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NPEAUCAOBUE

IIpy mMpOEeKTHPOBAHMHM U IKCIUTyaTalli 3JIEKTPOyCTaHOBOK 3JIEKTPO-
JHEpPreTHYECKUX CHCTeM TpeOyeTcs KOMIUIEKCHBIH MOAXON K BOIpocaM
BHIOOpPA U ONTHMH3ALMH CXEM DJIEKTPOYCTAHOBOK, TEXHMKO-3KOHOMHUYE-
CKOro 000CHOBaHMs INPHUHUMAEMBIX pelIeHHH 1Mo oOecrneueHHI0 Haaex-
HOM pabOTHI BceX 37EMEHTOB 3JEKTPOYCTAaHOBOK C YU€TOM KaK OTAENIbHBIX
3IEKTPOYCTAHOBOK, TaK ¥ 3HEProCHUCTeMEI B LiesioM. JIroboe anexkTpoobo-
pYyROBaHME NODKHO Hale)XXHO GYHKLHOHMPOBATh HE TONBKO B YCIOBHUAX
HOpPMAJIBHBIX PEXXHUMOB, HO M B aBapUHHBIX YCIOBHUAX, B TOM YHCIE U IIPH
kopotkux 3ambikaHuax (K3). [TosToMy mpoBepka 371eKTpoobopyroBaHHS
Ha TEPMHUYECKYI0 M DIEKTPOAMHAMHYECKYIO CTOMKOCTh IPU KOPOTKHMX
3aMBIKaHUAX, 2 KOMMYTAIMOHHBIX aMapaToB U Ha OTKIIOYAIOLYIO CIIO-
COOHOCTB NMPH KOPOTKHX 3aMBIKaHHAX SABIAETCS HEOOXOAMMBIM YCIOBHEM
6€30TKa3HOro JeHCTBUS JEKTPOOOOpyIOBaHUS.

B y4eGHOM mocoOMM M3I0XKEHBI METOIbl pacyeTa KOPOTKHX 3aMbIKa-
HUH U pa3nUYHBIX HECUMMETPUYHEIX PEKHUMOB, B TOM YHUCIIE U CIOXKHBIX,
NPEeICTAaBIAIOUIMX CO0OM pa3iuyHble KOMOMHAIMK MOMEPEYHOW U Ipo-
0JIbHON HecumMeTpuid. ITockoabKy KOPOTKHME 3aMBIKaHMs COIPOBOXIa-
I0TCS YBEJHYEHUEM TEPMUYECKOT0 H 3NIEeKTPOJHMHAMHYECKOrO BO3JEH-
CTBHS TOKOB Ha IIPOBOAHUKH ¥ TOKOBEIYLIME YACTH INEKTPUUECKHUX amra-
paToB, TO 3THM BOIIpocaM yIeleHo ocoboe BHuMaHMe. HeobGxomumo
OTMETHTD, YTO B NOCIeHEE BPeMs HaOMIOAAeTCs TEHACHIMS TPHMEHEHUS
KECTKOH OLIMHOBKH JJIs paclpeneIuTeabHbIX YCTPOHCTB, pacueTaM KOTo-
poil mocBsllleHa OTAENbHas IMaBa. Taioke OTAeNbHas IJ1aBa MOCBAILICHA
aHaJIM3y METONOB U CPEICTB OrpaHUYEHHS TOKOB KOPOTKOTO 3aMbIKaHMS.
IMonpoOHO ommcaHBl OCOOEHHOCTH pacyeTOB KOPOTKHX 3aMBIKaHUH B
3JIEKTPOYCTaHOBKaX HampshkeHueM 10 1 kB u B ycTaHOBKaX MOCTOSIHHOTO
Toka. B 1. 18 onucaHsl MeTOIBI pacyeToB KOPOTKUX 3aMbIKaHUH Ha KOM-
ObIOTEpEe ¢ MpEACTaBIeHHEM KOMILIEKca Iporpamm, pa3paboTaHHOTO Ha
Kadenpe «DIeKTpUYECKHE CTaHIMU» MOCKOBCKOTO 3HEPreTHYecKoro
MHCTHTYTa (TEXHUYECKOTO YHHBEPCUTETA).

B cBoeM poje npukiIagHO XapakTep npelcraBiser coboii ri. 19, moc-
BAIIEHHAs NMPUMEHEHHUIO YCTPOHCTB 3amuTHOr0 oTKmodeHus (Y30) nus
9NIEKTPOYCTaHOBOK IMPOM3BOACTBEHHBIX, )KUJIBIX U OOILIECTBEHHBIX 30aHUM
U coopyxeHnuii. I[IpuBejeHEl HOPMaTUBHbBIE JOKYMEHTHI 110 IPHUMEHEHUIO
yKa3aHHBIX yCTPOHCTB.

IIpu moaroToBke PyKOMUCH aBTOPaMHU YYT€H UX MHOTOJETHHH OIBIT
YTeHUs JIEKLHUil U POBeeH s MPAaKTHYECKHX 3aHATHH 10 KypcaMm «nek-
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TPOMArHUTHEIE NEPEXOHBIE IPOLECCH! B BIIEKTPOIHEPreTHIECKUX CHCTe-
Max» H «IeKTPHIECKas YacTh SMEKTPOCTAHIMH ¥ TIOACTAHIHIf», ONBIT
NIPUMCHEHHS Pa3paGOTaHHEIX C yYacTHEM aBTOPOB rOCYNapCTBEHHBIX
CTaHapTOB, MOCBSAIUEHHBIX PacYeTy KOPOTKHX 3aMbIKaHHMH K TepMHYe-
CKOTO H 3IIEKTPOAHHAMHYECKOTO JIEHCTBHS TOKOB KOPOTKOTO 3aMBIKaHMS,
a TaKXe PYKOBOZAIAX YKa3aHHH 10 PAacdeTy TOKOB KOPOTKOTO 3aMBIKA-
HU3 ¥ BEIOODY 31eKTPO06OPYROBaHHS.

NMPUHATLIE BYKBEHHbBIE OBO3HAYEHUA BEAUYUH

I — TOK, JAEHCTByIOIlEe 3Hade-
HHE;

i — TOK, MTHOBEHHOE 3Ha4YCHHE;
I — TOK KOMILIEKCHEIN, AEHCTBY-
oliee 3HaYeHHE;

I, — TOK, aMIUTHTYIHOE 3Ha4YeHHE;

I«  — HOMHHAIBHBIH TOK;

iyn — YHapHBIH  TOK  KOPOTKOTO
3ambikanus (K3);

- — TOK 3JIEKTPOAMHAMUYECKON
CTOMKOCTH (HauboNbIINH
HUK);

Iy Igeq — TOK BKJIIOYEHHSI, NEHCTBYIO-
Imee W MTHOBEHHOE 3Haue-
HUS,

I > icxy — CKBO3HOH TOK, IEHCTBYIOMIEE
U MFHOBEHHOE 3HA4YEHHS,

IwCKB — MPEneNbHEIH CKBO3HOH TOK,
JefcTByIOIee 3HAYCHHUE,

I oren — OTKIIOYAEMBIA TOK, JeH-
CTBYIOLIEE M MTHOBEHHOE
3HAYEHHUS;

I 1 noq — HOMHMHAIIBHBIN TOK OTKIIIOYE-
HHSl OJEKTPUYECKOro arma-
para;

I,i, — TOK B MOMEHT i, IEHCTBYIO-
Imee M MTHOBEHHOE 3Haue-
HUS,

I,i, — TOKK MOMEHTy NPEKpalIECHHs
CONPHUKOCHOBEHHS IYroracu-
TENBHBIX KOHTAKTOB BBIKIIO-
yarens T, HAEHCTByIOIIEEe H
MT'HOBEHHOE 3HAYCHHS;

Imp — TOK TEPMHYECKOH  CTOH-
KOCTH;

pr‘HopM — TOK TEPMHECKOH CTOHKOCTH
HOPMHPOBaHHBI;

I, nnmu 1y — TOK YCTaHOBHBILEIrOCs
pexuma;

I — TOK KOPOTKOTO 3aMbIKaHHS,

ob1ee 0603HauEHHE;

I — NEepHOANYECKAs COCTaBJIAIO-
masi Toka KOPOTKOTO 3aMbIKa-
HUA,

i — amepHogHYecKas COCTaBJIs-
FOIIasi TOKa KOPOTKOTO 3aMBbl-
KaHHS;

I, — HavaJbHOE JeHcTByoIee

il
3Ha4eHHEe  IEepHONHYECKON

COCTAaBJIAIOIIEH TOKAa KOPOT-
Koro 3aMsIkanus (¢ = 0);

iz — HayaJbHOE 3HAYEHHE alepHo-
JIMYECKOH COCTaBIISIOLIEH
TOKa KOPOTKOTO 3aMBIKaHHS
(t=0);

I, i,, — mepuoaMYecKas  alepHoAH-
YecKas COCTaBJIAIOIIHE TOKa
KODOTKOTO  3aMBIKaHUSl B
MOMEHT { = T;

1, I, I, — ToKH cooTBETCTBEHHO (a3 4,
B, C;

Iy — TOK B HEUTPAJIBHOM IIPOBOJE;

I}, I, Iy — TOKH COOTBETCTBEHHO Ipsi-
MOH, OOpaTHOH M HYyJeBOH

MOCJIEI0OBATEIEHOCTEH;

Iy iy — TOK, OXHIAEMBIH B Lemu ¢
TOKOOIPaHHYHBAIOIIUM
anmapaTtoM, NeHCTBYIOIIee U
MTHOBEHHOE 3Ha4YEHHS,

I5 — TOK CYyMMapHBIH;

IHPOMorl — TOK NPOJOJUKHTENEHOTO
pexuma, I0NyCTHMBIH;

IHopM.pac'l — TOK HOPMAJIBHOTO PeXHMa,
pacyeTHbIH;

Inpom.pac,l — TOK MPOXOMKHTENLHOTO
pexuMa, pacueTHBIH;

1, Iq — COCTaBJMIOIME TOKa COOT-
BETCTBEHHO IO TIPONOJIBHOM
(d) n monepedno#t (g) ocsam
POTOpa CHHXPOHHOH MaIlIMHEI,

I’ — TEepeXONHBIN TOK;

1" — CBEpXIIEPEXOIHEBIH TOK;

U,u — HampspKeHHe, NeHCTByoLIee

H MTHOBCHHO€ 3HAYCHHI,
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Upas.n6 — Haubolbiee paGodee Hamps-
KEeHHe;

Uyow — HOMHHAIBHOE HalPsHKEHHUE;

U, U,, Uy — HanpskeHHs COOTBETCT-
BEHHO NpAMO#, 0OpaTHOH H
HYJEBOH IOCIENOBaTENbHO-

cTeit;

AU — IOTeps HalPAKEHHUA,;

(0} — yron cpsura a3 Mexny
HanpsKeHHEM H TOKOM;

cos @ — k03 PUIMEHT MOIIHOCTH;

E,e  — anexrpomBrxyLias cuia,
JIeHCTBYIOLEE U MTHOBEHHOE
3HAYEeHHS;

P — MOIIHOCTbh aKTUBHAS,

Q — MOILIHOCTh peaKTHUBHas;

S — MOIIHOCTb NOJHAS, MOLYJIb;

S — MOIIHOCTh KOMIUIEKCHAs;

f —— 4acToTa Koje6aHHui dIIeKTPH-
YECKOW BETMYHHEI,

o — 4acToTa KojaeGaHuil NeKTpU-
YEeCKOH BETMYHMHBI, YITIOBAS;

R,r  — CONPOTHBIIEHHE aKTHBHOE;

X,x  — CONpOTHBIECHHE PEaKTHBHOE;

Z — COMNPOTHBIICHHUE MONHOE,
MOZYIb;

Z ~— CONPOTHUBJIEHHE KOMIUIEKC-
HOE;

X ~— CONPOTHBIICHHE  PEAaKTHB-
HO€, HHIYKTHBHOE;

Xc — CONPOTHUBIICHHE  PEaKTHB-
HOE, EMKOCTHOE;

Z, — CONMpPOTHBIIEHHE BOIIHOBOE;

u, — BOCCTaHaBIHBaloOIeecs Ha-

npsHKeHHe Ha KOHTaKTaX KoM-
MYTalMOHHOTrO arnmapara;

vy — CKOPOCTh  BOCCTaHOBJIEHHS
HaNpsUKeHUs;

U, 45, — BO3Bpamalomieecs Hampske-
HHE Ha KOHTaKTaX KOMMYTa-
IIMOHHOIO ammapara, JeHcT-
ByIOIlleeé U MFHOBEHHOE 3Ha-
YEeHHUS;

Z, Zy, Z; — COUPOTHBJIEHUA COOTBET-
CTBEHHO MNpPAMOM, oO6paTHOM
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U HYJIEBOH IOCIEeN0BaTellb-
HOCTEH;

— NIPOBOAMMOCTb  JJIEKTpHYE-
CKasl, MOZyJIb;

— OPOBORMMOCTb  3NEKTpHYE-
CKasl, KOMIUIEKCHaS;

— MPOBOAMMOCTE aKTHBHAS;

— INIPOBOXMMOCTb PEaKTHBHA;

— HMHOYKTHBHOCTH  COOCTBEH-
Has,

— MHIYKTHBHOCTH B3aUMHas;

— K03hHIMEHT CBA3M;

— K03()(GUIHEHT pacCesHus;

— YHeNBHOE CONMPOTHBIICHHE;

— yZaenbHas IPOBOXHUMOCTB;

— TeMIeparypHbli koadduuu-
€HT CONPOTHBIICHHS,;

— TeMIIepaTypHbIi K03(dULH-
€HT TEIIOEMKOCTH;

— JHEpPrus dJIEeKTPHYECKas,

— 9HEPTHA IEKTPOMarHHUTHas;

— NOTOK MATHHUTHOM WHIYK-
ILIUH, MarHUTHBIH IOTOK;

— HaIpsSKEHHOCTh MarHuT-
HOT'0 IO, BEKTOD;
— HaIpsDKEHHOCTh  JNEKTPH-

YECKOTO I10JIs1, BEKTOP;

— MPOHHUIAEMOCTh THUINIEKTPH-
yeckas abCcooTHas;

— INPOHHIAEMOCTh JHINIEKTPH-
YecKas OTHOCHUTEIbHAS,

— IOCTOsAHHAsA dNEKTPUYECKas;

— MPOHUI[AEMOCTh MAarHUTHas
abcomroTHas;

— HPOHHUIAEMOCTh MAarHUTHas
OTHOCHTENBHAS,

— MOCTOSIHHAs MarHUTHAas;

— TeMmeparypa IO  ILIKaje
Lenscus;
— TeMmIepaTypa [0  IIKaie

KensBuHa;
— IPEBBIIIEHHE TEMIIEPATYPBL;
— IOCTOSHHAs BPEMEHH JJIEKT-
pHYECKOH 1emH;
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— mepuon KoneOaHuH SMEeKTPU-
yecKoi BEJTUYHHBI;

— TOCTOSHHAs BPEMEHH 3aTy-
XaHMA aIepruOANYECKOH
COCTABJISAIOIEN TOKa KOPOT-
KOTO 3aMbIKaHHs;

— ynapHbIf KO3(pHUuHEHT TOKa
KOPOTKOTO 3aMbIKaHHU;

— HOpMHpPOBAHHOE  IPOLEHT-
HOE cofep)KaHHe anepHuoiH-
yeckoil cocTaBnsflomen B
TOKE OTKJIIOYEHHS;

— koaddunment TpaHchopMa-
LHH;

—— OTHOIIEHHE YHCEIl BUTKOB;

— YHCIIO BUTKOB OOMOTKH;

— €MKOCTb;

— ynenbHas TEMJI0EMKOCTb;
— IUIOTHOCTb MaTepHana;
— CKOJIBKEHHE;
— CKOJIbXEHHE KPUTHYECKOE,
— cedyeHHe NPOBOIAHHUKA;
— MOMEHT BpaIIAIOLIMXCsS Macc,
— TOCTOSHHAS WHEpIUHU (MeXa-
HUYecKas MOCTOSHHasA);
— cuia, BEKTOD;
— yaenpHas TeMIO0TAa4a;
— MOZYJIb YIPYTOCTH;
— MOMEHT MHEPLHUH;
— MOMEHT COIPOTHBJICHHS TIOTe-
PEYHOTO CeYeH s [IPOBOIHNKA,
— Macca;
— HanpsiKeHHE B MarepHaine;
— mpefiel NPOYHOCTH;
— mpenen HpONOPLHOHATIb-
HOCTH;
— TIpefes TEKY4eCTH;
— xoddpuLmeHT GOPMBI;

Kogen — koadouuueHT pacnpenene-
HHSA;
B, — unrerpan  Jxoyns  TpH
KOPOTKOM 3aMBIKaHHH;
BTep‘non — HOPMHMpOBAaHHBIH (TOMYCTH-
meif) umHTerpan  Jhxoynsa
3JIEKTPHYECKOTO armapara 1o
YCIIOBHIO TEPMHIECKOH CTO¥-
KOCTH;

— HOPMHMPOBAHHOE BpeMs Tep-
MHYECKOM CTOMKOCTH DIEKT-
pUYECKOro anmapara;

— Bpems OTKIIOYCHHA KOPOT-
KOTO 3aMBIKaHHs, pacyeTHasd
NPONOIKHUTENBHOCTh KOPOT-
KOTO 3aMBIKaHHS,

topomn CcOOCTBEHHOE BpeMs OTKIIIO-

yeHHs BBIKIIOYATEII;

tiomn — UOMHOE BpeMs OTKJIIOYEHHS

BBIKJIFOYATEIS;

— MHHHMAQJBHOE  pacyeTHOe
BpeMsi cpabaTHBaHUA peneii-
HOM 3alUTHI,

T — BpeMs OT MOMEHTa BO3HHMK-

HOBEHMS KOPOTKOTO 3aMBbIKa-
HHS JO Hadajla paCXOoXICHH
(MoMeHTa npeKpameHns
COTIPHKOCHOBEHMs) ~Ayrora-
CHTENBHBIX KOHTaKTOB KOM-
MYTaLMOHHOTO aNIapara;

! Tep.HOPM

tOTKJ'I

p.3 min

n — kodpouuuenT AHHaAMHYEC-
KOM Harpy3sKu;

a — paccTosHHE MEXAY daszamu;

) — norapupMUYECKHd  IEKpe-

MEHT 3aTyXaHus,
— GecroxoBasd Iay3a B LIHKIE

aBTOMATHYECKOr0  IOBTOP-

goro BrmodeHus (AIIB).
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fAaBa |1
OCHOBHbBIE CBEAEHUS

1.1. O6bwmne noAoxeHus

YCTOHuMBOE pasBMTHe NPOMBINIIEHHOCTH H CEJbCKOTO XO3SiCTBa
CTpaHbl B 3HAYUTEJBHOHN CTETIEHH 3aBHCUT OT HAJEKHOCTH paboTHI BHEp-
rocucreM. Ilocnenusas, B CBOIO oOuepemb, 3aBHCHT OT XapaKTePHCTHK
KOPOTKHX 3aMBIKaHHH H yPOBHEH TOKOB KOPOTKOTO 3aMBIKAHHMS B HIIEKTPH-
YECKHUX CETHAX.

Kopotkue 3ambixanus sBisAi0TCS 0CHOBHBIMH NPUYUHAMH ITOBpEXIE-
HHS 3JICKTPOYCTAHOBOK H 3JIEKTPOOOOPYNOBaHHUA. AHANIHM3 CTaTHCTHYE-
CKHX NaHHBIX 3HEPrOCHCTEM MOKa3kbIBaeT, 4To 50—65 % OTKa30B 3IeKT-
poycTanoBok, 60—80 % orka3oB snekTpoobopymoBaHMs H 65—75 %
TI0KapoB B JIE€KTPOYCTAHOBKAX POMCXOMAT U3-32 KOPOTKUX 3aMBIKAHHIA,
yIep6 OT KOTOPHIX COCTAaBIAET COTHH MUILTMOHOB py6baeii B ron u 6onee.

Kak mpaBuio, ypoBHH TOKOB KOPOTKOTO 3aMBIKaHHS B JNEKTPUIECKOM
CETH BO3PACTaIOT C YBEIHYEHHEM MOLIHOCTH SHEPTOCUCTEMBI, ILIOTHOCTH
TCHEPUPYIOMIUX MOIIHOCTEH M MIOTHOCTH COOTBETCTBYIOLICH CETH.
HauGonsmee 4rcno otka3os ot BosneiicTsHs TOKOB KOPOTKOTO 3aMBIKaHHA
TNIPUXOIHUTCA HA SMEKTPOOGOpPYNOBaHHE. A OTKa3 3NMEKTPOOGOPYXOBAHUS
H3-32 LCTIOYEYHOr0 Pa3BHTHS aBapHii MOXET MPUBECTHU HaXe K CUCTEMHEBIM
aBapHsM. [103TOMy poib KOPOTKHX 3aMbIKaHHI B BO3HHKHOBEHHH aBapuii-
HBIX CHTYallHi BECbMa 3HAYHTETbHA. BakHbIM (hakTOpoM sBIseTcs M yac-
TOTa BO3HHKHOBCHHS KOPOTKHX 3aMblKaHUH pa3Horo Buaa. ITo ycpenneH-
HBIM NIaHHBIM JUIi Tpex(asHbiX, IByX(hasHbIX H AByX(a3HBIX KOPOTKHX
3aMBIKaHHMH Ha 3eMJII0 OHA COCTABIISET IPUMEPHO 110 2 %, a Jis oqHo(a3z-
HBIX KOPOTKHX 3aMBIKaHMA — 94 %. BmecTe ¢ TeM OTHOCHTeNBbHas yac-
TOTa KOPOTKHX 3aMBIKAHHH Pa3HBIX BHIOB HA JNEKTPOCTAHLWUSX, MOACTAH-
LHMAX M JIHAAX SJIEKTponiepeiadi HeonHakoBa. Tak Ha 31eKTpOCTaHIUAX
A07A TpexhasHbIX H NBYX(a3HbIX KOPOTKHX 3aMBIKAHHME Ha 3eMI0 Gomee
SHAYHTENbHA, Y€M Ha NMOACTAHUMSAX H JIMHHSAX JIEKTPONepe adH.

IMocnencTBust KOPOTKHUX 3aMBIKAHMI pa3sHOOOpa3Hbl — 3TO MeXaHH-
HCCKOE H TEPMHUIECKOE MOBPEXKIAECHHUS NEKTPOOOOPYNOBAHHS, CHIKEHHE
YPOBHS HANPSOKEHHMS B SJICKTPHYCCKON CETH, BeAylllee K yMEeHbLICHHIO
BpaIlAIOMIero MOMEHTa SNIEKTPOIBHIaTeNed H K BBIIAACHUIO H3 CHHXPO-
HH3Ma OT/CBHBIX ICHEPATOPOB IEKTPOCTAHLMH, BOrOPaHUE 3MEKTPO-
YCTaHOBOK H T.II.
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PacyeTsl KOPOTKHX 3aMbIKaHHH HEOOXOOMMBI I BBIOOpa TIIaBHBIX
cxeM D3JIEKTPOCTaHLUH W MONCTaHUMMH, MPOEKTHPOBAHMSA M HACTPOHKH
YCTPOWMCTB pesIeiHOM 3alMThl W aBTOMATHKH, BHIOOpAa M MPOBEPKU MPO-
BOIHHUKOB M 3JIEKTPOOOOPYAOBaHHUS U T.1.

IIpHOPHUTETHOH OCHOBOH HaJIEXKHOH paboThl 31E€KTPOOOOPYAOBaHHS
SBJSETCS CTPOroe COOMIOIEHHE PACUETHBIX YCIOBHH IPH €0 BEIOOpE, MOA
KOTOPHIMHU TTOHHMAIOTCS Hauboiee TsXeNble, HO JOCTATOYHO BEPOATHEIE
ycnoBHs, B KOTOPBIX MOXET OKa3aThCsi BHIOMpaeMoe 31eKTpoo6opynoBa-
HHMe TIPU ero IKCIUTyaTaluu. PacyeTHble yCI0BHUA, KaK KOMILIEKC TpeGoBa-
HU K 3JEKTPOOOOPYIOBaHMIO, HOLIEXAT TIATEIbHOMY Hay4HOMY o6oc-
HOBAHHIO, a TaK)X€ aHAIM3y U KOPPEKTHPOBKE [0 MTOI'aM JKCILIyaTaluH
371€KTpOOOOPYIOBaHUS C YYETOM BEPOATHOCTHBEIX XapaKTEPHCTHK Mapa-
METPOB pexuMa. B pacueTHBIX yCIOBHAX JOIKHBI YYUTHIBATHCS H3MEHE-
HHS CTPYKTYPBHI 3JIEKTPUYECKOW CETH U NapaMeTPOB OCHOBHEIX 3JIEMEH-
TOB DJIEKTPOYCTAHOBOK, a TAK)KE XapaKTePUCTHKH cpabaThiBaHMs pecypca
37IEKTPOOOOPYIOBaHHUS.

ITpu BEIGOpE 3NIEKTPOOOOPYAOBAHUS HEOOXOMHMO yIMTHIBATh HATMYME
MHOTO(YHKITOHAIBHBIX CBS3€H MEXIy €ro TEXHHYECKUMH, SKOHOMHUYe-
CKHMHM, JKOJIOTHYECKUMH M JPYTHMMHM XapaKTepHMCTUKaMH, MEXIYy AeTep-
MHMHHPOBAHHBIMH IapaMeTPaMH JJIEKTPOOOOPYIOBaHHS M HEMpPEPLIB-
HEIMH, HO CIIy4aiHBIMH (BEPOSTHOCTHBIMH) NapaMETPaMH SHEPIOCHUCTEM.
Bri60p 211€KTpooOOpynOBaHHS B 3THX YCIOBHAX JOJKEH BECTHCH C yde-
TOM CHCTEMHOTO IPHHIMIIA ¥ CHCTEMHOTO noaxoza. Jlus JMEKTPOYCTaHO-
BOK XapaKTEpHbI YETHIpe pexuMma paboThl: HOpMalbHBIH, aBapUHHBIH,
moCAeaBapruiHbId 1 PEMOHTHBIH, IPUYEM aBapUHHBIA PEXHMM SBIAETCA
KPaTKOBPEMECHHBIM DPEXHMOM, a OCTalbHbIE — IPOAOJDKUTEIbHBIMU
pexuMaMu. YUuTBIBas crieupuKy paboThl 3NEKTpooOOpynOBaHMs, €ro
BBIOOP 11€71€C000pa3HO IPOU3BOIUTH B [1Ba dTala:

NpeiBAPUTEIIbHEIN BHIOOD 3IEKTPOOOOPYAOBaHMS II0 MapaMmeTpam
MPOJODKUTENBHBIX PEXHUMOB (YypOBEHb H30JALMH, HAarpeB MPOMOJIKH-
TEJIbHBIM TOKOM, 9KOHOMHYHOCTD), BKIIOYask PEXHUMBI JONYCTHMBIX Iepe-
Ipy30K;

npoBepKa TPEJBAPUTENHHO BHIOPAHHOTO 37IEKTPOOOOPYIOBaHUA IO
YCIOBHSAM KpPaTKOBPEMEHHBIX DPEXHMMOB (CI0Ia OTHOCATCH KOpOTKHe
3aMBIKAHMS, HEMOMHO(A3HEIE PEXHUMBI, CIOXKHBIE BHIBl IOBPEXIEHHUI),
ONpeNeNsIOMKM K3 KOTOPBIX SBIAETCS DPEXHUM PACYETHOIO KOPOTKOTO
3aMbIKaHHUS.

ITo pexuMy KOPOTKOTO 3aMBIKaHMA JIEKTPOOOOPYAOBaHHE MPOBEPS-
€TCs Ha JJIEKTPOAMHAMHYECKYIO M TEPMUUYECKYIO CTOMKOCTh, HEBO3ropae-
MOCTh (kabenu), a KOMMYTAallMOHHbIE annapaThl TAKXKe Ha KOMMYTallHOH-
HYIO CIOCOOHOCTH M H3HOCOCTOMKOCTh. IIpM 3TOM mpeaBapUTEILHO

HYXHO TPaBHJIBHO OMPEHCIUTh PAaCUETHHIE YCJIOBHA KOPOTKOTO 3aMbIKa-
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HHMA W IIapaMeTphl 3JIEeKTPOOOOpYHOBaHHUA, BHIOpaTh MOAENb pacyeTa
TOKOB KOPOTKOTO 3aMBIKaHHS U OLIEHHUTH, IPY HEOOXOAMMOCTH, METOIBI U
CPEeICTBAa OrpaHUYEHHS TOKOB KOPOTKOTO 3aMbIKaHHS.

1.2. TepMuUHBbI U ONpeAeAeHUs

B TepMuHOIOrHHM MPUCYTCTBYIOT TPH OCHOBHBIX 3BEHA: OHATHE, TEP-
MHH U ONpeJieNieHUe.

Ionamue — 310 006pa3HOE OMUCaHHe OCHOBHBIX XapaKTePUCTHK Mpel-
MeTa, 00beKTa, SIBIEHHUS, JOCTaTOYHOE I IOHMMAHUS €10 CYTH; MepMuH —
HaMMEHOBaHHe MpeaMeTa, 00beKTa, SABJICHUs; onpedeneHue — KpaTKoe
ONMCAHWE OCHOBHBIX YEpT npeaMera, 00beKTa, apiaeHus. OCHOBOH TepMu-
HOJIOTHH SIBNSAIOTCS ITOHATHS, 8 TEPMUHBI U ONpENeIeHH s BIAI0TCI HeoO-
XOIHMBIMH ISl IPAKTUYECKOH eaTeIbHOCTH pPabOYMMH HHCTPYMEHTaMH,
6€3 KOTOPBIX CHEeLMATUCThl HOPMaJbHO HEe MOTYT OGIIAThCS.

Hixe ucrions3yroTcs Clieayome TEPMUHBI M ONpeAeTIeHU.

Pedxtcum xopomxozo 3ambikanusi — pexxuM paboThI 3TEKTPOYCTaHOBKH
IpHY HAIMYMH B HEH KOPOTKOTO 3aMbIKaHHS.

Kopomkoe 3amvikanue 6 anexmpoycmanoeéke — BCSKOE ciydaitHoe
WIM TpefHaMEpEeHHOEe, HE MpPEeoyCMOTPEHHOE HOPMAaIbHBIM PEXUMOM
paboTEI, 3NEKTPHUECKOE COeUHEHHE Pa3IHUYHBIX Touek ($a3) amexTpoyc-
TaHOBKM MeXIy co00# MU ¢ 3eMiel, IpU KOTOPOM TOKH B BETBSX DJIEKT-
POYCTaHOBKHM, IPHMBIKAIOIUX K MECTY €r0 BO3HUKHOBEHHS U CBS3aHHBIX
C HMCTOYHHKOM DJHEPruMH, PE3KO BO3pPacCTalOT, HpeBbIIIas HauOONbIIMHA
JOIYCTUMBIH TOK MPOJODKUTENBHOTO PEXKHMA.

Kopomxkoe 3amvikanue na 3emaro 8 31eKmpoycmano8Kke — KOPOTKOe
3aMBbIKaHUE B 3NEKTPOYCTaHOBKE, 00YCIOBIEHHOE COCAMHEHHEM C 3eMIIeH
KaKoro-iu0o ee 3IeMeHTa.

Oonoghasnoe kopomkoe 3amvikanue Ha 3eMai0 — KOPOTKOE 3aMbIKaHHe
Ha 3eMIII0 B Tpex(a3HOH IMEKTPOIHEPTETUIECKON CUCTEME C ITyX03a3eM-
JEHHBIMU WM 3Q(EKTUBHO 3a3eMJICHHBIMH HEWTpalsiMHM CHIIOBBIX 3Je-
MEHTOB, [IPY KOTOPOM C 3eMJIEH COequHAETCs TOIbKO oqHa (asa.

Heyxgasnoe xopomroe 3amvikaHue — KOPOTKOE 3aMBIKAHHE MEXIY
AaByMs ¢da3aMu B Tpex(a3HOH dIEKTPOIHEPTETHYECKOI CUCTEME.

Heyxgaznoe kopomkoe 3ampikanue Ha 3ema10 — KOPOTKOE 3aMbIKaHHE
Ha 3eMJI0 B Tpex(a3Ho#i MEKTPOIHEPreTHIECKOH CHCTEME C IIyX03a3eM-
JIEHHBIMH WM 3(Q(EeKTUBHO 3a3eMJICHHBIMH HEUTpalsIMU CHIIOBBIX 3jI€-
MEHTOB, IIPY KOTOPOM C 3eMJIeil cCoeqUHAIOTCS aBe (ashl.

Heotinoe kopomkoe 3amvikaHue Ha 3emai0 — KOPOTKOE 3aMBIKaHHE Ha
3eMJII0 JIBYX Pa3HBIX (a3 B Tpex(a3HOU EKTPOIHEPreTHIECKOM CUCTEME
B Pa3HbIX, HO 2JEKTPUYECKH CBA3AHHBIX MEXAY COOO0H TOUKax.
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Tpexghaznoe xopomkoe 3amvikaHue — KOPOTKOE 3aMbIKaHUE MEXIY
TpeMs ¢a3aMu B Tpex(a3HOi IeKTPOIHEPTETHYECKOH cHCTEME.

Tpexghaznoe kopomkoe 3amvikanue Ha 3emMA10 — KOPOTKOE 3aMbIKaHHE
Ha 3eMII0 B Tpex(}a3HO# 3IEKTPOIHEPreTUYECKOH CHCTEME C TIIyXO HIIH
3¢ PEeKTHUBHO 3a3eMJICHHHIMH HEHTpadsMHM CHIIOBBIX JJIEMEHTOB, IpU
KOTOPOM C 3eMJIeH COeTUHAIOTCSA TPH (a3bl.

Iloemopmnoe Kopomkoe 3ambikanue — KOPOTKOE 3aMBIKAHHE B 3JIEKT-
pPOYCTaHOBKE HpPH aBTOMAaTHYECKOM MOBTOPHOM BKIIOYEHHMH KOMMYTallU-
OHHOTO AJIEKTPUYECKOTO arapara MoBpeXIeHHOH Lienu.

Hsmensioweecs kopomkoe 3ambikaniie — KOPOTKOE 3aMbIKaHHE B JIEK-
TPOYCTaHOBKE C MEPEX0J0M OJHOTO BUa KOPOTKOTO 3aMbIKaHHs B IPYTOH.

Yemotiyueoe kopomrkoe 3amvikanue — KOPOTKOE 3aMBIKaHHME B JJIEKT-
pOYCTaHOBKE, YCIIOBHS BOBHUKHOBEHHS KOTOPOTO COXPaHSIOTCS BO BpeMs
6€CcTOKOBOH Nay3sl KOMMYTAI[HOHHOT'O IEKTPHUYECKOrO anmnapara.

Heycmortivusoe xopomxkoe 3ambikarue — KOPOTKOE 3aMbIKaHHUE B JIEKT-
POYCTaHOBKE, YCIOBHsI BOSHUKHOBEHHSI KOTOPOTO CaMOJIMKBUAUPYIOTCS BO
BpeMsi 6eCTOKOBOIt May3bl KOMMYTALIHOHHOTO 3l1EKTPUYECKOIO anmnapara.

CummempuyHoe Kopomkoe 3ambikaHue — KOPOTKOE 3aMBIKaHHE B
JIIEKTPOYCTAHOBKE, IPH KOTOPOM Bce ee (pa3bl HaXOMATCSA B OJHMHAKOBBIX
YCIIOBHSX.

Hecummempuyunoe kopomxoe 3amvikaHue — KOPOTKOE 3aMBbIKaHHE B
3JIEKTPOYCTaHOBKE, PU KOTOPOM OfHa U3 €€ (a3 HaXOquTCs B YCIOBHUSX,
OTIIMYHBIX OT YCIOBUH Ipyrux ¢as.

Yoanennoe xopomroe 3amvikanue — KOpPOTKOE 3aMbIKaHHE B DIIEKTPO-
yCTaHOBKE, NPH KOTOPOM aMILTMTYAbl MEPUOAHYECKOH COCTABIAIOLIECH
TOKa UCTOYHHKA DHEPTUH B HAYaJIbHBEIH ¥ NIPOU3BOJILHBIII MOMEHTH! Bpe-
MEHHU MPaKTUYECKH OIUHAKOBBIL

Bruskoe kopomkoe 3amvikanue — KOPOTKOE 3aMbIKaHHE B JIIEKTPOYC-
TaHOBKE, IPH KOTOPOM aMIUIHTYIbl IEPUOJMYECKOH COCTaBIAIOIIEH TOKa
JAHHOTO MCTOYHHKA SHEPrHMHM B HayaJdbHbI M NPOU3BOJIBHBIH MOMEHTHI
BPEMEHH CYIIECTBEHHO OTJIMYAIOTCA APYT OT IpyTa.

IIpedwecmeyrowuii pesxcum Kopomko20 3aMblKaHus — PeXUM paboThl
3IIEKTPOYCTAHOBKH HEMOCPEACTBEHHO Mepell MOMEHTOM BO3HHUKHOBEHHS
KOPOTKOTO 3aMbIKaHHS.

Yemanosuswuiics pedicum KOpomkozo 3aMbIKaHUusi — PEXKUM KOPOT-
KOTO 3aMBIKaHMs 3JEKTPOYCTaHOBKH, HACTYyTNAIOIMI MOCIe 3aTyXaHUs BO
BCeX LIEMAX CBOOOMHBIX TOKOB M HpeKpalleHHs U3MEHEHHs HalpsKEHHs
BO30yaMTENIel CHHXPOHHBIX MAlllMH O] BO3JEWCTBHEM YCTPOHCTB aBTO-
MaTH4eCKOr0 PeryIMpOBaHuUs BO30YXIACHHS.

Ceo600nas cocmagaaowas moka KOpoOmKO20 3aMblKAHUsA — COCTaB-
JISIIOIAsl TOKA KOPOTKOTO 3aMBIKaHUs, ONpezeseMas ToNbKO HauyanbHbIMU
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YCIOBUAMHU KOPOTKOTO 3aMBIKaHHUs, CTPYKTYPOH JJIEKTpUYECKOH CeTH H
napaMeTpaMH ee 3J€EMEHTOB.

Ilpunysicoennas cocmaensiiowas moka KOPOMKO20 3aMbIKAHUA —
COCTaBJIAIOIAas TOKAa KOPOTKOTO 3aMBIKaHHUs, paBHas pasHOCTH MEXAY
TOKOM KOPOTKOTO 3aMBIKaHHA B €ro cBOOOJHOH cocTaBisiomeit.

Anepuoouueckas cocmaensiowas MoKa KOPOMKO20 3aMbIKAHUSL —
CBOOOIHAS COCTaBJIAIOUIas TOKa KOPOTKOTO 3aMBIKaHHsI, H3MEHSIOMAsACH
BO BPEMEHH 0e3 nepeMeHbI 3HaKa.

Ilepuoouueckas cocmasnaowas moka KOpomKo2o 3amblkaHus pabo-
yeil Yyacmomul — COCTABIAIOIAsA TOKa KOPOTKOTO 3aMBIKaHMs, U3MEHSIO0-
ascs no NepruoaUYecKOMy 3aKOHY ¢ paboyeid 4acToToi.

Mznogennoe 3nauerue moka KOpOmMKo20 3aMbiKaHus — 3Ha4C€HUE TOKa
KOPOTKOTO 3aMbIKaHHUS B paCCMaTPHBaEMBI MOMEHT BPEMEHH.

Heiicmeyrowee 3nauenue moxka Kopomko20 3aMbIKaHUs — CpeqHee
KBaJpaTUYHOE 3HaYE€HHE TOKA KOPOTKOTO 3aMBIKaHHs 3a MepHoA pabouei
4acTOThI, CEPEANHA KOTOPOTO €CTh pacCMaTPUBaEeMblii MOMEHT BpEMEHH.

Heiicmeyiowee 3nauenue nepuoduueckoli cocmasasOwel Mmoka
KOpOmMK020 3aMbiKaHUs — CpeJHee KBaJIpaTHYHOEe 3HaueHHE MEePHOANYE-
CKOM COCTaBisIoNel Toka KOPOTKOTO 3aMBIKaHus 3a Mepro/ paboyei yac-
TOTHI, CEPEAMHA KOTOPOT'0 €CTh PaCCMaTpPHBaeMbIi MOMEHT BPEMEHHU.

Hauanvnoe oeiicmgyrowyee 3Hauenue nepuoouveckoii cocmaersiouei
moKa KOpOmKo20 3aMblKaHusi — YCJIOBHAsl BEJIMYMHA, paBHas JBOHHOM
aMIUIUTY/E EPHOJNUECKOH COCTaBNIAOIIEH TOKa KOPOTKOTO 3aMbIKaHUS B

HayaJlbHBIA MOMEHT BPEMEHH, YMEHBIIEHHOW B 2 2 pasa.
Hauanvnoe 3nayenue anepuoouueckoii cocmasisiioweil moka Kopom-

K020 3aMblKaHusi — 3Ha4YeHHE anepnozmqecmﬁ COCTaBJIAIONIEH TOKa
KOPOTKOI'o 3aMbIKaHHUA B Ha4yaJbHBIH MOMEHT BPEMCHHU.
Yemanosuswuiicas mox KOpOmMKoO20 3aMblKaHus — 3HA4YCHHC TOKa

KOPOTKOI'O 3aMBIKaHHUs MOCJIE OKOHYaHHSA NEPEXOAHOTO Mpolecca, Xapak-
TEPU3YEMOro 3aTyXaHHEM BCEX CBOOOIHBIX COCTABIAIOUIMX ATOTO TOKA U
NpEKpalleHHeM HM3MEHEHHs TOKa OT BO3IEHCTBHS yCTPOMCTB aBTOMAaTH-
YECKOT0 PETyJIMpPOBaHuUs BO3OYKACHMS HCTOYHHKOB DHEPTHH.

Yoapueiii mox xopomkozo 3ameikanus — HauOOJblIEe MTHOBEHHOE
3Ha4YeHHe TOKA KOPOTKOTO 3aMbIKaHHA B OHOHU M3 (a3 TpexdasHoii anekt-
PHYECKOH LIENH, KOTOPOE HMEET MECTO, KOI[ja KOPOTKOE 3aMblKaHHeE IpO-
MCXOAUT B MOMEHT IPOXOXKACHUSA HaNpspKeHUs SToi a3kl uepes HyleBoe
3Ha4YEHME, a 1O BO3SHHKHOBEHHUS KOPOTKOTO 3aMbIKaHHS TOK B LIENH HOCHJI
€MKOCTHOM XapaKTep HUIIH OTCYTCTBOBAI.

Yoapuvuii koagpgpuyuenm mora kopomxoz2o 3amvikanus — OTHOIIEHHE
YAapHOTO TOKa KOPOTKOTO 3aMBIKaHHUS K AaMIUIMTYIe MepHOAUYECKOM
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COCTaBJIAIONIEH TOKa KOPOTKOrO 3aMbIKaHUs pabodell 4acTOThl B Hayalb-
HbIif MOMEHT BPEMEHH.

Omxaroyaemulil MOK KOPOMKO20 3aMblKaHUs — TOK KOPOTKOTO 3aMBbl-
KaHMs 3JIEKTPUYECKOH LIeNd K MOMEHTY NpeKpalleHHs CONPUKOCHOBEHUS
JNyroracUTENbHBIX KOHTAKTOB €€ KOMMYTAllHOHHOIO 3JE€KTPHYECKOro
anmapara.

Heticmeytowee 3HaueHue nepuooUdeckoli cocmasiaioueli omxkoyae-
MO20 MOKA KOPOMKO20 3aMblKAHUsi — YCIOBHAs BEJINYMHA, paBHAs ABOMU-
HOUW aMILTUTYyE NEPHOIUIECKOit COCTABIAIONIEH TOKAa KOPOTKOIO 3aMbIKa-
HHsS B MOMEHT HadaJla pacXoXKIEHUs AyTOracuTeIbHbIX KOHTAKTOB KOMMY-

TalMOHHOTO ANIEKTPHUYECKOIO anmnapara, yMeHbIIEHHOH B 2 J2 pasa.
Anepuoouueckas cocmagialOwas OmMKIOYAeMO20 MOKA KOPOMKO20
3aMbIKaHUss — 3HAaYC€HHE aNepHOIUYEeCKOH COCTaBIAIOIIEH TOKa KOpOT-
KOTO 3aMbIKaHHS K MOMEHTY MPEKpaIleHUusi CONPUKOCHOBEHHUS NyTroracu-
TeJIbHBIX KOHTAKTOB KOMMYTAIIMOHHOTO 3JIEKTPUYECKOTO anmapara.
Amnaumyonoe 3nauenue OmKII0YaeMoz0 Mmoka KOpomKo20 3amMblKaHus —
yCIOBHasi BeJIMYHHA, paBHas apudMeTHdyeckoll cymMMe NeHCTBYIOLIETO
3HAYEHHS NEPUOTHYECKON COCTABIAIONICH OTKIF0YaEMOT0 TOKa KOPOTKOTO

3aMBIKaHUs, YBETMYEHHOTO B 2 pas3, ¥ aneprUoIUYECKOll cocTaBustoIei
OTKJIIOUA€MOT'0 TOKA KOPOTKOTO 3aMBIKaHUSI.

CummempuyHnbvle coCmasislouue HeCUMMempuyHoUl mpexgasnoil cuc-
membl MOKO8 KOPOMK020 3AMbIKaHUs — TPU CUMMETPUYHBIE TpeXx(das3Hbie
CHCTEMBI TOKOB KOPOTKOTO 3aMbIKaHHs pabodell 4acToThl NpsiMOH, oOpat-
HOM M HYJIEBOHN IOCIENOBaTENbHOCTEN, Ha KOTOpPbIE JaHHAas HECHMMMET-
pyuHas TpexdasHas CHCTEMa TOKOB KOPOTKOTO 3aMBIKaHHS MOXET ObITh
pasyoxeHa.

Tox KopomKo20 3aMbIKaHUusL NPAMOU NOCAEe008aMENbHOCIY — OOVH U3
TOKOB CHMMETPHYHO# Tpex(a3HO# CHCTEMBI TOKOB KOPOTKOTO 3aMBIKaHHs
OPSIMOTO ClieZoBaHus (das.

Tox KopomKo20 3aMblKaHus 06pamHoU nOCIe008amenbHOCMY — ONUH
U3 TOKOB CHIMMETPUYHO# Tpex(}ha3HOoi CUCTEMBI TOKOB KOPOTKOTO 3aMblKa-
HUs 06paTHOTO cienoBaHus ¢as.

Tox KOpomK020 3aMbIKAHUSL HYEBOU ROCIE008AMENbHOCMY — OIUH U3
TOKOB CHMMETPHYHO# HeypaBHOBELIEHHOW Tpex$ha3HOH CHUCTEMBI TOKOB
KOPOTKOT'O 3aMBIKaHHs HYJIEBOTO CleJoBaHUs ¢as.

Ocudaemvitli MOK KOPOMKO20 3aMbIKaHUsE — TOK KOPOTKOTO 3aMbIKa-
HUs, KOTOPBIA ObUT OBl B 3JEKTPUYECKOH LENH IEKTPOYCTAaHOBKU IPH
OTCYTCTBHUHM JACHUCTBUS YCTaHOBJIEHHOIO B HEH TOKOOTPAHWYMBAIOLIETO
KOMMYTAI[IOHHOTO 3JeKTPHUYECKOTO arnmapara.

IIponyckaemviii Mok KOpomKo20 3aMblKaHuss — HauOOIbIIee MTHOBEH-
HO€e 3HaYeHHE TOKAa KOPOTKOTO 3aMbIKaHHs B IEKTPUYECKOH LENH JIEKT-
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POYCTaHOBKH C YY€TOM JEHCTBHUS TOKOOTPaHUYUBAIONIETO KOMMYTAI[HOH-
HOT'O 3JICKTPHYECKOTO ariapara.

Ck603101l MoK Kopomko20 3amwvikanus — TOK, TPOXONAIIMH uyepe3
BKJIFOYCHHBIH KOMMYTAILIHOHHBIH 3JIEKTPHYECKHH aNIapar MpH BHELIHEM
KOPOTKOM 3aMBIKaHUH.

Codepoicanue anepuoduyeckoii cocmaeniioujesi 6 OmKIO4UaAeMom moke
KOpOmMK020 3ambikanyus — OTHOILEHHE alepUOAMYECKOH COCTaBIIAIOIIEH
OTKJIF09aE€MOI'0 TOKa KOPOTKOTO 3aMbIKaHHU: B 3aaHHBIH MOMEHT BpEMEHH

K YBEIHYEHHOMY B /2 pa3 JeHCcTByIOlEeMy 3HaYEHHUIO HMEepPHOIUYECKOM
COCTaBJISAIOIIEH OTKIIOYaEMOTO TOKAa KOPOTKOTO 3aMEBIKaHHS B TOT JKe
MOMEHT BpEMEHH.

TI'apmonuyeckuii cocmag moka KOpomKo20 3aMbIKAHUS — COBOKYII-
HOCTh CHHYCOHJAJbHBEIX TOKOB Pa3JIMYHBIX YacCTOT, HA KOTOPHIE MOXET
OBITH pa3/I0XXEH TOK KOPOTKOI'O 3aMbIKaHHUS.

Dasza 603HUKHOBEHUS KOPOMKO20 3aMbIKAHUS 8 INIeKMPOYCMAaHO8Ke —
(haza HanpsHKEHHS 91EKTPOYCTAHOBKH K MOMEHTY BO3HHKHOBEHHS KOPOT-
KOT'O 3aMBIKaHMs, BRIpa)KEHHAs B paJdaHax.

Cs0600nas nepexodnas cocmaensiowas moka KOpomKo20 3aMbIKAHUL —
NepHoanYeCKas COCTaBIAIOIIAs TOKAa KOPOTKOTO 3aMbIKaHHA, 00yCIOB-
JEHHas CPaBHUTENbHO MEIIEHHO 3aTyXaloIUMH TOKaMH KOHTYPOB
pOTOpa CHHXPOHHOM MalIHHEL.

Ilepexoonan cocmasnaowas moka Kopomkozo 3amblKaHUus — TIEPHO-
AUYecKas COCTaB/IAOINAA TOKA KOPOTKOIO 3aMbIKaHHs, paBHasg CyMMe
NPUHYXACHHONH ¥ CBOOONHON MEPEXOMHON COCTABIAIIIMX TOKa KOPOT-
KOT'O 3aMbIKaHHS.

Ce0600nas ceepxnepexodnas cocmasnsiiowas moka KopomKko20 3ambl-
KaHusi — TEPHOTUYECKAs COCTaBIAIOIIAs TOKa KOPOTKOIO 3aMBIKAHMS,
00ycioBineHHas GBICTPO 3aTyXalOIMMH TOKAMH KOHTYpPOB POTOPA CHHX-
POHHOH MAIlIMHBI M MIPOSABIAIONIAACS Ha Ha4YalbHOM CTafHH MEPEXOJHOIO
nporecca.

CsepxnepexoOnas cocmaensiowas moka KOpOmKo20 3aMbIKAHUS —
NEepHOUYECKasi COCTaBJAIOIIAas TOKa KOPOTKOTO 3aMbIKaHHsA, pPaBHas
CyMMe€ MePEXOHOH U CBOOOIHOH CBEpXIEPEXOAHOM COCTaBIAIOMINX TOKA
KOPOTKOT'O 3aMBbIKaHHA.

Mownocme xopomxozo 3amvikanus — ycnoBHas BETHYMHA, paBHas

YBETHYEHHOMY B /3 pa3 IpOM3BE/EHHIO TOKa Tpex$a3HOro KOpOTKOro
3aMBIKaHU B Ha4YalbHBIH MOMEHT BPEMEHHM Ha HOMHHAJIBHOE HaIpsiKe-
HHE [IOBPEXIEHHOH 31EKTPUIECKOU CETH.

Ilpodonvhas necummempus 6 1eKMpoyCmMaHoke — HECHMMETPHUS
Tpex(a3HOi  3IeKTPOYCTaHOBKH, OOYCJIOBIEHHAas IOCIEIOBATENBHO
BKJIIOYEHHEIM B €€ II€IIb HECUMMETPHYHBIM TPeX(pa3HEIM SIEMEHTOM.
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Ilonepeunas Hecummempus 8 d1€KMpOYyCMAHO6Ke — HECUMMETPHs
Tpexda3HoH 271eKTPOyCcTaHOBKH, 00yCIOBIEHHAs KOPOTKUM 3aMBIKaHHEM
oIHOM WK IBYX (a3 Ha 3eMIII0 WM MEXIY ABYMs (asamu.

OO0HoKpamHas, HecuMMempus 8 371eKmpoycmanoeKe — MPOROJbHAs
WM TIOTlepeYHas HECUMMETPHS, BO3HHUKINAs B OJHON Touke TpexdasHoH
3IEKTPOYCTaHOBKH.

Crnoocnas Hecummempus 8 91eKmpoyCmanoéke — HECUMMETPHA TPEX-
(a3HOl STEKTPOYCTAHOBKH, IPEACTaBIAIOMas Co00H KOMOHHALMIO W3
IPOXONBHBIX U MONEPEYHBIX HECUMMETPHH.

Ocobas ¢aza snexmpoycmanosku — a3a TpexdasHoH 271eKTpoycCTa-
HOBKH, KOTOpas MpH BO3HMKHOBEHHHM MPONOJIbHOH HIM IONEPEYHOH
HECHMMETPHH OKa3bIBAaeTCS B YCIOBHUAX, OTJIMYHBIX OT yCJIOBHM JJIs ABYX
apyrux das.

Komnnexcnasn cxema 3ameuyenuss — dMEKTpUYECKasd CXEMa, B KOTOPOH
CXEMBI 3aMElIEHHs MPsAMOM, 0GpaTHOH U HYJIEBOH MOCIEN0BaTEIbHOCTEH
00beIMHEHE! COOTBETCTBYIOIHUM 00pa3oM ¢ Y4€TOM COOTHOLIEHUH MEXIY
CHMMETPHYHBEIMHA COCTABJISAIOLUIMMU TOKOB U HalpsSOKEHMH B MECTE IIOB-
PEXICHHS.

TI'panuunvie ycnosus npu Hecummempuy — XapaKTE€PHEIE COOTHOILIE-
HMA 1J1 TOKOB M HaNpsDKEHHH B MECTE ITOSBIEHHUS B 3JIEKTPOYCTaHOBKE
HECHMMETPHHU JaHHOTO BHA.

Hocmosnnan eépemeHu 3amMyxanus anepuoOUyeckol cocmasaAouel
moKa KOpOmMKO20 3aMbIKAHUS — 3IEKTPOMAarHuTHas IIOCTOsSHHas Bpe-
MEHH, XapaKTepHU3yIolas CKOPOCTh 3aTyXaHHs anepHOAU4IecKod coCTaB-
JOLIEH TOKa KOPOTKOTO 3aMbIKaHHS.

Pacuemnvie ycnosus Kopomko2o 3aMbIKAHUS I1EMERMA 2NeKMPOyCma-
Hoéku — Hauboiee TsKeNnble, HO JOCTaTOYHO BEPOATHHIE YCIOBHS, B
KOTOPBIX MOXKET OKa3aThCsA paccMaTpUBAEMBIH JJIEMEHT 3JIEKTpOyCTa-
HOBKH ITPH KOPOTKHX 3aMBIKaHHUAX Pa3IMYHOTO BH]A.

Pacuemnas cxema snexmpoycmaHosKy — IEKTPUYECKas CXEMa JJIEK-
TPOYCTaHOBKH, NpPH KOTOPOH MMEIOT MECTO pPacyETHBIE YCIOBHS KOPOT-
KOT'O 3aMBIKaHHS JJIs1 JAaHHOTO 3JI€MEHTa 3TOH JIEKTPOYCTaHOBKH.

Pacuemnviii 6u0 xopomko2o 3amvikanus — BHJI KOPOTKOIO 3aMbIKa-
HHs1, TIPH KOTOPOM HMEIOT MECTO pacueTHHIE YCIOBHSA KOPOTKOIO 3aMBIKa-
HHS U5 JAHHOTO IEMEHTA JIEKTPOyCTaHOBKH.

Pacuemnas mouka Kopomko20 3amblkaHus — TOYKa Ha pPacUYeTHOH
CXeMe 3J1€KTPOyCTaHOBKH, IIPH KOPOTKOM 3aMBIKaHHMH B KOTOPOH i pac-
CMAaTpUBAEMOTO JJIEMEHTa JIIEKTPOYCTAHOBKH HMEIOT MECTO PacyeTHHIC
YCTIOBHS KOPOTKOTO 3aMBIKAHUS.

Pacuemnas npoodonsicumenbHOCMb KOPOMKO20 3AMbIKAHUA — TIPOJOI-
KHUTETBHOCTh KOPOTKOTO 3aMBIKaHHMS, SABIAIOINA’ACA PacyeTHOH A pac-
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CMaTpPUBAaEMOT0 3JEMEHTA dIEKTPOYCTaHOBKH IIPU OIPENEICHUH BO3JEH-
CTBHMS Ha HETO TOKAa KOPOTKOTO 3aMBIKaHHS.

Tepmuueckoe Oeticmeue moka KOPOMKO20 3AMbIKAHUA — TEILIOBOE
IENCTBHE TOKa KOPOTKOTO 3aMBIKaHHS, BEI3BIBAIOIEE H3MEHEHHE TEMIIe-
paTypel 31EMEHTOB JJIEKTPOYCTaHOBKH.

Inexmpodunamuueckoe Oedcmeue mMoKa KOPOMKO20 3aMbIKAHUSL —
MEXaHUYECKOe NEeHCTBUE DIEKTPONUHAMHYECKHX CHJI, OOYCIOBIEHHBIX
TOKOM KOPOTKOTO 3aMBIKaHWs, Ha SIEMEHTHI 31eKTPOYCTaHOBKH.

Humeezpan Joicoyns — ycloBHas BeIMIHHA, XapaKTEPU3YIOILAS TEILIO-
BO€ JieificTBHE TOKa KOPOTKOTO 3aMBIKaHHA Ha paCCMaTpHUBaEMBIi 3JIEMEHT
JJIEKTPOYCTaHOBKH, YHCIEHHO paBHas WHTErpaxy OT KBajpaTa TOKa
KOPOTKOTO 3aMBIKaHHMs II0 BpPEMEHH B Mpejenax OT HadyaJlbHOTO MOMEHTa
KOPOTKOTO 3aMbIKaHHA JO MOMEHTA €r0 OTKIIOYEHHS.

Cmoiikocmy a1emenma 31ekmpoycmaHosKu K MoKy KOPOmKO20 3aMbl-
KaHus — CIIOCOOHOCTB 3JIEMEHTA 3JIEKTPOYCTaHOBKH BBIIEPKUBATH TEPMH-
4ECKO€ H JIIEKTPOAHHAMHYECKOE AEHCTBUA TOKa KOPOTKOTO 3aMbIKaHuUs Oe3
ITOBPEXIEHHUH, MPENATCTBYIOIIUX €ro AaibHeieH nernpaBHoi pabore.

Tox mepmuueckot CcmoOUKOCMU 31EeKMPUYECKo20 annapama npu
KOPOMKOM 3amblkaHuu (MoK mepmuyeckoti cmoikocmu) — HOPMHPOBAH-
HEIA TOK, TEpPMUYECKOE JEHCTBHE KOTOPOTO 3JEKTPUUECKHH amapar CIo-
Co0O€H BBIJIEPXKATh NMPU CKBO3HOM KOPOTKOM 3aMbIKaHHH B TE€4EHHE HOP-
MHPOBaHHOTO BpEMEHHU TEPMHYECKOM CTOMKOCTH.

Tox a1eKMpoOUHAMUYECKOU CMOUKOCMU 3/1eKMPUYECKO20 annapama
npu KOpomkom 3ambikanuu (MoK 31eKmpoOUHAMUYECKOU CIOUKOCMU) —
HOPMMPOBaHHBIN TOK, JJIEKTPOAMHAMHYECKOE AEHCTBHE KOTOPOTO 3JIEKT-
pHYECKHH ammapaT CIIocOOEH BBIAEP)KATh MPH KOPOTKOM 3aMBIKaHUHU 6e3
MOBPEKIECHUH, PENATCTBYOIMX €ro JajlbHekel ucrpaBHoii pabore.

Ilepexoonuiii npoyecc 6 anexmpoycmanogke — TPOLECC Hepexona OT
OJTHOT'O YCTaHOBHBLIEIOCS PEKHMA NIEKTPOYCTAaHOBKH K JPYTOMY.

1.3. OcHOBHbIE AonyuieHUMs NpU pacyeTax
KOPOTKMX 3AMbIKAHUMK

VYuursiBas AUCKPETHBIM XapakTep H3MEHEHWs MapaMeTpoB 3JIEKTPO-
000pynOBaHus, PACUET TOKOB KOPOTKOTO 3aMBIKAHHS IS €r0 MPOBEPKH
JOIyCKAEeTCs MPOU3BOAUTE NMPHUONMKEHHO, C MPHHATHEM psijia AOMyLie-
HHM, TIPH 3TOM MOTPELTHOCTh PacieTOB TOKOB KOPOTKOTO 3aMBIKAaHHS HE
Mo/KHA npeBsimaTh 5—10 %.

B yacTHOCTH, HOMyCKaeTCs:

HE YYUTHIBATh HaChIICHWE MAarHUTHBIX CHCTEM JIEKTPHYECKHMX MAIlHH,
32 MCKIIIOYEHHEM CIIy4yaeB, KOIAa HCCIENYEeTCs IEPEeXOAHBIM Ipolecc B
TpaHcdopMarope npH €ro BKIIOYEHHH C Pa30MKHYTOW BTOPHYHOM 06MOTKOIA;
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TIp¥ pacdyeTe TOKOB KOPOTKOIO 3aMBIKaHHS HE YYMTBIBATH TOK Hamar-
HHMYMBaHHUA TPaHC(HOPMATOPOB U aBTOTPaHC(HOPMATOPOB;

Bce Tpex(hasHble EMEHTHI JEKTPOIHEPIETHIECKOH CHCTEMBI, BXONS-
HI¥ie B HCXOIHYIO PAaCYETHYIO CXEMY, TPUHUMATh CHMMETPHUYHBIMH;

NpU pacyeTe TOKOB KOPOTKOTO 3aMBIKaHHS HE YYHTBIBAaTh CIABHT IO
daze snexrponprxymed cuibl (JIC) pasiHIHBIX CHHXPOHHBIX MAIlIHH,
eclI MPONO/DKUTENBHOCTh KOPOTKOTO 3aMbIKaHHWs He mpesbimaet 0,5 c,
a aCHHXPOHHBIX OJJEKTPOABUraTenedl —— €CIH HPOTOKHUTENBHOCTD
KOPOTKOTO 3aMbIKaHHs He npesbimaet 0,2 ¢;

IPH OTIPEJEIEHHH yIAapHOTO TOKa KOPOTKOTO 3aMbIKaHUA OT CHHXPOH-
HBIX MaIlIMH IIPUHAMATh JEHCTBYIOIIEe 3HAYEHHE NIEPHONYECKON COCTaB-
JISIOILEN TOKa KOPOTKOTO 3aMBIKaHHS B TE€YEHHME IIEPBOro MONyHEepHOAA
IIEPEXOHOTO TMpoLecca HEU3MEHHBIM M PaBHBIM €r0 Ha4alibHOMY 3Hade-
HHIO;

HE Y4YMTHIBATh MONMEPEYHYI0 EMKOCTh BO3MYIIHBIX JIMHHiA 3JIEKTpOIIe-
pefady HampsbkeHHeM 10 35 kB, a Taxke HanpspKeHHEM 110—220 kB,
ecnu uX AauHa He npesbimaer 200 kM, U HanpsxenueM 330—500 kB,
€CIIM UX JUIHHA HE NpeBblmaeT 150 kum;

TIpH pacyeTe TOKOB KOPOTKOTO 3aMbIKaHHs HauOoliee YHAJIEHHYIO OT
TOYKH KOPOTKOIO 3aMBIKQHHS 4acTh 3JIEKTPOIHEPTEeTHYECKOH CHCTEMBI
TPEACTaBIATH B BUAE OJHOTO HCTOYHHKA SHEPTHHU C HEU3MEHHOM 110 aMIl-
mutyae JC;

IIpH pacyeTe TOKOB KOPOTKOIO 3aMBIKaHHS HE BBOAUTH B PacCUCTHYIO
CXEMY HCTOYHHUKHU SHEPTUH, €CJIH OHU CBS3aHbI C YACTHIO 3JICKTPOIHEpre-
THYECKOHM CHCTEMBI, IlIe HaXOQUTCA pacdyeTHas TOYKa KOPOTKOro 3aMBbIKa-
HUS, C IOMOIIBIO 3JEKTPONIepeIad UIH BCTaBKH ITOCTOSIHHOTO TOKa;

IpU JTI060M YKClie HE3aBUCHMBIX KOHTYPOB B HCXOIHOHM pacyeTHOH
cxeMe, conepxalieil TOJbKO JJIEMEHTHl ¢ HHAYKTUBHBIM M aKTHBHBIM
COTIPOTHUBJICHHEM, alepPHONUYECKYI0 COCTaBIAIOUIYI0 TOKa KOPOTKOTO
3aMbIKaHHs CYUTATh U3MEHSIOMIEHCS 110 KCITOHEHI[HAIbHOMY 3aKOHY;

IpH pacyeTe TOKa KOPOTKOTO 3aMbIKaHHs JIEKTPOIPHEMHHUKH, COCpe-
JOTOYEHHBIE B OTIAEABHBIX y3JIaX JIEKTPOIHEPIETHIECKOH CHCTEMBI, YUH-
TBHIBATh NPHOIHKEHHO, C TIOMOIBIO UX S9KBUBAJICHTHEBIX [IapaMeTPOB;

IpH pacyeTe MepHOANYECKOH COCTaBIAIONIIEH TOKa KOPOTKOTO 3aMbIKa-
HHS HE YYHTHIBaThb aKTHUBHBIE CONPOTHUBIIEHHS Pa3MYHBIX JJIEMEHTOB
HCXOIHOM pacueTHOM CXeMBI, €CIIH aKTHBHAsA COCTaBJIAIONIas SKBUBAJICHT-
HOTO CONpPOTHBJICHHUS PaCU€THON CXEMBl OTHOCHTEIBHO TOYKH KOPOTKOTO
3aMbIKaHUA He npesbimaer 30 % HHIYKTHBHOH COCTaBIAIOIIEH yKa3aH-
HOTO COIIPOTHBIICHHS;

IPUHUMATH COTIPOTHBJIEHHE MOCTOSHHOMY TOKy JIH000T0O 3JIeMeHTa
3IIEKTPOIHEPreTHYECKOH CUCTEMBI paBHBIM €0 aKTHBHOMY CONPOTHBIIE-
HHUIO.
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fAaBa 2
PACHETHBIE YCAOBUA KOPOTKUX 3AMbIKAHUN

2.1. HasHa4yeHUe pacyHeToB KOPOTKMX 3AMBIKAHMMA
M NpeAbABASE€Mble K HUM TPpeBOoBaHUs

PacueThl KOPOTKMX 3aMBIKAHH SBISIOTCS HEOOXOAUMBIM YCIOBHEM
YCIIEIIHOTO PEIIEHNsI MHOTOYHCIICHHBIX 3a/1ad, BOSHUKAIOIHX MPHU IPOEK-
TUPOBaHHM M 3KCIUTyaTallMd OTHENbHBEIX JJIEKTPOYCTAaHOBOK H DJIEKTPO-
OHEPreTHYECKON CHCTEMBI B IEJIOM, MOCKOJIBKY IPUXOOUTCS YUHTHIBATh
BO3MOXHOCTh HapyIIEHHH WX HOpMaJbHOTO pexkuMa paboTel. JTH pac-
4€THl HEOOXOMUMEI AJIsi: BHIGOpa 371€KTPOOGOPYIOBaHHA 3IEKTPOYCTAaHO-
BOK 10 YCJIOBHSAM €0 TEPMHUYECKOI U 3IEKTPOIUHAMHUUECKOH CTOMKOCTH
IpHY KOPOTKOM 3aMBIKaHMM, a BBIKIIOYATeNned Takke IO OTKIIOYAIoMIeH
CMOCOOHOCTH; ONpPEACACHHS JJIEKTPOAMHAMUYECKOTO M TEPMHUECKOTO
BO3JCHCTBHSA TOKOB KODOTKOTO 3aMBIKaHHS Ha TOKOBENYIHME YacTH;
BbIOOpa CPEICTB OrpaHHYCHHS TOKOB KOPOTKOTO 3aMbIKaHHs; BBIGOpa
YCTaBOK CpEINCTB peNEHHOM 3allMTHl ¥ aBTOMAaTHKH, a TaKkKe HX
HACTPOHKH M OLIEHKH BO3MOXHOTO [eiCTBHS; BEIOOPa ONTHMAIBHBIX CXEM
SNIEKTPUYECKUX COETUHEHHH DIEKTPOYCTaHOBOK H T.II.

Vka3zaHHBIE pacueThl MOTYT BBHITOJIHATHCS C Pa3IMYHOM CTENEHBIO TOU-
HOCTH, B 3aBHCMMOCTH OT HX LI€JIE€BOTO Ha3HadeHus. Eciu 1 BeIGopa u
NPOBEPKH 31EKTPOOOOPYAOBAaHUSA IO YCIOBHAM KOPOTKOTO 3aMBIKAHHUA
JOITyCTUMEI YIIPOLICHHbIE METOABI pacdyeTa TOKOB KOPOTKOTO 3aMbIKaHMS,
TO Il HACTPOMKH CPEACTB peleHHOH 3alUThl U aBTOMaTHKH TOYHOCTH
pacyeToB [OKHA OBITh 3HAYUTENBHO BHILIE, IPUYEM ONPEAETICHHIO MO/~
JIe)KaT HEe TOJBKO MaKCHMajbHbIE, HO 1 MHHHMMAJIbHbIE 3HAYEHHS TOKOB
KOPOTKOI'O 3aMbIKaHHs U HalpsAKEHUH B pa3HbIE MOMEHTHI BpEMEHH.

Tpebyemast TO4HOCTH PacYETOB BO MHOTOM OIPEAEISAET BO3MOXKHOCTh
IPHHATHA TEX WA HHBIX JONYLUIEHHH, yNpPOIIAIONUX 3ajady, U BHIOOD
METONOB €e pemeHus. O4eBUIHO, ¢ yBEIHMYECHHEM HEOOXOOMMOM Tod-
HOCTH pacyeToB YCIOXHAIOTCA COOTBETCTBYIOIHE MaTeMaTHYECKUE
MOJIe/IM, YCTaHABIUBAIOLUIME B3aHMOCBA3M MEXKAY MHOTOYHCIEHHBIMH
napaMeTpaMH 3JIEMEHTOB JIIEKTPOIHEPTETHYECKON CHCTEMBI M MapaMer-
paMu ee pexxuma.
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2.2. NMoHATHE O PACHETHbIX YCAOBUAX

Jlist NPOBEPKH 31EKTPOOOGOPYAOBAHHA MO PEXKHUMY KOPOTKOTO 3aMblKa~
HusL TpeBYETCs COMOCTABUTh BEPOSTHOCTHBIE NApaMETPhl PEXXHMa KOpOT-
KOTO 3aMBIKaHUs C JeTepMUHHPOBaHHBIMHU MapaMeTpaMu 3NEKTPOOOOpY-
noBanHs. JUIS BO3MOXHOCTH TaKOro COMOCTAaBICHHS BEPOSTHOCTHBIC
[apaMeTphl PeXuMa KOPOTKOTO 3aMbIKaHHs peodpasyloTcs B YCIOBHO
JIETEPMUHUPOBAHHBIE MAapaMeTPhl PeXHMa pacuCTHBIX YCIIOBHHA KOpPOT-
KOT'O 3aMbIKaHHMs.

PacyeTHBIE YCIOBHA KOPOTKOIO 3aMbIKaHHs — 3TO Haubonee TsxKe-
aBle, HO JOCTarOYHO BEPOATHBIE YCIOBHS KOPOTKOTO 3aMBIKAHHA. OHu
(OpPMHUpYIOTCS Ha OCHOBE OIBITA DKCILTyaTalHH JICKTPOY CTaHOBOK, aHa-
W32 OTKAa30B 1EKTPOOBOPYAOBAHHS M MOCIEACTBHH KOPOTKHX 3aMbIKa-
HUii, HCTIONb30BAaHWs COOTHONIEHWH MapaMeTpPoB pexUMa KOPOTKOro
3aMBIKAaHHM#, BEITEKAIOIUX U3 TEOPHH TIEPEXOAHBIX MMPOLECCOB B dICKTPO-
ycTaHOBKaX. PacueTHbie yClIOBHS KOPOTKOTO 3aMBIKAHUA onpeaensoTCs
WHIUBHAYANBHO IS KaXKIOTO 3JIEMEHTa 3JIEKTPOYCTaHOBKH. Jns onHo-
THIHBIX 1O NapamMeTpaM M CX€Me BKJIIOYCHMs JJIEMCHTOB JJIEKTpOyCTa-
HOBKH JIOITyCKA€TCsl HCIIONB30BaTh aHAJIOTHYHBIE PACYCTHBIC yCIOBHA.

PacueTHBIE YCIOBHS KOPOTKOTO 3aMBIKaHUs BKIIIOYAIOT B cebs:

pacueTHYIO CXEMY 3JIEKTPOYCTaHOBKH;

pacueTHBIH BHJI KOPOTKOTO 3aMBIKaHHS;

pacyeTHYIO TOUKY KOPOTKOTO 3aMBIKaHHs;

PacueTHYIO MPONOKUTENBHOCTE KOPOTKOTO 3aMbIKaHHS.

2.3. PacyeTHas cxemda 3AeKTPOYyCTAHOBKHU

PacueTHas cxema, KaK IPaBUIIO, BKIIOYaeT B ce0s BCE DEMEHTBI JJICK-
TPOYCTAaHOBKH ¥ NPHMBIKAIOIIEN YaCTH SHEPrOCKCTEMEI, HCXOS U3 yCJI0-
BHif, IPELYCMOTPEHHBIX MPOIOJDKUTENBHOM paboTOH IIEKTPOYCTAHOBKH
C MepCMEKTHBOM HEe MEHEE YeM B 5 JIET NOCIIE BBOJA €€ B SKCILTYaTalHIo.

B oT/enbHbIX, YaCTHBIX CIIydasX, pacueTHas CXxeMa MOXET COAepiKaTh
He BCE JIEMEHTHI JEKTPOYCTAHOBKH, €CIIH [IPH 3TOM pacyeToM Jl0Ka3aHa
BO3MOKHOCTh CYILIECTBOBaHHUS 00Ji€€ TSDKENIBIX PacueTHBIX yCIIOBHH, 4TO
MOXET MMETh MECTO, HarmpuMep, IIpH BBOJE B paboTy Hocne peMOHTA
OJIHOM M3 MapaUIeNIbHBIX LIEMEH 31EeKTPOYCTaHOBKH.

2.4. PacyeTHbI4 BMA KOPOTKOrO 3AMbIKAHUSA

[Ipu mpoBepKe 3NEKTPUYECKHMX allapaToB M HKECTKUX IPOBOJHHKOB
BMeCTe C OTHOCAIUMHUCS K HMM TOIAEPKHMBAIOIIUMH U ONIOPHBIMH KOH-
CTPYKLMSMH Ha 3JIEKTPOJMHAMUYECKYIO CTOHKOCTH DacueTHBIM BHOM
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ABIsAETCS Tpex(asHoe KOPOTKOe 3aMbikanue. [Ipu 3ToM B 06meM ciaydae
JIOIyCKa€TCA HE YYUTHIBaTh MEXaHHYECKHE KoleOaHHs MMUHHBIX KOH-
CTPYKIHH.

IIpu npoBepke rHOKUX IPOBOJHHMKOB Ha MEKTPOAMHAMUYECKYIO CTOMH-
KOCTb (TsDKEHHE, ONacHOe COMMKEHHE W CXJIECThIBAHHE MPOBOJHHMKOB)
PaCYETHBIM BHIIOM SBISETCA IByX(a3HOE KOPOTKOE 3aMBIKaHHUE.

Tlpu mpoBepke NPOBOAHUKOB U IMEKTPUYECKUX aNNapaToB Ha TEpPMH-
9ECKYI0 CTOMKOCTh PacYeTHBIM BHOM B OOIIEM Ciiyyae sBISAETCA TPeX-
(asnoe kopoTkoe 3ampikane. [Ipu poBepKe Ha TEPMUYECKYIO CTOHKOCTD
NPOBOJHHMKOB H aINapaToB B LIENAX FeHEPATOPHOTO HAIPSKEHHS DIEKTPO-
CTaHUMH PAaCYETHBIM MOXET OBITh Takke ABYX(azHOEe KOPOTKOE 3aMBIKa-
HHE, eClIM OHO 00yCJIOBIMBAET OONBIIMI HarpeB MPOBOJHUKOB M almapa-
TOB, Y€M IPHU Tpex(Pa3HOM KOPOTKOM 3aMBIKaHHH.

I[Tpu npoBepKe 3MEKTPUYECKHX aNNapaToB Ha KOMMYTAIIMOHHYKO CIIO-
COGHOCTh pacyeTHHIM BHJIOM MOXeT ObITh Tpex(hasHoe uiH ogHodasHOE
KOPOTKO€ 3aMbIKaHHE B 3aBUCHMMOCTH OT TOTO, B KAKOM CJTy4ae TOK KOpPOT-
KOTO 3aMBIKaHMs UMeeT Hanboubiee 3HadueHue. Ecnu A BeIKIIouareneii
3ajlaeTcsl pa3Has KOMMYTalMOHHasi CIIOCOOHOCTh MpH TpexdasHOM H
OIHO()a3HOM KOPOTKOM 3aMBIKaHHM, TO IIPOBEPKY CIEAyeT MPOBOIHTH
OTAEJBHO 0 KaXKAOMY BHIY KOPOTKOIO 3aMBIKaHHS.

2.5. PacyeTHas TOYKA KOPOTKOro 3GMbIKAHMS

PacueTnas TouKa KOPOTKOTO 3aMBIKaHHs HAXOJUTCS HETOCPEACTBEHHO
C OZIHOM MJIM C JIPYTOH CTOPOHBI OT PACCMaTPUBAEMOrO 3JEMEHTA NEKT-
POYCTaHOBKHM B 3aBUCHMOCTH OT TOTO, KOTZa JAJIS HErO CO3/afoTcs Haubo-
JI€€ TSDKENBIC YCIOBUS B PEXHME KOPOTKOTO 3aMbikaHus. Ciyyan ABOM-
HBIX KOPOTKHMX 3aMBIKaHHH Ha 3€MIII0 JIONyCKaeTcs B OOIIEM ciiydae He
YUHUTHIBATh.

B 3aKpHITEIX pacnpeneHTeNbHbIX YCTPOWCTBAX NPOBOXHHKH U SIEKT-
PHYECKHE ammaparsl, paclojJOKeHHEBIE 0 PEaKTOpa Ha PEeaKTHPOBAHHEBIX
JHHUAX W OTAENEHHBIE OT COOpPHBIX HIMH pa3feisOUIMMH IONKaMH, a
PEAKTOp HaXOIUTCSA B TOM XK€ 3[aHHM U BCE COEAUHEHHS OT peakropa 10
COOpHBIX HIMH BBINOIHEHBI LIMHAMH, MPOBEPSAIOT, UCXOAS M3 TOTO, YTO
pacyeTHas ToYKa KOPOTKOTO 3aMbIKaHUS HaXOMHUTCS 32 PEaKTOPOM.

Ilpu nposepke kabesiel Ha TEPMHIECKYIO CTOMKOCT PACYETHYIO TOYKY
KOPOTKOIO 3aMBIKaHHsI BEIOHPAIOT:

Ui OMMHOYHEIX Kabened OfHOW CTPOHMTENBHOM JUIMHBI — B Hauale
KabeJs;

U1 ONMHOYHEBIX KaOened co CTYIICHYaTbIM CCYEHHEM IO AJIHHE —
B Ha4aj€ KaXIA0ro y4aCTKa HOBOT'O CEUYECHMUS;

28

114 ABYX M Oolee MapauiebHO BKIKYEHHBIX Kabeneh oqHoM Kabenb-
HOJi TMHAM — B Hadaje Kaxaoro kabemus.
OTCTYIUICHHS OT 9THX TpeGOBaHHH HOIKHEI OBITH 000CHOBAHEI.

2.6. PacyeTHAs NPOAOAXUTEABHOCTD
KOPOTKOro 3aMbIKAHUSA

Ipu TpoBepKe NMPOBOAHHKOB U 3JEKTPHYECKHX aNlapaToB Ha TEPMH-
4eCKyl CTOMKOCTh B Ka4€CTBE PACYETHOM MPONODKHUTENBHOCTH KOPOT-
KOrO 3aMBIKaHHs ClIeAyeT HpHHUMAaTh CyMMY [BYX BPEMEH: BPEMEHH
JiefiCTBHS OCHOBHO#M TOKOBO# 3alUTHI [C y4eTOM NEHCTBHsS aBTOMaTHYe-
CKOTO IIOBTOpHOTO BKiItoueHus (ATIB)], Bo3aeiicTByromeil Ha Omxadmui
K MECTy KOPOTKOrO 3aMbIKaHWs BBIKIIOYATelb, H IIONHOIO BPEMEHH
OTKJIIOYEHHS 3TOTO BBHIKNIIOYaTeNis. [Ipy HanW4MM 30HBI HEYYBCTBHTEINb-
HOCTH y OCHOBHOM 3alllUTBHI pacdeTHas MPOJOKHUTENBHOCTh OIpENes-
eTcsi CyMMHpPOBaHMEM BPEMEHH NEWCTBHS 3alllMTHI, PEarupyrollel Ha
KOPOTKOE€ 3aMBIKaHHE B YKA3aHHOW 30HE, M IOJIHOIO BPEMEHH OTKIIOYe-
HUSA BBEIKTIOYATENS IPUCOCTUHECHHUS.

ToxompoBoasl 1 TpaHc(hOpMaTOphl TOKA B IENAX I'€HEPATOPOB MOII-
HocTel0 60 MBT U Gojee ciemyeT HpOBEpSTh Ha TEPMUYECKYIO CTOH-
KOCTh, ONpEHAENsis PacyeTHYH HPOIOJKUTEIHLHOCTh KOPOTKOTO 3aMBbIKa-
HHS IyTEM CIOXEHHS BPEMEHH NeHCTBHSA OCHOBHOH 3amuThl (IPH yCTa-
HOBKE JIBYX OCHOBHBIX 3all[UT) HJIH PE3epBHOM 3aIHUTH (IIpH yCTaHOBKE
OJ[HOM OCHOBHOM 3allUTHI) U IOJHOTO BPEMEHH OTKJIOUEHHs I'€HEPaTop-
HOro BBIKJIIOYaTeNnsd. KoMMyTalOHHBIE JJIEKTPHYECKHE amnmnaparthkl B
[ensx reHepaTopoB MOIHOCTEI0 60 MBT 1 Gonee NOMXKHEBI TPOBEPATHCS
Ha TEPMHYECKYIO0 CTOMKOCTh Kak MO BpEMEHH BO3AEHCTBHS TOKAa KOpOT-
KOTO 3aMBbIKaHHs, OTIPENeIIEeMOMY NeHCTBHEM OCHOBHOI ObICTPOAEHCTBY-
IOIIEH 3alIMTHI, TaK U [0 BPEMEHH, OIpEIeNieMOMYy NEHCTBHEM pE3EPB-
HOM 3alMTHI, €CJIM 3TO BpPEMsi MPEBHIIIAET HOPMHPYEMOE 3aBOJIOM-H3I0-
TOBHTEJIEM BPEMS TEPMHUYECKOH CTOHMKOCTH.

Ipx mpoBepKe MEKTPHYECKUX allapaToB Ha KOMMYTalHOHHYIO CIIO-
COOHOCTh B Ka4eCTBE pacyeTHOW MPOAOIKUTEIBHOCTH KOPOTKOIO 3aMBI-
Kauus (BpeMs T) cieAyeT MPUHHMaTh CYMMY MHHHMAjbHO BO3MOXHOIO
BpPEMEHHM JeWCTBHs peneiHoN 3amuThH faHHoro npucoenusenus (0,01 c)
U COOCTBEHHOTO BPEMEHH OTKITIOUEHHs] KOMMYTAallMOHHOIO anmnapara.

BaXHEIM MOMEHTOM TIpH MPOEKTHPOBaHMH SABNSAETCS IPOBEPKa Kabe-
Jeil Ha HEBO3ropaeMoCTh IPH KOPOTKOM 3aMbikaHHU. I1pu npoBepke kabe-
Jei Ha HEBO3TOPaeMOCTh IIPH KOPOTKOM 3aMBIKAHMH PacYETHYIO ITPOIOI-
KHUTEIBHOCTD CIIEAYET ONPEAENATh MMyTEM CIOKEHHUS BPEMEHH IEHCTBHA
pE3EpPBHOM 3aLIUTEI U MOJHOTO BPEMEHH OTKIIIOYEHHUs BBIKIIOYATENA IPH-
COCIHHEHUS.
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fAaBa 3

NAPAMETPbI SAEMEHTOB
OAEKTPOSHEPTETUMECKOU CUCTEMBI,
HEOBXOAUMBIE AAl PACYHETA
KOPOTKUX 3AMbIKAHUI

3.1. NapameTpbl HaOuBoAee yAQAeHHOM
OT PACYETHOMU TOYKM KOPOTKOrO 3aMbIKAHMSA YACTH
3AEKTPO3HEPreTU4eCKOM CUCTEMbI

HpPI pacyerax KOPOTKHX 3aMBbIKaHUH SJIEKTPOIHEPIrE€THYCCKasl CHC-
TeMa MOXeET OBITh 3a/laHa CJIE€AYIOINHUMH ITapaMeTpaMHu.

HOMHMHAaJIbLHasi MOIL[HOCTD Suow MB-A;

HOMHHaJIbHOE Hanpsokenue U, . KB;

HHIYKTUBHOE CONpoTUBiIeHHUE X, OM;
aKTHBHOE conpoTuBieHue R, Owm;
MOIIHOCTb KOPOTKOTO 3ambikahus S, MB * A;

TOK KOPOTKOTO 3aMbIKaHHs [, KA.

3.2. NapameTpbl CUHXPOHHbIX MALUMH

Jlns pacueTa KOPOTKHX 3aMbIKaHUI HEOOXOMUMBI CJIEAYIONIHE JaHHbIE
0 NapamMeTpax CUHXPOHHBIX MalIvH:

HOMHMHaJIbHass MOILHOCTE P, MBT;
HOMHUHAJIBHBIH KO3 PHIHEHT MOLITHOCTH COS Prons

HOM?

HOMHHabHOe Hanpsokenue U, . kB;

CBCPXNEPEXOAHOE MHIAYKTUBHOE COIIPOTHBIICHHE I10 HpOD,’OHI:HOﬁ OCH

”
*.
g(d(nom) ’
CBEPXNEPEXOAHOEC MHAYKTHBHOE COITIPOTHUBJICHUE I1O IIOIICpe‘-IHOﬁ OoCH

" .
¥ q(Hom) ?

