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(57) M3obpeTeHne OTHOCHTCS K 3IEKTPOIHEPTEeTHKE, 8 IMEHHO K TEXHHKE PEIeHHOH 3aIiThI, 1 MOXKET OBITh HCIIOJIb30BaHO

JUISL 3alUTHl IIMH 3JEKTPUYECKUX CTAaHUMHA M MOACTAaHIMHM OT KOPOTKHX 3aMbIKaHMM. TexHHuYecKuil pesynbrar -
UCKIIIOYEHHE HecpabaThIBaHWI WM JIOXKHBIX CpaOaThIBaHMI 3alUTHl IIMH HAa TEPKOHAX 3a CUET BBISABICHHS
HEHCIIPaBHOCTEH €€ 31IEMEHTOB. JTO JIOCTHIaeTCsl TEM, UTO B 3aIUTy HIMH HA TEPKOHAX BBEJEHBI IIEPBOE, BTOPOE U
TpeThe MPOMEKYTOUHBIE pelie, 0OOMOTKHU yIpaBIeHUs], CHTHAIIbHAS JIaMIIa, epBasi ¥ BTOPasi KHOMKH, TPUYEM HepBbIe
KOHTaKThI TEPKOHOB Uepe3 HOPMaJbHO 3aMKHYTBIE KOHTAKThI IEPBOTO MIPOMEKYTOUHOTO Pele MOAKITIOUEHBI K BXOJaM
nepsbix dnementa MJIU u anementa WJIM-HE, BbIX0x MUCIIOMHUTENBHOIO OpraHa 4epe3 NnapajulebHO BKIIOUEHHbBIE
HOPMaJIbHO Pa30MKHYTBIE KOHTAKThI BTOPOTO M TPETHETO MPOMEKYTOUHBIX pejie MOJKIIOYEH K CHTHANbHOI namre, a
Yepes M0CIeA0BaTeNIbHO BKIFOYEHHBIE HOPMAJIbHO 3aMKHYThI€ KOHTaKThl BTOPOTO M TPETHEr0 NMPOMEKYTOUHBIX pelie -
B IICTIb OTKJIFOUCHUA BBIKJTIOYATEIIEH l'lpI/ICOG,JII/IHeHI/If/i NNOAKJIIOYEHHBIX K HIMHAM, IIEPBOC U TPETHE ITPOMEKYTOUHBIC
pesie yepe3 MepBYIH0 KHOIKY IMOJKJIIOYEHB! K IIIFOCY MCTOYHUKA ONEPaTUBHOIO TOKA, HOPMAIbHO PAa3OMKHYThIC
KOHTAKThI TIEPBOI0 MIPOMEKYTOUYHOI'O pelie IMOAKIIOYEHB! K TeM ke BxogaM BTopbIx aeMmeHTa MJIM-HE u snemenTa
WJIN, uTo 1 BTOpBIE KOHTAKTHI TEPKOHOB, BTOPOE IIPOMEKYTOYHOE PeJle Yepe3 BTOPYIO KHOIIKY HOAKIIOYEHO K ILTI0CY
HCTOYHMKA OIIEPAaTHBHOTO TOKA, OOMOTKH YIPaBJICHHs HAJICThl Ha FEPKOHBI U OJHHM BBIBOJIOM ITOIKIIIOYEHBI Yepe3
BTOPYIO KHOIIKY K IUIIOCY UCTOYHHKA OIEPATHUBHOIO TOKA, a JPYTMM BBIBOJOM IOJKJIIOYEHBI K MUHYCY MCTOUYHHUKA
OIIePaTHBHOTO TOKAa. DKOHOMHYECKNUH 3 (EeKT - yMEHbIICHNE ceOeCTOMMOCTH YCTPONUCTBA 3a CYET HCIIOIB30BAHNS B
Ka4ecTBe JIaTYNKOB TOKA FePKOHOB BMECTO TPaHC(HOPMATOPOB TOKA, a TAKKe CHIDKCHHUE yliepoa OT HecpadaThIBaHHs
3aLIUTHL 33 CYET CBOCBPEMEHHOI'O BBISIBIICHUS €€ HEUCIIPABHOCTH.
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HO2H 3/38
SAIHUTA LIUH OT KOPOTKHX 3AMBIKAHUIA

W300peTenue OTHOCHTCA K HIIEKTPOIHEPTETHKE, @ MMEHHO K TEXHUKE PEICHHOHN 3aIHUThI, U
MOXKET OBITb HCMOJNB30BAHO AJd 3aLIMTHl LIKH SACKTPUHUECKUX CTAHUMI M MOACTAHUUH OT
KOPOTKHX 3aMBbIKaHH.

