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Y4eOHO-METOUYECKUA ~ KOMIUIEKC MO0  JAUCHUIUIMHE  «DJIEKTPOMAarHUTHBIE
MEepPEXOAHbIE TMPOLIECCHI» IS CTYAEHTOB OYHOM, 3a04HOM M COKpalIeHHON ¢opMm
oOyuenus crneuuanbHocTedt 140203 — «PeneliHas 3amura W aBTOMaTHU3AIUS
ANEKTpOdHEpreTuyeckux cucrem», 140204 — «Onekrpuyeckue crtanuum», 140205 —
«INEKTPOIHEPTETUUECKUE CUCTeMBbl U ceTu», 140211 — «DnekTpocHabxeHuey. —
biarosemenck: Amypckuii roc. yH-T, 2006, 317 c.

VY4eOHO-MEeTOINYECKH KOMIUIEKC OPUEHTHUPOBAH HAa OKAa3aHUE MOMOILH CTyAEHTaM
OYHOM, 3a04HOM W cokpameHHoW (opm o00yueHus cnenuanbHocred 140203 —
«PeneitHas 3ammra M aBTOMaTU3alUs JJIEKTPOIHEPIeTHUECKUX cuctem», 140204 —
«Onextprueckue craHuun», 140205 — «OneKTpOIHEPrETUUECKUE CUCTEMBI U CETH,
140211 — «OnekrpocHalOxeHue» ajisg (POPMUPOBAHUS CHEUUATbHBIX 3HAHUWA B
00nacT (PU3UKHU HIEKTPOMATrHUTHBIX NEPEXOAHBIX IMPOIECCOB B CHHXPOHHBIX U
ACMHXPOHHBIX MalllMHAX, TpaHchopMmaTopax, y3jdax KOMIUIEKCHOM Harpy3sku U
AIEKTPOIHEPIreTUUECKON CUCTEME B LIEJIOM; YMEHHSI COCTABIISATh PACYETHBIE CXEMBI U
COOTBETCTBYIOIIME CXEMbI 3aMEILIEHUS 10 OTHOLLIEHUIO K TOKaM MpsMOM, 00paTHOU U
HYJIEBOU IIOCIIENOBATEIBHOCTEN U ONPEACIICHHS TapaMETPOB PA3IUYHBIX JJIEMEHTOB
OTUX CXE€M pa3HbIMM METOJAMM; IOJYYEHUsS HABBIKOB PACUYETOB IEPEXOIHBIX
MpOLIECCOB MpH TpeX(a3HbIX U HECUMMETPUYHBIX KOPOTKHUX 3aMBbIKAHUAX, a TaKkKe
npu o0pbIBax ¢as.
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1. TunoBbie NPOrpaMMbl IMCHUNIAHbI

1.1. TunoBasi nporpaMMa JUCUUILUIMHBI Ui ciienuaabHocT 140203 —
«PeJsieiiHadA 3a11MTA U ABTOMATU3ALHUA IJIEKTPOIHEPreTHUYECKUX CHCTEM))

MUHUCTEPCTBO OBPA30OBAHUS POCCUMCKON ®EJEPALINN

YTBEPXIAIO

PykoBoautens [lenapramenTta oOpa3oBaTeIbHBIX
MPOrpaMM U CTaHIAPTOB MPOPECCHOHATHEHOTO
oOpa3oBaHus

JI. C. I'peOHeB

« » 2001r.

I[TPUMEPHASA TIPOTPAMMA JTUCHUITIJIMHBI

OJIEKTPOMAT'HUTHBIE ITEPEXO/IHBIE ITPOLIECCHI

Pexomenyercs MunoOpa3oBanuem Poccuu iis HarpaBiIeHUs
noarorosku 650900 -ODJIEKTPOOHEPI'ETUKA,
cunenuanbHocTy 140203 — «Peneiinas 3amura 1 aBTOMaTU3a1Us JEKTPOIHEPTETUUECKUX CUCTEMY



1. Ilenu u 3a0auu oucyuniuHwl

Llenb AMCHUIUIMHBI COCTOMT B TOM, 4YTOOBI AaTh OyayIIMM CHEIHMaIncTaM B OOJacTH
AJIEKTPOIHEPIETUKHN TEOPETUUECKUE 3HAHUS M TIPUBUTH NPAKTUUECKUE HABBIKM aHAJIN3A PA3IMYHbIX
IIEPEXOHBIX IPOLECCOB KaK B DHEPreTUYECKOM CHCTEME B II€JIOM, TaK M B OTACIBHBIX €€
JJIEMEHTaXx.

3ajayeil W3y4EHHs JUCLUUIUIMHBI SIBISIETCS OCBOEHHE CTYJIEHTaMH MaTeMaTHYeCKHUX
MOJIENIEW Pa3IUYHBIX JJIEMEHTOB  DJIEKTPOIHEPIreTUYECKOW CUCTEMBI - CHHXPOHHBIX T€HEPATOPOB,
ACMHXPOHHBIX JJIEKTPOJBUTATENEH, TpaHCHOPMATOPOB U [P., - OTPAKAIOIMIMX OCOOCHHOCTH
IIEPEXOHBIX IPOLIECCOB B ITUX DJIEMEHTaX, METOJOB MCCICAOBAaHUS IEPEXOAHBIX ITPOLECCOB,
MPAaKTUYECKUX METOJIOB pacdeTa TOKOB KOPOTKOTO 3aMBIKaHHUs, 0COOCHHOCTEH pacyeToB TOKOB H
HaNPsHKSHUH TIPU HECUMMETPUYHBIX KOPOTKUX 3aMBIKaHUSIX M 00pbIBax (a3.

2. Tpebosanus Kk ypoeHo 0C80eHUst COOEPHCAHUA OUCYUNTUHDBL

B pesynbprare n3ydeHus JUCLUIUIMHBI CTYACHTHI JOJDKHBIL:
-IMETh SICHbIE TIPEJICTAaBIICHUS (U3UKUA DJIEKTPOMArHUTHBIX TIEPEXOJHBIX TMPOIECCOB B
CHHXPOHHBIX WM AaCHHXPOHHBIX MAaIIMHAX, TpaHCPOpMATOPax, y3/Iax KOMIUIEKCHONW Harpy3kd M
IIEKTPOIHEPTETUYECKON CUCTEME B LIENIOM;
-YMETb COCTABJIATh PACYETHBIE CXEMBI U COOTBETCTBYIOIIME CXEMBI 3AMEILECHUS 110 OTHOIICHUIO K
TOKaM TIPsSMOi, 00paTHOW M HYJIEBOHU MOCIIEIOBATEIBHOCTEH U OTIPEICIATH MapaMeTPhbl Pa3IMUHBIX
JJIEMEHTOB ATUX CXEM PAa3HBIMU METO/IAMU;

-TIOJIyYUTh  HABBIKM  PAacyeTOB  MEPEXOJHBIX  TNPOIECCOB MpH  Tpex(dasHbIX U
HECHMMETPHUYHBIX KOPOTKMX 3aMBIKaHUSX, a TAKXKe MPH 00pbIBax (as.

3. Obvem oucyuniuHbvl U 6UObL YUEOHOU PAOOMbL.

Buo yuebnoii pabomuwi Bcero vacos CemecTtp

OO01m1ast TpyI0€MKOCTb IUCIUTITNHBI 100 7
AyIUTOpHBIE 3aHATUS 51 7
Jlexun 34 7
ITpaxtnueckue 3ansrus (113) 17 7
CamocTrosTenpHas paboTa 49 7
PacueTrHo-rpadpuueckue padbornl 34 7
IToaroroska k 113 u JIP 15 7
By UTOroBoro KOHTpoOJIs 3a4€T, DK3aMEH

4. Cooeporcanue oucyuniunbl
4.1. Pazoenvt oucyuniursl u 6u0bl 3aHAMULL

Ne Paszgen nucnuninuHel Jleknuun 113

1 | O6mue cBeneHuss 00 DIEKTPOMATHUTHBIX MEPEXOJHBIX IMpOIlEccax. * *
CocTaBineHHE CXEM 3aMELICHHUS.

2 | IlepexomHble mporecchl B Tpex(a3HBIX IENiX, MOAKIIOYEHHBIX K * *
VCTOYHHUKY CHHYCOUIATBHOTO HANPSDKEHUS

3 | DAEeKTpOMarHuTHbIE MEPEXOJHbIE MPOLECCHl B  AIIEKTPUUYECKHUX * *
MaIInHaX

4 | Metomel pacdera TOKa Tpex(a3zHOTO KOPOTKOTO 3aMBIKaHHS B * *
HaYyaJIbHBIM U IPOU3BOJIbHBI MOMEHTBI BPEMEHHU

5 | llepexoaHble MPOIECCH TPU HECUMMETPHUUHBIX KOPOTKUX 3aMbBIKAHHIX * *
1 00pbIBax ¢a3




4.2. Cooeparcanue pazoenos OUCYUniuHbl

4.2.1. Obwue ceedenusi 00 21eKMPOMACHUMHBIX NepexoOonvix npoyeccax. CocmasieHue
cxem 3ameujerus. OCHOBHBIC TOHATHSA. [IpUYMHBI BO3HUKHOBEHHS TIEPEXOJHBIX TIPOIECCOB.
TpeboBaHusi K pacderaM MEpPeXOJHBIX TpoiieccoB. OCHOBHBIC IOMYIICHUS, MPHHUMAECMBIE MPU
pacuerax. CocraBieHHE CXeM 3aMelleHus. VICcrmonp30BaHME CHCTEMBl OTHOCHTEIBHBIX EIWHUIL.
CxeMbl 3aMelIeHUs MHOTOOOMOTOYHBIX TPaHC(HOPMATOPOB U CIIBOSHHBIX PEAKTOPOB.

4.2.2. [Ilepexoouvie npoyeccol 6 mMpexghasHblX Yensx, NOOKIIOYEHHbIX K UCMOYHUKY
cunycoudanbHoz2o Hanpsxcenus. llepexonHslii mporuecc mpu Tpex(pazHOM KOPOTKOM 3aMbIKaHHH
(K3) B memm ©Oe3 TtpancopmaTopoB. Ynmapubeiii Tok K3. Meroapl omnpenencHusl yIapHOTO
kodp¢uimenta. OcoOeHHOCTH TiepexoqHoro rmpormecca npu K3 B pa3BEeTBICHHOW IIeTH.
[lepexoaHblii TpoliecCc NpU BKJIIOYEHHH B CETh TpaHCPopMmaropa ¢ pPasOMKHYTOW BTOPHUYHOM
obmoTtkoit. [lepexoanstii mporece mpu K3 3a Tpanchopmaropom.

4.2.3.  OnexmpomacHummuvie nepexooHvie Npoyeccbl 6  INeKMPUUECKUX —MAULUHAX.
MareMarnueckass MOJEIb CUHXPOHHOM MAIIWHBI, OTPAXKAIOIIAs OCHOBHBIE 3aKOHOMEPHOCTH
AIIEKTPOMArHUTHBIX ~ TIEPEXOJHBIX TMPOLECCOB B  MammHe. JIuHelHble mnpeoOpa3zoBaHUS
middepeHInanbHbIX  YpaBHEHUH  IEPEXOJIHOTO npouecca. YpaBHeHus Ilapka-I'opesa.
[lepexoaHble mpolecchl B CHHXPOHHON MamuHe Oe3 ydeTa BIMSHUSA JeMII(PEpPHBIX KOHTYPOB.
XapaKTepuCcTUUYEeCKOE ypaBHEHHE M ero KOpHH. [IOCTOsSIHHBIE BpEeMEHM 3aTyXaHHsl CBOOOJHBIX
COCTAaBJIIIONIMX TOKOB. M3MeHeHwe TOKa sikopst mnpu Tpexdaznom K3. BrusHme cucremsl
BO30YXXJICHHsI Ha TIEPeXOHbIN mporecc. [lepexoqHpie MpoIecchl MPU TallleHHd MarHUTHOTO TIOJIS
CUHXPOHHOM MalIMHBI M HEyCHEIIHOM NOBTOpHOM BKiItoueHHH Ha K3. Ilepexoanbie mpoieccel B
CHHXPOHHOM MalllMHE C YYeTOM BIMSHHSA JeMI(epHbIX KOHTYpoB. IlepexoaHbie mporeccel B
KOHTYpax poTopa MpH pa3oMKHYTOH 00MOTKe skops. [locTostHHBIE BpeMeHH 3aTyXaHHus CBOOOTHBIX
COCTABJIIONIMX TOKOB KOHTYPOB poTOpa. BimsiHue Ha mepexoaHbI Mpolece 3aMKHYTOH 0OMOTKH
axkopsi. OCOOEHHOCTH NEPEXOAHBIX MPOIIECCOB B ACHHXPOHHBIX MallliHAaX.

4.2.4. Memoouvl pacuema moxa mpexgasHo2o KOPOMKO20 3AMbIKAHUS 6 HAYANbHBIU U
NpouU360IbHbIL MOMEeHmMbL 6pemeru. PacdeT Ha4aIbHOTO 3HAYEHUS NEPHOAUYECKON COCTABIIAIOLICH
Toka K3 OT CHMHXpOHHON MamuHBl 0€3 ydeTa W C Y4ETOM BIUSHHS JEMI(EpPHBIX KOHTYPOB.
BnusiHue acMHXpOHHBIX 3JIEKTPOJIBUraTeNell U KOMIIJIEKCHBIX Harpy30K B HayaJlbHbII MoMeHT K3.
Pacuer mnepumoanueckoil cocraBisionieil Toka mnpu yaaideHHblx K3. Pacuer mnepuoamueckoit
cocraBisonieil Toka Tpexdaznoro K3 B mpow3BOSIBHBIE MOMEHT BPEMEHH METOJIOM THIOBBIX
KPUBBIX M METOJOM CHPSAMIICHHBIX XapakTepucTHK. OCOOEHHOCTH pPAacyeTOB TOKOB KOPOTKOTO
3aMBbIKaHHS B AJIEKTpoycTaHOBKax HampspkeHueM a0 1000 B. Ilpumenenne OBM nns pacuera
TokoB K3.

4.2.5. Ilepexoonvle npoyeccvl npu HeCUMMEMPUUHBIX KOPOMKUX 3AMBIKAHUAX U 0Opbleax
¢haz. YcinoBusi, Ipu KOTOPBIX AOMYCTHMO MPUMEHEHNE METO[a CHMMETPUYHBIX COCTABIISIONIUX IS
aHaJIM3a HECUMMETPUYHBIX PEKHUMOB B TpeX(a3HBIX LEMAX, COACPIKAIINX CHHXPOHHBIE MAIIUHBI.
[TapameTpsl AMEKTPHUECKUX MAIIWH, TpaHCPOPMATOPOB (aBTOTpaHC(HOPMATOPOB), 0OOOIIECHHBIX
Harpy30K, BO3JYIIHBIX JIMHUHM 3JEeKTporepenad W Kabelnel Mo OTHOIIEHHIO K TOKaM pPa3HBIX
MIOCJIEIOBATENbHOCTEN. [ paHUUHbIE YCIIOBUS U OCHOBHBIE COOTHOILLIEHUS MEXAY CUMMETPUYHBIMU
COCTABJISIIOIIMMH TOKOB M HampsDKeHUH Tpu HecuMMmeTpudHbIX K3 m oOpbiBax ¢a3. BexTopHbie
JyarpaMMbl HamnpsKEHUM U TOKOB IIPU HECUMMETPHUSAX Pa3HOrO BUIA. YUET IPYNIbl COCAMHEHUS
Tpanc(hopMaTopoB (aBTOTpaHCPOPMATOPOB) TPU OMNpPEACTICHHH TOKOB B pAa3HBIX BETBAX U
HaIIpsDKEHUH B MIPOU3BOJIBHBIX TOYKAX PacyeTHOM cXeMbl. [IpaBUII0 S5KBUBAJICHTHOCTH TOKA IIPSMOM
IIOCJIEIOBATEIBHOCTU IIPU HECUMMETPUYHBIX PEXKUMax M €ro HCIoiIb30BaHHe. KoMILIekcHbIe
cxeMbl 3amelieHns. CpaBHEHUE TOKOB IpU HecuMMeTpuuHbIX K3 paszHoro Buaa.



5. JlabopamopHuiti npakmuxym.
He npenycmotpeH.
6. Yuebno-memoouueckoe obecneuerue OUCYUNIUHDBL.

6.1. Pexomenoyemas rumepamypa

a). OcnogHas numepamypa:

1. KproukoB M.II. DnexkTpoMarHUTHbIE MEPEXOJHBIE MPOLIECCHI B 3JIEKTPOIHEPTETUIECKUX
cucremax: YueOHoe mocodue s By3oB. M.: M3n-80 MBOU, 2000.

2. VYnpsHoB C.A. DJNEeKTpOMarHUTHbBIE IE€PEXOJHBIE IMPOLECCHl B DIEKTPUUECKUX
cucremax: YueOHUK 11 By30B. M.: Dueprusi, 1970.

0). Hononnumenvnas aumepamypa:

1. Meroapl pacuera TOKOB KOpPOTKOTO 3ambikaHus. COopuuk 3amauy/Ilox pem. W.IL.
Kproukosa. M.: U3x-80 MOU, 2000.

2. VapsHoB C.A, COOpHUK 3a7ad MO 3JIEKTPOMAarHUTHBIM TEPEXOJHBIM MpoIleccaM B
ANEKTPUIECKUX CUCTeMaX: YdeOHoe mocobue st By30B. M.: Dueprus, 1968.

6.2. Cpeocmea obecneuenus 0c80eHUsT OUCYUNTUHDL.
Pacuernbie komnbroTepHblie nporpammbl GUFAULTS, GUEXPERT.

7. Mamepuanvro-mexuuueckoe obecnevenue OUCYUNTUHBL.
Crennaiu3upoOBaHHbIE CTEH/IBI.

8. Meronnveckrue peKOMEHIAINH IO OPTaHU3alUN U3YUEHUS TUCIIUTLITHBI

Ilo ycmompenuio 8y3a.

[Iporpamma cocTaBiieHa B COOTBETCTBHM C | OCylapcTBEHHBIM 0Opa3oBaTEIbHBIM
CTaHIApTOM  BBICHIETO  MpO(eCCHOHANBHOTO OOpa3oBaHWs 1O  HampaBileHuio 6509 -
OJIEKTPOOHEPI'ETUKA noarotoBku nHkeHepoB cneruanbHocTH 140203 — «Peneiinas 3amura
¥ aBTOMATH3aIHA AJIEKTPOIHEPTETUUECKUX CHCTEM)

[Tporpammy coctaBun Kproukos 1. I1., mpodeccop , MOU (TY)

[Tporpamma omo0OpeHa Ha 3aceaHuu Y4eOHO-METOUYECKO KOMUCCHH 0 CIEHUATbHOCTU
140203 — «Peneiinas 3amuTa 1 aBTOMaTU3aLUs AIEKTPOIHEPTETUYECKUX CUCTEM»

[Ipencenatens YdeOHO-MeTOAUYECKOW KoMHUccUU 1o crnemmanbHocTu 140203 — «Peneitnas
3alllUTa U aBTOMATU3AIUS AIEKTPOIHEPTETUUECKUX CUCTEM»
A. ©. JlpsikoB

[IporpamMma omoOpeHa Ha 3aceaHUM Y4EeOHO-METOAWYECKOTO COBETa IO HAIlpaBJICHUIO
650900 - DJIEKTPOSHEPTETHUKA ot « 15 » nexkabpst 2000 r. ITpoToxon Ne 3

[Ipencenarens  YueOHO-METONMYECKOTO  coBeTa 1O  HampasieHuto 650900 -
SJIEKTPOSHEPI'ETUKA
B. B. Kykos

[Mpencenarens CoBera YMO 1o 00pa30BaHHIO B 00JACTH SHEPTETUKH
E. B. AMerucros




1.2. TunoBasi nporpaMMa JUMCUUILUIMHBI Ui ciienuaabHocT 140204 —
«JIeKTPpUYeCKHe CTAHIUI

MUHUCTEPCTBO OBPA3OBAHUS POCCUMCKON ®EJEPALINN

YTBEPXIAIO

PykoBoautens JlenapramMenta oOpa3oBaTeIbHBIX
MPOrpaMM U CTaHJIAPTOB MPO(ecCHOHATEHOTO
oOpa3oBaHus
JI.C. I'peOHeB
" " 2001 r.

I[TPUMEPHAS [TPOTPAMMA ANCLHUITIJIMHBI

INEPEXOAHBIE ITPOLECCHI B 9JIEKTPOSHEPI' ETUYECKUX
CUCTEMAX

Pexomenyercs MunoOpa3oBanuem Poccuu iis HarpaBieHUs
noaroroBku 650900- DJIEKTPOOHEPTETUKA
cnenuanbHocTH 140204 — «OnexkTpruueckue CTaHIuN»



1. Ienu u 3a1a4u JUCITUTIIIUHBI

[lenp AMCHUIUIMHBI COCTOMT B TOM, YTOOBI JaTh OyIyIIMM CHEIHaINcTaM B 00JacTu
NIEKTPOIHEPIETUKU TEOPETUUECKUE 3HAHUS U IIPUBUTH ITPAKTUYECKHE HABBIKA aHAJIN3a PA3JIUYHBIX
IIEPEXOHBIX IPOLECCOB KAaK B DHEPreTUYECKOM CHCTEME B IIE€JIOM, TaK M B OTACIBHBIX €€
JJIEMEHTAX.

3ajmauedl W3y4YeHUs JUCIUIUIMHBI SIBJISIETCS OCBOCHHE CTYACHTAMU MaTEeMaTUYECKHUX
MOJIENICH PA3JIUYHBIX 3JIEMEHTOB 3JJIEKTPOIHEPTETUUECKOW CUCTEMBI — CUHXPOHHBIX T€HEPATOPOB,
ACMHXPOHHBIX JJIEKTPOJIBUTATENEH, TPaHCPOPMATOPOB U Jp., - OTPAKAOIMX OCOOCHHOCTH
MEPEXOAHBIX IMPOLECCOB B 3THUX JJIEMEHTAX, METOJOB HCCIEAOBAHMUS MEPEXOIHBIX IPOLIECCOB,
MPAKTUYECKUX METOJIOB pacdyeTa TOKOB KOPOTKOTO 3aMBIKaHUs, OCOOEHHOCTEH pacdyeToB TOKOB H
HANpsDKCHUH TPU HECUMMETPHUYHBIX KOPOTKHX 3aMBIKAHHSX W OOpbIBaX (a3, MPaKTUIECKUX
KPUTEPUEB YCTOWYMBOCTH, CHOCOOOB aHaaM3a JUHAMHYECKOW W CTaTUYECKOW YCTOWYMBOCTH,
METOJIOB pacuyera MEPEXOJHbIX MPOLECCOB W YCTOMYMBOCTH B y3Jax HArpy3kh, a TakKkKe
ACHHXPOHHBIX PEKUMOB.

2. TpeboBaHMs K YPOBHIO OCBOCHHSI COACPIKAHUS TUCITUTUTHHBI

B pesynbprare nu3ydeHus JUCLUIUIMHBI CTYACHTHI JOJDKHBIL:
- UMETh SICHBIE TPEJICTaBICHUS O (PU3HKE SJIEKTPOMATHUTHBIX M IJIEKTPOMEXaHUYECKUX
IIEPEXOHBIX IPOLIECCOB B CHHXPOHHBIX U ACUHXPOHHBIX MalllMHAaX, y3JIaX KOMIUIEKCHON Harpy3Ku
U DJIEKTPOIHEPreTUYECKON CUCTEME B LIEJIOM;
- YMETb COCTaBJIATb PACUYETHBIE CXEMbl M COOTBETCTBYIOIIME CXEMBbl 3aMEIIECHHS 110
OTHOIIEHWIO K TOKaM TMpsIMOH, OOpaTHOW W HYJIEBOH MOCIEI0BATENFHOCTEH M OIpPENeNsiTh
rapamMeTpsl pa3InYHbIX JIEMEHTOB 3THX CXEM Pa3HbIMHU METOIAMHU;
- MOJIyYUTh HAaBBIKM PACYETOB MEPEXOAHBIX MPOIECCOB MPH TpeX(Pa3HBIX U HECUMMETPUIHBIX
KOPOTKHX 3aMBbIKaHUSX, a TAKXKe IMPU 00pbIBax (as;
- 3HATh METOIbI aHanusa CTaTUYECKOMN u JUHAMUAYECKON YCTOWUYHUBOCTH
AIIEKTPOIHEPTETUIECKUX CUCTEM, a TAKKE OCHOBHBIE MEPOTIPUATHS TI0 00ECTICUSHUIO CTaTHIECKOH,
JUHAMHAYECKOU U PE3YJIbTUPYIOLIEH YCTOUUUBOCTU CUCTEM.

3. OOBbeM TUCHMITIIMHBI ¥ BUJBI YIeOHON paboThI
Bun yuebHo# paboTh Beero Cemectpet
9acoB
OO1m1ast TpyI0€MKOCTb IUCIUTITUHBI 280 6 7
AynuTOpHBIE 3aHATUS 136 6 7
Jlexuun 68 6 7
[Tpaktnueckue 3anstus (113) 34 6 7
JlabopaTopHusie paboTsl (JIP) 34 6 7
CamocTosTenpHas paboTa 144 6 7
KypcoBoii npoekT (pabora) 40 6 -
PacuerHo-rpaduueckue padboThI 60 6 7
IToaroroska k 113 u JIP 44 6 7
Bun utToroBoro KoHTposist 3auet 3auet
OK3aMeH OK3aMeH
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4. ConepxaHue TUCHUTUTUHBI

4.1. Pazgensl UCHUATUINHEBI U BUIBI 3aHATHI

Ne Paszgen nucuuniuHel Jlexuuun | I13 | JIP

1 |O6mme cBemeHusi 00 AIEKTPOMATHUTHBIX IEPEXOTHBIX MpoIeccax. * *
CocraBneHue CXeM 3aMELICHHUS

2 |[lepexomnbie mporecchl B Tpex(azHbIX IEMsX, MOJIKIIOYEHHBIX K * * *
MCTOYHHUKY CHHYCOMIATBHOTO HANPSDKEHUS

3 |DneKTpoMarHuTHBIE MEpPEXOJHbIE TIPOLECCHl B DIEKTPUUECKUX * * *
MaIInHAX

4 |Mertoapl pacueTa TOKa Tpex(a3HOro KOPOTKOTO 3aMbIKaHUS B * *
HaYyaJIbHBIM U IIPOU3BOJIbHBI MOMEHTBI BPEMEHH

5 |IlepexonHble  mpolecchl  MPU  HECUMMETPUYHBIX  KOPOTKHX * * *
3aMbIKaHHUSIX M 00pbIBax (a3

6 |Craruyeckasi yCTOMYMBOCTD 3JIEKTpUUEcKOl cuctemsl IlpakTuueckue * * *
KPUTEPUHU YCTOMYUBOCTH

7 |duHamudeckas yCTOWYHMBOCTH SJCKTPUUECKON cucTeMbl. CrocoOb * * *
NpUOJIMKEHHOTO PEIIeHHs YpaBHEHHS B)KEHUS] pOTOpa TeHepaTopa

8 |Meron mambix kojeOaHwit. CraTHuecKkass YCTOHYHMBOCTH C Y4E€TOM * *
JEUCTBUS PErynsTopa BO30YXKICHUS

9 |IlepexomHbie MPOIECCHl B y3j1aX HArpy3kd CUCTEMBI. YCTOMUYHMBOCTH * * *
Y3JI0B Harpy3Kku

10 |ITonsiTve pe3yapTUPYIOUIEH YCTOMUMBOCTH. ACHHXPOHHBIH PEXKUM. * *
V3MeHeHHsI 4aCTOTHI B QJIEKTPHUECKUX CHCTEMaX

4.2. ConepkaHue pa3iesioB TUCIUTITUHBI

4.2.1. O6mume cBeneHHUs 00 AIEKTPOMATHHUTHBIX IMEPEXOAHBIX mporeccax. CocTaBicHHE
cxeM 3amenieHus. OcHOBHble NOHATHSA. [IpUUMHBI BO3HUKHOBEHHUS NEPEXOJHBIX IPOLECCOB.
TpeboBanust k pacyeraM NepeXOAHBIX TmpoieccoB. OCHOBHBIE JOMYIICHUS, MPUHUMAaeMble TpU
pacuerax. CocraBiieHue cxeM 3amelnieHus. lcnonap3oBaHHE CUCTEMBI OTHOCUTENBHBIX EIUHUILL.
CxeMbl 3aMeleHnss MHOTOOOMOTOYHBIX TPAaHC(OPMATOPOB U CIABOCHHBIX PEAKTOPOB.

4.2.2. TlepexonHble TMpoOIECCHl B Tpex(Pa3HBIX MLEMAX, MOAKIIOYEHHBIX K HWCTOYHHKY
CHHYCOMIATIBHOTO HampsokeHus. [lepexomHblii mporecc mpu TpexpazHOM KOPOTKOM 3aMBIKAHUU
(K3) B memm 0Oe3 TtpancopmaTopoB. Ynmapubeii Tok K3. Meroapl omnpenencHus yIapHOTO
koap¢uimenta. OcoOCHHOCTH TiepexoqHoro rmpormecca npu K3 B pa3BEeTBICHHOW IIeTH.
[lepexoaHblii Tpoliecc NpU BKJIIOYEHHH B CETh TpaHcPopMmaropa ¢ pPasOMKHYTOW BTOPHUYHOM
oomoTrkoii. [Tepexomnsrii mponecce mpu K3 3a Tpanchopmaropom.

4.2.3.  DnexTpOMarHUTHbIE MEPEXOJHBIE IPOLECChl B  AJIEKTPUYECKMX MalllMHaX.
Maremaruueckass MoOJ€lb CHHXPOHHOM MallMHbBI, OTpPa’Karollasi OCHOBHBbIE 3aKOHOMEPHOCTH
AIIEKTPOMArHUTHBIX ~ TIEPEXOJHBIX TMPOLECCOB B  MammHe. JIuHelHble mnpeoOpa3zoBaHUS
middepeHnnanbHbIX ypaBHEHHN MepexoHoro npouecca. YpaBHenus Ilapka-I'opesa. Ilepexonabie
mporecchl B CHHXpDOHHOH  MamuHe 0e3  ydera BAMSHHUA  JIeMIQEpHBIX  KOHTYPOB.
XapaKTepuCTUYEeCKOE ypaBHEHHE M ero KOpHH. [IOCTOsIHHBIE BpEeMEHM 3aTyXaHHsl CBOOOJHBIX
COCTAaBJIIONIMX TOKOB. M3MeHeHwe TOKa sikopst mpu Tpexdaznom K3. BrusHme cucrems
BO30YXXJICHHsI Ha TIEpeXOHbIN mporecc. [lepexoHbie MpoIecchl MPH TallleHHd MarHUTHOTO TIOJIS
CUHXPOHHOM MalIMHBI M HEYCHEIIHOM NOBTOpHOM BKiItoueHHH Ha K3. Ilepexoanbie mpoieccel B
CHHXPOHHOM MalllMHE C YYeTOM BIMSHHUSA JeMI(epHbIX KOHTYpoB. Ilepexoanbie mporeccel B
KOHTYpax poTopa MpH pa3oMKHYTOH 00MOTKe sikops. [locTosiHHBIE BpeMeHH 3aTyXaHHus CBOOOTHBIX
COCTaBJIIONIMX TOKOB KOHTYPOB pOTOpa. BimsiHue Ha mepexoaHbIH MpoIece 3aMKHYTOH 0OMOTKH
saxopsi. OCOOEHHOCTH MEPEXOAHBIX MPOIIECCOB B ACHHXPOHHBIX MallllHAX.
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4.2.4. Metonsl pacyera TOKa Tpex(a3zHOTO KOPOTKOTO 3aMBIKaHUS B HAyaJbHBIA U
IIPOM3BOJIbHBIM MOMEHTHI BpeMeHU. Pacuer HauanbHOro 3HaYEHUS MEPUOINUYECKON COCTaBIISAIOLICH
Toka K3 OT CHMHXpOHHON MamuHBI 0€3 ydeTa W C Y4ETOM BIUSHHS JEMI(EpPHBIX KOHTYPOB.
BnusiHue acMHXpOHHBIX 3JIEKTPOJIBUraTeNlell U KOMILJIEKCHBIX Harpy30K B HayaJlbHbII MOMeHT K3.
Pacuer mnepumoanueckoil cocraBisionleil Toka mnpu yaaideHHblx K3. Pacuer mnepuoamueckoit
cocraBisonieil Toka Tpexdaznoro K3 B mpou3BOSBHBIE MOMEHT BPEMEHH METOJIOM THIOBBIX
KPUBBIX M METOJOM CHPSAMIICHHBIX XapakTepucTHK. OCOOEHHOCTH pPacyeTOB TOKOB KOPOTKOTO
3aMBIKaHHS B AJIEKTpoycTaHOBKax HampspbkeHueMm 10 1000 B. Ilpumenenne OBM g pacuera
TokoB K3.

4.2.5. TlepexoaHble MPOILECCHl MPU HECHMMETPUYHBIX KOPOTKMX 3aMBIKAHUSAX U OOpBIBaxX
¢a3. YciaoBus, Ipu KOTOPHIX TOMYCTUMO TPUMEHEHHE METO0/1a CHMMETPUYHBIX COCTABIISIFOIINX JIJIS
aHaJIM3a HECUMMETPUYHBIX PEKHUMOB B TpeX(a3HBIX LEMAX, COACPIKAIINX CHHXPOHHBIC MAIIHHBI.
[TapameTpsl 3MEKTPHUECKUX MAIIWH, TpaHCPOPMATOPOB (aBTOTpaHC(HOPMATOPOB), 0OOOIIECHHBIX
HArpy30K, BO3JYIIHBIX JIMHUH 3JIEeKTporepenad W Kabelned Mo OTHOIIEHHIO K TOKaM pPa3HBIX
MIOCJIEIOBATENbHOCTEN. [ paHUUHbIE YCIIOBHUS U OCHOBHBIE COOTHOILLIEHUS MEXAY CUMMETPUYHBIMU
COCTABJIIIONIMMH TOKOB M HaNpsDKEHUH Tpu HecuMMmeTpudHbIX K3 m oOpbiBax ¢a3. BexTopHbie
JyarpaMMbl HampsHKEHUH U TOKOB IIPU HECUMMETPHUSAX Pa3HOrO BUIA. YUET IPYNIbl COEAMHEHUS
TpaHc(hopMaTopoB (aBTOTPAaHCPOPMATOPOB) TPU OMpPEACTICHHH TOKOB B pAa3HBIX BETBAX U
HaIIpsDKEHUN B IIPOU3BOJIBHBIX TOYKAX PacyeTHOM cXeMbl. [IpaBuiIo S5KBUBAJICHTHOCTH TOKA IIPSAMOM
MIOCJIEIOBATEIbHOCTH TPU HECUMMETPUYHBIX peXHMax M €ro HucroJib3oBaHue. KomriiekcHbie
cxeMbl 3amenieHns. CpaBHEHUE TOKOB IpU HecuMMeTpuuHbIX K3 paszHoro Buaa.

4.2.6. Craruueckass yCTOWYMBOCTb D3JIEKTPUUECKOM cucTeMbl. [IpakTudeckue KpUTEpUHU
YCTOWYMBOCTH. YpaBHEHUE MEXaHUUYECKOTO JIBIKEHUs pOoTOpa reHepatopa. BekTopHas quarpamma
MIPOCTENIIEH BIEKTPUYECKON cucTeMbl. BbIpaxeHus nias MouiHocted uepe3 pasnuunble D/[C
rereparopa. OnpezieieHne YrioBbIX XapaKTEPUCTHUK MOIIHOCTH 4Yepe3 COOCTBEHHBIE M B3aWMHBIC
COIIPOTHBIICHHSL.

4.2.7. luHaMu4ecKasi YCTOMYMBOCTh DIEKTPUYECKOi cucTembl. CrocoObl MpUOIMKEHHOTO
pelIeHNs ypaBHEHUs JABM)KEHMsI poTopa reHepartopa. JluHamuueckas ycToiunBocThb. llpuumHbl 1
XapakTep OOJIBIIMX BO3MYIIEHHH B 3JEKTPOIHEPTeTHYECKOH CHCTEeMe. OHEepreTHYecKHe
COOTHOIIEHUS, XapaKTEePHU3YIOIIHe IBIKEHUE poTopa reHepatopa. CrocoObl  TuIOmIaieH,
JOMyIIeHnss U 00sacTh nmpuMeHeHus. OrpenerieHue MpeAeIbHOro yria OTKIIYEHHUS KOPOTKOTO
3ambikaHud. [IpencraBienue mporecca Ha (a30BOi MIOCKOCTU. UHCIEHHOE pelIeHUEe ypaBHEHUS
JBIKEHUS poTOpa reHepatopa. Metoa nociaeoBarenbHbIX HHTEpBAJIOB. Briusane aeMndupoBaHus.
AHanu3 mporeccoB ¢ y4etroM (HOPCUPOBKH BO30OYkKIeHUS reHeparopa. OcoOeHHOCTH pacueTa
IIEPEXOIHBIX IIPOLIECCOB B CIOKHOM CUCTEME.

4.2.8. Meron wManbix Kosebanuil. CraTudeckass YCTOWYMBOCTH C YYE€TOM JI€HCTBHUS
perynsTopa Bo30yxkaeHHs. MareMaTHUecKoe OTHMCAaHUE IEPEXOTHBIX IMPOILECCOB IPH aHAIN3e
CTaTU4eCKOH ycroitumBocTH. Metoa Mainbix Konebanuil. HeoOxoauMble U JOCTATOYHBIE YCIOBUS
cTatu4eckoil ycroitunBoctr. CtaTnyeckas yCTOMYMBOCTh M Majible KOJEOaHHUS B HEpETyIUpyeMoit
cucreme. HapymeHust yCTOWYMBOCTH B BUJIE CIIOJI3aHUS, CAMOpPACKauMBaHUS U CAMOBO30YKICHUS U
CrocoOBbl UX TOJABJICHUSI. AHAIN3 CTaTHUYECKOW yCTOMYMBOCTH MPOCTEHINEH CHCTEMBI C Y4eTOM
aBTOMATHUYECKOTO PEryiisiTopa BO30YXKIEHHS MNPONOPIHMOHAIBHOTO JIEHCTBUS M pEryistopa
CUJIBHOTO JICUCTBHUS.

4.2.9. IlepexoHbie POIIECCHI B Y3JIaX HArPY3KU CUCTEMBI. Y CTOMYMBOCTH Y3J10B HArpy3KH.
IlepexonHbple 1mpolecchl B y3/l1ax Harpy3kud cucrembl. CraTudeckue W JAWHAMHUYECKUE
XapaKTEPUCTUKHU Harpy3Ku. Y paBHEHHE IBUKEHUSI aCHHXPOHHOTO JBUrarens. MzmeHeHue ycinoBuii
CTaTUYECKOM YCTOMYMBOCTH ACHHXPOHHOTO [BHUTATeNs NpU ero paboTe OT MCTOYHUKA
COM3MEPUMON MOIIHOCTH. JlaBMHA HampsHkeHHWs — NpUYMHA BO3HUKHOBEHUS M CpPEICTBA
noaasyieHus. [lpakTudyeckue KpuTepuM Ui Yy3JI0B KOMIUIEKCHBIX Harpy3ok. Cratuueckue
XapaKTepUCTUKH U peryaupyromue 3h(eKTsl MOITHOCTH HArpy3o0K Mo HampspkeHuto. [loBeneHue
HArpy3kd TNpH OONBIIUX BO3MYIIEHHSIX. UWCIEHHOE pelIeHHe YpaBHEHHs JBMKEHHsS pPOTOpa
ACMHXPOHHOTO JIBUTATENSI TPHU OOJIBIITUX BO3MYILEHUSX.
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4.2.10. IloHatue pe3ylnbTUPYIOIIEH YCTOWYMBOCTU. ACHHXPOHHBIH pexuM. M3meHeHus
4acTOTHI B ANEKTPUUYECKUX cucTeMax. [[pMunHbl BOSHUKHOBEHUS aCUHXpPOHHOTO pexuma. [lonstue
pe3ynbTUpyromel ycToiunBoCcTH. [Iporiecc BBIMAACHUS W3 CHHXPOHH3MA, HEOOXOIMMOE yCIOBUE
pecunxponusanuu. [IpakTudeckre crocoObl BOCCTAHOBICHUSI CHHXPOHHOTO peXuMa. V3MeHeHus
YacTOTHl B AJIEKTPOIHEPreTHUECKUX cucTeMax. TpeOoBanus K dactore. Buasl peryinmpoBaHHS
NEepBUYHBIX JABHUrarenei. CraTHUecKHe XapaKTEPUCTUKH HEPETYIUPYEMbIX M PETYIHPYEMBIX
NEepBUYHBIX JBUratenedl. OnpenesneHne IUHAMUYECKUX XapaKTEPUCTUK 4YacTOThl B CHCTEME.
JlaBuHa dYacTOTBI M CHOCOOBI €€ TpEeAOTBpalleHUs. ABTOMaTHYecKas 4YacTOTHAs pas3rpy3Ka.
MepomnpusTus o o0ecriedyeHno TpeOyeMOoTro YpOBHSI YaCTOTHI B CHCTEME.

5. JlaGopaTOpHBII MPaKTHKYM

Ne | Ne pazpena

HaumenoBanue mabopatopHbIX paboT
I/ | IMCUMIIINHEI

1 2 [lepexomnbie mporecchl B TpaHchoOpMaTope MpH BKIIOYEHUHM B CETh C
Pa30MKHYTOH BTOPHYHON OOMOTKOM M MPU KOPOTKOM 3aMbIKaHUH

2 3 [lepexoaHblii mporiecc B CHHXPOHHOW MaminHe 0e3 IeMI(epHBIX KOHTYPOB
IIpY OTKJIKOYEHUHU U IOBTOPHOM BKJIFOUEHHH HA KOPOTKOI'O 3aMbIKaHUE

3 3 [lepexoaHblil Mpolecc B CHHXPOHHOW MaminHe ¢ AeMI(EpHBIMH KOHTYpaMHu
IIPU KOPOTKOM 3aMbIKaHHUU

4 5 Bnustane TpaHCGOpPMATOpPOB M CXEM COEAMHEHUS HMX OOMOTOK Ha TOKH

Hy.]ICBOﬁ IIOCICI0BATCIIBHOCTHU

5 6 CraTuueckasl yCTOMUMBOCTb 3JIEKTPUUYECKON CHCTEMBI
6 7 JlnHaMuueckasi yCTOMYMBOCTD DJIEKTPUYECKON CHCTEMBI
7 9 Y CTONYMBOCTh ACUHXPOHHOW HArpy3KH

6. YueOHO-MeTOqNUYECKOE 00eCIIEUEHNE TUCIIUILINHEL
6.1. Pexomennyemas nureparypa

a) OCHOBHas JIuTepaTypa:

1.  Kproukos N.IIL DNeKTpOMarHUTHbIE [IEPEXOAHBIE MIPOLECCHI B
ANIEKTPOIHEPTETUUECKUX CUCTEMaX: YueOHoe mocobue s By30B. M.: M3n-Bo MOU, 2000.

2. VYapsHoB C.A. DNeKTpOMarHUTHbIE IEPEXOAHBIE TPOLECCHl B AIEKTPUUYECKHUX
cucremax: YueOHUK 11 By30B. M.: Dueprusi, 1970.

3. BenuxoB B.A. IlepexojHble 3JIEKTPOMEXaHUYECKHE IPOLECCHl B 3IEKTPUUECKUX
cucremax. M.: Bricias mikosa, 1985.

4.  DnexTpuvecKkue CHCTEeMBbl W ceTh B mpumepax u wuroctpamusx/Ilon pen. B.A.
Crpoesa. M.: Bricias mkosa, 1999.

S. Ilepexoanpie mpoLecChl  AMEKTPUYECKUX CHCTEM B IPUMEpPAX M WIUIFOCTPALMSX.
YueOHoe mocobue ams By3oB /Ilon pen. B.A. CrpoeBa. M.: 3Hak,1996.

0) TOMOJHUTENbHAS JINTEpaTypa:

1. Metoasl pacuera TOKOB KOpOTKOro 3ambikanus. COopuuk 3anmad/llox pen. W.II.
Kproukosa. M.: U3x-80 MOU, 2000.

2. 3yeB D.H., Crpoe B.A. Maremaruueckoe OIHUCAHHE HIEMEHTOB AJIEKTPUUECKOM
cucTteMbl. YuebHoe mocodue mo kypey "llepexomHble peXHMBI B 3JEKTpHUECKUX cucteMax'. M.:
Hzn-so MOU, 1983.

3. VapsnoB C.A. COOpHHK 3ajad TO DJEKTPOMAarHUTHBIM TEPEXOJHBIM IMpolleccaM B
ANEKTPUIECKUX CUCTeMaX: YueOHoe mocobue st By30B. M.: Dueprus, 1968.
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6.2. CpexnctBa o0ecrieueHUs] OCBOCHUS JUCIUILTAHBI

Pacuernsie komnbrotepusie nporpammbel GUFAULTS, GUEXPERT, REGIM, MATHCAD.

7. MarepuanbHO-TeXHUYEeCKOe 0OecTieueHne JUCIIUILTIHBI

CHGIII/I&JII/BI/IPOBaHHBIe CTCHBI U paCYCTHBIC CTOJIbI ICPEMCHHOI'O TOKA

[Iporpamma cocTtaBneHa B COOTBETCTBMM ¢ [OCyZapCTBEeHHBIM 00pa3oBaTEIbHBIM
CTaHJIapTOM BBICLIETO 1po(ecCHOHATBHOTO o0pazoBaHus 1o HaIpaBJICHUIO
OJIEKTPOOHEPI'ETUKA noaroroBku uHXeHepoB crneruanbHocTH 140204 — «Onexktpuyeckue
CTaHLIUW.

[Iporpammy cocraBunm
Kproukos WN.I1., mpodeccop , MOU (TY)
®enorosa H.B., nonient , MU (TV)

[Tporpamma onoOpeHa Ha 3aceganuu Y 4eOHO-METOJMUECKON KOMUCCHU TI0 CTIEIIUAIEHOCTH
140204 — «OneKTpUYECKUE CTAHIIUI

[Ipencenarens YMK no cnenuanbHOCTH
140204 — «OneKTpUYECKUe CTAHIIUI
B.A. CrapunHoB

[Tporpamma onoOpeHa Ha 3aceJaHUHM Y 4eOHO-METOJUYECKOr0 COBETa II0 HAIPABICHUIO
650900 — DJIEKTPOSHEPI'ETUKA

or " 15 " gexabps 2000 T. [Tpotoxoi Ne 3

[Ipencenarens coera YMC no
Hanpasnenuto 650900- DJIEKTPOOHEPTETUKA

B.B. XKykos

IIpencenarens Coera YMO
o 00pa30BaHUIO B 00JIACTH
SHEPTreTUKHU

E.B. AMerucros
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1.3. TunoBasi nporpaMmMa JUCUUILUIMHBI Ui ciienuajabHocT 140205 —
«JIeKTPOIHEPreTHYEeCKHE CUCTEMbI M CeTH»

MUHUCTEPCTBO OBPA3OBAHUS POCCUMCKON ®EJEPALINN

YTBEPXIAIO

PykoBoautens [lenapramenTa oOpa3oBaTeIbHBIX
MPOrpaMM U CTaHIAPTOB MPO(HECCHOHATEHOTO
oOpa3oBaHus
JI.C.I'pebGHeB
" " 2001 r.

I[TPUMEPHAS [TIPOTPAMMA ANCLUITIJINHBI

SJIEKTPOMAT'HUTHBIE ITEPEXO/IHBIE ITPOLIECCHI

Pexomennyercst MunoOpaszoBanuem Poccun st HarrpaBieHHst MOATOTOBKH crierranictoB 650900
- OJIEKTPOOHEPI'ETHUKA.
CrnenmanbHocTh 140205 — «OneKTpOIHEPreTUUECKUE CUCTEMBI U CETH»
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1. lenu u 3aaa49M TUCIIATUTMHBI

[lenb MUCIUIUIMHBI COCTOMT B TOM, YTOOBI JaTh OYyAyIIUM CIEIHATUCTaM B OOJACTH
ANEKTPOIHEPTETUKU TEOPETUUECKUE 3HAHUS U TIPUBUTH MTPAKTUUECKHE HABBIKA aHAJIM3a PA3IUYHBIX
MEPEXOHBIX MPOIECCOB KaK B HIHEPreTUYECKOM CHUCTEME B II€JIOM, TaK M B OT/ACIbHBIX €€
AJIeMEeHTaXx.

3ajmauell W3y4YeHUs JUCIUIUIMHBI SIBJISIETCS OCBOCHHE CTYACHTAMU MaTEeMaTUYECKHUX
MOJIEJIEN Pa3IMYHBIX 3JIEMEHTOB 3JIEKTPOIHEPIeTUUECKOM CHCTEMBl — CHHXPOHHBIX T'€HEPAaTOPOB,
ACMHXPOHHBIX DJJIEKTPOJBUTATENICH, TpaHCPOPMATOPOB U JIp., OTPAKAMIIUX OCOOEHHOCTH
MEPEXOHBIX TMPOILIECCOB B ITHX DJIEMEHTaX, METOJIOB MCCIEIOBAHUS MEPEXOAHBIX IPOIECCOB,
MPAKTUYECKUX METOJIOB pacdyeTa TOKOB KOPOTKOTO 3aMBIKaHHUs, OCOOEHHOCTEH pacdyeToB TOKOB H
HaANPsDKEHUH TTPH HECUMMETPUYHBIX KOPOTKUX 3aMBIKAaHUSX B 00phIBaxX (has.

2. TpeboBanus K ypOBHIO OCBOCHUS COJICPIKAHUS TUCITUTLTAHBI
B pesynbprare n3ydeHus JUCLHUILUIMHBI CTYACHTHI JOJDKHBIL:

- WMETh SICHBIE TIPEIACTABICHHUS (PU3UKH DICKTPOMATHUTHBIX MEPEXOAHBIX MPOIECCOB B
CHHXPOHHBIX M ACHHXPOHHBIX MAaIllMHAX, TpaHCPOpMATOpax, y3lax KOMIUIEKCHOW HArpy3kud Hu
IIEKTPOIHEPTETUYECKON CUCTEME B LIENIOM;

- YMETb COCTaBJISATh PACUYETHBIE CXEMBbI U COOTBETCTBYIOIIME CXEMBbI 3aMEIEHHS 110 OTHOLIEHUIO K
TOKaM IPSIMOi, 0OpaTHOI M HYJIEBOH MOCIEIOBATEIBHOCTEH U OMIPEEIIATh MapaMeTPhl Pa3IHIHBIX
2JIEMEHTOB ATUX CXEM PAa3HBIMU METO/IAMU;

- TIOJIyYUTh HABBIKM DPACUYETOB TEPEXOJHBIX IMPOIECCOB MPHU TpexX(a3HbIX M HECUMMETPUUHBIX
KOPOTKHUX 3aMBIKaHUAX, a TAK)Ke TPU 00pbIBax (a3.

3. OO0BbeM TUCHMITIIMHBI ¥ BUJBI YIeOHON pabOThI
. Bcero
Bun yae6HOM paboThI 4ACOB Cemectp
OO01mast TpyI0EeMKOCTh TUCITUTITIHBI 180 5
AynuTOpHbIE 3aHATUS 85 5
Jleknuun 51 5
ITpaktueckue 3ansrus (113) 17 5
Jlaboparoprsie padots! (JIP) 17 5
CamocTosTenpHas paboTa 95 5
PacuerHo-rpaduueckue paboThI 70 5
IToaroroska k 113 u JIP 25 5
Buj nToroBoro KOHTposist 3auer
DK3aMeH
4. ConepxaHue TUCHUTITUHBI
4.1. Pa3genbl AUCIUTUIMHBI U BUJIBI 3aHATUN
Ne i/l Paznen qucuuninnel Jlexuun | 113 | JIP

1 |O6mue cBeneHusi 00 AMEKTPOMATHUTHBIX MEPEXOTHBIX MPOIECCAX. * *
CocTaBiieHHE CXEM 3aMellEHUsI.

2 |[TepexomHble TpOIECCHl B TpeX(a3HBIX MEMAX, MMOJKIIOYCHHBIX K * * *
WCTOYHUKY CHHYCOMJIAJIBHOTO HAIPSKCHUS.

3 |DneKTpOMarHUTHBIE IE€PEXOJHBIE MPOLECCHl B  AIEKTPUUYECKUX * * *
MaIHax.

4 |Metonel pacueTa TOKa Tpex(a3sHOro KOPOTKOTO 3aMBIKaHUS B * *
HA4YaJIbHBIM M TPOU3BOJIbHBI MOMEHTHI BPEMEHH.

5 |llepexonHble  TpPOLECCHl NPU  HECUMMETPUYHBIX  KOPOTKUX * * *
3aMBIKAaHUSX W 00pbIBax (ha3.

16



4.2. ConepkaHue pa3iesioB TUCIUTITUHBI

4.2.1. O6mwme cBeneHHUs 00 AIEKTPOMATHHUTHBIX IMEPEXOAHBIX mMporeccax. CocTaBicHHE
CXEM 3aMelleHUs

OcHoBHBIE TOHATHA. [IpUYKMHBI BOSHMKHOBEHHS TEPEXOJHBIX MpoIleccoB. TpedoBaHUs K
pacueram NepexoHbIX npoueccoB. OCHOBHBIE JONMYLIEHUS, IPUHUMAEMbIE [IPU pacueTax.

CocraBnenue cxem 3amenieHus. Mcnonp3oBanue cUCTEMbl OTHOCUTENBHBIX eIUHUL. CXeMbl
3aMeIIeHUsI MHOTOOOMOTOYHBIX TPaHC(HOPMATOPOB M CABOCHHBIX PEAKTOPOB.

4.2.2. TlepexonHble TMpoIEecCHl B Tpex(a3HBIX MEMAX, MOAKIIOYEHHBIX K HWCTOYHHKY
CHUHYCOMIAJIbHOTO HAIPSKEHUS

[lepexomnbiii mpomecc npu TpexdazHom KoporkoMm 3ambikanuu (K3) B memm 6e3
TpanchopmaTopoB. VYnapueiii Tok K3. Meronsl ompeneneHus ymapHOro Kod(hQHUIMEHTa.
OcobenHocTr TiepexofHoro Tporiecca nmpu K3 B pa3BerBieHHOM 1enw. [lepexoaHbIil mpoiecc mpu
BKJIIOYEHUH B CETh TpaHC(hOopMaTopa ¢ pa30MKHYTOM BTOpUYHOH 00MOTKOH. [lepexomHbiii mporece
npu K3 3a tpancdopmaTopom.

4.2.3. DneKTpoOMarHuTHbIE MEPEXOHBIE MPOIECCHI B AIEKTPUUYECKUX MaIlIMHAX

Maremarnueckasi MOJIEJIb CHHXPOHHOM MaIlIMHBI, OTPa)Karolllasi OCHOBHbIE 3aKOHOMEPHOCTH
SIIEKTPOMArHUTHBIX ~ TIEPEXOJHBIX TMPOLECCOB B  MammHe. JIuHelHble mnpeoOpa3zoBaHUS
middepeHnanbHbIX ypaBHEHUH TIepexoiHOTo mpoliecca. Ypasaenus [lapka-I'opesa.

[lepexomHbie Tmpolecchl B CHHXPOHHOH MammHe O€3 y4yeTra BIMSHUSA AeMI(EpHBIX
KOHTYpPOB. XapaKTepUCTHUUECKOE ypaBHEHHE M €ro KOpHU. [loCTOsHHbIE BpEMEHM 3aTyXaHus
CBOOOJTHBIX COCTABIJIIONINX TOKOB. M3MmeHeHwe Toka skops npu Ttpexdasnom K3. Bramsaue
CHCTEMBI BO30OYXKIEHUS Ha TMepexonHbld mpormecc. llepexoaHbie mpolecchl NpW  TalleHUH
MarHUTHOTO TOJIsi CHHXPOHHOM MalllMHbl ¥ HEYCIEIIHOM OBTOPHOM BKJItoueHuH Ha K3.

[TepexoaHbIe MPOLIECCH B CHHXPOHHOM MAIlIMHE C YY€TOM BIUSHUS JIeMI(PEPHBIX KOHTYPOB.
[TepexomHbie TPOIECCHI B KOHTypax poTOpa MpH Pa3OMKHYTOM 0OMOTKe sikopsi. I[locTosiHHBIC
BPEeMEHH 3aTyXaHHs CBOOOJHBIX COCTaBJISIIOIIMX TOKOB KOHTYpPOB poTopa. BiusHue Ha
MIEPEXOAHBIN MPOIECC 3aMKHYTOH 0OMOTKH SIKOPSI.

OCoOeHHOCTH TIEPEXOIHBIX MPOIIECCOB B ACHHXPOHHBIX MAIlTUHAX.

4.2.4. Metonsl pacyera TOKa Tpex(a3zHOTO KOPOTKOTO 3aMbIKaHUS B HAayaJbHBIA W
IIPOU3BOJIbHBII MOMEHTBI BPEMEHU

Pacuer HawanpHOro 3HaueHUs NepUOAMYECKOM cocraBistomiell Toka K3 oT cMHXpOoHHOM
MallvHBl 0e3 y4deTa W C y4eToOM BIHMSHHUA JeMI(epHbIX KOHTYpOB. BiMsHHE aCHMHXpOHHBIX
AJIEKTPO/IBUraTeNed U KOMIUIEKCHBIX Harpy30K B HadaiubHbIM MoMeHT K3. Pacuer nepuoaunueckoit
cocTapisifolied Toka npu yaameHHbix K3. Pacuer mnepuoanyeckoil COCTaBISIONIEH Toka
TpexdazHoro K3 B NpoHW3BOJIBHBII MOMEHT BPEMEHH METOJOM THIIOBBIX KPHUBBIX U METOJIOM
CIIPSMJICHHBIX ~XapakTepuCTHK. (OCOOEHHOCTH pacyeToB TOKOB KOPOTKOTO 3aMbIKaHHS B
anexkTpoyctaHoBkax HarpsbkeHueM 1o 1000 B. [Ipumenenne 9BM st pacyera Tokos K3.

4.2.5. TlepexoaHble MPOILECCHl MPU HECHMMETPUYHBIX KOPOTKMX 3aMBIKAHUSAX U OOpBhIBax
da3

VYcioBus, MpU KOTOPBIX JOMYCTUMO TNPUMEHEHHE METOJa CUMMETPUYHBIX COCTABIISIOIINX
IUI aHaIM3a HECHUMMETPUYHBIX PEKHMMOB B Tpex(a3HBIX IEMAX, COJAepKallUX CHUHXPOHHBIE
MamuHbl. [lapamMeTpbl 3JEKTPHUYECKUX MalluH, TpaHchopMaTopoB (aBTOTpaHCHOPMATOPOB),
0000IIEHHBIX HArPY30K, BO3IYIIHBIX JIMHUHN dIEKTpornepenay u kadeneil o OTHOIIEHUIO K TOKaM
Pa3HbIX NOCIIE0BATEIBLHOCTEN.

