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N300peTeHne 0THOCUTCS K ANEKTPOTEXHHUKE, 8 UMCHHO K PEIICHHOM 3aIluTe, 1 MOKET OBITh HCIIOIh30BAHO
B KauecTBe crocoba 3aluThl OJOKOB IeHepaTop-TpaHchopMarop OT KOPOTKHX 3aMBbIKAHWNA B JTMHUH B
KOJIBIIEBBIX CXEMaX OTKPBITOTO PaCIpeIeUTEIFHOTO yeTpoiicTBa. TeXHUIecKuil pe3yabTaT H300peTeHuS -
MPEAOTBPAIICHUE OTKIIOUCHHsI OJIOKA OT €ro Pe3ePBHOM 3aIUTHI IIPU OTKA3C JIOTUYCCKON YaCTH 3aIUT
JIUHUHM OT KOPOTKUX 3aMBIKAHHWH ITyTEM 3arpeTa OTKIIOYCHHS BBIKITIOYATEIICH, HE SBISTFOIIUXCS OOIIMMH
JUTS OITOKOB M OBpeKAeHHOW MiHUU. Crioco0 3amuTel OJ0KOB reHepaTop-Tpanc(opMarop oT KOPOTKUX
3aMbIKaHUW B JIMHUU B KOJIBLIEBBIX CXEMAaX OTKPBITOTO PACIIPEAEIUTENIBHOIO YCTPOUCTBA, IPU KOTOPOM
M3MEPSIIOT 3aJlaHHbIE MapaMeTphl, XapaKTepU3yIIIHe KOPOTKHE 3aMbIKaHUS B JIMHUU, MPU PABEHCTBE
KaKoro-T0 M3 3THUX MapaMEeTPOB 3aJaHHOW BEJIMYMHE WJIM NPHU MPEBBIIUECHUHM IMOCIEIHEH HAYMHAIOT
OTCUUTHIBATh BpeMs t;, TAe t;=tp;+t, gTAt; (B 3TOM paBeHCTBE tp; - BpeMs ACUCTBUS PE3EPBHON 3alIUTHI
JTUHUH; t,p - BpEeMs OTKIIOUEHHS BBIKITIOUATENsl JUHWM, At; - BpeMs 3araca), ¥ €CJIM BBIKIIOYATEIH
BKJIFOYCHBI, TO HAYMHAIOT OTYET BpEeMEHH t, (TAe t, YUIUTHIBACT HEOMHOBPEMEHHOCTH CpaOaTHIBAHHUS
PE3EPBHBIX 3aIIUT OJIOKOB U OTKIJIFOUCHUS BBIKIIFOUATEIICH ), OTHOBPEMEHHO Pa3phIBAIOT IICTTH OTKITIOUCHHUS
BBIKJTIOUaTeNiell OJIOKOB, HE MMEIOIIMX OOIIMX BBHIKITIOUATENIE C MOBPEXACHHON JTWHHWEH, W IMONaoT
HaIpsDKEHUE Ha KaTyIIKU OTKJIFOYEHMs BBIKJIIOUATENEd STOW JIMHUM, U OTKIIOYAIOT €€, 3aTeM cpasy
MOCJIC 0TYETA BPEMCHH t, COSTUHSIOT pa30PBAHHBIC I[CTIH OTKJIIOYCHHUS. DKOHOMUYECKHit 3 dekT 3ampera
Ha JCWCTBHE PE3CPBHOM 3aIIUTHI OJIOKOB TeHEepaTop-TpaHchopMaTrop Ha OTKIIOYCHHE BBIKITIOYATENICH
HEMOBPEKICHHBIX MPUCOCIUHEHUN MpU OTKa3e 3alllUT OAHOW JIMHUM IO3BOJIIET CHU3UTH IOTEPH
MOIIIHOCTH B KOJIBLIEBBIX CX€MaX OTKPBITOTO PacTpeieTUTEIbHOTO YCTPOHCTBA.
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HO02H3/05