H3BecTHA 3ammTa IMH OT KOPOTKUX 3aMbIkauuii [H.B. YepnoOpoBoB. Peneitnas 3amqura
IHEPreTHYECKUX cucreM. — M.: Dueproatomuzpar, 1998. — C. 800], coxepxkainas peune,
MOJKIIFOYEHHOE K TpaHchOopMATOpaM TOKa BCEX MPUCOCIUHEHHH, H UCIIONHUTENBHBIN OpraH.

HenoctaTkoM 3TOH 3amuTBI SBISETCS HEBO3ZMOXKHOCTL PaboTHl 03 METaNIOeMKUX H
IPOMO3JKUX TpaHC(HOPMATOPOB TOKA.

Haubonee 6nu3kol K mpeanaraeMoM ABAAETCA 3alIUTA LIHH OT KOPOTKHX 3aMblKaHud [KZ
21963 MIIK HO2H 3/38, ony6n. 15.12.2009], coaepixatiiasn noasipu3oBaHHLIA TepKoH 11 KaXJ0H
(ha3bl OTXOJAMIMX OT IOKMH TOKOIPOBOJOB, PACIIONQKEHHBIN B 30HE JEHCTBHS MX MArHHTHOTO
nojs, nepeeie memeHT WIM-HE u snement MJIM, nipudeM BTOpbIe KOHTaKThl T€PKOHOB
OJHOHUMEHHBIX (a3 noakmoueHbpl K BropbiM anemeHTy WJIHM-HE u snementy WJIH, BbIXOabI
nepsoro anemedTa UJIN-HE u BTOporo snementa UJIKM noakmoueHsl K nepsoMy sieMeHTy U,
BeIXOABI BTOpore 3neMeHta MJIM-HE u nepsoro snemenra WIM noaxkmodeHsl K BTOPOMY
anemenTy W, BBIXOJBI MEPBOTO U BTOPOrO 3yeMeHTOB M mojacoequHensl K MCHOIHUTENLHOMY
oprasy.

Henmocratkamu 3TOH 3alUTHl ABIAIOTCA BO3MOXHOCTB HecpabaTbiBaHHS MIH JOMHOTO
cpabaTeIBaHus W3-33 CBOCBPEMEHHO HE BHEIABICHHBIX HEHCIPABHOCTEH €ro MIEMEHTOB.

Texuudeckuii pe3yapTaT — HCKIIOYCHHE HecpabaThIBaHMH WM JOXKHBIX cpabaThbIBaHUKi
3alMTH! LIMH Ha FEPKOHAX 3a CUCT BBIABJICHUA HEUCIIPABHOCTEH €€ 3JIEMEHTOB.

TexHUYEeCKHH PE3yNbTAT JOCTHTAETCA TEM, YTO B 3alIMTY IIWH Ha I€PKOHAX, COJEPXKAIYH)
TOISAPU30BAHHLIN MEPKOH JUTS KaX10# (ha3sl OTXOAIINX OT ITHH TOKOTIPOBOJIOB, PACTIONOKEHHEIH
B 30HE JCHCTBHUS MX MarHUTHOro noiui, nepsule dnemeHT WJIM-HE u snement WUJIHW, npuaem
BTOpbIE€ KOHTAKThl FEPKOHOB OJHOMMEHHBIX (ba3 MoAKMOUEHH! K BTopbIM 3nemenTy UJIN-HE u
anementy MJIH, Beixoss! nepsoro sneMenra HJIH-HE u Broporo anemenra MJIH noAKIKOYEREI K
nepsoMy anementy W, Beixonael BTOoporo aneMmenta WJIM-HE u mepBoro smementa WMJIN
HNOJKITIOYCHBI K BTOPOMY 3JIeMeHTY M, BBIXOIBI IEPBOTO H BTOPOTO 311eMeHTOB ¥ nojacoeMHEHEI
K HCHOJHUTEILHOMY OpraHy, JONOJHHMTEJBHO BBeJeHbl [IEPBOE, BTOpPOE W TpPEThE
NPOMEXKYTOUHBIE peie, OOMOTKH YIPAaBICHHWS, CUTHalbHAS JIaMIla, NEPBAS U BTOpas KHOIIKH,
NMpHYeM IepBble KOHTaKThl [EPKOHOB YEpe3 HOPMAILHO 3aMKHYTblC KOHTaKThbl [IEPBOTO