I'paHuyHbIE YCTIOBUS U OCHOBHBIE COOTHOILIEHUS MEXIY CUMMETPUYHBIMH COCTaBIISIOLIUMU
TOKOB W HampspDKeHUH npu HecuMmMmeTpuuHbIX K3 u oOpwiBax ¢a3. BekropHbie nuarpamMMel
HanpspDKEHWW W TOKOB IIPU HECUMMETPHUSAX pPa3HOrO BHUAA. YUYET TpYIIbl COEAMHEHHUS
TpaHc(hopMaTopoB (aBTOTpaHCPOPMATOPOB) TPU OMpPEACICHHH TOKOB B pAa3HBIX BETBAX U
HaIIpsDKEHUH B IIPOU3BOJIBHBIX TOYKAX PacyeTHOM cXeMbl. [IpaBHII0 S5KBUBAJICHTHOCTH TOKA IIPSMOM
IIOCJIEIOBATEIbHOCTH  TPU HECUMMETPUYHBIX peXHMax M €ro HucroJib3oBaHue. KoMriiekcHbie
cxeMbl 3amenieHns. CpaBHEHUE TOKOB IpU HecuMMeTpuuHbIX K3 paszHoro Buaa.
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5. JIabopaTopHBIif TPAaKTUKYM

Ne Ne pazpena
i R —— HaunmenoBanue n1abopaTopHbIX paboT
1 2 [lepexoanblie mporecchl B TpaHCPOpMAaTOpe MPU BKIIOUYEHHH B CETh C
Pa30MKHYTON BTOPUYIHON OOMOTKOM U TIPU KOPOTKOM 3aMBbIKAHUH
2 3 [lepexoaHblii mpolecc B CHHXPOHHOM MammHe 0e3 aeMmngepHbIX
KOHTYpPOB IpHU OTKIOYEHUH U NOBTOPHOM BKJIIOYEHHUH Ha KOPOTKOTO
3aMbIKaHHE
3 3 [lepexoaHblii TporiecC B CHHXPOHHOW MalIMHE C JeMI(pEepHBIMU
KOHTYpamH NpU KOPOTKOM 3aMbIKaHUU
4 5 Bnustane TpanchopMaTopoB U CXeM COeTMHEHHS UX 0OMOTOK Ha TOKU
HYJIEBOM MOCJEI0BATENBHOCTH

6. YueOHO-MeTOIMYECKOE 00ECIIEYEHUE TUCIIUILITUHBI

6.1. PexomeHnryemas nurepaTtypa
a) OCHOBHas JIuTepaTypa:
1. KproukoB MW.II. DnekrpomMarHuTHBIE NEPEXOJHBIE TPOLECCHl B AIIEKTPOIHEPTETUUYECKUX
cucremax: YueOHoe mocodue s By3oB. M.: M3n-80 MOU, 2000.
2. VYapsHoB C.A. DneKTpOMarHuUTHBIE MEPEXOJHBIE IPOLIECCHl B 3JIEKTPUUECKUX CHCTEMax:
VYuebnuk i By30B. M.: Dueprus, 1970.
0) JONOJHUTENbHAS JINTEpaTypa:
1. MeTtossl pacueTa TOKOB KOpoTKOoro 3ambikanusi. Coopuuk 3amad/Ilonx pen. N.I1. KproukoBa. M.:
Hzn-so MOU, 2000.
2. YnpsiHoB C.A. COOpHHMK 3a7ay MO JJIEKTPOMATHUTHBIM TIEPEXOJHBIM TIpolleccaMm B
ANEKTPUIECKUX CUCTeMaX: YdeOHoe mocobue aiist By30B. M.: Dueprus, 1968.

6.2. CpenctBa o0ecriedeHUst OCBOCHUS TUCIIUILTHHBI
Pacuernbie komnbrotepHsie nporpammsel GUFAULTS, GUEXPERT.

7. MaTepuaibHO-TEXHUIECKOE 00ECIICUCHHE TUCIUTLTAHBI
Crnennaiu3upoBaHHbIE CTEH/IBI.

[IporpaMmma cocTaBieHa B COOTBETCTBHM ¢ [ OCymapCTBEHHBIM 0Opa30BaTEIbLHBIM
CTaH/IaPTOM BBICIIETO TMPOPECCHOHATHHOTO OOpa3oBaHUSA [0 HAIMPABJICHUIO TOJTOTOBKH
CIIELIMAJINCTOB 650900 - OJIEKTPOSHEPI'ETHUKA CIIENUAIIBHOCTH 100200 -
DIEKTPOIHEPTETUICCKHE CUCTEMBI U CETH.

[Tporpammy coctaBun  Kproukos W.I1., mpodeccop , MOU (TY)

[Tporpamma omo0OpeHa Ha 3aceqaHuK Y 4eOHO-METOIMYEeCKON KOMUCCHU TI0 CHEIHAaTbHOCTH
140205 — «29neKTpOIHEPreTHIECKUE CUCTEMBI U CETH»

[Ipencenarens  Y4eOHO-METOAMYECKOTO  cOBeTa 1O  crenuanbHocTH 140205  —
«DNEKTPOIHEPTETUUECKUE CUCTEMBI U CETH Crtpoes B.A.

[Iporpamma omoOpeHa Ha 3acefaHMM YUueOHO-METOJMUYECKOTO COBETa IO HAMpaBIICHUIO
650900 — DJIEKTPOSHEPT'ETHUKA ot "15" nekabps 2000 1. Ilpotokosm Ne 3

[Ipencenarens  Y4eOHO-METOAMYECKOTO  cOBeTa MO  HampasieHuto 650900 —
SJIEKTPOSHEPI'ETUKA XKykos B.B.

[Mpencenarens CoBera YMO 1o 00pa30BaHHIO B 00JACTH SHEPTETUKH
AwmertucrtoB E.B.
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1.4. TunoBasi nporpaMMa JUCUUILUIMHBI Ui ciienuajabHocT 140211 —
«JIeKTPOCHADKEHH €

MUHUCTEPCTBO OBPA30OBAHUS POCCUMCKON ®EJEPALINN

YTBEPXIAIO

PykxoBomurens JlenapramMenTa o0pa3oBaTeIbHBIX
MPOrpaMM U CTaHIAPTOB MPO(HECCHOHATEHOTO
oOpa3oBaHus
JI.C.I'pebGHeB
" " 2001r.

I[TPUMEPHAS [TPOTPAMMA ANCLHUITIJIMHBI

I[NEPEXOHBbIE ITPOLECCHI B
OJIEKTPOOHEPTETUYECKUX CUCTEMAX

Pexomennyercst MunoOpasoBanuem Poccun amst HarpaBiieHHs! IOATOTOBKH
cnenuanuctos 650900 - OJIEKTPOOHEPI'ETUKA.
CnenmansHocTh 140211 — «DnekTpocHabx)eHHE»
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1. enu u 331291 TACIUATIIMHBI.

[lenp w3ydeHUs IUCIHUIUIMHBI COCTOWT B TIONYYCHUM 3HAHUHW O B3aMMOCBSI3aHHBIX
AJIEKTPOMArHUTHBIX M DJIEKTPOMEXaHUYECKHX MEePEXOIHBIX MPOIecCax B IEKTPOIHEPTETUUCCKUX
cucreMmax (39C) U X OCHOBHBIX AJIEMEHTAaX.

3amadeil MUCHMIUIMHBI SIBIISIETCS H3ydeHHE (DU3WKHU IEPEXOJHBIX TPOIECCOB, OCBOCHUE
OCHOBHBIX METOJIOB pacueTa IEePEeXOJHBIX IPOIECCOB, METOJOB aHallM3a YCTOWYMBOCTH
AIEKTPUICCKUX CUCTEM.

2. TpebGoBaHus K YpOBHIO OCBOCHUS COJICPIKAHUS TUCITUTLTAHEI.
B pe3ynbpraTe u3ydeHus: AUCUUIIIINHBI CTYJEHTHI JOJDKHBI:

— TOJIy4UTHh TEOPETUYECKHUE 3HAHUS W TPEJCTABICHHUS O (PHU3MKE MEPEXOJHBIX MPOIECCOB B
CHHXPOHHBIX M ACHHXPOHHBIX MaIllMHAX, TpaHCPOpMATOpPax, y3lIax KOMIUIEKCHOW HArpy3kud H
SHEProcUCTEME B IIE€JIOM; 3HATh METOJIbl PacdeToB TOKOB KOpoTkoro 3ambikaHus (K3), TokoB u
HaNpsDKEHUH MPU IPOJOJIbHOW HECUMMETPUU M CIIOKHBIX BHJIaX MOBPEXKIECHUN, METOJIbl aHAIN3a
CTaTMYECKON M JTuHaMu4eckol ycroitunBoctd 39C ¢ yuyeToM JIEHCTBUS CUCTEM aBTOMATHYECKOIO
pEryIMpOBaHUS M YOPABIEHUS, a TaKXKe DJIEKTPOMEXAHWYECKUX IIPOIIECCOB B CHCTEMax
ANIEKTPOCHAOKECHHS;

— yYMETb COCTaBJSATh PACUETHBIE CXEMbI 3aMEIICHMs JJIs pacueTa IEepeXOTHBIX IPOLECCOB;
MIOJIyYUTh HAaBBIKM IPAKTUYECKMX pacyeToB pa3MyHbIX BHJIOB K3, mpakTHueckoro aHamusa
YCTOWYMBOCTH PEXKUMOB AIEKTPUUYECKHX CHCTEM; OCBOUTH NPAKTUYECKUE KPUTEPUU BBIJICIECHUS
00JTaCTH YCTOMYMBBIX PEKHMOB M OIICHUBAHUS 3a1aCOB YCTOHYUBOCTH.

3. O0beM TUCIMIUIMHBI U BUIBI YUeOHOH pabOTHI.

Bun yae6HOH paboThI Bcero yacos CemecTpbl
OO1m1ast TpYI0€MKOCTb AUCIUTITNHBI 180 7 8
AynuTOpHBIE 3aHATUS 102 7 8
Jlexuun 68 7 8
ITpaxTnueckue 3ansrus (113) 34 7 8
CamocrosiTenpHas padoTta 78 7 8
Pacuernas pabota 50 7 8
IToaroroska x 113 28 7 8
Bun utoroBoro KoHTposist 3auet 3auet

Ok3aMeH | Dk3aMeH

4. ConepxaHue TUCHUTITUHBI.
4.1. Pazgensl UCUUIUINHEI U BUABI 3aHATHIA.

No i/t Paznen qucuuminHel Jlexkuun | 113 [JIP
1 IlepexoaHple 3IEKTPOMArHUTHBIE MPOLECCHI B CHUHXPOHHOU * *
MalIlHe.
2 IIpakTnueckue Meroan! pacuera TokoB K3. * *
3 [Tapamerpst  snemenToB O3C  jis  TOKOB  Pa3IMYHBIX * *

IIOCJIEI0BATENIBHOCTEN. Pacdyer IepexoIHbIX IPOLECCOB IIPU
OJIHOKPAaTHOM HECUMMETPUHU.

4 K3 B pacnpeenuTeNbHBIX CETIX U CUCTEMAaX dJIEKTPOCHAOKECHHSL. * *

5 OCHOBHBIE TIOHATHS O TIEPEXOJHBIX DBJIEKTPOMEXaHUYECKHX * *
npoueccax B 99C. JIuHaMuyeckasi yCTOMUYUBOCTb.

6 CraTudeckasi yCTOMUMBOCTD 3JEKTPUUECKON CUCTEMBI.

7 IlepexoHbIe MPOLECCHI B y3JIaX HAIPY3KH.

8 ACHHXPOHHBIE PEKHMBI B AJIEKTPHUECKUX CHCTEMaX. * *
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4.2. ConepkaHue pa3ieoB JUCITUTUIHBL

4.2.1. IlepexoiHbI€ 27EKTPOMArHUTHBIE NTPOLIECCH] B CHHXPOHHOM MaIlIMHE.

[lepexoaHble MPOLECCHl MPU TAICHWHM MAarHUTHOTO TOJS U (OPCHPOBKE BO30YXKIACHUS.
Juddepenunanbapie ypaBHEHHS MEPEXOIHBIX MPOIECCOB B CHHXPOHHOM MarmuHe. llepexoTHbii
MpOIIECC B CHHXPOHHOM TeHepaTtope npu Tpexdaznom K3. Pacdyer HavanpHBIX 3HAYCHUU
MEPUOINYECKON M amlepHOIMUYECKON COCTAaBISAIOMINX ToKa TpexdaszHoro K3. BnusHue cucremsl
BO30YXKJICHHSI Ha TIEPEXO/IHBIN MpoIiecc.

4.2.2. IIpakTueckue MeTo bl pacuera Tokos K3.

Pacuer Toka K3 B HauanbHbII MOMEHT BpPEMEHH OT I'PYIIbl CHHXPOHHBIX U ACHHXPOHHBIX
JBUTATENeH, OT KOMIUIEKCHOW M 0000IeHHOH Harpy30K. MeTo 1 THITOBBIX KPUBBIX. YUET JeHCTBUS
TOKOOTpaHUYMBaIOIUX ycTpoicTB. [Iporpammsl pacueros st OBM.

4.2.3. ITapametpsl anemenToB DIC JUIsi TOKOB pa3IMUHBbIX MOCIea0BaTeIbHOCTEH. Pacuer
MIEPEXO/IHBIX IIPOLIECCOB MPU OJJTHOKPATHON HECHMMETPHH.

[IpuMmeHeHre MeToa CHMMMETPUYHBIX cocTaBisromux.[lapameTpbl oOpaTHOH W HYJICBOM
MOCIIEIOBATEILHOCTH Pa3IuyHbIX nMeMeHToB DOC, cocTaBieHHE CXeM TpsSMOM, 0OpaTHOW
HYyJIEBOM mocienoBaTenbHOCTEH. MeToasl pacuera HecumMmeTpuuHblX K3. CpaBHeHue TOKOB IpH
K3 paznuuneix BuaoB. [IpononpHas HECUMMETPUS U METO/IBI €€ PacueTOB.

4.2.4. K3 B pacrpeIeIuTeNbHBIX CETSIX U CUCTEMAaX ICKTPOCHAOKEHUSI.

VYdeTr MEeCTHBIX HCTOYHHMKOB JHEpruM M Harpy3ok. OcobGenHoctu pacuera TokoB K3 B
AIIEKTPOYCTAaHOBKaxX HampspkeHueM 110 1 kB. OcobeHHOCTH cXeM 3aMenIeHHus MpeoOpa3oBaTeIbHBIX
MTOJCTaHIUM.

4.2.5. OcHOBHbBIE TOHSATHUA O TEPEXOJHBIX JIEKTpOMEXaHWUYecKux rmpoieccax B 2I3C.
JlnHaMuueckasi yCTOM4MBOCTb.

Knaccupukanust mepexoJHbIX — MpoleccoB. BekTopHas  jaumarpamMma  IpoCTeHIien
AJIEKTPUYECKOM CHCTEMBbI C HESIBHONOIIOCHBIMU U SIBHOIOJIOCHBIMM T€HEpaTopaMu. YTJIOBBIE
XapaKTePUCTUKH MOITHOCTH. [IpruuHBI U XapakTep OOJIBIINX BO3MYIIEHUH. YpaBHEHHE IBUKCHHS
poTopa re"eparopa. Meros miomaneid. Onpeaenenue npeaenbHoro yria orkinodeHuss K3. Meton
MIOCJIEJIOBATEIbHBIX MHTEPBAIOB. YUET IEPEXOJHBIX 3JIEKTPOMAarHUTHBIX MPOLECCOB. Y4er
¢dopcuposku u APB reneparopa.

4.2.6. Cratudeckasi yCTOMUMBOCTD 3JIEKTPUUECKON CUCTEMBI.

IIpakTHueckre KpUTEPUM CTaTUYECKOM YCTOWYMBOCTH. MareMarndeckoe OIMCaHHE
MEePEeXOAHbIX MpoIeccoB. MeToa ManbIx KojeOanuii. PacmoioxxeHre KOpHel XapaKTepUCTHYECKOTO
YpaBHEHHs Ha KOMIUIEKCHOW IUIOCKOCTHM M BHJI IepexojHoro mpouecca. CamopackauuBaHue M
CaMOBO30YXJeHHE. AHAJIN3 CTATUYECKON YCTOWYMBOCTH MPOCTEHIIEH SIEKTPHUECKON CHCTEMBI C
YUETOM DJIEKTPOMArHUTHBIX MEPEXOIHBIX MPOIIECCOB U PETYISATOPOB BO30YXKIACHUSI.

4.2.7. IlepexoiHble MPOLIECCH] B Y3/1aX HArpy3KH.

Cratuueckue M JUHAMHYECKHE XapaKTEpUCTUKU Harpy3ku. IlpencraBieHune  Harpysku
SKBUBAJIEHTHBIM ACHHXPOHHBIM ABuUrareneM. Con3MepuMOCTbh MOIIIHOCTEN Harpy3kd U UCTOYHHUKA
AJIEKTPO’HEPTMM M €€ BIMSHUE Ha YCTOMYMBOCTb Harpysku. IlpakTuueckue Kpurtepuu
YCTOWYMBOCTH Harpy3ku. BxiroueHne B Harpy3Ky KOMIIEHCHPYIOUIUX YCTPOWCTB M MX BJIMSHHE Ha
YCTOMYMBOCTb. BiusHHME 4YacTOTBI Ha YCTOMYMBOCTb HArpy3KH. YCTOHYMBOCTH Harpyskd,
MPEJCTaBICHHON OSKBHBAJCHTHBIM ACHHXPOHHBIM JIBUTATEeNIEeM TMpPH OOJBIIUX BO3MYIICHUSX.
CrniocoOblI penieHus ypaBHEHHsSI TBUKCHUST pPOTOPA SKBHBAJICHTHOTO JIBUTATEIIS.

4.2.8. ACUHXpPOHHBIE PEXHUMBI B AJIEKTPUUECKUX CUCTEMAX.

[IpyunHBl  BO3HHMKHOBEHHSI aCHMHXpPOHHOro pexuma. [loHsatne  pe3ynbTUpyOIIEH
ycroiunBocTH. IIporecc BbIMageHUsT M3 CHHXPOHU3MA U TOSBIEHHE ACHHXPOHHOTO XOJa.
HeoOxomumoe ycioBue cuHXpoHU3auu. [IpakTuyeckune crocoObl BOCCTAHOBICHUS CHHXPOHHOTO
pexuma. llocienoBaTenbHOCTh oOmIEpanMii NpU peCHHXpOHM3auMU. lIpakTuyeckuit Kpurepui
PECUHXPOHU3ALNH.
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5. JIaGopaTopHBbIii IPaKTUKYM — HE TIPEAyCMaTPHBAETCSI.

6. YueObHO-MeToTnuecKoe obecneueHne TUCIUTITHHEL.
6.1. PekoMenyemas 1uTeparypa.
a) OCHOBHas JIuTepaTypa:
1. KproukoB MW.II. DnekrpomMarHuTHBIE NEPEXOJHBIE TPOLECCHl B AIIEKTPOIHEPTETUUYECKUX
cucremax: YueOHoe mocodue s By3oB. — M.: Mzn-Bo MOU, 2000.
2. VapaaoB C.A. DneKTpOMarHuTHbIE MEPEXOHbIE MTPOLECCHl B AEKTPUUYECKUX cHUcTeMax. — M.:
Oneprus, 1970.
3. BenukoB B.A. IlepexoaHble 3JIEKTPOMEXaHHUUYECKHUE IPOILIECCHI B IJIEKTPUUYECKUX CHCTEMAXx:
VY4e0. s 3NeKTpoIHEepreT. crell. By30B. — M.: Beicmr. k., 1985.
4. TlepexoJHBIE TIPOIIECCHI AIEKTPHUUECKUX CHCTEM B MPUMEpax U WLTIOCTPAIMAX: YU. TIOCOOHE JUIs
By30B/ [lox pen. B.A.CtpoeBa. — M.: 3nak, 1996.
0) TONOJHUTENbHAS JINTEpaTypa:
1. KproukoB HM.II. Ilepexonnbie mpouecchl B IEKTPUUYECKUX cucTemax. [IpakTuueckue MeTonsl
pacuera TOKOB KOPOTKOro 3aMbikaHus. — M: U3n-so MOU, 1993.
2. DIJEKTpUYECKUE CHCTEMBI U CETH B MPUMEPAX U WLTIOCTPAIUAX: Y4. mocobue i By30B./ [Tox
pen. B.A.CrpoeBa. — M.: Boicm. mik., 1983.

6.2. CpencrBa o0ecrieueHus OCBOCHUS JUCIIUILITHHBI.
Pacuernbie xommnberepHble nporpammel GUFAULTS, GUEXPERT, wMarematnueckas
cuctrema MATHCAD.

7. MaTepuanbHO-TEXHUYECKOE 00ECIICUCHHE TUCIUTUINHEL.

Hcnonp3yroTcss  MEepCOHANBHBIE  KOMIBIOTEPHl U CIICIMATBHOE  MAaTEeMAaTHYECKOe
obecrnieveHue.

[IporpaMmma cocTaBieHa B COOTBETCTBHM ¢ [ OCymapcTBEHHBIM 00Opa30BaTEIbLHBIM
CTaH/IaPTOM BBICIIET0 TMPOPECCHOHATHHOTO OOpa3oBaHUS [0 HAIMPABJICHUIO TOJTOTOBKH
cnermanuctoB 650900 - DJIEKTPOSHEPI'ETUKA  cneuunanbHOCTH 140211 —
«DNEKTPOCHAOKCHHECY.

IIporpammy cocraBuiu:

Kproukos WN.I1., mpodeccop, MOU(TY)
ITyrarun E.B., nonent, MOU(TY)
I'pemsikoB A.A., nouent, MOU(TY)

[Tporpamma onoOpeHa Ha 3aceqaHuy Y 4eOHO-METOJMUECKOM KOMUCCHH TI0 CHEeHaTbHOCTH
140211 — «DnexTpocHaOKEHUEY.

[Mpencenarens Y4ueOHO-METONWYECKOW KOMHUCCHMM 1O crnemuaneHocTH 140211  —
«DNEeKTpOCHAOKEHUE» I'mazyHos A.A.

[Iporpamma onoOpeHa Ha 3acefaHMU Y4eOHO-METOAMYECKOTO COBETa IO HAIPABICHUIO

650900 — DJIEKTPOSHEPTETUKA ot " 15 " nekabps 2000 r. ITpoToxon Ne 3
[Ipencenarens  Y4eOHO-METOAMYECKOTO  cOBeTa MO  HampasieHuto 650900 —
SJIEKTPOSHEPI'ETUKA XKyxos B.B.

[Mpencenarens CoBera YMO 1o 00pa30BaHHIO B 00JACTH SHEPTETUKH
AwmertuctoB E.B.
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2. PaGoyast nporpamMmMa JUCHUIIIAHBI
«3.]'ICKTDOM2[FHI/ITHLIC IIepEeXoJAHbIC IPOIECCHD)

st cnenpansHocT 140203 — «PeneiiHas 3a1uTa 1 aBTOMaTH3aLUS AJIEKTPOIHEPTETUUECKUX CUCTEMY
Kypc 3,4 Cemectp 6,7
Jlexkuun 54 (uac) DK3aMeH 6 (cemecmp)
[IpakTuueckue (cemuHapckue) 3ansatust 18 (uac.) KypcoBast pabota 7 (cemecmp)
KypcoBast pabota 30 (uac.) — 7 cemecmp
CamocrosrensHas pabota 8 (uac.)
Bcero yacos 110

Pabouas mporpamMma cocTaBieHa Ha OCHOBAaHHH [ 0cyO0apcmeeHHo20 00pa308amenbHO20
cmanoapma BIIO no Hanpasnienuio no020moKu Ouniomuposannozo cneyuaiucma 650900
OJIEKTPOOHEPI'ETUKA cneyuanvnocmu 140203 — «Penetinas 3awuma u asmomamuzayus
INEeKMPOIHEP2EMUUECKUX CUCIEMY U MUNOBOU NPOSPAMMbL HO CNEYUATLHOCTU.

s crienuanbHocTd 140204 — «OnekTpudecKre CTaHIum

Kypc 3,4 Cemectp 6,7,8
Jlexuun 54 (uac) — 6 cemecmp DK3aMeH 6 (cemecmp)
32 (uac) — 7 cemecmp DK3aMeH 7 (cemecmp)
[IpakTuueckue (ceMHUHAPCKUE) 3aHATHS KypcoBas pabota 30 (uac.) — 7 cemecmp
18 (uac ) — 6 cemecmp KypcoBast pabota 30 (uac.) — 8 cemecmp

16 (yac) — 7 cemecmp
CamocrosarensHas padora 100 (uac.)
Bcero uvacos 280
Pabouast mporpamma cocTaBiieHa Ha OCHOBAaHHWH [ 0CyO0apcmeenHo20 00pa308amenbH020
cmanoapma BIIO no Hanpasnienuio no020moKu Ouniomuposannozo cneyuaiucma 650900
OJIEKTPOOHEPI'ETUKA cneyuanonocmu 140204 — «Onekmpuueckue cmaumyuu» u munogou

npocpammbsl no cneyuarbHocmu.

ist cneranbHocTH 140205 — «D5eKTpOosIHEpreTHUECKUE CUCTEMBI U CETH»

Kypc 3,4 Cemectp 6,7
Jlexkuun 54 (uac) DK3aMeH 6 (cemecmp)
[Ipaktuueckue (cemuHapckue) 3ansatust 18 (uac.) KypcoBas pabota 7 (cemecmp)
KypcoBast pabota 30 (uac.) — 7 cemecmp
CamocrosrenpHas padora 78 (uac.)
Bcero vacos 180

Pabouas mporpaMma cocTaBieHa Ha OCHOBAaHHH [ 0cyO0apcmeeHHo20 00pa308amenbHO20
cmanoapma BIIO no Hanpasnienuio no020moKu Ouniomuposannozo cneyuaiucma 650900
OJIEKTPOOHEPI'ETUKA cneyuanonocmu 140205 — «Onekmposnepeemuyeckue cucmemvl U
cemu» U MUNoOBoU NPOCPaMMblL NO CREYUATLHOCTIU.

s crieruanbHOCTH 140211 — «DnekTpocHa0KEeHHIE)»

Kypc 3,4 Cemectp 6,7
Jlexuun 54 (uac) DK3aMeH 6 (cemecmp)
[IpakTuueckue (cemuHapckue) 3ansatust 18 (uac.) KypcoBast pabota 7 (cemecmp)
KypcoBast pabota 30 (uac.) — 7 cemecmp
CamocrosrenpHas paborta 64 (uac.)
Bcero uacos 166

Pabowas mporpaMma cocTaBieHa Ha OCHOBAaHHH [ 0CcyO0apcmeeHHo20 00pa308amenbHO20
cmanoapma BIIO no Hanpasnienuio no020moKu Ouniomuposannozo cneyuaiucma 650900
OJIEKTPOOHEPI'ETUKA cneyuanvnocmu 140211 — «Dnekmpocuabocenuey u  munogou
npoOSPaAMMbL HO CREYUATLHOCTIU.
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2.1. llesn u 3a1a4u AMCHUILUIMHBI, €€ MECTO B Y4eOHOM Ipoiecce

Heab npenoxaBaHusi JMCHUIJIMHBI COCTOUT B TOM, YTOOBI JJaTh OyIyIIUM CIICIIHATUCTAM
B 00JIaCTH AJIEKTPOIHEPTETUKH TEOPETUICCKUE 3HAHMS M IPUBHUTH MMPAKTUYCCKHE HABBHIKA aHAIIM3a
Pa3IMYHBIX MEPEXOJIHBIX MPOLECCOB KAaK B SHEPreTHUYECKOM CUCTEME B LIEJIOM, TaK U B OTJEIbHBIX
€€ DJIEMEHTaXx.

3agaun M3yyeHUsl IMCUMILIMHBI - OCBOCHHUE CTYJCHTAMU MaTeMaTHYECKUX Moelen
pa3IMYHBIX DJIIEMEHTOB AIEKTPOIHEPreTUYECKOM CHUCTEMBI — CHHXPOHHBIX T'€HEpPAaTOpOB,
ACMHXPOHHBIX JJIEKTPOJIBUTATENEH, TPaHCPOPMATOPOB W Jp., - OTPAKAOIMX OCOOCHHOCTH
MEPEXOAHBIX MPOLECCOB B 3THUX JJIEMEHTAX, METOJOB HCCIEAOBAHMUS MEPEXOJHBIX IPOLIECCOB,
MPAKTUYECKUX METOJIOB pacdyeTa TOKOB KOPOTKOTO 3aMBIKaHHUs, OCOOEHHOCTEH pacdyeToB TOKOB H
HANpsDKeHUH TPU HECUMMETPHUYHBIX KOPOTKHX 3aMBIKAHHSX W OOpbIBaX (a3, MPaKTHIECKHX
KPUTEPHUEB YCTOMYMBOCTH, CHOCOOOB aHaaM3a JUHAMUYECKOW W CTAaTUYECKOW YCTOWYMBOCTH,
METOJIOB pacuera MEPEXOJHbIX MPOLECCOB WU YCTOMYMBOCTH B Yy3Jax HArpy3kh, a TakkKe
ACUHXPOHHBIX PEKUMOB.

2.2. ConepxaHue TUCUMILIHHBI

2.2.1. ®enepanbHbI KOMIIOHEHT

Cneyuanonocms 140203 — «PeneliHas 3amuTa U aBTOMaTU3aLUs 3JIEKTPOIHEPTreTUUECKUX
CHCTEM»- DJIEKTPOMAarHUTHBIE MEPEXOJHBbIE MPOIECCHl: CUCTEMa OTHOCHUTENBHBIX €IUHHMII, CXeMa
3aMEIICHHUs; YCTAaHOBHMBIIHECS PEXKUMBI KOPOTKOTO 3aMBIKaHUS; HEYCTAHOBUBIIMHCS DPEXHUM;
MEPEXOJHbIE M CBEPXIIEPEXOIHBIE 3.7.C. U CONPOTUBICHHUS; METOJBI pacyeTa HEeYyCTAaHOBUBIIETOCS
KOPOTKOTO 3aMbIKaHHS.

Cneyuanonocmos 140204 — «OnexTpuuecKue CTaHIMN» - 3JIEKTPOMATHUTHBIE MEPEXOHbIE
MpOIecChl: MaTeMaThdecKas MOJeNlb CHHXPOHHOW MAIIMHBL, JMHEWHBIE IpeoOpa3oBaHUS
middepeHInaNnbHBIX YpaBHEHUI MEPEXOJHOTO  Mpolecca; IepexXoIHbIe MIPOIIECCHI B
CHHXPOHHON MaIllMHE NpH TpeX(a3HbIX KOPOTKUX 3aMBIKAHUAX; IEPEXOJTHBIE MPOIECCHl TpU
HECHMMETPHUYHBIX KOPOTKHX 3aMBIKaHUSAX B TpeX(a3HBIX IEMsAX; pacdyeT TOKOB M HAaIPSDKEHHH
OpU  Pa3IMYHBIX HECUMMETPHUYHBIX KOPOTKHX 3aMBIKaHUSX; KOMIUIEKCHBIE CXEMBl 3aMEIICHUS;
0COOEHHOCTH pacueToB TOKOB KOPOTKOTO 3aMBbIKaHHUsS B AJIEKTPOYCTAHOBKAaX HampspKeHUEM Jio 1
KB; snexTpomMexaHWYecKHe MepexoHbIE TPOIECCHl: MPOCTEHINas MEKTpHUUEcKasl CHUCTeMa M ee
cXeMa 3aMeIICHUs; TUHAMUYECKas yCTOMYMBOCTh; YpaBHEHHs JABIDKEHHUS pOTOpa reHeparopa u
CTOCOOBI €T0 pPelIeHUs; CTaThYecKass YyCTOWYMBOCTh, CAMOPACKaYMBaHUE M  CaMOBO30YX/IEHUE;
M3MEHEHHE YacTOThl B CHCTEMax; MEpPEeXOJHbIe TMPOLECChl B y3Jax Harpy3K; acCHHXpOHHBIC
PEKUMBI B JJIEKTPHUECKUX CHCTEMAX.

Cneyuanvnocmo 140205 —  «Dnekmposnepeemuyeckue  cucmemvl U cemuy -
DNEeKTPOMAarHUTHBIE TEPEXOHBIE MPOIECChl: BUAbI KOPOTKHX 3aMBbIKaHWW, OOIIHE METOIUKU
pacuera; cHCTeMa OTHOCUTENIFHBIX E€IMHHUI[, CXeMa 3aMEIEHUs; YCTAaHOBUBIIHMECS PEKUMBI
Tpex(a3zHOro  KOPOTKOTO  3aMBIKaHWS;  HEYCTAaHOBUBIIMICA  PEXHUM, TNEPEXOJHBIE H
ceepxmnepexonasie J.J[.C. ¥ CONMPOTUBICHUS; METOAbI pacueTa HEYCTaHOBUBIIETOCS KOPOTKOTO
3aMbIKaHHsI; HECHMMETPUYHBIE KOPOTKHUE 3aMbIKaHHsI, METO/IbI X pacdera; npuMenenue IBM s
pacuera 3IIeKTPOMArHUTHBIX MTEPEXOIHBIX POIECCOB.

Cneyuanonocmo 140211 — «Dnekmpocnaboicenuey - IlepexomHple TPOIECCH B
AIIEKTPOIHEPTETUIECKUX_CUCTEMAX: TIEPEXOIHBIE AIEKTPOMArHUTHBIE TIPOIIECCHI, PACYETHI U aHAIIU3
TOKOB KOPOTKHX 3aMBIKaHUH; BBIOOP DIEKTPOOOOPYAOBAaHUS IO YCIOBUSM TOKOB KOPOTKHX
3aMbIKaHMIA; IEPEXOIHbIE ITEKTPOMEXAaHUYECKHUE MPOIECCHl: YCTOMUYMBOCTD PEKUMOB CHUCTEM IPH
MaJIbIX ¥ OOJIBIIIMX BO3MYIIEHHSIX; CTATUYECKask U JUHAMHUYECKasi yCTOMYMBOCTD; aHAJIHN3 YCIOBUH U
CPEACTB CTAaOMJIM3AlMU PEKUMOB; ACHHXPOHHBIE PEXKHMMBI; IMEPEXOJHBIE IMPOLECCH B y3Jax
Harpy3KH.
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2.2.2. HaumMeHOBaHUE TEM, UX COJEpKaHUE, 00BEM B JIEKIIMOHHBIX Yacax

B nekyuonnom Kypce B 1EeNOCTHOU ¢dopMme 000OIIArOTCS TOJNydeHHBIC paHee 3HAHHS TI0
oOIIeHayYHbIM JUCIUILTHHAM (BBICIIEH MaTeMmaTuke, pU3UKe, TeopeTHueckoi Mexanuke), TOD u
cnenuaibHbIM Kypcam “Ilepemaua u pacmpenesieHHe AJIEKTPOIHEPruu”’, “IIeKTpoMeXaHUKa”,
“Peneifnass 3amuTa W aBTOMaTuka’, ‘“‘MaTeMaruyeckue 3ajjadydl PHEPreTHMKH U Ha 0a3e 3Toro
bopMuUpyIOTCS 3adauu uzyyenusa O0AHHO20 Kypca: TIONYYCHHWE CTyJSHTaMU 3HAHUH O (U3UKe
AIIEKTPOMArHUTHBIX M DJEKTPOMEXaHWYECKHX TMEPEXOIHBIX IMPOLECCOB B CHHXPOHHBIX U
ACMHXPOHHBIX MaIllMHAX, y3JaX KOMIUIEKCHOW HAarpy3Kd W DIIEKTPOIHEPTreTHYECKOH CUCTeMe B
eJoM M cnoco0ax —IIeNIeHANnpaBIeHHOTO BO3ACHCTBUS HAa HUX C IEJIbI0 MPHOOPETEHHS
MPAKTUYECKUX HABBIKOB PACUYETOB TOKOB KOPOTKOTO 3aMBIKAHUS, CTATMYECKOW M JTWHAMHYECKOU
YCTOMYMBOCTHA AJIEKTPHUYECKMX CHCTEM U Yy3JIOB Harpy3ku ¢ Yy4€TOM JCHCTBHUS CHUCTEM
aBTOMATHYECKOTO PETYIHPOBAHUS U YIIPABJICHUSI.

B pesynbprare n3ydeHus JUCLHUIUIMHBI CTYAEHThI J0JIKHbI:
- ymemp COCTABIATH PACUETHBIE CXEMBI M COOTBETCTBYIOIME CXEMbl 3aMEIICHHUs II0
OTHOIIEHUIO K TOKAaM TMpsIMOH, OOpaTHON W HYJIEBOH MOCIEI0BATENFHOCTEH W OIpPEneNsiTh
rapamMeTpsl pa3InYHbIX MIEMEHTOB 3THX CXEM Pa3HbIMHU METOIAMU;
- MOJIyYUTh HAaBBIKM PACUYETOB MEPEXOAHBIX MPOIECCOB MPU TpeX(Pa3HBIX U HECUMMETPUIHBIX
KOPOTKHX 3aMBbIKaHUSX, a TAKXKe IMPU 00pbIBax (as;
- 3Hamb METOIbI aHalnM3a  CTaTM4YECKOM M JMHAMUYECKOM  YCTOMYMBOCTH
AIIEKTPOIHEPTETUIECKUX CUCTEM, a TAKKE OCHOBHBIE MEPOTIPUATHS TI0 00ECTICUSHUIO CTaTHIECKOH,
JUHAMHAYECKOU U PE3YJIbTUPYIOLIEH YCTOMUNBOCTU CUCTEM.

JIEKIJHUOHHBIH KYPC (6 cemecmp — 54 uaca)
Yacts 1. IJIEKTPOMATHUTHBIE NIEPEXOJHBIE IMTPOLIECCHI

Tema 1. BBenenne B yuenue o nepexoannix npoueccax B 393C u CIC. (4 yaca)

3anaun kypca. [Tonstue o nepexogHoM pexume. IIprUunHbl BOSHUKHOBEHHS NEPEXOIHBIX
nporieccoB. OcHOBHbIe TOHATHS. OCOOCHHOCTH 3JIEKTPOMArHUTHBIX MEPEXOJHBIX IPOIIECCOB.
CxeMbl 3aMeIIeHUS] OCHOBHBIX CHJIOBBIX JJI€MEHTOB. (CXEeMbl 3aMeIleHHS MHOTOOOMOTOYHBIX
TpaHc(hOPMATOPOB U CBOCHHBIX peakTOpoB. COCTaBIEHUE PACUETHBIX CXEM 3aMEIECHUSI.

Tema 2. Koporkue 3ambikanusi B I9C u CIC. Cucremsl equHuil. (6 yacon)

Buabl kopoTkux 3amblkaHUM (K.3), TPUYMHBI HMX BO3HUKHOBEHHS U TIOCIEICTBUSA.
Ha3nauenue pacu€roB mNepexoJHBIX MPOLECCOB W TpeboBaHUS K HUM. OCHOBHBIE JOMYLICHHS,
NpUHUMaeMble Tpu pacyerax. OOmuUA mopsmaoKk pacuera K.3. VICHOnb30BaHHE CHCTEMBI
OTHOCUTENBHBIX eAuHMI. COCTaBJIEHHE CXEMbl 3aMEIEHUs CUCTEMbl M OIpeAeieHue ¢
[apaMeTpoB B HMMEHOBAaHHBIX eAMHMIAX. OmpeneraeHue IapaMeTpoOB CXEMbl 3aMEIICHHS B
OTHOCUTEINIbHBIX €ANHUIIAX.

Tema 3. Ilepexoansblii npouecchbl B Tpex(asHbIX HeNsX, MOAKJIIYECHHBIX K HCTOYHUKY
CHHYCONAAJBHOI0 HanpsizkeHus. (4 4aca)

Tpéxdasznoe k.3. B Hepa3BETBIEHHON IETTH, TIOKITIOYEHHON K HCTOYHUKY CUHYCOUIATLHOTO
HanpspkeHus. [lepexoaHblii mpouecc nmpu TpexdaszHoMm kopoTrkoMm 3ambikanuu (K3) B memm 6e3
TpancpopmaTopoB. Dusrueckas CyIHOCTh BOSHUKHOBEHHS COCTABJISIONIMX TOKA K.3. Y IapHBINA TOK
K.3. M YCIOBHS €ro BO3HHKHOBEHHs. MeToIbpl OmpenesieHusl yaapHOTro Kod(pQHIMeHTa.
OcobenHoctu TiepexoHOTo Tporiecca npu K3 B pa3BerBineHHOM 1ienw. [lepexoaHblil mporecc mpu
BKIIIOYEHUH B CETh TpaHC(hopMaTopa ¢ pa30MKHYTOM BTOpUYHOM 00MOTKOH. [lepexomHbiii mporece
mpu K3 3a tpancdopmaTopom.

Tema 4. YcranoBuBuieiics: pexxum TpéxgazHoro K.3. (6 yacon)

OcHoBHbBIE TIapameTpbl CHHXpoHHOM MamuHbl (CM). Cxema 3aMeleHUs W BEKTOpHas
IUarpaMma CHHXpPOHHOTO reHepatopa. Bmusuue APB Ha ycranoBuBmieiics pexxum K.3. Pacuér
YCTaHOBUBILETOCS TOKA K.3. B CJIO’KHBIX CUCTEMAX.
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Tema 5. HayaabHbIii MOMEHT BHE3aIIHOI'0 HAPYIIEHUs pexxuMa. (6 yacoB)

IlepexonHble W CBEpPXMIEPEXOJHBIE NApaMeTpbl CHHXPOHHOro TreHepaTopa. (Cxema
3aMElleHUsl CHUHXPOHHOM MAallMHbl B  HAYaJdbHbII MOMEHT K.3. Pacyér HayaibHOrO
CBEPXIIEPEXOITHOTO TOKAa B CJIOXHBIX cHcTeMax. PacueT HayaJbHOrO 3HAYEHUS INEPUOIUYECKON
cocraBisonieil Toka K3 oT cHMHXpOHHON MamuHbl 0€3 ydeTa M ¢ y4eTOM BIMSHHS AeMIT(EepHBIX
KOHTYpOB. BiMsiHME aCHMHXPOHHBIX JIEKTPOABHUraTesiel M KOMIUIEKCHBIX Harpy30oK B HadaJbHBIN
MomeHT K3. Pacuer nepuoaunueckoil coctapisioniei Toka npu yaaieHusix K3.

Tema 6. YpaBHeHUsI 3JIeKTPOMATHUTHOI O NepexoHoro npouecca CM. (6 yacos)

Maremarnueckasi MOJIENIb CHHXPOHHOM MalllMHBl, OTPaXKarolasi OCHOBHbIE 3aKOHOMEPHOCTHU

AIIEKTPOMArHUTHBIX ~ TIEPEXOJHBIX TMPOLECCOB B  MammHe. JIuHelHble mnpeoOpa3zoBaHUS
mddepeHnnanbHbIX ypaBHEHUH TIepexoaHoro Tporiecca. Y pasuenus [lapka-I'opesa.
[lepexoaHble Mpolecchl B CHHXPOHHOW MaminHe Oe3 y4yeTa BIUSHUS JeMI(pEpHBIX KOHTYPOB.
XapaKkTepuCcTUUYeCKOe ypaBHEHHWE M €ro KOopHHU. [loCTOSHHBIE BpeMEHHM 3aTyXaHUs CBOOOJHBIX
COCTABJIIIONIMX TOKOB. l3meHeHue Toka sikops mnpu TpexdazHom K3. Bimsaue cucrems
BO30Y)XJIEHHsI Ha TepeXOaHbIH mporecc. [lepexoanbie mporecchl Mpy rameHud MarHUTHOTO TOJIS
CUHXPOHHOM MalllMHbI ¥ HEYCIIEITHOM ITOBTOPHOM BKJItoueHuu Ha K3.

[TepexoaHbIe MPOLIECCH B CHHXPOHHOM MaIIMHE C YYE€TOM BIHUSHUS JeMIT(pepHBIX KOHTYPOB.
[TepexomHbie TPOIECCHI B KOHTypax poTOpa MpH Pa3OMKHYTOM 0OMOTKe sikopsi. I[locTosiHHBIC
BPEeMEHH 3aTyXaHHs CBOOOJIHBIX COCTaBJISIIOIIMX TOKOB KOHTYpPOB poTopa. BiusHue Ha
MEPEeXOJHBbIN Tpolecc 3aMKHYTOM 0OMOTKHM sikopsi. OcOOEHHOCTH TeEepeXOJHBIX MPOIECCOB B
ACMHXPOHHBIX MallIMHAaX.

Tema 7. [IpakTudeckne MeTOAbI pacuéTa TOKoB K.3. (10 yacoB)

I'OCT u P/ mo pacuery TOKOB K.3. PacueT mnepuoIu4ecKol COCTaBIISIIOIIEH TOKa
TpexdazHoro K3 B NpoHW3BOJIBHBII MOMEHT BPEMEHH METOJOM THIIOBBIX KPHUBBIX U METOJIOM
CTIIPSIMJICHHBIX ~ XapakTepuCTHK. (OCOOEHHOCTH pacyeToB TOKOB KOPOTKOTO 3aMbIKaHHsS B
ANIEKTpOoycTaHOBKax HarpshkeHueM 1o 1000 B.

Tema 8. HecumMeTpu4HBbIe M C/105KHBbIE KOPOTKHE 3aMbIkaHus. (12 yacoB)

VYcioBus, npyu KOTOPBIX AOMYCTUMO NPUMEHEHHE METOJIa CHMMETPHUYHBIX COCTaBIISIOLINX
IUIs aHaIM3a HECUMMETPUYHBIX PEKHMOB B TpexX(a3HBIX MEMAX, COJACpKAIUX CHUHXPOHHBIC
MamuHbl. [lapamMeTpbl 3JEKTPUYECKUX MalluH, TpaHchopMaTopoB (aBTOTpaHCHOPMATOPOB),
0000IIEHHBIX HArPY30K, BO3IYIIHBIX JIMHUHN dIEKTpornepeaay u kadeneil o OTHOIIEHUIO K TOKaM
pa3HbIX MOCJIEN0BAaTEIbHOCTEN. ['paHMYHBIE YCIOBHSI W OCHOBHBIE COOTHOIICHHSI MEXIY
CHMMETPHYHBIMU COCTABJISIONIMMHU TOKOB M HANpsDKEHUH mpu HecuMMeTpuyHbIX K3 m oOpbiBax
¢da3. BekropHble auarpaMMbl HampsDKEHHH M TOKOB INMPH HECHUMMETPHUSX Pa3HOTO BUIA. Y4YeT
TPYyIIBl COEAWHEHHs] TpaHCPOpMaTOpoB (aBTOTpaHC(HOPMATOPOB) IPH OIMpEACICHHH TOKOB B
pa3HbIX BETBSIX W HaIlpsDKEHUMM B TPOM3BOJIBHBIX TOYKAaX pacdyeTHOM cxeMbl. IlpaBuio
SKBUBAJIEHTHOCTH TOKa MPSIMOM IOCIEI0BATEIBHOCTU INPU HECUMMETPHUYHBIX pPEXUMaxX M €ro
ucnosib3oBanue. KoMmiiekcHele cxembl 3amelieHus. CpaBHEHHE TOKOB IpHU HecMMMeTpuuHbIX K3
pasHoro BUjA.

2.2.3. IIpakTruecKue 3aHsATHS, X COJIEpKaHUE U OOBEM B Hacax

Ha npaxkmuueckux 3auamuax CTYACHTBl Yy4aTCs BBINOJHATE COCTAaBIATH CXEMBbI
3aMEIICHHUS; BBITIOIHATH PACYETHI TOKOB TPEX(Pa3HOTo K.3. MPU MPEACTABICHUU UCXOHBIX JaHHBIX
B MMCHOBAaHHBIX M OTHOCHUTENBHBIX EIWHUIAX C TOYHBIM M TNPHOMIKEHHBIM MPHBEICHHEM
napaMeTpPOB; PaCUUTHIBATH TOKH YCTAHOBUBIIETOCSA K.3. B CHCTEME C TeHepaTOopaMu, CHaOKEHHBIMH
ycrpoiictBamu APB; omnpenensTe TOKM M HalpsHpKEHHUsS B CUCTEME IPU HECUMMETPUYHBIX K.3.;
MOJIeTMpOBaTh U paccuuThiBaTh Ha [IK TpéxdasHbie 1 HECUMMETpUYHBIE KOPOTKUE 3aMBIKAaHUSI.

[IpakTueckue 3aHATUS MPOBOJATCS C MPHUBJICUEHUEM IAaKeTa MPOrpaMM aBTOMATU3ALMU
MaTeMaTtuieckux pacuetoB «MathCad», mporpaMMHO-BBIUMCIUTENBHBIX KoMIuiekcoB «TKZ -
3000», «KAZOV» u 3a7a4 1Ji1 CaMOCTOSATEIBHOTO PELICHUS.
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Ha npaxtuueckue 3anatus oTBoauTCs 18 yacos.

Temarnka npakTHYECKUX 3aHATHI B 6 cemecTpe

1. Cucrema OTHOCHUTENBHBIX enuHUI. CXxeMbl 3aMmemeHuss W ux napaMeTpbl. CrocoOs
peoOpa30OBaHMS CXEM 3aMEIICHHUS.

2. IlepexoaHble MPOIIECCH B CETH C UCTOYHUKOM OECKOHEUHOW MOITHOCTH. BiusiHre Harpy3ku Ha
TOK K.3. Ilyck nBurareneil kak KOpOTKOE€ 3aMbIKaHHE. B3auMHOE BIMsSHUE JIBUrareiei Npu
ITyCKE.

3. OmnpezneneHue cOCTaBIAIOLUIMX TOKA K.3. B HAYAJIbHbIII MOMEHT BpeMeHHU. Pacuer ynapHoro Toka
KOPOTKOTO 3aMBbIKaHUS.

4. Meron TMIIOBBIX KpUBbIX. OnpeieieHne TOKOB K.3. JUIsl 33JaHHOTO MOMEHTAa BPEMEHH.

CrniocoObl orpaHYeHHsI TOKOB K.3. BBIOOp mapaMeTpoB TOKOOTpaHHYMBAIOIINX PEAKTOPOB.

6. I'paHMuHbIe YCIIOBHSI M BEKTOpPHBIE JUarpaMMbl IpM HECUMMETPUYHBIX K.3. Pacdyer TokoB
HECUMMETPHUYHBIX K.3. COMOCTaBlIeHHEe HECUMMETPUYHBIX M Tpex(a3HbIX K.3. KomruiekcHbie
CXEMBI 3aMEIICHUS IIPU MTONIEPEYHON HECUMMETPHH.

7. IlepexomHele mpoLECCHl NPU MPOAOJBHON HECUMMETPHUHU. KOMIIIEKCHBIE CXEMBbl 3aMEICHUS
IIPU IIPOJIOJIBHOM HECUMMETPHH.

e

Pacnpedenenue epemenu cmy0enmos no 6u0am 3aHAMU

Paznen Yucno yacos
nporpammell  Bcero Jlexkmu | Ilpaktudeckue 3austust | JlaGopartopHbie Kypcosas
3aHSATHUS pabota

1. 4 4 - -
2. 8 6 2 -
3. 6 4 2 -
4. 8 6 2 - 7 cemecTp
5. 8 6 2 - 30 gacos
6. 8 6 2 -
7. 14 10 4 -
8. 16 12 4 -

2.2.4. KypcoBas pabota «PacueT CHMMETPUYHBIX U HECUMMETPUYHBIX KOPOTKUX
3aMBIKAHUM B JIEKTPUUYECKON CETU» U €€ XapaKTEPUCTHUKA

KypcoBas paGoTa mo naHHOW NUCHMILIMHE BBIIOJIHSETCS B 7 CEMECTpe M NpeaHa3HA4YeHa
Ui TPUOOPETeHHs  CTy[eHTaMH HABBIKOB  BBHIMIOJHEHHS  CAMOCTOSATENBHBIX  pacuéToB
CUMMETPUYHBIX U HECUMMETPUYHBIX KOPOTKUX 3aMBIKAaHUM B DJIEKTPUUECKUX CETSIX JHEPrOCUCTEM,
Y IPOMBIIJICHHBIX IPEANPUATHN, HA IIEKTPUYECKUX CTAHLIMSIX.

3aganue Ha KypcoBy1o padorty

Jns npUBENEHHOW CXEMbl JJIEKTPUYECKOM CETHU ONPEACNIUTh CIEAYIOIIUE pPACUETHBIE
BEJIMYMHBI:

JEWCTBYIOEe 3HAYEHUE MEPUOJNYECKON COCTaBISIOMEH Toka TpPEX(}a3sHOrO KOPOTKOTO
3aMblkaHus B MecTe K3 B HauaJIbHbBIII MOMEHT BO3HUKHOBEHUS MIOBPEXKICHUS;

yIapHBIi TOK M MOIIHOCTH TPEX(Pa3HOrO KOPOTKOTO 3aMBIKaHWs B HAYaJIbHBI MOMEHT
BO3HUKHOBEHHUS [TOBPEKICHMUS;

aMIUIMTYTHOE€ W JCHUCTBYIOLIEE 3HAYEHHs AlCPUOJAMYECKOM COCTaBILAIOIICH TOKa
TpEXPa3zHOTO KOPOTKOTO 3aMBIKAHUS U TOJIHBIA TOK TPEX(Pa3HOTO KOPOTKOTO 3aMBIKaHUSI B MECTE
K3 B HauanpHbIi MOMEHT BOSHUKHOBEHHUS MTOBPEKACHNUS;
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HayaJibHblE€ 3HAYEHMs] TOKOB OTAEIBHBIX IOCJIEAOBATEIbHOCTEN [UIsl 3aJaHHOTO BHJA
HECUMMETPUYHOTO KOPOTKOIO 3aMbIKaHUSI B MECTE KOPOTKOIO 3aMbIKAHHUS;
Ha4yaJlbHOE 3HAY€HHUE IOJHOrO TOKa JUIsl 33JaHHOTO BHJa HECUMMETPUYHOIO KOPOTKOTO
3aMBIKaHHS B MECTE KOPOTKOTO 3aMbIKaHMS;
HaIpsDKEHUS OTACNIbHBIX MoceoBaTenbHocTel B Touke K3 u nHa muuax BH cranium 1;
MOCTPOUTh JAMarpaMMbl TOKOB M HampsbkeHud B Mecte K3 M HanpspkeHMH Ha IIMHaX
cTaHuuu 1;
TOKM uepe3 BBIKIIOYaTeNlb B 3aJaHHBIA MOMEHT BpeMeHH npu TpéxdasHoM U
HecummeTpuuHoM K3.
KypcoBast pabora 3ammimaercss CTYAEHTOM TIOCIIE YCTpaHEHHs Bcex 3amedyanuid. [Ipu
3alIUTE CTYAEHT JI0JDKEH YMETh OTBETUTH HA BOIIPOCHI, TPUBEIEHHBIE B KOHIIE TIOCOOHS.
CornacHo 3ajaHusl pac4€T CUMMETPUYHOTO U HecuMMeTpuuHoro K3 mpenycmarpuBaercs B
OJHOM TOUYKE 3aaHHOU cxeMbl. [Ipu pacu€rax cuMTaTh, YTO Ha KXY CEKIMIO IIUH CTaHUUH |
MPUXOJUTCS OJTMHAKOBOE YUCIO OJ0KOB /2. TOUKM K3 HAXOAATCSA B CEPEIMHE COOTBETCTBYIOLIMX
muHuil. [lpu pacuére ynapHOro Toka akTHBHBIE CONPOTHBJIEHHS HArpy30K M CHUCTEMbI CUUTATh
PaBHBIM HYJIIO.
VY aenpHbIE CONPOTUBIEHMS BO3IYIIHBIX JIMHUNA HAPSHKEHUEM
110 kB — Xyn=0,44 Om/xm , Ryn=0,14 Om/xm;
220 kB — Xyn=0,42 Om/xMm , Ryn=0,08 Om/xmM;
330 kB — Xyn=0,32 Om/xm , Ryn=0,04 Om/xm;
MoJiHne3anmTa BO3AyIHbIX JUHUNA | 1 2 BeinosHeHa Tpocamu Mapku AC, nuuuil 3 u 4 —
CTaJIbHBIMHU TPOCAMH, a Ha IMHUM 5 TPOCOBAs 3alllUTa HE YCTaHOBJICHA.
KonTposabHbIe Bonpockl
Kakue ocHOBHBIE TOMYIIEHHSI IPUHSTHI IPH PEIICHUHN 33]1a4, TIOCTABJICHHBIX B paboTe?
Kakue OCHOBHBIE JOMYIICHUS TOJIOKEHBI B OCHOBY TMOHATHS 00 "HCTOYHHMKE OECKOHEYHOMN
MOIIHOCTH"?
Otnuuns B npuOIMKEHHOM U TOYHOM MTPUBEICHUN ?
Kak onpenenuts Tok K3 0T cructempl 66CKOHEYHONH MOITHOCTH?
B uém yci0BHOCTh NOHATHUS "MOIIHOCTh KOPOTKOTO 3aMbIKaHUA"?
CdhopmynmrpoBaTh MPaBUIIO SKBUBAIEHTHOCTH MPSIMOH MOCIIEA0BATENIFHOCTH.
W3menuTes 1M HanpspKeHUe MpsSMON mociiefoBareabHOCcTH B MecTe K3 mpu HeCUMMETpUUYHBIX
K3 na 3emutro mocie pa3zzemiieHus Heiirpaniei yactu Tpanchopmaropos?
8. 3amMcaTh COOTHOIIEHHS MEXIY OTACIbHBIMH COCTAaBJISIOINIMMHM TOKOB M HAINpPSOHKEHUH Npu
HecummerpuuHoM K3 Buga K(n).
9. 3anucaTb COOTHOLIEHHS MEXKY MOJTHBIM TOKOM K3 1 TokoM npsMoil nocinea0BaTenbHOCTH s
K3 Buga K(n).
10. Kak BiMsIOT TpOChl Ha HMHJIYKTUBHOE CONPOTHBIIEHHWE HYJIEBOW IOCIENOBATEIBHOCTH JUIS
JIDII?
11. Kak M3MEHUTCA CONPOTUBIICHUE HYJIEBOW IOCIEAOBATEIBHOCTH JIMHUM TNPH OTKIFOYECHUU
OJIHO 1enu?
12. Kak onpenensercs: JONOJHUTENbHOE MHAYKTUBHOE conpoTuBienre AX(n) npu K3 suga K(n)?
13. 3amucaTh omeparopsl IOBOPOTa @ B ayiredpandeckoii hopme.
14. U3006pa3uth BeKTOpHYIO quarpamMmy TokoB it K3 Buna K(n).
15. N300pa3uTh BEKTOpHYIO quarpaMmy Hanpspxeruid 1 K3 Buga K(n).
16. Yrto Takoe "dSKBUBaJICHTHAs IOCTOSIHHASI BpEMEHU'"?
17. Kak M3MEHATCS HANPSIKEHUsI OTAEIBHBIX IOCIEA0BATEIBHOCTEH 110 MEPE YAAIECHUS] OT TOYKHU
HecumMmeTpuuHoro K3?
18. Uemy paBeH TOK, IpOTEKAOLIUHI B 3eMJIe, TP HecuMMeTpuuHbIX K3 Ha 3emitto?
19. B 4ém otnmume crocoO0B KBUBAJICHTUPOBAHUS CXEMBI 3aMEUICHHUS TIPU OIPEIEIEHUH TOKa B
HavyaJIbHBIM U B 33JJaHHBI MOMEHTHI BpEMEHU?
20. B 4éM cylHOCTh METOJ]a TUIIOBBIX KPUBBIX?

