H. I Kymsseuwn.

3amuTa reHepaTopos.

HacTrosiwiag crates sBageTcs pe3yabTaToM pabOTH aBTOpPa HAX BOIPOCOM
NOBHIIEHHS] YYBCTBHTEJNLHOCTH 3alUTEHl F'EHEPATOPOB OT 3AMBIKAHUA HA 3eMJI0.
[Teprasi wacTh CTaTbU NOCBALIEHA BOMPOCY NOBKLIIIEHHA YYBCTBHTEALHOCTH HOP-
ManbHOH 32IIMTH TeHePAaTOPOB OT s3aMBIKaHus Ha 3emJao tuna AEG, a sropas
YacTb—HCCNENOBABUAM, NPOBEJEHHbBIM aBTOPOM B O6/JAaCTH yCTPOHCTBA 3aUTHI
OT 3aMHIKAHHA Ha 3eMJI0 U audepeHnuanbrofl 3amurth Thna Ferranti.

3amuTa OT 3aMbIKaHM% Ha 3eMJIO.

3aMBIKAHKSI HA KOPNYC $BJAIOTCA Hanbo/jee YacTHM BHAOM MOBPEXJICHHNA
regepatopos. Kak nokaseiBaeT NMpPaKTHKA, NOBpexIEHH OOMOTKH CTaTopa Moy«
TH BCerira HAYMHAITCH C 3aMAIKAHUSL HA KOPNYC W JHLIL BNOCREACTBHH Pa3BH-
BalOTCA B KOPOTKOE 3aMhIKAHUE TOTO UM APyroro Bmaa. [losromy 3amura orT
3aMbIKAHUS HA 3EMAKR ABASIETCH HaubO0/€e OTBETCTBEHHBIM 3JEMEHTOM BCEH CH-
CTeMbl 33UIHTH reHepartopa.

B macrodmee Bpema nAas 3aiUThl T€HEPATOPOB, PABOTAOUINX Henocpei-
CTBEHHO HAa HIMHBI CTAHIMH, CYIIECTBYyeT OO/NbUIOE KOJWYECTBO THIIOB 3aLIHUT
OT 3aMBIKAHHs Ha 3emJaio. VI3 pux namGosee coOBepLIeHHON aBJjsieTca AMdepeH-
1HaJIpHAs1 BATTMETpOBaa 3amura tTena ALU, pearmpyiiasd Ha MOUIHOCTL HyJe-
BOH 110C/CAOBATENBHOCTH, YYBCTBHTE/IBHEOCTL KOTOPOH TaKxke HaJqeKO HENOCTa-
TOYHAa B COOTBETCTBHM C TPeOOBAaHHAMH, NPCABABICHHBIMU K 3alllHTE OT 3aMbI-
KaHWUA HA 3eMJIO,

Kak u3BeCcTHO, OCHOBHBIM MOKA3aTeJEM KayecTBa 3alMTH ABJAAETCH XOPO-
1A YYBCTBHTEJNbHOCTh €€ MNpU MajJOM MAaxKCHMaJbHOM TOKe 3aMbIKAHHA HA
3eMJ10, HHKHUE Npexes KOTOPOro onpeienseTcs BeAHuHHOH Toka wuebanaHca.
BO BTODHYHOH LENM 3aHIHTH, a BePXHEi—AONYCTHMBIMH pa3pYLIEHUs MU TreHe-
paTopa nmpu 3aMbIKaHHM HA KOPNYC.

C TOuUKH 3peHHs NONYCTUMHIX PAa3pYLISHHH Kexe3a CTatopa MOMKHO pony-
CKaTh MAKCHMa/JbHHH TOK 3aMBIKaHuf HA 3eMmyai0 (1. 8) no 40, a B TeueHHe
4 cex., 80 a—2 cex. u (120—150) a—0,4 cek.

Oanako Heo0XOaWMO HMETh B BHIY, UTC 3@MBIKAHHE HA KODHYC MOMKET
BHI3BATb MEXJYBHUTKOBOE WAH MexnyhasoBoe 3aMBIKAHKE M NPHUBECTU K TSKE-
JBIM NOBPEXKIACHHAM reneparopa. [Joaromy A4 3aIUHTHL I€HEPATOPOB OT BHYT-
PEHHHX HOBPEXICHHA sBASIOTCA COBEPWIEHHO HeoOXxOZUMBIM H30erath BCAKHX
BHACPXKEK BPEMEHH peje HJH CBOAMTH HX 0 MHHHMYMa W CHHXAZTH MAaKCH-
MaNbHBIA TOK 3aMBIKGHHA Ha 3€MJI0 10 MHHHMAJBHLIX PasMEepOB, NPU YeM He-
O00X0JHUMO YYHTHIBATH BeNHYHHY €MKOCTHOIO H BATTHOIO TOKOB 3a3€M/eHud,
MOATex3aeMbiX CO CTOPOHH IIHH.

I. 3amura OT 3aMblkauusa ia 3emato tuna AECG.

l. YcTpo#CTBO 3aLHTH.

Ha puc. 1 npusenena cxema HOpManpHOH 3amuthi AEG OT 2aMmblKaBus: HE
3eMJI0.

Toxosas 006MoTKa BaTTMETpPOBOTO pede 1 KOCHHYCHOrO THIIA NPHCOSAHHASTCS
AudepenuBalbHO K TPEM BHEIIHHM TpaecGOpPMATOpaM TOKa 2, COEAMHEHHEIM B.

13
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cxemy Holmgreen'a ¢ kosgpuuuesToM TPaucQOPMaUUU /i, B K HYJEBOMY TPAHC-
dopmaTopy TOoKa 3 ¢ KOIDHUUEHTOM TPAHCHOPMAUKH Hro, NPH UEM

L !
fom o
ot

fro = (1,2 =~ 1,5) Tra.

Hanps:esne K KaTyllKe HaNPsKeHHUH pesie HOABOAUTCs
OT ByJeBoro TpancopmaTopa HanpsKeHus 4. '

[pyu HOpMa/bHOR paGoTe M BHEWIHHX MEXAY(as0BhIX
KOPOTKHX 4epe3 TOKOBYI0 KaTyilKy BaTTMETPOBOrO peJe
TEueT TOABLKC TOK Hebamauca Jys BHEINHHX TPaHchopMaro-
pOB TOKa, MpPH YEM RANpPAXKEHHE HA KAEMMax peae Up =0,
W samTa He paboTaer.

[Tpn 3aMbIKaHUsX HAa 3eM/I0 BHE 30HBI BAIIMTEL MOWL-

MomHocTs Ha pelde, OGYCAOBNEHHAs COCTaBASIOWEH

t
|
{
|
e | HOCTb Ha pene, 0GycaOB/EHHAs cocTasaswuiest Jy — TOKa
~ | Bmemnnx TpanchopMaTopoB, ACHCTBYET Ha pene B CTO-
. | pony TOPMOJKEHHUS, 4 NPH NOBPEXIEHHUAX BHYTPH 30HH 34-
b—i—t——-, HHTH—B CTOPORY BHIKJIOUEHUA (npd HAJHUMM TOKA, MOI-
B oSy ! TEXAWIEI0 OT APYTHX T€HEPATOPOB).
&
DI O I N
Jg J, — TOKa ByaeBoro TpaHcdopmartopa, NeHCTBYeT BCeraa
T B CTOPOHY OTKJOHEHHS. .
Puc. 1.

[Tpu 3aMbIKAHWH Ha 3EMJIIO BHE 30HLI 3aIUTH Pa3HOCTH
TOKa B lleN¥ 3ailHTh, OOYCJIOBAECHHAS Mo > s, MAET HA

KOMIEHCAUMI0 TOka HeOanaHCca BHEWHHX TPAHCHOPMATOPOB.

2. Benuuuna u @asa Toka BeGanaHCa CXEMH Holmgreen’a.

Tox wuebanamca cxemn Holmgreen’a o0yc/oBAHBACTCH HEHACHTHYHOCTBIO
MATHUTHHIX XapAKTEPUCTHK TPaHC(HOPMATOPOB, COCTABAAWUIMX CXeMy, H paBed
TeOMeTPHYECKOH cyMMe BTOPHYHBX TOKOB:

JHG :Ja2+Jbz+J52
Ha ocropanpsu BEKTOpHOﬁ JnarpaMmnl TpaHC(bop-

R ¢ '

maropa Toxa (puc. 2) ypasHernue (1) MOXHO BEPA3HTh
yepe3 nepBUYHHE TOKHY, NPHBEAEHHHIE K YUCAYBHTKOB
BTOPHYHOH OOMOTKH:

Jus=Juo—Ja1) + (Joo—Jo1) + Teo—der) - - - (2)

rae Jo=J,-}-J,—cymMmMa peaxTHBHOR ¥ aKTHBHOW
€OCTaBJAAIOMKAX HAMAarHMYUBAIOMIErO TOKA, B NA/JbHEH -
ieM Ha3LBAEMAs TOKOM XOJIOCTOrO xoxa Tpancdop-
maropa.

Ho cymMma nepsnYHHX TOKOB NpH HOPMa/jbHOM
pexume pabGOTH reHepaTopa pasHa Hyaw. Torna ypas-
senue (2) npumer BUM

Jl16:+(jao+-]50+.]co) « o o = . s e o @ .(3)

Ecau nepBHYHbBIE TOYKH CHMMETDHYHB, TO Ha
©OCHOBAaHWK BEKTOPHOU JaMarpamumsl Tpancdopmaropa
Toka (puc. 2) ypaBHenue (3) MOXHO MPEACTABHTH
® Oonee HArAAAHOM BHAE, 4 HMEHHO!: :

V

Puc. 2.

— b 2l
e [-/ao e ‘.’a_!_az Jvo €—J‘b+a Jeo € “]‘C]-(‘l)

y=a -+ g1 %.
2

) — e/
rae a=¢el3 i

HIpHYeM:



@y — CEBAr (a3 TOKA W JEKTPOABHXKYLIEH CHAN BO BTOPUUYHOH Nenu TpaHC-
dopmaTopa U & — NOrpellHoCcTh B yIJe.
CsienoBaTesIbHO, NPYU OAHHAKOBOM Kosprnuenre Ttpanchopmanun Ttpancopma-
TOPOB CXEMBHl, BeJduMHA M (pasa TOkKa Hebananca OyneT ONpelensaThCd BeaRYH-
HOH ¥ a30if TOKOB XOJOCTOro x04a TPancdopmaropos.