CIIOCOB 3AIINUTHI BJIOKOB I'EHEPATOP-TPAHCP®OPMATOP OT
KOPOTKHX 3AMBIKAHHMH B JINMHUA B KOJIBIEBBIX CXEMAX OTKPBITOI'O
PACHPEJEJIUTEJABHOTIO YCTPOUCTBA

H300peTeHne OTHOCHTCA K 3ICKTPOTEXHHKE, 4 HMCHHO K PEICHHOM 3aI[UTe U MOKET OBITh
HCTOJNB30BAHO B KadecTBe crnocoda 3anuThl OJIOKOB T'e€HEpaTop-TpaHc(opMaTop OT KOPOTKHX
3aMBbIKaHKUH B JIMHUM B KOJMBLEBBIX CXeMaX OTKPBITOrO pacipelesMTeNIbHOro yeTpolcTBa.

H3BecTen cmoco® 3aluTeI OT KOPOTKHX 3aMBIKAHHH B JHMHWM B KOJIBIICBEIX CXEMax
OTKPBITOTO  PACIpEACIUTEILHOTO  YCTPOMCTBA ¢  HECKOJILKEMH  OJIOKAMH  TE€HEpaTop-
TpaHchopMaTop, MpH KOTOPOM H3MEPAKOT 3aJaHHBIC NapaMeTpbl cpabaThiBAHHA PE3EPBHOH
3aUThl, XapakTepH3YIILIUE KOPOTKHE 3aMblKaHHA B JIHHHH, M KaK TOJbKO KaKOM-TO M3 HHX
CTAHOBUTCA PAaBHBIM 3TAJIOHHOMY MapaMeTpy, OTCUMTHIBAIOT 3aJaHHOE BpPeMS H OTKIIOYAIOT
BEIKNIOUATeTd JHUA [AHjapees B.A.  Penciimag 3zammTa W aBTOMaTHKa  CHCTEM
anekTpocHabxeHus. — M.: Boicu. mk. 2006. — 639 c., ¢ un.].

HenoctatkoM 9Toro crnocoba sABIAETCA TO, YTO B KOJBUEBBIX CXEMax OTKPLITOTO
pacupeaeMTeILHOI0 YCTPOMCTBA IPH KOPOTKOM 3aMBIKAHMM Ha JMHHKA B CIy9ae OTKaza
JOTHYECKOM YacTH €€ 3auuMT OT KOPOTKHMX 3aMbIKaHMH (HaopuMep, H3-3a HCYE3HOBCHMSA
ONEpPaTHBHOIO TOKa), PE3EPBHBbIC 3alluThl OJOKOB, cpabaTbiBasg, OTKIIOUAKOT BCE CBOM
BBIKITIOYATENH B OTKPBITOM PacOpeie/IUTE/ILHOM YCTPOHCTBE, YTO MPUBOJAUT K TPEKpPaLLCHHIO
BEIJAYH MOIIHOCTH, KAK MUHUMYM OJHHM K3 OJIOKOB, @ B HCKOTOPBIX CIyYagX K IIOTAIICHHIO
ANEKTPHICCKON CTAHITHH.

TexHuueckHH pe3ynbTaT K300pETEHHA — NOPEAOTBPAIEHHE OTKIKYCHHSA ONoKa OT €ro
PE3CPBHOM 3alllUTHI [PH OTKA3€ IOTHYECKOM YACTH 3aIMUT JIMHUI OT KOPOTKHX 3aMBIKaHWI TTyTEM
3anpeTa OTKIIOUECHHS BREIKIIOUATEIICH, HE ABIAIONIHXCS OOMMMH 119 OJI0KOB M IIOBPEXKACHHON
JTHEHH.

