TPEX®A3HOE KOPOTKOE 3AMbIKAHWE B 3NIEKTPUMYECKOW CETH

3.1. TPEX®AZHOE K3 B npocTtedwen uenu, niTaemMon WKWHaAMW HEWZMEHHOro
HanpAXeHWA

B nepexooHom pexume NPOWCXOOAT Kak KONWYECTBEHHbIe, TAaKk U KadYeCTBEeHHbIE
M3MEHEHWA NapaMeTpoB peXuMa CUCTEeMB.

CHMME‘TF:IH'-IH'}I’I{J TpER{i]EIEH‘fIﬂ uene € cocpeoTOMEHHBIMK aKTUBHBIMKW CONPOTUB-
NeHWAMW W WHOYKTUBHOCTAMW MPKW OTCYTCTBMW B HEW TpaHcdOopMaTOpHbIX CBA3EW Ha3o-
BEM I'II‘.'I'EI'CTEIHLI.IE!I-'”‘] Lensto. KonudecTeeHHble CooTHOLUEeHWS SNEeKTpOMarHUTHoOro nepexoi-
HOro nNpouecca B TpexdazHOW 3NEeKTPUYECKOW uenu YCTAaHOBMM cHadYana ansa yonoBui,

KOrga MCTOYHWKOM NWTAHWA ABNAKTCA WUHEI HEUSMEeHHO20 HanpaxeHus | UI'I'I ax — CDHE”

, KOTOpblE NPWHATO Ha3blBaTk WuUHaMu GeckoHeyHol mowHocmu (LUBM). PaccmoTpum co-
CTaBNAKLME TOKA M 3aKOHOMEPHOCTH MX M3MeHeHWs Npu TpexdasHom K3 B npocTerilen
cxeme (puc. 3.1).B Hen oTCyTCTBYeT eMKOCTb, YTO MCKMHYaeT BO3MOMHOCTE BO3HUKHOBE-
HWA KoneBaTenkHbIX KOHTYPOB, @ 3TO 3HAYWTENLHO YNpollaeT xXapakTep NpoTekaHws ne-
pexoOHoro npouecca B uenu. B cuny coxpaHeHwa cuMMeTpuK dias, Kak B HOPManbHOM,
Tak U NepexoQHoOM peXuMax, pacqHeTHble BbipaweHWa NpUeoanuM ona ogHou dasbl — «A».
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Puc. 3.1. Cxema npocTellen anekTpuYeckon Lenu

B HOPMaNeEHOM pexXumMe No cxemMe NpoTekaeT TOK, DI'IPEJ:I,EJ'IHEMHIH HanpaxeHuem
MCTOYHWEA NUTaHWA K pe3yneTUPYHLWWM CONPpoOTUBNEHWEM LENMN,

i 5 =U"?‘Z—”;”‘sin(mtﬂx—@)=1Amaxsin(fat+a -@), (3.1)

foe Up=UamaxSi n(mt - ﬂ'} — 3aKOH M3MEHEHWA HanpsbkeHwsa dasbl «A»;

Ly = Ly + £ —CymmapHoe COnpoTUBMEHWE CXeMbl B HOPManbHOM pexume; ¢ — apry-

MeHT aToro conpoTuenedns  (Zx ); a — hasa HanpakeHWs.

Ana obnerdeHWs BOCNPUATUA wanaraeMmoro martepuana Hapaay ¢ BelBoaoM Heob-
XOAWMBIX PACHETHLIX BblpaxeHuin Dyaem oCyLWeCcTBNATE MX MHTEPNPEeTaLW Ha BEKTOPHON
anarpamme (cMm. puc. 3.2). Ock +1 ABNAETCA OCBIO OTCYETa YIMOB, 8 BepTUKankHana ock It
— HENOABMMHOW OCLH BpemeHu. HanomHum, 410 NBYyH cUHYycoWaansHYH BenuyuHy
MOM¥HO NpeacTaBuTe Bpawawwumca sekTopom. [NNpoekunn 3TOMo BEKTOpa Ha HenoOaBWMH-
HYI0 OCk BpeMeHW [alT MIHOBEHHbIe 3HaYeHWs WHTepecyemon BenuquHbl. [MonmKeHuo
BEKTOPOB HanpmXeHWa W ToKa cooTeeTCcTBYeT BpeMa | = 0.

HopMmankHeIW pexum, npefwecTeyowMid K3, xapakTtepuayeTca BEKTOpaMK Hanpsa-
wenna (Ug, Ug, Ug) wtoka (I4,1g.1c) . Nonoxenne sektopa U, ans mo-
MeHTa =0 onpegenseTcsa YyrNOM ¢, KOTOpbLIA HasbiBawT d¢paszol eKmoYeHUA (BO3-
HWKHOBEHWA) KOpPOTKOro 3ambikaHua. NonokeHwe BekTopa "‘A CBA3aHO C BEKTOPOM Ha-



npskenun U 4 yrnom ¢ Bektopa HanpsikeHwid dhas «A,B,C» CUMMETPUYHBLI U UMEIOT OT-

HocuTenbHbI cagur 1207 paBHbIM 0BPa30M 3TO OTHOCUTCS U K BEKTOPaM TOKOB.
BrxniwoyeHueM Beikno4aTens «B» coagaetca pewuM K3 B Todke K, KoTopas OenuT
CXeMy Ha ABe YacTW: Npasy U neey. MNpaBasa YacTe HE COAEPAUT UCTOYHMKA NUTAHWUA KU
TOK B HEW C TEYEHWEM BPEMEHW 3aTyXHET A0 HYNA, a8 IHEPrKA, 3anaceHHas B WHAYKTMBHO-
cti L, Bblgenutes B BUOE TeNna B aKkTMBHOM CONPOTUBNEHUW 7, . Mo 3TON NpuyuHe yKa-

3aHHasA 4YacTk CXeMbl HE NpeacTaenAeT uHTepeca,
Nepas YacTb CXEMbl COAEPKWUT WCTOMHWK NWTaHWA, NO3TOMY Hapsay C BbIHY#OEH-
HOW (NepwogW4Yeckoil) COCTABNAWEN TOKa B UenwW Bo3HWKaeT ceoboaHelll (anepwoguye-
CKMK) ToK. MNony4yumMm pacyeTHble BhipaxeHwa Ana Toka K3 WM paccMoTpMM OocoBeHHOCTH
NPpOTekaHWUA NepexodHoro npoueccd.
OudhdepeHuymnaneHoe ypaeHeHwe paeHoeecks 30C no eTopomy 3akoHy Kupxroda
ansa dassl «A» 3TOW 4acTH CXeMbI UMEET BUA

: di di di
UA=rHIA +Lcd—tA+Md—tB+Md—f, (3.2)

roe L. — coBcteenHas n M — BaaumHas MHOYKTWBHOCTH haa.

YYuTbiBas, YTO B CHMMETPWYHOM PEXUME MIHOBEHHbIe 3HaJYeHWs TOKoB Tpex a3
CBA3aHbI COOTHOWEHUEM g+ i = —I 4,  AuddepeHunansHoe ypaBHeHWe Nepexos-

HOro npouecca (3.2) MOXHO NPeaAcTaBUTE Kak (OYHKLWKD 0AHOW NepeMeHHon — Toka dassl
WAn:

. di . di
UA=FH1A+{LE—M)d—f=rKFA+LKd—?. {3.3)

3nece Ly =L.—M npenacraenser peaynsTupylouyto MHAYKTWBHOCTL hasbl.

YpaeHeHue (3.3) cnpasegnueo anAa nobon dasbl; ero peweHwe NpeacTasnAeT 3aKkoH W3-
MeHeHWA Toka K3 B nepexogHoM pexumMe (ynyckaem mHaekc dpassl «A»), KOTOPLIA
SdlNUWeTCA Tak:

. ; (3.4)
le =15+ 14

roe f“ - EbleHfaEHHEH HEPUD&H‘I‘ECHEH COCTaBNAKLWaA TOKA,

i, — ceobodHan (anepuoduyeckasi) COCTABNAOLLAS TOKA.

3TW COCTaBNAKWME TOKa KOpPOTKOrNo 3amMblkaHWA OonpeendadTcd credyrowmia
YHKUWAMKU BpEMEHM:

i =%sin[mf t o~ oK)=l gmax Sin(@t +a — @k ); (3.5)
K

't/ T, (3.8)

fa = fra(o}e

roe ZK" = EGHpﬂTHBﬂEHME HﬂpﬂTHﬂEEMKHyTCIFﬂ '!,I"-IEIETH'.EI LLeni;
(P — aprymeHT conpoTueneHus £y ;
/ a(0) — Ha4aneHoe sHaveHue anepuoau4eckoi coctTasnalwen Toka K3;



(3.7)

— MocmMosHHanA epeMeHU 3amyXxaHusa anepuoduyecko20 moka.
Kak BugHo, T, onpepenseTtca napameTpamu KOPOTKO3aMKHYTOM LIENU M YWMCIIEHHO

paBHa BpeEMEeHW, B TEYEHWE KOTOpPOro anepuogu4eckuid TOK yMeHbllaeTca B e = 2.72 pas,
unM no 0.368 ceoero HaYaneHOro 3HaveHus. MNoakacatTensHas K NHBOKW TOYKE 3KCNOHEHTHI
(cMm. puc. 3.4) B NPUHATOM ONA OCK BpeMeHW macwtabe aaeTt sHavYeHne NocTOAHHOW Bpe-

MEHW Tﬁ . ITO CBOWCTBO UCNnone3yeTcAa Npy ee akcnepyMeHTaneHOM onpegeneHui.
B BblpaxeHWn (3.6) HeonpeaeneéHHbIM NOKa ABNAETCH HadYanbHOE 3HaJYeHwe ane-
pUoOOgWYECcKOW cnaraemom fa{m. Ero pac4yeT OCHOBaH Ha NepBomM 3akKoHe KOMMYyTaulKu — B

Leny ¢ MHOYKTUBHOCTEH) B MOMEHT BHE3anNHONo HapyweHWA pexiMma MrHOBEeHHOE 3Ha4Ye-
HWEe TOKa OCTaeTCA HEW3MEHHLIM. HPHMEHHTEI'IIJHE} K pacCMaTtpueaemMelM YCNOEBMAM WMME-

emM. MrHoBeHHOE 3HaYeHWe TOoKa HOpManbHOro pexuma (I',u] PaBHO CyMMe HaYalbHBIX
MIHOBEHHBIX 3HaYeHWH NEPUOAWUYECKOW U anepuogU4yeckon COCTaBNAKLWKX ToKa K3

lo =1n(0) +/a(0)

M3 aTOro COOTHOLUEHMA MOXHO ONpeaennuTh fa{ﬂ}- MCNONb3yA BbipameHua (3.1) u

(3.5), ona spemenn =0

fa0) =10~ In() = Imax S| (o= @)~lymaxsin(e —ok), (3.8)
T. 8. Hav4YalneHOE2 3Ha4YeHWne EI'IEPHD,D,M"-IECI{DIFI cnaragmom onpeenAdeTcd pa3HoOCTeO MIHO-
BEHHLIX 3HAYEHWA NEpPUOaNYECKMX TOKOB A0 1M nocne K3.
C y4eTOM W3INOMEHHOro BbllUe 3aKOH M3MeHeHWa nondHoro Toka K3 onpepensertcs
BbIpaXeHuem

t

ik = lnmSin(Wt+a —pg ) +igpe '@ =lyysin(wt+a- (3.9)
: .