HIEPEXONHOE HHAYKTHBHOE COTIPOTHBIIEHHE I10 MPOAOABLHOM ocH X d’(HOM) ;
*

* 3Be3J0uKa 1MoJ GyKBOﬁ O3HA4aeT, YTO BEIMYHHA BHIPAXKEHA B OTHOCHTEJIbHBIX €IUHULIAX.
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CHHXPOHHOE HHIYKTUBHOE COMPOTUBIEHHE 110 NPOIOILHON OCH f( d(Hom) >
CHHXPOHHOE HHI(yKTHBHOE CONPOTHB/ICHHUE T10 TIONIEPEIHOMH OCH X (10,1 >

HHIYKTHBHOE CONPOTHBIECHHE paccessHus OOMOTKH CTaropa ‘;Y o (som) >
OTHOLIEHUE KOPOTKOIO 3aMbIKaHUsA K ;

MHIyKTHBHOE COTPOTHBIIECHHE 0OPATHOM MOCHEI0BATENEHOCTH X)) (0,1 3

HHAYKTHBHOE CONPOTHUBIEHHE OOMOTKH BO30YKIECHHS :Y £ (om) >

aKTHBHOE COTIPOTHBIEHHE 0GMOTKH Bo30YxICHHS R, OM;

HHIYKTHBHOE CONpPOTHMBIIEHHE IMPOAOJBHOTO AEMNQPEPHOrO KOHTYpa
3( 1d(1om) >

HHIYKTHBHOE CONPOTHMBIICHHE TMONEPEeYHOro NEMN(PEPHOro KOHTYpa
,{Y 1g(som) ’

aKTHBHOE COTPOTHBIIEHHE NPOJIONBHOTO ACMIIEPHOTO KOHTYPA R 40y 5

aKTMBHOE COIPOTHBIICHHE MONEPEYHOT0 AEMIIEPHOTO KOHTYpa 51 q(Hom) >

HepeXoAHas MOCTOSHHAS BPEMEHH 10 IPOJOJIBHOM OCH IIPH Pa30OMKHY-
Toit o6MoTKe sikopst Ty, C;

nepexofHas MOCTOSHHAs BPEMEHH IO NMPONOJBHOM OCH IIPH 3aMKHY-
TOM HAaKOPOTKO 0OMOTKeE sikopst T ‘} ,C;

CBEpXIIEpeXOaHas IMOCTOSHHAas BPEMEHH IO IMPONOJBHOH OCH IpH
pasomkHyTO#i 06MoTKe siKopst Ty, C;

CBEPXIIEPEXOHAs IOCTOSHHAas BPEMEHH IO IPOJOIBHOHW OCH IIPH
3aMKHYTOH HaKOpoTKo 0OMOTKe sikopst T ; , C;

CBEPXITEPEXOHAs IMOCTOSIHHAasE BPEMEHH IO IONEPEYHON OCH IPH
pa3oMKkHyToH o6MoTKe sKops T ;0 , C;

CBEpXIIEpeXOHas MOCTOSHHAs BPEMEHH IO MOIEPEYHOH OCH IIpU
3aMKHYTOH HakOpOTKO 06MOTKe sikopst T , ¢;

IOCTOSIHHAA BPEMEHH 3aTyXaHU aHCpHOZ[I/I‘ICCKOf;I COCTaBJAIONICH

73 ..
TOKa sikopst npH TpexdazHom K3 Ha BeIBomax mMammhel 7,77, C;

TOK BO30Y)KIEHHs IpH paboTe MaLIMHBL B PEXKUME XOJIOCTOTO X0ma €
HOMHHAJIbHBIM HaIPSHKCHHEM Ifx, A;

HOMHHAJIbHBIH TOK BO30YXAEHUA Ifuow A;
MpeAeabHBIN TOK BO30YXAESHHUI Ifnp, A.
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3.3. NapameTpbl ACMHXPOHHbIX IAEKTPOABUTATEAEH

OOBIYHO B Karajuorax ¥ JaHHBIX 3aBOJOB-H3TOTOBHTENEH aCHHXPOH-
HBIX JJIEKTPOJBUraTe el yKa3bIBalOTCA:

HOMMHaJIbHas MomHocTh P . MBT;

HOMHHaJIbHOE Hanpsokenue U, ., KB;

HOMHMHAaJIbHBIH K03()QHIHUEHT MOIIHOCTH COS @

HOMHMHAJIBbHOE CKOJNBXEHHE S,

KPaTHOCTb ITYCKOBOT'O TOKA [0 OTHOILEHHIO K HOMHHAJIBHOMY TOKY *I o

KPaTHOCTh MAaKCHMaJbHOTO MOMEHTa 110 OTHOLIEHHIO K HOMHHAJIb-
HOMY MOMEHTY b,

KPaTHOCTh IMyCKOBOTO MOMEHTa II0 OTHOIIEHMIO K HOMHHAIbHOMY
MOMEHTY ]*\/IH;

aKTMBHOE COINPOTHBJIEHHE OOMOTKH craropa (Impu pabodel Temiepa-
Type) R,, Om;

K03 PUIHEHT MMOJIE3HOTO AESHCTBHA M;

HanpsDKEHHE, TOK CTaropa ¥ Ko3(GHUIMEHT MOLIHOCTH B MOMEHT,
npenmectByronuii K3: U(o), 1(0)’ €oS ¢ q)-

3.4. NapameTpbl CMAOBbIX TPAHCEOPMATOPOB
M ABTOTPAHCCOPMATOPOB

HcxonHbIMH TapaMeTpaMy CHJIOBBIX TpaHC(OpMaTopoB M aBTOTPaHC-
(hopMaTOpOB ABIAIOTCA:

HOMHMHaJIbHas MOIIHOCTE S, , MB * A;

HOMMHAJIbHBIE HAIIPSXKEHUS 0OMOTOK M (pakTHYeCcKHe KOdPPUIHEHTH
TpaHchopManuy;

HAIPSDKEHUS KOPOTKOTO 3aMbIKaHHS MEXIY OOMOTKaMH U, g ¢ Yy B>
U, oy (A11 1ByX06MOTOUHBIX TpaHCHOPMATOPOB — 1, ), Yo, M MX 3aBHCH-

MOCTb OT KO3 QHUIHEHTOB TpaHC(HOpMaLUy;

JIHana3oH PEeryJUpOBaHUs HaNPSDKEHUSA, ONPENCIISAIONHNN HaNpsiKeHHe
KOPOTKOTO 3aMbIKaHHs B yclI0BHAX K3;

ITOTEPH MOILHOCTH B 0OMOTKaX (MOTEpH KOPOTKOro 3ambIKanus) AP, b o,

AP, g 1 AP, oy (151 IBYXOOMOTOUHBIX TpaHcdopmaropoB — AP, ), KBT.

3.5. MNapameTpbl TOKOOrPAHUYUBAIOLLUX PEAKTOPOB

HcxonHbEIMH napaMeTpaMH TOKOOTPaHUYHUBAIOIIUX PEAKTOPOB SABJISIOTCA:

HOMHHaJIbHOE Hanpsokenue U, . kB;
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HOMHHAJIBbHBIH TOK [, , A,

HOMHHAEHOE HHIYKTHBHOE COMPOTHBJICHHE PEAKTOpa X\ HIH
*
CONPOTHB/ICHHE B MMCHOBAHHBIX eIMHANAX X, OM;
HOMHHAJIbHBINA K03QduureHT cBa3u K (TONBKO 115 CIBOEHHBIX peak-

TOPOB);
MOTEPH MOUIHOCTH (Ha (a3y) mpu HOMHHaNBHOM Toke AP, KBT.

3.6. UcxOAHBIE NApAMeTpbl BO3AYLUHbIX
AVHUA IAEKTponepeAaym

HcxonHpIMH napamMe€TpaMu BO3AYIIHBIX JHHAR JIEKTponepeaavyu
SABJISIYOTCA:

HOMHHaJIbHOE Hanpsbkenue U, , kB;

JUTHHA BO3JYIIHOW JTUHHUH /, KM;

cedeHue mpoBoaa S, MM, H KOJTHYECTBO IIPOBOIOB B (ase;

yAenbHOE (MTOTOHHOE) UHAYKTHBHOE COMPOTHBIEHHE HPAMOM Moce-

JIOBATENBHOCTH X, | ., OM/KM;

yIenbHOe (IOTOHHOE) MHAYKTUBHOE CONPOTUBIIEHHE HYJIEBOM mocie-
JOBaTeNbHOCTH X ., OM/KM;

yAenpHOE (IIOTOHHOE) aKTUBHOE COTIPOTHBIIEHHE (TIpU paboueit TeMie-
parype) R, OM/km;

yAenpHble (IIOTOHHBIE) HHAYKTHBHBIE COINPOTHBICHHS B3aMMOMHIYK-
MU HYJIEBOH IOCIENOBATENbHOCTH OT APYTHX JIHHHH (IpH HATHYHH
HECKOJIbKUX BO3/YIIHBIX JIMHUH HA OAHOH Tpacce) Xy, o» OM/KM;

yAenbHast EMKOCTHAs MPOBOAUMOCTD b_ . CM/KM;

mor?
paccTosiHUA MexXIy Ga3aMH a, M.

3.7. AcxoAaHbie napameTpbl KaA6eAbHbIX AMHUHA

HcxonHBIMH napamMmeTpaMu KaOeNbHBIX JTUHUH ABIAIOTCH:

HOMHHalbHOE HanpsokeHue U, ., kB;

JUTHHA KaOeNbHOM JIMHKH [, KM;

CEYeHHE XKHUIbI Kabess S, MM2, MaTepual XHJI U YUCJIO MapaljiICIbHO

BKJIIOYEHHBIX Kabeeil;
yAeNbHOE (IIOTOHHOE) WHAYKTHBHOE COMPOTHBIEHHE HPAMOH MOCe-

noBarenbHOCTH X | . OM/KM;

yAenbHOe (TIOTOHHOE) WHIYKTHBHOE CONPOTHBICHUE HYJIEBOU IOCIE-

AoBarenbHOCTH Xy . OM/KM;
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yAenabHOe (IIOrOHHOE) aKTHBHOE COTIPOTUBIIEHHE (IIpU pabodei TeMIe-
parype) R ., Om/km.

3.8. UcxoAHbIe NnapameTpbl TOKONPOBOAOB
M LWMHONPOBOAOB

HcxonnpiMu mapamMeTpaMd TOKOIPOBOIOB W LIMHOIPOBOIOB SBJIA-
I0TCA:

yZenbHOe (MOroOHHOE) MHAYKTHBHOE COINPOTHMBICHME IPAMOM Mmocie-
moBarenbHOCTH X -, OM/KM;

yaensHoe (IIOTOHHOE) HHIYKTHBHOE COMPOTHBIEHHE HyNEBOH Moce-
NOBaTENbHOCTH X,y -, OM/KM;

yIenbHoe (MOrOHHOE) aKTHBHOE COMPOTHBIIEHHUE (TIpH pabodel TeMie-
parype) R ., OM/KkM;

IUTHHA TOKOTIPOBOJA MJIM LIMHOMIPOBOJA /, M.

fAaBQ 4

COCTABAEHUE PACHETHOMWU CXEMbI
U CXEMbI 3AMELLLEHUSA

4.1. PacyeTHas cxema U CXema 3ameLleHus

Pacyery TOKOB KOpPOTKOTO 3aMBIKaHHS MPEIIECTBYET BEIOOP PacueTHBIX
yCIIOBHH, B YaCTHOCTH, PaCUETHOH CXEMEI, T.€. CXEMBI, IIpH KOTOPO# BO3HH-
KaloT HauboJjee TKeNbie, HO JOCTaTOYHO BEPOATHBIE YCIIOBHS, B KOTOPBIX
MOXXET OKa3aTbCsi pacCMaTpUBAEMBIH BNEMEHT 3JIEKTPOYCTAaHOBKU IMpPHU
KOPOTKOM 3aMbIKaHHHU. PacueTHas cxeMa 3aBHCHT OT LIEJIM Pacye€TOB TOKOB
KOPOTKOTO 3aMbIKaHHs. ECITH 3TH LIeJH COCTOST B BEIOOpE U MPOBEPKE TIEK-
TPUYECKHX alIaparoB M IPOBOTHHUKOB IO YCIOBUSM KOPOTKOTO 3aMBIKa-
HHUS, TO B PacyeTHYIO CXE€My JOJDKHBI OBITh BKJIIOYEHBl BCE HCTOYHHKH
DHEPTUH, BIUAIOIIHE HA TOK KOPOTKOTO 3aMBIKaHUSI — CHUHXPOHHBIE I'eHe-
paropbl M KOMIIEHCATOpbl, CHHXPOHHBIE U ACHHXPOHHBIE JIEKTPONBHIa-
Tend. BnusHue acHHXPOHHBIX 3JIEKTPOABHTATENeH AOMYCTUMO HE YUHTHI-
BaTh IpU MOIIHOCTH 3nekTponsuratens 1o 100 kBt B equnuie, ecnu oHU
OTZENEHBI OT PaCYETHONH TOYKH KOPOTKOTO 3aMBIKaHHUS TOKOOTDaHHUYUBAIO-
UM PEaKTOPOM HJIH CHJIOBBIM TpaHC(HOPMAToOpoM. A eciii aCHHXPOHHBIE
SNIEKTPOABUTATENH OTAEICHBI OT PACUETHOH TOYKH KOPOTKOTO 3aMBIKaHHS
JIByMs IUIEYaMH CABOEHHOI'O peakTopa HJIH IBYMS M Ooyiee CTyHeHAMH
TpaHCPOpPMALIUY, TO HX MOXKHO HE YUUTHIBATH U NPH OONBIINX MOIIHOCTAX.

ITpu cocTaBieHHH pacYeTHON CXEMbI OOBIYHO MCXOIAT U3 CAEAYIOLIUX
YCIIOBUH:

BC€ MCTOYHHKH, BKIIOYEHHBIE B PACUETHYIO CXeMy, paboTaroT ogHO-
BPEMEHHO, MpPHUYEM K MOMEHTY BO3HHKHOBEHHS KOPOTKOTO 3aMBIKaHHUS
CHHXPOHHbIE MaIlIMHEI pabOTal0T ¢ HOMHHAIBHON HAarpy3koil 1 HOMHUHAJIb-
HBIM HalpsDKEHUEM, a aCHHXPOHHbIE anekrpoaBuratenu — ¢ 50 %-Hoi
Harpy3Kou;

BCE CHHXPOHHBIE MAallMHB UMEIOT aBTOMAaTHYECKOE pETYIHpPOBaHHUE
HanpspKeHUs U yCTpoHcTBa i GOpPCHPOBKYU BO30OYKIEHHUS;

OJIC Bcex HCTOYHHUKOB COBHAalOT 1Mo (hase, €Cld MPOJOIKHUTENb-
HOCTb KOPOTKOT'O 3aMbIKaHus He mpessiniaer 0,5 c;

KOPOTKO€ 3aMbIKaHHE MPOHMCXOAUT B TaKOM MOMEHT BPEMEHHM, KOrnaa
HanpspKEHHE B pacyeTHOH (ha3e MpOXOAUT Yepe3 HyJIeBOe 3HAYCHHUE;

HauboJjee yIaaeHHYI0 OT TOYKH KOPOTKOTO 3aMBIKaHHUs YacTh JIEKTPO-
SHEPreTHYECKON CHUCTeMBl JOMYCTHMO MPEACTaBIATh B BHUAE OITHOIO
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HCTOYHHKA DHEPruH, MMeuero HeusMeHHywo no amiuiutyze IC u
CONIPOTHBIEHHE, PaBHOE SKBHBaJEHTHOMY COIPOTHBIECHHUIO 3aMEHAEMOMR
YaCTH CUCTEMBL.

Bribop pacueTHbIX cXeM JHOOBIX 3JIEKTPOYCTaHOBOK MNPOM3BOIAT
IyTE€M aHalH3a BO3MOXHBIX CXEM 3THX 3JIEKTPOYCTaHOBOK IIpH pa3ivdy-
HBIX PEeXHMax HX pabGoThl, BKIIOYas PEMOHTHBIE M IOCH€aBapUiHEIE
PEXHMMBI, 33 HCKIIOYEHUEM CXEM ITPH NEPEKIIOYCHHUAX.

Ilpu pacuerax pexxMMOB IEKTPOIHEPreTHUECKUX CHCTEM IpEABapH-
TEIBbHO N0 UCXOQHOM pacyeTHOH cXeMe JJEKTPUYECKOH LIEMH COCTAaBIISIOT
CXeMy 3aMeLIeHHs JTOH LENH, T.€. CXEMy, KOTopas MpU ONpelNelIeHHBIX
YCIOBHUAX 0TOOpaxkaeT CBOMCTBA peanbHOM LIEIH.

4.2. CuctTemMa OTHOCHUTEAbHbIX €AUHUL,, UCMOAb3yeMdas
NpU COCTABAEHUU CXEM 3AMELLLEeHHUA

INapaMeTphl pa3sIHYHBIX DJIEMEHTOB JIEKTPOIHEPTETHUECKUX CHUCTEM,
a TaloKe IapaMeTpsl pexxuMa (HampsoKeHHe, TOK, MOIIHOCTh U T.J.) Kak U
Apyrue Gu3H4ecKHe BENHYUHBI MOTYT OBITh BBIPaXKEHHI KaK B CHCTEME
MMEHOBaHHBIX, TaK U B CHCTEME OTHOCHTEIbHBIX €HHHUII, T.€. B JOJIAX OT
HEKOTODPHIX 3HAUEHMH 3THX XK€ BEJIHYHH, MPUHATHIX 32 €OUHHUILY H3Mepe-
Hus. [Ipu 3TOM TOYHOCTH MONMy4aeMbIX PE3y/IbTaTOB PACYETOB HE 3aBHCHUT
OT HCIIONB3yEeMOW CHUCTEMBI e IHHHI H3MEPEHHUS.

IlprMeHeHUe CHCTEMBI OTHOCHTEJIBHBIX €IMHHI[ 4acTO CyLIECTBEHHO
YIpOIaeT pacyeTHbIC BHIPRXKEHHUS, OMMCHIBAIOIINE IPOLIECCH B Pa3IUYHBIX
9JIEMEHTaX 3JIEKTPOIHEPTeTHYECKOH CHCTEMBI, oblieryaeT KOHTpOJIb pac-
YETHBIX JaHHBIX U COMOCTaBJICHHE Pe3y/NbTaTOB PacueToB [l YCTAHOBOK
Pa3IMYHOM MOILHOCTH, HOCKOJBKY [T TAaKHX YCTAHOBOK OTHOCHTEJIbHEIE
3Ha4YEHHS pacUETHBIX BEHUYHMH YaCTO UMEIOT OAUHAKOBBII HOPAIOK.

YT10oOBI MONYYUTh OTHOCUTEIbHBIE 3HAYEHHS Pa3iIHYHbIX (U3HIECKHX
BEJIMYMH, HEOOXOAMMO MpPeABAPUTEIBHO BEIOPATh 3HAUYEHHS COOTBETCTBY-
IONMX BENHMYHH, [PUHHUMAaceMble 3a 0a3HCHBIE, T.€. B Ka4eCTBE EIMHHI
u3MepeHus. B yacTHOcTH, 4TOOBI BHIpa3UTh MapaMeTphl Pa3IMYHbIX 3Je-
MEHTOB CXEMBbI 3aMEIEHUS NEKTPHUECKON IIENH U NTapaMeTphl pexuMa B
CHCTEME OTHOCHTEIBHBIX €IHHHIL, HEOOXOAUMO UMETh YeThIpe Oa3HUCHbIE
€aMHULB — 6a3ucHOe HanpsKeHHe (JIMHEeHHOoe HanpsKeHHe Tpexda3Hoi
cucrembl) Ug, 6a3ucHbIfl TOK [, 6a3uCHYIO MOIIHOCTH (Tpexda3sHoi cuc-

TeMBI) Sg ¥ 6a3MCHOE CONPOTUBIEHHE Zg. [[BE€ H3 HUX BBHIOHPAKOT MPOM3-
BONIBHO, @ JIB€ IOPYTrH€ OIpPEHENsAlOT M3 COOTHOIICHHS Ui MOLIHOCTH
Tpex¢a3Ho# cHCTeMBI

Ss = UGl
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1 hopMynbl, BeIpaxaromen 3akoH Oma,
_ Y
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Ipu BrIOpaHHBIX Oa3UCHBIX eqUHUIAX (Oa3HUCHBIX YCIOBHAX) OTHOCH-
tenbHble 3HayeHus OJIC, Hanps KeHUs, TOKa, MOIUHOCTH M CONPOTHBIIE-

HUS OTPEACIISIOT yTeM AeJICHHs 3HaU€HHUS COOTBETCTBYIOIIEH BETHUHUHEI
B IMEHOBAHHBIX €IUHHIIAX Ha Oa3HCHYIO EIHHHUILY TOU )K€ pa3MEPHOCTH:

Zg

Eg) = 5;; (4.1
Yo Z[;J;? (4.2)
Io = }I;; (4.3)
ws
Z6) = Z% (4.5)

TpuYeM BbIOpaHHbIE Ga3UCHBIC UHMIIBI CIYXKAT €IUHHIIAMU H3MEPEHHUS]
KaK MOJHBIX BEJHYUH, TaK ¥ MX cocTaBistomux. IHOrna oTHOCHTENbHBIE
3HAYEHUs BEJTUYHH BBIPAXKAIOT B MPOIIEHTaX OT COOTBETCTBYIOIUX Oa3uc-
HBIX €IMHHUIL, UIS 9ero 3TH 3HauyeHHus yMHOXaloT Ha 100.

O4eBHIHO, OTHOCHTEIbHBIE 3HaUYeHHs (ha3HOTO W JHUHEHHOro Hamps-
KeHHH oMUHaKOBHI. Takxke OQMHAKOBB OTHOCHTENIbHBIE 3HaUeHHUs (ha3HOH
MOIIIHOCTH U MOUIHOCTH TpeX ¢a3.

YacTo Iisi OmpeneieHHUs OTHOCHTEIHHOTO COIPOTHBIEHHS BMECTO
bopMmyitsl (4.5) HCTIONB3YIOT OPYTHE COOTHOIMIEHHUS:

NEY
Zs = Z—UG— (4.6)
501041
SG
Zo)=2- (4.7)
Us
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U3 (4.6) cienyer, 4To CONPOTHBIEHHE B OTHOCHTENBHBIX EAUHHIAX
YHUCJIEHHO PaBHO OTHOCUTEIbHOMY MaJ€HUIO HAIPS)KEHUS B COOTBETCTBY-
IOIIEM 3JIEMEHTE, BEI3BAaHHOMY 0a3uCHBIM TOKOM.

Yacto napaMerpel 31€MEHTOB JIEKTPOIHEPTETUUECKHX CHCTEM, BBO-
JUMBIX B PAaCYETHYIO CXEMY, 33JaHbl HE B HMEHOBAaHHBIX €AUHHUIIAX, a B
MPOLICHTaX WM OTHOCUTEIBHBIX EQUHUIIAX MPU HOMHHAJIBHBIX YCIOBHUSAX.
OTo0 03HayaeT, YTo MPU BHIPAKEHHH MX B MPOLEHTAaX WIH B OTHOCHTEIIb-
HBIX €IUMHHUIIAaX B KayeCcTBEe OA3HMCHBIX €NUHHL MPUHATH HOMHHAJIBHOE
HanpspkeHue U, ¥ HOMMHRIIBHBIA TOK /| WM HOMHHAIbHAs MOIIHOCTh

S ion+ HanpuMep, 06bIYHO aKTUBHOE U HHIYKTHBHOE CONPOTHBIICHHS BO3-

JNYLIHBIX U KaOeJbHBIX JIMHUH 3a7af0T B OMaX Ha €OUHHILY JJIMHBI (KHIIO-
METp), HHAYKTUBHOE CONPOTHUBIEHHE PEaKTOpOB — B OMax (IO Heaas-
HEro BpeMeHH — B IPOLEHTaX), TIOJIHOE CONPOTHUBIIEHHE TpaHCc(opmaro-
poB (OHO YHMCIEHHO PAaBHO HaNPSKEHUIO KOPOTKOI'O 3aMBIKaHHSA) — B
HpPOLEHTaX, & UHAYKTUBHOE CONPOTHBICHHE TeHEPATOPOB H CHHXPOHHBIX
KOMIIEHCaTOPOB — B OTHOCHTEJIbHBIX €UHUIAX IPU HOMHUHAJBHBIX YCIIO-
BHSIX.

Jl1s pacdeToB pa3IUYHBIX PEKHUMOB JJIEKTPOIHEPTETHUECKHX CHCTEM
HeoOxoxuMmo mpexae Bcero npusectd DJIC U CONPOTHBIEHHS BCEX dlie-
MEHTOB MCXOIHO! pacyeTHOHM CXeMbl K OHUM 0a3vCHBIM equHuiaM. Eciu
3padennsa OJIC ¥ conpoTHBIECHUH 3aaHbl B MMEHOBAHHBIX €IMHHIAX, TO
C 3TOH LENBI0 HCHoab3yIoT Gopmyinst (4.1) u (4.6) win (4.7), ecnu xe
3alaHbl OTHOCHMTENbHbIE 3HAYEHUS YKa3aHHBEIX BEJIHYMH [MPH HOMHHAJIb-
HBIX YCJIOBHSAX, TO JUTS HPUBEIEHHS HCIIONb3YIOT (JOPMYIIBL:

UOM

bo = Foon g, (4.8)
Is U

Ze =Z - (4.9
£O T fwowy - T
2
Ss U

Z6) = Zwowg = (4.10)
HOM U6

— OJIC u conpoTHBJIEHHE B OTHOCUTEIBHBIX €IHUHH-

Hax Npu HOMHHANbHBIX ycnoBusax; U .. I, .. S, — HOMHHaJbHOE

HanpsHKEHHE, HOMHHAJIBHBIH TOK M HOMHMHAJIbHAs MOIIHOCTH JJIEMEHTA
(reneparopa, TpanchopMaropa u T.1.).

Y106l yNpOCTUTH pacyETHbIE BHIPAXKEHHS, ONPENEIAIOUINE PEXUMBI
3JIEKTPOIHEPIeTHUECKUX CHCTEM, IeJaecooOpa3HO B KauecTBe Oa3HCHOM

r€ Eguony ® Zuom)
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YIJIOBOH 4aCTOTHl MpMHWUMATh CHHXpomHylo. Torma o) = 0)_0) u
CHHX
® ey (6) = | TOITOMY IIPH CHHXPOHHOH 94CTOTE B CHCTEMe
X6 = Qam©@l©) = Lo 4.11)
UIJINn
X6) = Pemx M) = Mee)> (4.12)
Yo = lole = Lode (4.13)
UIIHN
Yo = LoMe = LoXe) (4.14)
Ec) = Pamx©) Y6) = Yeo)» (4.15)
jyi (S ?(6) — OTHOCHUTEJIBHO€ 3HAUYEHHUE ITOTOKOCUCIUICHHUA HpI’I B])I6paH-

HBIX 0a3MCHBIX YCIOBHIAX; L(ﬁ) — OTHOCHTCJIBHOC 3HAYCHHUEC WHIAYKTHUB-
*

HOCTH NPH BBIOPaHHBIX GA3HCHBIX YCIOBHAX; Mg — OTHOCHTEIbHOE
*

3HaYEHHE B3aMMHOM WHAYKTHBHOCTH NPH BHIOpaHHBIX Oa3HCHBIX YCIIO-
BHAX.

TakuM 06pa3oM, €CIIH ® = Og = O,
HHIYKTHBHOI'O COTMPOTHBIICHHUS H COOTBETCTBYIONICH MHIYKTUBHOCTH MU
B3aMMHOW MHAYKTHBHOCTH YHCIIEHHO paBHBI. Takke paBHbI OTHOCHTEIb-
HbIe 3HAUYEHHs MOTOKOCUEIUIeHUsI U NageHus HanpspkeHus win JIC. O1o
[O3BOJISIET B Pa3iHYHBIX BEIPAXCHUAX OOHU BENUYMHBI 3aMEHATH 4HC-
JIEHHO PaBHBIMHU JPYTHMH.

TO OTHOCHTECJIIbHBIC 3HAYCHHUA

1 1
6a3ucHas eIMHHIIA BPEMEHH [g = — = , 03~

Wg O cpax
TOMY BpE€MSA B OTHOCHTCJbHBIX €AWHHULAX IIpH BBIGpaHHI:IX 0a3UCHEIX
YCIOBHAX

HpPl D5 = Ocypy

t

16~ 7 = Ocnn!- (4.16)

=)

4.3. BUAbI CXeMm 3amelLleHus

OOBIYHO HCXOAHAsA pacyeTHas CXeMa COIEPXKHUT CETH pa3HBIX HOMH-
HaJbHBIX HaNpsOHKEHHH, coeanHeHHBle TpaHchopmaropamu. Ilpu sTOM
BO3MOJXKHBI [[Ba Pa3IMYHBIX [IpPHEMa COCTABICHHUSA CXEM 3aMEILECHHUS:

C HCKJTIOUEHHEM TpaHC(OPMATOPHBIX CBA3EH MyTeM MIPUBEICHHUS Napa-
METpPOB BCEX 3JIEMEHTOB pa3IMYHBIX CTYIEHEl HalpsDKEHHS K OXHOH CTy-
TIEHH, IPHHSATOH 32 OCHOBHYIO HIIH Oa3UCHYIO CTYIEHb;
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C COXpaHEHHEM TpaHC(HOPMATOPHBIX CBA3€H MEXIy Pa3IMYHBIMH CTy-
HEHSMH HalPsHKEHHUS.

B cinydae ucnonp30BaHHSA CXEMBI 3aMELICHHUS C NPUBEAECHHEM Iapa-
METPOB BCEX 3JIEMEHTOB HCXOQHOM pacueTHOH CXxeMbI K OfHOM, TaK Ha3bl-
BAE€MOH 0a3HCHOM CTyNEeHH HANpPsHKEHHUs, HCTHHHBIMH, HE IPHUBEAECHHBIMH
K JIDyTOMYy HanpsDKEHHIO, OKa3bIBAaIOTCSl TOJNBKO MapaMETphl 3JIEMEHTOB
SNIEKTPUYECKOM CETH M MapaMeTphl pexuMa (TOKH U HanpshkeHHs) 6asuc-
HOW CTYNeHH HamnpsOKEHHS, a IapaMeTphl JJIEMEHTOB M IapaMeTphl
peXHMa ceTeil Apyrux HOMHHAIBHBIX HAaNpsKEHHH OKa3bIBAIOTCS M3Me-
HEHHBIMH, TI€PECYHUTAHHBIMH dYepe3 Kod(GHUHUEHTH TpaHChOopMaLuu
MPOMEXYTOYHBIX TpaHc(opMaTopos. IlosaToMy A modydeHHs AEHCTBH-
TEeNbHBIX 3HaYE€HHH TOKOB M HAalpsSKEHUH Ha pa3IWYHBIX CTYNEHSIX Halps-
JKEHHS TIPUXOAUTCS MPOBOAUTH OOPATHBIH IEPECUET, YTO YCIOKHSET pac-
4eT B LEJIOM.

TpyAHOCTH BO3HHKAIOT U MPH H3MEHEHUH K03 PHUIIHEeHTOB TpaHChOp-
MalliH CHIIOBBIX TpaHC(HOPMATOPOB U aBTOTpaHC(HOPMATOPOB € IOMOILBIO
YCTPOMCTB AN peryTHpOBaHUA HAmpsDKEHHS, TaK KaK B 3THUX CIydasx
NIPUXOAUTCS BBIIOJNHATH HEpPECcYeT MapaMeTpOB BCEX 3JIEMEHTOB COOT-
BETCTBYIOIIEH YaCTH CXEMBI 3aMeIleHHs. 3aTpyAHEHHS BOSHUKAIOT U B TEX
CITy4asx, KOTJja CeTH ABYX pa3HbIX HOMHUHAJIbHBIX HANPSKEHUH CBA3aHBI B
HECKOJIBKHX MECTax C IMOMOILBI0 TPaHC(HOPMaTOpoB, y KOTOPHIX K03 du-
[IHEHTHI TpaHC(HOPMALHH HEOAHHAKOBEI.

Ilpu HMCHONB30BaHHHM CXEM 3aMEUICHHUS C TPaHC(HOPMATOPHBIMU CBSi-
35IMH YCTpaHSETCs ONEpalys MO MPHBEACHHIO MapaMeTPOB pPa3IHYHBIX
3JIEMEHTOB MCXOIHOM pacueTHOHM CxeMbl K 0a3HCHOM CTyNeHH Hampspke-
HHS, a B pe3y/IbTare pacyeToB MONYYalOTCsAd HCTHHHBIE TOKH U HampshKe-
HUA Ha Pa3iHYHBIX CTYMEHAX HampspkeHHs. KpoMe Toro, npu U3MEHEHHH
K03 PUIHEHTOB TpaHC(HOPMALMU CHIIOBBIX TPaHC(HOPMATOpPOB U aBTO-
TPaHC(OPMATOPOB MOAJIEKAT IIEPECUETY TONBKO IMapaMeTphl ITHX TpaHC-
¢opMaTopoB U aBTOTpaHcHOpMAaTOpOB, a MapaMeTphl APYTHX DIEMEHTOB
CXEMBl 3aMeIleHHs OCTAITCH HeW3MeHHBIMH. OHaKo HalH4yHe TpaHC-
(bopMaTOpHBIX CBf3el JenaeT TaKHe CXEMBI 3aMeIleHHs Ooiiee CIOX-
HBIMH. T103TOMy OHH NPHUMEHSIOTCA MPHU PacyeTax C HCIOIb30BaHHEM
COBPEMEHHBIX BBIYHCIHTENBHBIX IMPOrpaMM Ui  BBIYHUCIHTEIBHBIX
MallliH TIOCIEOHETr0 IMOKOJEHHUA. A CXEMBI 3aMELICHHUS C NpPUBEICHHEM
IIapaMeTpOB BCEX DIIEMEHTOB Pa3iIHYHBIX CTYNEHEH HalpsDKEHHs K OJHOM
CTYIIEHH, HECMOTpS Ha HMX YyKa3aHHBbIE BBINI€ HEIOCTATKH, IIHPOKO
HCTIONB3YIOTCS HPH aHATHTHYECKHUX pacuyeTaX YCTaHOBHBIIHXCS PEXHMOB
Y TIEPEXOIHBIX MPOLIECCOB.
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4.4. COCTABAGHUE CXEM 3AMELLLEHUSA C UCKAIOHEHHEM
TPAHCOPMATOPHDbIX CBA3EU NyTEM NPHUBEAEHMUS
NapaMeTpoOB BCEX IAEMEHTOB PACHETHOMU CXeMbl

K OAHOM CTYNEeHM HAMNPAXKEHMUA

PacueTHbIE BRIPaXXCHHS, UCIIOIb3yEMbIE Ul NIPHBEAEHUS apaMeTpOB
pa3sIMYHBIX DJIEMEHTOB MCXONHOM pacyeTHOW CXEMBI M IapaMeTpoB
peXXuMa K OCHOBHOH CTYNEHM HANPSDKEHHS, 3aBUCAT OT TOTO, M3BECTHBI
WIM HEHU3BECTHBI (akTHyeckue KoIGGUIHEHTH TpaHCHOPMAlMH BCEX
TpaHchOpMaTOpOB M aBTOTpaHCHOPMATOPOB PacUETHOH CXEMBI, a TaKXe
OT TOTO, B KaKHX €JUHHLAX TpeOyeTcs BEIPa3UTh IapaMeTphl CXEMBI 3aMe-
IIEHHS — HMMEHOBAaHHBIX WJIM OTHOCHUTENbHBIX. OOBIYHO INpHBEICHHUE
[IapaMeTPOB Pa3IMYHBIX IIEMEHTOB K OCHOBHOH CTYNEHH HaIPsSKEHHS C
ydeTtoM (akTHUecKux Kod(hduiueHToB TpaHcdhopmanuu TpaHchopmaro-
POB U aBTOTPaHC(HOPMATOPOB HA3hIBAIOT TOUHBIM NPUBEICHUEM, a IIPHBE-
JeHHe Mo cpenHuM Kkod(dduimeHTaM TpaHchopMaluu — HPUOTIKEH-
HEIM. Bo Bcex ciydasx TpaHc(opMaTophl ¢ COeJHHEHHEM OOMOTOK IO
cxeme Y/A yuutsiBatorcs mo cxeme Y/Y.

Ilpu cocraBiieHHH CXeMBI 3aMELICHHS C TOYHBIM mpuBeneHueM JJIC
HUCTOYHUKOB SHEPTHH U CONPOTHBICHU Pa3INYHBIX JIEMEHTOB HCXOMHOM
pacueTHOM CXeMbI K OfHOW CTyNeHH HanpspkeHHs U BoipaxeHud OJIC u
MIapaMEeTPOB Pa3JIMYHBIX DJIEMEHTOB CXEMBl 3aMEIEHUS B HMEHOBaHHBIX
enuHMLax npuBeneHHble 3HadyeHUsT JIC HMCTOYHHKOB 3HEPTHH U COMPO-
THBIEHHH 3IEMEHTOB!, OTNENEHHEIX OT OCHOBHOM CTYIEHH HATPSKEHHS
KacKaJHO BKJIIOYEHHBIMHU TpaHc(hopMaTopaMu ¢ kKodhHIHeHTaMU TpaHe-
bopmauuw ny, n,, ..., n, (puc. 4.1), onpeaensroT no popmynam:

o

E =Enn,...n,; 4.17)

Z=Znny..n, (4.18)

rae E u Z — daxruyeckue 3HaueHus JJ|C MCTOYHHUKA SHEPTUH U COMPO-

THUBJIEHHS KaKoro-nubo 3JeMeHTa HCXOAHOH pacdeTHOM cxeMsbl; E u Z —
HX NPUBEICHHBIEC 3HAYEHHUSL.

3nech U nanee ko3hhHUKEHTH TpaHcopManuu TpaHcGopMaTopoB U
aBTOTPaHC(OPMATOPOB ONPEAENSAIOTCSA B HANIPABICHHH OT OCHOBHOH CTy-
MEHH HAMpsDKEHHUS. ITO O3HAYAET, YTO MO KodpPHIIHEHTOM TpaHCchopMa-
My tpaHcdopMaropa M aBTOTpaHC(opMaTopa IMOHUMAETCS OTHOIICHHUE

o
! TIpuBe/icHHbIC 3HAYEHHS BEIMYMH 0003HAYEHbI KPYXXKOM Hajl 6ykBoil (Hanpumep, £ ).
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n = Um+l

m Um
m+ 1
Um+1= Uocn

Puc. 4.1. Hcxonnas pacuerHas cxema

HAIPSOHKEHHS XOJIOCTOro XoJa ero oOMOTKH, OoOpameHHOH B CTOPOHY
BBIOPaHHOW OCHOBHOM CTYIEHH HANPSHKEHUS CETH, K HAPSHKEHHIO X0JI0C-
TOro XoJa 0OMOTKH, 00pallleHHOH B IPOTHBONOIOXKHYIO CTOPOHY.

Ecnu O[IC ucToyHHKa SHEPrHMH HIH CONPOTHUBICHHE NPHBOAMMOIO
JJIEMEHTA BBIPAXEHBI B OTHOCHTENBHBIX EJUHUIAX IPH HOMHHAIBHBIX
ycnoBusx (T.e. OJIC mpu HOMHUHAIBEHOM HAMPSKEHHH, @ CONPOTUBICHHE —
IIPY HOMHMHAIBHOM HANPSHXKCHHH H HOMHHAIBHOM TOKE MJIM HOMUHAIbHOM
MOLIHOCTH 3JIEMEHTa), TO 3Ha4eHUA cooTBeTCTBY0mE#H DJIC U conpoTuB-
JieHHMsl, IPUBEJCHHBIE K OCHOBHOM CTYNEHH HANPSIKEHHS, ONPEAEIAIOT 10
dopmynam:

o

E= f?(HOM)UHOMnan...nm; (4.19)

o U, 22 2

zZ= *Z(HOM)[—“"-M— niny...n, (4.20)
3IH()M

HJIA

2

J U, 2.2 2

= *Z(HOM)SL"M niny...n,, (4.21)

HOM

roe *E(HOM) 74 *Z(HOM) — 3na4eHus JJ1C HCTOYHMKA SHEPTUU H COIPOTHUBIIE-

HHS 3JIEMEHTA PACYETHOM CXeMBI B OTHOCHTEJIbHBIX €IUHHIIAX MTPH HOMH-
HaJIbHBIX YCIOBHSAX.

ITpu TounoM npuBenenuu IAC U mapaMeTPOB Pa3IMYHBIX IEMEHTOB
HCXO/IHOM pAacUYeTHOM CXeMbl K OQHOM CTYIIEHH HAMPSIKEHHS W BBRIpaxe-
HUH npuBeneHHbIX OJIC 1 mapaMeTpoB B OTHOCHTENbHBIX €IUHHIIAX CHa-
Yajia yCTaHaBIMBaIOT 0a3HCHYI0 MOLIHOCTh U Oa3HCHBIC HANPSHKCHHE H
TOK JUISl CTYNICHH HanpsDKEHHs, BIOPaHHOH B Ka4€CTBE OCHOBHOM, T.€. S,

Us ocn 8 Ig oy (ABE €MUHMLBI BEIOHPAIOT IPOU3BONBHO, @ TPEThS OIpPEe-

IA€TCA U3 COOTHOWIEHHUS ISl MOLIHOCTH Tpex(a3Hoi cHUCTeMbl). 3aTem
MOXHO, HCHOJIB3Ysl cOoOTBETCTBYIomMUe opmynni, 3[C Kaxmoro McToy-
HUK2 H CONPOTHBIECHHE KaXKIOr0 3IEMEHTa IIPUBECTH K OCHOBHOH CTY-
NEHU HAIPSDKEHHS M BBIPA3UTh UX B OTHOCHUTENBHBIX €AWHHUIAX TPH
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BHIOPaHHBIX 0a3HCHBIX yCloBHAX. Tak, €ClIM MEXAY CTYNEHbIO HaIpsKe-
gus [, Ha KOTOPO#H HaxXOHATCA DIEMEHTHI C IOMIEKAIIUMH MPUBEACHHIO
SMC U CONPOTUBIECHUAMH, 1 OCHOBHOH CTYNEHBIO HAIPSKEHUSA UMEETCA
m TpaHcopMaTopoB, npuuem 3HadeHus OJIC 1 CONPOTHRICHHI 3a1aHbI B
HMMEHOBAHHBIX eIWHHIAX, TO HCKoMbie 3HaueHus OJIC U conpoTuBieHHi
B OTHOCHUTENBHBIX €IMHHIAX B COOTBeTcTBHH C (4.17), (4.18) m (4.1),
(4.6), (4.7) MoryT ObITH HaiiieHBI 110 POPMyIaM:

E
Eg = ——— nin,...n,; (4.22)
«® U6.OCH "

2 2 2 A/:;Iti.c)crl

Z = Zniny...n (4.23)
+© : " UG.ocu
HIH
S
2 2 2 6
*Z(ﬁ) = Znin,...n,, (4.24)

2 .
U6.ocn

Ecnu xe 3nauenus S1C 1 CONPOTUBIECHHUM 3aaHBl B OTHOCUTENIbHBIX
€JMHHUIIAX IPY HOMUHAJIBHBIX YCIOBHAX, TO IpuBeaeHHbIE 3HaueHus J/IC
H CONPOTHUBICHUHA B OTHOCHUTENBHBIX €IUHHIIAX B COOTBETCTBHH C
(4.19)—(4.21) u (4.1), (4.6), (4.7) MOXHO onpenenuTh 1o hopmynaam:

UHOM
§(6) - *E(nom)U nny...ny, (4.25)
6.ocH
U 1
7 =7 HOM n2n2 n2 6.0cH (4 26)
* (8 ¥ 172 - .
©) (H0M) Lo m Us oon
HIA
U’ S
HOM 2 2 2 “6.0cH
Ze) = *Z(uom)_s may. Ry 4.27)
oM 6.0cH

OueBuano, nepecuer Bcex IC U CONpOTUBICHHI HCXOQHONW pacyer-
HOM cxeMbl 4epe3 kod(huuueHtsl Tpanchopmaiyu TpancHopMaTopoB
TIPH CJIOXKHOM CXeMe OKa3bIBaeTCs JOBOJIBHO rpoMo3akuM. [ToaTomy daie
HCMONB3YIOT APYroit cmocob ompexaenenus UCKoMbIX 3HadeHud OJIC u
CONPOTHBICHUI CXEMbl 3aMELICHHS B OTHOCUTENBHBIX €IMHHIAX, IPH
KOTOPOM BBIYHCIICHHSA MEHEE I'POMO3MIKH, a pe3yarTaThl Te xe. OH 3aKiIro-
yaercs B caenqyonieM. [Tocine Bpi6opa 6a3uCHBIX YCIOBHH OCHOBHOH CTy-
NICHHU HANPSDKEHUS HaXOAAT 0a3UCHbIE HAIPSKEHHI U TOKH APYTHX CTyIe-
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Hel. O4eBHIHO, IS CTYIIEHH HAaNpPsOKEHHU [, CBSI3aHHOM C OCHOBHOH CTY-
IIEHBIO Yepe3 m KaCKaJHO BKIIOYEHHBIX TPaHC(HOPMATOpOB, Oa3HCHBIM
HapsHKEHHEM U 0a3MCHBIM TOKOM SIBJIAIOTCS IIPUBEAEHHBIE K 3TOH CTy-
NICHH HaNpPsKeHUS 0a3ucHOe HanpsbkeHHe H 0asHCHEBIM TOK OCHOBHOM
CTyNEHH, T.€.

U,
U, = —_bocn (4.28)
nyhny...N,
u
Igy = Ig ocu(mny ... 1) (4.29)

HIIH TIpolle, TOCKOJIBKY 0a3HCHash MOIIHOCTE IS BCeX CTyNeHeW Hamps-
XKCHHUS OIMHAKOBA,

S6
A/gUGI.

Ha >ToM yuer xo3dduieHToB TpaHchopManuu TpaHcHopMaTopoB
3akanuuBaerca. Ocraercs noacyuTarh HCKoMbie 3Hauenus JIC u compo-
THBJICHHH DJIEMEHTOB CXEMBI 3aMeEIl€HHs B OTHOCHTEIBHBIX €IMHHIAX,
ucnone3ys Gopmynst (4.1), (4.6), (4.7) unu (4.8)—(4.10), Ho noacTaBIAL
B HUX Ug = Ug u I5 = I, T.e. 6a3uCHOE HanpshkeHHe U Ga3HCHBIH TOK TOH

CTYIICHH HaNpPsHKEHMS, Ha KOTOPOH HaXOMMUTCS MOMJIEKAIUH IPUBEECHUIO
snemeHT. Takoi croco6 Beiuncnenus 3unadenuit OJ[C U COMPOTHBICHUH
CXEMBl 3aMENICHUS B OTHOCHTENbHBIX €IHHHIAX HCKIIOYaeT HeoOXOmH-
MocTh nepecdyera kaxaod OJIC M CONPOTHBICHHS KaXIOTO 3JIEMEHTa
HCXOIIHOM pacyeTHOM CXeMbl 4depe3 KO3 HUIUEHTH TpaHCHOpPMaIUH.
B cnpaBennuBocTH 3TOro cmocoba Jierko yOemuThCs, €Ciid mpeobpaso-
BaTh M0OyI0o u3 dopmyn (4.22)—(4.27). Hanpumep, popmyisi (4.22) u
(4.23) MOXXHO IIPeACTaBUTD B BUAE

Is, = (4.30)

E E
U6.ocn UG 1 ’

(nyny...n,)

Ee) =

7z = Z“/§16.ocn(nln2"'nm) _ ZA/§161
«©) N U, - U, ’
6.0cH 61

(nyny...n,)

YTO COOTBETCTBYET CKa3aHHOMY BBIIIIE.
B Tex cimyyasx, KOra OTCyTCTBYIOT JAaHHBIE O (paKTHYECKHX K03(DH-
IUEHTaX TpaHc(hOpMalHMU TPaHCHOPMATOPOB U aBTOTPaHC(HOPMATOPOB,
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npuBefienne OJIC U napaMeTpoB pa3IMYHBIX JJIEMEHTOB MCXOQHOH pac-
YETHOH CXEeMBI K OJHO# CTYNEHH HallPsHKCHHUS BBIIONHSIIOT [0 CPEAHHM
ko3 duimenTamM TpanchopMauH, T.€. NpHHAMaAs KodddHunueHT TpaHc-
(GopMalMH KaxIoro TpaHcgopMaTopa H aBTOTPaHCHOpPMATOpa pPaBHBIM
OTHOILEHHIO TaK Ha3bIBaEMbIX CPEJHHX HOMHMHANBHBIX HaNpsKEHHH
ceTel, CBA3aHHBIX 3THM TpaHC(OpPMATOPOM HIIH aBTOTpaHC(HOPMATOPOM.
C 3Toi LeNbIo NPEABAPUTENbHO I KaXIOH CTYNECHH HalpsSXKEHHS yCTa-
HaBIUBAIOT OJHO CpEIHEe HOMUHAJIbHOE HaNpsKEHHE, BBIOMpas ero u3
NPUHATOTO B Halllel CTpaHe psAAa CPeJHMX HOMHHAIBHBIX HaIpsKEHHUI:
3,15;6,3; 10,5; 13,8; 15,75; 18; 20; 24; 37, 115; 154, 230; 340; 515; 770;
1175 kB.

BribpanHoe mis 11000# CTyleHH HalpshKeHMs CPelHEe HOMHUHAIbHOE
HaNpsDKEHHE JOJDKHO COOTBETCTBOBAaTh HOMHHANBHBIM HANPSKCHHAM
Pa3IHYHBIX IEMEHTOB, OTHOCAILIMXCA K 3TOH CTyNIEHH HalpsHKeHHs (T.e.
CpenHee HOMHHAIbHOE HAaNpsDKEHHE W HOMHHANBLHBIE HANpPsDKEHUS dJie-
MEHTOB JOJDKHBI OBITh HJIM PaBHbI, MM OTIHYAThCA JHIIL HAa HECKOIBKO
MPOIICHTOB).

IIpu 3aMene QakTuyeckux ko3GGHUIMEHTOB TpaHCchoOpManuu Cpen-
HHMH BXOJfIee B BBIPaXKEHHS IS NPHBEACHUS Pa3NMYHBIX BENHYHUH K
OCHOBHOM CTyII€HH HaIPsHKEHHS NPOU3BeIeHHE CPETHUX KoddHUIineHToB
TpaHChOpMaNUH KaCKaHO BKIIOYEHHBIX TPaHC(HOPMATOPOB OKa3bIBaeTCA
PaBHBIM OTHOIIEHHIO CPEJHHX HOMHHANBHBIX HaNPSKCHHH OCHOBHOMN
CTYN€HH HalpsOKeHHS M CTYIEHH HaNpsDKEHUS, ¢ KOTOPOH NPOBOIMUTCS
HepecyerT, T.€.

n.-n . “n _ Ucp 11 Ucp 111 Ucp.ocn _ Ucp.ocu ( 4 31)
cpl cp I e cpm - e - Py .
P Ucp 1 Ucp I Ucp m Ucp 1
e Ucp_OCH 7§ Ucp [ — CPEIHHME HOMHMHAJIBHBIC HAMPSDKEHHSI OCHOBHOM CTY-

MIEHH HANPSAKECHUA U CTYNIEHH HANpPSKEHUS, HA KOTOPOH HaXOOUTCS MOA-
JeXAIUi NPUBEICHHUIO JIEMEHT HCXOAHON PAaCYETHON CXEMBI.

Takum 00pa3oM, IPU COCTABICHHH CXEMBI 3aMELICHUS C IPUOTHIKEH-
HbiM npuBeneHueM OJ1C U cONPOTHBIEHUH Pa3IHYHBIX JIEMEHTOB UCXO-
HOM pacyeTHOM CXEMbI K OMHOU CTYNECHU HAIPSIKEHHS M BRIPAXKEHUH 3THX
31C 4 conpoTUBICHUH B MMEHOBAHHBIX €IMHHUIIAX pacyeTHbIE (OPMYIIBI
CyHmeCTBEHHO ynpomaorcsa. B gactaocty, ecnu OIC u conpoTuBneHus
3JIEMEHTOB PACUETHOH CXEMBI 331aHBI B UMEHOBAaHHBIX €IMHHIAX, TO QOp-
MYJIbI UMEIOT BHI:

. U

= E—P—;] ey (4.32)
cpl
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2

o U

2=z, (4.33)
UcpI

Ecin xe 3/1C u conpoTHBIEHHS 3JIEMEHTOB PaCYeTHOH CXEMBI 3a/[aHbI
B OTHOCHTEJIGHBIX €IMHHIIAX IPH HOMHHAJIBHBIX yCIOBHUAX, TO

Ug
o p.OCH
E= *E'(HOM) Uiom Ucpl > (4.34)
U Ul
7= *Z(I-IOM)_—HOM_ . _Egoi‘ : (4.35)
'\/§I HOM Ucp 1
2 2
2 _ Z(Hom) UHOM . UCE‘OCH ) (4.36)
: S 2
mom U

cpl

YacTo HOMUHAJIBHBIE HANPSKEHHUS BCEX IEMEHTOB MCXOIHOH pacyer-
HOM CXEMBbI, HAXONAIIMXCA HAa OJHOW CTYNEHH HaNpsKEHHs, IPHHAMAIOT
O/IMHAKOBEIMH H PaBHBIMH CPEJHEMY HOMHHAIIBHOMY HAIPSKEHUIO 3TOH
CTyIEHH Hanpsukenusd, T.e. U, , = IIpu 5ToM cooTHOweHHs (4.34) u

cpl
(4.36) ynpouiarorcs:
E= E (HOM) Ucp.ocx-l > (4'37)
2
o U
Z=2Z Lok (4.38)

“ + (HOM) SHOM

Ilpn npuGnmxenrom npusenedny OJIC W mapamMeTpoB pasiUYHBIX
3IIEMEHTOB HCXOIHOM PacueTHOH CXeMBI K OHOH CTYIEHH HanpsDKeHHUS U
peipaxenun DJIC M mapaMeTpoB CXEMBI 3aMEIIEHUS B OTHOCHTEIbHBIX
eMHHIIAX IIeJIECO00pasHo 32 6a3UCHOE HANPSKEHHE OCHOBHOM CTYNECHH
HaNpPsHKEHUs NIPUHATH CpeiHee HOMHHANIBHOE HaNPSXKEHUE 3TOM CTYIIEHH,

T.e. Ug oo = Ucp'ocﬂ. Torna B cooTBeTcTBHH C (4.28) 1 (4.31)

UCE.OCH
Usy = =Ugprs

UCB.OCH

Ucp I

T.e. TIPY YKa32HHOM YCIOBHHM 0a3HCHOE HaNpsHKEHHE JHO00H CTyneHH
HANPSKEHUS OKa3bIBAETCA YMCIECHHO PABHBIM CpeJHEMY HOMHHAIBHOMY
HANPAKEHHUIO 3TOM cTyneHu. ECIIM U B 3TOM Clyuae HOMUHAJIbHEIE HAlpsi-
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JKEHHUS BCEX DIEMEHTOB HCXONHOM pacueTHOH CXEMbl, HAXOASLIMXCA Ha
OIIHOHM CTYIEHH HANpPs)KEHHUS, IPUHATH OJHHAKOBBIMH H PaBHBIMH Cpel-
HEMY HOMMHAIBLHOMY HAaNpPsHKEHWIO 3TOM CTYNEHH HalpspKeHus, To ¢op-
myisl (4.8)—(4.10) cymiecTBEHHO YIPOIIAIOTCS

Ee) = Lwow> (4.39)
]6
Ze) = Zwow] > (4.40)
HOM
SG
Z6) = Zwowg - (4.41)
HOM

4.5. CocTaBAeHUEe CXeM 3aMeLLEHUs C COXPOHEeHHEeM
TPAHCOPMATOPHbLIX CBA3eH

IIpu ucronb30BaHUU CXEM 3aMeENICHHS C TPaHC(HOPMATOPHBIMH CBS-
35MH BC€ PacyeThl IPOBOAAT B HMEHOBAHHBIX eqHHHUIAX. [[ByXoOMoTOU-
HbI€ TPaHC(HOPMATOPBI OOBIYHO YUHTHIBAIOT NPUOIHKEHHO B BHIE MOCIIE-
JIOBAaTENbHO BKIIOYEHHBIX HJealbHOro Tpancdopmaropa (T.e. Tpanchop-
MaTopa, y KOTOpPOro OTCyTCTBYIOT IOTE€PH MOILIHOCTH, a TOK HaMarHH4H-
BaHUS PaBeH HYNIO), MMEOWEro KodhpduuueHT TpanchopManuu n, u

CONPOTHBIICHHE Z,, NMPENCTABIAIONIEr0 Cob0H CyMMy CONPOTHBIICHHIA

paccesHHss 00eux OOMOTOK, NMPUBENEHHBIX K CTyNEHH HanpsokeHus 11
(puc. 4.2, a).

Ecnu pacdeTsl BBINONHAIOTCA C IMOMOIIBI0 COBPEMEHHBIX MPOrPamMmM
a1 OBM, To aByxo6MoTOUHBIE TpaHCHOPMATOPEI MOTYT OBITH MPENCTaB-
nensl II-00pa3HOH CXeMOH 3aMEIeHHS] C OSNEKTPHUYECKUMH CBS3SIMH
(puc. 4.2, 6), KoTOpas, Kak ¥ cxeMa Ha puc. 4.2, a, IpU COeAUHEHNH 0OMO-
TOK TpaHcopmaTopoB 1o cxeme Y/Y obecnieunBaeT HCTHHHBIE 3HAYECHHUS
TOKOB M HallPSHKEHHH Ha 00eHMX CTymeHsx HampshkeHus. [Ipu 3ToM cie-

4
5 n, Iy
—_— —»I
[ |
z z
n(n—1) l~nT
6)

Puc. 4.2. TIpencrapieHne AByX06MOTO49HOro TpaHCHOPMATOPa B CXeMe 3aMeLeHHs:
a — nocienoBareabHas cxeMa; 6 — [I-obpa3nas cxema
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IyeT HMETh B BHIY, YTO IIPEABApHTENBHO CONMPOTHBICHHE TpaHC(hopMa- Tabnuua 4.1. OcHoBHbIe opMynBI NPeoGpasoOBaHUs CxXeM

TOpa Z IOMKHO OBITh MPHBENEHO K CTYNEHH HanpspKeHHs 11, BHa npeo6- DKBHBAJCHTHBIH JJlEMEHT
pa3oBaRHs Hcxonunas cxema IIpeo6pasoBannas cxema NpeoBpasoBaHHOH CXEM!
Tocneno- -
Z Z Z Z,.=Z.tZ,+..+Z
4.6. peo6pasoBaHKEe CXEM 3aMeLLeHHS saremsnoe | 2L 2 L ox L =41t 4 Zn
IIpy aHanUTHYECKHUX pacyeTax KOPOTKHMX 3aMBIKAHHH U IPYTHX PEXH- coez:l:-
€H
MOB 3JIEKTPOIHEPreTHUSCKUX CUCTEM HUCXOAHBIE CXEMBl 3aMELIECHUS TNpsi- ;XI — :
MOH IOCIIENOBATENBHOCTH, B KOTOPBIX TPEACTaBIEHbl Pa3lHYHBIE dile- n::iﬂoe Z Zox Zy=3
MEHTBl HMCXOJHBIX PACYETHBIX CX€M, OOBIYHO MOCPEACTBOM IOCIENO0- coeni- a — Sk
BaTENbHBEIX IMPeoOpa3oBaHUil NPHUBOAAT K SKBHUBAJIECHTHBIM CXE€MaM HeHHe — Y =Y+t . +Y;
3aMeIleHus, colepxamuM OSKBUBaNCHTHYI0 OJJC M SKBHUBaJleHTHOE m ) ]
conporusiieHre. ECIH HCXOMHAs cxeMa 3aMelleHHs He CONEPXKHT CIIOK- - rae Y, =7 Y,= 7
HBIX 3aMKHYTBIX KOHTYpOB, a BC€ HCTOYHHKH SHEPTHH NPHCOCIUHEHBI B =1 =2
OJIHOM Y371€, TO ee JErKOo MOXKHO NpeoOpa3oBaTh B IKBUBAIEHTHYIO CXEMY, y =L
HCIIONB3Ys MPaBUIa CIOXKEHHUS NOCIEA0BATENbHO U MapajiieIbHO COean- -z,
HEHHBIX COIPOTHUBJICHHH W 3aMEHBl HECKOJbKHX HCTOYHHKOB JHEPTHH, TIpH BYX BeTBAX
uMeromux B obmeM ciydae pasHeie DJIC M pasHble CONPOTHBICHHS, 7.7
OIHHUM DKBUBAJICHTHBHIM HCTOYHHKOM, 00J1aal0UM 3KBUBaIeHTHOH DJ[C Z Z‘L‘;
E_, ¥ 5KBHBAJICHTHBIM CONPOTHBJIEHHEM Z, . B 4acTHOCTH, €ClM HCTOU- 1=
HUKMA DHEPruM B CXEME 3aMENICHHWA YYTEHBI TONBKO HHAYKTMBHBIMU 3amena po= u Y.E
conporusieHusaMu U IC, To skBuBanentHas OC H SKBHUBAJIECHTHOE HECKOMB- Eoe Zox x=7 2 Vi
’ Lok k=1
. KUX ACTOY-
COIIPOTHBIIEHME ONPENENAIOTCS [0 hopMynam: HKOB YIps xByX BeTRAX
E LB L En dKBHBA- . E\Z,+E,Z,
X X X JICHTHBIM E3K = ———Z Tz
_ 11 2 n Y]
E, = ] ] 1 (4.42)
—+—+ ...+ = Tpeobpa- 7 - ZrG Zur
X, X X, 30BaHKE CF T 7ot Zopt Zup
" TPEyroib-
1 HHKa ; Zpg Zoy
- B 3BE3[] <G
X 1 T (4.43) Y ZrctZou* Zur
—t =+ ...+ =
X, X, X, 7. - Zon Zur
M Zpgt Zout Zur
rae E,, E,, ..., E, — OJIC oTAeNbHBIX HCTOYHHMKOB, IIPHCOEAUHEHHBIX B = = =
OIHOM y31€; X;, X, ..., X, — HHIYKTUBHbIE COMPOTHBIEHHS STHX HCTOU- TIpeobpa- F, 7T b Tt ZsZy
30BaHHE GH &G " 2H "7
HUKOB. Z z =F
TpexJiyde- ZhF / -FG
IIpu Gonee COXXHBIX UCXOMHBIX CXeMaX 3aMEIlEeHHs I OnpeneIeHus - 7.7
9KBHMBAJIEHTHOTO CONMPOTHBIIEHHA HCIONB3YIOT M3BECTHBIE CIIOCOOBI Mpe- B TpEY- HA—1—aG Zpg=Zp+Zg+ '—229
o6pa3oBaHusA, TakHe Kak MpeoOpa3oBaHne TPEyroJbHHKA CONMPOTUBICHHH TONBHMK =H
B 3KBUBAJICHTHYIO 3B€3/1y COIIPOTHBIICHHIA, 3B€31ly COIPOTUBIICHUH B IKBH- ZyZp
BaJICHTHEBIM TPEYrONbHUK CONPOTHBIECHHH, MHOTONYYEBYIO 3BE3IY COIPO- Zyp=Zy+*tZpt _ZG

TUBIICHUH B TIOTHBIM MHOTOYTOJIBHHUK CONMPOTHBIIECHHI U T.A. (Tabum. 4.1).
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Oxonyanue mab6n. 4.1

DKBHBaJICHTHBIH JIEMEHT

l?azgoizf{?ai- HcxopnHas cxema IIpeoGpazoBannas cxema Ipeobpasopaumoli cXeMsl

Ilpeo6pa- F G Zog= ZFZGZ Y

30BaHHE

MHOTOITy- Zr Zg Zny=2.Z Z)_’ U TA.,

o y ZGH =G=H

4eBOH z Zy e

3BE3/IBI

Bnommsii | J H SY=Yp+ Yo+ Yy+Y,

MHOTO-

YTONBHHUK AHaJIOTH4YHO U IIPH
0oJIbIIIEM YHCIIE BETBEH

B Tex Clly4asiX, Korga HMCXOOHas CXe€Ma 3aMCUICHHs CHMMETpHYHA
OTHOCHTECJIBHO pacqemoﬁ TOYKH KOPOTKOI'O 3aMBbIKaHHUS I/I;HH Kakas-JI10o
YacTh 3TOHM CXEMBI CHUMMETPHUYHA OTHOCHUTEJIbHO HEKOTOPOH ITPOMEXKYTOY-
HOH TOYKH, 3aJa4y HAXO0XJICHHA 3KBHBAJICHTHOI'O CONIPOTHBIIEHUSI MOXHO
CYII€CTBCHHO 00JIeryuTh. I{J’Iﬂ 3TOr0 HEOOXOOUMO COEAHMHHUTH HA UCXOM-
HOH CXeMe 3aMelICHHs TOYKH, UMCKOIIHUEC OJAHMHAKOBBIC IOTCHIHUAJIbI, U
HCKIIOYHUTD U3 CXEMBI T€ 3JIEMEHTBI, KOTOPbIC IIPH KOPOTKOM 3aMBbIKaHHUH
O0Ka3BIBAIOTCS 00€CTOYEHHBIMH.

FfAaBa 5

PACHET TPEXPA3HbIX KOPOTKUX 3AMbIKAHUMA
B SAEKTPOYCTAHOBKAX NMEPEMEHHOTO TOKA
HAMPAXXEHUEM CBBILLE 1 kB

5.1. O6wme noaoXeHus

B HayabHbIH MOMEHT KOPOTKOTO 3aMBIKAHHS 3HAYECHUE TOKA B 1060
ueny, obnafaromei HHAYKTHBHOCTBIO, OCTAETCS HEM3MEHHBIM 1 PaBHBIM
Cro SHa9€HMIO B KOHLE NPeIECTBYIOUETO pexkuma. OnHako pH HCcle-
AOBAHHH MEPEXOAHBIX NPOLECCOB TOK B IPOU3BOJILHBIN MOMEHT BpeMEHH
OOBIYHO MPENCTABNAIOT KaK CyMMY TIEPUOAUYECKOH H anepHoaMdecKoit
COCTAaBIAIOMMX ¥ ONpENEeNICHHE KaXIOH M3 HUX NpPENCTAaBIseT OGOl
BAXHYIO 33/1a4y.

Ilpu pacyere HayanbHOro 3HaueHHs HEPHOMUYECKOH COCTaBISIOMIEH
TOKa Tpex(a3HOro KOpOTKOro 3aMBIKAHHUS B 3JIEKTPOYCTAHOBKAX HAIpPsKe-
HHEM cBbille | KB f0IKHEI GBITE YUTEHBI Bce CHHXPOHHBIE TeHEPaTopHI U
KOMIIEHCATOPBI, & TAKKE CHHXPOHHbIE M aCHHXPOHHBIE 3EKTPOABUIATENH
MouHocThIo 100 kBT 1 Gonee, eciu 3TH seKTpoaBHraTeNy He OTIEJICHEI
OT TOYKH KOPOTKOTO 3aMBIKAHHA TOKOOTPAaHHYHMBAIOLIMME PEaKTOPaMU
WJIH CHJIOBBIMH TPaHC(hOpPMaTopaMH.

Havanbroe 3naueHne nepruoanyeckoii CocTaBsIONEH Toka KOPOTKOTO
3aMbIKaHHA OT CHHXPOHHOTO T€HEpaTopa HJIM KOMIEHCATOpa MOXHO
TNOMyYHTh, PEIIHB AH(QEpeHIHaTbHEE yPABHEHHA MNEPEXOLHOTO npo-
liecca B CHHXPOHHO#M Mause (ypauenus [lapka—opesa) u mofcTasus
B TIOmyH4eHHbIe BhIpaxeHHs ¢/ = 0. Ho mpome mpomecc B HauambHbIH
MOMEHT KOPOTKOTO 3aMbIKaHHs MOXHO HCCIEI0BATh, HCXONS H3 IPHH-
IHIa  COXpaHCHHsS MOTOKOCUEIUICHHH KOHTYPOB pOTOpa CHHXDOHHOM
MAILIMHEI B MOMEHT J1I060r0 Hapymenus ee pexuma. Kpome Toro, Takoii
TIOZXOX NO3BONAET GoNee HANIATHO BBIABUTE, Kakumu JJIC u COIPOTHB-
JICHAAMH CNICRYET XapaKTePH30BaTh CHHXPOHHYIO MallMHy B HAYabHBIH
MOMEHT KOPOTKOTO 3aMEIKAHHS.
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5.2. PacyeT AGHCTBYIOLLErO 3HA4YEHUS NEePUOANHECKOH
COCTABASIIOWLEN TOKA KOPOTKOrO 3aMbIKAHUS
NpU YAQA€HHbIX KOPOTKMX 30GMbIKQHHUAX
(OT 3AEKTPOIHEPreTUHEeCKOn CUCTEMbI)

IIpu pacyeTax TOKOB KOPOTKOTO 3aMBIKAHHs CaMylo yAJICHHYIO 4acTh
3JIEKTPOIHEPreTHIECKONH CHCTEMBl YaCTO NPEACTaBISIOT B BHIAEC OJHOTO
SKBHUBAJIEHTHOTO MCTOYHHKA 3HEPruH (0OBIYHO €ro Ha3BIBAaIOT CHCTEMOM)
C MHIyKTHBHBEIM COTIPOTHBIICHHEM X ;¢ (B MHAEKCE G — reneparop, S —
CHCTEMa), PaBHBIM CYyMMapHOMY MHIyKTMBHOMY CONPOTHBICHHIO COOT-
BETCTBYIONIEH YAaCTH DIEKTPOIHEPIreTHYECKOW CHCTEMBI OTHOCHUTEIBHO
GIIKaiIIero K MECTy KOPOTKOTO 3aMbIKaHHs y3J1a CETH, M C HEU3MEHHOH
no ammutyae J/IC, paBHO# cpeHeMy HOMHHaTIbHOMY HanpsbkeHHio U,
TOW CTYNEHH HANPSHKEHHSA CETH, K KOTOPOH NpPHUBENEHO CONPOTHBICHHE
Xg- TIpu KOPOTKOM 3aMBIKaHWH 33 CONPOTHBICHHEM X ;¢ NEHCTBYIOMIEE
3HaYeHHeE NIEPUOANIECKOH COCTABNAIOMEH TOKa KOPOTKOTO 3aMbIKaHHs OT
CHCTEMBI HE H3MEHSAETCS BO BPEMEHH H ONpeeNseTcs no popmyiie

UC
Iy =1y = ——— (5.1)
3X s

HIIH, €CJIM CONPOTHUBIICHUE CUCTEMBI BBIPAXKEHO B OTHOCHTEJIbHBIX €IHHH-
[ax NpH BEIOpaHHBIX 0a3HCHEIX YCIOBUAX,
U I
C 6
I, =1g=% ——

Io=—+ , (5.2)
neon Us Xgse)

rne U u I; — GasucHoe HampsykeHue H GasMCHBIA TOK TOH CTyneHH

HaNpsXCHUs CETH, Ha KOTOpOﬁ HaXOOUTCA TOYKA KOPOTKOro 3aMbIKaHHA.

B Tex clly4asXx, Korja 3KBUBAJICHTHOEC CONIPOTUBIIEHHE CHCTEMbI OTHO-
CUTENBHO 3aJaHHOH TOYKH HEHU3BECTHO, €M0 MOXHO ONPENEIUTh, HCXOIs
U3 U3BECCTHOI'O 3HAUYCHHUA nepnolmqecmifl COCTaBJIAIONIEN TOKA KOPOTKOT'O
3aMBIKaHHUS B 3TOM TOYKE:

U
X o= —2_ (5.3)
GS »\/:;Ino
HIN
U, 1
= ﬁ . _6
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WHorna BMeCTO NEPHOAMYECKOH COCTaBJIAIOMIEH TOKAa KOPOTKOIO
3aMBIKaHHsl OT CHCTEMBI 3a/Ia€TCS TaK Ha3bIBAEMas MOIIHOCTH KOPOTKOIO
3aMBIKaHHS B KaKOW-IMOO TOYKE CHUCTEMBI, NOA KOTOPOH IOHMMAIOT

YCJIOBHYIO BCJIHYHHY, PABHYIO YBEJINYECHHOMY B «/3 pa3 npou3BeNEHUIO
TOKa TpeX(baSHOFO KOPOTKOIro 3aMbIKaHHUsI OT CUCTEMBI HA CP€IHEE HOMH-
H&J‘IBHS)C HaIpsXXECHUEe COOTBCTCTByIOH.leﬁ CTYIICHH HAIPsSOKEHHUS 3JICKTPH-
YE€CKOHU CE€TH, T.C.

S, = 31U, (5.5)
ITpu 3TOM
2
U
Xgg = S_cv (5.6)
K
HIH
2
Ss U
Xoso) =5 " T2 (5.7)
K U6

Ecnu 3a 6a3ucHOe HanpsKeHHe TOM YaCTH CETH, IJi€ HAXOMUTCS TOYKA
KOPOTKOTO 3aMBIKaHHsl, IPHUHATO €€ CpeHee HOMHHAIBHOE HAIpsKEHHE,
TO BEIpaXkeHHA (5.2), (5.4) u (5.7) cymecTBEHHO YIPOIIAIOTCS:

I
I,=1,==2—; (5.8)
X6s6)
16
Xos6) = ™ (5.9)
S6
K

IIpn oTCyTCTBMM JaHHBIX O TOKE HJIH MOLIHOCTH KOPOTKOIO 3aMBIKa-
HHSl B CYIIECTBYIOLIEH CETH HHIYKTHBHOE COIPOTHUBICHHE CHCTEMBI
MOXHO OLEHHTH (HO HE IIPH MPOEKTUPOBAHMH) NPUOIHKEHHO, UCXOAS U3
YCIIOBHS IIOJIHOTO MCIIOJb30BaHUS OTKIIOYAIOIIEH CIIOCOOHOCTH BBIKIIO-
anEneﬁ, YCTaHOBJIEHHBIX Ha Y3JO0BOH NOACTAHIUH 3JIEKTPOIHEPreTHYE-
CKOH CHCTEMBI, T.€. MoJjlaras, 4yTo INEpUOAMYECKas COCTaBIAIOIAsd TOKa
KOPOTKOTO 3aMBIKaHHS B MECTE€ YCTAaHOBKM BBIKIIOHATENIE paBHA MX

HOMHHAJIbHOMY TOKY OTKiodeHus [ . B 3ToM ciydyae B hopmynax

(5.3), (5.4) non Tokom I, ciesryer monumMarhb TOK I, ..

O6bIYHO KpPOME CHCTEMBI pacueTHas CXeMa COAEPKHT HCTOYHHKH
9HEPrMH (TeHEpaTophl, CHHXPOHHBIE KOMIICHCATOPBI), I KOTOPBIX
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KOPOTKOE 3aMBIKAHHE ABIAETCA YIaJE€HHBIM, T.. OTHOIIECHHS NEHCTBYIO-
IIMX 3HAYECHHH TIEPUOAUYECKOM COCTABIIAIONIEH TOKOB 3THX HCTOYHHUKOB B
HayaJdbHbI MOMEHT KOPOTKOTO 3aMBIKaHHMSi B PacCYeTHOM TOYKEe K HX
HOMHHAJIBHBEIM TOKaM MeHee 2 (Takue yCIIOBHS HMEHT MECTO NIPH KOpOT-
KOM 3aMbIKaHHM 3a JBYMS TpaHC(OpMaTopaMH, 3a JHHEHHBIMH PeaKTo-
pamu 4 T.1.). B 3THX ciayyasx BCE€ 3TH MCTOUYHUKH 3HEPrHH TIOCPENICTBOM
COOTBETCTBYIOIMX MpeoOpa3oBaHUH CXEMbl 3aMELICHHS, COCTaBIICHHOH
IUIs pacueTa HaualbHOTO 3HAYECHHs NMEPHOIMYECKOH COCTaBIAIOLICH TOKa
KOPOTKOTO 3aMBbIKaHHs (T.€. CXeMbI, B KOTOPOH CHHXPOHHbIE FeHEPATOPhI H
KOMIIEHCATOPbI YYTEHbI CBEPXNIEPEXO/IHBIMU CONPOTHB/ICHUAMH H CBEDX-
nepexonasiMu DJ]C), MOXkKHO OOBETUHUTD C CHCTEMOH U aMILTATYAY SKBH-
BasienTHOM DJIC cunTaTh HEM3MEHHOH BO BpeMenH. [Ipu 3ToM ne#cTByro-
lee 3HaYeHHE NEPHOINYECKOH COCTABIAIONIEN TOKa KOPOTKOIO 3aMbIKa-
HHUS TAKKE OCTAETCS HEM3MEHHOM BO BPEMEHH M olpesienseTcs no popmyine

Eax
1m=1n0=)_(: (5.11)
K
HIIN
E3K(6)
J =] =" , (5.12)
nt n0 ‘3(31((6) 6

rae £, u Eak@ — skBuBanenTHas JJIC cOOTBETCTBEHHO B HMEHOBaH-
*

HBIX U OTHOCHUTEJIbHBIX CAUHHALAX, X3K H ‘3(31((6) — OKBHBAJICHTHOE€ COIIPO-
THUBJICHHUEC YaCTH pacquHOﬁ CXE€MBI, conep)lcamef/'[ YyAaJICHHBIC UCTOYHHKH
9HEPrHH U CUCTEMY, COOTBETCTBEHHO B HMEHOBAHHBIX H OTHOCHUTCIBPHBIX
CAUHHUIIaX.

5.3. PacyeT HAYAALHOIO AEMCTBYIOWLEro 3HAYeHUs
NepHOAUYECKON COCTABASIOLLEN TOKQ KOPOTKOro
30MBbIKOHUA OT CUHXPOHHbIX MALUWH

Kaxmas CHHXPOHHas MallldHa UMeeT AeMII(EPHBIE KOHTYPHI, IIPHYEM
y THOPOT€HEepaTopOB OHM OOBIYHO YCTAHABIMBAIOTCA CIELMAJIbHO, a y
TypGOreHepaTopoB pojib AeMI(EPHbIX KOHTYPOB BBINOJHSET CTaNbHOH
MaccuB potopa. IIpu aHanu3e XapakTEPUCTHK CHHXPOHHOW MallWHBI
MOIyT GBITH HCIONB30BaHbl pazinuuHsie JJIC, B 3aBUHCHMOCTH OT TOIO,
KaKMM MarHMTHBEIM [IOTOKOM OHH HaBOIATCA B OOMOTKE SKOPS MAlIWHBIL:
cunxponHas JC E 7 00yCOBJICHHas MATHUTHBIM IIOTOKOM OT TOKa BO3-

oyxnenuns; JIIC 3a3opa ana HHAYKTHpYeMasi MarHuTHBIM IIOTOKOM
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3a30pa MawuHel; nepexonsas JJC E q' (npu HeydeTe memnepHbIX KOH-

TYPOB CHHXPOHHOH MAlIlHHEI), NPONOPLHOHATBHAS CyMMapHOMY MOTO-
KOCLCTUIEHHIO OOMOTKH BO30YXIE€HHS MalIMHBI, olycoBnenHoMy co6-
CTBEHHBIM TOKOM H NEPHOAHYECKOH COCTABNSAIOMIEH TOKa SKOPSI; CBEpXIle-

pexoxHas OJC E {; (mpu yyere nemndepHHIX KOHTYPOB CHHXPOHHOM

MalllMHbI), ONPe/ieNseMas OTOKOCLEIUICHUAMH 0OMOTOK BO3GYKIeHHS 1
MPOIOIBHOIO AeMI(PEPHOro KOHTYpa, H T.1.

Kaxno# OIC cooTBeTcIByeT ONpeneneHHOE CONPOTHBICHHE CHHX-
POHHOH MAllHHbI, ABIAIONICECS €€ NapaMeTpoM: CHHXpOHHOH DJIC Eq

COOTBETCTBYET CHHXPOHHOE CONMPOTHBJIEHHE IO NPONOIBHOM ocH X,
JJIC 3a3opa Esq — CONpOTHBICHHE PacCesHHs AKOPsS X, TMepeXomHOM

9IC E q' — NEPEXOHOE CONPOTUBIIEHHE 110 MPOAOIBHON OCH X ‘;, CBEpX-
~ ”
nepexonnoit JC E g ~— CBEPXIEPEXOMHOE CONPOTHBIEHHE MO MPOJOIIb-

v ! ~ ~
Hol ocu X ;. [T03TOMY NpH yueTe CHHXPOHHOM MalIMHbI TH060H U3 yKa-

3aHHBIX OJIC B pacueTHyI0 CxeMy 3Ta MallliHA JOKHA OBITH BBENECHA
COOTBETCTBYHOIIMM CONMPOTHBICHHEM. HO HE3aBHCHMO OT HCIONb3YEMBIX
B pacyetax OJIC M COMPOTHBIEHHH NPH 3aJaHHBIX 3HAYEHHSX MPOIONb-

HOH COCTaBIAIOMIEH Toka MamMHBl [, M TONEPEYHON COCTABISIOLIEH

HaNpsXKCHUSA Ha €€ BBIBOJAX Uq AOJKHBI BBITIOTTHATHCSA COOTHOILIEHMS

E - jX I, = Uq; (5.13)
Es,—jXsly = U,; (5.14)
Eq' — X0, = U,; (5.15)
E;-jXji,=U,. (5.16)

MosxHO 11erko noxasare, 4To NpH pacyeTe HAYANBHOTO 3HAYCHHS TIEPH-
OIMYECKOH COCTaBIAIOMmEN TOKa KOPOTKOro 3ambikanus DJIC £ 7 1 Es g HE

MOTYT OBITh HCIOJNIB30BaHbl, TAK KAK B HAYaJbHBIA MOMEHT KOPOTKOT'O
3ambikanus DJIC Eq MI'HOBEHHO yBenHuuBaercs, a JJ[C Esq MT'HOBEHHO

YMCHBIIACTCS, IPUYEM CTETIEHb UX H3MEHEHHS 3aBHCUT OT HCKOMOTO TOKA
sikopsi. W mume nepexomuas OJC E {; (npu HeyyeTe NeMNGEpPHBIX KOHTY-

poB) u cBepxnepexondas DJIC E ; (pu ydeTe meMmndepHbIX KOHTYPOB)

OCTAIOTCS HEW3MEHHBIMH NpPHU J1060H kommyTauuu. Ho ecnu cumxpos-
myo OJIC E ¢ JICTKO ONPENEINTh O KOPOTKOrO 3aMbIKaHHs, TaK Kak IpH
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OTCYTCTBHUH HACHIIIEHHS MarHUTHON CHCTEMBI MAIIMHBEI OHA MPOIOPLHO-
HaJIbHa TOKY BO30YkIeHHMs, TO NepexoaHylo U cBepxnepexonnyto JJIC c
JOCTaTOYHOH TOYHOCTHIO MOXKHO ONPENETHTh TOIBKO M3 BEKTOPHOH Iua-
rpaMMBbl MalIMHbI O KOPOTKOTO 3aMBIKaHHMS.

OnpeAeAeHUEe HAYAABHOrO 3HAYEHUS NEePUOAUYECKOM
COCTABASIOLLEN TOKA KOPOTKOrO 3QMbIKGHUS OT CUHXPOHHOro
reHeparopa 6e3 y4eTa BAMAHUA AemndpepHbIX KOHTYPOB

Jl1st mocTpoeHHs: BEKTOPHOHM AWAarpaMMbl CHHXPOHHOH MaIlHHBI 63
AeMidepHbIX KOHTYPOB HCTIONB3YIOT H3BECTHOE COOTHOLIECHHUE:

Eq= U +RI +jXqI +j(Xd—Xq)Id. (5.17)

Ecnu npeseOpedb akTUBHBIM CONIPOTHBIEHHEM SKODS, TO
Eq= U+jXqI +j(Xd—Xq)Id. (5.18)
HcxomusiMU TIpU NOCTPOSHUH BEKTOPHOM JHarpaMMBbl SBISIOTCS BEK-
TOPBI Uuln yron ¢@ mexay HuMH (puc. 5.1). Jlo6aBUB K BEKTOPY U

BEKTOp j.X qI , HalileM HEKOTOphI# BekTOp E 0 KOTOPbiH, KaKk BUIHO M3

(5.17), coBnamaer ¢ momepeyHoH OChi0 g MamMHBEL. TakuM 00pasoM,
MOJIOXKEHHEe OCH ¢ Ha KOMIUIEKCHOW IMJIOCKOCTH ompexneneHo. Ilposens

NEPIEHANKYISAPHO 3TOH OCH OCh d, JIETKO HAWTH TOK I, KaK MPOEKLHIO
BeKTOpa Toka I/ Ha 0Ch d U HalpsHKEHHE Uq KaK IpPOEKIHIO BEKTOpa
HanpsbkeHus U Ha och ¢. OTKnagpiBas, gajnee, oT KOHLA Bekropa E 0
BekTOp j(X,;— X q)I ;> Hainem Bextop O[IC E e
W3 Beipaxkenus (5.15) cnenyer:
e s
ITocnenHee BrIpakeHHE MO3BOJSIET ONPENEIUTh HAYaJIbHOE 3HAYCHHE

nepexonHont JC E;O M3 BEKTOPHOM JHarpaMMbl CHHXPOHHON MaIlIMHBI

JI0 MOMEHTa KOpOoTKoro 3ambikaHus (puc. 5.1, a). C 3To# nenpio gocra-
TOYHO HM3JI0)KEHHBIM BBILIIE CIIOCOOOM ITOCTPOHTH BEKTOPHYIO JTHAarpaMmy

(6e3 yueta R) U K momepeyHOH COCTaBIAIOIIEH HANPSKEHUS SKOPS Uq
npuGaBuTh BeKTOp jX 1, .
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j(Xd _Xq”d

Puc. 5.1. BekTopubie Auarpammsi CHHXPOHHOTO reHepaTopa 6e3 1eMNQepHbIX KOHTYPOB:
@ — J10 KOPOTKOT'0 3aMbIKaHHA; 6 — B HaYaIbHBIA MOMEHT KOPOTKOI'O 3aMbIKAHHS

B nonepeuHoi 0cH CHHXPOHHOH MaIIMHBI OTCYTCTBYET 0OMOTKA BO3-
!
OyxneHHs, BCIeACTBHe yero E 4 = 0. IIo3TOMy npu KOpOTKOM 3aMBIKAaHHH

BO BHEUIHEH LICIIH, HHIYKTUBHOE CONPOTHUBIICHUE KOTOpOﬁ 10 MecCTa IoB-
PEXIOCHUSA COCTaBISET XBIJ.I’ NEpHOANYECKAs COCTaBIAIONAg TOKa B

Ha49aIbHBIH MOMEHT KOPOTKOTO 3aMBIKaHHS SBISETCS MPOLONLHOM M
paBHa

j 0 =7 = LIO (5 20)
n do . ' s .
J(Xg+ Xy

@ HalpsDKEHHE Ha BEIBOJAX reneparopa U, = jXijnO.
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CooTBeTcTByIOIas BEeKTOpHAs AMarpaMMa CHHXPOHHOM MallMHBI B
HavaibHbIH MOMEHT KOPOTKOTO 3aMbIKaHHs NIPHBEAEHA Ha pHC. 5.1, 6. U3
Hee BHIHO, YTO B YKa3aHHBIA MOMEHT HEH3MEHHOW M0 MOAYTIO H (ase

ocraercs Tonbko JJIC E ; i

C Hebonbuioi morpemHocTs0 MOAYIh nepexomHod OJIC MaluHBL K
MOMEHTY KOPOTKOI'O 3aMbIKaHHS MOXXHO HaWTH, rojaras, 4TO IapaMeTphl
CHHXPOHHO!M MaIlIMHbI 10 IPOJOIbHOM H MONEPEYHOH OCSIM OAMHAKOBBI U

paBHE X;. B 3ToM Ciiy4ae CyHIECTBEHHO YNPOMIACTCS BEKTOPHAS NHa-

rpamMMa MallMHEI, TaK KaK HET HEOOXOAUMOCTH ONpenesiTh NPONOIbHYIO
COCTABIAIOIIYI0O TOKAa M TONEPEYHYI0 COCTaBIAIOLIYI0 HANpsHKEHHS, a
JIOCTaTOYHO 3HATh HCTHHHBIE HANpPSDKEHHE M TOK MAIIMHBI IO KOPOTKOro
3aMbikanus. VMickomas OJIC cBsizaHa C 3TUMHM BEJIWYMHAMHM COOTHOIIIE-
HHEM:

E =U+jXx,I. (5.21)

BekxTopHas auarpaMMa CHHXPOHHOTO T'€HEparopa, MOCTPOEHHas o
(5.21), mpuBenena Ha puc. 5.2. U3 3T0if AHarpaMmel cieayer

' 2 . ' 2%
Egy = A/( U0)c0s9g))" + (Ug)sing g, + XdI(O)) (5.22)

HIITH

' ' . 2 ' 2
Ey = A/(U(O)+XdI(0)sm(p(0)) + (Xg10)cosp(g)) - (5.23)

ITockonbky yroa 8 Mexnay BEKTOpaMH HAaNpsDKEHHS M MepeXOTHOH
’
ONC He3HauHTENEH, TO IJIA ONpPEHEICHHS E(O) MOXHO HCIIOJIb30BaTh

TaKXke cleqyoliee NPUOIMKEHHOE BRIpaXKEeHHE
’ ’ .
E(o) ~ U(O) +Xd1(0)sm(p(0). (5.24)
ITepexonHOe CONPOTHBICHHE MOXHO MPEACTABUTh TaK:

X;=X,+ -1 (5.25)

1.1
ch Xad

* O6o3Hauenue B uHaekce (0) noka3piBaeT 3Ha4€HHE BETHYHHBI JO MOMEHTA KOPOTKOTO 3aMbI-
KaHHs, a 0 — B HavaJIbHBI MOMEHT KOPOTKOTO 3aMbIKaHHA.
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Puc. 5.2. Ynpomennas BeKkTOpHas Aua- Puc. 5.3. Cxema 3ameluenus: CHHXpoHHOlM
rpaMMa CHHXPOHHOIO reHepaTopa Ges MauHHbl Ge3 JeMngepHbIX KOHTYpPOB

AeMnQepHLIX KOHTYpOB

OTOMy BBIPAXEHHIO COOTBETCTBYET CXEMa 3aMELIEHUS CHHXPOHHOMI
MallIHHBI 0e3 ydeTa neMipepHbIX KOHTYPOB, IPHBEICHHAS Ha puc. 5.3.

OnpeAeAeHHe HQYAALHOrO 3HAQYEHMS MEepPHUOAUHECKON
COCTUBASIOULEN TOKQ KOPOTKOIO 3AMbIKAHUA OT CMHXPOHHOTO
reHepaTopa € y4eTOM BAMSHUA AeMNEPHbIX KOHTYPOB

B cuHXpoHHO#M MamnHe ¢ neMndepHEIMH KOHTYPaMH BCSKOE H3MEHE-
HHE MAarHUTHOTO MOTOKA PEaKUuu AKOPS MO MPOXOIBHOM OCH, 0GYCIOB-
JNICHHO® U3MEHEHHEM NEPHOAUYECKON COCTABISIONUIEH TOKA SKOPS, BBI3bI-
BaeT OTBETHYIO PEAKIIMIO HE TOJIBKO CO CTOPOHBI OOMOTKH BO36YKIEHHS,
HO | TPOJIOJIPHOTO AeMI(EPHOTO KOHTYpa, B Pe3ydbTaTe 4ero WX MoTO-
KOCLETUICHHS OCTAIOTCSl HEM3MEHHBIMH. [109TOMy OCTaeTcs HeH3MeHHOM
u OJIC sxops, onpenensiemMas STHMH IOTOKOCHEIEHHIMH.