N —

Nownhkw
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Tabmuna 1
Crannus 1 TpanchopmaTops
Ng " " 0
B-ta PHMBm COS(QDH ) Xd Xd XZ Xd /R X]) X]) /R SHOM,MBA UBH,KB Uk, /) X/R
1 60 0.8 0.6 | 0.182 | 0,195 100 0.35 30 80 220 14 40
2 63 0.85 0.7 |0.216 | 0,156 100 0.45 50 180 330 13 50
3 30 0.85 0.76 10.212 | 0,14 120 0.25 30 80 110 12 60
4 140 0.8 0.85 [ 0.194 | 0,214 120 0.4 50 125 220 11.5 40
5 120 0.8 0.88 | 0.19 | 0,236 130 0.4 30 200 220 11 50
6 100 0.85 0.98 |0.173 | 0,341 130 0.56 30 100 330 12 60
7 200 0.8 1.12 | 0.28 | 0,215 100 0.7 40 250 110 13.5 40
8 160 0.85 1.22 | 0.17 | 0,215 120 0.14 40 400 110 14 50
9 180 0.85 1.34 | 0.18 | 0,231 130 0.22 50 125 220 14 60
10 300 0.85 1.44 0.2 |0,298 100 0.45 50 63 220 12 40
11 100 0.8 2,07 | 0.19 | 0,298 140 0.56 30 630 330 12.5 50
12 150 0.8 1,85 | 0,269 | 0,286 150 0.14 50 400 330 14 60
13 250 0.8 1,71 | 0,324 | 0,354 150 0.25 40 200 220 13 40
14 165 0.85 1,65 | 0,191 | 0,215 140 0.35 30 250 110 12.5 50
15 120 0.9 1,13 | 0,121 | 0,136 130 0.4 30 63 220 11 50
16 320 0.92 222 10,119 | 0,145 100 0.25 50 63 330 12.5 40
17 300 0.9 2.04 | 0,114 | 0,132 130 0.56 40 630 330 13 60
18 200 0.85 2.01 |[0,131 | 0,156 120 0.4 30 250 220 12 50
19 240 0.9 1.97 10,231 | 0,245 140 0.14 40 100 220 11.5 40
20 180 0.8 2.03 | 0,173 | 0,195 120 0.25 30 400 330 11 40
21 140 0,8 1.98 | 0,215 | 0,359 140 0,3 40 250 110 12 50
22 160 0,85 1.75 1 0.228 | 0,124 150 0,2 30 125 110 10,5 65
23 250 0,9 2.53 | 0.206 | 0,547 195 0,25 35 80 220 11 45
24 165 0,95 2.64 | 0.28 | 0,647 160 0,1 45 250 330 10,5 30
25 170 0,75 1.85 | 0.22 | 0,379 110 0,6 50 125 220 10 40
26 130 0,95 146 | 025 | 0419 120 0,42 60 80 220 12 65
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[Tpomomxenue TadmuIst 1

Crannus 2 TpanchopmMaTops
Ne " "
B | n| PB,MBm | cos(p,) | X, | X, | X, | X,/R | S, MBA | Uy, kB | U, % | X/R
Ta
1 4 63 0,9 1,65 0,12 0,15 100 80 220 14 40
2 6 300 0,85 1,71 0,19 0,21 120 630 330 13 50
3 8 63 0,8 1,85 0,13 0,18 130 80 110 12 60
4 4 80 0,85 2,07 0,22 0,25 100 125 220 11.5 40
5 2 110 0,9 2,45 0,26 0,29 120 200 220 11 50
6 6 63 0,9 2,65 0,18 0,21 110 100 330 12 60
7 4 160 0,92 2,21 0,29 0,31 120 250 110 13.5 40
8 4 210 0,9 2,19 0,22 0,26 120 400 110 14 50
9 6 63 0,8 2,16 0,25 0,27 130 125 220 14 60
10 6 32 0,85 2,49 0,26 0,28 100 63 220 12 40
11 8 300 0,85 2,41 0,18 0,23 120 630 330 12.5 50
12 10 210 0,85 2,82 0,19 0,22 130 400 330 14 60
13 6 110 0,8 1,84 0,16 0,19 130 200 220 13 40
14 4 160 0,8 1,96 0,17 0,24 110 250 110 12.5 50
15 6 32 0,8 2,15 0,21 0,25 100 63 220 11 50
16 8 32 0,85 2,32 0,23 0,26 120 63 330 12.5 40
17 8 300 0,8 2,41 0,19 0,22 120 630 330 13 60
18 4 160 0,85 2,56 0,22 0,24 110 250 220 12 50
19 4 63 0,8 2,48 0,17 0,21 130 100 220 11.5 40
20 2 210 0,85 2,34 0,18 0,21 100 400 330 11 40
21 6 225 0,8 2,6 0,45 0,15 90 250 110 12 50
22 6 320 0,9 2,4 0,11 0,17 140 125 110 10,5 65
23 4 300 0,85 2,34 0,23 0,16 110 80 220 11 45
24 8 280 0,95 2,21 0,12 0,12 120 250 330 10,5 30
25 10 180 0,9 1,9 0,31 0,17 110 125 220 10 40
26 8 160 0,7 1,78 0,4 0,19 100 80 220 12 65
[Tpomomxenue TadmuIs 1
Crannus 3 TpanchopmaTopsl
BJTTa PHMBm COS(QDH ) Xd Xd Xz Xd /R Xp Xp /R SHOM,MBA UBH,KB Uk, % X/R
1 60 0.8 2,64 10,153 10,195 100 0.35 30 80 220 10,5 40
2 120 0.85 2,56 | 0,143 10,156 100 0.45 50 200 330 11 50
3 60 0.85 2,0 [ 0,13 ] 0,14 120 0.25 30 80 110 12,5 60
4 165 0.8 2,04 | 0,19 |0,214 120 0.4 50 200 220 11,5 30
5 200 0.8 2,11 10,225 10,236 130 0.4 30 250 220 10 45
6 120 0.85 1,84 10,324 ] 0,341 130 0.56 30 160 330 10,5 70
7 90 0.8 1,91 0,189 ] 0,215 100 0.7 40 125 110 11,5 65
8 300 0.85 2,21 10,19510,215 120 0.14 40 400 110 12 45
9 200 0.85 2,64 | 0,203 | 0,231 130 0.22 50 250 220 10,5 55
10 40 0.85 2,45 10,268 | 0,298 100 0.45 50 63 220 11 35
11 120 0.8 2,07 0,272 ] 0,298 140 0.56 30 200 330 12,5 30
12 165 0.8 1,85 10,269 | 0,286 150 0.14 50 200 330 13 40
13 100 0.8 1,71 10,324 ] 0,354 150 0.25 40 125 220 12,5 53
14 165 0.85 1,65 0,191 ] 0,215 140 0.35 30 200 110 13 54
15 120 0.9 1,13 10,121 ] 0,136 130 0.4 30 160 220 10 64
16 60 0.92 1,05 10,119 ] 0,145 100 0.25 50 80 330 12 56
17 160 0.9 1,15 10,114 ] 0,132 130 0.56 40 200 330 11 35
18 180 0.85 2,07 10,131 10,156 120 0.4 30 250 220 10,5 48
19 100 0.9 1,1 0,231 0,245 140 0.14 40 125 220 12,5 75
20 120 0.8 1,32 10,173 10,195 120 0.25 30 160 330 11,5 69
21 320 0,8 1,5 0,215 0,359 140 0,3 40 200 110 12 60
22 400 0,85 1,34 10,345 10,124 150 0,2 30 80 110 13 40
23 63 0,9 1,15 10,642 ] 0,547 195 0,25 35 160 220 11,5 30
24 80 0,95 1,87 10,942 | 0,647 160 0,1 45 250 330 10 65
25 100 0,75 1,65 10,942 10,379 110 0,6 50 400 220 10,5 45
26 160 0,95 2,21 10,547 10,419 120 0,42 60 200 220 12 35
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[Tpomomxenue TadmuIst 1

ABToTpanchopmaTop Cucrema

Ne
B[S, MBA | U.xB U % Upse % Uperr % X/R S, MBA

1 135 220 18 10,5 7 20 2500

2 250 330 18,5 11 7 40 3000

3 500 110 17,5 10,5 6,5 30 3500

4 167 220 18 10,5 6 50 4000

5 250 220 18,5 10,5 6 60 5000

6 500 330 17,5 10,5 6,5 80 7000

7 135 110 16,5 11 7 70 6500

8 250 110 16,5 11 6,5 45 5500

9 500 220 16,5 10,5 6 60 5000

10 167 220 18 11 6 65 2000

11 250 330 17,5 11 6,5 55 2500

12 250 330 17,5 10,5 7 40 3200

13 500 220 18 11 6,5 20 4150

14 167 110 17,5 11 7 15 3250

15 135 220 17 10,5 7 20 6000

16 167 330 16,5 10,5 6,5 10 7400

17 250 330 18 10,5 6,5 60 6200

18 500 220 17,5 11 7 45 3550

19 250 220 17 11 6 75 6430

20 500 330 16,8 10,5 6,5 90 5260

21 135 110 20 11 7 30 4300

22 135 110 22 10,5 8 40 4800

23 167 220 31 11 6,5 55 5400

24 250 330 25 11 7 75 3100

25 167 220 17,5 10,5 7 85 1500

26 500 220 18 10,5 6,5 90 1000

[Tpomomxenue TadmuIs 1
II/Ct A Harpyska
No TpanchopmaTops! S Hom MBA
B-ta -
S, MBA | UpyyxB | Upyy % | Upye % | Upey % | X/R H3 H4 HS5 H6

1 80 220 18 10,5 7 10 13 9 7 23

2 63 330 18,5 11 7 20 11 10 6,5 27

3 250 110 17,5 10,5 6,5 30 14 10,5 25 39
4 200 220 18 10,5 6 25 18 11 35 31

5 125 220 18,5 10,5 6 15 17 11,5 30 35

6 200 330 17,5 10,5 6,5 35 13 13 20 36

7 125 110 16,5 11 7 40 11 12 21 42

8 63 110 16,5 11 6,5 45 13 16 13 16

9 40 220 16,5 10,5 6 50 20 24 20 24
10 80 220 18 11 6 15 15 26 15 26
11 100 330 17,5 11 6,5 20 14 37 14 37
12 250 330 17,5 10,5 7 30 16 64 13 9
13 200 220 18 11 6,5 35 17 34 11 10
14 125 110 17,5 11 7 40 9 22 14 10,5
15 63 220 17 10,5 7 45 7 23 18 11
16 80 330 16,5 10,5 6,5 35 6,5 27 17 11,5
17 250 330 18 10,5 6,5 40 25 39 13 13
18 63 220 17,5 11 7 30 35 31 11 12
19 125 220 17 11 6 20 30 35 13 16
20 125 330 16,8 10,5 6,5 15 20 36 20 24
21 200 110 20 11 7 10 21 42 15 26
22 250 110 22 10,5 8 30 29 49 14 37
23 63 220 31 11 6,5 40 34 50 16 64
24 80 330 25 11 7 15 26 15 45 120
25 80 220 17,5 10,5 7 25 41 11 60 140
26 63 220 18 10,5 6,5 20 32 12,5 70 50
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[Tpomomxenue TadauIs! 1

I/Ct b Harpyska JIlunun
No TpanchopmaTopst S wont MBA JUMHBL, KM
B-ta -
SuMBA | Uy, xB | U % | X/R | HI | H2 | JI | JI2 | JI3 | JI4 | JI5 | JI6
1 80 220 11 10 48 50 80 90 254 90 157 163
2 63 330 10,5 20 23 28 120 80 125 95 245 145
3 250 110 12 30 95 98 36 45 421 100 315 349
4 200 220 11,5 25 96 102 149 163 264 70 246 420
5 125 220 10 15 52 52 230 300 325 50 197 431
6 200 330 10,5 35 68 65 125 163 149 60 164 318
7 125 110 11 40 78 76 125 125 154 85 284 197
8 63 110 11,5 45 49 49 115 125 134 40 299 143
9 40 220 12,5 50 54 55 85 98 137 60 300 135
10 80 220 11 15 29 28 80 65 167 120 350 130
11 100 330 10 20 100 100 90 136 189 150 331 140
12 250 330 10,5 30 68 71 120 159 175 175 349 197
13 200 220 11,5 35 56 61 190 150 186 95 200 200
14 125 110 12 40 58 61 300 215 147 67 150 246
15 63 220 12,5 45 36 38 260 168 126 84 50 210
16 80 330 13 35 32 30 400 65 120 94 46 205
17 250 330 10,5 40 85 89 125 130 110 92 95 207
18 63 220 11 30 46 45 325 147 105 110 97 264
19 125 220 12 20 15 16 225 98 100 113 35 319
20 125 330 10,5 15 30 27 215 128 90 116 40 320
21 200 110 11,5 10 20 19 155 140 130 286 55 350
22 250 110 12 30 11 12 82 150 140 241 59 410
23 63 220 11 40 18 19 135 180 180 267 120 400
24 80 330 12 15 11 12 412 195 146 364 197 450
25 80 220 10 25 9 9 215 124 124 385 461 379
26 63 220 11,5 20 18 19 150 157 167 258 348 316

Tabmuna 2 - CocTosiHue HEHTpanu TpaHCPOPMATOPOB

N P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12
1 X X X - - X X - X - - X
2 - X - X X - - X - X X -
3 X - - X - X X - X - - -
4 - X X X - X - X - X - -

2.2.5. CamocTosTenbHas paboTa CTyI€HTOB
CamMocrosTenbHas pa60Ta CTYACHTOB BKIIOYACT HM3YUYCHHUC JICKOHUOHHOI'O MaTrcpualia H

JOTIOTHUTEIBHON JIMTEpaTyphl MO IUCIHHMILIMHE TPU TOArOTOBKE K MPAKTUYECKUM 3aHSATHSIM.
KoHTponb 3a cTemneHbIO YCBOEHHMS MaTepHajla PEKOMEHIYeTCs OCYIIECTBISATh C ITOMOIIbIO
BOIIPOCOB JJISi CaMOMpPOBEpKH, TecToB. OObeM M (OpPMBI KOHTPOJISI CAMOCTOSITENILHOW PaOOTHI
OTJIIMYAIOTCS JUISL CTYACHTOB JHEBHOW M 3a0YHOM (B TOM YHCIIE COKpalleHHOH) Gopm oOydeHus u
IIPUBEACHBI B COOTBETCTBEHHO B I.II. 2.2.6 m 2.2.7.

2.2.6. IlepeyeHb u TEMBI MPOMEKYTOUHBIX (HOPM KOHTPOJIS 3HAHHIMA

K mpomexxyrounbIM hopMamM KOHTPOJISI 3HAHUI OTHOCSITCA:
OJMII-OTPOC Ha JEKIHX TI0 IPOIIEHHOMY MaTepHay;
KOHTPOJIbHBIE PabOTHI;
BBIIIOJIHEHUE  MHJIMBUIYyalbHBIX  JIOMAIIHMX  33JaHUA ¢ TOCHeAyroue  ux
3aIATOM;
1Ba KOJUIOKBHyMa: «CUMMETpUUYHbIE KOPOTKHE 3aMblKaHUs» U «HecuMMeTpuuHble KOPOTKHE
3aMBIKaHUS;
KOMIIJIEKCHBIE 3a/IaHus 110 COCTABJIICHHUIO CXEM 3aMEIIeHMs] U ONPEJIEICHUI0 UX IapaMeTpoB,
npeoOpa30BaHUIO CXEM 3aMElIeHus, pacueTy TokoB K3.

Taxke Ha KaxIOW JEKIUU MPEAYCMOTPEH S5 MHHYTHBIM ONPOC CTYACHTOB MO paHee (U

CaMOCTOSITEIIEHO) U3y4eHHOMY MaTepuaily. KoHTpoibHbIe pabOTHl IO TEMaM, paCCMOTPEHHBIM Ha
NPAaKTUYECKUX 3aHATUAX, TpuBeNeHbl B llpuiokeHun 1; KOJJIOKBUYMBI MO JIEKIIMOHHOMY
Matepuany - (cMm. IIpunoxkenue 2); tectupoBanue - (cMm. [Ipunoxenue 3).
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2.2.”7. Bonpocsl K 3K3aMEHY

IlecToii ceMecTp. DJIEKTPOMarHUTHbIE NepeXo/HbIe MPOLeCChl.

1. OcHoBHbIE TOHATHS OO0 SIIEKTPOMArHUTHBIX M DJIEKTPOMEXAHWYECKUX IEePEXOIHBIX
IpoLeccax B AEKTPUUYECKON cUcTEME.

2. OcHOBHbIE BHJIBI KOPOTKMX 3aMblkaHui. OTHOCUTENbHas BEPOSITHOCTh  MX
BO3HUKHOBEHHS B JIEKTPUYECKUX CUCTEMAX.

3. Kakue Buapl HapylleHUs pPEXKHUMa OTHOCSATCS K IPOJOJIBHOM M MONEpeYHOMN
HECUMMETPHUH.

4. OcHOBHbIE JONYIICHUS MPU pacyeTe JIEKTPOMArHUTHBIX [IEPEXOIHBIX IIPOLECCOB.

5. IlpeumyiiecTBa M HENOCTATKH CUCTEMBI OTHOCHTEIBHBIX EIUHUI[ 1O CPaBHEHUIO C
CUCTEMOW UMEHOBAHHBIX €AUHMII.

6. IlpuBenenne DJIC W CONPOTUBJICHHUN DIIEMEHTOB CXEMbI K BBIOPAHHBIM Oa3HCHBIM
YCIIOBUSM.

7. CocraBlieHHE CXEMbI 3aMELICHMs IPU pacueTe B OTHOCHUTENbHBIX €IMHUIAX. To4yHOE U
NpUOJIMKEHHOE TTPUBEJICHHE.

8. CocraBieHue cXeMbl 3aMEIEHUs MPU pacdeTe B MMEHOBAHHBIX eIuHUIAX. TouHoEe U
NpUOJIMKEHHOE TTPUBEJICHHE.

9. IIpeobOpa3oBaHHEe CXEM 3aMEIICHHS.

10. Ilporecc TpexdazHOro K.3. B HEPa3BETBICHHOU Ienu. KpuBbie M3MEHEHHs] TOKAa U €€
ClIararomime.

11. YcnoBus, onpenensdromme MakCUMAIbHOE 3HAYCHUE alepHOJUYECKON COCTaBISAIOIICH
TOKa.

12. YcnoBusi BOSHUKHOBEHHSI MAKCHMyMa MIHOBEHHOT'O 3HAUEHUS MOJHOTO TOKa. Y IapHbIN
TOK M YIAPHBIA KOAPPUIIHEHT.

13. Onpenenenue 3KBUBAJECHTHONW MOCTOSIHHOW BPEMEHM alepHOIMYECKON COCTABISIOLIEH
TOKA B Pa3BETBICHHOM LIENH.

14. JlelficTBytomMe 3Ha4€HHUs TOJHBIX BEJIMYMH M MX OTAEIBHBIX ciaratromux. OCHOBHbIE
YIPOILEHUS.

15. Onpenenenue ycTaHOBUBILIErocs pekuMa K.3. OCHOBHBIE XapaKTEPUCTUKU U ITapaMeTpbl
CUHXPOHHOW MAIIINHBI.

16. Cxema 3amelieHHs] HESIBHOIIOJIOCHOW CHUHXPOHHOM MAaIIMHBI B YCTaHOBHBIIEMCS
peXHUME.

17. BexTopHble AUarpaMMbl HESIBHOIIOJIFOCHBIX U SIBHOIIOJIFOCHBIX CHHXPOHHBIX MallIMH.

18. [IpuBenenue 1enu poropa K CTaTopy.

19. Kak yuuThIiBaeTcs B pacuerax BIUSHUE Harpy3KH Ha PEXHUM K.3.

20. Pacyer mpu OTCYTCTBHM aBTOMATHUYECKOTO perynupoBaHus Bo3OyxneHus (APB).
Bnusaue APB.

21. banaHc MarHUTHBIX NOTOKOB CHHXPOHHON MAIIMHbI B HOPMaJbHOM YCTaHOBHBILIEMCS
pEeXHME U B MOMEHT BOBHUKHOBEHHS K.3.

22. Tlepexogubie DJIC u compotuBieHue. Cxema 3amemeHuss CM 06e3 aemmdepHbIX
KOHTYPOB B HauaJbHbIi MOMEHT BHE3AITHOTO HapyllIeHus pexxuMa. BekropHas quarpamma.

23. Ceepxmniepexoanbie 3JIC u comporuBnenue. Cxema 3amenienuss CM ¢ nemndepHbBIMU
00MOTKaMHU B HAYaJIbHBIA MOMEHT HapylieHHus pexxuma B ocsix d u . BexktopHast muarpamma.

24. CpaBHEHHME pEaKTUBHOCTEN CUHXPOHHON MAallIUHBI.

25. XapakTepuCTHKa IBUraTeNeld U Harpy3KHu.

26. IlpakTnueckuil pacueT HadajlbHOTO CBEPXIEPEXOJHOTO M YAAPHOTO TOKOB IMpHU K.3.,
HECUHXPOHHOM BKJIFOUEHUH I'€HEPATOPOB, IIyCKE ABUTATENECH.

27. BuesamHoe k.3. CM 6e3 neMriepHbIX 0OMOTOK.

28. Briusitnue 1 npuOIMKEHHBINA y4eT AeMiihepHbIX 0OMOTOK.

29. Bnusinue APB npu BHe3anHoOM K.3.

33



30. OcHOBHbIE IOMYIIEHUS NTPU MPAKTUYECKUX METO/IaX pacyera K.3.

31. Paznuuuns Mexay NpakTHYECKUMU METOIaMHU.

32. Metop pacueTHBIX ¥ TUIOBBIX KpUBBIX. [lopsiiok pacuera o oOmemMy H3MEHEHHUIO.

33. Ilopsnok pacyera O WHAWBUIYATbHOMY H3MEHEHUIO. [IpHOIKEeHHBIN yUeT CUCTEMBI.

34. Yder 37eKTpoABUTATEIIEH MTPU pacueTe TOKOB K.3.

35. Pacuer TOKOB K.3. B ceTsix go 1000 B.

36. Beiciiue rapMOHUKH TP HECUMMETPUYHOM PEXUME CHHXPOHHON MAaIIMHBI.

37. Meroa CHMMETPUUYHBIX COCTABIISIOLIUX ITPH pacyeTe TOKOB K.3.

38. ConmpoTHBIeHUs] ~ 3JEMEHTOB  CXEMBl Ui  TOKOB  OOpaTHOM ®  HyJEeBOW
HOCIIEI0BATEIbHOCTH.

39. CxeMbl OTIENbHBIX IOCIEIOBATENbHOCTEN, ompeaeneHue pesynptupyoomux 2C u
COITPOTHUBIICHU.

40. I'paHnuHbIE YCIOBUS, COOTHOIIEHHS MEX/y CHMMETPUYHBIMU COCTABJIIOIIUMHU TOKOB U
HaIpsHKEHUH B MECTE IONIEPEYHON HECUMMETPHUH.

41. BekropHble AUarpaMMbl TOKOB U HANPSKEHUH JUIs1 MECTa HECUMMETPUH.

42. KoMmIuIeKCHbIE CXEMBI 3aMEIIEeHNUs I Pa3IMYHbIX BUOB [IONEPEYHON HECUMMETPHH.

43. IlpaBusi0  SKBUBAJIEHTHOCTH NPSIMOM  MOCJIEIOBATENIBHOCTH Ui  IONEpPEYHOMN
HECUMMETPHUH.

44. CpaBHEeHHME BUJ0B KOPOTKOTO 3aMbIKAHUSI.

45. IlpuMeHeHne MNpaKTUYECKUX METOJ0OB K pacdyeTy NEepexoJHOro Ipolecca Mpu
OJIHOKPAaTHOM NONEPEYHON HECUMMETPHH.

46. OgHOKpaTHAs MPOI0JIbHAS HECUMMETPHSL.

47. I'paHUYHbIE YCIIOBHUS, COOTHOIIEHUS] MEXAY CUMMETPUYHBIMU COCTaBISIOUIMMH TOKOB
IIPU MPOJI0JIBHON HECUMMETPHH.

48. BektopHble JuarpaMmbl TOKOB B MECT€ pa3pblBa UUCTO MHIYKTUBHOW LIETH,
KOMIIJIEKCHBIE CXEMBbI 3aMEIICHHUS.

49. CiocoObl U TEXHUYECKHE CPEJICTBA OTPAHUYCHUS TOKOB K.3.

50. Koopaunaiusi ypoBHEH TOKOB K.3.

2.3. Y4yeOHO-MeTOAMYEeCKHEe MAaTepPUaJIbI 10 JUCHHMILIMHE

2.3.1. Ilepeyenpb 00s13aTeNbHOM (OCHOBHOM) JINTEPATYPHI

1.  Kproukos N.II., Heknenaes b.H., Crapmunos B.A. u ap. "Pacuer KOpOTKUX 3aMbIKaHUH U
BBIOOD nekTpoobopynoBanus'. - M.: M3natensckuit nentp "Axkagemus", 2005. - 416 c.

2. KproukoB W.II. DnexTpoMarHUTHBIE TEPEXOAHBIE MPOIECCHl B AJIEKTPOIHEPTETUUYECKUX
cucremax: YueOHoe mocodue s By3oB. M.: M3n-80 MBOU, 2000.

3. P 153-34.0-20.527-98. PykoBosuiue ykazaHus 110 pacueTy TOKOB KOPOTKOTO 3aMbIKaHUS U
BBIOODY AnekTpoobopynoBanus. M3a-8o « SGHAC», 2000.

4.  IlepexonHble MpoIECCHI IEKTPUUECKUX CUCTEM B IIpuMepax u niunoctpanusax. [lox pen. B.A.
CrpoeBa. — M.: 3nak, 1996. — 224 c., u.

5.  TlepexomHbIe MPOIECCH B CUCTEMax AIeKTpocHabxeHus. YueOnuk / B.H. Bunocnasckuii u
ap. [on pen. B.H.Bunocnasckoro. K.:Bricmias mkoa,1989.

6.  VYiupgaHoB C.A. DeKTpOMarHuTHbIE NMEPEXOAHBIE POLIECCHI B JIEKTPUUECKUX cUcTeMax.— M.:
Oneprus, 1970. — 520 c.
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2.3.2. IlepedyeHb TOMOJHUTENBHON JIATEPATYPBI.

1. Dnekrporexuudeckuit crnpaBounuk: B 4t. T.3. IlpousBojacTBo, mepenaya W pacrpeiesieHue
anekrpudeckoii aueprun / [Tox o6m. pen. mpodeccopo MOU: B.I'. I'epacumoBa u nip. (T1. pes.
A.u. [TonoB) - M.: Uzn-8o MOMU, 2002, 964 c.

2. CrpaBOYHHK TIO MPOCKTUPOBAHUIO CHCTEM ANIeKTpocHabkenus/ oy pen. FO.I'. bapeibuna, u mp.
- M.: DHeproatomusnart, 1991

3. Merogpl pacueTa TOKOB KOPOTKOTO 3aMbikanus. Coopauk 3anau / [Tox pex. N.IT. Kproukosa. M.:
H3n-so MOU, 2000.

4. YopssHoB C.A. COOpHHMK 3a7a4 1O DJIEKTPOMAarHUTHBIM TEPEXOJHBIM IpoleccaM B
ANEKTPUIECKUX CUCTeMaX: YueOHoe mocobue s By30B. M.: Dueprus, 1968.

5. Mscoenos 1O.B., T'oroneBa JI.b. Pacuer cuMMETpUYHBIX M HECUMMETPUYHBIX KOPOTKHX
3aMBIKaHHUN B CUCTEMaX JJIEKTPOCHAOKeHHs. Y. mocodue. M3a-Bo AMI'Y, brarosemenck, 2002.

2.3.3. llepedyeHb METOIMYECKHUX U HATJISIAHBIX MATEPUAIOB, UCTIOJIb3YEMBIX B
y4eOHOM Tpoliecce

Memoouueckue nocooun
B xauecTBe METOAUYECKOI'O O6€CH€LICHI/I$I AUCHHUINIMHBI UCTIOJIB3YIOTCA:
y4eOHO-METOANYECKOE MTOCOOHE K MPAKTUYECKUM 3aHATHUSAM (II€YaTHBINA BapUaHT);
y4eOHO-METOINYECKOE IMOCOOHEe K KypCOBOH paboTe (NIEKTPOHHBIN BapHaHT);
y4eOHO-METOIMUECKOE IIOCOOME K CAMOCTOSITEIBHOM paboTe (IIEKTPOHHBINH BapUAHT);
KOMIUIEKTHBI 33/1a4 WHIUBUIYAJIbHBIX 3aJaHUH (3JIEKTPOHHBIN BapHaHT).

Haznaonwie nocoousn
B kadectBe HarmsmHOro oOecmeyYeHHs IUCUUIUIMHBI “DJEKTPOMAarHUTHBIE TEPEXOJIHBIC
IIPOLIECCHI” MCHOJB3YIOTCS:

1. Kommnseiorepubie mnpeseHtauuu PJ[ 153-34.0-20.527-98. PykoBopsiue yka3zaHUs 110
pacyeTy TOKOB KOPOTKOTO 3aMbIKaHHsI U BBIOOPY asekTpoobopynoBanus. M3n-so «9HAC», 2000 B
cpene Microsoft Office PowerPoint.

2. Cxewmsbl, TaOIUIBI, PUCYHKH TT0]] METUAKOMILICKC.

3. YHuBepcaibHBIH JIA0OpaTOPHBINA KOMIUTEKC (T1aboparopust 504).

4. HaymoB W.B. MynetuMenna ydeOHUK «DIEKTPOCHAOKEHHE CEIBCKOTO XO3SCTBaY.
Hpkyrckast rocy1apcTBEHHas celnbCKoXo3salcTBeHHas akaaemus. 2005.

5. DOn. cxema AMYpCKON SHEPrOCHCTEMBI.

6. ®usnueckas mojaenb noacraniuu PY-10xB

Ilpozpammur ona [I13BM
1. VYueOHple mporpammHbie KOMIUIEKCHl s [I9BM,  paspaboranHbie kadeapoit
sHepreTuku: «KAZOVy», «ZAPUSK».
2. Ilpomeimnenssie [IBK: «TKZ - 3000».
3. Tlakersl aBTOMaTH3alMKM MaTeMaTHuyeckux pacuetoB «MathCad» u Maremarudeckoro
MoenupoBanust «KMATHLAB.

2.4. MarepuaJibHO-TeXHHYECKOE 00ecrevyeHne TMCIUTITHHBI

Hcnonp3yeTcs knace NepcoHaibHbIX KOMIIBIOTEPOB, a TAKXKe:
Crnenranu3upoBaHHas J1a00paTopus - YHUBEPCATbHBIN T1a00paTOPHBIN KOMILIEKC.
Kitace Tpenaxepos.

Jlaboparopust 37eKTpo0oOOPYIOBaHUS, HIEKTPUICCKIX CTAHIIMIA U TIOICTAHITHI.
Y4eOHbII TUCTIETYEPCKUIT CTEH/T U TIYHKT 3JIEKTPUYECKUX CETEH.
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2.5. YyeOHO-MeTOAMYEeCKAs (TEXHOJIOIMYECKas) KAapTa U CHUIIIHHbI

Jlna cneyuanvnocmu 140204

CamocrosTenpHast
Bormpocsl, 3ansTus (Homepa) Hcnonb3yembie
Homep [ Homep padoTa CTY/IeHTOB Dopmbl
H3ydaeMble HarJsiyl. U METOJ.
[Henenn| TeMbl MpaKTH4. KOHTPOJA
Ha JIeKIHH nmabopart. nocoous COZIEPK. Yyackl
(ceMHH.)
1 2 3 4 5 6 7 8 9
TToHsITHE O MEPEXOTHOM PEeXKHME.
IIpUYMHbBI BO3HUKHOBEHHS
TePEXOIHBIX MPOIECCOB.
OcHoBHbIe TOHATUS. OcOOeHHOCTH Kprouxos W.IT.,
3JEKTPOMArHUTHBIX IEPEXOIHBIX Hexnenaes b.H.,
CocraBienue
nporeccoB. CXeMbl 3aMeEILEHUS CrapumzoB B.A. u np.
1 1,1 " pacueTHBIX CXeM 3 GIIHII-0TTPOC
OCHOBHBIX CHJIOBBIX 2JIEMEHTOB. Pacuer kopoTKHX
o 3aMelIeH st
CxeMbl 3aMelIeHus 3aMBIKaHU# U BBIOOD
MHOT00OMOTOYHBIX NIEKTPOOOOPYAOBAHUS
TpaHCHOPMATOPOB U CABOCHHBIX
peaktopoB. CocraBieHue
pacyeTHBIX CXeM 3aMeleHHs
Bus! kopoTKuX 3aMbIKaHUiT (K.3
P (x.3), P/ 153-34.0-20.527- Ha3nauenue
MPUYUHBI UX BO3HUKHOBCHHS U .
98. PykoBopsiiue pacuéros
nociencTsus. Haznauenue
. YKa3zaHUs [0 pacyery MEPEXOTHBIX
2 2 pac4y€ToB MEPEXOAHBIX MPOLECCOB 1 4 6mmI-ompoc
TOKOB KOPOTKOT'O MIPOLECCOB 1
u TpeboBanus K HUM. OCHOBHbBIE
3aMBIKaHUS U BEIOOPY TpeOOBaHUS K
JIONYIICHHS, TPUHUMAEMBIC TIPH
NIEKTPOOOOPYAOBAHUS HUM.
pacuerax.
OO6uwit NopsifoK pacyuera K.3. Mscoenos 10.B.,
Omnpenenenue
Hcnonb3oBaHue CHCTEMBI T'orosiea JI.B. Pacuer
rnapaMeTpoB
OTHOCHTEIbHBIX CIANHHIIL. CHMMETPUYHBIX 1 exeMBL KOHTpOJIbHA
3 2,2 CocraBiieHne CXeMbl 3aMeeHHs HECUMMETPUYHBIX saMeILeHIs B 3 1
CHCTEMBI U oIpesiesieHne eé KOPOTKHX 3aMbIKaHUH paboTta
OTHOCHTEIBHBIX
rapamMeTpoB B UMEHOBAHHBIX U B B cHCTEMax
€MHUIIaX.
OTHOCHTEJIBHBIX IMHHIIAX. JJIEKTPOCHAOKEHHSI
Tpéxdasnoe k.3. B Msicoenos 10.B.,
Hepa3BeTBJIEHHOH LIeMH, Toronesa JI.b. Pacuer Ilepexonnsrit
MOAKIFOYEHHON K HCTOYHUKY CHMMETPUYHBIX 1 MpoLece MpH
4 3 CHHYCOUIAJIBHOTO HATIPSDKEHUS. 2 HECUMMETPUYIHBIX TpexdazHom 4 GIIHII-0TTPOC
IIepexoanslii mporecc mpu KOPOTKHX 3aMbIKaHUH KOPOTKOM
Tpex(}hazHOM KOPOTKOM 3aMBbIKaHUU B CcHCTEMax 3aMBIKAHUH
(K3) B ienu 6e3 TpancgopmMaTopoB. JIEKTPOCHAOKEHHSI
dusnueckas CynHoOCTb
BO3ZHHKHOBEHHS COCTABJISIOLINX
TOKa K.3. YJapHBIH TOK K.3. U
YCJIOBHSI €70 BOZHUKHOBEHHSL.
MerTopb! onpeeneH st y1apHoro
ko3 durpenta. OcodbeHHOCTH
b Msicoenos 10.B.,
nepexoHoro npouecca npu K3 B
. . T'orosiea JI.B. Pacuer
pa3BeTBIeHHOM 11enu. [IepexoaHblii Omnpenenenue
CHMMETPUYHBIX 1
MpoIIeCC MPH BKJIIOYEHUH B CETh yZapHOro
5 3,4 . HECHUMMETPHUYHBIX 3 6mmI-omnpoc
TpaHchopMaTopa ¢ pa30MKHYTOM . ko3 (duipeHTa
o o KOPOTKHX 3aMbIKaHU
BTOPUYHON OOMOTKOIA. W YIApHOTO TOKa
o B CcHCTEMax
Iepexonnsrii npouece npu K3 3a
JNIEKTPOCHAOKEHHSI
TpaHc(hopMaToOpoM.
OCHOBHBIE ITapaMeTpbl
CHUHXPOHHOH MammHb! (CM).
Cxema 3aMeleHNs] U BEKTOpHast
JiparpaMMa CHHXpPOHHOTO
reHeparopa.
Kprouxos I.I1.,
Bnusinue APB Ha ycTanoBuBIIeHCS Hexnenaes b.H.,
©KHUM K.3. Pacuér Crapumzos B.A. u ap.
6 4 p 3 " D P Buner APB 3 GIIHII-0TTPOC
YCTaHOBMBIIETOCS TOKA K.3. B Pacuer KOpoTKHX
CIIOKHBIX CHCTEMax. 3aMBIKaHU# U BBEIOOD
9IIEKTPOOOOPY1OBAHUS
IlepexonHble U CBEPXIIEPEXOIHbBIE
pna HaMeT bl cm[{)x OIEHorf)[ Kpiouxos UL, Pacuér 3ammra
TeHe [;TO apreMa EaMeLueHm Hewnenacs b.H., CTAaHOBHUBUIETO HUH]IUBH,
paropa. LXe CrapumHoB B.A. u np. ¥ AHBHILY
7 4,5 CUHXPOHHOM MallWHbI B " csl TOKa K.3. B 4 AIBHBIX
o N Pacuer KOpoTKUX
HavaJIbHbIH MOMEHT K.3. Pacuér . CIIOKHBIX JIOMAIIHUX
3aMBIKaHU# U BBEIOOD .
Ha4aJIbHOT'O CBEPXIIEPEXOAHOTO cucTemMax. 3aJlaHui
3IEKTPOOOOPYJOBAHUS
TOKA B CJIO)KHBIX CHCTEMax.
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1 2 3 5 6 7 9
Pacuer
Pacuer HayanmbHOrO 3HaYEHUS Vibesuos C.A.
. . Hay4aJIbHOT'0
MEPUOINUECKON COCTaBIISIOILEH DJeKTpOMarHUTHEIE SHAMCHIS
8 5 Toka K3 0T CHHXpOHHON MaIIuHbI TEPEXONHBIE MPOLECCRL | | o ol 6mmI-omnpoc
0e3 ydeTa U ¢ y4eTOM BIIHSHUS B DJIEKTPUYECKUX PO .
neMI(pepHBIX KOHTYPOB cucreMax COCTABIFOMICH
) i Toka K3
BuusiHHE aCHHXPOHHBIX
JNEKTpOABUTraTeneil u
KOMIUIEKCHBIX Harpy30K B
HavanbHbIH MoMeHT K3. Pacuer P/l 153-34.0-20.527- Pacuer
MEPUONUECKON COCTaBIISIOILEH 98. PykoBopsiiue .
NEPUOIUUECKON KOHTPOJIbHA
TOKa NpH ynaneHHsIx K3. YKa3aHHs 110 pacyeTy M
9 5,6 COCTaBJISOIIEH kit
MaremaTudeckast MOZIENb TOKOB KOPOTKOI'O
= TOKa TIpH paboTta
CHHXPOHHO MaIlINHEL, 3aMbIKaHUS H BEIOOPY
ynanenusix K3.
OTpa)karollasi OCHOBHbIE 3IEKTPOOOOPY1OBAHUS
3aKOHOMEPHOCTHU
9NIEKTPOMATHHTHBIX IEPEXOJHBIX
IIPOLIECCOB B MAIIIMHE.
JInneiinble mpeoOpazoBaHUs
nudhepeHIHaIbHEIX YpaBHEHHI
MEPEXOIHOTO TIpoliecca.
VYpasnenus Ilapka-I'opesa.
IepexonHsble mpowecchl B
CHHXPOHHOI MammHe 6e3 yuera
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB. Kpiouxos WLIT Onpenenenne
XapaKTepUCTUUECKOE YPaBHEHHE U p N MIOCTOSIHHBIX
Hexnenaes b.H.,
ero kopHu. [TocTosiHHBIE BpEMEHU BpEMEHH
CrapumzoB B.A. u np.
10 6 3aTyXaHHsl CBOOOIHBIX " 3aTyXaHHs GIIHII-0TTPOC
Pacuer KOpoTKuX
COCTaBJIIOIINX TOKOB. MI3MeHeHne N CBOOOIHBIX
3aMbIKaHUI H BEIOOD
TOKa sIkopst pH Tpexdasnom K3. COCTaBJISIOIIUX
3IEKTPOOOOPYJOBAHUS
BimsiHEe cHCTEMBI BO30 YK ISHUS TOKOB
Ha MepeXoHbII mpolecc.
IepexonHsble mpoLecchl MpH
TaIlleHH MarHUTHOTO TOJIS
CHHXPOHHO! MaIluHbI 1
HEYCIEIHOM ITOBTOPHOM
BryroyeHnn Ha K3.
IepexonHsble mpoiecchl B
CHUHXPOHHOH MallIHE C y4ETOM
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB.
IepexonHble npoleccsl B KOHTYpax
O'Ir)o a TIpH aEOMKH TOM oﬁMZ‘EKe Mscoenos 10.B.,
poTopa IpH p Y I'oronesa JLb. Pacuer OcobeHHocTH
sikopst. [locTosiHHBIE BpeMeHH ommu-
CHMMETPUYHBIX ¥ MIEPEeXOHBIX
3aTyXaHHs CBOOOTHBIX orpoc,
11 6,7 HECHUMMETPHUYHBIX NPOLIECCOB B
COCTaBJISIIOIIUX TOKOB KOHTYPOB N KOJJIOKBHY
. KOPOTKHX 3aMBIKaHUH ACHHXPOHHBIX
poTopa. BimsiHue Ha nepexonHblit M
o B CUCTEMAX MalHax
MPOIECC 3aMKHYTOM 0OMOTKH
JNIEKTPOCHAOKEHHS
sikopst. OCOOEHHOCTH MEePEeXOTHBIX
MIPOLIECCOB B ACHHXPOHHBIX
mammHax. [OCT u P/I o pacuety
TOKOB K.3.
Pacuer
TIePUONUECKON
COCTaBJISOIIEH
. P/l 153-34.0-20.527-
Pacuer nepuoandeckoit TOKa
N 98. PykoBonsme
COCTaBILIIOIIEH TOKa TpeX(ha3HOro Tpexdasnoro K3
N YKa3aHUs M0 pacyery o
12 7 K3 B npon3BOJIbHBII MOMEHT B IIPOU3BOJIbHBIN GIIHII-0TTPOC
TOKOB KOPOTKOI'0
BPEMEHH METOJIOM THIIOBBIX MOMEHT
3aMbIKaHUS H BEIOOPY
KPUBBIX. BPEMEHH
3IEKTPOOOOPYJOBAHUS
METOZIOM
THIIOBBIX
KPHBBIX.
Pacuer
TIePUONUECKON
Msicoenos 10.B., COCTaBIIAIOLIEH
Pacuer nepuoandeckoit I'oronesa JLb. Pacuer TOKa 3almra
COCTaBIIIIOIIEH TOKa TpeX(ha3HOro CHMMETPUYHBIX ¥ Tpexdasnoro K3 HHIUBHULY-
13 7,7 K3 B npon3BOIbHbIA MOMEHT HECHUMMETPHUYHBIX B IIPOM3BOJIBHBIH aJIbHBIX
BPEMEHHU METO/IOM CIIPSIMIICHHBIX KOPOTKHX 3aMBIKaHUH MOMEHT JIOMAIITHUX
XapaKTEePUCTUK. B CHCTEMax BpPEMEHH 3a7jaHui
JNEKTPOCHAOKCHHS METOZIOM
CIIPSIMIIEHHBIX
XapaKTEePUCTUK.
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1 2 3 5 6 7 9
acyeT TOKOB
PJI 153-34.0-20.527- P
KOPOTKOTO
Oco0EHHOCTH PacueTOB TOKOB 98. PykoBopsiiue
3aMbIKaHUS B
KOPOTKOT'O 3aMBIKaHYS B yKa3aHUs 110 pacuyeTy KOMILIEKCHOE
14 7 3JIEKTPOYCTaHOB
JNIEKTPOYCTAaHOBKAX HANPSDKEHHEM TOKOB KOPOTKOT'O Kax 3a7jaHue
10 1000 B. 3aMbIKaHUS H BEIOOPY
3IEKTPOOOOPYJOBAHUS HATpIKCHICM
10 1000 B.
VYcnoust, Ipy KOTOPBIX JOITyCTHMO
IPHMEHEHHEe MEeTOozIa
CHMMETPUYHBIX COCTABILTIOIINX
JULSL aHATIM32 HECHMMETPHIHBIX
€KHMOB B TpeX(ha3HBIX LETIX OmnpenencHue
p pexd 1 ? Kprouxos M.IT. pen
coJeprKaIliX CHHXPOHHbIE apaMeTpoB
ONeKTpOMarHUTHEIE
ManmHel. [TapameTpsr 9JIEMEHTOB T10
MIepPEXOIHBIE IIPOLIECCH KOJJIOKBHY
15 8,8 AEKTPUYECKUX MAILKH, N OTHOILEHUIO K
M
TpaHc)OpPMaTOpOB TOKaM Pa3HBIX
JNEKTPOIHEPTr eTHIECKU
(aBTOTpaHC(HOPMATOPOB), 0CJIE/10BATEb-
X CHCTeMax o
00001IIEHHBIX HATPY30K, HOCTEI1.
BO3IYIIHBIX JIMHHI
aneKTponepenad u kabeneit mo
OTHOIIICHUIO K TOKaM Pa3HBIX
IIOCIIEIOBATEIIBHOCTEH.
I'paHNYHbIE yCIOBUS H OCHOBHBIE
p y VibsHoB C.A.
COOTHOIICHUSI MEXKIY
DJeKTpOMarHUTHHIE Haxoxnenue
CHMMETPUYHBIMH COCTABIIIOIUMUA
16 8 . MEPEXOIHBIE MIPOLECCHI IPaHUYHBIX 6mmI-omnpoc
TOKOB U HaNPsDKEHUH IIpu o
B DJIEKTPUYECKUX ycioBuit
HecuMMeTpuuHBIX K3 1 06psIBax
CHCTEMaXx.
has.
BexTopHbIe THarpaMMBbl
HaIpsDKEHHI U TOKOB IPH
HECHMMETpPUSX Pa3HOro Bujia. YdeT
Hcnonb3oBanue
TPYIIIBI COSTUHEHUS
IpaBuIIa
TpaHc(OpMaTOpoB Vibsuos C.A.
9KBHUBAJICHTHOCT
(aBTOTpaHC(HOPMATOPOB) IPU ONeKTpOMarHUTHEIE L TOKa TDSIMOR
17 8,8 ONPEJEIIEHUN TOKOB B pa3HbIX MEPEXOIHBIE NPOLIECCHI p GIIHII-0TTPOC
o IIOCIIEI0BATEIIBH
BETBSIX U HAIIPSDKCHUH B B DJIEKTPUYECKUX J—
IIPOM3BOJIBHBIX TOUKAX PaCUETHOI CHCTEMaXx. P
HECHMMETPUYHEI
cxeMbl. [IpaBHIIO SKBUBAJIEHTHOCTH
o X pexuMax
TOKa HPSIMOIT II0CIIe0BATEIBHOCTH
IIPH HECUMMETPHYHBIX PEXUMAX H
€ro UCIOIb30BAHNUE
VibsHoB C.A.
. KommuiekcHble cxeMbl 3aMeleHusl. CocrapneHue
ONeKTpOMarHUTHEIE KOHTPOJIbHA
CpaBHeHHE TOKOB IIpU KOMIITEKCHBIX
18 8 TIePEeXOIHbIE TPOLIECChHI st
HecuMMmeTpuuHbIX K3 pasHoro cXeMm
B DJIEKTPUYECKUX pabora
BUJA. 3aMeIleHHs

CHUCTEMaAX.
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Jlna cneyuanvnocmu 140205

CamocrosiTenbHas
Bormpocsl, 3ansTus (HoMmepa) Hcnonb3yembie
Homep |Homep padoTa CTY/IeHTOB Dopmbl
n3yJaemble HarjsiA. 1 METOA.
HEJIEN | TEMBI MpaKTU4. KOHTPOJIA
Ha JIeKIHH nmabopart. nocoous COZIEPXK. 4acel
(CeMHH.)
1 2 3 4 5 6 7 8 9
3anaun kypca. [ToHsTHE O TEpEeX0THOM
pexxume. [IpUIHHBI BOSHHKHOBEHHS
NepexXoHbIX MporeccoB. OCHOBHBIE
p p Kprouxos W.II.,
nousTust. OcoOeHHOCTH
Hexnenaes b.H.,
9NIEKTPOMATHHTHBIX NIEPEXOJHBIX CocraBienne
CrapumHoB B.A. u np.
1 1,1 nporeccoB. CXxeMbl 3aMeleHHs " pacueTHBIX CXeM 4 GIIHII-0TTPOC
Pacuer kopoTKuX
OCHOBHBIX CHJIOBBIX 3JIeMEHTOB. CXeMBbI . 3aMeleHHs
3aMbIKaHUI H BEIOOD
3aMeIleHHs] MHOT 000MOTOYHBIX
3IEKTPOOOOPYJOBAHUS
TpaHC()OPMATOPOB H CABOCHHBIX
peaxTopoB. COCTaBIIEHUE PACUETHBIX
CX€M 3aMelleHHs
Buzbl KOpoTKHX 3aMbIKaHUi (K.3), P/l 153-34.0-20.527-98. Ha3nauenue
MPHYHUHB] X BOSHUKHOBEHHUS U PykoBopsiue ykazaHus pacuéros
5 5 nocnencTus. Hasnauenne pacuéros 1 II0 pacyeTy TOKOB MIePEeXOHBIX 5 GIHI-OMDOC
MEPEeXOHBIX MPOLECCOB H TPEOOBAHUS KOPOTKOTO 3aMBIKaHUs H|  IPOLIECCOB H tronp
k HUM. OCHOBHBIE JIOITyII[CHHS, BEIOOpPY TpeOOBaHUS K
IIpPHHIMAaeMbIe IPH pacyeTax. 9IIEKTPOOOOPY1OBAHUS HYM.
OO0mwmit NopsIoK pacyera K.3.
Hcnonb3oBaHue CHCTEMBI Msicoenos 10.B.,
Omnpenenenue
OTHOCHUTENBHBIX einHUL. CocTaBIeHHE T'oronesa JLb. Pacuer HADAMETDOB
CXEMBI 3aMEIIEeHHS CHCTEMBI 1 CHMMETPUYHBIX ¥ p p
. CXEMBI KOHTPOJIbHAS
3 2,2 ornpeseneHye e€ napaMeTpoB B HECHUMMETPHUYHBIX 4
N 3aMellCHHs B paboTta
HMMEHOBAHHBIX €MHHULAX. KOPOTKHX 3aMBIKaHUH B
OTHOCHTEIBHBIX
Onpenenenue napaMeTpoB CXeMbl CHCTEeMax -
3aMeIIEeHHs] B OTHOCHTEIBHBIX JNEKTPOCHAOKCHHS ’
€JIMHUIAX.
. . . Msicoenos 10.B.,
TpéxdasHoe k.3. B Hepa3BETBIEHHOH .
L T'oronesa JLb. Pacuer Iepexonubrit
e H, HOJKITI0UEHHOH K HCTOYHHKY
CHMMETPUYHBIX ¥ IIpoIIece NPy
CHHYCOHQJIBHOTO HATIPSDKEHUSL.
4 3 M 2 HECHUMMETPHUYHBIX TpexdazHoM 4 6mmI-omnpoc
ITepexonHblii mporecc Ipu TpexhazHoM N
KOPOTKHX 3aMBIKaHUH B KOPOTKOM
xopotkoM 3aMbikanu (K3) B enu 6e3
cucreMax 3aMbIKaHUHI
TpaHCchOpPMaTOPOB.
JJIEKTPOCHAOKEHHSI
Dduspdeckas CyIHOCTh BOSHUKHOBEHHUS
COCTaBJISIIOIINX TOKA K.3. Y JapHbIHA TOK
K.3. H YCJIOBHS €r0 BOSHHKHOBEHUS.
MeTozp! OIpeeaeHus yaapHoro
xodd¢urmenta. OcobeHHOCTH Msicoenos 10.B.,
nepexoHoro npouecca npu K3 B T'orosiesa JI.B. Pacuer OnpencIcHIe
pasBeTBIIeHHOI Henu. ITepexonHbli CUMMETPUYHBIX H pannoro
5 3,4 MpoLeCC IPU BKJIFOUEHUH B CETh HECUMMETPUYHBIX Koagf][mpuneHTa " 5 GIIHII-0TTPOC
TpaHchopMaTopa ¢ pa3OMKHYTOM KOPOTKHX 3aMbIKaHUH B
o o . YIapHOro TOKa
BTOPHYHOI 00MOTKOMH. [TepexonHblii cucreMax
nporecc npu K3 3a TpanchopmaTopom. JNIEKTPOCHAOKEHHS
OCHOBHBIE TapaMeTPbl CHHXPOHHOH
mammHbl (CM). Cxema 3aMeeHns 1
BEKTOpHAs JHarpaMMa CHHXPOHHOT'O
reHepaTopa.
Kprouxos I.I1.,
. Hexnenaes b.H.
Biusuue APB Ha ycranoBuBLIEHCS ’
. CrapumHoB B.A. u np.
6 4 pexuM K.3. Pacuér ycranoBuBerocs 3 " Bunst APB 5 GJIHII-0TTPOC
Pacuer kOpoTKuX
TOKA K.3. B CJIOKHBIX CHCTEMaXx. o
3aMbIKaHUI H BEIOOD
9IIEKTPOOOOPY1OBAHUS
IepexonHble U cBEpXIEPEXOAHbIE Kprouxos W.II., .
Pacuér 3aImra
rapaMeTpsl CHHXPOHHOI'O FeHepaTopa. Hexnenaes b.H.,
o YCTaHOBUBUIETOCs HHIUBHUY-
CxeMa 3aMelleHHs] CHHXPOHHOM CrapumHoB B.A. u np.
7 4,5 . " TOKa K.3. B 4 aJBHBIX
MalINHEl B HAYQJIBHBIH MOMEHT K.3. PacueT KOPOTKHX
. N CIIOXKHBIX JIOMAIITHUX
Pacuér HauanbHOro CBEPXIEPEXOIHOTO 3aMbIKaHUI H BEIOOD o
cucreMax. 3a7aHui
TOKA B CJIOXHBIX CHCTEMaX. 9IIEKTPOOOOPY1OBAHUS
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1 2 3 6 7 9
Pacuer HayanmbHOro 3HaYEHUS Vibesuos C.A. Pacuer HayanbHOTO
MIEPUOANYECKOI COCTAaBIIONIEl TOKa DNeKTpOMarHUTHEIE 3HAYCHHS
8 5 K3 oT cuHXpOoHHO#T ManmHbI 6e3 MepeXoIHbIE TPOLECCH |  MepHOJNIECKON GIIHII-0TTPOC
ydeTa H ¢ y4eTOM BIUSHUS B JJIEKTPUUYECKUX | COCTaBILIOIISH TOKa
JieMII(pePHBIX KOHTYPOB. cHCTEMax. K3
BinsiHEEe aCHHXPOHHBIX
JNIEKTPOABUraTeNeil i KOMIUIEKCHBIX
Harpy3ok B HadajbHbIi MOMeHT K3. P/l 153-34.0-20.527-98.
Pacuer nepuoanaeckoit PykoBozsIIHe yKa3aHUs Pacuer
9 5.6 COCTaBILIIOIIEH TOKA IIPH YIAJIEHHBIX 10 pacyeTy TOKOB MIePUOANIECK O KOHTPOJIbHASI
K3. MatemaTtnueckas Mozielb KOPOTKOT'O 3aMBIKaHHsI | COCTaBIISIONIEH TOKa paboTta
CHUHXPOHHOW MallIUHbI, OTpaXkaroas U BEIOOPY npu yanenssix K3.
OCHOBHBIE 3aKOHOMEPHOCTH 3NEKTPOOOOPYJOBAHUS
9NIEKTPOMATHHTHBIX NIEPEXOJHBIX
IIPOLIECCOB B MAIIIVHE.
JInneiinble mpeodpazoBaHus
nudhepeHIHaIbHEIX YpaBHEHHI
MIEPEeXOHOro Imporecca. Y paBHEHUS
IMapxka-I"opea.
ITepexonHbIe IPOLECCH B
CHHXPOHHOI MammHe 6e3 yuera
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB. Kprouxos W.IT., Onpenenenne
XapaKTepHCTHIECKOE YPaBHEHUE U Hexnenaes b.H., MIOCTOSIHHBIX
10 6 ero kopHU. ITocTosSHHBIE BpeMeHn CrapmmHoB B.A. u 1p. | BpemeHH 3aTyxaHus Gmr-onpoc
3aTyXaHHs CBOOOTHBIX "PacueT KOPOTKHX CBOOOIHBIX
COCTaBILIIONMX TOKOB. M3MeHeHne 3aMbIKaHUI H BEIOOD COCTaBILTIOIIHX
TOKa sIKopst IpH Tpexdasnom K3. 9IEKTPOOOOPYJOBAHUS TOKOB
BimusiHEe cHcTeMbl BO30YXK/ICHUS Ha
nepexoHbIi npouecc. Ilepexoqnsre
IIPOLIECCHI ITPY TAIIEHHH MarHUTHOTO
TOJISL CHHXPOHHOM MAIllVHBI 1
HEYCIIEIHOM [TOBTOPHOM BKIIOUCHUH
Ha K3.
ITepexonHble IPOLECCH B
CHHXPOHHOH MallIHE C yIeTOM
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB.
IepexonHble npolecchl B KOHTYpax Mscoenos 10.B.,
poTopa IpH Pa30oMKHYTOI 0OMOTKe I'oronesa JLb. Pacuer OcobeHHocTH
sikopst. [locTosiHHBIE BpeMeHH CHMMETPUYHBIX 1 MIePEeXOHBIX
GJIHL-01poc,
11 6,7 3aTyXaHHsl CBOOOIHBIX HECUMMETPUYHBIX MpOLECCOB B KOIIOKBHYM
COCTaBIIIOIIMX TOKOB KOHTYPOB KOPOTKHX 3aMBIKaHUH B ACHHXPOHHBIX
portopa. BiusiHue Ha nepexoqHsIit CHCTEeMax MalmHax
MPOIECC 3aMKHYTON OOMOTKH SIKOPSL. JNIEKTPOCHAOKEHHS
Oco0eHHOCTH IEePEeXOAHBIX
[IPOLIECCOB B ACHHXPOHHBIX MAIIHHAX.
T'OCT u PJI no pacuery TOKOB K.3.
Pacuer
PJ1 153-34.0-20.527-98.] nepuoandeckoi
Pacuer nepuognueckoit PykoBonsime yka3aHusi| COCTaBIIONIEH TOKa
12 7 cocTaBJISIIOLIIeH TOKa Tpexdaznoro K3 10 pac4eTy TOKOB Tpex(dasHoro K% B 6um-ompoc
B IIPOU3BOJIBHBI MOMEHT BPEMEHH KOPOTKOT'O 3aMBIKaHUs [  MPOU3BOJIBHBIN
METOJ[OM THIOBBIX KPUBBIX. 1 BEIOOPY MOMEHT BpeMeH!
9NEKTPOOOOPYJOBAHYS | METOIOM TUIIOBBIX
KPHBBIX.
Pacuer
Msicoenos 10.B., TIePUOINUECKON
Pacuer nepuognueckoit Toronesa JI.b. Pacuer |cocTaBistoniei Toka 3aluTa
cocTaBrironeit Toka Tpexasznoro K3 CUMMETPUYHBIX H Tpexdasnoro K3 B WHIUBH]LY-
13 7,7 B IIPOU3BOJIBHBI MOMEHT BPEMEHH HECHMMETPUIHBIX MTPOU3BOJIbHBII aJbHBIX
METOJIOM CIPSIMIIEHHBIX KOPOTKHX 3aMBIKaHUH B[ MOMEHT BpEeMEHH JIOMAIITHUX
XapaKTePUCTHK. CHCTEMax METOZIOM 3aaHuit
JNEKTPOCHAOKCHHS CIPSIMIICHHBIX
XapaKTePUCTHK.
P/ 153-34.0-20.527-98. pacder TOKOB
Oco0EHHOCTH PacueTOB TOKOB PykoBozsIIHe yKa3aHUs KOPOTKOTO
14 7 KOPOTKOT'O 3aMBIKaHS B II0 pacyeTy TOKOB 3aMBIKaHUS B KOMILIEKCHOE
IIEKTPOYCTAaHOBKAaX HAIIPSDKEHHEM J10 KOPOTKOTO 3aMBIKaHUS | 2IIEKTPOYCTaHOBKAX 3ajiaHue
1000 B. 1 BEIOOPY HaInpsHKEHUEM 10
JIEKTPOOOOPYAOBAHUS 1000 B.
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1 2 3 6 7 9
VYcnoBust, TP KOTOPBIX AOMYCTUMO
MPUMEHEHHE METO/Ia CHMMETPHYHBIX
COCTABJISOIINX JUISI aHAJTH3a
HECUMMETPHUYHBIX PEKHUMOB B OmnpenencHue
Tpex(}asHbIX LEMIX, COACPKAIINX Kproukos WN.IT. napamMeTpoB
CHHXPOHHBIE MaIlIKHEL. [lapamMeTpsl DIeKTPOMAarHUTHBIE 3JIEMEHTOB 10
15 8,8 JNEKTPUIECKUX MAIINH, TepeXo/IHbIe MPOLECCH B | OTHOLIEHUIO K TOKAM KOJITIOKBUYM
TpaHc(OpMaTOpoB JJIEKTPOIHEPreTUIECKIX pasHBIX
(aBTOTpaHC(HOpPMaATOPOB), CHCTEMax MIOCIIEI0BATEIIb-
00001IEHHBIX HATPY30K, BO3IYIIHBIX HOCTeH.
JIMHUI 3JIeKTporiepenay u kabenei
10 OTHOILICHHIO K TOKaM pa3HbIX
IIOCIIEIOBATEIILHOCTEH.
I'paHiYHbBIC YCIIOBHUS U OCHOBHBIC
p y Vibsuos C.A.
COOTHOILICHUS MEXKY
DIeKTPOMAarHUTHBIC
CHMMETPUYHBIMH COCTABJISFO MU Haxoxnenue
16 8 . TepeXo/IHbIe POLECCHl B . GJIHII-0TTPOC
TOKOB U HANPsDKEHUI pH IPaHUYHBIX YCIOBHUI
EKTPUIECKUX
HecuMMeTpuuHBIX K3 1 06psIBax
CHCTEMaXx.
(has.
BekTopHbIe AnarpaMMbl
HaNpsHKCHUN U TOKOB MPH
HECHMMETPHUSIX Pa3HOro BUjaa. Yder
Hcnons3oBanue
IPYIIbI COSTUHEHUS
MpaBuiia
TpaHchopMaTOpoB VibsioB C.A.
9KBUBAJICHTHOCTH
(aBTOTpaHC(HOPMATOPOB) IPU DIeKTPOMAarHUTHBIC TOKA IDIMOM
17 8,8 OIPE/ICIIEHUH TOKOB B Pa3HbBIX HepeXOHbIE TIPOLECCHI B p 6mmI-omnpoc
N MIOCIIEI0BATEIIBHOCTH
BETBSIX U HANPSDKSHUIT B NEKTPUIECKUX ou
MPOU3BOJIbHBIX TOYKAX PACUCTHOM CHCTEMaXx. P
HECUMMETPUIHBIX
cxeMbl. [1paBuIto 3KBHBaJICHTHOCTH
. peKUMax
TOKa TPSIMOM MOCIICA0BATEIIBHOCTH
MPU HECUMMETPUYHBIX PSKUMAX U
€ro UCIOIb30BAHNUE
Viesuos C.A.
. KoMIuiekcHbIe cXeMbl 3aMeIeHHsL. DIeKTPOMarHUTHBIE CocraBieHne KOHTDONbHAS
18 8 CpaBHEHUE TOKOB TIPH MEPEXO/IHBIC MPOLECCHI B| KOMITJIEKCHBIX CXEM apﬁo'ra
HecuMMeTpuaHbIX K3 paszHoro Buja. NEKTPUIECKUX 3aMeIleH s p
CHCTEMaXx.
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Jlna cneyuanvnocmu 140211