+|Imsin(a-)- Iy, sin(a —pk }]E_ﬁ,
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Puc. 3.2. BektopHas guarpamma AnNA HadansHoro MmomMenTa tpexdpasHoro K3

[MpW YyCNOBWW NMUTAHWA CXEMbI MCTOMHWKOM HEW3IMEHHOrO HanpsKeHWws aMmnnuTyga
nepuogu4eckon cnaraemon Toka K3 {.-'" m ) TaKxe ocTaeTcs

NOCTOSHHOW B TE@YeHWe BCEero NepexofHoro pexuma. 3aseplueHue nepexoaHoro npouec-
ca onpegenseTcs 3aTyxaHUMem anepuoduyeckod crnaraemMoi M No BpeMEeHW cocTasnser

(4+5) T,,mmm01+03c.
Bozepatvmca K gnarpamme (cM. puc. 3.2), Ha KOTOPOW BEKTOPLI "'HA- -";".'E= "'HC

XapakTepu3ywoT nepMoguyeckve cnaraeéMble TOKa HOBOMNo pexuma. Mo BennyuHe OHW, ec-
TecTeeHHo, Bonklle BEKTOPOB TOKA HOpMankHOro pexuma W, B oblem cnyy4ae, UMelnT

WHYHO hasy (@ g ).NocKoNbKY MIHOBEHHbIE 3HAYEHWA NePUONHECKNX TOKOB iy W I n(0) AB-

NAKTCA NpoeKUWen COOTBETCTBEHHO BEKTOPOB ."m W f”m Ha OCb BpeMeHW, TO Ha4YalnbHOe

JHa4YeHWe aneproin4eCckoro ToKa fﬂl:ﬂ} MOMHO PACCMAaTPWUEATE Kak NPpOoekUMD BEKTOPA

{Im - fﬂm} Ha Ty e ocb (Ha puc. 3.2 nokaszaH Toneko AnsA dasbl «A»). B 3aeu-
CUMOCTKW OT dasbl BKMIOYEHWA ¢ HayanbHoe 3HaueHue Toka | a(0) MOXET U3MEHATLCA OT

HauBonblel BenuunHel, koraa esektop (/. — I, ) napannened ocu ft, oo Hyns, korga

3TOT BEKTOp nepneHauvkynsped ei. Ona TpexdasHoil cucTemMbl 0OHO W3 3TUX YCNOBWIA
BO3MOMHO NWLLL B 0QHOW chaze.



W3 Bblpakenua (3.8) cnegyeT, 4To HaubonblUee 3HaYeHWe fa{ﬂ} 3aBWCKUT Kak oT

dhasbl BKNOYEHWA (o ), TAK W BEKTOPOB Nepuoaudeckoro Toka pexumma K3 v npegwect-
BylOWero pexuma. BekropHaa guarpamma (puc. 3.2) HarnagHo NoOKasbIBAET: NpW OTCTak-
Lem Xapaktepe ToKa npellecTByWero pexuuMma no mepe erg ymeHeWweHWAa Ha4daneHoe
3HaJveHue ceoboaHOro ToKa Bo3pacrTaer

N
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Puc.3.3. Vciooerus BOIHHKHORE-
HHSA i) -Max 1PH XX J10 K3

HakoHeu, Npy OTCYTCTBMK NpeflUecTBYHLWErD TOKa B Lenu Benn4uHa | a(0) MOXeT

AOCTUraTbe  aMnnWTyabl  NEPUOAMYECKON cnaratllen Hosoro pexuma ([, ), ecnu B Mo-

MEHT KOPOTKOro 3amblKaHWA 3Ta crnaralolad NpoxoguT  Yepes CBOW Makcumym (nono-
WMATENBHBIW MNKW OTPULATENBHLIW), 4TO OTpameHo Ha puc. 3.3
PexMM XonocToro xoaa 0 KOPOTKOrO3amblKaHWA KaKk BO3MOXHbIA 0ObIMHO Ha npakTuke
1 NPUHUMAIOT B KAYecTBe pacqeTHoro .

BaHOW XapakTepWCTUKOW TOoKa B NepexodHOM pexume ABnAeTcHA yodapHbil MoK

KOpPOMKo20 3aMbiKaHUs f}. . OH npepctaBnsaeT MakCcMManbHOE MrHOBEHHOE 3HaJYeHwe
NOMNHOrQ TOKa KOPOTKOrO 3amMmblkaHWA. PacyeTHoe BhipameHwe AnA yKkazaHHOW XapakTepu-

CTHUKM TOKa 0BBLIMHO HAXOAAT ONA YCNOBMA OTCYTCTBWA TOKA B NPealEecTEYHLWEM PEXMME W
HauwbonbWem 3Ha4YeHUW anepuoguyecKon COCTABNALLEN,

’ [Mpu onepexamueM TOKE HOPMAIEHOIO PEKHMA BOIMOKHBL YACTHRIC CIIYYAH, KOIIA HAYAIBHOE SHAYCHHE
ANCPHOAMICCKON Clarar e Doas1Ie aMIIHTY el neproguacckoro toka K3 [11].

‘B MpCABAPHTCIBHD pElEDMII:H}'TGﬁ HENH MakECHMYM MIHOBCHHOI'D 3HAYCHHA NOJIHOD TOKA K3 HACTYIIACT,
EOoria B MOMEHT HAPYIICHHA PERHMA HallpAxeHHE pEIi.'."-IETE['I'.'Pﬁ d'JEI'lI:r] HCTOYMHHED NMPpOXOIHT HEpe? HOMb, T.€.

HpH e = 0. YuuTeiad, 4r0o B OOJBLIIHHCTEE CIAYYACE Y UCHH KOPOTKOIO 3aMbIKaHuA @, Oinzko k 907, ye-
JIOBHE BOZHHEHOBEHHA HAHDONBIIEH BEIHYHHBI ElllE-'PH‘J..'.IH"[EEEﬂFl CllIaraeMoH M YCAOBHE MAKCHMYME MI'HO-
BEHHOrO 3Havenus nonnoro toka K3 ovens Gnmskn apyr & apyry. TTosroMy B npakrHyeckux pacuerax
viaapasiil ok K3 o0wuHo HaxoasT npi HandOJLIIEM 3HAYCHHH aneprojiHYeckoil ciaraemoi, uro jpaer Go-
Jec NpoCToS PACHETHOC BEIPpAECHHAL.



0.01¢

1

Puc. 3.4. Ocynnnorpamma Toka KOPOTKOTO 3aMbIKaHWs NPy I, () - max
CkazaHHOEe WMNNICTPUPYET BONHOBaA awarpamma Tokoe (puc.3.4), oTpaxawwas
onucaxHsle ycnosus ([, 54 =0 ";EH:D'J = lomax ) - V13 puc.3.4 cnegyert, 4To yaapHbIi ToK (

1'},} HacTynaeT cnycta non nepuwona (7/2=0.01c) nocne BO3HWKHOBEHUA KOPOTKOro 3ambl-

KAHWA W paBeH cyMMe amnnUTYAHOro aHa4vyeHua nepuoauveckoro Toka W BenuyuHe
anepuoauyeckoro Toka ans epemenn  (=0.01c. C y48TOM CKazaHHOro BbipaxeHwe Ans
yaapHoro Toka K3 aanvweTcA Tak.

; ~-0.09T.
";r:"'nmax"""nmaxe ITa :"nma}tf{y:ﬁ‘rn“y-
Mnun B okoH4YaTenbHOM BUAe:

. _ -0,01/T (3.10)
iy =21,K, |.. | K, =1+e%"

— yOapHiIl koaghghuyueHm,
|, — deilicmeyrowee 3HayeHue nepuoduyveckoll cocmaensrowell moka € Ha-
n yrouw P uy
JansHbI0 MOMEHM KOPOMKo20 3aMbikaHus (t = 0).

Kak cneayet w3 eoipaxeHusa (3.10), yaapHeii koahduumeHT nokassiBaer npesbi-
weHwe ypapHoro toka K3 Hag amnnuTyool nepuogudeckol cnaraemoil. Ero BenwyuHa

3aBUCWT OT nocTosHHon Bpemenu T (puc. 3.5) u Haxogwtea B npegenax 1< Ky < 2.
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Puc. 3.5, 3usucumocins vdaprozo
kohghuyueiima oM ROCMOS IO
spevenit T

Yem Bonblie BenWYMHAa aKTMBHOMD CONPOTWMBNEHWA Uenw, Tem BbicTpee 3aTyxaer
anepuoau4eckuii TOK U TeM COOTBETCTBEHHO MeHbLUe yaapHeld koadduumeHT. OH AoCTH-
rd4eT npejelibHblX IHAYEHWUI npu cneyroulnx YyCnoBWAX. NMpW OTCYTCTBEWMK B UENKW pedkK-

TMBHOro conpotuenenns (X, = 0) anepuognyeckuit Tok oTcyTCTBYET W K}, =1: npu ot-
CYTCTBWW @aKTUBHOTO CONPOTHBNEHNS (M = 0) anepuoanyecknii TOK He 3aTyxaeT W K}, =2
. MapameTtp K}, no BoipaxeHwo (3.10) gaeT norpewHocTs N0 OTHOLWEHWH K TOYHOMY Bbi-

paxenuio B npeaenax (0.1-1,4)% npu Xy [ e =3 o 2.5% npn Xy [ re =1.3.

YaapHblil TOK WUCNONb3yeTca ANA NPoBepKW 3NeKTPoTeXHUYecKoil annapaTypbl Ha
anNeKkTpoAUHaMUYECKYIO (MeXaHWYecKyo) NPoOYHOCTD.

