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O CTONMPOUEHTHOW 3ALIUTE CUHXPOHHBIX
FEHEPATOPOB OT 3AMBIKAHUH HA 3EMJTIO

P. A. BAMHIUTEVH, A. B. LIIMOFJIOB

(Ilpencrapiiera HayuYHHIM CeMHHAPOM Kadelp 3SIeKTPHUECKHX CTAHIHN
: H 2JeKTPHYECKHX CETel M CHCTeM)

F3 Bcex mospexuenuii CHHXDOHHBIX TEHEPATOPOB GOJBIIHHCTEQ MPHXO-
AHTCA HA CTaTOpBl, NPHYEM OCHOBHAH Macca MOBPeKJIeHH{l Bhl3blBaeTcs 3a-
BOACKUMU Hedekramu usrotosaedus [l]. [IpuBoauMble Tam ke CTaTHCTHue-
CKHE LaHHble OKA3BIBAIOT, 4TO KOJHUECTBO NOBPEKJEHHI TEHEepaTOPOB €O
8peMeneM He y6buiBaer. Tax, nanpumep, obliee YHC/10 NOBPEX/ACHHUI FeHepaTO-
poB B 1964 r. Bo3pocsio no cpasHenuio ¢ 1963 r. 3T0 06bACHAETCS OCBOCHHEM
HOBBIX YHHKaJIbHBIX T€HEPATOPOB [Jd CBEPXMOIUHBIX TEIJOBbIX M THUApPaBJH-
{ecKux snexrpocraduni, crposimuxcsd B CCCP, BosblUHHCTBO 3J€KTPHYECKHX
NOBpeKIeHAH, BbI3BAHHBIX TEMH HJIH HHbIMHM NPHYHHAMM, OTHOCHTCH K 3aMbi-
KaHuaM OOMOTKHM craTopa Ha 3emuo. Yacro ogHodasnoe 3aMbikanHe ycme-
BAeT MepeiiTh B MHOTO(asHOe KOPOTKOE 3aMblKaHUe, TIpekKie ueM BO3HHKIIAS
aBapHsi OKa3blBaeTCsl JIUKBUIHPOBaHHOkH [2].

I'enepatopsl Gombuioit MoutHoctu (Gosnee 50 msT) paGoTaloT B GJAOKE
¢ TpancpopmaropoM. [Ipa 3TQM, 3a HCK/IIOYEHHEM CPaBHHTEABHO PENKHX
clyuaeB (HeCKO/bKO THIDOTEHEPAaTOPOB PaboTalOT Napa/ieNbHO Ha OHY
06MOTKY TpaHC(OpMaTOpa), reHepaTopbl He UMEIOT MeXAY cOGOil STeKTpU-
YecKoi CBSI3H. IJTO OOCTOATENBCTBO B GOJBIIMHCTBE CcAyuaeB oGJeryaer
PBINOJIHEHHE 3allUThl OT 3aMbBIKaHHH Ha 3eMJI0 OOMOTKH cTaTtopa, Tak Kak
He TpeOyeTcs ONpefeATh NMOBPEXACHHBIA [€HEPATOP, HO He CHHMaeT Ipoo-
JeMy o0ecredeHHsi JPYTHX COBDEMEHHBIX TpeGOBaHHi, NperbABASIEMBIX
K 3E€MJAHON 3alINTe CHHXPOHHBIX TeHepaTopoB. DTH TPeGOBAHHS CBOAATCA
K cleypiieMy: 1) oTCYTCTBHIO MePTBOH 30HEI, 2) OTCYTCTBHIO HEOGXOMUMO-
CTH BBeJ€HHs BBIAEDXKKH BPEMEHHU s obecrnedeHHs CeJeKTHBHOCTH.