U3 hopmyasi (5.16) caenyer:

E; = U, +jX; 1. (5.26)

CBepxnepexoz[Hoe COIIPOTHUBJICHHUE IO HpOIlOJIbHOﬁ OCH MOXHO Ipen-
CTaBUTBh B TAaKOM BHJIE:

1

NS N
Xor Xo1a Xaa

(o) a

X=X+ (5.27)

Ilpu ydyere nemnoepHBIX KOHTYPOB MpPONONBHAS CBEPXIEPEXOHAS

3C E ‘;' HE paBHa HYJIO U ONpPENENAETCs N0 hopMyie:
E;= Ud+jX;Iq, (5.28)
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rac

" 1
X, =Xs+ o (5.29)
Xclq Xaq

Bripaxenus (5.26) u (5.28) MOKa3pIBAIOT, YTO CBEPXNEPEXO/HBIC 3C

E; u Ej moryr GuTs ONpENC/ICHBI MO JAHHEIM yCTaHOBHBIICTOCH

pexuMa paGoThl MaUIMHBI, MPEAMECTBYIOMIEr0 KOPOTKOMY 3aMBIKAHHIO.
C 3Toi#i LeNpI0 U3 BEKTOpPHOW XUarpaMMbl MalluHBI, MOCTPOCHHOH ISt
3TOTO PEXHMa, HaXOJAT NPOJOJIBHBIC H TOTIEPEYHbIE COCTABNAIOMNAC TOKA
M HanmpsOKeHHMs W, ucnons3sys (5.26) u (5.28), naxonsit uckomeie JJC
(puc. 5.4, a).

TIpy KOPOTKOM 3aMBIKaHHH BO BHCIIHEH IEMH, HHAYKTUBHOE COIpO-
THBJIEHHE KOTOPOH 0 MeCTa MOBPEXACHHS COCTABIACT X,,,» TPOJOTIBHAS
¥ IONEpeyHas Claraiouue NEPHOJUIECKOH COCTaBIAIOIIEH TOKa B
HayaJbHBIH MOMEHT KOPOTKOTO 3aMBIKaHHUs PaBHbI COOTBETCTBEHHO:

. .,
iy = Fp O (5.30)
JXG+ X)) J(XG + Xo)

~1" 1"
i _ Ey _ Ej0)
qO N ” . ” *
JO + X)Xy + X
MO3TOMY HMCKOMO€ HaAYaJIbHOE 3HAYCHHUC HCpHOL[H‘ICCKOﬁ COCTaBJ'ISIIOIHeﬁ
TOKa KOPOTKOIrO 3aMbIKaHH

Lo=ALig+1k . (5.32)

BCKTOPHaﬂ ayarpaMma MamidHbl B HAYaJIbHBIIT MOMEHT KOPOTKOTI'0O

(5.31)

3aMBIKAHHS MPHUBEJEHA Ha DHC. 5.4, 6. Tlockonbky X, ;' >X ;1' , TO, Kak
BuaHo U3 (5.30) u (5.31), yroa Mexay BEKTOpaMH pesyastupyromei JJC

E" u pesynsrupylomero Toka I, MeHbue 7/2, HECMOTPA Ha TO, 4TO

aKTHBHOE COIPOTHBIIEHHE OOMOTKHU SIKOPS HE YUHTHIBACTCS.

PacueT HayalpHOrO 3HAYEHHS TEPUOIUYECKOH COCTABISIOMIEH TOKa
KOPOTKOTO 3aMBIKQHHs CYIIECTBEHHO YNPOMIAETCs, €CH NPHHATE 1OMy-
[leHHe, YTO CBEPXIEPEXOMHBIE COMPOTHBIIEHH CHHXPOHHOH MallUHEI 10
NPOAOJIBHON H NONEPEYHOH OCSAM OJMHAKOBBI W PaBHBI X ;. Ipu sToM

ceepxnepexontas JJIC CHHXPOHHOH MaIIMHbI ONPENEIIACTCA U3 TPOCTOro
COOTHOILIEHHS:

E"=U+jXx,I, (5.33)
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JX =X)L,

0)

Puc. 5.4. BekTopHbIe AHArpaMMbI CHHXPOHHOTI'0 reHepaTopa ¢ AeMngepHbIMA KOHTYPaMH:
@ — J10 KOPOTKOTO 3aMBIKaHHA; 6 — B HaYaNbHBIH MOMEHT KOPOTKOTO 3aMBIKAHHs

a €€ MOAYJIb K MOMEHTY KOPOTKOI'O 3aMbIKaHHA

"o _ 2 . " 2
Eq) = ﬁU(O) c0sPy)” + (U sing gy + X;1 ) (5.34)
HIH

” _ n . 2 " 2
Eqy = ’\/(U(O) + X1 gy singgy) + (X 19y c0s@gy) - (5.35)
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Puc. 5.5. CxeMbl 3aMellleHAs] CHHXPOHHOH MalIHHBI € JeMIi(pepHLIMH KOHTYPaMH:
@ — TI0 IPONOJIBHOM OCH; 6 — TI0 TIOTIEPEYHOH OCH

B npuGIIKEHHBIX PacyeTax MOXHO HCIOJB30BaTh ClEAYOIyo Gop-
Myiy:
E('L)) ~Uqy * X1 0 sin(p(o). (5.36)

Ceepxnepexonnas OJIC CHHXPOHHOTO KOMIICHCATOpa OINpPENENSETCs
Kak

E(O) = U(O) iXdI(O)’ (5.37)

TJie 3HaK «ILIKOC» MPUHUMAETCS B TOM CJIydae, €ClIH 10 KOPOTKOTO 3aMbl-
KaHHs KOMIleHcarop paboTan c IepeBo3OyXIeHHEM, a «MHHYC» —
C HenoBO30YXICHHEM.

Bripaxenus (5.26), (5.27) u (5.28), (5.29) no3BONsIOT COCTaBHThH
CXeMBbl 3aMeIleHHs CMHXPOHHOW MaIUMHBI C AeMI(EPHBIMU KOHTYpaMH
COOTBETCTBEHHO MO NPONONbHOM M IIOIepedHol ocsM poropa. Takue
CXeMBI IPUBENEHEI Ha pUC. 5.5, a U 6.

5.4. BAMAHME SAEKTPOABUIATEAEH M HArpy3oK
B HOYAAbHbIH MOMEHT KOPOTKOro 3aMbIKaHMUA

BiusiHHE CHHXPOHHBIX DJIEKTPOJABUTaTEIEH H CHHXPOHHBIX KOMIIEHCa-
TOPOB Ha TOK B MECTE€ KOPOTKOTO 3aMBIKaHHs B HaYalbHbIH MOMEHT Bpe-
MEHH 3aBHMCHT OT HX peXuma paboTsl O KOPOTKOTO 3aMbIKaHHs H YIaJIeH-
HOCTH TOYKH KOPOTKOro 3aMbikaHHs. IIpu paboTe CHHXPOHHBIX JIEKTpPO-
nBurareseil (KOMIEHCATOPOB) C MEPEBO30YKAEHHEM HX CBEPXIIEPEXOJHAs
BJIC 6omblie HANPSHKEHUs HA BHIBOJAX, I0OITOMY OHM MOAOOHO CHHXPOH-
HBHIM TEHEPAToOpaM yBEIHYMBAIOT TOK B MECTE KOPOTKOTO 3aMbIKaHHMS.
B cnyuae paGoThl CHHXPOHHBIX 3JEKTPOIBHraTesied (KOMIEHCATOPOB)
C HeNOBO3OYXIEHMEM HMX BIHSHHE B HA4albHBIH MOMEHT KOPOTKOTO
3aMBIKAHMS 3aBHCHT OT yalieHHOCTH TOYKH KOPOTKOTO 3aMBIKaHH:
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€CJIH B OTOT MOMEHT OCTAaTOYHOE Halps’KCHUE OKAa3bIBACTCsI MEHBIIE

cepxnepexoqnoi BJIC, TO OHM yBENHYHBAIOT TOK B MeCTe KOPOTKOTO
3aMBIKaHHS;

€CJIH K€ OCTAaTO4YHOE HalpsDKEeHHUE OCTaercs 06ojblie CBEpXnepexoa-

Hoii OJIC, TO OHM TIPOTOIKAKOT NOTPEGIATh PEAKTHBHYIO MOIIHOCTD W3
CETH.

Crepxniepexonnas OIC CHHXPOHHOTO 3JEKTPONBHIATENs IO KOpOT-
KOTO 3aMBIKaHUs IIPH €T0 paboTe ¢ HeNOBO30YKAEHUEM B COOTBETCTBHH C

~ ~ ~ ! ~
YIPOLIEHHOW BEKTOPHOH nuarpamMMoi (Xq' =X 0',’ ), TIpUBENEHHON Ha

pHC. 5.6, MoXeT GBITh onpeenena mo Gopmyiie

"o " . 2 " 2
Eq) = «/(U(O) = Xglgy sing ) + (X;1 ) cos@)) (5.38)
HIH

Egy = Uy —XJI(O) sing g, - (5.39)

ACHHXDOHHbIE 3/EKTPONBHIaTeNH B HAYaNbHBIA MOMEHT KOPOTKOTO
3aMBIKaHHs MOXXHO PacCMaTPHBATh KaK CHHXPOHHBIE DJIEKTPOIBUIATEH,
paboTatolue ¢ HeNOBO30YKAEHHEM, TTIO3TOMY HX BIHMSHHE HA HAYAIbHbI
TOK B MECTE KOPOTKOTO 3aMBIKaHHsl TAKXKE 3aBHCHUT OT yIAJEHHOCTH TOYKH
KODOTKOTO 3aMBIKAHHS.

B pacueTHO# cXeMe aCHHXPOHHBIE EKTPOABUTATENH, KAK H CHUHXPOH-
HBIE, JIOJUKHBI OBITh YYTEHBl CBEPXIIEPEXONHBIM CONMPOTHBIEHHEM H
ceepxnepexonHoi IJIC. CpaBHHBAst H3BECTHYIO CXEMY 3aMEILEHHUs aCHH-
XPOHHOTO 3JIEKTPOABHUIaTENsl C ABYMS OOMOTKaMH Ha POTOPE CO CXEMOit
3aMEINCHHS CHHXPOHHOH MALIMHBI C JIeMIIYEPHBIMH KOHTYPaMH MO Hpo-
AONBHOH OCH, MOXHO YBHIETb, YTO CBEPXIEPEXONHOE COIPOTHBIEHHE
aCHHXPOHHOTO DNIEKTPONBHIATENS MPAKTHYECKH DPABHO €TI0 BXOTHOMY

CONPOTHBIICHUIO TNPH HEMOABHXHOM POTOPEe X (4o, (TAK Kak TONBKO B
*

0 U

Xy
I' EZ ”

Puc. 5.6. BexropHan aAmarpamma CHHXPOHHOIO 3JIeKTPOJBHIraTe/Isl, PaoTaoNmero ¢ Hexo-
BO30YyKAeHHEM

63



o

R
2
9TOM ClIy4da€ MOXHO npeHCGpeqL AKTUBHBIMH COIIPOTHBJIICHHSIMH ?,

BXOASIIIHUMH B CXEMY 3aMEILICHHS ACHHXPOHHOTO JlBI/Il"aTeJ'ISI), T.C.
1

‘&HOM) ~ Ay (nom) ~ I_ >

(5.40)

rae / n — KpaTHOCTh IIyCKOBOI'0 TOKa JJIEKTPOABHIATEIIA MO0 OTHOLICHHUIO
*

K €r0 HOMHHAJIHHOMY TOKY.
Jns onpenenenus cBepxnepexoqnoi C acHHXPOHHBIX NIEKTPOJIBH-
ratesneii mpumenumsl Gopmyisl (5.38) u (5.39). Ilpu aTOM B HUX BMECTO

X ;1’ clenyeT NOACTaBIATE CBEPXNEPEXONHOC COIIPOTHUBJICHHUE ACHHXPOH-

HOTO 3/IeKTpOABHIarels, onpenenseMoe no (5.40).

OGBIYHO NPH pacyeTe HAYaJbHOTO 3HAYCHHS IIEPHOIHYECKOH COCTaB-
JSFOLIEH TOKA KOPOTKOTO 3aMBIKaHUsI HHAUBUAYAJIbHO YYUTHIBAIOT TOJBKO
3JIEKTPOJBHUTATEIIH, IOIK/IIOYEHHBIE BOIM3H TOYKH KOPOTKOTO 3aMbIKaHHS.
OcTanbHbIE 2EKTPOJBUTATETH BMECTE C JPYTHMH NOTPEOUTENAMH IIIEKT-
PHUECKOil SHEPTHH, a TAKXKe IOHWKAIOMKMMHA TpaHCHopMaTopamu U Kabe-
JIIMH y4YUTBIBAIOT B BUJIE 0000IEHHBIX HArpY30K Pa3iMYHbIX Y3JI0B JJIEK-
TPOSHEPTeTHYECKOH cucTeMbl. [Ipi OTCYTCTBHH TOCTOBEPHBIX NAHHBIX 00
OTHOCHUTEJIBHOM COCTaBe Harpy30K HX B PacyeTHOM CXEME YYHMTBIBAIOT
CPeZIHMMH [1apaMETPaMH, TOIYYEHHEIMH Ha OCHOBE aHa/IN3a PE3YNLTAaTOB
COOTBETCTBYIOLIHX KCIIEPHUMEHTOB. B 4aCTHOCTH, €CIIM OTHOCHUTEIbHBIN
COCTaB HAarpy3KHd OJH30K K TOMY, KOTOPBIH XapaKTepeH sl IPOMBIIIICH-
HEIX NOTpeOuTeNneit, a ee MMEKTpOoCcHA0KEHHE OCYNIECTBISETCS 110 pajiu-
aJNBHOM cxeMe, TO TaKylo 0000IIeHHYI0 Harpy3Ky 9KBHBaJICHTUPYIOT Clie-

n " _
Ayromumy napamerpamu: Eq, o\ = 0,85 u :Y(HOM) =0,35.
Vkazannoe 3Hadenue OJIC oTHeceHO K CpEAHEMY HOMHHAJIBHOMY
HAMpPSHKEHUIO TOW CTYNEHH HaNpsDKeHHMs, Ie MOAKIIOYeHa Harpyska, a

3HaYEHHE CBEPXIEPEXOTHOTO COMPOTUBIIEHH — K TOMY K€ HanpsHKEHUIO
U K CyMMapHOH MOIIHOCTH 3TOH HarpysKH.

5.5. PacyeT aneprMoAU4ECKOW COCTABAAIOLLEN TOKA
KOPOTKOro 3aMbIKQHUA B NMPOU3BOAbBHOW CXeme

Moy HaYaJbHOTO 3HAYEHHUS AlePHOTUYECKOH COCTABIAIOIIEH TOKA
KOPOTKOTO 3aMBIKaHHsl CIEAYET ONPENEIATh KaK pasHOCTh MTHOBEHHBIX
3HAYEHUH MEPHONMYECKON COCTaBiAIONIEH TOKA B HayalbHBIH MOMEHT
KOPOTKOTO 3aMBIKaHHSI M TOKa B MOMEHT, IPEIIIECTBYOIMIA KOpOTKOMY
3aMbikaHui0. Hanbosbmee HayampHOE 3HaYEHHUE allEpHOAHIECKON COCTaB-

64

JISIOIeH TOKa KOPOTKOTO 3aMbIKaHHs B OOINEM Cilyyae ClIexyeT MpPHHH-
Math PaBHBIM aMILUIMTYJE NEPHOAUIECKOH COCTABIAIONIEH TOKA B HAYAb-
HBI MOMEHT KOPOTKOTO 3aMBIKaHHS, T.€.

a0 = ~2I- (5.41)

OTO BEIpaXKE€HHE CIPABENINBO IIPU CIEAYIOIIMX YCIOBHSX

aKTHBHAsI COCTABIISONIAs SKBUBAJIEHTHOTO CONPOTHBICHUS PACYETHOM
CXEMBl OTHOCHTEJILHO PAaCYETHOH TOYKH KOPOTKOTO 3aMBIKAHHS 3HAYH-
TENBHO MEHBIIE HHIYKTHBHOM COCTABIAIONIEH;

K MOMEHTY KOPOTKOTO 3aMbIKaHHs BETBb PaCUETHOH CXEMBI, B KOTOPOi
HaXOJIUTCS pacyeTHasi TOYKAa KOPOTKOTO 3aMbIKaHHUs, HE HATPYKeHa;

HanpsDKEHHEe OAHOH M3 (a3 ceTH K MOMEHTY BO3HHKHOBEHHS KOPOT-
KOTO 3aMBIKaHMsl IIPOXOIUT Yepe3 Hyllb.

Ecnm ykazaHHBIe yCIOBHs He BBIOJHSIOTCS, TO HAYaJbHOE 3HAYECHUE
anepUOAMYECKOH COCTARISIONIEH TOKA KOPOTKOTO 3aMBIKAHUS MEHBIIE
aMIUTUTYBI IEPHONNYECKON COCTABIIONIECH TOKAa KOPOTKOTO 3aMbIKAaHHS.

Jlist onpeneneHus anepHONMYECKOH COCTaBISIOMEH TOKA KOPOTKOTO
3aMbIKaHHs B IIPOU3BOJILHBIA MOMEHT BPEMEHH NPEABAPUTENBHO JOKHA
OBITH COCTaBIIEHA TaKas CXeMa 3aMelleHMs, YTOOBI B Hel BCe 3IEeMEHTHI
MCXOJIHOW pacuyeTHOH CXEMbl YYHTHIBAINCH KAK WHIYKTHBHBIMH, TaK M
aKTHBHBIMH CONPOTUB/ICHUSIMHU. [Ipu 3TOM CHHXPOHHBIC TeHEpaTopsl U
KOMIICHCATOPBI, CHHXPOHHbIE M ACMHXPOHHbBIE 3JIEKTPOABHTATENH
AOIDKHBI OBITH yYTEHBl MHIYKTHBHBIM COIPOTUBIEHHEM 0OpaTHOM mocie-
AOBATEILHOCTH U CONMPOTHUBIEHHEM OOMOTKH CTAaTOPA MOCTOSHHOMY TOKY
[pH HOPMHPOBAHHO} paboyell TeMmeparype 3Toi 0OMOTKH.

Ecnm ucxomHasi pacueTHas cxeMa MMEET TONBKO MOC/IENOBATENHHO
COETMHEHHBIE DJJIEMEHTHI, TO AaNe€pPHOAMYECKYI0 COCTABISIOILYK TOKa
KOPOTKOrO 3aMbIKaHHSl B NPOM3BOJIbHBIH MOMEHT BPEMEHH ! CJeyeT
OINpenensTh no popmyiie

t
A
Iy, =ine (5.42)

roe Ta — IIOCTOsIHHass BPEMEHH 3aTyXaHH s anepnonuqecmﬁ COCTaBJIAO-

IIEH TOKa KOPOTKOTO 3aMBIKAHHS.
OTa nocTosHHAs ONpenensieTcs no hopmysie

X,

T — 3K )
S (5.43)

CHHX™ "3K

roe X;K u RaK — COOTBETCTBEHHO MHAYKTHBHasi U aKTUBHAasI COCTAaBJIAIO-
i€ SKBHUBAJICHTHOI'O CONPOTHBIIEHUS pac'{eTHoﬁ CXEMBI OTHOCHUTEJIBHO
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TOYKH KOPOTKOTO 3aMBIKaHHSA;, O.,.. — CUHXpOHHas YyTIJOBasd yacTora

HAIpsDKEHUS CETH. §
B Tex ciydasx, KOLAa MpH pacyeTe anepHOAHYECKOH COCTABIISIOLICH
TOKa KOPOTKOTO 3aMbIKAHHs B [POH3BONBHBIH MOMEHT BpEMEHH HE00X0-
JMMO yYeCTh TOK TeHepaTopa B MOMEHT, MPEIIECTBYOMH KOPOTKOMY

3aMBIKaHHIO, CJIeyeT MCIIOIb30BaTh GopMyITy
t

Ta
iy, = 21 e

2
Ino
o o

rae [y — TOK TeHeparopa (meiicTBylOIIEE 3HAYEHHE) K MOMEHTY KOPOT-

KOTO 3aMBIKAHHS, |y — Yroi casura ¢as ceepxnepexonnoi OJIC u Toka
reHeparopa K MOMEHTY KOPOTKOTO 3aMbIKaHH, T, — TOCTOsIHHAs Bpe-

MEHH 3aTyXaHHs alepruoAuIeCKOH COCTaBJSIONIEH TOKa KOPOTKOTO 3aMBbl-
KaHUA B LIEMTH C CHHXPOHHBIM T€HEPaTOpOM.

Ecau HcXomHas pacyeTHas cxema (M COOTBETCTBEHHO CXeMa 3aMEIle-
HHSI) SBISETCS MHOTOKOHTYPHOH, TO anepHOIM4ecKas COCTaBJolad
TOKa KOPOTKOTO 3aMBIKaHUsI H3MEHAETCS BO BPEMEHH HE 10 SKCIIOHEHIH-
aJbHOMY 3aKOHY, @ IPEICTaBIseT CO00H CyMMY TOKOB, SBJISIOIMUXCS SKC-
TOHEHIMAIBHBIMU (YHKIUAMH BPEMEHH W 3aTyXalolUX C pasIuiHBIMH
NOCTOSIHHBIMH BpeMeHH. UHCII0 S5KCIOHEHIHAJIBHBIX CIararomux arnepuo-
JIMYECKOH COCTABIAONIEH B LENHM C aKTUBHO-HHIYKTHBHBIMH BCTBAMM
PaBHO YMCILy He3aBHCHMBIX KOHTYPOB. [103TOMy TOYHOE 3HAYCHHE aNepH-
OIMYECKOH COCTaBIAKOIIEH MOXeT OBITh ONpPENEJEHO TOJNBKO myTeM
pelleHHs COOTBETCTBYIOIIEH CHCTeMBI MU (bepeHIHaTbHbIX yPAaBHEHHH,
COCTABJICHHBIX C y4€TOM KaK MHIYKTHBHBIX, TaK H aKTHBHBIX CONMPOTHB-
JeHHH BCEX SIEMEHTOB MCXOIHOM pacueTHOH cxeMbl. OfHaKo OOGBIYHO
HCIIONB3YIOT TPHONIKEHHYI0 METOQUKY pacuera anepHONHYECKOH
COCTABIAIOIIEH, MpUYEeM TaKas METOAMKA 3aBUCHT OT KOHOHTypanuu
MCXOIHOM PacuyeTHOH CXeMblI H MONOXEHHs PacueTHOH TOYKH KOPOTKOro
3aMBIKaHHUS.

ECIM MCXOfHAs pacyeTHas CXema sBIISETCS MHOTOKOHTYDHOH, HO BCe
MCTOYHMKH SHEPTHHU CBA3aHBI C PACIETHON TOYKOH KOPOTKOTO 3aMbIKaHHA
o6IWHMM COPOTHBIICHHEM (HIIH CXeMa COIEPXKHT TONBKO OIMH MCTOTHUK
SHEpTHH), TO MPH NPHOTIKEHHBIX pacdeTax anepHoAMIecKOH COCTaBILI-
[olieil TOKa KOPOTKOTO 3aMBIKAHHS B NPOM3BOJBHBIA MOMEHT BPEMEHH
JIOTYCKAETCsl CYMTATh, YTO ITA COCTABIAIONIAs 3aTyXaeT BO BPEMEHHU IO
SKCTIOHEHLHAIbHOMY 3aKOHY C HEKOTOpOH JKBUBAIEHTHOiH MOCTOSHHOH
Bpemenn T, .. CymecTByeT HECKOIBKO METOMIOB €€ OpeeIeHU:

66

1) C UCMOJB30BaHUEM COCTABIISAIOIIHUX KOMIIJIEKCHOTO S3KBHBAJIECHTHOIO
CONPOTHUBJICHHSA CXEMBI 3aMEIIECHHUSI OTHOCHTEJIBHO TOYKH KOPOTKOI'O
3aMbIKaHHSI, HBMEPEHHOTO ITPpH HpOMI:ILLIJICHHOﬁ JacToTe:

Jm Z3K
T, ., = 5 Rez ’ (5.44)
CHHX 3K

rae Za!( — KOMIJIEKCHOEC 3KBHBAJICHTHOC COIIPOTHUBIICHUE CXEMEBI 3aMellie-

HUsA, u3MepeHHoe npH Yactore 50 ['u; Jm Z, — MHUMas cocTaBnsomast
KOMIIIEKCHOTO 5KBHUBAJICHTHOTO CONPOTHUBJIEHHUS; Re Z, — nedcTBuTEND-

Hasg COCTaBJIAOIIAas] KOMIUICKCHOIO 3KBHUBAJICHTHOIO COMIPOTHBICHHS,
O ux — CHHXpPOHHas yIiioBas 4acToTa,

2) C HCIIOJIb30BAaHHEM OKBHUBAJICHTHBIX HMHAYKTHUBHBIX H aKTHBHBIX
COHpOTI/IBHCHI/Iﬁ CXE€MBbI 3aMCIICHHUsA OTHOCHTCIBHO paC‘-IeTHOﬁ TOYKH
KOPOTKOT'0 3aMBbIKaHHUSA, IIOJYYCHHBIX IIPH MOOYCPECIHOM HCKIOYECHHH H3
CXE€MBbI BCCX aKTUBHBIX, a 3aTEM BCEX MHAYKTHUBHBIX COHpOTI/IBJ'IeHI/Ii;IZ

X
R=0
T,, = —>X&0 (5.45)

wcm—lxRax(X=0) ’
Tae XaK(R =0) 9KBHUBAJICHTHOC COMPOTHBICHHUE CXCMBbI 3aMCIL€HUS npu
yd4€T€ B HEH Pa3/IMYHBIX 3JIEMEHTOB PAaCUYCTHOM CXEMBI TOJIBKO HHIOYKTHUB-
HBIMH CONIPOTHUBJICHHUAMH, T.C. IIPH HCKIIOYEHHH BCEX aKTHBHBIX COoIpo-
TI/IBJ'ICHPIf;I; RaK(X= 0) — 3KBHBAJICHTHOE COMNPOTHUBJICHHE CXEMBbI 3aMEIle-
HHs IPH UCKIIOYEHHUH U3 HEE BCEX MHIAYKTUBHBIX COHpOTHBJ'ICHPIﬁ;
3) C UCIIOJIb30BAHHUEM COCTABIISAIOIIHUX KOMIIJIEKCHOT'O 3KBUBAJICHTHOI'O

COMPOTHBJICHUS CXEMBI 3aMEIEHHUS OTHOCHTEIHHO TOYKH KOPOTKOTO
3aMBIKaHUs, H3MEPEHHOTro mpu gactore 20 I'i:

JmZ
T, =25—=220 (5.46)
mcm{xRe Zax(20)

e Z, (20
3aMEUICHHs] OTHOCHMTENBHO PACYETHOM TOYKH KOPOTKOTO 3aMBIKAaHHMA,
usMepenHoe npu vacrore 20 I'; Jm Z,, () — MHHEMas COCTaBsIOmas

— KOMIUJIEKCHO€ JKBHUBAJICHTHOC COIIPOTHUBICHHE CXEMBI

YKa3aHHOT'O KOMIUJIEKCHOTO CONpPOTUBIEHUs; Re Zax(20) — JeHCTBUTEIb-

Hasl COCTaBIAIOIIAs TOTO COMPOTUBIICHHS.

ITo oTHOLIEHHIO K TOYHOMY PEUICHHIO MPUMEHEHHE MEPBOTO METOIA
OOBIYHO [aeT OTPUIATENbHYIO MTOTPEIIHOCTh (3aHMKAET 3HAYEHHS HOCTO-
SHHOH BPEMEHM), NPUMEHEHHE BTOPOI0 METOJA JAaeT HOIOXHTEILHYIO
NOTPEINHOCTh (3aBBINIACT 3HAYEHUS] MOCTOSHHONW Bpemenu). [lorpem-
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HOCTb, CBSI3aHHAsi C IPUMEHEHHEM TPETHEro METOona, MO abCOMOTHOH
BEJINYMHE OOBIYHO MEHBIIIE, YeM NPH UCIOJb30BaHHH [IEPBOTO U BTOPOTO
MeTon0B. Ilpn aHamMTHYeCKHX pacuerax Haubojiee MPOCTHIM SABISETCH
BTOpOi Meton. IIpu pacuerax ¢ mpumeHeHHeM OBM npennoyreHue cie-
AyeT OTAaBaTh IEPBOMY U TPETHEMY METONAM.

Ecnu pacueTHast Touka KOPOTKOIO 3aMBIKaHHs JEJUT UCXONHYIO pac-
YeTHYI0 CXeMy Ha HECKOJBKO HE3aBHCHMBIX IPYr OT Apyra 4acTew, To
NpH TNPUONMKEHHBIX pacyeTax anepUOIHYECKOH cocTaBisOLIEH Toka
KOPOTKOTO 3aMBIKaHHMs B NPOH3BOJBHBIH MOMEHT BPEMEHH €€ CIENyeT
ONpeNeNaTh KAK CyMMY allepHOIHYECKHX COCTABJIAOIMMUX TOKOB OT OTIE-
JBHBIX YacTed CXeMBl, Mojaras, 4To KaxJas M3 3THX COCTaBJIAKOLIMX
HU3MEHSETCS BO BpEMEHH C COOTBETCTBYIOIIEH JKBMBAJEHTHOH MOCTOSH-
HOM BpEMEHH, T.€.

t

d Ta 9K i
lat= Zlaol'e s (547)
i=1
rae m — YUCI0 HE3aBHCHMBIX qacTei CXEMBI; iaOi — Ha4YaJIbHOC 3Ha4c-

HHC anepnonuqecxoifl COCTaBIIAIOIIEH TOKA KOPOTKOI'0 3aMbIKaHHS OT i-H

YaCTH CXEMBI, Ta ki T 3KBHUBAJICHTHAs NOCTOSHHAas BPEMCHH 3aTyXaHHUsA

anepuoandeckoil cocrapistoniei Toka K3 ot i-if yactu cxemsl, onpenens-
emas 1o (5.44), (5.45) unu (5.46).

5.6. Cnoco6bl onpeAeAeHus yaapHoro koadpduumeHTa
M COOTBETCTBEHHO YAQPHOro TOKA KOPOTKOro
3aMbIKAHUS

Cnoco6 pacuera ynapHoro ko3¢ (hHIHEHTa ¥ yIapHOrO TOKa KOPOTKOTO
3aMBIKaHUS 3aBHCHT OT TPeOyeMON TOYHOCTH pacueTa M KOH(Urypanuu
HCXOJHOH pacyeTHOM CXEMEI.

Ecnu ucxomHasi pacyeTHas CXeMa SBISETCS MHOTOKOHTYPHOH, TO IJIst
NIOJTY4EHHUs] BEICOKOH TOYHOCTH pacdyeTa yOapHOTO TOKa KOPOTKOTO 3aMbl-
KaHUs ClIeAyeT peIuTh cucreMy aupdepeHIHanbHbIX YpaBHEHHH,
COCTaBJICHHBIX Ui MTHOBEHHBIX 3HAYEHHH TOKOB B y3JaX W MaIeHUU
HalpsDKeHHs. B KOHTYpax pacyeTHOH CXEMBI, M ONPENENUTh MAKCHMAllb-
HO€ MTHOBEHHOE 3HAYeHHE TOKa B BETBH, B KOTOPOH HAaXOOUTCS pacyeT-
Hast TOYKa KOPOTKOTO 3aMBIKaHHS.

IMpu pacuete ynapHOro Toka KOPOTKOTO 3aMBIKaHH C [EJIBI0 MPOBEPKH
NPOBOJHUKOB M 3JEKTPUYECKHX alllapaToB II0 YCIOBHSM KOPOTKOTO
3aMBIKaHHUS JOIMYCTUMO CYUTATh, YTO aMILIUTY/a IEPHOIUIECKOH COCTAB-
JSAIOIIEN TOKa KOPOTKOTO 3aMBIKaHHsI B MOMEHT HACTYIUICHHUS YOApHOTO
TOKa paBHA aMILTUTYJIE 3TOW COCTaBIIAIONIeH B HAYaIbHBIH MOMEHT KOPOT-
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KOTO 3aMbIKaHHs. MCKII0Y€HHE COCTaBISIOT Cllydad, KOrna BOIH3M pac-
YETHOM TOYKH KOPOTKOTO 3aMbIKaHHs BKJIIOYEHBl aCHHXPOHHEIE 3JIEKTPO-
JIBUTATEIIH.

Ecnu ucxonnas pacyeTHasi cxema COHEPXKHT TONBKO MOCIIEN0BATENHHO
BKJIIOYEHHBIE DIEMEHTBI, TO yNapHBIA TOK CIENYET ONpENensith no (op-
myJe:

iy = W20, K, (5.48)

rae Kle — yAapHbli koo unment. Ilocnenuuii pekOMEHAYeTCs onpene-
JATD 110 OAHOM U3 CIENYIOIUX HOPMYIL:

057+ ¢,
- X3K/R3K
K,=1+e , (5.49)
rae
X3K
¢, = arctg — (5.50)
R3K
HIIH
3
_X3K/R3K
Ky, =1,02+0,98¢ . (5.51)

B rex ciyuasix, xorna X, /R, > 5, ynapHblii koo duuuenT 10mycTaMo
onpezensTk 1o Gosee npoctoit hopmyie

_oo1

T
Ky=1l+e °, (5.52)

rae 7, — MOCTOsIHHas BpPEMEHH, onpeznensemas o gpopmyie (5.43).

Ecimu nexonnas pacueTHas cxeMa siBIsIeTCS MHOTOKOHTYPHO#M, IpHYeM
BCE MCTOYHUKH SHEPTHHU CBA3AHBI C PACIETHOH TOUKOH KOPOTKOTO 3aMBI-
KaHHs OOIMM COMPOTHBIEHHEM, TO IPH NPHONMKEHHBIX PacyeTax yaap-
HOTO TOKa KOPOTKOTO 3aMBIKAHHsl, MCXO/ls M3 paHee IPHHSTOrO IOMyIle-
HHs 00 OKCIIOHEHIMANBHOM XapaKTepe HM3MEHEHHs aNepHOguYecKoi
COCTABIAIONICH TOKa KOPOTKOTO 3aMBIKaHHMs, TPH HCIONb30BaHHH (HOp-
Myl (5.48) ynapusiii k0adduuuent cnenyer onpenensite mo Gpopmyiam,
aHanoru4HeM (5.49) u (5.51):

0,57 + ¢, 0,01(0,5+(pK/TC)

K — 1 + e (DCPIHXTa.3K

T
ya =l+e (5.53)
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3
) T
Ky}l _ 1,02 + 0,986 CHHX a.ak’ (554)

raoe Ta sk OKBHBAJICHTHAA MOCTOsSIHHAas BPEMEHH 3aTyXaHHs all€pHONH-

YECKOM COCTaBIAIONIEH TOKa KOPOTKOTO 3aMBIKaHHUS, ONpelelseMas Io
bopmynam (5.44), (5.45) unu (5.46).
Mpu X /R, > 5 HOmyCTHMO TaKKe HCIONb30BaTh dbopmyny, a”aio-
ruuHyio (5.52):
0,01
K _=1+e Tas (5.55)
Vi . .

B Tex ciryyasix, KOraa HCXOHas pac4eTHas CXeMa SBIISETCS MHOTOKOH-
TYpHOM, HO pacyeTHas TOYKa KOPOTKOTO 3aMBIKaHHs IEIUT €€ Ha
HECKOJIBKO HE3aBMCHMBIX 4YacTel, TO yAapHBIH TOK AOMYCTHMO NPHHH-
MaTh pPaBHBIM CyMME YyHapHBIX TOKOB OT COOTBETCTBYIOLIMX 4YacTeH
CXEMBHI, T.C.

m
iy = 23 10 Ky (5.56)
i=1
rae I, ,; — HadanbHOE JEHCTBYOlIee 3HaY€HHE IEPHOAUYECKOH COCTaB-

JISIOIEeNd TOKa KOPOTKOI'O 3aMbIKaHHS OT i-i1 4aCTH CXEMHI; Ky}:(i — yaap-

HBIA KO3(G(HIHEHT TOKa KOPOTKOTO 3aMbIKaHHUS OT i-M 4acTH CXEMBI,
ompenensieMsit o gpopmynam (5.53), (5.54) umu (5.55).

5.7. PacyeT nepuoOAMHECKON COCTABASIOLLEN TOKA
KOPOTKOro 3aMbIKAQHUS B NMPOU3BOAbHbIA MOMEHT
BPEMEHU QHAAUTUYECKUM Crnocobom

Pacuet mepuoguueckoi COCTaBIAIOLIEH TOKA KOPDOTKOTO 3aMBIKaHHUs B
NpPOU3BOJBHBI MOMEHT BPEMEHH B CIIOXHOH Da3BETBIECHHOM CXEMeE C
Y4eTOM IMEePEXOMAHBIX MMPOLIECCOB B CHHXPOHHBIX MalllMHAaX, JJIg KOTOPHIX
KOPOTKO€ 3aMbIKaHHe SBISAETCS ONM3KUM, CleAyeT IPOU3BOIHMTH IIyTEM
peLIeHHs COOTBETCTBYIOLIECH cUcTeMbl AUGdEepeHIHaIbHbIX YpaBHEHHH
NepeXOqHbIX MPOIECCOB, HCIOIB3YS ¢ 3TOH 1enbio OBM, u BeIneneHHs U3
HaHJIEHHOTO TOKa ero NMepuoJU4eCKOi COCTABISIOIIEH.

Ecnun ke vcxomHas pacueTHas cxema SBISIETCS paJualbHOM M comep-
JKHT TOJBKO OOHY CHHXPOHHYIO MamiMHy (MM TPYNNy OJHOTHITHBIX
MalliH), a TpebyeMass TOYHOCTh pacyeTOB MO3BONSET MPHHATH AOIYIIE-
HHe, yTO TpH (HOpPCHpOBKE BO30YXKICHHUS HANpshKeHHe Ha OOMOTKE BO3-
Oy>XIeHHsT MTHOBEHHO BO3pacTaeT 0 NPeNesIbHOTO 3HauYeHHs, TO ACHCT-
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ByIOIllCE 3HAYCHHE IIEPUOAMYECKOH COCTaBIAIOMEH TOKa KOPOTKOTO
3aMBIKaHUS B IPOHM3BOJBHBIE MOMEHT BPEMEHH ! MPHOIMXKEHHO, 0e3
ydeTa HONEPEYHON COCTaBISAIOMEH TOKA KOPOTKOTO 3aMBIKAHHS, MOXKET
OBITH OIPENENEHO C UCTIONB30BAHHEM (POPMYIIEI

_ B (B B ), T,
Xyt X, Xt'i(ld)-’-XBuI X, + X,
, -
o[ Lew Egw ), T,
Xg+ Xow  Xaaa
! t
Eqnp — Eq0) _ Ty Tolde_T_é+ Ty - Tclde_;; < Uson (5.57)
Xa+ Xy Tq=Tq Ty-Tg C Xow

rae E ¢(0) — CHHXPOHHas OJIC MalmuHBI O MONEPEYHON OCH K MOMEHTY

KOPOTKOTO 3aMEBIKaHHs (IOIycKaeTcss npuHUMaTh 3Ty DJ[C B OTHOCHTEIb-
HBIX eIWHMIAX YHMCJIEHHO PaBHOH OTHOIIEHMIO MPEIIIeCTBYIOIETO TOKa
BO30YX/IEHHs MallMHEI K €e TOKY BO30YXHEeHHs NpH paboTe B pexuMe

n

XOJIOCTOrO X07la ¢ HOMUHAJIBHBIM HANpsKeHUueM); E 2(0) 1 E;(O) — COOT-

BETCTBEHHO CBepXInepexonnas u nepexoanas I/[C MaluHbI N0 monepey-
HOM OCH K MOMEHTY KOPOTKOTO 3aMblkaHust; E, . — NpenenbHoe 3Hade-
Hue CHHXpOHHOH JJIC MaIlUHbI 10 MONEePeYHON OCH (B OTHOCHTEIBHBIX
€IUHUIIAX €r0 MOXXHO CYMTaTh PaBHHIM OTHOLICHHIO MPEAEIHFHOrO TOKA
BO30YX/IeHHsl MallMHEI K ee TOKy BO30yXleHHs npu paboTe B pexuMe

X0JIOCTOI'O X0J1a ¢ HOMHUHAJIbHBIM Haﬂpﬂ)l(eHPICM); XBm — COIIPOTHUBJICHHUE
~ ’ n
BHCIIHECH CCTH, Td Hu Td — NOCTOSITHHBIE BPEMCHH 3aTyXaHHsI COOTBET-

CTBCHHO nepexozmoffl u csepxnepexonﬂoi/i COCTaBJIAIOLIMX TOKa KOpPOT-
KOT'O0 3aMBbIKaHHA, C.

OTH MOCTOSHHEIE BPEMCHHU CBA3AHKI C Tj; H Tlld COOTHOIIICHUSIMH:

Ty=T;+ Ty,
U
T, T,
Td”=0-, vf ldr 2
T+ Tiy,

’ ’
tne Ty u T, — MOCTOsHHbIE BPEMEHH OOMOTKH BO3GYKICHHS M IIPO-
JOJBHOTO AEMNI(EPHOTO KOHTYpA C YYETOM 3aMKHYTOH OOMOTKH SKODSI.
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IocrosiHHEIE BpeMeHHn Tf' uT 1' 4 ¥ KoopbuureHT paccesHus ¢’ pac-

CUHTBIBAIOTCS 1O popMyam:
2

, X,- _XL
- X, X+ XBm;
O)CI/IHXRf manfo
L
T1'd= X{d _ t Xd+XBm;
O)CHHXRld (DCPIHXRld

2.2
(XO' + XBIII) Xad
2 2.’
[X/(Xd + XBHI) - Xad] [de(Xd + Xam) - Xad]

GI=1—

e X, 1 R, — UHIYKTHBHOE M aKTHBHOE CONPOTHMBIEHHS OOMOTKH BO3-
Oyxnenusi; X;; 4 R| ; — MHIYKTHBHOE W aKTUBHOE CONMPOTHBIIEHHUS MPO-
JOJBHOTO JIeMII(epHOTO KOHTYpa.

IMapametp X 0',(1 4y ompeneinsiercs o gopmye:

T’ + T’
X1y~ (Xd+XBm)_L_—T n Tld ;
0% Tiao
rIe
X X,
— / 1d
Troo=—=35 Tigo= ——F-
f wCHHXRf (DCHHXR 1 d

Ilocrosinnas Bpemenu T ; onpenensercs no popmyie:

T _ Xold __de—Xad
1d — - R

(e}
wcpme 1d ®

CHHX ']

5.8. MpakTuyeckne MeToAbl pac4yeTa NepHMoAMHECKOMN
COCTABAAIIOLLEN TOKA KOPOTKOro 30MbIKAHMA

OnpeaeAerne YAQA€HHOCTU TOYKM KOPOTKOro 3aMbIKAHUSA
OT 3AEKTPUYECKOU MALUUHbI

Bricokas TouHOCTH pacycToB lIefICTByIOH.[CI‘O 3HA4YCHUS NCPHOIHYEC-
CKOH COCTABIAIOMIEH TOKa KOPOTKOTO 3aMBIKaHHS B HpOHSBOJ’ILHLIﬁ
MOMEHT BPEMCHH MOXET ObITh OOecmeyeHa JIMIIb IIpH YY€TEC BIHUSAHHUSA
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neMI(EPHBIX KOHTYPOB CHUHXPOHHBIX MallMH, IEHCTBUS yCTPOUCTB AJIS
aBTOMATHYECKOTO DPEryIHpOBaHHsS BO30YXKIEHHs, HACBINICHHUS CTalH B
3yOLIOBOM 30HE SKOPS, M3MEHEHHs YacCTOThl BPAIECHHS 3JIEKTPHYECKHX
MalIHH, BIUSHHUS MOAKIIOYEHHEIX HAarpy30K U APyrux Gakropos.

Mexay TeM B psjie ClydaeB OKa3bIBAaIOTCS JOCTATOYHBIMH MPHOIH-
JKEHHbIEe JTAHHBIE O TOKaX KOPOTKOTO 3aMBIKaHMs. B 4acTHOCTH, B poekT-
HOM MpPaKTHKe MIHUPOKOE MPUMEHEHHE HAllIM TaK HAa3bIBa€MBIC MPAKTH-
YyeCKHE€ METOAbl pacyera JeiCTBYIOLIETO 3HaueHHUs MEepPHOTUYECKOH
COCTaBJISIOIIEH TOKa KOPOTKOTO 3aMBIKaHHSI.

Ilpy HCHONB30BaHUM TPAKTHYECKUX METONOB HEOOXOAMMO 3HATh
TOJBKO yIAIeHHOCTh TOYKH KOPOTKOTO 3aMBIKaHHUs OT HCTOYHHKA SHEPTHU
(reHepatopa MM 3nekTpojBurarens). OOBIYHO MO yNaJEHHOCTHIO TOYKH
KOPOTKOTO 3aMbIKaHHs MMOHHMAIOT MPHBEIEHHOE K HOMHHAIBHOM MOMI-
HOCTH U HOMMHAJBHOMY HAIpPsHKEHHIO MAlIUHBI CONPOTUBIIEHHE BHEIL-
Hel LeNH A0 TOYKH KOPOTKOTO 3aMBIKaHHMS, T.€. COIPOTUBICHHE JIEMEH-
TOB 3HEProCHCTEMBl (TpaHC(OPMATOPOB, DPEAKTOPOB, BO3AYLIHBIX U
kaOeIbHbIX JIMHUH U T.1.), KOTOpblE IPH KOPOTKOM 3aMBbIKaHHU OKa3bIBa-
IOTCSl BKJIIOYEHHBIMH MEXIy HCTOYHMKOM JHEPIHM M TOUKOH KOPOTKOTO
3amMbIkaHHsA. OTHAaKO Takas OIEHKa yNaJeHHOCTH IPUMEHUMA JIMIIb B TEX
cirydasix, KOTJja pacdeTHas CXeMa COIEPHKHT TOJIBKO OfHY dJIEKTPHUYECKYIO
MallIMHY WM HECKOJIBKO OTHOTHUITHBIX H OIMHAKOBO YNAJICHHBIX OT TOUYKH
KOPOTKOTO 3aMbIkaHHsi MamuH. bonee ynoOHON M yHHBepcalbHOH BEJH-
YUHOM, KOTOpas B IIOJIHOM Mepe XapaKTepHU3yeT YNaleHHOCTh TOYKH
KOPOTKOTO 3aMBIKaHHUS OT reHeparopa (371eKTPOIBUraTeNs) H MOXeT ObITh
oInpejeneHa B JII000H cXeMe U IpH JII000M YHCIIEe MAIlUH, SIBISETCS OTHO-
LIEHHE AEWCTBYIONIETO 3HAYEHHs MEPHOAMYECKOH COCTABIAIOIIECH TOKa
reHepaTopa (3JEeKTpOABUraTelNsl) B HAYaJIbHbIH MOMEHT KOPOTKOTO 3aMbI-

KaHus [ ( K €r0 HOMHHAJIBLHOMY TOKY [, . T.C.

Il'IO

,{ 1 0(HoMm) = IHOM

(5.58)

3TO BBIpaXEHHE IeJIeCO00pa3HO NMPUMEHATh B TEX CIydasx, Korma
MEXIY FeHepaTopoM (3JIEKTPOABHUraTe]IeM) U TOYKOH KOPOTKOTO 3aMbIKa-
HHs HeT TpaHcdopmaTopoB. B o6uieM ciydae, korga reHeparop (31eKTpo-
JBUTATeNb) U TOYKA KOPOTKOTO 3aMBIKAHUS HAXOJATCS Ha Pas3HBIX CTY-
NEHAX HANpsDKEHUS U JEeHCTBYIOIIee 3HAUYEHUE MEPHOIHYECKO COCTaB-
JAOmMENR TOKa MalMHBl B HAa4YalbHBII MOMEHT KOPOTKOIO 3aMBIKaHHUs
I, TpUBENEHO K TOW CTYyNEHM HANpSKEHUs, HA KOTOPOH HaXOUTCs

TOYKa KOPOTKOT'0 3aMbIKaHHsI, OTHOCUTCJIBbHOC 3HAY€HHE l'ICpPIOI[PI‘-ICCKOﬁ
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COCTaBIAIOIIEH TOKa TreHepaTopa (3NMEKTPOJBMraTesisi) B HayalbHbIA
MOMEHT KOPOTKOTO 3aMbIKaHHs | clieyeT Onpenenarh Kak
*

1 0(H0M)
/ 0 ﬁaom
!HO(HOM) = OH = .\/31“0 P (5.59)
SHOM

HOM
rne 1 wom ¥ f/HOM — COOTBETCTBEHHO HOMMHAJBHBIH TOK H HOMHUHAJILHOE
HalpsDKeHHe reHeparopa (NEKTPOABUIaTeNs), IPUBEIECHHBIE K TOH CTy-
TICHH HaNpsDKEHHS CeTH, Ha KOTOPOM HaXOIMTCS TOYKAa KOPOTKOIO 3aMbl-
KaHHS.

Ecnu pacueThl TOKa KOPOTKOTO 3aMBIKaHHs! MIPOBOIATCS C UCIOJIb30Ba-
HMEM CHCTEMBI OTHOCHUTEIBHBIX €IWHHI{ IIPH NPOU3BONBHO BEIOPAHHBIX
0a3suMCHBIX YCIOBHSX, TO OTHOCHUTEIHHOE 3HAYEHHE MEPUONUYECKON
COCTABISAIONIEH TOKa TreHeparopa (dJIEKTPOIBUTATENs) B HadalbHBIH
MOMEHT KOPOTKOTO 3aMbIKaHHS, ONpENENSIOEe YAAI€HHOCTh TOYKH

KOPOTKOTO 3aMEBIKaHHs, 11e1eCo00pa3Ho HaXOOUTh 0 Gopmyre

S U
6 HOM
1 =1 _— (5.60)
n 0(HoMm n 0(6 ?
1 0(Hom) 4 ()SHOM Us
roe ,,In0(6) — JelicTByollee 3HaYCHHE NEPUOAMYECKON COCTaBISIOIIEH

TOKa TeHepaTopa (QNIEKTPOJBHIaTelis) B Ha4aJbHBIH MOMEHT KOPOTKOIO
3aMBIKaHHUs, BBIPAKEHHOE B OTHOCUTENBHBIX EIHHUIAX [IPU IPOU3BOIBHO
BEIOpaHHBIX 0a3MCHBIX yCNOBHAX; Sy U Uz — 6a3MCHBIE MOLIHOCTh H

HarnpshKeHHe TOM CTYNEeHM HAIlpsHKeHUsi, Ha KOTOPOH HaXOAMTCS IeHepa-
TOp (nekTponsurarens); U, . — HOMHMHAJIBLHOE HAaNPsHKEHHE F€HEPATOpa

(anexTpoaBHUrarens).

B 3aBHCHMOCTH OT YHaJ€HHOCTH TOYKH KOPDOTKOTO 3aMbIKaHUS OT
reHeparopa (3JeKTPOIBUraTeNs) BCe KOPOTKUE 3aMBIKaHUs IeNAT Ha yoa-
JleHHble U Onu3Kue. YIaleHHBIMU HAa3bIBAIOT TAKHE KOPOTKHE 3aMbIKaHUS,
IPU KOTOPBIX aMILTUTYIbI MEPHOIMYECKOH COCTaBIAIONIEH TOKa IeHepa-
Topa (PIEKTPOIBUIATENS) B HAYAIbHBIM U MPOU3BOJILHBIA MOMEHTHI Bpe-
MEHH TPaKTHYECKH ONUHAKOBBHI, a ONU3KUMH — KOPOTKHE 3aMbIKaHHS,
IPH KOTOPBIX aMIUTATYIbI NEPHOIUYECKOH COCTABIAIONIEH TOKAa MallMHbI
B HayaJbHbIH M IPOM3BOJBHBI MOMEHTH BPEMEHH CYIIECTBEHHO OTJIH-
garcsi. OOBIYHO KOPOTKOE 3aMBbIKaHWE CUHUTAIOT YOAJIEHHBIM, €CIIH OTHO-
IIeHHe JEeWCTBYIOIIETO 3HAYEHHs MEPUOAMYECKOH COCTaBIAIOMIEH TOKa
reHeparopa (2JIEKTpOIBHIaTelisl) B Ha4YaJ bHBIi MOMEHT KOPOTKOTO 3aMBI-

KaHHS K HOMHHAJILHOMY TOKY MalllHHBI MEHee 2, T.€. ecliu [ <2,u
*

>2.

1 0(HOM)

OJIM3KUM, €ClIU *I 11 0 (om)
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PacuyeT AeNCTBYIOLLErO 3HAYEHUA NEePHOAUYECKON
COCTABASIIOLLLEH TOKA KOPOTKOFrO 3GMbIKAHUA METOAOM
TUNOBLIX KPUBbIX

Haunbonee pacnpocTpaHeHHBIM IIPaKTUYECKUM METOIOM pacuera
AEACTBYIOIIETO 3HAYEHMS IEPHOAUIECKOH COCTABIAIONIEH TOKA B Ipou3-
BOJIbHBIf MOMEHT BPEMEHH IPH OJIIN3KUX KOPOTKUX 3aMBIKAHUAX ABJISIETCA
METOJ THIOBBEIX KPHMBBIX. B OTIHYHMe OT JPYTHX 3TOT METOX HO3BOJIfeT,
HCIONIb3Ysl €AUHBIE KPHUBEHIE, ONMPENEIUTh TOK KOPOTKOTO 3aMBIKAHMS OT
Pa3HOTHUIHBIX T€HEPaTOpOB (IJIEKTPOABHUraTeseH), Jake eClid YHCIOBEIE
3Ha4YEHUs MX OJHOMMEHHBIX MMAapaMEeTPOB CYIIECTBEHHO OTIMYAIOTCA
(MCKITIOUEHHE COCTaBIAIOT TypOoreHepaTtopel MoIHOCTEI0 500 MBT).
3OT0 HOCTUraercs 3a CYeT TOro, YTO MEPHOJUIECcKas COCTABIAIOMAs TOKA
KOPOTKOI'O 3aMBbIKaHHs B JI000H MOMEHT BpEMEHH OTHECeHa He K HOMH-
HAJILHOMY TOKY MAIlIMHBI, KaK 3TO HUMEJO MECTO B IPUMEHSIEMOM paHee
METOJIE PACUYETHBIX KPHUBBIX, a K JeHCTBYIOUIEMY 3HaYEHHUIO MEPHOIMYE-
CKOH cOCTaBIfIOIIEeH TOKAa MAaIIWHBI B Ha4YaJbHBIH MOMEHT KOPOTKOTO

I

!
3aMbIkaHHs. B kayecTBe mpuMepa Ha puc. 5.7 NpHBEEHBI KPUBBIE IL =

n0
= f(¥) nns typboreneparopos tunos TBB-200-2 (kpusas 1), TBB-320-2
(xpuBas 2) u TBB-500-2 (xpuBasi 3) npu KOPOTKOM 3aMBIKAHMH Ha BEIBO-
Jax 3TUX reHeparopoB. HerpynHo BumeTs, 4To Iuis TypOOreHepaTropos
MomHocTeio 200 u 320 MBT kpuBble BecbMa OIU3KH ApYr K ApYrYy.

n?

n0

0,75
N
0,50 NSZ:‘
T
0,25
0 0,5 1,0 1,5 he

Puc. 5.7. H3MeHeHHe BO BpeMeHH OTHOLUEGHHIl JelCTBYIOIIMX 3HAYEHHI MePHOIHYECKOl
cocTapasiionleli TOKa B MPOH3BOJIbHbIH MOMEHT BPeMEHH H B HAa4a/IbHbIii MOMEHT KOpOT-
KOro 3aMbIKaHHS IIPH KOPOTKOM 3aMbIKAHHH HAa BHIBOJAAX I'eHEPATOPOB Pa3HbIX THIIOB:

1 — TBB-200-2; 2 — TBB-320-2; 3 — TBB-500-2
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CyleCTBEHHO Aajibliie JIEXKUT KpHBast Ul TypOoreHepaTtopa MOIIHOCTEIO
500 MBT. ITo mepe ynaneHus TOYKH KOPOTKOTO 3aMBIKAHHsl OT T€HEPATO-

1
POB BCE KpPHBBIE I—“—' = f(¢) npubnmXxaroTCa OPYT K APYTY.
n0
BakHBIM NpeUMylIeCTBOM METONAa THIOBBIX KPUBBIX IEPEN ApyTHMH
METOIAaMH SABJISIETCS TAKXKe €ro MPUMEHUMOCTD MpH JII000H MpenIiecTBy-
I0IEH HarpysKe reneparopa (31EKTPOABUIaTelis) H BECbMa MaJlasi 3aBUCH-
MOCTh Pe3y/JbTaTOB PacYeTOB OT MECTA MOIKIIOYEHHUS HArpy3KH.

MeTon THIOBBIX KPUBBIX OCHOBaH Ha MCIOJB30BAaHUH KPHBBIX HU3Me-
HEHHsl BO BPEMEHH JEHCTBYIOLIEr0o 3Ha4eHHs IEpHOJHMYECKOH COCTaBISIO-
et Toka KOPOTKOTO 3aMBbIKaHHsl OT reHepaTropa (CHHXpOHHOIO KOMIIeHCa-
TOpA, 3TEKTPOBHUIaTelIs), OTHECEHHOI'O K €T0 HadyalbHOMY 3Ha4€HHIO, T.€.

I

= L
Ynt~10
n

TunoBble KpUBBIE AJIi CHAHXPOHHBIX T€eHEPAaTOPOB U CHHXPOHHBIX KOMIICH-
CaTopoB C TUPUCTOPHOH HE3aBUCHMOW CHCTeMOW BO30Y)XIEHHUs INpHBe-
JeHsl Ha puc. 5.8. IIpu UX MOCTPOEHHH KPaTHOCTH IPENEeNbHOT0 YCTaHO-

IpU Pa3HBIX YAAJCHHOCTAX TOYKH KOPOTKOIO 3aMbIKaHHA.

Tnt
0.9 !nO(HOM) =20
\\w/ s
—
0.8 & 1 3,_
s \ .y s
0.7 \\ 4,0—
— |
\ 5,0
0,6 \ —
\ 6,0
0’5 \
0 0,1 0,2 0,3 0,4 5c

Puc. 5.8. H3meHeHHe BO BpeMeHH JeHCTBYIOIIEr0 3HAYEHHS MEPHOAMYECKON COCTABISAIO-
1IelH TOKa KOPOTKOro 3aMbIKaHHSl OT CHHXPOHHBIX IeHepaTopoB (KOMIEHCATOPOB) C THPHC-
TOpHO#i HE3aBHCHMOMH CHcTeMol B030yXAeHHs, BHIPaKeHHOIr0 B JOJfAX OT €ro 3HAYEHHs B
HaYaJibHbIH MOMEHT KOPOTKOI0 3aMbIKaHHS
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BHUBILIETOCS HANPSDKEHUS! BO30Y)KIEHHUS 110 OTHOMIEHHIO K HOMHHAJIBHOMY
HalpsKeHUI0 BO30YXIeHHS (KpaTHOCTh (DOPCHPOBKH BO30YKIEHHS)
OblIa PHHSATA PABHOM IBYM, a MOCTOSHHAs BPEMEHH HapacTaHHs Hamlps-
JKEHHsI BO30YXKIEHHS CAHXPOHHOM MAIIHHBI TP OPCHPOBKE BO30YK/ie-
HHS paBHOW HYIIIO.

Ecnu ucxomuas pacyeTHass CXema COAEPXKUT TOJBKO OIHMH CHHXPOH-
HBl reHeparop (KOMIIEHCATOp), TO pacdeT ICHCTBYIOIIETO 3HAYCHUS
NEPHOIUUECKOH cocTaBisIoNel TOKa KOPOTKOTO 3aMBEIKAHNS B 3aJaHHBIH
MOMEHT BPEMEHH C UCIIOJIF30BAaHHEM METOAA TUIIOBBIX KPHUBBIX IIPOH3BO-
JAT B CIEIYIOIEM MOpsaKe:

1. ITo ucxonHOM pacueTHOH cxeMe COCTaBIAIOT CXeMY 3aMEIEHUs 1is
onpeieIeHUs Hada bHOTO 3HAYEeHUS IEPUOTHIECKOH COCTABIAIOIIEH TOKa
KOPOTKOTO 3aMBIKaHHsi OT CHHXPOHHOHM MAalIMHBI, T.€. CXeMY, B KOTOpO#
CHHXPOHHEIH TreHeparop (KOMIIEHCATOP) YYHTBIBAIOT CBEPXIEPEXOIHBIM
compoTuBieHreM u cBepxmepexonHoil OJIC, HaWIEHHOR ¢ yUYeTOM Ipea-
[IECTBYIOIIEH Harpy3KH MallHHBIL.

2. HaxonqsaT 5KBHBaJ€HTHOE WHIYKTHBHOE COIPOTHBIEHHUE JJIEMEHTOB
CXeMBbI 3aMelleHHs] OTHOCHUTEIBHO TOYKHM KOPOTKOTO 3aMbIKaHUs X, H

ONpeACIA0T Ha4YaJIbHOEC lICi/’ICTByIOIJ.Iee 3HA4YCHUC HepHOL[quCKOﬁ COCTaB-
JAI01Eed ToKa reHeparopa (KoMIeHcaTopa) MpU KOPOTKOM 3aMBIKaHHH
n
P
no X

3K

(5.61)

3. o onHo# u3 popmyi (5.58), (5.59) unu (5.60) HaxonsAT HavaabHOE
JEUCTBYIOIIEE 3HAYEHHE NEPHOMUYECKON COCTaBIIONIEH TOKa reHepa-
Topa (KoMIleHcaTopa), OTHECEHHOe K HOMHHAJILHOMY TOKY MAalllHHBI, T.€.

! 1 0(om) - ECTH *I 1 0(Hom) = 2, TO pacyeT BeOyT ¢ MPUMEHEHHEM THIIOBBIX

kpuBbIX. C 3TOH IEJIBI0 HAXOAAT THIIOBYIO KPUBYIO, COOTBETCTBYIOLIYIO
TOJy4EHHOMY 3HAYEHHIO TOKA I o) ECITHM TOCITENHEe OKa3bIBAETCS
*

JPOOHBIM YHCIIOM, TO €10 OKPYIVISIOT X0 ONIKAHILIEro neaoro yucna (npu
HeOOJIBIION pasHHIE MEXIY APOOHBIM U IIENIBIM YHCIaMM) HIIM TIPOU3BO-
IST UHTEPIOIALUIO KPUBBIX.

4. Tlo BHIOpaHHOW KPUBOM ONpPENENAIOT OTHOLICHHE IEHCTBYOIIUX
3HAYEHHUH MEPUOAMYECKON COCTABIAIOIIEH TOKA KOPOTKOTO 3aMBIKAHHS OT
redeparopa (KOMIIEHCaTopa) B pacueTHBIM M HavdaJbHBIA MOMEHTHI Bpe-

1

mt
MEHH, T.C. Y, ,= 1'— .

n

(=]
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5. Ompenenstor HCKOMOe JeiCTByIollee 3HAYEHHE IMEePHOIMIECKON
COCTaBIISIONIEH TOKAa KOPOTKOTO 3aMbIKaHHS B PACYETHBIH MOMEHT BPEMEHH:

Int = YntInO = Ynt,,ln O(HOM)IHOM = Yr{t,{n 0(6)16' (5'62)

B Tex ciyuasx, korna [ < 2, neficTByIOllee 3HaUEHUE IEPHOTU-

+ 11 0(HOM)
4YeCKOH COCTaBHSIlOHICﬁ TOKa KOPOTKOI'0 3aMbIKaHHs Maj0 U3MEHACTCA BO
BPEMEHH, TI0ITOMY NIpUHUMAIOT I , = I (.

Ecmu pacdernas cxema COIEpKHT HECKOJIBKO OJHOTHUITHBIX CHHXPOH-
HBIX TeHepaTopoB (KOMIIEHCAaTOPOB) M OHHU HAaXOHATCS B OJHHAKOBBIX
YCIOBHSX II0 OTHOIIEHHMIO K TOYKE KOPOTKOTO 3aMBIKaHHs, TO pacyer
JEHCTBYIONIET0 3HAYEHHUS MEPUOIUYECKOH COCTaBISAIOLIEH TOKa KOPOT-
KOTO 3aMBIKaHHS B IPOH3BOJHHEIA MOMEHT BPEMEHH BEINYT B TOM Xe
HOpSZAKE, TOJNBKO BCE TreHeparopsl (KOMIIEHCATOPHI) 3aMEHSIOT OXHHM
3KBHBAJIEHTHBIM, T.€. COOTBETCTBYIOIIHE BETBH B CXEME 3aMEILECHHUS IKBH-
BaJIeHTHPYIOT, a B opmyay (5.59) mmm (5.60) BMeCTO HOMHHANBHOM
MOIIHOCTH OJHOM MAaIlIMHBI TOACTABIAIOT CyMMY HOMHHAJIBHBIX MOIIHOC-
Te€H BCEX MaIIHH.

B Tex cmydasx, Kkorga MCXOomHas pacyeTHasi CXeMa COIEPXKUT HECKONBKO
T€HEpPATOPOB MM KOMIIEHCATOPOB, MIPUYEM OHH HAXOAATCA Ha Pa3HOM yra-
JIECHUU OT TOYKH KOPOTKOTO 3aMbIKaHMs, HO CBSI3aHBI C HEll HE3aBHUCHMO
IpyT OT ApYyra, TO IpH ONpeNeIeHUH IEPUOANMYESCKON COCTaBIAIONIeH TOKa
Tpex(a3HOro KOPOTKOTO 3aMBIKAHHUS B MPOM3BOJBHBIH MOMEHT BPEMEHH
H3JIOKEHHBIM BBIIIE CLIOCOOOM HAaXOHAT 3HAYEHHS 3TOM COCTaBIAIONIEH OT
OTZAENBHBIX MALMH 1 3aT€M PEe3yJIbTaThl CyMMHPYIOT.

B oOmem cnyuae, xorma pacueTrHas cxema SIBISETCS CIIOXHOH, T.€.
COIEP)KUT HECKOJIBKO Pa3sHOYHANEHHBIX OT pacYeTHOH TOYKH KOPOTKOTO
3aMBIKaHUS! HCTOYHUKOB SHEPTHH U IPU KOPOTKOM 3aMbIKAHHHU 3TH UCTOY-
HUKH OKa3bIBalOTCS CBSI3aHHBIMH C TOYKOW MOBPEXKIAECHUS HE HE3aBUCHUMO
JIpyr OT Opyra, a dyepe3 Kakoi-1ubo oOmuid sneMeHT (TpaHcdopmarop,
pEaKTop, JTHHHUIO BNIEKTPONEPEeNadyy U T.nI.), IPH pacyeTe NEHCTBYIOIIETO
3HaYeHHUs] NMEepUOJUYECKOH COCTABIAIOIIEH TOKa B MecTe Tpexda3zHoro
KOPOTKOI'O 3aMbIKaHUS B MPOHU3BOJEHBIA MOMEHT BPEMEHHU ClENyeT Y4u-
THIBAaTh BIMSIHUE IEPEXOAHOrO Mporecca B OMpKailieM K MecTy KOpOT-
KOTO 3aMBIKaHHUs TeHeparope (KOMIIeHCaTope) Ha U3MEHEHHE BO BPEMEHHU
YKa3aHHOH COCTaBISIONIEH TOKAa KOPOTKOTO 3aMbIKaHHs. JTO BIHSIHHE
Xapakrepu3yeTrcs ko3pdunueHrom

1

Y., = Xt
Kt I 0 ’

rae I, v I — HeHCTByIONIME 3HAYEHUS IEPHOAUYECKOH COCTABIIAIO-

IeH TOKAa B MECTE€ KOPOTKOTO 3aMBIKaHUSI COOTBETCTBEHHO B pacCMaTpH-
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Ba€MBIH MOMEHT BPEMEHH M B Ha4yaJbHBIHK MOMEHT KOPOTKOTO 3aMBl-
KaHHS.

Jns onpeneneHus kod3pHIMEHTa Y, , HCXOMHYIO CXEMy 3aMEIeHHS
cienyeT npeobpa3oBaTh B TPEXIYUYEBYIO 3BE311y, IPUUYEM TaK, UTOOKI OJIH-
KalIIHH K MeCTy KOPOTKOTO 3aMBIKaHHs reHepaTop (KOMIIEHCATOP) | IOC-
71€0BaTE€IbHO COEAMHEHHBIE ¢ HHUM D3JIEMEHTHl OBLIH IpPENCTaBJIEHH B
BHJIE OTIEJIbHOM BETBU C BKIIOYEHHBIMH B Hee cBepxnepexonHoit DJ[C

reHeparopa (KOMIIEHCaTopa) E(';, HaWJ€eHHON M3 IMpPeAIEeCTBYIOIErO

yCTaHOBMBLIETOCS PEXHMa, U CyMMAapHBIM CONPOTHBIIEHMEM BCEX dlle-
MEHTOB 3TOH BeTBH X; (pHc. 5.9), a 6oee ynaneHHbIE HCTOYHHKH SHEp-

I'HH ¥ CBS3BIBAIOIIME MX JHHHWH DJIEKTPONEpeNadH, TpaHCHOpPMaTopsl U
T.JI. BMECTE C OCTaJbHOM YaCThIO JIEKTPOIHEPreTHIECKOH CHCTEMBI OBLIH
[peCTaBIEHbl B BUE IPYTOi BETBY C BKIIOYEHHOH B Hee HEM3MEHHOH 10
aMIUTATyze SkBUBaJieHTHON OJIC ynaneHHBIX HCTOYHMKOB M CUCTEMEI E ;¢

M O3KBUBAJICHTHBIM CONPOTHUBICHUEM XGS' B TPETBIO BE€TBH BKJIIOYAKOT

COINPOTUBJIEHHE DJIEMEHTA, KOTOPHIA NPH KOPOTKOM 3aMBIKAHUHU CBS3bI-
BaeT 00e BeTBH, coneprkamntue I/IC, ¢ TOUKOH KOPOTKOTO 3aMBbIKaHHS.

W3 nomy4eHHON CXEeMBI JIETKO HAWTH AEMCTBYIOIIME 3HAYEHUS NepHO-
JUYECKOH COCTaBIAIONIEH TOKa reHepatopa (KOMIEHCaTopa) M TOKa B
MECTe KOPOTKOTO 3aMbBIKaHUs B HayaJbHBIH MOMEHT KOPOTKOTO 3aMBIKa-

HudA, .. I_ul_,. ITo HuM onpenensior H 0 ITpu 3TOM MOTyT
s T L g U Ly . pen xm0Gom) 7 o p Y
K

I
OBITH pa3Hble ciydau. Eciu *In 0Gom) < 2 unu 1"—2 < 0,5, tu6o ogHOBpE-
K

MEHHO [

<2¥u {ﬂ) < 0,5, TO IPHHUMAIOT, YTO JEHUCTBYIOIIEE 3HA-
» 11 0(HOM) I 595 p 5 A Y FO LI

k0
YCHHUEC HepHOIIH‘IeCKOﬁ COCTaBHﬂIOHIeﬁ TOKa B MECTE€ KOPOTKOI'O 3aMBbIKa-
HHS OCTA€TCA HEU3MECHHBIM BO BPEMEHHU, T.C. yl(t = 1. Eciu xe OJHOBpE-

MEHHO [

n0
1 0(nom) 22w 7 > 0,5, Te. mis

k0 Eg Egs
BBIJIEIEHHOTO TeHepaTopa (KOMIIEHCaTopa)

Puc. 5.9. Pacuernas cxema JJjisi onpeae/eHAs AeiCTBYIO-
[Iero 3Ha4YeHHs MEePHOAHYECKOH COCTAaBISIIONIEH TOKa
KOPOTKOI0 3aMbIKAHHSA C y4eTOM BJIHSIHHS TepPexXogHoro
npouecca B GHxKaillieM K MECTYy KOPOTKOIO 3aMbIKAHHS
reHeparope
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KOPOTKO€ 3aMbIKaHHE SBISAETCS OJU3KHUM H €r0 BIUsSHHE HA H3MEHEHHE BO
BPEMEHHM JIEHCTBYIONIETO 3HAYECHHUS TIEPUONUYECKON COCTABIAIONIEH TOKa
B MECTE€ KOPOTKOTO 3aMbIKaHHs OKa3bIBAE€TCS CYIECTBEHHBIM, TO IUIs
onpe/eNeHHs 3HaYeHUs TOTO TOKA B 33IaHHBIH MOMEHT BPEMEHH HEO0X0-
JMMO CHayaja [UIs 3TOr0 MOMEHTa HalTH 3HayeHHe Kodpuuuenra y, .

Ero npubnuxeHHoe 3HayeHHE MOXET OBITH OIpenesieHO C MOMOILBIO
BCIIOMOTaTeNbHBIX KPUBBIX ¥, ;, = f(Y,, ), MOCTPOEHHBIX ISl pPA3HBIX OTHO-

B mpexnenax oT 1 mo 0,5. Takue xpuBHIe NMpPUBENEHBI Ha

b

" 0
HICHUH =
I k0

puc. 5.10 COBMECTHO C THIIOBEIMU KPUBBIMH JUIsi CHHXPOHHOT'O FeHepaTopa
C THPHMCTOPHOM HE3aBHCHUMOIf cuCTeMOH BO30yxnenus. s ymobcTBa
TN0JIB30BAHMS KPUBBIMH ¥, , = f(Y, ;) OCB Y, , PACTIONIOKEHA BEPTUKAIILHO, &
OCb Y, , — TOPH30HTAJILHO, PHYEM B Hayale KOOpAHMHAT Yy, , = 1, a mo

MEpE ynajJeHud OT Ha4yalla KOOpIAHHAT 3HAYCHHUA ¥, , yMCHBIIAKOTCA.
Pacuet ILCI’[CTByIOH.ICl"O SHa4YCHHUA nepnonnquKoﬁ COCTaBJIAIOLIEH

TOKa B MECT€ KOPDOTKOTO 3aMBIKaHHSA B 3aJlaHHBIi MOMEHT BPEMEHH C
HCTIO/Ib30BAHUEM KPHBBIX Y, , = f(Y, ) IPOBOAAT B CJIEAYIOUIEM MOPSIKE:

Vit Yt
0,9 Io =20 0,9 1
B \ %110 (HOM) > _11_0 =05
._// 2,5 I IKO
\ : \ —
0,8 30— 08 N
\ 0,7
0,8
0,7 ~_ 40— 07 A\ N\
N WNNSZ
1,0
|1,
\ 5’0 \\ \ N
0,6 \ 0,6 \
0,5 0,5

0 0,1 0,2 0,3 04 tc 1,0 0,9 0,8 0,7 0,6 Yxr

a) 6)
Puc. 5.10. KpuBbie 1,151 onpeejieHHs! OTHOLUEHHs! 1efCTBYIOLIHX 3HAYEHHH MEPHOAMYECKOMH
COCTaBJIAIOIIEH TOKa KOPOTKOIO 3aMbIKAHHSA OT HECKOJILKHX HCTOYHHKOB YHEPrHH B NPOH3-

BOJIbHBIH MOMEHT BpeMeHH H B HAYAJIbHbIH MOMEHT KOPOTKOr0 3aMbIKAHHMS C Y4€TOM BJIHSI-
HHSl TIePEXOHOro npouecca B GinKaileM K MeCTy KOPOTKOIO 3aMbIKaHHsI TeHepaTope:

a— KpUBBIE Y , = f(t); 6 — xpuBsie Ye: =S p)
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1. B cOOTBETCTBHH C 3aaHHON paCYEeTHOH CXEMOM COCTABJIAIOT CXEMY
3aMEIEHUs] U OMNpeneseHUs HadalbHOTO JeHCTBYIOHMIEr0 3HAYEHHS
MEPUOAMYECKON COCTABISIONIEH TOKa KOPOTKOTO 3aMBIKaHHS.

2. ITyreM npeoOpa3oBaHusi CXeMbl 3aMEIeHUs B 3BE3y HAXOAAT SKBH-
BAJEHTHBIE MHIYKTHUBHBIE CONPOTHBJICHHS BETBeH OnmkaiIiero x Mecry
KOPOTKOTO 3aMbIKaHHs Ie€HepaTopa (KOMIleHCcaTopa) X; ¥ HCTOYHHKOB C

HeusmeHHol 1o ammuutyae OJIC X 10 y3/10Bo# ToukH (cM. pHc. 5.9),
skBuBaneHTHyl0 OIIC E;q, a Takke HMHIYKTHBHOE CONPOTHBIICHHE
o0uiero snemMeHTa X,, KOTOpBIH CBA3BIBAET IeHEPaTOp (KOMIIEHCATOp) U
CHCTEMY C TOYKOH KOPOTKOTO 3aMEBIKaHHUS.

3.3nas £ g u E ¢, Haxonar sxksuBanenTHyr0 O/IC BeTBel reneparopa

(xomnieHcaropa) u cuctemsl £,

JICHHEC BCEX JJICMEHTOB paC‘-IeTHOﬁ CXEMBI 10 TOYKH KOPOTKOI'O 3aMBbIKa-
HUA XaK H OIIPENCIAOT HAa4YaJIbHOC IICﬁCTByIOH.Iee 3HAUYCHHUEC IIEPUOOHUYC-

CKOH COCTaBJIAIONIEH TOKa B MECTE KOPOTKOTO 3aMbIKaHHUS

E

o= 5 (5.63)

3K

3KBHUBAJICHTHOC HHOYKTHBHOE COIIPOTHUB-

4. HaxonsT HavaipHOe [IEHCTBYIOIEE 3HAYEHHE IIEPHOTMYECKOM
COCTaBIIFIOLIEH TOKa B BETBU reHeparopa (KoMreHcaropa)

Ei-X]
G K KO
o= —————- (5.64)
Xe
1 n0
5. Onpenensror *I 1 0(som) » @ TAKXKE OTHOLICHHE ]—0 .
K
6. Ecnn [ 52w 5035 5.10, a BHIG
-Eemt Ly ouowy 22 M 7 L 205 TO Ha puc. 5.10, a BEIOUPAIOT KpH-
K
BYIO Y, , = f(f), COOTBETCTBYIOIIYI0 HalIeCHHOMY 3HAYEHHIO ! 1 0(om) > & H2
puc. 5.10, 6 — xpuByw Y, , = f(¥,,), COOTBETCTBYIOILYI0 HalJEHHOMY
I
3HaYCHHUIO 1”—0, U A7 3aJJaHHOTO PAacuyeTHOr0 MOMEHTa BPEMEHH ! 110
k0

BBIOpaHHOH KpuBOH Y, , = f(f) ompenenstor y ,, a 3aTeM, MCNOIb3Ys
BBIOpaHHYIO0 KPUBYIO ¥, , = f(Y,, ,), IO TIONYYEHHOMY Y, , ONPENENSIOT ¥, ,.

HckoMoe nelcTByroniee 3HaYeHHE MEPHOANYECKON COCTaBIAIOIIEH TOKa
B MECTE KOPOTKOI'O 3aMbIKaHHs B 3aJaHHBIH MOMEHT BPEMEHHU COCTaBIISIET

IKtzyxtIKO =Yxt!1<0(6)16' (5'65)
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Vit Tnt
0,9
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"o 005 01 0I5 o 0 005 01 015 e
Puc. 5.11. M3MeHeHHe BO BpeMeHH Aeii- Puc. 5.12. 3MeHeHHe BO BpPEMEHH Jeii-
CTBYIOLIET0 3HAa4YeHHs MEePHOANYECKOi CTBYIOIIEr0 3HA4YeHHS MePHONHYECKOH
COCTABAAIONIEH TOKA KOPOTKOTO 3aMbIKa- COCTaBJIAIOIIEH TOKa KOPOTKOTO 3aMbIKa-
HHS OT CHHXPOHHBIX JIeKTPOABHIaTeeH, HUSI OT ACHHXPOHHBIX 3JIEKTPOABHIraTe-
BbIPa’KEHHOTO0 B 0JIfIX OT €ro 3HA4YeHHs B Jieii, BLIPAXKEHHOTO B J0JISAX OT €ro 3Haye-
HAYaJbHbIH MOMEHT KOPOTKOIO 3aMbIKa- HHSI B HAYalbHbIi MOMEHT KOPOTKOro
HHS 3aMbIKAHHSA

Jnst onpenenenns NeHCTBYIOIIEr0 3HAYEHUs IEPUOTUYECKON COCTaB-
JISFOLIEH TOKAa KOPOTKOTrO 3aMbIKaHUSI B POU3BOJIBHBIM MOMEHT BPEMEHH
OT CHHXPOHHBIX W aCHHXPOHHBIX 3JIEKTPOJBHUraTeliel TaKkkKe NPUMEHSIIOT
METO]] THITOBBIX KpUBBIX. COOTBETCTBYIOIUE THIIOBBIE KPHUBBIE IS 3TUX
3NeKTpOJBUIaTeNed IPUBEIEHB! Ha puc. 5.11 1 5.12.

PacyeT AENCTBYIOWLETO 3HAYEHUS NEPUOAUYECKON
COCTOBASIOLLEN TOKO KOPOTKOrO 3AMbIKOHUA METOAOM
CNPSMAEHHBIX XaQPAKTEPUCTUK

H3MeHenre BO BpeMeHH [EHCTBYIOLIETO 3HAYEHUS HEPUOAMYECKOH
COCTaBIAIOMIEH TOKAa KOPOTKOTO 3aMbIKaHUA OT CHHXPOHHOH MAallMHBI
COIIPOBOKAAETCS COOTBETCTBYIONIMM M3MEHEHHEM ee NepPEeXOJHOH, CUHX-
ponHoit U apyrux OJIC, npuyeM 310 U3MEHEHHE ONpPENeIeTCs HE TONBKO
napaMeTpaMH MalluHBI, HO U YJaJeHHOCTBIO OT Hee PacyeTHOH TOUYKH
KOPOTKOTO 3aMbIKaHHS. TakuM 00pa3oM, NIPH MPOYHX PaBHBIX YCJIOBHUAX
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mobast OIIC cHMHXpOHHOM MalIMHBI B 3aJaHHBI MOMEHT BpEMEHH OT
Hayaja KOPOTKOTO 3aMbIKaHMSA ABJIAETCS (GyHKIHEH HCKOMOro 3HadeHHs
NEPUONUYECKOH COCTaBIAIOIIEH TOKa KOPOTKOTO 3aMBIKAHMS B 3TOT
MOMEHT BpeMeHH [ ,. [losTomy OHa He MOXeET ObITh HpeNBApPUTENHLHO

Onpe/ieNieHa C LENbI0 MOCIEAYIOUIET0 €€ HCHNONb30BaHUS I pacyeTa
TOKa KOPOTKOTO 3aMbIKaHHs. TeM He MeHee A KaXJO0ro MOMeHTa Bpe-
MEHM OT Hayaja KOPOTKOTO 3aMBIKaHHS MOXHO NPEIBapUTENIBHO HAHTH
HEKOTOphIE CpeaHMe 3HaYeHUs pacuyeTHoH DJIC CHHXpOHHOW MalIMHEI E,

M €C pacyY€THOr0 MHAYKTHUBHOIO CONPOTHBJICHHUSA .X;, HE 3aBHUCAIIME OT

YIQJI€HHOCTH TOYKH KOPOTKOTO 3aMBIKaHHsl OT 3TOM MAallHHBE U MO3BOJIS-
IOLME C MPUEMJIEMOH AJIl NPAKTHKH TOYHOCTHIO ONPENENUTh NeHCTBYIO-
liee 3HaYE€HHE NEPHOTUUECKON COCTaBIAIONIENH TOKA KOPOTKOIO 3aMbIKa-
HUsl B J1H000H 3aJJaHHBIH MOMEHT BPEMEHH, UCIOIB3YS IPOCTOE BhIPaKe-
HHE:

E

_ t
I, = SRS (5.66)

BerisiBUM MeTOAHKY onpenenenus 3Hadenuil E, u X,, u npumepHo owe-
HHMM IIOTPEUIHOCTb, 10JY4aeMYIO IIPH HCIONIb30BaHHH GopMyisl (5.66).
U3 (5.66) caenyer:
E,~X]1 (5.67)

nt- Yer
rae Ug, — basHoe HanpshkeHHe Ha BHIBOAAX CHHXPOHHON MalIMHbI B IPO-
U3BOJIbHBEIA MOMEHT BPEMEHH OT Hayajla KOPOTKOTO 3aMbIKAHUA.
Bripaxenue (5.67) npencraBnsieT coboil BHEIIHIOW XapaKTePUCTUKY
CHUHXPDOHHOM MalluHBl AN 3aJaHHOTO MOMEHTa BPEMEHHM OT Hayala
KODOTKOTO 3aMBIKaHHs, T.€. 3aBHUCHMOCTh HAIpPSIKEHHS Ha BBIBOJAX
MalIMHBl B 33JIaHHBI] MOMEHT BPEMEHHM OT IEHCTBYIOLIErO 3HaYEHHS
NEPHOAUYECKUA COCTABIAIONIEH TOKa AKOPsi B TOT )K€ MOMEHT BPEMEHH
Ug, = /U, ,) npu cos @ = 0, T.e. IPH KOPOTKHX 3aMbIKaHHAX BO BHELIHEH

ueny, obnajaomedl HHAYKTUBHBIM CONPOTUBIEHHEM X, ., IIPH PasHBIX
3HAYEHHUAX 3TOTO CONPOTHUBIEHUA. B OTIMYME OT OOBIYHBIX BHELIHHMX
XapakTepUCTHK 3[€Chb DPAaCCMaTPUBAIOTC BHEUIHWE XapaKTEPUCTHKH,
HOJIy4YeHHBIE C YYETOM JEHCTBHUS YCTPOMCTB U1 aBTOMaTUYECKOTO PEry-
JTMPOBaHUsA BO30YXIEHHS CHHXPOHHOM MallyHEL.

HedcTByIonee 3Ha4ueHHe EPHOJUIECKON COCTABIAIONIENH TOKA KOPOT-
KOTO 3aMbIKaHHs B 3aJaHHBI MOMEHT BPEMEHHU NPH TpeX(Pa3HOM KOpOT-
KOM 3aMbIKaHHH 32 IIPOU3BOJILHBIM HHIYKTHBHEIM CONPOTHBJIEHHUEM BHE-
WHed uenmu X, ONpeAenseTcs MONOKEHHEM TOYKH MEPECEeYeHHs BHe-

IIHeW XapaKTePUCTUKM, COOTBETCTBYIOIIEH 3TOMY MOMEHTY BpPEMEHH,
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C TpAMOM NajeHHs HANpPSKEHUS Ha CONpPOTHBICHHU BHEIIHEH LenH [0
TOYKH [OBPEKACHHUS:
Ug, = Xyulu v (5.68)
PaccMOTpHM CHauaja BHELIHHE XapaKTePUCTHKU JUIs 1 = 0 u B ycTaHo-
BUBIIeMcA pexume (z = 0). ITpu ¢ = 0 BEIpaseHne s BHEIIHEN Xapakre-
PUCTUKH UMEET B[

Ejo—X;ly0= Ugo- (5.69)
aB )’CTaHOBI/IBI.LICMCSI pemee npun HpeIICJILHOM BO36y>KIleHHH
E,up~Xalny = Usy (5.70)

Mockonpky 3Hauenus OJ1C CHHXpOHHOﬁ MalIMHEI 3apaHee U3BECTHBI,
a X; u X, ABJISIOTCS MOCTOAHHBIMM BETHIMHAMH, TO COOTBETCTBYIOIIUE

BHEIIHHME XapaKTePUCTHKM MaIUMHBl NPEACTaBJIAIOT co0o#i JTMHEHHbIE
3aBUCHUMOCTH OT Toka (puc. 5.13), mpuyeMm yIibl HAaKjIOHa NPAMBIX MO

Ug
Fam X I
\ kpt mt
\
N &(ply
\
\
\
\
\\
E Mo N
\\\ \\
" N N
Eq() N AN
~ ~ \
\\\\ SO \
UHOM _____
t =00
t
t=0
XBIHII'[
(3 (Xsm<Xxp)
a, %
0 Lyl o It

Puc. 5.13. BHelHHe XapaKTepHCTHKA CHHXPOHHOH MAalIMHbI B Pa3Hble MOMEHTRI BpeMeHH
OT HAYAJA KOPOTKOTO0 3aMbIKAHMSI W MPsSIMbie MA/JCHHA HANPSUKCHAS B CONMPOTHBJIECHHH
BHEIIHEH 1eNu 10 TOYKH OBPEXIEHHs IPH PA3HbIX 3HAYEHHAX ITOT0 CONMPOTHBICHAS
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OTHOUICHHIO K OCH abcIucc Oy M O, IIPONOPIIMOHAIBHBI COOTBETCTBYIO-

- 1
UM 3HaYEHHUSM CONPOTUBICHUN X ", u X,;. Cnenyer OTMETUTS, 4TO BHE-

OIHAS XapaKTepPUCTUKA CHHXPOHHOM MallMHB B YCTaHOBHBLIEMCS
pexuMe npu X, 2 XKp napajienbHa ocH aberucc.

