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Beeoenue

Ha npaxTuke Hepeako BCTpeyaroTcs CIydad, KOT/la MHUTaHUE MOTPEOUTENsIM BBIIAETCS
yepe3 HECKOJIbKO MapajijielIbHO BKJIIOYEHHBIX Kalenel (depe3 Tak Ha3bIBAEMBIM «IIydoK Kalde-
Jeit»). B Takux ciayyasx Ha KaXIOM U3 Kabeneil ycTaHaBIUBaeTCs CBOM TpaHchopMarop TOka
HyJieBoil nocnenoBatenbHocTd (TTHII), BropuuHble 0OMOTKH KOTOPBIX, HAIIPUMEDP, B COOTBET-
cTBUU c [1], BKiItoyatoTes aubo mapaiienbHo, JTU00 MOCIe0BaTeNbHO, MOCIE YeTo MOAKII0Ya-
€TCsl TOKOBOE peie.

B cootBercTBUM ¢ [2] B 3amuTe oT ogHOo(a3HBIX 3amMbikaHuii Ha 3emito (O33), ycTaHOB-
JICHHOM Ha My4Ke Kabenel, MOKET MOSABUTHCS TOK HebamaHca, 00yCIOBICHHBIN HEU1€aTbHOCTHIO
xapaktrepuctuk TTHII npu nmepepacnpeneneHnu TOKOB Harpy3ku B ¢azax mo kabemsim, BXOAs-
KX B IMy4oK. BenmumHa sToro HebamaHca 3aBUCHUT OT psfa (akTOpoB — CTENEHH Iepepacipe-
JIEJICHUs TOKa B OTIENbHBIX KaOelsx IMydka, CXeMbl coequHeHHs BTOpuyHbIX oOMoTok TTHII,
pa3nuuus UX XapakTepUCTUK HAMAarHMYMBAaHUA U Tak jainee. B [2] oTmedaercs, 4To Takoe nepe-
pacmpezieieHue TOKOB MOKET ObITh BBI3BAHO HEPABEHCTBOM COMPOTHBIICHUH KU KaOelew.

HekoTtopoe Bpemst Ha3zag HaMmu Oblia OOHapy’keHa ellé oJHa MpUYUHA Iepepacipeaese-
HUSl TOKOB B KaOelsix, CBS3aHHAs C HApyIIEHWEM KOHTAaKTHBIX cOoeMHEeHUH (a3 kabenei mpu ux
MOJICOeIMHEHUN B stuelike. [Ipy 3TOM BO3HMKAaeT HaMHOTO Oouibliiee MepepacrnpeiesieHue TOKOB
HaArpy3Kd o KaOensM, 4TO B CBOIO Ouepe/lb MPUBOJIUT K IMOSBICHHIO COOTBETCTBYIOIIETO TOKA
HeOanaHca B 3aIIMTE OT 3aMbIKaHUN Ha 3€MIIIO.

1. Iloagnenue mokog Hynegoii ROC1e006amenbHOCMU NPU HAPYUIEHUU

KOHMAaKmHIX COeOUHEeHUll a3 Kabeneii 6 mecme ux nOOKI104EHU

PaccmoTpuM citydaii HapymeHust KOHTAaKTHOTO COSAMHEHUS U TOSBICHUS TOKOB HYJICBOU
[OCJIEI0BATEIbHOCTH B Ka0elsxX Mydka Ha cienyrouiem npumepe. Ha puc.1 mpencrasinena cxema
MOJKITFOUEHUS TOTpeduTenss M, MOIyJaroniero NuTaHue OT CEKIUM COOPHBIX IIUH Yepe3 IMyvdOoK
U3 JIByX KaOeneil 1 cuioBO# BhIKIIOUaTeNb. B HOpManbHOM pexkume paboThl TOKM B (a3ax Io-
TpeOUTENST paBHBI MO BEITUYMHE M CABUHYTHI 1O (pase Ipyr OTHOCHTENBbHO apyra Ha 120 siek-
TpU4eckux rpaaycoB. CyMMapHbIil TOK Harpy3ku, 3Ha4eHHE KOTOPOro 3aBHCHUT OT peKuMa pa-
0OTHI TOTPEOUTEISI, PABHOMEPHO paclpeensieTcs mo kademsMm mydka. [Ipu 3ToM 3HaveHus mep-
BUYHBIX TOKOB, MPOTEKAIOLINX M0 KaXJI0My Kalenro, B 1Ba pa3a MEHbILIE CyMMapHOI'o TOKa Io-
Tpebutens. B pe3ynbprare 3TOro CyMMapHbIi MarHUTHBIM TOTOK B KaK10M U3 KabenbHbix TTHII
paBeH HYJIIO M TOKU B UX BTOPUYHBIX LETISIX OTCYTCTBYIOT. Pearupyromuii opran 3ammursl oT O33
HAXOJUTCS B HECPAOOTABIIIEM COCTOSHUH.

Sawwra ot 033 HapylueHne koHTakTHoro
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Puc. 1. Ilosignenue mokos Hyne8oll HOC1e008aMeNbHOCHU NPU HAPYULeHUU
KOHMAKMHO20 COeOUHEeHUs 8 nyuKe Kabenell

[Tpu HapymIeHUN OTHOTO U3 KOHTAKTHBIX COEJMHEHHH B KaOETHHOM ITydke (Hampumep, B



daze A BepxHero kabens Ha puc.l) TOK B COOTBETCTBYIOIICH (a3e kabenst ymeHbinaercs. Ho mo-
CKOJIKY CYMMapHBId TOK B (pa3ze A MOTpeOUTENs ONpeneiseTcsi B OCHOBHOM CONPOTHUBICHUEM
notpedures, a He Kabels (COMpOTUBIIEHNE KaOessl Ype3BbIYaiiHO Majo 110 CPABHEHUIO C COIIPO-
TUBJICHUEM TOTPEOUTENSI), CyMMapHbIi TOK B (paze A mOTpeOUTENsT MPAKTUYECKU OCTaETCs
npexxauM. CreoBaTeIbHO, BO3PACTAET HA COOTBETCTBYIONIYIO BETUYHHY TOK B (paze A ocraB-
IIETOCsl KCTIPaBHBIM KaOes.

[Ipennonaraercs, 94To TOK B ¢aze A BepxHEro kabeist MpoIOJDKAaeT MPOTEKaTh, HO €ro
BEJIMYMHA YMEHBIINJIACh TI0 CpaBHEHHIO ¢ Tokamu B (pasax B u C. U3 puc.2,a BugHO, 4TO cymma

TOKOB B (pa3zax BEpXHEro Kabells yKe He paBHa HyJII0, a paBHa 3/, . DTO SKBHBAJIEHTHO MOsBIE-

HUIO B 3TOM Ka0eyie TOKa HyJIeBOIl MOCIeA0BaTEIbHOCTH, MPUUYEM 3TOT TOK MOXKET JOCTUTaTh
BechbMa OOJIBIION BETHMUMHBI, COMZMEPUMON ¢ (ha3HBIM TOKOM Harpy3ku. B pesyrnbrate BO BTO-
puunoii oomoTke TTHII BepxHero kaOensi BOSHHKAIOT COOTBETCTBYIOIIME AJICKTPOBIDKYIIAS
CHUJIA U TOK.