CamocrosiTenbHas
Bormpocsl, 3ansTus (HoMmepa) Hcnonb3yembie
[Homep | Homep padoTa CTYEHTOB Dopmbl
n3ydaemble HarJsiA. 1 METOA.
Hemem| TeMbI MpaKTU4. KOHTPOJA
Ha JIEKIHH nmabopart. nocooust COZIEPXK. 4acel
(ceMHH.)
1 2 3 4 5 6 7 8 9
3anaun kypca. [Tonsitue o
nepexofHoM pexkume. [TprauHb
BO3HHKHOBEHHS IEPEXOTHBIX
nporeccoB. OCHOBHBIE MTOHSATHS. Kprouxos WN.II.,
OCOOEHHOCTH 3JIEKTPOMArHUTHBIX Hexnenaes b.H.,
CocraBieHne
NePEXOIHBIX NporeccoB. CXeMbl CrapumzoB B.A. u np.
1 1,1 " pacueTHBIX CXeM 4 GIIHII-0TTPOC
3aMEIIEeHHs] OCHOBHBIX CHIIOBBIX PacueT KOPOTKHX saMeIeHs
J1eMeHTOB. CXeMbl 3aMEIleHUs 3aMbIKaHUI H BEIOOD
MHOT00OMOTOYHBIX 3IEKTPOOOOPYJOBAHUS
TpaHC()OPMATOPOB H CABOCHHBIX
peakTopoB. COCTaBIICHUE PACUETHBIX
CXeM 3aMelleHHs
Bus! kopoTKHX 3aMbIKaHUiT (K.3
P (:3), PJ1153-34.0-20.527-98. |  Hasmauenne
MPHYHUHB] X BOSHUKHOBEHHUS U .
. PykoBonsiue ykazaHus pacuéros
nocnencTus. Hasnauenne pacuéron
10 pacyeTy TOKOB MIePEeXOHBIX
2 2 TIEPEXOJIHBIX MPOLIECCOB U 1 4 6rmI-ompoc
KOPOTKOT'O 3aMBIKaHUs H MPOLECCOB U
TpeGoBaHust K HUM. OCHOBHBIE
BEIOOpPY TpeOOBaHUS K
JIOITyIIIeHHUs, TPUHAMAEMBIE TIPU
3IEKTPOOOOPY1OBAHUS HUM.
pacuerax.
OO0mwmit NopsIoK pacyera K.3.
Hcnons30BaHne CUCTEMBI Msicoenos 10.B.,
OTHOCHTEIIbHBIX €IMHUII. T'orosiea JI.B. Pacuer Omnpenenenue
CocraBieHHE CXEMBbI 3aMEILEHUS CHMMETPUYHBIX ¥ apaMeTpoB KOHTDONbHAS
3 2,2 CHCTEMBI U OINpesieIeHne € HECHUMMETPHUYHBIX cXeMbl 3amelieHus | 3 ap60Ta
IapaMeTpoB B UMEHOBAHHBIX KOPOTKHX 3aMbIKaHHUi B | B OTHOCUTEIBHBIX p
enuHuLax. OnpeneneHue cucreMax €IMHUIIAX.
IIapaMeTPOB CXEMBI 3aMEICHHS B JNEKTPOCHAOKCHHS
OTHOCHTEIBHBIX IMHHUNAX.
. . . Msicoenos 10.B.,
TpéxdasHoe K.3. B Hepa3BETBIEHHOH .
L I'oronesa JLb. Pacuer IepexonHblit
e H, HOJKITI0UEHHOH K HCTOUHHKY
CHMMETPUYHBIX ¥ Tpolece mnpu
CHHYCOHJQJIBHOTO HATIPSDKEHUSL.
4 3 M 2 HECHUMMETPHUYHBIX TpexdazHoM 4 6mmI-omnpoc
INepexomHblii mporecc npu .
KOPOTKHX 3aMBIKaHUH B KOPOTKOM
Tpex$a3HOM KOPOTKOM 3aMBIKAHHU
cucreMax 3aMbIKaHUHI
(K3) B uenu 6e3 TpancopMaTopoB.
JJIEKTPOCHAOKEHHSI
dusmpyeckas CymHOCTb
BO3HHKHOBEHHUS COCTaBIIIOIINX TOKA
K.3. YIapHbIi TOK K.3. ¥ YCIIOBHS €TO
BO3HHKHOBEHHUS. MeToxb!
OIIpEIENIEHNs] YIaPHOTO
xodd¢urmenta. OcobeHHOCTH Msicoenos 10.B.,
nepexoHoro npouecca npu K3 B T'orosiea JI.B. Pacuer Onpenenere
pasBeTBIeHHON Ieny. [TepexoqHbrit CHMMETPUYHBIX 1 E[a Horo
5 3,4 IIPOLECC NPU BKJIFOYEHUH B CETh HECUMMETPUYHBIX KOB% d)HpLIPIeHTa " 4 6mmI-omnpoc
TpaHchopMaTopa ¢ pa3OMKHYTOM KOPOTKHX 3aMbIKaHUH B JAPHOTO TOKa
BTOPHYHOI 00MOTKOH. [TepexonHblii cucrTemMax ynap
npouecc npu K3 3a JNIEKTPOCHAOKEHHS
TpaHc(hopMaToOpoM.
OCHOBHBIE TapaMeTPbl CHHXPOHHOH
mammHbl (CM). Cxema 3aMeleHns 1
BEKTOpHAs JHarpaMMa CHHXPOHHOT'O
reHepaTopa.
Kprouxos I.I1.,
Bnusinue APB Ha ycTanoBuBIIEHCS Hexnenaes b.H.,
€KUM K.3. Pacuér CrapmmsoB B.A. u ap.
6 4 p 3 " P P Buner APB 3 GIIHII-0TTPOC
YCTaHOBUBIIErocs TOKa K.3. B PacueT KOPOTKHX
CIIOXKHBIX CHCTEMaXx. 3aMbIKaHUI H BEIOOD
9IIEKTPOOOOPY1OBAHUS
ITepexomHbIe H CBEPXIIEPEXOIHEIE
pna HaMeT bl cm[;x ognorg Kpiouxos UL, Pacuér 3almra
TeHe [;TO apreMa EaMeLueHm Hetenacs b.H., CTaHOBUBILIErOCS WH, II-/II-IBI/I
patopa. . Crapumaos B.A. u np. ¥ AMBHILY
7 4,5 | CHHXpOHHOU MaINHEI B HAYaIbHBII " TOKA K.3. B 4 ATBHBIX
. PacueT KOPOTKHX
MOMEHT K.3. Pacuér HauansHoro o CIIOXKHBIX JIOMAIITHUX
3aMbIKaHUI H BEIOOD .
CBEPXIIEPEXOTHOTO TOKA B CIIOKHBIX cucreMax. 3a7jaHui
3NEKTPOOOOPYJOBAHUS
crcTeMax.
8 5 Pacuer HayanmbHOro 3HaYEHUS 4 Vibesuos C.A. Pacuer 4 GIIHII-0TTPOC
MIEPUONUECKON COCTaBIISIOIIEN TOKA DNeKTpOMarHUTHEIE Ha4YaJIbHOr O
K3 oT cHHXpOHHOI MaIHHBI 6e3 HepeXOHbIe TIPOLECCH B 3HAYCHHS
ydeTa H ¢ y4eTOM BIUSHUS INMEKTPHIECKHX MIePUOANIECK O
JIeMI(epHBIX KOHTYPOB. cucTemMax. cocTaBJISIO e N
Toka K3
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1 2 3 5 6 7 9
BuusiHEE aCHHXPOHHBIX
JNEKTpOABUraTeneil u
KOMIUIEKCHBIX Harpy30K B
HauaybHbIl MoMeHT K3. Pacuer P/l 153-34.0-20.527- Pacuer
MEPUONUECKON COCTaBIISIOILEH 98. PykoBopsiiue .
MePUOANIECK O
TOKa HpH yHaneHHbIX K3. YKa3aHUs 110 pacuyeTy . KOHTPOJIbHAsS
9 5,6 COCTaBIIAIOLIEH
MatemaTiueckast MOJElb TOKOB KOPOTKOT'O roKa 1MDH pabora
CHHXPOHHO MaIINHEL, 3aMbIKaHUS ¥ BEIOOPY p
ynanenusix K3.
OTpaXkaloIIasi OCHOBHBIE 3IEKTPOOOOPYJOBAHUS
3aKOHOMEPHOCTU
9NIEKTPOMATHHTHBIX IEPEXOJHBIX
IIPOIIECCOB B MAIIIHE.
JInneiinble mpeodpa3oBaHus
nudhepeHIHaIBHEIX YpaBHEHHI
MEPEXOIHOTO TIpoliecca.
VYpasnenus Ilapka-I'opesa.
ITepexonHble IpoOLECCH B
CHHXPOHHOI MammHe 6e3 yuera
BIIUSIHUS 1eMII()EPHBIX KOHTYPOB. Kpiouxos WIT Onpenenenne
XapaKTepHCTHIECKOE YPaBHEHUE U p N MIOCTOSIHHBIX
Hexnenaes b.H.,
ero kopHU. ITocTosSHHBIC BpeMeHn BpEMEHH
CrapumzoB B.A. u np.
10 6 3aTyXaHHsl CBOOOJIHBIX " 3aTyXaHHs GIIHII-0TTPOC
Pacuer KOpoTKUX
COCTaBILIIONMX TOKOB. M3MeHeHne o cBOOOIHBIX
3aMbIKaHUH H BEIOOD
TOKa SIKOpst pu TpexdazHom K3. COCTaBJISIOLIUX
3IEKTPOOOOPYJOBAHUS
BusiHEe crcTeMbl BO30YXK/ICHHS Ha TOKOB
MIePEXOIHBII mpolece.
ITepexomHble MPOLECCH IPH
TaIleHHy MarHUTHOTO MOJIS
CHHXPOHHO! MaIuHbI 1
HEYCIIEIIHOM OBTOPHOM
BKJIOYeHHH Ha K3.
ITepexonHble POLECCH B
CHHXPOHHOH MalIHE C yIeTOM
BIIUSIHUS JeMII()EPHBIX KOHTYPOB.
INepexomHble MPOIECCHl B KOHTYPax
O'Ir)o a TIpH aEOMKH TOM oﬁMZ‘EKe Mscoenos 0.B.,
poTopa IpH p Y I'oronesa JLb. Pacuer OcobeHHocTi
sikopst. [TlocTosiHHBIE BpeMeHH
CHMMETPUYHBIX ¥ MIEPEeXOHBIX
3aTyXaHHs CBOOOTHBIX 6mmi-ompoc,
11 6,7 HECHUMMETPHUYHBIX NPOLIECCOB B
COCTaBIIIIOIIMX TOKOB KOHTYPOB N KOJUIOKBHYM
o KOPOTKHX 3aMBIKaHUH ACHHXPOHHBIX
portopa. BiusiHue Ha nepexoqHsIit
o B CHCTEMax MalmHax
MPOIECC 3aMKHYTON 0OMOTKH
JNIEKTPOCHAOKEHHSI
sikopst. OCOOEHHOCTH MEePEeXOTHBIX
IIPOLIECCOB B ACHHXPOHHBIX
mammHax. [OCT u P/] o pacuety
TOKOB K.3.
Pacuer
TIePUONUECKON
COCTaBJISOIIEH
o P/l 153-34.0-20.527-
Pacuer nepuoandeckoit TOKa
N 98. PykoBonsme
COCTaBIIIIOIIEH TOKa TpeX(Ha3HOro Tpexdasnoro K3
N yKa3aHUs 110 pacuyeTy o
12 7 K3 B npon3BOoJIbHBII MOMEHT B NIPOU3BOJIbHBIN GIIHII-0TTPOC
TOKOB KOPOTKOT'O
BPEMEHH METOJ{OM THIIOBBIX MOMEHT
3aMbIKaHUS ¥ BEIOOPY
KPUBBIX. BpEMEHH
3IEKTPOOOOPYJOBAHUS
METOJIOM
THIIOBBIX
KPUBBIX.
Pacuer
TIePUONUECKON
Msicoenos 10.B., COCTAaBJISOIICH
Pacuer nepuoandeckoit I'oronesa JLb. Pacuer TOKa 3almra
COCTaBIIIIOIIEH TOKa Tpex(ha3HOro CUMMETPUYHBIX 1 Tpexdasnoro K3 HHIUBUIY-
13 7,7 K3 B npon3BOILHEIH MOMEHT HECHMMETPUYHBIX B TIPOU3BOJILHBII aJIbHBIX
BPEMEHHU METO/IOM CIIPSIMIICHHBIX KOPOTKHX 3aMBIKaHUH MOMEHT JIOMAIIHUX
XapaKTePUCTHK. B CHCTEMaxX BPEMEHH 3ajaHuit
JNIEKTPOCHAOKEHHS METO/IOM
CIIPSIMIIEHHBIX
XapaKTePUCTHK.
acyeT TOKOB
PJI 153-34.0-20.527- P
KOPOTKOTO
Oco0EHHOCTH PacueTOB TOKOB 98. PykoBopsiiue
3aMbIKaHUS B
KOPOTKOT'O 3aMBIKaHVIS B yKa3aHUs 110 pacuyeTy KOMILIEKCHOE
14 7 3JIEKTPOYCTaHOB
JNIEKTPOYCTAaHOBKAX HANPSDKEHHEM TOKOB KOPOTKOT'O Kax 3a7jaHue
10 1000 B. 3aMbIKaHUS H BEIOOPY
3NEKTPOOOOPYJOBAHUS HATIPIKCHICM
10 1000 B.
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VYcnoust, Ipy KOTOPBIX JOITyCTHMO
MPUMEHEHHE METO/Ia CHMMETPHYHBIX
COCTaBILIIOIIMX JUIS aHAIH3a
HECUMMETPHUYHBIX PEKHUMOB B OmnpenencHue
Tpex(a3HbIX LEMsIX, COLEePKAIIIX Kproukos I.I1. apaMeTpoB
CHHXPOHHBIE MaIlIMHEL. [lapamMeTpsl DIeKTPOMAarHUTHBIE 9JIEMEHTOB T10
15 8,8 INEKTPUIECKUX MAIINH, TepeXo/IHbIe POLECCHl B OTHOIIIEHHUIO K KOJITIOKBUYM
TpaHc()OpMaTOpOB JNEKTPOIHEPr eTHIECKUX TOKaM Pa3HBIX
(aBroTpanc(hopMaTOpoB), 000OIIEHHBIX crcTeMax MOCJIE/IOBATEb-
Harpy30K, BO3IYIIHBIX JIUHUA HOCTeH.
aneKTponepenad u kabeneit mo
OTHOIIICHUIO K TOKaM Pa3HBIX
II0CIIEI0BATEIILHOCTEH.
I'paHiYHbBIC YCIIOBHUS U OCHOBHBIC
p y VibsioB C.A.
COOTHOILICHUS MEKAY CHUMMETPUIHBIMH HaxoxneHue
o ONeKTpOMarHUTHbIE
16 8 COCTaBILIIOIMMH TOKOB H HAIPSHKECHUIT TPaHUYHBIX GJIHI-0TTPOC
HepeXOHbIE IIPOLECCHI B o
rpu HecuMMeTpudHbIX K3 1 06pbiBax ycioBuit
bas INEKTPHIECKHUX CHCTEMAX.
BekTopHbIe AMarpaMMbl HAMPSHKEHUN 1
TOKOB ITPY HECHMMETPUSIX Pa3HOT0
BUJa. YUET IPYIIIBI COSTHHEHHS Hcnonb3oBaHue
TpaHc(hOpMaTOpOB IpaBuIIa
(aBToTpaHc(hOpMaTOpPOB) MpU Vibesuos C.A. SKBUBAJIEHTHOCT
17 3.8 OIpE/IETIEHNH TOKOB B Pa3HBIX BETBSIX U OJeKTpOMarHUTHEIE U TOKa TPSIMOM GIHI-OMDOC
? HaNpsHKCHUH B TPOU3BOJIBHBIX TOYKAX HepeXOHbIE TIPOLECCHI B IIOCIIEeI0BATEINIBH f-orp
pacueTHOIt cxemsl. [IpaBuio JNEKTPHIECKHUX CHCTEMAX. OCTH IIPH
SKBUBAJICHTHOCTH TOKa MPSIMOM HECUMM ETPUYHBI
MIOCIIEI0BATEILHOCTH PH X PeKUMAX
HECUMMETPUYHBIX PEKUMAX U €ro
HCHOJIb30BAHHE
VibsHoB C.A. CocraBienne
. KommuiexcHble cxeMbl 3aMeleHusl.
DIeKTPOMarHUTHBIE KOMIUICKCHBIX KOHTPOJIbHAS
18 8 CpaBHEHHE TOKOB IPH
HepeXOHBIE IIPOLECCHI B cxeM pabora
HecuMMeTpuuHbIX K3 paszHoro Buza.
JIIEKTPHIECKHUX CHCTEMAX. 3aMeIeHHs
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Jna cneyuanvnocmu 140203

B CamocrosTesnbHast
Howmep | Homep OIPOCHI, 3ansTus (HoMmepa) Hcnonb3yembie AG0TA CTYICHTOB DopMEL
H3ydaeMble HarJsiyl. U METOJ. P A p
[HCHCITH | TEMBI Ha JIeKIHH TPAKTH. ltaGopat ocooust coziepx Yyackl KOHTpOTA
(CeMHH.) ) )
1 2 3 4 5 6 7 8 9
3anaun kypca. [Tonsitue o
MEPEX0THOM pexuMe. [IpHIrHBI
BO3HUKHOBEHHSI IEPEXOAHBIX
npoueccoB. OCHOBHBIE MTOHSATHS. Kprouxos W.IT.,
OC0OEHHOCTH HIIEKTPOMATHUTHBIX Hexnenaes b.H., CocraBieHue
1 1.1 MepeXoIHBIX nporeccoB. CXeMbl CT'flpIJ_II/IHOB B.A. u np. pacueTHbIX 6mu-onpoc
3aMeIIeHHsI OCHOBHBIX CHIJIOBBIX Pacuer KOpoTKHX cxeMm
a5eMeHTOB. CXeMbl 3aMeIIeH st 3aMBIKaHU# U BBEIOOD 3aMelIeH st
MHOT0OOMOTOYHBIX JNIEKTPOOOOPYAOBAHUS
TpaHCHOPMATOPOB U CABOCHHBIX
peaktopoB. CocTaBieHue
pacyeTHBIX CXEeM 3aMeleHHs
Buzbl KOpoTKHX 3aMbIKaHui (K.3), P/ 153-34.0-20.527-98 Hasnauenue
npg:gj‘l‘;c?;;;g;jig;):::;: " PyxoBonsmme ykazanus pacuéroB
2 2 pac4€roB MepexoaHbIX MPOIECCOB 1 110 pacuery Tokos TICPEXOMHBIX GIIHII-0TTPOC
1 TpeGoBaHMs K Hitm. OCHOBHBIS KOPOTKOTO L‘éaMLIKaHI/Iﬂ np%ueccos u
pacuerax.
OO0mwmit NopsIoK pacyera K.3.
Hcnosib30BaHME CHCTEMBI Msicoenos 10.B.,
OTHOCHUTEJIBHBIX €UHMUII. T'orosiesa JI.B. Pacuer Onpenenenne
CocraBiieHne cXeMbl 3aMeeH s CHMMETPUYHBIX 1 11apameTpos KOHTpOJIbHA
3 2,2 CHCTEMBI U oIpesiesieHue eé HECHUMMETPHYHBIX 3aMZ);j:;IIﬂ s 2 s
napaMeTpoB B IMEHOBAHHBIX KOPOTKHX 3aMbIKaHUH B pabota
enuHunax. OnpeneneHue cucremMax OTHOCHTCIIBHBIX
rapaMeTpoB CXEMBI 3aMEIeHHUs B JNIEKTPOCHAOKEHHS CIUTHHIAX.
OTHOCHTEJIbHBIX CIMHHIIAX.
Tpéxdasnoe k.3. B Msicoenos 10.B.,
Hepa3BeTBJIEHHOH LIemH, Toronesa JI.b. Pacuer Ilepexonnsrit
MOAKIFOYEHHON K HCTOYHUKY CHMMETPUYHBIX 1 Tporecc npu
4 3 CHHYCOUIAJIBHOTO HATIPSDKEHUS. 2 HECUMMETPHYHBIX TpexdazHoM GIIHII-0TTPOC
IIepexoxaHslii porecc mpu KOPOTKHX 3aMbIKaHHUIl B KOPOTKOM
Tpex(}azHOM KOPOTKOM 3aMBbIKaHUU cucremMax 3aMBIKAHUH
(K3) B ienu 6e3 TpancdopmMaTopoB. JIEKTPOCHAOKEHHSI
®dusnueckas CynHoOCTb
BO3HHKHOBEHHSI COCTABJISIOLINX
TOKa K.3. YJapHBIH TOK K.3. U
YCIJIOBHSI €r0 BOZHUKHOBEHHSL.
MerTopb! onpeeneHus y1apHoro
ko3 durpenta. OcodbeHHOCTH Msicoenos [O.B
.B.,
nepexonHorounpouecca npu K3 Bv T'orosiea JI.B. Pacuer Omnpenenenue
pa3BeTBIeHHOM 11enu. [lepexoaHblit CHMMETPUUHBIX 1 yAapHOTO
5 3,4 THI:I){L(I:?;(: IKEI-I[::K;}:‘{:I;;ISKZC:Z; HECUMMETPHYHBIX ko3 (duipeHTa GJIHII-0TTPOC
p BTOEW{HO[;,I o 65[0“(0]“4. ¥ KOPOTKHX 3aMbIKaHHUil B U YAapHOTO
ITepexonnsrii npouecc npu K3 3a cneremax Toka
TpaHChOPMATOpOM. JNIEKTPOCHAOKEHHSI
OCHOBHBIE ITapaMeTpbl
CHUHXPOHHOH MammHb! (CM).
Cxema 3aMeleHNs] U BEKTOpHast
JiparpaMMa CHHXpPOHHOTO
reHepaTopa.
Kprouxos I.I1.,
Bnusinue APB Ha ycTanoBuBIIeHCs Hexknenaes b.H.,
6 4 pexuMm k.3. Pacuér 3 CT'flpIJ_II/IHOB B.A. u np. Bue: APB 6mun-onpoc
YCTaHOBMBIIETOCS TOKA K.3. B Pacuer KOpoTKHX
CIIOKHBIX CHCTEMax. 3aMBIKaHU# U BBEIOOD
9IIEKTPOOOOPY1OBAHUS
IlepexonHble U CBEPXIIEPEXOHbBIE Kpiouxos VLIT
napameTpsl CHHXPOHHOT'O Hexnenacs B.Hj Pacuér 3alurTa
reHeparopa. Cxema 3aMelleHHs Crapmnos B.A H7Ilp YCTaHOBUBIIETO UHJIUBUNY-
7 4,5 CHHXPOHHOH MaIINHBI B "Pacuer Ko 'OT'KHX : csl TOKa K.3. B 2 AIBHBIX
HavaJIbHBIH MOMEHT K.3. Pacuér saMBIKaR EI BLI60p CIIOKHBIX JIOMAIITHUX
HA4aJIbHOT'O CBEPXIIEPEXOAHOTO cucTemMax. 3aJlaHui

TOKa B CJIOXKHBIX CUCTEMAX.

3IEKTPOOOOPYJOBAHUS
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Pacuer
Pacuer HayanmbHOrO 3HaYEHUS Vibsuos C.A.
. . Ha4yaJIbHOr 0
MePUOANYECKOH COCTaBIIONIEi DIeKTPOMAarHUTHBIC P
8 5 Toka K3 0T CHHXpOHHON MaIIMHbI TIEPEXO/IHBIE TPOLIECCHI —— 6mmI-omnpoc
6e3 ydeTa U ¢ y4eTOM BIIHSHUS B 3JICKTPUYCCKHUX p .
neMI(epHBIX KOHTYPOB CHCTEMax COCTABIIIOMICH
) ) Toka K3
BinsiHEEe aCHHXPOHHBIX
JNEKTPOABUTraTeneil u
KOMIIIEKCHBIX Harpy30K B
HavanbHbIH MoMeHT K3. Pacuer P/l 153-34.0-20.527-98. Pacuer
MePUOMUECKON COCTABIISIOIIEH PyxoBonsime ykazanus .
MePUOAUIECK O KOHTpOJIbHA
TOKa IpH yaaneHHbIX K3. 10 PacyeTy TOKOB o
9 5,6 COCTaBIIAIOLIEH s
MatemaTiueckast MOJElb KOPOTKOTO 3aMBIKaHUsI
= TOKa TIpH pabota
CHHXPOHHOW MaIlHBbI, U BEIOOPY
ynanenusix K3.
OTpa)karollasi OCHOBHbIE 3IEKTPOOOOPY1OBAHUS
3aKOHOMEPHOCTH
3JIEKTPOMATHUTHBIX TIEPEXOTHBIX
IIPOLIECCOB B MAILIMHE.
JInneiinble mpeoOpazoBaHus
nudhepeHIHaIbHEIX YpaBHEHHI
MEPEXOIHOTO Ipoliecca.
VYpasnenus Ilapka-I'opesa.
ITepexonHble IPOLECCH B
CHHXPOHHOI MammHe 6e3 yuera
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB. Kpiouxos WLIT Onpenenenne
XapaKkTepucTHIecKoe ypaBHEHHE 1 p —_— TOCTOSIHHBIX
Hexnenaes b.H.,
ero kopHU. ITocTosSHHBIE BpeMeHn BpEMEHH
CrapumzoB B.A. u np.
10 6 3aTyXaHHsl CBOOOIHBIX " 3aTyXaHHs GJIHII-0TTPOC
Pacuer KOpoTKUX
COCTaBIIIOIMX TOKOB. 3MeHeHne N CBOOOIHBIX
3aMbIKaHUH H BEIOOD
TOKa sIKopst pH Tpexdasnom K3. COCTaBITIOIIHUX
3IEKTPOOOOPYJOBAHUS
BimsiHEe cHCTEMBI BO30yXKICHUS TOKOB
Ha MepeXoHBII mpolecc.
ITepexomHble MPOLECCHI IPH
TaIlleHHd MarHUTHOTO TOJIS
CHHXPOHHOW MalIuHBI 1
HEYCIIEIIHOM OBTOPHOM
BruroyeHun Ha K3.
ITepexonHble POLECCH B
CHHXPOHHOH MaIlIHE C yIeTOM
BIMSIHUS 1eMIT(EPHBIX KOHTYPOB.
ITepexonHble MPOLECCHl B KOHTYPax
pofopa pH paEOMKHyTOﬁ oﬁMZ‘FKe Mscoenos 10.B,,
T'oronesa JLb. Pacuer OcobeHHoCTH
sikopst. [TocTosiHHBIE BpeMeHH
CHMMETPUYHBIX 1 MEPEXOTHBIX
3aTyXaHHsS CBOOOTHBIX 6mmi-ompoc,
11 6,7 HECUMMETPHYHBIX MPOIIECCOB B
COCTaBIIIOIIMX TOKOB KOHTYPOB N KOJUIOKBHYM
. KOPOTKHX 3aMBIKaHUH B ACHHXPOHHBIX
portopa. BiusiHue Ha nepexoqHbIit
. cucreMax MalmHax
MPOIECC 3aMKHYTOM 0OMOTKH
JNIEKTPOCHAOKEHHS
sikopst. OCOOEHHOCTH MEePEeXOTHBIX
IIPOLIECCOB B ACHHXPOHHBIX
mammHax. [OCT u P/] o pacuety
TOKOB K.3.
Pacuer
TIePUONUECKON
N PJ1 153-34.0-20.527-98. Do "
Pacuer nepuoanueckoit COCTaBJISOIIEH
N PykoBopsiue ykazaHus
COCTaBIIIIOIIEH TOKa TpeX(ha3HOro ToKa Tpexda3Horo
o 10 pacyeTy TOKOB
12 7 K3 B 1pon3BONbHbIA MOMEHT K38 6mmI-omnpoc
KOPOTKOTO 3aMBIKaHUsI N
BPEMEHH METOJ{OM THIOBBIX T BEIGO MTPOU3BOJIbHBII
KPHBBIX. py MOMEHT BpEeMEHU
3NEKTPOOOOPYJOBAHUS
METOZIOM
TUIIOBBIX KPHBBIX.
Pacuer
TIePUONUECKON
Msicoenos 10.B., pHoA .
. COCTaBIIIOIIEH
Pacuer nepuognueckoit T'orosiea JI.B. Pacuer 3aIuTa
N TOKa Tpex(azHoro
COCTaBIIIIOIIEH TOKa TpeX(ha3HOro CHMMETPUYHBIX 1 K3 HHUBHUY-
13 7,7 K3 B npon3BONbHbIA MOMEHT HECHUMMETPHUYHBIX . aJIbHBIX
. MTPOU3BOJIbHBII
BPEMEHHU METO/IOM CIIPSIMIICHHBIX KOPOTKHX 3aMbIKaHHUIl B JIOMAIITHUX
MOMEHT BpeMeH! N
XapaKTePUCTHK. CHCTEeMax 3ajaHuit
METOZIOM
JNIEKTPOCHAOKEHHS
CIPSIMIICHHBIX
XapaKTePUCTHK.
P/ 153-34.0-20.527-98. pacder TOKOB
Oco0EHHOCTH PacueTOB TOKOB PykoBopsiue ykazaHus KOPOTKOTO
14 7 KOPOTKOT'O 3aMBIKaHVIS B 0 pacyery TOKOB 3aMBIKaHUS B KOMILIEKCHOE
JNEKTPOYCTAaHOBKAX HANPSDKEHHEM KOPOTKOTO 3aMBIKaHUsI JNEKTPOYCTAaHOBK 3a7jaHue
10 1000 B. 1 BEIOOPY ax HalpsHKeHUEeM
JIEKTPOOOOPYAOBAHUS 10 1000 B.
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1 2 3 6 7 9
VYcoBust, TP KOTOPBIX AOMYCTUMO
NIPUMEHEHNE METOoa
CHMMETPUYHBIX COCTABJISFOIIMX
JUTSL aHAIM33 HECHMM ETPUYHBIX
©KUMOB B TPEX(Pa3HBIX LETISX. Omnpenenenue
p pexd ? Kprouxos M.II. pen
COZIepKALINX CHHXPOHHBIE rnapaMeTpoB
DIeKTPOMAarHUTHBIE
ManmHsl. [TapameTpbt JJIEMEHTOB 10
TIePEeXO0IHbIE TPOLECChHI
15 8,8 JIEKTPUYECKUX MAIIHH, N OTHOLIEHHIO K KOJUIOKBUYM
TpaHcHOpMaTOpOB TOKaM Pa3HBIX
JJIEKTPOdH P eTUIECKU
(aBroTpanchopMaTOpoB), T0CJIeJ0BaTEINb-
X cUCTeMax N
0000 1IEHHBIX HATPY30K, HOCTEHI.
BO3JIYLIHBIX JIHHUI
JJIeKTponepenay u kadeneit no
OTHOILICHHUIO K TOKaM Pa3HBIX
110CJIeJOBATEIILHOCTEH.
I'paHiYHbBIC YCIIOBUS U OCHOBHBIC
p y Vibesuos C.A.
COOTHOILICHUS MEXKTY
DIeKTPOMarHUTHBIE
CHMMETPUYHBIMH COCTABJISFOIIMHU Haxoxnenune
16 8 . TepEeXOIHbIE TPOLIECChI . GJIHII-0TTPOC
TOKOB U HANPSDKEHUI pH IPaHUYHBIX YCIOBHUI
B 3JICKTPUYECKHUX
HecuMMeTpuuHBIX K3 1 06psIBax
cucTemMax.
(has.
BekTopHbIe AnarpaMMbl
HaNpsHKCHUH U TOKOB MPH
HECHUMMETPHSIX pa3HOro BUjaa. Yder
Hcnons3oBanue
IPYIIbI COSTUHEHUS
npaBuiia
TpaHchopMaTOpoB Vibesuos C.A.
9KBUBAJICHTHOCTH
(aBTroTpanc(hopMaTOpOB) MpU DIeKTPOMAarHUTHBIE TOKa HPSMOI
17 8,8 OIPEJEIEHUN TOKOB B pa3HbIX MEPEXOIHBIE NPOLIECCHI p GIIHII-0TTPOC
o 0CIIeI0BATEIEHOCT
BETBSIX U HANPSDKEHUIT B B 3JICKTPUYECKHUX —
MPOU3BOJIbHBIX TOYKAX PACUCTHOM cucTemMax. p
HECUMMETPUYHBIX
cxeMbl. [1paBuIto 3KBUBaJICHTHOCTH
N peXUMax
TOKa TPSIMOM MOCIISA0BATEIIbHOCTH
MPU HECUMMETPUYHBIX PSKUMAX U
€ro HCIOJIb30BaHUE
Vibsuos C.A.
. KommniekcHble cXeMbl 3aMeIIeHHs..
DIeKTPOMAarHUTHBIE Cocrasienue KOHTpOJIbHA
CpaBHEHHE TOKOB IPH
18 8 TIePEeXO0JIHbIE TPOLIECChHI KOMIIJIEKCHBIX CXE€M s
HecuMMmeTpruHbIX K3 pa3zHoro
B 3JICKTPUY ECKHUX 3aMeIIeH st paboTta

BHIA.

CHUCTEMaAX.
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2.6. 3agaHus 1)1l CAMOCTOAATEJIbHOM PadOThI CTYACHTOB

B mpouecce u3ydeHus] TUCHUIUIMHBI (TIOCJIE Ka)JI0T0 MPAKTHUECKOTO 3aHATHS) CTYIEHTHI
MOCJIEZI0BATEIbHO Pa3padaThIBAIOT MPEITIOKEHHBIE B 3aJaHUU BOIIPOCH! U 3AIIUIIAIOT UX COTIACHO
rpaduKy, yKa3aHHOMY B y4eOHO-METOJMUECKON (TEXHOIOTHYECKON) KapTe TUCIIUILIHHEIL.

Ha mnocnegHeM mpakTU4YECKOM 3aHATUM CTYAEHTHI 3alUINAIOT KOMILJIEKCHOE 3aJlaHue
LIETMKOM, C €r0 aHAJIM30M M OLIEHKOM NMPUHATHIX MHKEHEPHBIX PEIICHUN.

Bce 3anmaun, BKIIOUEHHBIE B 3aJjaHMs], JaHbl B HECKOJIbKMX BapHaHTaxX, MO3TOMY KaxIbli
CTYZICHT TOJIydaeT Mudp WHANBHUIYAILHOTO 3a/IaHHsI, BbIIABAEMBIH PYKOBOJAUTEIIEM.

3agaHue Ha KOHTPOJIbHYIO padory Ne 1.
3amaua Ne 1.  Cxema, mpencTaBiieHHas Ha puc. 1. comepuT 5 crymeHedl TpaHchopMaiu,
B3aMHO CBSI3aHHBIX IATHIO TpaHCHOpPMATOpaMHU.
Tpebyercs:
a) COCTaBUTb CXCMY 3aMCHICHHUA, BbBIPAa3uB €€ BJEeMEHThl B OTHOCHUTCIBHBIX M HMEHOBAaHHBIX
CANHUIax ¢ TOYHbIM U HpI/I6JII/I)KéHHBIM MPUBCACHUCM 3JICMCHTOB CXCMbI 3aMCIICHH A,
0) mpeoOpazoBaTh CXeMY 3aMEIICHUs OTHOCUTEIBHO 33JaHHON TOYKH KOPOTKOTO 3aMBIKAHUS;

B) OINPENEINTh HayadbHbIN CBEpXIEPEX0oAHbIN TOK npH TpéxdasnoMm K3 B Touke K, ;

') OLIEHUTH MOTPEUTHOCTh pacuéra ( B MPOIEHTAX ) MPH MPHOMMKEHHOM MPHUBEICHUH JIEMEHTOB
CXEMBI 3aMeIIeHNs, CPABHHB PE3YyIbTAThl pacyéra ¢ pe3yabTaTaMu TOYHOTO IPUBEICHHS.
VicxonHble JaHHBIE TPUBECHBI B TAOIHUIIE.
[Ipumeuanus.
1. Pacuérel mo myHKTam 0, B, T, 10 33JaHUIO0 PYKOBOJAWTEIS BBITIOJHUTH B MMEHOBAHHBIX WU B
OTHOCHTEIIbHBIX €TUHHIIAX.
2. CucreMa xapakTepHu3yeTcsi Kak HCTOYHUK OECKOHEUHOW MOIITHOCTH.
3. Jlna nuHmii Beex HampsbkeHu npuHuMars X, = 0.4 OM/ kM.

4. lns TpanchopmaropoB 14 mpunHuMath: npu BeicuieM Hanpsbkenuu (BH) 330 kB U, = 13,5%,
npu BH230xB U, = 12%, npun BH 115 kB U,=10,5%, npu BH 37 kB U, = 9%%.

Tabmuma 1
Bapuant|Tou- JIunun I'enepaTopshl
Ka 0 1xm | 0 2xm | £ 3xm | £ 4xm I'l, 12
K.3. Su, MBA | X”d,o0.e. | Un, kB | Su, MBA | X”d,0.e. | Un, «B
1 1 60 60 20 20 37.5 0.20 10.50 37.5 0.12 6.30
2 2 50 50 30 30 62.5 0.22 15.75 50.0 0.18 10.50
3 3 40 40 25 25 71.5 0.16 15.75 37.5 0.28 10.50
4 4 40 40 20 20 31.3 0.13 6.30 71.5 0.21 6.30
5 5 70 70 40 40 66.0 0.21 6.30 62.5 0.14 15.75
6 1 50 50 20 20 50.0 0.20 10.50 62.5 0.18 10.50
7 2 60 60 40 40 31.3 0.13 10.50 50.0 0.15 6.30
8 3 30 30 14 14 20.0 0.22 6.30 50.0 0.20 6.30
9 4 25 25 10 10 20.0 0.20 10.50 37.5 0.16 6.30
10 5 40 40 18 18 37.5 0.23 6.30 37.5 0.20 6.30
[Tpomomxenue TadmuIs! 1
NoNe TPAHCO®OPMATOPEI
BapUaHTOB T1,T2 T3, T4 TS
SH UskB | Un kB |SMBA | UsxB |[Un, kB SH Us kB Uc, |Un, xB|Uk B-c|UkB-|Ukc-H
MBA MBA kB % H % %
1 40 121 37 60 35 10,00 120 37 10 6,30 8,0 16 7,0
2 60 220 110 60 110 15,75 160 110 37 10,00 12,5 20 6,5
3 120 220 110 80 110 15,75 180 115 35 11,00 10,5 32 28
4 120 220 35 80 37 6,00 240 35 10 6,00 10,5 32 28
5 60 220 121 80 121 6,00 120 117 37 15,75 12,5 20 6,5
6 80 330 220 60 220 10,50 120 220 121 10,00 12,5 20 6,5
7 80 330 121 60 118 10,00 120 121 35 6,00 10,5 32 28
8 60 121 37 60 37 6,30 160 35 10 6,30 10,5 32 28
9 60 121 35 40 35 10,00 120 35 10 6,00 10,5 32 28
10 80 115 35 40 37 6,00 160 37 11 6,30 10,5 18 6,3
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3amaua Ne2. B Touke K, cxemsl ( puc. 2. ) mpousouwno Tpéxdasznoe K3. Tpedyercs:

a) CocTaBUThH CXEeMY 3aMCIICHUA W 3JICMCHTBI B UMCHOBAHHBIX WM OTHOCHUTCJIBHBIX
TOYHBIM U HpI/I6JII/I)KéHHBIM MPUBCACHUCM 3JICMCHTOB CXCMbI 3aMCIICHH

0) npeoOpa3oBaTh CxeMy 3aMEILIEHUs] OTHOCHTENBHO 3a1aHHOM Touku K3 (K)) ;

B) paccuMTaTb HAYaJbHBIM CBEPXIEPEXOJHBI TOK KOPOTKOTO
TeHepaTOPhI MPEIBAPUTEILHO paboTa i Ha XOJIOCTOM XOAY C HOMHHAJIBHBIM HAIPSHKCHUEM;
I') OICHUTh TMOTPEHIHOCTh pacyera (B MPOLEHTax) MpH MPUOIMKEHHOM MPHUBEICHUH SJIEMEHTOB
CXEMBI 3aMEIICHUS, CPABHUB PE3YJIBTATHI PACU€Ta ¢ PE3yJIbTaTAMU TOUYHOTO ITPUBEICHUS.

VicxonHble JaHHBIE TPUBECHBI B TAOIHUIIE.
IIpumeuanus.

3aMbIKaHH A,

roJiaras,

eIUHHIIAX C

1. Pacuérsl mo myHKTam 0,B,I' IO BHITIOJIHUTH B UMEHOBAHHBIX U OTHOCHUTENIBHBIX €JJMHUIIAX.
2. CucreMa XapakTepu3yeTcs Kak HCTOYHHK OECKOHEYHOU MOIITHOCTH.
3. Jlna nuHmii Becex HanpsbkeHUd npuHumars X, =0.4 Om/km.

qT0

4. Jlnsa TpanchopmaropoB 1-3 npunumarts: npu BeicuieM Hanpsbkenuun (BH) 330 xB. U, = 13,5%,
npu BH230xB. U, =12%, npu BH 115 kB. U, =10,5%, npu BH 37 kB. U, =9%%.

3amaua Ne 3. Jlnst ycioBHii cxeMbl Ha pHc. 3 TpeOyeTcs:
a) COCTaBUTh CXEMY 3aMEIIEHHs, BbIpa3WB €€ DIEMEHThl B HMMEHOBAaHHBIX M OTHOCHTEIBHBIX

€IMHUIIAX C TOYHBIM U MTPUOIMKEHHBIM MPUBEJICHIEM JICMEHTOB CXEMBI 3aMEIICHHUS,
0) mpeoOpa3oBaTh CXeMy 3aMENIEeHHs] OTHOCHUTENHHO 3aJaHHON TOYKH TPEX(HA3HOTO KOPOTKOTO

B) ONPEACTHUTH YAAPHBIA TOK MPH TPEX(PA3HOM KOPOTKOM 3aMBIKAaHUM B TOYKE

3ambIkanus (K );

I') OIICHWUTH MOTPEITHOCTh pacuéra ( B MPOIEHTaX ) MpU MPUOTIKEHHOM TPUBEACHUH SJIEMEHTOB
CXEMBI 3aMEIICHUS, CPABHUB PE3YJIBTATHI PACU€Ta C PE3YJIbTATAMHU TOYHOTO ITPUBEICHUS.

I/ICXOZ[HBIG AaHHBIC ITPUBCACHBI B Ta6J'II/IIle.

[Ipumeuanus.
1. Pacu€rsl o myHKTaM O, B, T, BBIIIOJIHUTH B UMEHOBAHHBIX U OTHOCUTENIGHBIX €JMHUIIAX.

2. Jlns nuHUMA Beex HanpsbkeHud npuHuMats X, = 0.4 OM/ kM.
Ne (Touka| Jluaum I'enepaTtops TpanchopmaTops
B-| ka3 0.0, ¢ i, 12 I3 T1, T2 T3 AT
Ta 1722731 Su [X”d,0.e.| Un,, Su [X”d,oe.| Un,, | Su [ Us|Uu| Su | Us | Un Su | Us | Uc| Uu | Uk [Uk B-|Uk c-
KM MBA kB | MBA kB |MBA| kB | kB |[MBA| kB | kB | MBA | kB. | kB. | kB [B-c, %| H, % | H, %
1 1 20 | 10 | 59,0 | 0,15 10,50 | 24,0 | 0,15 10,50 | 120 |330|220| 60 [117]10,5] 120 [220]|115]11,0|10,5|32,0 |28,0
2 2 30 8 | 50,0 | 020 |1575] 24,0 | 0,13 15,76 | 240 |325|230| 60 |110| 15,7 | 240 [230|115|15,5|11,0 30,0 | 27,0
3 3 25 | 15 1320 ] 0,08 [10,50 | 30,0 | 0,24 6,30 | 180 [330|225] 80 |[121]10,0| 240 |220|117| 6,3 |10,5]|18,0] 6,0
4 4 27 | 12 | 66,0 | 0,21 10,50 | 31,3 0,14 6,30 | 120 [240|121] 80 |37 |11,0| 180 |120| 35 | 6,0 |10,5]18,0] 6,0
5 5 45 1 20 | 37,5 0,17 | 15,751 20,0 | 0,22 | 10,50 | 120 {240 |117| 60 | 38 |155| 90 |115| 37 |10,0|12,5]|20,0| 6,5
6 6 60 | 14 | 62,5 0,14 6,30 | 37,5 0,15 15,75 | 80 |230|117] 80 [35] 6,0 | 120 [110]| 38 | 15,0 ]12,5]20,0] 6,5
7 1 50 7 | 66,0 | 0,19 |1575] 40,0 | 0,26 6,30 | 240 [240|150| 80 |[117] 15,0 120 |[154|115| 6,0 | 9,5 | 34,0 | 23,0
8 2 70 6 | 71,5 0,29 |15,75] 37,5 0,21 6,30 | 240 [240|154| 80 |115]15,0| 180 [154[110| 6,3 |11,5]37,0 (23,0
9 3 75 [ 22 | 750 | 024 |10,50 | 52,0 | 0,19 | 10,50 | 120 |330({240| 90 [120]10,0] 180 [230|121]10,5]|13,0|12,0 18,0
10| 4 40 5 59,0 | 0,22 6,30 | 50,0 | 0,16 | 10,50 | 360 |225[150| 90 |120| 6,3 | 240 |[156|115|11,0] 9,2 | 183 | 8,0
11 5 80 | 30 | 520 | 0,16 6,30 | 20,0 | 0,20 | 15,75 | 360 [330(225]| 90 [110]| 6,0 | 360 |230|115]15,0] 9,2 |[30,5]20,0
12| 5 90 | 17 | 81,0 | 0,28 | 10,50 | 31,3 0,21 15,75 | 240 |330|235| 60 |117]10,5| 360 [220|120]| 15,5 10,0 | 34,0 | 24,0
o Touka Jluaun I'enepaTopst Cucrema Tpanchopmarop
Bap- [K.3
Tap él /¢ , €3 €4 ri,r2 r3,r4 Uc XB Sm- MBATI , T2 T3,T4
KHJIOMETPBI. Su | X’d, | Un,, Su | X”d, | Un,, Su | Us Un Uk S | U | Un [Uk %
MBA | o.c. kB. |MBA| o.e. | kB. MBA | kB kB % |MBA| xB | kB
1 1 20 | 40 10 130 |59,00,015]15,75]24,0]0,13]10,5| 115 2500 60 |117]1550(10,5] 32 121 ]11,0] 11,0
2 2 30 | 60 | 20 | 30 | 52,0 | 0,25 | 10,5 | 24,0 | 0,17 | 6,0 115 2000 60 |121]11,00[10,5] 32 |115] 6,3 | 11,0
3 3 25|50 | 25 |40 | 118 | 0,18 | 10,0 | 31,3 | 0,18 | 10,0 | 230 4000 120 | 230 11,00 | 9,5 | 40 |220]10,0| 10,5
) ) 25150 | 40 |30 | 118 10,20 | 15,5 [ 37,5 0,20 | 10,0 | 154 3000 120 | 150 | 15751 9,5 | 40 |155]10,5] 9,5
5 5 10 | 20 8 12| 72 10,23 | 10,0 | 30,0 | 0,24 | 15,5 | 154 3500 80 | 154|10,00 10,0 32 |160|157| 9,0
6 1 20 | 40 | 30 |10 | 88 |032| 155 20,0 |0,05]| 6,3 230 4500 80 [240| 15751 9,0 | 25 [230] 6,0 | 10,0
7 2 30 | 50 | 25 15 | 130 [ 0,20 | 16,0 | 37,5 0,29 [ 10,0 | 340 5000 240 1340|1575 9,5 ] 40 |340]10,5] 9,5
8 3 15 | 40 10 8 104 10,26 | 10,5 | 62,5 | 0,14 | 15,5 | 340 5000 240 |330| 11,00 [ 10,0 | 60 |340|15,7| 9,0
9 ) 40 {30 | 25 |20 ] 100 [ 0,22 | 10,5 | 59,0 [ 0,17 | 6,3 230 2800 160 |240] 10,50 [ 10,0 | 60 |225] 6,5 | 10,5
10 |5 30 | 55| 40 |20 | 75 |0,09| 63 | 66,0 | 0,23 | 6,0 115 2200 80 | 117] 6,00 |11,0] 60 |117] 6,0 | 11,0
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3agaHnue Ha KOHTPOJIbHYIO padoTty Ne 2.

3amaua Ne 1. B touke K 3amanHo#i cxemsl (puc. 4)mpousonuio TpéxgpazHoe KOPOTKOE 3aMbIKaHHUE.

Onpenenuth HaOOJIBITYI0 U HAUMEHBIITYIO BETMYUHBI TIEPUOTUYECKON ciararomeil Toka B
MeCTe KOPOTKOTO 3aMBIKaHUs, a TaKXKe TOKa, MOCTYMAIOIIET0 Yepe3 aBTOTpaHC(HOpMaATOp K MECTy
K.3. Pemenue 3a1a4u BBITIOIHUTD, UCTIOJIB3YSl METO PACUETHBIX KPUBBIX.

IIpumeuanus

1. Cucrema C xapakrepu3yercs Kak HCTOYHHK OCCKOHEYHOUW MOIHOCTH C HEU3MECHHBIM
HanpspkeHueM 230 kB.

2. I'enepatopsl cHaOxeHb APB.

3. Paccmotperp BapuaHTHI: BBIKJIIOYATENb «B» BKIIOWEH M BBIKIIOYEH, KOPOTKOE

3aMmbikaHue B Touke Klumm K2.

4. Nns muaun npuauMaTh X0= 0.4 Om/km.

VcxonHble JaHHBIE TPUBECHBI B TAOIHUIIE.

NoNe Bap- I'enepatopsl AgToTpanchopmaTopst Junaws (),
HaH-TOB M
T1, T2 AT1, AT2
SH, MBA | Un, kB | X”d, 0.e. | Su, MBA | Us, kB Uc, Un, kB | Uk B-c, | Uk B-H, | Uk c-H,
kB % % %
1 62,5 6,3 0,14 40 230 115 6,3 10 34 24 100
2 66,0 6,3 0,21 60 230 117 6,3 10 34 24 85
3 59,0 6,3 0,17 40 225 110 6,0 9 32 20 70
4 71,5 10,5 0,22 80 240 121 10,5 10 34 24 110
5 117,5 10,5 0,18 80 240 115 10,5 10 34 24 75
6 123.5 13,8 0,16 120 230 115 13,8 12 37 25 60
7 111,0 13,8 0,22 90 230 115 13,8 10 34 24 90
8 176,5 18,0 0,21 120 230 117 18,0 12 37 25 50
9 166,5 18,0 0,13 180 230 115 18,0 13 12 18 65
10 235,0 18,0 0,19 240 230 115 18,0 13 12 18 50

3amanue Ne 2. B Touke K 3amanHO#i cxemsl (puc. 5) mpou3onuio TpéxdasHoe KOPOTKOE 3aMbIKaHHE.

Onpenenuth HanOOJIBIIYIO U HAMMEHBIIYIO BEIMYMHBI MIEPHOAMYECKON ClIararomiei Toka B
mecte K.3., a Takxke Toka, mocrymnatomero kK Mecty K.3. ot o6oux reneparopos. Pemenue 3anaun
BBINIOJIHUTh, UCIIOJIb3YSl METOJT PACUETHBIX KPUBBIX.

VcxonHbie JaHHBIE TPUBECHBI B TAOIHUIIE.

IIpumeuanus

1. Teneparopsl cHabxkeHbl APB.

2. Cucrema xapakTepu3yercs Kak HCTOYHUK OSCKOHEYHOUM MOIHOCTH, TUOO KOHEUHOU S =
5400 , MBA.

3. Mus muanm npuHUMaTh X0= 0.4 OM/KM.

4.PaccMOTpeTh BapHaHTHI: OTCYTCTBYeT TeHeparop I'l, mommuoctu [2 B 4 pasza Gonbiie
MouHocTH reHepartopal 1, mpu Tex ke mapaMmerpax.

NoNe ['enepaTopsl Tpancdopmarop JIunns

Bapua ', 1r2 AT ¢,

HTOB SH Un Xd SH Us Uc Un Uk B- | Uk B- | Uk c- KM

c H H

1 66,0 10,5 0,19 120 154 115 10,5 12 12 16 145
2 71,5 13,8 0,23 120 154 115 13,8 12 12 16 200
3 75,0 15,7 0,22 120 154 115 15,7 12 12 16 150
4 11,5 13,8 0,18 240 230 115 13,8 13 12 18 160
5 123,5 13,8 0,20 240 240 121 13,8 12 12 16 175
6 166,5 18,0 0,16 360 230 115 18,0 12 12 16 140
7 111,0 6,3 0,15 240 121 35 6,3 10 34 24 120
8 130,0 10,5 0,14 120 115 37 10,5 10 34 24 80
9 166,5 10,5 0,23 240 230 115 10,5 10 34 24 70
10 235,0 18,0 0,22 480 115 37 18,0 12 37 25 50
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3azaga Ne 3. B KOHIIe TMHUM 3a/laHHOM cXeMBbl (puc. 6) MPOU30III0 KOPOTKOE 3aMbIKaHUE, BUJ
KOTOPOTO JIJIsl KayKJJ0TO BapUaHTa yKa3aH B TaOIHIIE.
Onpenenute TOk HecumMmerpuyHoro K.3. B moment Bpemenu t =0.5 ¢ U cocTaBUTH
KOMIUIEKCHYIO CXEMY 3aMEIICHHUS.