OueBHIHO, YTOOBI PEIIUTH MOCTABICHHYIO 3a1ady, T.. IS JII060ro
[pOU3BOIBHOTO MOMEHTAa BpPEeMeHH ! HaWTH NpHUONMKEHHbIE 3HaYeHHs
pacuetHol OJIC cMHXpOHHOM MawMHBI E, M Paci€THOrO CONPOTHBIEHHS

‘Xt’ HE 3aBUCAIIUE OT YAAJICHHOCTH pacquHoﬁ TOYKH KOPOTKOI'0O 3aMBbIKa-

HHS U TO3BOJSIONINE Ui ONpEACTICHUS NEPUOTUUIECKOH COCTaBIIONIEH
TOKa KOPOTKOTO 3aMBIKaHHsl UCI0Ib30BaTh popmyny (5.66), Heobxoaumo,
9T00Bl HAKIIOHHAsT 4YacTb BHEIUHEH XapaKTepUCTUKH CHHXPOHHOU
MallMHbl, COOTBETCTBYIOIIEH NPOU3BONBHOMY MOMEHTY BpEMEHH OT
Hayalia KOpOTKOTO 3aMBIKaHUs, IMeJa IMHEHHbIH XapakTep. Mexay TeM B
OTJIMYME OT YCTAaHOBUBUIETOCS peKMMa M Ha4aJbHOTO MOMEHTA TEPEXOJ-
HOTO Tpoliecca HAKJIIOHHAs YacTh BHEIIHEH XapaKTePUCTHUKH CHHXPOHHOMH
MAalllMHBl AJI1 TPOM3BOJILHOIO MOMEHTA BPEMEHM OT Hadaja mpoiecca
KOPOTKOTO 3aMBbIKaHHs UMEET KPHUBOIMHEHHBIH XapakTep, Kak MOKa3aHo
Ha puc. 5.13. Kpome Toro, B OTiIMYHE OT Ha4yaJIbLHOTO MOMEHTa BPEMEHH
TaKass XapakTepHUCTHKa MMEET M JTHHEHHBIH TOpPU30HTAIBHBIH yYacCTOK,
[pHYeM YeM MEHbIIE pacueTHOe BpPeMs OT HauyalbHOTO MOMEHTa KOpOT-
KOT'O 3aMBIKaHUs, TEM KOPOYE FOPU30HTAIbHBIN Y4aCTOK XapaKTEPHUCTUKH.
[opu3oHTanbHas 4yacTh BHELIHEW XapaKTEPUCTHKU CHHXPOHHON MalluHbI
COOTBETCTBYET €€ paboTe B 3aaHHBIH MOMEHT BPEMEHH B pedicume HOp-
ManbHO20 HANPAJCeHUs, a HaKJIOHHAs 4acTb — 6 pedicume noovema 603-
6ystcOenus1, BHI3BAHHOTO JCWCTBUEM YCTPOMCTBa aBTOMaTHYECKOTO pery-
naupoBaHus Bo30yxnenus (APB). HakioH nyda, mpoBEe€HHOTO U3 Havyaa
KOOpAMHAT Yepe3 TOYKY, B KOTOPOH CMBIKAIOTCSl JABE yKa3aHHBIE YacTH
BHELIHEH XapaKTEPUCTHUKHU, COOTBETCTBYET TaK Ha3bIBAEMOMY Kpumuie-
CKOMY UHOYKIMUBHOMY CONPOMUBLEHUIO ONI51 3A0AHHO20 MOMEHMA 8PEMEHU
Xyp - TlocTeiHee TpeacTaBIAeT coO0H Takoe HHAYKTHBHOE CONPOTHBIIE-
HME BHEUIHEH 110 OTHOIIEHHIO K CHHXPOHHOH MalllMHe LeNH, NPH KOpoT-
KOM 3aMbIKaHHMHU 332 KOTOPHIM Hamps>k€HHe Ha BBHIBOAAX MAIUUHBI K 3a/1aH-
HOMy MOMEHTY BpEMEHHM OT Hadajga KOpOTKOro 3aMbIKaHUS TOH JeH-
crBueM APB nomHuMaeTcs 10 HOMUHaJIBHOrO. YeM MeHbllle paccMaTpu-

BaEMBIi MOMEHT BpPEMEHH, TEM GoJblire KPHUTHYECKOE COIIPOTHUBIICHUE XKp iz

KpuBonuHeiiHas 4YacTh BHEIIHEH XapaKTEPUCTUKU CHHXPOHHOU
MalIMHBl U TIPOM3BOJIBHOIO MOMEHTa BPEMEHM OT Hayajia KOpOTKOTO
3aMBIKaHUSI MMEET CPaBHUTENIbHO HeOonablIylo KpHBH3HY. OueBHIHO,
€CIM 3Ty 4YacTh XapaKTePUCTHKU 3aMEHUTh NPAMOIHHEWHHOH, mpuyeM
TaKo#, 4TOOBI TOKM KOPOTKOTO 3aMbIKaHHs, HOJNy4aeMble C HCHONB30Ba-
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HUEM HCXOIHOH KPHBOJIMHEHHOH 4acTH XapaKTEpUCTUKH U 3aMEHsAIOIIEH
ee CIPAMIICHHOM, IIPH JI00bIX 3Ha4eHHUAX X, < X, , OTIMYATUCE APYT OT
Apyra Kak MOXHO MEHbIIE, TO Yrojl HaKJIOHa CIIPSIMIIEHHOH 4acTH Xapak-

TEPUCTUKH «, (CM. puc. 5.13) ompemenur pacuyeTHoe IS JaHHOTO
MOMEHTa BPEMEHH CONPOTHUBJIECHHE CHHXPOHHOH MalIMHBI X, & MPOAOI-
JKEHHME ITOH YacTH XapaKTePUCTHUKH 10 OCH OpAMHAT — DPaCYETHYIO IS
atoro MomeHra Bpemenu OJIC mamuuel E,. Halinennsie Takum oGpazom
3HayeHus conporusnenus X, u OIIC E, He OyayT 3aBUCETh OT MCKOMOTO

HeﬁCTBYIOHleFO 3HAYCHHUA HCpPIOIIPI‘ICCKOﬁ COCTaBIAIONIEH TOKa KOpOT-

Koro 3ambikaHus I, u, ecnmd X, < X, TO3BOIAT ONPENETHTH TOK,
ucnosp3ys popmyny (5.66). IlonyueHHsIe yKa3aHHBIM CIIOCOOOM pacyer-

Hele 3Ha4enus OJIC E, ¥ UHIYyKTHBHOTO CONPOTUBJIEHUS MAIIMHbI X, s

pa3sHBIX MOMEHTOB BPEMEHH OT Hayajla KOPOTKOTO 3aMbBIKaHHMA OOBIYHO
TpEeJCTABAAIOT B BUIE KpUBLIX E, = f(f) u X, = f(f). Takue KpuBble M
TypboreneparopoB momHocTeio 200—300 MBT, pabortaromux B mpen-
HIECTBYIOLEM PEXUME C HOMHHAJIBHOW Harpy3koil, NpeiCTaBlIeHbl Ha
puc. 5.14, tne IC E, u conpoTusienye X, BHIPaKEHbl B OTHOCHTENBHBIX

€IMHHULaX IMTPH HOMUHAIBHBIX YCIIOBUAX I€HEpAaTOpAa.
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Puc. 5.14. Kpusble nas onpenesneHusi pacueTnbix 3nauenuil E, u X, TypGorenepatopos
MoIHOCcTbI0 200—300 MBT
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ITpy NOCTPOEHMH KPHBLIX Ha pHC. 5.14 npuHUManacs cienytomas pac-
yeTHas CXeMa: CHHXPOHHBIH TEHEepaTop BKIIOYEH MOCIEAOBATENBLHO C
HOBLIIIAIOINM TpaHchopMaToOpoM, a Ha CTOPOHE OOMOTKH BEICIIETO
HanpsDKEHHs TpaHcdopMmaropa IMOAKIIOYEHB! Harpy3ka, paBHasi HOMH-
HaJbHOH MOIIHOCTH T€Heparopa, U BO3IyIIHas JIMHUA, Ha KOTOPO# HaXo-
IATCS pacdyeTHble TOYKH KOPOTKOro 3aMblkaHus. Jlis TypboreHeparopa
ObLIM IPUHATH TaKHE ITAPaMETPHI:

,*X‘;'(HOM) =0,20; ;XG}(HOM) =0,28; Xiwowy = 1,9; Typ=6¢; T; =0,115¢;

1
_ LS, " =
Te =0—0,3 ¢; T = 2; {Jq £ q0(mom) —

f HOM

= 5,24, 1,13,

np (HOM)
rae Te — INOCTOssHHAas BPEMEHU CUCTEMBI B036Y)K}13HI/IH.

Ecnu mapaMeTpsl reHeparopa, HCIONB3YEMOrO B pacdeTHOH cxeMe,
CYILECTBEHHO OTIMYAIOTCS OT YKa3aHHBIX BhILIE [1apAMETPOB, PACUETHBIE
3nadenust OIC E, v MHIYKTMBHOTO CONPOTHUBIIEHUs X, TAKOTO reHeparopa

npuONMKEHHO MOTYT OBITH MEPeCYHTaHH 0 GopMynam

E = E,p—(E;up—E )0k (5.71)
7
X, =X,-(X;- X))oy, (5.72)
roe E 71 ;’0 ,Xp X ‘;' — cootserctByoumue IJC u MHOYKTUBHBIE COIPO-

THBJIEHHS T€HEPaTOpa, UCIOJIb3YEMOTO B PacUeTHOH CXeMe, B OTHOCHUTEb-
HBIX €IHHHUIAX; G H Gy — KO3 (HUIMEHTEI, 3HAYEHHs KOTOPBIX ONpEes-
I0TCS TI0 JJOIIOJTHUTENHHBIM KPHBBIM, IPUBEAEHHBIM Ha pHC. 5.14.

Kak Ob110 OTMEUYEHO BBHILIE, B 3aBHCUMOCTH OT TOYKM HEpEeCcedeHHsS

BHEIIIHEH XapaKTCPUCTHKH CHHXpOHHOﬁ MallWHBl IJIA 3aJaHHOI'O
MOMECHTa BPEMCHH OT Hadajla KOpPOTKOI'O 3aMBbIKaHHS C HpHMOﬁ UGt =

= XBmIH ¢» T.€. B 3aBUCUMOCTH OT COIIPOTHUBJICHUA BHEUIHEH LIeTH J10 TOYKH

TOBPEXAEHUS CHHXPOHHAs MallliHa B 3aJaHHBI MOMEHT BPEMEHH OT
Hayasla KOPOTKOTO 3aMBIKaHHA MOXXET paboTaTh WM B pPeXXHME MoAbeMa
BO30OY)XJIEHHS, WIH B PE)KUME HOPMAJbHOTO Hamps KeHHA. Pexxum moxb-
eMa BO30YKICHHA UMeeT MecTo, eci X, < X, . [IpH 5TOM CHHXpOHHAs
MallliHa JOJKHA OBITh yYT€Ha B PacyeTHON CXeMe 3aMEeIeHHUs] pacyueT-

HeiMM 3HadeHMAMH OJIC E, ¥ MBIYKTHBHOTO conpotusieHus X,. Eciu xe
Xym 2 Xy ;> TO CHHXDOHHAsS MallMHA PabOTaeT B PEXKMME HOPMATLHOIO
HalnpsDKEHUS M B pacdeTHOH cxeMe 3aMeIlleHHs Ho/bkHa ObITh yureHa OJIC
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E,= U, (ba3HOe HanpsDKeHHE) ¥ MHAYKTHBHBIM COMPOTHBICHUEM X, =
= (0, TaK KaK IpH HOMHHAJIHHOM HaNpsHXKEHUH Ha BEIBOJIaX TeHeparopa Iis
onpesieseHUsl AEHCTBYIOIErO 3HAYCHHS MEPHOAMYECKON COCTABISAIONIEH
TOKa KOPOTKOTO 3aMBIKaHMsl JOCTATOYHO 3HATh TOJBKO CONPOTHUBJICHUE
BHEIIHEH LN 10 MECTa MOBPEXKACHU.

Kpuruyeckoe conporusieHue A 3aJaHHOTO MOMEHTA BPEMEHHU CBs-

3aHO ¢ pacueTHbIMH 3HaueHussMU DJIC E, v conpoTuBieHUs X, IPOCTHIM

COOTHOLICHHUEM:

UHOM
=X — 5.73
Xxp ! Xt E t UHOM ( )

WIH B OTHOCHTEIbHBIX €AMHMIAX NPH HOMUHAIBHBIX YCIOBHUAX TeHEpa-
TOpa

1
{(Kp t(uom) ‘*XI(HOM) *Et(noM) 1 (5.74)

IMpu pacueTax B OTHOCHTEIBHBIX EIUHMIAX 3TO CONPOTHBIICHHUE
JOIDKHO OBITH [IEPECYUTAHO K MPHHATHIM Oa3HCHBIM YCIOBHUAM.

B CIOXHBIX cXeMaX C HECKOJbKHMMHU Te€HEeparopaMd HMX peXHMaMH
paboTHl B pacueTHBIH MOMEHT BpPEMEHH NPUXOAHMTCS 3a]aBaThCs U 3aTeM
MOCJIe pacyeTa TOKa B MECTE KOPOTKOTO 3aMBIKaHHUS U ONPE/ETIECHUS TOKOB
BO BCEX reHepaTropax MPOBEPATh NPaBUILHOCTh MPUHATOIO I KaXIOro
reHeparopa pexxMMa, CpaBHHMBas HaHIEHHbBIN TOK reHeparopa ¢ Kpumuue-
CKUM MOKOM 015 3a0anH020 Momenma épemenu. Ilocnennuit onpenens-
eTcs 1o popmyie

_ UHOM _ Et_ UHOM 575
loi=3% ~ 77 x (3-75)
Kp t

WIM B OTHOCHTENBHBIX €IMHHMLAX NP HOMUHAIBHBIX yCIOBHAX I€HEpa-
TOpa

I it ~ | (5.76)
» Kp #(1oM) :Yt (M) )

Ipu pexume noxbeMa BO30YXAEHHS TOK T€HEpaTopa JOMKEH OBITh
Gonblile KPUTHYECKOTO, a NPH PEKHME HOPMANbHOIO HANpPSKEHHS —
MeHbIIEe KPUTH4ECKOTO (TIpH pacyeTax B OTHOCHTENBHBIX €OMHHULIAX KPHU-
THYECKHMI TOK KaXIOro IeHeparopa NpeaBapUTENbHO JOMKEH ObITh MpH-
BejleH K 0a3uCHBIM ycioBUAM). Eciu 3TH ycloBUS He BBIIOJNHAIOTCA, TO
HEOOXOOUMO H3MEHHTH PeXHM paboThl COOTBETCTBYIOLIETO Fe€HEparopa,
MOBTOPUTHL pacdyeT M MOBTOPHO MPOBEPUTH NPaBHIBHOCTbL BBIOPaHHBIX
PEXXHUMOB BCEX F€HEPATOPOB.
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B ToM ciyuae, korga s 3aJaHHOTO TeHepaTopa MpeaBaPUTENBHO ObLT
BHIOpPaH peXUM IoabeMa BO30y)XIEHHs, O MPaBHIBHOCTH BHLIOPAHHOIO
pe’KUMa MOXHO CYAMTH U 110 HAPSXKEHUIO Ha €0 BBIBOJAX, MOJIyYEHHOMY
IpU pacyeTax: peXUM BHIOpaH BEPHO, €CIH 3TO HaNpsHKEHHE 0Ka3ajloCh
HUXE HOMHMHAJIBHOTO (MEHbIlle €AMHHLBI PH pacyeTe B OTHOCHTEIbHBIX
eauHunax). Eciu y ogHOTO MM HECKONBKUX T€HEpaTOpOB OHO OKa3hIBa-
eTcs Oonblle HOMHUHAIBHOTO, HEOOXOAUMO U3MEHUTHh PEXKHUM 3TOr0 HIIH
9THUX T€HEepaTopoB (MIPUHATH PEXKUM HOPMATbHOTO HAIPSDKEHUS) U YUECTh
ero (ux) B cxeMe 3amenienus DJ]C, paBHOM HOMHHAIEHOMY HaIPSDKEHHIO,
U COIPOTHBJIEHUEM, PaBHBIM HYII0. 3aT€M CIEAYyET MOBTOPUTh PacCyeThl U
MIOBTOPHO NPOBEPHTH MPaBUIBHOCTh BEIOPaHHBIX PEKUMOB BCEX IeHepa-
TOPOB.

Cnenyer ormetuts, yto kpusble E, = f(f) u X, = f(f) nonydyens! npu

yCJIOBHH, YTO HCXOIHAs pacyeTHasi CXeMa COJep KUT TOJIBKO OfMH reHepa-
top. [To3TOMy MX nIpuMeHeHHe AN pacyeTa TOKOB KOPOTKOTO 3aMbIKaHHUS
B CXEMaX C NPOHU3BOJBHBIM YHCIOM CHHXPOHHBIX MallUH MOXET OBITh
COIIPSKEHO C JOMOJTHUTEIbHOM MOrpeHoCTh0. OQHAKO BO MHOTHX CITy-
qasgXx NPUMEHEHHE MeTola CHPSAMIICHHBIX XapaKTepUCTHUK IS pacdera
TOKOB KOPOTKOTO 3aMBIKaHUS B CXeMaX C HECKOJBKMMHU T'€HepaTropaMu
MO3BOJIAET C JOCTAaTOYHOW I MPAaKTUKH TOYHOCTHIO OMPENETUTh He
TOJNBKO TOK B MECTE KOPOTKOTO 3aMbIKaHHUs, HO M €r0 paclpeieieHue o
OTAEILHBIM BETBSM PACUETHOM CXEMBI.

B Tex ciyyasx, koraa HCXOIHas pacyeTHast CXeMa COIEPKHUT Harpy3KH,
TO OHM JOJKHBI OBITh BBEIEHHI B CXEMY 3aMellleHHs B TOYKaxX UX Jei-
CTBUTEJILHOTO NMpUCOefUHEeHUs U yuteHbl OJIC KOMIUIEKCHOH HarpyskH

E; =0 1 MHAYKTUBHBIM CONPOTHBIIEHHEM {(C L(som) — 1,2.



FfAaBa 6

METOAbI PACHETOB HECUMMETPU4HbDIX
PEXXUMOB B TPEXPA3HbIX
IAEKTPUMECKUX LLENAX

6.1. MeToAbI, HCNOAb3yE€MbIE NPU pacyeTax
HECUMMETPUYHbIX PEXUMOB

B TpexdaszHbix 3neKTpUUecKHX HEeNsX BO3MOKHBI MONEpEUHbIe U MPo-
J07IbHBIE HecuMMeTpUHU. K nepBbIM OTHOCATCS HECUMMETPUYHBIE KOPOT-
KHE 3aMBIKaHUA, T.€. 3aMBIKaHUA MEXAY KaKuMu-1u60 nByms daszamu, a
TaKXe MeXIy OJHON Wiu AByMs (a3aMH U 3eMJeil, KO BTOPHIM — HECHM-
METpUH, 00yCIOBJICHHbIE HEPABEHCTBOM CONPOTHBIIEHHH pa3HbIX (a3, B
4aCTHOCTH, TOCJI€0BATEIbHO BKJIIOUYEHHBIMU B pa3Hble (a3bl KaKUMH-
aH00 >JIEMEHTaMHU C HEOJWHAKOBHLIM COIMPOTHUBIEHHEM, a TakKke OOpHI-
BaMH [TPOBOJHHUKOB OXHOW MIIM ABYX (a3.

Jis pacueTa HECHMMETPHYHBIX PEXHUMOB JHHEHHBIX Tpex(a3HbIX
3JIEKTPUYECKHUX LeNeHd MOXHO UCIIOIb30BAaTh CIENYIOIHE METOMBI:

«KJIACCHYECKHUI» METOH, TPU KOTOPOM B CUCTEMY ypaBHEHHMH, ONHUCHI-
BAIOIIUX COCTOSIHUE COOTBETCTBYIOIIEH SIEKTPUYECKOH LIEMH, BXOIAT
JeHCTBUTENbHBIE (TI0JHBIE) TOKH U HanpsbkeHus (a3,

METOI CHUMMETPHUYHBIX COCTAaBJISAIOLNIMX, KOTOPHIM, KaK H3BECTHO,
OCHOBaH Ha Ipe[CTaBlIeHUM 1000l Tpex(ha3HOH CHUCTEMbI BEJIUYUH
(ToxoB, Hanpspkenuit, OJIC) B Bule cyMMBbI B 00IeM ciIydae TpeX CHM-
METPUYHBIX CUCTEM COOTBETCTBYIOUIMX BETHYUH, HAa3bHIBAEMbBIX CHMMET-
PHYHBIMU COCTaBIISIOUIMMHM CHCTEMaMH JaHHOM HECHUMMETPHUYHOH CHC-
TEMBI BEJIMYHH.

INockonbKy Mpu HECUMMETPHYHBIX PE)XXUMaX JNEKTPUUECKUX [[eTeld, B
9aCTHOCTH, IIPU HECHMMETPHUYHBIX KOPOTKHX 3aMBIKaHMAX U OOpBIBax
NpoBOAHUKOB (a3 TokH (a3, (a3Hble U JTHHEHHbIe HANPSKEHUS, MaJIeHus
HaMpsKeHUs B dJIEMEHTaX LeNedl HeCHMMETPHYHBI, TO TPH HUCIOJIL30Ba-
HHMH TIEPBOTO METOJa CXEMa 3aMeIl[eHUs] U COOTBETCTBYIOIINE yPaBHEHHUS
COCTOSTHMS JOJIKHBI COCTaBIATHCS Ui BeeX (a3 ¢ yuyeToM B3aUMOMHIYK-
UM Mexny HUMH. [103ToMy pacdeT TakMM METOIOM OKa3bIBaeTCs Ipo-
MO3JKHM Jake IpU MPOCTOH MCXOAHOW cXeMe. A TIPH HAJIMYUH B HCXO.-
HBIX JaHHBIX SBHOIMOJIOCHBIX CHHXPOHHBIX MAIUMH pacyeT NOIOJIHH-
TENbHO YCIOXKHAETCS, TaK KaK MOIJIeKAIINe YIeTy HHAYKTHBHOCTH (as-
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HbIX OOMOTOK TaKMX MAllMH ¥ B3aUMHBIE HHAYKTUBHOCTH MEXAY 3THMHU
0OMOTKaMH NEPUOIUYECKU H3MEHAIOTCS.

Ilpu pacdeTax HECUMMETPHYHBIX PEXHMOB TPeX(a3HEIX INIeKTpHYE-
CKHX IIeTled METOJOM CHMMETPHYHBIX COCTaBJIAIOIIMX CHadaja onpene-
JSI0T CHMMETPUYHBIE COCTABJIAIOIIME TOKOB U HANpPSKEHHH, a 3aTeM IO
9THM COCTAaBIAIOIIMM HAaXOAAT MCKOMBIE TOKM M HampsukeHUs. Takum
006pa3oM, NMPUMEHEHNE YKa3aHHOTO METOJa pacyeTa HeCHMMMETPHYHBIX
peXMMOB TIPEATOIaraeT UCHONIb30BaHHE NPUHIMIIA HATOXKEHHS, TTOITOMY
5TOT METOJ NPUMEHUM TOJILKO K JIMHEHHBIM LiemsaM. MeTon cuMMeTpuy-
HBIX COCTaBJISIOIIUX MO3BOJISET CYIECTBEHHO YIIPOCTUTh PACUYET HECUM-
METPUYHBIX PEXHMOB Tpex(ha3HOH IIeld, €CIM OHAa CHMMETPHYHA, T.€.
COMpPOTHUBIIEHHS BceX (a3 ITOH LeNH OTAENBHO A KaXA0H CHMMETpHY-
HOM CHUCTEMBbl TOKOB OJWHAKOBBI, & MPHMYMHON HAPYLIEHUS CUMMETPHUH
SBIACTCS BO3HHMKHOBEHHE B ONHOM MJIM JABYX TOYKaxX ILIENH MONEPEYHOH
WIM IPONOIbHON HeCUMMETpPHUH. IIpu 3TOM yCI0BUM CUMMETPUYHEIE CHC-
TEMBI TOKOB J1000H NOCIe10BaTeNbHOCTH ONPEAEIAIOTCS TONBKO COCTaB-
JAIOUMMHY HalpsDKeHUH TOH e caMOM TOCJIeN0BaTEIbHOCTH U COOTBET-
CTBEHHO CUMMETpPUYHBIE CUCTEMBbI MAaJeHU HalpsHKEeHHs Ha JII0O0OM CHM-
METPUYHOM DJIEMEHTE JIEKTPHUYECKOH LeNM CBA3aHbl 3akoHOM OmMa c
CHMMETPHYHBIMH CHCTEMAaMH TOKOB TOJBKO OJHOMMEHHOW IOCJENO0Ba-
TEJIbHOCTH, T.€.

AUI :ZIjl;
AU,=2Z,1,; (6.1)
AUOZZOj0=

rae Z,, Z,, Z; — KOMILIEKCHI COTPOTHBIEHUH CHMMETPHYHOTO Tpexdas-

HOTO 3JIEMEHTA JJIEKTPUUYECKOH eI COOTBETCTBEHHO IS TOKOB MPSIMOH,
00paTHOM U HYJNEBOH IOCIENOBATEIbHOCTEH HIIH, COKpAIEHHO, KOMII-
JIEKCBl COTIPOTUBJICHUN NpPSAMOM, 0OpaTHOM M HyJEBOH MOCIENOBAaTENb-
HOCTEH 3JIEMEHTA.

Broipaxkenue (6.1) moka3piBaeT, 4TO aHaIU3 HECHMMETPHUHBIX PEXH-
MOB JIMHEHHBIX TpeXx(}a3HBIX CUMMETPUYHBIX IETIEH C MOMOILBI0 METonAa
CHMMETPUYHBIX COCTAaBIAIOIIUX CBOAUTCA K aHAIM3y TPEX CHMMETpPHY-
HBEIX CHCTEM, NIPUYEM pacyeT AJs KaxIOH MOCIeqoBaTeJbHOCTH MOXHO
BECTH HE3aBUCHMO JpyT oT apyra. Kpome Toro, mpu pacdere JOCTaTOYHO
COCTaBUTh CXEMBI 3aMEUICHUs MPSIMOH, 00paTHOH M HyJeBOH MocienoBa-
TEJILHOCTEN TOJNBKO IS OXHOM (a3pl. ITO 3HAUUTENHHO YIPOIIAET pac-
YeThl, B TOM YHUCII€ ¥ B LIENX C SBHOIMOJIOCHBIMM CUHXPOHHBIMU MalllH-
HaMH, TaK Kak IOCJIeIHUE, KaK U APYTHe IEMEHTHI LieTel, YYUThIBaIOTCS
B COOTBETCTBYIOIIHMX CX€MaX 3aMEIeHHs CONPOTHBIEHUAMH IPSMOH,
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o0paTHOi W HYJEBOH I0CIEN0BAaTEIbHOCTEN, KOTOpHIE NPHHUMAIOTCS
MIOCTOSIHHBIMH M MMEIOT TIPOCTON QH3MUECKUH CMBICIL.

Ecam ke nHHeiHas »/IeKTpHYECKas LEeMb COAEPXKHT TpexhasHbii
HECHMMETPHYHEBIH 3EMEHT, TO MajleHHe HaNPsSKeHUs 11000# 1mocnenosa-
TEJILHOCTH B 3TOM dIIEMEHTE CBA3aHO JIMHEHHOH 3aBUCUMOCTBIO ¢ TOKaMH
BCEX IIOCJIeNOBaTeNbHOCTEH, NpuueM Kod(h(HULIMEHTH IpH TOKax OTIe-
JBHEIX TOCNENOBATENBPHOCTEH ABIAIOTCH (QYHKIMAMH CONPOTHBIECHHA
Bcex (a3. [IoaToMy IpUMeHEHHE METOa CHMMETPUYHBIX COCTaB/IAIOMINX
B 3TOM CJIy4ae CBSA3aHO CO CIOXHBIMHU BHIYUCICHUSAMU.

B snekTpudecKkux cHCTEMax He BCe TPeXx(asHbie dIEMEHTHl CHMMeET-
pu4HEL. B wacTHOCTH, Tpex(asHble TPEXCTEPKHEBBIE TPaHC(HOPMATOPHI,
CTPOr0 TOBOpS, SBIAIOTCS HECHMMETPUYHBIMM yCTPOHCTBaMH BBHIY
HEOIMHAKOBOTO B3aMMHOTO PacTOI0oKeHHs 00MOTOK pas3HbIX (as. OnHako
9Ta HECMMMETPHS CYIIECTBEHHO MPOSBISAETCS JHIIb Ha XOJTOCTOM X0y U
HE HMEET NPAKTHYECKOTO 3HAYEHHs MPH HArpPyXeHHbIX 0OMOTKax BCIel-
CTBHE OTHOCHTENBHOM MaJIOCTH TOKOB XoiocToro xona. He Bce Tpexdas-
Hble MalMHBl C BpPAIIalOIMMCA POTOPOM SIBISAIOTCS CHMMETPHYHBIMU.
CuUMMeTpHYHbI JUIIb Te U3 HHX, Y KOTOPHIX Tpex(asHas 0OMOTKa AKOps
CHMMETPHYHA, @ TOKH COOTBETCTBYIOLIUX KOHTYPOB POTOPa CO3IaI0T KPY-
roBO€ Bpamarouieecs MaruutHoe 1oje. [103ToMy aCHHXpOHHBIE MaIIWHbI
C KOPOTKO3aMKHYTHIM M (pa3HBIM POTOPOM CHMMETPHYHBI, 2 CHHXPOHHBIE
MaIIMHbI, HIMEIOLIME HAa POTOPE KOHTYPHI C Pa3IH4HBIMU TapaMeTpaMu 110
€ro MpoAoJbHON ¥ MOMEpPEYHON OCSIM, HeCUMMETpHYHbL. Tem He MeHee
IpU TPAKTUYECKUX pacueTaX HECHMMMETPHYHBIX PEXHUMOB M TaKue
MalIMHbl MOXXHO CYMTATh CAMMETPUYHBIMH. [IpMHUMAIOTCS U Crienuab-
HbIe Mepbl 0 00eCTIeueHUI0 CHMMETPHHU OTIEIbHBIX 3JIEMEHTOB JJIEKTPO-
SHEpreTHYecKUX cucteM. K HHM, B YaCTHOCTH, OTHOCHUTCS TPAHCTIO3HLIUA
IPOBOJOB BO3AYIIHEIX JIMHHUIH 3eKTponepeaayu. I1oatomy coBpeMEHHbIE
9IEKTPUYECKHME CHCTEMBI TIPAKTUYECKH CHMMETPHYHBL. DTO 00CTOATEND-
CTBO TO3BOJISIET PAaCCYMTHIBATh HECUMMETPHYHBIE PEXUMBI, CBS3aHHbBIC
C BO3HUKHOBEHHEM HECHMMETPHM B OJHOM MJIM JIBYX TOYKaX CHUCTEMBI,
C HCIOJIb30BaHHEM METONA CUMMETPHUUHBIX COCTABIAIOIIMX, PacCMaTPH-
Basg BCE DJIEMEHTBI CHCTEMbl CHMMETPUYHBIMH. IIpu 3TOM BBIYMCIEHHS
TOKOB M HAlPsOKEHUM MPH MPOROJIBHON MM MOIEPEYHOH HECHMMETPUH
(aKTHYECKH CBOIATCA K BHIYUCIEHHUIO TOKOB U HAIPSDKEHUH SKBHBAJICHT-
HOTO CHMMETPUYHOTO PEXKHUMA.

Ilp# HECUMMETPUYHOM pEXHME CHHXPOHHOW MAaUIMHBI TOMHMO
OCHOBHOTO MarHMTHOTO TIOJSI, CO3aHHOTO TOKOM BO30YXIeHHs, c 06MOT-
KOU SIKOps CBSI3aHBI U IpyrHe MarHUTHBIE MOJIS: ‘

BPAIIAIOIIUECS CHHXPOHHO C POTOPOM MAarHUTHBIE TONSA PEaKIHH H
paccesiHus OOMOTKH SIKOPsI, BHI3BAHHbIE TOKAMHU NPAMOM MOC/IEA0BATENb-
HOCTH 3TOW 0OMOTKH; '
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00paTHO-CHHXPOHHOE MAarHHTHOE ITojIe, OOYCIIOBJIEHHOE TOKaMH
00paTHOM MOCNIEN0BATEIPHOCTH OOMOTKH SIKOPSL M COOTBETCTBYIOLIMMH
TOKaMH KOHTYPOB POTOpa, KOTOPHIE ABIAIOTCS CIECACTBHEM 3IIEKTPOMAr-
HUTHOH (TpaHC(hOPMAaTOpHO#H) CBA3M ITHX KOHTYPOB C OOMOTKOM sKOpS
MAalIUHbI;

MarHMTHOE T0JI€ PACCEAHHs OT TOKOB HYJIEBOH IOCIENOBaTEIbHOCTH
0OMOTKH SIKOPS.

IlepeuncineHHble MArHUTHBIE 10711, 0OYCIOBIEHHBIE TOKAMH TIPAMOH,
00paTHO¥ ¥ HyJIEBOH MOCIEN0BATEILHOCTEH OOMOTKH SIKOPSI CHHXPOHHOM
MalllMHBI, HAaBOAAT B 3ToM o6MoTke OJIC caMOMHAYKIWH, HPOIOPLHO-
HallbHbI€ TOKaM COOTBETCTBYIOIIUX IociexoBaTenbHocTel. Ilockomeky
STH TOKHM IIPU PaCy€Te HECUMMETPUUHOTO PEXKHMa SIBJISIFOTCH MCKOMBIMHU
BeMYMHaMy, TO ykasanHele JJIC Taxke HeusBecTHHI. [loaToMy neneco-
00pa3HO TOCNENHUE pacCMaTpHUBaTh Kak B3ATbIE C OOpAaTHEIM 3HAKOM
NajJeHUs HaNpsHKEHUs OT OTAEIBHBIX CHUMMETPHUYHBIX COCTABIAIOMIMX
TOKa OOMOTKH SIKOPSI COOTBETCTBEHHO B HHIYKTHBHBIX CONPOTHBJIEHHAX
npAMO#, oOpaTHOH M HyJIEBOH MOCIEN0BaTelbHOCTEH CHHXPOHHOM
MAIHHBI, & B CXEMY 3aMEUICHHs B SBHOM BHIE BBOJUTH TOJNbKO Te DJIC
MallMHBI, KOTOPLIE HE 3aBUCIT OT MCKOMBIX TOKOB, HallpUMep, MEpEXoj-
Hyl0 WM cBepxmepexonnyo OJIC, HaliieHHYI0 M3 MpeIecTBYIOLIEro
pexuma, i CMHXpoHHyI0 JJIC npu pacyeTe YCTaHOBUBLIETOCS PEXHUMA.
Cucrema ykazaHHBIX ¢a3HbiX OJIC CHMHXPOHHOM MalIMHBI BCIEICTBHUE
CUMMETPHH €€ YCTPOWCTBA COAEPXKUT TOJIBKO COCTaBIAIIIME NPAMOM

NOCJIEeA0BaTEIbHOCTH, T.€. E 1#0,aE,=0wuE,=0.Orciona crenyer,

4TO TOKM OOpaTHOH M HY/IEBOH MOCIENOBATENBHOCTEH, 38 OTCYTCTBHEM
OJIC 3tHX mocneN0BaTeNbHOCTEH, ONPENENIOTCS TOIBKO COOTBETCTRYIO-
MM HalpsOKEHUSIMH B MECTaX BOSHUKHOBEHMs INOIEPedHOH Wiu mpo-
J0JbHON HecuMMeTpuu. TakuM o6pa3oM TOkM 0OpaTHOM U HYIEBOM IOC-
JIe0BATeIbHOCTEH ABIAIOTCA YPaBHUTEIbHBIMH TOKAMH, BOSHUKAIOLIMMHU
0/ BIUSHUEM BO3HHKIIEH aCHMMETPHH JJIEKTPHUUECKON CHCTEMEI.

Kpome ynmoMsHYTHIX BbILIE MATHHUTHBIX TOJE€H B CHHXPOHHBIX MAllH-
Hax NPH HECUMMETPHYHBIX PEKUMAax BO3HUKAIOT U IPyrHe MarHUTHBIE
T0JIs1, B PE3Y/IbTaTe BIHSIHUS KOTOPBIX B TOKE OOMOTKH SKOPS MOABIIAIOTCS
BBICIIIME FapMOHHYECKHE COCTaBIsomue (cM. § 6.2). Mexay TeM MeToq
CHMMETPHUYHBIX COCTABJAIOMIMX IPUMEHHUM TOJNBKO K BEIMUMHAM, M3MeE-
HSIOIMMCS BO BPEMEHH 10 CHHYCOMAaNbHOMY 3aKoHy. OnHako mpu pac-
YeT€ HECUMMETPHUHBIX PEXHMOB JJIEKTPOIHEPTETHUECKHX CHCTEM
OOBIYHO YYMTHIBAIOT JMIIb OCHOBHYIO FAPMOHHKY TOKOB M HAIPSIKEHHH.
QTo MO3BONSET UCIONB30BAaTh METOJ CHMMETPUYHBIX COCTABIAIONIMX HE
TOJIBKO ISl pacyeTa HECUMMETPHUYHBIX YCTAHOBUBIIUXCSA PEXXUMOB, HO U
HECHMMETPHUYHBIX NTEPEXOAHBIX [IPOLIECCOB.
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6.2, O6pasoBaHue BbICLUMX FAPMOHUK
NPU HECUMMETPHUYHbIX PEXUMAX CHHXPOHHbBIX MALUUH

POTOp CHHXPOHHOW MAIUMHBI HE SBISAETCS CHMMETPHYHBIM yCTPOH-
cTBoM. Il03TOMY TIpH HECHMMETPHUYHBIX PEXHMAx TOKM WM HANPSKECHHS
COIEpXKaT BHICIIME TIapMOHMYECKHE CcOCTaBIAiomue. UTOOBI BBISBHTH
dusrueckyro kapTEHy mpouecca, paccCMOTpUM onHOdasHOe WK ABYX(as3-
HOE KOpPOTKOE 3aMbIKaHHE H IIPEANOJIOKHM CHayaja, 4TO Ha pOTOpe
MaIllMHBl TTOMHMO OOMOTKH BO30YXIEHHS HET HUKAKHX JAeMI(pepHbIX
KOHTYPOB.

Kak npu ogHo(a3HOM, TaK ¥ IIpH JABYX(HasHOM KOPOTKOM 3aMbIKaHUH B
IENM SKOpS CHHXPOHHOM MamMHBI 00pa3syercsi omHO(a3sHbIil KOPOTKO-
3aMKHYTHIH KoHTYp. L{MpKYyIMpYyIOIIHMi 110 3TOMY KOHTYpPY IepeMEHHBIH
TOK CHHXPOHHOM YacTOTHI f CO3/aeT IMyIbCHPYIOIlee MarHUTHOE ToJe.
IMocnenuee, kaK M3BECTHO, MOXKHO TPENCTABUTh KaK JIBa TI0JIs, BpaIllaro-
HMIUXCA ¢ CHMHXPOHHOH YITIOBOM CKOPOCTBIO (... B MPOTHBOIIOJOXHBIX

HampaBlieHusx. [IpsMo Bpamaromeecs Ioje, T.€. [0Je, KOTOpoe Bpalia-
€Tcs B HalpaBJIeHHH BPAIICHUS POTOpa, N0 OTHOIIEHHIO K MOCIEAHEMY
OKa3BIBAETCS HEMOABMXXHBIM M TakMM 06pa3oM TpaHchOpMAaTOpHO CBs-
3aHHBIM C MarHUTHBIM TIOJIEM, CO3JaHHBIM TOKOM B030yxaenus. ObpaTHo
Bpamaroieecs noie, T.e. Moje, KOTOPOE BPAIAETCS B IPOTHBOMONIOXHOM
HaIpaBlIeH!H, 10 OTHOIIEHHUIO K POTOPY TIEPEMEIAETCA C NBOMHON yIIIO-
BOM CKOPOCTBIO 2®,,, ¥ HHIYKTHpYeT B 06MoTke BO30yxaeHus OIC

JBOMHOM 4acToThl. TTOCKONBEKY O0OMOTKa BO30YXKIEHHsA 3aMKHYTa 4epes
BO30OynUTENb, B HEMl BO3HHKAET TOK ABOMHOM YacTOTBI 2f, KOTOpBIH
cO3aeT MarHUTHOE IT0JTe, MyIbCcUpyolee ¢ ABOHHOH yacToTol. Ilocnen-
Hee TaK:Ke MOXKHO Pa3/IOKUTh Ha Ba MarHUTHBIX T0JIsA, BPAlIalOMUXCs B

IIPOTHUBOIIOJI0XHBIC CTOPOHBI C yFJ'IOBOﬁ CKOPOCTBIO 2('001/11-1)( OTHOCHTECIIBHO

potopa. OGpaTHO Bpamiaroieecs mojie o OTHOMEHHIO K AKOPIO IBHKETCS
C YIVIOBO# CKOPOCTBIO 20, — Oy = Oy, T.€. C CUHXPOHHOH CKOPO-
CTHIO B HaIpaBlIeHHH IIPOTHUBOIIOIOKHOM HANpPaBJICHUIK BpalleHUs
pOTOpa ¥ OKa3BIBAETCA HEHNOHBMIKHEIM OTHOCHTENILHO MarHHTHOTO TIOJI,
BBI3BABILETO B OOMOTKe BO30YXKIEHHS TOK JBOWHOW YacTOTHI, YACTUYHO
KOMIIEHCHpPYst 3T0 mone. [IpsMo Bpamaromeecs Moje IO OTHOWEHHIO K
SIKOPIO JIBUXKETCS ¢ TPOHHOH YITIOBOH CKOPOCTBIO B HallpaBIEHHUH Bpalle-
HMs pOTOpa U WHAYKTHpYeT B 0OMoTke skops OJIC TpoiHOH 4acTOTHI,
PE3yIBTAaTOM Yero ABISLETCS BOSHUKHOBEHHE B TOKE KOS TPEThEM rapMo-
HUYECKOi cocTapismoiei. [Tocienusas co3gaeT MarHUTHOE TI0JIE, MTYIbCH-
pyioliee ¢ TPOWHOW YacTOTOH, KOTOpPOE ONATh MOXHO Pa3jIOKUTh Ha
npsAaMo ¥ obparHo Bpamaromuecs noias. O0paTHOe o€ UHAYKTHPYET B
obMotke Bo36ykaerus DJC dacToTsl 4f, Mo AefcTBHEM KOTOPOH B TOKE
B030yX/IEHUs BO3HUKACT YETBEPTasi FAPMOHUYECKAs COCTABIAIOMAsA U T.1.
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Takum 00Opa3oM, mosBleHHE B OOMOTKE SKOPS CHHXPOHHOM MalIWHBI
0Z1HO(a3HOTO MEPEMEHHOTO TOKA BIEYET 32 cOOOM BOSHHKHOBEHHE B HEM
HEYETHEIX TaPMOHUYECKUX H B TOKE OOMOTKH BO30YKIEHHs YETHBIX Tap-
MOHHYECKHX COCTABJISIOUIMX. .

B MOMEHT BO3HUKHOBEHMS HECHMMETPUYHOTO PEXHUMA IIOMHMO yKa-
3aHHBIX TAPMOHHYECKHUX COCTAB/ISIOMINX B TOKE OOMOTKH SIKOPSI CHHX POH-
HOH MallWHEI MIOSBIAIOTCSA CBOOOAHBIE YeTHbIE FTAPMOHUYECKHE COCTABIIA-
IOLIKE, & B TOKE 0OMOTKHM BO30YXIA€HUsSI — CBOOOJHBIE HEYETHBI® rapMo-
HUYECKHE COCTAaBIIAIOIIME, YTO SBAAETCS Pe3yJIbTaTOM BIHUSHHUSA CBOGOJ-
HOTO aNepHOAMYECKOTO TOKa sKopsA. Du3MYeCKH 3TO 0ObACHAETCS
clenyromuM 00pa3oM. ANEpHOIHIESCKUH TOK SKOPS CO3IAeT HETOIABHK-
HO€ B IPOCTPAHCTBE MArHUTHOE IIONIE, TOJ AECHCTBUEM KOTOPOTO B
00MOTKe BO30YXA€HHUS, Bpalalomeicss OTHOCUTENBHO 3TOTO MOJIst ¢ CHH-
XPOHHOH YITIOBOH CKOPOCTBIO, HABOAUTCS MMEPEMEHHBIN TOK CHHXPOHHOM
gacToThl. [locnenuuii cozgaer MarHuTHOE TOJIE, KOTOPOE OTHOCHTENHLHO
poTopa IyJabCHPYET C CHMHXpOHHOM uactoroil. IIpeacraBuB 510 moje B
BUJE [BYX IOJIeH, BPAaIalONMUXCs B MPOTHUBONOJIOXHEIX HaIpaBIeHUAX
OTHOCHUTEJILHO POTOpa C CHHXPOHHON YIVIOBOH CKOPOCTBIO, JIETKO YBH-
J€Th, 9TO 0OpPaTHO Bpamiaolieecs 1Moje 0 OTHOUIEHHUIO K SKOPHK OKa3bl-
BAETCs HEMOJBIKHBIM, a IPSAMO BpallaloNIeecsl MATHUTHOE ToJie — Bpa-
IAaeTCs C MABOHHOM CHHXPOHHOH YIJIOBOM CKOPOCTHIO U HAaBOAMT B
0o0MOTKe sAKOps IEepPeMEHHBIH TOK ABOMHHON 4acTOThl. ITOCKONBKY mpu
HECUMMETPHYHOM KOPOTKOM 3aMBIKaHHH B 1IETIH SIKOPSI 00pa3yeTcs OaHO-
(a3HpIi KOPOTKO3aMKHYTBIM KOHTYp, TO yKa3aHHBIH TOK IBOWHOM yac-
TOTHI CO3Ja€T MarHUTHOE I10JIE,. [TYIECHPYIOIIEe C ABOHHON YaCTOTOM.

Pa3noxuB 3T0 IONe Ha ABA MOJIS, BPAIIAIOILHMXCS B IIPOTUBOIOIOXHBIX

HaIIpaBJICHUAX C YFHOBOﬁ CKOPOCTBHO 2(DCI/IHX OTHOCHTEJIBHO SIKOPps, o0Ha-

PYXKHM, YTO B pe3ynbTare AEHCTBUS 0OpaTHO BpaIIalOmETroCs MO B
00MoTKE BO3OYXKICHUS MOABIAETCS TIEPEMEHHBIH TOK TPOMHON YaCTOTEL
Hanuuue 3Toro Toka IpUBOAMT K BOSHUKHOBEHHIO B 0OMOTKE SIKOPS TOKA
gactotsl 4f U T.0. BMecTe ¢ 3aTyxaHuem cBOGOIHOTO amepHOIHYECKOTO
TOK2 SIKOPS C TOW XK€ IIOCTOAHHOM BpeMeHH T, 3aTyXaroT aMILTHTY/Bl YeT-

HBIX TaPMOHHMYECKHX COCTAaBJIAIOIIUX TOKA OOMOTKH SIKOPS M HEUYETHBIX
rapMOHHYECKHX COCTABIAIOIIUX TOKa OOMOTKH BO30YKIESHHUS.

Ecnu 651 poTOp CHHXPOHHOM MallWHBl 00/1a4al1 OJHOW MAarHUTHOH H
JJIEKTPUYECKOH CUMMETPHEH, KaK KOPOTKO3aMKHYTHIH pOTOpP aCHHXpPOH-
HOH MaIIuHBI, TO M MyJIbCUPYIOIEe MAarHUTHOE I0JIe, BEI3BAHHOE OJHO-
(a3HEIM IEepeMEHHBIM TOKOM CHHXPOHHOM YacCTOTHI OOMOTKH SIKOpS, H
MarHuTHOE II0jie, BBI3BAHHOE AamnepHOAMYECKOM COCTaBisIOIIed TOKa
AKOpsA, He MOIIM OBl CO3[aTh BHICHIMX T'apMOHHYECKUX COCTABISIOIIUX.
OT0 00BACHAETCA TEM, UTO TAKOW POTOP CHMMETPHYEH 110 OTHOIIEHHIO K
M060My BpalllalOMIEMYCS OTHOCHUTENBHO Hero MarHHTHOMy moio. Ilpu
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3TOM BO3HHKAKOWIKE B €r0 06MOTKax TOKH CO3[al0T BpallaroLuecs Mar-
HHUTHBIC MOJI, KOTOPBIC 10 OTHOMICHHIO K COOTBCTCTBYIOIIMM Bpalliaro-
IIMMCS] MarHUTHBIM TOJISIM OT TOKOB SIKOPSI OKa3BIBaXOTCA HEMOABHIKHBIMU
U HanpaBleHHBIMH HaBCTpedy, 0cnalbisas 3TH 1o (a MpU MajloM aKTHB-
HOM COTPOTHMBICHHH MPOBOJHHMKOB POTOpa MarHMTHHLIE MOJIA OT TOKOB
SIKOPSI TIOYTH MIPJIHOCTBIO BHITECHSIOTCS 3a MpeJiesibl KOHTYPOB POTOPA).

Porop mo6oii peansHOH CHHXpOHHOH MallMHBI, NaXe TypOoreHnepa-
TOpa, He 00JajaeT IOJHOH MarHMTHOH Y 3JIEKTPUYECKOW CUMMETpPHEH.
IToaToMy npu HECUMMETPUYHOM pEXHUME CHHXPOHHOH MaIIMHBI KaK B
TOKEe OOMOTKH SKOPS, TaK H B TOKE OOMOTKH BO30Y>KA€HHS BO3HUKAIOT
BEICHIME rapMOHMYECKHe cocraBinsiomue. OIHako TpH HaJIUYUH
Jemi)epHBIX KOHTYPOB B 00€HX OCSAX pOTOpa CHHXPOHHOH MallMHBI (2 y
TypOoreHepaTopoB poib JeMidepHbIX KOHTYPOB BBINONHAET CTalbHOU
MAacCHB pPOTOpa) CTENIEHb HECUMMETPHH POTOpa He3HaYMuTenbHa. [loaTomy
IIPY HECHMMETPHUYHBIX PE)KHMaX TaKUX MalllMH BHICIIHME FAPMOHHYECKHE
COCTaBJISIOINKE OYTH HE TIPOSBISAIOTCS.

FfAaBa 7

METOAMKA COCTABAEHUA CXEM 3AMELLLEHMS
NPAMOW, OBPATHOW W HYAEBOIA
NOCAEAOBATEAbHOCTEW

7.1. MocTaHOBKA 3QAQYM

Jns pacdera pa3slUYHBIX HECHMMETPUYHBIX PEKMMOB C UCIIONB30Ba-
HHEM MeTola CHMMETPHUYHBIX COCTaBIAIOIIMX MPEABAPUTENLHO IO
HCXONHOMH PacyeTHOM cxeMe MOJIKHBI OBITH COCTaBIEHHI B 00LIEM cilydyae
CXEMBI 3aMeLIeHHs NIPIMOH, 0OpaTHOU U HyJEBOH MOC/IEN0BaTENbHOCTEH.
Heo6XoquMOCTb 3THX CXeM ONpelenseTcs TeM, 4TO TOK MpsAMOH mocieno-
BAaTENbHOCTH, KaK OyIeT IMOoKa3aHO HHXKe, U NIPU MONEePEeYHOH, H IIPH Ipo-
JOJBHOW HECHUMMETPHH 3aBUCHT OT JKBUBAIEHTHBIX CONPOTHBIICHUMH
CXEM 3aMelleHus pa3IuyHBIX IociaenoBarenbHocTed. Kpome Toro, noane-
)Kallhe ONpPENeNeHHI0O CHMMETPUYHBIE COCTaBIAIOIIUE TOKOB B IPOM3-
BOJBHOM BETBU M HamNpsXKEHU B JIOOOM Yy3lle HCXONHOH pacyeTHOH
CXEMBI OIIPENENAIOTCSA U3 CXEM 3aMELIEHHUs] COOTBETCTBYIOIIMX MOCIEHO-
BaTE€NbHOCTEH.

Ilpy aHamUTHUYECKUX pacdyeTax HECUMMETPUYHBIX PEXHMOB CXEMBI
3aMEUICHUs BCEX IOCIEN0BATEIbHOCTEH COCTAaBIAIOT MM B HMEHOBaH-
HBIX €IMHHUIAX C NPUBEIECHUEM IapaMeTPOB BCEX JNEMEHTOB HCXONHOM
pacyeTHOH CXeMBbl K OCHOBHOH CTYIEHH HaNPsUKEHUS CETH, MIIU B OTHOCH-
TENbHBIX €AWHUIAX NIPH NpPENBAPHUTEIHHO BBHIOpaHHBIX OAa3UCHBIX enu-
HHLaX.

7.2. CxeMbl 3aMeLLEeHU NPSAMON U o6paTHOM
NOCAEAOBATEABHOCTEN

CxeMa 3aMelIeHUs IPAMOH ITOCIEN0BATENbHOCTH IPU HECUMMETPHUY-
HOM KOPOTKOM 3aMBIKaHWH aHaJIOTMYHA CXeME IIPH Tpex(a3HOM KOPOTKOM
3aMbIKaHUH, IPUYEM B 3aBUCUMOCTH OT Paci€THOTO MOMEHTa BPEMEHHU U
IIPUMEHSIEMOTO METO/Ia pacieTa TOKa KOPOTKOTO 3aMbIKaHUsI CHHXPOHHBIE
reHepaTophbl (CHHXPOHHbIE KOMIIEHCATOPBI) M HAarpy3KH BBOIAT B CXEMY
3amemienus coorBeTcTBytomMU JJIC u conporusineHusMu. CompoTHB-
J€HHs OCTANbHBIX JJIEMEHTOB HE 3aBHUCAT OT PacyeTHOr0 MOMEHTa Bpe-
MeHHU. [Tockonbky Impu MOO60M HECHUMMETPHYHOM KOPOTKOM 3aMBIKaHHH
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HapsAXCHUE HpﬂMOﬁ NOCJIEeN0BaTEIbHOCTH B TOYKE KOPOTKOIO 3aMbIKa-

HHA UKI HE PaBHO HYJIIO, €r0 BBOIAT B CXEMY 3aMEIICHHUA IIpsIMOU T10C-

JieoBaTebHOCTH. OOBIYHO Ha 3TOH CXeMe IOKa3pIBalOT BECh KOHTYD, 1O
KOTOPOMY 3aMbIKaeTCsl TOK NPSAMOM nocnenosarenbﬁoczn (cMm. puc. 7.1, a,
Ha KOTOpOM H300pa)keHa cXeMa 3aMENIEHHUs MpsSMOH IoclIeNoBaTeb-
HOCTH B IpeoOpa3oBaHHOM BHJE). }

CxeMma 3aMelleHds MPSMOH MOCIENOBATENBHOCTH MPU NPOJOILHOH
HECHMMETPHMH OTIHYaeTcs OT OXHOMMEHHOH CXEMBI 3aMelleHHs IpU
HECHMMETPHUYHOM KOPOTKOM 3aMBIKAHHH TEM, YTO B pe3yJbTare MOosBIe-
HHS TPOJONBHOW HECHMMETPHH MEXIY NPOM3BOJIBHBIMU TOYKamMu L, u

LI' cxeMa 3aMEelleHHUs ACIUTCA Ha ABE YaCTH C HCOAUHAKOBBIMH ITOTCHIIH -

ajgamM B TOYKax L, u Ll' (cm. puc. 7.1, 6, tne E; u X — IKBHBaJICHT-
Hasgs OJIC M 3KBHMBaJIEHTHOE COINPOTHBIECHHE IPSAMOW MOC/IENOBaTElNb-

HOCTH OJJHOHM YacTH cXeMbl 3aMelleHus; £, U Xp) — COOTBETCTBYIOIIHE
HapaMeTpHl BTOPO# yacTH cxeMsl 3ameleHus). IToaToMy B cxeme 3aMe-
IIEHHS MPSAMOH MOC/IENOBATENLHOCTH MEXIY TOYKaMu L, u Ll' BKJIIOYa-
ercst npotuBoOJIC, paBHas MaJeHHMIO HANMpsDKEHHs MPAMOW MOCIe0Ba-

TeapHOCTH AU L1 HpH 3TOM YyKa3aHHBIC JIB€ YaCTH CXE€MbI 3aMCIICHHUA

OKa3bIBAKOTCA BKIIIOYEHHBIMU MOCJICA0OBATCIIBHO C AULI (OTCXOIla TEPMHUH

«TIPOJONBHAsE HECUMMETPHS).

CxeMbl 3aMerieHuss oOpaTHOHM TOCIIENOBATEIBHOCTH IPH HECHMMET-
PHUYHOM KOPOTKOM 3aMEBIKAHMHM M TIPH TIPOAOJIBHOH HECHMMMETPHHU 10
CBOEH CTPYKTYpE HE OTJIMYAIOTCS OT COOTBETCTBYIOIUX CXEM 3aMelleHns
IpSMOM TOCIENOBATENbHOCTH, TaK KaK IMYTH LUPKYJIALUH TOKOB IPAMOWM
U 00paTHOH MMOC/IenoBaTeIbHOCTEN TIPH HECUMMETPUHU OJHOIO U TOrO e
BH/Ia (TIOMEPeYHON MK MPOAONbHOI) oguHakoBbl. Toneko OJIC obpaTHoH
NOCJIENOBAaTEIFHOCTH MCTOYHHKOB SHEPruH, Kak OBIIO MOKa3aHO paHee,
IPHHUMAIOT PABHEIMU HYITIO.

Prc. 7.1. CxeMbl 3aMeIeHHs NPSAMOIi MOCIEA0BATEILHOCTH IPH HECHMMETPHYHOM KOPOT-
KOM 3aMbIKaHHH (@) ¥ IPH OPOAOILHON HeCHMMeTpHH (£)
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Tox 06paTHOI N0C/EN0BATENBHOCTH PH HECHMMETPHYHOM TOBPEXK-
ACHUM SBISIETCS CIENCTBHEM BO3HHMKIIETO B MECTE MOBPEXIEHHUS HATPS-
KEHHs 00paTHOH mocnenoBatensHOCTH. [109TOMY B cXeMy 3amermenus
00paTHO¥ MOCNEN0BATENLHOCTH NIPH HECHMMETPHYHOM KOPOTKOM 3aMbi-
KaHWH BBOJAT HampshKeHHE OOpaTHOM MOC/IENOBATENBHOCTH B MECTe

KkopoTKoro 3ambikanust Uy, (puc. 7.2, a), a B cxeMy 3amemienus o6par-

HOW TIOCJIE0BaTENbHOCTH NPH MPOJOIBHON HECUMMETPHH — Ma/ieHue
HalpsDKEHUs: 00paTHOM nocienoBarensHocTH AU L2 MEXy TOYKaMu L, u
L, (puc. 7.2, 6).

Y KaxI0¥ cXeMbl 3aMeleHus, UCTIOIb3yeMOi IpH pacyeTax HECHM-
METPUYHBIX PEXHUMOB, OOBIMHO Ppa3NIUYAOT HAuano W KOHeY cXeMbi.
Y cxeM 3amelieHus npAMoi 1 06paTHO#M MOCTIEeN0BATENBHOCTEMN, HCTIOND-
3yeMBIX JUIs pacyeTa HECHMMETPUYHOTO KOPOTKOTO 3aMBIKAHHMS HIIH TIPO-
AONBHOHM HECHMMETPHH, 32 HAYal0 CXeMbl IPUHHMAIOT TOYKY, B KOTOpO#
00beIMHEHbl HEHTpaNH reHepaTopoB M KOHIIBI Harpy3o4HbIX BETBEiA.
HoTeHnuan Hayana cxemsl 3aMeIIEHHs PaBEH HYMIO [MpaBia, OTEHIHUAN
Hadaia CXeMbl 3aMeIIeHUsi 0OPaTHOM MOCIen0BaTeNbHOCTH, KaK H IPYTHX
ee ToueK, Kak Oyner mokasaHo Huxe (cM. r1. 8—10), uHOrma HCKYCCT-
BEHHO CMEIIAIOT, YTOObI MOTYYHUTh TaK HA3BIBAEMYIO MPOCTYIO KOMILIEKC-
HYIO CXeMy 3aMelleHus].

-KoHIoM cXeMBI 3aMelneHus npsMoi MM 06paTHOM MOCienoBATENb-
HOCTH IpH HECUMMETPUYHOM KOPOTKOM 3aMBIKAHHH CUHTAIOT TOYKY, IIe
MPOU30LLIO0 3aMbIKaHHe. CxeMBl 3aMelleHHs IPSMO U 06paTHO# moce-
JOBATEILHOCTEH TP TPOXONBHOW HECHMMETPUH MMEIOT IO /Ba KOHIIA.

WUmu sBasrorcs Touku Linu Ll' B CXeM€ NPSIMOM MOCIeN0BaTEIbHOCTH U

: ) v
TOYKH L, u L, B cXeme 0GpaTHOIi 10C/en0BATENBHOCTH (CM. puc.7.1,6 u
7.2, 6), MEeXIy KOTOPHIMH HMEIOTCA Pa3HOCTH IOTEHIHMATOB COOTBET-

ctBeHHo AU, u AU, .

AU,

Kok K, Yo L, L, “m
a) 6)

Puc. .7.2. Cxembl 3amemenns 00paTHOli mOC/IEN0BATEILHOCTH HAPH HECHMMETPHYHOM
KOpPOTKOM 3aMbIKaHHH (@) ¥ IPH APOAOJILHON HeCUMMeTPHH (6)
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3a ONOKKUTETFHOE HATIPaBIEHHE TOKOB NPAMOM ¥ 00paTHOM mocneno-
BaTeJbHOCTEN NPH HECUMMETPUYHOM KOPOTKOM 3aMBIKaHHM NPHHUMAIOT
HarpapJeHHe OT Hadajla K KOHILy CXeMBl 3aMELIEHHs, & IIPY IPOAOIbHOK
HECUMMETPHH 3a IOJOXKHTEIbHOE HANpPAaBIEHHE TOKOB OOBIYHO MpH-
HHMAIOT HanpaBieHHE OT TOW YaCTH CXEMBI MPSAMOW IMOCIEeNOBaTelb-
HOCTH (K MeCTy HECHMMETPHH), KOTOpasi HMEET OOJbUIYI0 SKBHBAJICHT-
nyo J9JIC.

7.3. CXeMbl 3aMELLLEHUA HYAEBOM
NOCA€AOBATEAbHOCTH

CxeMBl 3aMemnieHHs HYJIEeBOH MOCIENOBATENbHOCTH KakK IPH HECHM-
METPHUYHBIX KOPOTKHX 3aMBIKAHHSAX, TaK M NPH NPOAOJILHOM HECHMMET-
PHH PE3KO OTIMYAIOTCS OT CXEM 3aMelleHHs MPAMOW M 00paTHOM mocie-
JIOBAaTENBHOCTEHM, TaK KaK MyTH LUPKY/ISLUH TOKOB IIpsAMoi (0OpaTHOMH) 1
HyJIEBOH TOC/IEN0BATENPHOCTEH HeonMHAKOBEI. TOK Hy/eBOHM IocienoBa-
TEJNBHOCTH 10 CYIECTBY SBIAETCS OHO(DA3HBIM TOKOM, Pa3BETBICHHBIM
MeXIy TpeMs (asamu, T.e. 11 Hero Bce (a3bl TpexdasHOM uenu sBis-
I0TCS TpeMs MNapalIeNbHO BKTIOYCHHBIMH BETBSMH, OONafaroluMu
OIMHAKOBBIM COMPOTHBICHHEM. IIpu 3TOM KOH(QHIrypauus CXeMbl 3ame-
IIEHUs HYJIEBOH MOCIENOBaTEIbHOCTH B 3HAYMTENBLHON Mepe Ompeness-
€TCS YHCIIOM M CXeMaMH COeTUHEHHs] 0OMOTOK TpaHC(HOPMAaTOPOB U aBTO-
TpaHC(OPMATOpPOB, COAEPXKAIIMXCS B MCXONHOH pAacYETHOW CXEME.
[To3TOMy MeTOnMKa COCTABICHHUs CXEMBI 3aMELICHUsS HYJEBOH Mmocieno-
BaTeJIbHOCTH MMEET CBOM OCOOEHHOCTH M MHOT/A OKa3bIBAETCS JOBOJIBLHO
CJIOXKHOH.

Cxemy 3amewjenuss HynNegoil NOC1€008AMENbHOCMU  HE0bX00uMo
cocmaename, HayuHas om ee KOHya (KOHY08), m.e. Om Mecma 603HUKHO-
6EHUsL nONnepeyHol UNU KPoOONbHOU HecumMmMempuu. B 4acTHOCTH, YTOOHI
COCTaBHUThH CXeMy 3aMEILEHHUS HYIEBOH MOCIeN0BaTENLHOCTH IIPH HECHM-
METPHYHOM KOPOTKOM 3aMbIKaHMH, HEOOXOAMMO NpEACTaBHTh, YTO B
TOYKe KOpPOTKoro 3aMbikanus K Bce Tpu (a3bl Tpex(hasHOH Lenu coeau-

HEHBI MeX1y cO00M ¥ MEXIY MOTyYeHHOH IePEMBIYKOH U 3eMIIEH BKIIIO-
4eH MCTOYHMK HanpsukeHus Uy, (puc. 7.3, a). A mpu COCTaBICHHH

CXEMBI 3aMEILEHMs HYJIEBOM MMOCIEN0BATEIFHOCTH B Cllydae IIPOJOIbHOM
HECHMMETPHH CleyeT MPEeICTaBUTh, 9TO KaK B TOUKe L, TaK ¥ B TOYKE

L(;, OrpaHMYHMBAIOIIUX MECTO BO3HMKHOBEHHS INPOAOIBHOH HECHMMET-
puu, Bce TpH (assl Tpexpa3HOU Henu COeqHHEHBI MeXIy cO00M U MEXIY
TouKaMHu L 1 L(; (T.e. OCIENOBATENBHO C MapajljieJbHO BKIHOYEHHBIMH
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Puc. 7.3. KoHubl cxem 3aMelleHHsI HYJIeBO# NOC/IeA0BATe]bHOCTH MPH HECHMMETPHYHOM
KOPOTKOM 3aMbIKaHHH (@) M IPH NPOXONbLHON HeCHMMeTPHH (6):
IOI — TOKH B JIEBO! 4aCTH IMHUH; [y — TOKH B IIPaBOH JacTH JIMHAH

MPOBOAHMKAMH BCeX ()a3) BKIIOYEH MCTOYHUK Hanpsokenus AU,
(puc. 7.3, 6). IMeHHO creNCTBHEM BO3HMKHOBEHHUS TPH HECHMMETpPHY-

HBIX pexuMax Haupsokenudl Ug, u AU, ABJISIOTCS TOKH HYIEBOH moc-

J€I0BATCIBHOCTH.

BK/IOYMB MCTOYHHMK HANPsOKEHHS HYJIEBOH IMOCIENOBaTENbHOCTH IO
CXeMe, COOTBETCTBYIOIIEH 3aJaHHOMY BHUAY HECHMMETPHMH, CHayaja
BBIABIAIOT BO3MOXHBIE ITyTH LUPKY/ISLIHH TOKOB HYNEBOW IOCIEN0Ba-
TEJABHOCTH B IpeJieslaX TOH 4aCTH UCXOIHON pacueTHOH CXEMBI, JIEMEHTHI
KOTOPO# 3JIEKTPUYECKHU CBSI3aHbI C 3THM HCTOYHUKOM, a 3aTe€M, YUUTHIBAs
CXEMBI COeIMHEHU OOMOTOK HMEIOIIUXCsl TPaHC(HOPMATOPOB U aBTOTpaH-
c(hopMaTOpOB, ONPENEIAIOT BO3MOXKHBIE 3aMKHYTBIE KOHTYDBI 11l IIUPKY-
JSALMK TOKOB HYJIEBOH NOCNEN0BATENPHOCTH Ha APYTHX CTYNEHSAX Hamps-
xeHusd. O4eBUIHO, B CXEMy 3aMelleHHsi HYJEeBOH IOCIeN0BaTENLHOCTH
BOMIYT TOJNBKO T€ 3JIEMEHTHI UCXONHOM PacdeTHOH CXEMBI, 0 KOTOPHIM
BO3MOXHA IUPKYJIALHMS TOKOB HYJI€BOH NOCIEN0BATENHHOCTH.

3a Hayalno cXxeMbl HyJIE€BOH NMOCIENOBATENbHOCTH NPUHUMAIOT COENU-
HEHHBIE MEXAy COO0H TOUKH, B KOTOPBIX HATPSKEHHE HYJIEBOM MOCIENO0-
BaTEIbHOCTH PAaBHO HYJIO (OJHAKO €CIIH MPH NPOAOJIHHOH HECHMMETPHU
OTCYTCTBYET BO3MOXKHOCTh LMPKYJAIMH TOKa HYJIEBOH MOCIENOBATEID-
HOCTH I10 3€MJIE, IOHATHE O Hayalle CXeMBI HYJIEBOH MOCIEN0BATENLHOCTH
TEPSAET CMEBICI).

Ilpu ognodasHoM unu AByX(a3HOM KOPOTKOM 3aMBIKAHHWM Ha 3EMJIIO
AN UMPKYJIALMU TOKOB HyJEBOH IOCIENOBaTeNbHOCTH HEOOXOAUMO (HO
HEe[IOCTaTOYHO), YTOOBI B TOH YaCTH 3IEKTPUUECKOH 1IN, KOTOpas JJIEKT-

pHYECKHM CBsA3aHA C yKa3aHHBIM MCTOYHHUKOM Halps KEHUS U KO> ObLIH OOgHa
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WM HECKONBKO 3a3eMICHHBIX HefiTpaned. B mocnenneM ciydae cxema
3aMeINeHHs HYJIEBOH MOCNEeNOBAaTeIbHOCTH MOXKET COAEpXKarh HECKOJIBKO
MapaJUIeIbHO BKJIIOYEHHBIX KOHTYpOB. Jljisi IUPKYISUMH TOKOB HYJICBOM
TI0CIIEI0BATENBHOCTH Ha APYTHX CTYIEHSX HanpsikeHHs HeoOXomuMmo (Ho
HEeIOCTATOYHO) HAJIMYHE He MEHEE [BYX 3a3€MIICHHBIX HEATpaJIeH.

B kauecTBe npuMepa Ha pHC. 7.4, a IPUBEIEHA NPOCTEHIIAs HCXOHAs
pacdeTHas cxema (Ha Heit pumckumu uudpamu 7, 11, 111, IV 0603H24€eHE]
pa3sHbie CTyNEHH HaNpPsOKEHHS, a apabCKUMHU /—7 — MOPSAKOBBIE HOMEpa
SJIEMEHTOB 3TOH CXEMBl), a Ha puC. 7.4, 6 ee cXeMa 3aMEIlECHUs HYJIeBOH
NOCIe0BATENbHOCTA NPH KOPOTKOM 3aMBIKAHMM Ha 3€MJII0 B TOYke K
(ua puc. 7.4, 6 u najnee B yaeGHOM MOCOOHH IEPBOE YHMCIIO NOACTPOTHOTO
HHJIEKCA Y CONPOTHBICHHH 03HAYaeT NOPSANKOBBIA HOMEP JIIEMEHTA CXEMBI
3aMeIleHHs, a BTOPOE, PACIONOKEHHOE HECKOJIBKO BEHIIIE IEPBOro, —
TNOCNeI0BaTeNbHOCTh: 1 — mpsiMas, 2 — obparHas u 0 — Hynesas). Kak
BHJIHO U3 puc. 7.4, 6, B cXeMy 3aMellleHHs HYJIEBOH MOCIeN0BaTeIbHOCTH
CO CTOPOHEI FeHepaTopa BXOAHT TOIbKO TpaHcdopmarop 77, a ¢ apyroi —
NHHAS MeKTponepenadn WI, tpancoopmarop 72, TMHHS dNEKTPONEepe-
naud W2 u tpancopmarop T3. Ilpu 3TOM 3KBHBAJIEHTHOE CONPOTHUBIIE-
HHe HyJIeBOH NOCIeI0BAaTEIbHOCTH PaBHO

Xoox = Xzo//(X30 + X40 + XSO + X60).

Ecnu passzeminTh HeliTpaib TpaHchopMmaropa 73, TO CnpaBa OT TOYKH
KOPOTKOIO 3aMbIKaHHUs TOK HyJIEBOH MOCIENOBAaTENbHOCTH UPKYAHPOBATH
HE MOKET, TaK KaK Ha CTYNIEeHH HanpsDkeHHUs [/] HeT KOHTypa JUlsl €ro 3aMbl-

kaHus (Bo3Bpara no 3emiie). ClefoBaTeNbHO, B 3TOM ciiydae X, = X20 .

G T1 . 12 r T3 -
I w1 I w2
e s 1028
= K - = -
1 2 3 4 5 6 7
a)
X0 X0 X0 Xso X0
Y Y\ Y Y\ /Y Y\
[.]KO
- = 6 -

B ciyyae npomoJibHOW HECHMMETPHM LIUPKYISALHMS TOKOB HYJIEBOH
[OCJIE0BaTENbHOCTH BO3MOXKHA U NPH OTCYTCTBHH 3a3€MJIEHHEIX HEM-
Tpasiel TpaHcpopMaropoB. Takue yci0BUS HMEIOT MECTO, HATIPUMED, NIPH
BOBHUKHOBEHHH NPONOILHOH HECHMMETPHH B OJHOH M3 Lienel qByXIel-
HOHM BO3MYLUHOH JHMHMHU 3NEKTPONEpeNadyd, Y KOTOPOH LENH COEAMHEHBI
MexIy co0oif Ha 000HX KOHIAX JIMHHH, WIH IPH HPONOIBbHOM HECHMMET-
pHH B OJIHOM M3 BO3AYLIHBIX JIMHHH 3aMKHYTOH CETH, TaK KaK B 3THX CIIy-
yasix B IIpeJieNiax TOH YaCTH CETH, IIEMEHTHI KOTOPOH NEKTPUUECKH CBSI-
3aHBl C MECTOM MOBPEXAEHHUS, 00pa3yeTcs 3aMKHYTHIH KOHTYP JJI TOKOB
HyJIEBOM MOCenoBaTeNnbHOCTH. [IpH OTCYTCTBHH TaKOro KOHTYpa LIUPKY-
AL TOKOB HyJIEBOH MOCIEI0BAaTENbHOCTH BO3MOXKHA TONBKO B TOM CITy-
yae, eCIIH B MpejieNax TO! CTYNEHH HANPSDKEHHUs, I7ie BO3HAKIIA POOIb-
Hasi HECHMMETpPHS, MMEETCS He MEHee IBYX 3a3eMJIEHHBIX HeHTpaJei,
PACIIOJIOKEHHBIX C Pa3HbIX CTOPOH OT MECTa HECHMMETPHH.

B xauecTBe apyroro npuMepa Ha puc. 7.5, a npUBeNeHa HCXOAHAs pac-
YeTHas CXeMa, a Ha pHuc. 7.5, 6 — COOTBETCTBYIOIasi CXeMa 3aMeIlEHHs
HYJIEBOH MOCIIENOBATEIbHOCTH NPH NPOXOIbHOH HECHMMETPHH B Hayalle
JMHHUH dnekTponepenadn W1 mexny toukamu L u L'. IIpu 3ToM 3KBHBa-
JIEHTHOE CONPOTHBIICHUE HYIE€BOH MOCIEN0BATEILHOCTH PAaBHO

Xy, =X+ X+t X+ X JIX,.
023k 20 30 40 50 60

G TI )
. 1 g.» l L Wi
1 2°%F 3
a)
X0 X30 Xy Xs0

0)

Puc. 7.5. McxonHas pacueTHasi cXeMa (4) M CXeMa 3aMeIEHHs] HYJIEBOH MOCJeN0BaTeb-
HOCTH NIPH NPOJO/ILHOH HECHMMETPHH MeXay Toukamu L u L' (6):

Puc. 7.4. Hcxognasi pacueTHasi cxeMa (@) H cxeMa 3aMellleHHsl HYJIEBOil IOC/IeA0BATEb-
HOCTH NPH KOPOTKOM 3aMBIKAHHH HA 3eMJII0 B Touke K (6):

G — renepartop; CL — Harpyska AUj, — nanenne HanpskeHus Mexy Toukamu L u L'
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Ecnu jxe pa33eMiauTs HEHTPaIb OXHOTO U3 TPaHCHOPMATOPOB, TO LHP-
KyJSILMA TOKAa HYJEBOM NOCIENOBaTeJbHOCTH NMPH IPONOIBbHOH HECHM-
METPHH HEBO3MOXHA, T.€. X, = .

7.4. CxeMbl 3aMeLLEeHUs PA3AHYHbBIX
NOCAEAOBATEAbBHOCTEN NPU NONEepPevyHoOn U NPOAOAbHOM
HeCUMMETPHUAX B OAHOM U TOM Xe MmecTe

B § 7.2 u 7.3 otMeuanoch, 4TO CXeMBI 3aMELICHUS OMHOMMEHHOH Noc-
JIeI0BATENbHOCTH IIPH NONEPEYHOH 1 MPONOJILHOH HECUMMETPHUIX HEOMH-
HakoBEl. UTo6Bl OONiee MOJHO BBHIABUTH MX OTIMYME U HEHACHTUYHOCTH
CIIoco60B ux nMpeoOpa3oBaHHH, PaCCMOTPHM KOHKPETHYIO HCXOAHYIO pac-
YETHYIO CXeMy, MPEeCTaBICHHYIO Ha pHC. 7.6, a, H IOMyCTHM, YTO Kak
pacyeTHas TOYKa HECHMMETPHYHOrO KOpPOTKOro 3amblkaHus K (mpu
OTCYTCTBHMH NPOJOJILHON HECUMMETPHHM), TaK M PacdeTHBIE TOUKH L 1 L',
MeXAy KOTOPHIMH BO3HHKA€T MPOOJIbHAas HECHMMETpHA (IIPH OTCYT-
CTBUM HECHMMETPHUYHOIO KOPOTKOTO 3aMBIKaHH), HAXONATCA B Hadale
JMHHUY dnexTponepenauu Wi.

B ciiyuae HECHMMETPHYHOTO KOPOTKOrO 3aMbIKaHHs B TOYKE K cxema
3aMEIEHUs NPIMOH MOCIERAOBATENLHOCTH HMEET BHUJ, MOKa3aHHBIA Ha
puc. 7.6, 6. Ins ynpouleHHS CXEeMBbI COMPOTHBIECHHS MOCIEHOBAaTENbHO

COEIMHEHHBIX JJIEMEHTOB 0003HAYeHBI Tak: X ! + le = X81 ; X41 + X51
== X91; X+ X71 =X . CyMmapHOE CONpOTHBIIEHHE BCEX DJIEMEH-
6 10

TOB, BXO/UAILIMX B CXEMY 3aMELIEHUS U PACIONOKEHHBIX CIIPaBa OT TOYKH
K, cocraBnser X o X, +X /X o IosTomy 2KBHBaJIEHTHOE CONPO-
9 3

TUBJICHHE NPAMOK IOCIE0BATENLHOCTH OTHOCHTENBHO TOYKH K paBHO
Xk = =X 81//X 0! " SKBUBAJICHTHAs S1C

E, = (ElX111 +E2X81)/(X111 + +X81). INony4enHas B pe3yabraTe

npeo0pa3oBaHuil cxema 3aMelleHus HpsAMoH MOCNHEN0BaTeNbHOCTH Mpel-
CTaBJeHa Ha puc. 7.6, 6.

Cxema 3aMmemieHus oOpaTHOH moC/IEenOBaTENbHOCTH IO CTPYKTYpe
OTIHYAETCA OT CXEMbI 3aMEIleHHs MPAMOH MOCIENOBaTENbHOCTH JIHIIb
orcyrctBueM JJIC HMCTOYHHMKOB DHEPrHH, IOITOMY IMpeoOpasyeTcs B
SKBUBAJICHTHYIO CXEMY TaKHUM ke 00pa3oM.

CxeMa 3aMeLeHHs HY/IEBOM MOC/Ie0BaTEIbHOCTH HE CONEPXKHUT Iapa-
METPOB HCTOYHHKOB SHEpPrHH (Tak KaK HCTOYHHKU HaXOAATCH 3a 0OMOT-
KaMd TpaHC(OpPMAaTOpOB, COENUHEHHBIMH B TPEYTONBHHUK), a TaKXKe
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Lo
e) )
I"nc. 7.6. Hcxonnas pacyerHas cxeMa (@) H cxeMbl 3aMeILIeHHs NPAMON H HyJIeBO# NOCJIen0-
BaTe/IbHOCTEH npH nonepeyHoii (6, 6, 2) H NPOAOILHOI (0, e, ) HECHMMETPHAX
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TpaHchopMaTopa ¢ He3a3eMJIeHHOM HeHTpanbio (pUc. 7.6, 2) ¥ Jerko Tpe-

o6pasyercst OTHOCHTENBHO U ko - 11pa 3TOM
Xoox = Xz(,//(Xmo//X30 + X40).

Ilpn mpononsHOM HECHMMETPHH B TOM )K€ MECTe, Ile paccMaTpHBa-
JIOCh HECUMMETPHYHOE KOPOTKOE 3aMbIKaHHE, CXEMa 3aMELICHHUS MPAMOH
NIOCHIENIOBATENLHOCTH COINEPKHT T€ KE OJJIEMEHTHI, OJHAKO HCTOYHHK

AU, momxeH GBITh BBENEH B Hee MEXNy TouKaMi L, u L, T.e. mocie-

IOBAaTeNIbHO C JMHHUEH dIeKTponepenadu W1, uMelolei COnpoTHBIEHHE
X | (puc. 7.6, 0). BcnencTaue 3TOro cxeMa 3aMeLICHUs JOJKHA IIpeobpaso-
3

BBIBATbCSl OTHOCHTENBHO AU ;. OYeBHIHO, 3MEMEHTHI, HMEIOMKE COMpo-

THBIeHHd X ;, X |, X | © X |, OKa3bIBalOTCs BK/IIOYEHHbIMH MOCIIEN0-
1 2 4 5

BarenbHO, a JJIC E, u E, HampaBiieHBI BCTpEUYHO (MPEANOaaracTcs, 4YTo
> 1 2

IIPH KOPOTKOM 3aMBIKaHHHM OHH COBNAJAIOT MO (pase), mosromy X g + ng =

= X111 nE = El —Ez. Betss ¢ OIC E ¥ CONPOTHBICHHEM X111 BKJIIO-

YeHa NapaielbHO C BETBBIO, HMEIONIeH conpoTuBieHHe X | . B pesyins-
10

TaTe WX 3aMEHbl OJIHOW BETBBIO NONy4YMM SKBUBaieHTHYw OIC E, =
=EX /(X +X u conporupnenne X /X ;=X , (puc. 7.6,
ot/ Xy T &, j1) 1 comp 0t T At P

e). MckoMoe 3KBHBaJ€EHTHOE CONPOTHBICHHE MPSIMOH MOCIIE0BATENb-
HOCTH paBHo X, =X | +X | (cpaBHH C X|, TpH HECUMMETPUYHOM
3 12

KOPOTKOM 3aMbIKaHHH).

CxeMma 3aMmemeHus o0paTHO#H MOCieqOBaTEIbHOCTH MO CBOCH CTPYK-
Type OTJIMYAETCs OT CXEMBI, IPHBEICHHON Ha pHC. 7.6, 0, IHIIb TE€M, UTO
He coaepxut JIC HCTOYHHKOB IHEPTHH, IOAITOMY NIpeobpa3yeTcs B IKBHU-

BAJICHTHYIO CXEMY OTHOCHTENBHO AU, , momoOHEIM 00pa3oM.
L2

CxeMa 3aMelIeHHs HYIEBOH IHOCIENOBAaTEIbHOCTH IPH INPOIOJIBHOH
HECHMMETpPHH Tpe/iCTaBIeHa Ha pHUc. 7.6, oc. OHa OTIIMYAeTCsA OT aHaNo-
TMYHOH CXeMbl 3aMEIIEHMs IPH IONEPEYHOH HECHMMETPHUH MECTOM

BKJIIOYEHHSI MCTOYHHKA HampsokeHus AU;,, mostoMy mnpeobpasyercs
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uHaye (OTHOCHTENBHO TOYeK L — L(; ). Tpancdopmaropsr T1 u T2, uMmero-

M€ CONPOTHBIEHHS X20 1 X , OKa3BIBAaIOTCS BKJIIOYEHHBIMH OCIIENO-
4

BAaTENbHO, T.e. X N X20 +X40. HerpynHo yBHAETb, Y4TO 4YacTh TOKa

HYJIEBOH NOCJIEN0BATEIbHOCTH BO3BpAILAETCA MO 3eMile, a Apyras ero
4acTb — IO JIHHHAM 3nekTponepenadn W2 u W3. Takum oGpasom

X120 =X 100//X 1O H 3KBHMBAJICHTHOE CONPOTHBIEHUE HYJIEBOH MOCIEN0-

BATEJIbHOCTH PaBHO X, = X30 +X .
12



FfAasa 8
HECUMMETPUYHbIE KOPOTKUE 3AMbIKAHUSA

8.1. UCXOAHDBIE NOAOXEHUS

Ilpy HeCUMMETPHUYHBEIX KOPOTKHX 3aMbIKaHHAX HAIPsDKEHHE B MECTe
TOBPEXAEHHS HE pPaBHO HYNIO, NO3TOMY MOIJIEKHT ONPENCICHHIO HE
TOJNBKO TOK KOPOTKOTO 3aMbIKaHHs, HO H YKa3aHHOe HanpspkeHue. Takum
00pa3oM NpH MCIOJIb3OBAHUM IJIA pacuyeTa HECHMMETPUYHBIX KOPOTKHX
3aMbIKaHMH MeTOJa CHMMETPHYHBIX COCTABISIOIIMX HEOOXOAHMO B
o0IeM ciiydae onpeaenuTh TPH COCTABIAIOIIX TOKA KOPOTKOTrO 3aMbIKa-
HHS M TPH COCTaBIAIOIIMX HAMpPsSIKEHUS B MECTE KOPOTKOTO 3aMbIKaHHS.
Jlns 5Toro Heo6XOAMMO COCTaBHTh M PELIMTh IIECTh YpaBHEHHH C ILIeC-
ThIO HEeU3BECTHRIMH. Mcxons u3 Toro, uro JIC oOpaTHoii U HynaeBO# noC-
J€0BaTEIbHOCTEH CHHXPOHHOM MAaINHbI PAaBHBI HYJI0 H IPUHUMAs TOKH
npsMoH, 06paTHOH W HyNeBOi MMOCIEAOBATENILHOCTEH MONOXKUTEIbHBIMY,
€CIM OHHM HalpaBieHbl K MECTy KOPOTKOTO 3aMbIKaHHs, NpU JH060M
HECHMMETPUYHOM KOPOTKOM 3aMbIKaHHHU W Hey4eTe aKTHBHBIX CONPOTHB-
JICHHH pa3IHYHBIX 3JIEMEHTOB HCXOJHOH pacueTHOMH CXEMBI CIIPaBeIIHBEI
CIIENYIOIIHE YPaBHEHHUS:

UKA] = Eak _leaijA] ’ (8.1)

Ugaz = 0= Xope s’ (8.2)

Uko = 0~ Xoux Ixo; (83)

rae UKAI 5 UKAZ )58 UKO — COOTBETCTBE€HHO HaHpH)KCHHH ﬂpﬂMoﬁ,

oOpaTHOH M HyJEBO# mocienoBaTeabHOCTEH (ha3bl 4 B MecTe KOPOTKOTO

sambikanus; E — osksuBanentHas J[C; X, .., X,, u X, — dKBHBa-

3K’
JIEHTHBIE COIPOTUBIEHHUS COOTBETCTBEHHO IIPSIMO, 0OOpaTHOM U HYNEBOH

NOCNEN0BATENbHOCTEH; [5x4, g 4o U Iy — COOTBETCTBEHHO TOKH LpS-

MOH, 0OpaTHOH ¥ Hy/EeBOH MMOC/IEA0BAaTENbHOCTEH (a3el 4 B MeCTe KOPOT-
KOT'O 3aMBIKaHHA.

IIpn m060M HECHMMETPHYHOM KODOTKOM 3aMBIKaHHH OfHA W3 (a3
HAaxXOOHUTCsA B yCIOBHAX, ONINYHEIX OT YCIOBHH ABYX Npyrux ¢a3. Tak npu
0HO(a3HOM KOPOTKOM 3aMBIKaHHM B OCOOBIX yCIOBHSX HaXOAMTCS ITOB-
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Puc. 8.1. ®HKTHBHOE OTBETBJICHHE B MeCTe KOPOTKOI0 3aMbIKaHHSA

pexnenHas (asa, a npu AByX(a3HOM KOPOTKOM 3aMbIKaHHWH M JBYyX(a3-
HOM KOPOTKOM 3aMBIKAHHH Ha 3eMJII0 — HernoBpexaeHHas (a3za. Takyio
¢a3y HasbIBalOT ocoboii daspl. B nanpHelIneM ycloBHO OyleM CYHTATh,
yt0 0coboii da3oii Bcerna spnsercs dasza A4.

YroOb! HANNIAAHO MPENCTABUTH YCIOBHS, B KOTOPBIX HAXOUATCS pa3HEIE
¢a3bl IpH HECHMMETPHYHOM KOPOTKOM 3aMBIKaHHHM, OOBIYHO I0JIararor,
94TO KOPOTKOE 3aMBIKaHHE MPOMUCXOAMT HE Ha peajbHBIX IPOBOJHMKAX
3JIEKTPOYCTaHOBKH, a Ha BOOOpakaeMOM OTBETBIIEHHHM OT HHX, He 0b1ana-
romuM conporusieHneM (puc. 8.1). Toxu BooOpakaeMOro OTBETBIEHHS
IpY KOPOTKOM 3aMBIKaHHH Ha HEM U SBJIAIOTCS MCKOMBIMU TOKaMH KOpOT-
KOTO 3aMBIKaHHA.

VYcnoBus, BO3HHKAIONIHE B OTBETBIEHHM NPH KOPOTKOM 3aMBIKaHHH
TOTO MM APYTOTO BHAA, HA3bIBAIOT SPAHUUHLIMU YCAOBUAMU. DTH YCIIO-
BHs, OyAy4d BEIpaXXEHHBIMH 4€pe3 CHMMETPHYHBIE COCTAaBIAIOIIHE TOKOB
{ HalPSDKEHUH, AAIOT TPU JOMOTHUTENbHBIX YPaBHEHHS NI ONPEAEICHHS
CHMMETPHYHBIX COCTABISIONIMX UCKOMBIX TOKOB M HANpsXKEHHH B MECTE
HECHMMETPHYHOI0 KOPOTKOTO 3aMbIKAHHUSI.