NPOMEKYTOUHOIO peie MOIKIOYEHBl K BXoaaM riepeeix sneMeHTa WJIH u snementa UJIM-HE,
1



BBIXOJ HCMOJHUTENBHOIO OpraHa 4epe3 HapaulefbHO BKIHYEHHBIE HOPMANbHO PAa3OMKHYTHIC
KOHTaKThbl BTOPOrO U TPETHErO MPOMEKYTOUHBIX peie OAKIYEH K CHTHAILHOH NaMIle, a uepes
NOCNEI0BATENBHO BIJIIOUEHHBIE HOPMAJBHO 3aMKHYTbIE KOHTA4KThl BTOPOrO U TPETBETO
HPOMEKYTOUHBIX pPelie — B IeNb OTKIYEHUS BBIKIIOYATENEeH NPUCOeIMHEHUH O IKITIOUEHHBIX K
IIKHAM, TIEPBOC U TPEThE MPOMEKYTOUHBIE pele Yepe3 MEePBYIO KHOMKY MOAKIIOUEHB] K MIII0CY
HCTOYHHKA OICPAaTHBHOIO TOKA, HOPMAaILHO Pa30MKHYTBEIC KOHTAKTELI IEPBOTO MIPOMEXYTOTHOTO
pere MOAKIIOYEHEI K TeM K€ BXoJaM BTopeix aemenTta WJIN-HE u snementa UJIH, 4To 1 BTOpEIC
KOHTAaKThl F€PKOHOB, BTOPOE IPOMEXKYTOYHOE pelie Yepe3 BTOPYH KHOIIKY MOKIKYEHO K ILTHCY
HCTOYHHMKA ONEPAaTHBHOIO TOKAa, OOMOTKH YNpaBJICHHs HAACTH Ha repKOHBI ¥ OJHUM BBIBOIOM
MOJKIIOYUEHBI HePe3 BTOPYIO KHOMKY K ILTOCY HCTOTHHKA OTIEPATHBHOTO TOKA, & APYTHM BEIBOJIOM
OOAKIIQYEHBI K MUHYCY HCTOYHHKA ONIEPaTHBHOTO TOKA.

Ha dur. 1 npeactaBieHa cTpyKTypHas cXeMa 3alMThl INHH HA TEPKOHAX.