~ HeoGxoIuMOCTb BHIUIOJHEHHS 3THX TPeGOBAHHH OODBIACHSIETCS CIeny1o-
utnm. Hanuune BbliepKKH BpeMeHH y 3alnThl YBeJIUUHBAET BEPOATHOCTD
BO3HMKHOBCHHS ABOHHOTO 3aMbIKaHHs Ha 3eMJ/IIO OpPH HAPYILEHHH H30JALHH
Apyro# ¢aspl. - :

Ilpn Handuun MepTEOfi 30HBI Y M4HHOH 3alIMTH BO3MOKHHE BeCbMa
OnacHble MOBPeXAeHHs — 3aMbIKaHHs (pasbl HAa HeliTpaJdn reHeparopa. Ycra-
HOBUBIUHICA TOK NPH JAHHOM BHJE IOBDEXJEHHs, HANPHMep A THAPOTE-
HEPaTopOB, MpeBBIIIAET YCTAHOBHBIUMHCA TOK Tpex(asHOro 3aMbIKaHHSA
B ABa C JIMLIHUM pasa [3]. ‘ \ : ‘

CyulecTByomas 3alluTa oT 3aMbIKaHHI Ha 3eMJII0 CHHXDOHHLIX reHepa-
TOpoB, paborawiiux B 0J0Ke ¢ TpaHCPOPMATOPAMH;* 110 IPUHLKIY AeHCTBHSA
HMEeT MepTBYIO 30HY BO/M3H HeliTpaau renepatopa (15%). HeodxomumocTn
obecrmeveHus CEJEKTHBHOCTH INMPH 3aMbIKAHHSX Ha 3eMJIO Ha BLICOKOH CTO-
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poHe TpaHC(hHOPMATOPa BHIHYXKAAeT BBOIHTb BBIIEDKKY BPCMEHH B AEHCTBHE
3ALLATHI.

JIMKBHIAUUS BLIAEPKKH BpeMeHH MoxeT OblTh NMPOH3BeleHA TOJIbKO
HeHo# 3arpyGJeHus 3alUThl H, CJIefOBATENbHO, YBeJHUeHHss MepTBOH
30HHI [6].

Hu oaun w3 H3BEeCTHBIX METOJOB, HCNOJbL3VIOUIHH eCTeCTBEHHBIE 3JIeKT-
pHUecKHe BeJIMYHHB B YCTAHOBHBIIEMCS! MJIH TI€PEXOJHOM PEXHME, HE NO3BO-
JIIET OCYILLUECTBHTD 3aLUUTy (€3 MepPTBOM 30HbI, TaK KAK IOTEHIHAJ HEHTpaaH
OTHOCHTEJNBbHO 3eMJau 67130k K 0.

B cBsa3u ¢ 3THM TpencTaBAfeTcs lenecoo6pasHoil pa3paboTKa 3alMHTHI,
pearupyiollell Ha HCKYCCTBEHHO BBOAHMbIE 3JIeKTPHUECKHE BEJHYHHHI, CMe-
uaomne 3J1eKTpHieckylo HeliTpanb ceTd. [logobnasn samiyra NpUMEHUTENBHO
K pacnpenenuTenbHod KabelbHOH CeTH ¢ KOMNSHCHDOBAHHONW HEHTpaJbio
paszpalboraHa Ha Kaeape 3JeKTPHYECKHX CTaHUHH TOMCKOro moJiHTexHuue-
ckoro HHctuTyTa [4]. 3ammTa ocymecTsisieTcsl IyTeM BKJIIOYEHUS HCTOUHHKA
C wacToToi 25 ey MOCJAeA0BATENbHO B lleNb AYyroracfllled KaTyIHKH.