Tox B paze A HmKHEro Kadest
YBEJIIMYMJIICS U CTall OOJIbIIE TOKOB B
¢dazax B u C (puc.2,6). B pesynbrare
CyMMapHbIi MarHUTHBIN IOTOK B Ka-
O0enbHOM TpaHChOpMaTOpe TOKa HIDK-
HEro Kalemsi TakkKe CTal OTIIMYHBIM
oT HyJis1. Bo BToprdHO#if 00MOTKE 3TO-
ro TTHII nosBunace 3JI€KTPOABHKY-
mjasi Cuiia M TOK, HaIllpaBJIEHHBIN Mpo-
TUBOIIOJIOKHO TOKY B oOmMoTke TTHII
BepxHero kabens. Jlanee curHanabl ot
BropruHbIX 0oOMoTOK TTHII cymmu-
PYIOTCSL C YYETOM 3HAKOB U CyMMap-
HBI TOK IIPOTEKAET Ye-
pe3 3amuty ot O33. Ecnu 61 TpanchopmaTopbl TOKa HYJIEBOW MocienoBatenbHOCTH TAl u
TA2 ObuTH UACATBEHBIMH, TO X BTOPHYHBIC CUTHAIIBI B CyMME J1ajli ObI HOJb, M TOK B 3aII[UTE OT
033 oTcyTcTBOBaII OBI, TaK KaK IMEPBUYHBIC TOKH HYJIEBOM MMOCIEIOBATEILHOCTH, MTOSBUBIITHUECS
B Ka0eisiX, paBHBI APYT APYTY MO MOIYJIO U MPOTUBOIOIOXKHBI [0 HAMpaBICHHUIO. B melicTBu-
TEJTLHOCTH TPHU OJUHAKOBBIX MepBUYHBIX Tokax TTHII B uX BTOpUYHBIX 0OMOTKAX MOSIBIISIOTCS
pa3HbIE 10 BEIMYUHE JIEKTPOJIBHKYIIME CHIbI U TOKU, YTO MPUBOAUT K IMOSBICHUIO B 3alUTE
ot O33 Toka Hebanmanca. Bennunna 3Toro Toka HebanaHca OyJeT 3aBUCETh OT CTETICHH Pa3Indus
xapakrepucTuk Hamaranuusanus TTHII, oT BeaIn4uH nepBUYHBIX TOKOB U T. 1.

Huxe paccMoTpeHbl pe3ysibTaThl JaOOPaTOPHBIX AKCIEPUMEHTOB, MPOBEAEHHBIX Ha Ka-
denpe snekrpuueckux ctaHuuii B HOBOCHOMPCKOM rocynapcTBEHHOM TEXHHUECKOM YHHBEPCH-
tere ¢ kabenpHpiIMU TTHII tuma T3JIM u T3PJI, koTopsie moka3anau, 9To ACHCTBUTEILHO MPH
OJIHMX U T€X K€ MEePBUYHBIX TOKAX BEJIMYMUHBI IEKTPOJABKYIIMX CHUJ M TOKOB, BOSHUKAIOIINX
BO BTOPUYHBIX 0OMOTKAaX, MOTYT 3HAYMTENIbHO OTInYaThes it pasHbix TTHIT omHoro tuma.

Puc.2. Bekmopuvie ouazpammvl moxos  nyuxe kaoeneii:
a — 0115 gepxHezo Kabens 1, 6 — Ons HudCHe20 Kabes 2

2. Xapaxkmepucmuku cpadamvleanus 3auiumsl npu pa3iudHbIX

cxemax coeounenusn emopuunvlx oomomox TTHII

C uenpio MccienoBaHUs CUTHAJIOB B 3amuTe oT O33 npu HapylIeHUH KOHTAaKTHBIX CO-
eANHEeHUN ObUTH TIpOBeNeHbI TabopaTopHbie dKcrepuMenTsl ¢ TTHII mpu paznuyHbIX cxemax
COCIMHEHUI MX BTOPUYHBIX OOMOTOK M C MCIIOJIb30BAaHHEM B Ka4eCTBE 3alIUTHI pese Tuna PT3-
51. o pe3ynpTaTaM MpoOBEAEHHBIX YKCIEPUMEHTOB OBLIH MOCTPOCHBI 3aBUCUMOCTH, HEKOTOPHIE
U3 KOTOPBIX MPEJCTAaBIECHbI HA pUC.3.

[Ipu npoBenenun s3xkcnepuMeHTOB cHavana yepe3 TTHII mponyckanu npoOTHBOIOIOKHO

HaITpaBJICHHBIC TOKH OJIMHAKOBOW BEJIMYMHBI (ITAI n ITAZ)‘ 3aTeM OIWH N3 TOKOB, HAIIpUMCED,

ITAZ YBCIIMUUBAIN OO TCX IIOP, IMOKa B PCJIC HC IIOABUTCA TOK, HpeBI)IIHaIOHII/Iﬁ BBICTABJICHHYIO



Ha HEM YCTaBKy, TOCJIC Yero pese cpadaThiBaeT. AHAIOTUYHO TOOMBAIHCH CpabaThIBaHUS pelie
NpHU yMEHbIIEHHH TOKa [,,,. 3Ha4YeHHS TOKOB, NPU KOTOPHIX NPOMCXOIMIIO CpabaThIBaHHE,

(UKCHPOBATUCH U HAHOCHIINCH Ha rpaduk. 3aTeM 3HauYeHus: TokoB B kaxaom u3 TTHII yBenn-
YUBAJIU U ONBIT MOBTOPsUIM. TakuMm oOpazom, /Ui pa3HbIX ycTtaBok pene PT3-51 (20, 80 u 146
MA) OBUTH IOCTPOCHBI KPUBBIE, OTPaHUYMBAIONINE 001aCTh HeCpaOaTHIBAaHHS pelie.
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Puc.3. Xapakmepucmuxu cpabamuléanus 3auumsl npu HApyuieHuu
KOHMAKMHbIX coeOuHeHull (az Kabenell 8 nyuxe:

1 - buccexmpuca yena, omeeuarowjas pasencmsy moxos yepes TTHII; 2, 3, 4 - epanuysl obracmu Hecpabamul8anus
npu ycmaskax pene, pasrvix coomgemcmeaento 20, 80, 146 mA.

O N:\

W3 3aBucuMocTeN, MONYYEHHBIX I Cilydasl IOCJIENOBATEIbHOIO COCIMHEHUS BTOpUY-
HBIX 00MOTOK TpaHc()OpMaTOpPOB TOKa HYJIEBOH IMOcienoBaTelbHOCTH (puc.3,a,0), BUIHO, YTO B
paccMaTpuBaEMOM Cllydae CHIIBHO MPOSBWIIACH HEIMHEHHOCTh X XapaKTepUCTUK. Buaumo, 3To
CBSA3aHO C OOJIBIIMM YBEJIUYEHHEM HArpy3Kd Ha Kaxablil U3 TpaHC()OpPMATOPOB TOKA, TaK Kak
[P MOCIIEA0BATENFHOM COEIMHEHUH UX BTOPUYHBIX OOMOTOK CONPOTHBIIEHUE HArpy3KH Ha Ka-
KBTI U3 HUX CKJIAJBIBACTCSI U3 CYMMBI COTIPOTUBIICHHUS PEJie M COMPOTHBIICHHSI BTOPUYHON 00-
MoTkH BToporo TTHII.

Ecmu 651 kabensubie TTHII Obii MeanbHBIMH, TO TOK HeOallaHca B 3aIIUTE OTCYTCTBO-
Ban Obl. IIpu 3TOM cpabarbiBaHMEe pelie MPOMCXOAWIO Obl MPH YBEIMYEHUH WM YMEHBIICHHH,

Hampumep, Toka /,,, Ha BEIHYNHY, COOTBETCTBYIOLIYIO YCTaBKe peie. B atoM ciydae, Hampu-



Mep, BMECTO KPUBBIX 2, 3 ¥ 4 MOITyYHIUCH OBl MPSMBIE JINHUU, PACIIOIOKEHHBIE IO Pa3HbIE CTO-
POHBI M HA OJIMHAKOBOM PACCTOSIHUU OT MpPSIMOH 1.