3auura WHH OT KOPOTKHX 3aMblKaHKiH COAECPKUT IrepKoHbl | ¢ koHTakTaMu 2 ¢ 3. ['epkoHbl
yCTAHOBJICHBI B MATHUTHOM I[10JI¢ TOKOIIPOBOIOB OJHOUMEHHBIX (ha3 pa3sHbBIX IPUCOCTHHEHUE TAK,
4TO B OJHY MONTYBOJHY HEPEMEHHOTO TOKA, HATIPUMEp OTPHUILIATEILHYIO, 3aMBIKAKOTCS KOHTAKTHI
3, a B Opyryilo — KoHTakThl 2. KOHTakTel 2 4epe3 HOpPMaJbHO 3aMKHYThIE KOHTaKThl 4
MPOMEKYTOUHOTO pesie S noakiryeHsl K BxodaM anementos MJIW 6 u UJIM-HE 7, a koHTakTh 3
— x BxomaMm anementoB MJIM 8 u WJIM-HE 9. Brixoaw snementos WIHW 6 u MJIM-HE 9
noakmoueHsl K 3neMenty M 10. Brixoawr snementos WJIW-HE 7 u WM 8 nmoaxmodeHsl K
anemenTy U 11. Berxoael anementoB M 10 u 11 noakitoueHsl K HCIONMHUTENbHOMY oprany 12.
Beixoa KCNOMHUTENBHOTO OpraHa 12 dyepes napaaienbHO BKIOYCHHBIC HOPMANBHO PA30MKHYThIC
KOHTakKThI 13 # 14 npoMexyTodHbIX pene 15 u 16 moakIodeH K curHaibpHoM gamne 17, a gepes
MIOCNEIOBATEIFHO BKIIOYCHHBIC HOPMATEHO 3aMKHYTHIC KOHTAKTHI 18 1 19 mpoMexyTOYHEIX pere
15 u 16 — B Uenb OTKIIOUEHHA BhIKTOUATENeH 20, 21, 22, 23 npHcoeAMHEHHH NOAKIIOUEHHBIX K
nirHaM 24. Tlpomexkyroussle pene 5 U 16 4epe3 KHONKY 25 DOJKIIIOYEHB] K IUIIOCY HCTOYHHKA
OTCPaTHBHOTO TOKa. HopMansHO pa3oMKHYTBIC KOHTAKTEl 26 IMPOMEXYTOYHOTO pene 5
OOJKIIOYEHBI K TeM ke Bxoaam 3neMenToB WJIK 8§ u UJIN-HE 9, 9To ¥ KOHTAKTHI 3 IepKOHOB 1.
[Ipomexyrounoe pene 15 uepe3 KHonKy 27 NOAKIKYEHO K TUIIOCY MCTOUHHMKA OMEPaTHBHOIO
Toka. OOMOTKH 28 HaJIeThl Ha NEPKOHB! | M OJIHHM BBIBOJIOM TNOAKIHEHB 4€pe3 KHOUKY 27 K
ILUTIOCY HCTOYHUMKA OTICPAaTHBHOTO TOKA, a APYTUM BBIBOJOM HOJKIIOUEHE K MHHYCY HCTOYHHKA
OTICPaTUBHOTO TOKA.

3amura mKH OT KOPOTKHX 3aMblKaHMi padoTaeT ciaeayrowuM obpazoM. B HarpysouHom
pPEXHMME W TPHA BHENTHEM KOPOTKOM 3aMBIKAHWUHW TOISPHOCTE TOKa XOTA OBl B OJHOM
npucoeIHHEHHM B MwO0H monynepuod He cOBOAAAET C MOJISPHOCTbEO TOKOB B OCTalbHBIX

NPHCOCOVHCHHAX. Korna 3aMKHYT KOHTAaKT 2 répkona 1, YCTAHOBJICHHOTO BOJIM3H NIMH 3TOTO



MPUCOCIUHCHHUSA, 3aMKHYTBI KOHTAKTBbI 3 TE€PKOHOB 1, 3aKkpelIeHHLIX BONKU3H 0 JHOMMEHHBIX a3
OpYTHX NPUCOEAHHEHHUH, a KOTIa BO BTOPOH NOMYNEPHO TOKA 3aMKHYT €r0 KOHTAKT 3, Y ApYTHX
TFEpPKOHOB 3aMKHYTHl KOHTAKThl 2. B pe3ynpTare B 11000 MOMEHT €CTh T€PKOH | € 3aMKHYTBIM
KOHTAKTOM 2 ¥ repkoH 1 ¢ 3aMKHyTBIM KOHTAKTOM 3. ITosToMy Ha Beixoaax snementos MJIM-HE
7 1 9 cUTHaNOB HET H, KaK CICACTBHE, OTCYTCTBYIOT CUTHAMBI Ha BbIXoAax snemMeHToB M 10 11.
WcnonuurensHelii opran 12 He cpabaTeiBact.