3. UyBCTBHTEABHOCTL 3aUHTH OT 3aMHKaHHRA
Ha 3emJal tuna AEQG.

[Ipn meTanauyeckoM 3aMBIKAHHY HA 3eMJ/110 B 3aINHIIAEMOH 30HE MOIIHOCTD
HA K/JAEMMax BAaTTMETPOBOro pene B ciaydae paboTel OZHOr0O remeparopa

I N N )

rae Juss — TOK Hebanmanca cxemn Holmgreen‘a npd HOMHH3/ABHOW HArpysxe
TpancopmatopoB. as toro, urobu pene mnoAeHCTBOBaNO, HEOOXOAUMO BHI-
NOJHEHHE YCJOBHSI YYBCTBUTE/IbHOCTH:

‘PPSPPT' e % e & & & & & € » = a2 = = » (6)

rae Py; — MOIIHOCTb, TPOT@HHS peue.
[Tpu samMbIKaBHM Ha 3eMJI0 BHE 3AINMINAEMONl 30HBI JIOXHAH MOUHOCTH HA

KAEMMax peJe
Poa=[Juon—(Js—J)V Up - v o o oo v o o (D)

[Mpa atoM, uto6H pesne He MOAEHCTBOBANO, HEOOXOAHMO, HTOOB MAaKCHMa/ibHAs
J0XHAaAd MOMIIHOCTb OhiIa MeHbIIe MOUIHOCTH TpPOTaHHfA:

ppT:KH pp,ﬂ MaxXy = * ¢ =+ ¢ o & 3+ o &« s « = (8

rae K, — 1,25 —Ko3}uinestT HEHaALKHOCTH.

CoBmecTHoe pemenue ypassHenuit (5) u (7) npu BenoJHeHHH Ycaosuit (6) u
(8) /aeT OCHOBHBIE COOTHOIUEHHS JJIA NApPaMeTpoB 3aiMHTHl (M. 4): MOMHOCTh
TPOTaHUsA peJie

Pp'r:O,OO-S V?H Jusu Up max %0y + o o+ o+ . e . . . (9)
MAKCHMAJALHEHA TOK 3aMLIKaHHA HA 3eMJI0
Jon= (1 V&) 100 Doon e (10)
%

H COOTHOIIEeHHe K03auuHeHTos TpaHC(OpMaUKH
Mra=136 f, npu K, =125 . . . . . .. . .. .(1])

rjie ¢p— [NPOHECHT HC3AUWUINCHELIX BHTKOB H Up max — HANpMKEHHE HA KJIEMMaxX
pene npH 3aMBIKAHHYM Ha 3EMJ10 HA 3aXHUMax 3

reseparopa. ‘ )
JI/s1 OUEHKH KaueCcTBAa HOPMAABbHON 3aMUTH 2§ s ,/ ¢
tuna AEQ Ha pHC. 3 npuBeLeHAa 3aBHCHMOCTb /
MaKCHMaJbHOTO TOKA 2aMHKAaHHS HA 3eMJI0 OT 2% ‘R‘V
HOMHHAJbHOrO TOKAa TEHepaTopa, BHIPaKaeMas 2p £ pd
ypaBHeHneMm (10). TIpu nocrpoennn npuaATO: \@V Eﬁ\yrr
BTODHUHEIA HOMHHAJIbHEII TOK BHEIIHHX  Tpan- 6 7 4;/
copMaTOpOB 5a, DPONEHT 3AMHINEHHBIX BHT- 49 / }{?/ '.
koB 80%, u K, = 1,25. / vd a1
M3 puc. 3 BuAHO, 4TO MaKcHMaJbpHHE TOox & A Rt
3aMBIKAHMsl HA 3eMJIO ANl KPYNHHX reHepato- /,‘/,/
poB npH 80°o 3amHILEHHBLX BHTKOB AaA€KO Bhl- // I |
1H

XOJHT 33 npeAenass AONYCTHMOTO TOKa, YTO BH- 0%
3HBaeT HeoOXOAHMMOCTEL NOHHKATH IpOLEHT 3a- 1000 2000 3000 4000 5000
HIHIIEHHBIX BUTKOB. Puc. 3.
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C nenbl0 ROHHMEHHS MaKCHMaJbHOTO TOKA 3aMblkaHHs Ha 3emmo AEG, .
H3rOTOBAAET AAS 3TOH 3alMTH TpaHCcPOpMaropbl C BTOPHYHRIM HOMHHAJNBHEIM
TokoM 1o 20a, TO ecTh yMeHnbiuaeT Ko3pHLUHeHT TpaHCHOPMALUH BHEMIHHX
tpanchopMaTOPoB 7. C yMeHbIeHueM koaduiueHta TpancQopMauHH TOK HE-
Gananca cxemus Holmgreen’a mosken yBeanuutbca Ilpu aToM MHTEpecHO ompe-
JeNdTh 3aBHCHMOCTh TOKAa HeGanaHca OT KPATHOCTH YBEAAYEHHS BTOPHYHOIO
HOMHHAJbHOrO TOKa Tpanc(opMaTOpoOBs.

Il MAKCHMAJbLHOH MATHMTHON MHAYKUMH Bmax, B npexeaax 0—7000 raycec,
33BUCHMOCTD AWyx==/ (Bma) (N0 HaHHBIM 3aBOJA ,JJekrpoannapat [a.7]) mo-
weT 6BTh ¢ NOCTATOYHON TOYHOCTHIO JJs OPHEHTHPOBOYHHX pacueToB BHIpA-
JKeHa ypaBHeRHEM

aw,=KB% . ... ... .....012

max

rre A=0,0023 —0,0044 B 33apHCHMOCTH OT COpTa XKeje3a.
Ha ocnoBauun ypasBHeHHS (12) MOXHO HAMHCATL TAaKXKe 3aBHCHMOCTL TOKa
XOJ0CTOTO XOA4 OT BTOPHUYHOH 3NeKTPOABHNKYINElH CHJAB Tpancopmaropa:
K EZO'G
w,18

1l

JO ..........\.(13)

Ho u3 ypasHenus (3) TOK He6ananca nponopLUHOHAJNEH TOKY XOJOCTOro XxoJAa
TpaucopMaTopos,

K, E06
mz&hgﬁar I ¢ 3

[pu ysearyeHdd BTOPMUHOTO HOMHHAJbLHOTO TOKa B M DPas, UHCJIO BHTKOB BTO-
PHUHOH OOMOTKH M I/HWHA NPOBOXA €€ YMEHbWATCA B /M pPas3, a CeueHHe npo-
BOIA NOJKHO OHITH VBEJHYEHO B M pas, TOrAa BHYTPEHHEE CONPOTHBJ/EHHE
BTOPHYHUH OGMOTKH vMeHbWHTCA B m2 pa3. [Ipu 3TOM BeNMYHHE BTODUUHOM
3MEKTPOABHKYUEH CHJIb TaKXe YMEHbUIMTbCH B M pas, CJACAOBATENbHO, BEIH-
yMHA TOKa HebanaHca coraacHo ypasuenus (14)

 ~(E2 o5 1 1,6 £,%°
J H6 — m (Kz) == Kz Wzlrs m. . . « « « « . (15)
m

yBEJIKYUTCS B M DAas.
[Mpy »TOM BeNHUMHA MAKCHMaJAbHOTO TOKA 3aMBIKAHMA HA 3€MJW, COIACHO
ypasuerua (10), octarerca nocroguHoll (puc. 3); Tak Kak no ypasaenuio (15)

n
‘TE- Juﬁ-m:”TB JH6:COUS t.

m

Ho ¢ yBejuuenuemM BTOPHYHOIO HOMHHAJBHOTO TOKa TPaHCHOPMATOPOB TOK
3a3eMJIEHKS BO BTOPHYHO!H IeNH 32IMHUTH yBEeAHYHBAETCH, @ 3TO N3aeT BO3MOXK-
HOCTBb N0Jy4YaTh AOCTATOYHYIO UYBCTBUTEJIBHOCTb 3ALUKTH NpH GoJjee rpyGoix
peae.

3uauuTe/ibHOE NMOHHXKEHHE Ji, MOXNHO NMOAYYATh NMYTEM YMEHBLIGHHA TOKA
ne6ananca cxeMol Polmgreen’a noa6Gopom tpaschopmaropos Toka. Ilopbop
JOJI¥eH NPOU3BOJAUTE 3aBOJ, M3TOTOBAAKOWMA TpaHchOPMATOPE H AO/MKEH ra-
PANTHPOBATL ONPEAESEHHYI0 BEIRUMHY TOKa HebanaHca NPH HOMHHANBHOH Ha-
rpy3ke Tpanc(popMaTopos.

Ha puc. 4 npuBeseHa cxema, KOTOpas wMOxeT ObiTh PEKOMEHAOBaHAa Juist
NpOH3BOIACTBA MOoAGopa TpaHCHOPMAaTOBOB, 4 HA PHC. O AaHa BEKTOPBas JHa-
rpaMma Jid 5TO# CXEeMH.

3
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[pu ykasanHoM Ha cxeme (pucC. 4) coeluHeHWH, HANPsKEHUs Ha 3aKHMAX
nepBHunKX o6MoToK U’y u U’y M BTOpHYHHE 3ACKTPONBHXYUIHE CUJIH EuE’
TpaHCcGOPMATOPOB MOTYT DasHMTBCA N0 BeAHYMHE M (pase M3-332 HEONMHAKOBLIX
COCTABASIOMHEX Jm U Jw TOKOB XOJOCTOrO X0Aa TpaHchOPMATopoB. AMmepMerp
BO BTOPHYHOH Lenu TPaHC(HOPMATOPOB MOKAXKRT TOK HefanaHCca CXE€Mbl, BH3-
BaWHEIA PA3HOCTBIO BTOPHYHHX 3AC A F,. BarTmerp B cxeme HEOGXOZHM JHIIb
A5 OnpeneneHHs HANpaB/eHUs IHEPTHH
BO BTOPDHYHOH WENH, HpuU4YeM JIJsi yBe-
JMYEHUSS YYBCTBUTEABHOCTH OOMOTKY
HANpAXKEHHS €ro MOXHO TPHKJIIOYATD
H2 32)XHMH COMPOTHUBJACHHA MEPBHYHOH
LenH.