(IByx1ienHast TUHUSA B YETHBIX BapUAHTAX).
4. PaccMOTpeTh CIEYIOMNEe CXEMbI COSAMHEHHsSI 0OMOTOK TpaHc(hopMaTOpoOB, TEHEPATOPOB,

IIpumeuanus

1. Tun reHepaTopoB B BapuaHTax 1-5 — ruapo; B BapuaHtax 6-10 — typ6o. I'eHeparopsr
cHaOxeHbl APB.
2. Jlns tpancdopmatopoB mnpuHHMaTh: npu BH 230 kB Uxk=14%, nmpu BH 115xB
Uxk=10.5%.
3. nsa ognonernHoi simHuK npuHUMaTh X0= 0.4 OMm/kM, mutg ayxienHoit X0= 0.2 Om/kM.

Harpy3Ku: 3B€3/1a ¢ INIyX03a3€MJICHHON HEUTPAJIBbIO; TPEYT OJIbHHUK.

NoNe Bun I'enepatop Tpancdopmarop JInnus Harpyska
Bapu- (K.3
aHTOB S, MBA | X”d, 0.e. | X2, 0.e. Tl T2 0 xm X, S, MBA
SH, Us, kB SH, Us, kB | Un, kB x_
MBA MBA 1
1 @)) 264,7 10,19 0,27 120 115 190 115 10,5 |50 3,5 75
2 1,1 264,7 10,24 0,27 240 230 |180 230 10,5 |60 4,0 140
3 1 103,5 10,20 0,26 90 115 190 115 6,3 40 3,3 60
4 1,1 103,5 10,22 0,26 90 230 |120 230 10,5 |70 4,5 100
5 1 127,8 10,18 0,22 120 115|120 115 10,5 |90 5,0 85
6 1,1 127,8 10,19 0,22 90 115 |60 115 6,3 35 3,2 45
7 1 117,5 10,14 0,17 120 115 190 115 10,5 |45 34 60
8 1,1 166,5 10,13 0,15 180 230 120 230 10,5 |95 5,5 110
9 1,1 235,0 10,20 0,24 240 230 |120 230 10,5 |95 5,1 90
10 1 2350 10,22 0,25 180 115 160 115 6,3 50 3,5 50
11 1,1 236,0 10,20 0,28 240 230 |180 230 10,5 |85 4,2 120
12 1 166,5 10,18 0,23 120 115 190 115 6,3 75 4,8 70
13 1,1 117,5 10,16 0,20 120 230 |90 230 10,5 |60 4,0 100
14 1 81,0 0,28 0,30 90 115 160 115 6,3 50 3,3 80

3amaua Ne 4. Onpenenuth Ha KaKOM paccTOssHUM ¢ (KM ) OT CTAHIIMH 3aJIaHHOU cXeMblI ( puc. 7 )
MOXKET TIPOU30UTH ABYX(a3HOE KOPOTKOE 3aMbIKaHUE Ha JIMHUH, OO0 0JHO(A3HOM, ITPU KOTOPOM
HAYaIbHbIN U YCTAHOBUBIIHMICSA TOKH 0JIMHaKOBa. COCTaBUTh KOMIUIEKCHYIO CXEMY 3aMEIICHUS.

IIpumeuanus
1. 'eneparop cuaOxéH APB.
2. Mns nuanii Becex HanpspkeHnid X0= 0.4 OM/kM.
3. Mcxonnbple AaHHBIC MPUBEACHBI B Tabmuile. | eHepaTop MMeeT 3a3eMJIEHHYIO HEHTpab,
cXeMa COEJMHEHHUs OOMOTKH TpaHc(hopMmaTopa - 3Be3fa C TIYyX03a3eMJICHHON HEUTpalbio;

3B€3/1a € INIYyX03a3€MJICHHON HEUTPAIIBIO - TPEYTOJIbHUK

I'enepatop Tpancdopmarop JIunus

Su, MBA | Un, kB X, ,o0e. x{’; ,0e | Xy, o0 Su, MBA | Us, kB | Un, xB Uk, % X,

X

1 30,0 6,3 1,60 0,24 0,25 40,5 37 6,3 8,0 3,7
2 37,5 6,3 2,10 0,19 0,15 40,5 115 6,3 10,5 3,6
3 60,0 10,5 1,80 0,20 0,15 120,0 115 10,5 10,5 3,5
4 66,0 10,5 1,70 0,20 0,22 120,0 230 10,5 9,5 3,2
5 81,0 6,3 2,00 0,19 0,17 120,0 115 6,3 9,5 33
6 117,0 13,8 1,51 0,28 0,22 180,0 230 13,8 11,8 33
7 130,0 13,8 1,40 0,25 0,22 180,0 154 13,8 10,5 3,5
8 166,5 13,8 1,65 0,24 0,22 180,0 230 13,8 10,5 3,2
9 166,5 18,0 1,24 0,18 0,16 240,0 230 18,0 12,0 33
10 235,5 18,0 1,26 0,17 0,16 360,0 230 18,0 20,0 3,5
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3anaHne KOHTPOJIbHYI0 padoty Ne 3.

3amaua Ne 1. Cranmus paboTaeT yepes dJIEKTporepenady Ha MIMHBI CUCTEMBbl HEOTPaHWYEHHOU
MomrHocTH. CXxema CUCTEMBI IToKa3aHa Ha puc. 8, e€ mapaMeTpsl IPUBEICHBI B Ta0IHUIIE.

OnpenenuTp 3amachl CTATHYECKON YCTOMYMBOCTH CUCTEMBI B CIIEAYIOUIUX CIydasiX.

a) npu orcyrctBun APB

0) mpu APB niponopIimoHansHOTo THIIA,

B) npu APB cunoBoro neiicTsus.

IIpumeuanus

1. Jlna pemeHust 3ajad I0JIb30BAThCA YHPOIIEHHBIMU BBIPDAKEHUSMU JUISL  YIIIOBBIX
XapaKTEPUCTHK MOIIHOCTH TpH  E; = cons ; nmpeaBapuTesbHO TpopaboTath mpumep 10.5, ctp.

189 /2/ .2. TlapaMeTpbl CXeMbI 3aMEIIEHUsI OTPEACTUTh B OTHOCUTEIBHBIX €IUHHIIAX, TOJIb3YsCh
TOYHBIM WJI TPUOIMKEHHBIM MPUBEICHUEM (TI0 YKa3aHUIO PYKOBOUTEIS).

3. Jlns ymmHuMM Bcex HampspkeHnd npuHuMate X0= 0.4 Owm/km. B Bapumantax 1-10
Hanpspkenue JIOI pasno 230 kB, B BapuanTax 11-20 — 115kB.

4. Jlna aBroTpaHcopmaTopa mnpuHMMaTh : B BapuaHrax 1-10 U, (_U,)=500«B,

U,=230kB, U, =14% , BBapuanrax 11-20 U, A =115«xB , U, =115«xB, U, =13%.

NoNe I'enepatop Tpancdopmarop AT JIDIT Harpyska
Bap Su, MBA | Un, kB | Xd, 0o.e. | X’d o.e. SH, Un, xB | Us, kB | Ux% SH, 0, P, MBT [ COS @
MBA MBA M
1 75,0 10,5 1,60 0,23 90 10,5 242 10 90 200 60 0,90
2 125,0 10,5 1,90 0,28 120 10,5 237 13 180 150 90 0,85
3 66,0 10,5 0,94 0,21 90 10,5 242 11 90 230 50 0,90
4 71,5 13,8 0,63 0,28 90 13,5 242 12 90 180 50 0,80
5 111,0 13,8 0,90 0,30 120 13,5 237 10 120 240 80 0,90
6 117,5 13,8 1,51 0,20 120 13,5 242 13 120 300 90 0,90
7 123,5 13,8 0,51 0,19 180 13,5 237 11 120 220 160 0,85
8 166,5 18,0 1,24 0,18 180 18,0 242 12 180 220 120 0,80
9 176,5 18,0 1,42 0,32 180 18,0 237 10 180 260 150 0,85
10 235,0 18,0 1,62 0,27 240 18,0 242 11 240 300 180 0,90
11 59,0 6,3 1,45 0,22 60 6,3 115 9 60 110 70 0,80
12 62,5 6,3 1,32 0,17 90 6,3 121 10 90 120 80 0,85
13 66,0 6,3 1,12 0,20 60 6,3 117 10 60 130 90 0,90
14 81,0 10,5 1,54 0,26 90 10,5 121 9 90 150 100 0,80
15 88,0 10,5 1,36 0,23 90 10,5 127 11 90 170 120 0,85
16 104,0 10,5 1,48 0,24 120 10,5 121 12 120 200 100 0,90
17 118,0 13,8 1,40 0,21 120 13,8 115 10 120 250 100 0,80
18 130,0 13,8 0,68 0,18 120 13,8 115 10 120 180 110 0,90
19 167,0 18,0 1,38 0,19 180 18,0 121 11 120 200 140 0,85
20 176,5 18,0 1,50 0,28 180 18,0 121 12 120 120 100 0,85

3amaga Ne 2. B Hauane ogHOM W3 JOMHMM 3nekrponepenaun (touka K), mpousonuio KopoTkoe
3ambikanue. Bun K.3. 3amaéres npenonasarenem. OmpenenuTs NMpeaeIbHOE BPEMsl OTKIIOUEHHS
KOPOTKOI'0 3aMbIKaHUSA IO YCJIOBHIO Z[I/IH&MI/I‘-IGCKOﬁ YCTOﬁqHBOCTH, I1oJjiorasi, 41O IIOCTOSAHHAaA
WHEpIUH reHepaTopa paBHa 8 ¢. Cxema CUCTeMbI U TapaMeTphI Te XKe, YTo U B 3amade Ne 1.
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[Tpunoxxenue 2
Bomnpoce! Ha komnokBuym Nel

Yewm BrizbiBatotes 11117 Cucrema u 6mmskoe K3

[IpononbHast, monepeyHas M cI0XKHasi HECUMMETPHS

OTtHocuTenbHOE 3HaueHne BennunH. Kak BEIOMpatoTcst 0a3ucHbIE YCIOBHS
[NousTrE MPUOTMIKEHHOTO U TOYHOT'O TPUBEICHHS

JleiicTBUS IpH HATMYNU CUMMETPHUU B cxeme mpu pacuere K3

Uto Takoe K3? Haznauenus pacueros K3

3ameHa TpexJyuyeBoil Y Ha ABYXJIy4eBylo, Y C nJiydaMu Ha Y ¢ n-1 qydom
s gero ucnons3yercs cucrema OE. Illkana cpennux HanpspkeHUH
IIpocToe 3ambikaHue. [IBOMHOE 3aMbIKAHHE HA 3EMITIO

. OcHoBHbIe gomyiienus npu pacuere K3

. OtHocuTenbpHOE 3Hauenue BennunH E, U, [, Z, S u ux npuBeneHHbIe 3HAYCHUS

. Pacceuenue BerBeii B y3ne ¢ 3/IC. [IpuHiun coctaBieHUsI CXEMbI 3aMeleHUs

. O6opBanHbIii ipoBof JIDII nexuT Ha 3emiie — BUJL HECUMMETPUH U €€ TPUUYHHBI

. K uemy mpusogut tok K3. I1yTs Toka npu npoctom K3

. bazucHbIe BenmMUMHBI BBIOMPAIOTCS 71 BCEX CTYMEHEH HANPsHKEHUS WK HEeT?

. Kak nmpoBoauTtcs pacuer K3 npu Hamnuun B cxeme Cucremsl U ['eHepaTopoB

. Merammaeckoe K3. Camoycrpanstomuecs K3

. Haubonee onacueie nocnencteus K3. Pe3ynasraT cBOpaunBaHus CXeMbI 3aMEIICHUS
. Korga MoxxHO 00BeAMHATE MEXKIY COOOH reHepupyIOLIe HCTOUHUKH

. Kak npusonsarcs E,U,I,Z k ocHOBHO# CTyneHu npu TouHOM npuBeneHn B OF

. Ilepexonmuoe comportusnenue K3, ero cocrapiusromue

. Jnst wero npumensiercs AIIB. Uto nHa3eiBaercs pacuerom DMIIIT

. [Tpubnmmxennoe npusenenue E,U,1,Z k ocHoBHOI cTyrienn B UE

. [IpeoOpazoBanue Y ¢ nydamu, cogepxxamumu DJ[C

. Conporusnenne renepatopa, BJI u KJI, tpancdopmaropa, peaktopa npu tounoMm npuseneanu B OE.

Cucrema u ynanennoe K3.

Crnoxnoe K3. OcnoBHas npuunna OMIIII

Heo6xoauMocTh TOYHOTO ¥ TPUOIMKEHHOTO Y4eTa PacueTHBIX YCIOBHH

Kax npuonsres E,U,ILZ x ocHOBHOM cTyrneHH NpU TOUHOM IpuBeneHnu B UIE

Hcnonr3oBanue 3aMeHbl HArpy30YHBIX BETBEN I'eHepHUpyromnuMu BeTBsiMu ¢ E=0

Comnporusnenne reaepatopa, BJI u KJI, TpancdopmaTopa, peakropa mpu NpuOIMKEHHOM MTPUBEACHUH B
OE. IloHsiTHE TOYHOTO TTPUBEACHUS

Bunet K3. IIpennamepennoe K3. [IpeobpazoBanue A B Y

[Nousitre pacuerneix ycnosuii. [IpeoOpazoBanue Y B A

Kak mpuBonsites E,U,ILZ x ocHOBHO# cTyneHu npu npubmmwkeHHoMm npuseneHnu B OE. Pacceuenue
CXeMblI B y3ie ¢ Toukoi K3

Comporusnenne reneparopa, BJI u KJI, Tpanchopmaropa, peakropa mnpu TouHoM npuBeneHun B UE.
[NousTre ynapHoro xodguinmreHTa

Bompoce! Ha komtokBuyM Ne2

Beposarnocts BoznukHoBenus K3. Ilocnencreus K3

Pacuernble ycioBus nipu BeIOOpe BeIKIOUaTeneid. Momaocts K3

Uro nonumaercst o KodpGUIHEeHTOM TpaHCcHOPMALIMU MIPHU MPUBEICHUH dIeMeHTOB. CHMMETpUYHEIE
1 HecuMMeTpuyHble K3

Comnporusnenne reaepatopa, BJI u KJI, TpancdopmaTopa, peaktopa mpu NpuOIMKEHHOM MTPUBEACHUH B
HE. Hcnons3oBaHue TaOIHILI 3HAYEHUH X/T

Pacuernble ycioBus npu Beibope cpencts P3 u A

ComnpotuBiieHus IByXOOMOTOYHOTO ¥ TPEXOOMOTOYHOr 0 TpaHchopMaTopa, aBToTpanchopmaTopa
[MpuHuMn HaIOXKEeHUs1 COOCTBEHHO aBapHIHOTO pEKUMa Ha MPEIIIeCTBYIOMINH

54



10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

[IpumeneHnue cOOCTBEHHBIX U B3aUMHBIX IIPOBOUMOCTEH

[pakTudeckue meronanl pacuera DMIII. OO6mume 3ameuanus

Jonyuenus s MpakTHYeCKUX METOJI0B pacyera

OmmbKH MPaKTUYECKHX METOJIOB pacuera

BinsiHue Harpy3ku Ha TOK K.3. Y JapHBIA TOK K.3.

[MpubnmxenHslit yuer cucrembl. Cucrema 0eCKOHEYHOH MOIITHOCTH

Pacuer mis BEIOOpa BBIKITIOYATENS IO OTKIIIOYAIOIIEH CITOCOOHOCTH

Meroa TUTIOBBIX KPUBBIX

Merox pacueTHBIX KPUBBIX

OcHoBHbIE MONIOKEeHUS B HecuMMeTpruaHbIX OMIIII

CHHXpOHHBIE MAIIIHBI. X, U X

Kab6enu, peakropsr, BJL. x; u X,

TpaHchopMaTOpEL. X, U X

O6001IeHHast Harpy3Ka. X, U Xo. YUeT CONPOTUBIICHUS 3a3eMJICHHUS HEUTPaJH
Cxembl IpsAMOl ¥ 00paTHOHN MOCIEI0BATEIILHOCTH

CxeMBbI HyJIEBOU MOCIIEIOBATEIHHOCTH

Hayaio u koHerl cxeMbl OC/IeA0BaTENbHOCTH

Pesynstupyromas 3/IC u conpoTuBiIeHNHE MPOIOIBHOMN U MONepeyHON HECUMMETPHUU
OpHoKpaTHas norepeyHasi HECUMMETpUs

HByxdazHoe K.3.

ByxdasHoe K.3. Ha 3eMITI0

BekropHble muarpaMMsl JUId pa3InIHbIX BUJOB HECUMMETPUYHBIX K.3.

VY4er nepexoHOro COnpoTUBIEHUS B MECTE K.3.

[TpaBuio SKBUBAJICHTUPOBAHUS IPSIMOM ITOCIIEL0BATEIIBHOCTH
KommuiekcHble cxeMbl 3aMeleHust

IIpakTHueckue METOMbI pacuera IpHU OAHOKPATHOM MONEPEUYHON HECUMMETPUU
OpHoKpaTHas MPOAOJIbHAS HECUMMETPHS

AHHOTanus
K TE€CTaM M0 KOHTPOJIIO OCTATOYHBIX 3HAHUH 110 AUCIUILTIHE
"IlepexoiHbIE MPOLIECCHI B 3JIEKTPOIHEPTETUUECKUX CUCTEMaX "

TecTrl NpeaAHa3HauYCHbI AJId KOHTPOJISL OCTATOYHBIX 3HAHUM 10 JUCHUITIIIMHE

[Tpunoxxenue 3

"IlepexoiHble

MPOIIECCHI B IJCKTPOIHEPTETHUCCKUX CUCTeMax", SBISIONICICS 0a30BBIi 1 YMUTaeMOil B 6 ceMecTpe
CTYyJIEHTaM HampaBJICHUs] « DIEKTPOIHEPTETUKAY.
[Ipeacraneno 6 BapuaHTOB TECTOBBIX 3aaHuid. Kaxkip1it BapuanT BKItouaeT 20 3a1aHuil.

B kauecTBe mpuMepa NpUBEIEHO OJHO TECTOBOE 3aJaHHME, OCTAJIbHBIE TECTOBBIEC 3aJaHUS
IIpUBEJICHBI B pasaene 11.

a)
6)
B)
r)

[Tpu pa3paboTke TECTOB UCHOIB30BATUCH CIEAYIONTNE (POPMBI:
OTKpbITOrO THNA "JlononHuTh";
3aKpBITasi C OJIHUM MPABUIILHBIM OTBETOM;
Ha yCTaHOBJICHUE MIPABIWILHOM 110CIIEI0BATEILHOCTH;

3a/laHi€ C HECKOJIbKUMU MPaBUIBHBIMU OTBeTaMu Tuma: "[loquepkHyTh OTHOCSIIMECS K. ..".
Bpemsi, oTBoiMMOE Ha BBINIOJTHEHHE BCEX 3aJaHUM, COCTaBIIsET JBa Yaca ayAUTOPHBIX
3aHsaTUM wiK 1 yac 20 MUH aCTPOHOMHUYECKOTO BPEMEHH TECTUPOBAHUS.

ITpu ouleHKE pPe3ysIbTaTOB CTYACHTOB OLICHKA:

"OTIUYHO" COOTBETCTBYET OoJiee 15 mpaBUIIBHBIX OTBETOB;
"xoporo" - 6onee 10 10 15 BKIIOYUTETHHO MPABUIIBHBIX OTBETOB;
"ynoBneTBopuTENbHO" - 10 MpaBUIBHBIX OTBETOB;
"Hey1oBIETBOPUTENIBHO" - MeHee 10 mpaBUIIbHBIX OTBETOB.
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10.

BapuanT No 1

OmHO# U3 MPUYUH BO3HUKHOBEHHUS JIEKTPOMATHUTHBIX TIEPEXOIHBIX mporieccoB B IIC sBsercs ...
a) peryJMpoBaHue HaIIPsHKEHHS CHIIOBBIX TpaHC(opMaTopoB MO Harpy3Koii;
0) BO3HUKHOBEHHUE MECTHOU HECUMMETPUH;
B) IIPOBEJICHUE ONIEPATUBHBIX MEPEKITFOUCHHUI MTEPCOHATIOM YHEPTONPEIIPUITHIA;
T') pe3Koe yBEIIMUEHHE DIIEKTPUIECKON Harpy3KH SHEPTOCHCTEMEL.
Hawnbonee pacnipoctpanenssiM BuaoM K3 B sHeprocrucremax npH riryx03a3eMJICHHON HEUTPaIH SBIISETCS ...
a) tpexdasHoe;
0) nmByxdasHoe;
B) IByX(azHOE Ha 3EMITIO;
r) omHOdaszHoe.
OpHOM U3 1esIel pacuera ANIEKTPOMATHUTHBIX MEPEXOAHBIX MPOILECCOB SABISETCA ...
a) BbIOOp M MpOBEpKa 3JIEKTPUUECKHUX aIapaToB U IPOBOJAHUKOB;
6) BBIOOpP MOIIHOCTH CHJIOBBIX TPaHC(HOPMATOPOB;
B) BBIOOp KOJIMYECTBA MPOBOJIOB B PACIICIUICHHOH (ase;
T') OmnpejecHHE TOMYCTHMOTO PACCTOSHUS MEKIY (a3HbiM mpoBogoM JIDIT u 3emiteit.
Jlononuutk cpenHuit psa Hanpsokenud 5155 ... 230; 115; ... ... 20; 18; ...; ...; 6,3; 3,15 xB
a) 340; 37, 24; 15,75; 13,8
0) 330; 35; 27; 15; 13
B) 330; 37,5; 24; 15,75; 13,8
r) 340; 37,5; 24; 15,75; 13
JI7st CHHXpPOHHOW MAaIllMHBI MPH YXCTO WHIAYKTUBHOW IICMIA CTAaTOpa MOIEPEYHAas COCTABIIAIONIAS HAYaIbHOTO
3HAYEHMsl IEPUOJUUYECKOI Cllararomieil Toka BO3ZHHUKIIErO IEPEXOIHOro Ipollecca WIM TaK Ha3bIBAEMOIO

Ha4YaJIbHOI'O CBEPXIIEPEXOAHOIO TOKA OMPCALCIIACTCA ...
" " " "

E E E
Cl) "o_ dlo| ,6) "o_ ql0| ,8) "o_ 40| ’2) "o_ CI‘O‘.
J’_

a0 = qo = _n dof = _n 40| "
xq‘O‘ + xsu xq‘o‘ 6 xd‘O‘ + xsu xq‘o‘

JOINIOJIHUTD:
OCHOBHBIE JOMYIIEHUS, IPUMEHSAEMBIE TIPU pacueTe IEKTPOMArHUTHBIX EPEXOJHBIX MIPOIECCOB, — 3TO ...

JIOITOJIHUTh:
HavanbHoe nelicTByroliee 3Hau€HUE MEPUOIUUECKON cocraBisitonied Toka B mecre K3 ompenensiercss mo
BBIPAXKCHUIO

JOIOJIHUTb:
Y napHsIii kodddunmeHT npu Tpexdasznom K3 onpenensercs mo BRIPaKEHUIO ... W 3aBUCHT OT ...

JOIIOJIHUTB:
Momnocts K3 onpezensiercs no BEIpaXkeHHIO ...

JOIIOJIHUTD:
KopoTkoe 3ambIkaHuE - 3TO ...

11. TlpuBeneHHasi KOMIUIEKCHAsI CXEMa 3aMEIICHUSI COOTBETCTBYET CIY4alo ...
i, Ky | = K a) IByx(}a3HOro 3aMbBIKaHUS Ha 3EMITIO Yepe3 JYyTy;

£ ' 0) nByx(a3HOro 3aMBbIKaHHS Yepe3 JYTy;

B) OMHO(A3HOTO 3aMBIKaHUS Yepe3 IYTY;

) IIpY HaJUYHU CONIPOTUBIICHHS B OIHOU (ase;

JI) TIpH HaJIMYM{ OJIMHAKOBBIX COIPOTHUBIICHNUS B JIBYX (ha3ax.
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A 12. JlanHas BeKTOpHas JAuarpaMma HampspKeHHUH B MECTe€ KOPOTKOrO

y / U\ 3aMbIKaHHUS COOTBETCTBYET
AlA \
/ Yz [ Vs \ a) omHo(hazHomy K3;
/ U 0 U 0) nByxpaznomy K3;
y AA/BZv\CZ} \ N B) nByxdaszaomy K3 Ha 3emiio.
N UC] UB] 7
/ N Ud (U, 7 \
ke

(n)
13.  [ns cnyyas ogHOodazHoro K3 BEIOpaTh COOTBETCTBYIONICE JOIMOTHATEIIEHOE COMPOTHUBIICHHE Ax

X,v * X
8) Ax(n) — 2y 0y
sz + xoZ

(n . n _ .
a) A =x,5;  0) A" =x,5 + X5 ;

¥ 3HaueHue Koddduiuenra m™

a)m™ =3; 6)m™ =3; ¢)m™ =3 |1- X2z xozz.
Xzt xoz)
14. HauvanoM cxembl HYJIEBOM ITOCIEI0BATEIbHOCTU CUUTAETCS TOUKA, B KOTOPOH ...
a) oOBeaMHEHBI CBOOOIHBIC KOHITBI BCEX TEHEPUPYIONINX U HATPY30YHBIX BETBEH;
0) BO3HHUKJIA paccMaTpUBacMasi HECUMMETPHS;
B) OOBEIMHEHBI BETBY C HYJICBBIM ITOTCHIHAIOM.
15. CompotuBienue, 4epe3 KOTOpoe 3a3eMiieHa HEHTpaib TpaHc(opMmaTopa, T€HepaTopa, ABHUTATelsl, HArpy3KH, B
CXeMY HyJ€BOH MOCIEA0BATENBbHOCTH ...
a) HE BBOJMTCS;
0) BBOIIUTCS CBOCH BEIIMIUHOM;
B) JIOJDKHO OBITH BBEJICHO YTPOEHHOH BEIMYHHOM.
16. Cxema 0OpaTHOU MOCIIEIOBATEIEHOCTH SIBIISETCS . ..
a) OOBIYHON CXEMOH, KOTOPYIO COCTaBJISIIOT ISl pacueTa JIFo00ro CHMMETPHYHOrO TPEX(Pa3HOro pexxruMa Hiln
mpoliecca, T'eHepaTopbl W HAarpy3KH BBEAEHBI B HEE COOTBETCTBYIOIMMH peakTuBHOCTsIMH M DJIC, a
OCTaJIBHBIC JIEMEHTHI - HEU3MEHHBIMU COMPOTHUBIICHUSIMI;
0) OOBIYHOM CXEMOM, KOTOPYIO COCTaBIISAIOT IJISl pacdera JI000ro CHMMETPHYHOrO TpeX(Pa3HOro pexruMa Hiln
mpoliecca, TeHepaTopbl W HAarpy3KH BBEACHBI B HEE COOTBETCTBYIOMIMMH peakTHBHOCTSIMH U JOJIC,
PABHBIMU HYJIIO, & OCTAIBHBIC JIEMEHTHI - HEU3MEHHBIMU COTIPOTHBIICHUSIMU,
B) CXEMOH, KOTOpas B 3HAYUTEIBHOW Mepe OIpeAesseTcs COEAMHEHHEM OOMOTOK YYaCTBYIOIINX
TpaHcdopMaTopoB U MPOYHX DIEMEHTOB.
17. TlpencraBieHHas HUXE MOCIEAOBATEILHOCTh pacuera NepuoandecKoi coctapisitomeid Toka K3 B mpon3BoIbHBIIM
MOMEHT BpEMECHU
1) CocraBieHne cxeMbl 3aMEIIeHHs], B KOTOPYIO MCTOYHUKH BBOASATCSI CBOUMH cBepxiiepexoaHbiMu DJC n
COTIPOTHUBIICHUSIMU;
2) IlpeoOpazoBaHHEe CXEMBI 3aMEIICHUS] C LENBI0 HAXOKJICHUS PE3yIbTUPYIOUIETO CONPOTHUBIICHUS
oTHOCHUTENbHO MecTa K3;
3) HaxoxneHne pacuyeTHOTrO CONPOTHUBIIEHHS MO BBIPAXKEHHIO

X =X Sz umux, =X Suz
pacu — VY 2 pacu — TVFY *
cp 0

4) BbIOOpP COOTBETCTBYIOIIMX KPHUBBIX M HAXOXKJCHHE JUIS 3aJaHHOIO MOMEHTAa BPEMEHH OTHOCHTEIBHOM
BEJIMYUHEI TOKA sy,

5) HaxoxkaeHre UCKOMOW BEIMYHMHBI MEPUOTUUECKOM cocTaBisronieii Toka K3 s 3aJaHHOrO MOMEHTa
BpEMEHU

S.s

1,=1 ——.
V3u,,

w =Ly 1 ,5,20e 1,5 =
OTHOCHUTCS K ...

a) METOJy PaCYETHBIX KPHBBIX HPHU Xpacy < 3;

0) MEeTOIy PAaCUETHBIX KPUBBIX MPH Xpacy = 3;

B) METO/Y THITOBBIX KPUBBIX [TPU HAJTMYHMHU B CXEME TOJIHKO UCTOUHUKOB KOHEYHOM MOIIHOCTH;

I) METOMY THITOBBIX KPUBBIX MPU HAJIMYUHU B CXEME UCTOYHHUKOB KOHEUHON MOIIHOCTH U CUCTEMBI.
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18. Jlnst MeToma THIOBBIX KPHBBIX TPH HAIMYMM B CXEME TOJBKO HMCTOYHHMKOB KOHEYHOW MOIIHOCTH BBHIOpATh
MIPAaBUJIBHYIO MOCIEN0BATEIbHOCTD JEUCTBUI ...

Q

Q

CocTaBieHHE CXEMbI 3aMEIIEHHs, B KOTOPYI0 UCTOYHUKH BBOJATCA cBOUMH cBepxnepexogHsMu JJ1C u
COTIPOTHUBIICHUSMU;

[IpeoOpa3oBaHne cXeMbl 3aMeENICHHS C LENbI0 HAXOXKICHHS PE3YIbTHUPYIOIIEro COMPOTHBIICHUS
oTHOCHUTENbHO MecTa K3;

[Ipeobpa3oBaHue CcXeMbl 3aMEIIEHHS! C BBLACIEHHEM JBYX TPYNII WCTOYHMKOB C IENBI0 HAaXOXKICHUS
PE3YIBTUPYIONIErO COMPOTUBIIEHUSI OTHOCUTENHHO MecTa K3;

OnpeneneHre HaualbHOTO 3HAYEHUS IEPUOANYECKOH cocTaBistomiel Toka B mecte K3 I g;

OnpezneneHre HAuyalnbHOIO 3HAYEHUS IEPUOJUUYECKONM COCTaBJISIONIEH TOKa B TEHEPaTOPHOM BETBU

n
I Er,o _Ix,oxx .
ro=—mm"—"7""—">
Xr
HaxoxieHue oTHOIIEHHS TOKa MO BBIPAKEHUIO
_Tro . = Loty Lo
arg = wwl,, ,= , @ makdice .

Tnom *Tuom[ﬁ] K,0

HaXO)KZ[eHI/Ie OTHOILICHUA TOKA IO BBIPAKCHUIO

1 1
r,0 *I,
=—umwml,, = rolel

Tnom *Tuom[ﬁ]

*I',0

BI)I60p COOTBETCTBYIOIIIUX KPHUBBLIX W HAXOXJIACHHUC UIA 3aJaHHOI'O MOMCHTAa BPEMCHH B 3aBUCUMOCTU OT

o I It
I .0 OTHOCUTCJIIbHOU BCJIMYUHBI ¢ =
»
r,o
BI>I60p COOTBETCTBYIOIIIUX KPHUBBLIX U HAXOXJICHHUC JIA 3aJaHHOI'O MOMCHTA BPEMCHH B 3dBUCUMOCTU OT
I o — I It I r,o
*I,0 OTHOCUTCIIBHOU BCIWYUHBI Y = , a4 3aT€M, B 3aBUCUMOCTU OT 7Y; U , JAJIsL 3aJaHHOI'O
r,0 K,0
— I Kt
MOMCHTA BPEMCHU HAXOJAUTCH Yyt —
K,0

Haxoxnenre MCKOMOHM BeIMUMHBI MEPUOIMYECKON cocTaBistomedl Toka K3 ams 3agaHHOro MoOMeHTa
BpEMEHU

S.s
V3o,
Haxoxnenre MCKOMOM BeIMUMHBI MEPUONMYECKON cocTaBistomedl Toka K3 ans 3agaHHOro MoMeHTa
BpEMEHU

Ix,t =}/K,t -II‘,0 =yt -IK 0°

>

II‘,t =}/t 'Il‘,o =yt 'I*I‘,oan’eoe IuZ =

19. JIOTIOJIHUTb:
I[J'IH COCTAaBJICHUSI CXEMbl 3aMCUICHUS HyJ'IeBOﬁ IIOCIICJ0OBATCIIBHOCTHU cnez[yeT BBISIBUTH BO3MOXHBIC HyTI/I
HI/IpKyJ'IHHI/II/I TOKOB HyJ'IeBOﬁ IIOCJICA0OBATCIIBHOCTU HaA Ka)KI[Oﬁ CTyHeHI/I HaHpH)I(eHI/IH, Ha4YuHas OT TOYKHU K3, HpI/I
3TOM HeO6XOI[I/IMO PYKOBOJACTBOBATHCA CICAYIOIIUM ...

20.

1)
2)
3)

JOIIOJIHUTD:
OCHOBHBIE ypaBHEHHsI BTOpOro 3akoHa Kwupxroda mnpu momepedHoll HECUMMETPUHM  OTHENBHO JUIS KaIOW
HOCIIEZI0BATENbHOCTU OyAyT UMETh BUJ ...

1)
2)
3)
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3. KpaTkuii KOHCHEKT JIeKIMH

Tema 1. BBenenue B yuenue o nepexoaubix npoueccax B 93C u CIC. (4 yaca)

3anaun Kypca. ITonstue o nepexogHoM pexxkume. [IpudrHbBI BOZHUKHOBEHHUS MEPEXOIHBIX
nporieccoB. OcHOBHBIE TOHSTHA. OCOOEHHOCTH 3JEKTPOMATHUTHBIX MEPEXOJHBIX TPOIECCOB.
CxeMBbl 3aMCIICHUA OCHOBHBIX CHJIOBBIX JJIEMCHTOB. CxeMbl 3aMCIICHUSA MHOFOO6MOTO‘-IHI)IX
TpaHc(hOPMaTOPOB U CABOCHHBIX peakTOpoB. COCTaBIEHUE PACUETHBIX CXEM 3aMEIECHUSI.

OCHOBHBIE CBEJJEHU A Ob SJIEKTPOMATI'HUTHBIX ITEPEXOHBIX ITPOLIECCAX

OcHOBHBIE OIIpeIETICHUS

N3 Bcero MHOTO0Opasusi AIEKTPOMArHUTHBIX TIEPEXOJHBIX IMPOIECCOB B IICKTPUUECKOM
cUCTeMe HanboJiee paclipOCTPAHEHHBIMHU SIBIISTFOTCS ITPOIIECCHI, BEI3BAHHEIE:

a) BKJIFOUCHHUEM U OTKIIFOUEHUEM JIBUTATENICH U IPYTHX TPUEMHHUKOB JICKTPOIHEPTHH;

.6) KOPOTKHM 3aMBIKAHHEM B CUCTEME, a TAKXKE€ TIOBTOPHBIM BKJIIOYCHHEM U OTKIIFOUEHUEM
(0THOBpEMEHHBIM MJTH KAaCKaHBIM) KOPOTKO3aMKHYTOH IIETIH;

B) BO3HMKHOBEHHEM MECTHOM HECUMMETPHHM B CHUCTEME (HalpuUMep, OTKIIIOUEHHE OJHOU
(a3el TMHUN TIepeIadn);

r) geiictBueM (GOPCUPOBKH BO30OYXKJICHUS CUHXPOHHBIX MAIllMH, a TaKke UuX
pa3Bo30yKIeHHEM (T. €. TallIeHHEM UX MarHUTHOTO TIOJIs );

1) HECHHXPOHHBIM BKIIFOUCHUEM CHHXPOHHBIX MAIllUH.

KopoTkxkuM 3aMBKaHUEM Ha3BIBAIT BCIKOS HE MPETyCMOTPEHHOE
HOPMAaJLHBIMU YCIIOBUSMHU PAOOTHI 3aMbIKaHUE MEXIy (a3zaMu, a B CHCTEMax C 3a3eMJICHHBIMH
HEUTpansiMU (WJIM YETBIPEXIIPOBOHBIX) — TaKXKe 3aMBbIKAHHE OJHOW WM HECKONbKUX (a3 Ha
3eMJTIO (WJIM Ha HYJIEBOU MPOBOI).

B cucremax ¢ He3a3eMJIEHHBIMM HEUTPAISIMU WIM C HEUTPAIAMH, 3a3€MJICHHBIMH Yepe3
CHeIMaIbHbIE KOMITEHCHUPYIOIINE YCTPONCTBA, 3aMbIKaHWE OJHOW M3 (a3 Ha 3eMIII0 HA3bIBAIOT
MPOCTBIM 3aMbIKaHHeM. [Ipu 3TOM BUJE MOBPEKICHUS MPOXOXKICHHUE TOKA 0O0YCIOBICHO TJIAaBHBIM
00pa3oM eMKOCTBIO (a3 OTHOCHTEITHHO 3eMIIH.

[Ipy BO3HMKHOBEHHH KOPOTKOTO 3aMBIKAHUS B JJICKTPUUYECKON CHCTEME COMPOTHUBIICHUE
[[ENU YMEHBINACTCS (CTETICHb YMEHBIIICHHS 3aBHCUT OT TIOJIOKEHHUSI TOYKH KOPOTKOTO 3aMBIKaHUS B
CUCTEME), YTO MPUBOJUT K YBEITUYCHUIO TOKOB B OTJIEIBHBIX BETBSX CHUCTEMBI IO CPAaBHEHUIO C
TOKaMH HOPMAJILHOTO pexuMa. B CBOIO odepesb 3TO BBI3BIBACT CHIDKEHUE HANIPSDKEHUH B CHCTEME,
KOTOpO€ 0COOEHHO BEITUKO BOJIU3HM MECTa KOPOTKOTO 3aMBIKAHHUSL.

OOBIYHO B MeCTe 3aMbIKaHHS 0O0pa3yercss HEKOTOpOe TEPEeXOJHOE COIMPOTUBIICHUE,
COCTOSIIEE W3 COIPOTHUBIICHHUS BO3HUKIIEH HIIEKTPUYECKOW IYyrd M CONPOTUBJICHUN NPOYUX
JJIEMEHTOB TYTH TOKAa OT OAHOW a3kl K IPYroi Wi OT a3kl HA 3eMII0. DJIEKTpUYECKas Jyra
BO3HHMKACT MJIM C CaMOTO Haydaia MPOUCHIEAIIETrO MOBPEXKICHUS KaK, HAPUMEp, MPU TEPEKPHITHH
Wi 1mpodoe M30JIAINU, WM Yepe3 HEKOTOPOe BpeMs, KOTJa MEPEerOpUT SJIEMEHT, BBI3BABIIHMA
3aMmbikaHue. [lpw 3amblKaHHSIX MEXIy (a3zaMu TEpPeXOTHOE COMPOTUBICHHE OMPEIeIIIeTCs
TJIABHBIM 00Pa30M COTIPOTHBIICHUEM JIEKTPUICCKOU TYTH.

Korma Tokm pjocTtarodyHo Benukd (COTHH ammep U 0Oojee), COMPOTUBJICHHE IyTH
MPUOIN3UTENHHO TIOCTOSHHO W TIO0 CBOEMY XapaKTepy MOYTH YHCTO akTuBHOE. C yMEHBIIICHHEM
TOKa M YBEIMYEHUEM JUIMHBI IYI'W, 9TO WUMEET MECTO B TEUEHHE IEPEeXOJHOTO IpoIecca, ee
COINPOTHBIIEHUE BO3PACTAET.

B psine ciiydaeB mepexoHbIe COMPOTUBIICHUS MOTYT OBITh CTOJb Majbl, YTO MPAKTUYCCKH
UMHU MOKHO TpeHeOpeyb. Taknue 3aMbIKaHUS HA3bIBAIOT M € TAJIJIU 9 € CK U M U.

EcTecTBeHHO, IpH MPOYNX PABHBIX YCIOBUSAX TOK MIPH METAJUIMYECKOM 3aMBbIKaHUH OOJIBIIIE,
9eM TpPH HAIWYUU MEePEXOJHOTO cOmpoTuBiIcHMs. [loaToMy, Korma TpeOyeTcs HallTH BO3MOKHBIC
HauOOJBIINE BEIIMYMHBI TOKOB, MCXOMAT W3 HAWOOJIee TSIKENBIX YCIOBUM, CUHTAs, YTO B MECTE
3aMBIKaHUS OTCYTCTBYIOT KaKUE-JIM0O IMEePEX0THBIC COMTPOTUBIICHHUS .
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B tpexda3zHpix cuctemax ¢ 3a3eMJIICHHOW HEUTPATbI0 Pa3iNdYaloT CIEAYIONINE OCHOBHEIE
BHUbI KOPOTKUX 3aMbIKAaHUI B OJHOM TOUKE:

a) Tpex(asHoe;

0) nByxdazHoe;

B) 0J1HO(A3HOE;

r) nByx(dasHoe Ha 3eMJII0, T. €. 3aMbIKaHUE MEXIy ABYMs (a3zaMu C OJHOBPEMEHHBIM
3aMBIKAHUEM TOM K€ TOYKH Ha 3EMITIO.

Tpexdaznoe KOPOTKOE 3aMBIKaHUE SBJISIETCS CHMMETPUYHBIM, TaK Kak IpH HeM Bce (aswl
OCTalOTCS B OJIMHAKOBBIX YCIOBHUSX. HampoTwB, BCe OCTalbHBIC BUABI KOPOTKUX 3aMBIKAHUN
SIBJITFOTCSI HECUMMETPUYHBIMU TIOCKOJIBKY TIpU KaxJaoM U3 HHUX (a3bl HAXOmATCSA, YXKE B
HEOJ/IMHAKOBBIX YCJIOBUSX; MMO3TOMY CHCTEMBI TOKOB M HAIPSIKEHHWHA MPH 3TUX BHUJIAX KOPOTKOTO
3aMbIKaHUs B TOW WJIM UHOU MEpE UCKaKEHBI.

MHoroyieTHsIsT aBapuifHAas CTAaTHCTUKA T1I0 DJHEPrOCHUCTEMaM TMOKAa3bIBAET, 4YTO IPH
[IIyX03a3eMJICHHOW HEWTpalld OTHOCHTENbHAST BEPOSTHOCTh PA3JIMYHBIX OCHOBHBIX BHJIOB
KOPOTKOI'O 3aMbIKaHHUS XapaKTEPU3yeTCsl OTHOCUTENBbHOM BEPOSTHOCTHIO BOSHUKHOBEHHUS (B %0):

/

&
3 M e 50,
Tpexdasznoe L 2 /
= . | 4
)
&
o1 K® 10%
I[ByX(baSHOC L . 7
- @ [4
&
OnHodazHoe - k" 65%
1 oL
= S va
@ e
I[BYX(ba?sHOC ) / K( L.1) 20%
Ha 3eMJII0 L ; 7
— Ny /

Kaxk BHHO, TIOAaBJISFOIIEE YKCIO KOPOTKHX 3aMBIKAHUH CBSI3aHO C 3aMBIKAHHUEM Ha 3EMIIIO,
B TO BpeMs Kak Tpex(azHoe KOPOTKOE 3aMbIKaHHE SBJISIETCS 04YeHb peakuM. OIHAKO OTCroaa ObLIO
ObI HEMPaBWJIBHBIM JIETIaTh BBIBOI, YTO TPex(a3zHOe KOPOTKOE 3aMbIKaHHE MOXHO BOOOIIE OCTaBUTh
0e3 BHUMaHMA. [I0CKOIBKY OHO BCE K€ BO3MOXHO, C HUM CIIEyeT CUHTATHCS, TeM 0oJiee YTO OHO
MHOTJIa MOYKET OBITh PEHIAIONIMM JUIsi OKOHYATEIBHOTO CYXKJICHHS OTHOCHTEIFHO BO3MOXKHOCTH
paboThl B YCIOBHSX KOPOTKOTO 3aMbIKaHUS. XOTs Tpex(a3Hble 3aMbIKAHUS SBIISIOTCS PEIKHMHU,
OJTHAKO pPacyeT CHUCTEM BeAyT MO Tpex(daszHbIM K.3., T.K. 3TO K.3. CAMMETPUYHOE U SBIISETCS
HanboJiee TsHKENbIM ciaydaeM. M3ydenne 3-x (pa3HOro K.3. BAXKHO B CBSI3U C TEM, YTO IPHMEHEHHE
METO/Ia CHUMMETPUYHBIX COCTABISIOIIUX IMO3BOJSICT BEIMYMHBI TOKOB W HANPSDKEHHH TMPSIMOWA
MOCJIEI0BATEIBHOCTH JIFOOOTO HECUMMETPUYIHOTO K.3. ONPE/ICNATh KaK COOTBETCTBEHHBIC BEJTMYMHBI
NIPU YCIIOBHBIX 3-X (pa3HBIX 3aMbIKaHUSX.

31ech HENMMIIHE TakkKe OTMETHUTh, YTO MPOIECC BKIIOUEHHs JI000ro Tpexda3Horo
NpUEMHHAKA WM HEBO30Y)KJICHHOTO CHHXPOHHOTO TeHeparopa WM JBHTaTeNisi MOXKHO
paccMarpuBaTh Kak KOPOTKOE 3aMbIKaHHE 32 HEKOTOPBIM COMPOTHUBIICHHEM.

HecummerpuyHble KOPOTKHE 3aMBIKaHHs, a TaKKE HECHMMETPUYHBIC HArpy3KH II0
CYILIECTBY MPEJCTABIISIOT pa3. JINUHBIC BUJIBI TOTIEPEYHON HECUMMETPHUH.

Hapyuienne cuMMeTpuM KakKoTO-THOO MPOMEXKYTOYHOTO 3JeMeHTa Tpex(pa3sHoW Iernu
(HanmpuMep, OTKJIIOYCHUE OJHOU (ha3bl JIMHUM TEpeiayd W T. I1.) Ha3bIBAIOT I P O J O 1 b H O i
HECUMMETpPHUEH.
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Bo3MOXxHBI cilyyau, KOrjga OJHOBPEMEHHO BO3HMKA€T HECKOJIBKO HECHUMMETPHil
OJIMHAKOBOTO WJIM PA3MYHOTO BHJA. Tak, Hampumep, MpH OOpbIBE MPOBOAA BO3AYIIHON JTUHHU
OJIMH €ro KOHEIl, PACMOJIOKEHHBIH OJM3K0 K TOYKE MO/BECA, OCTACTCS U30JMPOBAHHBIM, a JAPYroOi,
ylaB Ha 3eMJt0, o0pa3zyeT oaHO(a3HOE KOPOTKOE 3aMbIKaHUE. 37eCh OJHOBPEMEHHO BO3HUKAIOT
IIPOJIOJIbHAS U MOIIEpEeYHasi HECUMMETPUU.

B xawectBe apyroro mpumepa, KOIja BO3HUKAIOT HECUMMETPUM OJHOTO BHJA, MOXET
CIIY’)KUTh TaK Ha3blBaéMO€ 1 BO M HO€ 3aMbIKaHHE€ Ha 3€MIJ I, T.e. OJHOBPEMEHHOE
3aMbIKaHHE Ha 3€MJII0 Pa3HBIX (a3 B PAa3IMYHBIX TOYKAX CETH, pabOTAOMIEH C M30JIMPOBAHHON
HEUTpPaIbIO.

Bce Buabl MOBPEXICHUN, CONPOBOKAAIOIIMNXCI MHOTOKPATHOW HECUMMETPHUEH, HA3BIBAIOT
CnoX HB M A K HUM, 04EeBHUIHO, OTHOCHTCS TaKkKe JH000€ HECUMMETPHYHOE KOPOTKOE
3aMBIKaHHE B CETH, pabOTAIONICH B HETTOJTHO(a3HOM PEKUME.

[TpakTUKON OSKCIUTyaTalliM SJEKTPHYECKUX CHCTEM YCTAHOBIJIEHO, YTO OOJbIIAas YacTh
BO3HUKAIOMIMX MOBPEXKACHUH, 0COOCHHO HAa BO3AYLIHBIX JMHHUAX, UMEET MPOXOJAIMINNA XapakTep,
T.€. IOBPEX/ICHUS CAMOYCTPAHSIOTCS NIOCIIE OTKIIFOUEHHS TIOBPEXKAEHHOIO Y4acTKa U HE BOHUKAIOT
BHOBBH IpU O0OpaTHOM BKIIOYEHHH €ro. [IpuMepoM Takoro caMOyCTPaHSIONIIETOCS MOBPEXKICHHS
MOJKET CIIY)KHTb OOBIYHOE TIEPEKPHITHE 0 TIOBEPXHOCTH TUPIISH/IBI U30JISITOPOB JIMHUH, BEI3BAHHOE
rpo30BbIM paspsiioM. Ilocne OTKIIOUEHHS JIMHUM 3JIEKTpUYECKass MPOYHOCTh BO3AYIIHOTO
MIPOMEKYTKAa BOCCTAHABJIMBAETCS B TEUCHHE HEOOJBIIOrO OTpe3Ka BpPEeMEHH, HEOOXOIUMOTO IS
JIEMOHU3AIMH BO3/TyXa B MECTE MIEPEKPHITHS.

B coorBerctBMM ¢ 3TMM mmmMpokoe mnpuMeHeHne Hanuio (AIIB) memeit m ocoOeHHO
BO3/YIIHBIX JUHUH. [I0CKONBKY Ha MOCIETHHX MPeo0sIaaloT 3aMBbIKaHUS OJHOM (aspl, y HHUX
MPOU3BOAT MHOTJA OTKIIIOYEHHE TOJBKO TOBPEXACHHOW (ha3bl C TMOCIEAYIOIUM OIHO(DA3HBIM
aBTOMaTH4ecKuM NOBTOpHBIM BkitoueHueM (OAIIB) - Hakonen, moMuMoO OJHOKpPaTHOTIO
BBITNIOJIHSAIOT TaKXK€ MHOTOKPAaTHOE aBTOMATUYECKOE MOBTOPHOE BKIIIOUEHUE C COOTBETCTBYIOIIMMHU
MHTEpBaJlaMU BPEMEHHU €0 JeHCTBUSL.

®opcupoBKa BO30YXKJAEHUS CHHXPOHHBIX MAIIUH, KOTOPYIO O0ECIEYMBAIOT CIEIHATbHBIE
YCTPOWCTBA aBTOMAaTHYECKOTO perynupoBaHus Bo30yxaeHus (APB), mpoucxonuT npu CHUKEHUH
HaNpsODKEHHUS; 0OBIYHO OHO BBI3BAHO KAaKUM-JIIMOO HApYIIEHHEM HOPMAJIbHOTO PEKMMa MAIIHHBI.
CnenoBarenbHO, 3/IeCh TaKK€ Ha BO3HMKIIMKA MEPEXOJHBIM MpOIECC  HaKIIAIbIBAETCS
JOTIOJTHUTEIBHBIN ITePEX0HBIN MPOLIECC HapaCTaHUs BO3OYKICHHS MAIIMHEI.

[Tpu moBpexaeHUH OOMOTOK CHHXPOHHOW MAIIMHBI MOMHUMO OTKIIFOYEHMS IOCIEAHEH OT

CEeTH MPOU3BOJIAT OBICTPOE €€ pa3BO30YXKICHHE ITyTEM TAIICHHS MATHUTHOTO TTOJIS.
4
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OcuusutorpaMMbl TOKOB Tipu BHe3anmHOM K3: a) npu otcyrctBuu APB; 0) npu nanmuun APB
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CuJioBbie TpaHc(hOpPMATOPHI U ABTOTPAHCHOPMATOPHI

Cxema 3amemieHHss TPEeXOOMOTOYHOTO TpaHchopMaropa W  aBTOTpaHCHOPMATOPA,
UMEIOIIEr0 OOMOTKY HH3IIETr0 HANpPSDKEHUs, MPEICTABISIeT cO0OM TpexiydeByro 3Be3dy (Tabi.).
I/IHZ[YKTI/IBHBIG COIIPOTUBJICHUA €€ BETBE B OTHOCHTEILHBIX CAMHUIAX MpU HOMHUHAJIBHBIX
YCIIOBUSIX 3TOTO TpaHc(opMaTopa COOTBETCTBEHHO PaBHbI:

u
X Blow)= ﬁ =0,005(up_py +Ug-c —Uxc-H )

u
X Com= ﬁ =0,005(u,p_c +uwc-n ~UxB-H);

u
X Hewow = ﬁ =0,005(uyp_y +Uxc—H —UxB-C )»

TII€ UxB-H, UxB-C> UxC-H - HATIPSDKEHHST KOPOTKOTO 3aMBIKAHHsI COOTBETCTBYIOIIUX Map 0OMOTOK, %.

CxeMa 3amerieHusi ITBYXOOMOTOYHOTO TpaHC(HOPMATOpPa, Y KOTOPOro OOMOTKA HH3IIETO
HaIpsHKEHUS pacIleIyieHa Ha JJBe BETBH, TaKoKe MPEACTaBIsIeT CO00H TpexIydeByro 3Be3y (Tadi.).
I/IHZ[YKTI/IBHI)IG COIIPOTUBJICHUA €€ BETBE B OTHOCHUTEIIHHBIX CAMHUIAX MpU HOMHUHAJIBHBIX
YCIIOBHSAX CIIETyeT ONPEIENATh 10 (hopMyliaM

X Bon= 001wy — 0.25u11-12 J;
X Hemon)= X H(om) = 0.005u 1 1-H2

rne uggn - HampsokeHne K3 Mexay OoOMOTKOW BBICIIETO HAmpsKEHHS U MapajuieNIbHO
COCMHEHHBIMHU BETBSIMH OOMOTKH HU3IIETO HATPSHKECHUS;
U2 - HanpsbkeHne K3 Mexay BeTBsIMH OOMOTKM HU3IIETO HANpsDKEHUs (M3MepsieTcsl Tpu
Pa30MKHYTOH 0OMOTKE BBICIIETO HAMPSHKEHU).
[Ipu otcyrcTBUM JaHHBIX O HanpsokeHUH K3 ugyim  JomyckaeTcs uiss  TpexdasHbIx
TpaHc(hopMaTOpOB IPUHUMATD
X Bow = 0.00125u,p_p;

X Himow= X H2(mom= 00,0175 1 -

Cxema 3aMmemieHusi JABYyXOOMOTOYHOTO TpaHchopmaTopa, y KOTOPOro OOMOTKa HH3IIETO
HaNpsDKeHUS paclielieHa Ha 7 BETBEH, MpejcTaBiseT coboit (n + 1)-mydeByro 3Be3my (Tabdim.).
I/IHZ[YKTI/IBHBIG COIIPOTUBJICHUA €€ BETBE B OTHOCHTEIBLHBIX CAMHUIAX MNpU HOMHUHAJIBHBIX
YCIIOBUSAX TpaHCHOpMATOpa CIIEIYeT OMPEeIiTh o (hopMyiiaMm

u
X =0,01] uyp_gy ——H=H2 |
. B(Hom) ( kB-H o

X Himow)= X H2(mom)= =X Hn(uom)= 0.005U k1 -in »

Te Uxni-un - Hampsbkerme K3, m3MepeHHOe Mexay BbiBogamu H; u H, OOMOTKH HH3IIETO
HanpspKeHus (IPU Pa30MKHYTOH 0OMOTKE BBICIIIETO HAIIPSHKCHHUS).

Cxema 3amerneHuss aBTOTpaHc(opMaropa, y KOTOPOTO OOMOTKA HUBIIETO HAMPSHKEHUS
pacimeryieHa Ha JBE BETBH, OTJIMYACTCSI OT CXEMBl 3aMelIeHHsl aBTOTpaHchopMaropa cC
HEpACIIETUICHHON 0OMOTKOW HHU3IIIETO HAMPSHKCHHS TEM, YTO BMECTO COIPOTUBIICHUS Xi COTCPIKHUT
TPEXTYICBYIO 3BE3y C BeTBIMH X'n, Xy ¥ Xip (Tabi.). MHAYKTUBHBIE COTIPOTUBIICHUS 3JIEMEHTOB
CXEMbI B OTHOCHTEIBHBIX €IMHUIIAX MPU HOMHHAIBHBIX YCIOBHSX aBTOTpaHchopmaropa ciemayeT
OTIpeNeNATh Mo hopMyliam

X B(uow = 0.005(ttg_c +txg-p ~Uxc-n );

X o= 0.005(tg_¢ +ttyc-p ~Uip-n );

X Himow)= X H2om) = 0.005Ugpy1 12

X" Hwowy =X Hewow ~ 000250112,

TIC X Heuowy=0,005(upp +txc-H ~UB-C) -
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CxeMbl 3aMeLieHHs TPaHCPOPMATOPOB, ABTOTPaHCcHOPMATOPOB
U CIBOCHHBIX PeaKTOpPOB

TpancopmaTop ¢
0OMOTKOW HU3IIETrO
HaMPSKCHUS,
pacIIEIIeHHO N
Ha 1 BETBEU

Hl

/Q\%z
)ﬁup/}l\;)%n
Xo

XB = O’Ol(uKB—H - —uKHl_Hn j

Hanmenosanue Hcxomnas cxema |  Cxema 3aMelIeHUs PacueTHbIE BBIPAKEHUS
TpexoOMOTOYHBII B
TpaHC(l)OpMaTOp C XB XB = O,OOS(L{KB-H + UxB-C - ch-H)
Xc = 0,005(uxp-c + et - UxB-H)
X, [] Xc Xn = 0,005(uxp-n+ Uk - UxB-C)
H
ABToTpanchopmarop B
C Xy Xg = 0,005(uB-1 + UiB-C - UxC-H)
Xc = 0,005(uxp-c + tkc-H - UxB-H)
X, X Xn = 0,005(uxp-n+ Uk - UxB-C)
H
J[ByX0OMOTOYHBIH B
TparcopmaTop ¢ X X = 0,01(uxp-n - 0,25uxp11-112)
0OMOTKOM HH3IIETO X1 = X2 = 0,005,511 12
HAIPSKEHUS,
PaCIlCIVICHHOM Ha 1Be | e X,
BETBU
JIByX0OMOTOYHBII
2n
B
X =Xm=...=Xm =
= 0,005uxt1-Hn

ABToTpanchopmaTop ¢
0OMOTKOW HU3IIETro
HaMPSKCHUS,
pacCILEIUIEHHOMN Ha JBE
BETBU

X = 0,005(uxp-c + UB-H - UC-H)
Xc = 0,005(uxp-c + et - UxB-H)
Xu = 0,005(tpH + UxCcH - UkBC)
Xu1 = Xnz2 = 0,005um11-12
X'H ZXH - 0,0025uKH1-H2

ABToTpanchopmaTop ¢
0OMOTKOM HHU3IIETO

Xg = 0,005(up.n + Uxp-C - UxC-H)

[ C l
1 2

HaIps>KCHU A, XC = O,OOS(L{KB-C + UxC-H - uKB-H)
pacuierieHHOM Ha J1 X1 = 0,005(uxp-n + et - UxB-C)
BETBEN XH1 :XHz = ... :XHn =
= 0,005uH1-Hn
Xi; =Xy — 0,01 xHIHn
n
CIBOEHHBIN peakTop Xc =- KX,

X] :Xz = (1 + KCB)Xp

Cxema 3amerneHuss aBTOTpaHc(oOpMaropa, y KOTOPOTO OOMOTKA HU3IIETO HAMPSHKEHUS

paciierieHa Ha 7 BETBEH,

OTINYACTCA OT CXCMbI

3aMelleHnss aBTOTpaHchopmaropa ¢

HEpaCIICTUIEHHOW 0OMOTKOW HU3IIETO HANPSHKEHHS TEM, YTO BMECTO COTIPOTUBIICHUS Xf COJIEPKHUT

(n + 1)-mydyeByto 3Be3ay c BeTBIMH X'h, Xui
B OTHOCHUTEIHHBIX

9JICMCHTOB CXEMBI

... Xun (Tabm.).
CANHHNIIaxX npu

aBTOTpaHChOpMaTopa CIIeyeT ONpeAesaTs o GopMynam
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X Bion = 0.005(ug_c +Up-n ~ U1 );
X o= 0.005(ug_c +uxc-p ~ -1 );
X Himow= X H2(mom)= =X Hngow) = 0.005¢ 1 1-Fin 5

' _ _ 0,01 acH1-Hn
/X: H(HOM)_‘i( H(nom) 0,01 m ’

TC X Heuowy=0,005(u g +Uxc-H ~UiB-C) -

CymMapHOE aKTHBHOE COMPOTUBIIEHUE 00X 0OMOTOK JBYXOOMOTOYHOTO TpaHCchopMaTopa
B OTHOCHTENBHBIX EIWHHIIAX IMPU HOMUHAIBHBIX YCJIOBHSIX O3TOTO TpaHcopmaTopa Clemyer
ompenensaTs o Gopmyie
AP107
5

HOM

15 (HOM) —

rne APy - ToTepu KOPOTKOTO 3aMbIKaHus, KBT;

Shom - HOMUHAJIbHAS! MOIIIHOCTB TpaHCcopmaropa, MB-A.
AKTUBHBIE CONPOTUBIICHUS OTICIBHBIX OOMOTOK TPEXOOMOTOYHBIX TpPaHC(POPMATOPOB M
BETBEH CXEMBI 3aMEIeHUs] aBTOTPaHC(HOPMATOPOB, UMEIOMIUX OOMOTKY HH3IIETO HANpsHKEHUs, B
OTHOCHUTENIbHBIX ~ €IMHUIAX TPU HOMHMHAIBHBIX YCJIOBUSAX OTHX TpaHCHOpPMATOPOB U

aBTOTPaHCHOPMATOPOB CIIEAYET OMPEACTATH MO (hopMyiamMm

-3

R B(uow)= Oyiwi(APKB—C +APg -y —AFRc-n );

HOM

05-1073
R cmom= S—( AP c +APcy —ARgp 1 );

HOM

05-107°
R Hom)= S—(APKB—H +APc_y —APg_c ).

