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NMPHHUHUTDLI JENCTBHSA U PACHET 3ALLHTDBI TEHEPATOPA
OT BHEWWIHHUX H BHYTPEHHHX MEXAY®A3HDBIX KOPOTKHX
3AMbIKAHUH C NMOMOILbLIKY NHPPEPEHLUHAJIbBHDIX
TPAHC®OPMATOPOB TOKA

Yacte I. Cxema cCOBMEIWEHHOH 3aLUThI TEHEPATOPOB OT BHEUIHHX
U BHYTPEHHUX MCXKIAY(PA3HBIX KOPOTKHX 3aMbIKaHHI

H. A OVJIB30OH
(Tlpencrapacna i1ayyHbIM CeMHHAPOM Kadeap »MEKTPHUCCKHX CTAIMIl M ceTed)

[Tpuanunnanpuas cxema 3TOH 3aluTHl TpuBeaeHa na puc. 1. Cpeamuii
crepxenns cepaeunuka ITT B sToM ciyuae, KaX NPaBU/IO, BbIIOJHAETCS
C BO3AYIIHBIM 3a30poM. Ha xpaliHux cTepxHsX pacmojaraiorcd ABe BTO-
pudiikie 0OMOTKH, B Oy H3
KOTOPBIX BKJIOYAeTrcsd Cpab-
! HUHTETBIO YYESCTBUTEABHOE

® _r—D pese A8 MaxkcuMmasblol 3a-
(IU‘[ Oz W I{MTLL, & BO BTOPYIO — 0oJee

/
z(l) ’ 1 1 ' Id) rpy0oe peje AAs 3allUThl OT

BHYTPEHHHX ITOBPEXKACHHI.

B HopmaJdbHOM pexume
H [IPH CKBO3HBIX CBepPXTOKax
TOKH B TePBHYHBIX 06MOTKAX
ATT paBHB 11 NPOTHBONOJOXKHBL ~BeaeAcTBHE 3TOFO  MACHHTHBIE HOTOKH
B NPABOH H JIEBOH [OJOBMIAX cepAeuHHKa OyAyT HANpaB.Jenbl BCTPEYHO
II BBIHYXKJIEHBl  3aMBIKATLCST Uepe3  cpPeHMil CTepPiKeHb ¢ BO3AVIHUBIM 3a-
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Puc. 2,

sopoM. B stom pexnme JITT MoxkeT ObiTh MBICJACHHO npeacTaB/eH
B BHAE ABYX OTACIbHBIX TPaHCHOPMATOPOB TOKA C BO3AYUIHBIM  3330POM,
AJIST KOTOPBIX 3aBHCHMOCTL TOK& B peJie OT NepBHUYHOIO TOKA [PENCTABJseT
coOOH IOJIOTYIO MPAMYIO JHHHIO, YTOJA HAKJAOHA KOTOPOH 3aBHCHT OT BeJH-
MHHDBI BO3AYUIHOTO 3a3opa (puc. 2, kpusas 1). YcraBka GoJsee uyBCTBHTED-
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Horo peqe (peae M ma puc. 1). Iy, TNpuHUMaETCsl TakoOH, 4TOGH OHO Cpa-
fotano npu Tpe6yeMoM MepPBHUHOM TOKe cpabaTblBaHUS MAKCHMAJbIOH 3a-
IHTBL, T. €. NpUMepHO npH 1,4 /oy . YcTaska BTOporo pede [y.,, BBOH-
paeTcs ¢ ONpeneJeHHbIM 3a11aCOM Tax, YTOOLI 3TO peJe He NPUXOAUJI0 B Jeil-
CTBHe IPH MAaKCHMaJbHbIX CKBO3HEIX CBEPXTOKax.

Ilpn BHyTpeHHEX MexAY(a3HBIX KOPOTKHX 3aMBIKAHHSX IEePBHYHBIE TO-
ku B JTT me pasuw apyr npyry. OtHocHTenbHo pasuocTd stux Tokos JITT
upeacraBaser cob6oi OOBIYHBIA TpanchOpMaATOP TOKA CO CHJIOUIHBIM Cepjey-

HHKOM H C ABYMA BTODPHYHLI-

MH oOMoTKamHu. Jas Taxoro J_Z_ﬂ_(
TpaHchopmaTopa 3aBHCH- I el
MOCTL BTOPHYHBIX TOKOB OT GD ZUSI 2052 CD
TIEPBHYHOr0 HUMeeT BHJ KpH- - Iz

BOH 2 Ha puc. 2. Tlpu BHy- . . ] .
TPEHHEM KOPOTKOM 3aMblKa- Zy Zot Zp2 Z4
Huu cpabatbiBaroT ob6a pede.
[Ipu sToM pene JI oTkaiouaer
rexeparop  06e3  BBJIEPKKH
BpeMenH, a peae M (¢ BHI-
NEPKKOH BpeMeHH) BBHINOAHAET (YHKUMM pe3epBa. UyBCTBUTeNLHOCTL
3alUMThl OT BHYTPEHHHUX NMOBPEXKAEHUH 110 NIEPBHUHOMY TOKY [ p; 3aBHCHT OT
KPYTH3HBI KPUBOH 2, UTO JO/XHO yuduThIBaTLcs nipu pacuete JITT.