IIpensaputesnbnble HcClelOBaHHA IOKA3bIlEalOT, 4YTO 3Ta 3allMTa MpH
COOTBETCTBYIOIlEM BBINOJIHEHHH pearupymollero OopraHa YCHellHO MOXKeT
ObITb TNpUMeHeHA IJ5 MOIWIHbIX OJIOKOB TeHepatop-TpaHcdopmaTop ¢ 3a-
3eMJIeHHeM HefiTpaJu reHepaTopa depes Ayroracsiulyilo Katyuky. HanbGosee
_IIPOCTO MOXKHO BBIMOJHHUTH 3aLUUTY AJsi GJOKOB C OAHHM FeHepaTopoM HIIH
I YKPYNHEHHbIX 6JO0KOB C pacllenJeHHOl NMepBUYHOH OOMOTKOHA OJIOUHOro
TpaHc@opmaTopa., 3aluTa MoxKeT ObIThb BBINMOJHEHA TaKxke I/ YKPYNHeH-
HBIX BGJIOKOB ¢ OAHOI OOMOTKOH HH3LIEeTc HanpsKeHUs TpaHcdopmaropa.
CJylelyer OTMETHTb, YTO BEeJHUHHA YaCTOTHl BCINOMOraTeJbHOT0 HCTOUHHKA
H Cnoco0 ero BKJIIOYEHHs] B Lenb HEeHUTPasd TaKXKe HMEIOT NPHHUHMINAJABHOE
3Bauenue. [1pu yacroTax Bblille MPOMBILLJIEGHHON KPaTHOCTb U3MEHEHHs BCIO-
MOraTeJbHOTO TOKa Kak 10 MOJAYJI0, TaK U no (ase Bceria Menbue, Boidop
I/ HCTOUHHKA CMeIleHHs HeHTpaJ/Jii reHepaTopoB 4acTOTH 2D 2y onpeje-
JUACST BO3MOXKHOCTBIO HCIGAb30BAHUA OEeCKOHTAKTHOTO CTaTHYECKOTO YCT-
POHCTBA — 3JIEKTPOMATHUTHOTO  [1apaMeTPHUeCKOro  JEJNHTeNs  YacTOTHl,
a TaKKe TOJOBbIM ONBITOM 3KCIIyaTallHH TaKOro HCTOUHHKA B MPOMBIILIJICH-
HbIX ycaoBusax Ha bapuayabckoin TOLI-2. Huxe mnoxasano, uto xapakrep
H3MEHEHHS TOKa ¢ 4YacToTod 25 ey Npu 3aMbIKAHHHM Ha 3eMJI0 OLHOH (asbl
reHepatopa BecbMa OusaronpusiteH. IIpn 3ToM HyXKHble XapakTepHCTHKH
PEATHPYIOUIET0 OPraHa MOryT OBITb NOJYYEHBI C IOMOUIbID CPABHUTE/bHO
APOCTBIX TEXHHYETKHX CPEACTB.

Ha puc. 1, @ noka3ana NpHHIKNHAJbHASA CXEMa BKJIOUEHUS 3alUMTH,
rae o6osnaueno I'K — mnyroracamas kartymka, TT — rpancopmarop ro-
ka, UKT — uctounnk KoHTpo/bHOTO Toka 25 ey, PO — pearupymomuit opras.
Ha puc. 1,6 BoiuepueHa cxema 3aMelllenHa YyacTKa Nenu Ieneparop —
tpaHctopmarop. Ha Heit 0603HaueHoO:

Uy, — HanpsixxeHde HCTOYHHKA KOHTpoabHoro Toka (MKT);

Zy — BHyTpenHee conpotusaenue KMKT;

Z, — noJiHOe CONpPOTHBJAEHHe ayroracsaliefl KaTyLIKH;

C, —eMKOCTb a3, reHepaTopa OTHOCHTEJNbHO 3eMJIH;

C.' — emxocTh (130l DOMQFKH HHU3IIErO HANPSKEHHUS TpaHC(popmaTopa
OTHOCHTE@JLHO 3€MJIH,

C,(.o, — NpooJbHAs €MKOCTh passl TpanchopMmaTopa MeXAy OOMOTKAMH

BLICIIErO M HH3ILEr0 HaNPAXKeHHH. :

B panpHefilleM NMpH OnpefejeHUH YCTAHOBHUBLIETOCS  KOHTPOJBHOTO
TOKAa AieJiaeM Cleayoline JONyUleHHs:

1) mpeHgGperaeM NpoAOJAbHBIMH CONPOTHBJ/IEHHIMH HYJEBOH HOC/JEHOBa-
TeJAbHOCTH;