HOM

TokoorpannyuBaoIue peakTopbl
Cxema 3aMelIeHUs CABOCHHOIO TOKOOTPAaHMYMBAIOIIEIO PEaKTopa IpeJCTaBiIseT coOon
TPeXJIy4eBy:o 3Be31y (Tabi. ). MHIyKTUBHOE COMPOTHUBIICHUE JIyda CO CTOPOHBI CPEAHEro 3aKHMa
(T.e. 3axMMa, OOPAIEHHOTO B CTOPOHY UCTOYHHUKA YHEPTUH) CIELyeT ONpeAeNATh 1o Gopmyre
Xe =KXy,

rne K - K09 (OUITUEHT CBSA3H MEXy BETBSIMHU PEAKTOPa;
X, - HOMMHQJIbHOE WHIYKTUBHOE CONPOTUBIICHUE PEaKTopa (T.. CONPOTHBIECHUE OJHOIN BETBH
peakTopa Mmpu OTCYTCTBHH TOKA B JIPYroil BETBH).
WHAyKTUBHBIE COMPOTUBJICHUS JBYX JAPYIHX Jy4ed CXeMbl 3aMEIICHHs OIMHAKOBBI H
OTIPEJICIISIOTCS TI0 PopMyITe
Xy =Xy =(1+Kgy )X, .

AKTHUBHOE COMPOTHUBIICHHE (a3bl OJUHAPHOTO peakTopa, OM, cieayeT OmpenensiTh IIo

dbopmyie
AP
R=—— 103,
1
rie AP - HOMHHAJIbHBIE TOTEPH MOLTHOCTH Ha a3y peakropa, KBT;
Lyon - HOMMHAIIBHBIN TOK peakTopa, A.

AXTHUBHOE CONPOTHUBIICHHE KaXXIOH BETBH CIBOCHHOTO peakTopa, OM, CleayeT ONpeelisiTh Mo
dbopmyie

HOM

AP
212

HOM

R= 103,

B03)1ylllﬂble JIMHHUH JIEKTponepeaaIn
3HaueHUS YACIBbHOTO HWHAYKTUBHOTO COIIPOTUBJIICHHUA HpSIMOfI IIOCICI0OBATCIIBHOCTH U
YACIBHOI'O0 aKTUBHOT'O COIIPOTHUBIICHUSA BO3YIIHBIX JIMHUH CJICOAYCT NPpUHUMATL IO CIIPABOYHBIM
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TabIMIIaM, UCXOJI U3 MaTepHajja U CEYSHHs MPOBOJIOB U CPEIHETO TeOMETPUUYECKOTO PACCTOSHUS
Mexay (asamu. [Ipu OTCYTCTBHM CBEOEHHMH O CPEJHEM T'€OMETPHUYECKOM PACCTOSIHUH MEXKITy
¢dazamu ynenpHOE HWHAYKTHBHOE COMPOTUBIICHUE MPSIMOHM IMOCIENOBATEIHLHOCTH MOXET OBITh
oTpesieNieH0 MpHUOMIKEeHHO 1o Tabin. I[IpuiioskeHus, KOTOpbIE COCTaBIEHBI ISl YCPEIHEHHBIX
3HAYECHUH CPEHEro reOMETPHUYECKOTO PACCTOSHUS MEX Iy (hazamu.

Ecnu oTCyTCTBYIOT JaHHBIE O CEYEHHSAX IMPOBOJOB, JOMYCTUMO YJIEIbHOE HHAYKTUBHOE
COMPOTHBIIEHUE NPSIMON MOCIEAOBATEILHOCTH BO3AYUIHBIX JIMHUWA HampsbkeHueMm 1o 220 kB
npuHUMaTh paBHbIM 0,4 Om/kM, yuani Hanpspkernem 330 kB - paBHbM 0,325 OM/KM U TUHHMA
HanpspkerareM 500 kB - pausiM 0,307 Om/kM.

YroObl onpenenuth pacyeTHbI Tok K3 ¢ 1enpio BeIOOpa MM MPOBEPKHU DIEKTPUUECKUX
anmapaTroB M NPOBOJHUKOB MO YCJIOBUSM KOPOTKOTO 3aMBIKaHUS, HEOOXOJMMO MpeABapUTEIHHO
BBIOpaTh pacueTHBIE YCIOBHs, OTBeYarolue TpeboBanusM [1YD, B 4aCTHOCTH pacyeTHYIO CXeMy
AIIEKTPOYCTAaHOBKH. BBIOOp 3TOM cXeMbl CleAyeT MpPOU3BOAUTH C YYETOM BO3MOXKHBIX
ANIEKTPUYECKUX CXEM COOTBETCTBYIOIIEH 3JIEKTPOYCTAHOBKU IPHU PA3IMYHBIX MPOJOJKUTENBHBIX
pexxuMax ee paboThbl, BKJIOYAsh PEMOHTHBIE M TIOCIE€aBAPHIMHBIE PEKHUMBI, a TaKXKe C Y4ETOM
AJIEKTPUYECKON YJAJIEHHOCTH pPAa3jIMYHbIX MCTOYHMKOB SHEPruu (IreHepaTopoB, CHUHXPOHHBIX
KOMIIEHCATOPOB U AJIEKTPOABUraTeselt) ot pacueTHor Touku K3.

B cootBerctBun ¢ I'OCT 26522-85 Bce KOpPOTKHME 3aMbIKaHUsl MOAPA3ACISIOTCS Ha
ynanenuele W Ommskue. K3 cumTaercs ymaneHHBIM, €CIM aMIUIMTYAbl TEPHOJHYECKOM
COCTaBJIAIOLIECH TOKA CTAaTOpa JAHHOW DJJIEKTPUYECKOM MAallMHbI B HAYaJIbHBIA M IPOU3BOJIBHBIN
MOMeHThl K3 mpakTHUecKd OJWHAKOBBI, M ONM3KUM, €CITH ATH AaMIUITUTYIbl CYIIECTBEHHO
otnnyatoTcsi. OOBIYHO MO/ DJEKTPUUECKOH yIaJeHHOCThIO pacdeTHOW Toduku K3 oT kakoro-imm6o
HMCTOYHUKA SHEPruu IMOHUMAIOT NPHUBEIEHHOE K HOMHHAJIBHOM MOIIHOCTH W HOMHHAJIBHOMY
HaIpsDKEHUI0 MCTOYHHMKA BHEIIHEE CONPOTHBIIEHUE, KOTOPOE OKAa3bIBAETCS BKIIIOUEHHBIM MEXKITY
UCTOYHHKOM M TOukoM K3 B MoMeHT Bo3HMKHOBeHMA K3. OmxHako TakoW cCroco0 OIEHKH
YIAJEHHOCTH NMPUMEHHUM JIMIIb B TE€X CIIydasiX, KOI/la pa3jIMyuHble HCTOYHUKH SHEPIHH CBSI3aHBI C
pacueTHO# Toukoi K3 HezaBucuMO apyr ot apyra. bosiee yHuBepcanbHOW BETUYMHOM, KOTOPasl B
IIOJIHOM Mepe XapaKTepU3yeT JJIEKTPUYECKYI0 YAaJeHHOCTh pacyeTHOM Touku K3 or
MIPOU3BOJILHOTO HMCTOYHHMKA PHEPTUM U MOKET ObITh CPaBHUTEIBHO JIETKO OIpeNesieHa B CXEeMe
mo00i KOHHUrypauud M TpU JTFOOOM YHCIE HMCTOYHHUKOB DHEPTUH, SBISETCS OTHOIICHUE
JEMCTBYIOLIETO 3HAUEHUSI NEPUOJUUECKON COCTaBIISIONIEN TOKa UCTOUYHMKA SHEpruu (reHeparopa,
CUHXPOHHOTO KOMIIEHCATOPa, AJIEKTPOJIBUraTels) B HauainbHbI MOMEHT K3 K ero HoMMHaIbHOMY
TOKy. B oredecTBeHHON M MexayHapoaHOH mpakTuke K3 mpuHATO cuuTaTh OJIM3KHM, €CITH 3TO
OTHOIIIEHHE PAaBHO JIBYM HJIM OoJbiie ABYX. [IpyM MEHBIINX 3HAUEHUSAX yKazaHHOTO oTHomeHus K3
CJIEyeT CUUTATh yJAJIECHHBIM.

B Tex cmywasx, korma perraeMasi 3ajada OTPaHUYHMBAETCS NPUOIMIKEHHOW OIIEHKOM
3HaueHus Toka B Mecte K3, /g reHeparopa wiM CHMHXpOHHOro kommeHcatopa K3 momyctumo
CUMTATh yJAJIECHHBIM, €ClIM pacueTHast Touka K3 HaXouTCs 0 OTHOILLIEHUIO K CHHXPOHHON MalliHe
3a AByMs M OoJiee TpaHcPopMaTOpaMu WK 3a PEaKTOpOoM (KaOelbHOUM JTUHUEH), CONMPOTUBIICHHE
KOTOPOTO IPEBBIIAET CBEPXIEPEXOJHOE COMPOTHUBICHUE TIEHepaTopa WIM CHHXPOHHOIO
KoMmIeHcatopa Oosiee yeM B 2 pasa. [y CHHXpOHHOTO WM aCMHXPOHHOTO »JeKTpoasuraress K3
JOTYCTUMO CUUTaTh YAAJEHHBIM, €ClIM pacuyeTHas Touka K3 HaxoauTcs Ha JApyroil CTyneHH
HaNpsDKeHHUS ceTH (T.€. 3a TpaHC(HOPMATOPOM) HITH 32 PEaKTOPOM, KaOelleM U T.JI., COPOTHBIICHHE
KOTOPOTO B 2 pa3a u 0oJiee MPEBHIIIAET CBEPXIIEPEXOAHOE COIIPOTUBIICHHUE dIICKTPOABUT AT,

Ecnmu mapamerpsl TeHepaTopoB, TpaHC(HOPMATOpPOB W APYrHX JIIEMEHTOB Haunbolee
ynaneHHo oT Touku K3 yacTu 31eKTpOosHEpreTHYecKOd CHUCTEMBbI HEHU3BECTHBI, TO ATy 4YacTb
CUCTEMBI JIOIIYCKAETCSl MPEACTABIIATh HA MCXOJHOM pacueTHOW cXeMme B BHJIE OJHOTO HMCTOYHHUKA
SHEepruu ¢ HeusMeHHou no ammuntyae 3/C u pe3yapTUPYIOLUUM SKBUBAJIEHTHBIM MHIYKTHBHBIM
CONPOTHUBIIEHUEM. OJEKTPOJBUTATENM, A KOTOpbIX pacueTHoe K3 sBisieTcss ynaneHHbIM, B
pacueTHyI0 CXEMY HE BBOJATCS. YYEeT WIM HEydeT B pacueTHOM CXEMe JAPYruX 3JIEMEHTOB
SHEPTOCUCTEMBI 3aBHCUT OT TpeOyeMoil TouHocTH pacueToB Toka K3, pacuerHoro Bpemenu K3,
HCTIOJIB3yEMOT0 METO/Ia pacueTa u Ipyrux (hakropos.
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Tema 2. Koporkue 3ambikanusi B 39C u CIC. Cucremsl equHuil. (6 yacon)

Bunel KOpoTKMX 3amblKaHMM (K.3), NPUYMHBI HX BO3HUKHOBEHHS U IOCIEICTBUS.
Hasnauenue pacdéTroB MEpEeXOHBIX MPOIECCOB U TpeOoBaHUs K HUM. OCHOBHBIE JOMYIICHUS,
NpUHUMaeMble Mpu  pacuetax. OOmm TOpAAOK pacuera K.3. MCHoiib30BaHHWE CHCTEMBI
OTHOCUTENbHBIX efauHuIl. COCTaBJICHHE CXEMBl 3aMEIIEHUsT CUCTEeMBI U OIpejaeleHue e
nmapaM€TpoB B MMCHOBAHHBIX CIAWHHIIAX. OHpGZ[GJIeHI/IC nmapaMEeTpoB CXEMbl 3aMCIICHHA B
OTHOCUTCIJIbHBIX €AUHUIIAX.

OCHOBHBIMH NPUYMHAMM BO3HMKHOBEHHMSI JIEKTPOMArHUTHBIX MEPEXOAHBIX MPOILIECCOB
SBJISIOTCS K.3., B pe3yJbTaTe:

1. HapymeHus U30JSAIHU IIEKTPOOoOOPYAOBAaHUS H3-3a €€ CTAPECHUS;

2. TepeHanpsHKEeHUs;

3. HEeNOCpeICTBEHHbIE MEXAHUUYECKUE TIOBPEKACHNUS;

4. TepeKphITHUsI TOKOBEAYIINX YacTel )KMBOTHBIMH MJIM NTHIIAMH.

B cxemax NOHM3WUTENBHBIX TMOJCTAHLIIMM HCIHOJB3YIOT CHEIHaJbHbIE anmapaTbl —
KOPOTKO3aMbIKaTeNu (OJHO WM JBYX(a3HbIe) IS CO3JaHHs IMpeIHaAMEPEeHHOro K.3. lIpuHImm
paloThl: NpH BO3HMKHOBEHUH MOBPEXKAEHUS Ha TpaHCchopMaTope MOHMKAIOMIEH MOJICTaHIINY,
pelnieliHas 3aliMTa 1aeT CUTHaAJl Ha BKIIOYEHHE KOPOTKO3aMBbIKaTeNsl. DTO UCKYCCTBEHHO CO3/IaHHOE
K.3. CIY)KUT IPUYMHON OTKIIOYEHHUS BBIKJIIOYATENS] Ha MUTAIOIIEM KOHIE JTUHUH. B GecTOKOBYIO
nay3y Ha [IC, oTaenuTenb OTKIIOYaeT TOBPEXKICHHBIN JJIEMEHT, a 3areM cpabareiBaeT AlIB u
JUHHUS BHOBb IMOJ Harpy3koil. T.o. mpemHamMepeHHOE K.3. MO3BOJIIET OBICTPO OTKIIOUUTH paHee
BO3HUKIIIEE TIOBPEXKICHHUE, HE IPEPHIBAs HAJIONTO MUTAHUE APYTHX MOTPEOUTEIEH.

B 3aBucuMOcTM OT MecTa MOBpPEXJIEHUS M MPOJOJDKUTEIBHOCTH IOBPEXKICHUS,
MOCJIeICTBUSI MOTYT UMETh MECTHBIN XapaKTep UM OTPa3UThCs Ha BCEH CUCTEME.

I[Ipu k.3. B ynaneHHOW Touke IK.3. COCTaBIIIET HE3HAUMUTENBHYIO JOJIKO OT I[HOM
TeHepaToOpOB, U TAaKOE K.3. BOCIIPUHUMAETCS KaKk HeOOJbIIOE YBEIWYEHNE UX Harpy3ku. B mecrax
ONMM3KUX K MECTY K.3. HalpsDKEHHE YMEHbBINASTCS CHIBHO, @ TOKM 3HAYUTEIBHO BO3PACTAIOT.
CnenoBarenbHO, NP HOPMAJbHBIX YCJIOBMSIX OIIACHBIE TOCIEACTBUS K.3. MPOSBISAIOTCS JUIIb B
OMKaNIIIMX K MECTY K.3. YacCTSIX CXEMBI.

AnHanorn4yHas KapTHHa, HO HE CTOJb PE3KO BBIpaKEHHas, HAONI0OJaeTcss TpU IyCKe
KkpynHbIXx nsuraresneir, CK, reHepaTopoB, Ipu BKIIOUEHHH CIIOCOOOM CaMOCHHXPOHHU3AINH, WIH
IIPU HECHHXPOHHOM BKJIIOUE€HUH. Pa3priB cnaboHarpyeHHOH (a3bl CETH HE BBI3BIBAET 3aMETHBIX
MOCIIE/ICTBUI B OCTAJILHON YacTH CXeMbl. B 3arpykeHHOW Hao0OpOT HAONIOJAETCsl CYIIECTBEHHOE
M3MEHEHHE TOKOB U HaIPsDKEHUH.

Tok k.3., Take ecii OH MaJl N0 CPaBHEHHIO ¢ HOMHUHAJIBLHBIM TOKOM T'€HEpaTopa, 0ObIYHO
BO MHOTO pa3 MOBPEXKJIAET TOK CaMOM MOBPEXACHHOW BETBU. OH BBI3BIBACT JIOMOJHUTEIbHBIN
HarpeB TOKOBEIYIIMX 3JIEMEHTOB BbIIIE J0MycTUMOTo. Kpome TemiaoBoro JeicTBUS TOK K.3
BBI3BIBAET MEXJy MPOBOJHHKAMH OOJBIINE JUHAMUYECKHE YCHIIUS, OCOOCHHO 3HAUUTENbHBIC B
Ha4YaJIbHBIII MOMEHT MEPEXOJHOTO MPOoLECcCa.

I'mybokoe CHIKEHHE HANpsDKEHUS W PEe3KOe HMCKaXEHHE €ro CHUMMETPHH, BO3HHKAIOIIHE
npu K3 u mnpononpHONW HECMMMETpPUH, BpPEAHO OTpaXaroTcs Ha pabore moTpedHuTesnei
anekTposHepruu. EcTh moTpeOuTenu BooOIIe HE JOMyCKAoIMUX (Jake KpaTKOBPEMEHHBIX)
[IEPEPHIBOB B N10Ja4Y€ SHEPTHUH.

IIpu 3aMbIKaHUSX HA 3€MJII0 M IPOJOJIbHON HECUMMETPUHU BO3HHMKAIOT HEYPAaBHOBEIICHHbBIE
cucteMbl TOKOB. OHM CO3/1al0T MAarHUTHBIE IMOTOKH, HABOJIIME B IMAPAJUIEIBbHO IMPOXOIALINX
TMHUSAX CBsi3W W curHammzanuu  JJIC, BEeNMUYMHBI KOTOPBIX MOTYT OBITH OMACHBI  JUIA
00CITy’>KHBAIOIIETO NEpCOoHala U allapaTypbl THX JIMHUH.

Hakonen, npu 3anepxke oTkitoueHuss K3 cBepx TOMyCTUMOW MPOJIOIKUTETLHOCTH MOKET
HACTYNUTh OJIHO M3 HamOoJiee OMAcCHBIX €ro MOCIEJCTBUNA — HapyIIEHWE YCTOMYMBOCTH PabOTHI
CHCTEMBI JIEKTPOCHAOKEHHUS.
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PacyeToM 31€KTpOMarHUTHOTO IEPEXOIHOTO MPOLECCa HA3BIBACTCS BBIYMCICHHE TOKOB U
HaIlpsDKEHUH B paCCMaTPUBAEMOM CXEMe MPH 3aJaHHBIX YCIOBUSX.

B 3aBucuMoOCTH OT Ha3HAYEHUH PACUETOB, TOKM U HANPSKEHUS HAXOMAT Ul 3aJaHHOIO
MOMEHTa BPEMEHHU WJIM B TEUEHHUH BCETO IEPEXOJHOro mpouecca. Pemenue npoBoasaT sl OJHON
WJIM HECKOJIBKUX TOUYEK CXEMBI.

K uncny 3apa4, Ui KOTOPBIX TpeOyeTcs pacyeT MepeXxoaHbIX MPOIECCOB, OTHOCITCS:
COIIOCTaBJICHUE, OIICHKA U BBIOOP CXEM 3JI. COEAMHEHHIA;
BBISIBJICHHE YCIIOBHI pabOThI MOTpeOuTENeil Mpu aBapuiHBIX peKUMax;
BBIOOD anmaparoB ¥ MPOBOJIHUKOB U UX TPOBEPKA IO YCIOBUSAM PabOTHI TIPH K.3.
IIPOEKTUPOBAHUE U HACTPOKKA YCTPOUCTB PEJICHHON 3alIUThl U aBTOMATHKU;
onpenenenue nusaus JIDII Ha npoBoa cBs3y;
IIPOEKTUPOBAHUE 3ALIUTHBIX 3a3E€MJICHUN;
10100p XapaKTEPUCTUK Pa3PSIIHUKOB JUIS 3aIUTHI OT MEPEHAIPSIKEHHIA;
ompeieJieHue mapamMeTpoB ycTpoicTB ramenus moys C.M.
BBIOOD cucteM Bo30OyxaeHus: C.M.

10. npoBeieHNE pa3IMYHbIX UCIIBITAHUH.

Jlnst pemieHus 3a1ad AKCIUTyaTallMl TpeOyeTcsi TOYHBIM Y4eT KOHKPETHBIX YCIIOBHHL.
HanpoTnB mnpu mNpPOEKTHPOBAHWU TOJB3YIOTCS MNPHOMMKEHHBIMH JaHHBIMH O TIEPEXOJIHOM
pouecce.

LN h W =

OcHoBHbIE 10Ny ICHUS.

VY4er Bcex ycIOBUM NpPHU pacdeTe MEepexoHOro Ipolecca JeslaeT 3aJady HEe pelracMomu.
[TosTomy BBOAAT psin pomymieHuil. OHM 3aBUCAT OT XapakTepa 3afaud. JlomymeHuss MOTyT OBITH
pa3nuyHbl. PaccMOTprM OCHOBHBIE, XapakTepHbIE /sl OOJIBITMHCTBA 3a/1a4:

1. OrcyrcTBUE HACHIIMICHHS MAarHUTHBIX CUCTEM. T.e. HEIIMHEMHYIO CHUCTEMY 3aMEHSIOT
JMHEIHOMN, 4TO MO3BOJISET UCIOJIb30BaTh IPUHIIUI HAJIOKEHUSI.

2. OrcyTcTBHE HaAMarHMYUBAIOIIUX TOKOB Y TpaHC(HOPMATOPOB U aBTOTPaHC(HOPMATOPOB.
OTO  JOMyIEHHE CHPaBEUIMBO BO BCEX CilydasX, 3a MCKIIOYEHHEM KOrja 3-X CTep)KHEBOU
TpaHchopMaTop ¢ coeAuHEeHHEM Y 0/Y 0 BKIIIOUEH Ha HANPsHKEHHUE HYJIEBOW MOCIIEeI0BATEIbHOCTH.

3. OrcyrcTBHE HECUMMETPHH 3-X (ha3HOM CUCTEMBI.

4. TlpeneOpekeHHE eMKOCTHBIMHU MPOBOJUMOCTSIMUA. DTO JOMYIIEHUE CIIPaBEIIHBO, €CITH B
CXeM€ HET MPOJAOJIbHONH KOMIIEHCAIUM, a TaKKe CBEPXIJAJbHUX JIMHUN Nepenady ¢ HanpsKeHHEM
6onee 220 kB. [Ipu paccMoTpeHNH 3aMBIKaHHS Ha 3eMITIO 3TO JOMYIEHUE HE MPUEMIIEMO.

5. TpubnuxeHHBIH y4eT Harpy3ok. B 3aBUCHMOCTH OT CTaJuu MEPEXOIHOTO Ipolecca
Harpy3Ky 3aMEHSIIOT TOCTOSTHHBIM COTIPOTHUBJICHUEM (OOBIYHO WHAYKTHBHBIM).

6. OTcyTcTBHE AaKTUBHBIX CONpPOTUBIEHHH. OTO [ONYIIEHHE HE NpPUEMIIEMO IS
HU3KOBOJIBTHBIX ceTeil. OHO MCHOJb3yeTcs AJis ONPEJENICHUs] PacdeTHHIX BEIMYMH B Hadaje U
KOHIIE MEPEeXOIHOTO Ipolecca, MPU 3TOM MPHUONMIKEHHBIM Y4eT aKTUBHBIX COTPOTHBIICHHHA
UCTIONB3yeTCS TMpPH OIICHKE TOCTOSHHBIX BPEMEHM 3aTyXaHUS CBOOOJTHBIX COCTAaBIISFOIINX
paccMaTpuBaeMbIX BETUYHH.

7. OtcyrcTBusi KayaHuit renepatopoB B TeueHuu 0.1-0.2 cek. ¢ Haudana mporecca (T.€. C
MOMEHTa HapyIIEHUs PEKMMa) O OTKIIIOUEHUS MOBPEXKICHUS, €CIU 3a/laya OTpaHUuYEHa JIUIIb
HayaJbHOM cTajgued mpouecca. Takoe nponymeHue He pgaer norpemHoctd. Ho ecnmm mpu
MOBPEXICHIUH BO3HUKAIOT CYIIECTBEHHbIE KaYaHHs — UX HEOOXOUMO YUUTHIBATh.

B cooTrBercTBMM C Ha3HAYEHMEM pPAacyeTOB IEPEXOJHBIX IPOIECCOB YCTaHABIMBAIOT
pa3nuyHbIe pacyeTHbIe yea0BusA. OHI MOTYT OBITh BECbMa pa3HOOOPa3HBL

Hanpumep, s paGoThl BBIKIIOYATENS 110 YCIOBHUAM €ro PadOTHI MPH K.3., HEOOXOAUMO
3HaTh HaMOOJIbIIEe 3HAYCHNUE TOKOB K.3. IIpM 3TOM HCXOIAT, YTO NpH K.3. paboTaeT Hambobliee
YHUCJIO TEHEepaToOpoB, K.3. METANIMYECKOE M MPOMCXOJUT Ha 3axuMmax BbIKiIrodarens. Croaa
OTHOCHUTCS U YCTAaHOBJICHHE PACUETHOTO BPEMEHU pPa3MbIKaHHS KOHTAKTOB.

Jlnst pacdeToB pesieHOW 3aluThl He0OXOAWMO 3HATh HaMMeHbllee 3HadeHue Ik.3. Ilpu
3TOM MPUMEHSIOTCS IPYrHe€ pacu€THbIE YCIOBHUSL.
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HpI/I OMpCACIICHNU TOKOB, BJIMAIOIIWX HA IMPOBOAA CBA3U, PCIIAOIINM ABJIACTCA YKa3aHHC
0 pa3MEIIECHUH 3a3€MJICHHBIX HEUTPAJIEH B CUCTEME.

HDI/I BBI6OD€ CXCMBI TranicHusa II0JId C.M. HGOGXOZ[I/IMBIC pacuCTbl MPOBOAAT KakK A
peXKHUMa K.3. TaK 1 X.X.

Cucrema OTHOCUTEJIBHBIX eIMHMIL.

[IpencraBnenne 0coObIX PU3MUECKUX BEIUYHH HE B OOBIYHBIX IMEHOBAHHBIX €IMHUIIAX, a B
OTHOCHTEIIbHBIX, 0€3pa3MEepHBbIX EIMHUIAX ITO3BOJISIET CYIIECTBEHHO YIPOCTUTh MPAKTUYECKHE
pacyeTsl W MPUAATh UM OOJIBIIYIO HATJSAHOCT. DJTO TO3BOJIAET OBICTpEE OIEHHMBATH TMOPSIOK
ONpeeNseMbIX BEJIWYMH. brarojaps STOMYy cHUCTEMa OTHOCHUTEIbHBIX €IMHHUIl IIHPOKO
HCIOJIb3YETCS, XOTs Ha NEPBbIN B3IJISI/T OHA KAXKETCS HECKOJIBKO MCKYCCTBEHHOMN U 1ayKe U3JIMIIHEN.

[Ton OTHOCHTENBHBIM 3HAUEHHEM KaKON-TMOO BETMYMHBI TIOHUMAIOT €€ OTHOIIEHHE K
ApYyroil OTHOMMEHHOW BeIMYUHE, BBIOPAHHOM 3a eMHUILY U3MepeHHus. [l BIpakeHUs OTACTBHBIX
BEJIMYUH B OTHOCUTENBHBIX €IMHUIAX HYXHO BBIOPATh T€ BETUYMHBI, KOTOPHIE TOJDKHBI CIYKHTb
0a3UCHBIMU.

[Ipumem 3a Oa3uCHBIE BETMYMHBI HEKOTOPHIE MPOW3BOJIBHBIE 3HA4YeHUs Toka [0 u
Hanpsbxerus UO.

Torma 6a3ucHas MOITHOCTH TpeX(ha3HON CHCTEMBI OyIeT

S, =+3-U, 1,
0a3HMcHOE COTPOTUBIICHUE
U
_ o
Z; = —F/——

O \516

T.€. OHO MOJYMHEHO 3aKOHY OMa, 4TOOBI 00eCIeUnTh TOKECTBEHHYIO 3aIMCh 3TOTO 3aKOHA KaK B
MMEHOBAaHHBIX, TaK U B OTHOCHTEJBHBIX equHMIaX. Kak BUIHO, U3 YeThIpex 0a3ucHBIX eauHUI 10,
U6, S6, Z6 TompKO 1aBE MOTYT OBITH BBIOpAHBI NMPOU3BOJIBHO, JIBE JPYTHE IMOJNIYYalOTCS W3
yKa3aHHBIX COOTHOIIEHMH. Da3Hble U JUHEWHbIe 0Aa3MCHBIC HANPSDKEHUS U TOKH CBSI3aHBI MEXIY
cOOOW W3BECTHHIMH COOTHOWICHUSAMH JUIi CHUMMETpHYHOU TpexdasHoit cucremsl. Cremyer
OTMETHTb, YTO Oa3WMCHBbIC €IUHMIBI CIYXKaT Ui ONMpENeNeHHs] KaK MOJHBIX BEUYMH, TaK M HMX
COCTaBJISAIOLIUX (AaKTUBHBIX, PEAKTUBHBIX U IIP.).

Takum 00pazom, MpHu BBHIOPAHHBIX OA3UCHBIX YCIOBHSIX OTHOCHTENBHBIE 3HAYCHHS 3.1.C.,
HaNpsOHKEHHS, TOKa, MOIIHOCTH M COTIPOTUBIICHUS OyIyT:

E U 1 S z

=— = . =—; = z G =—
46 ” U*ﬁ = N *6 9 %6 ’ *0
U; U; I; S; Z5

0
rzie 3Be3704Ka (*) yka3plBaeT, YTO BEJMYMHA BBIPAKEHA B OTHOCHUTENBHBIX €AWHUIAX, a HHACKC (0)
— YTO OHA MPHUBEJCHA K Oa3UCHBIM YCIOBHSIM.

3a eAMHMIY H3MEpPEHUs YIIIOBBIX CKOpPOCTEH Kak MpPaBUIO NPUHUMAIOT CHUHXPOHHYIO
YIJIOBYIO CKOPOCTB (O, TOTZJa OTHOCUTENBbHAS YIJIOBAsi CKOPOCTh OIIPENEIUTCS:

Ox5) = O/ 0= O/ O;

CootBeTcTBEHHO: Lg =75 /5= 26 /®¢;

Jlnst motokocuerienus: We = Ug /= Us /@;

[Ipn yka3aHHBIX Oa3MCHBIX EIUHHUIIAX W HEW3MEHHOW YIJIOBOW CKOPOCTH DPaBHOM
CUHXPOHHOM, UIMEEM:

X*(ﬁ) = ¢ L*(G) = L*(G);

E*(G) = c* \P*(ﬁ) = \P*(G);

T.e. MHAYKTUBHOE CONPOTHUBIIEHUE YHUCIEHHO PAaBHO HHAYKTUBHOCTH, DJIC uucieHHO
pPaBHO MOTOKOCLEIUIEHNIO. B 3TOM mpenMyIlecTBO CUCTEMBI 0.€. BpeMs TaK)K€ MOKHO BBIPaKaTh B
0.€.

Kak mpaBuio 3a eJUHMIYy IPUHUMAIOT BpeMs B TEYEHHHM KOTOPOTO POTOP MAIIUHBI MPU
CHHXPOHHOHM CKOPOCTH BpaIlleHUs MOBEPHETCS Ha | 3JeKTpUYecKuit paauaH, T.e.: ts = 1/oc; npu f =
50Ty ts=1/314 cexk.
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OTHOCHTENIbHEIE (1)213HBI€ U JIMHEIHbIE HAIMpsKCHUA YUCJIICHHO OAWHAKOBBI. HPGZ[CTaBI/IM
q)OpMaJIBHOC OonpeaACIICHUEC OTHOCUTCIIBHOT'O COIMMPOTHUBJICHUA B CIICAYIOIIECM BHUIC:

z \B-Iﬁz

Z* = =
6
Z, U,

J5R101
Zu; = Z%
[

rjae Z — 3aIaHHOE COTIPOTHRIICHHE B IMEHOBAHHBIX equHuIax, Om; [0 — Ga3ucHsI TOK, KA; UG —
0a3uCcHOE NHHEWHOE HanpshkeHue, kB; SO — 0a3ucHast MmoniHOCTH, MBA.

[TosTOMY Z#(5) UMCICHHO DPABHO IAJCHUIO HANPSDKEHHS B JJIEMEHTE, IPU MPOXOXKACHUH
yepe3 Hero Is , umu Se.

[Tockoybky BBIOOP 0a3UCHBIX YCIIOBHI TPOW3BOJICH, TO OJHA M Ta K€ JCHCTBUTEIbHAsS
BEITMYMHA MOKET WMETh DPa3HbIe YHCICHHBIC 3HAYCHHS IPU BBIPAKCHUH €€ B OTHOCHUTEIIBHBIX
enuaunax (T.e. npu 1, UH, SH). X BeTUYHHBI ONIPEENISIOTCS CIEAYIONIM 00pa3oMm:

z \B-IHZ

Z* = =

H
z U
WA
— SH
Ze, =2
UH

WHora BMECTO JOJEBBIX €IMHULL BBIpaXaroT 3HaueHus B %, z% = 100 z-.

JIns BBITIONTHEHHWS pacdyeTa B OTHOCHUTENBHBIX eAuHMIax HeoOxomumo Bce JJIC nu
COIIPOTHUBJICHUS DJIEMEHTOB CXEMBI BBIPA3UTh B OTHOCUTENBHBIX 0a3ucHbIX equaunax. Eciu 3/1C u
COTMPOTHUBIICHUS 3a/laHbl B MMEHOBAaHHBIX E€AMHUIAX, TO Ui TEpeBOJa WX B OTHOCUTEIILHBIC
0a3MCHBIC €IMHUIIBI CIEyeT BOCIIOJIb30BAThCS MPHUBEICHHBIMHU BBIIIE BhIpakeHusMU. Kornma sxe
OHHM 3aJlaHbl B OTHOCHUTEIBHBIX HOMUHAJIBHBIX €IMHUIIAX, TO UX MepecdeT K 0a3uCHBIM YCIOBHUIM
HE00X0IMMO MTPOU3BOAUTH TI0 CIEAYIOIUM COOTHOLICHHSIM:

U

j— H
E., = E, —*
6
_ Z*u 'Zu _ IﬁUu

Zng = = Zay I
Zﬁ uUﬁ
HJIN

2

S,U

Zvg = Zuy, ° P
SU%

[Tpu BBIOOpE OA3MCHBIX YCIOBUH CIIEAYeT PYKOBOJCTBOBATHCS COOOPaKEHHSIMHU, UTOOBI
BBIYHUCIIMTCIIbHAA pa60Ta 6BIJIa MO0 BO3MOYKHOCTH TIpOIIC, a MOPAAOK YHCIOBBIX 3HAa4YCHUHU
OTHOCHUTEIILHBIX Oa3WCHBIX BETUYHMH ObUT yno0eH ais pa0doTel ¢ HuMH. [loatomy OepyT kpyrioe
gucyo 100, 1000 niam gacTo BCTpeyarouytocs B CXeMe HOMUHAIBbHYIO MOIIIHOCTh F€HEPAaTOPOB WU
TpanchopMaTopoB. B kadecTBe 6a3uCHOrO 4acTo OepyT HOMUHAILHOE HAMIPSHKCHHE.

IIpu U6 = Un mepecuer otHocutenbHbix DJIC BooOme otmamaer (E*6= E*H), a
BBIpAKCHUS TSl TIepecyeTa OTHOCUTENBHBIX COMPOTUBICHUN TPUHUMAIOT 00Jiee IPOCTOM BU/T:
1
Z*5 = Z*H . _6
[H
HJIN
S
Z*5 = Z*H . _6
S

H

Vcenosue Ug = U, BOOOIIE-TO COOIIONAETCS I YaCTH JJIEMEHTOB, T.K. Uy 3JIEMEHTOB OJHOM
U TOH e Ienu B 00IeM CiTydae pa3InyHbl, OJHAKO 3TO paznuuue cocrasiser He O6omnee 10%, kak
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IPaBWIO TAKOM IMOTPEHIHOCTBIO IpeHeOperaoT U pacueT BexyT s Uy, 3HaueHMs 3aJaHHOU
CTYNEHU HamnpspkeHHus. VICKIIIOYeHHe COCTaBISIOT PEaKTOPbl, IOCKOJBKY OHH COCTaBJISIOT
3HAYUTEIBHYIO YacTh OOIIEro COMPOTHBIICHUS, OMPEAEIATh KOTOPOE BCErga HeoOXoaumo Oolee
TouyHO. Kor/ia peakTopsl yCTaHOBIJIEHBI HE HA CBO€ HOMHHaJIbHOE Hamnpsbkenue (6kB Bmecto 10kxB),
TO MEpecyYeT UX OTHOCUTEIBHBIX COPOTUBICHUN 00s3aTEIEH.

[Tpu Hammumu TpaHcHOpPMaTOPOB B PACUETHOM CXEME CHCTEMBI 3JEKTPOCHAOKEHUS IS
YIOPOIIEHHUS] TPOBOAMMBIX pPAacyeTOB TaKyl CXEMY 3aMEHSIOT CXEMOW 3aMeIleHMs, B KOTOpPOil
MarHUTHbIE CBSI3U 3aAMEHSIOTCS SJIEKTPUUECKUMU.

CocraBiieHHe HCXOHOM CXeMbl 3aMelleHH s

IIpu pacuere TokoB K3 aHanuTHUYECKUM METOJOM CIEIYET MPEABAPUTENBHO MO0 UCXOIHOMN
pacueTHOl cXeMeé COCTaBUTh COOTBETCTBYIOLIYIO CXEMy 3amelleHus. [Ipu 3ToM compoTuBIEHUS
Bcex 2eMeHTOB cxeMbl U DJIC MCTOYHHUKOB SHEPTUU MOTYT OBITh BBIPAKEHBI KAK B UMEHOBAHHBIX,
TaK U B OTHOCUTENbHBIX €UHUIIAX.

Ecnmu u3BecTHBI (haKkTHUECKHE TPH TPUHATHIX HCXOJIHBIX YCIOBHSX KOI(DPHUIIMEHTHI
TpaHchopMau BceX TpaHCHOPMATOPOB H  aABTOTPAHCPOPMATOPOB PACYETHOM CXEMBI, TO
COCTaBJICHHUE CXEMBI 3aMEIEHHsI CIeIyeT MPOU3BOJAUTH C YUETOM 3THX Kodddunuentos. Ecnu xe
daktudeckue kod3hPUImMeHTs TpaHcGopMaIi YacTu TpaHCHOPMATOPOB M aBTOTPaHCHOPMATOPOB
HEM3BECTHBI, TO JOIMYCKAETCS MPH COCTABJICHUU CXEMBI 3aMENIeHHs yKa3aHHBbIE KOI(PQPHUIIMEHTHI
YUUTBIBATH MPUOIMKEHHO.

Pacuersl mpoBOAATCS Ha OCHOBAHMM 3aMEHBI peajbHO( CXEMbl cxemoil 3amemieHus. Ee
COCTaBJIEHUE CBOJUTCA K TPUBUACHHUIO TapaMETPOB 3JIEMEHTOB pPa3jM4YHBIX CTyHEHEeHl
TpaHchopManust K OJHOW CTYNeHH, KOTOPYIO TpUHMMaeM 3a OCHOBHyW. IIpuBenenue
OCYIIECTBIISIETCS Ha OCHOBE oOmmeld Tteopun TpaHchopmaTopoB. Ecmu snexTpudeckas Ienb
HEKOTOPOH CTYIEHU HaNpsDKEHUS CBsi3aHa C BRIOPAHHOW B ATOM CXeMe€ OCHOBHOM CTYIEHBIO PSIOM
TpanchopMaTopoB ¢ koddduimenramMmu TpaHCHOPMAIUH Kj, K2, Ky, TO TPUBEIACHHBIE K OCHOBHOM
CTYNIEHU HANpPsDKEHUs, OTACIbHBbIE BEJIMYMHBI ONpPENENAIOTCS (0 - HHAEKC MPHUBEAECHHOIO
3HAYCHMUS).

E'x= (K" K2*y oy " Kn) E

Us= (k1" Kz, oo k) U ;

[0* =] /(K]' K2, ooy Kn) ,

2= (K1 K2, ey K)oz

IIpu sTomM momaraercsi, 4ro mTOJ Kod(pduumenramu TpaHchopMaMd MTOHUMACTCS
OTHOIIIEHHE JINHEHHOTO HANPSHKEHHsI XOJIOCTOTO X0Ja 0OMOTKM TpaHchopmaropa oOpamieHHOH B
CTOPOHY OCHOBHOH CTYIEHH HAIPSKEHUS, K HAIIPSHKEHHUIO €r0 APYroid 0OMOTKHU AIIEMEHTHI KOTOPOH
MoAJIeXKaT PUBEACHHUIO.

Ecim DJIC wucTOYHHMKA SHEPrMM M COMPOTHUBIICHHWE KAKOTO-THOO JJIEMEHTa pPacyeTHON
CXEMBl BBIPQXEHbI B OTHOCHUTEIBHBIX €IMHUIAX NMPHU HOMHHAIBHBIX ycnoBusx (t.e. D/C mpum
HOMHHAIBHOM HampspkeHUH Uyoy, @ CONPOTHBICHHE - TPH HOMUHAJIBHOM HANPSHKECHUH U
HOMMHAQJIBHOM MomHOCTH §), TO 3HadeHHs cooTBeTcTByomed OJIC U  compoTUBIEHHUS,
MIPUBEJICHHBIE K OCHOBHOM CTYIIEHU HANpPSKEHUS CETH, CIIEAYET ONPEACIATh o (hopMynam

E :g (HOM)UHOM mng.. Ty, 5

z=z HOM 23y
*
TI€ E (yom) U Z (now) - 3HAYCHUA O/1C ucTOYHMKA SHEPTUU U CONPOTUBIICHMS JIEMEHTA PacueTHOU
* %

CXEMBI B OTHOCHUTEJIBHBIX €IUHHIIAX TP HOMUHAJBHBIX YCIOBUSAX; 11, 12, ... , Ny — KOIPPHUITMEHTHI
TpanchopMa TpaHcHOPMATOPOB WIM aBTOTPAHC(HOPMATOPOB, BKIIFOYCHHBIX KACKAIHO MEXIY
CTYNEHBIO HAINPSKEHUS CETH, TJ€ HaXOAATCS 3JIEMEHTHI ¢ noanexamumu npuseaenuto J/1C E u
COIIPOTUBIICHUEM Z , © OCHOBHOM CTYIIEHBIO HAIIPSIKCHMUS.

IlepeBo CONMPOTUBIECHUI U3 OTHOCUTEIIBHBIX €IMHUL] B UMEHOBAHHBIE:

z= 24y UN3 L, [OM] unu z = zv4) U2 /S, [Om]
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PaccmoTpenHoe HaMM TIpHUBEJCHHE N0 ACHCTBUTEIBHBIM KOd(hdUIeHTaM TpaHchopMaun
Ha3bIBAETCS TOUHBIM IIPUBE/ICHUEM B UMEHOBAHHBIX €IMHUIIAX.

IIpy BbIpaK€HUM MApaMETPOB DJIEMEHTOB SKBHUBAJEHTHOW CXEMBbl 3aMEIICHHS B
OTHOCHUTENIbHBIX €AMHUIIAX C [PUBEICHUEM [apaMEeTPOB pa3JIUYHbIX JJIEMEHTOB HCXOIAHOMN
pacyeTHOM cXeMbl K Oa3UCHBIM YCIOBUSM M C y4eTOM (PaKTHUECKHX KOA(PPHUIIMEHTOB
TpaHchOopMaIK CHIIOBBIX TPaHC(HOPMATOPOB M aBTOTPAHCPOPMATOPOB HEOOXOIUMO:

1) 3amaThcst 6a3MCHOM MOLTHOCTBIO Sg M JJISi OJTHOW M3 CTYNEHEW HAaIpsDKEHUS MCXOIHOM
pacyeTHOM cXeMbl, IPUHUMAEMOH 32 OCHOBHYIO, BBIOpaTh 0a3rcHoe HanpsokeHue Us oon;

2) ompenenuTh 0a3MCHBIC HANPSDKEHHS JPYTUX CTYNEHEW HANpsKEHHs pacueTHOW CXEMBI,
UCTIOJIB3YS GOPMYITY

UsNn :;Uﬁ.ocn >

nny..ny,

rne n, My .. Hp — KOIPPUIHEHTH TpaHCPOpMAIMU TpPaHCHOPMATOPOB U
aBTOTPaHC(HOPMATOPOB, BKITFOUCHHBIX KaCKaTHO MEXKy OCHOBHOM M N-1 CTYIEHSIMH HAIPSHKCHUS,

3) Haiiti uckomble 3HaueHUsI DJ1C UCTOUYHUKOB SHEPTHU U COITPOTUBIIEHUN BCEX 3JIEMEHTOB
CXEMBI 3aMEeIEHHs] B OTHOCUTENIFHBIX €NHUIAX TPU BHIOPAHHBIX 0a3UCHBIX YCIOBUSAX, UCIIOIb3YS

bopmybl

_ Usow .
E' ©)=E/Ugn UIH 5 6)= 5 (H0M) Usn >
S 6 Ss U§OM
Zo~Z 5 WM ZG=Zmwmg 5
6N * * wom UgN

rne Ugy - 0a3ucHOE HampsHKeHHE TOW CTYNEHHW HAIpsDKEHUS UCXOIHOM pacueTHOM CXEMBI,

Ha KOTOPOW HAXOJUTCS 3JIEMEHT, MO JICKAINI TPUBEICHHUIO.

[TepBoie popMyIBI CleAyeT UCIOJIB30BATh B TEX cliydasx, korja 3HaueHus DJ[C ucrounmka
SHEPTUU U MPUBOJUMOE COTIPOTUBIICHUE 3aJIlaHbl B MMEHOBAHHBIX €JMHULIAX, & BTOPBIE (HOPMYIIBI -
KOTI'/Ia 3HAYEHUS 3TUX BEJINYMH 33/1aHbl B OTHOCUTENBHBIX €IUHUIIAX IPY HOMUHAJIBHBIX YCIOBUSIX.

OOBIYHO B UMEHOBAHHBIX €MHUIAX 33aJ]aHO COTIPOTHUBJICHUE BO3/YIIHBIX JIMHUH, Kabenel nu
pEakTopoB, a B OTHOCHUTEIBHBIX E€IUHHMIIAX NPU HOMHUHAJIBHBIX YCIOBHUSX - CONPOTUBIICHHE
IE€HEpAaTOPOB U CHHXPOHHBIX KOMIEHCATOpoB. CONMpOTUBIEHUE HEMOABMKHOTO AJIEKTPOABUTATEINS
(comporuBnenne K3) u compoTuBieHHe TpaHChopMaTopa B OTHOCHTEIBHBIX €IHMHHLAX TIPU
HOMMHAJIBHBIX YCIIOBUSIX ONPENENIOT 1o hopMynam

1 . u, %

% K(HOM) £n s {(HOM) 100 )

rjac [ , - KpaTHOCTh IIYCKOBOT'O TOKA 110 OTHOIICHUIO K HOMUHAJIBHOMY TOKY,
*

u% - HaIPsDKEHNE KOPOTKOTO 3aMBIKaHUs TpaHc(popMaTopa B POICHTaX.

PaccmoTpenHoe HamMM TIpHUBEJICHHE TIO ACHCTBUTEIBHBIM KOd(hdUIeHTaM TpaHchopmaun
Ha3bIBAETCS TOUYHBIM IIPUBEIEHUEM B OTHOCUTEIIBHBIX €IMHUIIAX.

B mpakTudeckux pacderax 4yacTO MCIOJB3YIOT MPUOIMKEHHOE TpuBeieHue. PacueT B aToM
ciydae mpomie. B Tex cimydasx, Korja OTCYTCTBYIOT JaHHbIE O (PAKTUYECKH HCIOJb3yeMBIX B
YCIOBHSIX  OKcIUTyaTanmuu  Koddduimentax  Tpanchopmamuu  TpaHC(HOpPMATOpOB u
aBTOTpaHC(HOPMATOPOB, JOMYCTUMO MX MPUHUMATh PABHBIMH OTHOIIEHHUIO CPEJHUX HOMHHAIBHBIX
HaNpsOHKEHUN ceTel, CBSA3aHHBIX 3TUMH TpaHchopmaTopaMu M aBroTpanchopmaTopamu. [Ipu sTom
PEKOMEHAYETCSI MCIOJIb30BATh CIEAYIOUIYIO LKAy CPEIHUX HOMHHAJIBHBIX HANpsKEHUM ceTeit
Ucp.nowm, kB: 3,15; 6,3; 10,5; 13,8; 15,75; 18; 20; 24; 27; 37; 115; 154; 230; 340; 515; 770; 1175.
IIpu »TOM cCuMTaeM, YTO HOMMHAJbHBIE HANpSIKEHUS BCEX JJIEMEHTOB  JAHHOW CTYIEHU

OJMHAKOBBI M paBHbI Uy, a IMPU KacKaJHOM BKIIOYEHUH TPAHC(HOPMATOPOB PABEH OTHOLICHUIO
KpallHUX CTYIICHEH.

IIpy BbIpaK€HUM MApaMETPOB DJIEMEHTOB SKBHUBAJIEHTHOW CXEMBbl 3aMEIICHHS B
MMEHOBAHHBIX €IMHUIAX C IPUBEICHUEM MAPAMETPOB PA3IUYHBIX 3JIEMEHTOB UCXOJHOW pacueTHOU
CXeMBbl K BBIOpAaHHOW OCHOBHOW CTYNEHH HAIPSDKEHUS, HCIOJIB3YS TPU ATOM MPUOIMKESHHBIN
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cioco0 ydera KoOd(pQPHUIMEHTOB TpaHcPopManuu TpaHCHOPMATOPOB M aBTOTPAHCHOPMATOPOB,
MNPUBCACHHBIC 3HAYCHHA 3,}1C HUCTOYHHUKOB OJHCPIruM M COIMPOTHUBIICHUA Pa3JIMYHBIX J3JICMCHTOB

CXEMBI CIIEYeT ONpeesTh o hopMyaam

2

Cp.ocH Cp.ocH

o U o
E=E-2". 7-7

2
UCPN UcpN

9

1€ Ucp.oecn — CpeHEE HOMHUHAIBHOE HANPSDKEHUE TON CTYNEHH HAPSHKEHUS CETH, KOTopast
MIPUHSATA 32 OCHOBHYIO;

Ucpn — cpeZiHee HOMHHAJIBHOE HANpsDKeHHE TOM CTYNEHH HalpsDKEHMs CeTH, Ha KOTOPOH
HAXOJIUTCS SJIEMEHT C IMOJUISKAIUMH MPUBEICHHUIO MTapaMeTpaMHu.

Ecim DJIC wucTOYHHMKA SHEPrMM M COMPOTHUBIICHHWE KAKOTO-THOO JIIEMEHTa pPacyeTHON
CXEMBl BBIPQKEHBI B OTHOCHUTENIFHBIX €AWHUIAX TPH HOMHUHAIBHBIX YCIOBUSAX, TO TIpU
MPUOTKEHHOM yuere ko3¢ hUIeHTOoB TpaHchopMaIu TpaHcGopMaTopoB u
aBTOTpaHC(HOPMATOPOB MX 3HAYCHHUsS, NMPUBEACHHBIE K OCHOBHOHM CTYNEHHM HANpsOKEHUs CETH,
CIIeyeT HaXOAUTh N0 (hopMyrnam

Cp.OCH »

E :g (HOM)U

[Ipy BBIpaOKEHUM TApPaMETPOB DIIEMEHTOB OKBUBAJICHTHOW CXEMBI 3aMEIICHHS B
OTHOCHUTEIILHBIX EJMHUIIAX C TPUBEJICHUEM TapaMeTPOB pA3IUYHBIX DIIEMEHTOB HWCXOIHON
pacueTHOM CXeMbl K 0a3WCHBIM YCIOBHUSM, UCTOJIB3YS MPU ITOM MPUOIMIKEHHBIA CIOCO0 ydera
kod(puimeHToB  TpaHchopManuu TpaHcHOpPMAaTOPOB U aBTOTpaHCHOPMATOPOB, OasHCHAS
MOIIIHOCTh BBIOMpACTCS] TPOU3BOJBHO, a B KayecTBE OA3MCHOTO HANPSDKEHUsS OO0 CTYIeHH
HaNpsDKEHUST CETH CIIEAYyeT NMPUHUMATh CPeJHEe HOMHUHAIBHOE HAIPSIKEHHE COOTBETCTBYOMICH
crynnend. B stoMm cnydae uckomblie 3HaueHuss DJIC MCTOYHMKOB HSHEPTUMM U COMPOTHUBIICHUM
AJIEMEHTOB CXEMbI 3aMEIICHUS B OTHOCUTEIIbHBIX IMHUIIAX CIEAYET ONMPEAeaTh 1o hopMyiam

Yorgy MM T e
7 =7 7 =7 e
£ =% WA £ (6)= £ (nom) S
* % UcpN * * HOM

[TpubnmxeHHOe TpPUBEICHHE BHOCUT HEKOTOPYIO MOTPEIIHOCTh, IO3TOMY €ro HaJo
UCTIOJB30BaTh C OCTOPOKHOCTBIO, OCOOEHHO €CIIM HMEIOTCS TpaHc(hOpMaTopel ¢ TIIyOOKOM
PEryINpPOBKOM HATIPSIKEHHUS.

HaiineHHble TOKM W HamNpsDKCHHS SIBISIOTCS PEaJbHBIMH TOJBKO JJISI TOW YacTH CXEMBI,
CTYIEHb HAIPsDKEHUS IPUHUMAETCS 32 OCHOBHYIO. B Ipyrux y4acTkax cXembl — IyTeM 0OpaTHOTO
nepecuera.

He3aBucumMo OT TPUHATOTO CrHoOco0a COCTABICHHS CXEMBbl 3aMEIICHUS IPSIMOM
MOCIIEIOBATEILHOCTH (B MMEHOBAHHBIX MJIM OTHOCHTEIBHBIX €IMHUIAX, C Y4eTOM (PaKTHUYECKHX
K03 PUIMEHTOB TpaHCPOpMALUU TPaHCHOPMATOPOB WM TPHU MPUOTIKEHHOM YYeTe JTHX
KOA(PHUIIMEHTOB) B 3TOM CXEMe JOJIKHBI OBITh MPEJCTABICHBI BCE AIEMEHTHI HCXOIHOM pacyeTHON
CXEMBI, TNPHUYEM MCTOYHHKH OHHEPTUM (T€HEepaTopbl, CHHXPOHHBIE KOMIIEHCATOPHI, a TaKKe
anekTpoasurarenu MouHocTeio 100 kBT 1 Oosee, eciim OHM HE OTENIEHBI OT pacdeTHOU Toukn K3
TOKOOTPAHUYUBAIOIIUM PEAKTOPOM WM TpaHCPOpPMATOPOM) U OOOOIICHHBIC HArpy3KH Y3JI0B
JOJKHBI OBITH BBelleHBI B cxemy DJIC M MHIYKTUBHBIMU COTIPOTHUBIICHUSMH, COOTBETCTBYIOIIUMU
paccMaTpuBaeMOMY MOMEHTY BpeMeHH. Tak, Ipu pacdyere HadyalbHOTO 3HAYEHUS MEePUOTUIECKOM
COCTABJIIONIEH OHM  JOJDKHBI OBITH TPEJNCTaBI€HBl B HMCXOJHOH CXeMe 3aMeIIeHUs
ceepxnepexonusiMu  DJIC u  cBepXmepexoJHBIMH WHAYKTHBHBIMH COINPOTHBIEHUSMH. Bce
OCTaJIbHBIE DJIEMEHTBI HMCXOJHOW pacdyeTHOW CXEeMbl JOJDKHBI OBITh MPEJCTAaBICHBI B CXEMeE
3aMeIIeHUs COITPOTHBIICHUSIMH PSIMOA MOCJIeIOBATEIBHOCTH. TpexobMoTOUHBIE
TpaHchopMaTopsl, aBTOTpaHcHOpMATOpBl, TpaHCHOPMATOPHI U ABTOTPAHCPOPMATOPHI  C
pacuieryieHHOH OOMOTKOW HU3IIEr0 HANpsDKEHUs, a TaKKe CABOCHHBIE PEAKTOPHI JOJDKHBI OBITH
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MPEACTABICHBl CBOMMH CXEMaMH 3aMEIEHUsl. JTH CXEMbl, a TAK)KE€ pAaCUCTHBIC BBIPAXKEHUS IS
OTIpeJIeNIeHUs] X TapaMeTPOB MPUBECHBI B Ta0. 1 TeMBbI.