CxeMa 3aMelleHHs paccMaTpuBaeMOH 3allUThl IPEJACTABAeHa HAa pUC. 3.
Ha pucynke:

Puc. 3.

. 1
Z3 = ——; Z; =+ — COOTBETCTBEHHO, CONPOTHUBJECHHS LEOH MaKCH-
Yy Y,
MaJbHOH 3AIHTHL W 34LKMTHL OT BHYTPCHHHX [IOBPeXACHHH;
. 1 . .
Ly = 55— £y = —— — CONPOTUBJCHHS HAMATHHUMBAHU JEBOH U Mpa-
YOI YO‘Z
BOH MOJIOBMH CepAeYHHMKA;
: 1
Zost = w3 Lo = ~—— CONPOTHBJEHHA  HAMACHWMYUBAHUA  COOTBET-
yﬂsl 052
CTBYIOIHE IMOTOKAM DACCESHHs MEePBHYHOTO TOKA;
' Loy = — CONPOTHBJACHHE HAMATHHYUBAHHSA, COOTBET-

ol

CTBYIOUEE IIPOMEXKYTKY MEXKAY HePBUYHBIMH TOKONPOBOJZAMH, BKJIOUASA
CPEJHHA CTEPXKEHL C BO3AYUIHBIM 3a30POM.

JlAs  cuCTeMBl YpAaBHEHHI, OIMUCHLIBAOUIUX 3Ty CXEMy 3aMeILEHHs,
IJIABHBIH ONpeIequTe/]b
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L Yom . ) .
—llY,[- (Yg-:~Ym)+YomJ; (3)

By = 227t Ay — 24702 e

PacueTHEIM yCJI0BHEM NPH BHEILIHEM KOPOTKOM 3aMLIKAHHH ABJSETCH
ABEHCTBO TIEPBHUHBIX TOKOB [, = !> = /,,. [Ipu TOM TOKH B cxeme GYAVT:
p

1Y, (Y + Yo

i RAESIME ()
i A

Ilpy BryTpeHueM KODOTKOM 3aMBIKAHHH HAHMCHbBIHE BTOPHYHLIE TOKH
oyayt npu [, =10. Toraa

. 'Y
ll’ﬁil:(%"l‘ )(Y,+Y )+Y0m]

j;; — 052 x . 7 (7)
;X Ymu y Ve ¥
* ]JY4 Y—— (Ys *}* } 01) —i_ Yom
ji —_ 0s1 3 J . (8)
o Y : Y.
] - i _Ol . ] n == 14 .Ol . 9
01 3 Y, 02 Y, )

W3 poipaxkenuii (5) # (6) puwado, uto npu oAHOMAZHOM HCNOJHEHHH
1 npu oCpbiBe B LENH 3alUMThl OT BHYTPeHHHX 3aMblkaHuil (Y;=0) pesxo
CHHUKaeTcsl TOK B Ilefld MaKCUMaJdbHOH 3allTHL.

Ecan, npu pacemorpenun dopmys (7) n (8), npenedpeub NOTOKAMH
paccesiHus ePBUUHBIX 00MOTOK (Yo = Y5y == o0), TO OHM NPHHUMAIOT BILL:

] _ IIYR (Y'; + yo? ‘{" Yom) . (10)
3 7 s . < T 0 0 < - 9
Yo +Y) YV +Y) +You Yo+ Yo Y, V)
5 - 3 v - " T T - A .
Yor +Ys) Yo +Y ) + You (Vi + Yo + Yy + 7))

I3 nocseanux BoIpazceHUit BUAHO, UTO NPH BHYTPeHHEM KOPOTKOM 3a-
MLIKaHHH B TeHepaTope OOpPBIB LeNH MAKCHMaJbHON 3aluTH (Y3 ==0) npH-
BOAUT K MOBBILICHHIO YYBCTBHTEILHOCTH 3alUMTHL OT BHYTPEHHHX MOBpEX-
JleHu#, TaK Kak T0K /4 B 370M pexuMe Bo3pacraer. Pasymeercs, uTo 06pbIB
B OO0 HenH NPUBOJAHT K OTKAa3y 3aUIHTHl ¢ COOPBAHHOU HENbl0. YUHTLIBASI
CKasaHHOoe, JAHHYI0 3alldTy HeJb3ss PEKOMeHA0BaTb AAS  OJHO(A3HOTO
HCHOJIHEeHUS. A