3.2. lencTByowee 3HaYeHWe TOKa KOPOTKOro 3amMbiKaHWA

Hdetucmeyrowjum 3HaveHUeM moka K3 B NpoW3BonkHLIN MOMEHT BpeMeHK [ Ha3bl-
BAKOT CpefHeKBaApaTUMYHOE 3HAYEHWE NONHOMo ToKa 3a oawH nepuog T, B cepeiuHe KoTo-
pOro Haxo4uTCA paccMaTpUBaEMBIA MOMEHT, T. &,

(=7/2
le= [+ [ i2dt. (3.11)
t-T/2

BuipaxeHue nonHoro Toka iy =f(¢) B oblwem cnysae UMeeT CNOXHYIO 3aBUCH-
MOCTbL M B TEYEHWe NepexogHoro npouecca W3MeHAeTCA, crefoBaTenbHo, U OencTBYIo-
lee 3HavyeHWe He OcTaeTcs MOCTOSHHBIM BO BpemeHW. [na ynpoweHws BolumcneHns [,

NPWHWUMALT, 4TO AelCTBYHILLEee 3HaYeHWe Nepuoduyeckoil W anepruoauYyeckoil cnaramLuimx
3a paccmaTtpueaemblid nepuog T He M3MEHSATCH M Kamaas U3 HUX paBHa CBOEMY 3Hade-
HWK B JaHHBLIA MOMEHT BPEMEHMK [, T. €.

ly=i =21 e
fnf _ !nmf f\/’(__) at at n(0)

C y4eToM NpUHATLIX OONYLIEHWA OeWCTBYIOLIEE 3HaYeHWe NONHOro Toka K3 B MOMEHT [
nocne npeocbpasoeaHua Beipaxenunn (3.10) onpegenuTca Tak:



_ 2 42 (3.12)
ﬁ-ﬁm”m

MeTton pac- yeta 4, korga ncTouHukom nu-

TaHWA ABNAETCHA reHepaTop KOHeYHOW MOLWHOCTK, M3N0XEH B pasq. 5.3; And MOLWHOMo 1c-
TOYHKMKA, Korga B MoMeHT K3 ero HanpaxeHwe HeWMaMeHHO, nNnepuogv4eckans cnaraemad B

nepexoaHoM pexumMe OCTaeTCA NOCTOAHHOW, T. e. "rnt = "n{ﬂ]-

Kak npaBuno, Ha NpakTWUKe paccuyMTLiBalOT Hauborbluee delicmeytouee 3HayeHue
nonHoro Toka K3 — f}.. OHO MMeeT MecTo B nepebid Nepwog nepexogHoro npouecca, B

cepefWHe KoToporo Haxogwtca mMmomeHT Bpemenn (=0.01c. C y4eToM COOTHOLUEHUA
(3.10) BelpaxeHuo (3.12) MoXHO NpMOaTL BMA

2 (3.13)
g:hm$+q@fﬂ

30eck NPUHATO, YTO Nepuoguyeckan coctaensawowasn sa epema (= 0.01 ¢ He name-
HAeTcA. B COOTBETCTEBMW C yKa3aHHbLIMMK Bbille npegenamMyd M3MeHeHUA K}, OTHOLLEHWE

".y/'*n HaxoouTLCA B Npegenax

1-::.-'},”n{\:’§.

Mo napameTpam .f! M 1._,', onpegensAeTcA TepMUYecKoe BO3NeWCTBME TOKa KOPOTKOro

3aMBIKAHWA HA 3NEKTPOTEXHMYECKYHD annaparypy.



MpakTuyeckne MeToAkLl pacyeTa TOKOB TpexdcazHoro KOpoTKOro 3amkIiKaHMA

5.1. ¥Y4yeT nUTaOled 3HepProcUcTeMsl
M KoadhdpHUMeHTLI TOKOpacnpeaeneHWA

B 3aBMCMMOCTW OT LENen, ANA KOTOPbIX OCYLLECTBNAETCA pacyeT pexuma K3,
napaMeTpbl TOKa NepexOdHONo pexuma pacCHMUTbIBAaKITCH I'II-'IEHD And MomMeHTa BpemMeHn
{ =0, nwBo gna nNpow3BoneEHOro MmoMmeHTa T. B kadecTee MomeHTa T, Kak NpaeBuno, no-
HUMaKT BpeMma oTknioYeHua K3. YTouHeHWe napaMeTpoB TOKa C y4eToMm dhakTopa Bpeme-

HU CYLLECTBEHHO YCMOXHAeT Npoueaypy pacyera, T. K. TpebyeT MHAWBMAYANLHOIO y4YeTa
OTAelNbHBIX MCTOMHWKOB NWTAaHKMA.

PacueTr napameTpoBE 3HeprocUucTemMmsbl. B kayecrtse ogHoOro 13 MCTOYHWKOE Noa-
NATKKW mecTa K3 paccmartpuBaemoro 3HepropanoHa ABNASTCHA IHEeprocucTema, KOTOpYH

npeicraenaldT B BUAE 3KBUBANEHTHONO UCTOYMHWMEa C pPeakTUBHOCTBH {IE }, 3d KOTO-

poii npunoxexHa HeuamenHan 3C (L. ).

WHhopmaumWio No ykaszaHHbIM NapameTpaM BHEeLWHEero WCTOYMHWKA MUTaHWA MOMeT
npegocTaeuThk aHeprocHabxarowas opraHuaauns no oduuransHomy sanpocy. BoamoweH

M KOCBEHHBI cnocob wx pacyeTa. Ecnu u3eecmHa eenuyuHa HavyansHoz2o moka I,
unu mowHocmu S i npu mpexdazHom K3 8 yane npucoeduHeHUn 3Hepaocucmems!

Kk paccmampueaemomy sHepzopatony (ysen K1 wa puc5.1), mo peakmueHocms
cucmeMb! MOXHO onpedenums Mo 8bIPaKEeHUr:
B MMEHOBaHHBIX edWHUaXx

2
Uyp U
_ P _ ~Cp
Xo === Om | (5.1)
J3r, - Sk
WK OTHOCUTENBHLIX BAa3aUCHBIX eguHuLax
ls S
Xpvg =2 =—2 (5.2)
I Sk

me U cp — CPeAHee HOMWHaNBHOE HanpskeHue CTYNeHW, COOTBETCTBYIOLLEE TOKY

TpexdaaHoro 3ameikanua ( I, ) B To4ke NpUcoeaUHEHUA aNeKTPUYECKON CUCTEMB;

fﬁ — Da3MCHBIN TOK ANA TOW XKe CTYNEHW, YTO U TOK f:..
3a 3Ton PEaKTUBHOCTBH) CHWUTAKDT NOAKNKYeHHBIM WCTOYMHWEKE DEeCKOHEYHON MOLLUHO-
CTW, ANA KOTOPOro Ec: = Ucp-



JHeprocucTema

S (3) I JKBMBanNeHTHanA
Hl |:> cxXema

JHEpProCcUCcTeMbI

le.n. 35kB
II c.m K I4

Iz__’é: [,

ls
T2 T3 T4 TS
K;

Puc. 5.1 JkeMeaneHTMpoBaHMe 3HeprocucTemsl

PeakTMBHOCTE CUCTEMBI MOMHO Takwe I'IPHEJ'II.-"I}I{EHHD OUeHWUTE, WCXOOA W3 napa-
METPOB BbIKNK4YaTENEN, YCTAHOBNEHHLIX HA Y3NOBOW NoACcTaHUMK. B pacyeTHbIX Bblipaxe-

HWAX (5.1) n (5.2) Tok !’; CYATAOT paBHbIM HOMWHANBLHOMY TOKY OTKMNIOYEHWA 3TUX BbIKNHO-

YyaTeneu (II'JTH.H}' a Sy — HOMWHaNLHOW OTKMNIDYaKLEeH cNnocoBHOCTKH BLIKNOYATENA NO

MOLHOCTU (S yri 44 )-



‘I%m 2. KanuHuHCKana aToMHaA aNeKTpocTaHUWA

$oT0 6. PoeeHcKan aTomHan aneKTpocTaHUWA
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doTo 7. Monpaeckan [P3C

doTo 8. Cypryrckan [I'P3C




®oto 9. OTKpbITOE pacnpenenuTensHoe ycTpoucTeo CaaHo-lyweHckon MNAC

L Ll I HOFLAF

doTo 10. O6wun eng Canano-lywenckon MN3C

doTo 11. MaHopamHbIk Bug Ha PAC r. BocTtoH (CLUA)




KoadtpuumeHTsl TOKOpacnpegeneHua. [1Na y4eTta B CNOXKHOW cxeme WHOAMBWAY-
ansHbIX 0cOBEHHOCTeN MCTOYHWKOB NMUTEHWMA MOXHO BOCMNONbL30BaTLCA Ko3ghghuyueHma-
MU mokopacnpedeneHus (¢ ).

Onsa cxemMbl NPOU3BONEHOW CTPYKTYPEI CHUTAEM W3BECTHEIMU Pe3ynNbTUPYIOLWWA ne-

PUOAMHYECKHMA TOK J’HE B mecTe K3 u ero pacnpegenerune [, no seteamM. Toada koaghghu-

yueHm mokopacnpedeneHua C; npouseonsHol eemeu ! onpedenumcs no ewipa-
HEHUH

C; = Jf!fl"nz . (5.3)

an 3TOM IF‘HJI'IE MOTYT BbITh BblpaXeHb! KaKk B OTHOCWUTENBHEIX, TAaK 1 B UMEHO-

BaHHbLIX eQUHULAX, NpUBEdEeHHbIE K 0QHOW U TOWN Xe cTyneHW TpaHcopMaLmi.
CnedosamensHo, koaghcghuuueHm mokopacnpedeneHus mobol eemeu YUCNeHHO

paeeH moky amoli éemeu 8 Gonax (omHocumensHbIx edurHuyax) om moka | KOmopbil

nt'

guicmynaem & kadyecmee Dasuca. KoapduumeHTsl TokopacnpegeneHws (c.;) reHepu-

PYHLWWUX UCTOYHWKOB NMWTAHWA (CWHXPOHHLIX reHepaTopoB, CUHXPOHHBLIX W aCUMHXPOHHBIX
asUraTenen, «CUCTeMbl» ) XapakTepusyloT WX AoneBoe yYacTie B NUTaHWW MecTa KopoTKO-
ro 3ambikaHua. Cymma aTtux KoappUUMEHTOB ONA BCEW CXEeMbl UMK paccMaTpuBaemou
4acTW CXeMbl paBHa euHULE:

2.Cri=Co=1. (54)

Pac4yeT koadpbuneHToB pacnpefeneHns oCHOBaH Ha obLWKMX 3aKkoHax anekTpoTex-
HUKKM. Cxemy C© 3aMKHYTbIMW KOHTYpPamu pekoMeHOyeTcsa npenBapuTensHO YNpocTMTb,
NPUBEARA ee K CNOXHO paguwansHomy euay. PacyeTt koaddWUWMeHTOR ¢ B TAKOW CXeme He
npeactaensaeT ocobkiX TpyAHOCTEW, NOCKONBKY npegnonaraeTt wcnonkioepadHwe dhopmyn
TOKopacnpeaeneHua Mexay napannensHsiMi BeTeamK ( Tadn. 5.1).

C moyKu 3peHus NpaKkmuyeckoz2o npunoxeHus koapgpuuyuermos (€ ) moxwHo yka-
3ame Ha dee 3adayu.