Mpu noxbope no cxeme (puc. 4)
NnyTeM CPaBHEHHS HECKOMBKHX TPaHCOp-
MaTOPOB C OJHHM, DPUHATHIM 32 KOH-
TPOJbHEH, HEOOXONHMO CTPOHTH XapaK-
TepuCTHKH Jus = —+ f (Jo) (1pH 3TOM 3HAK
onpenenseTcs N0 BaTTMETPY), a 34aTeM Puc. 4.

10 XapaKTepHCTHKAM MPOH3BOAMUTDL NOJ-
6op xomnaekTos TpancdopmatopoB. Ha puc. 6 npuBeaeHsl XapaKTEPHCTHKH
a5 ueTHpex TpaHcpopmaTopoB Toka THna 7K-2 25/5a.

[IpuBeNeHHBle aBTOPOM HCIHTAHHA IHECTH TPaHC(HOPMATOPOB TOKAa THOA
TK-2 25/5a noxasand, 4To

1) Tox HebanaHca B cxeme (puc. 4) o6paTHO NPONOPIHOHANEH CONPOTHB-
JeHut0 NpHOOPOB, MO3TOMY aMNEDMETP M BATTMETP caenyerT Opare ¢ mOpeje-
namu Hauepenus 0— la, He HHXe H

2) Toxku HebanaHca, paBHbIE NO BEJH-

e P

Y S

02 v

as- // //‘ adl

04 /,/ /

a2 /r ’./:ﬂ f/

, -

y) // ]&'a) i

4 L] 2 b 20

Puc. 5. Puc. 6.

yyuHe ¥ OAMHAKOBHIE MO 3HAKY, NPH OAHHAKOBOM MEPBHYHOM TOKe, COBMAAAIOT
no ¢ase, NO3TOMy COBHaIeHHe XaPAaKTepHUCTHK Jus=f (/o) yKasblBaeT Ha HAELH-
THYHOCTb CPaBHHBaeMbIX TPaHC(HOPMATOPOB.

W3 ynoMsHyTHIX wecTH TpaHcPopMaTopoB TOKA ObIH NONOOPAHHLI KBE KOM-
GHHALHM, KOTOPHE, NPH BKAIOYEHHH MO CXeMe, Jalu CJAeAylomHue TOKH Heba-
JaHCa: JAy4inas KOMOHHAUUA 4 e ¥ XyAWAA—I15 ne I1pH 5TOM He cOBnajeuune xa-
PAaKTEDHCTHK AJs Jyyinell xOMOMHAIMM BhlpPakaiacbh COOTHOweHuem 1:1, 4:1,7
W aasa xypuwed 1:1,4:5,2. Mamepenne Toka HeGajaHnca MPOH3BOIMJIOCH BarT-
METPOM NpPH NHUTAHHU TOHKOH OOMOTKH ACHHXDOHHBIM HANIDAXKEHHEM.

B unepuomuueckofi Jamtepatype (J16) uMmeloTcs npesnoXeHUs YMEHbILUATH
ToKk Hebananca cxems Holmgreenm’a peryJiupoBaHEHeM CONPOTHBJEHHH, BKAIO-
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YeHHHX NOCJAeA0BATEJNbHO C BTOPHUHBIMH OOMOTKaMH TpaHcdopmaTopos, [Ipu
H3MEHCHHHM CONDOTHBAEHHUA BTOPHYHOH OOMOTKH TpanchopMmaTtopa OyaeT uame-
HATBCS BTOPHUYHAS JIEKTPOLBUXKYINAA CHJA, @ BCASACTBHE 3TOrO, H3MEHHTCA H
TOK xo/0ocrtoro xona. Ho Ha ocHoBanuu ypaBuenus (4), Tok He6anaHca 3aBH-
CHT H€ TONBKO OT BEJMYHHE, HO H OT (a3el TOKa XO0JOCTOro Tpancdopmaropa,
N03TOMY MpejJiaraeMbii Croco6 HaBPSAA-IH OKaXeTcd 0co6eAHO 3((eKTHBHLIM.

I'opasgo Go/bLIMA HHTEpEC NpeACTaBAseT yMEeHbHIEHHE TOKa Hebasanca mo-
HHXKEHHEM BHYTDEHHErO COMPOTHB/IEHHS TPaHCGOPMAaTOPOB NYTEM YBEAHYCHHS
CEUEHHs BTODHYHOA OGMOTKH; NMPH 3TOM 3aBHCHMOCTb TOKa HeGanaHCa OT BHYT-
PEHHETO CONMPOTHBJAEHHUH TpaHcopmaTopa MoXeT OHTbL ONpeae/nesa COTAacHO

(Jy Z,)%¢

ypasuenus (14).
K, E-zo’ﬁm ~
Twar SR =2 (18

rne Z; = R,, TaK KaK HHAYKTHBHOCTb BTOPHYHOH OGMOTKH Maja.

JHG;

4. [ToBHIWEeHHE YYBCTBUTEJNbHOCTH 3aILHTH Tuna AEG 3a3ewm-
JEHHEM HYyJsd reHepaTopa yYepe3 XKeJe3HHE CONPOTHBJAEHHA.

B pane xypcos no pese u penefiHOH 3alUWTe YINOMHHAeTCR: upe3BHuaiine
Oosbllasi BEIOAHOCTD 33a3eMJIEHHA HyJs IEHepaTopa depes IKeAesHue COMpo-
THBJIEHUS, H3TOTOBJEHHLIE B BHAe JaMmn. Kax uspecTHoO, kene30 obnazaer 60/b-
- HIMM TeMNEPaTYPHEIM KOS(MHIHUEHTOM CONPOTHBJEEHS; CAELOBATEJNBHO, COMpO-
THBJIEHHE XK€/i€3a PeOCTATA, N0 Mepe YAaJEHHS TOYKH 3aMBLIKAHHA HA 3€MJI0 OT
HeHiTpany reHeparopa, 6yaeT DOCTH, YTO AAeT BO3MOMKHOCTb, NPH JONYCTHMOM
MaKCHMA/JIbHOM TOKE 3aMHIKaHMS Ha 3eMJI0, OGECMEUHTh JOCTATOUHYIO 4YBCTBH-
TEJBHOCTb 3aiUlHTE,

Onpenenym OCHOBHHE NapHMETpH JKEJE3HOTO CONPOTHBAGHHS B NpeAnoJio-
XEHHH, YTO MAKCHMAaJbHLIA TOK 3aMBLIKAHHA HA 3MJII0 NOCTATOYHO BEJAHK, MO-
3TOMY BHJEPIKKA BPEMEHH 3aUUTH AO/MKHA OniTh He GoJsee 0,56—I1 cex.

[Ipn TakoM npennonoxeHHH, NPOLECC HATPEBA KEJNE3HOrO CONPOTHUBJICHHA
MOXHO CUHTaThb anuabaTuyeCkuM. Torjla ypaBHendue 6ajiaHCa 3HEPrHH HANM-
mercs B Buae: Ji2 Rdt=gcd T,
rage R— conporuBaenne xenesa,

J; — TOK 3aMEIKHHMSI HA 3e€MJI0, NPOTEKAIOILUII Uepe3 KeJe3HOe COMNpOTHB-

JeHHE,

£—sBec xeae3a u C— CpefHas TeNIOEMKOCTh XeJe3a.

3aMeHHM B NpenbIAYIEM YDaBHEHHH

R=R, (1 4-87);
J xUg
TR.(14B)

Xz e
M PasjeNuM NepeMeHHEIe; TOTHA NoAyuAM: —— 2 df—=(1-487) d~,

n

C e e .. (1D

rae R,—- HavaJlbHOE CONPOTHB/EHHE XKeJse3a,
X —YHC/IO 3dMKHYTHX Ha 3€MJI0 BHTKOB (asel reHepatopa B A0JAX
e IMHHIEI,
Uy — dasoBoe manpskeHne reseparcpa
§— TemnepaTypHul KO3UUHEHT CONPOTHBACHHS Kejaesa,
IlpounTeprpupyeM Tenepb npeimniyumiee ypapHenue B mnpegenax O—tf H O—r,
TOTAA MOJAYUHM: '

XU 1 T g |
R =7 [(1 187 1J ... a8
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M3 ypasHenusa (18) moxHO onpeneiuTb BEC H Pa3MEpHl XeJNE3HOTO CONPOTHB-

JIEHHd, €CAH NOJOXWTb [ =1, — paCyeTHON BHIJIEPXKKE BPEMEHH peJe, T = T, —
pacyeTHOH TeMnepaTtype Harpesa xeqe3a 0 A = 1:
2
BEC Kene3 g = 2BU“’tm_ 3 S € 1¢) &
CRA[ (1 4B tm)* — 1]
3
ceuenue S:—q‘f’]/ 2Petn 107 — MM2
_ 23t, 108

u gauga = Uy

Bp)2—
9 CTP[(1+ ) 1]

— YAeJbHOE€ CONIDOTHBJICHHE XKeJedd NPH HOpMaJTbHijI TEMNCpATYpe U

rae p

= YAEABLHBIA BEC xeJesa.
BennunHa HayanbHOrO COMPOTHB/ACHHA XeJje3a MOXKeT OHTb ONpejie/ieHa U3
ypaBHeHHS

Uy
Jsm{14Btm)

Jnas1 BoISICHEHHSI XapakTepa HM3MEHCHHs TOKA 3aMuIKAHHA HA 3eMJI0 B 3aBH-
CHMOCTH OT BPEMEHH H YH(JA 3aMKHYTHIX BHUTKOB ofpepenuMm sHaueunwe (1--51)*
n3 ypaBHenus (18) npu noxcranoske g u3 (19)

(1+B<)2=1+A2~r—[(1+va)2——1] C e e (22

R.= . .2

[MToxcTaBuM Teneps noayueHsoe snaveHue nas (1 -+ 3+)2 u 3navenue R, u3 (21}
B ypaBHenue (17); Toraa nonyumm:

_X.lgm(l—}—ﬁtm) B
SV ol =g —1)

... . (23)

Ha puc. 7 npuBeneHsl KpABEIR 3aTyXAHHA TOK2 3aMBIKAHHA HA 3eMJI0 0O

BpeMeHd byHkuuu J;—=f t

tm
no ypapHesuio (23) nas 3mavesudr X=0,1; 0,2, 0,5 u 1 opu <, =600°C u
B=0,009t/° C (B cpeasem maas TeXHHYECKH YHCTOTO KEJE32a B Npemesax TeM-
neparypst 0 =0600° C).