2) npenebperaem BCeMM aKTHBHBIMH NOTEPAMH;
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3) MIKT cudraeM HMCTOUHHKOM HaNpsKEHUsi MOTOMY, UTO Zyxr  HpeHe-
GPEXHMO MaJio MO CPABHEHHIO C CONPOTHBJICHHEM JYroracsiieii XaTyLIKH.
C yueToM 3THX [ONyLIeHHH, KOTOPble, BOOOLIE rOBOPS, ABJSIOTCA OOULEnpH-
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Puc. 1

HATBIMH TIpH OlIpe[eJeHHH TOKOB HYJ/eBOi MOCJHeN0BATeJbHOCTH “aCTOTOH
50 ey B ceTAX C H30JMPOBAHHOI HIH KOMIEHCHPOBAaHHOH HeATpaabio (npx
YyacToTe KOHTPOJABHOTO TOKa 25 ey
3TH JONYIUEHHS MOXKHO NPHHATDL

H M0NaBHO), MOJYYHM PacueTHYIO
cXemMy  3aMelleHHs, H300paKeH-
HYI0O Ha pHC. 2.
R f Ha cxeme 3aMemienns 000-
L "'f"-e SHAUEHO: :

L — MMAYKTHBHOCTbYAYIOracs-

el KaTyILKH;
y ‘ C — cyMMapHasl eMKOCTh CeTH
_ reHepaTOpPHOTO Hanpsxe-

By HHUSI;

R}— nepexopHoe coupoTHBJIe-
Puc. 2 HHE B MECTE 3aMBIKaHHUH

‘ ) HA 3eMJl0;
fx — 10K 25 24 yepe3 TpaHcHOpPMATOP TOKA  3ALUTH
U — nanpsawenue MKT.
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ITpn 3aMbu<amm yepe3 MEPEXOLHOE COMPOTHBJEHHE KOHTPOAbHHIH
TOK paBeH ) -
' U(l +JjRoC) « ()
(R—e2RLC)+joL’

1
rie ©® = — o, — YaCTOTA KOHTPOJBHOIO TOKa;

Ie=

1
u)p=—1/—ﬁ—p630HaHCHaﬂ 4aCcTOTa KOHTYpa, 006pa3oBaHHOro Ayrora-
cAuledl KaTYMKOR H CyMMapHOfl €MKOCTbIO T€HEPAaTOPHON
CeTH. ‘

Tax xax HacTpPofiky Ayroracsien KATYUIKH CTApaioTcss YCTAHOBHT
0 BO3MOIKHOCTH OJHXE K PEe30HAHCHOH, OyJAeM noJaarath, 4TO 0,=®ceru.

Beeasi o6osznauenue w,L = X u nomoxus U ==1, nocre npeobpa3o-
paHMil BhipaxeHHud (1) MOAYYHM
_ﬂﬂ_Jr 2(3R2— 4X})
9K? + 4X1 OR? X, +4XL
TlpH H3MEHEHHH NMePeXOLHOIO CONPOTHBACHHA R B mpelenax foo--0]
KOHel BEKTOpa /, ONMHINET MOJYyOKPYXHOCTb C LUEHTPOM, JeXalldM Ha
NephneHAMKyIApe K HanpaBJenHio Bekropa U= 1 (puc. 3). llearp ox~
2

(2)

K=

PYXHOCTH OTCTOMT OT Hayana wexropa U ma pacctosHuy X B CT6-
N . L !

~

POHY OTCTABAHHA.

Puc. 3

W3 puarpaMMbl BUAHO, YTO OTHOIIEHHE BEJHYHHBI TOKA [y HPH 3a-
MbiKaHHH 6€e3 mepexoJHOT0 COMPOTHBJEHHA K TOKY HOPMAaJbHOTO PeXH-
Ma paBHO 3, (a3a Toxa MeHserca mpd atoM ma 180°. Ha puc. 4 npuse-
JeHB KPHBBHIE: |) 3aBHCHUMOCTH MOJYJS KOHTPOJBHOTO TOK4d OT BEJH-
YMHB NE€PEeXOLHOr0 COMPOTHBJAEHHS [y = f,(K), 2) 3aBUCUMOCTH (a3¥™
KOHTPOJILHOI'O TOKA OT BEJHYHHB  MepexXQJHOr0  CONPOTHBJICHHA