B neicTBUTENBHOCTH HEUJEHTHUYHOCTh W HEJIMHEWHOCTh XapaKTEPUCTHK KaOeJIbHbIX
TTHII B paccmaTpuBaeMoM ciy4ae MPUBOJAT K MosABIeHUIO B 3amuTe oT O33 Toka HebasaHca.
Ha pwuc.3,a xpusbie 2, 3 1 4 npencTaBisioT co00i TpaHHIlbl 00IaCTH HecpabaThIBaHUS pelle Co-
OTBETCTBEHHO npHu ycTtaBkax 20, 80 u 146 MA. Kak BUAHO U3 3TOr0 pUCYHKA, [IPU YBEJIUYECHUU
NEPBUYHBIX (MPOTHUBOIOJIOKHO HarpaBieHHbIX) TokoB B TTHII Beilie nmpumepHo OBYX ammep
IpY MUHUMaJIbHOW ycTaBke penie 20 MA IpoHCXOJUT ero JoxHoe cpabarbiBanue. [Ipu ycraBke
pene 80 MA 0XHOE cpabaTbIBaHUE MPOUCXOAUT MPU YBEIMUEHUU MEPBUYHBIX TOKOB BBIIIE
IIPUMEPHO ILIECTH aMIIep, a IPU MAaKCUMaJIbHON ycTaBke 146 MA - Npu yBEIMUYEHUH NEPBUYHBIX
TOKOB BBILIE PUMEPHO JAECATU aMIep.

Cyxenue obnacteil HecpabaTbIBaHMs 3alllUThl, OTPAaHUYEHHBIX JUHUAMH 2, 3 U 4
(puc.3,a), npu yBenauueHuu npomnyckaembix yepe3 TTHII nepBUUHBIX TOKOB CBS3aHO C MOsBIIE-
HueMm y 3tux TTHII pa3subix norpenrHocreit o ¢asze. Hanpumep, npu npomyckaHuM TOKa depes
TTHII TA2 Benuuuno#t B 10 amnep B 3alIuTe BO3ZHUKAET TOK, JUIsl KOMIIEHCAI[MM KOTOPOTO HE-
ob6xomumo uepe3 TTHII TA1 mpomycTuTh TOK B MPOTHUBOIOJIOKHOM HANpPaBIEHUU B TPU pasza
Oompmmii o BenuumHe (puc.3,a). [lpu 3ToM monanaem B cepeirHy 30HBI HECpaOaThIBaHUS 3a-
umthl. Eciu 661 TTHIT He umenu morpemHocTeit mo ¢asze (Jub0 3TH MOTPEelIHOCTH ObUTH O/IU-
HAKOBBIMH), TO UX BTOPHYHBIE TOKH OBUIH OBbI pacroyioxeHsl mox yrioMm 180 rpagycoB oTHOCH-
TEJIbHO JIpyT Apyra. Toraa uist cpabaThiBaHUs pejie HEOOXOIUMO ObLIO Obl YBETUUUTh TOK B OJ-
HoM u3 TTHII Ha ogHy u Ty ke BenuuuHy. OgHaKo U3 puc.3,a BUJHO, YTO C POCTOM BEIUYHH
nepBuuHbIX TokoB 4yepe3 TTHII tpeGyrorcs Bcé MeHblIMe 3HaU€HHUs] TOKOB JJIsi cpabaThIBaHUS
3anuThl. [Ipy nanpHeimemM yBenn4eHnd TOKoB uepe3 Tpanchopmaropsl Toka TA1 u TA2 30HEI
HecpabaThIBaHUS 3alIUTHI CYyXKAIOTCA U, HAIpUMep, Ipu ycraBke pene 80 MA U npu NpoTeKaHUU
yepe3 TA1 Toka BennunHoit 50 amnep (puc.5.3,a) yxe He ynaércs noao0paTh TaKOW BEJIUYUHBI
IPOTHUBOIOJIOKHO HaNpaBIeHHOro Toka B TA2, mpu KOTOpoii pese He cpabaThIBaeT, Tak Kak Ja-
K€ MPU OJMHAKOBBIX BEJIWYMHAX BTOPUUYHBIX TOKOB 3TUX TTHII yrom mexny HUMHU OTIIMYEH OT
180 rpamycoB, 4TO MPUBOJUT K MPOTEKAHUIO B peJie TOKA, MPEBBIIIAIOIIETO €r0 YCTaBKY.

B Tex cmyuasx, Korja my4ok COCTOUT M3 TpEX kabenei, ucronssyercs Tpu TTHII, BTO-
pUUHBIe OOMOTKH KOTOPBIX COEIUHSIOTCS MOCIENI0BATENbHO, NApAJUIEIbHO WU 110 CMEUIaHHOM
cxeme [1, 3]. CooTBeTCTBYIOIINE XapaKTEPUCTUKU cpabaThIBAaHUS 3aLUTHI IIPU MOCIEI0BATENb-
HOM coennHeHnn BTOpuIHBIX 00MoToK TTHII Tuma T3JIM npuBenens! Ha puc.3,0.

IIpu nposenenun sxcnepumenta ¢ TpeMs TTHII uepe3 oaun U3 HUX MPOIyCKaau TOK B
OJIHOM HAIIPaBJICHMH, a YE€PE3 [Ba APYTUX MPOIyCKAIH B JIBA Pa3a MEHBILINE 110 BEJIMYMHE TOKU B
IIPOTUBOIOJIOKHOM HalpaBiIE€HUH, UMUTHPYS TEM CaMbIM BOZHUKHOBEHHE HAPYIIEHUS KOHTAKT-
HOI'O COEIMHEHMs B OJHOW M3 (a3 mepsoro kadens. s Gomblledl HarasIHOCTH MOJYYEHHBIX
3aBUCUMOCTEH U y100CTBa UX CPAaBHEHHSI C 3aBUCUMOCTSIMH, IPUBEAEHHBIMHU BBIIIE ISl APYTUX
CIIy4aeB, 110 BEPTUKAJIBHOM OCH OTJIOKEHO 3HAYEHHUE YyABOECHHOI'O TOKA, IIPOTEKAIOILIErO 4epes
BTOPOH M TpeTuil TpaHchopMaTopsl TOKA HYJIEBOH IMOCIIEI0BATEIEHOCTH.

Kak u B BBIIEPACCMOTPEHHOM Cllydae IIPHU MCIIOJIB30BAHUH ITOCIIEI0BATEIBLHOIO COEIH-
HEHMs BTOPHUYHBIX 00MOTOK KabenbHbIX TTHII B HenampaBieHHo#l TokoBoi 3amure ot O33,
BBITIOJTHEHHOHW Ha pene PT3-51, mosBisercs Tok HebanaHnca O0NbIION BETUYHHBI, BBI3BIBAIOIITUN
e€ noxHoe cpabaTbiBanue. [IpumennB HanpaBieHHy0 3amuTy oT O33 M0XXKHOrO cpabaThIBaHUs
MOYKHO N30€XaTh, TaK KaK B HOPMAJIbHOM PEXHUME OTCYTCTBYET HalpsKEHUE HyJIEBOM MOCIeN0-
BaTeNbHOCTH. OHAKO 3Ta 3allUTa MOXKET cpadaThiBaTh M3NHIIHE MpH BHEmHUX 033, eciu TOK
HYJIEBOH OCJIEI0BATEIbHOCTH, OOYCIIOBIIEHHBIN B 3alllUTe HAPYIIEHUEM KOHTAKTHOTO COEIUHE-
HUSI, COU3MEPUM C COOCTBEHHBIM EMKOCTHBIM TOKOM 3TOTO MPUCOCAMHEHUS WM OOJBIIE €ro.
VYroun Toka B 3amure OyIeT 3aBUCETh OT (a3bl, B KOTOPOH MPOU3O0IIJIO HAPYIIEHHE KOHTAKTHOTO
COCIMHEHMS, OT Xapakrepuctuk Hamaranuusanus TTHII, a Taxke OT UX MOTrpemIHOCTEN 0 yr-
ay.

