETCTBEHHO
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He3aBUCUMbIX BbICTPOOENCTBYOLINX pene ToKa Ha repko-
Hax: SW1, SW2 n SW3; gByxnonynepvoaHoro Bbinpsamu-
Tens VD1 1 aByx ogHononynepuoaHblx BeliNpsiMUTeENen, oT-
aenbHo Ansa nonoxutensHon (VD4) n otpuuatensHor (VD4)
nonyBofH; ABYX TpaHcdopmaTopoB Toka CT2 (MCTOYHMK
BxogHoro curHana) u CT1 (MCTOYHWMK NUTaHWSA TPaH3UCTO-
POB), BbINOMHEHHbIX M3 KOMeLl, U3roTOBMEHHbIX U3 HU3KO-
YacToTHOro gpeppuTta; unerpa Ha koHaeHcaTope C2 un
TpaH3uctope [dapnuHrtoHa VT1; oByXBXO4OBOro fiornyec-
KOro anemMeHTa Ha TpaHauctopax VT2 n VT3, a Takke Bbl-
XO[HOr0 KOMMYTUPYHOLLETNO y3ria Ha OCHOBE BbICOKOBOJSILT-
Horo repkoHa SW4 u BbICOKOBONLTHOrO Tupmuctopa VS Ha
HanpsbkeHne 1200B, ocyLLecTBNAOLWEro NpsiMoe BKITHoYe-
HWe OTKMYaLwen kaTyLwkn Boiknovatens CB.

PaboTaeT pene cneaytowm obpasom. Npu JoCTKEHUN
HanpshkeHnem Ha Bbixofde TpaHcgopmatopa Toka CT2 Heko-
TOPOro NOPOrOBOro 3HAYEHWS, COOTBETCTBYHOLLIETO MaKcMarib-
HO AOMNYCTUMOMY 3HaYeHU0 HOMUHarnbHOro Toka IN, repkoH
SW1 HaumHaeT B1bpupoBatk ¢ yactoton 100 Ny (puc. 2). 3a
cyeT koHaeHcatopa C2 HanpspkeHue Ha Gase TpaH3ucTopa
VT1, noctynatoLiee c repkoHa SW1, nogaepxvBaercs nocTo-
SIHHBIM, YTO NPWBOAWT K HaEXHOMY oTnupaHuio. OH BKIIO-
YaeT NUTaHKe NOrMYecKoro afieMeHTa Ha TpaHaucTopax VT2
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Puc. 3. VckaxxeHne cuHycomabl Toka 3MepUTENbHbIM
TpaHcopmMaTopoM Mpu BONbLUMX KPaTHOCTSAX Toka
KOPOTKOro 3amblkaHus. |, 1 |, — TeopeTuyeckas

1 (pakTuyeckas KpuBble TOKa BO BTOPUYHON OBMOTKE
TpaHcgopmaTtopa Toka COOTBETCTBEHHO
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1 VT3, nepexosiLero ¢ 3Toro MOMEHTa B XXAYLUMI PEXUM J0
cpabatbiBaHusi repkoHoB SW2 n SW3. Kaxablin U3 HUX KOHT-
ponupyeT TONbKO OAHY MONYBOMHY TOKa, BblAENseMyo Ans
Kaxxgoro repkoHa auogamu VD4 1 VD5. Moporu cpabatbiBa-
HMs 060OMX repKOHOB BbIOMpAOTCA OAMHAKOBLIMW, COOTBET-
CTBYHOLLMMW amMNnUTyAe YCTAHOBUBLLETOCH 3HAa4YEHMS TOKa KO-
pOTKOro 3amblkaHusa (Unn 6nuskoro K Hemy). B HavanbHbIN
MOMEHT Pa3BUTUSI KOPOTKOIO 3aMblKaHUs, KOrga NONoXnTerNb-
Hasl 1 oTpuuaTenbHasi NonyBoOmHblI TOKA UMEKT PasnUYHyo
amMnnUTyay 13-3a CMELLLEHNS CUHYCoMAbl TOKA OTHOCUTENBHO
HYNeBOro 3HayeHus, cpabaTbiBaeT TONbKO OAWH U3 FEPKOHOB,
a VIMEHHO TOT, KOTOpPbI COOTBETCTBYET MOMSAPHOCTM NOMyBOS-
Hbl, UMetoLLiel Bonbluee OTHOCMTENBHO HYNS 3HaYeHMe.