8.2. AByxda3HOe KOPOTKOE 3aMbIKaHUe

ITpu nByx¢a3HOM KOPOTKOM 3aMbIKaHHH (pHC. 8.2) rpaHMYHEIE yCIIO-
BUS TaKOBBI:

fey=0; (8.4)
Igpg+Igc=0; (8.5)
Ugp = Ugc- (8.6)

Kax HU3BECTHO, TOK HyJ'IeB()ﬁ NOCJ€A0BAaTCIBHOCTH CBsA3aH C TOKaMH
(1)33 CJICAYOIIUM COOTHOILLICHHEM:

. 1 . . .
Igo = j(IKA+1KB+IKC)’
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HO, yunThiBas (8.4) u (8.5), momyyaem:

X
K Ixo=0. (8.7)
B
X Venoue (8.4) MOXHO MpPEICTaBUTh
¢ yepe3 CHMMETPHYHBIE COCTABIIAIOIINE TaK:
iKAl ixal iKCl Igy =1Igq1 * Ixa2 + Ixo>
> OTKyZa CIeyeT, YTO
Bripasum ycnosue (8.6) yepe3 CHMMET-
/ PHYHBEIE COCTABJIAIONINE HAPSDKEHHH COOT-

BETCTBYIOIIMX (a3
Puc. 8.2. ipyxda3noe KOpoTKOe . . .
3amMbIKaHHE UKBI + UKBZ + UKO =
= Ugcy * Ugca t Uko»
a 3aTeM Yepe3 CHMMETPHYHbIE COCTABIISIONINE HAMPSKEHASL ocob6oii ha3st
2 . . . _ . 2 . .

a Ugyy +aUgyy + Ugg = aUgyy + @ Ugyy + Uy

IJ€ a ¥ a* — KOMIUIEKCHl — ONepaTophl MOBOPOTA (asbl:

jo_ 1.3 2_ -mo__1_.A3
a=e =—§jz,a—e =-5-i5
Takum o6pazoM
(@ -a)Ugqs = CEDL/
HIA

UKAI = Ug4z- (8.9)

[loceaHee PaBEHCTBO MO3BONAET MPUPABHATE NPABbIE YaCTH ypaBHE-
awuit (8.1) u (8.2):

Eax —leaxIKAl = _jX23KIKA2 .

Ec/ii HCKJIIOYHTH M3 3TOTO BhIpaxeHUs [y 4, C MOMOIIBIO (8.8), momy-
9pM Cledylolllee BhIPaXEHHE VA TOKa NPSIMOH MOC/EeN0BaTeIbHOCTH
0c060# (a3sl npH JBYyX(Pa3HOM KOPOTKOM 3aMbIKaHHH:

E
+(2) 3K
[ P — S (8.10)
KAl ~ 3
J(Xlax + X23K)
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3uas Tok Iy, u yuutsiBas (8.8) u (8.9), u3 ypaBHeHus (8.2) nerko
HAaWTH HaNpPsXKEHUS MPAMOH U 00paTHOM MocaeaoBaTeabHOCTel (a3bl 4 B

MECTE KOpOTKOFO 3aMbIKaHHUA:
Ukar = Ukaz =7 X dgan -

Ecnu B dopmyny (8.3) mogcraButh (8.7) U y4ecTsb, 4TO IpH ABYyXda3-
HOM KODOTKOM 3aMbIKaHHH X, = ©O°, TOJYYHM HEONPEAETIECHHOCTS.

_TakuM 06pa3oM npH paccMaTpHBaeMOM KOPOTKOM 3aMBIKaHHH HaIlpsiKe-

HHEC UKO MOXET IPAHHUMATh pa3HbI€ 3HAYCHHUS, T.€. IOTCHIIHAI HeﬁTpaHH

MOXET OBITh CMELIEH. A OTHOCHTENBHO HEHTpaIH CHCTEMBI HalpsDKEHHE
HETOBPEKAEHHOH (a3sl B MeCTe KOPOTKOTO 3aMbIKaHHS

Uy = Uggr ¥ Ugaz = 27X Ig 41 (8.11)

U HalpsDKEHHUS MOBPEXKAECHHBIX (a3

Ugp = a*Ugar + aUggy = (a + a)Ugyy = —Ugyy =
=—0,5Ug, = —jXyo Ixs1 (8.12)
)5
. _ . 2 . _ 2 . _ . _
Ugc=aUgy ta Ugyy=(ata)Ugy =-Ugy =
=—0,5Ug, = —jXyy Irq;- (8.13)

Toku noBpexaeHHEIX (a3 B MECTE KOPOTKOTO 3aMBbIKaHHSI, BHIPAKEHHbIE
yepe3 TOK IPsAMO#i MoCIe0BaTeILHOCTH 0C000i# ¢a3bl, ¢ yueToM (8.8)

. 2- . 2 . . .
Igp=algy talgy,=(a —a)lg, = *JA/glKAl (8.14)

. . 2. 2 . . .
Igc=algy +a Iy =(a—a)lgy =jBl,.  (8.15)

Bripaxxenus (8.8) u (8.9) mo3BONAOT MOCTPOUTH BEKTOPHBIE [Ha-
rpaMMBI TOKOB M HalpsDKEHHH B MecTe ABYX()a3HOTO KOPOTKOTO 3aMbIKa-
Hus. Takue nuarpaMMEl peiCTaBIeHH Ha puc. 8.3.

CoOOTHOMIEHHUS] MEXAY CHMMETPHYHBIMH COCTaBISIOIIHMHU Hampsike-
HHUH U TOKOB 0C000H (ha3bl B MecTe KOPOTKOTO 3aMbIKaHHs, XapaKTEpHbIE
IJIs1 pacCMaTpHBaeMOro BUAa KOPOTKOTO 3aMBIKaHMS, JAlOT BO3MOXXHOCTh
COEIMHUTH MEXAY COO0H CXeMbI 3aMELICHHS OTACIbHBIX MTOCIEI0BATENb-
HOCTEH M MOJYYHTh TaK HA3HIBAEMYIO KOMMIEKCHYIO CXeM) 3aMeujeHUs..
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Puc. 8.3. BeKTOpHbIE IHATPAMMBI HANPsKeHHi (@) H ToKoB (6) NpH ABYX(pa3HOM KOPOTKOM
3aMbIKAHHH

" Eox Xiox k.  ka
L N~ 1 —
ka1
X I
H, ok K kg
Ukaz

Puc. 8.4. KoMmiekcHas cxeMa 3aMeleHHusl IPH ABYX()a3HOM KOPOTKOM 3aMbIKaAHUH

Takas cxema npH JByX(a3HOM KOPOTKOM 3aMBIKaHMHU MPEACTaBICHAa Ha
puc. 8.4.

8.3. OaAHOA3HOEe KOPOTKOe 3aMbIKaHue

IIpu onHOha3HOM KOPOTKOM 3aMbIKaHHH (pHC. 8.5) rpaHMYHBIE yCIIO-
BHSI TAKOBBI:

Ugy = 0; : (8.16)
Ixp=0; (8.17)
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imi iml I'Kcl
=

Puc. 8.5. OnHoda3Hoe KOpOTKOe 3aMbIKaHHE

Igc=0. (8.18)
VYenoue (8.16) MOXXHO IPEACTABUTH TaK:
Ugar + Uggy + Ugo = 0. (8.19)

HUcnonk3ys u3BecTHbIE (GOpMYIbl VIS ONPEAENEHHS CHMMETPHYHBIX
COCTaBISIOIIMX TOKA (a3bl A 10 MOJHBIM TOKaM PasHbIX (a3 U yYHTHIBas
(8.17) u (8.18), Haiinem:

. . . 1
Ixqr = Igpp = Igo = ?11(,4- (8.20)

B coorserctBun ¢ (8.19) mpu ogHO(a3HOM KOPOTKOM 3aMBIKAHHMH
CyMMa IpaBhIX yacTeil ypaBHenuid (8.1)—(8.3) paBHa HymI0, T.€.

E e —JX o Ixar =X Ik az =X I o = 0
iy ¢ yuetoM (8.20)
Eax _J(X

OTKyAa TOK IPSMOH MOCIJIeOBaTelbHOCTH MOBPEKACHHOH (a3bl NpH
onHO(}a3HOM KOPOTKOM 3aMBIKaHHH

: E
(1) 3K

= - . (8.21)
K1 J(Xl 3K + X23x + X03K)

1ok T X2k T Xoadga1 = 0,

IMonnelii TOK NOBpeXxaAEeHHOH (a3bl B cooTBeTcTBHH C (8.20) cocTaBiser

Feg =30y (8.22)
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HanpseHns o6paTHOM M HyIeBOH IOCIENOBaTENbHOCTEH B MeCTe
KOPOTKOTO 3aMBIKAHHS OTIPEENsIoT no popmynam (8.2) u (8.3), a Hanps-
eHHe TPAMOii TIOCIe0BaTENbHOCTH, YuuThBas (8.19) 1 (8.20), paBHO

Ugar = ~(Ugaa + Uko) = J (Ko + Xou) ka1 - (8.23)

HanpsikeHHs HEMOBPEXACHHBIX (a3 B MECTE KOPOTKOTO 3aMbIKaHHs B
coorBetcTBHH ¢ (8.23), (8.2), (8.3) 1 (8.20) cocTapnsoT

. . . . . 2 2 . _

Ugp=a"Ugar + aUg o + Ugo= ]l:(a — @)Xyt (@ - 1)X03K}1KA1_
2 ;

=[xy + i - DXy Far (8.24)

. . . . . 2 . _

Ugc=aUgg +a*Ukaz + Ugy=j[(a = )Xy + (@~ DXouy Jigcsr =

= [~ V3%y0 +ia = DXy Jigar- (8.25)

Bripaxenus (8.23), (8.2) u (8.3) ¢ yuerom (8.20) mo3BOIAOT MOCTPO-
HTb BEKTODHBIE AMarpaMMbl HaNpsHKEHHH H TOKOB NPH OAHO(Aa3HOM
KOPOTKOM 3aMbIKaHHH. Takue JuarpaMMbl PEICTABIEHbI Ha puc. 8.6.

Yron 6, MEXy BEKTOPaMH HATPSDKEHHH HETOBPEXKICHHBIX (a3 3aBu-

CHT OT COOTHOILEHHS MeXIY SKBHBAJIECHTHBIMH CONPOTHBICHHSIMH Hylle-
BO# ¥ 06paTHOM MOCIEA0BATENbHOCTEH ¥ C H3MEHEHHEM X, H3MEHSeTCs

B WIMpPOKHX mpenenax: n/3 < 0y, < n. Hwkuuil npexen UMeeT MECTO NpU
Xy, = ©°, T.. IPH OTCYTCTBUU y TPaHC(HOPMATOPOB 3a3eMIICHHBIX HEli-
Tpaneii. C yMeHblIeHHEM X, ,, YTOI O, yBETHIMBAETCS, IPUONHIKAsACD K T.

Puc. 8.6. BexTopHbIe JHArPaMMBbI HaNpsKeHu (@) H TOKOB () NPH 0AHO(A3HOM KOPOTKOM
3aMbIKAHHH
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KommekcHas cxema 3aMellieHHs IPH OOHO(pAa3HOM KOPOTKOM 3aMbIKa-
HHH, CTIIPaBENJINBasl HE TOJBKO JUI TOKOB, HO M JUIS HaNpPsKEHHH, MOXKET
OBITH COCTaBJIEHA TOJBKO C MCMOJIB30BAaHHEM AJIS CBA3H CXEM 3aMeIleHHs
00paTHOM W HyJIEBOH MOC/IE0BATEILHOCTEH CO CXEMOH 3aMelIeHUs psi-
MOH TMOCJIEN0BATEIbHOCTH IPOMEXKYTOYHBIX HJEalbHBIX TpaHChOpMaTo-
pOB, HE HMEIOIUX PACCEIHUs M HaMarHHYMBAIOMEro Toka. OHH H301H-
PYIOT ApYT OT ApYyra CXeMbl 3aMeIleHHs Pa3HbIX IOCIEA0BATENbHOCTEN H
umeroT ko3ddunueHt tpanchopmanun n = 1/1. Takas KoMIulekcHas
cXeMa 3aMElUIeHHUs TpeACTaBleHa Ha pHc. 8.7, a. 31ech MeXAy CXeMaMu
3aMELICHUA OTACIBHBIX TNOCIEN0BAaTeIbHOCTEN BBEIEHA CIELHAaNbHas
CBA3BIBAIOLIAas 4acTh, KOTOpas oOpa3oBaHa IIyTEM MOCJIEIOBATENbHOTO
COCHMHEHHs] BTOPHYHBIX OOMOTOK HACANBHBIX TpPaHC(HOPMATOPOB.
HerpynHo ybenuThbes, YTO B CBA3BIBAIOMIEH YaCTH BBLIMOJNHAIOTCH Kak
ycioBue (8.20), tak u yciuoBue (8.19), a moreHUHaNBl BCEX TOYEK CXEM
3aMellleHHs 00paTHO#M W HYNEBO# MociIenoBaTeIbHOCTE OCTAlOTCS HEU3-
MEHHBIMH.

YacTo OTKa3BIBAaIOTCS OT HIEAJLHOTO TpaHCc(opMaropa, MOAKIOYEH-
'HOTO K CXeMe 3aMeIIeHHS MPAMOi mocienosareasHOCTH (puc. 8.7, 6).
OnHako NpH 3TOM KOMITJIEKCHAsl CXeMa 3aMEILEHHs TepSIeT HarIAAHOCTb.

VopomeHHass KOMIUIEKCHAas CXeMa 3aMELICHHs IpH oxHoda3zHoM
KOPOTKOM 3aMBIKaHHH, HE TpeOyromas HCIOIb30BaHU HIEealbHBIX TPAHC-
(opMaToOpoOB U CrpaBeNIMBasi TONBKO AJI1 TOKOB, MOXKET GBITH IOJNyYeHA
JHMLIb MyTEM HCKYCCTBEHHOTO CMEMICHHUS IIOTEHIHAJIOB BCEX TOYEK CXEMBI

3aMCIICHHUA HYJICBOﬁ IMOCJICIOBAaTCIIBHOCTH Ha _UKO’ a BCEX TOYECK

'

E I E I E i
H, x Kok K, ﬂn=l/l Hy “ox Xl ok K, _X41 H,y Kok K]__K_A,l
UKAllg

I Jj I
H, Xyox K'Z KA|2 1/ Xyox Kzﬂz H, Xy ok K2_Ké£

1/1
. . . o
UKA2l UKAZl , T.NM
I I I
B o KA, Yoox Ko KO, 11 o Toox Ko KG
Uko Uko l§| T-§
a) 6) 8)

Puc. 8.7. KoMiuiekcHasi cxeMa 3aMelleHusl NPH OXHO(A3HOM KOPOTKOM 3aMbIKAHMM:
a — cxeMa Co CBA3BIBAONIEH 4acThI0; 6 — cXeMa ¢ ABYMA HICaIbHBIMU TpaHC(hOpMaTopaMu; 6 —
YIpoueHHas cxeMa
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CXEeMBI 3aMeLIeHHs 0bpaTHOM mocnenoBarenbHocTH — Ha —Ug 415 — Ugg.

ITpu 3TOM cXeMbl 3aMEILEHHs BCEX HocJieNoBaTeIbHOCTER MOTYT OBITh
coeMHEHbl TAaK, KaK moka3aHo Ha puc. 8.7, 6. OueBHIHO, Hanpimcenm
06paTHO# M Hy/eBO# MOCTIEN0BaTeILHOCTEH B IH000H TOUKE TAKOH KOMII-
JIEKCHOM CXeMBI 3aMeIIeHHs MOryT OBITh ONpeleNeHbl TOJbKO OTHOCH-
TEJIBHO HyJEBBIX TOUEK (Hayal) CXEM 3aMeIleHHs COOTBETCTBYIOIIHUX MOC-

JIeI0BaTEIbHOCTEH.
8.4. AByxdpasHoe KOPOTKOE 3aMbIKAHWE HA 3eMAIO

Ipu nByxda3HOM KOPOTKOM 3aMBIKAHHH Ha 3EMIIIO (puc. 8.8) rpanny-
HBI€ YCIIOBHs TaKOBHI:

fgy =0 (8.26)
Ugp = 0 (8.27)
Uge = 0. (8.28)

Venosue (8.26), BHIpaxeHHOE 4epe3 CHMMETPHYHBIC COCTABIIAIOIIAC
TOKa 0c000i#i (a3sl, IMEET BUI:

Igq1 Hgar T Igo = 0. (8.29)
Ecnu B u3BecTHbie dopMynsl ans onpenenenus Uy i, Ugyos Uko

yepes HanpspKeHHs da3 UKA , UKB , UKC noxcTasuth (8.27) u (8.28), To

IOy UM
. X . 1 .-
Ugar = Ukaz = Uko = 3 Uka (8.30)
4
B
c

—
\

IKAI IKBl Ixc

Y’

Puc. 8.8. /IByxdpazHoe KOPOTKOE 3aMbIKaHHe HA 3eMJI0
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B COOTBETCTBHH C 3THM COOTHOIIEHHEM MPHPABHSAEM IIPaBbIE YECTH
ypaBHeHH# (8.2) u (8.3):

Xoox ka2 = Xosx ko

OTKyZa
. Xyoe
Iyo = X—S"IKAZ. (8.31)

03k

IToxcraBuB 310 BEIpaxxeHue B (8.29), HaiineMm:

: X, .
Iy, +(1 + —"‘JIKAZ =0,
! XOBK
OTKyZna
: Ixqn Xy

_ 9K
Iggo == =

X23x + XO3K

I (8.32)
Z 23

1+
X

3K

®opmynsl (8.31) 1 (8.32) MO3BOISIOT BHIPA3HTh TOK | o d€pe3 I KAlL"

I‘ _ X23K I
K0~ — KAl:
X23K +X03K

(8.33)

Ecnu B coorBercTBui ¢ (8.30) npupaBHATH HpaBble 9aCTH yPaBHEHHI

(8.1) m (8.2) M HCKIIOYHTH M3 TMONYYEHHOTO BHIPAXEHHA TOK I KAd2>
HCIIONB3Ysl ¢ 3TOM Henblo (8.32), To monydum:
E j X ] = X23K X03K
ok J 1ok KAl T KA1»
X23K + XO3K

OTKyJZIa TOK MPAMO# II0CIE€N0BaTENbHOCTH 0c000H (a3sl B MecTe nByx(Das-
HOTO KOPOTKOTO 3aMbIKaHHUS Ha 3eMJIIO

. E
1,1
i) = % : (8.34)
](X + X23KX03K J
fox X23K + XO3K

Onpenenus no 3To#t GopMyie TOK NPSMOii MOCIEN0BATENLHOCTH OCO-

ot dassl I ,; B MECTe KOPOTKOTO 3aMBIKaHHsI, JIETKO HANTH TOKH 0GpaT-
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HOM W HYIEBOH MOCIeNOBaTebHOCTEH 3TOoM ke (asbl, ucnone3ys ¢op-
Mysl (8.32) u (8.33).

HanpsxeHne npsAMoii mocienoBaTelbHOCTH (a3bl 4 B TOYKE KOPOT-
KOTO 3aMbIKaHHs MOXHO omnpenenuTsh no ¢opmyiae (8.1). Ongnako daie
HCHOIIB3YIOT JPYTYIO OpMYAY, KOTOpas IOIy4aeTcsl MyTeM HCKIIOUEHHUS

u3 (8.1) sxeuBanentHoi DIC E »x C TIOMOIIBIO BEIpaXeHHs (8.34):

. X231<X031< ;
= ] e——————— I . 8.35
Ukai JX23K+X03K KAl (8.35)

Kak nokaseiBaer (8.30), monmHOe HampshDKEHHE Ha HENOBPEXACHHOM

¢ase B 3 pasza 6ompme Uy 4, T€.

Toxu noBpeXIEHHBIX ()a3 B MECTE KOPOTKOrO 3aMBIKAHHSA, BBIPAXKEH-
HEIE Yepe3 TOK HPAMOM MoCieq0BaTeNbHOCTH 0C000# (hassl ¢ HOMOIIEI0
(8.32) 1 (8.33), paBHBEI COOTBETCTBEHHO:

X
: 2 05k : 23K

Igp=ale,—a—=——2—1T -2l =
KB KA1 KA1l KAl
X231< + X03K X23K + XOax

Xy, taXy, .
= (az — _33_’&__0_35) Igis (8.36)

+ .

Xotsa xommiekcsl B (8.36) u (8.37), 3akmioueHHbIe B CKOOKH, H pa3-
JIMYHBL, OIHAKO X MOZYJIH OJHHAKOBHI H COCTABISIOT:

X, X
m(1,1)=A/§ 1- 29410

9K

5 (8.38)
(X231< + XOax)

TIPUYEM B 3aBHCHMOCTH OT COOTHOIIEHHs Mexay X, U X, KoddpPurm-

ent m(bY NpUHHAMAaeT pasHble 3HaueHHs B mpeaenax 1,5 < mD < ﬁ

MunvManibHOE TIPEJENbHOE 3HAYEHHE HUMEET MECTO mpH X, = X, .,

a MaKCHManbHOe — Koraa X, /X, .. PaBHO HYJIO HIH GECKOHEYHOCTH.
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BekTopHble AMarpaMMbl HampsKeHHH W TOKOB B MeCTe JByX(ha3HOTO
KOPOTKOT'O 3aMBIKaHHS Ha 3eMJII0, HOCTpOeHHEIE ¢ yaeroM (8.30), (8.32) u
(8.33), npuBeneHs! Ha puc. 8.9.

Vron 0; MexIy BEKTOPaMH TOKOB MOBPEXIECHHBIX (a3 3aBHCHT OT
COOTHOLIEHHS MEXly SKBUBAJIECHTHBIMH CONPOTHBIIEHUAMU Xy, U X,  H
MOXET U3MEHATLCA B mpenenax: n/3 < 6; < n. K HrkHeMy npezeny yron
6, mpubIMKAETCS NPH CTPEMIICHHH OTHOIWEHHS X, /X, K Hyllo, a K
BEPXHEMY TIpeneny — IpHU CTpemieHuu X, /X, Kk GeckoHeunoctu. B
nocieaHeM ciydae JByX(dasHoe KOPOTKOE 3aMbIKaHHE Ha 3EMIII0 IEpEXo-
IMT B IByX(pasHOE KOPOTKOE 3aMbIKaHHE.

Ilpu nByx(a3HOM KOPOTKOM 3aMBIKAHHH Ha 3€MJII0 SKBHIIOTCHIIHAJIb-
HBEIMH OKa3bIBAalOTCS HE TOJNBKO Hayajia CXeM 3aMeIleHHs MpAMOH, obpart-
HOI M HyJEBOH NocnenoBaTenbHOCTEH KaK TOYKH HYJIEBOTO MOTEHIHANa,
HO H, Kak clienyet u3 cooTHomeHus (8.30), KOHIBI 3TUX cXeM. DTO 103BO-
JSeT COEAWHHTH MEXIy co0O0if OTHEeNbHO BCEe Hadala CXeM 3aMEIlEeHHS
pa3sHBIX MOCJIEN0BAaTENbHOCTEH (KaK TOYKH HYJEBOIO NOTEHLMaNa) H BCe

a) 6)

Puc. 8.9. BexTopHble 1HarpaMMbl HanpsiKeHuil (a) 1 TokoB (/) NpH ABYX(pa3HOM KOPOTKOM
3aMLIKaHHH HA 3eMJII0
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— UKAI
H, L K _{K_A2>
. : {
Ukan )
(]KO

Puc. 8.10. KomMnaexcuas cxema 3aMelleHHsl NPH AByx()a3HOM KOPOTKOM 3aMBIKAHHH Ha
3eMJII0

X KOHIBI (KaK SKBHTIOTEHLHATbHbIE TOUKH) M TONYIHTE KOMIUIEKCHYIO
cxemy 3amemenus (puc. 8.10).

8.5. MpaBUAO IKBMBAAEHTHOCTHU Toka npsmom
NOCAEAOBATEABHOCTH

TMonyyeHHbIE BbINIE BEIPAXEHUS ISl TOKOB 06paTHOH H HyIEBOH T0C-
7eI0BaTENbHOCTEH M BCEX CHMMETPHYHBIX COCTaBJIAIOIIMX HanpsHKEHHR
B MECTe HECHMMETPHYHBIX KOPOTKHX 3aMBIKaHHH Pa3HBIX BHJIOB MOKA3bl-
BAIOT, YTO MX 3HAUEHHS NPONOPLHOHATIBHbI TOKY NpAMOH MOCIEN0BATE b~
gocTH. IIpomopuuMOHaNbHEl TOKY NPAMOH MOCIEN0BATENBHOCTH TaIOKE
TIOJTHBIE TOKH TMOBPEXJEHHBIX (a3 U HANPHKCHUS HEMOBPEKACHHBIX das
(a npu AByX(a3HOM KOPOTKOM 3aMbIKAHHH W HANPSDKEHHA MOBPEX/ICHHBIX
a3), 4TO BHJHO 3 JaHHBIX TabI. 8.1. IosToMy 3aia4a pacdeTa J06oro
HECHMMETPUYHOTO KOPOTKOrO 3aMBIKaHHS B TIEPBYIO OYEpE/h COCTOMT B
Ompe/IeNIeHHH C JOCTaTOYHOM TOYHOCTBIO TOKA NpsSIMO# TIOCIEN0BATENb-
HOCTH B MECTE 3aMbIKaHHS.

Jlnst onpe/iesien st ToKa MPSMOH NOC/IE0BATENBHOCTH PH HECHMMET-
PHYHBIX KOPOTKHX 3aMBIKaHHAX Pa3HbIX BHIOB OBUTH TTOTy4€HBI GOPMYJIBL
(8.10), (8.21) u (8.34). HeTpyaHo 3aMeTHTh, YTO yKa3aHHBIC (hopmynsl
HMEIOT OJMHAKOBYIO CTPYKTYPY. OTO MO3BOJIAET 3aMHUCaTh BEIPAKEHUE UL
TOKa IPSAMOH 1ocie10BaTeIbHOCTH ocoboii (assl pU NHOOOM HECHMMET-
PUYHOM KOPOTKOM 3aMbIKaHHH B 00001IeHHOM BHJIE:!

< (n) — E 9K
KA1l >

j(Xlak + AX(n))

(8.39)

rae (n) — 03Ha4aeT BUJI KOPOTKOTO 3aMbIKaHHs, AX" — nononHuUTENEHOE
CONPOTHBIIEHHE, KOTOPOE HEOOXONUMO npu6aBUTh K JKBMBAJEHTHOMY
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Ta6Gnuua 8.1. PacueTHble BHIPaXEHHS [JIfl ONMpeeIeHHsl CHMMETPHYHbBIX
COCTaBJIAIIOIIAX TOKOB M HaNPs’keHHH, a Takxke (a3sHbIX TOKOB H HanpsukeHHil B mMecTe
HECHMMETPHYHBIX KODOTKHX 3aMbIKAaHMH Pa3sHbIX BH/I0B

Pacuer- PacueTHOE BHIpaYKEHHE IPH KOPOTKOM 3aMbIKaHHK
Has
BENH-
amma | ABYXPasHom onHOpasHOM AByx(asHOM Ha 3eMTIO
TOK E3" E 3K E 2K
Trar [T e T Xoo) | T X ok T Koo ¥ Xomi) | 71X ok T (X0 K o) (Ko + X050
Tok . i X
i -1 I 03K
I KA1 KAl J
KA2 Xyt X KA1
Tok . X.
Ixvo 0 Tg 41 e fj} feat
23K 03K
Tox 0 .
Iy 3y 0
}TOK B3l 0 2 Xouta XOalcj :
” X23K+X03K K4l
2
}‘OK J3l gy 0 Kot XOax) :
ke X23K + X03K ka1
Hanps-
i i . . X, X
wemne | JXoalkar | J(&guet Xosd Ik X 231(+ ,\O’QK Txkan
UKA 1 23k 03k
Hanps-
; i . ; X5 X,
KCHHC T ka1 XLk X 23‘:_;,3'( Ty
» UKAZ 23K 03k
Hanps-
. ; X5, X
KEHUC 0 —JXoo Lk an b 2o~ 0ox¢ I
Uxo 20k T Xook
‘Hanpsi-
i i X5 X
KEeHHe 2/ X, T ar 0 3j 25k 703k
: UKA X23K + X031< kal
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Oxonuanue maén. 8.1

Pacuer- PacueTHOE BEIpaXKCHHE NPH KOPOTKOM 3aMbIKaHUH
Has
Be;ma- AByx(azHoM oaHodasHOM AByX(a3HOM Ha 3eMJII0
YHH

Hanps- ——jX231<I'KAl ["/§X23K+ 0

JKEHHUE ) .

Uks +j(a” = DXoo Mg

Hanps- _jX23KjKA1 - “/§X231<+ 0

JXKEHHE .

Ukc +j(a—DXooc Mg ay

CONPOTHUBIICHHIO CXEMbI 3aMEILEHHU NPSIMOH IOCIENOBATEIbHOCTH OTHO-
CHUTENBHO TOYKH KOPOTKOTO 3aMbIKaHHUS, YTOOBI NOIYYHTh TOK NPAMON
N0C/IEZI0BATENLHOCTH 0CO60M (Bassl IpH KOPOTKOM 3aMbIKaHUM BHAA (7).

Conporusienne AX"™ 3aBHCHT OT BH/Ia KOPOTKOTO 3aMBIKAHHs H I1apa-
METPOB CXEeM 3aMeIleHHs OOpaTHOM M HyJ€BOH IMOCIEN0BaTeIbHOCTEH.
BeipaxkeHds 10 €ro ONpefe]eHHS NpH HECHMMETPHUYHBIX KOPOTKHX
3aMBIKaHHMAX Pa3HbIX BUAOB IpUBeAEHHI B Tabm. 8.2.

®opmyna (8.39) mokaseiBaeT, 4TO pacyeT TOKa NPSMOH Mocienosa-
TEJBLHOCTH NP JI000M HECHMMETPHYHOM KOPOTKOM 3aMBIKAHHH OTJIHYa-
€TcA OT pacyera TOKa TPeX(a3HOro KOPOTKOrO 3aMBIKaHUA TOJBKO TeEM,
4TO B NEPBOM Cilyyae HeoOXOOHMO K 3KBHBAJICHTHOMY CONPOTHUBICHHIO
CXEMBI 3aMELICHUs NPSIMOil IOCIeA0BaTENbHOCTH 100aBUTH JONOJHH-

Tabauna 8.2. BeipaeHnns 1Jsi ONpPeReNeHANA AONOJHATEILHOTO CONPOTHBJICHHSA AX®™
1 ko>(pduumenta m™ NPy HeCHMMETPHYHBIX KOPOTKHX 3aMbIKaHHil PA3HbIX BHAOB

3uavenne m"™ wnn Bepakenne

AX™
Bmpanceﬂue A AJisi €ro ONpPEACICHHUSA

Bua KOpoTKOTO 3aMbIKaHUA

JiByxda3Hoe X5k 3
OnnodasHoe Xy T Xoox 3
XX, Xax Ko
JiByxhazHOE Ha 3eMITIO 23':_ ;"‘ Ny _3"—3"5
Xy T Xoox (X X0or)
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TeNBHOE CONpoTHBIeHHe AX™), T.e. ynamute TOUKy KOPOTKOT'O 3aMbIKaHHA
OT peabHO# TOYKH Ha 3TO CONPOTHBIEHHE H CIUTATH, 4TO 32 3TUM CONPO-
THUBJICHHEM NPOH30IIO TpexdasHoe KOPOTKoe 3aMblkaHue. Takum obpa-
30M MOK NpsMOU NOCNe006amensHOCMU npu 1H000M HeCUMMEMPUYHOM
KOPOMKOM 3aMbIKAHUU MOICHO ONpedeiums KaK MOK IKEUBANLEHMHO20
mpexgasHo20 KOPoMKO20 3aMbIKAHUS 8 MOUKe, YOANeHHOl om pakmuye-
CKOUl MOYKU KOPOMKO20 3aMbIKAHUA HA OONOTHUMENbHOE CONPOMUENeHUe

AX™), komopoe e 3agucum om Ppacuemnoz0 MomMeHma epemMeny U onpede-
JIAEMCA MONbKO NApamMempamu cxem 3aMeujeHus 0OpamHol U Hyneeo
nocnedoeamensrocmeti. ITo MONOKEHUE, U3BECTHOE KAK NPABUIO FKEUEA-
JIEHMHOCMU MOKA NPAMOU ROCIe006aMeNbHOCMU, TIO3BONAET CBECTH pac-
YeT TOKa NpPSMOH IOCJIEN0BATENLHOCTH NPH JHOOOM HECMMMETPHYHOM
KODOTKOM 3aMBIKaHHHM K pacyeTy TOKa 3KBHBAJEHTHONO Tpex(ha3Horo
KOPOTKOTO 3aMBIKaHHSI.

Kaxk nokaspiBaroT BhIBEIeHHBIE paHee BRIPAKEHHA M JaHHEIE Ta6. 8.1,
npH J060M HECHMMETPHYHOM KOPOTKOM 3aMBIKAHHH MOJIYJb IOIHOTO
TOKa MOBPEXJEHHOH (a3l M HalIEeHHBIA TOK NPAMOM MOCIEHOBaTeb-
HOCTH CBSI3aHBI NPOCTEIM COOTHOIIEHHEM, KOTOPOE B 000GIIEHHOM BHE
MOJKHO NPEJICTaBUTh TaK:

— ™

i I (8.40)
e m™ — kosbduIHenT, 3aBHCAMKA OT BHAA KOPOTKOIO 3aMBIKaHHS;
€ro 3HaYeHHs NpHU ABYX(Pa3sHOM H OZHO(PA3HOM KOPOTKHMX 3aMBIKAHHAX U
dopmyna mns ero onpeneneHus npu AByx(hasHOM KOPOTKOM 3aMBIKAHHH
Ha 3eMJIIO IPUBEJICHEI B Ta0m. 8.2.

BaxHo# BenMYNHOM NpH pacyeTe HECHMMETPHYHBIX KOPOTKHX 3aMbl-
KaHWi SBISETCS HANPSIKEHHE OPSAMOM IMOCHEN0BATENLHOCTH B TOYKE
KOpPOTKOro 3ambikanus. Ero MoxHo ompenenuts mo dopmyne (8.1).
Onuaxo yno6Hee HCIIONB30BaTh BEIPAXKEHHE

An)  _ 4 pA(n) 5(n)
o), = jiaxPie) (8.41)
KOTOPO€ IOKa3bIBa€T, 4TO Hanps>XCHUue HpﬂMOﬁ IIOCJIEO0BATEJIbPHOCTU B

TOYKE JIF060r0 HECHMMETPHYHOTO KOPOTKOTO 3aMbIKAHHS YHCIIEHHO PAaBHO
NaJICHAI0 HANpsOKEHHUS OT TOKa NPSMOM MOCIIeJOBaTeNLHOCTH B COMpO-

tuBnennn AX™, onpenensiomeM yaaNeHHOCTh TOYKH SKBHBANEHTHOTO
Tpex(hasHOro KOPOTKOTO 3aMBIKAHWS OT AEHCTBUTENIHHOH TOYKH HECHM-
METPUYHOTO KOPOTKOTO 3aMEIKaHUSI.
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8.6. PacyeT TOKOB M HANPsSXXEHUH NPU HECUMMETPUYHbIX
KOPOTKMX 3QMbIKOHUAX PA3HbIMU METOAQMMU

B cOOTBeTCTBUH ¢ NpaBHIOM SKBHBAJEHTHOCTH TOKa MpPSAMOH mocie-
JOBaTeNbHOCTH JJI pacdera ToKa NpsIMOH oclenoBaTeIbHOCTH, ITPOIOop-
LIMOHAJIBHBIX €My MOJHBIX TOKOB IIOBPEXKAEHHBIX (a3 M IpYruX BEIWYHH
NIPH HECHMMETPUYHOM KOPOTKOM 3aMbIKaHHHU JTI060ro BUJIA MOTYT OBITh
NPUMEHEHHI Bce€ METOMIBI pacyeTa TOKOB TpeXx(a3sHOro KOpOTKOTO 3aMBIKa-
HHs. TlockonbpKy TOK NPAMOH IOCIENOBaTeIbHOCTH IPH HECHMMETPHY-
HOM KOPOTKOM 3aMBIKaHHHU OnpezienseTcs Kak TOK SKBUBaJIE€HTHOTO TPeX-
(ba3zHoro KOpoTKOro 3aMbIKaHHUs, YIAJE€HHOTO OT NEHCTBUTEIBRHOH TOYKH

KOPOTKOT'O 3aMbIKaHHs Ha AX™, To HanpspKeHHe NPAMOM TIOCIET0BATENb-
HOCTH B J1000# TOYKE MCXOIAHON PACYETHOM CXEMEI IIPM HECUMMETPUY-
HOM KOPOTKOM 3aMBIKAHUH OKa3bIBaeTCs BBIIIE, YeM Ipu TpexdazHoMm
KOPOTKOM 3aMBIKaHHUHU B TOH ke Touke. [103TOMy BIHsIHHE aCHHXPOHHBIX
3NIEKTPOABUTaTENCH U APYTUX Harpy30K Ha TOK HECHMMETPUYHOIO KOpOT-
KOO 3aMbIKaHHUs NMPOSBIAETCS ciabee, 4eM Ha TOK Tpex¢dazHOro Kopor-
KOTO 3aMBIKaHHUS, BCIEACTBHE YETO IIPH pacieTe TOKOB HECHMMETPUYHBIX
KOPOTKHX 3aMBIKAHUH JONYCTHMO YYHTHIBATh TOJBKO MOILIHBIE 3IEKTPO-
JBUTATEJH, NOAKIIOYEHHEIE HENOCPEICTBEHHO BOIM3H TOYKU KOPOTKOTO
3aMbIKaHus.

JlononaurensHoe conporusiaenne AX™, ucnonssyemoe npu pacuere
TOKa NPAMO# MOCIET0BaTENFHOCTH HECUMMETPUYHOTO KOPOTKOTO 3aMBI-
KaHHus, He 3aBHCHT HU OT IPHMEHAEMOr0 METOlIa pacyeTa, HU OT pacyer-
HOTO MOMEHTa BpEMEHH, [I03TOMY B Hayajie pacyeTa TOKa JIloboro HecHM-
METPHYHOTO KOPOTKOTO 3aMBIKaHHsI HEOOXOAUMO COCTaBHTh CXEMEI 3aMe-
meHus obparHoif W HyneBoH (IIpH pacyeTe TOKOB M HamnpsDKEHUH Ipu
onHodazHoM U AByX(pa3HOM KOPOTKHMX 3aMBIKAHUAX Ha 3eMJII0) HOCIe0-
BaTeNIbHOCTEM, NMpeoOpa3oBaTh 3TH CXEMbl OTHOCHTENHHO TOYKH KOPOT-
KOrO 3aMBIKaHMs, ONPENEIUTh 3KBUBAJICHTHBIE CONPOTHBJICHUS X,, H

o n)
Xoox ¥ HAMTH AX®,

OnpeAeAeHMe TOKA NPSIMONA MOCAEAOBATEAbHOCTH
C UCMOAb3OBAHMEM PACHETHbIX (POPMYA

B ToM ciyuae, Korza MCXoIHas pacyeTHas cXeMa COIEpPXKHUT TOJBKO
OIMH CHHXPOHHBIH F'€HEpaTop, TO NPH HeydyeTe BIMSAHUS ero aemmndep-
HEIX KOHTYPOB M JONYIIEHUH, YTO NOCTOSHHAs BPEMEHU CHCTEMBI BO3-
Oyxnenus T, 6nu3Ka K HYJIO, 1Jif pacdyeTa NEHCTBYIOIIErO 3Ha4€HHUS
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NEPHONNYECKOH COCTABJIAIONIEH TOKa NPSIMOMH I10CIE0BATENLHOCTH /),

HECHMMETPHYHOIO KOPOTKOTO 3aMBIKaHHs MOXET OBITh HCIOJb30BaHa
npuBeieHHas HuXe dopmyina (8.42). B aToit ¢popMyse Bce compoTUBie-
HHS CXEM 3aMelLleHHs NpAMoH, o6paTHOH U HyJIEBOH IOC/IenoBaTeLHO-
CTEH BBIPa)KEHHl B OTHOCHTEJBHEIX eMHUANAX U 33 0a3UCHYI0 MOIHOCTE
NpHUHATA NONHAas HOMMHAIbHAs MOLIHOCTH TeHeparopa, a 3a 0a3ucHoe
HanpsykeHWEe TOH CTyNEHW HanpsOKeHHUS, Tae HaXOOMTCS TeHepaTtop, —
€ro HOMHHAJBHOE HAIPAKEHUE
!
I, = E g 1p + EqO _
nt n) ' n)
X+ X+ X" X+ X, + AXC

t
E /™ U
_ e e Mg e (8.42)
X, + X, + AX X, + AX

rne

X+ X +Ax"
T\ = 1, L2 -7, (8.43)
X,+x, +Ax™

Kaxk BunHO U3 (8.42), TOK npsMO¥#i IIOCIE10BATEILHOCTH I, . HE MOXKET

Int
OLITE OOJIBIIIE TOKa, onpeueiasaeMoro BBIPpAXKCHHUEM

U

HOM
1

1111S n)’
X, + AX

TaK KaK HanpshKeHHe IpsAMOH MocienoBaTebHOCTH Ha BBIBOAX IeHepa-
TOpa

Ul = (XBm + A‘X(n))llnt

HE MOXET OBITH 60JIbIIIE HOMUHAJIBHOTO.

Onpenenus no dopmyne (8.42) Tok mpsMOH NOCIETOBATEILHOCTH,
JIErKO HaHTH NOJHBIN TOK NOBpexAeHHON (pa3bl (MOBpeXAEHHBIX (a3) B
3alaHHbIf MOMEHT BpEMEHH.

Pacyer TOKa mnpsMOH NOCIEHOBATENLHOCTH C YYETOM BIUSHHS
JeminepHBIX KOHTYPOB CHHXPOHHOTO reHeparopa U HeydeTe onepevHoM
COCTaBIIOLIEH €ro TOKa AKOpA CJIEAYEeT BECTH C HCIIOJNb30BaHUEM (op-
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mynbl (5.57), koTopas B COOTBETCTBHHM C NpPAaBUIIOM 3KBHBAJIEHTHOCTH
TOKA MPAMO IOCNIe0BATENbHOCTH NPUHAMACT BU/L:

L0 Eqgo
Ax™ * AX™
Xg+ Xyt dcrd) Ko *
t
o) "
Ey0) Td Eqo _
n) + " AX(")
Xd + X + AX( Xd + Xsm +

Ilnt=

_t
’ u(")
Ego ) Ta +L‘, Eyn—Eq0 ]
n)
X, + AxX™ + X, + AX

_t

1(")
Ty —Tgia Td

Xaay*

Tn(n) _T T‘;r(") U

d old < ‘HoM (8.44)

+ Tr(n) Tn(n)

rae

)"~ 7 + + 1, (8.45)
i
n(n) - 1(n) f . 8.46
T, "=oc -———————,(n) ") ( )
T, + T

r(n) T!(”)

8.47
Xd(ld)~Xd Tf0+T1d0 (47

IpUYEM

X2,

a

X, —
X" T ox,+x,,+ X"

(n) _

T (8.48)

b
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X ad
, 1d
(n) lein) Xd+X +AX(n)
T, = = , (8.49)
oR,, OR,,
G'(n)= 1 - (Xd+XBm+AX(n))X TN
2
[Xf(Xd +Xsm + AX(n)) _Xad] X
2
x X
- .. ad . (8.50)

x [X, /X, + X, + AX") = X2

IMopsamok onpeneneHus NapaMeTPOB CXEMbl 3aMEILEHUS CHHXPOHHOM
MAaIUHMHbI JaH B rpui. 1.

PacyeT ¢ MUCNOAb3IOBAHMEM METOAA TUNOBbIX KPUBbIX

IMopsimox pacuera TOKOB MOBpPEXIEHHBIX (a3 NpU HECUMMETPHYHBIX
KOPOTKHX 3aMBIKaHUAX (KaK U TOKOB NpH Tpex(a3HbIX KOPOTKUX 3aMBIKa-
HHAX) C HCIIOJIb30BaHUEM METO/Ia TUIIOBBIX KPUBBIX 3aBUCHT OT HCXOIHOM
pacueTHOM cxeMbl. Eciiu 3Ta cxema ConepskKuT TOJIBKO OAWH CHHXPOHHBIH
reHepaTop (CHHXpOHHBIM KOMIIEHCATOp), TO pacdyeT TOKa MOBPEXIEHHOI
¢a3sl B 3aJaHHBII MOMEHT BPEMEHH INpH JIOOOM HECHMMETPHIHOM
KOPOTKOM 3aMBIKaHUH BEIYT B CIEAYIONIEH MOCIEN0BAaTETbHOCTH:

1) CocTaBisroT cxeMy 3aMELICHHS MPSIMOM MOCIIEA0BAaTEIBHOCTH IS
ONpeiEIeHHs. HAa4YalbHOrO 3HAYEHHsi TOKa NPAMOM MMOCIEN0BaTENbHOCTH
(T.e. CHHXPOHHBI I'€HEPaTOp YUYUTHIBAIOT CBEPXNEPEXONHBIM COMPOTHRB-
JIEHUEM M0 NPOIOJILHON 0CH H cBepxnepexonHoi JIC, HalieHHOH ¢ yJe-
TOM IIpEJIIECTBYIONIeH Harpy3KH reHeparopa), a Tak)ke CXeMbI 3aMmelle-
HUA 00paTHOHM M HyJIEBOW MOCIEN0BaTeLHOCTEH M ONPENEIAIOT UX Mapa-
METpHI, BbIpaXkasd, KaK MPaBUJIO, BCE CONPOTHBICHHUS B OTHOCHTEIBHBIX
eIMHHUIIAX.

2) IIpeobpasyioT Bce cXeMbl 3aMeIeHHs OTHOCHTEIBHO TOYKH KOPOT-

KOro 3aMbIKaHUsI U HaXOOAT 3KBHUBAJCHTHBIC CONPOTHUBICHHUA Xl 2k(6)
*

;Xzax(s) H f(Oax(s)-
3) B 3aBHCHMOCTH OT BHIa HECHMMETPHYHOTO KOPOTKOTO 3aMBIKaHHS

n
OIPENENAIOT AONONHUTENLHOE CONIPOTHBICHUE AX((G)) Y HauaJbHOE 3Ha-
*
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YEeHHE TOKAa MPAMOW IOCIENOBATENLHOCTH NPH BHIOPAHHBIX 0a3HMCHBIX
YCIIOBHAX
n
. Ee)
1n0(6) — (n)*
*
+

Ko T )

4) Haxonar HavanbHOE 3HaYeHHE TOKa MPSAMOH IMOC/IEN0BATENLHOCTH
reHepaTropa, OTHECEHHOE K €T0 NOJHOH HOMHHATIEHON MOIIHOCTH U HOMH-
HAJIBHOMY HaNpsDKEHHUIO,

Ss U,

HOM
!]HO(HOM) = ,{1“0(6) S —Uﬁ . (8.51)
HOM

5) Ecnu HailieHHBIH TOK *I 1m0 (som) = 2, To noaOUpaloT COOTBETCTIBYIO-

IYIO THIIOBYIO KPUBYIO H IS 33JaHHOTO MOMEHTa BPEMEHH ONPENENIAIOT
KO3 HIMEHT ¥/ ,.

6) OnpenensdoT UCKOMOE 3HAYeHHE MEPHOAUYECKOM COCTaBIAIOLICH
TOKa TOBpeXIeHHOH ¢a3pl (HOBpeXxaAeHHBIX (a3) B pacyeTHBIH MOMEHT
BpeMEHH, HCIOJb3ys popMyTy
I,=m™y, 1, o1 (8.52)

nt Y1tf1no) ‘6 :

B ToM ciiydae, KOTjia HCXOHasi pacyeTHas CXEMa COIEPKHUT HECKOIBKO
OIHOTHITHBIX M OJMHAKOBO YNAJEHHBIX OT TOYKH KOPOTKOTO 3aMBIKAHHs
CHHXPOHHBIX T€HeparopoB (CHHXPOHHBIX KOMIIEHCATOPOB), TO pacyer
MEePHOANYECKOH COCTABIAIOIIEH TOKa MOBpEXKIeHHON (a3bl (MOBPEKAEH-
HbIX (ha3) B 3aJaHHBIi MOMEHT BpPeMEHHU NIPH HECUMMETPHYHOM KOPOTKOM
3aMBIKAHMH TIPOU3BOIAT B TOM K€ IOPSIKE, TONBKO IPH HAXOXKICHHH

TOKa *IIHO(HOM)’ ONpENCHAOIICIO YIaJC€HHOCTh TOYKH 3KBHBAJICHTHOIO

Tpex(ha3HOro KOPOTKOro 3aMBIKaHHS OT CHHXPOHHOTO TeHEpaTopa, Y4MThI-
BalOT CYMMapHYIO MOIIHOCTh BCEX I'€HEPATOPOB.

Ecnu ucxonHas pacueTHas cxeMa COAEPKUT HEOJMHAKOBO YJaleHHEIE
OT TOYKH KOPOTKOTO 3aMBIKaHHs TeHEPATOPHI H DHEPTETHUECKYIO CUCTEMY,
TO OpU NpeoOpa3OBaHUU CXEMBI 3aMEIIeHHA IMPAMOH IIOCIENOBATENb-
HOCTH OTJAEJBHO BBIIEJSAIOT T'eHepaTop, A KOTOPOTro pacyeTHOE KOpOT-
KO€ 3aMbIKaHHe MpeAronaraeTcs OIU3KUM, a OCTaIbHBIE T€HEPaTOPBI 00b-
eIMHSAIOT ¢ cucTeMoit. OJHAaKO naxke NpU paJuaibHON CXeMe CBA3H BhIjie-
JIEHHOTO T'eHeparopa C 3HEProcUCTeMOH M HECMMMETPUYHOM KOPOTKOM
3aMBIKaHUH B KaKOH-THOO MPOMEXYTOYHOH TOUKE NENHUTH 3Ty CXEMY Ha
JB€ HE3aBHCHMBIE YacCTH, KaK 3TO JeJaeTcs NpH Tpex(a3HOM KOPOTKOM
3aMBIKaHHH, HENb3s, TaK KaK MPU HECUMMETPUYHOM KOPDOTKOM 3aMBIKa-
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HHM HAIIPSXKCHUE B MECTE MOBPEKACHHUA HE PABHO HYJIIO U JONOJIHHUTEID-

HOE CONPOTHUBJICHHE Ax™ , 32 KOTOPBIM HaXOAUTCH TOYKA 3KBHMBAJICHT-
HOro Tpex(ha3HOro KOPOTKOTO 3aMbIKaHHs, OKa3bIBAeTCA OOMMM Juis
BBIJIEJIEHHOTO reHeparopa U cucteMs! (puc. 8.11, a). Eciu e Hecummer-
PHYHOE KOPOTKOE 3aMbIKAHHE NMPOMCXOAUT Ha OTBETBICHHH C CONPOTHB-
JeHueM X, KOTOpOE B CXEME 3aMELICHUS MPAMOH NOCIIeN0BATENbHOCTH

o0pasyeT oTnenbHyr BeTBb (puc. 8.11, 6), TO TOYKa IKBMBAJIEHTHOIO
Tpex(a3HOro KOPOTKOTO 3aMbIKaHHS OKa3bIBAETCA elle 6osiee ynaneHHo
0T TeHepaTopa.

Pacuer Toka noBpexxneHHo# (a3bl (NoBpexIeHHBIX (a3) B 3aJaHHBIH
MOMEHT BPEMEHH IIPY pacCMaTPHUBAEMbIX UCXOIHBIX PACYETHBIX CXEMaX U
HECHMMETPUYHOM KODOTKOM 3aMBIKaHHM JII00Or0 BHIOA C HCIIONbL30Ba-
HHEM METOJA THIIOBBIX KPHBBIX NPOH3BOASAT B CIAEAYIOLIEH IOCIEnOBa-
TEJILHOCTH:

1) CocTaBusior cxeMy 3aMelIeHHs] IPAMOM MOCIEN0BATENLHOCTH IS
oINpezesieHUs. Ha4albHOTO 3HAYEHUS TOKa MPAMOM MOCIEN0BaTENbHOCTH,
a TaKXkKe CXEMBl 3aMeIIEeHHs 00paTHOM M HyJIEBO# MOCIeN0BATENLHOCTEH,
U ONPENeNAI0T UX NapaMeTpEl.

2) [Ipeobpa3yloT cxemy 3aMelleHHsA NPSAMON INOCIEIOBATENEHOCTH
OTHOCHTEJILHO TOYKH KOPOTKOTO 3aMBIKaHHA Tak, YTOOBI OMmxamuii K
3TOH TOYKE CMHXPOHHBIH reHepaTop (WM rpyima OIMHAKOBO YAaldeHHBIX
reHepaTopoB) OblLI BHIAENEH B OTHEJBbHYIO BETBb, 4 CXEMBl 3aMEICHHS

0)

Puc. 8.11. PacueTHble cXxeMbl JJIfl ONPe/eIeHHs HAYaJIbLHOr0 3HAYEHAS TOKA NPAMOii mocJe-
J0BaTEJbHOCTH NPH HECHMMETPHYHOM KOPOTKOM 3aMbIKAHHH:

a — TpY paJiMaIbHOMN CXEMe CBS3H I'€HEPATopa C SHEProCHCTEMOM; 6 — NP KOPOTKOM 3aMBIKa-
HHM Ha OTBETBJICHHH
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06paTHOM W HyJeBOM MOCiefOBaTelbHOCTEH NPeoGpasyoT MONHOCTHIO,
omnpeaensst 9KBUBaJCHTHbBIE COPOTUBICHUSA ‘3(2%(6) 7§ ;‘703x(6)'

3) B 3aBHCHMOCTH OT BHIa HECUMMETPUYHOIO KOPOTKOTO 3aMBIKaHUS
OTIpENeNIAIOT AOIONHUATENEHOE CONMPOTHBIIEHHE A,z(((g;) H COCTaBJIAIOT
cxeMy, Mofo6Hyo TpecTaBleHHo# Ha puc. 8.11, a unu 8.11, 6.

4) Onpenensitor sxBuBaneHTHy0 O/1C f’:ax(ﬁ) Y 3KBUBaJIEHTHOE COIPO-
THUBJIEHHE NPAMOH MOCNEN0BATENBHOCTH :Y 15k (6) -

5) HaxonsaT HauanbHOE 3HAYEHUE TOKA NPAMOH IOCIEN0BaTENbHOCTH B
MecTe KOPOTKOTO 3aMbIKaHHUA

*E 9K (0)

(n)
+ Ag(@

Iioe) =
‘3(1 3k(6)

¥ HayaJbHOE 3HaYEHME TOKA MPAMOM MOCIe0BATEILHOCTH B BETBH I'eHe-
paropa

" (n)
EGe) ~ ({(x«s) + AX) )! 1x0(6)

X6

,,1 1Go®6) —

6) ITo hopmyre (8.51) onpenensior HayanbHOE 3HAYEHHE TOKA NPIMON
I0C/IeI0BaTeNLHOCTH TeHepaTopa (reHepaTopoB), OTHECEHHOE K €ro (UX)
HOMHOW HOMHHAJIBHOM MOLIHOCTH M HOMHHAJBHOMY HAaIPSXKEHHIO, T.C.

I, Go(uow) » @ TAKOKE OTIPENENSIOT OTHOLIEHHE LiGoe)/I1co) -
7) Ecnu *IIGO(HOM) >22u ,{160(6)/!1x0(6) > 0,5, To monduparT COOT-

BETCTBYIOIIYIO THUIOBYIO KPHMBYIO M JUIA 3aJJAHHOTO MOMEHTAa BPEMEHH
onpenensoT kodGGUUUEHT Y;,, a 3aTeM M0 HalJAeHHOMY OTHOLICHHIO

! 1 GO@/*I 1€0(6) noaOMpPaIOT COOTBETCTBYIOLIYIO KPHBYIO 3aBHCHUMOCTH
Ye: = Sf(v,) 1, 3Has v, ,, HAXOAAT KOIDDULHEHT ¥y .

8) OnpeaensioT MCKOMOE 3Ha4YeHHe NEPHONUYECKOH COCTaBIAIOIIEH
TOKa MOBpEXAeHHOH (a3pl (MOBpexkIeHHBIX (a3) B MECT€ KOPOTKOro
3aMBIKaQHHSA B pacYE€THBIH MOMEHT BpEMEHH

- ™
Le,=m" Yixel1vo@s - (8.53)

B Tex ciyyasx, Korga XOTs OBl OHO U3 YCIOBHH II. 7 HE BBITIONHSAETCS,
TO TUIIOBBIE KPUBbIE He TPeOyIOTCA, Tak Kak npunumaror I, =1 (.
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PacyeT C UCMOAb3IOBAHMEM METOAQ
CNPSMAEHHbIX XAPAKTePHUCTHK

Eciu ucxomHas pacueTHas cxema CONEPXKHT TOJIBKO ONHMH TEHEpaTop,
TO PacyeT TOKa B MOBPEXIEHHOH (aze (moBpexeHHHIX (a3ax) B 3a/1aH-
HBIM MOMEHT BpEMEHH NPH JI000M HECHMMETPHYHOM KOPOTKOM 3aMBIKa-
HHUHU C MCIIONIB30BaHUEM METOJA CIPAMJIEHHBIX XapaKTEPUCTHK M IIpUME-
HEHHUEM CHCTEMbl OTHOCHUTENBHBIX €IMHML NPOM3BOAAT B CIEAYyHOLIEH
[OCJIEA0BATEIbHOCTH:

1) CocTaBasioT cXeMBl 3aMelleHHs PSIMOi, 00PaTHOM U HYNIEBOM Hoc-
JIE[0BAaTEIbHOCTEN U ONPENENAIOT HapaMeTPHI MX dieMeHTOB (Kkpome DJIC
1 COIIPOTHBIICHUS T'eHEePaTopa).

2) Haxonst 3KBUBaJNE€HTHEIE CONPOTHUBIIEHUSA ,3(2 »x(6) ¥ jYOax (6) » AOTION-

n
HUTENBHOE COMPOTUBJICHUE AX((6)) U CONPOTHUBICHHE BHEIIHUX 10 OTHO-
*

IIEHHIO K TEHEPATOpPY 3IEMEHTOB B CXeMe NPAMO# MOCIIe[0BaTENLHOCTH
X; .
+ 1B (6)

3) Jins 3a5aHHOrO MOMEHTa BPEMEHH M0 XapakTepucTukaM £, = f(f) u
X, = o(?) maxomar SNC E, ) ¥ X,y W ONPEICISIOT KPUTHIECKOE
CONPOTHBJICHHE, OTHECEHHOE K HOMHHAJIBHOW MOIMHOCTH ¥ HOMHHANb-
HOMY HaIpsDKEHHIO reHepaTopa

1
X =X
% Kp f(HOM)  't(HOM) gt(HOM) _

1

4) IIpuBonAT CONPOTHUBIIEHHE TeHeparopa :Y, KpUTHYECKOE

(HOM) °

COIPOTHUBJICHHE {Yxp t(nom) ¥ S1C *Et(HOM) K BBIOpaHHBIM 0a3HCHBIM yCJIO-

BUAM, T.€. HAXOIAT ;Yt(s) s ‘g(xp «6) ¥ gt(ﬁ).

5) CpaBHHUBaIOT ;Xl sm() Ag(((g;) c ;f(:cp 1(6)> CCIH ,3(1 sum(s) T AiY((G’;) <

<X 1)

pexuMe noxbeMa Bo30YKIEHHUS U B CXEMY 3aMellIeH s NPAMO¥ Mociie10Ba-
TeNbHOCTH ero BBOAAT pacyeTHol IJIC E;q) U pacueTHBIM CONPOTHBIE-

TO TI€HEpaTop B paC‘ICTHBIﬁ MOMEHT BpCMCHH pa60TaeT B

: +
HHEM [ 3aJaHHOTO MOMEHTa BpPEMEHHU th(G), €CIH XKe 3(1 p11(6)

¢ (n) o
+ A;X(ﬁ) > ﬁYKp,(G) , TO TEHEPaTOp B PacUETHBIX MOMEHT BpeMeHH pabo-
TaeT B PEXKMME HOPMAJIbHOTO HANPSHKEHUA U B CXEMY 3aMELIeHHs IPIMOi

nocyenoBaTenbHOCTH ero BBoaaT DJIC }*5,(6) =1lmn :Y,@ =0.
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6) OnpeneNarOT HCKOMBIH TOK MOBPEXIEHHOMN (a3l (MOBPEXAECHHBIX
(a3) B pacyeTHBIIf MOMEHT BPEMEHHU

Et(6)
r,=m" 15 (8.54)
Xyt Xisme) ¥ A6

*

IIpu cnoXHOM MCXOAHOH PACYETHOH cXeme, cozepanied pasHOTHII-
HbIE W Pa3HOYIAJEHHBIE OT MECTA HECUMMETPUYHOIO KOPOTKOrO 3aMbIKa-
HHS TeHepaTopsI, MOPANOK PacdeTa TOKa MOBPEKACHHOH (a3bl (noBpex-
JIeHHBIX (pa3) B 3aJaHHBIH MOMEHT BPEMEHH C HCNONB30BAHHEM METOZa
COPSMJIEHHBIX XapaKTEPUCTHK JPYTOi:

1) cxons u3 3aJaHHOTO PacYeTHOr0 MOMEHTAa BPEMEHM IO KPHBBIM

E, = f(t) n X, = ¢(t) onpenensioT pacieTHbIE S/C E, ;) H CONPOTHBIIE-

HHUE ‘Xt ) M U1 KaXI0ro reHeparopa NpuBOIAT X K 06a3UCHBIM ycio-
*

(HOM

BHSAM, T.€. HAXOOAT ,,Et(ﬁ) 154 f(t(G)‘

2) Haxomsar kpuTHYECKUH TOK KaXJ0ro reHeparopa

Eie) — 1
Ligpie) = X

3) CoCTaBJIAIOT CXEMbI 3aMELIeHHs IPAMO#, 06paTHO#H U HY/IEBOH TOC-
JIe7I0BaTeNBHOCTEH ¥ ONMPENENIOT NapaMeTpsl X d1eMeHToB (6e3 ydyera
SJIC ¥ CONpOTHBIEHHS PAMO 10CII0BATENLHOCTH T€HEPaTOPOB).

4) HaxomsT 3KBUBAJICHTHBIE CONIPOTHBIICHUS ;Yz sx(6) ¥ g(oak@ , a TaKKe

(n)
JIOTIOJTHUTENBHOE CONPOTUBIICHHE A*X(G) .

(n)
5) Ucxonst U3 HaiiIEeHHOTO JOMOJHUTENBHOTO CONPOTHUBICHHUS Af((())

U yIaJ€HHOCTH TOYKH KOPOTKOIro 3aMBIKaHHUS OT T'€HEpPATOpOB B CXCME
l'lpﬂMOﬁ MOCJEN0BaTEIbHOCTH OLIEHUBAIOT BO3MOXXHBIE PCKUMBI paﬁOThI
r€HEpaTopoB B paC‘leTHHﬁ MOMEHT BpPEMEHM M B 3aBHCHMOCTH 03
BBIGpaHHLIX pE€XHUMOB BBOIAT I'€HEPATOPHI B CXeMy 3aMEUICHHUSA NMPSIMOH

moce0oBaTeNbHOCTH Wik HaiinexnsiMu B 1. 1 OIIC gt@ U CONpPOTHBIIE-
HHEM f(t(G) , WIIH gt(G) =1mu :Yt(G) =0.

6) IIpeoGpa3yroT MONYYEHHYIO CXeMy 3aMeIlIeHHs IPSIMOi ToceoBa-
TENBHOCTH U onpenelsior 3kBuBaneHTHsie OJIC g, sx(6) ¥ COTIDOTHBIIEHHE
jY 1£3x(6) *
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7) OnpenensioT TOK NPAMOi MOCIEeNOBaTeILHOCTH B MECTE KOPOTKOTO
3aMbIKaHUS

*E t 3k (0)

Iy =———————-
* (n)
X1k T AXe)

8) HaxonaT TOKOpacmpeieneHHe B cxemMe HpPAMOHN IOCIEA0BATElb-
HOCTH M CpPaBHHMBAIOT NOJYYECHHbIE TOKH IMpPSAMOH IOCJIEN0BATENbHOCTH
T€HEpaTOPOB C KPUTUYECKUMH, HaiineHHBIMY B 1. 2. Tok NpsMoii nocie-
J0BAaTENbHOCTH KaXKAOTo reHepaTopa, A KOTOpOro OBUI BEIOpaH pexuM
nogbeMa Bo30yXIEHHS, TOJDKEH OBITh GOJbIlle KPUTHIECKOTO, a KaXI0ro
reHeparopa, A KOTOPOro BHIOpaH peXUM HOPMAJIBHOTO HaNpsDKeHHS,
JomkeH OBITh MeHbIIe kpuTHdeckoro. Eciu 11s kakoro-nmubo reHeparopa
COOTBETCTBYIOIIEE YCIOBHE HE BBHIMONHAETCSA, TO HEOOXONHUMO MOMEHSTH
€T0 PEIKUM, T.€. BBECTH 3TOT F€HEpaTOp B CXeMY 3aMEIIEHHs MPSIMOH moc-
nepoBarenbHOCTH JJIC U CONPOTHBIEHUEM, COOTBETCTBYIOIIUM APYTOMY
pEXHUMY, MOBTOPUTH PacdeT H NOBTOPHO BHINOJHUTH NPOBEPKY MPABHIIb-
HOCTH BBIOpaHHBIX PEXHMOB BCEX FEHEPATOPOB.

9) OnpenensoT UCKOMBIH TOK MOBPeXIeHHOU (ha3bl (IOBpPEKIEHHEIX
(a3) B 3a1aHHBI MOMEHT BPEMEHH

=,
Ly =m Tinels-

8.7. PacyeT TOKG B NPOM3IBOABHOU BETBMU
U HANPs)XXEeHUA B NPOU3BOAbBHOM Y3Ae
NpU HECUMMETPHUYHbIX KOPOTKMUX 3AMbIKAHMUAX

Kak 6pl70 MOKa3aHO BHIIIE, €CJIM NMPH HECHMMETPHYHOM KOPOTKOM
3aMBIKaHHH JTI000T0 BHIAa HalJeH TOK NPSAMON NOCIENOBATENILHOCTH B
MECTe KOPOTKOTO 3aMbIKaHHs, TO onpeleieH’e TOKOB 00paTHOU U HyIe-
BOM IOCJIe10BATEIbHOCTEH, MONMHBIX TOKOB MOBPEXICHHBIX (a3, CHMMET-
PHYHBIX COCTABIAIOMMX HANPSKEHHS H IOJHBIX HANPSHKEHUH OTAENbHBIX
(a3 B MecTe KOPOTKOro 3aMbIKaHWs HE BCTpEYaeT 3aTPyJHEHHH, TaK Kak
BCE 3TH BEJIMYMHBI NPONOPLMOHANBHBEI TOKY NPAMOH IocieqoBaTenb-
HOCTH B MECT€ KOPOTKOro 3aMblKaHuA. OJJHAaKO COOTBETCTBYIOLIHE COOT-
HOLIEHHA CIIPAaBEUTMBEI TOJNBKO I TOYKHM KOPOTKOTO 3aMblkaHus. Eciu
ke TpebyeTcs HaHTH TOK B IPOM3BOJIBHON BETBU HCXOINHOM pacyeTHOM
CXEMBI HJIH HaNpsKEHUE B POU3BOJILHOM Yy3J1€ 3TOH CXEMBI, HEOOXOIHMO
OTAENBbHO HAHTH KaXAyI0 CHMMETPHUYHYIO COCTABIAIOIIYI0 TOKa 3TOMH
BETBH M K&)XXAYI0 CHMMETPHYHYIO COCTaB/IAIOLIYIO HANPSXKEHHS B 3aJaH-
HOM y37I€, HCHOJIB3YS C 3TOH LENBI0 CXeMBI 3aMELIEHHS COOTBETCTBYIO-
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muxX nocnenosarensHocTei. [Ipy 3TOM clleiyeT y4UTBIBaTh, YTO TOJIBKO
CXeMBI 3aMeLeHIs 06paTHOH U Hy/eBOH M0CIeN0BaTeNbHOCTEH ABIISIOTCS
NIaCCHBHBIMH, ITO3TOMY 3aj1aua pachpele/eHHs TOKOB B 3TUX CXeMax IpH
NpeABapUTEIbHO HAWCHHBIX TOKaX ¥ HANPSHKEHUAX o6parHoit U HyleBO#H
HOCJIe10BaTeIbHOCTEN B MECTE KOPOTKOTO 3aMbIKaHUsl peIIacTCs JIEMEH-
TapHO (TOKM B TaKMX CXEMaX pAacHpENeNsIoTcs 06paTHO-NPONOpPLHO-
HaJILHO COMPOTHBJICHHUAM HX BETBEH).

Uro kacaeTcs BOIpPOCA ONPEJENCHHs TOKOB MPAMOH mocnenoBaTeb-
HOCTH B BeTBSX CXeMbl 3aMEICHUS NPSIMON IMOCIeN0BaTe]IbHOCTH H
HANPSDKEHMH B PA3THUHBIX €€ Y37IaX, TO OH ABIAETCS 60JIee CIOKHBIM, TaK
KAaK CXeMa 3aMellleHus TPIMOH NOCIIE0BATENLHOCTH ABIAETCA aKTHBHOM,
npuuem DJIC pasHbIX MCTOYHHKOB B OOILEM CIlydae HEONXMHAKOBBI. Ioc-
TaBJEHHBIH BONPOC pelaeTcs MyTeM KCIONb30BaHHs H3BECTHBIX METOJI0B
pacueTa JTMHENHBIX JIEKTPUIECKUX LETeH.

Iocae ompeneneHHs BCEX CHMMETPUYHBIX COCTaBIAIOIIMX TOKa B
3aJlaHHOI BETBH MCXOIHOW pacu€THON CXEMBI U COCTABIAOMINX HaNpsKe-
HUS B 33JaHHOM Y3Ji€ Pe3yJbTHPYIOIIMHA TOK U pe3yJbTHpyloulee Hanps-
xeHHue ocoboit (asel U APYTHX (a3 oNpenensoTcs MyTeM reoMeTpHHC-
CKOr0 CYMMHpPOBaHHS BCEX CHMMETPUYHBIX COCTABIAIOIINX ¢da3HBIX
TOKOB U HaIPSKEHHH.

Yt06bI JaTh NPEACTABICHAE O TOM, KaK H3MEHSIOTCS Pa3jInYHbIC CHM-
METPHYHBIE COCTaBISAIOKUE HATPSOKEHHH 0c060# (asbl M APYTUX ¢da3 no
Mepe ylaieHus OT TOYKH HOBPEXIEHHs IPH HECUMMETPHIHBIX KOPOTKHX
3aMBIKaHHAX Pa3HbIX BHAOB, Ha pUC. 8.12 mpeAcTaBIEHBI JMIOPEI pacnpe-
JeTeHNs CHMMETPHUHBIX COCTABISIOIAX HAMPSHKEHUsT 0000 (aspl (Ge3
ydyeTa HoMepa TpYIIEl COEMHEHHs TpaHChOpMaTopa, HO € Y4ETOM TOro,
YTO €ro 06MOTKA BBICIIErO HANpsDKeHHs COCIUHEHA B 3BE3/1y C 3a3€MIICH-
HOW HeliTpaibio, a OOMOTKa HHU3LIET0 HANpPSKEHHS COCJMHEHA B TpEy-
rONBLHKK) TP TpOCTeiiel HCXOIHOM cXeMe, cojepxaieli CHHXpOHHBINA
reHepaTop, MOBILAOIIHI TPaHC(HOPMATOP H BO3NYIIHYIO JIUHHIO SJICKT-
porepenaun (Ha puc. 8.12, a 3aHEMaeMas TpPaHCHOPMATOPOM 30HA 0603-
HaueHa puMCKuMH mudpamu [—II). KpoMe TOro, naHbl BEKTOPHEIC HA-
rpaMMBl HampsOKEHHH B MECTE KODOTKOrO 3aMbIKaHHs, Ha BBIBOZAX
0OGMOTKH BBICHIETO HampspKeHUs TpaHcdopmaropa ¥ Ha BBIBOJAX CHHX-
POHHOTrO reHeparopa (Hpu rpymre COCAWHEHUS o6MoToK Tpanchopma-
Topa Y,/A - 11).

U3 3mop HanpskeHHs BHUIHO, YTO MPH HECHMMETPHYHOM KOPOTKOM
3aMBIKAQHHY JII00OTO BHJA [0 Mepe yHaJeHUs OT TOYKH MOBPEKICHHS B
CTOPOHY MCTOYHHMKA SHEPrHH HalpsHKEHHE NMPSMO# IOCTIEI0BATENILHOCTH
YBETMYMBAETCS, 4 HANPKCHHA OOPaTHOH M HYJIEBOH MOCIIEN0BATENBHO-
cTeil Mo MOAYJF0 YMEHBIIAKTCS, YTO PUBOJHUT K YMEHBILICHHUIO ko3 du-
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IMEHTa HECHMMETPUH M0 Hampspkenuio k;; = U,/U; U COOTBETCTBYyIO-
IIEMY YMEHBIICHHIO HCKa)XKEHUS BEKTOPHBIX MarpaMM HanpsHKEHUH.

Ilpn nByxda3HOM KOPOTKOM 3aMBIKAHMH HaNpsXKEHHA NPAMOH U
oOpaTHOH MoCIeNOBaTEILHOCTEW BIONb JIMHUU JJIEKTpONEpeNadd U3Me-
HaoTCcd Tak (puc. 8.12, 6), 4To UX CyMMa, paBHas PE3YJLTHPYIOILIEMY
HanpsDKEHHIO Ha HEMOBpEXIEHHOH (ase NMHMH 3J1eKTpONEpenayH, OCTa-
€TCsA HeM3MeHHOM. A mpH IByX(a3HOM KOpPOTKOM 3aMBIKaHHHM Ha 3€MIIIO
(puc. 8.12, 6) HensMeHHOW BIOJNH JHHUM 3JIEKTPOIEpENayd OCTAETCS
CyMMa HampshkeHui mnpsMoH, oOpaTHOM M HyNEBOH NOCIEN0BaTENIbHO-
CTel.

Ilpn oxHodasHOM KOpoTKOM 3aMbikaHuM (puc. 8.12, 2) maneHus
HanpsuKeHUs MPAMON U 00paTHOH MOC/IeN0BaTENbHOCTEH B JIMHUH JIIEKT-
ponepenauu (u TpaHcopmaTope) Mo MOAYIIO OJMHAKOBHI (@ JIMHHHU MIOP
napauiebHbl) BCIEACTBHE PaBEHCTBA CONMPOTHBICHUH NMpsiMOH B obpat-
HOM ToCTen0BaTeNbHOCTEH JIMHUM 3NeKTponepenadu (TpaHcdopmaropa)
U paBeHCTBa TOKOB 3THX IOCII€[0BaTEIbHOCTEH, a aJlCHHE HANPSHKEHUS
HYJIEBOH MOCJIENOBaTENFHOCTH B JIMHUH JIIEKTPONEpENaud 3HAYUTENBHO
6oblIe, yeM naJeHus HanpsHKeHUs mpsAMoi (06paTHOH) nocienoBaTesb-
HOCTH, TaK KaK COIPOTHBIEHHE HYJEBOH MOCIEIOBATENILHOCTH BO3MYII-
HOH JIMHUY 3JIeKTpoliepesayl 3HAYUTEIbHO IPEBHIINAECT €€ COMPOTHBIE-
HU€ NpAMOH NOCeN0BaTENbHOCTH, @ TOKH HYJEBOH U NIPAMOH MOCIe10Ba-
TenbHOCTEH OonuHaKoBHI. [lameHus HampsHKeHHS BceX IMOCIENOBaTEIbHO-
cTeit B TpaHchOpMaTope OMMHAKOBBL.

Crnenyer OTMETHTBb, YTO SIIOPHl HANPKEHUH CO CTOPOHBI OOMOTKH
BBICIIETO HaNpsoKeHWs TpaHcdopMaropa XapaKTepU3yHOT HE TOJIBKO 3Ha-
YyeHHus (B ompenesieHHOM MaciuTade), Ho U ¢a3y CUMMETPUYHBIX COCTaB-
JIAIOMMX HanpspkeHUs oco0oi ¢as3sl B pa3sHBIX TOYKax. UYTo ke KacaeTcs
SMIOp HANPSIXKEHHUH CO CTOPOHBI OOMOTKHM HH3IIEro HampsHKEHUS TpPaHC-
thopmMaropa, To OHH JAIOT TOJIBKO OTHOCHTENIbHbIE 3HAYEHUS CUMMETPHY-
HBIX COCTaBIAIOIIMX HampshkeHHd (6e3 ydera koddduuueHra Tpaacgop-
Mallud ¥ TPYIIBl COeNUHEHHs OOMOTOK TpaHcopmaTtopa). A UYTOOHI
onpenenutsh Gakrtudeckue (ha3sl CAMMETPHYHBIX COCTABIAIONIMX Halps-
JKECHHUS, HEOOXOAMMO YYUTHIBATh IPYIINY COEAUHEHH 0OMOTOK TpaHCcop-
Maropa. HeTpynHo moka3ars, YTO €CJId HECUMMETPUYHOE KOPOTKOE 3aMBl-
KaHHe NPOMCXOAMUT Ha CTOPOHE OOMOTKM BBICHIETO HANpsIKEHHS TPaHC-
¢dopMaropa, TO mpu mepexome 4Yepe3 TpaHCHOPMATOp HAa CTOPOHY
0OMOTKH HH3IIEr0 HanpsDKeHHS BEKTOPH! TOKOB M HANPSXKEHHH MPSIMOi

T o
MOCJIENOBATECJIBHOCTH ITOBOPAYUBAIOTCA Ha YroJ —EN (T.e. 10 9aCOBOH

CTpeJiKe), a BEKTOPHl TOKOB M HampsyKeHWi oOpaTHO# mocnenoBaTelb-
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T .
HOCTH — Ha Yroin +8N (T.e. MIPOTUB 4YacOBOM CTPENKH); 3mechb N —

HOMEp TpYIINHbI coequHeHHs oOMOTOK TpaHcdopmaropa. IIpu mepexone
gyepe3 TpaHchopMaTop B 0OpaTHOM HaIpaBlIeHHH (T.€. CO CTOPOHHI
0OMOTKH HHU3LIETO HANpPsHXKEHHUsI Ha CTOPOHY OOMOTKY BBICILIETO HampsixkKe-
HHS) YToJ NMOBOPOTa CUMMETPUYHBIX COCTABIAIONIMX TOKOB M Hampske-
HHUI MEHSAET CBOH 3HaK Ha MPOTUBOIOJIOKHBIN.

Ha puc. 8.12, 6—2z BexTOopHBIE IHarpaMMBbl HalpsDKEHHH Ha BBIBOTAX
reHepaTopa MOCTPOEHbI NMPHUMEHUTENBHO K TpaHc(hopMaTopy ¢ rpymmnoi
coeJMHEHU 0OMOTOK Y,/ A-11.

8.8. COOTHOLWEHME TOKOB KOPOTKOrO 3aMbIKAHUSA PA3HbIX
BUMAOB NPU 3AMbIKAHUAX B OAHOW M TOM Xe TOouKe

OO6BIYHO NP NPOBEPKE NPOBOIHUKOB U NEKTPUIECKHX arIapaToB MO
YCIIOBUSM KOPOTKOTO 3aMbIKaHHMsS B KauyeCTBE PacyeTHOIO BHAA NPHUHH-
MaloT TpexdazHoe KOpoTkoe 3aMbikaHue. OHAKO He BCETa MPU MOBPEXK-
JIEHUH B 3alaHHOM TOYKE TOK TPeX(ha3HOro KOPOTKOTO 3aMBIKaHHUS SBIA-
ercs HaubonsmuM. Bee 3aBUCHT OT BU]a KOPOTKOT'O 3aMBIKaHMs, €r0 po-
JOIKUTEIBHOCTH ¥ OT COOTHOILIEHHs MapaMeTpPoB NpAMOH, oOpaTHO# H
HyJIE€BOH IOCIENOBaTENbHOCTEH HCXONHOW pAaCUyeTHOH CXeMBI OTHOCH-
TENbHO TOYKH KOPOTKOTO 3aMBIKaHHS.

Monynb OTHOIIEHHUS TOKOB JI000r0 HECUMMETPHYHOTO (1) U Tpexdas-
HOro (3) KOpPOTKHMX 3aMbIKaHWH B NPOM3BOJIBLHOW, HO OMHOM U TOH XKe
TOYKE UCXOIHON pacyeTHOMN CXeMBI OMpeeNsieTCs BRIpaXeHHEM

)
(n/3)_If<n _ mE™ Xk _ mE™ 1
K _I_(a"f’” 3 X(n)"" 3) X(n),(g.ss)
K E Xl 3K +A E 1+ A_
X13K
rme E™ u E® — DJC cHHXpOHHON MAlIMHBI COOTBETCTBEHHO MpH

necummerpuaroM (K™) u tpexdasnom (K®)) xoporkux 3ambikaHHIX B

paccmarpuBaembiii MomeHT Bpemenn; m™ u AX™ — xosdduument u
JONIOTHUTENBEHOE COMPOTHBIIEHHE, ONpeeNseMsble 1o Tabi. 8.2.

B npousBonbHbii MomeHT Bpemenn EM um E®) paznuumer m moryt
OBITE PHONIMIKEHHO OTpeJieNIeHbl TOJNBKO B CXEMe C OMHOM CHHXPOHHOMH
MamvuHo#. [ToaToMy orpaHHMYMMcCS MHIIb Ha9aJdbHEIM MOMEHTOM H YCTa-
HOBUBIIMMCSI PEXXUMOM KOPOTKOTO 3aMBIKaHUS M OymeM CYHTarh, 4TO K
MOMEHTY J1060r0 KOPOTKOrO 3aMBIKaHHsSI CHHXPOHHasi MaliiHa paborana
C ompeleleHHON Harpy3koH, T.e. UMeJa ONpEAeNeHHYI0 CBepXIIepeXxo-
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ayro DJIC, a B ycTaHOBHBILIEMCS PEXUME KOPOTKOTO 3aMbIKaHHs paboTana
C MpeaebHBIM BO30YKICHHEM.

B HauaubHbIH MOMeHT aByX(a3HOro U Tpex(ha3HOro KOpPOTKOro 3aMEl-
KaHHUS B OIHOM M TOHM e TOUKE SKBUBAJECHTHBIE CONPOTHBIEHHS MPAMOM

¥ obpaTHOH mocrenoBarenbHOCTEH COCTaBIAT X, = X ¢’1I + Xy H
Xy = X5+ X

3K BII®
TeHEpaTopy Lemnu no pacquHoﬁ TOYKH KOPOTKOIro 3aMbIKaHHA. ITo MEpe

YBEJIHYEHHS 3TOr0 CONMPOTHBIECHUA OTHOLIEHWE X, /X, CTPEMHTCS K

rae X, — CONpOTHBICHHE BHEIIHEH M0 OTHOIIEHHIO K

2/3
€IVHULE U K J/3/2 . B ycTaHOBHBILIEMCS PEXHME KOPOTKOTO 3aMbi-
KaHua X, > X, W pasHULA MEXTy HUIMH MHHHMAJIbHA [IPH YAAICHHOM

KOPOTKOM 3aMBIKAHHH M MaKCHMallbHa NPH MOBPEXIEHHMH Ha BBIBOZAX
CHHXPOHHO} MalIWHBI, TaK Kak B 3ToM ciydae X, =X, a X, =X,. Ilpu

atoM X, mpeBbimaer X, B 5—8 pa3. Takum oGpa3om, B yCTaHOBUB-

HIeMCS PEeKUME B YKa3aHHOM Ciydae k% 6mmsko x 3. IToaTomy
IByX(ha3sHOe KOPOTKOE 3aMBIKaHHE OOBIYHO SABJISETCA DPACYETHBIM IIpH
IPOBEPKE TOKONPOBOAOB, CBA3BIBAIOIMX CHHXPOHHBIE MAIIMHEI €O COOp-
HBIMH IIMHAMH WM C TpaHcopMaTropaMu, Ha TEPMUYECKYIO CTOMKOCTh
IpH KOPOTKOM 3aMBIKaHHH.

Ha ocHoBaHMM CKa3aHHOro MOXKHO CHENarh CIEIYIOIUH BBIBOA: B
3aBHCUMOCTH OT YIaJeHHOCTH PacyeTHOH TOYKHM KOPOTKOTO 3aMbIKaHHs
OT reHepaTopa U pacue€THOH MPOAOIKUTEIBHOCTH KOPOTKOTO 3aMBIKaHHS

2/3 2/3
K( ) HaxoAMUTCA B Mpeaenax ﬁ/2 < K( ) < ﬁ

DKBUBAJIEHTHOE CONPOTHUBIEHHE HYJEBOH IOCIENOBATEIBHOCTU pac-
YETHOH CXeMBI X[), OTHOCHTENHHO PACYETHOH TOUKHM KOPOTKOIO 3aMblKa-

HHUS MOXET 3HAYHTENBHO OTIUYATECA OT X, Konebnsace or X, << X,

(B cerax manpsxendeM 110 kB u Bbinie, 0COOEHHO NMPU HAJMYHH aBTO-
TpaHCHOpMATOPOB C OOMOTKO# HHU3IIEro HaNpsDKeHHS, COeJUHEHHOH B
TPEYTOJBHHUK) 10 X, = ©° (B cerax 6—35 kB). [Tostomy oTHOmIEHHE

TOKOB 0iHO(a3HOTO U Tpex(a3HOro KOPOTKOTo 3aMBIKaHUS B ONHOH U TOH
ke Touke, ecnd cyutarh OJJC CHHXPOHHOH MAaIIMHBI HEU3MEHHOH H

/Ylancz 29K 3
3NEKTPUYECKUX ceTAX HampsbkeHueM 110 kB u Brimie Tok oxHOda3HOro
KOPOTKOTO 3aMBIKaHHS YacTO OKa3biBaeTcs Oonblue Toka TpexdasHoro
KOpPOTKOT'O 3aMBIKaHHA, C YeM MPUXOIUTCS CYUTAThCS U IPUHUMATH MEPHI
110 OTPaHUYEHHIO TOKOB OHO(A3HOr0 KOPOTKOTO 3aMbIKaHHS.
OTHoleHHe TOoKa ABYX(a3sHOro KOPOTKOrO 3aMBIKaHHS Ha 3€MII0 K
g(1/3)

HaxoxuTca B npeaenax 0 < K < 1,5; BcieacTBHE 3TOTO B

TOKY Tpex(}a3HOro KOpOTKOTO 3aMBIKaHHS B OIHOW WM TOH XK€
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TOYKE NPH U3MEHEHHH X|), OT MaJbIX 3HA4E€HHH, KOTIa Xpore << X4 1O

= 2/3
X03K = OO, UBMEHAETCA IIPAaKTUYECCKH B TAKHX XKE Mpeaeaax, 4To u K( )

(

1,1
910 06BACHAETCS TEM, 4TO NIPH X[, << X, K0dbHIHEHT m ) 6nusok

1,1
K ﬁ U OTHOILIEHHE AX( )/Xl o SHAUMTEIBHO MEHBINE €IMHHIBI, 1103-

TOMY B COOTBETCTBHUH ¢ (8.55) xoaddunpent K" Grmsox k J3. Ipu

(L,1)

Xoox > X 5 H, clIeoBaTeNnbHo, X)), >> X, | k03QHUIHeHT m TaKxKe

3K
1,1
npubnmKaercs K /3 u oTHOmEHHE AxtDrx 1o« TPHOIMKaeTCA K enu-

1,1/3
HHUIIE, BCIEICTBUE Yero kodhduuueHt g3 crpemutes K /3/2. Ipu
Xpox = O° (T.€. IpH OTCYTCTBHH B CETH 3a3eMJICHHBIX HEWTpalieil) IByX-

(hazHOe KOPOTKOE 3aMBIKaHHE Ha 3eMJIIO IEPEXOIUT B ABYX(a3Hoe KOpoT-

1,1 2
KO€ 3aMBIKaHHE, IIPH 3TOM m( ) = m( ) = A/i 54 A,X(l’l) =

a KO3 @3 _ Ry

29k ~ 1ok



FfAasa 9

PACYET TOKOB U HAMPSXEHUN
NPU NPOAOAbHON HECUMMETPUU

9.1. O6Lue 3amedHaHus

HecumMeTpuuHbIE peXKUMBI, BBI3BAHHBIE IPOJOILHON HECUMMETPHEH,
B OTJIHYHE OT PEKHAMOB NPH HECHMMETPHYHBIX KOPOTKHX 3aMBIKAHHAX
MOTYT GBITh TPONOJKUTENBHBIMU (HalIpUMeEp, NIPH 0OpBIBE MPOBOZIA BO3-
IYIIHOW JIMHUM 3JIeKTpoNepenayt). DTO HETaTUBHO BIIUAET Ha DJIEKTPH-
4eCcKHe MallUHBI.