Emé omHMM CyIecTBEHHBIM HEIOCTATKOM MCIIOJIb30BaHMs MOCIEI0BATEIBHOIO COEIM-
HeHMs BTopuuHbIX 00MoTOK TTHII siBsieTcss BO3MOXKHOCTh OTKa3a 3alllUThl IPU 3aMbIKaHUU Ha



3eMJII0 Ha 3aluilaeMoM mnpucoenuHeHuu. IloscHuM 310 Ha mpumepe puc.3,0. Jomyctum, B
HOPMaJIBHOM PEXHMME CyMMAapHBII TOK Harpy3Kku Mmydka u3 Tpéx kabeneit cocrasuseT 150 ammep
(mo 50 A Ha xaxapli KaOenb), © OHU MHUTAIOT, HAIPUMEP, CEKIMIO PACTIPEICITUTEILHON T0/I-
ctannuu. [Ipenmnonoxum, MpoU30NUIO HAPYIIEHHE KOHTAKTHOTO COeTUHEHHs (pa3bl B OJHOM M3
Kabeneil my4yka, HampuMep B Kabele, Ha KOTOPOM yCTaHOBJIEH TpaHcopmarop Toka TAl u Tok
B COOTBETCTBYIOLIEH (haze 3Toro kabenst ymenpinwics Ha 15 A. Toku Harpy3ku 3Toif ke ¢a3bl B
JIpyrux KaOessiX COOTBETCTBEHHO BO3pacTyT MpuMepHO Ha 7,5 A. B aTom ciywae momajgaem B
TOuKy ¢ koopauHatamu (15;15) na puc.3,6. Ecnu tenepsr B Havane kabensi, HA KOTOPOM ycCTa-
HossieH TTHII TA1, npousoiinér O33, u npu 3ToM HanpaiaeHue Toka O33 coBnaaér ¢ Hampas-
JIEHUEM TOKa HyJIEBOM MocienoBareabHOCTH B TAl, BBI3BaHHOTO HAPYIIEHUEM KOHTAKTHOTO CO-
€AMHEHHUs, TO JaKe P BEJIMYMHE BHEIIHET0 EMKOCTHOTO TOKa B 35 amrep 3aiuTa He cpaboTta-
€T, TaK KaK TOK B HEil HE IPEBBICUT TOKA CpadaThIBAaHUS U OCTAHETCS B 30HE HecpabaThIiBaHUS (B
Touke ¢ koopauHnatamu (50;15) Ha puc.3,0).

CrienmanucThl OTHOM U3 YHEPrOCUCTEM, KOTOPbIE OOpaTUIINCh K HAM C OMMCAHUEM TaKO-
ro ciydasi, OTMEUajM, YTO MPHU MOCIEAOBATEILHOM COeAMHEHUU BTOpHUHbIX 00MoToK TTHII y
HUX HEOJHOKPATHO OTMedYanuch oTKasbl 3amuT OT O33. [lo3ke BBISACHUIOCH, YTO 3TH OTKa3bl
OBUTH CBSI3aHBI C HAPYIICHUEM KOHTAKTHBIX coenHeHH (a3 kabenel mpu uX MoJACOCTUHEHNUHN B
sueiike. Camu QakThl HApYIIEHUS KOHTAKTHBIX COETUHEHUI ObUTM OOHAPYKEHBI C TTIOMOIIIBIO Te-
IJIOBU30pA.

CyI1eCTBEHHOTO YIyYIlIEHUSI XapaKTEPUCTUK 3AIUTHI MOKHO TOOUTHCS, U3MEHHUB CXEMY
coenuHeHus: BTopuuHbix 0oMoTok TTHII ¢ mocnenoBarenbHON Ha mapamienbHy0. XapakTepu-
CTMKH cpaOaTblBaHUs 3alluThl Ipu ucnonb3oBanuu AByX TTHII tuma T3JIM ¢ napanienbHbIM
COCMHEHUEM BTOPUYHBIX OOMOTOK MPUBEICHHI Ha puc.3,B. 30Ha HeCpaOaThIBAaHUS 3AIIHUTHI CY-
IIECTBEHHO YMEHBIIWIACh U pacroiiaraercs BOIM3U OMCCEKTpUCHI 1, TO ecTh 3a0I0KHMpPOBATH
3alIUTy TENeph MOXKHO TOJBKO MPOTHBOIOJIOXKHBIM 110 (paze TokoMm B TA1, 3HaYeHHE KOTOPOTO
6nm3ko K Toky B TA2.

OnHako HEOOXOIMMO Y4eCTh, UTO MPUBEAEHHbBIC XapaKTEPUCTHKH cpabaThIBaHUS 3allld-
ThI OBUTM TOJYYEHBI MPHU dKCIEpUMeHTax ¢ orpanndeHHbIM yucioMm TTHII. Tpanchopmaropsr
TOKa HYJIEBOM IOCIEA0BATEIBHOCTH TOT'O )K€ THUIIA, HAXOIALINECS B AKCIUIyaTalluy B SHEPTOCHUC-
TeMax, MOTYT UMETh 00Jiee OTINYAOIINECS XapaKTePUCTUKU HaMarHUYUBaHUs, YeM Yy TeX, C KO-
TOPBIMU OBUIHM NMPOBEJCHBI SKCIIEpUMEHTHI. He HCKITI0UeHo, YTO XapaKTepUCTUKU CpadaThIBaHUS
3alUThl OYQYT BBITJISAETH MPU 3TOM 3HAUYUTEIBHO XYK€, YeM TE, KOTOpble NPUBEICHBI Ha
puc.3,B.

Kpowme toro, Ha mpaktuke yacto Hapsay ¢ HepazbéMHbIMU TTHII tuna T3JIM u npyru-
MU HCHOJB3YIOTCA Pa3bEMHBIE TpaHCHOPMATOPHI TOKA HYJIEBOM MOCIENOBATEIbHOCTH, HAIPH-
Mmep, tuna T3PJI. HeoOxomuMocTh B MX IPUMEHEHUH BO3HUKACT TOT/A, KOTJa KaOeb yKe Mo/I-
KJIFOUEH B SYCHKE U BBINOJIHEHA €T0 pa3ziesKa. XapakKTepUCTUKU cpadaThIBaHHS 3aIUTHI IPU CO-
BMecTHOM ucnoib3oBanuu AByx TTHII tuna T3JIM (TA2) u T3PJI (TA1), BTOpudHBIE OOMOTKH
KOTOPBIX COEIMHEHBI NTapaJlJIENIbHO, IPUBEIEHBI Ha puc.3,r. M3 3TOro pucyHka BUIHO, UTO BEJIU-
ypHa Toka HeOamaHca B 3ammuTe oT O33 mpu COBMECTHOM HCITOJIB30BAaHWU Pa3bEMHOTO U HE-
pazpEMHOTO TpaHCHOPMATOPOB TOKA OOJIBINE, YeM NP nMpuMeHeHnH HepazbeMHbIx TTHIL

Takum 00pa3oM, COBMECTHOE HCMOJIb30BaHUE PazbEMHOIO M HEpazbEMHOro TpaHchop-
MaTOpOB TOKa HYJIEBOM IOCIIEIOBATEIBLHOCTH KpaliHE HE JKEJATENIbHO JaXe MpHU NapajieIbHOM
COEIMHEHUH X BTOPUYHBIX OOMOTOK.