Ha puc. 2 — ato repkoH SW2, coOTBETCTBYIOLLMIA NOMO-
XKMTEMBHOIN NONyBOIHE CMELLEHHON BBEPX cuHycouabl. Mpu
3TOM oTnUupaeTcs TpaHancTop VT2, KoTopbli NogaepKuBaeT-
€A B OTKPbITOM COCTOSiHAWM npu Bubpauum repkoHa SW2 3a
cyeT koHaeHcatopa C4. NepkoH SW1 B 310 Bpems He cpaba-
TbIBaET, Tak Kak aMnnuTyaa oTpmuaTtenbHOM NoMyBOMHbI CMe-
LLIEHHON BBEPX CUHYCOWMAbI elle He JOCTaTodHa ANs 3Toro.
BeixogHoi repkoH SW4 octaeTtcs pa3oMkHyTbIM. [1o Mepe 3a-
TyXaHusi anepuoamnyecKon CoCTaBMnsoLLEN CUHycouaa Toka
NOCTENEHHO BO3BpaLLaeTCcst K CUMMETPUYHOMY BUAY, NPU 3TOM
YBENUUUBAETCS aMNnUTyaa ee OTpuLaTernbHON, HUXKHEW no-
nyeornHbl (puc. 2). Korga oHa gocturaet nopora cpabarbiBa-
HUA repkoHa SW3, nocnegHuin HaYMHaeT BUOPUPOBaThL C Ya-
ctoton 50 'y n otnnpaet TpaHanctop VT3. Tenepb TpaH3uc-
Topbl VT2 1 VT3 oKasbiBaloTCA B NPOBOASLLEM COCTOSIHWM,
YTO NPVBOAUT K BKIMKOYEHUIO BBIXOAHOTIO Kackaaa Ha pene SW4
n Tupuctope VS 1 nogave nUTaHMS Ha OTKIOYaIOLLYIO Ka-
TYLUKY BbIKMo4aTens. YCTPOMCTBO CHabXeHO CTaHAapTHbI-
MW anemeHTamu 3awmTbl oT nepeHanpskerns VD2 n RU u
HEKOTOPbIMU APYrMM BCIOMOraTesibHbIMU arieMeHTamMu. Tpe-
60BaHVsA K MOMNYNpPOBOAHUKOBLIM 3MIEMEHTaM U repkoHam Te
Xe, YTO 1 ApYruM rmbpuaHbIM pene 3alinThbl, ONMcaHHbIM pa-
Hee B [8]. HacTpolika pene ocyLlecTBnseTcss NOTEHLMOMET-
pamn R1, R4 n R5.

Pene Ha repkoHax B 3TOM YCTPOWCTBE BbINOMHSAOT hYHK-
LM NOPOTOBbLIX OPraHoB, Y3rOB ranbBaHUYECKON Pa3Bsi3kv C
HanpsKeHeM U30MNsLMKU BXoaa OT BbIXOAa B HECKOMBKO KWIo-
BOMbT, @ Takke UNLTPOB, BNOKUPYIOLLIMX MPOXOXAEHNE Bbl-
COKOYaCTOTHbIX CUTHArNoB NMOMEXW.

+250V

Kak nokasaHo B [9], pene Ha
repkoHax npakTn4yeckn HevyB-
CTBUTEMNbHbI K UCKaXeHUsIM chop-
Mbl KDMBOI TOKa, U MO3TOMY 3TO
YCTPONCTBO HapexHo paboTtaeT
B pearbHbIX YCNOBUSX NpU Hanu-
YMU NCKKEHUIA, ODYCNOBMEHHbIX

HacblILLEeHneM TpaHcdopmaTopa
TOKa, a Takke npy 6onbLLIOM Npo-
LieHTe BbICOKOYaCTOTHbIX rapMo-
HWK B TOKe.