Ilpy KOpOTKOM 3aMBIKAHWHM HA MIMHAX 24 B OJWH MOJYNCPHOJA 3aMEIKAIOTCA TOJIBLKO
KOHTAKTh! 2 Ha BCEX IPHCOEAMHEHHIX (TOKH BCEX NPHUCOEMHEHUH HAXOAATCA B (pase), B Apyrou
— KoHTakTe! 3. [IpH 3aMBIKAaHAKM KOHTAKTOB 2 U OTCYTCTBMM 3aMBIKaHHS KOHTAKTOB 3 Ha BBIXOJaX
sanementoB WIH 6 u WJIN-HE 9 nosensioTcs curnaisl. McnommurensHeii oprad 12 cpabaTriBaet
U MoJaeT CHUTHAI HA OTKIIOUeHME BhIKMiouarenci 20-23. Ilpu 3aMBIKaHHUM KOHTAaKTOB 3 H
OTCYTCTBMM 3aMbIKaHUA KOHTAKTOB 2 CUTHaJbI NOABIAIOTCA Ha Bhixonax anemeHToB MJIHM-HE 7 u
HJIH 8.

TecroBas AMArHOCTHKA 3alIUTHl OCYIIECTBIAETCA HaxaTHeM kuonku 27. Ha obMotkn 28
yTIpaBICHHS TEePKOHOB | MojaeTcs NOCTOSHHBIH TOK, KOTOPBEIM CO374aeT MarHUTHOE IIONE, C
HHAYKLUHEH, TPEeBHILAIIEH HHIYKLHIO 11071 OT TOKOB Harpy3ku B Heckosbko pas. [locnenHee
HeoOX0auMOo, UTO Obl IIPH MEPEXOAE TOKa HATPY3KU U3 OJHOM MOJIYBOJIHBI B IPYTYHO KOHTAKThI
repkoHa | He pa3sMbIkaimch. Torja y Bcex repkoHoB 1 OyaeT 3aMKHYT TOJBKO OJUH KOHTAaKT 2.
OpmnoBpeMeHHO cpadaTeiBaeT pene 15, paspplBag ILEeNb OTKIIOYCHUS  BBIKIIOYATENL
MEKTPOYCTAHOBKHM KOHTAKTOM 18 ¥ noakmouas BbIXOA HCHOOIHUTENBHONO opraHa 12
CUrHaIbHOM namne 17 yepes koHTakT 13. Tak kak KOHTakT 3 KakAoro repkoHa pasoMKHYT, TO
yepe3 3nemerTsl WIW 6 u WJIKW-HE 9 u ucnoaHuTeMLHEBIH oprad 12 curHai mogaeTcsa Ha JaMITy
17, xotopas, 3aropasick, coobmaer 00 HCIPAaBHOCTH PACCMOTPEHHBIX 371eMeHTOB. Kuonka 27
OTIYCKAETCs. 3aTeM HaKMMaeTcs KHOMKa 25, u nojaeTcs nuTaHue Ha peiae 5 u 16. Pene 16
pa3zMbIKaeT KOHTAKT 19 U 3aMBIKaeT KOHTAKT 14, BeINOMHSS Te e QyHKIuu, 9To U pene 15. Pene
5, cpabatniBasi, pa3MBIKaeT KOHTAKTHI 4 W 3aMBLIKACT KOHTAaKTHl 26. B pe3ynpTare Ha BXOBI
aneMenta MWJIU-HE 7 curnanel oT Bcex TepKOHOB | He MOCTYHaloT, a Ha BXo1kI aneMenTta MJIM 8
MOCTYIAkT CHUTHaJBI Yepe3 KOHTAKTH 26, MMUTHPYA 3aMbIKaHHe KOHTAakToB 3. Ecnu sneMeHTHI
WIJTN-HE 7, UJIA 8 u X 11 ucnpaBHbl, TO HCIOJIHUTEIBHBIN Oprad 12 BhIdeT CUIHAII Ha JaMITY
17. 3amuTa HenpaBHAa, KHOTIKA 25 OTOYCKAETCH.

DxoHomuueckuit 3dpdext — yMmeHwmieHue cebecTOMMOCTH YCTpOMcTBa 3a  CHUET
MCMONB30BAHUA B KaYECTBE JAaTYMKOB TOKA [EPKOHOB BMECTO TPaHC(OPMATOPOB TOKA, a TAKKE
CHIKCHHE yiepGa OT HecpalaThiBaHWS 3a0(MTHI 33 CYET CBOCBPEMEHHOIO BEBISBIECHHS €€

HECHCTIpaBHOCTH.