Bce anekTpuyeckre MamlMHBI NPOEKTHPYIOTCA H IMPEeJHAa3HA4YaloTCHA
1 paGoTel PH CHUMMETPUYHOM Harpyske, Korma TOKH Bo Bcex (aszax
OIIMHAKOBBI, HO3TOMY [OMYCKAIOT JHMIIb HEOOJBLIIYI0 HECHMMETPHIO
ToKOB. OCOOEHHO HEXesaTebHbl HECHMMETPHYHbIE PeXUMBI 11 Typ6o-
reHepaTopoB, 4TO OOBACHAETCA CileayonMM. MarauTHoe none, o0ycioB-
JICHHOE TOKOM 00paTHO# mocnemnoBaTeJbHOCTH skops, HaBoguT OJIC
IBOMHOM YacTOTHl HE TOJNBKO B 0OMOTKE BO3OYKAEHHSA, HO U B MacCHBE
potopa. IIpu cTonb BBHICOKOH YacTOTe MarHHUTHBIE NOTOKH M BBEI3BaHHEIE
MU TOKH HE MOTYT NPOHUKHYTH NIy0OKO B TONIIY pOTOpa, HO3TOMY BCE
DIIEKTPOMArHUTHBIE IMEPEXOIHbIE MPOLECCHl, CBSI3aHHBIE C HAJMYHMEM B
MalMHe OOpaTHO BpPAalIaIOIIErocs MarHUTHOTO NOJS, COBEPIIAIOTCA B
TOHKOM BHEIIHEM CJioe «OOYKM» M JeTanedl poTropa, YTO IMPHUBOIMT K
OOJIBIIUM HOTEPSIM SHEPTHH ¥ HarpeBy MOBEPXHOCTH pOTOPA.

Eme Gonee omacHBIM SBIAETCA HArpeB Ma3oBBIX KIMHBEEB POTOPA.
Ecnu B OCHOBHO# yacTH poTOpa TOKHM JBOMHOM 4acTOTHI HalpaBiICHEI
BIOJIb 3yOLIOB, T.€. MapaiieldbHO OCH POTOpa, TO BOIM3H €ro TOPLIOB 3TH
TOKH, 00pa3ys 3aMKHYTBIH KOHTYp, MU3MEHSIOT HalpaBlieHHE U Iepece-
KalOT MOBEPXHOCTH CONPHUKOCHOBEHHS Ia30BBIX KJIMHBEB ¢ 3yOnaMu
poropa. CONMpOTHBIIEHHE HEKOTOPHIX KOHTAKTOB MOXET OKa3aTbcs 00Jb-
[IMM, YeM OCTaJbHBIX, [MO3TOMY DHEPrHs OT TOKOB IBOMHOH 4acTOTHI
OyneT BbIIENAThCS B OCHOBHOM B 3THX KOHTAaKTaX, YTO IPHBEAET K BBICO-
KHM MECTHBIM HarpeBaM Ia30BBIX KJIWHBEB, HX pa3sMATYE€HHIO U omac-
HOCTH «BBITEKaHHS» U3 N1a30B M0J NeHiCTBHEM LEHTPOOEKHBIX CHIL.

Brigenenue Temna Ha HOBEPXHOCTH POTOPA BBI3BIBAET TAKXKE HOIOJN-
HUTEJIbHEI HarpeB 0OMOTKH BO30yXJIeHUA TypOoreHeparopa, 4To B psje
ClIy4aeB MPUBOIUT K HEOOXOMUMOCTH CHHXKATh TOK BO30YXKICHHUA M COOT-
BETCTBEHHO Harpy3Ky reHeparopa.
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Cxa3aHHBIM, OIHAKO, HE OrPAHHYMBAETCA OTPULATENLHOE BIHSHHE
TOKOB 00paTHO# 1OCIIe0BaTeIbHOCTH Ha CHHXPOHHEIE reHepaTophl. Kak y
TypOOr€HEepaTopoB, TaKk M THIPOTeHEpPaTopoB IPH HECHMMETPHH TOKOB
AKOpSL OfiHA M3 ero (a3 okasbiBaeTCs NeperpyxeHHoi. Hampumep, npu
o0pbIBe MpPOBOAA OAHOM M3 (a3 BOMYNIHOH JIMHHMH INIEKTPONEpenayd U
CBA3H OTOM JIMHMHM C IE€HEPaTOPOM C IOMOIIBIO TpaHchopMaTopa, UMEro-
IIEro IPyNIy coenuHenus 06MoTok Y j/A-11, neperpyxeHHO#H OKa3biBaeTcs

(aza reHeparopa, cleaymomas Mo nNopaaky 3a obopsaHHoit. Kpome 3toro,
HOSIBJICHHE B AKOPE CHHXPOHHOIO IeHeparopa ToKa oOpaTHO# mocienoBa-
TEJABHOCTH NMPUBOAUT K MEXaHWYECKHM BHOPALIMAM MAIIHHEI, 4TO SABJISETCS
CIEACTBHEM MarHUTHOH M 3JIEKTPUUECKOH HECUMMETpUH ee potopa. Oco-
6eHHO CyIIECTBEHHO BUOPALIMK NPOSBIIOTCS B THIPOreHEpaTopax.

Taxum o6pa3oM, 3a1aua pacyeTa Toka 00paTHOM MOCIEN0BATENBHOCTH
IpH IPOAONLHON HECHMMETPHH M BBIOOpa MEp IO €ro yMEHBLIEHHIO
SBJISETCS BEChMa Ba)XKHOIA.

Huxe paccMoTpeHBI cIOCOGBI pacyeTa TOKOB M HANPSHKEHHH TIPU MPo-
JOJIBHOW HECMMMETPHUH, BEI3BAaHHOM 0OPBIBOM OZIHOM MM 1BYX (a3 Tpex-
(a3HOH 1enu M BKIIOYEHHEM B 3Ty IENb HECHMMETPHUYHOIO 3]IEMEHTA.
IIpy 5TOM NPHHATH ClENYIOIHE HCXOTHbBIE YCIOBHA:

HECUMMETpHsl BO3HMKAeT MeXIy AByMs dacTAMH G u F pacueTHOi
cxeMsl (puc. 9.1), IpuYeM HHIYKTHBHBIE COMPOTHBIEHHS BCEX HIEMEHTOB
3TOM CXEMBI H3BECTHBI, @ HX aKTHBHBIE CONPOTHUBIICHHS HE3HAYUTEILHbI U
HE YYUTHIBAIOTCH;

00prIB (askl (a3) Wi BKIOYEHHE HECUMMETPHYHOTO 3IEMEHTA MPO-
HCXOIUT MeXIy TouKaMu L u L', paccTossHHE MeX Iy KOTOPEIMH 10 IOSB-
JIeHHUs TPOJOILHON HECUMMETPUH OECKOHEYHO MaJIo (T.€. COPOTHBIIEHHUE
COOTBETCTBYIOIIEH 4YacTH MNPOBOJHHKA MOXKHO MNPUHHAMATH PaBHBEIM
HYIIO);

pacyeTHBIE TOKH TNOJOXKHUTEIbHBI, €CIM OHM HampaeieHH oT G k F
(re. Eg>Ep);

IIpH BO3HUKHOBEHMH IPONOJIBHOW HECUMMETPHH HMEIOTCH YCIOBHS
UL MPKYNIALMY TOKOB HyJIEBOH MOCIIEIOBATENIEHOCTH.

IMockonsky JJIC o6paTHON U HYJEBOW MOCIIENOBATENHHOCTEH CHHX-
POHHOM MAIIMHBI PaBHBI HYNIO, TO CHMMETPHYHBIE COCTABISIONIME HaJe-

— L L
— | )
G @ _LB= - — F
¢ |—> Iic Ep

Puc. 9.1. Mcxonnas pacyeTHas cxemMa
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HHH HalpsKEHUS B MeCT€ HECHMMETPHH CBA3aHBI C CHMMETPHYHBIMU
COCTaBJIAIONIMMH TOKOB COOTHOLICHHMSMHM (OHH CIpPaBENJIMBBEI KakK I
0C000M, Tak U 111 M0G0 Apyroi (ask):

AULAI =E, —J X1 Ipa1s 9.1)
AUy 45 = 0-jX 50 dp g2 9.2)
AU = 0-jX 1o (9.3)

e Xj .0 Xpoow X[oox — OKBHBAICHTHBIC CONPOTHBICHHS COOTBET-

CTBEHHO NpPsIMOi, 0OpaTHOH M HyJeBOH MOCIENOBATEILHOCTEN OTHOCH-
TEJILHO MECTa IPOAOJIBHON HECHMMETPHH.

Ilnst coctaBienus APYTHX ypaBHEHHH, HEOOXONMMBIX JUIs ONpeEele-
HHSl CHMMETPUYHBIX COCTABIAIOIINX TOKOB U MaJEHHH HANPSHKEHHS, KaK
¥ [IPH aHaJIu3€ HECUMMETPHYHBIX KOPOTKUX 3aMBIKaHHH, LI€71€C000pa3Ho
UCIOJb30BaTh IPaHUYHEIE YCJIOBHS, XapaKTepHBIE 1JI KOHKPETHBIX BHIIOB
HECUMMETPHHU.

9.2. O6pbIB 0AHOM Pa3bl

ITpu o6peiBe oxHOM (a3bl IpaHUYHEIE YCIOBHS (pHC. 9.2) TaKOBEI:

I ,=0; 9.4)
AU, =0; 9.5)
AU,-=0. (9.6)

VYcnosue (9.4), BHIpakeHHOE 4Yepe3 CHUMMETPHYHBIE COCTaBJIAIOLINE
TOKa 0co00H (ha3bl, MMeeT BUI!

L =T+ 0+1=0. 9.7)

AUL,

<€

— I, L L

A

—__._ij
B L. .

— I
C - -o—

Puc. 9.2. O6peIB oxnoli pasbl
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[MTagenue HampsKEHHS NPSAMOM ITOCIEN0BaTETbHOCTH MEXIy TOYKAMH
L u L' o6opsauHoii pa3br
. 1 . . 2 .

unu, ¢ yaetoM (9.5) u (9.6),

. 1 .
AUy = §AULA‘

Ananoruunsle pacuersl s AU; 4, u AUp, nawor:

1

AUp 4, = 3AULA
71
T
TakuMm o6pazom
. . . 1 .-
AU 41 = AU, 4, = AU = gAULA. 9.8)

B coorBercTBuH ¢ (9.8) MOXXHO IPUPABHATH IPaBble YaCTH ypaBHEHUH
(9.2) u (9.3):

XiaoxIra2 = XposArLoo
OTKyZa
XL23K -
=—=—=1 45 9.9)
XLO3K

IMoacranoBka 3TOT0 BEIpaXKeHus B (9.7) maet:

. X .
I+ (1 ty L‘bK)ILAz =0,

I

L0sx
OTKyHa
I X,
; LAl L0sk ;
I ,,=— = — I; ;. (9.10)
LA2 LAl
(1 + XLZSK) XL23K + XLOaK
XLOaK
Eciu noacraBute mocienxee Beipaxenue B (9.9), To nonyqum:
X
7 L2535k ;
ILy,=—-——7-"+"7—1I,,,. (9.11)
L0 LAl
Xroox T XLook
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YT06Hl MOMYYHTh HCKOMOE PAacyeTHOE BHIPAXKEHHE NJIA TOKa MPAMOM

NI0CJIeI0BATENbHOCTH [} 4 , CIEAYET B COOTBETCTBUM C (9.8) MpUPaBHATH
npasele 4acTH ypaBHeHwuit (9.1) u (9.2) U B MOJIy4EHHOM PaBEHCTBE TOK

I; 4, BBIpasuTh 9epes I, ,, , HCTOB3ys Bhipaxenue (9.10):

: ; XL23KXL03K ;
E —jXi1lij1 =07 .
9K Llsk“LA1 XL23K+XL03K LAl
OTtkyna
E
- (1
i = ox , (9.12)

j(X + X2k XL 0ok )
Lok XL23K + XL03K

rae BepxHuii uugekc (1) o6o3nadaer oOprIB OAHOM a3kl

Ilocnennee BeIpaXkeHUE MOKA3bIBaET, YTO UIA ONPEHEIICHUSA TOKa Mps-
MOH IOCIEN0BAaTEIBHOCTH IPU OOphIBE OMHOH (ha3bl caeLyeT B KakKIYIO
(a3y B Mecte oOphIBa (T.6. MEXIy ToYKaMu L ¥ L') BKIIHOYUTH JOMOTHHU-

o 1
TEJTbHBIH DIEMEHT C OXMHAKOBBIM CONMpOTHBIEHHEM AX, L( ), paBHBIM
COIPOTHBIICHHIO [TAPAJUICIBHO COCTUHEHHEIX SKBUBAJIEHTHEIX CXEM 3aMe-

meHus oOpaTHOW U HYJIEBO#H MOCIe0BaTeIbHOCTEH OTHOCHTENEHO MECTa
o0pEIBa, T.€.

AXL(I) — XL23KXL03K ) (9‘13)
XL231( + XL03K

Toku obparHO# U HyNeBOH IocienoBaTeNbHOCTEH 0C000i (a3sl, Kak

BuAHO #3 (9.10) u (9.11), HanpaBieHkl MPOTHB TOKa I 141 4 B CyMMe C

HHUM JaI0T HYJIb.

BexTopHas nquarpaMma TOKOB IIpH OOpEIBE ONHOM (a3l IpenCTaBlICHa
Ha puc. 9.3.

Jia onpenencHus MafeHHs HampsOKEHUS NPSAMOH IIOCIIENOBaTeb-
HOCTH 0C000H (pa3sl B MecTe ee 00pbIBa MOXKHO BOCIIOIB30BaThCA (HOpMy-
jgo#t (9.1). OgHako walme HCHIONB3YIOT (GOPMYIy, MOJydaeMylo IyTeM
MCKIII0YeHus U3 ykasanHod ¢popmynsr OJIC E, ¢ momompio (9.12). Ilpu

3TOM HCKOMasi (JOpMyna IPHHUMAET BHJ:

XL23KXL03K ,

Ay
1 JAX; T, 4. 9.14)
NS LAL L fra1

AU =)
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Puc. 9.3. BexTopHasi AHarpaMMa TOKOB B MecTe 00pbIBa 0HOH (ha3bl

Yro6Bl MOCTPOUTH BEKTOPHBIE AHArpaMMbl HampsDKEHHH B TOYKax
o0priBa L u L', cneayert, HCIIOIb3Ys CXEMBI 3aMeIleH s IIPAMOit, 00paTHOit
U HYJIeBO#H mocienoBaresbHOCTed (puc. 9.4 a, 6, 6) U 3Has 3HAYCHUA U
HAIllpaBJIECHUS TOKOB COOTBETCTBYIOIIMX IIOCIENOBaTEIbHOCTEH 0co0oi
(a3pl, HAWTH CUMMETPHYHBIE COCTABIAIONIINE HANpPsHKEHUS 5ToHM (asbl B
touke L wim touke L'. J{ng sToro, ucxons W3 HYIEBOTO MOTEHUHAIA B
Hadajie CXeMBbl 3aMEeICHUS JTI000# MOCIeN0BaTeIbHOCTH, CIEAYET HATH K
TOUKe L cieBa, yUYUTHIBas B CX€ME 3aMELICHHs MPSIMOH IOcienoBaTeshb-
noctu OJIC uctounMka E; ¥ NajeHUe HANPSKEHHS B OKBUBAJICHTHOM

COIIPOTUBJICHUH Hp}IMOﬁ MOCJIEHOBATEILHOCTH JIEBOM YacTH CXEMBI XGI

WIH K Touke L' crpaBa, ydUTBIBas B CXeMeE 3aMELICHHs MPsIMOH Mmocieno-
BarenpHOCTH OJIC ucTouHMKa E U MaJieHHe HANpSOHKEHHs B SKBUBAJICHT-

HOM COINPOTUBICHUH IPSMOWA MOCIE€NOBAaTENBHOCTH NPaBOH YacTH CXEMBI
Xpy, a B cXeMax oOpaTHOM U HyJIEBOH [0CIIEN0BATENbHOCTEH — MaaeHHUs

HAIPSKEHHA B CONPOTHUBIIEHHUSX X5y U X0 MM Xy ¥ Xy, 3aTEM, yUHTHI-
Basg CHMMETPHMYHBIE COCTABIAIOIME MANCHUS HAMpPSXKEHHI B MECTeE

o0priBa U1 0coboi (ha3bl AU IAl> AU 142 B AU 10> OTPENETUTh CHM-

METPUYHEIE COCTABISIONIME HANIPSHKEHUS 3TOH (asbl C qpyroil CTOPOHHI
obpeiBa. IIpu 3TOM ymoOHO MOJIE30BAThCSA SHIOPAMH  paclpeneIeHus
HalpsiKeHUH IpAMOi, 0OpaTHOH U HYJIEBOH IOCIEN0BaTEIbHOCTEH, MMOKa-
3aHHBIMH Ha puC. 9.4, 2 (3MI0p pacipeeeHHs HapsKEHHS HyJIeBOH Ioc-
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a)

U
2) L0

Puc. 9.4. Cxembl 3amelieHus NpsiMoii (a), 06paTHOii (6) M HYJ1eBO¥ (6) MOCIeA0BATENbHOCTE!H
H 3MI0PBI pacnpeseeHns CHMMETPHYHBIX COCTABJISIIOLINX HANPXKeHHs 0co6o ¢a3sbl (2)

JIEIOBATEIBHOCTH YCJIOBHO IOKa3aH KOpode APYTHX, TaK Kak OOBIYHO
CXeMa 3aMeIleHHs HYJIeBOH MOCIe[0BaTEIbHOCTH CONEPKHT MEHbILE 3JIe-
MEHTOB, 4YeM CXEMbI 3aMELICHHUs MPAMOHA B 0OpaTHOH MOCIEeNOBaTEIBHO-
creit). Kak BunHo u3 puc. 9.4, 2, pu nepexoze ot Touku L k Touke L' unu
or L' x L cocrapisiomuye HanpspkeHUuH oOpaTHOH M HyJeBOH HOCIe0Ba-
TeNbHOCTEH 0c000i (ha3bl HUBMEHSIOT 3HAK HA IPOTHUBOIIOJIOKHEIH (CO CTO-
pousl 6omnbuieit 3/IC OHU MOIOKMTENBHEL, @ CO CTOPOHBI MeHbiei DJIC
orpunaresbHbl). IloyyeHHBI€ yKa3aHHBIM CIIOCOOOM BEKTOpPHEBIE [IHa-
rpaMMEI HalIpsDKEHUH B TodKax L u L' npencraBieHsl Ha puc. 9.5. U3 atux
JuarpaMM 1 ¢popmyisl (9.8) BUIHO, 4TO MpH MEpexolie OT TOYKH L K TOUKe

L' nanpsoxenne oboppanHOH ¢asel U;, ymenpmaercs Ha AU;, =

= 3AU;,,, a HanpsxeHus HenoBpexaeHHbx a3 U;p, u U, ocra-

I0TCA HCU3MCHHBIMHU.

KomriekcHyio cxeMy 3aMelieHus, B KOTOPO# BHIITOJHSIMCH OBl BCE
COOTHOIIEHUSI JUIi CHMMETPUYHBIX COCTABIAIONIMX TOKOB M IIaJeHUA
HaIpsOHKEHHs, XapaKTepHBIX NPH OOpHIBE OQHOM (a3bl, MOIYUHUTH ITyTEM
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U .
L41 AU,

Puc. 9.5. BexTopHble AMarpaMmspl HanpsikeHHit B Touxax L(a) u L' (6)

HEMOCPEACTBEHHOIO COCJUHEHHSI CXEM 3aMEILEHHs PasHBIX IOCJIEN0Ba-
TEJBHOCTEH HEBO3MOXHO, TaK KaK MOTEHLMANsl B ToYkax L, L, u L, a

TaKXKe B TOUKaX L'1 , L'2 U L(') , KaK BHJIHO U3 JMIOp paclpene]eHus Halps-

wenuii (puc. 9.4, 2), HeoguHakoBel. UTOOBI 00ECIEUHUTH BBHITOJHEHHE

cootHomeHu# (9.7) u (9.8) U He cMelaTh MOTEHLHAIBI B CXeMax o0par-
HOM M HylIeBOW IOCIENOBAaTEIBHOCTEH, HEOOXOOMMO CXEMBI 3aMEIlEeHHUS
pasHBIX IIOCIIEIOBAaTEIbHOCTEH CBA3aTh MO MecTy oOpbIBa (a3bl ¢ MOMO-
MbI0 UACATBHBIX TPaHC(HOPMATOPOB ¢ K03()(HLUHEHTOM TpaHC(HOpPMaLUH
h=1/1, kak moka3aHo Ha puc. 9.6. CBs3bIBaIOIIas YaCTh CXEMBI, BKJIIOYa-
fomas. BTOPUYHBIE OOMOTKH HAEaNBHBIX TpaHC(POpMAaToOpoB, 0OecIedH-
BAa€T PaBEHCTBO CHMMETPHYHBIX COCTABIAIOIIUX MaJCHUs HAPSKCHHS B
MecTe 00phIBa H PaBEHCTBO HYJII0 CyMMbI CHMMETPHYHBIX COCTaBISIOIIMX
Toka 06OpBaHHO# (ba3bl.

. Bonee mmpokoe mpuMeHeHue, OIHAKO, HAXOAMT YIPOLICHHAsA KOMII-
JeKCHas CXeMa 3aMelleHHs, KoTopas mpeicraBieHa Ha puc. 9.7. OHa
TNOTy4Y€eHa HEMOCPEICTBEHHBIM COCIMHEHHEM MEXy c000# Touek L, L,

’ ’ ’
u L, a taxxke 109€ek L, L, u L. IIpu 3TOM noTeHUuaibl BO BCEX TOYKax

CXeM 3aMELIeHUs] OOpaTHOH W HYJIEBOH NOCIENOBATEIBHOCTEH, B TOM
YHCIe ¥ B HayaJax CXeM, OKa3hIBAalOTCA CMEILEHHBIMH, IIOITOMY TaKas
KOMILJIEKCHas CXeMa 3aMeIIeHHs CIpaBeJIuBa TOJNBKO I CHMMETpHY-
HBIX COCTaBJISIOIHUX TOKOB.
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Puc. 9.6. KommiexcHas cxema 3amemenusi  Puc. 9.7. YpoujeHHasi KOMIUIEKCHasi cXeMa
npH o6pbiBe 0HOH (a3l 3aMelleHHsl NpH 00pbIBe 0aHOMH da3bl
9.3. O6pbiB ABYX cpas

ITpu o6priBe ABYX (a3 rpaHuuHble ycioBus (puc. 9.8) BepaxaioTcs
clenyromuM o0pa3oMm:

AU, =0; (9.15)
I;3=0; (9.16)
I,0=0. (9.17)

VYemosue (9.15), BEIpaXXEHHOE 4epe3 CHMMETPHUYHBIE COCTaBIIAIOIIUE
HaJeHUA HANPsOKEHUS MEXTY ToukaMu L u L' oco6oii Gasbl, MOXKHO mpel-
CTaBUTH TaK:

AUy =AUy 4+ AU, 4o + AU, = 0. (9.18)

B .
I‘ I A ULB
LC
—_— .
c AU ¢
Puc. 9.8. O6psiB ABYX a3
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Hcmons3yst popMyisl Ui onpeneaeHUs] CUMMETPHYHBIX COCTABIAIO-
UX Toka $a3el 4 Mo 3HaUCHUSAM ITOJHBIX TOKOB PasHbIX (a3 ¥ NpUHUMAs
B0 BHUMaHue ycsioBus (9.16) u (9.17), noayyum:

. . . 1 -
Ipgn =T =110 = 34 9.19)

Uto0b1 HAWTH pacyeTHOE BBIpa)KEHHUE [T OIPENECICHHsS TOKa IIPIMOH

I0CJIEI0BATENbHOCTH HETIOBPEXACHHOH (asbl Iy 4, CIEAYET CIOXHUTHL

JeBBIE M IIpaBble YacTH ypaBHeHHUH (9.1)—(9.3) ¥ NPUHATE BO BHUMaHME
(9.18) u (9.19):

0=E, —J(Xp1ox ¥ Xpoox T Xpood 415
OTKyZ1a

E
+(2) 9K
I = - , (9.20)
LAl -](XLlak + XL23K + XL03K)

I7ie BepxHuii uHaekc (2) o603Havaet 0OpbIB ABYX Ga3.

TakuM oOpa3oM, 4TOOBI OHMpPENETUTh TOK IPSIMOH MOCIENOBaTElb-
HOCTH HENOBpeXIeHHOW (a3bl mpu oOphiBe ABYX (a3, HEoOXomuMo B
Kaxayw (asy B Mecte oOpbIBa (T.e. MeXIy TO4KaMH L u L") BKIIOYHTH

o 2
JOTIOTHUTEIbHBINA 3JIEMEHT C OMUHAKOBBIM COIIPOTHUBICHUEM AXIS ) , paB-

HBIM COIPOTHBIIEHHIO MOCJIENOBAaTEIFHO COEAWHEHHBIX JKBHUBAJECHTHBIX
CXEeM 3aMelLIeHHs OOpaTHOH W HyJEeBOH IMOCIEeOBaTEIbHOCTEH OTHOCH-
TEJILHO MecTa 00OpHIBa, T.€.

2
AP =x, +X, (9.21)

Qox *

Toku oOpaTHO# M HYJEBOH MOC/IENOBAaTENbHOCTEH, KaK BHIHO H3
(9.19), paBHBI TOKy IpSIMOH MOCIENOBAaTENBHOCTH, COBIALAIOT C HUM II0
dase u cocrapnaor 1/3 OT MOJHOrO TOKa HENOBPEXAEHHOH (aswl I ,.
B coOTBETCTBHM C 3THM BEKTOpHas Auarpamma TOKOB IIPH OOpBIBE IBYX
¢a3 uMeeT BUJ, KaK IMoKa3aHo Ha puc. 9.9.

[Tanenue HampsHKEHHWs MPAMOi MMOCIENOBATENBHOCTH B 0coboii dase
MeX1y ToukaMu L u L' MOXHO ompeneauTs wiu 1o ¢popmyie (9.1), wim mo
dopmyne, momydaemoit myrem uckmodenus us (9.1) O[C E,_, ucnons3ys
¢ aTo#t nemsto popmyiay (9.20). B pesyasrare ¢opmyna JUis NageHHS
HampsHKEHUs IPAMO# MmociaenoBaTeIbHOCTH (a3sl A NpHoOpeTaeT BUA:

S . @)
AU 41 = J(Xpox T Xposw) Ipa1 =JAXL "1y (9.22)
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Puc. 9.9. BexTopHasi AMarpaMMa TOKOB B MecTe 06pbIBa ABYX (a3

COOTBETCTBYIOIINE TAJCHUS HaPsDKEHUS 0OpaTHON M HyJEBO# mocie-
JoBareJIHOCTEH B 0c000ii (aze onpenesnsror o gopmynam (9.2) u (9.3).

Yrto6bl NOCTPOHTL BEKTOPHEIE JHATPAaMMBI HANPSDKEHHH B TOYKax
obpeiBa 1BYX (a3 L u L', HeoOxonuMo, kak u 1pu oOpsIBe ofHOH (a3bi,
IPEABapUTENbHO HAWTH CHMMETPHYHBIE COCTABJISIOIIHE HAaNpsHKEHHi
oco6o#t (a3sl uinm B Touke L, Wi B Touke L'. 3aTeM, yIUTHIBas CHMMeET-
PHYHBIE COCTaBIIAIOIIKE MAEHUs HANIPSDKEHHUs B MecTe 00phIBa IS 0CO-
6oit dassl, onpepensemsie no Qopmynsam (9.22), (9.2) u (9.3), cneayer
HAlTH CHMMETPHYHBIE COCTABISIONINE HATIPSKEHUS 3TOH (a3bl C APYroi
cTopoHs! 06peiBa. [lockonbky nmpu oOpsIBe ABYX (a3 HE TOJBKO TOK Ipsi-
MOH MOCIIEI0BaTeIbHOCTH, HO H TOKHM OOpaTHOW U HYJIEBOW MOCieoBa-
TENFHOCTEH MONOXHUTENbHB (M YUCIEHHO PaBHBI APYT APYry), TO CO CTO-
ponsl Gospiieit OJIC HanpskeHHs 0OpaTHOW M HYJIEBOH MOCIENOBATENb-
HOCTeW OT Hadalia CXEMBI 10 TOUKH L OTpHULaTeIbHbIE, a IPU Iepexoe OT
TOYKH L K TOuke L' U3MEHSIOT 3HaK, T.€. CTAHOBATCS MOJOXHTEIEHBIMH U
COBIIaJAIOT 11O (ha3e C HANPSIKEHUEM NPAMOH MOCIEI0BATENLHOCTH, [IIpH
3TOM CJIeAyeT MMEThb B BHAY, 4TO, kKak BUIHO H3 (opmyinsl (9.18),

AUp g t AU g = =AU 41 ]

XapakTep OSHIOp paclpefeNeHHs CHMMETPUYHBIX COCTaBJIAIOMIAX
HampshkeHHs 0co00i ¢a3sl pu 0OpEIBe ABYX (a3 mokaszad Ha puc. 9.10, a
BEKTOPHBIE AMarpaMMBbl HalpsHKeHUH B Toukax oOpbiBa L u L' npencras-
aeHsl Ha puc. 9.11. OueBuHO, pHU mepexone OT Touku L k Touke L' ocra-
€TCsl HEM3MEHHBIM TOJIKO HAIPSDKEHHE HEMOBPEXKACHHOH (a3sl.

KommnnekcHast cxeMa 3aMeIEeHus], B KOTOPO# BBIMOJHAIOTCSA BCE COOT-
HOIIEHHs, XapaKTEepPHBIE A CHMMETPHYHBIX COCTAaBIAIOLIMX TOKOB H
HaNpsHKEHHH pa3MYHBIX IOCNIEN0BaTeNbHOCTEH Npu 0OpBIBE ABYX (has,
6e3 cMemieHHs MOTEHIMAIOB B CXeMax 3aMelleHHus 0O0paTHO# U HyJeBO#H
HIOC/IEA0BATEILHOCTEH, BO3MOXKHA KaK M IIPU 0OpEIBe OqHOM (ha3bl TOIBKO
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Puc. 9.10. Jmiopel pacnpeseneHusi CHMMETPHYHBIX COCTABJISIIOLIMX HANIPSKEHHS 0C000i
¢a3bl npH obpbiBe ABYX a3

Urai

\ 24

Puc. 9.11. BekTopnbie fHarpaMMbl Hanpsikenuii B Touxax L (a) u L' (6)

[IPH UCIIOJIL30BaHMHM [T CBA3HM CXEM 3aMELICHHs Pa3IMYHEIX [TOCIIEN0Ba-
TEIBHOCTEH HliealbHBIX TpaHC(HOPMATOPOB ¢ K03 PUIHEHTOM TpaHCHOp-
manuu n = 1/1. Takas cxema npuBeneHa Ha puc. 9.12. B Heii cBa3biBa0-
asi 9acTh, MOJy4yaeMas MyTEeM IOCIEe0BATEIbHOTO COEIUHEHUS BTOPUY-
HBIX OOMOTOK HJ€aJbHBIX TPaHC(HOPMATOPOB, 0OECHEUHBAET PABEHCTBO
CHMMETPHYHBIX COCTABIAIOMIMX TOKa HEMOBPEXICHHOHW (a3sl [COOTHO-
wenue (9.19)] 1 paBeHCTBO HYJII0 CyMMbl CHMMETPHYHBIX COCTABIIAIONIUX
NafieHus HANpsHKEHUs MexXay Toukamu L u L' [cooTHomenue (9.18)].

VipolueHHas KOMIUIEKCHas CXeMa 3aMelleHus Npu oOpriBe aByX (a3
nokasaHa Ha puc. 9.13. OHa [oTy4eHa ITyTeM HEMOCPEICTBEHHOTO COEH-
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Puc. 9.12. Komniexcuas cxema 3aMelieHust Puc. 9.13. VYnpoumeHHas KOMILIEKCHas
npH o6pbiBe ABYX a3 cxemMa 3aMellleHHs PH 00pbiBe ABYX (a3

HEHHs MEXIy coboi Touek L, U L'2 ,Lym L;) ,Lyu L'l . IIpu sTOM moren-

LUAJEI BO BCEX TOYKaX CXEM 3aMelleHus o0paTHOi U HylleBOH MOCIe0Ba-
TENBHOCTEH OKa3hIBAIOTCH CMEIEHHBIMH, HO PAaBEHCTBO CHMMETPHYHEBIX
COCTaBIAIOIIMX TOKOB HEMOBPEXKACHHOH (a3wl, ompenenseMoe COOTHO-
menueM (9.19), cobmonaercs. Takum 00pa3oM, 3Ta KOMILUIEKCHAs cCXeMa
3aMEIIeHUs CIIpaBeTHBa TOJIBKO IJISl TOKOB.

9.4. BkAloveHMe B OAHY u3 a3 aAnemMeHTq,
obAaaqioLLEro CONPOTUBAEHUEM

Ilpu BKIIOYEHMH dNeMEHTa C CONPOTUBIEHHWEM Z B OaHy H3 (a3
(dazy 4) rpanuuHEIe YCIOBHUS, KaK ClieyeT U3 puc. 9.14, TakoBHI:

AU, =ZI s (9.23)
AU,z = 0; (9.29)
—_— fLA L Z I
A o—] IF’
B —*jLB - .
——>ch
C *

Puc. 9.14. BKiIloueHHe 3/1eMeHTa ¢ COnpoTHBJIeHHeM Z B (asy A
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AU -=0. (9.25)

IlockonbKy npu BKIIOYEHHH B (ha3y 4 3IE€MEHTA C CONPOTHBICHAEM Z
BTOPO€ M TPEThE IPAaHHUYHBIE YCIOBHA T€ XK€, YTO M NPHU OOpHIBE ITOM
¢a3ssl, To paBeHcTBa (9.8) cnpaBeUTHBHL H B pacCMaTpHBaeMoOM ClIydae.
CnpaBeannBo U cooTHomenue (9.9).

I'panmgnoe ycimoue (9.23) ¢ yuetom cooTHommeHus (9.8) MOXKHO 3amu-
caTh TaK:

AU = ZUpgy + Iy gp + 1) = 3AU, 45,
oTKyIa

: . . AU,
Iyt t g = 73

Ecin ¢ noMowpio (9.9) HCKIO4HTH M3 3TOr0 BEIpaXKeHUs [, , H y4ecTb
(9.2), To mony4um

X;, Xoog) » .
1+ ==+ 3") =-1
( XLOaK J Z/3 ILAZ LAl>
OTKyza
. 1 .
f40=- 1 1 — I 926)
JX (—— + - + —)
Laox -]XL23K -]XL03K .Z/3

UTo0BI NOTYYHTH PACYETHOE BHIPAKEHHE JUIA TOKA MPSMOH MOCIeN0-
BaTeIbHOCTH, CIIEAYET B COOTBETCTBHH C (9.8) npHpaBHATE IIpaBEIe YaCTH

(9.1) 1 (9.2) ¥ UCKIMIOYUTE W3 TIONYYEHHOTO PaBEHCTBA TOK I, 4, € IOMO-
mpio (9.26):
. . . 1 .
Ep~iXpioxliar = 1 1 1 Ipq1-
. + . + —A
JXL23K JXLOaK Z/3
W3 3T0r0 BHIpaXXEHHUS CIEMYET, YTO TOK MPSAMOH MOCIEN0BaTEILHOCTH
ocoboit pasel (pa3sl A) MpH BIIIOYESHHH B HeEe JJIEMEHTA C CONPOTHBIIE-

HHUEM Z ONPEACIICTCA KaK

) E

@O _

Ipg = — (9.27)
JX et

R 1 + . 1 + -1_

JXL23K JXLOaK Z/3
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HITH

@ 3K 3K
I = - - - = , (9.27a)
LAl J‘kLlak +J‘KL23K//J‘KL03K//Z/3 jXLlax + A_Zlfl)

rac
AZL(I) = J X oo/ X ook !/ Z13 . (9.28)

B Beipaxenusx (9.27), (9.27a) u (9.28) Bepxuuii ungexc (I) o6o3na-
YaeT BKJIIOYEHHE B OIHY (a3y 3eMeHTa, 001a1al0Iero CONPOTUBIECHHEM.

Bripaxenue (9.272) noka3sBaeT, YTO AJIs ONpPEICIEHHS TOKa MPSIMOH
TI0CJIeIOBATENBHOCTH NIPU BKIIOYCHUM B OfIHY M3 (a3 3JIEMEHTa ¢ COIpo-

THBIICHHEM Z HeoOXOAUMO B KaxIylo pasy Mexay Toukamu L u L' BKito-

. W)
YHTH OJUHAKOBBIM 3JIEMEHT C COIPOTHBICHHUEM, PaBHBIM AZ; " | Tpel-

CTaBIAIOUIUM coooi napajui€jIbHO COCAMHCHHBIC CONPOTHUBIICHUS XL23K’
XL 0sx ¥ Z/ 3.

IIpy HailileHHOM TOKe MPSMOM MOCIENOBAaTENLHOCTH TOK OOpaTHOH
TI0CJIE0BATENbHOCTH onperensercs o Gopmyie (9.26), KOTOPYIO MOXHO
IpeACTaBUTh TaK:

M
AZL .

I =1, . (9.29)
LA2 ]XL23K LAl

Tok HysneBOW MOCIENOBAaTENLHOCTH B COOTBETCTBHH C (opMyIaMu
(9.9)u (9.29)

0]
Io= Ag—5—1' (9.30
L0~ Ty LAl* 30)

L03k
s ompeneneHus NafeHUs HANPSXKEHHA HPSAMOH IOCIENOBATElb-
HOCTH Ha CONpPOTHBICHHH Z MOXXHO HCIONB30BaTh (Gopmyry (9.1) wmm
bopmyiy, nomydaemyro uckmodenueM us (9.1) JIC E, ¢ moMomso

(9.27a):

. : . : I
AU gy = GXpaod X000 1 ZI3) Iy gy = AZ T4y, (931)

3Has MapaMeTpsl HCXOIHOH pacueTHOH CXeMBl H 3HaU€HHE COIIPOTHB-
JIEHHS BKIIIOYa€MOrO 3JIEMEHTa, HETPYAHO OIPEEIUTh CHMMETPHYHBIE
COCTaBIISIIOIIHE TOKOB 0C000# (pa3bl, CUMMETpPHUYHBIE COCTaBIAIOLIUE
MOTEeHIIHaIa B Touke L win L' u najeHue HanpspkeHUs IpSMOH Mocieno-

BaTCJIbHOCTH Ha COMPOTHBJICHUH Z . OTO Mo3BOJIAET MOCTPOUTE BEKTOP-
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Puc. 9.15. KomniiexcHas cxeMa 3aMeleHHs Puc. 9.16. YnpouieHHash KOMILIeKCHas
npu BKJIOYeHHH B (asy A4 3iemenra cXeMa 3aMelleHHsl IPH BKJIIOYEHHH B a3y
¢ CONMPOTHBJIEHHEM Z A 31eMeHTa ¢ CONpPOTHBJIeHHeM Z

HyI0 JHarpaMMy TOKOB M BEKTOpHBIE JHarpaMMBI HalpsDKEHHH ¢ 00eHx
CTOPOH BKJIFOYEHHOTO CONPOTUBJICHHUS.

KoMnnekchasd cxema 3aMelieHus, CIpaBeMBas Kak Ui CHMMETpHY-
HBIX COCTaBJIAIOIIUX TOKOB, TaK M AN CHAMMETPUYHBIX COCTaBJIAFOLIMX
HalpsUKeHUH, npuBeneHa Ha puc. 9.15. OHa cocraBiieHa ¢ HCIOIL30Ba-
HHMEM MIEaJIbHBIX TpaHC(HOPMaTopoB. YIpolleHHas KOMILIEKCHAs CXema
3aMeEIlEHHMs, KOTOpas CIIPaBeIIUBA TOJIBKO IS CHMMETPHYHBIX COCTaBIISA-
IOIIUX TOKa (a3kl 4, HO MOTEHIMANEI B CXEMax 3aMelleHus 00paTHOH u
HyJIE€BOI MOCJIENOBATEIbHOCTEH CMEIIEHE!, IIPUBEIEHA Ha puc. 9.16.

9.5. BkaoyeHne B ABe hasbi IAEMEHTOB

C OAUHAKOBbBIM COMPOTUBAEHUEM

B cimyyae BkitoueHus B paser B u C 35eMEHTOB € OAMHAKOBBIM COIPO-
THBJIECHHEM Z TpaHUYHbIE ycI0Bus (puc. 9.17) TakoBsI:

AU, ,=0; (9.32)
AU g =Zlp; (9.33)
AU, = ZI,. (9.34)
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Puc. 9.17. BiioueHHe JIeMeHTOB ¢ OIHHAKOBBIM conpoTuBieHneM Z B ¢passl Bu C

IlepBoe ycIoBHE, BEIPAXEHHOE YEPE3 CHMMETPHYHBIC COCTaBIIAIONIHE
NajicHus HANPSHKEHHA, HIMEET BULL:

AU, ;1 + AU, + AU = 0. (9.35)

Cocrapisiomas NafgeHus HANPSKEHUS NPSIMOH IOCIEN0BaATeAbHOCTH
oco6oii dassl (passl A) ¢ yuerom (9.32)—(9.34) paBHa

. 1 . 2
AU 4 = _3'(ZC’ILB+Z“ I o) =

zZc ... ..
= —g[a(ILm gyt ) ta Uper T peat ILO):l :

Bxogsiue B 3TO BEIpaXeHHE CHMMETPHYHBIE COCTABIISIOIIHE TOKOB
¢a3 B u C uenecoobpa3Ho BHIPa3UTh YE€PE3 CHMMETPHYHBIE COCTABIIANO-
1Me Toka 0co6oii hasm:

. Z 2' . . 2 . 2- .
AU 4 = -3—[a(a IgtalpptI)ta(alpy +a ILA2+IL0)]:

= (2jLA1 - 'LA2 - ‘LO)' (9-36)

W[IN

TakuM e IyTeM MOTYT OBITh MOJy4eHB BhIpaxeHus s AU ., H

AULO:

N

AULAZ =S QU ,,- -LAl - jLO); (9.37)

AUy ==L~ Ip 0 —1140)- (9.38)

W|IN o,

YT06HI MONyYUTh PACIETHOE BBIPAXKEHHUE UL ONpEeNeIeHHs TOKa Ips-
MO# NoCiIeI0BaTeNbHOCTH 0C000M (ha3bl, HEOOXOAUMO INPENABAPUTEIHHO
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TOKH 00paTHOH u HyneBo# mocienopareabHocTed B (9.36)—(9.38) Bripa-
3UTh Yepe3 TOK HpsAMOH nocnenoparenbHOCTH. C 3TOH Henbio cienyer B
¢opmynax (9.36)—(9.38) cumMeTpuuHBIE COCTABIAIOIIME MaNCHUS
nanpsokenus AU 4., AU, ,, u AU, 3aMEHHTb, HCIIOJIb3Ys yPaBHEHHUS

(9.1)—(9.3). 3arem cnexyer HaliTH Pa3sHOCTH JIEBBIX (3aIIMCAaHHBIX yKa-
3aHHEIM CIIOCOOOM) H IpaBbIX yacTe (9.36) u (9.37):

Epe =i X1 lia1 Y iX gl pan = ZUpg1 —1143),
OTKyZa

i Ey—GXpim t D14
LA2 =~ ~ : :
JXpa T Z
A ¥3 pa3sHOCTH IIeBHIX U NpaBeix yacreii (9.36) u (9.38) cnenyer:
IL _Eak_(jXL13K+Z)ILAI
0 : .
JXpos T £

Bripaxenus (9.39) u (9.40) mo3BONAIOT HCKIIOYHTH U3 YPaBHEHHIH

(9.39)

23K

(9.40)

(9.2) u (9.3) Tokm I 142 Y I 10+ ECIIH Ternepb CIOXHTH JIEBbIE U IMpPaBHIe

yact ypaBHenu# (9.1)—(9.3) u ygecrs (9.35), To mociie cooTBeTCTBY!IO-
KX MPeoOpa3oBaHHUi MOMTYYHUM ClIEAYIOLIY0 GOPMyYITy JUIsl OnpeeIeH s
TOKa MPAMOM TMOCJIEN0BATEbHOCTH TIPH BKJIIOYEHUH B JBE (a3bl dJ1€MEH-
TOB C OIUHAKOBHIM COIIPOTHBIICHHEM:

A _ E
ILAl - =

JXpow T2 JXpo t 2|~

X2 Z . JXp oo Z

jXLIaK

jXL23K + Z jXL03K + Z

+
JXL23K Z + JXLOaK Z

E

= > : (9.41)
jXLlsK + [jXL23K//Z+jXL03K//Z:I//Z
HIn
: E
I1
i) = p—T ol (9.42)
JXLIaK + AZL
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rae
AZIFH) = |:jXL23K//Z+jXL03K//Z:|//Z' (9‘43)

B Beipaxenusx (9.41), (9.42) u (9.43) Bepxnuii unzgexc (II) o6o3na-
YaeT BKJIIOYEHHE DIIEMEHTOB C OJIMHAKOBEIM COIPOTHBIECHHEM B 1BE a3kl
Bripaxcenue (9.42) mokasbIBaeT, 4TO JUIA ONpPEAENEHHs TOKa NPIAMOii
HIOCIEN0BATENRHOCTH 0C000i# (a3bl B Clydae BKIIOYEHHs IEMEHTOB C
OJIMHAKOBBIM CONPOTHMBJIEHHEM B JBE JApYrHe (asbl HEOOXOAUMO B Kax-
nyo u3 (a3 TpexdhazHoi Lenu Mexay TouKaMu L ¥ L' BKIFOYHUTE 9IEMEHT

C COIIPOTHUBJIEHUEM Ag,f") , olpesieNaeMbIM 1o popmyite (9.43).

W3 Beipaxenmii (9.39) u (9.40), ompenensomux TOKH OOpaTHOH u
HyJEeBOH MOCIeI0BaTeNbHOCTEH, LerecoobpasHo uckmounts JUAC E

HCIIONB3YA ¢ ToM uenbio Gpopmyiy (9.42). ITpu a3toMm Gopmyibl st Onpe-

nenenus I; 4, ¥ I}, IPUHAMAIOT BUJ:

= 2784 a7, I gy (9.44)
Xy T2 :

= tz—_A——ZL(H) Iy (9.45)
JXLOaK + Z

IManeHye HanpsHKEHHs MPSIMOH MOCIEIOBATEILHOCTH B 0c000d dase
MOXHO ompeneanTts no Gopmyse (9.1). OxHako yallle UCIONB3YIOT BBIpa-
XEHHME, MONYYEHHOE UCKIoUeHHeM u3 3Toi dopmynsl OJIC E,, ¢ nomo-

b0 (9.42):
. _ (II) .
Takum 00pa3oM, NajeHue HaNpPsHKEHHs NPSAMOH I0C/Ie10BaTENbHOCTH
MeXy Toukamu L v L' npy BKIIOYEHHU B 1B€ (a3bl KAKHX-IMOO 31€MEH-

TOB C OJUHAKOBBIM CONPOTHUBICHUEM Z PaBHO ITaJCHHUIO HANPSXKCHHS OT
TOKa HpﬂMOi;I MMOCIEAOBAaTEJIBHOCTH B DJJIEMCHTE C COIIPOTHUBJICHHEM

II
A_Zé ) , €CIIK 3TH JJIEMCHThI BKJIIOYHUTHh BO BCE TPH (1)8.351 MEXAYy TOYKaMH

L u L' (ybpas u3 ¢pa3 B u C 31eMEHTHI, BHI3BABIIME HECUMMETPHIO).
TManeHus HanpsDKeHMss OOpaTHOH M HyNEBOH IOCIENOBaTeNbHOCTEH B
ocoboit (haze Mexy Toukamu L u L' onpenensior no Gopmynam (9.2) u (9.3).
KomIuiekcHas cxeMa 3aMelieHus A1 pacieTa CAMMETPHYHEBIX COCTaB-
JSIONIMX TOKOB M NaJIeHUH HAMpsDKEHHs IPH BKIIOYEHHH B IBE (a3bl 3Jie-
MEHTOB C OJHHAKOBHIM COINPOTHUBICHHUEM, B KOTOPOH CXEMBI 3aMEIICHHUS
pasHBIX IOCJIEN0BATEIbHOCTEH CBA3AHBI MEXAY COOOH ¢ MOMOLIBIO Mje-
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Puc. 9.18. KomniexkcHas cxemMa 3amemeHust Puc. 9.19. VYmpomeHHas KOMILIEKCHAs

npH BKJIK0YeHHH B ¢pa3bl B u C d1eMeHTOB cXeMa 3aMeLIeHHs IPH BKJIIOYEeHHH B (a3bl

€ OIHHAKOBBIM CONPOTHBJICHHEM Z B u C 31eMeHTOB ¢ OHHAKOBLIM CONpPO-
THBJIeHHeM Z

aJIbHBIX TpaHC(hopMaTopoB ¢ koddduuuentom tpanchopmanuu n = 1/1,
npuBeieHa Ha puc. 9.18, a ynponieHHas KOMIUIEKCHas cXeMa 3aMelleHus,
B KOTOPOH BBINOJHSAIOTCA BCE XapaKTEPHBIE COOTHOIIEHHUS I CHUMMET-
PHMUYHBIX COCTABISIOIIMX TOKOB, HO IOTEHIMANbl y CXE€M 3aMELICHHSA
00paTHOW U HyJIeBOU MOCIENOBATENLHOCTEH CMELIEHE!, IIPEICTaBIeHa Ha
puc. 9.19.

11
Kak B mepBoM, Tak U BO BTOPOM ciIy4dae AZL( ) coxpaHsercs, HO BO
BTOPOM Clly4ae ToYKa L, COeHHAETCS C TOYKOH L'2, L, — ¢ Toukon L;),

o '
LO_ C TOYKOH Ll , XOTd Ha CaMOM J€JI€ NMOTCHIHAJbl CBA3BIBACMBIX

MexIy co0oi Touek HEOMHAKOBEI. TeM He MEeHee YIPOIIEHHAas KOMILIEK-
CHas CX€Ma 3aMeILEHHS IO03BOJIAET CPABHHUTENBHO INPOCTO OHPENEIUTH
BCE CHMMETPHYHBIE COCTABJIAIONINE HCKOMBIX TOKOB M NaJICHHU# HalpsiKe-
HHUS B MECTE BOBHHKHOBEHHUS HECHMMETPHUH.

- 9.6. OcO6eHHOCTU pacyeTa TOKOB M HANPSXEHUH
NP OAHOKPATHOW NPOAOAbLHOM HECHMMMETPUH

®Dopmyisl (9.12), (9.20), (9.27) u (9.41) nns onpeneneHus Toka mps-
MOH OCJIENOBAaTEIbHOCTH IPH ONHOKPATHO# MPONOIBHOM HECHMMETPUH
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pa3HBIX BHIOB HUMEIOT OJHHAKOBYIO CTPYKTYpY, ITOITOMY MOTYT ObITh
NpeACTaBIEeHb B 0000IIEHHOM BHE:
E
s(n) _ 9K
I = — (9.47)
J XL13K + AZL

rae BepXHHH HHAEKC (7) 0003HayaeT BHJ OJHOKPaTHOM NpONOJIBHOMR
HECUMMETPHH.

Bxogsimee B dopmyny (9.47) compoTuBieHHe AZL(") IpeACTaBIseT

Co0OH COMPOTUBIIEHHE HEKOTOPOrO SKBUBAJIEHTHOTO CHMMETPHYHOIO
TpexdaszHoro sneMeHTa, BKIOYaeMOro Mexay ToukamMud L u L' BMecto
o0phIBa MM BMECTO JIEMEHTA C 33/JaHHBIM CONPOTUBICHHEM Z, BHI3bIBa-
IOLIEro HeCHMMeTpuio. TakuM 00pa3oM npu 0OHOKPAMHOU NPOOONbHOH
Hecummempuu 1106020 6u0a MoK NPAMOU NOC1E008AMENbHOCMU MOICHO
onpeodenums Kak mox 3K6USBANEHMHO20 CUMMEMPULHO20 pedlcuMa, noy-
YyaeMo20 nymem 3ameHvl obpviéa (0OpLIEOE) UNU BKIIOYAEMO20 HeCum-
MEMpUYHO20 31eMeHma mpexgasHblM CUMMEMPUYHBIM  INEMEHMOM,
conpomuenenue Komopozo npu obpvléax onpeoensemcs monvKo IKeuea-
JIEHMHLIMU CONPOMUBIEHUAMU CXeM 3aMewyenuss obpamuol U Hy1eeol
nocnedogamenvrHocmeti N0 OMHOUWEHUIO K MeCny HeCUMMempuu, a npu
BKAIOYEHUU HECUMMEMPUYHO20 INIeMEHMA U e20 CONPOMUEIEHUEM.

OTo monokeHHe OOBIYHO HA3BIBAIOT MPABUNOM IKEUEANEHMHOCMY
moKa NpsAMOU NoCred08ameNvHOCMU Npu O0OHOKPAMHOU NPOOONbHOU
Hecummempuy. OHO TO3BOJIAET pacyeT TOKa MpPSIMOW IIOCIIeNOBAaTENb-
HOCTH IIpY TaKoi HECHUMMETPHH CBECTH K pacyeTy TOKa CUMMETPHYHOIO
pexuMa.

Dopmynst (9.14), (9.22), (9.31) u (9.46) nns onpenenaeHus NaJcHHS
HalPsDKEHUS MPSMO#t OCIe0BaTeIbHOCTH Ha 0co00i (ha3e B MECTe BO3-
HUKHOBEHHUS INPONOJBHOH HECHMMETPHHM DPa3HBIX BHIOB OTIHYAIOTCA

n
TOJBKO 3HA9EHHEM AZL( ) 5KBHBAIEHTHOTO Tpex($a3HOro CHMMETPHYHOTO

3JIEMEHTA, II03TOMY OHH TOXKE MOTYT OBITh MPENCTaBIECHB B 0000IEHHOM
BHIE:
(n) _ (n) ;(n)

Taxum o6pasom, mpu BCEX paCCMOTPEHHBIX BHAAX OIXHOKPATHOH Ipo-
JOTNBbHOM HECUMMETPHU MNaJIeHHE HaNpsHKEHUs NMpsMOH MOCHENOoBaTENb-
HOCTH MeXIy ToukaMu L u L', rie BO3HHKJIAa HECHMMETpPHS, paBHO Naje-
HHUIO HalpsDKEHHS OT TOKa MPSAMOM IOCIEe]0BaTeJbHOCTH B HKBUBAJIEHT-

n
HOM Tpex¢a3zHOM JJIEMEHTE, HIMEIOILEM CONIPOTUBICHHE AZL( )
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Tabnuna 9.1. Gopmyis! JiIs ONpee]eHHs 3HAYCHHH PAITHUHBIX BETHIHH TPH OJHOKPATHOH NPOAOALHON HECHMMETPHH PAa3HBIX BHAOB
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(n)
€00T-
BripaxeHHs [Jis ONpeaeIeHns conpoThBIeHHs AZ; " , & TAKKE

Moii, OGPATHO! M HyJEBOH MOCIEA0BATEIb
HocTeit ocoboit (asel U (QopMyJIB AIA orpeeneHus CI/\IlMMeTpI/Iil;Iiﬁ
COCTABJIAIONMX TIaeHHs HAPSIKEHUs B MECTE ozmolxpamon mpozoa
HeCHMMETPHH PasHbIX BUJOB NPUBC/ICHDI B tabmn. 9.1. e KOpOT-
B OT/MYKE OT PacdeTHBIX BHIPAKCHUU A HECHMMETP X Xopor-
KHMX 3aMBIKAHHH, KOTOpbIE NAIOT BO3MOXHOCTDH onpenenuTh H oIk
CHMMeTpHYHBIE COCTaBIIAIOLIKE TOKA KOPOTKOTO 3aMI:IKaHI/gI; :;HKaHm
TKOT ,
HaNpsOKEHHUs B TOUYKE KOPO
MEeTpHYHbIE COCTaBIIAIOIIME B K N
OI0JIbHOM HECHMMETDPHH,
ps Ui OJMHOKPAaTHOH IIP
pacueTHbIE BBIPAKEH T I petpi,
ToTy4eHHBIE U3 yPaBHCHUH (9.1)——(9.?) u ypaBHf(l){:II/z),ﬂ(;()e(;[eaj.IB:I'lTB Thix ¢
CJIOBHUH, MO3BOJIA
MCIIONB30BAHMEM TPaHUYHBIX Y ,
OCTaBJISIOIIHE
He TOKa ¥ CHMMETPHYHBIE C
CHMMETPHYHBIE COCTABJIAIONL
npenenenus Ke
ecre Hecummerpu. [l o
MajeHHusl HANpsKEHUS B M s e
CHMMETPHYHBIX COCTABIIAIOMIMX HanpsDKEHHs B Touke L unnng;esaMe_
MO TPOHM3BECTH JIOTIONHUTENBHBIC PacieTrl, UCIIONB3YS C

Ienus OpsMoi, oOpaTHOH H HyJIEBOH MOCIE0BATENBHOCTEN W HaWJcH-
Hble 3HAUEHHUsA CHMMETPHUYHBIX COCTaB

JSIOIMX TOKOB 0CO000# (a3l
M-
TIpu 5TOM IenecooGpasHo HCIONIb30BaTh SIIOPHI pacnpeneneimﬂa ccqu
METPHUYHBIX COCTaBJIAIONIMX HaMpKEHHH. Bvcnyqae cnomnonﬂg e
HOM cXeMbl MpeBapUTeIbHO Heo6X0oNMMO HAWTH pacHpeleIcH
IO BETBSM CXEM 3aMelIeHUs PasHbIX MOCIE

0BaTeNbHOCTEN, YUUThIBas
[pH OTOM, 4TO CXeMa 3aMelieHls pAMOH [0CJIeIOBaTEIbHOCTH SBIA-
eTCcs aKTUBHOM.

HOLIEHHS MEXIy TOKaMH Ips

FfAaBa 10

PACYHET TOKOB U HAMPS)XEHUWA NPU CAOXHbBIX
HECUMMETPUYHbBIX NMOBPEXAEHUAX

10.1. NMocTaHOBKA 30AQ4YMU

B snexTposHepreTHyecKux CHCTEMax BO3HHMKAIOT HE TONBKO IPOCTHIE
(OmHOKpaTHEIE) MOMNEPEeYHbIe W MPOJOJIbHEIE HECUMMETPUH, HO M CIIOXK-
HBle HECHMMETPHH. 3HauuTeNbHasd YacTh HECUMMETPHIl Takoro Bujga —
JABOHHBIE HECHMMETPHYHBIE NOBPEXKICHHSA, K KOTOPHIM OTHOCATCS: pas-
JAUYHBIE KOMOWHALUM OTAENbHBIX HECHMMETPUYHBIX KOPOTKHX 3aMBIKa-
HUH B JBYX pa3HbIX TOYKaxX O3JIEKTPUUECKONH CETH; HECHMMETPHUHEIE
KOPOTKHE 3aMbIKaHHs, COIIPOBOXIAIOMHKECS OOpPHIBOM ONHOH WM ABYX
¢a3 TpexdasHoil uenu; ABa OXHOBPEMEHHBIX 00pbIBa (a3 B paslIUUHBIX
MeCTaxX; HECHMMETPUIHBIE KODOTKHE 3aMBIKaHUA C BKJIIOUYEHHEM B (a3bl
9JIEMEHTOB, 00/1aJalOIMX CONPOTHBJIEHUEM, H T.1.

O6peiBEL (ha3 IpH KOPOTKOM 3aMBIKAHUM BO3MOXCHBI KaK BCIEACTBUE
00pbIBa IIPOBOJIOB, TaK M BCIENCTBUE HEOTHOBPEMEHHOTO PAaCXOXICHUS
KOHTAaKTOB BBIKJIIOYATeNs B OTAENBHBIX (aszax. B Teuenue ogeHn kopor-
KOTO BPEMEHH HEOJHOBPEMEHHBIH OOpEIB U KOPOTKOE 3aMBIKAHHE MMEIOT
MECTO IPH OTKJIIOYCHHH KOPOTKOTO 3aMBIKaHHsl, TaK KaK JAyra racHeT CHa-
yajna B oqHO# dase, B To BpeMs kax B Apyrux (paszax Win B OJHOM H3 HUX
MOXET COXPAaHAThCA KOPOTKOE 3aMbIKaHHe. TakuM 00pa3oM, NBOMHEIE
HECHMMETpUYHBIE HAPYLICHUS PEeKHMa MOTYT NPOUCXOIWTH WM OXHO-
BPEMEHHO, WX B pa3Hoe BpeMs. B mocieqsem ciydae He0OX0AUMO HMETh
B BHAY, 9TO BTOpO€ HapylleHHe HECUMMETPUH IIPOUCXOAUT NPU OCOOBIX
HavaJbHBIX yclnoBusix. Hibke paccMaTpuBaiOTCs TONBKO JBOHHBIE HECHM-
METpHYHBIE IOBPEKICHNS, KOTOPHIE IPOUCXOAAT OXHOBPEMEHHO.

ITpu ucnonp30BaHUM AJIS PACUETOB HBOMHBIX HECHUMMETPUYHEBIX I1OB-
PEXICHUH MeToAa CUMMETPHUYHBIX COCTABISIONIMX OKAa3bIBAIOTCS HEW3-
BECTHBIMH 3Ha4€HHUs 12 BETUYHH — I10 TPU CHMMETPUYHBIX COCTaBIIAIO-
IUX TOKA M II0 TPU COCTABIAIONIMX HANpPSHKEHUS B MECTEe KaXIOro IMOB-
pexnenus. s ux onpeneneHus MPUMEHSIOT pa3IugHbIe CIIOCOOH:

C MCIOJIb30BaHNEM KOMIUIEKCHBIX CXeM 3aMelleHHus;

IIyTEM COCTABJICHHUS U PEIIEHHs CHCTEMbl PACUETHHIX YPaBHEHHH, CBsI-
SHIBAIOIIMX CHMMETPUYHBIE COCTABIAIOMIME OIpEJeNsieMbIX TOKOB M
HanpspkeHUH (IIeCTh ypaBHEHWH COCTABJIAIOT Ha OCHOBAHUH IPaHUYHBIX
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YCJIOBHH, XapaKTEPHBIX sl OTJACNbHBIX BHJIOB MOBPEXAEHUHN, ¥ IIECTh
JPYTHX — M3 CXEM 3aMeLleHHs PAMOii, 06paTHOM U HyJIEBOH M0CIeN0Ba-
TeIbHOCTEH);

C HCIOJB30BaHKHEM TaK HA3bIBAEMBIX TPOU3BONHBIX (9KBHBAJICHTHBIX)
CXeM 3aMelIeHHUs PSMOii ITOCIeA0BaTEIbHOCTH.

Huke paccMOTpPEHBI BCE 3TH COCOOBL.

10.2. ACNOAB3OBAHUE KOMMAEKCHbBIX CXeM 3aMeLleHus

PacyeT TOKOB M HAIpPSUKCHHH MPH CIOXKHBIX HECHMMETPHUYHBIX IOB-
PEXIEHHSAX C HCIIONB30BAHAEM KOMILIEKCHBIX CXEM 3aMEIICHIS AacT BO3-
MOXHOCTh CPaBHHMTEJBHO NPOCTO BBHIABIATH BIMAHHE IapaMeTpOB pas-
JINYHBIX 2JIEMEHTOB PACUETHOH CXEMBI Ha CHMMETPUIHBIC COCTABIISIONINE
TOKOB ¥ HaIpsOKEHHUH, ONPeesATh 3HaYCHHUsA ITHX BETHYMH, CTPOUTH BEK-
TOPHBIE AUArPaMMbI TOKOB U HaIpsDKEHUH U T.1.

J1060€e CII0KHOE HECHMMETPHUYHOE MOBPEXKACHHE MOXKHO Pa3ilOXHTh
Ha OTHeJbHBIE MPOCTHIE (OXHOKPATHbIE) HECHMMETPUIHBIC IOBPEXACHHA,
[105TOMY KOMILIEKCHAsI CXeMa 3aMEMIEHHs JUIs CII0XKHOIO IMOBPEMACHHS
MOKET OBITh COCTaBJIEHAa M3 U3BECTHBIX KOMIUICKCHBIX CX€M 3aMCILCHHA
JUISL TIPOCTHIX HECHMMETPHYHBIX TIOBPEXICHHI. O[HaKO TaKHe CXEMBI C
TOYKH 3PEHHs BO3MOXHOCTH HMX MHOTOKPaTHOTO MCIONb30BAHMUS I[P
COCTaBJICHUH KOMILIEKCHOM CXEMBI 3aMELICHHs ISl CJI0XKHOr0 HECUMMET-
PHYHOTO TIOBPEXAEHHSA MOXKHO Pa3JCIUTh Ha JBE IPYTIIBL:

KOMIIJIEKCHBIE CXEMBbl, B KOTOPBIX OOBEIUHEHBI TOJBKO SKBUIIOTCHIIH-
afbHbIE TOYKM W HaIpsDKeHHe JI000HM MOCneNoBaTebHOCTH B Kax a0
TOYKE MOXET GBITH OIpENENEHO OTHOCHTENBHO OOLIeH TOUKH C HYICBBIM
IOTEHIMAJIOM BCEH KOMIUIEKCHOH CXeMBbl (K TaKMM CXeMaM OTHOCATCH
KOMILJIEKCHBIE CXeMBI A ABYX(}a3HOro KOPOTKOTrO 3aMbIKaHHi H IBYX-
¢a3HOro KOPOTKOro 3aMBIKaHMs Ha 3eMIII0), & TaKXKe KOMIUJICKCHBIC
CXEMBI, TIONYYEHHBIE C HMCMONb30BAHUEM MPOMEXKYTOUHBIX HMACATBHBIX
TpancHopMaTopoB;

KOMILJIEKCHEIE CXeMbl, B KOTOPHIX COEIMHEHHE CXCM 3aMelleHus IMps-
MOii, 00paTHOH U HYJIEBOMH MocJef0BaTeAbHOCTEN IPOU3BOJUTCS IIyTEM
MCKYCCTBEHHOTO CMEIIECHMs MOTEHLHANO0B BCEX TOYEK CXEM o0OpaTHOH H
HYJIEBO# MOCIIEA0BATENBHOCTEN ¥ [10 3TOH NPHYMHE CIPABETHBEL TOIBKO
IUIS TOKOB.

Eciii KOMIUIEKCHBIE CXEMBI 3aMeleHMs Ui MPOCThIX HECHMMETpHY-
HBIX TOBPEX/EHH! NEPBOH IPYNIBI MOXHO MHOTOKPaTHO HCIIOIL30BATH
IpPA COCTABICHWM KOMIUICKCHOH CXEMbl 3aMEIICHHA Ui CJIOXKHOIO
HECHMMETPHYHOTO MOBPEXKIEHUs, TO 00BEAMHEHHE, T.€. UCTIONb30BAHNC
KOMILIEKCHBIX CXEM 3aMelleHHs BTOPOii PYIIIH! IIPH JByX U Oosiee 0aHO-
BPEMEHHBIX HECHMMETPUYHBIX IOBPEKACHHAX HENOMyCTHMO, TaK KaK
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HaJIMUMe CMEIEHHs MOTEHLUAN0OB B CXeMax oOpaTHOM U HyJeBO# mocie-
J0BaTEIbHOCTEH, B 00IEM ClTyyae pa3IMYHOrO AJIS OTAENBHBIX MPOCTHIX
HECHUMMETPHUYHBIX TIOBPEKACHUH, BEI3BIBACT MOSBICHUE B 00BbEJHHEHHOM

KOMILUIEKCHOH CXeMe 3aMeIEeHHs TOKOB, KOTOPBIX Ha CaMOM Jejie He
JIOJDKHO OBITB.

B xauectBe npuMepoB Ha puc. 10.1 nokazana o6beIMHEHHAs KOMILIEK-
CHas CXeMa 3aMeIleHus Ui Caydas JBYX(a3HOTO KOPOTKOTO 3aMbIKaHHUA
Ha 3eMir0 ¢a3 B u C B Touke K (Ha puc. 10.1 Touke K COOTBETCTBYIOT
ToukH K|, K,, K Ha cxemax pasHbIX MOCIe0BaTENbHOCTEH) U BYX(as-
HOTO KOPOTKOTO 3aMbIKaHHs 9THX e (a3 B Touke M (touku M, M,, M,).

Ha puc. 10.2 npuBeneHa KOMIUIEKCHas CXeMa 3aMELICHUS MJIs Ciydas
0HO(a3HOTO KOPOTKOro 3aMbikaHus (assl 4 B Touke K U AByx(dasHoro
KOPOTKOTO 3aMbIKaHUs Ha 3eMiio ¢a3 B u C B Touke M. 3n1ech 3eKTpu-
4eCKOE COCJWHEHHE CXeM 3aMeleHMs NpsAMOoH, oOpaTHOH M HyJIeBoOi

Puc. 10.1. KomniekcHas cxeMa 3aMellleHHsi IPH ABYX()a3HOM KOPOTKOM 3aMbIKAHHH Ha
3emaio ¢a3 B u C B Touke K U 1Byx(a3HOM KOPOTKOM 3aMbIKAHHH Tex ke ¢a3 B Touke M

Puc. 10.2. KoMnaekcuHas cxema 3aMemieHHs NPH 0JHO(A3HOM KOPOTKOM 3aMBLIKAHHH (a3bi
A B Touxe K 1 nByxda3HOoM KOpOTKOM 3aMbIKaHHK Ha 3eM110 a3 B u C B Touke M
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MOC/IE/I0BATENBHOCTEH OCYIIECTBIEHO TONBKO B MeECTe ABYX(asHOro
KOPOTKOTO 3aMBIKaHHs HA 3eMJIIO, a B MECTe OXHO(A3HOTO KOPOTKOro
3aMBIKAHHS CBA3b 3THX CXEM BBIIOJIHEHA C IIOMOIIbI0 UICATBbHBIX IPOME-
XKYTOYHBIX TPAHC(HOPMATOPOB ¢ K03hHUIMEHTOM TpaHCHOPMALHU 1/1.
TIpH CIOXHBIX HECHMMETPUYHBIX MOBPEXKACHUAX KOMILIEKCHAs CXeMa
3aMelIeHHs, KaK M NpH OXHOKPATHBIX MOBPEXICHHAX CTPOUTCH A
oxHOM (ha3bl, ycloBHO Ha3biBaeMoH (aszodl 4. OnHaKo IpH CIOXHOM
HECMMMETPHYHOM TOBPEXICHWHM HE BCErJa BO3MOXHO 33 HCXONHYIO
BBIGPATh TaKyio a3y, KOTopas M03BOJIHIA Obl IPAMEHATE OOBIYHBIE KOM-
ILIEKCHBIE CXeMBI 3aMEILEHHs MU OJHOKPATHOro mospexaenus. Hampu-
Mep, TIpH AByX(pa3HOM KOPOTKOM 3aMbIKaHHH Ha 3€MJII0 B TOUKE M a3 B
1 C 1 oHoda3HOM KOPOTKOM 3aMbIKaHHH B TOUKe K OIHOH U3 ¢a3, oxa-
3aBlIeiicsi MOBPEXIEHHOM B Touke M (ROmycTuM, ¢a3sl B) xenareibHo
b1 IS ABYX(a3HOr0 KOPOTKOTO 3aMbIKaHHs Ha 3€MJII0 38 HCXOIHYIO TPH-
HATH HemoBpexaeHHylo dasy (dasy 4), a 1is 0aHO}A3HOTO KOPOTKOro
3aMBIKaHHs — NoBpexaeHnyio dasy (pasy B). B aTom ciydae 1ist CBA3H
CXeM 3aMelLeHHs Pa3HBIX MOC/EeN0BATENbHOCTEH HEOOXOAMMBI TAKUE Hie-
aJIbHBIE POMEXYTOYHBIE TPaHC(HOPMATOPHI, KOTOPBIE HE TOJIBKO H30JIH-
PYIOT [Py OT JpYra 3TH CXEMBI, HO U OBOPAYMBAIOT Ha yroa +271/3 win
—27/3 (asel TOKOB M HaIpSKEHUH, T.e. TPaHC(HOPMATOPBI, KOIPPULHEHT
TpaHc(OpMaIMK KOTOPHIX BBIPAXAETCS KOMIUIEKCHBIM YHCIIOM, MOAYIb
KOTOPOTO paBeH efuHuLe (Takoi K0IDOUIMEHT OOBIYHO HA3BIBAIOT KOMN-
NeKCHbIM  Ko3(hpuyuenmom mparncgpopmayuu). VICTIONE30BAHKE TaKMX
HeaNbHBIX IPOMEXYTOYHBIX TPAHCPOPMATOPOB MO3BOJNAET KOMILIEKC-
HYIO CXEMY 3aMEIIEHHUs IIPU TF000M CII0)KHOM HECHMMETPHIHOM IIOBPEXK-
JIEHHM COCTaBIATH Mg onHoi dassl (pasel A). [Ipyu 3TOM KOMIUIEKCHBIE
k03 pULHEHTHI Tpaﬂcq)opMauHH I TIPOMEXYTOYHBIX TpaHC(opmaro-
POB BHIGHpAIOT TAaKMMH, 4TOOBl B CBA3BIBAIOIIEH 4acTH, 06pasyeMoi
IIyTeM COOTBETCTBYIOLIETO COEAMHEHHS HX BTOPHYHBIX OOMOTOK, TOKH H
HATIPSKEHHS COOTBETCTBOBAIM TOKAM M HANPSKEHWSM TOH (asbl, 1
KOTOPO# BO3MOXHA KOMIUIEKCHAs CXeMa 3aMelleHus 6e3 IoBopoTa ¢a3
TOKOB M HampskeHuit. B kauectse nmpumepa Ha puc. 10.3 npusenena kom-
IJIEKCHAs CXeMa 3aMEINEeHMs i pacCMaTpHBAEMOTO JBOWHOIO HECHM-
METPUYHOTO TOBPEXIeHH — JBYX(ha3HOTO KOPOTKOTrO 3aMblKaHWs Ha
semito a3 B u C B Touxe M (Touku M,, M,, My) u oqHopa3HOro Kopor-

KOro 3aMblkanus ¢assl B B Touke K (touku K, K, K)). Uro0b! obecre-

YHTb YCIIOBHE PABEHCTBA CHMMETPHUHBIX COCTABIISIONIUX TOKOB (asbl B
B MecTe 0fiHO(a3HOIr0 KOPOTKOrO 3aMbIKaHHs, XapaKTepPHOro Ui TaKoro
TIOBPEX/IEHHUS, MEATbHbIC [POMEXYTOUHbIE TPAHCHOPMATOPEI IOJIKHBI
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Puc. 10.3. KomnuexcHas cxema 3aMemieHusi nmpH AByx(a3HoM KOPOTKOM 3aMBbIKAHHM Ha
3eminio a3 B u C B Touke M 1 onHO(Da3HOM KOPOTKOM 3aMBbIKAHHH $a3n1 B B Touke K

MMETb KOMIUIEKCHBIE K03 duuuents Tpancopmamuu: 1/a% 1/a u 1/1
(emnHHL@A nepen APOOHON YEePTOM OTHOCHTCA K 0GMOTKe, oOpaineHHo# K
CXEME 3aMEIECHHs COOTBETCTBYIOMIEH IOCIEA0BATEILHOCTH).

10.3. ABOMHOE HECUMMETPHYHOE MOBPEXAEHHE,
BbI3BOHHOE OGPbIBOM NPOBOAQ OAHOM (OA3bl BO3AYLLHOM
AMHWUK IAEKTPONEepPeAayn U OAHOMA3HbIM KOPOTKMM
3GMbIKOHUEM HA 3eMAI0 TOM Xe dcpasbl

KomniekcHas cxema 3aMemienns [ OBPeX/IeHHOH (a3bl IpeNCTaB-
nena Ha puc. 10.4. B Hee ¢ moMouipio HaeansHEIX TPaHC(HOPMATOPOB C
ko3bbunuentamu tpanchopmanun 1/1 BBeneHs! nBe IIPOMEXYTOYHBIE
neny. Ilepsas u3 Hux obecneuynBaeT PaBEHCTBO TOKOB MPSAMOit, 06paTHOI
H HYNIEBO# I10CJIEI0BATENLHOCTH B MECTE OAHO(A3HOTO KOPOTKOTO 3aMbi-
KaHHs X PaBEHCTBO HYIII0 CYMMBI CAMMETPHYHBIX COCTABISIOLIMX HANpPS-
KEHU B MECTE ITOr0 KOPOTKOro 3aMblKaHHs. Bropas obecreunBaer
'PaBEHCTBO MaJeHUH HANpSOKEHHWH B MecTe oOpbiBAa M PABEHCTBO HYIIIO
CYMMBI CHMMETPHYHBIX COCTaBJISIOMIMX TOKOB B 000pBaHHOM (a3e.

3a MONOKHTENHFHOE HANpPABICHHE CHMMETPHYHBIX COCTABJISIONIMX
TOKOB IPHHATO HANpPaBIEHWE K MECTYy KOPOTKOTO 3aMbIKAaHUS, a B Kaue-

CTBE H / i '
©32BHCUMBIX TOKOB IIPHHSTHI TOKH I 1, Ir 41 4 Ig 4, . Ilpu 3TOM

CHMMETPHYHBIC COCTaBIAIOIIHE TOKOB B MECTE KOPOTKOIO 3aMBIKAHMS,
OCTajJIbHBIE CUMMETPHYHBIE COCTaBJIAIONINE TOKOB B 00EUX YaCTAX BO3-
AYNIHOW JHHKH (T.6. C 0OEHX CTOPOH OT MeCTa MOBPEXIEHHs), a TAKKe
CHMMETPUYHBIE COCTABIISIONINE HANIPSLHKEHHS B MECTE KOPOTKOTO 3aMbIKa-
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p=-Tr1-Tea

Puc. 10.4. KomnaexcHas cxeMa 3aMellleHHst Npu o6pbiBe NpoBoAa oAHOM (a3bl ¢ 0JHOBpe-
MEHHbIM 3aMbIKAHHEM OXHOr0 KOHIA Ha 3eMJII0

HHMS M TIaJICHHs HaNpsHkeHHs B Mecte oOphiBa IIPOBOJA, BHIPAXKEHHEIE
4epe3 MPUHATHIE He3aBUCHUMBIE TOKH, ONpee/I0TCS 10 popMyiam:

Txar = Ioay * a1 = ka2 = ko> (10.1)
1642 = Ixaz —1pan = Ioar Y pa1 — Ipans (10.2)
Ipg = —Ipgy —Ipa2s (10.3)

I60 = Ixo = Ipo = g1 t g1 —Ipo = Iga1 + 2Upyy + 1pyp(10.4)

Ugar = Ega—iXe1 .15 (10.5)
Ukaz = 0-JXga1lg4, = 0 “chz(IGAl +lpy *IFAz) ;3 (10.6)
Ugo = 0-jXgolgo = 0 _jXGO(IGAl + 2+ IFAZ) ;(10.7)
AUpg1 = Ega = Epg —JXG1loar 7 X1 1pars (10.8)

AUpgr = ~JXG2lGa2 * 7 Xpa Ipga = _jXG2(IGAI + Iy _IFA2) +

+ JXpy Ipans (10.9)
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AUy = =jXgo L Go * JXrol Fo = ‘fXGO(IGAl +2p g+ IFAZ) -

— JXpoUg gy + Ipys)- (10.10)
[IpuBeneHHbIe GOPMYITBI IO3BONSAIOT COCTABUTH TPH PACYETHBIX BBIpa-

KEHHS JUIS ONPE/ICICHHUS HE3aBUCUMBIX TOKOB I 415 Ip 4y, Iy, . OnHuM

UX HUX SBJIAETCS ypaBHEHHUE, NOJydaeMoe MyTeM CIIOXKEHHS MPaBbIX Yac-
ted ypaBHenui (10.5), (10.6) u (10.7) u npHpaBHHBaHHA IOJTYyYEHHOH

CYMMBbI HYMO (Tak Kak Npu OHO(A3HOM KOPOTKoM 3ambikarnu Uy, +
+ Ugyy + Ugo = 0):
Egy =i (Xg + Xg2+ XGo) Igar +7(Xgy + 2XGo)pqy —
~ J(Xo2 = Xgo)par = jkiIg 0 + il Ipgy + jmylpy, . (10.11)

rae ky, /;, m; — pacueTHsie KO3 ULHEHTHI, BHIYUCISEMBIE 10 POPMYIIaM:

ky =X, + Xy + Xgo; (10.12)
1, =Xy + 2Xg0; (10.13)
my =—-(Xg, — Xgp)- (10.14)

HByMs Npyr¥MHM ABJISIOTCS pacyeTHbIe YpaBHEHHUS, MOJydaeMble MpH-
paBHHBaH¥MeM npaBeIX yacTed ypaBHeHuid (10.8) u (10.9), a Taxxe (10.9)

1 (10.10) (Tax Kak mpu 0GpEIBE MPOBOAA OAHOM (ass AU A1 = AU 142 =

=AU 1o - B pe3ynbrare npeoGpa3oBanuii HMeeM:
EGa—Epy =Xy = Xg2) I g1 = (X + Xpy) Ipyp +

+ Xy + Xp) Iy = jholg gy +jldpyy +imylp,, . (10.15)

rae ky, ly, my, — pacueTHble KOI)PUUHUEHTH, BBHIYUCIsEMBIE 110 (Op-
MyJaaM:
ly=—(Xgy + Xgp)s (10.17)
my = Xgy + Xpo; (10.18)
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0 =j(Xg, — Xgo) Iga1 + 7 (Xgz — 2Xgo — Xpo) Ipay —
~ J(Xgy + Xgo + Xpp + Xpo) Ip gy =
(10.19)

= jhkslgqy +illpqy Y imslpy,

rze ky, 1, my; — pacyerHbie KodUIMEHTE!, BErAUCAsEMBIE O GOpMylTam:

Iy =Xgy - 2X 60— Xpos (10.21)
my =—(Xgy + Xgo + X + Xpp). (10.22)

Ecmu npunsaTh, 4o Xy = Xy U Xpy = Xpy, TO pacyeTHble KOIdULHA-
’ ’
enthl Kk, [}, my, k,, I, m,, ks, I3, m; 3amensites xodddunventamu £, [,

’ ’ ’ ’ ’ ' ’ .
my, ky,ly, my, ky, Iy, my, BBIMUCIAEMBIMH MO dbopmynam:

k| =2Xg + X5 (10.23)

1| =Xg +2Xg05 (10.24)

m| =-(Xg, — Xgo); (10.25)

ky =Xg — X5 =0; (10.26)

L, =—(Xg; + Xpy)s (10.27)

my = Xg, +Xp =1y (10.28)

ky =Xg, —Xgo =—my; (10.29)

Iy = Xg, — 2Xg0 — Xros (10.30)

my =—(Xg; + Xgo + Xy + Xpo)- (10.31)

Tlpr 5TOM 3HaueHHs TOKOB, MPHHATHIX B KAYECTBE HE3aBHCUMBIX,
onpejeNnsoTcs N0 GopMyaam:
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_ 0 4m 0o I m
ig = = (10.32)
ky 1] m| ki 1] m
ky 1, m, 0 I, -1,
ky Iy my ~my Iy my
HIH
Iy = Pt B ) Coa_Bedlm ),y 55,
Llk (I3 +m3) + my (1) + my)]
ky 2y my
0 Egy-Epy —1
) -m, 0 my
Ipq = (10.34)
kl' ll' ml'
0 I, -1,
—my I3 my
WIH o o ”
fopy = EGAI’Zmll +'(EGA'—EFA’)U‘:1m3 T my ) (10.35)
Lk (I3 + my) + my(ly + my)]
ki Iy Egy
0 I, Egy—Epy
) -m| I 0
Ipg = (10.36)
ky Iy my
0 I -1
—my I3 m;
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WA

_ EGAllz"”}I _’(EGA'— EFA')(llllml' ’t kI'IS)‘ (10.37)
Llki(I3 + m3) + my(l; + my)]

FA2

Ecmu npunste Eg, = Ep 4, T0 Gopmynsr (10.33), (10.35) u (10.37)
eie OonbIIe YIPOIAIOTC:
Eg,(l5 + m3)

B mg) - i)

g ; (10.38)

1
Egm;

k(I + my) + mi(l] + m})

Iegr = Iraa (10.39)

OcTalibHbIe TOKH OMpPEAE/ISIOTCS TaK: TOK 00paTHOW MOCIeN0BaTeNb-

HocTH I, — mo dopmyie (10.2), Toxu HyIEBOU NMOCIENOBATENBHOCTH

I Go H I o — COOTBETCTBEHHO 1o dopmynam (10.4) u (10.3), cummeTpuu-

HBIE COCTaBJIIOIIME TOKA B MECTE KOPOTKOTO 3aMBIKaHHA — M0 (popMyIie
(10.1), a cMMMeTpHYHbIE COCTABISAIOLINE HAMPSIKEHUS B MECTE KOPOTKOTO
3ampiKadus — 110 popmyaam (10.5), (10.6) u (10.7).

10.4. ABOiH{HO@ HECMMMETPHU4HOE MOBpPEXAEHHUe,
BbI3BOHHOE OGPBLIBOM NMPOBOAQ OAHOM ha3bl BO3AYLLUHOM
AVMHUU IAEKTPpONnepeAdyu M OAHOPA3HbBIM KOPOTKUM
30MBIKGHUEM HA 3eMAI0 APYrou doasbl

IIpy 1aHHOM HECHMMETPHYHOM IIOBPEXJIEHHH 3a 0c0o0yro a3y mpu-
HATa obopBanHas (asa A, a 3aMKHYTO! Ha 3emIi0 — ¢asa B. Kommiekc-
Has cXeMa 3aMEIIEeHHs, COOTBETCTBYKOIas pPacCMaTpHBAE€MOMY HBOH-
HOMY HECHMMMETPHYHOMY MOBPEXICHUIO, HMEET BHJ, IPEICTABICHHBIA
Ha puc. 10.5. /s CBA3K CXeM 3aMeleHHs NPsAMOM, 0OpaTHOM U HYy/IeBOH
NOCEN0BATENbHOCTEH M0 MECTy 0OpHiBa NPOBO/IA NPMMEHEHHI UEab-
Hele TpaHCdopmarophl ¢ ko3bduurenToM Tpancopmaunnn 1/1, a ux
BTOpHYHEIE OOMOTKH COCAMHEHBI NapaiiefbHo. [[jis CBS3M CxeM 3aMe-
IIEHHUS Pa3HBIX MOCIENOBATENbHOCTEH MO MECTY KOPOTKOrO 3aMblKaHUA
HpPUMEHEHB! HealbHbIe TpaHcHOpMaTopsl ¢ KOIQPHIHEHTaMH TpaHC-
dopmaumu 1/a%, 1/a u 1/1, a ux BTopudHbIE OOMOTKH COSIMHEHBI MOC-
JIeI0BATENBHO.
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Prc. 10.5. KoMniiekcHas cxema 3aMellieHHsi NP o6pbiBe NPOBOAA oXHON (askl 1 3aMbIKa-
HHH Ha 3eMJ10 apyroii da3bl

B xayecTBe HE3aBUCHMBIX TOKOB IPUHATEI TOKH 15 1, 14y W I 4, . Torma
Ipg1 =1gq Y 1pyy- (10.40)

TIpu 3aMbIKaHHH Ha 3eMI0 (assl B CTpaBe/THBO YCIOBHE: Ipp, =

2- .
= Ixpy = Ixq, 1. a Ixa1 = aly,, = Iy, OTKyIa CIeayeT, uTo
Ixgp = algyy = allgy +Ip ) (10.41)

. _ 2 . _ 2 . .
OcTanbHbBIE CHMMETPHUYHBIC COCTABJIAKOIIHE TOKOB OIIPEACIAIOTCS

cnenyromuM obpasoM. [Tockoneky mpu oOpeiBe mpoBoaa (aser A4 I a1
+ jFAz + jFO =0, To
Ipg = —Ipy; —Ipys- (10.43)
Toxu iG 42 M fGO PaBHBI COOTBETCTBEHHO
Ioaz = Ixan ~Irar = aUgar + Ipa1) = Tp gy (10.44)
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. . . 2 s . . . _
Igo =Ixg—1Ipg=a (gt Ipg) ¥ Ipgy ¥ pa2 =
2- . e

CUMMeTpHYHbIE COCTaBJISAIOIINE HANPSHKEHHS 3aMKHYTOH Ha 3eMIII0
Gba3bl B TOYKe KOPOTKOTO 3aMBIKaHHMs, BHIPXEHHbIE Yepe3 HE3aBHCHMBbIE
TOKH:

UKBI = azUKAl = azEGA —jazXG1 iGAl; (10.46)
Uy = aUguz = —1aXGy I = ~ja"Xgy a1 -
— @ Xy d pgy + JaX ol pga (10.47)
Uyo = —iXgol o = —jazXGOjGAl +jaXgol pay -
— XG0l paa- (10.48)

CuMMeTpHYHBIE COCTaBISIONINE NaJeHus HanmpsokeHus B ¢ase 4 B
MecTe OOpBIBAa MPOBOAA STOH (pa3bl, BRIPAXKEHHBIE Yepe3 HE3aBHCHMBbIE
TOKH

AUy g1 = Ega—Epg—iXg1Ioar +iXp1 Ipars  (10.49)
AUy 4y = ~jXgolgas Y iXpaIpgn = —JaXGolg a1 —JaXGol pq1 +

+ j(XGZ +XF2)ij22 (10.50)
AUy = ~jXgolgo T JXpolpo = __]XGO(a Ica1 —alp, + IFAz) _

~ JXpol par —JXrol paz = —J@ Xgolgar +
+ j(aXgo ~ Xpo) pa1 — (X0 + Xeo) paa- (10.51)

CyMma npaBeix yacteil ypasHenuid (10.46), (10.47) u (10.48) paBna
Hyit0. Eciii Bce 4iieHbl 9TOH CYMMBI YMHOXHUTh Ha KOMILIEKC @, TO IOCTE
1peo6Gpa3oBaHUs MONTYYEHHOTO BEIpaXKEHHs HaleM:

. . . . 2 .
Egq=i(Xgy + Xga + Xgo) Igq +i(Xgy —a" Xgo)pyy —
- J(a"Xe2 - aXgoryy = Jkilgar T iliIpq ¥ imilpay > (10.52)

rze ky, [, m; — pacueTHbie K03 PUIHEHTEI, BEIYUCIAEMBIC 10 popMynam:
k) =X +Xg + Xgos (10.53)
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I, =Xg, - a*Xg; (10.54)

CuMMeTpUYHBIE COCTABJIAIONIME IaJEHHSA HANpPsSKEHHS B MecCTe
00pbiBa NMPOBOZIa PaBHBI MeXAy co0oi. IT0aTOMy s mMony4eHHus ABYX
JOTIONHUTENBHBIX YPaBHEHUH ClIeyeT NPHPaBHATDH IpaBble YacTH ypaB-
Henuii (10.49) u (10.50), a rawoxe (10.50) u (10.51). B pesynbrare npeo6-
pa30BaHUi MOTYyYUM:

Ega~Epy = J(Xg1 — aXgy) Igq —i(aXgy * Xpy) dpgy +
+ JXy * Xp) Igy = halg a1+ ilylpay +imylpay . (10.56)

tze ky, 1), my — pacdeTHble KO3(GHUIHEHTHI, BEIYUCISIEMbIE [0 HOpMyIIam:

ky = Xg, — aXgy; (10.57)
I, = —(aXg, + Xpy); (10.58)
my=Xgy + X (10.59)

0= ja(Xgy - aXgo) I +ila(Xgy + Xgo) — Xpolpgy —

—J(Xgy + Xgo + Xpy + Xp)pyy =

= jhslgqn +illpg + imsleg, (10.60)
ks, I3, my — pacyeTHble KO3)PUUHEHTDI, BHIYMCISEMBIE 110 GOpMyIam:
ky = a(Xg, — aXg); (10.61)
Iy=a(Xg, + Xg0) — Xros (10.62)
my=—(Xgy + Xgo T Xy + Xpg)- (10.63)

IIpunsB paBencTsa X;, = X5 ¥ Xpy = Xp), IONYYHM pacueTHbIe KO3¢-

! 1 ’ ’ ’
buumentsl ky, Iy, my, ky, l,, my, ky, I3, my, BrHCAsIEMBIE TIO (OD-

MyJam:
ky = 2Xg) + Xgp; (10.64)
I} = Xg — a’Xgo; (10.65)
m| =-a(aXg, — Xg0); (10.66)
ky =(1-a)Xg; (10.67)
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1, =—(aXg, + Xp)s (10.68)

my =Xg + Xpp5 (10.69)

ky = a(Xg, — aXgo); (10.70)

I; = a(Xg, + Xgo) — Xpos (10.71)
my =—(Xg; + Xgo + Xpy + Xpo)- (10.72)

TIpu 3ToM GopMyIsI LIS OTIPE/IETIEHHS TPEX HE3aBUCHMBIX TOKOB, IPH-
HSTHIX B KaUeCTBE OCHOBHBIX, UMEIOT BHI:

Egy—Eps I, my

0 I3 my
Igq = (10.73)
ky 1 my
ky 1y my
ky 13 my
HIIH
i, - Eg(lymy = Ism)) + (Eg 4 — Ep)(Ism| — lim3) . (10.74)
k112 3+k213m1 +k3llm2 k| l3m2 k211m3 k312m1
ky EGy4 my
ky Egy—Epy my
ey = 6 % ™ (10.75)
ki Iy my
ky 1y m;
ky 15 m,
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AIH
Eg (kymy = kym3) + (Eg 4 — Ep ) (kymy — kym))
kilymy + kylamy + kyl{my — k|lymy — kylimy — kylym;

fpp = - (10.76)
kil Egy
k2, 12, EGA _-EFA

. K0
fogy = ; (10.77)
ki 1 omy

’ ’ !
ky 1, my
1 ’ ’
ky 13 my
HIN

. E (kyly — ki) + (Eq — )(k'l'—k'l'
Ipg2 = 77 ,GA( 2 2,) ; (, 9L FA : 3) ;- (10.78)

®opmynsl (10.74), (10.76) u (10.78) CYILIECTBEHHO YIPOIIAIOTCS, €CIIH
npunHsTh E; = Ep,.