HenocpencteeHHo us chopmynel (5.3) Npy M3BECTHLIX 3HAYeHUAX [ v U €; MOXHO
onpefennTb TOK NGO BETBU CXEMbI:

li =cilnzglei - | (5.5)

ETDDEH Jafada CeA3aHa C I'IFIE'DﬁpEIEDEEIHHEM HC}{D,EI,HGLT'I MHDI’GHGHT}"[]HGIF‘I CXeMbl K
MHOroONy4eBon oTHocuTensHo yana K3 (puc. 5.2, 6).
,u,.l'lﬂ nwboro reHepypyrowero MCTOMHWKa MOXHO 3anvucate cnegyrwulee paBseHCTBO!

=Ei_¢Ex 5g

Xk Az
rne  E;, X;, — 30C nctodHuka W ero conpoTUBNEHUE CBA3M C TOYKOW KOPOTKOro 3a-

MBIKaHWA B Ny4yeBoi cxeme (puc.5.2,6);
EE ., Xv — BKBMBanNeHTHas 3[0C w1 peakTaHc MCXOQHOW CXeMbl OTHOCWTENbLHO yana K3.

B yacTHOCTH, ANA cXemebl (pUc. 5.2, a) UMeeM eé pe3ynsTUPYILWWeE napaMeTpbl:

Es =E|lIE;11E5, X5 =Xg+(xq/1x511x3).



Tabnuua 5.1
OcHoBHBbIe hopmMynbl pacyeTa Ko3adpuuMeHTOB TOKopacnpeaeneHus

Cxema PacueTHble dopMynel
E —C}-
E— Gy ¢1=‘312?’~'2+(E1—Ez]*"’nz;
X —» Xq+ Xo
- il | S |
£ 3 _ CypXq+(Ea—Eq)lIpy
> ] €2 = :
Xy X1 + HE

¢y, Cp, C3 — U3BECTHbI;

_ CqXq +CoXy |

Caq= '
X214

CqXq+C3X3

5312 ;
X319

CoXg—CaXg

Cog = '
X33

E21 Caq: (:311 [:23— M3BECTHbI,
Cq1=Cpq1+C31,
C-'E = C21+523:
C3==C31-C23

Mpumeyanue. | s — pezynumupyrowui nepuoduyeckuli mok e mecme K3 e

OMHOCUMEnbLHLIX Unu UMeHO8aHHLIX eduHuyax dna mold Yyacmu cxeMel (unu ecel
cxembl), dnsa komopod ¢ = 1.

El@ — P e
——
/) Y Y

Cy A2 A0 K
Q-2 ,

TP

o X Cy =
Eq(} —3*:'1-'%._
: —

I

Puc. 5.2. ¥YnpolleHue cxembl 3aMeLLeHWa: @ — NCXOOHasA CXema;
6 — MHOrony4eeasn cxema
HenocpeAcTBeHHO W3 BbipaweHWA (5.6) MOMHO onpedenuTt B3aWMHbIW peakTaHc



Mexay MCTOMHWKOM K TOMKOW KOPOTKONo 3aMblKaHWA. ITO No3BonsAer NpUBECTV WCXOAO-
Hyto cxemy (pwc. 5.2, a) k ny4eeon (pwuc. 5.2, 6) w nNpubnuxeHHo yvyecTs MHAMBUAY-
ansHele 0COBEHHOCTH MCTOYHWKOB NUTaHKA,

E; Xy
X = — L (5.7)
Esci
5.2. MNapameTpbl CUHXPOHHLIX MAalLMH B pac4yeTax
PeXUMOB KOPOTKMX 3aMbIKaHWUK
$oTo 12.

doTo 13. MoHTax BeTpoycTaHOBKW




PoTo 14. BeTporeHepaTopbl

®aTo 15. MawuHHbIW 3an Caano-Wywenckon M3C

=i FREoaoy

doTo 16. MoHTax rugporeHepatopa CasHo-llyweHckon N3C




1. NapameTpsl CM B HOpManbHOM YCTAHOBMBLUEMCH pexume
(cuHxpoHHaa 3[C u CUHXPOHHAA PeakTUBHOCTL)

B npoaonsHon ock CM {ff ) B3aMMOAENCTBYIOT AIBE MAarHWTOCBA3aHHbLIE ODMOTKK
(puc. 5.3, a): oBbmoTka Bo3byKaeHWA (pacnonoxeHa cneea) n obMoTka craropa.

Puc. 5.3. HeaeHononwcHaa CM B npoaonkHOW ocU: 8 — OBMOTKKM cTaTtopa W Bo3Dyx-
OeHWA, 6 — cxema JaMelleHnA

PeaktueHoe ConpoTUeneHWe Kaxdoro KoHTYpa B COOTBETCTEBMK C CbHSHHDl;I ABNEHWUA
NpencTaeneHo B BUAE ABYX COCTABNAKLWMX. CONPOTMBNEHWA PACCEAHWMA W CONpPOTWMBNE-
HWA B3aMMOMHOYKLUKWH.

Ana obmomku 8036yxdeHUA MMEEM NOMNHOE MHOYKTUBHOE CONPOTUBNEHWE:

Xf = Xaf + Xag»

rae X,¢, Xgg — CONPOTMBNEHWE pacceAHuA 0BMOTKW BO3BYKaEeHUs N peakTUBHOe

CONPOTUENEHWE B3aUMOWHOYKLUWW B NPOSONEHOW OCH d
Ana obMomku cmamopa MMeeM NOMHbIE MHAYKTUBHBLIE CONPOTHUBNEHWE:

J'l'ﬂ- =.I‘,T+Haﬁ,

i
MOWHOYKUWA B NpoOdoneHOW OcKM cTatopa.

B pexume XOMocToro xoaa, paBHO Kak U B Harpyso4HoM, Tok oBMoTkw Boabywae-
Hua 1 ¢ cospaet nonesweid nomok @y =lrX 4y, KOTOPBIA NPy BpalieHUn potopa uH-

rae Iﬂ. s X4 — PEaKTWEHOE CONpOTWUBNEHWE pacCerdHWA W CONpOTWUENEHWE B3aW-

AyuupyeTt B 0BmoTKe cTatopa cuHxpoHHyo 3AC

Eq =wP,y wnnweot.en. Eq* =4 (5.8)

HeABHOMOMIOCHBLIA TEeHepaTop MOMXHO NPeAcTaBWUTh 3KBWBANEHTHOW CXEMOoW, Npu-
BeJleHHol Ha puc. 5.3, 6. BekTop Eq pacnonaraeTcs Ha ock § W cormacHo cxeme 3a-

MeLWeHWA paCCHHUTRIBAGETCAH NO BeIpaXKeHWHD



E, = J{Ucnsm)‘? +(Using +.-'.:u:'ﬂ;)2 :

q

roe U, I ,¢p —HanpaxeHue, ToK W das30BbIA Yron B HOPMAansHOM pexume (MNu HOMMK-
HaneHele napameTpsl CM).

B saknwdeHne OTMETHUM, YTO 8 yCmaHosUBLWeMCA peXuMe CUHXPOHHBEIE 2eHe-

pamopsk! y4Yumel8arOMCA CUHXPOHHOU peakmueHocmbio Xy (nacnopmield na-

paMemp) u cuHxpoHHol 3[0C E q (pacyemHbIl napamemp). [JWanaszoH 3HaYeHWH

JTUX NapamMeTpoB B cpefHemM COCTaBnAeT:
ANS HESIBHOMOMIOCHBIX X gx = X v = 0,95+-255: Eq =215:

AnNs ABHOMOMKCHBIX Xy =0,6+145; Xgr = 0,4+10.

2. Napametpkl CM 6Ge3 gemncpepHLIX 0O6MOTOK B peXWMe KOPOTKOro 3ambl-
KaHuA (nepexoaHas JAC v nepexogHas peakTUBHOCTL)

OBpaTUMCA K CMHXPOHHOW MalwuHe Bes aeMndepHslX (YycnokouTenbHblx) obMoTOK.
B momeHT K3 cuHxpoHHas 3[C {Eq} cKka4koobpasHO BO3pacTaeT, HanpaXeHWwe — CKad-

koobpa3sHo ymeHbliaeTcs. B cuny atoro npu ¢/ =( napameTpsl HOpMansHOro pexuma |
Eq . U') HewssecTHbI 1 Henpuemnembl Ans pacyeTa NepexoAHoOro pexuma, pasHbImM 06-

pazom, kak n X j , cBAizaHHas C Eq.

BeiscHum, kakol 3[C u peakmuesHocmbl cnedyem xapakmepu3ogamb
CUHXPOHHYHO MallUHYy 8 HavanbHbLIU MOMEeHm nepexuﬂﬂoeo npouecca ¢ UyencHw
pacyema nepuoduvyeckoll cocmaensowel moka K3 dna 1 = 0.

B OCHOBY pelleHWs Nonokum npuHuun JleHya T1.e. HEWIMEHHOCTE peaynkTUPYIo-
Wwero nortokocuenneHWA 0BMOTKM BEJBE}"}H,D,EHHH B MOMEHT BHe3anHoOro HapyweHWAa pe-

kuma  (ana (=0 Yy =const.). CnepoeatensHo, 3[C, cospaHHas 3Tum noto-
rocuenneHnem, oCTaHeTCH HEW3MEHHOW WU TAKOW HE, HTO U B HOpMAalbEHOM pexdkmMme. l[l_l'li'.FI
nony4eHWs WHTepecyemblx napameTtpor (E' q Xy ) Heobxoaumo yyecTb B3aMMOAEACTBIE
ETEITDFIH-DIH OBMOTKM W ODMOTKW BDEE'}I'}I{HEHHE B MOMEHT BHE3ANHOND HapyweHWA pexi-
ma. C aToi uenbi creayeT OCyWecTBuThk npeobpasoeadHue [BYX MarHMTOCBA3aHHbLIX

KOHTYpOB (pMc. 5.3, a) B 3KBMBANEHTHYIO 3NEeKTPUYECKYI0 cxemy 3amelwleHus. B pesynb-
TaTte aTUX NpeobpazoBaHUi nonyd4yaem cxemel (puc. 5.4, e, 2), napamMeTpel KOTOPBIX W

xapaktepusyloT CM B HayanbHbLIA MOMEHT HapylueHua pexuma (= 0}.
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Puc. 5.4. K onpegenerduvio nepexoaHond 34C v peaktueHocTy CM: @ — ABYXKOHTYpHAA
CXEMA 3aMeLLEeHWA, 2 — 3KBMBANEHTHAA OJHOKOHTYPHAaA CXeMa 3aMelleHna ANa pacyeTta
nepexooHoro pexuma

OHKW Ha3bIBAKOTCH ﬂEPEIDﬂHbFMH M COMacHO CxemMdam [!HG.E.‘J-, 8, ¢ PpaCCHUTLIEG-

HOTCA NO BblpaXeHWnAam

E = J(U(DJ cnsep]g - [U{m sing + f{n}}fd]

2

(5.9)

— nepexodHas 3[4C,

er=xd'-

2
a

Xad

Xf

=X, +Xgq ! I X57

- ﬂEﬂEIDﬂHﬂE conpomussmneHue,

roe U{D}H ;"m} — HanpsxeHwe W ToK go pexxmuma K3,

MepexoaHas peakTMBHOCTL ( X 4 ) ABNSAETCA NacnopTHbIM NapaMeTpoM; B cpedHem

Ha NOPAAOK MEHbLUE CUHXPOHHOW (X4) W COCTaBNAET: ANA HEeABHOMOMKOCHbLIX MaLUMH
Xq =0,15+0,37 v ana aBHONONIOCHBIX Jf'd =0,2+0,5.
MepexogHas 3[C sBnseTcA pacyeTHbIM NapameTpoMm; B CpefHeM cocTaBnser

E =1009.