3. Bausanue mokoe Hebananca, 603HUKAIOWLUX NPU HAPYUIEHUU KOHMAKMHbIX

coeounenuil (pas xaobeneil, Ha YyECMEUMETbHOCHL 3AU{UMbL OM 3AMbIKAHUN HA

3emJ110

Jlist OLleHKH BIMSIHMS TOKa HeOallaHCa Ha BEIMYMHY TOKa cpaOaThIBAaHHS 3aLIUTHI MPU
3aMBIKAaHUU Ha 3aIIMIIAEMOM MPUCOEIUHEHNU OBbLIM MIPOBEAEHBI J1a00PaTOPHBIE SKCIIEPHUMEHTHI
¢ neymsa TTHII tunma T3JIM u T3PJI npu napanienbHOM COSAMHEHUH UX BTOPUYHBIX OOMOTOK.
B kauectBe 3amutsl 0T O33 ncnosb3zoBasiock pene tuna PT3-51 ¢ BeicTaBieHHON HAa HEM Mak-



CHUMaJIbHOHM ycTaBKo# B 146 MA. HapyieHre KOHTaKTHOTO COeMHEHUS B (pa3e ogHOTO U3 Kade-
Jell IMUTHPOBAIIOCH TIpoITyckanueM depes kabensubie TTHII ogHoro u Toro xe Toka [, HO B

IPOTHUBOIOJIOKHBIX HampaBieHusx. [Ipeanonaras, 4ro 3aMbIKaHHE MPOU3OLLIO Y MOTpeOUTENs,
yepe3 kabenpHbie TTHII mpormyckann oMHAKOBO HaNpaBiIeHHBIC TOKH, PaBHBIC MMOJOBUHE IOJI-
Horo Toka O33. ®a3a Toka O33 @ 1o OTHOLIEHMIO K (pa3e TOKAa B OJHOM U3 TpaHCHOPMATOPOB
toka (T3JIM) B mporecce skcriepuMenTa u3MeHsachk. [lockoapky TpancopMaTop TOKa THIMa
T3JIM umeet «6osee BEICOKYI0» XapaKTepUCTUKY HaMarHuuuBaHus no cpasHeHuto ¢ TTHII tu-
na T3PJI (To ecTh mpu OJHUX U TEX K€ BETUYMHAX IMEPBUYHBIX TOKOB BTOpHUHBIN TOK oT TTHII
tuna T3JIM umeer O6bIIyI0 BETHUMHY), TO HalpaBlieHHEe TOKa HeOanaHca B pese OyAeT mpakx-
TUYECKU COBNaAatTh ¢ HampasiaeHueM Toka B TTHII tuna T3JIM. IloaTomy yron ¢ 1no cymecTBy
npezcTaBisieT co0oil yron mexay TokoM O33 1 TokoM HeOanaHca B 3aluTe.

Ha puc.4 nokazaHno, 4To npu OTCYTCTBUM HAPYIIECHUSI KOHTAKTHBIX COEIMHEHUHN TOK Cpa-
GatbiBanust 3ammThl /-, npu O33 HMeeT 0JMHAKOBOE 3HAYCHHE NPH JTIOO0M yrie () (OKpyx-
HOCTh 1 ¢ ienTpom «0» B Havane koopauHat). [Ipu HapylIeHHH KOHTAaKTHOTO COEAMHEHUS B 3a-
IIUTE MOSIBIISI-
eTcs TOK HeOanaHca, KOTOPBIM MPeaCcTaBiIseT
co00#1 BEKTOp, CMEIIAOIIUN LIEHTP OKpPYXK-
HOCTH OT Hayana koopauHat (0' u 0" - puc.4).

B pe3ynbTare npu pasHol CTENEHW Hapylle-
] \ HUS KOHTAaKTHOTO COCIMHEHHS (TO €CTh MpH

3 |o

2
_\\
N/

X Pa3JIMYHbIX BCJINYHNHAX BCTPCYHBIX TOKOB 1 0

B TTHII) nosBnstoTcs pa3Hble O BEIUYHHE

&

3 TOKHM HeOaslaHCa, KOTOpBIE BIMAIOT HA BEJH-
} YUHY TOKa cpabaThiBaHus 3amuThl mpu O33.
[IpeanonoxuM Temepp, 4TO B HOp-

\ B . / MaJbHOM PEXUME MPHU OTCYTCTBUU 3aMbIKa-
.
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2 HUM Ha 3€MJII0 B CETH, B HEHAIPaBJICHHOU

\O&- 2 3ammre oT O33 mpuCyTCTBYeT TOK HeOanaH-

Ca, BCIWYHUHBI KOTOPOTO HEAOCTATOYHO JIA

Puc.4. Buusanue moka nebananca 6 3auume Ha €€ 4yecm- e€ noxHoro cpabatbiBarud. OnHako ?CHH
sumensrocms npu 033 na sawuwaemom obvekme: | — TCICPb Ha 3TOM IIPUCOCTUHECHUH NIPOU30UNICT
mpu Iy =0;2-npu I, =54; 3-npu I, =154 3amblkaHHe W TOK O33 OKaKeTcsi Hampas-
JICHHBIM IIPOTUBOIIOJIOKHO TOKY HeOanaHca B
3amute (yron @=180 rpamycoB Ha puc.4),

TO CYMMapHOT'O TOKa B 3alllUTE MOXET He
XBaTHUTh JTsI €€ cpabaThIBaHHUS,

TO €CTh MOSIBJICHUE HeOamanca MPUBEACT K 3arpyOJICHUIO 3aIIUThI U CHUKCHUIO €€ TyBCTBUTEb-
Hoctu. U, HaoGopoT, npu BHemHeM O33 npu coBmajieHuu 1o ¢ase Toka HebaaHca U COOCTBEH-
HOT0 MKOCTHOTO TOKAa 3aIUIIAcMOT0 MPUCOSANHCHHUS MOXET MPOU30UTH U3JIHIIHEE CpadaThi-
BaHue 3auThl. OTCTPOUTHCA OT 3TOTO TOKA HebanaHca Mo TOKY cpabaThIBaHUS HE MPEACTABIISA-
€TCS BO3MOXKHBIM, TaK KaK €ro BEJIMYMHA B HEKOTOPBIX CIIyYasX MOXKET OBITh BEChbMa CYIIECT-
BEHHOMU.

Kpome BiusiHHS Ha TIOBEJICHHE 3aIUTHI, IIEpEpaCIIpe/Ie]ICHIE TOKA B OTICIIBHBIX KaOemsax
My4YKa MOXET MPUBECTHU elI€ K Meperpy3Ke TeX KW Kabesel, B KOTOPhIX TOK YBEIHUUJICS BhIIIE
JOIYCTUMBIX PacuéTHBIX 3HaueHUU. [IOBBICHTCS Temmeparypa KaOels M yCKOPUTCS IPOIEecC
CTapeHUsl U3OJISIHMU, B Pe3yJbTaTe 4Yero Kadellb MOKET BBIMTHU U3 CTPOS PaHbIIE PacyETHOTO
cpoka. [Toatomy npu ycranoBke 3amuT oT O33 Ha kabenbHBIX MyYKax HEOOXOIMMO MpeaycMar-
pHUBaTh YCTPOWCTBO CUTHAJIM3AIMU O HAPYIIEHUU HOPMAIBHOTO pacrpe/iesieHus: TOKa B Kabemsx.
Torma oOCITyXMBArOMIMIA TIEPCOHAJ, TIOJYYNB CHTHAJI O HAPYIICHUH KOHTAKTOB, CMOXET TpPHU
MEPBOM k€ BO3MOKHOCTH BBIBECTH B PEMOHT 3alllUIAEMOE MPUCOCTUHEHHE U MPUBECTH KOH-



TAKTHBIC COCIUHCHHUA B IOPAOOK, IMTPEKAC YEM TOK HeOanaHca YBCIIUYUTCA HACTOJBKO, YTO ITPH-
Be,ﬂéT K JIOXKHOMY Cpa6aTLIBaHI/IIO 34IUTHI B HOPMAJIbHOM PCIKUME pa6OTBI CCTH.