[pumep 1: CocTaBUTH paCUETHYIO CXEMY 3aMEIICHUS JIJISI CXEMBI.

r Tl I T2 P KT /
O+ o |

I <

Su =30 MBA; Un = 10.5 kB; x, ¢ = 0.25; - nepexoHOE CONPOTHBIICHUE /I HAYAIILHOTO
momeHTa k.3. Ed = 11 kB; 3necs I, 11, III — crynenu HanpsokeHUs

T-1 JIDII T-2 P

St.HOM = 31.5 MBA 80 kM Sto =15 MBA Uun=6xB
10,5/121 xB x; =0,4 OM/kM 110/6.6 xB =300 A
Uxk=10.5% Uxk=10.5% Xp = 5%

KabGenpHas muaus: 2,5 kM; X; = 0,08 OMm/xMm.

Onpenenuts Iys.

Pemenue mnpuBeneM B OTHOCHTENBHBIX M WMEHOBAHHBIX EIMHHUIIAX C TOYHBIM U
MPUOTKEHHBIM IPUBEJICHUEM CXCMBI.

[Ipexxme Bcero cocraBUM cXeMy 3aMelieHus (T.e. BCE DJIEMEHTBI CXEMBI TPEJICTaBUM
CBOUMH COIIPOTUBJICHHUSIMH).

=
0o
o8
[+
|n
(=)

B uncautene HOMCP COOTBETCTBYIOLICTO COIMPOTUBJICHU S, B 3HAMCHATCIIC €ro BEJIMUNHA B
MMCHOBAHHBIX WM B OTHOCHUTCIIbHBIX CAMHHUIIAX.

L TOYHOE IMPUBEJAEHUE B UMEHOBAHHGBIX EJTMHUTTAX.
1. 3a OCHOBHYIO CTyIIE€Hb HAIPSHKEHUs PUHUMaeM 1nepByto, T.e. 10,5 kB. Uy = 10.5 xB.

u: 10,5°

= 0,96 Owm;

[nd remepatopa: X, = X, -

H

u: 10,52

Jlis tpanchopmaropaT-1: X, = X =0,31 Om;
2 (n)

H b

Te X.u) = UK(IK)Q

2 10,5
oot %, = o, =12

j-0,4 -80=0,24 Ou;

Jlns tpancdopmaropa T-2:

2 U?, 10,5 110°
Xy :(Kle'”Kn) X*(H) N 2(121) 0105?—064 Owm;
EJISI pCaKTopa:
2 2
Xy =X | . ] 05,0 _(110_10.5) = 1.21 Om;
31 \u, U, V3.03 6.6 121
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110 10.5
s xkabenpHOM muHMU: X = X | (KIK2 : ) =0.08-2.5- =0.42 Owm;
6.6 121

2. Ompenenum pe3yabTUPYIOLIEe CONPOTUBIICHHE Xy
Xy =X, +X, +X; +X, + X5 +X, =3.84 Om;
E, 11
3. Omnpeznenum TOK K.3. renepaTopa: | = = =1.65 kA,

K.3.T'CH \/E-XZ \/5384

10,5 110
4. OmnpenenuM ToK K.3. B Mecte 3ambikanms : I, =1 . - . = 2,4kA;
' ” 121 6,6

1. PUBJIMKEHHOE IMPUBEJAEHUE B UMEHOBAHHBIX EJJUHUIIAX.
[Mpunumaem Ucp mis xkaxaon crynenu. Ucp; = 10.5 kB; Ucpy = 115 kB; Ucpm= 6,3 kB;
Pacuernas I-1 crynens.
Comnpotusienus reHeparopa u Tpanchopmartopa T-1 vHe usmensres: x;=0.960m; x;=0.370wm;

2
§]
X, =X, | —2 | =0.4-80- (105) =0.27 Om;
U, 115

2
U ( U, 6% (10.5Y’
Xy =X, =t =2 ~0.105. %9 (Ej =0.77 om;
S, \ U 15 63

H

2
U, (U, 10.5’
X5 :Xp*(H)' B ol =0.05- 6 ( Osj =1.68 Owm;
\/EIH UcpIH \/§ -0.3 6.3

2
U 1
X=X, | —2 | =0.08- 25(05j =0.5 Om;
U 6.3

Pacyernoe conporusinenne X , = 4.6 Owm (moy4nin 3aBbiuieHHOE 3HaUeHHe Ha 20%);

11
= =1,38 kA, (omubka Ha 16,5%);

I
K.3.reH \/g . 4’6

U
=1 |—2]=138. (10 5) 2.3 KA;
- B Ucp.III 63

IlI. TOYHOE NPUBEJAEHUWE B OTHOCHUTEJIbHBIX EAVUHUIIAX
[Mpuanmaem  S6=100 MBA; U6=10,5 kB. (MoxHo 00y MOIIHOCTh, HaIpUMEp,
reHepaTop, HO Yalle Kpyriyro mudpy, Kak B JaHHOM cliydae).
1. OmnpenenseM 6a3ucHOE HAMPSHKCHHUE HA JAPYTUX CTYICHSX.

U, =Uy (EJ = 10.5-(£j =121 xB; ananornuno U, =121- (6 6) 7.26 kA;
U, 10.5 110

2. Omnpenenum 6a3uCHBIC TOKU HA KaKJIOM CTyneHn HanpshkeHns I

\/_U

1 1 1
=19 ssar, =29 _oagka 1, =0 _705

J3:10.5 J3-121 J3-7.26
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3. OmpenenuM CONMPOTHBIICHUS B OTHOCUTEILHBIX Oa3UCHBIX CIUHUIIAX.

2

Ss (U 1

XIZX*(H)-—‘S- - —025ﬂ—087
S, \Ug 30

S 1
Xzzx*(H)-S—G (1) =0,105- %_033

100

X, =X, - 2 —022
6
s. (u Y 100 (110Y
Xy = Xugy) . B =O,105-—-(—j =0,58
S, 5 15 121
|
stxp*(H)-—ﬁ- =0,25- @—109
I, 5 30
Ss 1
Xg =X " s 002 =0,38

6 H
Xy =X, +X, +X; +X, + X5 +X, =3.43
4. Onpenenum B oTHOCUTENbHBIX equHuax J.J1.C. win HanpsokeHue

E_ E 11
Eug)=— =~ =——=105
E, Uy, 105

Crenaem mepexo/1 K ONpe/IeTICHUIO TOKa K.3. TeHepaTtopa U B MECTe K.3.

I =1 I, =0306-5.5=1.68 kA;

K.3.T€H *(0)K.3

L. =L, Lo =0.306-4.95=2.43 A;

IV. INPUBJIMDKEHHOE IMTPUBEJEHWUE B OTHOCUTEJIBHBIX EAMHUIIAX

Uer, 161, Sg — ocTarorcss HEM3MEHHBIMH.
1. Onpenenum G6a3ucusie HanpspkeHust U Toku Hall —I1I crymensx.

1 115
U, =U, (HJ U, =10.5- (105)415 xkB; U, =115 (161:;) 6.3 KB;

100
IGII: / - _05 9 HIG: ':92 KA.
U6H *
I[MepeiiieM K OTHOCHTENIBHBIM CIHHHUIIAM B OTPECICHHOM compoTuBieHun. x1,x2 u E6 ocraroTcs
HCU3MCHHBIMU.

S 1 S
X, =X ——04 80 - ﬂ—024 X, = X, 20 (1) =0,105- @20,7;
3 bt 2 (1)
U2 115 S, 15
I, 2 S
Xg = Xy " -3’3:1,53;x6:xm-U6 .=0,08- 100_051
H 29 1116
Xy =4.18.
I, =E*‘“)=£=0.25

@ xg 418
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Lo = Logyes - Iy =0.25-5.5=1.38

I, =L Iy =025-92=23

I[MTPUMEP 2:
T1-60MBA P-0.3 KA
110/11 kV 10 kV

llk=10.5°/0

Kabeabnas
— JIMHAA - 2,5 KM
J2 x=0.08 om/kM
60 kM r=0,45 om/xkm
—_——— l
r-167 MBA T2-180MBA J1 ZZA;;;??;;/I? II?V J3 T3-15SMBA
13.8 kV 13.8/242 kV 180 kxm ) 13 km 35/6.6 kV

upc=9%:; ugy=32%:;

x";=0.12 w=14% o 18% u=8%

CocTaBuTh CXEMY 3aMEIEHHS, BBIPA3UB JJIEMEHThl CXEMbl B HMEHOBAHHBIX U
OTHOCHTENIbHBIX €IWHUIAX. PelleHre NpoBECTH C TOYHBIM M MPHOIMKEHHBIM TPOU3BEIICHHEM
cxembl. OTIeHUTh 3HaYEeHUE TIEPUOMUECKON cocTaBstromei [k.3. mpu 3-x ¢a3HOM K.3. B TOUKax K-1
K-2, CUMTAasi, YTO reHepaTop padboraer Ha XX ¢ HOMUHAJIBHBIM HANPSHKEHUEM.

1. TOYHOE ITPUBEJAEHWE B UMEHOBAHHBIX EJAMHUIIAX

B kagecTBe ocHOBHOH BhIOMpaeM ctynens 11, rae BrmoueHa muaus JI-2.
CocrasisieM cxeMy 3aMeIIeHHUS:

8 9 10 10 K2
21.2 27 20 r=575 \?
S S
E=133/\3 | |
7
1 24
12.7
5
3
2
13.8 \f
1 1 1 ] ]
L L L L |
3 4 6 K3
18.2 14 25

2
X, 20.12-13.8 (242 121

167 (13.8 220
138 242 121 133 U

e= 0 202 12010 g B-— Kk
5 138 220 5 NER

2 2
j =12.7 Om; Xd[SJ—(Kle)
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(T -2) X, =

2
14 242 (121 _13.8 Om: x =
100 180 220

(1-1) x, =0.4-180- 121 —18.2 Om;
220

(AT) yxotoporo U, =05-(U,+U,, +U_);

B

U, =0,5(9+32-18) = 115%

U.,=9-11.5=-25%

Uy =32-11,5=20,5 % CcOOTBETCTBEHHHO
1.5 1217 U U’

X, = =14 Om; x5=-30M; Xx¢=250M; L.
100 120 100

“|

(JI-2) x7=0.4%60 =24 Om;

2
(T-1) X4 = 10.5 110 =21.2 Om:
100 60
2
® x, = 4 10 _(110) 77 om
100 /3.03 11

11
(kab.) X, =0,08-2,5- ( 1(1)J =20 Owm;
r, =0,45-2,5- (li? J =113 Owm;

IIpwu k.3. B TOUKE K-1 Xy =12.7+13.8+18.2+14-3+24+21.2 ~101 Om;
BennunHBI TOKOB:

E 133

Bmuanmun JI-2 1= = =0.76 kA,
J3:101 +/3-101
110
B mecre K.3. , =0,76- W—76KA
121

BmuunJI-2 [1=0.76-—— =0.42 xA;
220

[Ipu k.3. B TOUKe K — 2:

Xy =1014+70+20=198 Owm;

Zs :1/)(2Z +r§ =228 Om;

TokBmuamun JI1-2 [ = 133 = 0.34 kA;
V3228
B mecTe K.3. . =0.34. %—34%
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TOYHOE ITPUBEAEHUWE B OTHOCUTEJIBHBIX EJMHUIIAX

1000
[Tpunumaem: S;=1000MBA u Ha 2 ctynenu (ocHoBHO#) Us =115kB, Torna I5 = =5(xA);
’ PoY30115
Ha JIPYTUX CTYIMEHsAX 0a3MCHbIE HAPSHKEHHS U TOKU OYIyT:
11 110
Us = 115 -——= 11,5kB; I =5-—— =50 (kA
g 110 T (A
22 121
Us —115—0—209 kB; I;,=5-—— =12,75 (xA);
121 220
13,8 242
U54 : = )

Is, = 2,755 =483 (xA);
13,8

HOJIB?;YSICB COOTBCTCTBYIOIIIMMHU BBIPAKCHUAMUA, HAXOAUM BCIIMYHUHBI COITPOTUBJICHU !

2 2
Mx=xa 22| L 212 1000 18T o7
s\u

5 167 119
2 2
(T-2) x:=0,14 . 1200 [242] — 1,04; Y. 5 U
180 (209 100 § U:
(- 2) x5 = 04180129 _ | 37, ok 2
9’ :
2 2
(AT') x4tx5=0,09- 1000, [gj =0,83; Use: 5 | Y
120 | 209 s \u,
(A-2) x7= 1000 =1,82; Xo-l- 552
[
2 2
(T—l)xg—omsm[@]:m; U Ss | U
60 \115 100 S \U,
1
) x=-0040.10 _53
03 115
(kab.) x9= ST AHATIOTHYHO 1 = 8,5

138

OtHocHUTenpHad D .1. C

[Ipu kopotkom 3ambikanuu  xy = 0,97+1,04+1,37+0,83+1,82+1,6 = 7,63.
E  1l6

xZ 7,63

BeJIHqHHH TOKOB Ha CIIEAYIONIUX CTYIEHIX HANpPsHKEHUs OyIyT
Ip>=1y =0,76 (kA); B mecte K3. [7.; = 0,152-2,75 = 0,42 (kA);

Ipu k. 3 B Touke kK —2. Xy = 7,63+5,8+1,51 = 14,94; Zs = /14,94* +8,5° = 17,2.
L6

OTHOCUTENBHBIA TOK [ =

9

Benuuuns ToxoB: (JI —2) 7=0,068-5=0,34 (xA); B mecte K. 3. [; = 0,068- 50 = 3,4 (xkA), T.e.
COBMA/IAIOT C TEMHU BEIMYMHAMH, KOTOPbIE ObLTH HAWJEHBI TIPU TOYHOM PEIICHUN B MMEHOBAHHBIX
eIMHHUIIAX.
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HNPUBJIMOKEHHOE ITPUBEJEHWE B OTHOCUTEJIbHBIX EJVMHUITAX.

Coxpansist S = 1000 MBA, U; , = 115 kB, u ciefoBatensHo, /5, = 5 KA, Ul Ipyrux CTyIeHed B
COOTBETCTBUU C PEKOMEHJOBAHHOM IIKAJION HAIIPSHKECHUN UMEEM:

Us; = 10,5 kB, I;; = 54,8 kA
U53 =230 KB, [53 = 2,5 KA
Uss = 13,8 kB, Iea = 41,8 KA

16 PACCUUTBIBACTCA TAKIKE KaK U JJIs1 TOYHOT'O ITPUBCACHU .

OtHocuTenbpHas Oa3UCHAsE PEaKTUBHOCTH (COMPOTUBIICHUE) TMHUK JI-2 COXpaHUTCS TOM K€, YTO U B
IpeaplayeM nojacuere X7 = 1,82, i ocTaabHBIX 2JIEMEHTOB IO BBIPAXKEHUSIM VIS YIIPOILIEHHOTO
MIPUBEACHUS B OTHOCUTENIbHBIX EMHHUIIAX UMEEM:

X| =0,12-m =0,72;
167

Xy = UK-& = 0,14-m =0,78;
S, 180
S 1000
X3= Xo1— =0,4180-——=1,13;
R 2302
X4+Xs = Uy S _ 0,09-m =0,75;
S, 120
xg = Uy S = 0,105-m =1,75;
S, 60
S 4 1
Xo=x% -0,001- —2- . Y. =0,04- 548 —0=6,95;
I, p 0,3 10,5
S ; 1000
X10 = Xo'l' (62 = 0,082,5@21,82, I'io = 10,2;
OTtHOCHUTENBHAA D.J1.C. E= 138 _ I;
13,8
K.3. B Touke k-1 xy =0,72+0,78+1,13+0,75+1,82+1,75 = 6,95;
E,
OTHOCHUTEIBHEIN TOK I+ = = L =0,144
X 6,95
>
BennunHBI TOKOB:
(JI-2) 1=0,144-5=0,72 (xB);
B MECTE K. 3. [=0,144-54,8 = 7,9 (xkA);
(JI-1) 1=0,144-2,5=0,36 (xA);

K. 3. BTouke K-2 Xy =6,95+6,95+1,82 = 15,72 KA.
Zs = 15727 +102% =18,7

Ornocurensuelii TOK = —— = 0,054;

BenuyuHbl TOKOB:
(JI-2) 1=10,054-5=0,27 kA;
B MECTE K. 3. 1=10,054-54,8 = 2,95 KA.
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IIpeodpa3oBanue UCXOAHOI cXeMBbI 3aMellleHUs B IKBUBAJIEHTHYIO pe3yJibTHPYIOILYIO
[Mpn ananmuTHYeckuX pacderax TOKOB K3 HCXOIHBIE CXEMBl 3aMENICHHS, B KOTOPBIX
MPEJICTABICHBl  PAa3JIMYHBIC  JJEMEHTHl  WCXOJHBIX  PACUETHBIX CXEM, CJIeAyeT IyTeM
MOCJIEJIOBATEFHBIX TIPE0Opa30BaHUl MPUBOJUTh K SKBUBAJICHTHBIM PE3YIbTHPYIOIIMM CXeMaM
3aMenieHus, cojepxamum skBuBaieHTHYI0 OJIC (B cxeMax mpsMOW MOCIEA0BATEIBHOCTH),
SKBUBAJIEHTHOE pE3YJIbTUPYIOLIEE COMPOTHBIIEHUE COOTBETCTBYIOIIEH IOCIEI0BATENILHOCTH H
MCTOYHUK HAIPSDKEHUS OTHOMMEHHON TIOCTIEIOBATEIbHOCTH, a ipu Tpexdaznom K3 — touky K3.
[ens mpeoOpa3oBaHUs CXEMBI 3aMEIIEHUS - IPUBEICHUE €€ K TPOCTEHIIIeMY BHTY.

X, X, E

GIZ G2% G2%

E

GIX

Lg Xg

(o)

[Ipeodpazobarue cxers 3aMaueHUS oy 00Hod 2punne ucmawHukal (o) u n-zpuynn (0

Econ cxema 3amemieHuss COICPKUT HCTOYHMKM CO 3HAYUTEIBHO OTIMYAOIIMMUCS
napameTpamMu, TO OHHM OOBEIUHSIOTCA TaK, YTOOBl KakJas TpyIIa coJiepXajla HNCTOUYHUKU C
OnmM3KkMMU TapaMeTpamu. Tornma mpocrelinas cxema, K KOTOpPOM NpuBOAMTCS iro0as cxema
3aMeleHus1, OyIeT UMETh BUJI, TOKA3aHHBIN HAa PUCYHKE ().

Ecnn ucxonHas cxeMa 3aMElIEHUsT HE COJEPKUT 3aMKHYTBIX KOHTYPOB, TO OHa JIETKO
npeoOpa3yeTcsi B OKBHUBAJICHTHYIO pPE3YJIbTHPYIOUIYIO CXEMYy TIIYyTeM IOCIEOBATEIbHOTO H
[IapaJUICIIbHOTO COCAMHEHUS DJIEMEHTOB M IIYTEM 3aMEHbl HECKOJIBKMX HCTOYHMKOB, MMEIOIIHUX
pasupie OJIC u pas3Hble CONPOTHBIEHUS, HO MPHUCOEAMHEHHBIX B OJHOM TOYKE, OIHHUM
SKBUBAJICHTHBIM HMCTOYHHKOM. [Ipu 0ojee CIOXKHBIX MCXOIHBIX CXeMaxX 3aMeIleHus JUis
ONPENEICHUsI HKBUBAJICHTHOIO PE3YJbTUPYIOLIErO CONPOTUBIECHUS CIENYEeT HCIOJb30BATh
M3BECTHBIE CIIOCOOBI MpeoOpa3oBaHus, TaKue KaK MpeoOpa3oBaHUE TPEYroJbHUKA COMPOTHBICHHUHA
B DKBUBAJICHTHYIO 3B€3/ly CONPOTUBIICHUH, 3B€3/ly COIIPOTUBIICHUN B SKBUBAJICHTHBIN TPEYTOJIbHUK
CONIPOTUBIICHUM, MHOTOJYYEBYK0  3BE€3[ly CONPOTHBICHUMM B  IIOJIHBIHA  MHOTIOYTOJBHUK
corpoTuBieHui u T.1. Kaxknas cxema gomkHa ObITH IpeoOpa3oBaHa 70 OJHOTO PE3YIbTHPYIOIIETO
COIIPOTHUBIICHUS] COOTBETCTBYIOIICH MOCIIEI0BATEIBHOCTH OTHOCUTENIBHO TOYKH K.3. POPMYIIBI 1JIs
TaKuX MpeoOpa3zoBaHUil TPUBEICHBI B Ta0IM.

[Ipy BBHIMONHEHWH YIPOUIAIOMIMX MPEOOPa3OBaHU HCXOJHOM CXEMBbI CIEAyeT HPUMEHUTh
CJIEIYIOLIUE ITPUEMBI:

1. TlepBoouepenHoi 3agadeil pacuera K.3. SIBJISIETCA HAXO0XKIAEHUE TOKA HEMOCPEIACTBEHHO B
aBapHWITHON BETBH HWJIM B MECTE€ KOPOTKOTO 3aMblkaHus. [loaTOMy mpeoOpa3oBaHHe CXEMBbI HYKHO
BECTH TaK, YTOOBI aBapHiiHasi BETBb M0 BO3MOXXHOCTH ObLIa COXpaHEHa J0 KOHIa MpeoOpa3oBaHuii.
C uenplo, HalpuMep, NMPU pacueTe yCTaHOBUBILIErOCsS peXUMa K.3., KOHIIbI Harpy304YHBIX BETBEW,
3.1.C. KOTOPBIX NPUHHUMAIOTCS PABHBIMU HYIIO, HE CIEAYET COCIMUHATh C TOYKOM K.3., a JIy4lle
00BETMHSATH 9TH BETBU C T€HEPATOPaMU B MapaJulelbHbIe BETBU (pHC.)

|———-
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Bug ConpoTHBICHUE JIEMEHTOB
Ucxonnas cxema [TpeoOpazoBanHas cxema N
npeoOpa3oBaHus peoOpa30BaHHON CXEMBI
[locnenoBarenbHOE zZ, %, Z z
. S R Zn Z,=Z,+Z,+..+Z,
coequuenne  |—{_ H H 14— - ~

e
[TapannensHoe Y, :L; Y, :L; Y, _
COEIMHEHNE Z, Z Zn
IIpu aByX BETBsX
2%,
2+ 2,
Zpg=ZpZgXY
[Ipeo6pa3zoBanme Zoy=ZcZp XY
mHoronydeBoit | TEFNY T | L [ ONST Tz | e, ,
3BE3/IBI B TIOJIHBIN

THe 2Y=Yp+Ys+Yy +Y,
MHOT'OYT'OJIbHUK

AHaNOrM4HO U IpU
0OJIBIIIEM YHCIIE BETBEH

— XFG ) XHF
F ’
XFG + XHF + XGH
[TpeoOpazoBanme X ..x
FG GH
TPEYroJIbHUKA B ¢ =
3B€3Z[y XFG+XHF+XGH
_ XHF ) XGH
Y=
XFG + XHF + XGH
Xpc =Xp +XG+ﬁ,
H
[IpeoOpazoBanme X X
3BE3/IHI B Xy =X, + X, +—L—4,
TPEYrOJIbHUK

F

Xp Xy

Xyp=X,+X,, +——

G

:—ZYE,
£, X,

3mK1

3aMeHna @—D— eoeY =Y +Y,+.+Y,
HECKOJIBKUX £, X, £os X v _L Y - ] ‘ v _L
HUCTOYHUKOB @—:I—— @—:I+ T _Xz e =5
SKBUBAJICHTHBIM 6 ox
@—:I— Ilpu 08yx eemesx
_ EX,+EX,
IK8
X, +X,

2. Korna Tpexda3Hoe K.3. HAXOTUTCS B y3JI€ ¢ HECKOJIBKUMU CXOJSIIUMUCS B HEM BETBSIMH,
3TOT y3el MOXHO pa3pes3aTh, COXpaHWB K.3. Ha KOHIIE KaxXJOW oOpa3omasimeiics BerBu. Jlanee
MOJIyYEHHYIO CXeMYy HETPyJHO NpeoOpa3oBaTh OTHOCHUTEIBHO JIOOOH M3 TOYEK K.3., Kak
YKa3bIBAJIOCh PAHEC, YUYUTBIBAA APYIru€ BCTBU C K.3. KaK HArpy3o4HbIC BCTBU, C 3.4.C., PaBHBIMU
HYIIO (puc.).
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HcnoJsib30BaHNE 3aMEHbI HArPY304HbIX BETBEW FeHEpUPYIOIMMU ¢ E = 0.

OOBIYHO KOHIIBI HArPY30YHBIX BETBEH, OOBEMHSIOT C TAKUM K.3. (KaK MOKa3aHO ITPUXOBOM
nuHUel Ha puc.). Ho nmpu 3ToM momydaercss 3aMKHYTBI KOHTYp, (3yeMeHTHl 3, 4, 5) u pacuer
CXEMBI YCIOXKHSETCS (T. K. OTMEYAJIOCh BhIIIE HEOOXOJMUMO BBIICIHTH BETBb K. 3. OTJIEIHHO).

|

bonee mpocTeiM pelieHuEM SBISETCS MPEANOJIOKEHUE, YTO Yy Harpy3o4dHod BeTBU (3)
uMeeTcss UICTOYHUK ¢ £ = (), U 3Ty BeTBb OOBEAMHUTH C T€HEPATOPOM B OKBHBAJICHTHBIC BETBH.
CxeMbI IPeoOpa3yroTes CIEIYIOIIUM 00pa3oM:

1) mapamnensHO ckiaasiBaeM BeTBH 1, 3. [Tomydaem 20.
2) ompenenseM 3KBUBAIEHTHOE conpotuienue (1, 3+4) Ha puc. 26 00Be1eHO MYHKTHPOM.
3) OKOHYATENIbHO MOJIy4aeM 2B.

T.e. MOJyunsIn KJIaCCUYECKYIO CXEMY.

Pacceuenne cxembl B y3JI€ ¢ TOYKOH K. 3.

Korna tpexdaszHoe K.3. HAaXOJUTCS B y3Jie C HECKOJIBKUMH CXOJSIIMMHUCS B HEM BETBSMH,
3TOT y3€J MOKHO pa3pe3arh, COXPAaHUB TAKOE XKe K.3. Ha KOHIE KaKJ0i 00pa30BaBIICHCS BETBH.

JlanpIie mosry4eHHasi cxeMma npeoodpas3yeTcst OTHOCUTENBHO JTH000H U3 TOYEK K. 3., YIUTHIBAs
Apyrue BEeTBH ¢ KOPOTKUMHU 3aMBIKAHUSAMHU KaK OOBIYHBIC 3arpy30YHBbIC BETBH C 3. /. C. PaBHBIMH
Hym0. CyMMapHbIi TOK K. 3., T. €. TOK K. 3. B y3j1€ onpenenurcs: Iy = L+ Lo+ I

Pacceuenne cxeMbl B y3Ji€ ¢ TOUKOH K. 3. 0COOEHHO 3(p(heKTHBHO, KOT/1a HY’)KHO HalTH TOK B
OJIHOM M3 BETBEU, MPUCOECTUHEHHBIX K y3]Iy KOPOTKOTO 3aMbIKaHUS (T. €. Iy, Lo, Iy3).

(==

3. B Tex ciydasix, Korja UCXOAHAas pacyeTHas cCXxeMa CUMMETPUYHA OTHOCUTEIbHO Touku K3
WIA Kakas-Tu00 ee 4acTh CUMMETPHYHA OTHOCHTEIBHO HEKOTOPO MpPOMEXYTOYHOW TOYKH, TO
3a/lauy OIPEJEIICHNs 3KBUBAJEHTHOI'O PE3YJIbTUPYIOLIETO CONPOTUBIEHUS MOKHO CYLIECTBEHHO
00JIETYUTh MyTEM COCIUHEHHS Ha MCXOJHON pacyeTHOM cxeMe (M COOTBETCTBEHHO Ha MCXOJTHOU
CXEME 3aMEIlleHUsI) TOYEK, UMEIOIIMX OJMHAKOBbIE NMOTEHLMANbI, U HCKIIOYEHHUS U3 CXEMBbl TeX
3IIEMEHTOB, KoTopbie Tpu K3 oka3biBaroTCss 00€CTOYEHHBIMHU.

Hanpumep, mycTb B cXe€Me€ pHUC. DJIEMEHThl PAaclOJIOKEHbl CUMMETPHUYHO OTHOCHUTEIBHO
aneMeHTa 6 — oauHakoBbl. ClleJOBaTENbHO, OJMHAKOBBI M MOTEHUMadbl y310B M u N, uto
MO3BOJISIET 3aKOPOTUTH Ha3BaHHBIE Y3IIbI, @ 00pa3oBaBIIKeECs MapajuiebHbie BeTBH 1 M1 2;3 u 4; S u
7 3aMEHUTH SKBUBAJCHTHbIMU. (CXeMma 3aMEIlEeHUsl YIPOCTHUIACh — BMECTO JBYX KOHTYpOB OHa
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Tenepb conepkuT oauH. [IpeobpazyeM A B Y. U nmanpime cxema Jerko mnpeoOpasyercs K
DJIEMEHTAPHOMY BUIY.

Eo

Ei

1 2
3 4
R
M N
5 6
7 o
K

4. TIpeoOpazoBaHUs CXeM TPSIMOH, OOpaTHOW W HYJIEBOW MOCIICIOBATEILHOCTH MPHU pacdere
HECHMMETPHYHOTO K.3. IIeJIeCO00Pa3HO BECTH TaKUM 00pa3oM, YTOOBI BETBb, OT/ACNSIONIAS TOUKY
K.3. OT y3J1a, B KOTOPOM TpeOyeTcsi MOCTPOUTH BEKTOPHYIO AMarpammy HampspbkeHuit (mmusl CH
aBTOTpaHchopMarTopa), Mo BO3MOXKHOCTH ObLIa COXpaHEHa 70 KOHIAa TPeoOpa3oBaHui.

4 4
¥

SENS

O ©
5. Tpyanoctu mpeoOpa30BaHUsI CXeM 3aMEIIEeHUs] B 3HAYUTEIHHON CTENEHH ONPENeNSIIOTCS
BBIODAaHHBIM TIOPSIIKOM  BBITIOJIHEHHSI OINEpalii MO ympomeHuro cxembl. [lostomy mpu
peoOpa3oBaHUMU CXEM CIIelyeT IPUIAEP)KUBATHCS TAKOTO MOPSIKA PACUETOB U 3aIIUCH PE3YIbTATOB,
KOTOPBII 00ecieunBaeT JITKYIO IPOBEPKY MOITy4aeMBbIX Pe3yIbTaTOB.
6. B pesynprare nmpeoOpa3zoBaHMii 10KHA OBITH TIOJTy4€HA YKBUBAJICHTHAS pacueTHas cXema,
HECKOJIbKO BapUaHTOB KOTOPOIl MPUBEJEHBI HA PUC.

Cxema A ynoOHa TIpU ONPEACTICHUH COCTABISIIOIIEH TPSMON TOCIIEAOBATEIFHOCTH

Hanpsokeans Ha muHax CH aBrorpanchopmaropa (yzen m), cxema b — mis pacueroB
CBEPXIIEPEXOJHOTO M  YCTAaHOBHUBIIEIO TOKOB K.3. H  ONPEACICHUH PE3yJbTUPYIOUIETO
CONPOTHMBJIEHHUs MpPIMOW MOCIeaoBareNnbHocTd X, a cxema B — npu onpenencHuu

pE3yNbTUPYIOIIUX ~ CONPOTUBIECHHH 00paTHOH mnociemoBarenbHocTH  X,o, X (5. Cxema T

aHaJorM4Ha cxeme A, HO 0e3 MCTOYHHUKOB 3.1.C. U yAOOHa JUIs OTpPENEeNICHUs] COCTABIISIOUINX
psIMOiA 1 0OpaTHOM TMOCieI0BaTeIbHOCTEH HanpsbkeHus Ha mmHax CH aBToTpancdopmaropa.

OKBHUBaJIEHTHAs CX€Ma MOXET UMETh U JAPYroil Buj, HO OCHOBHBIM €€ JIOCTOMHCTBOM JOJIKHA
0CTaBaThCs MPOCTOTA ONPEEIECHUS TOKOB B €€ BETBSX.

7. Ecnu B HMCXOOHOM cCXeM€ 3aMEIICHUS OJHUM U3 JIydeldl TpPEeXJIydeBOW 3BE3Jbl
COTIPOTHUBJICHUH SIBJISIETCS] COMPOTUBIIEHNE UCTOYHUKA SHEPTHH, TO B PAZE CIydaeB IeJecooOpa3sHo
3BE€3/ly CONPOTHUBJICHUN 3aMEHUTh Ha TPEYrOJIbHUK M 3aT€M MNOCIEAHUN pa3pe3aTh IO BEpIIMHE, K
koTopoit mpunoxeHa D/IC, MOAKIIOYUB MPH 3TOM Ha KaXKIOM K3 OKA3aBIIUXCS CBOOOTHBIMH
KOHIIOB BeTBel Ty xe D/C.
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Pacuer 3aMKHYTBIX MM KOJBLEBBIX cxeM. IIpyu pacuere 3aMKHYTBIX MM KOJIBLEBBIX CXEM
IIMPOKO HCIIONB3YeTCsl SKBUBAJCHTHBIE MpeoOpa3oBanuss A B Y u Y B A U pacceueHHe CXeM B
TOYKaX C K. 3. WIM B TOYKAX C OJIMHAKOBBIMM NOTEHIMAIaMU. PaccMoTpum cxemy puc.

N 4
El \ S~ 9 E2
\ I\Q\ :
\
| RS
| I ,
5 e
11 ,
\ 10
\
\
\
\ ,
\ L7
z 1
3 | E— 4
7
E3 A E4 N

E13 3711 13 1z 279 E1z E13 311 é 13 15 E1,24

CO——F1 ] o O F—FAFA 1T F+—11+—6
[
.7

¥
@ E4
[TpeoOpaszyem 36e30y ¢ myuamu (1, 5, 8) B mpeyeorvrux co croponamu (9, 10, 11).
Pacceuem BetBu (9, 11) cxongmuecs B y3ie E; U IPOBEAEM CIIOKEHHE PACCEUEHHBIX BETBEH C
BeTBsiMU E; u E,. Ilpu 3TOM OT cxembl ¢ 4 — Ms MCTOYHHKAMHU TPUXOJIUM K cxeme ¢ 3
HMCTOYHUKAMH 3. 1. C.
3. Tlpeobpaszyem mpeyeorvhux co cropoHamu (6,7,10) B SKBHBAJICHTHYIO 36€30y C IydamMu
(12,13,14).
4. 3ameHUB mapasuielibHble Jy4H ¢ £, ; U E4 ¢ SKBUBAJICHTHBIM E) ; 4 , IEPEXOJIUM K CXEME C JIByMS
HMCTOYHUKAMH.

N —

IIpumeHeHNe NPUMHIMIIA HATOKEHHU S

s onpenenenust TokoB K3 B Mpou3BOJIbHON BETBU pPacue€THOM CXEMBbl B pPsijie CIydacB
11€J1eCO00pa3HO UCIIOIB30BATh MPUHIIMIT HAIIOKEHHS, B COOTBETCTBUHU C KOTOPHIM TOK B 3TOW BETBH
MOXXHO MOJYYUTh MYTEM CYMMHUPOBAHHUS (HAJOXEHHUS) TOKOB DPA3HBIX PEXKUMOB, KaXKIbIH W3
KOTOpBIX oIpenaensercs AeictBueM oAHoM wim Heckoibkux OJIC, xornma Bce octanpHble D/[C
IIPUHUMAIOTCSI PaBHBIMU HYJIIO, @ BCE 3JIEMEHTHI CXEMbl OCTAOTCS BKIIIOUEHHBIMH. Kaxnplil u3
TaKUX YCIOBHBIX PEKMMOB pelIaeTcst 0ojiee MPOCTO, OJHAKO MPH OOJBIIOM YHCIE Pa3IUYHBIX
3.]1.C. B CXEMe, HCIOJIb30BaHUE TNPHUHIIMIIA HAIOKEHUS B TaKOW OOBIYHON (opme CTaHOBHTCS
rpomo3akuM. [1o3ToMy Ha TIpaKTHUKE UCTIONB3YIOT CIEAYIOIre (GOPMBI PUHIIUITA HAJIOKEHHS:

a) HanoxeHnne cOOCTBEHHO aBapUIMHOTO PEKMUMa Ha MPEAIIECTBYIOMINN.

Ecnu mnpeanonoxurb, 4YTO B TOYKE K. 3. NPWIOKEHBI JBE paBHbIE, HO B3alMHO
MIPOTHBOIIOJIOKHBIE 3. JI. C., TO YCIOBHS 3-X ()a3HOTO K. 3. HE H3MeHsATCsA. Ha 3ToMm npennoioxeHnu
M OCHOBAaHO TpPUMEHEHHE JaHHOW (OpMBI TPUHIMUIA HAJOXKEHHUS. BenuumHa B3aWMHO
MPOTUBOTIONIOKHBIX 3. J. C. MOXET OBITh MPOU3BOJBHOW, HO OOBIYHO €€ OepyT paBHOM
HaNPsHKEHUI0, KOTOpoe ObLI0 B TOYKE O BO3HUKHOBEHUS K. 3., T. K TEHEPaTOpPbI, KaKk MPaBUIIO,
BBOJATCS B CXEMY CBOMMH 3. JI. C., KOTOpbIe OBUIM Yy HUX JI0 BO3HHUKHOBEHHUS K. 3., TO TOCJE
BO3HUKHOBEHHUS K. 3. PEKUM YAOOHO NPEACTABUTH COCTOSIIMM U3 2-X pexuMoB. OauWH U3 HHUX
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11€J1ecO00pa3HO MOJIYYUTh, YUUTHIBASI BCE 3. JI. C. U JOMOJHUTEIBHO BBEACHHYIO B TOUKY KOPOTKOTO
3aMBIKaHUA 3. 1. C., paBHyl0 + Uko. OHOBpEMEHHOE IEMCTBUE 3THUX 3. J. C., OUEBUIHO, JaeT
MIPEALIECTBYIOIINN PEXUM B JAHHOM cxeMe. BTOpoil pexum mosydaercs OT JEHCTBHS TOJIBKO
OJHOMU 3. 1. C., IPWIOXKEHHOM B TOYKE KOPOTKOrO 3aMbIKaHWs W paBHOU - Uko. Ero HaspBaror
COOCTBEHHO aBapWHHBIM pEXKHMOM, a TMOJyYalol[decs NpU HEM TOKM M HaNpsDKeHUS —
aBapUIHBIMU COCTABJISIOUIMMHI COOTBETCTBEHHO TOKOB U HAINPSKEHUM.

Takum oOpazom npu 3HaunuTenbHOM urciie DJ[C penieHne yrnpouaeM, UCIoIb3ys TEOpeMy
00 aKTMBHOM JIBYXITOJIIOCHUKE. B cOOTBeTCTBUM ¢ 3TOH Teopemoil Tok B Mecte K3 MOxHO HailTh
KaK CyMMY TPE/IIIECTBYIOIETO TOKa /g H ABApUIHOMN COCTABIIIOLIEH TOKA [y, MOJYy4aeMOU OT

nenicrBus oxnoit DJIC, npuitokenHoi B Touke K3 u paBHo# U, TIe U, HaOopssKeHHE, KOTOPOE
o0 o0

obu10 110 Bo3HUKHOBeHHs K3 B pacueTHoit Touke K3.
N . Yap

ABapwuiiHas cocrasistonias Toka B Mecte K3 paBHa 7, = X
r7ie Xsx - BXOJIHOE CONPOTUBIIEHUE CXEMbl OTHOCUTENBHO pacueTHOM Touku K3 mpu yciosuu, 4to
Bce octanbHbie DJ[C paBHBI HYIIO.

JlelicTBUTENbHBIE BETUYMHBI TOKAa W HampsOKeHWS Npu 3-X (asHOM K. 3. TMOJY4aroTCs
CYMMHUPOBAaHHEM COOTBETCTBYIOIIMX TMPEAIIECTBYIOMIMX BEIMYMH M HANJEHHBIX COOCTBEHHO
aBapUIHBIX COCTABJISAIONINX, TOTAA TOK B IPOM3BOJIBHON BETBU j pacdeTHOM cxeMbl pu K3 B Touke

O paBeH [; =1;q +1, TAe [,y - HATPY304HAS COCTAB/AIOMIAA TOKA B BETBHU /, T.€. TOK BETBH / B

BX

pexume, npenurecTsyrontem K3; /,; - apapuiiHas cocrapisomas Toka B BeTBH j Ipu K3 B TouKe .
Ota cocrapnsiomas papHa Iy =1,,K ;,, Te Kjo - K03QQHUIHEHT pacnpeneneHus TOKa JUisl BETBH |

npu K3 B Touke a.

Hcnonp3oBanne Takoil (popMbl HaJOXKEHUS 11e1eco00pa3HO TIaBHBIM 00pa3oM B Cllydae,
KOIJla W3BECTEH HOPMAJIBHBIM IPEAIIECTBYIOIUN pEeXUM. B IpakTHYEeCKHX pacdeTrax MOXKHO
JOIYCKaTh HAJIOKEHHWE COOCTBEHHO aBApUHHOIO PEeKMUMA, TOJTYUYEHHOTO JUIS YUCTO WHIYKTUBHOM
CXEMBI, Ha TPEIIECTBYIOUINA PEXUM, COOTBETCTBYIOIIUN CXeME€ C TOJHBIMH COMPOTHUBIICHUSIMHU
AIIEMEHTOB. Takoe JOMyIeHHe XOTS U BHOCUT IOTPEIIHOCTh B pacyeT, OJJHAKO OHAa He3HAYUTEIbHA
(MOkHO TIpeHeOpeyb), (MPUMEP pacCCMOTPETh B y4eOHUKE).

0) IlpumeHeHne coOCTBEHHBIX U B3aUMHBIX CONPOTUBICHUH K IIPOBOJUMOCTH.

N3 xypca TOD u3BECTHO, YTO B CXEME C MPOU3BOJBHBIM UYHCIOM T€HEpPaTOpOB C 3. 1. C.
0 0 0
Ei,E,.., E., nna Toka, HanpuMmep y reneparopa / (MpUHSAB 3a MOJOXKUTEITHLHOE HaINpaBiICHUE

TOKa OT TrCHECPATOPOB K BHEIIIHEH ceTu reaeparopa mno NpuHIOUITY HAJIOKCHUA.

Nwmeem:
I=In-Io-To—~Ilin=———"-— ==V, E:-Y,E:-Y ,Es—..-Y, E.
Z Z Z Z 11 12 13 1n
11 12 13 1n

. El . . .
In=—=V,,E1 - coOcTBeHHBII TOK reHeparopa /, CO3/JaHHbIH TOJIBKO €ro 3. 1. C. E;.

11
: E> . o v
I, =—" =Y _E, - B3aUMHBIH TOK reHepaTopa /, CO3/TaHHbBIHi ero 3. 1. c. E, u T. 1.

12

12

3necw Zi;, Zis Zin M Vi1, Yia, ..., Vi, — coOCTBEHHBICE M B3aMHBIC COMPOTUBIICHUS U

MMPOBOJIMMOCTH rereparopa I.
AHaJIOTUYHO TOK B MECTE K. 3. OMPCACIIMTCA IO BBIPAKCHUIO:
N SR ) E, : . .
I =7+7+...+7=xkE1+y2kE2+..-+y"kEn, 3nech: Zi Lok oo s Lk M Vi Yoo ..., Vi — B3aHMHBIE
1k 2k ‘nk

COIIPOTUBJICHUA U MTPOBOANMOCTHU MCKAY KAXKABIM U3 TCHECPATOPOB U TOYKOM K. 3.
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Onpedenenue 83auUMHbIX CONPOMUBTIEHUL MeNHCOY UCOUHUKAMU
U MOYKOU KOPOMKO20 3AMbIKAHUS
Ecnu ucxomnast pacueTHas cxema COACPIKHUT M y3JI0B C HCTOYHUKAMHU DYHEPTHH U y3el o, B
KOTOpOoM TpeOyercst ompeaenutb Tok K3, To cieayer mnpeaBapUTENbHO COCTaBUTH CXEMY
3aMenieHus B Bujie moyiHoro (m + 1)-yronenuka. Mickomerit Tok K3 B y3iie o paBen

Ia = ZEBZBQ = ZEBZBQ )
p=l1 p=l
rae £y - OJIC, moakmodenHas B y3ie f3; Y po - B3AMMHas [IPOBOAMMOCT MEXK/Y y31amu 3 u o; ZBQ

- MPOBOJIUMOCTD BETBH IMOJIHOTO (1 + 1)-yroibHHKA, HETIOCPECTBEHHO COCIUHSIONIEH Y3IIbI 3 U OL.
W3 dopmynbl ciemyer, 4TO MpH JHOOOM 4YHCIE Y3JI0B B HCXOJHOW pPAacYeTHOW cXeme
IIPOBOJMMOCTH BETBEW CXEMBbl 3aMEILEHHUs, MPEACTABICHHOW B BUJE IOJHOIO MHOIOYTOJIbHHKA,

MOTYT OBITH OIpE/CNCHbI 110 Gopmyle Yy, = Ef"* , T1e I, - TOK B y3JI€ O [IPH YCIOBHUH, YTO B CXEME
p

neictyer Tonbko omgHa DJIC Eg , mpuioxkeHHas B y3ie B, a Bce ocTanbHble 3JIC paBHEI HyIIO.
Takum 00pa3zoM, B3aMHOE CONMPOTHUBICHHE MEXIY MPOU3BOIBHBIM HcTouyHUKOM DJIC n

. EB
Toukon K3 7, =—.
ZBa i

CoOcTBeHHBIC U B3aUMHBIC CONPOTHUBIICHHS WJIH MMPOBOJIUMOCTH HAXOMAT C IMMOMOIIBIO TaK
HAa3bIBAEMOT0 CTI0C00a TOKOPACTIPEICIICHUS WITU TTyTEM MOCTEIIEHHOTO TpeoOpa3oBaHus 3aJaHHOM
cxemMbl. O0a 3TH TNpHeMa HWHOTJA IIeJIECOO0pa3HO HWCIOIH30BaTh COBMECTHO, T. €. BHadJale
MPOM3BECTH psii MpeoOpa3oBaHUIl CXEMBI, a 3aTeM NPUMEHUTh CIOCO0 TOKOPACIIPEICICHHUS.
CylHOCTh M MPUMEHEHHUE 3TUX MTPUEMOB HIKE WILTIOCTPUPOBAHO Ha KOHKPETHOM MPUMEPE.

B pacuerax KOpPOTKHX 3aMBIKaHUH 4YacTO MPHUXOJMUTCS OMPEAETSATh TOJHKO B3aWMHBIC
CONPOTHUBIICHUS MEXKAY TOYKOW KOPOTKOTO 3aMbIKaHUS U OTACIbHBIMH HMCTOYHUKAMH (WM
TPYIIIAMHA WX). JJIs 3TOTO YJOOHO HCIIOJIB30BaTh CIEAyOImuid mpueM. [IpuHSB TOK B MecTe
KOPOTKOTO 3aMbIKaHUS 3a €JIMHUIY M CUUTas BCE MPUBEJEHHBIE 3. J. C. OJIMHAKOBBIMH, HYXKHO
MIPOU3BECTH PACTIPE/ICIICHUE ITOTO TOKa (PaBHOTO €IMHMIIE) B 3a7aHHOM cxeme. [lonmyduennsie nomu
3TOW eNUHUILI Uil OThenbHBIX mcrounmkoB: Cl, C2, ..., Cn, Ha3piBaeMble KOXPPUIUECHTAMH
pacrmpeseneHus, Mpu OTCYTCTBUM HArpy30K B CXEME XapaKTEpPHU3YIOT JOJI0 y4acTUs KaxIoro
HMCTOYHMKA B TUTAaHUU KOPOTKOTO 3ambikaHus. Jlajiee, ecnu pe3ylbTHPYIOIEee COMPOTHBICHUE
CXEMBl OTHOCUTEIBHO MECTa KOPOTKOIO 3aMblKaHus Z;, TO, OYEBUAHO, MOXKHO 3aIUCaTh

Ko

pasenctBa: C,Z,, =C,Z,, =..=C,Z , =1-Z;, 0OTKyJla ICKOMOE€ B3aHMHOE€ COIPOTUBIICHHUE MEXITY

. Z
TOYKOH KOPOTKOTO 3aMbIKAHHsI U COOTBETCTBYIOIINM MCTOYHHKOM OyneT: Z,, = C—E .

n

Heprz[Ho Y6€Z[I/ITI)C$I, qTO JI1 HaAXOXIACHUA COOCTBEHHOTO COIMPOTUBJICHUA KaXI0TO
HCTOYHHUKA JOCTATOYHO CJIOKUTH IMapa/lICIIbHO BCE €ro B3aMMHBIC COITPOTUBJICHUA.
MOHIHOCTI/I KOPOTKOI'O 3aMbIKaHH A
OTKIIOYAIONMIYI0 CIIOCOOHOCTh BBIKIIIOYATENEH MPH HOMHMHAIBHOM HamnpsbkeHuun U,
MPUHATO XAPAKTEPU30BATh HOMUHAIBHBIM OTKIIFOUAEMBIM TOKOM Iomi 1oy WUIW MPOMOPLUHOHATBHOM

€My HOMHUHAQJIBHOU OTKITIOYAEMON MOIIHOCTBIO: Somx nom =N 3 Undomx nom
OTa MOIIHOCTH COIOCTaBISETCS C MOIIHOCTBIO K. 3. (MpH BBIOOpE TO OTKIFOYaeMOM
MOIITHOCTH Somx non AOIKHA COTIOCTABIATHCS MOIIHOCTHU K. 3.), KOTOpas HE3aBUCHUMO OT BUJA K. 3.

omnpenensaTcs: Sy = N3 Uy, the Ii; — TOK K. 3. B MOMEHT pPa3MBIKaHUsI KOHTAKTOB BBIKJIKOUAETCS,
U, — HOMMHQJIBHOE HaIIpsDKEHUE CTYIEHHU, JUIl KOTOPOM HalEeH TOK K. 3.
T. k. Ipu OJTHUX U TEX k€ OA3WCHBIX YCIOBHIX YUCICHHOE 3HAUYCHUE OTHOCUTEIIEHOTO TOKA

paBHO YHUCIICHHOMY 3HAUYCHUIO OTHOCHUTEIIBHOM MOIIHOCTH S*kﬁ =I*k6’ TO Ppacd€T MOXKXHO BCCTHU

HEMMOCPECACTBCHHO JId MOMIHOCTH K. 3. HpI/I 9TOM H€O6XOZ[I/IMO HMCTb B BUAY 4YTO OTKIIIOHacMas
MOIIHOCTD BBIKJIIFOYATCIIA HE IOCTOAHHA, U 3aBUCUT OT HAIIPSXKCHUA, ITPU KOTOPOM OH pa60TaeT.
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Tema 3. Ilepexoansblii npoueccbl B Tpex(asHbIX HeNsX, MOAKJINYECHHBIX K HCTOYHUKY
CHHYCONAAJBHOI0 HanpsizkeHus. (4 4aca)

Tpéxdasznoe k.3. B Hepa3BETBIEHHON IETTH, TIOKITIOYEHHON K HCTOYHUKY CUHYCOUIATLHOTO
HanpspkeHus. [lepexoaHblii mpouecc nmpu TpexdazHoMm kKopoTrkoMm 3ambikanuu (K3) B memm 6e3
TpancpopmaTopoB. Pusnyeckas CyIHOCTh BOSHUKHOBEHHS COCTABJISIONINX TOKA K.3. Y IapHBINA TOK
K.3. M YCIOBHS €ro BO3HHKHOBEHHs. MeToIbl OmpenesiieHusl yaapHOTo Kod(pQHIMEHTa.
OcobenHoctr miepexofHoro Tporecca npu K3 B pa3BerBineHHOM 1enw. [lepexoaHblil mporecc mpu
BKJIIOYEHUH B CETh TpaHC(hopMaTopa ¢ pa30MKHYTOM BTOpUYHOM 00MOTKOH. [lepexomHbiii mporece
pu K3 3a tpancdopmaTopom.

[TEPEXO/IHBIM ITPOIIECC B [TPOCTEMIINX TPEX®A3HbBIX LEITSX
1.IlocTaHOBKA 337a4u ¥ €€ OTPAaHUYEHUS.

[TpocTeiimeit Tpexda3sHOW Henbl0 OyIUM Ha3bIBaTh CHMMETPUYHYIO Tpex(asHylo Ienb ¢
COCpPEOTOUYEHHBIMH AKTUBHBIMU CONPOTUBJICHUSAMU M MHJIYKTUBHOCTSIMHU IIPH OTCYTCTBUM B HEM
TpaHCc(HOPMATOPHBIX CBSI3EH.

PaccmoTpuM nepexoHbIi mpouece B MPOCTENIIEN HENH IPU YCIIOBUHU, YTO OHA MTUTAETCS OT
HCTOYHUKA HEOTPAHMYEHHON MOIIHOCTU. MCmOYHUK HeoepaHuyeHHOU MOWHOCMY — WCTOYHUK,
COOCTBEHHOE COIPOTHUBIIEHHE KOTOpOro paBHO (, a HampsiKeHHE MCTOYHHKA MMEET MOCTOSHHYIO
amuntyny. IIpakTudeckm 53TO COOTBETCTBYET PpAaCCMOTPEHHUIO IEPEXOJHOro Ipolecca B
OTHOCHUTEJILHO MAJIOMOIIHBIX AJIEKTPUYECKUX YCTAaHOBKAaX MPU MUTAHUM MOCIEAHHUX OT KPYIHBIX
SHEPreTUUECKUX CUCTEM.

HccnenoBanue mogoOHBIX MPOIECCOB MPOXOAAT B Kypce 703, MOITOMY BCIIOMHUM, 4YTO
YUWIA U OTMETHM OCOOCHHOCTH MHOTO(a3HO IIeTH M0 CPaBHEHHIO C OJHO(DA3HON, pacCMOTPUM
HEKOTOpBIE YIPOILEHHbIE IPUEMBI pacyeTa.

TPEX®A3HOE K. 3. B HEPA3BETBJIEHHOW [TEITU.
PaccmoTpuM cxemy nmpocTeiield CMMMETpHYHON Tpex(da3Hoil ceTH.

e_ ‘\_._r [
Iy L= gy (M , ry by
Up=umsin(wtra) b’ 5 :

B cxeMe ycl0BHO NPUHATO, YTO HAa OJHOM y4acTKe MMEETcs B3auMOMHAyKuus (M), a Ha
apyrom Her. llenb nmraercss OT MCTOYHHMKA CHHYCOMJAIBHOIO HANPSIKEHHWS C HEU3MEHHOMH
aMIUIMTYIOM M 4acToTod. PaccMoTpuM nepexOAHBIM IIPOLECC, BBI3BAHHBIA BKIIOUYEHHEM
BBIKJIFOUATENsl B, 3a KOTOpBIM cJelnaHa 3aKOpOTKa, YTO PABHOCWIBHO BO3HUKHOBEHMIO
METaJUIMYECKOTO TpeX(a3HOTO KOPOTKOTO 3aMBIKAHHSI MEXK]Ty IBYMSI y4acTKaMU JaHHOU IETH.

Mycts Bektopsl U,,U, U0 ,,0,,1. (puc.) XapakTepu3yloT MPEeIMIECTBYIOMHUN PEeKUM
paccMaTpuBAaeMON UENH, a BEPTUKAIb #f W SBJISIETCA HEMOJBWKHOM JIMHUEW BPEMEHH, T. €.
MTHOBEHHBIE 3HAQYECHMS OTACIBHBIX BEJIMYMH OINPEICISAIOTCS NPOCKUUAMH Ha 3Ty JIMHUIO
COOTBETCTBYIOIIMX BpALIAIOIIUXCS BEKTOPOB. MOMEHT BO3HUKHOBEHHMS KOPOTKOI'O 3aMBIKAHHUS
OyzneMm ¢pUKCHpOBaTh 3HaYCHHEM yria a (T. €. (a30il BKIIOUSHHS) MEXTY BEKTOPOM HAIpsHKEHUS
(a3l A ¥ TOPU3OHTANIBIO.
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BexTopHas aguarpamma
IJIs HayaJapHOTC MOMeHTa Tpexdas-
HOrO KOPOTKOr'0 3amblKaHHS,

ITocne BO3HMKHOBEHUS K. 3. CX€Ma paclafaeTcs Ha J[BE€ HE3aBUCUMBIE JIPYr OT JApyra Lemnd,
O/lHAa U3 KOTOpPOH OCTaeTcsi NPUCOEIMHEHHOM K MCTOYHUKY, a BTOpas IpeBpallaeTcs B
KOPOTKO3aMKHYTBIH KOHTYp L,,r;. B KOpPOTKO3aMKHYTOM KOHTypE TOK MOJJIEPKUBAETCS IOKa

3armacCHHas SHCPrud MarHuTHOTO IIOTOKAa B MHAYKTHBHOCTH L1 HC HGprIZ[GT B TCIIJIO ITOTJIOIIA€EMOC

aKTHUBHBIM COTIPOTHUBIICHWEM M 3TOTO KOHTYypa r;. [Iporecc omuchiBaercs Ui 1000i U3 (a3 3Toro
: di
KOHTYpa ciieayromumM quddepeHnuansueiM ypaBHeHueM: 0 = i+ L, e
t

t

Ta,

Pemenue 3Toro ypaBHEHHUs OOIIEU3BECTHO i = ije Pemienne nokaselBaeT, 4TO B

JAHHOM KOHTYpE €CTh TOJBKO CBOOOJHBIA TOK, KOTOPBIA 3aTyXaeT C MOCTOSHHON BpEMEHH:
Tu= ﬂ = i

h ho,

HauanbHoe 3HaueHHe CBOOOJHOTO TOKAa B KaXk10# (ha3e 3alIyHTUPOBAHHOTO YYacTKa LEMH,
OYEBHJIHO, PABHO MIHOBEHHOMY 3HAUYEHHUIO TOKA, IOCKOJIbKY B LIENH C UHAYKTUBHOCTHIO HE MOXKET
MIPOM30MTH BHE3AIMTHOTO (CKAaYKOM) M3MEHEHHs TOKa. B o0meM ciydae cBOOOJHBIE TOKH B (a3ax
Pa3IMyYHbI, XOTS UX 3aTyXaHHUE, pPa3yMeeTcsl, IPOUCXOAUT C OJHOM U TOM K€ MOCTOSIHHON BPEMEHH.
B oxHoit u3 a3 cBOOOIHBIN TOK MOXET BOOOIIE OTCYTCTBOBATh, €CIIM B MOMEHT BO3HUKHOBEHHS
KOPOTKOTO 3aMbIKaHHsI TPEANIECTBOBABIINN TOK B 3TOH (Daze MpoXOoAWy Yepe3 Hylb; MPU ITOM
cBOOOJTHBIE TOKHM B JIBYX JPYyrux (azax OyAyT OJMHAKOBBI MO BEJIWYHHE, HO MPOTUBOIIOJIOKHBI TIO
HaIPaBJICHHUIO.