Eq0)

0

Puc. 5.5 llepexoanan 3]1C

HeuzmenHocmes Err:,'r npu (=0 onpede-

nAem ee nNpakmMu4Yyeckyr UeHHOCMmb U
noszeonAem paccyHumsieames HavansbHoe
3HayeHue nepuoduyeckoll cnazaemoll
moka Kopomkozo 3amseikaHus. B pane-

Hedwem, npu ¢ >0, E wameHaeTca o
3HaYeHWA, COOTBETCTRYIOLEro HOBOMY YC-

TaHOBUEBLLUEMYCH PexunumMy MaLUKMHEI
(pwc.5.5).



3. NapameTpel CM ¢ gaemndepHsIMM OBMOTKAMK B peXMMe KOPOTKOro 3a-
MblkaHuA (cBepxnepexogHaa 30C w cBepxnepexogHas pPeakTMBHOCTb)

YcTaHoBUM napameTpbl, KOTOPbIMW XapakTepuayloTca MalWwHbl ¢ AemndepHsIMA
0BMOTKaAMKM B MOMEHT BHE3aMNHOro HapyweHWA pexXKrmMa.

[Monaraem, 410 NOMMMO OBMOTKW BO3DYNOEHWMA HA pOTOpE WMMEeeTcA Mo O4HOW
pemndepHo obMoTke B NpodonsHOW U nonepedHol ocax. B npogonsHol ock (d ) cUH-
XPOHHOTO reHeparopa pacnonaralTcs Tpu oBMOTKWM: cTatopa, KOHTypa Bo3DywOeHWs W
npogonsHas aemndeprHan. [nsa pelleHs NocTaBneHHoOW 3a4aqun, Kak U paHee, onvpaem-
CH Ha NprHLUAN nEHLI,EI NPYMMEHWTENBEHO K MAGrHWTHO-CBA3aHHBEIM KOHTYPaM. H.I'IFI NoNny4eHWA
WMHTEpEeCYeMBLIX NAPaMETPOB  BOCNONB3YEMCH BO3IMOMHOCTHHO 3aMeHbl Takux Lienen anex-
TPUYECKOW CXEMOW, aHaNorM4yHoW cxeme TpaHcdopmatopa. B peaynetate nony4aem WH-

Tepecyemble napameTpb {E;.;r* x”d ) 3KkBMBANEHTHOW cxembl (pwc. 5.6, 8, 2).

Xt
X I-:r
ald
R Yy Y . )
Xad ] » £ g Xy U g
,-"'m) o
p. vy @_W_,,
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Puc. 5.6. K onpeaeneruio ceepxnepexoaHsix 30C v peaktuBHocTi CM: 8 — TpexKoHTyp-
Has cXxemMa, 2 — OHOKOHTYPHAaA cXxema ong pacyeTa NepexoaHoro pexwma

OHW Ha3bIBAKOTCA EEEPIHEPEIDﬂHhJMU; COrmacHoO cxemam pHE.E.E, 8, 2 IMeem

i
E" - ceepxnepexodnas 3[IC paccyumblieaemcs Mo ebipaXeHUro aHano2uyHoe
(5.9), @ komopom X 3ameHeHo Ha X ;

Xg=Xg+Xofl X 99 /I X53q — ceepxnepexodHas peakmueHocme 8 Npodosik-
HolU ocu (macnopmHeIU napamemp);

X 14 — PeakmaHc paccesHus npodonsHol demnghepHold obMomku.

CeepxnepexodHas 3fC E" e mavansHeii Momenm mepexodHozo pexuma
coxpaHsem ceo’ 3HaYeHue HeUulMeHHbLIM, Ymo u onpedensem e  nPakmMuUYecKyo
UeHHOCMb.

,D,.I'IFI COBpPEMEeHHBIX TeHepaTopoB cCcBepxnepexolHan peakTWBHOCTE

Xy ::(D,14+D,2T) W HEeCKONbKO MeHblle Xy .B npakTuyeckux pacyetax TOKOB

KOPOTKOIND 3aMblkaHUA CHATAKOT X”d = X:T .

4. NapameTpkl CO w All B pexume KOpPOTKOro 3ambikaHWA (cBepxnepexoj-
Hele 30C W cBepxnepexofHkle pPeakKTUBHOCTH)

CWHXpOHHBIE W acKHXpoHHBlEe geuratenn (CO w AQl) , kak M CUHXPOHHLIE reHepa-
TOpLI, B HA4YanbHblil MOMeHT K3 xapakTepuayloTca ceepxnepexogHsiMy napameTpamm



(E",x" ). CeepxnepexogHan peakTMBHOCTL ONpeaenaeTcsa NycKoBbIM TOKOM

X*Hom =1”nycﬁ*HnM = (5.10)

rne Inycknom = Inyck ! lwom — kpamHocms nyckoeozo moxa.

XapakTepHeIMK pexkMmami pabotel C[l ABNAeTcs pexumM nepeso3bymwdeHus W
pexum Hedoeo3byxdeHun. Y nepeeo3byxaeHdoro CO ceepxnepexonHas 3[C ecerna
Bblle NOOgBEOeHHOND HanpAXeHWA {ED > UD). Mpu K3 HanpaxeHwe Uncl-mmaemﬂ, 4YTO

YCUNWBAET 3TO HEPABEHCTBO W PEaAKTMBHLIW TOK, NOCLINAEMbIA OBWraTenem B ceTh, BO3-
pacTaeT. Takou deuz2amens Aenaemcsa donoMHUMENbLHbLIM UCMOYHUKOM Modnumeku
mecma K3. Y C[l B pexume Hedoeo3byxdeHus ceepxnepexogHas 30C meHswe noa-
BEOEHHOIO HanpsHeHus {E&.’ < UD}, Ero envaHKMe Ha ToK K3 3aBMCHT OT yAaneHHOCTH

Toykn K3. [pu yoaneHHsix K3, T. e. HE3HAYWTENEHOM CHWKEHWK HANPAXeHWA, MMeBLUWWCA
aHak HepaeeHcTBa Ej < U, coxpaHseTcs [:EE} < U{m) M ABWraTenb NpogonkaeT no-

TFJE!EJ'IHTI:- I'JEEHTHEHEILT'I TOK U3 CETH.
Mpy rnyBoKomM CHWKEHWKW HANpAXEHWRA, YTO XapakTepHo ana bnuakux K3, 3Hak He-

paseHcTBa Ej < U, uamensietca Ha NpoTUBONONOKHBIA,
EE > U{D}.

[Buratent nNepexognT B reHEpPaTOPHbLIW PEXMM, NOCbINas peakTWBHLIW TOK B aBa-
PUAHYIO TOYKY.

ACUHXpOHHEIM aBuratens (Al) B HOpManbHOM pexume noTpebnaeT peakTUBHLIN
TOK U3 BHELWWHeW ceTw; ero ceepxnepexogHas 34C E"D MeHblle HanpskeHus U,. o

3TOW NpWYWHE €ro BNWAHWE B Ha4YanbHbIA MOMEHT KOPOTKOMO 3amMblKaHWA aHanornYHo
BIWAHWK CWHXPOHHOrO ABWMATENs B pexumMme HenoBo3bykOeHWs: Npy 3HavYWTENsHOW yoa-
neHHocT K3 oH npogom«kaeT noTpebnaTe peakTUBHBIA TOK M3 CETW W MKW Npy Bnnakux
K3 nepexouT B reHepaTopHkIi peXxuM, ABNAACE A0NONHUTENEHEIM UCTOYHUKOM NOANWUTKA
MEeCTa KOpOTKOro samsikaHwda. fMpakmuveckomy ydemy npu K3 e pacnpedenumens-
HbIX ycmpolUcmeax 6, 10 kB nodnexam CO w ALl mowHocmbso 1000 kBT u 6onee,
Komopsble cefazaHkl ¢ Mecmom K3 HenocpedcmeeHHO Unu Yepes kabensHyr nu-
HUrO, Mokoeodbl, NuHellHble peakmopkl, deyxobMomoyYyHbIe mMpaHcgopmMamopel.



5.3. PACHET HAYANBbHbIX NMAPAMETPOB TPEX®A3HOIO
KOPOTKOIO 3AMbIKAHWA

Nns nogaensawowero yuena sagay orpaHU4MBaloTCA pacHeTomM napameTpos Toka K3
Ana momeHTa =0 ¢ B CUNY WX MAKCUManbHbIX 3Ha4YeHUI,

PaHee wanoxeHHbIW MaTepuan 3aTparMsaeT OCHOBHbIE acnekThl pac4yeTa OCHOBHLIX
napameTpoB Toka K3, 4To no3sonser 3gech OrpaHu4UMTLCA NOPAOKOM WX BLIMNOMHEHUA W
NOACHEHWAMKW 0BLLEero xapakrepa.