4. Pazpabomka ycmpoiicmea 3auiumost om 033, cnocooH020 KOHmMpoOIUpoeams

UCHPABHOCHIb KOHMAKMHBIX COCOUHEHUN (ha3 Kabeneil 6 mecme ux nOOKII0UeHUA

OnTUManbHBIM MOXET OBITH COBMEIICHHE B OJTHOM YCTPOWCTBE - 3alIUTHI OT 3aMbIKaHUN
Ha 3eMJII0 U yCTPOMCTBA, KOHTPOJIUPYIOIIETO UCTIPABHOCTh KOHTAKTHBIX COeAUHEeHMA. HaMu ObI-
J10 pa3paboTaHO TaKOE YCTPOWCTBO, MPEACTABIISAIONICe COOON HEHANPABICHHYIO TOKOBYIO 3allly-
Ty OT 3aMBIKaHUI HA 36MJTIO, CIOCOOHYIO TaK)KE€ BBISIBJISITh HAPYIICHUS KOHTAKTHBIX COCIMHCHUN

¢a3 kaberneii B mydke U MpeaynpexaaTb 00 3ToM 00CTy>KUBAIOIIUI TIEpCOHAIL.
CG6opHbIe IHHEI

T
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OTKIIIOYCHHE HCHCHpaBHO CTH
KOHTAKTOB

Puc.5. CmpykmypHas cxema ycmpoticmea 3aujumaol
Ha puc.5. npuBeaeHa cTpykTypHas cxema pa3padOTaHHOTO yCTPOWCTBA. 3/1€Ch MPUHSATHI
cnenytoue ooboznauenusi: TTHIT1, TTHII2, TTHII3 — tpancdopmaTops! Toka HyJI€BO# mocie-
JIOBATEIHLHOCTH, YCTAaHOBJICHHBIE Ha cooTBeTCTBYIomMX kademsx KJI1, KJI2, KJI3; TO1, TO2,



TO3 — tokoBeie opranbr, PO — pearupyrommii oprad; bIT — 6ok mamstu; NJIW — normueckuit
anement WJIN; U-HE — noruuecknii anement M-HE; OBB1, OBB2 — oprans! BbIIEpKKH BpeMe-
Hu; OC1, 9C2 — sanemenTsl curnanuzanuu; BO1, BO2 — BeIX0HBIE OpTaHBI.

OO6nacThi0 MPUMEHEHUS 3aLIUTHI ABISIOTCA ceTH HanpsbkeHueM 3-10 kB ¢ pe3nctuBHbBIM
3a3emiieHHeM HelTpanu. OHaKO OHA MOXKET ObITh MPUMEHEHA U B CETH C U30JIMPOBAHHOU HEMl-
TPajblo, €CIM KOJIMYECTBO MOCTOSHHO HAaXOSIIUXCsA B paboTe MPUCOETUHEHUH oOecreynT He-
00XOAMMYIO YyBCTBUTEIBHOCTH 3aIUTHL. Ha pa3spaboTanHoe ycTpoicTBO 3ammThl 0hopMIiIeHa U
OTIIpaBJICHA 3asBKa Ha N300pETEHHE.

Paccmotpum paboTy 3amuTh 1o €€ CTpyKTypHOU cxeme (puc.S).

[Totpeburens uepe3 mydok u3 Tpéx kadeneit KJI1, KJI2, KJI3 u cuioBoil BbIKIIOUATEND
MOJTy4aeT MUTaHUE OT CEKLUU COOPHBIX IKH. B HOpManbHOM pexume paboThl TOKH B (azax Imo-
TpeOUTENs paBHBI [0 BEMUMHE M CABUHYTHI IO (pa3e Ipyr OTHOCHTENbHO Apyra Ha 120 siek-
Tpuueckux rpaaycoB. CyMMapHbIM TOK Harpy3KH, 3Hau€HHE KOTOPOrO 3aBUCUT OT peKHUMa pa-
00TBI NOTPEOUTENS, IPU UCIIPABHBIX KOHTAKTHBIX COEMHEHUSIX IPUMEPHO PABHOMEPHO pacIipe-
JienseTcs Mo BceM KalensiM mydka. B pesynbrare 3TOro cyMMapHbIi MarHUTHBIN MOTOK B KaX-
oM M3 KabenbHBIX TpaHchopmaTtopoB Toka HyNeBoil mocnemoBatensHoctu TTHITI, TTHII2,
TTHII3 npumMepHO paBeH HYJIIO M TOKH B UX BTOPUYHBIX LIEMAX OTCYTCTBYIOT. Takum oOpaszom,
TOKH, IPOTEKAIOLIME B HOPMAJIIBHOM PEKUME uepe3 pearupyrouiuii opran PO u TOKOBbIE OpraHbl
TO1, TO2, TO3, oueHb MaJIbL.

Pearupytomumii opras 3aIMThl peanu3yeT CIEIYyIOIIEe BEIPaKEHHE:

Upo =F{pp 2 Inop.PO} > )
rne Up, - curHan Ha BbIXOJE pearupyrouero oprata; /,, - BeIMYWHA TOKA, IPOTEKAOLICTO

yepes pearupyromuii opran;

nop.po - TOPOT opmuposanus curxana PO.

Kaxx1ib1it 13 TOKOBBIX OPTaHOB PeATN3yeT BhIPAKEHUE CICAYIONIETO BUAA:

Upop =F{pp 2 Inop.TO} ) (2)
rac UTO - CUTHAJI Ha BBIXOJ€ COOTBCTCTBYIOLICIO TOKOBOI'O OpraHa, ]TO - BEJIMYMHA TOKa, IMpo-

TCKAOMICTO Y€PE3 COOTBECTCTBYIOIIINU TOKOBBIN OpPT'aH; [nop.TO - mopor (I)OpMI/IpOBaHI/IH CHUTHaJIa

TO.

®Oyuxuus F {} B BeIpakeHusx (1), (2) paBHa equHUIlE, €CIU COOMIOAAETCS YCIOBHE B
CKOOKax M paBHA HYJIIO B IPOTUBOIIOJIOKHOM CIIydae.

ITockonpky paccmaTpuBaeMoO€ YCTPOMCTBO IS 3AIMUATHI OT 3aMBIKAHUN HA 3€MIIIO SIBIISI-
€TCsl HeHaIIPaBJICHHBIM, TO TOK cpa0aThIBaHUsI pearupyroliero oprana OTCTpauBaeTcsi OT COOCT-
BEHHOTO €MKOCTHOTO TOKa 3aIUINAeMOr0 MPUCOSAUHEHH U OT TOKOB HebamaHca. Toku cpaba-
TeIBaHMs TOKOBBIX opraHoB TO1, TO2, TO3 Takke OTCTpauBarOTCsA OT NPOTEKAIOIIUX 110 HUM
TOKOB B pexume BHemHero O33.

B pesynbprare B HOpMajabHOM PEXHME U B PEKHME BHEIIHETO 3aMbIKaHHS HA 3€MJII0 CUT-
HaJbl Ha BbIXoJax pearupytromero oprana PO u tokoBeix opranoB TO1, TO2, TO3 orcyTcTBy-
IOT.

Ipu orcyreruu curnana U p, Ha Bxoge 6ioka mamstu BI1, Ha ero Bexozne Gpopmupyer-

Cs €IMHUYHBIA CHUTHaJI, KOTOPBIA NONAETCS Ha BXOJbl IEPBOIO OpPraHa BBIIECPKKU BPEMEHU
OBBI, neporo snemenTta curnanuzanuu IC1, a Takke Ha MEePBbIN BX0J TOTUYECKOTO SJIEMEHTA
N-HE, Ha BTOpO# BXOJ KOTOPOTO MOCTYIIAET CUTHAJI C BBIXOJa JOornueckoro anemenra UJIN.