TexHuueckuil pe3ynbTaT AOCTHTaeTcs 34 CHET TOrD, YTO B Crmocode 3amuThl OJ0KOB
reHEPaTOP-TPAHCHOPMATOP OT KOPOTKHX 3aMBIKAHKI B IHHUH B KOJIBIIEBBIX CXEMAX OTKPBITOTO
pacupeAenuTeALHOT0  YCTPOHCTBA, IIPH  KOTOPOM  H3MEpSIOT  3a/laHHBIC  MapaMeTphl,
XapaKTepHU3YIOIHEe KOPOTKHE 3aMbIKaHUA B IIMHUM, AONOJHHUTEIbHO MPH PABCHCTBE KAKOTO-TO
M3 3THX MapaMETPOB 3aJaHHON BEJIMYMHEE WM TpH MPEBLILCHHH MOCNEAHECH HaYHHAKOT
OTCUMUTHIBATL BpeMms &y, rac t; = tpg + £,p + Aty (B 3TOM paBeHCTBE pz — BpeMs AcUCTBHA
PE3E€PBHOM 3AIUTH JIMHUK; £, g — BpeMs OTKIFOYEHHUS BBIKIIIOUATEIA IIMHUK; At — BpeM1 3ariaca),

H ©CIH BBIKIKOYATEIIH BKJINYEHBl, TO HAYHHAOT OTYET BpeMecHH & (rﬂe t, YUMTBIBACT
1



HEOJHOBPEMEHHOCTL cpabaThiBaHUs PEe3EpPBHLIX 3alIUT OJIOKOB U OTKIIIOUEHUS BBIKIIOUYATENE),
OJHOBPEMEHHO Pa3pbiBAIOT LIENM OTKINYEHHA BBIKIIOYATENCH OMOKOB, HE MMEHIIHX OOLINX
BBIKIIOUATENCH C MOBPEXKICHHOH NHHMEH, M MOJAIOT HANPSKCHHE HAa KATYIIKKH OTKIIOYEHHS
BBIKTIOYATENCH ITOH IMHKH, K OTKJII04AIOT €€, 3aTeM cpa3y Nocje OTYETa BpEMEHH £y COCAUHSAIOT
pa3opBaHHLIC LCITH OTKITIOYCHHS.

Ha ¢ur. I npeacrapnen cnoco® 3amuTsl 0JI0KOB TeHepaTop-TpaHcopMaTop 0T KOPOTKHX
3aMBIKAaHHH B IMHUH B KONBLEBLIX CXEMaX OTKPBITONO pacnpeacauTebHOro yeTpoicTsa.

Ha ¢wur. 2 noxasan ¢$opMHpPOBATEIb 3aMPEILAOIIKMX CHIHATOB ANA 3allKUThl OT KOPOTKHX
3aMBIKAHWA B IIMHHMM B KOJBIEBHEIX CXEMaxX OTKPBITOTO Paclpe/eUTEILHOTO YCTpOHCTBA
OIECTUYTQJILHHK,

Ha ¢ur. 3 nmokaszana cxema LIECTUYTOJIbHUKA Tpu Os10Ka reHepatop-TpaHcdopmaTop — TpU
THHUH.

Crioco0 3ammTh 610KOB TeHepaTop-TpanchopMaTop OT KOPOTKUX 3aMEIKAHHUK B JIMHHH B
KOJIBLIEBBIX CXEMaX OTKPBITOTO pacnpelcIuTEIbHOTO YCTPOMCTBA MOXKET OBITH OCYILECTBICH C
MOMOLLBIO YCTPOHCTBA, KOTOPOE COACPKHUT 00K | KOHTpONsA BpeMeHH cpadaTbiBaHUs peneHHON
3auIuThl U popMUpOBaTENs 2 3anpellaloliuX curnanoB. bnok 1 cocTouT u3 6noka 3 u3MepeHus
NMUHEM ¥ 6110Ka 4 KOHTPOJIA [TOJIOKEHHS BLIKIIOUATENEH THHIM, BRIXOBI KOTOPLIX MOJKITIOYCHE]
K BXogaM aneMeHTta U 5. Beixon anementa M 5 moainmouer k Bxoxy peiae 6 BpeMmeHu (¢ur. 1),
BBIXOJ KOTOpPOTO siBNsieTCs BBIXOAOM Osoka 1. Beixon 6:10xa 1 ¥ BBIXOAB pe3epBHBIX 3aILUT
ONoKOB reHepaTop-TpaHc(hOpMaTOp NOAKIIOYEHBI K BXoXaMm (opmMupoBaTens 2, BBIXOAbI
KOTOPOTO MOAKIIOYEHEI K COOTBETCTBYIONIUM BLIKIIOYATEIAM.