M3 puc. 7 Bugso, uTo npu BeI6OpE BEIH- g
YHHH AODYCTHMOTO TOKAa 3aMBIKAHHS HA 3€MJIO Js%
M BH/IEPXKKH BPEMEHH peJe, HecOxoaumo cuu- &
TaTbCA C BEJHYHHOH NEpPexXojHOro TOKa, Tak m\

KdK HAYaJbHBIA TOK 3aMBIKAHHA Ha 3eMJI0 MO- \
XET HECKOJABKO pPa3 NPEBOCXOAHTH YCTAHOBUB- 4W
HIHACA TOK. \\

Ha puc. 8 nokasan xapakTep K3meHeHHus ToKa |
3aMBIKAHHSl Ha 3€MJII0 OT YHCJAA 3aMKHYTHIX BHT- 20 ‘\%.‘».,5;;‘
KOB B MPOUEHTAX AAA CHEAYIOWHX YCAOBHE . -T2 —
kpuBaa 1—no ypasHeHHio (23) B (yHKLHHK '

=F(X%)0) NpH t =1n; tTn="600° C 2 a0+ 06 - 0
u §=0,009 ', C, Puc. 7.
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KPHBad 2-—1as xenezoBogoponnoro peocrara Hepucra (U=158 u J=0,5q)
NpH YCTAaHOBHUBLIEMCS DEXHME TEMIIepaTyphl Harpesa,
KpHBasg 3—/5 XeAe3uoil npoBoacku guamerpom 0,9 MM, MpPA OTKPHTOM Ha-
rpeBasuy 10 6yporo KaneHus, H
KpuBasg 4—AJs TOCTORHAHOTO CONPOTHBAEHHHA.
Ha ocuoBanum puc. 8 MOXHO CKa3aTh, YTO XapaKTep H3MEHEHHS TOK4 3a-
MbIKaBHS HA 3E€MJI0 OT UMCAA 3aMKHYTBIX BHTKOB I/ MEJe3HbIX CONPOTHBJE-
HUH, YCTPOEHHHWX B BHJe peocrata Hepucra,

o s P /,fim BCAGHCTBHE HE3HAUYMTENBHOIO BJHAHHS OXJAaX-
90 N //z P - | AGHMS HA DEXHM TEMOEpATypH, MNOYTH NOJ-
& 7 = HOCTbIO COBMAN4€T C TEOPETHUECKOH KPHUBOH I
70 & b NOJUYHUHAETCS YPABHEHHIO BHIA:

60 7 .

@ / AJsm X )

5 J3 j— - T . e e s s+ e a o« (24)

40 Vo1Fx2a—1)

3075/ _

20 rie A — KpaTHOCTh YBENHUYEHHUSA CONPOTHUB/AEHUSA
,&,] | 1.1 xeje3a NpH 3aMBIKAHHH HAa 3€MJII0 KJIEMMH Tre-
s | k4 Hepartopa. as Xeae30BOAOPOAHOrO peocTarta
T/ 2030 47 50 62 10 20 9 #® Hepucra ypaBHeHue (24) 0ka3asoch MOJHOCTHIO

Puc. 8. CnpaBeIUBuIM NpH A ==6.

5. PacueT YyyBCTBHTENbHOCTH H CEJEKTHBHOCTH 3aL[4TH
tTuna AECU npu 3a3eMJeHMH HYJAR TeHepaTopa udepes
Hene3Hoe CONMPOTHBJAEHHE.

Ilpu 3amMblKaB¥H Ha 3eMJAI0 BHE 3alKIIaeMOH 30HB JOXKHAd MOIMHOCTH HA
KJAEMMax pesne Ha OCHOBAHHH ypasHeHus (7)

p=XY ; XUs (S L\ . (e
P Hy ‘ Ry Mg Mo _

TAE N,— K02()UUKEHT TPAHCHOPMALHH HYJEBOTO TPaHCPOPMATOpa HANPAKEHNA U
J;— TOK 3aMblKa#us Ha 3eMJI0 CONIAacHO ypaBHeuHs (24).

OnpejgeauM X, nNpd KOTOPOM pe3yabTHPYIOUlasi JOXHAS MOIIHOCTH HA KJAeMMax

pene AOCTHTaeT MaKCHMyMa:

dPu_Us , AUy (f——;;——) [2+X2 (Az—l)}__
T T e— T HO6H T TB TO —=
aX . My . y ‘
8 [(1F X2 (A= 1)] 7
‘COKpaTHB NOJAyYeHHOe BHIPAXKEHHE MO ﬁ’, NpOU3BEAEM 3aMEeHY
. IZH
14X (A2—1)=V; . .. ... .....(26)
TOT4a IOJAYYHM
Jsm  Jsm —
A "’”——L) (43 Vi—i
g = Hp 1o
VA2_.__ 1 y 3/2
MJAHU
A Ssm Jsm

Vo= gop | mm_mo | QN VY=1 ... @D)
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1‘I-II)I/IME!\/I B KauyecTBe NOMNOJAHHUTENRHOTO YCJAOBHH, 4YTO

A -]3m -]3m

]/_Az____l - s JH6H Rro :1 e & e e o s s & & ® (28)

Tak Kaxk nepsHil MHOXHTENb yCaoBHA (28) ouedp OJH30K K €JMHHUE, TO 3TO
yCAOBHE COOTBETCTBYET OCHOBHOH MJ€€ YCTPOHCTBA JAHHOH 3aLIHTHI—KOMIEH-
CUpOBAaTh TOK He6aJaHCa BO BTOPHYHOM WENH 3aUUTHl NPH BHEIIHEM 3aMbiKa-
HUM Ha 3emJdio. Torpa ypassenme (27) nocjne BO3BEAEHHS BO BTOPYIO CTENeHb
Hanmumercs 8 Buge: V3I=Y¥Y3+¥2—-V——1,

OTKyAa ¥ = 1_4;21/_5, a 3mauenue X NpH NOACTaHOBKe Y B ypaBHeruu (26)

Symer: yVv—1_ 0786

Va—1 Va—i
[loxcTaBuM ToJydeHHoe sHavenwe X u 3Hadenue J; u3 (24) » ypasuenne (25j;
TOTA2 TOJYYHM
I3 __‘]_31"_)

0,786 Up Jusn 0,62 A Uy ('n” Hro
n, VAt —1 n, (4*—1) V110,62
[Mpuusie BO BHHMaHHE ycnoBHue (28), noayueHHOE BHIDAX(EHHE MOXKHO YIPOCTUTH

Py == 28 Yo oo (99)

ndl/ A2—1
‘MoiB0cTh TporaHus JO/mkKHA OBITH 60JbLIE MAKCHMaJbHOH JIOXKHOH MOLIHOCTH
Ha KJ€Max pene
0,3 Up Jus

PT:‘:KH p,;[ max :KH T T e e e e » e e .(30)
’ ’ eV AE1

pp.n max —

rae Ka— KO3(pHIMEHT HaJIeXKHOCTH.
CooTHolenne K03(HIMEHTOB TPAHCHOPMAIHKH HYAEBOrO0 M BHELIHHX TPaHC-
'OpMATOPOB TOKA MOXHO ONPEAENHTb HA OCHOBAaHMH ycaosus (28)

A J3m A
A3m_nTB JH5H VAZ—'I

OnpenenuM elie NPOLEHT HE3ANMHIEHHHX BHTKOB. YDaBHEHHE 4YYBCTBHTE.b-
HOCTH AAA 3amure tuna AEG, B caydae paGoOTH OJHOro TreHepatopa H NpH
3aMBIKAHAM Ha 3eMJII0 BHYTPH 30HH 3alIUTHl, HMEET BHJ:

... (3])

Ry =

_@i(fi-_ Hﬁ,,).—_PpT .32
Ry \IMo ‘
Tloactasum B ypasHenue (32) snauenue J; u3 (24) u Py u3 (30) Toraa noayunm:
XUy Alsm X Up Jusn 0,3 K Ug Juon |
ManeV 1 X2 (A3 —1 Ty n, YV A2—1
Ug %o
‘COKpaTHM NOJYYEHHOE BhHIPAXEHHE N0 _° M MPOU3BEAEM 3aMeHy X = —

Py 100 ’
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TOraga foayuymm:

30 K; |
s m = ) 10t Az—1 33
Mo Juen o A ( + 0!01//-12-——1 a2 +( ) - ( !
B ypaenenne (33) nmpousBejeM eie 3aMeHy n,, Hu3 (31), Toraa
I ' 30 . K H 1
‘]3—’”—_]_ V 42— (1 m) 10 A2l =m 34
Mos Jon A [ B ST wp T o

Pemenue 3Toro ypaBHeHHs OTHOCHTENBHO ¢, HE MPEACTABASAETCS BO3MOXHEIM,
No3TOMYy Ha pHC. 9 NpHBeAEHA 3aBHUCHMCCTb BHIA m —=f (2¢%0) Aas Pa3HYHbIE
3HaueHuil A. et gty B
J
OnpepennB m w3 m==—>"— . . . . . . ... .. ... ... .(35F
My -]H6H

O pHC. 9 A/ ONpeme/ieHHOro 3HadeHHs A, MOXHO ONpelNesHTh DPOLEHT He-
3alUFIIEHHBIX BHTKOB HIH Ha060pOT. i

Hnst cpaBHEHHA BHIONHOCTH 3a3eMJIEHMSl HYJEBOH TOYKH I€HEPATOPOB yepes
JKE€JIe3HbEe CONPOTHBAECHHs HA puc. 10 npHBeseHA 3ABHCHMOCTb MAaKCHMAABLHOTOQ
TOKA 3aMbIKaHHA HA 3€MJI0 OT HOMHHANBLHOTO TOKAa FEHEPATOPa NO yPasBHEHHIO
(34) ana A =6, 4 BTOPHYHOIO HOMHHAJLHOIO TOKAa TPaucHOPMATOPOB Joy= 5a.