B 1essx 3koHOMUH NPOBOAa OAHOpA3HAS cXeMa [o pHuc. | MOXKeT GbiTo
COCTaBJeHa TakK, Kak Iokas3ano Ha puc. 4, a, rae Bropuunsie odomorku JTT
COelHHENBl COTMacHo, MU0 Tak, KaK Ha pHC. 5, &, IJie 5TH OOMOTKU COeAH-
HEHBl BCTPEUHO. HepBou NPUHIHTHAJIBHOH CXeMe COOTBETCTBYeT cXeMma 34-
MelleHus 4, 0.
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JJa cxeMbl 4, O IpU CKBO3HLIX TOKax B resepatope (/y=1;) ToK B Le-
114 MAaKCHMAaJIbHOI 3alUUTHL:

j1Y3 [y4 (Ym -+ Y02) -+ Yonp (Y4 —+ Yoz)]

Iy = A (12)
Tok B wemnu 3aLHTHL OT BHYTPEHHHX MEXJY(PA3HBIX MNOBPEXKCHHH
], — jIY4 [Y3 (Y01 “I_ YO:)) _{" Yonn (YS _P' YO])] . (13)
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Puc. 4.

Tox B HYJEBOM HDPOBOAE .

‘ianp : jlyonp [Y% (YJI "I_ YZ?) o Y/m (Y% + Yﬂl)] . (14)

B nocnensux BbIpamKeHHSX:

Your . You S s Do .
A= ( om y Low | 1) Vo e (Vs V) + VoV (Vor Vi) -
yOsl YGs‘z

FYonp (Vs +Yo) (Vi + Vo) | + You [(Yor + Vo) (Vs + V) +

+ Yonp (Yor + Yo + Yy - Y9
¥, — NPOBOMMOCTb LEMH MAKCHMAJIbHOM 3alLKTH;

Y, — NpOBOAMMOCTb UENHW 3dlUKTEl OT BHYTPEHHHX Mex1ydasHelX IO-
BPeXKJCHHI;

Y onp — IPOBOJIMMOCTb HYJEBOTO I[IPOBOJA.

N
) (3

j! I?
. U O ®
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Pic. 5.
JlAst BTOPOM MPUHIHUIHAILHOH CXeMBl 3aUIUTHL (pHC. 5, 4) Jerko MOXer
ObITh  NOJYUeHa 3JeKTpHYecKas C(xeMa 3aMeUIeHHs, HpPeICcTaBJeHHas
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Ha puc. 5, 6. Pacuer »3r1ofi cXeMbl Jaer CJAEAYIOMHE 3HAYEHHHA TO-
KOB B HeEM:
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Youw v o : ;
B~ m(Y3+Y01)Y4'{‘Yom(Y3_Y4) s

0s1
I'mapublii onpenennteab

You . Yom . : . s .
A= ( + 7 +1)[Ymvoz(yg+Y.£>+Y3Y4<Y01+Y02>+
}/051 )/052

+Yorp (Vo Vo) (Vi +You)] + Vou [(Yor + Yoo) (Y5 Y +
A Youp (Vo + Yoo + Y5 + V).

Ipu paBeHCTBe NEPBHUHBLIX TOKOB ([, = [,) Toxn B pese MaxCHMaib-
HOM 3aULUTHI, 3ALMTHLL OT BHYTPEHHHX MeExAY(PasHbHX HOBPEXACHHH M TOK
B HYJEBOM MNPOBOJAE COOTBETCTBEHHO OYyAyT

i, = 1Y, [V, (Yo — YOZZ_ Y onp (Y + Yﬂ?)] : (16)
1-4 _ j}Y}i [Yg (Y02 — Yn]l— YOHD (Y"? + Y(H)] ; (17)
—— LY omp (Y4 -+ Ym;h s+ Vo) Yol (18)

Anajus aByx mocneaHux cxem (puc. 4, a, b, a) MOKaseIBACT, UTO MpPH
CKBO3HBIX TOKAX B TeHepaTope W OOpLIBE B OAHON u3 Bropuunbix uneneit JTT,
Kak M B IIpelbiaylleM caydae (puc. 1), pesko cHuzKaeTcsl TOK B HENOBPEK-
pensoil uenu (12, 13, 16, 17). CuaenoBaTenbo, paccMaTpnBaeMble CXEMBI
TaKXKe He MOTYT ObITh PEKOMEHJIOBAHEl HJs 04HO(a3HOr0 HCHOJHEHHs.