YcrpoiicTeo pabotaer creayromuM obpasoM. Hanpumep, Wi JMHHH KOJBLEBOH CXEMBI
OTKPBITOrO pacnpeAcIHTENbHONO YCTPOUCTRBA IECTHYTOJILHUK € IEPBBIM 7, BTOPLIM 8 U TPETHUM
9 bnokamM reHeparop-TpaHcdopmarop W neppoit 10, Bropoit 11 u Tperbeit 12 NMHHHAMH,
NOJKNIOYECHHBIME depe3 nepBrlit 13, BTopoit 14, Tperuit 15, ueTBepthiit 16, iaTeni 17 u mecToi
18 BrIIFOUATENH, POpMHUpOBATEh 2 COAEPKHUT nepBoe 19, BTopoe 20, TpeThe 21 U ueTBepTOE 22
npoMexyrodnbie pene (dur. 2, 3). K karymkam 23 OTKIOYEHWS TPOMEXYTOUHBIX pele
IO KIIOUEH BBIX0 Omoka 1. K 3aMBIKaronuM KOHTaKTaM 24 IEpBOro MPOMEXKYTOTHOTO pene 19
IOJKIIIOUEHBI BBIXOJ pe3epBHOM 3alMTHI niepBoro Oioka 7 reHepaTop-TpaHchopMaTop B BXOJ
LeneH oTKIoueH s BelkouaTens 15. K 3aMbikaomum KOHTakTaM 25 BTOPOTO IPOMEKYTOUHOTO
pesie 20 NoAKITIOYEeHB! BRIXO/I PE3E€PBHOI 3aIIUTH BTOPOTO OI0Ka § reHeparop-TpancdopMarop u
BXOJl NENeH OTKIIQUEHHs BRIKmMiodarens 16. K 3aMBIKalomUM KOHTakTaM 26 TpeThero
NPOMEXKYTOUHOTO pene 21 noAKIOYEHBI BEIXO PE3EpBHOH 3al1UThl BTOporo 610Kka 8 reHepartop-

TpaHc(opMaTop U BXOA LeneH OTKIUeHHMs BbIKIouaTens 17. K 3aMblkalomuM KoHTakTam 27



4YETBEPTOro MPOMEKYTOUHOrO pene 22 NOoAKIIOUEHBI BBIXO PE3CPBHOM 3alUTHI TpeThero 610ka
9 rexeparop-TpaHcdopmMaTop U BXOA LEMEH OTKIOMEHHS BeIKIouaTens 18.

B BopmanbHOM pexxuMe paboThl, IPH OTCYTCTBHK KOPOTKOTO 3aMbIKaHKS B [IEPBOH THHHU
10, iepssiii 13 1 BTOpo# 14 BRIKIMIOYATEW BKIIOYEHB], BlIOK 4 IOChUIaET CHIHAI HA TIEPBBIH BXO ]
aneMeHTa U 5, Ha BTOpOM BX0Z€ KOTOPOro OTCYTCTBYET CHIHA OT O/10ka 3 U3MEpEHHMit pesleiHbBIX
samut muHEK 10. Pene 6 BpeMenH He 3ammyckaeTcst. Y cTpoicTBO He cpabaTbiBacT.