Kak Bugno u3 puc. 10, npu 3asemieHdn Hy/ad TEHEPATOpPA 4YEpes KeEae3H0E
COTIPOTHB/IEENE, MAKCUMAJbHBIA TOK 3aMLIKAHHA Ha 3€MJI0 MOXET GRIThb MOHH-

, % 7 ;
JINNRERERE a0 —
5 H L : 70 / i
\\ i 7 60 7

4 ! \Qé*,s,’/ o
\ ! " 0 -4 -

(l__v' 4 >

I O~ , ; 40 A
AN J | PN :

e ) i | " ‘w/ A ; |

2 Ll ! a0 a /‘ﬁ ]
/ P ¢15’-"!r-r‘33"":

| A

p _ | - s
L] %% = Jzﬁm y
0= 0/ J :
e 7 60 &7 w w08 260 30908 SGED Soow

Puc. 9. Puc. 10.

XKeH B 4 pasa u nonyuaercs B npefenax ZONYCTUMHX Beanuws. Ho npumene-
HHE XE/IE3HHX CONDOTHBJACHHH JAJA STOA LEJH NPAaKTHUECKH OYAET BO3MOMHO:
TOJLKO NpH CHHXEHHH TOKA He6aJaHCa 10 HECKOMbKHX MUAAMAMOED, TAK KAK JJ%
60/1bIHX J3m YCTPOHCTBO 3a3€MJCHHS HYJSl TeHeparTopa MOMY4HTC TPOMO3L-
KHM W JODOTHM. 2Ke/ie3nble CONPOTHBJEHHS NO/KEH H3TOTOBASITHCH B MyCTOT-
HHIX WJH Ta30HANOMHEHHHX O0ajOHAX [AS HENOGCPELCTBEHHOTO BKJIOUEHHA B.
Hy/JAb HJIH 4epe3 NOHHM3HTEAbHH# TparcdopMaTop.

6. [loBrImEesWe YYBCTRUTEABHOCTH 3aWUTH THNa AEG
34MEHO# BHEWIHHX TPaHCHODPMATOPOB TPaunchopmaTtopom
TOKa THna bywwusr.

ABTOpOM NPOH3BEAEHO MCCAENOBAHHE TPaHCHODPMATOPA TOKA THNA DyIIMAT

B YC/IOBHAX paGOTHi €ro B CXeMe 3alMMTH OT 3aMBIKaHHA Ha 3emao. MCmmTa-

HHe GHJIO MPOH3BENECHO C IEJbI0 BHIACHEHHS BENHYMHB BO3SMOXHHX TOKOB He-

GazaHca BO BTODHUHOH uenH TpaHchopMaTopa npu CymMMe NEPBHYHBIX aMmep-
A} .
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'BHTKOB, PaBHOH HyJl0. M3uepenue BeNHUMHB TOKa HebanaHCa NPOM3BOAHAOCH

npu nomoly weiida ocymasorpada, KXOTOPHH HCHOAB30BAACA Kak BuOpa-

NHOBHBI ransbBasoMerp, UyBCTBHTEJBHOCTH H3MEpPEHHA paBHsJIACh 11,6 MM

vmupenus 3afiunka Ha | Ma NpH paccTosdMu OT Hitedida Jo sxpanHa 4 M.
PesynbTaThl HCObITaHHs NpuBeleHo Ha puc. 11, a cxema, mo KoTOpO# 1po-

WMIBOAMANCH HCOLITANHMS, HA puc. 12.

Ha puc. 11 nokaszana 3aBuCHMOCTb TOKa He-

7Heda) 772 Ganasca BO BTOPHUHOH Ienu TpascpopmaTopa
2 7 OT BeJHYMHE NEPBHYHOTO TOKA /IS DPa3aHYHOH
6 A IIUPUHELl NeTAd ¢ NPH YHCHAe BTOPUUHBIX BHT-
5 4’, Il 120/3 £ Kt
‘“0” —’4 - b AN z
/‘ ’/// f} git‘ - ! 2 - . I. -
: e : 5
V2 5
3 v R K5
AL
2 %:’JI g
i | 3
P Jia) | 3
2 R Ty R N 77 =
Puc. 11. Prc. 12,

«oB W,— 120 u conmpoTuBaesuu BTOpHU-HOH wnemu Z;=—2,9 OM — CcnjaolHHE
xpupble u ang Wo=—=240 n Z;==3,4 OM—IYHKTHDHSIE KDHUBHIE.

Jlanee Ha puc. 13 mpuBeJeHA 3aBHCUMOCTb TOXA HeGanaHca OT IWHPHHH
netau d B MM npu nepsuyHom toxe J;=1200 a, npu W, =120u Z, =29 oma. .
MNpu aTom oxuE 0pOBOZ GHA 3aKPEN/EH B LEHTPE Cep-
JEeYHHKa, a BTOPOH [epeMeNiascs B paananpHOoM Han- S—
papaesuu. [locaennuit orcuer (d =80 mMm) OB B3SIT m:
APH OPHXKATOM [OJBHKHOM [POBOAE K CEPACYHHKY. ‘

M3 anasu3a pe3yapTaToB BUAHO, UTO 218 TpaHcdop-
MaTOPOB TOKA THIA DYIMAT BeJMYHHA TOKA Hebaanca
COOTBETCTBYET TaKO-

i0

%j,,g;%fma}! | BOMY ANl JYUUWHX 1O
Lo ; J/  xadectBy Tpascdop-
. | " MaTOpOB, BKIOYEHHBIX

| no cxeme Holmgreen’a

e~ 4

B

- . TloatoMy mnpexacras-
' aset 60AbIWONH HHTe-

i
1
SNy i i
SR -'f
e i pecsameHna tpascdop- %
/ | § MAaTOpPOM TOKAa THIMA { , '
Sid | DbymuHr BHEIIHUX TPA-- 3 !
t  HCPOpMaTOpPOB 3alllH- <3 Z
_ ew  Tet THNA AEG, cornac- %
0 _J
7z 3 4 § 6 7 & HOCxemn puc. 14 4
Puc. 13. Taxas 3ameHa Aacrt '
BO3MOMXHOCTh NOBHI- Pre. 14.

CHTh YYBCTBHTEJBHOCTb 33HIMTH M MNOHHU3UTH CTOUMOCTH e€e.

JIas cpaBHenud € NPeABIAYIIMMH NDUMEpaMH Ha pucC. 15 mpuBeseHa 3aBH-
CUMOCTb MaKCHMAaJBHOTO TOKA 3aMBIKAHHS HAa 3€MJ0 OT HOMHHAJIBLHOTO TOKa
resepatopos no ypasHeruio (10) mpu uHCAe HE3AUIHLICHHBIX BHTKOB oy = 209/,
xoadunuenre Tpauchopmanun bymunra ., =120 n Toke HebanaHca, COrAacHO
puc. 16, (xpusas a1 & =15 mm), Ha KOTOPOM KpuBHE puc. 11 nponosxesH
A0 nepsuuHoro Toka 5000 a. Kpusas mas d =15 MM B3dTa BCJEACTBHE TOrO,
4TO TOJILIMHA H30AAUHMHE MEXIY XHJAaMH Kabeas OOWYHO HE3HAYHTE/bHA,
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MompuocTe TporaHus pene M k03DHUHEHT TPaHCHOPMAUME HYJAEBOTO Tpasc-
(opmaTopa TOKa MOTYT OHTb ONpeNENeHH 110 COOTBETCTBYIOIUM YDABHEHUAM
JJis HOpMaJbHOA 3amutel THnma AEG.

[Tpr BHNONHERHH TaKOH 3AIMTH, HEO6XOAMMO NpPOM3BOLAThH 3a3eMACHUE

, :3 Hifd] P27z
/ !
13 a /A/J’ /4 bﬁ%/
; a o
2 y 0 7
7 //
8 / 6 ///
5 /
é / ‘ .
2L e
, ) lﬁ - n ]?L‘
o 200 W0 0 SO 00 2000 Joap 4000 S0vc
Puc. 15, Puc. 16.

CBHHUOBOH 000.10uKkM ¥ GpOHH KaGeis reHEpPaTOpa TOJNbKO Ha TeHepaTOpHOM
KOHIE, YTOOH H36EXKaThb BO3IMOXKHOCTH NPOTEKAHHA TOKOB B HHX H, CJefoBa-
T€JBbHO, HENPABUJBHOIO HACHCTBHA 3aUIMTHI.

7. CenmeXTHBHOCTD 3amuTe Tuna 4EG.

MomuocTte Tporanua pene, onpeneneHHas cOrAacHO ypaBsHenuio (9), obec-
TIEUHBAET CENACKTHBHOCTD 3aILHTHl TOJBKO NDH HOMHHAALHOH HArpy3Ke BHEIL-
HAX TPaHC(OPMATOPOB M NPH 3aMEIKAHHM HA 3¢MJII0 BHE 30HLI SAWHATEL, TaK
XdK NpA BBIBOJE OCHOBHHIX YDaBHEHHH M pacueTa 3alluThl OOHIYHO NPHHHU-
MaeTC TOK HeGasaHca cxemn Holmgreen'a mOCTOAHHBIM M POBHHM TaKOBOMY
IpH HOMUHAJBHOA HArpyske. A NpH BHEUIHAX KOPOTKHX C OJHOBPEMEHHHIM 3a-
MBIKAHHEM Ha 3EMJI0 YBENHUMBINHMACA TOK He6ajiaHCa MOXKET OkasaTbca B (pase
C HaOpFKEHHEM HA KJIeMMax peJje, W 3allMTa MOXET Cpa6oTaTh HeceJeKTHUBHO,
YTO H NOATBEPKAAET NPAKTHKA SKCMIOATAUHK 3TOH 3amuTh. [TosTomy Ha psge
anexTpocranunit Coiosa ANA yBeqHUEHHS CEJCKTHBHOCTH, 3aI[HTA OT 3aMBIKAHUS
Ha 3eMmai0 AEG cONOKUPOBAaHA C MaKCUMaJabHON 3aIUTON T€HEepaTopoB.

HMutepecHo onpesesuTs, NpH KakoM BTOPHUHOM TOKE BHEIIHHX Tpauchop-
MaTOpPOB 33IIMTA, HMEIOMWAA MOWHOCTb TPOTAHHS COTAACHO ypasHeHHIO (9), 6y-
A€T paboTaTh HECENEKTHBHO. JlJAs 3TOro NMpUpaBHHBAEM ypasuenus (7) u (9)
Por = P = [Jus — (Jus — (Js — ) ] Up=0,005 V' Kg Jusu Upm .