¢=f3(R). XapaKTep M3MeHEHHS KPUBBIX [y = f, (R) u ¢ = f,(R) nosBo-
ASET 3aKJIOUHTE CAEYIoIee..
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1.-Pearupymoiiuii opran 3aHiuTel MOKeT ObiTh BBINOJHEH HA TOKOBOM

RpHHIUNE. UYBCTBUTENBHOCTD M CEJAEKTHBHOCTh TAKOTo opraHa GyAyT yaOB-
ACTBOPHUTEJbHLIMH NIPH YC/IOBHH, eC/id OH OyJeT 06/1aJaTh NOBLIILIEHHOH YYB-

y /'/700"

f-—wmz,ooe/ra gng 9 = J’?f

4
f;—/wem,ooaw g §< Y,

Puc. 4

CTBHTE/IBHOCTBIO K TOKY C 4acTOTOH 25 ey. DTo 06JErYUT OTCTPOHKY OT BHAC-
WHX TapMOHHUK H NMPOMBIIJIEHHOH 4acTOThl NPH 3aMbIKAHHUH Ha CTOPOHE BbIC-
miero Hanpsikenua O6Joka. HemocraTkoM Takoro opraHa sBJasgeTcd Majas
YYBCTBHT@/NbHOCTH NPH 3aMbIKAHHH 4Yepe3 NepeXOJHOe COMpPOTHBJAEHHE,

2, PeardpywoIliHA opran Moxet ObiTb BbiNosHEH (a304yBCTBHTENbHEM.
Hsmenenne ¢asel Ha 180° npu MeTassHUeCKOM 3aMbIKAHAM NO3BOJAET OCY-
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HIECTBHTD TOPMOMKEHHe B HOpMaJjibHOM pexuMe., IIpw 3TOM = pearHpyroului
OpfaH §yNeTr oueHb XOPOILIO OTCTPOEH OT BHICIIHX FAPMOHHK H OT 3aMbIKaHHH
Ha CTOPOHE BbICIIEro HaNpsKeHuUs 6J0Ka. .

O6pawaer Ha ce6a BHHMaHKHE OYeHb pe3Koe H3MeHEHHe (as3bi KOHTPOJIb-
HOTO TOKa NpH 3aMblKaHHH 4epe3 OOJbIIOE NepPeXOAHOe CONPOTHBJIeHHE, ITO
06CTOATENLCTBO M03BOJSAET BBHINOJHUThL 3aIHUTYy, NEeHCTBYIONIYI0 NpU 3HAUU-
TeJbHHX NepPexoMHbIX CONPOTHBJAEHHAX. [Ipu 3TOM YYBCTBHTEJIBHOCTL €& MO-
AKET peryJjHpoBaTbCA H3MEHEHHEM YIJa HAK/IOHA JHHHH H3MeHEHHs 3HAKa
BHIXOJIHOH BEJUYUHBI pPearHpymollero opraia. 3auura MoxeT ObITh 000pYyAO0-
BaHa Takxe O6osee UyBCTBHTEJABHOI CTYNeHblO, ASHCTBYWOIIEH Ha CHrHal
B 06JaCTH TOPMOXKEHHsI OCHOBHOFO opraHa. Tak Kak KpoMe TOKa C 4acCTOTOH
25- 2y, yepes TpancopmMaTop TOKa 3aILMUThI PH 3aMbIKaHMH Ha 3€MJIIO NPO-
TEKaeT TOK MPOMBIIIJIEHHOR 4acTOThl, HEOOXOAHMO NpPHAATH pearupyiomuemy
Opray, 4acTOTHO-H30HpaTe/bHble CBOHCTBa HAH KOMIEHCHPOBATh TOK INpo-
MBIIJIEHHOH YacTOThl BO BTOPHYHBLIX LeNAX HaIpsxeHHeM HYJeBOH Hocjeno-
BaTEJbHOCTH, KUTOpOe BCErAd MPONOPUMOHANBHO 3TOMY TOKy. Peaqausauuio
HEOOXOMHMBIX CBOHCTB pearupymoIlero OpraHa Npeanosaraercd BbINOJHHUTD
Ha OCHOBE KOJbLEBOro MOAYJATOpa Ha IMOJYNPOBOJHHKOBLIX AHOAAX WU HA
ocHOBe ()a30uyBCTBHTENbHOTO YCHJAHTENA Ha TpaHaucrtopax. [llocnennui,
KOHeuHo, OoJsiee MpeANOYTHTENEH, TaK Kak, obaanas Takoi xe (a3oBoi xa-
PaKTePHCTHKOH, UTO W KoJbllepasd (pa30uyBCTBHTEJIbHAs CXeMa, HMeeT 3Ha-
YUTENbHO OO0JbILYIO BleOlIHy}O MotHoCTh. Onopnoe Hampsixkende Ha ¢aszo-
YYBCTBUTE/bHbIE YCTPOHCTBA OyAeT MOAABATbCA OT HCTOYHHKA KOHTPOJIBHOIO
ToKa. Hy»HO OTMETHTb, UTO 3TH CXeMbl, IO KpaiiHell Mepe 4YacTHYHO, IO
NPHHIHNY JeicTBUSI OYILYT ONHOBPEMEHHO PellaTh BONPOC OTCTPOHKH OT TO-
KOB MpPOMBIIIJIEHHOR YacTOTBL. DTO OObACHAETCS TEM, YTO NPH KPATHOCTH
YacTOT, ONOPHOTO HANPAXEHUA U CUrHAJIa, PABHOH YETHOMY UHCAY, CpejHee
3HayYeHHe HaNpsiKeHHs Ha BbIXOLe 00euXx (a3ouyBCTBUTENbHBIX cXeM pasHo 0.