IIpu nosiBaenuu Ha Bxoze 6ioka namstu BII curnana U, (npu BosuukHoBennn 033 Ha
3alUIIIaeMOM MPUCOEIMHEHNH) CUTHAJ Ha €ro BBIXOJIE€ CTAHOBHUTCS PaBHBIM Hyo. HaunHaercs
oTcuéT BhIIepxkKKH Bpemenu opranoM OBB1. Eciu B nocnenyromenm curnan U ,, ucdesner (Ha-
npuMep, Mpu noracanuu ayru B Mecte O33), TO €MMHUYHBIN CHTHAT Ha BBIXOJE OJ0Ka MaMsTH
U, nosButcst He cpasy, a Jumib depe3 HeKoTopoe Bpems (mpumepHo 250-300 mc). B TeueHune
ATOTO BpeMeHU opraH BhIIep kKU Bpemenn OBB1 He Oyaer Bo3Bpamarbcsi B HICXOAHOE COCTOS-



HHE U, €CIIH MPOU30UIET MOBTOPHOE 3aKUTAaHUE TYTH, TO OTCYET BPEeMEHHU cpabaThIBaHUS TPO-
JOJKUTCSL.

Takoe BbInonHEeHHE 0J0KAa MAMSITU MO3BOJSET UCKIIOYUTHh HEIOCTATOK, KOTOPBIM 00JIa-
JIAl0T, KaK MpPaBUJIO, MHOTHE OTEUYECTBEHHbIE YCTPONCTBA HEHANpaBIEHHOW TOKOBOW 3allMTHI,
3aKJIFOYAOIIMICS B TOM, YTO 3TH YCTPOMCTBA MOTYT OTKa3bIBaTh MPHU 3aMbIKAHUU HA JIMHUH, €C-
JM OHO MPOMCXOAMT Yepe3 MepeMekKarollyocs: Ayry. ITo 00bACHSAETCS TEM, YTO B MPOLECCe To-
pEeHUs epeMEKaroLIEeIiCsl AYyTH TOK TO MOSBJISETCS, TO MPOIAJaeT, HAIpUMEP, Ha HECKOJIBKO TIe-
PHOAOB MPOMBIIIIEHHON YacToThl. [Ipy MosBIEHMU TOKa pearupyromuil opran cpaOaTbIBaeT U
3alyCcKaeT opraH BBIIEPKKH BPEMEHH, HO M3-3a MajoOd MPOJOJIKUTEILHOCTH MPOTEKAHUS TOKa
OpraH BbIIEP’KKH BPEMEHHU He ycreBaeT cpaboratk. Ilocine nmoracanus Tyru U MCUE€3HOBEHUS TO-
Ka pearupyrommii oprai Bo3BpallaeTcsi B He cpaboTaBIlee COCTOSHUE, B PE3yJIbTaTE YErO OpraH
BBIJICPKKH BPEMEHH TaK)Ke BO3BPALIACTCS B HE cpaboTaBIllee COCTOSHUE, TaK U HE BBIJAB CUI'HA-
Jla Ha OTKJIFOYEHHUE. DTO MOBTOPSETCS HECKOJIBKO pa3, HO 3allliTa TaK U HE yCIeBaeT cpaboTaTh.

Jlns 6ecriepe0oitHOro (PyHKIIMOHUPOBAHUS 3aLUTHI B PACCMaTPUBAEMOM Cllyyae HE0OXO-
MO 00ECTIeUUTh «3allOMHHAaHUE» Ha HEKOTOpoe BpeMs (pakTa 3amycka 3alfuThbl, 9TO W OBLIO
JOCTUTHYTO ITyTEM MCIIOJIb30BaHUs B cXeMe OJ0Ka MaMsTH, JeHCTBYIOIIEro B COOTBETCTBUU CO
CJIETYIOIIUM BBIPAKEHUEM:

_ \
Ugy =Upo N Dy
rne Up, - MHBepTUPOBAHHEI CHTHAI C BBIXOJA PEArHPYIOLIEro OpraHa; (M - 3HaK JIOTUYECKOro

{

ymHOxeHus1; Dy - omepartop 3aep:Kku curiaia Ha Beixoe bIT Ha Bpemst {1 mpu MCYE3HOBEHHU
curHaia Ha Bxoje BII.

Ecnau B TeueHue yCTaHOBIIEHHOI'O BPEMEHM 3alIOMHUHAHMS TOK HYJIEBOW IMOCJIEI0BATEINb-
HOCTH TIOSIBUTCSI BHOBB, 3allluTa JOJKHA cpaboTraTh. B pesynbrare pa3paboTaHHOE yCTPOUCTBO
3aIUThl cIOCOOHO cpabarbiBaTh pu O33 Ha 3aIMIAEMOM MPUCOECTUHEHHH, TaXKe €ClId OHO CO-
IIPOBOXK/IAETCS TIEPEMEKAIOIIEHCS yrOi CO 3HAUUTEIbHBIMU 10 MPOAOIKUTEIBHOCTH O0ECTOKO-
BBIMU T1ay3aMH.

®opmuposanue exunnyHoro curnana U, Ha BbIxone Jorudeckoro siaemenrta WJIN
MPOUCXOINUT B TOM CIIy4ae, €ClId XOTs Obl Ha OJJUH U3 €T0 BXOJIOB IMOCTYMUT CUTHAT OT OJHOTO
U3 TOKOBBIX OPTraHOB:

Ui = Uror YUy YUy,

rne Uy, Upoys Ujppy - cUrHaIbl Ha BBIXOJAX COOTBETCTBYIOIIMX TOKOBBIX opraHoB TOI,

TO2, TO3; U - 3HaK JOTHYECKOTO CIOKCHUS.
Jlornueckuii anemeHnT U-HE peanusyer cinepyroiiee BolpakeHue:

Up_te = U NUgyy -
B HOpMmanbHOM pekuMe u B pekuMe BHemrHero O33 3TOT CUTHAl paBeH €AMHHUIIE, TakK
KaK Ha BBIXOJI€ Joruueckoro 3nemenTa MJIN curuaim oTCyTCTBYET.
[lepBriii opran BoiAepxkKku Bpemenn OBB1 peanusyeT BbIIEpKKY BPEMEHH 3aIUTHI IPH
033 Ha 3amuIaeMOM IPUCOEANHEHNUN:

T 0
Uospi =Ugy N Dyy, (3)

rae D:z - OIIepaTop 3aJEP’KKH CUTHaJIa Ha BpeMs 2.

Bropoii opran Beiaepxkku Bpemenn OBB2 peanusyer 3aiepKKy 110 BpEMEHH CUTHAIA O
HapyIIeHUH KOHTAKTHBIX CO€AMHEHHH B IyuKe Kabemei:

Tr 0
U0332 = UH—HE M Dt3 > 4)
rae th - OTIepaTop 3aJCPKKH CUTHAJIA Ha BpeMs 13 .

Curnansl Ha Beixoaax opranoB OBB1 u OBB2 B cooTBeTcTBHM C BhIpakeHUsMH (3) 1 (4)
MOABJIAKOTCA CITYCTSI HCKOTOPOC BPEMS IMMOCJIC UCUC3HOBCHU CUTHAJIOB HA UX BXOAaX.



Boixoansie opransl BO1 u BO2 nocne noctymieHuss Ha HUX COOTBETCTBYIOIIUX CHUTHa-
108 or OBB1 u OBB2 (opMupyIoT BBIXOJHbIE CUTHAJIBI COOTBETCTBEHHO Ha OTK/IIOUEHHE BbI-
KJIFOYaTeNs 3alUIaeMOro IPUCOECINHEHHS WM HA CUTHAJ O HApYIICHUHA KOHTAaKTHBIX COEIHHE-
HHUM B ITy4yKe Kabesei.