OTMeTHUM, 4TO OCHOBHLIMK NapamMeTpaMu pexuma K3 aenarwTca:

'TU] — HavanbHeIlU (ceepxnepexodHkil) nepuoduveckull moka K3;

i at — anepuodudyeckana cocmasnaowana moka K3 ona npou3eonkHo20

MOMeHma epemMeHu I ;
iy - yodapHbIl mok;
I y - Haubonblwee delicmeyrowjee 3HaYyeHUe NonHoz2o moka K3;
S x — mowHocms K3.
MNopAOoK pacyeTa aTUX NapaMeTpoB ANA HavanbHOro MOMEHTa MepexogHoro npo-
Llecca CoCTOMT B criegyroLlem.
1. BbIGMpaoT cUCTEMY MCHUCNEHUA: OMHOCUMENLHYKD UNU UMeHosaHHy. He-

3aBWCMMO OT CUCTEMBI UCYMCNEHWA BNOMHE NpUeMnemMo Nonb3oBaTbcA NPUONMKEHHEIM
npyueejeHKeM napameTpoB CcxXeMbl 3aMelleHWA

(paag. 2.2.2). Ons cucTeMel OTHOCWTENBHBIX eOWHWL 3agaoT 55 W NPUHUMAKT
Uﬁ,- = Ucpr’ COrNacHo paay HanpaxeHun (2.28); BasncHble TOKW cTyneHen TpaHcdopma-
LMK ONpeaensanT No BeIPakKeHWo

S
le; = 0
Bi ‘JEUEJ

2. lnA 3apnaHHOW CUMCTEMbl 3MEeKTPOCHabXeHWA COCTaBNAKT CXeMy 3amelle-
HUA, B KOTOPOKW BCE UCTOYHWKA NUTAHWUA KOHEYHOW MOLUHOCTU (reHepatopkl, CMHXPOHHLIE
KOMMNEHCATOPbLI, CUHXPOHHEIE M ACMHXPOHHLIE ABMratenu, obobUleHHbIe HArpy3kuw), noa-
nexawue y4eTty, BROAAT B CXEMY 3aMelleHUs CBOUMK CRepxnepexoiHsiMK conpoTUane-

Hamm X v OOC E": cucTeMy y4uThIBAIOT HEM3MEHHBIM HanpsikeHWeMm W peakTMB-
HOCcTbiO (cM. 5.1). YueT gBuraTencHOW Harpyskn LuenecoobpaseH Npu eé akTMBHOW MOLLU-
HocTk 1000 kBT 1w Bonee n HenocpeACTEEHHOW ANEKTPUYECKOW CBA3LID ¢ yanom K3 (cm.
5.2). Y4yeT akTUBHLIX CONPOTURNEHWA HeobXoauM nNpw YCNOBWK, kKOraa Ana pesyneTUpyHo-
L|ero akTUBHOIO W PeakTUBHOIMD CONPOTUEBMNEHWI CXeMbl OTHOCMTEenkHO Tovku K3 Bwinon-

HAeTcA HepaBeHcTBo Ry > 0.3Xs.

3. PaccuuTeiBalOT napaMeTpkl 3NeMeHTOE cXeMbl 3amelleHMna. Ceepxnepe-
xooHele 30C E" WCTOYHWMKOB MWTAaHWA paccyYWThLIBAKOT NO napameTpam HOpMankHoro pe-
KUME, NPeaWecTBYILWErD KOPOTKOMY 3amblkaHunio. Ons EE 0) COOTBETCTBYET BblpaneHne

2 . 2
E'{,D} = 'J(UU CDS(}J']) -I-(U[] Elnﬁﬂﬂi‘."uxﬁ) .

B amol chopmyne Gna CUHXPOHHLIX 2EHERAMOPOE, KOMNEHCAMOPOE, CUHXPOHHLIX
OJeuzamened, pabomaiowux ¢ nepeeosbyxdeHueM, NPUHUMAaKOM 3HaK «+ », ONg amux xe
MaliuH, pabomarnwux ¢ HedoaoabyxdeHueM, U acUHXPOHHLIX deuzamenel NPUHUMaKM
3HaK € — ».



MpW OTCYTCTBMKW AaHHLIX NPUBNMKEHHLIE 3HAYeHWA ceepxnepexoaHbix 34C wn pe-
akTusHocTewn (Ep, X" ) AnA reHepupylowmMx NCTOYHUKOB MOXHO NPUHWMATL COTMIAcHo AaH-

HbIX TAabn. 5.2.
prnny CUHXPOHHBIX MNKW ACHHXPOHHBIX OB raTened MO¥HO 3aMeHnThL OOHWM SKBW-

BallEHTHEIM.
Tabnwua 5.2

CpepgHue 3HaveHua X' u Ej
(B OTHOCUTENBHBIX eAMHMLAX NPU HOMWHANBLHLIX YCNOBMWAX)

AnemeHTsl 3C x" Eq
1. TypBorexnepartopb!l mowHocTeo o 100 MBT 0.125 | 1.08
2.To e mowHocTe 100 = 500 MBT 0.2 1.13
3rupporeHepaTtopsl ¢ AgemndepHeIMK 0BMOTKaMK 0.2 1.13
4.To xe Bbea npemndepHbIX 0BMOTOK 0.27 1.18
5. CMHXpPOHHbLIWM ABWraTens 0.2 1.1
6. CMHXPOHHBIN KOMNEHcaTop 0.2 1.2
7. ACUHXPOHHBIW ABUraTens 0.2 0.9
8. ObobLeHHana Harpyaka 0.35 | 0.85

4. Ynpowatrot cxemy. [pn HaNWM4MK 3amMKHYThIX KOHTYPOB Lienecoobpa3sHo Ha nep-
BOM 3Tane ynpoweHWs NpUBecTn CXemy K CNoxHO - paguansHomy eBuay. Mocneaywowee
YNPOLEHWe COCTOMUT B HAXOMOeHWW aKkeMeaneHTHoW 30C {E‘g] W peakTUBHOro ConpoTUB-

neHus cxemel ( Xy ) oTHocuTensHo yana K3. Mpu npeobpasoBadn cxembl pekoMmeHayeTcs

BETBW C OBWratenbHOW Harpys3kol He oBLeawHATE C reHepaTopHBIMKM WM CUCTEMHBIMK
peTBAMK. B obllem cnydae koHeYyHana cxema byneT UMeTs NyyYesol BMA (CM. puc. 5.2, 6).
[Mpy TakoW cxeme yaaeTca y4ecTe MHOWBMAYaNbHbIE 0COBEHHOCTW OBWraTenel, reHepa-

TOpOB W CHUCTEMBI B pac4eTe YOapHOro
TOKa KOpPOTKOrNo 3aMblKaHWMA WK NepUMoauYeckoro Toka anAa NnpoM3esoneHOro BpemMeHu 1.

5. PaccunTbiBalOT OCHOBHbIE NapamMeTpbl peXXUMa KOPOTKOro 3aMbIKaHWUA.
5.1 HavaneHoe (ceepxnepexodHoe) 3HayveHue nepuoduUYecKOz20 MOKa Ko-
POMKO20 3aMbIKaHUs onpefenseTcs No ogHOMY U3 CnedyomnX BelpaKeHWiA:
fpU UCMonb308aHuUU cucmemsl UMEHOBaHHbLIX eduHUY
E; E"
Mo = wwm lloys = 2 e
ﬁxz 3x;
ApU UCMONL308aHUL CUCMEMbI OMHOCUMENbHBIX eduHUY,
EE*E | " —I" E: "B
6 MW Tio)z ='6
I‘Enﬁ .xr"-'rﬁ
L]
rae  EY, Xy — pesynbTupylowme napameTpbl CxeMbl OTHOCUTENBHO yana K3, npuesenen-
HbIE K HanpsKeHU cTyneHu K3;
E, X; — pesynbTupylolime napameTpbl OTAENbHbIX BETBEA B MHOTOMY4eBOil Cxe-

(5.11)

’fmz . (5.12)



me, npusedeHHbie k U ;

5 — 6asucHBIN TOK, COOTBETCTRYIOWMA HanpsxkeHwo U, .

5.2 Anepuoduyeckul MoK KOPOMKO20 3aMbIKaHUA ONA BPEMEHW [ pPacCYWThl-
BaeTcA Tak:

g = JEI‘EH)Ee'” Ta  (5.13)

roe TH — JKBUBANeHTHaA NoOCTOAHHAaA BpeMeH Oans BCEW CXEeMbI,

MNpy HANWYUK HECKONBKUX rEHepPUPYIILLMX BeTBeW OTHocuTensHo Todkn K3 u Bonee
AeTanbHOM y4yeTe UX NOCTOAHHLIX BpeMeHW MMeem

iat =N2X gy e ™', (5.14)

rne T,; — NOCTOSHHAA BPEMEHU anepuoMHeckoro Toka i -i BETBU CXeMBI,
Bnavetus T,, Ty;, Ky npunumatotes no Taén.5.3.

5.3 YdapHeid mok K3, paccyvTeiBaemelid No obwemy yoapHomy
koappUUMEHTY, ONpenenseTca BulpaxeHuem

iy =N20{g)sK, 5.15)

MNK C Yy4eTOM WHAWBWAYANEHBIX YOapHLIX KOAhPUUMeHTOR ONA BbAeNeHHBIX UCTOYHUKOR

AUTaHWA:
iy =23 KoKy (5.1

3Ha4YeHns K}, ANA CMHXPOHHLIX ABMraTenen MoxHO NpuHUMaTe no tabn. 4.3, ana

ACUHXPOHHBEIX — no Tabn. 4.4 wnu no puc. 4.20 (pazaen 4), AnA 3KBMBaNeHTHOW BETBK 2e-
Hepamopk! — cucmema K y MOXHO NpUHUMATL MO AaHHBIM Tabn. 5.3.

Tabnuwua 5.3
3HaveHua K y U Ta AnA Hawbonee YacTo BCcTpe4vawlmxca anemeHToe 33C

MecTo KOpOTKOro 3aMbikaHus K T, c K
XapakTepucTuka ceTu

1. C6opHble WwKHbI 6—=10 kB cTaHuwn ¢
reHepatopamu mowHocTeo 30-60 MBT
2. 3a NMHEWHLIM peakTopom go 1000 A,
MpucoeauHeHHBIM K COOPHBIM LUMHAM, 0.0634-0.191 1.85-1.95
non. 1

3. CBbopHBbIE WKWHBI NOBLILWEHHOMD Hanpaxe-
HWUA cTaHuwWi ¢ TpaHcopmaTtopamu mowHo- | 0.0955-0.191 1.89-1.95
cTeid 100 MBA w BhIlWe
4. To xe ¢ TpaHcopmatopamu 30-100 MBA | 0.0634-0.159 1.85-1.94

5. COopHBIE WWHEI BTOPUYHOMO HaNpRxeHus
NoAcTaHUWKA ¢ TpaHchopMaTopaMmu MOLLHO-
cTeio 100 MBA w1 BeilLe; CONPOTUBNEHWE
TpaHcdopmaTopoe coctaenaeTt 90 % u Bellwe
peaynmupymmem conpoTUienNeHWA 00 MmecTa
K3