Ha ocuosanun (16) MOXHO HamucaTh Cienyiomee COOTHOUIGHHE:

(J., )_/ 12)3/5
- 3
jHGH \J2H
rae Jugu-— TOK He6anaHca [pu HOMHHAABHOM BTODHYHOM TOKE TpachopmMaro-
poB Jay.

Jsm Uy J. U,
Kpome toro moxno npoussectn sameny J, =222 —p g __Jsm “p

)
H1p Upm Pro Upm
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H Nio=¢ R Toraa ypaeuenue (36) npuMer BuI:

Jg 3/5 ng (q—].) Up o Upm .
L2 Vs 0,005V K 0o 2P . . . . . .(37)
(\IZH) gn ms e Upm+ V ’ Up ( )

EcAH NOACTABHTH eule 3Hadenue J,, u3 (10), TO
‘(l%.)3/5:(1+1/1?;) g—1 Uy 100 4 6005 YR o 2o, . .. (38)
JgH q Upm o UP

I[lpun nBy3(a3sHOM KOPOTKOM BHE 30HH 3aLUMTH C OAHOBDEMEHHBHIM 3aMBIKAHHEM
HA 3eM/I0 HauyaJbHOE HAaMpsXKEHHE HA KIEMMAax peae

Up Haqzo,s Upm, . . . . e . . . ) . . (39)
H g YyCTAHOBHBIUETOCHA pexxMma npH KOPOTKOM
Upy =02 Upmee « v o o o o o o+ . (40)

Moxcrasus B ypasuenue (38) swauenue U, us (35) uau (40), MOxHO omnpexre-
NHWTb BTOPHUHBIE TOK BHEIMHMX TPAaHC(POPMATOPOB, NPH KOTOPCM 3aIIUTA Oyier
paGoTaTb HE CEJeKTHBHO.

p . %8

Ha puc. 17 nocrpoeHa 3aBHCHMOCTH , a
JJ—2 = f (@ °/y) mo ypasHenuwo (38) LUIH% . ]
20 29
Up vaw 1 Upy, KOTODag Jaet npenen ce-“’ss ]
JEKTUBHOH paSOTH 3alMTH Ag% pasbu-. \ ’\)ﬁ
paemoro cayuas. [Ipn nocrpoemsun mnpu- 4 i :
gato: Ky ==1,25 u ¢=1,36. M3 puc, 17 3 \\ / i
BHIHO, YTO JJis PAaCCMaTPHBAEMOIO CJIy4ss \ ‘\\ ;
samura AEG C YyBCTBHT2JBHOCTBIO 10 ? A= T
950/p Gyuper paGoTath He CeJEeKTHBHO H g : T
JMING [P YYBCTBHTEJABHOCTH 0T 95 10 ‘ .y
1009/, cenexTHBHOCTb Gyzer umeTbes, [lpu- 9 20 F7 ] @

yeM KP4THOCTH BTOPHYHOTQ TOR@, OTpaHH- Puc. 17.

YyHBAWIIAad 30HY CENeKTHBHON PabOTHl MPH

BCTPEYAIOMHUXCH B MPAKTHKE uyscTBHTenbHOcTAX 50—80%/,, xonebiercs B npe-
nenax (1,2—2) o

8. 3aknwoueHHeE,

B 3aK/I0YeHdH HeOOXOAHMMO CKA34Th, YTO HaH(GO/Aee TPOCTHIMH H 3EKTHB-
HEIMH MEPONPUSTHAMH NO YBEJMYEHHIO UYBCTBUTEILHOCTH SailuTel THna ALG
HEeOOXOAMMO CYHTATH:

1. YMeuvuenne koaduuuesTa TpascPoOpMauKH BHEWIHUX TPaHCHOPMATOPOB
TOKA TPU OAHOBPEMEHHOM YBEJAHYEHHMH CEYEHHA BTOPAYHOU OOMOTKH N0 MAak-
CHMa/NbHO BO3MOXHHIX NPELEIOB.

2. 3asemMaeHHe HYJAS TeHEPATOPOB 4epes KeJe3nstie CONPOTHBACHMS,

3. O6s3aTesbHHN NOAGOD BHEIGEMX TpaHcGoOpMaTrocpoe TOKa B 3aBOACKHX
YCJAOBHAX.

[poBenenue 3THX MEPONPHATHH AACT BOZMOXHOCTH, NPU YYBCTBHTEIBHOCTH
samutel 80-—90°/,, CHHN3UTHL MAKCHMaALHHH TOK 3aMEIKAHHA HA 3€MJI0 0 He-
CKOALKHX aMmiep.

Heof6xo1uM0O HMeTb> B BHAY, UYTO upe3Mepuce noHMEeHHe KO3(QHLIHEHTA
TpaHcHOPMALHY BHEIIHUX TPancopmaTopos Npu GONbIUKX UMAEAAHLAX TOKO-
BHIX KaTymek pene (pese AEG 8 om, u peae XIM3 50, 13 u 3,50 oma, coorser-
cTBeREO momHocTAM Tporanma 0,11, 0,22 u 0,44 parra) MOKET HaCTONIbLKO yBeE-
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JIRUUTb OTCOC BTOPHYHOTO TOKA 3d3eMJCHHUS BHEIUHHMH TpancopmaTopamy,
UTO UYBCTBHTCALHOCTL CXEMBl MOMKET OKAa3aTbCT HHYTOKHON (KOJNMUECTBEHHBIH
YUeT 0TCOCAa B JHTepaType A0CTaTouHo ocBeuied (JI 7). ~

3a nocnelfHee BpeMs HOSBHJINCH B auTeparype npeagoxenus (J1 7), aaa
YMEHBIIEHUA OTCOCA BTCPUUYHOrO TOKA 333€MJAEHHA BHEINHHMH TPaucPOpMATO-
pamu, ynorpebuaste s cxemsl Holmgreen‘a TPaHCHOPMATOPHl ¢ JONONHHUTEND-
HLIM HAMArHUYHBAHHEM NOCTOPOHHMM TOKOM. JIOMOMHUTEILHOE HAMATHHYHBAHHE
PEROMEHIYETCH n0BOAUTL o S000—6000 raycc, Tak kax npH 3TOM 3SHAYCHMH
MArHUTHOH WHAYKUUH, YnoTpeGIsieMoe Xeae3o s TpanchopmaTopos o6aaiaer .
MAaKCHMaNbHON MArHUTHOH NPOHHUIATEILHOCTHIO. ‘

Heob6x0ogumMo uMeTb B BUAy, YTO BHEIHHUE TPasCcHOPMATOPH TOKA € AOMOJ-
HATEABHHIM HaMarHHUUMBAHYEM MNEPEMEHHHIM TOKOM MOTYT CO34aTh GOJbIIHe
TOKH HebaJjaHCa, yeM OO6biunbie TPaHC(OPMATOPH], TaK KaK NOAMATHEYHABAWLLAH
‘TOK OYNeT C031aBATH BO BTOPHYHON LENM SAIMHTH CBOH TOK Hebasnauca, KoTo-
PBHIfi OyreT CyMMHDPOBaTLCH OT BCEX Tpex Tpaucpopmaropos. [lpu sTom HOp-
MalbHas paboTa 3alHThl OyleT 3aBMCHTH €ile OT HCMPABHOCTH OAHOH LOMO.-
HHTE@JBHOH [EeNnH, YTO BOOGILE HEeXeNaTenbHO. ‘

Hau6oxee npocThim cnoco6oM ymeHbIIeHHS 0TCOCA HROGXOLHMO CUHTATH
TIORMXEHNE MMMNEAAELA TAXCBHIX KaTylleK BAaTMETPOBHX peae 3azemaenus. He-
0040AMMO MOXET OBITh 1aKe OTKA3aThCH OT THIA HHAYKUHOHHLX pesae, ecau
STOT THIl, NPH HEOOXOAUMOHA YYBCTBHTE/ABHOCTH, HE MO3BOJAET CHU3HTD HMIIC-
A2HL TOKOBOH KAaTVHUIKH.

MoxBO H3rOTOBHTHL ¥pesBuuaino COABLIOH YYBCTBHTEABHUCTH (Qeppoanta-
MHIECKOE BATTMETPOBOE pesie. [lpHHUMN yCTPOHCTBA NOLOGHHX APYTHX NPRGO-
poB u3secTeH. Heo6x0ANMO /ML 3aMETHTB, 94TO TAaKOE peje AA% CO3ZaHHs
‘COOTBETCTRYIOIEIO KPYTAUEr0 MOMEHTA HE NMOTpebyeT GOJBIIOr0 KOJHYECTBA
AMNEPBHTKOB OOMOTOK, NpHYEM /5 YBEJHUYEHHS YYBCTBUTENLHOCTH 5TOTO peae
B COMOTKH HANPSKEHHS, BMECTO J06ABOYHOro CONPOTHUBAECHUS, MOXHO BKJIO-
UHUTE HENC3HOE CONMPOTHB/JEHHE HAW OOHIYHYIO BOAB(PIMOBYIO AaMmy.