EGA(lémé + l'mz')

iGAl ,,(10 79)

i - EGA(k3'm2' _ kz'm:;) : (10.80)
FAL klymy + kylym, + k3l my — ki Lymy — kyl my — kylym,

L Ega(kil - K1) tosh
P2 klymy + ylm! + Kyl my — k| Lymy — k) my — kilym,

OnpenenvB TOKH, HpPUHATHIE 32 HE3aBHCHMBIE, 1O (opMynaam
(10.40)—(10.42) HaxomsaTCsi CHMMETPHUYHBIE COCTAaBJISIOIINE TOKOB B
MecTe KOpOTKOTO 3aMbIkanus, 1o ¢popmynam (10.43)—(10.45) — ocrains-
HBI€ CHMMETPHYHBIE COCTAB/ISIONINE TOKOB B Pa3IMYHBIX YaCTAX MOBPEX-
deHHod muuUM, mo Qopmynam (10.46)—(10.48) — cumMeTpUYHBIE
COCTaBJIAIOIINE HAIPSKEHUs B MECTE KOPOTKOTO 3aMBIKaHHs, a 1Mo Qop-
Mmyne (10.49) — cuMMeTpUYHBIE COCTABIAIOIIME MaNCHUH HAIPSIKCHUS

Ha 060PBaHHOM IIPOBOJE, MMes B BUAY, 4T0 AU, 4, =AU 142 =AU 10
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10.5. PacyeT ABOMHbIX KOPOTKUX 3QMbIKAHHH
HQ 3eMAIO

Ipu pacuyeTe JBOMHBEIX KOPOTKUX 3aMBIKaHUi Ha 3€MII0 Pa3HOUMECH-
HbIX (a3 TpexdasHoil MEKTPHIECKO CETH, BO3HUKAIOIINX B pasHbIX, HO
3IIEKTPHUECKH CBS3aHHBIX MEXITy COOOH TOYKax 9TOM CETH, HAIIPHMEp,
toukax K u M (puc. 10.6), kak OOBIYHO IOJIAraroT, 4TO ocobo#t (asoit
aBiserca (asza A, a MOBPEXIACHHBIMU ABIAIOTCA dasa B (B Touke K) u
¢aza C (B Touke M).

Ixcl IMAl [MBl Tyc

IKAl IKB

-

Puc. 10.6. UcxoxHas pacieTHas CxeMa

Metox pacyeTa pacCMaTpHBAEMBIX IBOMHBIX HECHMMETPUIHBIX IOB-
pex/ieHUl 3aBHCHT OT criocoba 3a3eMICHHUs HeliTpaseit TpaHcdopmaro-
POB M APYroro 3IeKTpoo6OpYyAOBaHHs, MMEOLIETo geiiTpaiab. B atoM
OTHOIIGHHH BCE IEKTPHUYECKHE CETH HANPSDKEHHEM CBBILE 1 kB npenar
Ha jBe rpynmnbl. K nepBoii rpynmne OTHOCAT d/IEKTPUYECKHE CCTH C 3a3CM-
JNeHHO# (ITyX03a3eMIICHHOH) U 3 deKTHBHO 3a3eMJIEHHON HEHWTpalIbIo,
T.e. CETH, HEHTpaJH 31eKTPO06OPyI0BaHHSA KOTOPBIX COCAUHCHBI C 3a3EM-
JAIOMMMM yCTPOUCTBAMH HENOCPEACTBEHHO MK TaK, 4TO k03hHUIUEHT
3aMBIKAHHS HA 3eMIII0, PaBHBIH OTHOLICHHIO HANpSIKCHHH HETOBPEXK/ICH-
HBIX (pa3 OTHOCHTENIBHO 3EMJIH NIPH OXHO(pa3HOM KOPOTKOM 3aMbIKaHHH K
HOMHMHAJIBHOMY (Pa3HOMY HANPSKEHHIO CETH, HE MPEBBIIIACT HOPMHPO-
BAHHOrO 3HaueHusi (OGBIYHO OH MPHUHMMAETCS PaBHBIM 1.4). Ko Bropoit
TpyIIe OTHOCSAT 3JIEKTPHYECKHE CETH C M30MPOBAaHHOM WM KOMIICHCH-
POBaHHOM HEHTpANBIO, T.€. CETH, HEHTpaH 3NEKTPO0OOPYAOBAHUS KOTO-
pHIX He NPHUCOEIMHEHBI K 3a3eMIIAIOIIEMY yCTPONCTBY HJIM 3a3eMJICHEI
yepe3 Tyroracsilue peakTopsl.

CAy4aii, KOrAQ HeHTPAAM TPAHCCPOPMATOPOB FAYXO 3A3€MAEHbI
u obecrneyeHa BO3ZMOXHOCTb LMPKYASUMM MO HUM TOKOB
HYA€BOH MOCA€AOBATEAbHOCTH

Vcxo/HbIE CXEMBI 3aMEIIeHUs PAMOIi, 00PaTHOM 1 HyJIEBOH MOCIEN0-
BaTeNbHOCTEH Takoil IeKTpuueckoil ceTH 0e3 yueTa aKTHMBHBIX COIpO-
THBJICHHI Pa3INYHBIX €€ JJIEMEHTOB NPHMBEICHBI HA PHUC. 10.7. O6BI4HO

178

9THU CXEMBI IIPUBOIAT K CXe€MaM 3Be3[ibl, KaK NMoka3aHo Ha puc. 10.8. Ilpu
atoMm OJIC Ep, u E;;, onpenensioT no popmysam:

_Eg (Xpy + Xp) + Ep X ,

E.,, =
K4 Xo, + Xy + Xpy ; (10.82)

E', .
G4 Xe K, Xnp M Xm Epy

_@._rVV\ ~N AL
. . . . U
Tgar l() Uxar UMAI()lIMAI
a)
iKAZ lC) I}KAZ dMAZC)lI’MAZ
6)

6) - =

Puc. 10.7. Hcxonnble cxeMbl 3aMeleHusi NpsMoii (a), o06paTHoii (6) 1 Hy/1eBoii (6) mocaexo-
BaTEJILHOCTEH 3JIeKTPHYECKOH CeTH MepBoM rpynnbl

l?gc; 10.8. CxembI 3aMemieHHs NPAMoOii (@), 00paTHOI (6) U HyJeBoii () moc/Ie0BaTEILHO-
CTel, npeoGpa3oBaHHbIE B TPEXJIy4eBYI0 3Be31Y
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_ Ep (X + X)) + EgXp
M4 X1+ X+ Xp

: (10.83)

a CONMpOTHBICHUA Xy, X, Xy U APYTHE — C HCIOJB30BAHHEM 00BI4-

HOTO METOa Mpeobpa3oBaHKs TPEYTrOIbHHKOB ConpoTuBieHu# (puc. 10.7)
B TpH 3Be31b! (puc. 10.8).

Ecmu 9/1C EG 4 H E 4 COBIIAJIAIOT 1O (hase M PaBHbI II0 MORYIIO, TO
Ex, = E,,, mosToMy B 3TOM ciy4ae B cxemy puc. 10.8, a uenecoot-

pasuo BBoauth Tonbko oxHy OJIC Ey, = E;,, BKIIOYas ee B BETBb C

CONpPOTHUBICHHEM X, .

[pu 3aMbiKaHusx Ha 3emMmi0 pa3 B u C rpaHuvHbie yCJIOBHUs, Kak
BUJHO 3 puc. 10.6, TaKOBHI:

I, =0; (10.84)
Iyc=0; (10.85)
Ugp = 0; (10.86)
Iy =0; (10.87)
Iy =0; (10.88)
Upc=0. (10.89)

I'paunynbiM ycnoBusm (10.84) u (10.85) cooTBETCTBYET clienyoliee
COOTHOIIIEHHE MEXAY CHMMETPHYHBIMH COCTaBIISIOIIUMM TOK2 ITOBPEXK-
neHHoH dassl B B Touke K:

T
Ixss = Ixpr = Ixo = 5 (10.90)

a rpaHuyHbIM ycitoBusM (10.87) u (10.88) — aHamoruyHoe COOTHOLICHHE
MEXy CHMMETPHYHBIMH COCTABIISIOIIAMH TOKa MOBpexaeHHoH dasel C
B Touke M:

i
- —";—C (10.91)

I'panuynsie ycnosus (10.86) u (10.89) MOXHO IIPEACTaBUTh TaK:

Iyier = ez = Ino

Uept + Uga + Ugo = 0; (10.92)
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Uycr + Uyer *+ Upgo = 0. (10.93)

®opmyist (10.90)—(10.93) uenecoobpasno npeacrasuts 4yepe3 CHM-
METPHUYHbIE COCTABIAIONIHE TOKOB U HaNPsDKEHHUH (asbl 4:

T
algg =algy, =1Igy = 3 (10.94)
I- _ 2. . jMC

alygy = a Iy = iy = 3 (10.95)

2 . . .

a Ugqy +aUgyp + Ugg = 0; (10.96)

. 2 . .
aUygy + @ Upygy + Upgy = 0. (10.97)

JlononHuTe NbHbIE YPaBHEHH S, yCTAHABIHBAIOLIME CBA3b MEXLY TOKAMH
¥ HaNPSOKCHUSIMA ONHOMMEHHOW IMOC/IEeNA0BATENBHOCTH, JIETKO MOTyYHTh
U3 CXEM 3aMeIlleHHs MNpsAMOH, oOpaTHOM WM HYIEBOH INOCIEqOBaTENIbHO-
CTeH, NpeICTaBIeHHBIX Ha puc. 10.8:

Ugar = Egq —J(Xg +XK1)jKA1 _jXHleAl; (10.98)
Uriar = Erga =7 Xl gy =i Xepy + Xy prgrs (10.99)

Ugaz = =7 Xepy + X)) as = iXaa Iy (10.100)

Unaz :‘fXHziKAz“f(Xyz+XM2)jMA2; (10.101)
Ugo = ~J(Xgzo + XgoM ko = i Xirolaro s (10.102)
Unto = =i Xkolxo =7 (KXo + Xyo) ao - (10.103)

Hoacraeus (10.98), (10.100), (10.102) B (10.96) u (10.99), (10.101),
(10.103) B (10.97), nonyyum aBa ypaBHEHHS:

2. . 2: ) 2:
a Egy=jXpy + Xg)a Iy +jXga Ly, +
+ J Xy + Xp)aly gy + i Xppalyggy +

+ J (X0 *+ Xxo)xo + i Xsrolrso s (10.104)
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aEyyy = jXgaly gy + 7Kgy + Xyp)alyq +
. 2 .
+ jXHZaZIKAZ +j( Xyt Xap)ad Iyggy +

+ jXolko + 1 (KXo + Xaro) o - (10.105)
Vuureisas (10.94) u (10.95), HCKmOYMM M3 ypaBHEHHH (10.104) u

(10.105) Toxwm iK 425 I xo 4 I MA2 > I V0> BBIPa3HB HX COOTBETCTBEHHO
uepes Iy q U Lypyn
azEKA = (X + Xy + Xppy * Xgo ¥ Xpgo + XKO)azjKAl +
+ (@ Xy + Ky + aXyo)pga15 (10.106)
aEyy = j(aXgy + X + & Xy +
+ j(Xggy + Xypy + Xyo + Koo + Xpro + Xpo)alpggy - (10.107)

2
Ecnu yMHOXHTH Bce wieHbl ypaBHeHus (10.106) Ha kommiekc a“, a

ypaBHenus (10.107) Ha KOMILIEKC a, HOIYYHM:
akiq = j(Xpgy + Xy + Xy + Xy + Xpgo + Xgodal gy +
+ j(aXyy + @ Xy + Xyo)ygy = kyalg gy +midyyys (10.108)
A Epy = J@ Xy, + aXpy + Xy +
+ j(Xpgy + Xy + Xy + Xy + X XMO)aZjMAl =
= kol gy + myd gy, - (10.109)

B 5THX ypaBHEHHMSX [PHHATHI CIEIyIOMHe 0003HAYCHHA:

ky =j(Xg + Xy + Xy + Xy + Xppo + Xyo) s
m, = j(aXy, + @ Xy + Xpgo)
ky =j(azXH1 +aXy, + Xpo)s

my = j(Xgy + Xy + Xy + Xypp + Xpgo + Xppo) -
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U3 ypasuenni (10.108) u (10.109) caexyer:

aEKA m,
aZE', m 2 . 2 .
i = M 727 | _ Examy = @ Eyumy (10.110)
kia m B
I_fz ’1’202
kya aky,
2 ) )
; k2 @ Bus | Eyuky - aBsk,
Iyar = = . (10.111)
kl'ﬂz—kzlh
kia m
kz ’_'_72‘12

OnpenennB 110 3THM BBIPAXCHHUSAM TOKH l'lpﬂMOi’i IIOCJICIOBATCIbHOCTH

I k41 ¥ I MA1 ¥ YIHTbIBas cootHouienus (10.94) u (10.95), nerxo Haiitu

HCKOMBIC IIOJIHBIC TOKH IOBPEXIEHHBIX (a3 B MeCTaX 3aMbIKaHHH Ha
3emmo. CHMMETPHYHbIE COCTABIAIOIIHE HAIpPXEHUH 0coGOH (asbl B
MeCTax MOBPeXICHHH onpenensorcs no popmynam (10.98)—(10.103).
OOGBI9HO SKBHMBaJNEHTHBIE COMPOTHBIEHHS CXEM 3aMEIEHHs OOPATHOM
H TIIPAMOH IOCJICA0BATENbHOCTEH ONMHAKOBBI WM OTIHYAIOTCA APYr OT

Aipyra Ha J0JHM NIPOLEHTa, O3TOMY B (opmynax s onpeneaeHus m, u
k, MOXHO npuusTE, YT0 Xp) = X} IlpH 5TOM ky =m =jXyy— Xp)-
Ecnu ewe yyects, uto no abcomntorHoi Benuunne k | 1 m, 3HAYUTENIBHO

Goble COOTBETCTBEHHO M, H k, , TO KO3 duLHEHTaMH m, u k, B Qop-

Mynax (10.110) u (10.111) MoxHO mpeHeGpeds (T.€. NPUHATH HX PABHBIMH
HyMo). 3TO NPUBOJUT K CYMECTBEHHOMY YIPOIICHHsS YKa3aHHBIX (op-
My

Iy = @ = Ei ; (10.112)
KAV k) Xy + Xy + X + Xy + Xpo + Xgo)”
. Ep,y Eyvy
g =24 . (10.113)
MAT m, T Xpy + Xppy + Xy + Xppp + Xo + Xig0)
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Ixp

a)

Puc. 10.9. BexTopHble JHArpaMMbl TOKOB B MeCTaX 3aMbIKaHHil Ha 3emito ¢asul B (a) n
da3sl C (6) B ceTH ¢ r1yx03a3eMJIeHHBIMH HeHTpaJIsAMH TpaHcdOpMaTOpoB

Kak BugHO 13 (10.112) u (10.113), eciu OAC EKA U E’MA COBIIAJAIOT
o (ase, TO TOKH NMPAMOH MOCIENOBATENBHOCTH 0CO6OH (asbl K41 H

I),4, Taxxe coBmajgaroT mo (pase. 3Hasg 3TH TOKH, HETPYAHO, HCIIOIb3Ys

bopmyist (10.94) u (10.95), mocTpouTh BEKTOPHBIE AMAarpaMMBbl TOKOB B
MecTax 3aMbIKaHMi Ha 3eMiro. Takue nuarpaMMbl IpeNCTaBIE€HBl Ha
puc. 10.9. Oy MOKa3BIBAIOT, YTO B MECTaX NMOBPEKICHUH TOKH 00paTHOH
HOC/IEA0BATENLHOCTH 0C000# (asbl M TOKH HY/IEBOH IOCIENO0BATEIb-
HOCTH CABHHYTHI 110 (pase Ha yrox 2n/3. Takxke Ha yroa 2m/3 CABHHYTH
1o ¢aze MOIHBIE TOKH HOBPEXKICHHBIX (a3.

CAyqai, KOFAQ HEATPAAU BCEX TPAHCHOPMATOPOB
He 3d3eMAeHbl

Ilpu stOoM cxema 3aMeLIEHHUs HYJIEBOH IIOCIENOBAaTEIbHOCTH (CM.
puc. 10.7, ) npeBpamaeTcs B AByXIOIIOCHUK, COIIPOTHBJIEHHE KOTOPOIro
cocTaBnser X, T.e. YUCICHHO PaBHO CONPOTHBICHHIO HYJIEBOH NOCIIENO-
BaTeJIbHOCTH YaCTH DICKTPHYECKOH LENH, 3aKII09eHHOH MeX Iy TOYKaMU
3aMbIKaHHH Ha 3eMiio K u M.

OueBHIHO, TPH OTCYTCTBUH 3a3¢MJICHHBIX HEHTpaJIel OCTAIOTCS CIIpa-
BemuBeiMu  cootHomeHus (10.94) u (10.95), a Takxke ypaBHEHHA
(10.96)—(10.101). A ypaBuenus (10.102) u (10.103) oxa3biBaroTCA
HENMPHUrogHpIMU. [109TOMY BMECTO HUX HEOOXOIUMO COCTaBHUTh JBa JApY-
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THX YPAaBHEHHS, yYHTBIBAIOWHMX 0COOCHHOCTH PEXHMA TIPH OTCYTCTBHH Yy
TPaHC(OPMATOPOB 3a3eMIICHHBIX HelTpaneil. OJHUM W3 Hux ABIISETCA
COOTHOLICHHE, YCTAHABIMBAIONIEE CBA3b MKy HANPSIKCHUIMU HYJIEBOi
IOCEI0BaTEILHOCTH B TOYKax K u M:

Uko = Unpo = =i X0 I - (10.114)

B 3ToM BBIpakeHHM 3a TONOXKHTENLHOE HaIpaBieHHe TOKa | ko TpH-
HATO HampaBjIEHHE OT TOYKH M K Touke K.
JononHuTENbHOE ypaBHEHHE 11e71ec000pa3sHO COCTAaBHUTh HCXOHS M3

yCJ'IOBPISl, 4qTo HpPI OTCYTCTBI/II/I B C€TH, rae l'IpOPICXOJIPIT lIBOﬁHOC KOpOTKOC
3aMBIKaHHE Ha 3eMIII0, 3a3¢MJICHHBIX HeHTpanel Tpancdhopmaropos cipa-
BEIJIHBO COOTHOIIECHHUE:

1 kgt I MC = 0
HIHN

Ixg = —Iyc-

IIpu 5TOM, KaKk BHIHO U3 TOXIECTB (10.94) u (10.95),

Ixg = =1y (10.115)

OueBHIIHO, H OCTaNbHBIE YIEHBI TOXKIECTBA (10.95) ornmyarotcs ot
WIeHOB ToxaecTBa (10.94) TO/MBKO 3HAKOM, YTO MO3BOJISET BCE CUMMET-

MYHBIE COCTABIIAIOMIKE TOKA B . .
p i1 TOYKe 3aMbiKaHus K (T.e. [y, ¥ Iy ), a

TaKXXE UM TOKA B TOYKE 3aMBIKaHHUS MBpra3I/ITI> 4epe3 TOK iKAI )
Igr = alg, s (10.116)
. _ 2.
Ivg = alr gy (10.117)
Inpay = —alg gy (10.118)
Inpan = I ays (10.119)
. _ 2.
Ino=—a"l,,. (10.120)
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3T0 1aeT BO3MOXHOCTh BoipaxeHus (10.98)—(10.101) mpeacraBuTe B

Buzie PyHKUMH ToKa [y,

UKAl =EKA _j(XHl+XK1)jKA1+jXHlaIKA1; (10121)
Upiar = Eya 7% Ixar + (X + Xyalg s (10.122)

UKAZ = —j(XHZ + XKz)aiKAl +jXH21KA1 N (10123)

Uppin = —iXmalay + i (X + Xap) 41 - (10.124)
Teneps HaiizeM pa3HOCTb JeBbIX YacTeH ypaBHenu# (10.96) u (10.97)

H B ony4eHHoe cootHomenne BMecTo Uy 1, Uyyq s Ugyn 1 Uypyyp mOR-
craBuM Bhipaxenus (10.121)—(10.124), a pasnocts Uy, — Uy, 1pen-

CTaBUM Kak (pyHKHHIO jKAl’ HCIT0JIB3Y4 C 3TOoH LECIbK0 BBIPAXCHHUA
(10.114) u (10.117):

. . 2 .
d'Ey - akyy, — j(2Xy + 22Xy + Xy + Xop + Xea + Xyp)@ g1 +

. . . 2 . _
+ j Xy (1 + @)l gy +j X (1 + a)lgyy —jXj0a Iy = 0.
ECJII’I Tenepb yMHO)KI/ITB BC€ YJICHBI 3TOI'o ypaBHeHI/Iﬂ Ha KOMIIJICKC a
M ydecTb, 9To a + @ = —1, To moay4nm
. 2E
Exy—a Eyy

io= . (10.125)
KAV 53Xy, + 3 Xy + Xy + Xopy + Ko + Xypp + X o)

OcrallbHble CHMMETPHYHEIE COCTABIIIIONIME TOKOB B MECTaX 3aMbIKa-
HUM Ha 3emiro ompenenstorcs no ¢opmynam (10.116)—(10.120). Ha
puc. 10.10 npuBemeHbl BEKTOPHBIE AHArPaMMbl TOKOB B MECTax 3aMbIKa-
gui. Kak BHMIHO, TOKH MOBPEXIEHHBIX (a3 B MeCTaX 3aMbIKaHHM Ha
3€MIII0 CIBHHYTHI IO (a3e Ha YIol T H COCTaBIAIOT

. . 2 .
Ixp = —Iyc=3a Igq-
VIcKkoMble HampshkeHHs NPAMOH M OOpaTHOM MOCIENOBaTEIbHOCTEH
HenoBpexeHHoN (asbl 4 B Toukax K u M onpenensorcs no popmynam
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Iyypy FMZ
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“Jna MAL
Ixp S e
a) 0)

Puc. 10.10. BekTopHbIe {HarpaMMbl TOKOB B MeCTaX 3aMbIKAHHI HAa 3eMJII0 da3bl B (@)
¢a3br C (0) B ceTH ¢ He3a3eMIeHHBIMH HEHTPAIAMH TpaHcdopmaTopos

(10.121)—(10.124), a HanpskeHHs HYIEBOH MOCIEIOBATENHHOCTH —
u3 popmyn (10.96) u (10.97).

10.6. PacyeT HecummeTpuMu Npu o6pbiBe NPOBOAHMKA
OAHOM Pa3bl H OAHOBPEMEHHOM OAHOCPA3ZHOM
KOPOTKOM 3AMbIKOHMM C UCNOAb3OBAHMEM NPOU3BOAHOM
CXEeMbl NMPSAMOU NOCAEAOBATEALHOCTH

Jlns pacdera CIOXHOH HECHMMETPHH TaKOTO BHIa Kak OGPEIB IIPOBO/I-
HHKa OIHOH ()a3bl NMHMH JNIEKTpOIEpenaqu, NMPH KOTOPOM OMH €ro
KOHEL COSAMHSAETCA C 3eMIIeH, a BTOPOH KOHEIl OKa3bIBAETCS H30IMPOBaH-
HbIM, OOBIYHO TPHMEHSIOT METO, OCHOBAHHEIH HAa 3aMeHEe B OCHOBHOM
CXeMe 3aMELICHHsS NPSAMOH MOCIEN0BATENLHOCTH O6OMX MOBPEXIEHHUI

(re. Ugy, u Uy, ;) Taxk Ha3BIBAEMOH Mpou3800HOi I SKEUBANEHMHOT

cxemoii npsmou nocredoéamensrocmu. IlpudeM napamMeTpsl 3TOH CXeMbI
ONPENENAIOTCS TONBKO MAPaMETPaMH CXEM 3aMEIIEHHs OOPaTHO# 1 Hyle-
BOH [IOC/IEN0BATENBHOCTEH. DTOT METOJ MO3BONAET PAacieT TOKOB M
HaNpsHKEHHWH B CXEME 3aMEIIEHHUs IPSIMOM MOCIIEN0BATEIFHOCTH CBECTH K
pacyeTy 3KBHBAJICHTHOIO TpexX(a3HOro KOPOTKOIO 3aMBIKaHHS. UTOOHI
COCTaBUTL MPOU3BOJHYIO CXEMY, HEOOXOMUMO KPOMe cobcmeennbix ypas-
HeHutl npamot nocnedo8amenbHOCMu, KOTOPbIe CBA3BIBAIOT HANPSKEHHSL
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¥ TOKH IPAMO#i TOCIENOBATENBHOCTH B MECTaX KOPOTKOTO 3aMbIKaHUA H
06phiBa Yepe3 mapaMeTphl CXEMbl 3aMCLICHHS NMPSMOH MOCICN0BATEb-
HOCTH, COCTAaBHTh TAKKe TAK Ha3BIBAEMBIC 0COOble WM HecoOCMmeeHHble
YPasHeHUs NPAMOii nOCIe008amenbHOCMU, KOTOPBIE CBA3BIBAIOT HANPSKE-
HHA ¥ TOKH NPAMOM NOCIEN0BAaTENbHOCTH B MECTaX HECUMMETPHH gepes
IapaMeTpsl CXeM 3aMelleHHs OOpaTHON M HYJEBOM IOCIENOBATCIIBHO-
cteil. CyIHOCTD 3TOr0 METOAA U3JI0XKEHA HHXKE.

Ha puc. 10.11 moka3aHbl OCHOBHas CXeMa 3aMCIICHHA TPSIMO nocne:
noatenbHocTH (puc. 10.11, @), a TaKkxKe CXeMbl 3aMELICHHUA g6paTHon
(puc. 10.11, 6) u Hynesoii (puc. 10.11, 6) mOCIEN0BATENLHOCTCH IIPUME-
HUTENBHO K pAacCMaTpMBaeMOWl HECHMMETpHH. 3a TOJOXHTEIbHOE
HaIpaBJIeHHe TOKOB IIPHHATO, KaK OOBIYHO, HANPABICHHE K MECTY KOpOT-
KOTO 3aMbIKaHH, 32 NIOJOXHTEJILHOE HalIPaBICHUC OIC — ot HeHTpanei
MCTOYHHKOB SHEPTHHU B CETb, a 3 MOJIOXKHUTENLHOE HANPABICHAC naaeHus
HanpsokeHus (TOYHEe PpasHOCTH HanpsKeHHi) B MecTe OOpbiBa —
HaNpaBJIeHHe, IPOTHBOIIONOXKHOE MONOXKHUTENLHOMY HAalPaBICHHIO TOKA B
BETBH, IJ€ Mpou3oLIen oOpEIB.

: AU,
Eg  Xg kK L "t

o e
—@—{__,"‘. o — @
Tear™ I 111(,41 T
Uean (&
a)
AU .
— o~ =
Tenr 1142 lfmz U
Uk (
6)
AU, ,
Ja K L DL Jn
— ) v\ -~
Iy | g Tpo

b

6)

Prc. 10.11. Cxembl 3amMelieHHS NPAMoi (a), 06paTHoi (6) 1 HyJIeBoii (6) MOC/IE0BATENLHO" -
cTeii mpu o6puiBe da3bl H 0HO(GA3HOM KOPOTKOM 3aMbIKAHHH
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Wcxons u3 mpuBenenHeix Ha puc. 10.11 cxem 3amemenus mnpsmoi,
00paTHOM U HyNEeBOH MOCIEN0BATENBLHOCTEH H BHIOPAHHBIX MONOKHTENb-
HBIX HAaNpaBICHUH TOKOB M HANPSAXKEHHH MOXHO COCTAaBUTH CIIEXYIOIIHE
ypaBHEHHMS:

Ui = Egy —jXGl(jKAl -1, 1) ; (10.126)

AUpgr = By = Egq =i Xp1 L4y +jXGl(IKA1 —ILAl) 5 (10.127)

Uz = —jXGZ(jKAZ - .LA2) ; (10.128)
AUy = =i Xpal 2 +jXGZ(jKA2 - iLAZ) ;o (10.129)
Ugo = 5 Xgo(Ixo ~ o) : (10.130)

AUpo = = Xpolyo + iXgo(Ixo ~ I1) - (10.131)

VYpasuenus (10.126) u (10.127) sBasiroTcs yNOMSAHYTHIMH BBILIE COO-
CTBEHHEIMH ypaBHEHHSMH NPSAMOIA [I0CIE€N0BATEILHOCTH.

B cayyae paccmarpuBaeMoi CIOXKHOH HECHMMETPHH CIpaBEIJIHBHI
BCE COOTHOILCHHS JJIs CAMMETPHYHBIX COCTABIIAIOIINX TOKOB U HaIpsKe-
HHH, CIIEAYIOIMX U3 TPaHUYHBIX YCIOBHIA Kak JUis OOHO(A3HOro KOpOT-
Koro 3ambikaHus [ypaBHenus (8.19) u (8.20)], Tak U HECUMMETPHH, CBS-
3aHHOM C 0OPBIBOM NMPOBOAHHKA OHOM (assl [ypasHenus (9.7) u (9.8)].

Ecnu u3 ypaBrennii (10.128)—(10.131), (8.19), (9.7) u cooTHOmEHHH
(8.20) 1 (9.8) HCKITIOYUTH TOKH U HANpsKeHHs 0OPaTHOM U HyJeBOH Ioc-
JIEIOBATENbHOCTEH, MOXHO IOJNYyYHTh [Ba YPABHEHHS, CBI3BLIBAIOLIHE
TOKH M HAIpPsXEHHs NPsAMOH MocnenoBarelbHOCTH (0co6kle MM HECOO-
CTBEHHBIE YPaBHEHHs) B BUIE

UKAI =jXKjKA1 +jXKLiLA1; (10.132)

AU 41 =Xk Iga YIX I 405 (10.133)

e Xy u X; — COGCTBEHHbIE CONPOTHBICHHS; Xy, M X, — B3aHMHbIE

COMPOTHBICHUS MEXy TOYKOH KOPOTKOTO 3aMbIKaHHs H MECTOM OOpBIBa.
Hist onpeneneHus 3THX CONPOTHBIGHHH CHadala HaiifieM CBs3b

MEXly TOKOM HYNEBOH IIOCIeIOBATENbHOCTH B MecTe oOphiBa [, M
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TOKaMH TPAMOM TocHenoBaTenbHOCTH g,y U I 4. C 9TOH Uenbio B
cootBeTcTBHH C (9.8) mpupapHsiem npasble Yactu (10.129) u (10.131):

JXgalar —J(Xga + Xp)Ip 42 = i Xgolko =7 (KXo + Xpo)lyo- (10.134)
Ho B cootBetcTBuH € (9.7)

Iy g0 = ~1Ipq 10>
HIO3TOMY

JXalk a2 + I Xea + Xp)lp 41 =
= jXgolko =i (Xga + Xpy + Xgo + Xpo)lpo-
VuutsiBas (8.20), Haxogum

i =j(XGO — X)) xa1 —J Xy + X))l 41
Lo J(Xgy + Xy + X + Xpg)

(10.135)

HaiineM Takxe CBS3b MEXLY TOKOM /; ,, ¥ TOKaMH MPAMO# mocieso-

BaTeNbHOCTH Iy 4y W I} 41 . C 3TOH LIENBIO B COOTBETCTBHH C (9.7) Tox I
B (10.134) npeacraBum Kak

Ipo = ~Toar ~1Tpaz-
Torga Beipaxxerue (10.134) npumer BUx:

JXG2lkar —J(XGa + Xp)) 42 =

= iXgolko —J(Xgo + XFO)(—ILAI - ILAZ) :

VuutsiBas (8.20), nonyqaum:

J X2~ Xgo) ga1 —FXgo + Xpo)lp 41 =
= j(Xgy + Xpp + X0+ Xpo) 142>
OTKyzIa

P J X2 = Xgo) ka1 —JXgo * Xpo)p a1
L42 J(Xgy + Xy + Xy + Xpg)

(10.136)
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CornacHo ypaBHeHuI0 (8.19) HampsixeHue UK 41 CBA3aHO C UK 42 H
U Ko COOTHOLIEHHEM
Ugar = = Ukaz = Uko
uiH, B coorBercTBuH ¢ (10.128) 1 (10.130)
Ugar = 71Xy + Xgo ka1 —iX2lpa2 =7 XGo 110
Ecnu ¢ momomsro (10.135) u (10.136) HCKITFOYHUTH M3 3TONO COOTHOIIE-

HHA TOKH [ u I} 4, TO IONTY9HM:
Ugar =7 (X2 + Xgodlgay —

y J X2 = Xgo)ga1 —J KXo+ Xpo)lpar
9 J(Xgy+ Xpy + Xy + Xpg)

JXGo = X)) ka1 —J(Xga + X))y 4

—J ‘ =
6o J(Xgy + Xpy + X0+ Xpo)
2
(Xg2 — Xg0) .
= f[Xaz + Xgo — Ixqr *
Xy + Xy + Xy + Xpg KA1

N jXGZ(XGO + Xpg) + Xgo(Xgy + XFZ)I'

Xea + Xy T X + Xpo LAl
= X Tear ¥ i Xz Ip a1 » (10.137)
roe
2
(XGZ _XGO)
Xy =Xgy+ Xgo - . (10.138)
Xy T Xpp + Xy T Xpg
Xer(X g + Xg) + Xeo(Xpy + X
= G2\ GO FQ GO( G2 F2) (10.139)

Xy ¥ Xpp + Xy + X

Haiinem conpotusnenus X, u X;, Bxonsamue B ypasHenue (10.133).
B coorBercteum ¢ (9.8), (10.129) u (8.20)

AUy = AUy =7 Xl a1 =T ( Xy + Xpp) I 45 -
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Ecnu ¢ momouisio (10.136) ucKmouuTh OTCIOAa TOK I; 45, TO MOy~

YUM.:
AUy 4, = jXgalyar =Xy + Xpp) %
J (X2 = Xgo) ka1 —iXgo + Xpo) 41 _
% J (X + Xz + Xy + Xpo)

X2(Xgo + Xpo) + Xgo(Xgp + X))
= KAl
/ Xy + Xpy + Xgo + Xpo

+ Xgp) . -
Hor T Xr)Xeo* Xpod j oy joix i (10.140)
X2 ¥ Xpa + Xgo + Xpo

+

rae
X o(Xgot Xpo) + Xgo(Xg o + Xp))
L Xt Xpy t X0+ Xpg
(X, + Xp )Xo+ Xpo)
X2+ Xpy T XG0+ Xro

, (10.141)

10.142
X, ( )

Bripaxenus (10.139) u (10.141) moka3bIBatoT, YTO NpH OOPEIBE MPO-
BOJHHKA KaKo#-1H00 ()a3bl M OTHOBPEMEHHOM OAHO(A3HOM KOPOTKOM
3aMBIKAaHHM TOH ke (pa3bl B3aMMHBIE CONPOTHBIECHHSA Xy, U X}, PaBHBL

ITpu sTom ycmouu ypasaenus (10.132) u (10.133) MOXKHO NpeNCTaBHTh B
BUIE:

Ugar = _jXKL(jKAl - .LAI) Xy + X  gans (10.143)

Upar = - (_jXKL)(iKAI ~Ip4 1) XL+ X M yy - (10.144)

OTHM ypaBHEHHMAM COOTBETCTBYET IPOCTask NPOU3BOOHAs UIIH IKEUBA-
JIeHMHAs cXeMa 3amewjeHus npamou nocnedoeamenbuocznu, KOTOpast
npexncrapiena Ha puc. 10.12 (o6BeneHa MyHKTUPHOH JTHMHKMEH) COBMECTHO
C OCHOBHOU cXeMOti 3ameuyerus NPAMOU NOCIe008amelbHOCHU.

CoBMellieHHe TPOU3BOIAHONW CXEMBl 3aMeLIeHHs INpsAMOH HOcCienoBa-
TENIBHOCTH, MapaMeTphl KOTOPOH OIpenNelsioTCs TOJNBKO napameTpami
cXeM 3aMelIeHUs oOpaTHO# W HyJEeBOH MOCIENOBaTENbHOCTEH, C OCHOB-
HO# cXeMoii 3aMellleHHst IPAMOH IOCIESI0BATENFHOCTH IO3BOJISET pacyer
TOKOB M HampsOKCHHH MNpsSMOH IIOCIENOBaTeNIbHOCTH IIPU CIOXKHOH
HECHMMETPHH CBECTH K DPacyeTy 3THX BEIHYHH NpPH DKBHBAJICHTHOM
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Puc. 10.12. OcHoBHAR 1 Npou3BoAHAS (3KBHBAJIEHTHAR) CXeMbI 3aMeleHHS NpsiIMOii moc.ie-
J0BATEILHOCTH

TPeX(asHOM KOPOTKOM 3aMBIKAHHH B Touke M. OuesnnHo, Tok Iy,
paBEH TOKY OSKBHMBAJICHTHOTO TPeX(a3HOTO KOPOTKOrO 3aMBIKaHHS Ha
KOHIIE POU3BOTHOH CXEMBI 3aMELIIeHH s, a Pa3HOCTh HaIPXKEHUH PAMO

TNOCIIENOBATEILHOCTH B MECTe OOpHIBA (T.€. MEXAY TOUKAMH L un Ll')

OMPENEIIETCA CyMMOH NafieH!i HaNPSKEHUH B CONPOTHBIEHUH — k1, OT

T0Ka Iy o1 —1I; 4, U B CONPOTHBICHHHU X; + Xp; OT TOKa I 4.
Crenyer orMeruTs, 4T0 NPOM3BOAHAS CXeMa 3aMELIEHHUs NPAMOH MoC-
JICIOBATCILHOCTH  OKA3bIBACTCA CPABHMTENBHO MPOCTOM TONBKO MpH

BEUTOTHCHHM TIDUHLANIA B3aHMHOCTH, T.€. IpH Xy = X, .. B obmem xe

CiIy'ae IpH CII0XKHBIX HECUMMETPHYHBIX MOBPEXKIACHUSX MPHHIIMIT B3aHM-
HOCTH He cobnromaercs, T.e. Xy, # Xk Tlpu 3TOM mpom3BONHAA cXema

3aMCIICHUA HpﬂMOﬁ MOCJICN0BaTCIABHOCTH YCIO0XKHIETCS. HaanMep, Inpu
pacueTe IBOWMHBIX 3aMBIKaHHUIH Ha 3€MJII0 C HCIIOJIb30BaHHEM IIpOMU3BOa-

HOH CXeMBI NpSAMOI MOC/IENOBATENLHOCTH B TOCTICAHION TPUXOAUTCS
BKJII0YaTh JOMTOJHHUTENbHBIM HCTOYHHK TOKA.



rnasa 11

CONPOTUBAEHUA PA3AUYHBIX DAEMEHTOB
SAEKTPODHEPFETUMECKOWU CUCTEMbI
NO OTHOLLEHUIO K TOKAM OBPATHOM
U HYAEBOW MOCAEAOBATEAbHOCTEU

11.1. BAMAAHME KOHCTPYKTHBHbIX OCOOEHHOCTEH
PA3AUYHBIX 3AEMEHTOB JAEKTPOIHEPreTUHECKOH
CUCTEMbl HO UX COMPOTUBAEHUA oGpci'rHou M HYA€BOMU
NOCA€AOBATEAbHOCTEU

ConpoTHBIIEHHE JTI000r0 IEMEHT Tpexq)asﬂofl (MHorod)aPHoﬁ) oneK-
TPUUECKOH LIEMH MO OTHOLICHHIO K TOKaM IpAMOH, o0paTHOH M HYJIEBOH
IOCIEIOBATENBHOCTEH OOBLIYHO [UI KPaTKOCTH HA3BIBAIOT CONPOTHBIC-
HHeM NpAMOIi, 06PaTHOH U HyJIE€BOH MOC/IEA0BATEILHOCTH. 5

ConpoTuBIeHHs IPAMOH, 0OpaTHOH H HyJIeBOH IOCIIEA0BaTENbHOCTEH
OTHEJBHBIX DIIEMEHTOB JICKTPHYECKUX LEMeH JIEKTPOIHEPreTHICckix
CHCTEM B 3aBHCHMOCTH OT KOHCTPYKTHBHOTO BBITOIHEHHS 9THX SIEMCH-
TOB MOTYT ObITh OJMHAKOBHIMH MIIH Pa3HBIMH. C 3TOit TOUKH 3peHUs BCe
3JIEMEHTHI MOXHO pa3Jie/IuTh Ha TPY IPyNIbL: } §

cTaruuecKde dIeMEHTHI (T.€. dJIeMeHTHl 6e3 BpaIarolnXcs yacrei), y
KOTOPBIX OTCYTCTBYET B3aMMHas HHIYKTHBHOCTb MEX/Y dbazamu;

cTaTMYeCKHe JJIEMEHTHI, 00NafalolKe B3aUMHOM HHIYKTHBHOCTBIO
MeX Iy OTAETbHBIMHU hazaMHu;

BpalIaroIHecs dIEKTPHISCKUE MAIIHHEL.

VIHIYKTHBHOE CONPOTHBICHHE CTATHYECKUX 3IIEMCHTOB JNIeKTpHYE-
CKHX LieTieH, (a3bl KOTOPHIX HE CBA3aHbI MEXAY c0060l1 MarHUTHBIMH TIOTO-
KaMH B3aMMOHMHIYKIHH, ONPEAEIAETCA TOJBKO IIOTOKaMH CaMOUHYKIH,
[I03TOMY COIPOTHBICHHS MPAMOH, 00paTHOM M HyJI€BOW MOCIEA0BATEIIb

HOCTH STHX IEMEHTOB OJMHAKOBEI. K TakuM 3JeMeHTaM OOBITHO OTHO-
CAT TOKOOIPAHHYMBAIOUIHE PEAKTOPHI, TaK KaK y HHX MarHHTHad CBSI3b
Mexay (azaMy HE3HAYUTENbHA. 5

OCOGEHHOCTh CTATHYECKHMX OJJIEMEHTOB, OONajalomuXx B3aHMHOU
MHIyKTHBHOCTBIO MEXJy (asaMH, COCTOHT B TOM, HTO IIpH paBEHCTBE
COOCTBEHHBIX HHAYKTHBHOCTEH OTAENbHBIX (a3 M B3aMMHBIX MHJyKTHB-
HOCTeH MexXIy Kaxmoi mapod ¢a3 OJHHAKOBBIMU SABJIAIOTCH TOJIBKO
COMPOTUBICHHS MPAMOH H o6parHoi MOCIEN0BaTEIbHOCTH. A MHIYKTHB-
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HOE€ CONPOTHMBICHHE HYJIEBOH IOCIIEAOBATENbHOCTH (a3 Gonblie, yem
npsaMoi (0OpaTHOH) MOCIEZOBATENFHOCTH. DTO OOBACHAETCS TEM, YTO
NpH TOKax HyleBoH nocnenoBarenbHOCTH JJ[C B3aMMOUHIYKIHH B KaX-
noii dasze oT Toka n060i#t Apyro# ¢assl coBnagaet no ¢aze ¢ IC camo-
UHIYKIHH, TOrJa Kak IpH TOKax IpsMoH (oOpaTHOH) mocnenoBaTelb-
dHoctu OJIC caMOMHIYKIHHK B KaxI0i (ase u pesynstupyromas DJIC B3a-
AMOMHYKIIMH OT TOKOB BYX NpYyrux (a3 HaxonsaTcs B mpoTHBO(da3e.
WHayKkTHBHBIE CONPOTHBICHUA NMPSIMOM, 0OpPaTHOM U HYIEBOM mocie-
JOBAaTEIbHOCTEH BPALIAIOMIMXCS JJIEKTPHYECKHUX MAIUHH HEOIAHHAKOBEI,
TaK KaK pa3snu4Hbl (U3MYEecKHe MPOLECCH, HMEKIHE MECTO B TaKUX
MalllHHaX NpPH CHCTEMaxX HampsOKEHHH W TOKOB Pa3HBIX MOCIIENIOBaTE/Ib-
HOCTEH. DTO CBA3aHO C OCOOCHHOCTAMH KOHCTPYKTHBHOTO BBIIIOJIHEHHUS
BpAI@IOIUXCA 3JIEKTPUYECKHX MallHH, a Y CHHXPOHHBIX MAalldH H C
HaJM4YHEM COOCTBEHHOTO BpallalouIerocs MarHuTHoro mojs. Cucrema
TOKOB IIPSMOM IIOCJI€OBAaTEIbHOCTH CO3MAET JOMOIHHUTEIbHOE MarHHT-
HOE II0JIe, Bpallaiouieecs B Ty )K€ CTOPOHY, YTO U COOCTBEHHOE MarHuT-
Hoe mone MamuHbl. CHCTeMa TOKOB OOpaTHOHM IOCIEN0BaTeIbHOCTH
BBI3LIBAET MOSBIEHHE MAarHUTHOTO IO, BPAILAIOIErocsi B OOpaTrHOM
HanpaBlIeHHH. A CHCTEMa TOKOB HYJIEBOMH IOCIIEA0BATEILHOCTH CO3/IaET B
MalllMHE IYJIbCHUPYIOIEE MarHUTHOE IOJE, KOTOPOE HMEeT 0coboe pac-
npeleleHHe B MarHUTHOM CHCTeMe MaliHHbl. MarHuTHBIE IIOTOKH,
CQ3[aHHBIC TOKaMH HYJIEBOH I0CJIENOBATEILHOCTH, OJHOBPEMEHHO BO
BCeX Tpex (pazax HampaBJIEHbI K POTOPY MIIH OT HETO M BBIHYKAEHBI 3aMbl-
KaThbCs OT POTOPA K SIKOPIO B TOPLEBBIX YaCTAX MALIMHEI HE 110 CTaJIH.

11.2. CUHXPOHHbIE MALUUHbI

ConpotusieHue oOpaTHOH MOCIENOBATEIFHOCTH CHHXPOHHOM MAIHHEI
HE ABJIAETCS B MOJTHOM CMBICIIE KOHCTAHTON MAalIWHEI, @ MOXXET IPHUHHUMATh
pa3sHble 3HaYE€HHs. JTO OOBACHAECTCS MarHUTHOM H 3JIEKTPHIECKOM HECHM-
METPHEH €€ POTOpa M CBS3aHHBIM C 3THM HEPaBEHCTBOM NapaMeTpOB IO
IPOIOIBLHON M MONEPEYHOH ocsiM poTopa. CliencTBHEM MarHUTHOH HECHM-
METPUH POTOpa SIBISAETCA HEPABEHCTBO CONPOTHBICHHH B3aUMOMHIYKIHH
MeXy OOMOTKOH SKOpS M KOHTypaMH pOTOpa IO MPOAOILHON H MOIeped-
HOW ocaM X, u X, o> & CTIEIICTBHEM JIIEKTPHIECKOH HECHMMETPHH — Hepa-
BCHCTBO MHAYKTHBHBIX COINIPOTHBIECHHUH paccesHHUs U aKTHBHEBIX CONPOTHB-
JIEHUH IPOJONBHOTO M IIONEPEeYHOro AeMndepHsix KOHTYpoB. OOMOTKa
B030y>KI€HHU, OKa3bIBasi BIMSHHE TOJIBKO Ha MPONOIHHOE MArHMUTHOE IIOJIE,
YBEIHYHMBAET JIEKTPUYECKYI0 HECUMMETPHIO POTOPA.

OC00EHHOCTh CONMPOTHBIICHHS 00PAaTHOM MOCIEN0BATENLHOCTH CHHX-

A pOHHOf/i MallWHBI 3aKIIKYacTCsd M B TOM, YTO €r0 3HAQUYCHHE 3aBUCHUT OT

IIPUYHUHBI MTOSIBJICHHUS TOKOB 06paTHOﬁ IMOCJICI0BAaTCILHOCTH.
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Toku o6paTHOM MOCIENOBATEIBHOCTH CO3JAIOT B MallMHE 0OpaTHO
BpallaloNieecss MarHUTHOE T0JI€, HaJIHYHE KOTOPOIo MPUBOAMT (CM. III. 6)
K TOSBIEHHIO B KOHTYPax pOTOpa TOKOB JBOMHON 4acTOTHI, a B OOMOTKe
sikopst — JJIC o6paTHO# MOCIIe0BaTeIbHOCTH OCHOBHOM 9acToThl M O/IC
HpAMOH TOCIIEJ0BATENLHOCTH TPOHHOH 4YacTOTHl. BiusHue mocienHei
3aBHCHT OT YCIIOBMH BO3HHKHOBEHHMs TOKa OOpaTHOM MOCIEHOBaTelNb-
HOCTH B MamuHe. B oTeuecTBEHHOM U 3apyOeXHOH JHTEpaType CyIECT-
BYET TPH IOAXO0Aa, NAIOLIKMX XOTA U pa3Hble, HO OIHM3KHE pe3y/bTaThl. ITH
TPH NOAXOAA 3aKJIHYAIOTCS B CIELYIOIIEM:

1. Yepes oOMOTKY sAKOps MAalIMHBI MPOIIyCKAETCSA CHHYCOUTANbHBIH
TOK O0OpaTHOM MOCIeN0BaTeNbHOCTH I, NPOMBINUIEHHOH YacTOTHl OT

HCTOYHHKA TOKa, T.€. IIPH CONPOTHBJICHUH BHEIIHEH LenHu (110 OTHOLIE-
HHIO K SKOPIO MalllMHBL) X, == .

2. K 06MOTKe sKOps MalIHHBI MOABOAMTCA CHHYCOUIAIbHOE HAIIPsKe-
HHe 00paTHO#M mnocneRoBaTeNbHOCTH U, NPOMBIIUICHHOH YacTOTHI OT
WCTOYHUKA HANpSKEHHs, T.e. NPU CONPOTHBICHMHM BHEIIHEH uenu (1o
OTHOIIEHHIO K AKOPIO MaluHbl) X, = 0.

3. IlosiBneHune TokOB 0OpaTHOM MOCIEN0BATENLHOCTH B MAIIHHE SBJISA-
€TCS CIIEACTBHEM T€X WM UHBIX IIPHYHH, BOSHHMKIIHX B CETH CHCTEMbI H
00yC/IOBUBIIHX HECHMMETPHIO TOKOB B IKOpe MalIMHbI pu 0 <X, < 00,

PaccMOTpHM cHayana 3TH MOAXOAb! 0e3 ydera BIHMAHHUS JeMI(EepHBIX
KOHTYPOB CHHXPOHHOH MaIlIMHBIL.

B nepBoM ciiydae — MpH MOAKIIOYEHHH OOMOTKH SAKOPS CHHXPOHHOM
MalI{Hbl K HICTOYHUKY CHHYCOHIATBHOIO TOKa 06paTHOH MOCIen0BaTe b-
HOCTH B 3TOM oOMoTke HaBomutTcsa JJC mpsamoil mociaenoBaTeIbHOCTH
TpPOMHOM yacToThl. Ho TOKa TpOHHOH YacToThl B 06MOTKe sAkopst aTa I/C
He BBI3BIBACT, TaK Kak X, = = 00. [Ipu 9Tom HanpsbxkeHHe 00paTHO# mocie-

N0BaTebHOCTH U, , HANpsKEHHE MPSAMOH MOCJIEeN0BAaTEIbHOCTH TPOHHOR

9acToThl Uj (35 M TOK 00paTHOH MOCIEN0BaTENILHOCTH [, CBA3aHBI COOT-
HOLLEHHEM
© —jot | o 3ot _ .

IpHYEM B MOMEHTHI COBITaZleHHsI MAarHUTHOTO MOJIA TOKa 0OpaTHOM mociie-
JOBATeJILHOCTH C MPOXOJIBHOM U MONEPEeYHOH OCAMH POTOpa ClaracMele
neBo# gactu opmyunsl (11.1) HanpaBiieHbl COOTBETCTBEHHO OJHMHAKOBO H
B3aHMONPOTHBOMONOXHO. [[03TOMY HamnpsKeHHE NPSIMON IOCIENOBa-
TEJNILHOCTH TPOWHOM 4acTOTHI MPAKTHYECKH HE BIHUAET HA CPeIHEE HAIps-
’KEHHE Ha BHIBOJAX MalIMHEI. BcleacTBue HeCHMMETPHH POTOpa MarHuT-
HOE I0JI€ TOKa 00paTHOM MOCIENOBATEIbHOCTH NEPHOAMYECKH H3MEHS-
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erca. COOTBETCTBEHHO H3MEHSETCS M HANPSKEHHE o0patHoO# mocnenoBa-
TENBLHOCTH OT U, . — NpH COBNAaJEHHH MArHUTHOTO TIOJIS TOKA obpaTHoif

ClI 7
NOCIEI0BATENBHOCTH C POMONBHOM OChIO POTOpPA, [0 U2 max — TIPH COB-

NaJCHUH YKa3aHHOI'O MarHUTHOTO I10JIS C rlonepequﬁ OCBIO pOoTOpa, npu-
4YCM 3TH 3HAYCHHS CBS3aHBI C TOKOM OGpaTHOﬁ NOCI€a0BaTEILHOCTH
AKOPA COOTHOLIEHHUSIMH:

. R

Us min = =7 X513

. . (11.2)
U2 max —]Xq 12'

O6b14HO HampsKeHHe OGPAaTHOW MOC/IEI0BATEILHOCTH OIPEHEISIOT

KakK CPCI{HCC apH(l)MCTH'ICCKOC H3 MHHUMAJIbHOI'O U MaKCHMAaJILHOI'O 3Ha-
YECHHHU, T.C.

. . ,

U _ U2min+ U2max _ .Xd+Xq

) 5 = —j > 1, (11.3)
MO3TOMY CONPOTHBIICHHE O6paTHOﬁ MOCJICT0OBATEIBLHOCTH CHHXpOHHOﬁ
MallIuHbl MPH NOAKIIOYEHUU OOMOTKH AKOPA K HCTOYHHUKY CHHYCOHAAJIb-
HOro TOKa 06paTHOPI IIOCJICI0BATEIILHOCTH ONpEACIAIOT Kak MOA4ylb
OTHOWICHHS CPEAHETO apHYMETHYECKOTO 3HAYEHHs HANPSIKEHHUS obpar-
HOH NIOCJICAOBATEIIPHOCTH K TOKY sIKOps

U, X;+X
X, =|=2 =—2—‘1. (11.4)
12

vBo BTOPOM CJTyHqaeB — IIpH NOABEACHHH K OOMOTKE AKOPS CHHXPOH-
HOH MaIlIHHBI CHHYCOMJAJIBHOTO HANpPSKEHUs OOPaTHOI MOC/IeI0BaTe b-
HOCTH OT HCTOYHHKA HANPSAKEHHS] — 10 OTHOIIEHHIO K HABOXHMOH DJIC
TPAMOM TI0CIICI0BATENLHOCTH TPOHHOH YaCTOTH 0OMOTKA SIKOPSI OKA3bi-
BaeTCs 3aMKHYTOH HAKOPOTKO (X, = 0). B pesynbrare 3T0ro0 B Heil BO3HH-

KaioT TaKHC TOKM MPAMOH I0CIeN0BATEIBHOCTH TPOHHON 9acTOThI, [IPH
KOTOPBIX HAaNPSDKEHHE NPAMOH IIOC/EI0BATEILHOCTH TPOMHOM YacTOTHI
Ha BBIBOZIAX OOMOTKH CTaHOBHTCS PaBHBIM HYIIIO.

Tox obpatHO# nocnenoBarenbHOCTH | » TOK MPAMOH MOCJIeA0BATENb-
HOCTH TPOHHO#H 4acToThI /; (3/) ¥ HanpsbkeHHe oOpaTHOM I10CIIe[0BaTE b~
HocTH U, cBA3aHBI Mex1y co60i COOTHOMIEHHEM

3jot _ U2

. —j(l)l .
12e +Il(3f)e —jz, (11.5)

197



TP 5TOM B MOMEHTBI, KOTla MarHUTHBIC TI0JI5 TOKOB o(épamoﬁ nocneno-
BaTeJLHOCTH H TPAMOH MOCIEN0BATENbHOCTH TPOHHOH HYaCTOTHI COBIIA-
JAIOT ¢ TPONOJBLHONH OCHIO POTOpPA, TOKH, ONPEAENACMBIC ClaracMbIMH
neBoii yactH Bepaxkenus (11.5), HampaBieHbl OMHAKOBO, a KOIJA MO
COBIMAJAIOT C IONEPEYHOH OCBI0 POTOPA, YKa3aHHEIC TOKHM HalpaBJIeHBl
B3aMMONPOTHBOIONOXHO. 1109TOMY TOK HpPAMOH MNOCIEN0BATENLHOCTH
TPOMHOM YaCTOTHI MPAKTHYECKH HE BIHMAET HA CPEAHEE 3HATEHMC TOKa
0OMOTKH SKOPSI MAIIUHBEI. 5
BcencTBie HECHMMETPHH POTOpa MarHMTHOE IMOJE TOKa obpaTtHo#H
IOCIeOBATENPHOCTH  IepHOnudecks u3MeHseTcs. (COOTBETCTBEHHO
M3MEHSIeTCS M TOK 0OPaTHOH MOC/IeZ0BATENbHOCTH OT I 1y, — TIPH COB-
aJeHHH MAarHHTHOTO TIOJS TOKa 0OpaTHOM MOCIEN0BaTENBHOCTH C IIPO-
JOJBHOM OCBIO pOTOpa, 10 I, i — MPH COBIAJEHHH YKa3aHHOrO MarHut-
HOTO TIONS ¢ IOMEPEYHON OChI0 POTOpa, MPHYEM YKa3aHHBIC 3HAUCHHUS
TOKa 06PaTHOM MOCIEN0BATENLHOCTH CBA3AHEI C MIOJBCACHHBIM Ifmamm{e
HaNpsIKEHHEM 00paTHOH MOCNe0BATEILHOCTH COOTHOMEHHAMMU:

e
12 max . . ?’
d { (11.6)
: U,
Dwin = I
q

T03TOMY CpefHee apubMeTHIeCKoe 3HaueHHe TOKa 00paTHOH MOCIeN0BA-
TEIBHOCTH

; =I'2max+12min=_._[é _1_ _1_
2 2 2\x, X,

ConpoTHBieHHe OOpaTHOH  MOCJIEN0BATEIbHOCTH CHHXPOHHOM
MAIUMHBI IPH TIOABEAEHHH K 0GMOTKE SKOPS CHHYCOUAANBHOTO HANPSKC-
HHs 0GPaTHON IOCIENOBATENLHOCTH OT HCTOYHHKA HANPSDKEHHA, ompene-
JNeMOe KaK MOJY/h OTHOIUEHHs HANpPSUKEHHs OOpaTHOH MOCIEA0BATEIb-
HOCTH K CPENHEMy 3HAYECHHMIO TOKa OOpaTHOH MOCICAOBATEILHOCTH,

COCTaBIIsAeT
) 22X, X
U o 2 279 (11.7)
s 1
I, '1‘, i Xat X,
Xa “q

Boipaxenuio (11.7) cOOTBETCTBYET IKBHBANCHTHAA CXEMa, MPEACTAB-

nennas Ha puc. 11.1. 3Ha4eHHe TOKa NEBOH BETBU CXEMBI C COMPOTHBIIC

.X2=
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HHEM X, YHCIEHHO PaBHO JAEHCTBYIOEMY 3HAYEHHIO TOKa OGpaTHOI
HOCJIE0BAaTENbHOCTH OCHOBHOH 9acTOTH, @ MOIYJIb TOKa IPaBO# BETBHU C
CONpOTHBIEHHEM X; — NEHCTBYIOMEMY 3HAYEHHIO TOKA TIPAMO¥ TOCIIe-

JOBaTeIbHOCTH TPOMHOM YacTOTHl (HO cxeMa Ha puc. 11.1 He orpaxaer
peabHOM 4acTOTHI 3TOro Toka). Bripaxenue (11.7) mo3BonseT nokasars,
Y4TO CONpPOTHBIEHHE OOpPaTHOH MOC/IeNOBATEIbHOCTH CHHXPOHHOM
MallMHEl 3aBHCUT OT COINPOTHBICHHS BHEIIHEH IO OTHOLIEHHIO K
MallpHe nenH (C 3TOH HEeNbI0 AOCTATOYHO B YKA3aHHOM BBIPAXKEHHH K

X;uX o, 100aBHTB X\ ¥ U3 [0JyYEHHOTO SKBHBANEHTHOIO CONPOTHBIIE-

HHs 0OpaTHOH MOCIIe0OBaTEeNbHOCTH MAIMHBI H BHEIIHEH LENH BHIYECTh
X)) 3aBHCHMOCTh CONpPOTHBICHHS OOpaTHOH MOCIENOBATENEHOCTH

MAIUHHbBl OT CONPOTHBICHHS BHEUIHEH LENH SABISETCS CIEACTBHEM LHp-
KyJlSLHH B 0OMOTKE SKOpS MalIHHBI TOKa TPOHHOH YacTOTHI, aMILIMTY/Aa
KOTOPOro siBisieTcsi QyHKIUEH 3Toro compoTuBieHus. B mpenene, mpu
CTPEMJIEHMH CONPOTHUBICHHUS K OECKOHEYHOCTH TOK TPOHHOH YacTOTHI
OKa3bIBa€TCs IIOJABICHHBIM U CONPOTHUBJICHHE OOpaTHO mocCiemoBa-
TEJILHOCTH CTPEMHUTCS K 3HA4YEHHIO, OIPENEISIeMOMY BBIPaXXEHHEM
(11.4). CootBeTcTByOLICE CONMPOTHBICHHE OOPATHOM MOCIENOBATENb-
HOCTH MOXXHO MOJIYYHTh U U3 cxeMsl Ha puc. 11.1, pa3sopBaB B Heit npaByio

BETBb C CONPOTHBIEHHEM X ).

B TpeTtheM ciyyae — npu HOABIEHUH TOKA 0OPATHOM HOC/I€N0BATENb-
HOCTH B OOMOTKE SIKOPS BCIIEACTBHE KaKHX-JIHOO MPUYHH B CETH SHEPIO-
CHCTEMBI (HampUMEpP, HECUMMETPHYHOE KOPOTKOE 3aMBIKAHHE MpH
0 <X, < ©°), BO3HMKHOBEHHE B 3TOH OOMOTKE TOKa MPSIMOii IoCIes0Ba-

TEIBHOCTH TPOHMHOHM 4aCTOTHI CONMPOBOXKAAETCS MOSBICHHEM TOKa 00par-
HOH IOCIIe0BAaTENBHOCTH TOM XK€ 4acTOThl. B pe3ynbrare B 0OMOTKE BO3-
Oy’kaeHHs BOSHHKAIOT TOKH 4acTOThl 4/ ¥ B OOMOTKE SKOPA TOKH IPAMOMN
NOCIEA0BATENbHOCTH YaCTOTH 5f M COOTBETCTBEHHO TOKH 00paTHOM 1oc-
JIeJOBaTEILHOCTH TOM )€ YacTOTHI U T.1. (CM. IL. 6). BiiusHue Bcex HeveT-
HBIX TapMOHHYECKHMX COCTABIIOMIMX TOKAa SKOPSA HAa CONPOTHBIIEHHE
00paTHOH MOC/IeN0BaTEIbHOCTH CHHXPOHHOM MAIIHHBI B IOJHOW Mepe
OTpa)kaeT OeCKOHEeYHas LelHas cxema 3aMmemieHus (puc. 11.2), cocrosimas
U3 ONUHAKOBBIX T-00pa3HBIX 3BEHBEB, FOPH-

30HTaJIbHbIE BETBH KOTOPBHIX HMEKOT COIpO-

Puc. 11.1. Cxema 3amelneHusl, ONpexe/slOIIAs CONMpPO-
THBJIeHHE 06PaTHOH MOCJIe0BaTEeIbHOCTH CHHXPOHHOIH
MallHHBI ¢ Yy4eTOM BJIHAHHA TOKA NMPsAMOii mocjienoBa-
TEJILHOCTH TPOHHOH YacTOTHI
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Puc. 11.2. Ilennas cxema 3aMelleHHsl, ONpeaesiiomasi CONPOTHBJIeHHe 00paTHoil mocaeno-
BATEJbHOCTH CHHXPOHHOH MAIIHHLI € YIeTOM BJIHAHHSA HeYeTHBIX FAPMOHHYECKHX COCTAB-
JISIOLIUX TOKA AKOPSA

' Xq B Xc;'
THBIIEHHE X ;, @ BEPTHKAIbHBIC — - DKBHBaJECHTHOE COIPOTHB-
JIeHHEe 3TOH CXEMBI, PaBHOE COIPOTHBIECHHIO OOpaTHOM MocienoBaTelb-

HOCTH CPIHXpOHHOﬁ MAalIuHbI, COCTaBJIACT

X, = JX,X,. (11.8)

OueBHIHO, ¥ HalJEHHOE C HMCIOJb30BaHHEM 3TOH (HOPMYJBl COMPO-
THMBIIEHHE 0GPATHOM MMOC/IE0BAaTeIbHOCTH CHHXPOHHOW MaIllMHbI 3aBHCHT
OT CONPOTHBIEHHs BHEIIHEH IIETIH.

®opmyisi (11.4), (11.7) u (11.8) npuMeHUMBI TAKXKe JUIS ONPEAEICHUs
COTPOTHBIIEHHs] OOPATHOH II0CIeN0BATEILHOCTH CHHXPOHHOH MalllMHBI C

’
feMnQepHBIME KOHTYPaMH, €CJTH B HHX 3aMeHHTb X; M X, COOTBET-

n n
CTBEeHHO Ha X; u X 7 ITocKOJNBEKY Y CHHXPOHHBIX MalllMH C Jemmdep-

HBEIMH KOHTYpaMH ¥ 0COGEHHO y TypOOreHepaTopoB HECUMMETPHS pOTOpa
BEIpaXKeHa 3HAUMTEJBHO ciabee, 4eM Yy PacCMOTPEHHBIX MaudH 6e3

i " "
neMndepHBIX KOHTYPOB, TO y HHX pasHMIa MeXmy X; u X g Cymecrt-

BEHHO MEHbIIE, 4eM MEeXAY X, :1 31 Xq y MauuH 6e3 AeMndepHBIX KOHTY-

poB. BenencTeue 3T0Oro y MalivH ¢ AeMIpepHbIME KOHTYpPaMH HEUCTHEIE
rapMOHHYECKHE COCTAaBJIAIONHE TOKAa SKOpA NPH HECHMMETPHYHBIX
KOPOTKHX 3aMBIKAHHAX IIPOSBISIOTCS 3HAYMTENLHO MEHBIIE, a Pe3ylb-
TaThl ONpeJieIeHHs HHAYKTHBHOIO CONPOTHBIEHHS 0OpaTHOM mocienoBa-
TeNILHOCTH, TIONydaeMbI€e 110 PasHbIM QOPMyIIaM, OKa3bIBAOTCs OIU3KMMH
ApYT K OpyTYy.

Yto KacaeTcs CONpPOTHBIEHHS HYIEBOH MOCIENOBATENLHOCTH CHHX-
POHHBIX MaIllMH, TO OHO B 3HAYMTENBHOH CTENEHH 3aBHCHT OT THUIIA
06MoTKH sikops. TOKM HyNneBO# MOCIeNOBATENBHOCTH pasHBIX (a3
CO37aI0T B CHHXPOHHOW MalllHHE ITyIbCUPYIOIINE MATHUTHBIE OIS, KOTO-
phle CABHHYTHI B MPOCTPAHCTBE Ha Yroa 27/3 U B 3a30pe MAIHWHBI KOM-
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IEHCUPYIOTCS, HCKIIIOYas TaKMM o00pa3oM 3JIEKTPOMAarHUTHYK) CBS3b
MEXIY sSIKOpeM M poTopoM. HeckoMIeHCHPOBaHHBIMU OCTAIOTCA TONBKO
MarHUTHBIE 0N paccesHus ¢a3 akopsa. OXHAKO STH MMONA HE UACHTUYHBI
HOIAM PACCESHHS OT TOKOB IPAMOH HIIH 06paTHOH MOCeN0BATEILHOCTH:
€CIId IIpHM TOKaX IMpsAMOH (0OpaTHO#) MOcCie[0BaTeNbHOCTH MOTOKOCIEN-
neHue paccesHus (as3bl 3a C4eT BAMAHUA APYrHX (a3 ycwimsaercs, To
IpH TOKax HyIEeBOH IOC/IEN0BATeNIbHOCTH — OOBIYHO ocnabnsercs. [Tos-
TOMY HHJYKTHBHOE COIIPOTHBIICHHE HY/IEBOM HOCIEI0BAaTEIbHOCTH CHHX-
POHHOM MamiMHBI MEHBIIE CONPOTUBIECHUS PACCESTHUS SIKOPS Jis TOKOB
MpAMOii (00paTHOM ) MOCIE0BATENLHOCTH H B 3aBUCHMOCTH OT KOHCTPYK-
1K OOMOTKH SKOPS KOJNEOIeTCs B LIMPOKHX Mpeenax.

11.3. ACMHXPOHHbIE 3AEKTPOABUIaTEAMU

Ecnu Y aCHHXPOHHOTI'0 3JICKTPOABUIaTEIIsl, POTOP KOTOPOIo BpalmiacTcCs

Ooyyy — @

CO CKONBKEHUEM § = 10 OTHOIIEHHIO K MarHUTHOMY IIOTOKY
OJCPIHX

OT TOKOB IIPSIMOH TOCJIEA0BATENHLHOCTH, IIOMEHATD IIOPA/I0K YE€PEIOBAHUL
$a3 noaBOAMMOro HaNpPsHKEHHS, HOAAEPKUBAS IIPH STOM MPEKHIOK YITIO-
BYIO CKOPOCTbH BpallleHHs (C TIOMOIIBIO TOCTOPOHHETO TPHUBOAA), TO BO3-
HMKIIKME B OOMOTKE CTaTopa TOKH 00paTHO# IMOCIeIOBATENLHOCTH CO3/1a-
IyT MarHWTHBIA INOTOK, BPAIAIOIIMHCA C CHHXPOHHOH YITIOBOi CKOpO-
CThIO B CTOPOHY, IPOTHBOIIONIOXKHYIO HaNpaBICHHIO BPAIleHHS POTOpA.
Ilo oTHOLIEHHWIO K 3TOMY HOTOKY CKOJBXEHHE pOTOpa COCTaBHT

- -
_ CHHX _
§, = —— ——— =2 -5, TaK KaK ynioBas cKOpPOCTb BPalleHHs POTOpa,
O)CP[HX
BBIPAKCHHAs 4E€PE3 CKOJNBbXKEHHE MO0 OTHOLIEHHUIO K IIOTOKY OT TOKa Ips-

MO# MOCIEN0BATENLHOCTH, COCTaBHT ® = (1 —s)w,,, . Takum o6pasom,

COIPOTUBIICHHE OOPaTHOH MOCIIe0BATENFHOCTH ACHHXPOHHON MAalIHHEI
npeicraBiaseT co0OH ee CONmpOTHBIEHHE MPH CKONbXKEHHH 2 —s. Oue-
BUJIHO, 3TO COIPOTHUBICHHE MOXHO ONPEACNHTh KaK HKBHBAJICHTHOE
CONpPOTHBIICHHE OOBIYHON CXEMBbI 3aMelIeHHs ACHHXPOHHOM MalIHHEI,
€CIIM B HEH 3aMEHHTH CKOJIbKEHHE POTOpPA MO OTHOILEHHIO K MATHUTHOMY
IOTOKY OT TOKOB IIPAMO¥ ITOCIENOBATEILHOCTH S CKOJBXEHHEM pOTOpa
OTHOCHTEIBHO MAarHUTHOTO IIOTOKa OT TOKOB OOpaTHOM MocCienoBareb-
HOCTH 5, = 2 — s (puc. 11.3).

B Tex cnmyyasx, Korga Ha mapaMerpsl OOMOTKH POTOpa aCHHXPOHHOM
MaLIMHBI CYILECTBEHHOE BIHUSHHE OKa3biBaeT 3((EKT BHITECHEHHUS TOKA B
HIPOBOJHHMKAX JTOH OOMOTKH, HMCXOZHBIE ITapaMeTPHl MpeIBapUTEIHHO
JOJXKHBI OBITH MIEPECIUTAHEI HA YACTOTY TOKOB B POTOPE, 00YCIIOBIEHHEIX
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Puc. 11.3. Cxema 3aMemeHHs, ONpelesIoIas CONPOTHBIeHHe 00PaTHOH NMOC/IEN0BATEb-
HOCTH AaCHHXPOHHOI0 3J1eKTPOABHIaTeNs

TOKOM 00paTHOM MOC/IeA0BaTeNbHOCTH. DTa 4acTOTa paBHa f(2 — s5) U 3Ha-
YUTENbHO GOJIBIE YACTOTHI TOKOB B POTOpE f5, 0OYCIOBIEHHBIX TOKOM
MPSMOH NOCJIENOBATENHHOCTH.

HetpynHo moka3aTb, YTO IpHU H3MEHEHUH CKOJBXEHHS aCHHXPOHHOM
MAIIMHEL OT §; = 1 10 5, = 2 — 5 ee SKBUBAJIEHTHOE (BXOAHOE) CONPOTHUB-

JIEHHE U3MEHSAETCS HEe3HAYUTeNbHO. 1109TOMY CONpOTHBIEHHE OOpaTHOH
NOCJIEOBATEIEHOCTH aCHHXPOHHON MAIIHHBI OOBIYHO NPHHUMAIOT pPaB-
HBIM CONPOTHBJICHHIO 3aTOPMOXEHHOH MAlIMHEL, T.€. Z, =~ Z, (31€eCh Z, —

CONPOTHBJIEHUE HEMOABI)XHOTO JBHraTelIs).

11.4. CuaoBble TpaHchopmaTopbl
M ABTOTPAHCOPMATOPDI

CxeMsl 3amelneHusi TpaHchopmaropoB (aBrorpancdopmaropoB) mo
OTHOILIEHHIO K TOKaM HYJIeBOH M mpsaMoi (0OpaTHOi) mocienoBaTeabHo-
CTel, a Takke W mapaMeTphl COOTBETCTBYIOLIMX CXeM B o0lieM ciydae
HeoquHakoBEl. OCOGEHHOCTH CX€M 3aMelleHHs [0 OTHOIIEHHIO K TOKaM
HYJIEBOH IMOCIIEOBATEIEHOCTH O0YCIOBIEHB! X 3aBUCHMOCTBIO OT CXEM
coeUHEeHUs: 0OMOTOK, a 0COOEHHOCTH MapaMeTPOB — HX 3aBUCHMOCTBIO
OT KOHCTPYKTHBHOTO BHIIOJHEHHs TpaHchopMaTopoB (aBroTpanchopMma-
TOPOB).

JUist WUpKYJIAIHH TOKOB HYJIEBOH MOCIEN0BATENbHOCTH B KaKoH-1160
obMoTke TpaHcdopMaropa (aBTOTpaHC(hOpMaTOpa) B Clydyae MOSBIECHHUS
Ha €e BBIBOJaxX HANpsKEHUS HYJIEBOH MOCIEJOBaTEIbHOCTH OTHOCH-
TENBHO 3eMJIH (MMEETCS B BHIY TPEXIPOBOAHAs CHCTEMa) HEOOXOOUMO,
4ToOBl 3Ta OOMOTKAa HMMeENa 3a3eMJICHHYI0 HeWrpainb. Takum oGpaszoM,
COMpOTHBIIEHNE HYJIEBOW IOCIEN0BaTEAbHOCTH TpaHcdopMaropa co CTo-
POHBI OOMOTKH, COEUHEHHON B TPEYTOJAbHHMK MJIH B 3BE31y C M30JIHUPO-
BaHHOHM HeWTpablo, OECKOHEUHO Benuko. YTo kacaeTcs TpaHcdopmaro-
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POB, y KOTOPHIX OOMOTKa CO CTOPOHBI BO3MOXHOTO MOSBIEHHS HAMPsIKe-
HUS HYJICBOH NOCII€0BaTENbHOCTH COSAUHEHA B 3BE31Y C 3a3eMJIEHHOM
HEHTpablo (HazoBeM ee oO6MOTKOI /), TO HX COINIPOTHUBJICHUE HYJIEBOM
NOCJIE10BATEIbHOCTH 3aBUCHT OT CXEM COEIHHEHHS JPYTHX 0OMOTOK.
Bo3moxHbIE CXEMBI COeNMHEHHS OOMOTOK IBYX- H TPEXOOMOTOYHBIX
TPaHC(HOPMATOPOB H COOTBETCTBYIONIHE CXEMBI 3aMELIEHHS 110 OTHOIIE-
HHIO K TOKaM HYNEBOH MOCIEIOBATENLHOCTH TaKHX TPAHC(HOPMATOPOB
npuBeneHs! Ha puc. 11.4. Ha atux cxemax U, — HCTOYHHMK HaNpsoKeHHs

X, X,
U &%
+ . a <
U0 X 10
X f X2
Uy X, g X

= = =t~

Puc. 11.4. Cxembl COeTMHEHHs1 0OMOTOK H CXeMbI 3aMEeIIEeHHS 110 OTHOIIEHHIO K TOKAM HyJ1e-

BOH 110C.1€10BaTENLHOCTH ABYXOGMOTOYHBIX (¢—6) M TPEX0OMOTOYHLIX (c—e) Tpancopma-
TOpOB
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HyJIEBO# MOCJIEAOBATENIBHOCTH, X| — HHAYKTHBHOE CONPOTHUBIECHHE pac-
cessHHst OOMOTKH /, COEqMHEHHOM B 3BE31Y C 3a3eMJICHHOH HEHTpaJIbIO, X2
u X; — CONpPOTHBIEHHS paccesHHs OOMOTOK 2 M 3, MPHBEICHHBIE K
oOoMoTKe 1, a Xuo ~— HHIYKTHBHOE CONPOTUBJIECHHE BETBM HaMarHM4HBa-

HHMS 110 OTHOILIEHMIO K TOKaM HYJIEBOW MOCJIEN0BATEIbHOCTH (3aBHCHT OT
KOHCTPYKTHBHOTO HCIIOJIHEHHS TpaHchopMaTopa). Y Tpex(pazHOU rpy sl
u3 onHo(hasHeX TpaHCHOPMATOPOB TOK HAMarHHYMBAaHHUA HE 3aBHCHT OT
TOro, Kakoi CHCTEMOM HanpsHKEHHH OH 00yCIIOBIIEH, IOITOMY Xp.O =X

rae Xul — HMHAYKTHBHOE€ COMNPOTHUBJICHHUEC BETBH HaMarHW4HMBaHHA IIO

OTHOLIEHHIO K TOKaM MpPAMO# MOCIE€A0BATEIbHOCTH. OTH CONPOTHBIICHUS
10 CPABHEHHIO C CONMPOTHBIEHUAMH PACCETHHA OOMOTOK MOXXHO CYHMTATh
OGeckoHeYHO GobIIMMHU. Takoe YTBEPXAEHHE CIPABENJIMBO M JUIA TPeX-
(ba3HsIX TpaHCHOPMATOPOB C YETHIPEXCTEPKHEBBIM H OPOHECTEPIKHEBBIM
MarHuTOnpoBoAOM. Y Tpex(a3sHbIX TPEXCTEPKHEBBIX Tpchq)opMaTop013
MarHUTHbIE TIOTOKM HYJIEBOH IOCJIEJOBAaTEIbHOCTH PasHbIX CTEPKHEH
3aMBIKAIOTCS BHE MAarHMTONPOBOJA — YEPE3 M30IHMPYIOUIYIO cpeny,
CTeHKH 0aka M paslMyHble KOHCTPYKTHBHBIE YacTH. Bcrmencteue Mmasioi
MarHUTHOM MPOBONHUMOCTH HM30JHPYIOIIEH Cpenbl TOK HaMarHHYHMBaHHsA
HYJIEBOM IMOCIIENOBATENLHOCTH OKA3BIBAETCA 3HAUHTEIBHO OOJIbIIE TOKA
HaMarHMYMBaHUS MPAMON mocjenoBareJpHOCTH. [loaToMy y Takux
TpaHc(hOPMaTOPOB HHIAYKTHBHOE CONPOTHBICHHE HYIEBOH MOCIEq0Ba-
TENbHOCTH BETBH HAMAarHHYMBaHHA X CYIIECTBEHHO MEHBILE, 4eM X,

OOGBIYHO 3TO COMPOTUBIECHHE, BHIPAKEHHOE B OTHOCHTEIBHBIX €IMHHIAX
NpH HOMHHAJIBHOH MOLIHOCTH TpaHcOpMaTOopa, HAXOAUTCS B Mpeenax

g(pO(HOM) =0,3+1,0.

Ecnu 06MOTKH JBYXOOMOTOYHOTO TpaHC(hOpMATopa COEIMHEHHI IO
cxeme Y /A (puc. 11.4, a), To NpH TOABIEHHH Ha BBIBOAAX OOMOTKH /

HAMpPsKEHUA HyJEeBOH MOC/IeN0BaTENLHOCTH N0 ha3aM oOMOTKH 2, COelH-
HEHHO# B TPEYTOJIbHHUK, HAUHHAET LIMPKYJIMPOBATH TOK HYJIEBOM MOCIIEN0-
BareJbHOCTH. Ero 3HaueHue OOYCIOBJIEHO YCJIOBHEM, YTOOBI IaJ€HHE
HanpsDKEHHUs B 00MOTKe Kax 0 da3bl ObIIIO YHCIEHHO PAaBHO HABOAMMOMH
B Heil DJ[C Hy/€eBol IoCIen0BaTeIbHOCTH. BeaencTBue 3T0ro noTeHIH-
albl THHEHHBIX MPOBOAHUKOB OKA3bIBAXOTCA PABHBIMM HYIIO M TOK B 3TH
NPOBOJHHKM He TomnagaeT. Ha 3TOM OCHOBAHMH Ha CX€M€ 3aMELICHHS
HYJIEBOH IIOCIIENOBaTEARHOCTH TpaHchopMaTopa C yKa3aHHOH CXeMOH
coeAMHEHHss OOMOTOK TOYKa, COOTBETCTBYIOIIAs JMHEHHBIM BEHIBOAAM
06MOTKH 2, COEIMHAETCS C TOUKOH HYJIEBOTO MOTEHLHaNa (C 3eMJIeH, cM.
paBylo 4acTh pHuc. 11.4, a). Takum 06pa3oM, HHIYKTHBHOE CONPOTHBIIE-
HHE paccesiHhs 0OMOTKH, COeTHHEHHOH B TPEYTOJIbHHK, SBIAETCSA Kpaii-
HUM (HayaJbHBIM) JJIEMEHTOM CXEMBI 3aMELICHHs HYJIEBOM NOCIEN0Ba-
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TEJbHOCTH, HE3aBHCHUMO OT TOTO, KAKHE APYTHE 3I€MEHTHI NOAKIIOYEHB! K
3TOM OOMOTKE.

Iockombky mpH 11060M KOHCTPYKTHBHOM HCIONHEHHMH TpaHChopMa-
TOpa XlLlO >> X,, T0 X0 // X, = X,, T.e. IpM coeMHEHHH OGMOTKH 2 B Tpe-

YTOJBbHHUK XHO CYUTAIOT OECKOHEYHO OOJIBIIMM U HeE YYHUTBIBAIOT IIpH

ONPENeIeHHH CONPOTHBIICHUs HyNEBOH MOCIeN0BATENBHOCTH TpaHCdOop-
Maropa (MHOTZa Ansi Tpex(asHEIX TPEXCTEPXKHEBBIX TPAHCHOPMATOPOB
CONPOTUBJICHHE HYJIEBOH TMOC/IEN0BATEIBHOCTH MPUHAMAIOT PaBHBIM
0,85—0,9 ot conpoTHBIEHHs IPAMO¥ TIOC/IEA0BATETLHOCTH).

Ilpu coepunenny 06MOTOK ABYXOOMOTOYHOTO TPAHC(HOPMATOPA MO CXeMe
Yo/Y (puc. 11.4, 6) Toxu Hy1€BOH MOCIENOBATENLHOCTH B OOMOTKY 2 He

TPaHCHOPMHUPYIOTCS, TaK Kak (a3sl 3TOH 06GMOTKH HE SBIAIOTCS YACTBIO
KaKoro-aufo 3aMKHYTOro KOHTYpa IJIs Takux TOKOB. [loaToMy cxema
3aMELICHHs] HYJIEBOH II0CIIEN0BATEIbHOCTH PacCMaTpPUBAEMOTO TPaHC-
bopmaropa conepXHUT TONBKO CONPOTHBIEHHE paccesHUs OOMOTKH I u
COINIPOTHUBJIEHHE XpO (cM. mpaByo yacth puc. 11.4, 6). YuurteBas, 4to

Xp,O >> X|, CONPOTUBIIEHHE HYJIEBOH MOCIELOBATENLHOCTH TPaHC(HOpPMa-
TOPOB C COEIMHEHHEM 0OMOTOK 110 cxeMe Y /Y 0OBIYHO NPHHUMAIOT Gec-
KOHEYHO OOJIBIINM.