[Ipy HEAMYHMM HA CTAHLHH HECKOJbKHX OJOKOB (€CJAM TIeHepaTopbl He
HMEIOT 3JIeKTPHUeCKOfl CBA3HM) 3alllUTa MOXEeT OBITb BbIIOJHEHa JJs Kax:
XOT'Q TeHepaTopa oTAenabHO (pHC. 1}.

Puc. 5

Jas BLINOJSHEHHsT 3alUUTH 0 3TOMY BAapHAHTY HEOOXOAMMO B HEHTPaJb
KaxJ1oro reHeparopa ycranasanbath UKT.

Onnaxo BO3MOXEH M APYroil BapHAaHT, MOKa3aHHbIE Ha puc. 5, a, 0.
B sroMm BapHaHTe AJs 3alUUTH TPYNIbl T€HEPATOPOB HCNOJb3YeTCs OJHH
HKT. Moutnocts UKT B TakoM cayuae MOKeT NOTpebfoBaThcsl GoJblile MOILIL-
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* nocrd uuausuayanapnblx MKT pas toro, yto6m ofecneduTb B HOPMaJibHOM
pexkHMe HeOGXOLHMBIfI TOK TOpMOXKeHHs B pearupyiomemM opraHe. Hyncrau-
TeJbHOCTb 3allMThi K 3aMBIKAHHAM Ha 3eMNi0 He yMeHbluaercs. [Ipn acooan-
30BaHHM PACCMAaTPHBAEMOro BapHaHTa 3alllUTH LesecoobpasHa ycranopka
pesepeHoro UKT, uTo NMOBBICHT HaZIEXKHOCTb 3a1HTHI.

[Tpu BbINONHEHHH 3aLIMTHI MO 3TOMY BapHaHTy noTpebyerca ocyuiecr-
BHTb COeJHHEHHe 3a3eMJseMbIX BBIBOJOB JyroracAildx KaTyllex reHepa-
TOPOB.