II. 3amikTa 0T 3aMubIKaHus Ha 3eMJAI0 TUNHA Ferranti.

3amura tuna Ferranti no cxeme puc. 18, TCOPETHYECKH HBJARIOUIAACT BECHMA
COBEPINEHHOH, A0 CUX NOP HE HAWIA WIHPOKOLO PACHPOCTPAHEHHS B npaxTuKe
H3-32 OTCYTCTBHA JAOCTAaTOYHBIX HCCJAEAOBaRM, B
yCI0BHAX pabOTH B CXeMe 3alluTe, TpaHchopMa-
Topa TOKa THRa DBywuHr, Heo6XOXHMOrO s ee ocy-
mecTenenns. [IpoBesenssle aBTOPOM HCCJeAOBAHHS
HE ABJAAJOTCA HCUEDNKBAWINKYMH, OAHAKO, HA OCHOBA-
- HHH TIONYYEHHBIX De3y/bTATCB MOXKHO CYIHTb O Xa-
PaKTepe HapaCTaHMA TOKA HeGanaHCA BO BTOPHYHOI
ueid TpanchopMaTopa TOKa B 3aBUCHMOCTH OT BeJH-
YHHb NEPBHYHOTO TOKE, CIEROBATEJIBHO, MOXKHO Onpe-
ACAHTb OCHOBHBIE MAPaMeTpH 3amHUTH. TOK Tporanus
pene MOXHO ONpeneaHTH K3 YCIOBHA

JpT:KH Jgﬁ MaXy = o =« s = s 2 s o o o .(41)

rae Ky = 1,25 — KO3(pRUHEHT HaLeKHOCTH 3ALIHTH
w6 max==J (Jus) — TOK HeGasaHCca BO BTOPHYHOR ueny
TPaHC(HOPMATOPA TOKA NPU ABYX-
(Ga3sHOM KOPOTKOM 3aMBIKAHMH BHE
30HH 3aIUUTH], KOTOPHI MOKETOLITH

ONpeAeNeH COr/iacHo YpDaBHEHHS

Jo=(V 78+ 01173 J,,—855) 10~amn. . . . . .(42)

Puc. 18,




NpY NOLCTAHOBKE, BMECTO HOMHHA/IbHOTO TOKA reHEeparopa, BENHYHHH Hadale-
HOrO TOKa KODOTKOIO 3aMbIKaHHS HA K/AeMMax redepatopa. Ypasaennc (42) s
TOYHOCTH COOTBETCTBYET KPHUBOH 151 & = 15 my,

puc. 15, =
BennyuHa MaKCHMAJbHOTO TOKA 33aMBIKAHHS J3m //
Ha 3EMJII0 MOXKET OBITH ONPEAE/eHa U3 YD2BHEHAS P \
L e '
‘ 100 /
J:;m—-JpT 15 ao s e e e e e e e .(43) 3

Ha puc. 19 nama 3aBHCHMOCTh MakCHMaib- 25 ‘
HOro TOKAa 3aMBIKAHUS HA 3eMJI0 OT HOMHHAJAb- 5
HOTO TOKa TreHeparopa npu oy = 20%,, n,s — 120
H 0pH NECATHKPATHOM HAa4YajlbHOM TOKE KOPOT-
KOTO 3aMBIKAHHA TreHepaTopa. ) Do |

B aTom cayuae 33a3eMJ/IeHHe CBHHLOBON o6o- T—pms T R T s
JCUKH M OpoHH KaGesefi HeO6XOZHMO NpPOU3-

BOAUTE TAK K€, TONBKO HA I'CHEPATOPHOM KOHIIE. Puc. 19.

HY, Juddepenusanbnas 3amura tana Ferranti nas resepatopos.

Huddepennuanbuan samuta Tuna Ferranti Taxxke we Hawaa mupoKoro pac-
TIPOCTPaHEHUA B NPAKTPKE HM3-32 OTCYTCTBHS COOTBETCTBYIOIIAX HCCACAOBAHUK
B 001acTH yCTpOAcTRa 3TOH 3amuTH. ,PykoBoasimue yxaszanmus no penefinoi
samure” (Duépromsnar, 1933 r.) coBceM HE YOOMHHAIOT O BO3MOXHOCTH €@
NPUMEHEHUS, @ MEXAY TEM 9Ta 3al[UTa, ABJSIOMWANCST TEOPETHUECKH HACANBHOMH
MOXKET IOJHOCTHIO Pa3pelldTb BONPOC 3aMTLI reHepaTtopoB. Jlas ocyinectaiae-
HUSl TaKO# 3aUTH TPEOYIOTCS CheiyanbHEE TPaHCHOPMATOPH TOKA C ABYMs
nepBuuHBiMU O6MoTKaMH. Jlo cux nop rakue TpaHcopMaTopsl TOKA H3rOTOB-
JSNHCh MHOTOBHTKOBHIMH HJK OJAHOBHTKOBBIMH C PACHOJOXKEHHLIMY PALOM 3JI€K-
Tponamu. [loaToMy Takas samuTa ynorpe6usiachb TOJbKO AJAS1 F€HEPATOPOB HeE-
6o/bWoH MOUWHOCTH, TAK KAK A8 KPYIHHX resepatopos auddepesnuanbabie
TpaucGopMATOPH TOKA NOJY4aTHCh HEKOHCTPYKTHBHEIX DA3MEPOB.

ABTODOM HCCAEA0BAHA CNEUHAJNBbHAS KOHCTPYKUHA MPOXOJHOTO OAHOBHTKO-
BOro IH(pdepeHinalIbHOro
TpancpopmaTopa TOKa C
KOHUEHTPHYECKHMHU NepBHY-
HEIMH 3/€KTpPOJaMu, npej-
cTaB/JeHHOro Ha puc. 20.
Taxkoit Tpancgopmarop, npu
pPABHOMEPHOM pacnpenene-
HHY TOKA 110 CEYCHHIO IICK-
TPOLOB M NPH CyMMe nep-
BHUHLIX aMIEPBHTKOB PaB-

. HO# HYJIIO, HE NOMKeH HMEeTh
BO BTOPDHYHOR Llem¥ TOKa
He0anaHCca, HO NPaK THYECKH
BCceraa 6yjner HMeThCs He-
KOTOpasi acHMMETpHs Aef-
CTBHTEJIBHOH N/JAOTHOCTH
TOKA, TaK KaK OTHENbHHE.
NyTH TOKA B 3JIEKTPOXAX M
-3aXHUMax OyLyT HUMETb pa3-
HHe conportusaenus. lien-
TPH pacnpeleneHHs TOKO¥

MUIRR B CeYEHHE NIPOBOJIA HA BEIHYHHY TOKa HeGajaHca 0co6Oro BAHSHHUS He
MMeEIoT. :

Ias ROCTHXKEHH 1OCTATOUHOM UYBCTBHTENBHOCTH 3alIHTH, KOI(DUIHEHT
TPaHCQOPMALKMK TPAHCHOPMATOPA MONKET GLITH npuusaT B npenenax 100—150.

} § B o
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B 2JEKTpOAaX OyAyT CMEIUEeHBl, IPHYEM 3TO CMEiLIEeHHE VIS HADYKHOTO AEKT-
poia 6yier 6oablue, TAaK KaK OH HMeeT GOJbIUMe TeOMETPHYECKHE Da3MEpH..
[MosToMy Teopud Takoro TpaHchopmaTopa MoOXer OHTH CBeA€Ha K TEOpUH
tpaucdopMaTopa C HEKOBUEHTPUUECKHUMH napan-
T , NeNLHBIMA 3nexTposamu (puc. 21-a).
Ilepeuunnle TOKH Jy (HaPYXHOro 31eKTPOAA)
u J; (BHYTpPEHHEro0), paBHHIE NO BEJHYUHE, HO
obpaTHule NO (¢a3e, CO3430T NOTOKH D, u Dy,
MHAYKTHPYIOUIXE B COOTBETCTBYIOMHKX UACTHX
BTOPHYHOH OOMOTKH BCTDCUHHIE 3JIEKTPOABHNKY-
mue CHAL, Pa3HOCTH KOTOPHX H Oyaer onpe-
AeNATh BeJiunuuHy H a3y rToka HebasaHCa BO
BTOpHUHOH 1enu TpaHchopmaropa. [lpu 2ToM
BEJWYHUHA DA3HOCTH BTOPHUHBLIX 3S/NEKTPOABHXY-
mux cua Oyger npoNOpLHOHAAbH4 apudmer-
yeckO#i pAasHECTH NOTOKOCUEnAeHu?, o06paso-
BAHHEIX MArHHTHHLIM@ NOMsIMH 3JIEKTPOAOB (PHC.
21-B).

EHGEwaH“—‘QDwB,. s (44)

Puc. 21.

rae Duy — YHCIO TNOTOKOCUEN/eHu!, 00pa3o0-
BAaHHHEIX MOJEM HAPYXHOIO JeKTPoAd, a Py — BHYTPEHHETO).

Benuuuna Toka nHebaJjaHca
Eﬂﬁ >

Jus = A 35}
6= (

2

r

rie Z,— NOJHOE CONMPOTHBJEERE BTOPUYHON Henu Tparcpopmaropa, a dasa
ero GyJeT 3aBHCETb OT OTHOCHTEJNHLHOH BeNHUHHB NOTOKOCUSTICHHH Pwy 1 Py
(puc. 21-B) ¥ MOXeT H3MEHATHCA AHUIb B HE3HAYWTENbHBIX Nperesax, B 3aBH-
CHMOCTH OT BEJAMYHMHB H XapaKTepa HArpy3xku reHepatropa. :

Pesy/bTaTH NPOBEICHHWX ABTOPOM HCNBLITAHMN NPEACTABACHB KA puc. 221 23.

Puc. 22 paer 3aBMHCHMOCTh BeJMYMHBE TOXA He(aJaHnca OT NMEPBHYHOTO TOKa
I8 PasAAYHBIX AHAMETPOB 4y HAPYKHOrO 3JAEKTPOAE, NPH WHCIE BTOPHYHLIX
BuTkoB W, =120 M npu conpoTuB/AEHHH BTO-

puuynoit uenu tpancdopmaropa Z, =2,9 om, a f?];m’m) . v
puc. 25-—mpu W,240 u Z,=3,4 om. M= 71
Kpome Ttoro, GH.IO BhISSCHEHO, YTO % 7
-1) Tox HeGanaHCa CO3J4aeTCA MArHuTHHM no- &9 7
TOKOM HADYXHOIO 3/JEKTPOAA COIN2CHO BeKTop-  4F 4
Holi auarpamme {puc. 21-s), a7 /
2) BeaMuMHA TOKA HeGananca OBPATHO NPO-  gg ® ,/
NOPUHOHA/IbLEA CONPOTHBACHHIO BTOPUUYHOH UENH g Y/ A/
TpaHchopMaTopa, coraacao yp-o (45), u 04 / S/ 1/
3) yroan a (puc. 21-8), onpegpeasomuii dasy ‘ / V2 4
TOKa HebasaHca, 6/IH30K K HYJIO. 4 Ve 4
- Hamepemse BeanunHbl M onpejesnenne ¢asul g2 / / «
Toka HeGanasca npoussojmiuck npu nomowu 4= 7 T
maefiposoro ocuuaiorpada, coraacso cxemp ? vy R TR
pHc. 12. Puc. 22.