B Tex cmyvasx, korna o6MOTKH ABYXOGMOTOYHOTO TpaHcdopMaropa
coeqHeHsl 1o cxeme Y,/ Y, (puc. 11.4, ¢), Tpanchopmanus TOkoB Hyle-

BOH MOCI/ICA0BATENBHOCTH B OOMOTKY 2 BO3MOXHA JIMIIb B TOM CJIydae,
Korza (assl 3T0H OOMOTKH M0 OTHOLIEHHIO K YKa3aHHBIM TOKaM SBIISIOTCS
4acCTbIO 3aMKHYTOTO KOHTYpPa, BKJIIOYAIOIIEro B ceGs U 3emiro. JIis 3Toro
Heo0XonMMO, YTOOB BO BHELIHEH CETH, 3JIEKTPHYECKH CBSI3aHHOH ¢
0OMOTKO# 2, Ob BKIIIOYEH KaKOH-THOO JJIE€MEHT C 3a3eMIEHHOH HeHTpa-
JBIO, HaNpUMep, TpaHC()OpMATOp, Y KOTOPOTO HMMEKTCS YCIOBHS I
TPaHC(OpMaIMK TOKa B APYTYIO ero 06MOTKy (cM. puc. 11.4, 6, Ha KOTO-
POM NMYHKTHPHBIMH JIMHHSAMM I10Ka3aHbl COEIHHEHHAS B 3BE3MY C 3a3€M-
JICHHOM HEHTPajblo 0OMOTKAa BHEIIHETO 3JIEMEHTA, a HA CXEMe 3aMele-
HUS HYJIEBOH IOC/IEN0BATENLHOCTH €€ HHAYKTHBHOE CONMPOTHBIEHHUE X).
Ecinu xe 3T0 ycnoBue He BHIMONHAETCS, TO CXeMa 3aMEINEHHs HYJIEBOH
TI0CJIEJOBAaTEIbHOCTH PacCMaTpPHBAaEMOro TpaHchopMaTopa OKa3bIBAaETCS
TAaKoH e, KaKk M TpaHcHOpMATopa ¢ COEAMHEHHEM OOMOTOK IO cXeMe
Yo/Y, re. X=X, + Xuo.

VY TpexoO6MOTOUHBIX TPaHCHOPMATOPOB C COEJHHEHHEM O0OMOTKH / B
3BE3/ly C 3a3€MJIEHHOM HEHTpablo 0OMOTKa 2 KaK U y JABYXOOMOTOYHBIX
TPaHC(HOPMATOPOB MOXET HMETh PA3HBIE CXEMBI COEIMHEHHS, a JOMOIHH-
TenbHas 00MoTKa 3 (puc. 11.4, 2 0, ) 06BIYHO COeNMHEHA B TPEYTONBHHK.
IlosToMy cXeMbl 3aMelIeHHs TPeXOOMOTOYHBIX TPaHCHOPMATOPOB IO
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OTHOIIEHHIO K TOKaM HYJIEBOMH IMOC/IEN0BATENBHOCTH OTIMYAIOTCS OT CXEM
COOTBETCTBYIOLIMX JByXOOMOTOYHBIX TPAHC(HOPMATOPOB JTHIIb TEM, UTO B
HMX IapajuleIbHO BETBM HaMarHWYMBaHHUSA BKJIIOYAETCS BETBL C COIpPO-
THBJICHHEM paccesiHusi o6MoTKH 3 (cM. mpaBble yacTH puc. 11.4, 2 0, e).
ITockoJBKY BETBh HaMarHM4MBaHHs 00lazaeT CpaBHUTEIBHO OOJIBIIMM
HHIYKTHBHBIM COIPOTHBIIEHHEM, TO €€ YacTO HCKIIOYAIOT H3 CXEMBI
3aMelleHts, a B ciydae TpexdasHbIX TPEXCTEpPXKHEBBIX TpaHchopMmaTo-
pOB, Kak OBLIO CKa3aHO BHIIIE, €€ HHOTAA YUYUTHIBAIOT, yMEHbIIAasA CONpPO-
THBJIEHHE paccesHHs OOMOTKH, COGAMHEHHOH B TPEYTOIBHHUK.

CxeMBl 3aMelIeHHs aBTOTPaHC(HOPMATOPOB IO OTHOLIEHHIO K TOKaM
HyJI€BOH MOCJIEA0BATENLHOCTH NPH HEMOCPEACTBEHHOM (INIyXOM) 3a3€M-
JICHHH HX HEHTpalld He OTIHYAalOTCS OT COOTBETCTBYIOLIMX CXEM TpaHC-
(bopMaTOpOB, HMEIOIIHX TY XK€ CXEMY COEAUHEHHS OOMOTOK: y AByX0OMO-
TOYHBIX aBTOTpaHCc(HOPMAaTOpoB 00€ OOMOTKH HMEIOT OOILYI0 HEHUTPalb, H
HX CXeMa 3aMelleHHs HYJIEBOH IOCIeN0BaTEIbHOCTH aHANIOTHYHA CXEMe
3aMelIeHHs ABYX0OMOTOYHOro TpaHCHOPMATOpa ¢ COeNMHEHHEM 0OMOTOK
no cxeme Y,/Y, (puc. 11.4, 6); y Tpexo6MOTOYHBIX aBTOTpaHChopMaro-

pOB TpeThst 0OMOTKa OGBIYHO COEIHHEHA B TPEYTOJNBHUK, NMOITOMY HX
CXeMa 3aMeIleHHS HYJIEBOM IIOCIIeNOBaTEIbHOCTH AaHAJIOTHYHA CXeMe
3aMelleHHs TPEXOOMOTOYHOTO TpaHchopMaropa ¢ coeuHeHHeM 00MOTOK
no cxeme Y,/ Y,/A (puc. 11.4, e).

WHorna HeliTpanu TpancopMaTopoB U aBTOTPaHC(HOPMATOPOB 3a3€M-
JISIOT HEe HENOCPENCTBEHHO, a 4epe3 Kakoi-mH00 3JIEMEHT, HalpHMep,
pes3ucTop, peaktop H T.A. [I0CKOIBKY 3TOT 3MEMEHT SIBJIAETCA YaCThIO KOH-
Typa, M0 KOTOPOMY BO3MOXXHA LUPKYJIAIHMS TOKOB HYJEBOH MOCIENOBa-
TEJIBHOCTH, TO OH J0JKEH OBITh YUTEH B CXEME 3aMEIlleHUs HyJeBOH IoC-
JIeOBaTEILHOCTH.

Ilpy BKIIOYEHMH YIOMSHYTOTO 3JE€MEHTa B HeWTpaab OOMOTKHM [
TpexobMoTouHoro TpaHcdopmaropa (puc. 11.5, a) 3ToT d/E€MEHT U TpH
(a3sr 0OMOTKM / 110 OTHOLIEHHIO K TOKaM HYJIEBOH IOC/IEN0BAaTEIbHOCTH
OKa3bIBalOTCS BKJIIOYEHHBIMH MOCIIEIO0BATEIBHO, IPY 3TOM NaficHUE Halpsi-
JKEHHS B CONPOTHB/ICHHHU IEMEHTA X, OT TOKOB HYJIEBOH MOCI€N0BaTENb-

HOCTH pa3HbIX (a3 B 3 pa3a Oonble, yeM OT Toka ofgHo# a3kl BeaencTeue
9TOTO Ha CXeMe 3aMelleHHs HyJIeBOH MOCIE0BaTENbHOCTH YKa3aHHbIH d1e-
MEHT BKJIFOYAeTCs IOCiIenoBaTebHO ¢ oOMoTkod [ (puc. 11.5, a, npasas
4acTh) M YYHTHIBAETCS YTPOEHHBIM CONPOTHBICHUEM.

O6MoTkH ] ¥ 2 aBTOTpaHC(OpMaTOPOB (TOUHEE — MOCIEeJ0BaTeIbHAas
H 00mmas o6MOTKH) CBSI3aHBI MEXHY cO00# He TONBKO C MOMOIIBIO Mar-
HHUTHOTO TI0JIA, HO M 3yiekTpuuecku (puc. 11.5, 6, ¢). [loatomy npu 3a3em-
JICHHH HeNTpaju aBroTpancopmaropa, HarpuMep, yepes peakrop, odna-
NaroIMH MHIYKTHBHBIM CONPOTHBIEHHEM X, CONPOTUBJICHUE HYJIEBOH
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a)

Puc. 11.5. Cxembl coennueHHs 0GMOTOK H CXeMbI 3aMEIIEHHS 0 OTHOIIEHHIO K TOKAM HyJIe-
BOH 110C/1€10BATEILHOCTH TPEXOGMOTOYHOrO TpaHchopmaropa (a), AByx0GMOTOYHOI0 aBTO-
Tpancdopmaropa (6) H TpexoGMoTOUHOrO aBTOTPaHChOpPMaTopa (6) NPH 3a3eMJICHHH He-
TPaJIH Yepe3 HHAYKTHBHOE CONPOTHBJIEHHE

NI0CNI€N0BATEIBHOCTH TAKOr0 aBTOTPaHC(HOpMAaTOpa C y4eTOM peakTopa
OKAa3bIBACTCS 3aBHUCALIMM HE TOJILKO OT CONMpPOTHBIEHHH X, X,, X, XHO

u Xy, HO M OT HOMHHAJILHBIX HanpsKkeHuH o6MoToK / M 2, T.e. Ul you ¥
U, you- B YacTHOCTH, 5KBHBaJIEHTHOE COIIPOTHBIICHHE HYJIEBOH MOCEN0-
BaTeJbHOCTH (T.€. CONPOTHBIIEHHE C YYETOM X, v) AByXOOMOTOYHOTO aBToO-

TpaHC(OpMATOpa, BO BTOPHUHON LEMH KOTOPOro 0GECIEYeHO YCIOBHE
AT LTMPKYIISIAK TOKA HYIEBOH MOCien0BarensHocTH (puc. 11.5, 6, cnesa),
COCTaBJIsIe€T

Xy = Xpo + 3X(1 —n.)%, (11.9)

rae X, — CONpOTHBIICHHE HYJIEBOH MOCIEN0BATENBHOCTH aBTOTpaHcOp-
Maropa Npu OTCYTCTBUH B HEHTpamu peakropa; n, = U, , /U, ..
OKBUBAJIEHTHAs CXeMa 3aMelIeHHs 110 OTHOLICHHIO K TOKaM HYJEBOI

TI0CNIEI0BATEILHOCTH TPEXOOMOTOUHOrO aBTOTpPaHCHOpPMATOpa, Y KOTO-
POro HEHTpanb 3a3eMIIEHa YepPe3 PeakTop ¢ CONpoTHBIEHHEM Xy, a Tpe-

Thsl OOMOTKA COE/IMHEHA B TPEYTOIBHHK, IIPECTABIAET CO6OM Tpextyde-
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Byro 3Be3ny (puc. 11.5, 6, mpaBas yacts). CONpOTHBIECHHS TydeH 3Toii
3BE3/bl, IPUBEACHHBIE K 0OMOTKE /, COCTaBIISIOT

X{ =X, +3Xy(1-n);
X, =X, +3Xy(n,— Dng; (11.10)

T,
Xy =X; +3Xyn,,

rae X, X,, X3 — CONpOTHBIEHHUS JTydel TPeXIydeBoi CXeMbl 3aMEIECHHUS
aBTOTpaHCc(opMaTopa (IPH OTCYTCTBHH PEaKTOpa B ero HeHTpasH), Mpu-
BEZICHHBIE K OOMOTKE /.

11.5. ¢gKTopb|, onpeAeAfiiowme NOAHOE CONPOTUBAGHHUE
npsmon (o6paTHOM) U HYAEBOM NOCAEAOBATEAbBHOCTEN
BO3AYLUHBbIX AMHUK IAEKTpONnepeAayu

YToOBI NOHATH METONHUKY OTpPENEICHAS HHAYKTUBHBIX COMPOTHUBIECHHM
npsMor (0OpaTHO#) W HYJIEBOI MOCIEN0BATEILHOCTEH BO3AYIIHBIX JIHHHI
NIEKTPONEpea4y, IPENBAPUTENLHO TPUBENEM HEKOTOPHIE CBEAEHHUS O
3aBUCHMOCTH HHIYKTUBHOT'O COTIPOTHBJICHHS IIPOBOJOB BO3AYIIHbBIX JTHHHI
OT pa3NMYHbIX (PAaKTOPOB, B YACTHOCTH, OT TOIO, [JI€ TOK KAXIOro MPOBOAa
BO3BpaIlaeTcsa 06paTHO — MO APYTMM MIPOBOAAM HIIH IO 3eMIIE.

PaccMoTpuM cHaualla JBYXNPOBOOHYK BO3AYLIHYIO JIHHHIO. I1OTOH-
Hasg (Ha €IWHHUIly JUIMHBI JUHWH, OOBIYHO Ha | KM) HHIYKTHBHOCTH M
COOTBETCTBEHHO MOTOHHOE MHYKTHBHOE CONPOTHBICHHE 060HX IpPOBO-
JIOB JABYXITPOBOAHOM JMHHH NP 33JJaHHOM TOKE ONpPEAENsIeTCA OTHECEH-
HBEIM K 3TOMY TOKY MarHUTHBIM ITOTOKOM, HPOHHU3BIBAIOIUM TETIIO Mps-
MOYTOJIbHOM (OpMBI, IMIMPHHA KOTOPOH paBHA PacCTOSHHIO D Mexay
OCsIMM IIpsIMOTO ¥ oOparHoro mpoBoxos (puc. 11.6, a).

OTOT MOTOK MOXHO TPEACTABUTH B BHJAE CyMMBI ABYX OJHMHAKOBBIX
MarHMTHBIX TIOTOKOB, CO3JaBa€MbIX TOKAMH Pa3HBIX MPOBONOB (JTHHHH
MarHMTHOTO T0JI1 OJHOTO M3 MOTOKOB NOKa3aHHl Ha puc. 11.6, 6). IToa-
TOMY MOTOHHOE HHIAYKTHBHOE CONPOTHB/ICHHE OHOTO MPOBOAA JABYXIPO-
BOJHOH JIMHUH OIIPEAENAeTCSI MArHUTHBIM ITOTOKOM, CO3JaBaEMbIM TOKOM
J@HHOTO NPOBOAA M NPOHU3HIBAIOIIMM IETII0 HPIMOYTONbHOH (OPMEI
JiMHOH 1 kM M wupuHo# D. Ilpu 3TOM YacTh JIMHHH MAarHUTHOIO MOJIs
3aMBIKA€TCs B BO3AyXe, a Apyras — BHYTpH npoBopa. [loroHHoe HHAYK-
THBHO€ CONpPOTHBIEHHE MNpoBoja (Om/xM), 0OyCIOBIEHHOE BHEIIHHM
MardMTHEIM I10JIeM, OonpeessieTcs mo Gopmysie

Ko . D
Xom anzn lnr ,
Ile f— YacToTa MEpPeMEHHOTO TOKa; |, — MarHMTHas IPOHHIAEMOCT
MYCTOTHI; ¥ — PaJHyC MONEPEYHOTO CEUEHHS MPOBO/IA.
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Puc. 11.6. JIMHUH MATHHTHOrO NOJISI, CO31aBAEMOr0 TOKAMH JBYX NPOBOJHHKOB (@) H TOKOM
0HOTO NMPOBOXHHKA (6) B Npeaenax WHPHHbLI NETIH

OnpezeneHne WHAYKTHBHOTO COIPOTHBIICHHs MPOBOJA OT BHYTPEH-
Hero MOTOKOCLETICHHs ABJIAETCA BeCbMa CJIOKHOM 3aiaueii, Tak Kak pas-
Hble JTMHUM MAarHUTHOTO TI0JISl OXBATHIBAIOT HEOAWHAKOBELIE TOKH, IPUYEM
BeieacTBHE 3GdeKTa BHITECHEHHS 3TH TOKH PaclpelesieHbl 0 CeYESHHI0
IPOBOJA HEPaBHOMEPHO. UTOOH! yNPOCTUTH 3aa4y, OOBIYHO NPHHAMAIOT
IUIOTHOCTH TOKa OXMHAKOBOM IO BceMy cedeHHIo mposoza. Ilpu Takom
JONYIIEHHH BBIPAXXEHHE [UIS TOTOHHOTO MHIYKTHBHOTO COTPOTHBICHHA
IpoBOAa OT BHYTpeHHero mortokocuemnenus (OM/kM) oOKa3bIBaeTCH

BeCbMa l'IpOCTBIMZ
Ko
Xy = 20f . (11.12)

Peaynmnpylomee MOrOHHO€ HMHAYKTHBHOE CONPOTHBICHHEC nposoaa
OIIPEACIACTCSA BBIpAXXCHHEM
H 1

_ o ,.D
XzXBHI+XBT_27rf2n ln7+_

7 (11.13)

OGBIYHO MPH pacyeTax HHIYKTHBHOTO CONIPOTHBIIEHHS HYJIEBOX MOCIIE-
JI0BaTENBHOCTH BO3AYIIHbIX JTMHUI d1eKTponepesayt Beipaxenue (11.13)
IpeCTaBIAIoT B 6oee NpoCTOM BUJE:

X=2nf 0 n 2, (11.14)

27 Yok

e r,, — TaK Ha3bIBAEMBIH 3KBHBAJIEHTHBIN paguyC nMomepeyHoro ce4ye-

HHUA IpoBOAA.
Ca13b MEXAY NEHCTBUTEJIBHBIM M 3KBUBAJICHTHBIM paJiiyCaMH JIETKO

YCTaHOBHTH, TIpUpaBHsB npasbie yacTy (11.13) u (11.14). IIpu sTOM OKa-
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3BIBAETCA, 4TO 7y = 0,779r. OnHAKO TaKOE COOTHOLIEHHE MEXIY ¥, H r
CIPaBeJTUBO JIMIIB A7 IIPOBOAOB CIIOMHOTO cedyeHus. J{1s BUTHIX po-
BOJIOB OTHOIICHHE F, /r HECKOIbKO MeHble 0,779, a 114 BUTHIX CTalea-
JIIOMHHHEBBIX IPOBOJIOB 7, /7 ~ 0,95.

Quzuuecku mnepexon ot Beipaxenus (11.13) x (11.14) ozmagaer
3aMeHy pealbHbIX NPOBOAOB NPOBOAAMH, Y KOTOPBIX OTCYTCTBYET BHYT-
pPeHHEEe MarHUTHOE ToNe. DTO BO3MOXKHO JIMIIB B TOM CJIy4ae, KOTJa BECh
TOK paclpefiesieH TOJIBKO IO OBEPXHOCTH IPOBOMIOB, T.€. €CIH MPOBOaa
BBIIIOJIHEHEI M3 CBEPXIMPOBOJANIEro Marepuana. OueBHAHO, YTOOBI mpH
TOM K€ TOKE ¥ OTCYTCTBHH BHYTPEHHETO MarHUTHOTO IIOJIS CO3aTh MOTO-
KOCLEIJIEHHE, PaBHOE CyMME MOTOKOCIEIUIEHUH OT BHEIITHETO U BHYTPEH-
HEro MarHUTHBIX IOJeH pealbHOTO NPOBOJAA, 3aMEHHMB TaKHM 00pazoM
BHYTPEHHHH MAarHHTHBEIH IIOTOK TaKHUM K€ BHEIUHHMM, paguyc Homeped-
HOTO CE4eHHs NPOBOJA M3 CBEPXMPOBOAAIIETO MaTepHana JOKEeH ObITh
COOTBETCTBEHHO YMEHBIIEH.

Beipasus B (11.14) HarypanpHbiid jJorapudM depes AECATHYHEBIA M
TIO/ICTaBHB B 9TO BEIPAXEHHE i, = 47 * 1074 Tn/xm, moTydnM

X=2nf-46-10"" lgrg =29- 10_3f1gr2. (11.15)

K 3K

ITpu gactote /= 50 I'y
X = 0,145 ng, (11.16)

r?)K

a II0JIHO€ CONMPOTHUBRJICHUE IIPOBOJA

Z =R, +j0,145 1gr9—, (11.16a)

3K
rae R — aKTHBHOE CONPOTHBIICHHE NIPOBOAA.
Ecnu B KauecTBE BTOPOro NpoBoja UCIONIB3YETCs 3€MJIsA, IIPOBOAMMOCTD
KOTOpOH paBHAa Y, TO BBIPaXEHHE I HHIYKTHBHOTO CONPOTHBIEHHS

npoBoaa Bo3nyinHoH auHuMu (OM/kM) mpu dacrote Toka f = 10+100 I'n
HUMeEeT BHI;
X,=29-10f1g-222 (11.17)
PN Y

OTO BRIpaXXE€HUE MOXKHO NIPE/ICTABHTH KaK

3. D,
X,=29-10"flg=, (11.18)

3K
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rae D, (B caHTHMETpax) COCTaBIIAET
D, =—. (11.19)
CpaBuuBas Qopmyast (11.15) u (11.18), nerxo yBuaeTh, YT0 OHH aHa-

JIOTHYHBI, TONBKO B popMy.ty (11.18) BMECTO PAacCTOSHUS MEXAY HPSIMBIM
¥ OOpaTHBIM NPOBOJAAaMH BXOAHMT BelM4MHA D,, ompenensemas BbIpaxe-

aueM (11.19).

Taxum 06pa3oM, HHAYKTUBHOE CONPOTHUBIICHHE MMPOBOJA KOHTYpa Ipo-
BOJ — 3€MJId, T.€. IPOBOAA IPH BO3BPATe TOKA IO 3€MJI€ 3KBUBAJICHTHO
HHIYKTHBHOMY COTPOTHBIICHHIO HEKOTOPOH (HKTHBHOH IBYXIIPOBOIHOM
onHobha3HOH JHHUH, ¥ KOTOPOH pacCTOSHHE MEXIY ACHCTBHTEILHBIM H
¢uxTHBHEIM mpoBojamHu paBHO D, (puc. 11.7). Benenctsue storo D,

Ha3bIBAIOT TIYOUHOM 3ajeranus (QUKTHBHOrO obparHoro mposoza. Ilpu

gactote Toka 50 T'm v yaenbHOH NMpoBOAMMOCTH 3emid 1 - 107% Cwm/cm
3HaueHue D, ~ 935 m.

Ipu yacrore Toka 50 I'u hopmyma (11.18) umeer Bux:

D
X, = 0,1451gr—3. (11.20)

3K
AXTHBHOE CONPOTHBJICHHE KOHTYpa MPOBOJ — 3eMJISI CKIIAJBIBAETCA
M3 aKTUBHOTO CONpPOTHBJIEHHS MPOBOAA R ¥ aKTHBHOTO CONPOTHBIICHHS
R,, yIUTHIBAIONIETO MOTEPH AKTUBHONW MOLIHOCTH B 3€MJIE OT pacmpene-

JIEHHOTO B Heit Toka. O10 comporusinerue (OM/kM) MOXeET OBITH Ompele-
JIEHO C TOMOIIBIO IPUOTHXEHHOTO BhIPaXkKEHUS

R,~m*f+107% (11.21)
Ilpu gactore Toka 50 I'ty 3Hauenue R, ~ 0,05 OM/KM, TO3TOMY IOTHOE
CONPOTHBIICHHE KOHTYpa (IMHHM) IPOBOA — 3€MJsA

(Om/xM) nipu gactote Toka 50 ' cocTasiser

D
. 3
Z, =R +0,05+,0,1451g—. (11.22)
r
9K <
Ecmi BONM3M paccMaTpyuBaeMO TMHMH IPOBOL — 3€MIL
HAMEETCS ApyTas JHHUS MPOBOJ — 3€MJIS, TO HHAYKTHB- -
HO€ CONpPOTHBIIEHHE KaXJOH M3 HHUX IHpeJCTaBIfIeT
co00H TreOMEeTPUYECKYI0 CyMMY COOCTBEHHOIO COIpO-

Puc. 11.7. 3ameHa KoHTYpa npoBoA-3eMJIsi ABYXNPOBOXHONM JIHHHEH O_L
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THUBJIECHUS U CONPOTHBJICHHUA B3aUMOMHAYKIMH. UTOOH onpenenuTs moc-
JeJHee, PACCMOTPHUM OOBIMHYIO JBYXIIPOBOIHYIO JHHHUIO. TOKH B Pa3HBIX
IPOBOAAX TAaKOH JIMHHU YUCIEHHO PAaBHBI W HANpaBIEHH! B IIPOTHUBOIIO-
JI0KHBIE CTOPOHEI (pHc. 11.8, a). Takas nUHHUA O co3xaBaeMoMy eif Mar-
HUTHOMY IIOJII0 M COOTBETCTBYIOIIHM HHAYKTHBHBIM COIPOTHUBICHUAM
9KBUBAJICHTHA JBYM JHHUSAM TPOBOX — 3€MJIA, TaK Kak BOOOpaXkaeMele
0OpaTHEIE TOKH B 3eMJle KOMIEHCHPYIOT Jpyr apyra. Ho KaxIyio JTHHMIO
IPOBOA-3€MJIS, B CBOIO OYEPEb, MOXKHO 3aMEHHTh (HUKTHBHOM IBYXIIPO-
BOJHOH JIMHUEH, y KOTOPOH 0OpaTHEIN ITPOBOJA HAXOMUTCS Ha PACCTOSHUM
D, ot nelicrBuTensHoro nposona (puc. 11.8, 6).

3ameHa ABYXNpoBOAHOW JMHUHK [—I] nByMs JBYXIIPOBOJHBIMHU JIMHH-~
aMud [—I' u II—II' no3BONSET paccMaTpUBaTh CONPOTHUBIEHHE OTHOIO
IPOBOAA HMCXOOHOH ABYXIIPOBOIHOM JIMHHM, Hampumep ImpoBoaa I, Kak
TeOMETPHUYECKYIO CYMMY COOCTBEHHOTO COIIPOTHBICHHS NPOBOAA JHHHH
I—1I', onpenensiemoro mo ¢opmyne (11.20), 1 HCKOMOTO CONPOTHBIICHHUS
B3aUMOMHAYKIMH X, OT cocenner nuuuu [[—1I". TI0CKOIbKY TOKH JIMHHI

I—I' u II—II' 9ucneHHo paBHBI M MPOTHBOMOJOXHEI 110 3HaKy, TO X =
=X, - X,, oTkyna
X, =X, - X (11.23)

Hcnons3ys (11.20) u (11.16), naiinem
D,
X, = 0,1451g5. (11.24)

VY Tpexta3Hoi JIHHUHN TEepeNaddl pacCTOSHHA MEXIY MPOBOJAMH pas-
HBIX (a3 B 001eM ciaydae HEONQUHAKOBEL. [IpH 3TOM H3-3a TPAHCIIO3ZHIUH
IPOBOAOB PacCTOSIHHE MEXAY IPOBOAaMH 000 mapsl ¢a3 He ocTaeTcs
HEH3MEHHBIM BJIOJb JIMHUH, TaK Kak MPOBOJ Kax10# u3 (a3 MomepeMEeHHO
3aHuMaet nonoxeHus I, 2 u 3 (puc. 11.9, a—=a). UTOOH B 3TUX YCIOBHAX

D D
I big
h
® &6 06 0 o 0 0 0 & o o
+++++++++++

i’

Puc. 11.8. 3amMeHa ABYXNpoBOAHOH BO3NymiHOH AHHHH (¢) AByMS (PHKTHBHBIMH JBYXIpO-
BOTHBLIMH JIHHHSIMH (6)
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Puc. 11.9. H3MeHenne nmoj103KeHAA NPOBOAOB Pa3HbIX (a3 NPH TPAHCNO3HIHH

YHOPOCTHTh Y4€T B3aHMOHHIYKIMH IPOBOAHHKOB TPEXIPOBOAHEIX BO3-
IyIIHBIX JHHHUHE, BBOAAT MOHATHE CPEJHEro CONPOTHUBIICHHS B3aHMOMH-
AYKLHUHM JII000H Maphl NPOBOJHHUKOB.

o anHanoruy ¢ ABYXNPOBOAHOH TPEXNMPOBOAHYIO BO3AYIIHYIO JTHHHUIO
MOXXHO 3aMEHHTH TpeMs JIHHUAMH IMPOBOJ — 3€MJIs. 3aMEHAA 3aTeM KaX-
IY¥0 JTMHHIO IPOBOJ — 3€MJIsl ABYXIIPOBOHOM JIMHHEH C paccTosHueM D,

MEXIY JEHCTBHTEIBHBIM H COOTBETCTBYIOMMM (MKTHBHEIM IPOBOJAMH,
OPHUXOAUM K BBHIBOIY, YTO TPEXIPOBOAHAS JHMHMSA JKBUBAJICHTHA TPEM
JBYXIIPOBOJHBIM JIHHHSM.

CpenHee CONPOTHBICHHE B3aMMOHHIYKIHMH JI000H Haphl MpoBOIOB
MOXXHO HaMTH Kak cpeflHee apH(pMeTHUECKOEe U3 TPEX 3HAYCHUH B3aUMO-
WHAYKIUH, ONPEIEIIEMBIX TPEMsSI OTHOCHTEIIBHBIMH MOM0XKEHUSIMH TIPO-
BOJIOB paccMaTpHUBaeMBIX AByX ¢a3. [loaToMy B cooTBETCTBHH ¢ puc. 11.9
4 BeipakenueMm (11.24) umeem:

x =1lo 1451g5 +0 1451g—D—3 +0 1451g-—D—3 =
" 307 D12 ’ D23 D31
3
= :1;0,1451glﬁ = 0,1451g—i——, (11.25)
rac D12’ D23, D3] — PacCTOAHUA MEXAY COOTBETCTBYIOIIHMHU NPOBO-

Iamu; 3 /D12D23D31 — cpenHee reOMETPUYECKOE PACCTOAHUE MEXKAY ITPO-

BOJIAMH.
BBens o603HauyeHue

D, = 3/D;,Dy3Dy,, (11.26)

MOJTYYHM
D3
X, = 0,1451g—=. (11.27)
D,
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U3 (11.27) u (11.24) BuaHO, 4TO CpeHEe COMPOTUBIECHHE B3aUMOUH-
OYKIHY ABYX IPOBOJOB TPEXIIPOBOAHON BO3AYIIHO THHHU PABHO COMPO-
THBJIEHHIO B3aUMOMHIYKIUM [BYX JHHHUH HPOBOX — 3E€MJIS C PaccTos-
HHEM MEXIY OCAMH NPOBOAOB, PaBHBEIM CPEJHEMY reOMETPUIECKOMY pac-
CTOSHHIO MEXIY IPOBOAAMH TPEXIIPOBOAHON JTHHUH.

11.6. ConpoTHUBAEHHE HYAEBOW NOCAEAOBATEAbHOCTH
OAHOUENHOU TPpexdasHOU BO3AYLUHOW AMHUM
aAeKTponepeaayu 6e3 3a3eMAEHHbIX
MOAHHME3ALLMUTHBIX TPOCOB

BeipakeHnue ai1s CONPOTUBIEHUS HYIEBOU ITOCIEI0BATENBHOCTH OJHO-
LenHoM Tpex(a3HoH BO3AYIIHOH JIMHHHU 31EKTPONEpENad JIerko HaTH,
ucnons3ysa (11.20) u (11.27). Ecnu Mexay KaXApIM MPOBOIOM Tpexdas-
HOH BO3IYIIHOH JINHUM M 3eMJIel IPUIOKUTH HAIPsHKEHHE HYIEeBO#H moc-

JIEAOBATCIIBHOCTH UO , TO IIpH HAJIM4YHH yCJ’IOBHﬁ JJ11 BO3BpaTra TOKa 1o

3€MJI€ NaJCHUEC HAMPKECHUA B KaXXJIOM IIPOBOJEC H TOKH HyIlCBOﬁ nociJie-
AO0BATCJIbHOCTH Pa3HBIX (1)33 6yJ_IyT CBA3aHBI CJICAYIOLIUM COOTHOIICHUEM:

AUO =X3j0+XMjO+XMj0 = (X3+2XM)j0, (1128)
OTKy/a
X, =X, +2X, (11.29)
WIn

D3 D3 D3
Xo = 0,1451g—+2-0,145lg=> = 0435lg—,  (11.30)

9K cp cp

e re, = %/rBKDip —— CpeOHHH TeOMETPUYECKUH paiguyC CHUCTEMBI H3
TpEX NPOBOAOB JIMHHH.

M3 (11.28) cnenyer, 4TO CONpPOTHUBICHHE HYJIEBOH MOCIEAOBATENb-
HOCTH INPOBOJA OJHOUENHOHN Tpex(da3HOH BO3LYNIHOW JTHHHUU YHCIECHHO
PaBHO HaNPSHKEHHUIO, KOTOPOE JOIKHO OBITH MPUIIOKEHO MEXIY KaKIBIM
TPOBOAOM M 3€MJIEH Aj1 KOMICHCAllMH HaJeHHs HaNpsDKEHHs OT TOKOB
HyJEBOM IIOCIIEOBaTENbHOCTH, PaBHHX 1 A.

YroObl UMETH HPENCTABICHHE O COOTHOLIEHHH CONPOTHBICHUH HyJIe-
BO# M IPAMOH MoclenoBaTeNbHOCTEH ONHOUETHOH Tpex(a3Hoit Bo3ay-
HOM JIMHUH, HaliZieM BBIpa)KeHHUe U1 COIPOTHBIICHHS NPAMO# OCen0Ba-
TEJIBHOCTH TaKOH JIMHUU. DTO CONIPOTUBICHUE YUCIEHHO PaBHO HampsiKe-
HHIO NPSMOM MOCIENOBaTENbHOCTH, KOTOpO€ 00eCIeunBaeT KOMIIEHCa-
UMIO MaJCHHS HANpsHKEHUS B JI000M mpoBoxe TpexPa3HOM JTHHHH OT

214

TOKOB MPAMOM MOCienoBaTeabHOCTH, paBHBIX 1 A. ITockonbky Tpexdas-
HYyIO JIMHMIO MOXXHO IIPEICTaBUTh B BHJE TPEX JHMHMI IMPOBOA — 3EMII,

. . 2 .
toupu I, =1, Iz = a" ul. = a umeem:

AU, = jX,0, +jX Iy +jX, Do =jX, +jX,a +jX,a

oTKyAa
X, =X,-X, (11.31)
HIHA
X, = 0,1451 b, D, _ Dop
;= 0,1451g— - 0,1451g—> = 0,1451g—=. (11.32)
Fax Dcp Fax

CpaBHuBasg 3T0 BeIpaxkeHue ¢ (11.16), HETpymAHO yCTaHOBMTB, YTO
COTMPOTHUBIIEHHE TIPAMO#i TTOCIIEI0BATENBHOCTH IPOBOAa Tpexda3zHoH BO3-
AYLUIHOH JINHHH YHCJIEHHO PaBHO CONPOTHUBICHHMIO NIPOBOAA ABYyXIPOBOJ-
HO# JTHHHUH, Y KOTOPOH paccTosHHE MEXIy NPOBOJAaMH PaBHO CPEIHEMY
reOMETPHYECKOMY PACCTOSHHIO MEXAY NPOBOAAMH Tpex(ha3HOH THHHUH.

N3 (11.29) u (11.31) cnenyer, yTo CONPOTUBICHHE HYIEBOH MOCIENO0-
BAaTENbHOCTH Tpex($a3HOW BO3AYNIHOM JMHUH 3HAaYUTENbHO OOJbILE
CONPOTHBJICHHA HPAMOH MOCIENOBATEIBHOCTH, TaK KaK B OTIHYHE OT
MarHUTHBIX MOTOKOB B3aWMOWHIYKLHH, BBI3BAHHBIX TOKaMH MpPAMOif
HOCJIEA0BATENFHOCTH, MarHUTHBIE MOTOKH B3aMMOMHIYKIHH, 00YyCJIOB-
JIEHHBIE TOKaMHU HYJIEBOH IOC/IEAOBATEIbHOCTH, IO (ha3e COBMANAIOT C
MAarHUTHBIMH TIOTOKaMH CaMOMHAYKLHUH, YyBEIHMYUBass HHAYKTHBHOE
COIIPOTHUBJIEHHE IIPOBOAOB. B mnpHONMKEHHBIX pacyeTax OTHOLIEHHE
MHIYKTHBHBIX COTIPOTHUBIIEHHH HYNEBOH U NPAMO¥ 1OCIE0BaTENbHOCTEH
OIHOLIETIHBIX TpeX(a3HBIX BO3AYLIHBIX JIUHUH 0€3 3a3€MIICHHBIX MOJHHE-
3aIIUTHBIX TPOCOB OOBIYHO IPHHUMAIOT PaBHBIM 3,5.

11.7. ConpoTMBAEHHE HYA€BOM NMOCAEAOBATEABHOCTHU
OAHOLLeNHOW TpexdPa3HOM BO3AYLUHOW AWHMM
3AeKTponepeAq4u C 3a3eMAEHHbIMU
MOAHHE3ALLUTHBIMU TPOCAMU

3a3zeMJIEHHbIE MOJIHHE3AIUTHBIE TPOCHl CYIIECTBEHHO BIIMAIOT Ha
COINPOTHBIIEHHE HYIEBOH IOCIENOBATEILHOCTH JNHUHHMH. IIpH KOpOTKOM
3aMBIKaHHUHU Ha 3€MIII0 B Tpex(a3HOi LenH ¢ 3a3€MIIEHHOH HEHTPAJbIO U
3a3eMJIEHHBIM Ha KaXJOH OIOpEe TPOCOM YacTh TOKa HyJI€BOH MOCIIE10Ba-
TENBHOCTH 3aMBIKaeTCs 1O 3eMiie, a Apyras — 1o tpocy (puc. 11.10, a),

Te. [y =1,0+1,.
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Puc. 11.10. OnHouenHas BO3XyIIHAS JTHHHA C MOJIHHE3AMHTHLIM TPOCOM:
a — HCXOHAsA cXxeMa; 6 — OHOJMHEHHAs CXeMa C JIEeKTPOMAarHUTHOM CBA3bIO; 6 — CXEMA 3aMe-
IIEHHS HYJIEBOH MOCIEAOBATENbHOCTH

Ho B MecTe 3aMBbIKaHHS Ha 3€MJII0 TOK paBEH YTPOCHHOMY TOKY HyJle-
BO# mociienoBarenbHOCTH. [103TOMY TOKH B TPOCE M B 3€MJIE COCTABIIAIOT
cootBeTcTBeHHO [ = 31 (ul, =31 .

Tpoc MOXHO paccMarpuBaTh KaK MPOBOJA HE3aBHCHMOH OXHOIPOBOA-
HOM JIMHHM C BO3BpParoM TOKa mo 3emiie. [103TOMy €ro CONpOTHBJIEHHE
cornacHo (11.20)

D
X, = 0,1451g—, (11.33)

r3K.T

rae 7, . — SKBHBAJIEHTHBIH pajiiyc TPOCa.

ITpu Toke B Tpoce I, = 31, MajeHHe HANPSDKCHHUS HA y4acTKe IJIH-

HOM 1 KM cocTaBiseT
AU, = 3jX.1,, (11.34)

IIO3TOMY CONMPOTUBJICHUE Hy.IICBOﬁ IOCJICA0BATCIIBHOCTH TPOCa

DS
X, = 3X, = 0,4351g—. (11.35)

3K.T

ConpoTHB/ieHHEe B3aUMOHHAYKIIMH MEXAY NMPOBONOM 000 (a3sl
TPOCOM, YUHTHIBasi TPAHCIIO3UIHIO IPOBOZOB JMHHUHU, MOXKHO ONPENEIHTD
Kak cpexHee apu(pMeTHUYECKOe M3 COINPOTUBICHHH B3aHMOMHIYKIIMH,
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NoJy4aeMbIX IIPHA PasIUYHBIX IMOJOXCHUAX IIPOBOJA 3TOH (1)331:1 OTHOCH-
TCJIBHO TpoOCa, T.C.

1
Xn-r = E(XIT + X2T + X3T) .

C yuetom (11.24)

X,

o-T

D3 D3
3-0,145]g———— | = 0,1451g (11.36)

D b
3’\/D1TD2TD3T et

Cp€aHee TIeOMETPHUYECKOE pPACCTOAHHE

W=

rae Dn-T = 3'VD1TD2TD3T

MEXAY IIPOBOAAMH JIMHHUHM U TPOCOM.
ITanenue HaImpsDKCHUST B TPOCE€ OT TOKOB HyﬂeBOﬁ IOCJIEA0BATECIb-
HOCTH IIPOBOOOB JIMHHUH

AU, o = jX, Iy +jX, Iy +jX, Iy = (3jX,. )y,  (11.37)

NO3TOMY COIIPOTHUBJICHHEC B3aMMOHWHIYKIIMH Hy.HeBOﬁ OoCJICAOBATCIIb-
HOCTH ME€XAY NPOBOAAMH JIMHHUM U TPOCOM

D3
. (11.38)

Xpwo = 3K, = 04351g

In-T

YToOHl ONpenenuTh IKBHBATIEHTHOE CONPOTHUBIICHHE HYIIEBOM MOCIe-
JOBATEIBLHOCTH JHHUM C YYETOM 3a3€MIIEHHOTO TpOca, HEOOXOAMMO OT
CXEMBI C JJIEKTPOMAarHUTHOH cBs3blo (puc. 11.10, 6) mepelTH k cxeme
3ameneHus. B coorsercTBui ¢ puc. 11.10, 6 nageHne HanpsHKEHHUS B IPO-
Boz€ (Ha eQMHHUILY ITHHEI)

AUo =onjo —an-TojTo, (11.39)

a4 Pa3HOCTh NOTCHIHAJIOB MEXAY ABYMA JIFOOBIMH TOYKAMH BJIOJIb Tpoca, y
KOTOPOTO KOHIIBI 3a3€MJICHBI, paBHA HYIIIO, T.C.

JX ol o=iXonoly = 0. (11.40)
H3 (11.40) cnenyer

D S
Io= )ZTO"IO. (11.41)

IMoxncraBuB 370 BEIpaxkenue B (11.39), morygum

2
: , Xn-'rO :
st =52
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OTKyZla HCKOMO€ COIIPOTHBJICHUEC HyﬂeBOﬁ IMOCJI€A0BATCIIBHOCTH BO3AYIII-
HOM JIMHUH JNEeKTponepenayu ¢ y4€TOM 3a3€MJICHHOTO TpoCa

X2
Xf,T)=X0~ Ll (11.42)
XO

T

3T0 BBIpaXkeHHE IOKA3bIBAaeT, YTO 3a3€MJICHHBIE TPOCH CHIKAIOT
COIIPOTHUBIICHHE HYJIEBOM MOCIIE0BATENBHOCTH BO3LYIHBIX JIMHHH 3JIEKT-
ponepenaun. Eciu B (10.42) X u X, IpeACTaBUTH COOTBETCTBEHHO Kak

(Xo =Xz 0) T Xpr o B (X g = Xp o) + Xy 0> TO HOCIIE HEKOTOPBIX MPEOG-
Pa30BaHU# 3TO BHIpAKEHUE TPUHHMAET BU!

4 (Xr() ——XII-T O)XH-TO
(erO - Xl‘l-T 0) + XH-TO

IMony4yeHHOMY BBIpaXXE€HHIO COOTBETCTBYET CXE€Ma 3aMELIEHHUS, Npe-
craBjieHHas Ha puc. 11.10, 6. BeTBb ¢ cONpOTUBIEHHEM X o OTIPEAEISET

qaCTh TOKa HyJICBOfI MOCJIe0BaTEJIbHOCTH, 3aMBIKAIOIICIOCsA IO 3€MJIC, a
BE€TBb C COINIPOTHBIICHHUEM XT 0 Xrl-'r 0 — 4acTh TOKA, 3aMBIKAOIIETOCA I10

tpocy. ConpotuBnenus X, — X . o 4 Xy — X, o TPEACTaBISIOT COOOH

COIIPOTHUBJICHUS PACCCIHHUs Hy.TIeBOﬁ OoCIea0BaTCIbHOCTH IIPOBOAA H
Tpoca. OTH COIIPOTHBJIICHHA COCTABJIAOT

X0 =X,-X,., (11.43)

D
X, =Xy~ X0 = 0435lg r’”; (11.44)
cp

X _ _ DII-T
510 =X 0= Xy o = 0,4351g— (11.45)

3K.T

W3 cxembl 3amenienus 1MHEM ¢ TpocoM (puc. 11.10, 8) U BeIpakeHHs
(11.45) BuAHO, YTO YMEHBIIEHHE CONMPOTHBIEHHSA HYIEBOH MOCIENOBa-
TEJIBHOCTH BO3IYIIHON JMHUH 3JeKTporepenady, oO0ycloBICHHOE 3a3€M-
JICHHBIM TPOCOM, TEM 3HA4YMUTENIbHEE, YEM MEHBILIE PACCTOSHHE MEXIY
TPOCOM U NPOBOAAMM, TaK KaK C YMEHBIICHHEM IOCIIEAHETO yBEIHNUNBa-
erca OJIC B3aUMOMHIYKIUH, HABOAHMAs B TPOCE MAarHUTHBIMH NTOTOKaMH
OT TOKOB IIPOBOJIOB, M COOTBETCTBEHHO YBEIHYHBAETCA TOK B TPOCE.

B npubnmxeHHBIX IPaKTHYECKUX pacueTax Ajs OXHOIEIHbIX BO3AYII-
HBIX JIMHMH C 3a3€MJIEHHBIMH TPOCaMH OOBIYHO NPHHHMMAIOT CJIEAYIOIIHE
CpelHHE 3HAYECHHs OTHOLIECHHS HHIYKTHBHBIX CONPOTHUBIECHHH Hyl€BOH U
IpsAMOH HOCHENOBATENBHOCTEH: Ul JHHUH CO CTalbHBIMM TPOCaMH,
3a3eMJIEHHBIMH Ha KaxJIo# omnope, X;/X; = 3, a ¢ TpocaMH, BBITIOJIHEH-

HBIMH M3 XOPOILO MPOBOAAIIMX MaTepHanos, X,/X; = 2.
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11.8. ConpoTUBAEHHE HYAEBOW NOCAEAOBATEAbBHOCTH
ABYXLLeNHOU TpexcPa3HOU BO3AYLUHOW AMHMM
aAeKkTponepeAayu 6e3 3a3eMAEeHHbIX
MOAHHUE3ALLUTHbIX TPOCOB

ConpoTHBI€HHE HYJIEBOH MOCIENOBATENbHOCTH KaXKAOH LN ABYyX-
[EMHOM BO3AYINHOMN JIMHUHM B Clydae OJMHAKOBOIO HAIPAaBJIEHHS TOKOB
HYJIEBOH IMOCJIEN0BATENRHOCTH B 00eHX Lensix Ooiblie, 4eM IPH OTCYT-
CTBUH IPYTOH LEMH, YTO ABIAETCA CIEICTBUEM BIHMSHHSI B3aHMOUHIYK-
MM MEXJy LensMu. Biausaue B3aHMOHHIYKIMH TPOSBISETCS TEM CHIIb-
Hee, YeM MEHbIIE pacCTOsMHHE MEX Iy nensaMu. Hanbonee CHIBHO e€ BiH-
SHUE MPOSBIILETCS NPHU 3aKpEIICHNH MPOBOJOB 00EUX Iemneil Ha o0mux
onopax, a Ipu paccTosHuHM Mexay nensmu 400—500 M yBenHueHHe
COTNPOTHUBIIEHHUS HYNIEBOH MMOCIEN0BATEIHHOCTH KX I0H 1IeTH 13-3a BIIUA-
HMS B3aUMOMHIYKIUM NapajulelbHoH nenu He nperpimaet 10 %.

CpenHee cONpOTHUBICHNE B3aUMOUHIYKIIMH MEXIY NBYMS IPOBOAaMHU
ONHOMMEHHOH (pa3bl pa3HBIX LEMEH, YIUTHIBAs TPAHCIIO3HUIHIO IIPOBOIOB
obeux 1mened, MOXHO ONpPENENUTh KaK cpeiHee apudMeTHYECKOe W3
JIeBATH 3HAYEHHH CONMPOTUBICHUS B3aUMOHHAYKIIHH, OTIPEAEIAEMBIX BO3-
MOXXHBIMH OTHOCHTEIBHBIMHU TOJIOKEHUAMH MIPOBOLOB pacCMaTPUBAEMOi
¢assl pa3Hbix nemneil. [Ioatomy B cooTBeTcTBHH ¢ (11.24)

180,141 -Di+01451 D, . = 0,1451 D, (11.46)
b gD b gD s b gD b .

Xy = 9
11 12' 11

mie Dy = 4Dyy:Dyy:D13:Dpy Dy D3 Dy Dy D3z — cpensiee reo-
MeTpHYeckoe paccrosHue Mexnmy uensmu 1 u II; D, — paccrosHue
Mexay nposoaoM 1 uenu I u nposogom 1’ wenwu II; D, — paccrosnue
Mexay npoBozxom 1 nemnu I u npoBoxom 2' nenw II u T.1.

ConpoTuBieHHE B3aUMOHHIYKIMHM HYJIEBOH MOC/IEI0BATEIbHOCTH
OZIHOM IIETIH OT BTOPOH (T.€. MEXAY MPOBOJOM ORHOW LENH U TpeMs Mpo-
BOJAMH APYTo IeNH) YMCIEHHO PaBHO MAJCHUIO HAPSKEHHS B TIPOBOJIE
0ZiHOH U3 uened (OTHECEHHOE K €IHHHUIIE JUIMHBI JHHHH) [IPU TOKE HYyJle-
BOH I0CJI€A0BAaTENBHOCTH B KaXKI0M H3 MPOBOXOB BTOPOi LIEIH, paBHOM
1 A. Takum 00pa3oM, IIpH ONpeJeIeHUH 3TOTO CONPOTHBICHHUS CIEeAyeT
HCXOIMTh U3 TPEX COBNAJAIONIMX IO ¢a3e TOKOB B 1 A, mo3ToMmy

D
Xino = 3%y = 0,4351g51—3n. (11.47)
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Yr1o6bl MONYYUTh CXEMy 3aMEINeHHS HYJIEBOH MOCIENOBATENBbHOCTH
IBYXLIEMHOM JIMHMM B 0o0INeM Bujae, aomycTuM, 4to mend [ u Il atoi
JIMHHMH COEJHHEHBI MeXIy co00i TolbKo Ha ofHOM KoHIE (puc. 11.11, g)
M UMEI0T HEOJHHAKOBBIE COMPOTHBJICHUS HYJIEBOH IHOCIENOBAaTEIbHOCTH
Xio ¥ Xjj o OTH cOnpoTUBJIEHHA ompenensaoTca no ¢popmyne (11.30), a

COTPOTHBIIEHHE B3aUMOUHIYKIIMH HYJIEBOH MOCIIEN0BATENBHOCTH X| 1 o —
1o dopmyne (11.47).

IIpu Tokax HyneBod mocienosarensHOcTH B Hemsx 1 u II coorser-
CTBeHHO [, ¥ [}, TaJeHHs HANPSKEHHAS HAa €JMHUIY IJIHHBI 3THX

Heneun cocTaBIAIOT

AUy =jXolvo Y iXimol o

. . . (11.48)
AUy =jXyolmo t/Xumol1o-
3TI/I Bblpa)KeHI/Iﬂ MOXXHO HpellCTaBI’ITB B BHJC:
AUy =jXiyoU 1o+ o) 7 (X190 — Xy os
(11.49)

AUy = JjXioUro + o) (X9 = Xm0 o

IlonyyeHHBIM BBIpaKEHUSIM COOTBETCTBYET JKBHUBAJIEHTHAas CXeMa
3aMEIIECHUs] HYIEBOH MOCIENOBATENLHOCTH ABYXUEHMHON JHHHH, Mpe-
craBieHHas Ha puc. 11.11, 6. Conporusnenus X o — Xy o ¥ Xj; o — Xpppo

06yCIIOBIICHBI MAarHuTHbBIMH TIIOTOKaMH, CO3JaHHBIMH COOTBCTCTBCHHO

TOKaMu [, U I[;, M CHEIJIEHHBIMH TOIBLKO C NPOBOJAMH CBOEH ILETH.

Taxum o6pa30M, OTH MAarHMTHBIC ITIOTOKH ABJIAIOTCA MOTOKAMH PAaCCCIAHUA

I X0~ %o
.. X0 _n
hot Iy .
— o f
%10 19
2 1o~ X1mo

0)

Puc. 11.11. /IByxuensasi Bo3qyuiHasi JHHHSA Ge3 3a3eMJIEHHBIX TPOCOB:
a — O[HONMHEHHAA CXeMa C NEKTPOMAarHHTHOH CBSA3bI0; 6 — cXeMa 3aMEIIEHHUs HylIeBOH mocie-
JIOBAaTEIBHOCTH
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HYJIEBOH IOCIEN0BATENLHOCTH KaXI0W M3 IIeTed M0 OTHOWIEHHUIO K Apy-
roii. B coorBerctBHu ¢ (11.30) u (11.47)

X o 0=X o—Xomo= 04351 Dr,
610 = 410 Ao = U gr 1’
C
P (11.50)

D I-1I

Xsmo = Xio — Xppro = 0,4351g

c
rcp II

Ecnu nenu [ v Il upenTuunsl, T.e. X = Xj; o = X 4 COEAMHEHbBI MEXIY

coboil Ha 000MX KOHIIaxX, a pacueTHas TOYKa KOPOTKOTO 3aMbIKaHHs HaXo-
AMTCSl Ha onHOU U3 uened (puc. 11.12, a), TO y4acTKH 3TOH JBYXLEMHOH
JAMHUH, HaXO[IIHECS C Pa3HBIX CTOPOH OT TOYKH KOPOTKOTO 3aMBbIKaHHs,
MOXHO TMpPEACTABHTh CXE€MaMH 3aMEIICHHs, aHAJIOTMYHBIMU CXEME Ha
puc. 11.11, 6. TIpu 3TOM CONMPOTHBJIEHHUS JTyYeH CXeM 3aMeIeHHs OT/e-
JIBHBIX YYACTKOB JOJKHBI COOTBETCTBOBATH AJHHAM 3THX y4acTkoB. [loc-
KOJIBKY YYacCTKH COE€AMHEHBI MEeXAY COOOM, TO MOJIHAs cXeMa 3aMELICHHS
HyJIEBOH IMOCIIEOBaTeNbHOCTH ABYXIEIHON JTUHHH JUIMHON / IpH KOPOT-
KOM 3aMBIKAaHHM Ha OJHOM M3 HHMX HMeeT BHJ, KakK IIOKa3aHO Ha
puc. 11.12, 6, Tne n — oTHOCHUTENbHAs AJHHA YaCTH JIHHUH, HAXOAAIIEeH s
clieBa OT TOYKH KOPOTKOTO 3aMbIKaHHS.

B Tex cnyuasx, xorma KOpOTKO€ 3aMBIKaHHE MPOHCXOIUT BHE JIHMHUH,
SKBUBAJIEHTHOE COIPOTHBIICHUE HYJIEBOH MOCIEI0BAaTENIFHOCTH ABYXLIE-
HO# JNHMHHU (T.€. CONPOTHBIIEHHE MPOBOJAOB OXHOMMEHHOH (a3bl ABYX
napajjienbHBIX Heneit)

Xy = X0+ 0,5(Xy — Xpgro) = 0,5(Xp + Xpp1 )

X=X 11 0)
—_——
nlX o (A-mIX; 19

7 X=X 4 (1=mIg=Xq110)

Uxo

Puc. 11.12. JIpyxuennasi Bo3AyHiHAsl JHHHA NPH KOPOTKOM 3aMBbIKAHHH HA OJHOH H3 ee
nemnei:

a — OfHONMHEHHAsA CXEMa C AEKTPOMarHUTHOH CBA3BIO; 6 — CXEMa 3aMEICHH HyJIEBOH Moce-
JOBaTeTbHOCTH
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U CONpPOTHBJICHHE HYJIEBOH MOCIENOBATEIbHOCTH OJHOH LIENH C y4eToMm
BIHSAHUSA APYTOX

Xy =Xy + Xim0- (11.51)

IIpu npubavkeHHBIX pacdeTax HECHMMETPHUHBIX PEXHMOB OTHOILIE-
HHME MHIYKTHBHBIX CONPOTHBICHHH HYJIEBOH M NPAMOH MocCieoBaTeNs-
HOCTEH ABYXLENHBIX JHHHH 0€3 3a3eMIICHHBIX TPOCOB OOBIYHO NPHHH-
MaloT paBHBIM X,/ X; = 5,5.

11.9. ConpoTUBAEHHE HYAEBOW NOCACAOBATEABHOCTH
ABYXLLENHOW TPeXda3HOM BO3AYLUHOW AMHUMU
3AEKTPONEepPEAQa4u C 3a3eMAEHHbIMU
MOAHHUE3ALLUTHBIMU TPOCAMMU

JIByX1eHYIO BO3AYIIHYIO THHHIO IEKTPONEPENadH C 3a3€MICHHBIMHU
TPOCaMH CJIENyeT pacCMaTpUBaTh KaK TPU MarHUTHO-CBA3aHHBIE CHCTEMEI
IPOBOAOB: CUCTEMY NPOBOXOB OJHOHN LENH, CUCTEMY NPOBOAOB APYTOi
nend u cucreMy TpocoB (puc. 11.13, a). Hcnonap3ysd Nony4EeHHBIE BBILIE
(bOopMybl, MOXXHO ONPENETUTh CONPOTUBICHUS HYIEBOH IOCIEI0BATEb-
HOCTH OTAENBHBIX CUCTEM, T.€. X o, Xjj o ¥ X (), @ TAKIKE CONPOTHBIECHHS

B3aMMOUHAYKLIMM HYJIE€BOH MOC/IENO0BATENbHOCTH MEXIY MNPOBOAAMH
KaXOMH 1apel CUCTEM, T.€. X[ 11 0> X110 H X1 0-

I
T . . 10
—_— I+ XIO L —_— I
107110 p
o O
X, (% hio
(o] 110
o J
I
(o)

I o+ I
1o+ o ®
X0~ X110

6)

Puc. 11.13. [IByxuenHasi BO3AYIIHAs JHHHSA C 3a3eMJIeHHBIMH TPOCAMH:
a — OfIMH M3 BO3MOXHBIX BAPUAHTOB PACTIOJIOKEHH NPOBOJOB H TPOCOB; 6 — ONHOJIHHEHHAA
CXeMa C JIEKTPOMarHUTHOM! CBA3BIO; 6 — CXeMa 3aMEILEHHA HyJIEBOH MOC/IeOBATEILHOCTH
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ITpu moka3aHHBIX Ha puc. 11.13, 6 MONOXKHUTENBHBIX HANpaBIECHHAX
TOKOB HYJIEBOH I0OCIEI0BAaTEIbHOCTH B IPOBOAAX Pa3sHAIX Ierel W Tpocax
CIPaBEIUBEI COOTHOILEHHS !

AUy =jX1olyo *JX1moliio —JX1r olr 05
AUy o =JjXuoliro t 7 X1 ol10 =/ Xir 0fr 05 (11.52)
0 =X olr0~JX1r0l10 —J X1z o110

Ecau, HCNOJB3YyS MOCICAHEES BEIPAXKCHUC, HCKIKOYNUTD U3 NEPBLIX ABYX

ypaBHEHHH TOK I, TO MOMTy4HUM

s _ (D5 I
AUy = jX1 ol o 7 Xum ofir 0

) (11.53)
’ O AT g
AUy _JX§1 oliro +1X§-II ol1 0
2
: (r) _ I-T 0 .
e Xpg = Xjo— Y — CONPOTHBICHHE HYJICBOH MociefoBaTeNb-
T0
2
(1) X II-r 0
I ¢ yueToM BIUSHUSA CUCTEMBI TPOCOB; X1 g = Xi7 o — —
HOCTH LENH s X0 Mo~ ;
T
CONPOTHBIIEHHE HYNEBOH MocienoBaTeasHOCTU LenH Il ¢ yueroM Bius-
X, X
T I-r 0 111 0
HUS CHCTEMBI TPOCOB; Xi_l)w = Xino— —TX—T — COMPOTHBIICHHE
10

B3aUMOMH/IYKIUH HYJIEBOH MOCIeI0BaTEIbHOCTH OJHOH LIENU OT ApPYroH
C y4ETOM BIHSHHUA CHCTEMBI TPOCOB.

VYpaBuenus (11.53) ananoruynsl ypaBHeHusaM (11.48) mna aByxuen-
HoM uHUY 6e3 TpocoB. [osToMy cxeMa 3aMeleHUs HylIeBOH MOCIeA0Ba-
TEABHOCTH ABYXLENMHON JHHUY ¢ TpocaMH (puc. 11.13, 6) uMeer Takoi xe
BH[, KaK U ABYXIENHOH JUHHH Oe3 TpocoB. Poib TPOCOB CBOAUTCS JHIIB
K YMEHBUICHHUIO 3HaY€HUH BCEX TapaMEeTPOB CXEMBI 3aMEIICHHS.

Ecmu ob6e memd OOMHAKOBBI U CHMMETPUYHO DPacCHOJOKEHbl OTHOCH-
TEBHO TPOCOB, T.e. X[ = Xy = Xy ¥ X[ ¢ = Xj1.r 0 = Xjpp 0 IPHYEM OTH
LENH COeJUHEHbl MEeXAy CO00H 1o 000MM KOHLAM JIMHHM, a KOpOTKOe
3aMBIKaHUA NPOUCXOMUT BHE JIMHHH, TO DKBHUBAJECHTHOE COMPOTHUBICHHUE
HYJIEBOH I0C/Ie10BATEAbHOCTH ABYXLENHON JHHUH C TPOCAMHU COCTABJIAET

2
X = 1o+ 055" - X3 o) = OaS(Xo + Xiao - 27;‘%)) (11.54)
T

223



¥ CONPOTHBJICHHE HYJIEBOH MOC/IEA0BATEIbHOCTH KaXI0H U3 LENeH TaKoH
JHUHUA

X, = Xy + Xy o - 2);‘21'” . (11.55)
70
B npuGnukeHHBIX pacuyeTax OTHOIIEHHE HWHIYKTHBHBIX CONPOTHB-
JeHUH HyIeBOH W MPAMOH IMOCIEJOBAaTENbHOCTEH ABYXLEMHBIX JTHHHK
C 3a3¢MJIEHHBIMH CTaJbHBIMH TPOCaMH OOBIYHO NPHHHMMAIOT PaBHEIM
X,/X, = 4,7, a c XOpoIIO MPOBOAALIMMHU TPoCcaMu X,/ X, ~ 3.

11.10. ConpoTUBAEHHE HYAEBOW NMOCAEAOBATEALHOCTH
TPEXXUAbHbIX Kabeaen

Ka6enu MOryT GbITh POJIOXKEHBI KaK BHIIIE, TAK M HUXKE IIOBEPXHOCTH
seMid. B mocnemHeM ciydae pacmpedesieHHe oOpaTHOTro TOKa B 3eMie
HECKOJBKO OTJIMYAeTCS OT TOro, KOTOPOe MMEET MECTO IPH PacIoyoxke-
Huy Kabed HajJ MOBEPXHOCTHIO 3eMiu. OHAKO 3TO OTIHYHE HEBEIHKO U
17 ONpefieieHHs MapaMeTpOB HYJICBOH MOCIEN0BaTENbHOCTH KalemeH
HE3aBHCHMO OT CIIOC00a HX MPOKIAAKH MOTYT OBITh HCIIOIL30BaHEI BEIPA-
KEHHS, IOyYEeHHBIE paHee I BOSAYLIHBIX JHHHH 3JI€KTPONEpEaayH.

OO6BIYHO KabelId HMEIOT NPOBOIAILYI0 000I0UKY, KOTOPYIO 3a3€MJIAIOT
Ha KOHIIaX KabeJeil 1 B HEKOTOPBIX TPOMEXYTOUHBIX TOUKax. I[Ipu 3amer-
KaHHH TOKOBEAYIUEH XUIbI TAKOro kabensd Ha 060104Ky oOpaTHBIM IIpo-
BOJOM /I TOKOB HYJIEBOH MOCIEIOBaTEIbHOCTH CIYXaT Kak cama 060-
J04YKa, TaK M 3emid. Ho Mexay KOHTYpOM KuiIa — 3eMJId H KOHTYPOM
060/1049Ka — 3eMJI MMEETCH B3aUMOMHAYKLKA. TakuM o6pa3oM, kabems ¢
3a3eMJICHHOM 000/104KOi 1MOm00eH BO3AYIIHOH ITHHHH C 3a3€MIICHHBIM
tpocoM. ITosToMy mjs ompenesieHHs TapaMeTpPoB HYNEBOH MOCIENO0Ba-
TEABHOCTH TAaKOro Kabeis HCIOJb3yIT COOTBETCTBYIOMHUE (GOPMYNBI H
SKBHBAJIEHTHYIO CXEMY 3aMELIeHU Ul YIOMAHYTOH BO3MYLIHOH JTHHUH.
B 4acTHOCTH, CONPOTHBICHHE CAMOMHIYKLUH HYJIEBOH MOCIEA0BATENb-
HOCTH xH1 Kabens Haxoxar o gopmyste (11.30). IIpu 3ToMm cpensuit reo-
METPHYECKHI PanyC CHCTEMBI U3 TPEX KU Kabessd onpeaensior no gpop-
MyJie

ro =3 d, (11.56)

TIe 7, — SKBHBAJCHTHbIH Paguyc Xuibl; d — PACCTOAHHE MEKY LIEHT-

paMu CeYeHHH KuI.
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CpenHee reOMETPHUECKOE PACCTOAHHE MEXIY JKHIaMH Kabensd U 060-
JIOYKOH NMPUMEPHO PaBHO MONYCYMME BHYTPEHHETO 7, H BHEIIHEIO 7,

paauycoB 000I0UKH, T.€.

il

D — rBT + rBHI
xK-00 2
ITostomy B cooTBeTcTBUY ¢ (11.38), conpoTHBICHHE B3aUMOHHIYKIIUH
HYJIEBOH MOCIEN0BATENRHOCTH MEXIY KUIaMu B 000J109K0i Kabens

2D
Xeos0 = 0,4351gr—+—3—-. (11.57)

X
BT rBI.H

B oriyue or Tpoca Bo3AyIIHON JIMHHK 000104Ka Kabems 0XBaThIBaeT
Bce €ro xuiabl. [Ipy 3TOM MarHUTHEIH MOTOK, CO3/1aBaeMbIi TOKAMH 0060-
JIOYKH, IETUKOM SABIAETCS NMOTOKOM B3aMMOHHAYKUMH. IToaToMy compo-
THBJICHUE CaMOMHAYKIMU HYJIEBOH IOCIEJOBaTEIbHOCTH OOONOYKH H
CONPOTHBIICHHE B3aMMOHHAYKIIMH HYJIEBOH MOCIEAOBATENFHOCTH MEXY
000I0YKOH H KUIaMH Kabens paBHbI APYT APYTY, T.e. 060109Ka Kabens He
HUMEET PacCesHuA.

PacmpesieneHne ToKa HyJI€BOH MOCIIENOBATENBHOCTH MEXAY 000104-
KoH kabens u 3eMjleld ¥ COOTBETCTBEHHO II0JIHOE CONPOTHBIEHHE HYJIEBOM
HOCJAEA0BATENBHOCTH Kabensd B 3HAYHTEIbHON Mepe 3aBHCHT OT aKTHB-
HOT'O COIIPOTHBJIEHHUA 3a3€MJICHHH 000J04KH, XOTA MPH H3MEHEHHH TOTO
COIPOTHBJICHUSA MOIYNIb IONHOTO CONPOTHBICHUA HYJIEBOH MOCIENOBa-
TEILHOCTH Kabend oCTaeTCsd MOYTH HOCTOAHHBIM H HM3MEHAETCH JIHIIb
COOTHOILICHHE MEXAY aKTUBHOH M MHAYKTHBHOW COCTABISAIOIIMMH IIOJI-
HOro conpoTHBiIeHHA. Eciiu conpoTuBieHue 3a3eMIEHHI HEBEINUKO H UM
MOXHO NpeHebpedb, TO TOK B 3eMle JOCTHIaeT HaHOOJbIIETO 3HAYECHHS.
OTOMY CiIy4ar0 COOTBETCTBYET CXeMa 3aMeEIleHHs HYJIEeBOW MOCIEN0Ba-
TEABHOCTH Kabeis, mpeacraBieHHas Ha puc. 11.14. Ona oTiuyaercs or
CXEMbl 3aMEIEHHA HYJIEBOH NOCIeN0BAaTeILHOCTH BO3AYIIHON JTMHHU C
3a3€MIIEHHBIM TPoCoM (cM. puc. 11.10) TeM, 9TO B COOTBETCTBYIOIIHE
BETBH BBE/ICHBI AKTHBHBIC CONPOTHBIECHHS XKWJIbI R, 060104k 2R ¢ 1

3eMid 3R;, Tak KaK B NPOTHBHOM ClIy4ae HapymiaeTcs NeHCTBHTENbHAA

3R3 X)K-oﬁ 0

Puc. 11.14. Cxema 3amelieHnst HyJeBoil OCTeA0BATEIbHOCTH TPEX/KHIBHOTO Kabes
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KApTHHA pacrpeleeHHs 0OpaTHBIX TOKOB MEXAy 060moukoi Kabens u
3emyieil. UHAyKTHBHOE CONPOTHBICHHE BETBH, COOTBETCTBYIOIIEH XHMIle
Kabes,

D, 2D,
X0 = X0 = X060 = 0=4351g}'; - 0’4351grBT P

+r
— 0,435]g L0 (11.58)
2rcp

VIHyKTHBHOE COTPOTHBIEHHE HYIEBOH MOCIEN0BATENLHOCTH Kabens
X, MOXHO HalTH KaK MHUMYIO YaCTh €ro MOJHOTO CONPOTHBJICHHS HyIe-
BOH MOCIEI0BATeIbHOCTH, ONPEIETIEHHOT0 B COOTBETCTBHH CO CXEMOMH
3amenenus (puc. 11.14).

Eciu ’ke CONpPOTHBICHHE 3a3eMJICHHH 060/I0YKH BEIHKO, TO BECh TOK
HyJIeBOM MOCIeJO0BaTeNbHOCTH BO3BpAlIAeTCA TOIBKO IO obomouxke.
B 3TOM ciiydae B 9KBUBAJIEHTHOMN CXeMe 3aMEIleH s HyJIeBOH MOCIeN0Ba-
TeIBRHOCTH Kabels JOMKHa OBITh pa30MKHYTa BETBb, COOTBETCTBYIOIas
zemie. IIpu 3TOM 3HayeHHe MHAYKTUBHOH COCTaBJIAMOLIEH CONMPOTHBIE-
HMS HYJ€EBOM M0CAEA0BaTeIbHOCTH Kabesis 0Ka3sIBaeTCs HAMMEHBIIHMM.

JlefiCTBUTENbHOE 3HAaYCHHE CONPOTHMBIEHHS HYJIEBOM MOCIEN0-
BaTeNILHOCTH Kalenel, MMEHX MPOBOALLYI0 000I04KY, HaXOAUTCS
MEX/y €ro 3HaYeHHAMHU B yKa3aHHBIX IPeAeHbHBIX CTydyasx. B npubiu-
KEHHBIX PacyeTax [JIsi TPEXKHIbHBIX Kabenael npuraumaiot Ry ~ 10R, u

Xy~ (3,5—4,5)X,.

fAasa 12

TEPMUYECKOE BO3AEWCTBUE TOKOB
KOPOTKOIO 3AMbIKAHUS HA NMPOBOAHUKMU
U DAEKTPUNMECKUE AMMNAPATDI

12.1. Cnoco6bl OLLEHKM TEePMHHECKOro BO3AEUCTBUS
TOKOB KOPOTKOIroO 3GMbIKaHHUSA

KopoTkue 3aMbIkaHUA B DJIEKTPOYCTAHOBKAX CONPOBOXAAIOTCH OBICT-
PBIM ITOBEBIIIEHHEM TEMIIEpPATyphl IPOBOAHUKOB U TOKONPOBOIAIIMX Yac-
TeH dIEKTpUYeCKuX anmnapaToB. [Ipu 3ToM TeMnepaTypa MOXKET JOCTUTaTh
OIACHbIX 3HAYCHHUH, IPEBBINIAIONIHX 3HAYCHUA HAUOONBLINX JOMYCTHMBIX
temieparyp. [locnenHue ycTaHaBIUBAOTCS € YYETOM JOIYCTHMOTO CHH-
KEHUSI MEXaHUYECKUX CBOWCTB IMPOBOJHUKOBBIX MAaTEpUaNOB H COOTBET-
CTBEHHO HX BpPEMEHHOIO COMPOTUBIEHHS pa3pbiBy, H30JUPYIOIIUX
CBOMCTB M30JIALIMOHHBIX MaT€pHaOB U NMPOOHUBHOIO HANPSIKEHUSA H30JIs-
I[1M, HaIeXKHOCTH pabOThl KOHTAKTHBIX CUCTEM BCJIEACTBUE HX HHTEHCHB-
Horo okucieHus. [IpopomkurensHoe Bo3aeHCTBHE MOBBIIEHHS TEMIIEPa-
TYpBbl Ha H30JIALHUIO IPHBOAUT K €€ IIaBICHHUIO WU 00YTIHBaHUIO.

ITponiecc HarpeBa NMpPOBOAHUKOB IOA BO3ACHCTBHEM TOKAa KOPOTKOTO
3aMBIKaHHSA OOBIYHO CYHTAKOT aAUA0aTHYECKUM, €CITH MPOAOKHUTEINb-
HOCTBh KOPOTKOTO 3aMbikaHus He npesbimiaet 1 c. [Ipu HeOGbIcTpOnEHcTBY-
IOIIMX aBTOMAaTUYECKUX MOBTOPHBIX BKIroYeHUAX (AIIB) u mpomomxu-
TEJIBHOCTH KOPOTKOTO 3aMbIKaHUA Oosee 1 ¢ He06X0AUMO yUUTHIBATh TEI-
J00TAa4dy B OKpPY’KaIOILIyI0 Cpeny.

B kadyecTBe BENWYMHBI, XapaKTepU3YWOLIEH CTENeHb TEPMHYECKOro
BO3[IEHCTBHS TOKa KOPOTKOTO 3aMBIKaHHs Ha MPOBOJHUKHU U 3JEKTpHUYE-
CKHE amnmnapaThl, B OT€YECTBEHHOW IpPAKTUKE NIPUMEHACTCA HHTerpaj
JIkoyns, KOTOPBIH OnpenensaeTcs BhpaKeHHUEM:

tOTKJ'l

2
B.= [ i(n dr, (12.1)
0
TI€ i, — TOK KOPOTKOTO 3aMBbIKaHHS B IPOM3BOJILHEI MOMEHT BPEMEHH 1,
A; 1., — PacueTHas NPOAOKUTENLHOCTh KOPOTKOTO 3aMBIKaHHUS, C.

B MC)KIlyHaPOﬂHOﬁ IIpaKTUKE OJid KOJTMYECTBEHHOW OIIEHKH CTEICHH
TEPMHYECKOI0 BO3ACHCTBHUSA TOKa KOpPOTKOI0 3aMbIKaHHs 4aCTO HCIIOJIb-
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3YHOT APYTYyI0 BEJIHYUHY — TCPMHUYECKH SKBHMBAJICHTHBIA TOK KOPOTKOT0

3aMBIKaHUA Lo, o [B cranmapre MeXIyHapoOIHOH 3MEKTPOTEXHHYECKOH

xomuccun (MDK) ykasaHo, 4TO A/ OLEHKH TEPMHYECKOro ACHCTBUs
TOKa KOPOTKOTO 3aMBIKaHHs MPH NPOBEPKE HA TEPMHYECKYIO CTOHKOCTH
[POBOIHAKOB M JJIEKTPHYECKUX alNaparoB MOXHO NMPHMEHATH KaK Tep-
MHYECKH SKBUBAJCHTHBII TOK KOPOTKOrO 3aMbIKaHHs, TaKk W WHTETpaj
JIKOY/Is, XOTS M3JI0KEHa TOJIBKO METOIHKA OTpe/eNeHns 1epBoro], mox
KOTOPHIM [IOHHMAIOT HEM3MEHHBIH 110 aMILTUTYAE (T.€. CHHYCOMIANbHBIN)
TOK, KOTOPBIH 3a BpeMsi, pABHOE PAaCUETHOH NMPOJOIKHTENBHOCTH KOPOT-
KOTO 3aMbIKaHHs, OKa3biBaeT Ha IPOBOJHMK HJIM 3JIEKTPUYECKHI anmapar
TaKoe K€ TePMHUUECKOE BO3JEHCTBHE, KaK M pealbHbI TOK KOPOTKOTO
3aMBIKaHHA 32 3T0 Xe BpeMs. B coorBercTBHH ¢ (12.1) U onpexneeHuem
TePMHYECKH SKBUBAIEHTHOTO TOKa KODOTKOTO 3aMBIKaHHs HHTErpan Jlxo-
yaAS U TEPMHYECKH SKBUBAJICHTHBIH TOK KOPOTKOTO 3aMBIKAHHSA CBA3aHbI

MPOCTHIM COOTHOLICHUEM!

2
BK = ITep.alctorrxn 4 (12'2)
OTKyZza
B
Liepox = t—-“— (12.3)

OTKI

TakuMm o6pa3om, 06a crocoba KOIHIECTBEHHON OLIEHKH CTETIEHH Tep-
MHYECKOTO BO3JEHCTBHA TOKAa KOPOTKOIO 3aMbIKaHHA Ha MPOBOAHHWKH U
3NEKTPHYECKUE alIapaTbl OCHOBAHB HA OJHOM U TOM XK€ (U3HIECKOM
IpeNCTaBIEHHH POLecca Harpesa MPOBOJHUKOB M KOHTAaKTOB 3JIEKTpPH-
YeCKHX alaparoB IPH KOPOTKHX 3aMBIKaHHAX.

12.2. MeTOAbl pacyeTa UHTErpaAa AXOyAs
M TePMHUYECKH SKBMBAAEHTHOrO TOKA
KOPOTKOTO 3aMbIKAHUSA

Wnterpan JOoyns AOIMYCKAaeTcs ONpENENATh MNPUOMMKXEHHO Kak
CyMMy MHTETPajoB OT IIEPHOAUYECKOH W anepHOTMYECKOH COCTaBJIAIO-
IIHX TOKa KOPOTKOT'O 3aMBIKaHMs, T.€.

OTKII

t t(mm
Bo= Byt Bea= | X0 dt+ [ in(nde,  (12.4)
0 0

K

rae B, — uHTerpan J[Koyns OT MePHOAMYECKOH COCTAaBIAIOMICH TOKa
KOpOTKOTO 3ambikanus I ; B, , — MHTErpan JIxoyns OT anepHoAudecKoH
COCTaBJIAIONIEH TOKa KOPOTKOTO 3aMBIKAHHUA .

228

Huterpan [xoynd (M COOTBETCTBEHHO TEPMHYECKH SKBHBAJICHTHBIN
TOK KODOTKOIO 3aMBIKaHMsA) SBIAETCS CIOXHOH (yHKIMeH mapamerpos
HCTOYHHMKOB 3HEPIHHU (T€HEPaTOpPOB, CHHXPOHHBIX KOMIIEHCATOPOB, 3JIEKT-
ponBHrareiel), KOHQUrypaluu HCXONHON PaCUYETHOM CXEMBI, ONOKEHHS
pacdeTHON TOYKH KOPOTKOTO 3aMbIKaHHS OTHOCHTENBHO HCTOYHHKOB
SHEPTHH, €€ YAaJeHHOCTH OT MOCIEAHUX M Ipyrux (akropos. [Tosromy
peKOMeHlyeMas METONHMKa aHAJUTHYECKHX PacueToB HHTerpana Jlxoys
(TepMMYECKH SKBHBAJCHTHOTO TOKa KOPOTKOTO 3aMBIKaHHMs) NpEeLycMar-
PHBAET y4ET OCOGEHHOCTEH PaCYETHOH CXEMBI.

IIpenBapuTenabHO 110 HCXOJHOM PaCUETHOM CXEME COCTaBIIAIOT DKBUBA-
JEHTHYIO CXEMY 3aMeIleHHUs, B KOTOPO#, KaK ¥ IIPU pacuyeTe HayalbHOro
3HAYEHHs [EPHOJUYECKOH COCTABIAIOMIEH TOKA KOPOTKOIO 3aMBIKAHHSA,
BCE CHHXPOHHBIE U aCHHXPOHHbIE MaIIUHBI IPECTABIAIOT CBEPXIIEPEXO/I-
HEIMH COTIPOTHBICHHAMHU U cBepxnepexonHsiMu OJIC, npuBeieHHBIMH K
0a3UCHOM CTyNEHH Halps)XK€HUs HIH BBIPAXCHHBIMH B OTHOCHTENBHEBIX
eIVHHUIIaX IpH BEIOpaHHBIX 6a3UCHBIX YCIOBUAX. 3aTEM ITY CXEMY MpPeoo-
pasyioT B IIPOCTEHIYIO CXEMY, BUA KOTOPOH 3aBHCUT OT MCXOAHBIX YCIIO-
BHii, T.€. OT HAJIH4YHUs HIH OTCYTCTBHUSA BOJM3M PacdeTHOH TOYKU KOpPOT-
KOTO 3aMbIKaHHs OTAETbHOI0 HCTOYHHKA SHEPrHHU U ero Buzaa. Hakonen, B
3aBUCHMMOCTH OT NOJY4EHHOW NpocTeiiedl cXeMbl 10 OJHON W3 IpHBe-
JEHHBIX HHXe GopMyn ompenensioT uHTerpan JHkoyns uiu TEPMHYECKH
9KBUBAJEHTHBIH TOK KOPOTKOTO 3aMBIKaHHS.

Ecnu ucxomnas pacyeTHas cxeMa HMeeT IPOM3BONBHYIO KOH(HTypa-
LU0, HO JJi BCEX TE€HepaTropoB (CHHXPOHHBIX KOMIIEHCATOPOB, CHHXPOH-
HBIX H aCMHXPOHHBIX 3JIEKTPOJBHUTaTENEi) pacieTHOE KOPOTKOE 3aMbIKa-
HHS SBISETCS yAAJACHHBIM, T.€. OTHOUICHHE NEHCTBYIOLIETr0 3HAYEHUs
HEPHOJNYECKOH COCTaBIAIOLICH TOKa JI000ro reHeparopa B HadalbHBIN
MOMEHT KOPOTKOTO 3aMBIKaHHS K €r0 HOMHHAJIBHOMY TOKY HE JOCTHraeT
2, TO MyTeM IpeoOpa3oBaHHI IKBHBAJIECHTHOW CXEMBI 3aMEIICHHUS BCE
TeHEPATOPE! 1 HCTOYHMKH SHEPrUH Ooiee ynaneHHOH YacTH IEKTPOIHED-
TETHYECKOH CHCTEMBI 3aMEHSIOT OJHHM DKBHBAJCHTHBIM HCTOYHHKOM,
9IIC E ;¢ KOTOPOTO CYUTAIOT HEU3MEHHOM 110 aMILTUTY/IE, & HHAYKTUBHOE
COIPOTHBIICHHE PABHBEIM 3KBMBAJIEHTHOMY CONPOTHBIEHHIO X ;¢ pacuer-
HOM cxeMsl (puc. 12.1, a). I1pu 3Tom uHTerpan Joyns onpeaensercs no
dbopmyne

2 T
B, = +T l-e

K nGS lomn a.3kK ’

(12.5)

rne I o — NeHCTByIOIIEE 3HaUCHHE IEPHOTHIECKOH COCTaBSIOmEH ToKa
KOPOTKOTO 3aMBIKaHWs OT JKBHUBAJEHTHOTO HMCTOYHMKA BHEPrud (cuc-
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Egs Eg Egs Egs
Xgs X Xgs Xgs
K K K K
a) 6)
X Xu
Eg Ey

8) 2)

Puc. 12.1. Ipocreiimue cxembl 3aMemenust (a—2), COOTBETCTBYIOLIHE HCXOAHLIM pacHer-
HBIM cCXeMaM

TCMBI); T'a ok 3KBHBaJICHTHas IOCTOSIHHAas BPEMEHU 3aTyXaHHUs allCpHo-

IHYECKOM COCTaBJIAIONIEH TOKA KOPOTKOI'0 3aMbIKaHHs.
TepMI/I'-leCKI/I SKBHUBAaJEHTHBI TOK KOpOTKOI'0 3aMbIKaHHUs B paccMar-
pHBaEeMOM Clly4ya€ COCTaBIACT

2t

OTKJI
T, T
Lo = Ings 1+t““ 1-e ™. (12.6)

TEP.3K

OTKJ

B Tex ciyuasx, koraa fy, > 37T, ., uHTerpan JHKoyns U TEpMHUIECKH
>KBUBAJIEHTHBIN TOK KOPOTKOTO 3aMBIKaHHS MOXHO OMpEENATh 10 Gonee
npoCTEIM popMynam:

2
BK = IHGS(tOTlUl + Ta.ax); (12~7)

T
1+ ==, (12.8)

OTKII

ITep.ax = In GS

Eciu HCXOAHasd pacyeTHas CXeMa CONEPXUT OJUH HIH HECKOJBKO
OQHOTHIIHBIX T€HEPaToOpPOB (CHHXPOHHBIX KOMIIEHCATOPOB), PHYEM noc-
JeHUE HAaXOAATCAd B OJUHAKOBHIX YCIOBHMAX OTHOCHUTEIBHO PACYECTHOH
TOYKH KOPOTKOTO 3aMBIKaHHs (BCE dEKTPHUECKHE MAUIMHBI HIH OIOKH
NPUCOENUHEHbl K OOLIMM IIHHAM), & Pac4eTHOE KOPOTKOE 3aMbIKaHHE
IUIS BCEX MAIUH ABIseTCA OIU3KUM, T.€. AeHCTBYIOLIEE 3HAYCHHE NEPHO-
MYECKOi COCTaBAAIOLIEH TOKa B HaJaJbHBIH MOMEHT KOPOTKOTO 3aMBbl-
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KaHHsA IPEBBINIAET UX HOMMHAJIBHBIHA TOK B 2 pa3a U 6oliee, TO HCXOAHYIO

cXeMy 3aMeIEHHs TaKkXKe MpeoOpa3yloT B IPOCTEHIIYI0 CXeEMY, COAEpHkKa-

myl0 SKBHBAJICHTHOE CONMpOTHBICHHE X; U dkBuBanenTHywo OIC E

(puc. 12.1, 6); npudem ammautyna 3toit OJIC U3MEHSETCS BO BpEMEHH.
B 3tom ciydae unTerpan Joyns onpeensior no Gpopmyie

_ 2 tOTKJ'l

- 72 Tae
BKG - InOG *BKGtOTKJ'l + TaG l-e > (12.9)

rae [, oG — AeHCTBYyIOIEE 3HAYEHHE IIEPHOAMYECKOH CoCTaBIsIOMEN Toka
KOPOTKOTO 3aMbIKaHHs OT reHepaTopa (IeHepaTopoB, CHHXPOHHBIX KOM-
TIEHCAaTOPOB) B HAYaNbHEIH MOMEHT KOPOTKOIO 3aMblKaHHus; T, ; — OCTO-
AHHAs BPEMEHH 3aTyXaHHs allepHOJUYECKOH COCTaBIAIOIEH TOKa KOPOT-
KOT'O 3aMBIKaHHS; ?KG — OTHOCHTENbHBIN HHTerpan Jxoyms.

OtHocuTenbHBIN HHTErpad JKOyis BEIYHCIAIOT HO hopMysie

tOTl(J'l

2
[ Iie(n) d
§KG = 2 2 s (1210)
IHOGtOTKJ'I

rae I ,; — NedcTByolee 3HaYeHHe IEPUOANYECKOM COCTABIAIOMIEH TOKa
KOpOTKOT'O 3aMEBIKaHHMS OT reHeparopa (FeHepaTopoOB, CHHXPOHHBIX KOM-
NEHCaTOPOB) B IPOU3BOJIBHBI MOMEHT BPEMEHH.

3HayeHHs OTHOCHTENBHOTO MHTerpana J[KOyds NpH pa3HbIX YHajeH-
HOCTSX PacYeTHOH TOYKH KOPOTKOTO 3aMBIKaHHs OT reHeparopa (CHHX-
POHHOI'0 KOMIIEHCATOPA), T.€. pa3HBIX OTHOMIEHHUAX AEHCTBYIOIIETO 3HAYE-
HUS IIEPUOAMYECKOM COCTABIAIONIEH TOKa MAIIMHEI B HAYaJIbHEI MOMEHT

KOPOTKOTO 3aMBIKAHHS K €€ HOMHHATBHOMY TOKY I10 G yop)» MOTYT OBITH
*

oIpezieJeHbl 110 KPUBBIM Ha pucC. 12.2—12.4 B 3aBUCHMOCTH OT CHCTEMEI

BO30Y)XI€HHS TCHEPATOPOB.

B paccMarpuBaeMoM cirydae TEpMHYECKH SKBHBAJICHTHBIN TOK KOPOT-
KOr'0 3aMbIKaHHs ONpenesoT no Gpopmyite

TaG
1 =IHOG *BKG+—

TEp.3K l-e
OTKI

(12.11)
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o ° >§ = Mpu ¢ > 3T, ; wns onpenenenus uarerpana JHKoyis ¥ TepMUIECKH
S Y Y Y Y ) § °:* g $ 9KBHMBAJICHTHOTO TOKa KOPOTKOTO 3aMBIKaHHs JOIyCTHMO HCIOJb30BaTh
"; / N/M/ v/ 7[ \o/ ({‘ :0 g = é yIPOIIEHHBIE HOPMyIIbI
= > =]
yiainea By = Ino6(Beg toren * Tag): (12.12)
= s §E5E
oYL
4, ) o F23 Liepox (12.13)
4497/ ;;// \ - 2% 3
‘%VA = §' E ’E Ecnu ucxonHasi pacyeTHas CxeMa COIEPXKUT Pa3dH4YHbIE HCTOYHHKHU
= | j[ N S g JHEpPIUH, a PaCYETHOE KOPOTKOE 3aMBbIKaHHE ACIHUT CXEMY Ha JIB€ HE3aBHU-
Q:% 2 2 5 % 2 T 2 o-° ; ‘E § CHMBIE YaCTH, OJ{HA 3 KOTOPBIX COIEPXKUT HCTOUHMKH SHEPIHH, AJisl KOTO-
Mow pBIX KOPOTKOE 3aMBIKAHHE ABJISETCA yAAJEHHbIM, a Jpyras — OJHH HIH
, HECKOJIBKO TeHepaTtopoB (CHHXPOHHBIX KOMIEHCATOPOB), HaXOAAIHUXCS B
) M & OJIMHAKOBBIX YCIIOBHAX OTHOCHTEIBHO TOYKHM KOPOTKOTO 3aMBIKaHHS M
= Y ) ST 575 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>