6. To e ¢ TpaHcopmatopamu 30-100 MBA | 0.048-0.0955 1.81-1.89

y

0.127-0.254 1.92-1.96

0.0634-0.127 1.85-1.92




MecTo KOpOTKOro 3aMblikaHWA W T,.c K:ﬂ
XapaxkTepucTWKa CeTH

7. PacnpegenurenesHiie cety 6—10 kB 0.01 1.869
8. BeTeun, 3awmuijaemMesle peaktopom 0.1 1904
HOMWHAaNbHLIM TokoM 630 A 1 HKe ' '
9. TypboreHepaTopbl MOLWHOCTLHO:
1001000 MBT; 0.4-0.54; 1.975-1.98;
12-60 MBT 0.16-0.25 1.94-1.955
10. Bnoku, coctoawme wa typboreHeparopa u
NOBLILLAKLWErD TpaHcdopMaTopa,
npu MOWHOCTKW reHeparTopa:
100-200 MBT, 0.26; 1.965;
300 MBr; 0.32; 1.977,;
500 MBT; 0.35; 1.983;
800 MBT 0.30 1.967
11. Cuctema, cBA3aHHAA C LUMHAMW, TAe pac-
cmaTtpueaeTcA K3, Bo3ayLWHLIMU NIMHUAMM,
HalpAaxeHWemM.
35 kB; 0.02; 1.608;
110-150 kB; 0.02-0.03; 1.608-1.717,;
220-330 kB; 0.03-0.04; 1.717-1.78:
500-750 kB 0.06-0.08 1.85-1.895

5.4 Haubonswee deucmeayroujee iHaveHue nonHozo moka K3 ponyctumo on-
pefenATk ¢ Y4eTOM €OWHOro ANA CXembel yOapHoro koaduuweHTa, COOTEETCTRYIOLIEro
ny4y 2eHepamopsi — cucmema (tabn. 5.3),

. 2
l, = I(DJEJ“IJrE(KF -1)7. (517)
5.5 MowHocme kopomko2o 3aMbikaHus onpenenseTcs no gopmyne

Sk = f’{'ﬂ}zﬁucp, wnn Sk = '.TD}E* Sg. (5.18)

5.4. PACHET TOKA KOPOTKOIo 3AMbIKAHUA
B NPOU3IBONBHBEIW MOMEHT BPEMEHMW

1. BninAiHMe aBTOMaTU4eCKOro perynupoBaHua Bo30yXOeHWs reHepaTopoB
Ha TOKM KOPOTKOro 3aMblKaHWs

MNpw TpexdazHom K3 B uenw reHepaTtopa 6es gemndepHblx 06MOTOK Hapagy C Bbl-
HY#OeHHbIM NepuogMYeckum TOKOM BoaHukaeT ceobodHas nepexodHas nepuoduve-
CKaA cnazaemas, KOTOpada 3aTyxaeT No 3KCNOoOHeHuWansHoMmy 3akony (pue.5.7). C uensko
nogaepxaHua HanpsAxeHWs B HOpManeHoOM W aBapuiHelX pexumax CI cHabkeHw aBTo-
MaTUYECKUMK perynatopamu eo3bywpaedHwa (APB). Hawbonee rnybokoe cHW#EeHWe Ha-
NPAMEHWA npowucxoduT npu Bnuakmx K3. [nA cokpalleHuws BpEMEHW BOCCTAHOBNEHWA
HanpsxkeHua npumeHseTcs dchopcuposka so3byxdeHus (KpaTKOBpEMEHHOe yBennde-
HWEM TOKa BO3DYHKOEHWA C MaKCWUMANLHO BO3MOMHOW CKOPOCTLHY). 3TO NPUBOAWT K no-
ABMEHWI0 OONONHWUTENEHOW cnaraeMod Toka Bo3DyMOeHWA, KOTopas B CBOK odepeib
obycnasnueaeT QONONHUTENLHYK nNepuoguveckyro coctaenstwowyo Toka K3. CkasaHHoe



NO3BONAET HanWcaTb 3aKOH M3MEeHeHWs pesynbTupylollero nepuwoguyeckoro Toka K3 c
y4eToMm genctena APB B cTpykTypHOW chopme:

(5.19)

Ine =1 + ﬂffﬂ}e'”r& +AlppF () < U:GM ,
K3

rne |, =Ego/(Xg+ Xy3) — yemanoeuewuiicss mok K3 6e3 ywema APB;
ﬂ.f’im — HavansHoe 3HaveHue ceobodHOU nepexodHol cocmasnsouwed

moka K3;

Ty — nepexodHas NOCMOsIHHas epeMeHU;
‘an — npedensHoe npupaweHue moka K3, o6ycnoenenHoe delicmeuem APB;

F [f] — 3aKOH U3MeHeHUs ebiHy#deHHoU cocmasnsawweld moka K3, obycnos-

neHHozo delicmeuem APB;

MNocTtaeneHHoe B popmyne (5.19) orpaHndeHue COOTBETCTBYET NpeKkpaLleHuio aen-
cTena APE npu QOCTUMEHWKM HanpAMeHWA reHepartopa HOMWHaNEHOW MNW WMHOW BenW4K-
Hbl.

OTMETHUM, 4TO B Ha4YanbHbLIA MmomeHT K3 (F=0) B cuny WHEPLWOHHOCTW MarHWTHLIX
noTokoe B cucteme BoabyxaeHna APB (wnu copcupoeka eoabyxaeHWs) He okasbiea-
eT BNMAHKUA Ha I'IEpM[),D,M‘-IECHP‘Iﬁ TOK CTaTopa. AI‘IEPMG,D,W—IECHEIH cnaraeman TOKa cTatopa
oT APE BoobLie He 3aBUCAT.

Ha puc. 5.7, B COOTBETCTEMM C BhipaxeHuem (5.19), rpacudeckn naobpaxeHsl co-
CTAaENAKLMe NepuoJMyYecKoro Toka KOpOTKOro 3amblkaHwa c ydetom genctema APB. B
NEPEXOAHOM peXume € OfHOW CTOPOHBI NPOMCXOAWUT 3aTyxaHue ceobogHoro nepexon-
HOro TOKa, C APYroM — BO3pacTaHwe BeIHYKOEHHOW cocTaBnawwen, obycnoeneHHon APB.
PeayneTupylowas ornbarwas Toka UMeeT CNoMHYK 3aBMCUMMOCTE, KOTopasa onpegenseT-
CA yaaneHHoCTLH K3,

2. PacyeT nepwognyeckoW cnaraemon Toka K3 B npoW3BONbHLIA
MOMEHT BpeMeHH

Ha HavanbHoU cmaduu nepexodHo20 npouecca npoucxodum 3amyxaHue pe-
3ynsmupyrowezo nepuoduyeckozo moka K3 e uenu zeHepamopa (puc. 5.8). Cko-
POCTE ATOrO 3aTyXaHWA CYLECTBEHHO 3aBWUCWT OT TUMNa MCTOYHWMKA W Ero anekTpu4ecKou
yaaneHHocT Ao mecta K3. Hem bnuxe vcTodHMK, Tem Donblue CKOPOCTh 3aTyxaHuwa. B
NPpakTU4eCcknX pacHeTax y4ert EbEIH.TDpﬂ BpEMEHKM W YOANEHHOCTH MCTOYHWKA Ha CyYyMMap-
HBIW Nepuogu4ecknin Tok K3 ocylecTBNARTCA No pacy MHbLIM KpugbiM. OHKW NOCTPOEHbI
ANA pasnWYHbLIX TUNOB rEHEPATOPOB, CUHXPOHHLIX M ACMHXPOHHBLIX ABUratenei.

PacuyeTHele KpWBLle ONA reHepaTopoB NpencTaenaAwT rpadudeckoe naobpaxeHve
cemencTBa 3aBUCUMOCTEN:

I
yrel(t) = ,._{r;} , | (5.20)
r

fr
roe lfl-{ D} 4 Irt - ﬂEpHDﬂU'-IEEHUE crnazaemble moka K3 coomeemcmeeHHo



dns momenma [ =0 u npouseonsHozo epemeru I .

OHM NocTpoeHbl ANA PasnyMYHbiX YAaneHHOCTen KOPoTKOro 3amblkaHusa ( Ha pwc.
5.8 KpuBLIe, 0603HaYeHHbIe Uucppamu oT 1 go 8), koTopsie onpeaenaAlnTcaA napamer-
pOM

o
IF[D}*HGMZJ 9 =var, | 621)

r(Hom)

roe l'r{ H:‘.‘JI".-'I]I = HOMUHANbLHLIU MOK 2eHepamaopa.

Mpw Bnmsknx K3 Tok reHepatopa CylWwecTBEHHO BO3pacTaeT no OTHOWEHWH K Ho-

MWHaNeHOMY, TaKk 4TO napameTp I:[ﬂ}*HGM penuk. Ero MakcumaneHOMY 3HaYeHWH) COOT-

BETCTBYET KOPOTKOE 3aMeIKaHWe Ha WWHAaX reHepartopa. [na cpegHWX 3Ha4YeHuit ceepxne-
pexoaHoi SAC ( £ =1.08) u peaktueHocTK reHepaTtopa ( X' = 0.135) umeem
‘rr{ﬂ]‘Hnszﬂ‘ff = 1.08/0.135 = 8, 4YTO COOTBETCTBYET PacyETHON KPUBOW noa

Homepom 8 Ha puc. 5.8.

Mo mepe yoaneHua Todkn K3 KpaTHOCTb f;(u} CHUXABTCA W B Npeaene crpe-

"HOM

MUTCA K 1. 3TO HacToneko yaanédHoe K3, 4To HanpsxeHwe Ha WKMHAaX reHeparopa ocTa-
ETCA HEM3MEHHbLIM; TOK KOPOTKOrO 3aMblKaHWA paBeH ero HOMUHaNLHOMY TOKY.
Tunoebie kpusklie npedonpedendaom NPOCMoU anzopumMmM Ux NPpUMeHeHUs.

[lo yenoeHol anekmpuyeckol ydaneHHocmu modku K3, xapakmepusyemMol napa-
Mempom f:{D]*HCI'M’ B8bIOLPAKIM COOMEBEMCMEBYIOLWYI0 pacyemHylo kpusyr. [ns 3adaHHo-

0 epemMeHU I Ha ocu abcyucc nodHumarmes esepx no sepmukanu do AnepecevyeHuUd ©
8blbpaHHoU pacyémHol kpusol. C amol moYku nepecedyeHus obpalyawomes Kk ocu opdu-

Ham, Ha KomopoU fofyyYam 3HaveHue koaghguyueHma samyxaHus moka ¥ ¢, 4mo ro-
3g0/17em paccyumaimbs HEEUDﬂUHEﬂHU[} mok ans ApUHAMOz20 epeMeHU I no ebipaxeHUw

It = ¥t "T[D} - | (5.22)

MpveeAeHHLIE HA pMc. 5.8 pacyeTHble KpUBLIE ABNAKTCA YHWDWLWPOBAHHEIMK K
NPUMEHMMBLI Ana mypbozeHepamopoe MolHocTeo 12 = 800 MBT, asudpozeHepamopos
mowHocTeo Ao 500 MBT w  cuHxpowuHbix kKommneHcamopoe mowHocTeo 37.5 + 100
MBA. OHKM nocTpoeHsl AN MallWMH ¢ BEHTUNBHOW cMcTeMon Bo3DykaeHwA. Hapactanwe
HanpAXeHWA Ha obmoTke Bo3DywOeHWA nNpw hopcupoBKe NPoOMCXoOWT ckadkoobpasHo, T.

e. T,=0.