Ilpu KOPOTKOM 3aMBLIKAHWH B nepBoi muuuu 10 610k 3 1 610K 4 OTHOBPEMEHHO IFOCHIIAIOT
CHIHAIIBI HA BX0/1a 3sieMeHTa U 5, ¢ BBIX0/1a KOTOPOro Ha pene 6 BpeMeHH HOCcTynaer cureai. Pene
6 BpeMCHH HAYMHACT OTCUHTLIBATE BPeMH &

t; =tpg + top + AL
r/1e tpy — BpeMst JICHCTBHA PE3EPBHOM 3al[ATHI THHUH, L, — BpeMS OTKIIOUEHHS BHIKIFOYATEISL
munuy; At; — BpeMms 3amaca. Tak kak 3amuTa JIHHHM WCOpaBHA, To TepBBId 13 u BTOpOil 14
BBIK/TIOUATENH OTKIIOYATCE pesieHHoH 3amuTol muuuu 10. brok 4 nepecraner BrlZaBaTk CUTHAT,
U OTCHET BpeMEHHM i, mpepniBaeTcs. Pene 6 BpeMeHH BO3BpallaeTCs B HCXOAHOE IIOJIOXKCHHE.
YcTpoiicTBO He cpadaThIBacT.

IIpu xopoTkoM 3aMbikaHHK Ha JHHHH 10 B ciydae oTka3a e€ 3aluT, nepeelid 13 ¥ BTOpOl
14 BoIkIIOHATENM OCTAIOTCA BKIIOUCHHBIMH. Pene 6 BpeMeHHM HAaYMHACT OTCYUTHIBATEH BpeMd t;.
[lo okOHYaHHIO OTCYUETAa ATOTO BPEMECHH ¢ peie 6 Ha BXoad dopMHUpoBaTens 2 3anpelualoriiux
CUIH&IOB TOJAcTCA HampsbkeHue K Kartywkam 23 nepsoro 19, sroporo 20, Tpetbero 21 u
YETBEPTOr0 22 NpPOMEXKYTOUHBIX pene. KX kouTtakTel 24, 25, 26 u 27 pasMbIkaioTcs (OHU
HOPM@JIBHO 3aMKHYTHl), HE [JaBas PE3E€PBHBIM 3alIMTaM OJOKOB TeHepaTop-TpaHchopMaTop
noJaTk CUCHaJBl Ha OTKIIOYEHHE TpeTbero 15, derBeproro 16, maroro 17 u mecroro 18
BBIKITIOUATENEH, KOTOpbIEC HE ABIAIOTCA OOIKUMH ¢ noBpexacHHON nuuueit 10. biaoku rereparop-
TpaHchOpMaTOp NPOJOKAT BBIJAYY MOITHOCTH BO BTOopylo 11 u tperpto 12 munuu. llo
HCTEUEHHUIO BPEMEHH Ly (t; = t,p + At;) CHUMAIOT 3alIpeT Ha OTKIYEHHUE BRIKIIOUATENeH. D10
obecrneyuBaeTcs BBIICPKKOM BpEMEHH IPOMEKYTOUHOTO pelie IpH OTHalaHuH.

s ocTanbHBIX KOJBLEBBIX CXEM OTKPHITOTCG pacnpelciHTEe]bHOrO YCTpoHcTBa OJ0K
KOHTPOJIA BpEMEHH CpadaTbiBaHUA PEACHHOH 3aluThl OyAeT TOUHO TAKOH JKe AIsd Moboit u3
NMEMHA, HO € /JpYyrdM BpPEMEHEM, YCTAaHOBICHHLIM Ha pele BpeMeHH, a (opMUpOBaTelh
3aTIpelaouX CHTHAIOB Oy/IeT OTIHYATELCH KOIHISCTBOM IIPOMEKYTOUYHLBIX pelie, JeHCTBYIONNX
Ha 3a[0peT OTKIIOUEHHA COOTBETCTBYIOLIMX BBIKIIOYATENEH.