Kak BUIHO H3 pPe3yapTaTOB HCMBLITAHHA, BE-
Japunna Toxa HeGadaHca TPaHCPOPMATOPA WpPEAsaraeMOl KOHCTPYKUHH COBep-
EHHO HE3HAYHTENbHA ¥ 3aBHCHT €ule OT COOTHOUIEHHsS JUaMETPOB BHY TPEHHErO
W HapyxkHoro anxexktTposos. CornacHo puc. 22 u 23, s HAPYXHOIO 3ICKTPOXA
AMAMETPOM 75 MM TOK HebasnaHC2 MOAYUM/ICH HAHMEHbUIXM.
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Hoifl 3asemastomuii Tpancopmarop (Gestelldrossel), noaxawyaeMut K WHHAM
cranuud. O6MOTKa HanpshKeHHst pene MOAKMOYAeTCS K 3a3eMJTIomeMy Tpauc-
(popmaropy. ’

Takoe ycTpoificTBO 3a1IMTH JACT BO3MOXKHOCTH BO3JOXHIbL HA 3a3eMIASIOIIHHA
TPpaHchOpMATOP KOMIEHCAIIHIO €MKOCTHOrO TOKa 3a3eMJeHHst H NOJY4YHTb 110

W 5]
gj.io‘i? ] 7"M
P : ﬁ% 4 A /
'PT:"}/ IS &5
7 b e y
6 e 3 g /" g
= V74
) i
£ 1&@& ) 2 /
3
)
/]
2 4 ‘
y /
Ton J s, Je)
O SiR G55 w0 2007 3008 4000 5000
' Puc. 27. Puc. 28. :

CTOAHCTBO KAauyeCTBa 3alIMTH (OTCYTCTBHE NOJNEKAWMEro TOKa 3a3EMJEHHS OT
APYFHX UE€HEpaTopos). _ _

3aukTa rereparopa OT 3aMblKAaHUS HA 3€MAI0 IO AOAKJIOUEHHS €70 K =
HaM CTAaHUHY B STOM CAydae He uUMeeT 0COOUro 3HaueHHs, TaK KaK HyJb rege-
patopa He 3a3eMJIEH, 4 eMKOCTHHI TOK 3a3evJeHHs, 0OyCJIOBJAEHHBIH eMKOCTbLIO
FeHepaTopa, He3HauuTeNeH. .

B 3akaouenne HEOO6X0AHMO CKAa3aTh, STO NpeANaraeMas aBTOPOM KOMONHK-
pOBaHHAs 3aL(HTA FeHEPAaTOPOB MO YYBCTBUTEJLHOCTH H CENEKTHBHOCTH [10UYTH
HAeasbHa H YPE3BHMANHO NPoOCTa, KPOME TOTO, OHa TpeOyeT BCEro JMUlb TPHU
TpaHchopMaTOpa TOKA, CTONMOCTh KOTOPHX GyNeT He3HAYHTENbHO BblIE CTOH-
MOCTH 00nuHBl TpancOpPMATOPOB, 4 MPH HCMONB30OBAHHH HOPMAJBHCH 3AULHTH
OT 3aMbiKaHHs Ha 3emat0 Tuna AEG Tpebyercst yersipe TpaHcopmaTopa TOKa
H mecTb A4 nu¢pdepesnuanbiol 3alWUTH, T. €. BCero AecATh, HNPHYEM CXeMa
MOAYYaeTcA YPEe3BHIYAHHO TPOMO3AKOH, a 3alUTA—HEHAHEKHOH.

CMMCCK HMCAOJIb30BAHHOM JIMTEPATYPHL

1. Usanos B. M. ,Peae u peneitan 3ammra*. Mockna, 1932 r.

2. Meamenko H. JL ,Pene*. Mocksa, 1929 r.

3. Mpod. H. ®. Moproaun u nax. A. A lludepcon. ,3amuTa renepatopos u arpera-
TOB-TEHEPATOpP TpaHchopmatop”, Mockea, 1932 r,

4. 'mamsnepro. ,PykoBorauine ykasaausa no penehsoil sammie®. Mocksa, 1933 r.

5. A. M. Penoceesn A A. PrabwuTHHRCKHA. ,32WATA OT 3aAMBIKAHAS Ha 3EMJAIO Te-
ugggropoa paGoraomix HenocpercTBeHHO Ha 1wuBn®. JypHaa ,3aexkipnueckHe CraHuuu®,
1 r. Ne 3.

6. T o x e. .Bkamogenne B paGoTy W 3KCNACATAUMA 3AIHT FEHEPATOPOB HA SAEKTPOCTAHUKAX
Cowo3a 3a nepron 1929—1933 r. XKypnaa ,Saexipnyeckue cragunu* 1933 . Ne 9.

7. A. M. ®enoceen ,TokopacnpeseseHne B CXeMaX S3aLIKT C YHETOM WMRENAHIEB TPaHC-
dopuaropos Toka®. XKypHan ,Daexrpuyeckne craHuun“. 1934 r. Ne 11,

8. B. 0. Teccen n fl. Jl. Puanu. K Bonpocy o NOUYyCTHMbIX TOKaX 3aMbiKaHHR TreHepa-
TOpOB Ha 3emA0”. XKypHan ,InexTpnueckue cTaBumu*. 1934 r. N 12.
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TOKOB HeGajgaHca MOXeT OHTh CBeJEeHa NOuYTH A0 Rynad. [Ipy BHEWIHEM ABYX-
(a3HOM KOPOTKOM € OJZHOBDEMEHHHIM 3aMbIK2HMEM Ha 3eMJII0, OTHAEJbHHIE TOKU
He6asaHca TpaHC(OPMATOPOB BO3PACTYT, BO3PACTET H CYMMa HX, HO BEJUYHHA
ee efBa AH Oymer jocratousa aad paborw pene. [loaTomy Takyio 3alHATY
MOXHO CUHTATh BNOJNHE CEJEKTHBHOH,

Tok Tporauusi peae MOXET OuTh DPHHAT NOPAAKA HECKOJbKHX MRNIHAMIED,
NPH 5TOM MaKCHMaAbHEIH TOK 3aMBIKAHHSI HA 3eMJ0, N 809/, samUUIECHHANX
BHTKOB, 6yJeT pasen, coraacHo puc. 27, 3, 9a.

[Ipn TAKOM BKJIOYEHHH DPEJe YYBCTBHTENbHOCTH 3AMHTH OY/ET HOHHKATHCS
BCAEACTBHE OTCOCA TOKA 333€MJICHMA BO BTODMYHON LENH 3alMTH HepaboTaro-
mwuMH tpadchopmaropamu. Uro6u u3bexarb BAUAHHUA OTCOCA HA HYBCTBHTE/b-
HOCTb 3AIIHTHLI, MOMHO OCYIIECTBHTb YCTPOHCTBO TAKOH 3alUTH TpEMA BATT-
METPOBHIMH pe/ie 333eMJCHHS, TOKOBble OGMOTKH KOTOPHX MOTYT GHITh BKJIO-
yeHH MNOCJAEROBATENbHO € gH(depennuaibHEIMUH peae puc. 25, a 0OMOTKH Ham-
DAKEHHS MOXHO BK/AIOYMTH NApalienbHo K ofuieMy HYJIEBOMY Tpanc(popMaTopy
nanpsxennd. [Ipy TakoM ycTpoiicTse 3amura 6yaeT MMeTh OOMbUIYIO UyBCTBH-
TeJIBHOCTb H 6e3yCNOBHYIO CEAEKTHBHOCTD.

MNpu BHewneM AByX(}a3HOM KOPOTKOM, C OJHOBPEMEHHHIM 3aMBIKAHUCM Ha
3eMai0 TOKAa HeGasnauca TpaHchopmaropa TOKA C HANPAXKEHHEM HA K/AEMMaX
U, coraacao puc. 21, b 6yAeT Co31aBaTh OTPHNATENbLHYIO (TOpMO3A11YI0) MOUIL-

' HOCTH, H peJe He cpaboTaer.

B cnyuae 3aMbIKaHH® Ha 3EMJI0 BHYTDH 30HH
3aIUTH, OTpaHHUYeHHONl TpancdopMaTOpaMH, TOK
3azeMaeHus BO BTOpoft nenu 3ammutTel Gyner
14BaTh C HampsikeHHeM Ha K/IeMMax pejae no-
JOKHMTENBbHYI0 MOWmHOCTh (puc. 26), K pene
cpaboraer.

MOILHOCTs TPOFAHUSL pene MOXeT OHTh on-
penenena, coraacHo prc. 21 u 26, u3 CAEAymIEro
ypaBHEBHSA

PpT::(J;;"‘— HGH) Up . e & e s s e o & s -(46)

rne J, — TOK 3asemseHHsi BO BTODHYHOH Lenu
3aMKTH M

Jusu — TOK Hefanauca NpH HOMHHANBHOM Ha-
Tpy3Ke TPaHchopMaTopos.

Tox TporaHusl pese Ha OCHOBaHHU YypaBHE-
Hus (46)

Puc. 26. JpTg:JQ,—JHGH P L .(47)
MaxkcuMaAbHbLl TOK 3aMBIKAHWA HA 3eMJK0 I1DH 4YHC/e He 3alHIEHHBIX BHTKOB

#,%o 1 Ko3huuHEHTe Tpancdopmauny TPaHCPOPMATOPOB TOKA Ay MOMET ORTH
onpejenes U3 ypaBHEHHS
100 100

e Jyoe e e (Jor b Juge) o - o e e o - - (48)

&y %o

j3m'—"-=

rae J,— corjacHo ypaeHeHus (47).

Ha puc. 29 mocrpoenn kpussie B dyuxunn Jym=f (J34), coraacno ypas-
penua (48) npu ao= 20°, U n,= 120 TOKa LA TpOraHusa pene Jor=05m1 10 ma.

Tox HeGanauca B3aT no puc. 28 ana d=100 vm, HZ KOTOpOM KpHBHE
(puc. 24) npojoMKeHH N0 MepBHYHOTO TOKa. 5000 a.

B ceTsix ¢ GOABIUHM EMKOCTHHIM TOKOM 3a3eMaeHHs (COBDPEMEHHbIE 3aBOM~
CKWe M TOPOACKHEe CeTH) MpensaraeMas 3alliTa MOXeET GuTb ycTpoeHa Ges sa-
3eMJICHHS ByAsi redepatopa. B kauecTBe MCTOUHAKA BATTHOIO TOKA 3aMHKAHHA
Ha 3eMJI0, HeOGXOAMMOro Ans PaGOTH 3aWHTH, MOXKET OHTb B3AT CHCHHAAB-