OTn cBOWCTBA FEPKOHOB
Hapsgy € BbICOKMM ObICTpO-
pencrteuem (0,5-0,8 mc) n Ha-

Puc. 4. MNMpuHunnuanbHas anekTpuyeckas cxema rubpuaHoro pene 3awmTtbl ¢ 6110KMPOBKOM
OT anepuoau4eckor CocTaBnsoLLeNn U BPOCKOB TOKa HaMarHUYMBaHUs

OEXHOCTbIO (MpU CTPOrom Cco-
6nogeHnn orpaHMyeHnin no
KOMMYTUPYEMON MOLLHOCTH,
OrOBOPEHHON B TEXHUYECKUX
TpeboBaHMsX) NO3BONMUIMN CO-
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30aTb OYEeHb NPOCToe, AelleBoe U Hebornblioe no pas-
Mepam pene 3awuTbl, He Tpebylee BHELIHEro UCTou-
HUKa NUTaHWUSA, HO BMecTe ¢ Tem obecneynBatollee pea-
nu3aumio 4OCTaTOYHO CHOXHON (PYHKUMKN. BO3MOXHOCTb
co3fjaHusa pene c Takon PyHKLMEN elle pa3 NoATBEepX-
[aeT NepcnekTUBHOCTb NpeAnaraemoro aBTOpoM Ha-
npasneHnsa pasBUTUSA pernenHon 3alunTbl.

JIlnteparypa:

1. l'ypesuy, B. 1. MukponpoueccopHble pene 3awuTbl:
HOBblE MEPCNEKTUBLI NN HOBble Npobnembl? // OnekTpu-
yeckue cetn u cucrtembl. — 2006. — Ne1. — C. 49-60.

2. TypeBuy, B. N. Kak He obxeubca Ha MukponpoLec-
CopHbIX pene 3awuTbl // PRO-anektpuyecTtBo. — 2006. —
Ne3/19. — C. 19-20.

3. lNypeBuny, B. «PeHeccaHc» anekTpomMexaHUyeckux
pene 3awmnTbl? // MUp TEXHUKU N TexHonorun. — 2006. —
Ne8(57). — C. 46-50.

4. Typeswy, B. WN. Kak Ham oBycTpouTtb penerHyto 3alum-
TY: MHEHUS1 POCCUIACKMX CMELManmnCTOB M B3rNsi, CO CTOPOHbI
// Bectu B anekTpoaHepreTuke. — 2007. — Ne2. — C. 52-59.

5. Gurevich, V. A Problem of Power Supply of
Microprocessor-Based Protective Relays in Emergency
Mode // Electricity Today. Transmission & Distribution. —
2006. — Vol. 18. — Ne8. — P. 32-35.

6. N'ypesuy, B. . MukponpoLieccopHble pene 3alnTbl:
anbTepHaTUBHbBIN B3rnsAa. // AnekTpo-nHdo. — 2006. — Ne4.
— C. 40-46.

7.TypeBuny, B. V. SnekTpomarHutHasi He3alMLLEHHOCTb
— HoBasi peanbHasi onacHocTtb XXI Beka. // QHepreTuk. —
2006. — Ne5. — C. 18-20.

8. Gurevich, V. Reliability of Microprocessor-Based
Relay Protection Devices — Myths and Reality // Engineer
IT, Part I. — 2008. — Ne5. — Pp. 55-59; Part II. — 2008. — Ne7.
— P. 56-60.

9. Gurevich, V. Hybrid Reed-Solid-State Devices are a
New Generation of Protective Relays // Serbian Journal of
Electrical Engineering. — 2007. — Vol. 4. — Ne1. — P. 85-94.

10. Gurevich V. A Simple Very High-Speed Overcurrent
Protection Relay. // Electrical Engineering and
Electromechanics. — 2007. — Ne1. — P. 13-16.

Abstract

In article the description of the hybrid reed-solid-state
overcurrent protective relay with magnetizing inrush current and
offset fault current restraint. The described relay is continuation
of a series of simple hybrid protective relays offered by the author
earlier. In the author’s opinion, the protective relays based on
reed switches and discrete solid-state components, can fill
certain niche in area of the modern relay protection.
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