PaceMOTpHM BO3MOZKHble BAPHAHTBI 3aILUTHI OT BHEIUHUX U BHYTPEHHUX
Mex 1y asHblX noBpexXaAeHHNH B TpeXx(pasHoM HUCHOJHEHHH.

Tpexgasuas cxeMa 3alUTBl, COOTBETCTBYIOWAs puc. 1, mokasana Ha
puc. 6, a. '

IMpu BHeWHHX Mexk/Iy(}asHBIX KOPOTKHX 3aMblKaHHSIX OOpPEIB ICHH 3a-
JLHTB OT BHYTPEHHUX MOBpe:KACHUN OAHOH U3 (a3 HPHBOAUT K CHHIKEHUIO
TOKa B IeMH MaKCUMaJabHOH 3alIUTE 5Tok xe (asbl. Ognako oTKasa B Jeil-
CTBHH MaKCHMaJbHON 3alluThl He GyLer 3a cueT jeHcTBUA JBYX OCTABIIHXCH
HCIpaBHBIX (as.

[Ipy aHaJOrHYHOM MOBPEIKAEHHH BTOPHMYHOL IeNnd W BHYTPEHHEM MEX-
AybasHOM KOPOTKOM 3aMBIKAHHM OTKa3a B paGoTe 3allUTHl TOXe He OyJer
O TEM XK€ NpHUHUHAM.

BMmecTe ¢ Tem npu O0OpBEIBEé BO BTOPHUHBIX LENIX B HYJEBOM MPOBOAE
COOTBETCTBYIOILEH 3AIUUTEl NOTEYET (asHblii TOK, YTO MO3BOJASLT € NOMO-
1IbI0 peJie, YCTAaHOBJeHHOro B HyJeBom mposoje (peae KLU, puc. 6, a), ocy-
IIeCTBUTDL HaJEXKHBIH KOHTPOIL lLieneil. Kpome TOro, B cH/Iy BBIIIEYKA3AHHBIX
NpHYKH, B HYJIeBOM NPOBOAe HENOBPEXKACHHON 3ALIHTH TOXKE IOTEUeT TOK,
KOTOPBIH MOKeT NPHBeCTH K cpadaTblBaHMI0 BTOPOro pejie KOHTPOJs nene.

Kax BuauMm, paccMOTpeHHAs cXeMa YAOBJETBopsieT MpeLbABaAeMbIM
K Hell TpeGOBaHUIM M MOXKET ObITh MCNOAb30BaHA. B 5TO# cXeMe I cOedH-
HeHHS AMGbQepeHnHa bHblX TpaHcGOPMATOPOR TOKA C PeJIEHHOH MaHelbio
Tpe6yeTcss BOCHMHKH/BHBI KOHTPOIbHBIH KaOesib.

B nyaneBoM mpoBoje Tpex(ha3HOH CXeMBl 3allUThl, COOTBETCTBYOMIeH
puc. 4, a, IPU CKBO3HBIX TOKAaX B TeHepaTope W OOpLIBE B OJHOU H3 BTOPUU-
HEIX Lenel 6yaer npoTekaTh JHINL HeOOJbLIONH TOK, PABHEIL TOKY B UCIpaB-
HOH Ilemy NOBpPeXAeHHOH (paskl, TAK KAK OT HEMOBDEeXKJEHHBIX a3 B HYyJe-
soM nposoae (mpu cammerpudnnx JTT) 7oK He nporexaer, 4TO BUINO
n3 (14). 310 o6yci0BIUBAET ONpeleNeHHble 3aTPyJHEHHA NPH BbINOJHEHUH
KOHTPOJISI HCIIPABHOCTH BTOPHUHBIX IENEH.
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M3 puc. b BUAHO, UTO NpH BBINOIHEHHH Tpex(asHoii cxemul (puc. 6, 6)
TAKOE 3aTpyJHEHHe ¢ KOHTPOJeM LeTel He BO3HHKaeT. JTa cxeMa YJOBJeET-
BOpseT BceM TpeGoBaHHAM; paboTa ee MaJo OTJIHYAETCS OT BapHaHTA MO
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5)
Pue. 6.
puc. 6, a, U, BMecTe C TeM, B Hell SKOHOMHTCS OXHH NPOBOJ, BTOPHYHBIX COe-

munenud. [losromy nanuasi cxemMa Moer GbITb PEKOMEHAOBAaHa JJd HC-
MOJBL30BAHHUSA,