Ha puc. 6, @, 6 npuBefieHbl BaPHAHTHI BHITOHEHUS 3alUUTH OT 3aMbIKa-
HHH Ha 3eMJI0 reHepaTopoB, paboTalomHUX Ha COOPHble IIHHDBI: a) C HECKOJb-
kuMy HMKT mo KoJHYECTBY reHepaTopoB, HMMEIOLHX KOMIIEHCHDOBAHHLIC
neiitpaau; 6) ¢ onnuM MKT. Jlas ocylecTBieHus CEJAEKTHBHOH 3alUUTHL
B 3THX BaphHaHTax Heo6XOAMMO HCIOJb30BaTh AHQPepeHUHaJbHYI0 TXEMY.
B HopManbHOM pexkuMe paboThi FéHepatopa MO pearupymlieMy oprany 0y:
JIET NIPOTeKaTh eMKOCTHBIA TOK TOPMOM(CHHS, 2 P 3aMbIKAHHH HA 3EMJIIO —
TOK NPOTHBONMOJKHOK (askl, onpejensieMoil HHAYKTHBHOCTbIO Ayroracamm _

KaTyluex.

P~
L]

r7

Puc. 6.

B Hacrosilllee BpeMsi MpPHU BHIMOJHEHHH 3aIHUTBI HA €CTECTBEHHOM TOKE
HYyJIeBOH MOCJeACBaTeJbHOCTH HAa BbIBOAAX TeHepaTOPOB YCTAaHABJMUBAIOT
HIMHHBIH TpaHchOpMaTop TOKa HYJAEBOH MocjeroBaTeNbHOCTH [6]. dtoT
TpaHc(opMaTop MOXeT ObITb HCNONbL30BAH H B AAaHHOM cJayuyae 0e3 BCs-
KO mepeleNKd Oas BKAKYeHHss B JHdepenunanpuyio cxemy. Coraacosa-
HHIO ¢ HHM OyleT moaJqexarb TpaHcdOpMaTop TOKa, YCTAHABJAMBAEMBI
B uenu Hefitpanau. HyxHo OTMeruTsh, uTo 6Jarogaps BO3MOXKHOCTH 4YacTOT-
HOIl OTCTPOHKH OT TOKOB HeGasaHca ¢a/ibTpa TOKOB HYJEBOH MNOCAEROBE-
TeJbHOCTH TpeGoBaHHA K TpaHC(OpMATOpPY, YCTaHABAUBAEMOMY Ha BHIBOAAX
regeparopa, MOryT ObiThb CHHIKEHBI, a TakxXe NOSBAAECTCA NPUHUHUNHAJBHAN
BO3MOXHOCTb HCNO/Nb30BaTb TpeXTpancQOpMaTOpHLII  GUABTP HYJIeBOIl
nocJef0BaTeJbHOCTH,

Brisoabl

1. Kpynnble noppex/€HHs] TeHEpAaTOPOB BO3HHKAIOT B CBHA3U C IOBDPEIK-
JAeHHeM HJIH ocaadjeHHeM H30JSIHKM O OTHOWEHHIO K 3eMJIe,

2. CyuiecTByOUlHe KOHTPOJIb H3OJALUHM M 3aLIMTa OT 3aMbIKAHHA Ha -
3eMJII0, pearupyiolliie Ha eCTeCTBEHHbie 3/JeKTPHYeCKHe BeJHYUHBI, N0 NPHH-
LHNYy AeACTBHA HMEIOT MEPTBYIO 30HY, paboTaloT ¢ BbLILEDXKKOH BPEMEHH,
cnabo YyBCTBHTEJNbHbH K NEPEXOAHLIM CONPOTHBJEHHSM B MECTE NMOBpex-
IeHUs.
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3. PaccmaTpuBaeMas 3alifHTa, peaTUPyoOLLast HA H3MeHeHHe (ha3bl KOHT-
POJILHOTO TOKa 25 2y, BBOLMMOTO B LIeNH TEHepaTopa C MOMOIIbIO NapaMer-
DHUECKOrO JeUTENs YACTOTH, He MMEET MepTBOA 30HbI, Gosiee UyBCTBHTENb-
Ha K NePeXOAHbIM COIPOTHBJACHHAM, MOXeT paboTaThb 6e3 BbIIEPIKKH Bpeme-
HH, CHPHAaH3NPOBATD ocaab/ieHne H30ISALHH.
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