{.l
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Puc. 5.8. PacyeTHble KpUBLIE M3AMEHEHWA BO BPEMEHM NEPUOAMYECKON COCTABNALWEN
Toka K3 CMHXPOHHBIX reHepaTopoB NP PasNUYHbIX YAaneHHOCTAX
TOYKEW KOPOTKOMNo 3aMbIKaHWA

Mpu pacyeme nepuoduveckoU cnazaemol moka K3 e npouseonbHbIl MO-
MeHm epemeHu | ece amans! pacyema, uinoxeHHsle 8 pasd. 5.3 dna t =0, ocTa-
oTca B cune. MNMpUMeHeHWe TUNOBLIX KPUBLIX NpegnonaraeT MHAWBMAOYANLHLIA YyYeT uc-
TOYHWKOB NUTaHWA (reHepaTopoB, ABWUraTenei, CUHXPOHHbIX KOMMEeHCATOpOoB).

3Tomy TpeboBaHWO OTBeYaeT Ny4epas cXxema oTHocuTensHo yana K3. Ona uctou-
HWUKOE MUTaHWA, CBA3AHHLIX C Y3NOM KOpPOTKOro 3aMblKkaHWA vepes3 oblWKWe BETBKW, MOXHO
BOCMNONb30BaThCA KoatdhdUUMeHTaMu TokopacnpeaeneHna C .

Ons reHepaTopoB, CUHXPOHHBLIX U ACUMHXPOHHLIX ABMraTenen onpeaensieTcsa napa-

METP WX 3MeKTPUYECKoN YaaneHHoCTH {fn{ E]FEHDM] A0 Yana KopoTKOro 3amMbIKaHus.

Mpw cBA3W MawmWHb ¢ mecTom K3 yepes MHAWBWOYANbHYIO PEAKTMBHOCTL 3TOT na-
pameTp paccyuTeiBaeTca no dopmyne

'n0)i _ In(0)i*6 56

'{n{ 0)i*Hom ~ ! (5.23)

"r;' HOM S:’ HOM

W NpW CBA3W MawwKH ¢ mecTom K3 Yyepea obLume Ana HAX peaKkTUBHOCTU — MO BblpaXeHWIo

Se
"ll'l{ﬂ]f*HDM = IT'IE(G}*E i S;'Hnwl ! (5.24)




rae fl:llrﬂ]'li' W Iiyon — Mepuoduyeckan cnazaemas moka K3 I -zo zeHepamopa ons

momerma =0 u e2zo HOMuHanNBHLIG MOK;
""HE{D J*6 — CYMMapHoe 3HayeHue nepuoduyecko2o moka KOpomko2o 3aMbikaHus

Pynnel WCTONMHWKOEB NpK =10 B OTHOCWUTENbHbLIX BaA3MCHLIX elMHuUaX,; H:GEJIEI:IIIIJHLI,HEHT
¢ =1 cooTBETCTBYET BETBM C TOKOM PIT'IE[U]*EI ;

C; — koappuumneHT TokopacnpeaeneHns i - ro UCTOYHUKA.

Mo COOTEETCTEYHRLWKMM pacHeTHEIM KpUBBIM ONH HaWAeHHoro '!I'I{Uj W 3aaHHO-

[*HOM
ro spemenn [ onpegensetcs koadbduuMeHT aaTyxaHns ¥it nepuoguyeckoro Toka. [pu
"..l'l[ﬂ}f*HDM < 2 WCTOMHWK CYWTAETCA anekTpUYeckW yAaneHHbIM, a nepuoawdeckas cna-

raemMas HeW3MeHHOW BO BpemeHu, T. e. ¥ =1. [INA «cucmeMsl», XapakTepuayemoi

U. =const, nepuoawdeckas cnaraemas BO BpeMeHu HemameHHa (y. = 1).

WckoMmoe 3HadeHwe nepuogu4eckoi COCTaBnALEen TOKa KOPOTKOroO 3amblKkaHWuA B
3aflaHHbIi MOMEHT BpeMeHW onpedenaeTca No BblpakeHuio

lnst =20y 7i- | (5.25)

5.5. YCTAHOBUBLUMWUCA PEXMUM K3

YcTaHoBWBLUEWCA cTagMel NepexodHoro npougcca HasbliBaeTCA TaKoW pexum, npu
KOTOPOM 3aTyxawT BCe BOIHWKLLWE B HavanbHbIA MOMEHT KOPOTKONS 3aMbelKaHWA GEDﬁD,EI,-
Hble TOKW W npekpawaetca gencrene APB. Perynatopel BoabyoeHws, yBenu4meas ToK
BO3DY¥OEHWA, BbI3bIBAKT POCT HANPSMEHWA M TOKOE B 3NeKTpuYeckon cucteme. CTeneHb
aTOro yBenu4yeHWs 3aBUCUT OT YOaNeHHOCTW MecTa KOPOTKOro 3aMbiKkaHua M NapameTpoB
reHepaTtopoB. Ecnv AnA yaaneHHelX K3 AocTaToyHO HesHaYuTensHoe yeenuyeHwe Toka
Bo3aDy¥OeHMA AnNa obecnevYeHMA HOMUHANBHOMD HanpaAMeHWa Ha WWHAaX reHepartopa, To
no mepe NpubnKeHWs KOPOTKOrO 3aMmblKaHWs K LWMHAM reHepaTopa YBenuvYyeHue TOKa
BO3BYHOSHMA QOMKHO OLITe BCe Bonblwe 1 Gonswe. OaHako pocm moka e036yx0eHuUA

ozpaHuyeH onpedeneHHLIM npedenom (nomonkom) | fnp (Mo ycnoeusm mepmuye-

ckol cmoukocmu cucmembl 8o3bywdeHus) u 3asucum om KOHCMPYKMUBHLIX OCO-
6eHHOCMeU MaWwuHbLl U NpuMeHssemMol cucmemsl eo3byxdeHus. [Ins TypboreHeparo-

POB MOXHO cumnTaThk [+¢ . = 4 ona ruaporeHepatopoe [« . = 3.2. CnegoeaTtensHo, He
fnp fnp

npw nwoboi yOaneHHOCTH KOPOTKONo 3aMblkaHWA HAlNpARxeHWe Ha WHax reHepartopa nog

Bo3dpgencTemem APB moxeTt BbITe JoBEAEHO A0 HOMWHANBHOMD 3HAYEeHWS,

Ana kaxgoro reHepaTtopa MOMXHO YCTaHOBUTE TaKy BHELWHIOW peakTUBHOCTE Xkp:
HYTO NpK KOPOTKOM 3aMblkaHMK 38 ATOW PEAKTHUMBHOCTEWK NpK npegensHomM TOKE BGEEWE-
HWA Ha 3axumax reHepaTtopa obecne4vBaeTcR HOMWHanNLHOE HanpskeHWwe. PeakTMBHOCTL

Xyp Ha3blBaeTCH KpUmMuUYeckol 1 ANA Hee CNPaBe/ANvBo Creflyiollee COOTHOLEHNE:

| = UHBM — Efif"p
np ;

M3 KOTOPOro HaxouM UHTepecyeMy yOaaneHHOCTE KOPOTKOro 3aMelkaHWA




Uson (5.26)

IHp=xdE

gnp 'UH:::M

CpaeHuBan dakTuyeckylo yaaneHHOCTb KOPOTKOro 3amblkaHua (X,,) C KpUTUYe-
CKOW [IHP}, MOHO XapakTepw3oBaTbk pewumMm paboTkl reHepaTtopa B YCTAHOBMBLLUEMCA
pexxume K3. lMpu manod yoaneHHocmu K3, koela crpaeednueo ycroeue Xy, < Jﬁ'{p, 2e-
Hepamop pabomaem & pexume npedenbHo20 e03byxdeHuUs. B aTUX YCNOBWUAX €ro CUH-
xpoHHaa 3[C pocTturaet npefensHorQ aHayvyeHus (E g = qnp]= COOTBETCTRYHILLErD

npenensHoOMY Toky Bo3byxaeHusa. HanpaxeHwe Ha BbIBOAAX reHepaTopa B 3TUX YCNOBUAX
He AOCTUraeT HOMWHANBHOW BENWYUHEI Ur = UHDM' B pexume npegensHoro Bosbyxae-
HWA yETaHDBHE.IJJHﬁEFI Tok K3 aonpefenaeTcA BeipaxeHWneM

fnszqnp/(xd+xu3] ' (5.27)

[lpu yOaneHHoM KOPOMKOM 3aMblikaHuu ( X4 = x,{p} reHepartop paboTaeT B pexmu-

Me HoMUHanbHozo Hanpskenus, 7. e. U = U 5, Npu aTom Tok Bo3GyKAeHUs MeHb-
lue CBOEro NpeAenbHoro axavenus ¢ < lg,. B aTuX ycnoBusix ycTaHOBMBLUEMYCS TOKY

KOPOTKOrD 3aMelKkaHWA COOTBETCTBYET pacdeTHana dopmyna

L = UHGM/HHE.- (5.28)

B yacmHom criyyae, koz2da X, = Xy, 06a paHee paccMOMpPeHHbIX pexuma cyuje-

Kp?
cmeyrom odHO8pPeMeHHO W XapakTepuayTcA TEM, YTO

e =lfnp. Eq = Eq"p, U =Uggm . @ yeTaHosuBlLKMACA Tok K3 paBeH npeaens-

HOMY 3HadeHuo [, = "'np- OH moxeT BbITe paccydMTad Nbo no eelpaxeHuo (5.27), nubo

— (5.28).
[MpogomKWTENEHOCTE NOABEME HANPAXKEHWA MaWWHbLI NO4 AeWCTEMEM DOPCUPOEBKK

BO3DYKAEHMA 00 HOMWHanNbBHOMD 3HAYeHWA HAa3bIBAETCA KpUMUYECKUM spemMeHeM l p

Yem Bonble CHOpPOCTE NogsemMa Eﬂﬂﬁ}'}l{ﬂEHHH, TEM MEHBLUE KPUTUYECKDE BPpeMHA. C yBE-
NMUYEHUEM yOAaNeHHOCTW KOPOTKOrO 3aMblKaHWA 3aTyXaHWe W HapacTaHwe TOKOB NMpoWcxo-
AUT MenedHee. 'D,D,HEHCI, T. K. CHEeHWEe HanpeaAKxeHWA NpW 3TOM MeHbLUE, ero BOCCTaHOB-
nenue nog gencremem APB npoucxoauT B Bonee KOPOTKMA OTPE30K BPEMEHWM, W, cneno-
BaTelleHO, KPUTUWYeCkKOoe BEpeMA YyMeHeWaeTCH C POCTOM YAaneHHOCTW KOPOTKONo 3aMblka-
HIAA.