Hceenenosanue gunancupyercs KoMutetoM Hayk MuHHCTepcTBa 00pa3oBaHUMA M HayKH

Pecniyonuxu Kazaxctan (rpant Ne AP09058249).



®OPMYJIA M30BPETEHHA

3aliuTa UIMH Ha TEPKOHAaX, COAEpsKallas NOJAPH30BAHHBIA IepKOH A8 KaxaoH ¢as3sl
OTXOJAIUX OT HIMH TOKOIPOBOJOB, PACIHOJOKEHHBIH B 30HE NEHCTBHA KX MarHMTHOTO IIOJS,
nepsrie wieMeHT UJIM-HE u anement UJIW, npuyeM BTOpbIe KOHTAKTbl T€PKOHOB OJHOMMECHHBIX
ta3 moaxmrodensl K BTopbM 3neMenty WINM-HE u snementy UJIH, BLIX0ABI IEPBOTO 3JIEMEHTA
WJIN-HE u BToporo anemenra MJIM noarmroyueHB! K IIEpBOMY 31meMeHTY W, BRIXOZBI BTOpOTO
anementa WJIM-HE u neproro snemenra MW noakinrodeHs! kK BTopoMy aiieMeBTY W, BBIXOJIBI
NIEPBOTO M BTOPOTO 371eMeHTOB W noxcoeAMHEHB! K HCIOMHUTENBHOMY Oprany, oTJIHYalomascs
TeM, YTO BBEJCHLI NEPBOE, BTOPOE U TPEThE NPOMEXKYTOUHBIE peie, 0OMOTKH YyIipaBieHuS,
CHTHaIbHAS JIaMIIa, NEepBasg H BTOpafs KHOIKU, NPHYeM IEPBbIE KOHTAaKThl T'€PKOHOB dYepes
HOPM&JIBHO 3aMKHYTBIE KOHTaKTHl IIEPBOI0 TPOMEKYTOUHOIO peje NOAKIIOUEHBI K BXOAaM
nepBbix iementa MJIM u snementra WJIM-HE, BbIXOA MCHNONHUTENBHOrO oOpraHa 4epes
napajuleJIbHO BKIIOYEHHEBIE HOPMAIBHO Ppa30OMKHYTHIE KOHTAaKTBlL BTOPOTO M TPETBETO
IIPOMEXYTOUYHBIX pele NOAKIIOYEH K CHTHAIBHOM JIaMIIE, a 4epe3 [IOCIEJOBATENIBHO BKIIFOYEHHBIC
HOPM&JIBHO 3aMKHYTbIE KOHTAKThl BTOPOTO M TPETbEro MNPOMEKYTOUHBIX pele — B LENb
OTKJIKYUCHUS BBIKNIOYATENCH NpHCOEAMHEHUI MOAKIIOYEHHBIX K IIMHAM, [EPBOEC U TPETbE
IIPOMEXYTOUHBIE pele Yepes NEepBYI0 KHOIKY MOIKI0YEHB] K INIOCY HCTOYHUKA ONEPaTHBHOIO
TOKa, HOPMaJIbHO Pa30MKHYTBIE KOHTAKTHI IIEPBOTO HPOMEKYTOUYHOIO pele MOAKII0YEHBl K TEM
xe Bxoaam BToprix aneMmeHTa MJIM-HE u snementa WJIH, uTo ¥ BTOpbIE KOHTaKThl T€PKOHOB,
BTOpOE [IPOMEKYTOUHOE pejie 4uepe3 BTOPYK KHOIKY MOAKIYEHO K IUIIOCY HWCTOYHHKA
OIIEePaTUBHOrO TOKA, OOMOTKH YIPARICHUS HAACTLI HA TEPKOHLI ¥ OHUM BBIBOJOM IOIKIIOYEHBI
gepe3 BTOPYIO KHOIKY K IUTIOCY UCTOYHMKA OIIEPaTUBHOTO TOKA, & APYTUM BBLIBOJIOM ITOAKIIOYCHEI

K MHHYCY HCTOYHHKA OIICPATHBHOIQ TOKaA.
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[ TOCIENYIOLME JOKYMEHTRI YKa3aHbl B NPOAOIDKCHUM
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