DKoHOMHUECKUH 3(EeKT — 3anpeT Ha AeHCTBHE pe3epBHOM 3allMTh OIOKOB TeHEpaTop-
TpaHC(HOPMATOP HA OTKIOHEHHME BBIKIIOHATENEH HENOBPEX/CHHBIX NPHCOEAMHEHMH IpU
OTKa3e 3allidT OJHOM M3 IMHHUK, NO3BOJIAET CHU3UTh NOTEPH MOLIHOCTH B KOJIBLIEBBIX CXEMax

OTKPBITOrO paclpeleNHTENbHOIO YCTPOHCTRA.



Hceenenosanue gunancupyetcs KoMuTeToM HaykdM MHHHCTepcTBa 00pa3oBaHUA M HayKH

Pecniyonuxu Kazaxcran (rpant Ne AP09058249).



®OPMYJIA H3OBPETEHHA

Cnioco® 3amuTh! OI0KOB reHepaTop-TpaHcPOpMATOp OT KOPOTKHX 3aMbIKAHHH B JIHHHH B
KOJIBIIEBLIX CXE€MAaX OTKPBITOIO PACHPEIEIHTENBHOIO YCTPOHCTBA, NPH KOTOPOM H3MEPHIOT
3aJaHHbIC IapaMETPhl, XapakKTCPHU3YIOILHE KOPOTKUE 3aMBbIKAHHA B JINHKUH, OTIHYAIOLIHHCA TeM,
YTO NPHA PaBEHCTBE KAKOI'0-TO M3 3TUX MMapaMEeTpOB 3aJaHHOH BEIMYMHE WIK IIPH [IPEBBINICHHK
HOCIE/HEN HAYMHAKOT OTCYUTHIBATh BpeMs tq, T7ie t; = tpy + t, g + Aty (B 3TOM paBeHCTBE tp3 —
BpeMsI ICHCTBUS Pe3epBHOM 3alTUTHI TMHUY, £, g — BPEeMS OTKIIIOUCHHS BRIKITIOIATENS TUHUK; Aty
— BpeMsl 3amaca), 4 €cli BBLIKNIOYaTENH BKIIOYEHB!, TO HAUMHAIOT OTYET BpEeMeHH & (rae s
YYHTBIBAET HEOHOBPEMEHHOCTh CpadarbIBaHUS PE3EPBHBIX 3aMMT OJOKOB W OTKIKOYCHHS
BBIKIIIOHYATENCH), OJHOBPEMEHHO pa3phIBAIOT LEMNK OTKIIOYEHMS BBIKIIOYaTeled OIOKOB, HE
HMEIOIIKX O0MIMX BBIKIOYATENEH ¢ TOBPEKACHHON THHUCH, H IOJAI0T HANPSHKCHUE HA KATYILKH
OTKJIKOYEHNA BHIKIIOYATEIEH 3TOM JIMHHH, U OTKIIIOYAIOT €€, 3aTeM ¢pas3y HOoCIe 0TIdeTa BpEMEHH

t» COEOUHAIOT Pa30opeaHHLIC LICTIH OTKIIOUYCHHA.



CITOCOB 3AILINTEI BJIOKOB TEHEPATOP-TPAHCOPOPMATOP OT KOPOTKHX
3AMBIKAHHWH B JIMHUH B KOJIBIIEBBIX CXEMAX OTKPBITOI'O
PACTIPEJEJIMTEJILHOI'O YCTPOMCTBA
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CITOCOB 3ALINTEI BJIOKOB T'EHEPATOP-TPAHCOOPMATOP OT KOPOTKHX
3AMBIKAHHWH B JIMHUH B KOJIBIIEBBIX CXEMAX OTKPBITOI'O
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