Taxum 006pazoM, B COOTBETCTBHM C MPUBEAEHHBIM BbIIIE€ ONMMCAHUEM, B HOPMAJIBHOM pe-
KHME CeTH U IPU BHEIIHEM 3aMbIKaHUU Ha 3eMJII0 cpabaTbiBaHMs 3auThl oT 033, a TakkKe CUr-
HaJIM3alMK O HAPYIIEHUU KOHTAKTHBIX COEAMHEHUN B ITyuKe KaOesel He MPOUCXOIUT.

Crenyer OTMETHTb, UTO €CJIM CBOEBPEMEHHO HE 0OpaTUTh BHUMAHUS Ha CUTHAIM3ALIUIO O
HapyIIEHUH KOHTAKTHOTO COECIWHEHUs, U HE MPHUHATh COOTBETCTBYIOIIMUX MEP IO BOCCTAHOBIIE-
HUIO €70 UCIIPABHOCTHU, TO C TEUEHUEM BPEMEHHU COIIPOTUBIICHHE B MECTE HapyLICHHUs KOHTAaKTa
MOJKET CYLIECTBEHHO BO3PACTH, YTO MPUBEAET K MOSBICHUIO B KaOEsiX TOKOB HYJIEBOI mocie-
JIOBaTEJIbHOCTU 0O0JIbIION BenuuuHbl. B pe3ynbraTe TOK HeballaHCAa B 3alUTE MOXKET BBIPACTH
HACTOJIbKO, YTO MPEBBICUT MOPOT cpabaTeiBaHMsl pearupytouiero opraia PO u npuBeaér x nox-
HOMY cpa0aTbIBaHHIO 3aIUTHl B HOPMAJIbHOM PEXUME.

[IpenoTBpatuTh J10XKHOE cpadaThIBAaHUE 3AILUTHI MOXXHO TOJBKO BOCCTAHOBUB HCIIPAB-
HOCTh KOHTAKTHOTO coeinHeHus. [1o BeIJTaHHOMY paccMaTpHUBaeMbIM YCTPOUCTBOM CHUTHATY 00-
CIIY’KABAIOLIUHI MEPCOHAN JIOJKEH IIPU MEPBOU K€ BO3MOXHOCTH BBIBECTH B PEMOHT 3allUILAC-
MO€ NIPUCOECIUHEHNE U IPUBECTH KOHTAKTHBIE COCIMHEHUS B TIOPSAIOK.

Buieoowt

1. B 3ammTax OT 3aMbIKaHUN Ha 3€MJII0, YCTAHOBJICHHBIX Ha TaK HA3bIBAEMBIX «ITy4YKax
Kkaleneii», mpyu HapyIIEHUU KOHTAKTHBIX COEAMHEHUHN (a3 dTUX Kabeneil B MecTe MX MOAKII0Ye-
HUs, MOTYT BO3HUKATh CYIIECTBEHHBIC IO BETMYMHE TOKM HeOaaHca, CBsI3aHHbIE C Iepepacipe-
JEJICHHEM TOKa Harpy3Kd B OTIENbHBIX KaOensx myuka. [Ipu sTom BenmunHa Toka HebamaHca
3aBHCHUT OT CTENECHH pa3inuus xapakrepucTuk HamarauuuBanus TTHII u cxembl coeauHeHus
WX BTOPUYHBIX OOMOTOK.

2. Ilpu UCTIONB30BaHUH TMOCIEAOBATEIHHOIO COCTUHEHHSI BTOPUYHBIX OOMOTOK Kabemb-
Heix TTHII B 3amuTe ot O33 mosiBisieTcs: TOK HebalaHca OOJIBINION BETUYHHBI, KOTOPBIA MOKET
HE TOJILKO BBI3BaTh €€ JIO)KHOE CpabaThIBaHHE B HOPMAJILHOM PEKUME WM M3JIUIITHEE CpadaThi-
BaHHE B PEKHMME BHEIIHETO 3aMbBIKaHMs, HO M MpUBECTH K OoTKazy npu O33 Ha 3ammiaeMoMm
MPUCOEIMHEHUH.

3. Ilpu mepexone Ha mapaienbHOe coenuHeHne BTopuuHbIX 00MoTok TTHII Tok Heba-
JaHca B 3allUTE CYMIECTBEHHO CHIDKaeTcs. OIHAKO COBMECTHOE HCIOJIb30BaHHE KaOEIbHBIX
TTHII ¢ cuapHO OTAMYAIOMIMMUCS XapaKTEePUCTUKAMU, HATPUMED, Pa3bEMHBIX U HEPA3bEMHBIX,
MO>KET IPHUBECTH K HEMPABWIBHBIM JIEUCTBUAM 3aIIUThl OT O33, B CBSA3M C YEM SIBIISIETCS KpaliHe
HEXEJNAaTeIbHBIM JlaKe TMPHU MapauieIbHOM COSIMHEHUH BTOPUIHBIX 00MOTOK »TuX TTHII.

4. B HEKOTOpPBIX CIIy4asxX MOsBICHUE TOKAa HeOalaHca B 3allUTE MOXET HE BBI3BATH €&
JIO’)KHOTO cpabaThIBaHUS, OJTHAKO TP OMPEACIICHHON €ro BeIMYUHE U (aze MpUBEAET K 3arpyo-
aeHuto 3amuThl. B pexxume BHemnero O33 npu coBnagenuu no (ase Toka HebanaHca U coOCT-
BEHHOT0 EMKOCTHOT'O TOKAa 3aI[UIIAEMOT0 NMPUCOECTUHEHHS] MOXKET MPOU30UTH U3NIHILIHEEe cpabda-
THIBAHUE 3AILUTHI.

5. Kpome BnusiHuS Ha MOBEACHUE 3allUTHI, Iepepacipeie]ieHle TOKa B OT/IEIbHBIX Kade-
JSX TMy4YKa MOXKET MPUBECTH K MEPErpy3Ke TeX KU Kabeneid, B KOTOPBIX TOK YBEIHUYUIICS BHIIIIE
JOTYCTUMBIX pacu€THhIX 3HaueHuU. [loBbicuTCS TemmepaTypa Kabelss M yCKOPUTCS MpoIiecc
CTapeHUsl W3OJISIMU, B PE3YyJbTaTe 4Yero Kadellb MOKET BBIMTU U3 CTPOs PaHbIIE PacYETHOTO
cpoka. [Toatomy npu ycranoBke 3amuT oT O33 Ha kabenbHBIX MyYKaxX HEOOXOIUMO MpeaycMar-
pUBaTh YCTPOMCTBO CUTHAIM3AINN O HAPYIICHUH HOPMATBLHOTO PACIpEeIeICHUS TOKA B KaOeIsX.
Ecnu Takoro curHaJibHOTO yCTPOMCTBA HET, BOBMOXHBI HECEIEKTUBHBIE CpaOaThIBAHUS 3alllUTHI,
MIOCKOJIBKY TIPH pOCTE HEpaBEHCTBA TOKOB B Kabessix HebanaHc OyneT Bo3pacTaTh.

6. PazpaboTaHo ycTpoiCTBO, IPEACTABIISIONIEE COOOM HEHATIPABICHHYIO TOKOBYIO 3aIlld-
Ty ot 033, cnocoOHyr0 HHGOPMUPOBATH OOCTYKUBAIOIINN MMEPCOHAT O BOSHHKHOBCHHH HApPY-
HIEHUsS KOHTAKTHBIX COECIUHEHHI B 3alllMIIaeMOM KaOelbHOM IyYKe, a TakKe pearupoBaTh Ha



033, conpoBOXKIAIOIINECS TTEPEMEKAIOIICHCS TyTOH, Maxe €Clu MPOAOIKUTEIBHOCTh OECTOKO-
BbIX nay3 pocturaet 250-300 MUIUIHCEKYH.
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