Ha puc. cieBa npuBeneHbl KpuBble M3MEHEHHUS (Pa3HBIX TOKOB B 3aIIyHTUPOBAHHOM y4acTKe
paccMaTpuBaeMoil LIeTH, ¢ Y4€TOM TOTO0, YTO K.3. IPOU30IIIIO B MOMEHT, OTBEYAIOIINI [T0JIOKEHUIO
BEKTOPOB HAa BEKTOPHOM JHarpaMMe.
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OcuunnorpaMMe: TOKOB B (aszax NpH BHE3anHOM
Tpex(pa3HOM KOPOTKOM 3aMBIKAHHH B NpOCTEHILEN 3JeKDPH-
. yecKo# Iend.

PaccmoTpuM neByI0 4acTh CXEMBI, KOTOpas MOCJIE K. 3. OCTajach NMPUCOEAMHEHHOU K
UCTOYHHKY 3. J. C.. 371eCh KpoMe CBOOOJIHOTO TOKa OyAeT HOBBIA MPUHYXKJIECHHBIH TOK (BETMYMHA
KOTOPOTO OOJIbIIIE MPEIBIAYIIET0 — YMEHBIIEHHE COTIPOTUBIICHHUS CIIOCOOCTBYET YBEIIMYECHUIO TOKA
¥ U3MEeHEeHUIo (asbl Q).

Ha B/l HOBOMY YyCTaHOBHMBIIEMYCS PEXHUMY Ha Y4acTKE LENH C 3. A. C. COOTBETCTBYIOT
BEeKTOPBI I74, I;zs, Ipc, M COOTBETCTBYET Yron . Jnst moboi ¢asel, Hampumep ¢asel A,
MEPEXOAHBIN mporecc 3anumiercs aupdepeHuaTbHbIM YpaBHEHUEM:

Ug=iqr+ L%+M%+Mﬁ (1)
dt dt dt

uMest BBy, 4TO (i +ic)= -ia, TO JUIst TE000M (a3el (omyckas uHaekc (as3wr) umeem: U=iry + Lkﬂ i
dt
rae Ly = (L — M) — pe3ynpTupyromas HHIYKTUBHOCTE (a3bl, IPYrUMHU CIOBAaMHU WHIYKTUBHOCTH C

YUETOM BIIHMSIHUSA JBYX JPYrux (as.

._ U, . .
Pemrenue storo ypaBuenus (ypaBHeHue 1) umeer Bua: i = ;’"sm(at+a—(pk)+z € o 31€Ch —
'k
Zy — TIOJHOE COMPOTUBIIEHUE LIEH K. 3. (CONPOTUBIIEHUE LIETIN NPUCOETUHEHHON K UCTOUHHKY 3. 1.
U Lk xk
C.); (o — YTrOJ clIBUTa TOKa B 3ToM 1enu; T, — nocrosiHHast BpeMenu nenu (T, = —= ; CEK.).
r, o
k Kk

IlepBplii uieH ypaBHEHMsI — MEpUOJMYECKas ciaramomias Toka K. 3. (MPUHYXJIEHHBIH TOK C

y y U y

MOCTOSTHHOW aMIUUTYAou I, =—"- Ha BJ] 310 cooTBercTBYeT BekTOopaM Iy, Is Inic), BTOpoi
k

4jieH — alepuoJUYecKas cliararomiasi, CBOOOJHBIM TOK, KOTOPBIM 3aTyxaeT MO OSKCIOHEHTE.

HavanpHoe 3HaueHue anepuoJUYECKOM ClIararolled OIpPENeseTCs W3 HadalbHBIX YCIOBHMU
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o = 1ap| T 1imajo, OTKy#a IIOCIE IIOJCTAaHOBKH COOTBETCTBYIOUIMX BBIPAKEHHH IOJIy4UM
iao) = Imsin(a-@) — Ipnsin(o - @)

[TockouibKy TOKH i U i SIBISIOTCS MPOEKLUSMH BEKTOPOB HA JIMHUIO BPEMEHH, TO TOK ij|
TaKK€ MOXXHO paccMaTpuBaTh Kak mnpoekiuto Bektopa (Im - Imm) Ha Ty xe munuto (B). B
3aBUCHMOCTH OT (ha3bl BKIIOUCHMS ¢ HAYaJIbHOE 3HAUCHHE TOKA ia[) MOXKET H3MEHSAThCS OT
BO3MOJKHOW HamOoubIIel BennuuHbl, Koraa BeKTOp (In - Inm) mapameneH JUHUM BpeMEHH, IO
HYJISl, KOTJa TOT BEKTOP HOPMAJIEH €M.

OTH yacTHBIe ciiydau B 3-X (a3HOU cHUCTeMe MOTYT HaOJ0JIaThCS €CTECTBEHHO TOJIHKO B
oJIHO¥ u3 da3.

Ha ocummmorpamMe cmpaBa TpeACTaBICHBl KpUBbIE W3MEHEHHsS TOKOB B (hazax
paccMaTpuUBaeMOro y4yacTka Ipu Tpex(a3HOM KOpPOTKOM 3aMblkaHMH. Kak BuaHO uyem OoJblie
arneproIMuecKasl ciaraemasi Toka, TeM OOJIbIlIe CMENIEHHE KPUBOW TOJHOTO TOKa OTHOCHUTEIHHO
OCH BPEMEHHU. OTy CJararmllyld MOXHO paccMaTpuBaTh KaK KPHUBOJMHEHHYIO OCh CHMMETPHUHU
KpUBOH IIOJIHOTO TOKA, M3 KOTOPOM €€ JIETKO BBLACIUTH. JUIsl 3TOrO0 HYXHO CHadaja MpPOBECTU
Oru0aroIIxe M0 MaKCUMAJIbHBIM MOJIOKHUTEIHHBIM M OTPHIIATEIbHBIM 3HAYCHHUSAM 3aJJaHHON KPHBON
TOKa (CM. MyHKTHpHBIC JJUHUU Yy KPUBOH ToKa (a3el A Ha ocummiorpamme). Kaxmas Touka KpHBOH.
aniepuoJMUYECKON Claramomel JIeKUT IOCPEJUHE BEPTUKAJIBHOIO OTpe3Ka MEXKIY OTUMU
CJIArarIUMH.

W3 B/l cnemyet, uTo HamboJblliee 3HAYCHHUE AIEPUOINICCKON COCTABIISIFOIICH OT KOTOPOM
3aBHCHUT TOK K. 3. B HAYaJIbHBIII MOMEHT BPEMEHH OTIPENENISAETCS He TOJNBKO (a30i BKIFOUEHUS, HO
TaKKe MPEIIECTBYIONIMM peXXUMOM Iienu. Tak, eciiu B paccMaTpuBaeMOM LIETIH Nepe]l MOMEHTOM
BO3HMKHOBEHHUS K. 3. OTCYTCTBYET TOK, TO BEJIMYMHA AlEPUOJMYECKOM Clararouieil Toka MOXET
JOCTUTHYTh aMIUIMTY/bl NEPUOAMYECKOM Ccllararolield, €ciii B MOMEHT K. 3. 3Ta cjarawoouas
MPOXOANUT Yepe3 CBOM MaKCUMyM (OTPHUIATENBbHBIM WM MOJIOKUTENbHBIN). OOBIYHO 3TOT ciydai
paccMmaTpuBaeTcsl Kak pacueTHBIN (puc.).

I

OcunssiorpaMMa ‘Toka KOPOTKOTNO 3aMbIKaHHs NpH
HauGoJsibliel anepuoOAHUECKOn cJiaramouies. ”

90



BaxHo oTMeTuTh, uTO (haza BKIIOYECHHS, MpPU KOTOPOW BO3HUKAET HamOOJbIIee 3HAUCHHE

areproIMUecKOi Cclararouiei, eme He MpenonpenenseT TOTro, YTO MMEHHO NpH Hel Oyxer
t

. U 0 . T
MaKCUMYyM MTHOBEHHOI'O 3HAY€HHs ITOJIHOTO TOKa. B camMoM xene, u3 i = —"sin(af+o—@,)+i € L 7|
Z,
igjo) = Insin(o-@) — Igmsin(o - @) 1pu OTCYTCTBUU mpeamecTByromero toka (I,=0) cnenyer, uro

MOJIHBIA TOK B LECITKU KOPOTKOI'O 3aMbIKaHUA SABJISACTCA q)YHKIIHeﬁ ABYX HC3aBUCHUMBIX IICPCMCHHBIX!
t

BpeMeHH t ¥ (a3bl BKIIOUEHHUS o U BBIpaKaeTcs ypaBHEHUEM i=Ijp, [sin(wt+o-@)—sin(a - gie ™ |.
[TpupaBHSB HYJIO YaCTHBIE TPOU3BOIHBIC ITOTO YPaBHEHUS,

oi
57 —®cos (‘*’t—l—a_‘Px)-l-—Tla—sin(a——cpk)e"t’razO;

o
—0;— = cos (of & — ¢,) — cos (@ — ¢ e M=,

U COBMCCTHO PCHIWB 3THU YPABHCHUA, HaﬁHGM, YTO MAaKCUMYM TOKa HACTYIIACT IMPH

g (a— (PR) =—o0l,=— L tg (_ Px)s

'

T. €. ipu a =0.

CnenoBarenbHO, B IIPEIBAPUTENILHO PA30MKHYTOM Lienu ¢ r U L MakCMMyM MTHOBEHHOTO
3HAYEHHUS MOJHOTO TOKAa MPU KOPOTKOM 3aMbIKAHWU HACTYMHAeT, €CIi B MOMEHT BO3HMKHOBEHHS
KOPOTKOTO HAampsHDKEHHWE MCTOYHHMKA MPOXOJAUT depe3 Hynab. g memeld ¢ mpeoOnamarorieid
WHAYKTHBHOCTBIO @4=90°, 1MO3TOMY YCJIOBHE BO3HHUKHOBEHHUS HaAMOOJBIIEH amnepuoJHuecKou
cllararoiiel M ycioBue, MpU KOTOPOM JIOCTUraeTcsi MAKCUMYM MTIHOBEHHOI'O 3HA4YE€HMs MOJHOIO
TOKa, O4Y€Hb OJM3KHU ApYT K Apyry. [109TOMy B MpaKTHUYECKHX pacueTax MaKCUMalbHOE MTHOBEHHOE
3HAYEHHUE IOJIHOTO TOKAa KOPOTKOTO 3aMbIKaHUS, KOTOPOE Ha3bIBAIOT yAApHBIM TOKOM KOPOTKOI'O
3aMBIKaHUS Iy, OOBIYHO HAXOMAT IPHU HAaHOOJBIIEM 3HAUYCHNUU allepHOANYECKON crararomieit (puc.),
CUMTas, YTO OH HACTyHaeT MPHOIM3UTENBHO uepe3 mojmepuozna, uyto npu =50 I'i cocrammser
okoJio 0,01 cex ¢ BO3HUKHOBEHHUS! KOPOTKOTO 3aMbIKaHUs. T.e. OH MOKET OBITh OIICHEH KaK CyMMa
3HAQYECHMs IEPUOJMYECKON COCTABIIIONIEH TOKA M AllepUOJAMYECKOW COCTABIISIIOLIEH B MOMEHT
Bpemenu 0,01 cek.

Takum 06pa30M, BBIPAXKCHUC IJIA YIAPHOTO TOKAa KOPOTKOI'O0 3aMbIKaAHUA MOYKHO 3allcaThb B
0.01 0.01

CIIEAYIOIIEM BUIE:  lyo = it 0,01() T lat 0,01¢) = Trim™ Tiim - € ' = Igm (I+e ™ )= K, Iy, Toe
0.01

K,y=(1+e '+ ) — ynapusiii KO3pHHUIMEHT, KOTOPHIH MOKA3bIBAECT MPEBBIIICHIE YIAPHOTO TOKA Ha/l
aMILUIUTYI0M Nepuoaudeckoil ciaratomeid. 3Hadenue Ky, Haxomarcs B mpenenax /< Kyy<2, 4ro
COOTBETCTBYET NpeaesbHbIM 3HaueHusM Ta, T. e. Ta=0 (npu Ly=0) u Ta=oo (npu 1,=0).

EcrecTBeHHO, YTO uYeM MeHbIIE IOCTOSHHAs BpeMeHH Ta, TeMm ObICTpee 3aTyxaer
anepuoJMUYeCcKasl Claramllas U TeM COOTBETCTBEHHO MeHblle Ky BriusHue anepnoaudeckoi
cllararoiie Toka K. 3. CKa3bplBaeTCs B HayaJbHOW CTaJUM NEPEXOJHOrO IpoIlecca U MPaKTHUYECKU
coBepieHHo ucyesaet yepes 0,1 — 0,3 cexk.

[lo 3HaueHWIO yIApHOIO TOKa IPOBEPSAIOTCS 3JIEKTPUUYECKUE ammaparbl, T. €. clydail
MaKCHMAaJIbHOTO 3HAUYEHUs MIOJHOTO TOKA K. 3. SIBJSIETCS PACUETHBIM.
JlelicTByrolMe 3HaYEHUSI TIOJTHBIX BETUYHMH U UX OTJIEIbHBIX CIArarolinXx.

JlelicTByronee 3HAYEHWE TOKAa — CPEHEKBAJPaTUYECKOE 3HAUEHHE TOKa 3a OJUH MEepUOJ
(T), B cepeaMHE KOTOPOrO HAaxXOJIUTCS paccMaTpuBaemblii MoMeHT. [losTomy ecnu mu3BecTHa
3aBUCUMOCTb [ = (), TO IEHCTBYIOIEE 3HAaUEHHE TOKA B MOMEHT BPEMEHH £, OTIPEAEIAETCS KaK:

3aBucumocte i = f(¢) B oOmeM ciydae OYEeHb CIOKHA. [l03TOMY s TPAKTHYECKHUX
pac4yETOB MPUHUMAIOTCS CIICAYIOLIHE JOTYIICHHS:
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1. 3a paccmarpuBaemblii iepuoa T 00e crararonue He U3MEHSIOTCS, T.€. HE MEHSIOTCS UX
aMIUIMTY/Ibl, K&K/1asl U3 KOTOPBIX paBHA CBOEMY 3HAYEHHIO B PACCMaTPUBAEMbIi MOMEHT.

Takoe HonyeHne OTHOCUTENBHO NEPUOJUYECKON CIIararlleil JeNatoT KOT1a HCTOYHUKOM
SBJIIETCS TEHEpaTop KOHEYHOM MOIIHOCTH; JUISl YCIIOBHHM PACCMOTPEHHBIX paHee (T.€. NMUTaHUe
LEMH OT CUCTEMbI HEOTPAHNYEHHOM MOIITHOCTH) TIOCTOSTHCTBO aMILTUTY/IBI COOITIOAAETCS.

B o0mem ciydae (Hampumep, MpH TUTAaHUM OT TEHEpPATopa KOHEYHOW MOIIHOCTH)
MEPUOINYEcKas COCTABIAIOMIAs TOKA K.3. MEHSET CBOIO aMIUIUTYAY BO BpeMeHH. Takoil oOmwii
cllydail pacCMOTpPEH Ha pHUC. HOSICHSIONIMM OMNpeAeTeHHUs ICHCTBYIOLIEro 3HAYEHHsI TOKa IpH
MIEPEXO0THOM MPOIIECCE.

K omnpeneneHuio AeHCTBYIOLIETO 3HAYEHHS TOKA
IpH TMEepPEeXOfHOM Ipolecce.

JUiss 3aJaHHOrO MOMEHTa BpPEMEHHM {, aMIUIMTyJa [IEPUOJUYECKON COCTaBIISAIOIIECH
ornpenesnsiercss mo crudaromeil (IMyHKTUp), a JEHCTBYIOIIEe 3HAYEHHE B 3TOT MOMEHT BPEMEHHU
OIpPENIEITUM:

Int= L[V 2 -

COOTBETCTBEHHO JIEUCTBYIOIEE 3HAUCHHE ANEePUOJMYECKOM cliararoniei 3a OJIMH MepUo]I
npru MHOPUHATOM JOMYINCHHWUHU PABHO €€ MIHOBCHHOMY 3HA4YCHUIO B MOMCHT, H&XOZ[SIIIII/IﬁCSI
MOCPEMHE IAaHHOTO Tepuoa (puc.), T. €.

I at = Lat.

Torma peicTByrolee 3HAYEHUWE IOJHOTO TOKAa B PAacCMaTpPUBAEMbli MOMEHT BpPEMEHH

paBHO:

F2 2
l?_:,l{_‘L;i:l: I al?
JInst moBEpKH 00OPYIOBAaHUS IO TOKaM K.3. HEOOXOIMMO 3HATh HaHOOJIbIICE JECHCTBYIOIIEE

3HAYCHUEC TIIOJTHOIO TOKa l.y(), KOTOPOC 6YZ[€T HMCETbL MCCTO B TIICPBOM IMCPpHUOJC TIOCIC

BO3HHMKHOBEHHS K.3. (IIpHU YCIOBUU A P ).

Ero MO’HO BBIpa3HUTh Yepe3 yAapHbIi KOd(PHUITHEHT

L=V A=)/ 2 L =1y TF 2 — 1"

CornacHo yka3aHHBIM BBIIIE TIpejesiaM u3MeHeHui, T.e. 1< Ky <2, BenmuumHa OTHOIIECHUS

I,
I,/I7 HaxonuTed B nipezenax 1< 7 <+3.
n
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OIPEJIEJIEHME SKBUBAJIEHTHOM ITOCTOSHHOW BPEMEHU

JUid 1enu ¢ IMocieloBaTeNIbHbBIM COEJUHEHUEM 3JIEMEHTOB 3KBUBAJICHTHAs IOCTOSIHHAS
L X
BpPEMEHHU ompenensercss npocto no ¢opmyne: 7,; = —=——, e X, ¥ 1, COOTBETCTBEHHO
I, ro
1 1771
MHIYKTUBHOE U aKTUBHOE COTIPOTHUBIIEHUS BCEN KOPOTKO3aMKHYTON LIEITH.
B pa3BeTBiIeHHONM LeNU 3KBUBAJICHTHYIO IOCTOSHHYIO BPEMEHHU OIPENENIUTh TpyaHee. B
kypce TOD ata 3amada permaercs ¢ UCIOIB30BAaHUEM OTEPATOPHOTO MeToja.. Takoi oOmuidl u
CTPOTMM IYyTh pEIIEHUS CIOXEH, T.K. MOJY4aroTCsl YpaBHEHHS BBICOKUX IOPSJIKOB, PEIINUTH
KOTOpPBbIE MOYKHO TOJIbKO C ToMoIpio DBM. [l mpakThueckux pacu€ToB, MCIHOJB3YIOT OoJiee
xE
I 05

npocroe npuOnmxéHHoe pemenue 7T, = = , TIE Xy U ¥, — COOTBETCTBEHHO CYMMAapHOE

HHAYKTUBHOC COIMPOTHUBIICHUC CXCMBEI, HaﬁHGHHOG IIpHU OTCYTCTBUHU BCEX aKTUBHBIX COHpOTI/IBJIeHI/Iﬁ
(r=0) m cymMMapHO€ aKTHBHOE CONPOTHBIIEHUE CXEMbl IPHU OTCYTCTBUU BCEX HHAYKTHUBHBIX
conpotuBiieHui (x=0). Takoil HCKyCCTBEHHBIH MpHEM ompeseneHuss Ta.» CHIbHO YIPOILAET
pemenue. [Tpu HeM npUOAM3UTETHHO COOMIOAAETCS SKBUBAIEHTHOCTH KOJIMUYECTBA AJIEKTPUUYECTBA B
HGfICTBI/ITGJIBHBIX 1 3aMCHSCMBIX YCIIOBHAX.

IIEPEXO/IHBIM ITPOIIECC B HEITOIBVJKHBIX MATHUTOCBSI3AHHBIX LETISX.
OBUIME 3AMEYAHU . BHE3AITHOE K.3. TPAHCO®OPMATOPA.

OObIuHO TpH pacu€Tax TOKOB K.3. CYMTAIOT YTO aIMapaThl C JKEIE3HBIMH CEpJIeYHUKAMU
paboTaroT B HEHACHINIEHHOM pexuMe. [Ipu 3TOM 3aBHCHMOCTD MEXAYy TOKAMU M HANpsSHKEHUSIMHU
aBnsieTcs JuHEHHONW. OJHAaKO He BCerJa 3TH JIONMYIIEHUS CIpPaBeUIMBbl. B OCHOBHOM OHH
MPUMEHUMBI ISl TpaHC(HOPMATOPOB PAOOTAIOIINX MO HATPY3KOM.

PaccmoTpuM mepexoJHbBIN Tpolecc MpH BKIIOYEHMH Ha HEKOTOpoe HampspbkeHue u(t)
KOHTYpa ¢ L, ¥ r, CBSI3aHHOTO B3aUMHON WHIYKTHBHOCTBIO M C JpyruM KOHTYpPOM,

MHJYKTUBHOCTb M AKTUBHOE CONPOTUBIEHUE KoToporo L, u r,. Ilo cymectBy 310 sBIsercs
MPOIIECCOM BKITFOUEHUSI BO3JYITHOTO TpaHcopMaropa ¢ 3aKOPOYCHHONH BTOPHYHOM OOMOTKOM
(puc.).

VYcioBuMes, 4TO BCe MapaMeTpbl U BEJIWYMHBI BTOPOIO KOHTYypa NPUBEIEHBI K CTOPOHE
NEPBOr0 KOHTYpA.

Tpancdopmarop murTaercs OT CUCTEMBI C HEOTPAaHHUEHHON MOITHOCTBIO. TpaHcdopmarop
paboTaeT B HEHACHIIIIEHHOM peXUMe. 3aluIlieM ypaBHEHHE ISl CTOPOH MEPBUYHOTO U BTOPUYHOTO
HaNpPsDKEHUS .

di di
Co cTOpOHBI IEPBUYHOTO HANPSDKEHUS u(t) =i,r + L, d—; -M 7: :
, di, _ di
PaccmotpuM BrOpu4Hyto cropony 0=i,r, + L, o M R

Wnu B onepatopHoii hopme (IIpU HyJIEBBIX HAYAIBHBIX YCIOBHUSX)
u(p) =rd,(p)-- Lpl, (p) + Mpl.(p);
0 =r.l,s(p) 4 L.pl. (p) -+ Mpl, (p). }

Pemrenne cuctemMbl MOXKHO IOJYYUTh IIPOCTOM IIOJCTAaHOBKOW. 3 BTOpOTrO ypaBHEHUs
nMeeM
- Mp
1 = — '
ﬂ(p) rg__}_sz Il (p)a
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MOCJIC NIOACTAHOBKHU €T0 B IICPBOC YPABHCHHUC IMOJTYIUM

I(p)= ——;‘1‘{;) .

1 40T
z‘(p):r‘+(L‘__ r2+sz)p—'l+( ltcT::l[’))L’p:

°TloTaoP F+ (Tt Te)p+ 1 r
(1 4 Taop) St

rae Z,(p) — OIepaTOpHOE CONMPOTHUBIIECHUE MEPBOTO KOHTYpa C Y4€TOM MAarHUTHOCBSI3aHHOTO C

HHUM KOPOTKO3aMKHYTOI'O BTOPOI'O KOHTYpa.
OTCIOZ[a CJICAYCT, UYTO BJIMAHHUEC KOPOTKO3aAMKHYTOT'O KOHTYpPa CKa3bIBACTCA B CHUKCHUHN Ll ,

IpUYEeM OHO TEM CHJIbHEE, YeM MEHBIIIE pacCessHUE U OOJIbIIIe MOCTOsIHHAS BpeMeHu T2o. HanpoTus,
B IIpezelie, Koraa 6=1, T. €. Ipu OTCYTCTBUM MAarHUTHOM BSI3U, MHIYKTUBHOCTb L, Hem3MmeHHa. M3

XapaKTepUCTUUECKOTO ypaBHEHUS Z,(p) =0 HaXOQUM €ro KOpHHU:

=T+ Ta) £ V(Tlo 4 Ty0)2 — 40T 10T 5, ‘—_— _.._______.__(T"’ + Ta0)
Pra= %aT 30T 20 20T o720

X (1=9),

g= V | — 4aT ,,,T,o
(T + T20)*
[Tockonsky Bcerma (7T19+T. 20)2>40'T 10T29, 002 KOpHS SIBIISIOTCS JCWCTBUTEIHHBIMU, MEHBIITMU

Hyna. CnenoBaresnbHO, CBOOOJTHBIM TOK KaKIOTO KOHTYpa IPEJICTaBIseT co00OM CyMMy ABYX
CBOOOJTHBIX TOKOB, OJTMH U3 KOTOPBIX 3aTyXaeT MO AKCIIOHEHTE C TIOCTOSIHHOW BPEeMEHH!

rae

TH— — 1i . 2 ol 10T,
- (1—q) (Tso + T20)

1
= _g 1 (Tlo —I_ Tzo)’

a Ipyro — € NOCTOSIHHOM BPEMEHU

T — 1 . 2 ol ;0T 20
T (14+9) (T1o+ T20)
=150 (T +Ta),
OTHOIIICHUEC Memz[y KOTOpI)IMI/I
rr __1+g¢
I — 1l—gq*

Kak Bumao, T  Bcerma Gomeme T [IpUYEM Da3iIMuue MEXKAY HHUMU BO3PACTAET C

yYMEHbIIIEHHEM paccesHus. B npenene nmeem nipu o = 0 T'=T ¢+T u T"'=0.
[Ipu BKITIOYEHWH KOHTypa Ha TOCTOSIHHOE HANpsHKEHHE wu(p) Ui M300paKeHUs TOKa IEPBOTO
KOHTYpa UMEEM:
U
I = —.
! (,U) pz:1(p)

Hcnonp3ys u3BeCTHYIO (OpMYITY pa3iiokeHus (WM ee BHJIOM3MEHEHHE, TaK Ha3bIBaeMYIO
(dbopMyiTy BKIIIOYEHHS) U TPOU3BENS Psiji MPeoOpa30BaHMiA, MMOJyYHMM BPEMEHHYI0 (YHKIMIO TOKa
3TOr0 KOHTYpa:

. s . u U(Tio—T"Y —ti1
) :11+l’1+l”1:‘-— - —(—#‘—J’le 7
- 'y rn{T"—T1")
U (Tgo = T,I) e_t/TI'
r (T —T") ’
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rjae i, — NPUHYKICHHBIM WA YCTAHOBUBIIHMUCS TOK; i — MEIUICHHO 3aTyXalOI[Hil CBOOOJHBIN
TOK; i] — OBICTPO 3aTyXaIOIIHii CBOOOIHBIN TOK.

CooTHoIIIeHHE MCXKIY Ha4YaJIbHBIMW 3HAUCHUSAMU OTHUX CBO6OZ[HI)IX TOKOB OIPCACIIACTCA
MMOCTOSIHHBIMH BPCMCHU !

AHaJIoTUYHO HaxXO0JUM BBIPAXKCHUC IJId TOKA BO BTOPOM KOHTYPE:
i (t) =1y ity= — MY Tulae (T
LL T7—17)
M3 KOTOPOro BHUAHO, YTO IMPH BKIIIOYCHUU KOHTYpa Ha MOCTOAHHOC HAIPSKCHUC IMPUHYKICHHBIN
TOK BO BTOPOM KOHTYpPEC, €CTCCTBCHHO, OTCYTCTBYCT, 4 HAYAJIbHBIC 3HAYCHUSA CBO6OZ[HI)IX TOKOB
PaBHBI U B3AUMHO IIPOTUBOIIOJIOKHBI:

3

2y —_
2100 T 2o} -

Hx cBs3B C OJHOMMCHHBIMH CBO6OZ[HI)IMI/I TOKaMHU IMEPBOIro KOHTYpaA BBIPAKACTCA COOTHOIICHUAMMU:

P M Tﬂo i.:
T (Tw—T) Y

i” _— M T2o l'H
2 Ly (Tye—T7") " ¥

T.o. B HavalbHOW CTaJAMU TEPEXOIHOTO TpoIlecca M3MEHEHHE TOKOB OOYCIOBIMBAETCS
[JIABHBIM 00pa3oM OBICTPO 3aTyXaroMIMMH CBOOOJHBIMH TOKaMH, a B TMOCIEAyOIeH —
MPAKTUYECKH TOJIBKO MEIUIEHHO 3aTyXalolMIMMHU CBOOOJHBIMH TOKaMu. TOK HamMarHUYWBaHUS,
ompeieNsieMblii CyMMOU TOKOB (i;+i3), MPAaKTUUYECKU U3MEHSETCSl HKCIIOHEHIIUATBLHO C MOCTOSHHOM
Bpemenn T', Tak Kak cymma GbicTpo 3aryxaroumx TokoB (i)' +,") ouens mama. TTocmennss paBHa
HyI0 ipu ¢ =0).

MeieHHO 3aTyXarolue CBOOOTHBIE TOKH MPAKTHUECKH CBS3aHBI C U3MEHEHHEM TOJBKO
o0IIero MarHUTHOTO TOTOKA WM TOTOKAa B3aUMOMHAYKIIMM MEXAYy KOHTypaMmH, a OBICTpO
3aTyXarolue — ¢ U3MEHEHHEM TOJIBKO TOTOKOB PACCESTHUS KOHTYPOB.

Takum 00pa3oM, MarHWTHAsi CBA3b MEXAY KOHTypaMH BHauayie YOBICTpSIET IepexoHBIN
mpoliecc, a 3aTteM, HampoTHB, 3amemssier ero. [Ipu mocrosHHOM Kod(duIIMEeHTE paccesHuss 6 3TO
MPOSIBISIETCS. TEM MHTEHCUBHEE, YeM OOJIbIIIE MOCTOSTHHASI BPEMEHH BIUstoIiero KoHtypa (Tao).

IlepexoaHblii mpouecc NMpPU BHE3ANIHOM KOPOTKOM 3aMBIKAHMH 32 TpaHcpopmaTopom
MIPU OTCYTCTBHH HACBHIIICHUSI €T0 MarHUTOINIPOBOJIA, BOOOIIE TOBOPS, MACHTUYEH PACCMOTPEHHOMY
paHee, ¢ TOM JIMIIb Pa3HULEH, YTO 31E€Ch BKIIOUYEHUE NPOU3BOAMTCA HE IIa IOCTOSHHOE, a Ha
CUHYCOMJIAJIbHOE HAIIPSKEHUE.

[TosrydeHHbIEe BBIIIE BBIPAKEHHS JUISI TIOCTOSIHHBIX BPEMEHHM 3aTyXaHHsl CBOOOTHBIX TOKOB,
KOHEYHO, TIOJJHOCTHIO CIPABEIMBEI M B JAaHHOM Cllydae, IpU4eM, IIOCKOJIbKY B TpaHchopmaropax
MOTOKM PACCeSHUST HHUYTOXKHO Malibl O CpPaBHEHHIO C OOIIMM TIOTOKOM B3aUMOWHIYKIIHH,
MpUMEHEHHE MPHUOIMKEHHBIX BBIPAKCHUHN ISl OILIEHKU T uT IIPAKTUYECKH HE BHOCHUT HUKAKOU
MIOTPEIIHOCTH.

r’.L, rz,Lz

Yp) “t
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[Tpu TOM YCIIOBMU COOTHOIICHHE MEXy HaYaJbHBIMH CBOOOHBIMU TOKaMU B OOMOTKE C
napameTpamu L, ¥ r, NOJIy4aeTcs CIEAYIOMINM:

Py (L eI
T G S

€ro MOXXHO IMPUBECTHU K C€IIC Ooitee mpoCcTOMY BUIY, CCIIN Hp€H€6p€‘-IB B YHUCJIHUTCIIC U 3HAMCHATCIIC
BE€ChMa MaJbIMH JCHCTBUTEIBHBIMHU YaCTIMU IO CpaBHCHUIO C MHUMbBIMHU:

i”llﬂf . T/

~ T”'

i’

Y101
Koadduuuent paccesnust 6 Tpancopmaropa o4eHb Mal, BCIEACTBUE YEro MEJUIEHHO 3aTyXaloline
CBOOOJHBIE TOKH i, W i, 3HAYATEIHLHO MEHBIIE COOTBETCTBYIONIMX OBICTPO 3aTyXAKOIIUX

CBOOOHBIX TOKOB i| ® i) . [Io cBOeW mpupoje TOKH i, W i, OOYCIOBJICHBI U3MEHEHHEM OOIIETrO

MarHWTHOTO TIOTOKa TpaHCPopMaropa, KOTOPBIA CO3MaeTCsi TOKOM HaMarHu4mBanus. [lpu
NMpEeHEOPEIKEHUN TOCTEeIHUM, Kak »dTO JelaloT B OOJBIIMHCTBE TMPAKTUYECKUX PACUETOB,
OJIHOBPEMEHHO OTIIAJAeT y4eT M ITUX TOKOB. B 3TOM ciywae, mojaras B CXE€M€ 3aMEILCHUS
TpanchopMaropa x, =oo, YTO NMPUBOJMT K YMEHBIIEHUIO YUCIA KOHTYPOB 3TOH CXEMBI, KXKIYHO

00OMOTKY TpaHc(opMaTOopa MOXKHO pacCMAaTPUBATh KaK AJIEMEHT C aKTHBHBIM M WHIYKTUBHBIM (OT
IIOTOKa paCCGSIHI/ISI) COMMPOTUBJIICHUAMHA, MNPUBCACHHBIMU K OHHOfI CTYIICHU HAIIPAKCHUA U
ompeneNsieMbIMA TIO0 W3BECTHBIM JUIsl JAHHOTO TpaHcopMaTopa TMOTEPsIM U HANPsHKEHUIO
KOPOTKOTO 3aMbIKaHus ( p, U u, ). Ilpu 3ToM s AByXOOMOTOYHOTO TpaHChOpMaropa OTHAIAET

HEOOXOJMMOCTh OTIPENICNICHHsI MTapaMeTPOB OTIEIBHO KaXIOW OOMOTKH; TaKoil TpaHChOpMATOp
XapaKTCPpU3yIOT CyMMApPHBIMU AKTHBHBIM W WHAYKTHUBHBIM COIIPOTHBJICHUAMU, IMPUBCACHHBIMHU K
OJTHO¥ U3 ero cTtopoH. [locTosiHHAs BpEMEHH 3aTyXaHusi CBOOOIHOTO TOKA B I[iM, COCTOSIIEH TOJIBKO
W3 OJHOTO TpaHchopMaTopa, Ipu ITOM OYIeT:
T=T"-—= *_.
©r

[MonyueHHOEe ypaBHEHWE MOJOOHO YpPaBHEHHUIO [UIsi TIEPEXOJHOTO IMpoliecca Mpu
TpéxdazHoMm K.3. B mpoctedmiei nenu. CrenoBaTeIbHO TPAHCPOPMATOP MOXKET YIUTHIBATHCS
CBOUMHM 7 ¥ [ TIpY COCTABJICHUU PACUETHBIX CXEM 3aMelleHus. B cxemy 3amenienus TpaacgopmaTop
BBOJUTCA 663 yqéTa B€TBU HAMAarHu4nuBaHUA .

BKJIFOYEHUE XOJIOCTOI'O TPAHCOOPMATOPA .

PaccmoTrpuM  mepexonHBIi  IIPOLIECC, BO3HUKAKOIIMM IPU  BKIIOYEHHUH  XOJOCTOIO
TpaHchopMaTopa Ha CHHYCOMJANBHOE HANpSHKEHUE MOCTOSHHOM aMIUMTYIBl W HEU3MEHHOUH
yacToThl. [l0 CylIecTBy 3TO paBHOLIEHHO BKJIKOYEHHUIO JIPOCCEN C MAarHUTHBIM CEPIECYHUKOM, B
KOTOPOM TIpOSIBIIsieTCs Hachlenue. [Ipu 3ToM HackllieHHeM cepAeYHHKa mpeHedperaTh Henb3s. B
MPAaKTUKE BO3MOXHBI OpOCKM HaMarHMYMBAIOIIETO TOKAa B HECKOJIbKO pa3 IPEBHIIIAONINE
HOMMHAJIbHBIN TOK.

Panee ObLIO yCTaHOBJICHO, YTO TIPU 3aMbIKAaHUH MPEIBAPUTEILHO HEHATPYKEHHON LIEH C ¥
u | HamOompIIasi BeMTMYMHA TOKA BO3HHMKAET NPH YCIOBHUHU, KOTJAa IMOJBEICHHOE HAINpPSDKEHUE B
MOMEHT 3aMbIKaHUS OpoxoauT uepe3 Hyab. (IIpu 3ToM mnepuoanueckas cocTaBIIsIOIIAs
MaKkCHUMallbHa M paBHA anepuoandeckoil). M3 aToro ycioBusi kak HauOojee HEOIAaromnpusTHOTO
UCXOJUM U B JJAHHOM ciiydyae. Ecnu mpeHeOpeub MalbIM aKTHBHBIM CONPOTHUBICHHEM OOMOTKH
TpanchopMaTopa, TO YCIOBHE paBHOBECHS HANpPsKEHHs TOCIE BKIIOYEHHs TpaHchopMaTopa
Oyner:

CocTtaBuM ypaBHEHHE, CBS3BIBAIOIEE HANPSDKEHUE M MArHUTHBIM TOTOK, JJI 3TOTrO

. do .. o
MOMCHTa BpPCMCHMU: Um sIn®t = 0)7 , I'I€ @ - YHCIO BHTKOB IIOJKIIOYCHHOU 00MOTKH
t

TpancopmaTopa. MHTErprpoBaHUE 3TOTO BBIPAKEHUS C YUETOM TOTO, YTO HAYaTbHBIA MarHUTHBII
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110ToK ®¢=0, TpUBOIUT K OYEBUIHON 3aKOHOMEPHOCTH U3MEHEHUSI MarHUTHOrO notoka. [lomyunm,
yr0 @ =0 (1 - coswt) .

[Tpu yyetre akTHBHOTO COTIPOTHBIICHUSI OOMOTKH ITOCTOSTHHAS COCTABIISIONIAs OyIeT
t

. L
3aTyXarTh C MOCTOAHHOM BpeMeHn T, = —— W 9TO BBIpaKEHUE IPUMET Bul: ®=® | e " —coswt
r

Cs3b MekIy MOTOKOM @ W TOKOM HAMarHMYMBAaHUs i,, BBIPAXKAECTCS MATHUTHOM
XapaKTePUCTUKOH. VICNONb3yst MArHUTHYIO XapakTepucTuky @ = f(i,) (kpuBas HaMarHUYUBAHUS.

cramu TpaHcdopmaTopa), 3Has u3MeHeHue @ = f (t) MOYKHO TYTeM TpauuecKoro MOCTPOCHHS
HAWTU KPUBYIO U3MEHEHHs TOKA HAMarHWYMBaHus i, = f (t) B IIEPEXOIHOM IIPOLIECCE BKIIIOYECHUS

Tpa"copmaropa.

%‘ .
_Tr_._*__..{___.. -

w
N

W3 pucyHKa BHIHO, 4TO OJjarojapsi HAaCBIIICHUIO MarHUTHOW CHUCTEMBI TpaHCpopMaTopa, OPOCOK
TOKAa HaMarHn4imBaHUS JOCTUTACT 6OJII)IHI/IX BCJIMYMH W MOXKCT IMPCBbIIIATH HOMHUHAJIBHBIA TOK
TpaHcpopMaTopa, B CBOIO OYepelb 3TO, MPH OTCYTCTBHH CIEIUATBHBIX CPEJICTB MOXKET BBHI3BATH
oTkirOUeHue TpaHchopmaropa. [Tockonbky Tpanchopmarop 00Ia1aeT OCTATOYHBIM MarHETH3MOM,
TO OPOCKH TOKA MPH BKIIFOYEHUH TPAHCPOPMATOPa HA XOJIOCTOM XOJI JOCTUTAIOT elle OOJBIIUX ero
3HaueHui. 13 pucyHka BUJIHO, YTO Ja)Ke HE3HAUUTEIHHOE YBEJIMUEHNE MarHUTHOTO oToka @ (umu
no0aBlieHHE K HEMY) PE3KO YBEIIMYHUT OPOCOK TOKa HaMarHUYUBaHUSI.

KpuBas u3MeHeHMs TOKa HaMarHuumBamus i, = f (t) B CBOEM HavanpHOW cTaguu (B

HaYaJIbHBIII MOMEHT NEPEX0/HOTO MPOIIECCa) CUIBHO OTIMYAETCSI OT CHHYCOM/IBI, 3TO OOBACHSAETCS
HEJIMHEWHOM YacThIO XapaKTEpPUCTUKU HaMarHUYMBAHMUSL.
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Tema 4. YcranoBuBuIeiics pexum TpéxgazHoro K.3. (6 yacon)

OcHoBHble TapaMeTpbl CHHXpOHHON MamuHbl (CM). CxeMa 3aMelleHuss U BEKTOpPHas
qyarpaMma CUHXpPOHHOTO reHepatopa. Bnusnue APB Ha ycranoBuBmIelics pexxuM k.3. Pacuér
YCTaHOBUBILETOCS TOKA K.3. B CJIO’KHBIX CUCTEMAX.

Panee mnpenmnonarasoch, YTO paccMarpuBaemasl L€lb IPUCOEAMHEHA K HCTOYHUKY
CUHYCOM/IAJbHOTO HANpsOHKEHUs, aMIUINTyJa KOTOporo mocTosiHHA. [Ipum Takux ycClIOBHSX
MEPEXOHBIN MpoIlece B MU XapaKTEPHU3yeTCsl 3aTyXaHHEeM JIMIIb CBOOOIHBIX arepHoIHYeCcKhX
CIIAralolIMX TOKa, B TO BpeMs Kak IEepUOJUYEcCKasl cjararomas TOKa NpeACTaBiIsieT coOoi
CUHYCOMJIAJIbHBIN NPUHYKICHHBIA WM YCTAaHOBUBIIMICS TOK B 3TOM LIENH NP U3MEHUBIIEMCS €€
COCTOSIHUH.

[To Mepe mpuONMKEHHS KOPOTKOTO 3aMBbIKaHHsI K TEHEpPaTopy TaKoe IPEAIOIOKEeHUe
CTaHOBUTCS, €CTECTBEHHO, BCE MEHEE M MEHEE NPUEMJIEMBIM. YBEIMYEHHUE pEaKlUu cTaTopa Ipu
KOPOTKOM 3aMBbIKaHHUHU MPUBOJUT K pa3MarHUUMBAHUIO T€HEPATOPA U, CIIEIOBATENIBHO, K CHIXKEHHUIO
€ro HamnpsyKEHUs 10 HEKOTOPOTO YPOBHS, 3aBUCSILEr0 OT NapaMeTPOB I'eHEpaTopa M yIaJleHHOCTH
(pa3ymeeTcs, DIEKTPUYECKOM) KOPOTKOrO 3amblkaHMs. Ilpu Haauumm aBTOMATHYECKOIO
perynupoBaHus Bo30yxaeHus (APB) Bo3Mo)kHa yacTUYHAS WM JIaXKe TIOJTHAst KOMITEHCAIUS 3TOTO
CHIDKEHUS HAIPSDKEHUS ITyTEM YBEJIMYECHHUS TOKA BO30OYKICHHUS.

ITox ycTaHOBHMBIIMMCS PEXMMOM MOHHMMAIOT Ty CTAJHUIO MPOIEcca KOPOTKOIO 3aMbIKAHMUS,
KOTJIa BCE BO3HUKIINE B HAYAJIbHBIH MOMEHT KOPOTKOTO 3aMBIKaHUSI CBOOOTHBIE TOKH TPAKTUIECKU
3aTyXJIM ¥ TIOJTHOCTHIO 3aKOHYEH TOIbeM TOKa BO30YyXaeHus noJ neiictBuem APB.

OOBIYHO CYMTAIOT, YTO OTOT PEXKHUM HACTYMAET YK€ uYepe3 HECKOJbKO CEKYH]I IOCIe
BO3HMKHOBEHHS KOPOTKOTO 3aMmblkaHHs. [Ipy 3TOM B COOTBETCTBUM C HPHUHATHIM JIOMYIIEHHUEM
MpEearoJaraeTcs, 4YTro CKOPOCTb BpallleHWs TeHeparopa coxpaHsercss 0e3 W3MEHEeHHs. ITo
HacTynaet ciycts 2-3 cek. nocie K.3.

OCHOBHBIE XapaKTEPUCTUKN U NAPAMETPBL.

OCHOBHBIMU XapaKTEpUCTHUKaMM M TapaMeTpamMu CUHXpoHHOM MamuuHbl (CM) npu
CUMMETPUYHOM YCTAaHOBUBLIEMCS PEXKUME SIBIISIFOTCSL:

1. XapakTrepucTrka X0JI0CTOTO X0/1a CAHXPOHHOTO TE€HEPATOPA.
2. CUHXpOHHBIE HEHACBIIIEHHbIE PEAKTUBHOCTH IO MPOJI0JIBbHOM ocu Xd U 10 nomnepeuHoit ocu Xgq.
3. PeakTHBHOCTB paccessHus cTatopa
4. penenpHOE 3HAUYCHUE TOKA BO30YXICHHUS (ITOTOJIOK, MOTOJIOYHOE 3HAUCHUE).
Xapakrepuctuka X.X. CTPOUTCA B OTHOCUTEIIBHBIX €INHULIAX.
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Bmecro Xd wmoxker OBITh 3aJaHO OTHOIIEHHE KOPOTKOTo 3amblikanus Kec, kotopoe
npeacTaBisieT Cco00M OTHOCUTENBHBIM YCTAHOBUBIIMKCS TOK TpPH Tpex(pasHOM KOPOTKOM
3aMbIKaHMM Ha BBIBOJIAX TE€HEpAaTOpa M OTHOCHTEIHHOM TOKE BO30YXKIEHHS, PaBHOM €IWHUIIE.
Benuunna Kc ompenensier opaunaty BTopoit Touku F, yepe3 xotopyro mpoxomut mnpsimas OF,
MPEICTABIIAIONIAsT XapaKTEPUCTUKY Tpex(pa3zHOTo KOPOTKOTO 3aMbIKaHUs MamuHbI (puc.). Otcroza,
B YaCTHOCTH, CJIEYET, YTO

[I =1
K, = # 0D 1

— — 3

,n _—OH-—_[fg

rne ljk — oOTHOCHUTEeNbHBIH TOK BO3OYXKIEHHUS, NMPHU KOTOPOM TOK Tpex(asHOTO KOPOTKOTO
3aMBIKaHUsl PABEH HOMUHAJIBHOMY TOKY.
Cas3b Mexy Kc u Xd BeITeKkaeT u3 ycaoBUsl KOPOTKOTO 3aMbIKaHMsI Ha BBIBO/IaX MAllIMHBI, a

taioke u3 nopoous AOBC u AOGH, 1. e. X, = KL , rie C=JD / ED — OTHOCUTEIBbHOE 3HAYEHHE 3.
c

7. C. IO HeHACBIIIIEHHON XapaKTEePUCTUKE XOJIOCTOTO Xoa rpu If=1; oobraro c=1,05+1,2.

VY SBHOMOJIOCHOW MaIuHBl X¢g MaJlo 3aBUCUT OT HACBIIICHUS, YTO MO3BOJISET CUUTATH 3Ty
PEaKTUBHOCTh TMPAKTUYECKHM TOCTOSIHHOW. HampoTuB, BechMa CyIIECTBEHHO HACHIIIEHUE
MPOSIBIISIETCSL B MPOJIOJIBHOM OCH, YTO BBI3bIBAET U3MEHEHHUE MPOJIOJBbHON peakiuu cratopa Xad, a
BMeCTE€ C HEWw W peaktuBHOCTH Xd= Xo +Xad. Tem He MeHee, uMmes, B BUAY HEOOJBIIOE
HACBIII[EHUE MAIIMHBl W TPUOIMIKEHHOCTh pacdeTa YCTAaHOBUBIIETOCS pPEKHUMa KOPOTKOTO
3aMBIKaHUsA, TPUMEM, YTO OTa PEAKTUBHOCTh TaKXK€ IOCTOSIHHA W OTBEYA€T MATrHUTHOMY
COCTOSTHUIO MAIIIMHBI, KOTOPOE WMEET MECTO MpH paboTe Ha XOJOCTOM XOJy C HOMHUHAJIHHBIM
HarnpspbkeHueM. [[pyrumu cioBamu, JAEUCTBUTENBHYIO XapaKTEPUCTHKY XOJOCTOTO XOJa 3aMEHHM
MPSIMOM, MPOXOALIEH Yyepe3 Hayajo KOOPAMHAT U TOUKy ¢ koopauHaTamu (1, 1) (mpsimas OE Ha

puc.). llpu stom, oueBunno E, =1I.,, T. €. OTHOCUTENbHBIC 3HAYEHHS 3. [I. C. U TOKA BO3OYK/IEHHUs

YUCJICHHO OJMHAKOBBI.
CoOTBETCTBEHHO /7151 onpezeneHus Xd Mpu TaKOM CIIPSIMIIEHUH XapaKTEPUCTHKU X0JIOCTOTO

1 o
X0Ja HUMCEM: Xd =K— , OTa PCAKTUBHOCTH HCCKOJIbKO MCHBIIC HCHACBIIICHHOHW PCAKTHBHOCTH,
C

Cc o
KOTOpas ompefnensercs no X, = 1 3HaIcHHE KOTOpOH OOBIYHO TIPUBOIMTCS B MACHOPTHBIX
C

JAHHBIX CUHXPOHHOW MAIllMHBI.

Ecmu TOk BO30YXJE€HUS MAIIMHBI MPH pacCMaTpUBAaEMOW ee Harpy3ke He 3aJaH, TO €ro
MOJKHO OIPEeNUTh W3BECTHBIMU T'padUUeCKUMHU TMOCTpoeHUs MU (nuarpamma I[loThe, miBeackas
auarpamma u 1p.). B mepBoM mpuOMMKEHUM €ro OTHOCHTEIBHYIO BEIMYMHY MOYKHO OIICHHUTH U3
BBIPAXKCHUS:

li= E, =V (Ucose)? -} (Usine | 1x4)3,
rae U, | u cos @ — COOTBETCTBEHHO HaNpsDKEHUE, TOK B KOA(P(GHUITMEHT MOITHOCTH, MPU KOTOPBIX
paboTaeT mMamuHa.

OTO BBIpAKEHHE BBITEKACT U3 BEKTOPHOW JMAarpaMMbl CHUHXPOHHOW MAIUHBI C
HEU3MCHHBIMU peakTUBHOCTSIMH Xd = Xg W mpu TpeHeOpeKCHUH aKTUBHBIM COIMPOTHUBICHHEM
0OMOTKH cTaropa (puc.).

s ssBHOTIOMIOCHOM MamuHbl Xq<Xd (00braHo Xq=0,6Xd); ee ». n. c. Eq npu Tex xe
MPOYUX UCXOHBIX JIAHHBIX, KaK BHJIHO U3 MPUBEACHHOTO Ha PUC. TIOCTPOCHUSI, HECKOJILKO MEHBIIIE.
OpnHako, MOCKOJBKY mpu cos@>0,8 5TO pa3iuyue COCTaBJISET JMIIb HECKOJIBKO TMPOIEHTOB,
BBIPOKEHUEM I OTHOCHTEIIBHOTO TOKa BO3OYXKJICHHS MPAKTHYECKH MOXHO TOJH30BATHCS U JUIS
SIBHOTIOJTFOCHBIX MAIITUH.
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Bektopnas auarpaMma remepaTtopa, pafoTaiollero
C CTCTAOUIUM TOKOM.

BenuunHa mpenensHOro Toka BO30YXKAEHUS Ir ;7p 3aBUCUT OT CUCTEMBI BO3OYKICHUS U €e
nmapaMeTpoB, a TAKKe OT TUNAa TeHeparopa. Ilpu snekTrpoMammHHOM BO30YKAEHUU OTHOCHTEIbHAS
BEJIMYMHA ITOTO0 TOKAa HAaXOAUTCA B Ipenenax Iy gp =3+5, 4To mpuMepHO B 2 pas3a OoJibllle TOKA
BO30Y)KJICHHSI MAIlIMHBI TIPH €€ HOMUHAJIBHON Harpys3Ke.

IIpuBenenue uenu poropa K craTopy

PaccMoTpyM, Kak OCYHIECTBUTH NPUBEJIEHUE IENH POTOpa K CTATOpy. ODTO MO3BOJIUT
OCBOOOJMTHCS OT MArHUTHOW CBSI3M MEXKJAY HUMH U TIPEACTaBUTh CHUHXPOHHYIO MAaIIUHY
COOTBETCTBYIOIIEH cXxeMoil 3amemeHus. Jlns mpuBeneHHs, BOOOIIE TOBOPS, MOTYT OBITh
MCTIOJIb30BaHbl 0OMOTOYHBIE JaHHBIE pOTOpa U cTaTopa. OHAKO 3HAYMTENFHO MPOIIIE U HaTJIsHEe
€ro MOXHO IPOU3BECTH, UCIIOJIb3YSl U3BECTHBIE MACIIOPTHBIEC MAPAMETPhl MAIIMHBI.

OOpatumcst K pHC., TJe TOKa3aH OCHOBHOM PEaKTUBHBIA TPEYroJbHHUK (MM TPEYTOJIbHUK
[ToTbe), HOCTPOCHHBINH B OTHOCUTEIBHONW CHCTEME KOOPAMHAT C MPUHATHIMU JUTSI HE€ MacIITabaMHu:
TJISL €IUHULIBI TOKA BO3OYXKAEHUS My, MM, U €IUHUIIBL 3. JI. C. Mg, MM.

P
£ 3
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}
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OcHoBHOl peakTHBHBIE Tpe-
YTOJIbHHK.
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lNopuzonTtaneueiii kater BC TpeyronbHUKa OmpeneisieT MPOJOJIbHYI0 PEaKIUMI0 CTaTopa,
CO3JJaHHYIO €TI0 TpGX(l)a?;HI)IM HOMUWHAJIbHBIM TOKOM. CJICZIOB&TCJIBHO, OTCrOAa MOKHO YCTaHOBUTH
MaciiTab Toka cratopa: my =BC/Iy.

° m
Tok BO30YK/IEHNS, BRIPAKEHHBIN B MacmTabe my, T.e. I, =—21 ; SIBJISICTCSI TIPUBCICHHBIM
m
1
K CTaTOpy TOKOM BO30YKICHHS.
Macmtal uis OTHOCUTEIBHON €JMHUIBI PEaKTUBHOCTH TPHU MOCTPOCHUSX, NMPHUBEICHHBIX
Ha PHUC., COCTAaBISAECT m =m,/m,, MM, B KOTOpOM fgo, =m x., W tgB=m x,,. Janee, u3

OYEBHUIHBIX COOTHOMECHUH PC=m E =0CtgB=m, I;mx.,,=m, I, x,, nmeeM E =1y x,, WA

ad ad ad

B COOTBETCTBUHU C IPHUHATHIM CIPAMIICHUEM XapaKTEPUCTHKHU XoJiocToro xoma Ir=1Isx,,, T. €.
UCTHHHOE W TIPHUBEJICHHOE K CTaTOpy 3HAYEHHsI TOKAa BO3OYKICHHs CBSI3aHBI MOCTOSHHBIM (IIpH
IPUHATOM JONYIIEHUN) KOI(PPUIIMEHTOM IPONOPIUOHATBHOCTH, PABHBIM X, , .

Uto0b! 00ecTIeunuTh 00PATUMOCTEH B3aUMOWHIYKIIMA MEKTY Tpex(a3zHoil 0OMOTKOM cTatopa
U OJHOOCHOW OOMOTKOW BO3OYKICHHSI MPH BBIPAKEHUU BEIUYMH B CHCTEME OTHOCHTEIBHBIX
€IMHUII, CIeIyeT MPUHUMATh Ha CTOPOHE OOMOTKH BO3OYXKJCHHS B KaueCTBE OA3WCHBIX YCIIOBHIA:

S5 =85, T. €. Ty )ke 0a3UCHYIO MOIITHOCTh, YTO U HA CTOPOHE CTaTopa; 0a3UCHBINA TOK (B aMIiepax

w kunoamnepax) Im=1rxx x.,, ¥ COOTBETCTBEHHO Oa3MCHOE HampshkeHHe (B BOJbTaX HIIH
KuioBosbTax) U, =8, /1, .

[Tocne TOro Kak BCe BEJIWYHMHBI LIEMH OOMOTKU BO30YK/IEHUS BBIPAXKEHBI B OTHOCHUTEIBHBIX
eIMHUIAX TPU TAaKUX OA3UCHBIX YCIOBHUSIX, OHH OJHOBPEMEHHO CTAaHOBSTCS NPHUBEICHHBIMU K
craropy. CorinacoBaHHYIO yKa3aHHBIM OO0pa3oM CHCTEMY OTHOCHUTENIBHBIX EIWHHI] cTaTopa Hu
poTOpa Ha3bIBAIOT B3AUMHOMN CUCTEMOU OTHOCUTENBHBIX €IUHUL.

BiisHMe ¥ y4eT HArpys3KH.

[Tpu ycTaHOBUBIIEMCSl PEXKHUME KOPOTKOTO 3aMBIKaHUSI HArpy3Ky HEOOXOJMMO YYUTHIBATH
T.K. OHAa MOXET LIYHTUPOBATh MOBPEXICHHYIO BeTBb ¢ K.3. (CM.pucC.) yMeHbIIas BEIUYHUHY
CONPOTHBIIEHUSI T€HEpATOpa CTATOPHOM LIETIH.

U.

L M

OTO NPUBOAUT K YBEIMYEHHUIO TOKA TIEHEPAaTopa, YMEHBIICHUIO €ro HaNpsUKeHUs U
COOTBETCTBEHHO IPOINOPLUUOHAILHOMY yMeHblIeHHo Toka B Mecte K.3. C yBenuueHuem 5i.
ynanennoctu K.3. — BimsiHMEe HaArpy3ku yBenwuuBaeTcs, U HaoOopotr mpu K.3. Ha BBIBOjAX
reHepaTopa, 3TO BIMSHHE HE MMeeT 3HaueHus. OLEHUTh BIUSHUE U BEJIUYMHY CONPOTHBIICHHUS
Harpy3kl MOJKHO W3 BHEIIHEH XapaKTEepUCTHKH TeHeparopa (B oOmiem ciydae Harpy3ska — B
OCHOBHOM AJl, CONpPOTHBIIEHHE KOTOPBIX 3aBHCHUT OT CKOJIbKEHUS; IMOCIEAHEE B CBOIO OYEPE]b
OTpE/ENAETCS HaIlpsDKEHWEM Y JBUTaTels B pPAacCMaTpUBacMOM aBapUWHOM peXHMeE). OTu
3aBUCHMOCTHU HEJIMHEHHBI, YTO CUJIBHO YCJIOJKHSET JOCTaTOYHO TOYHBIM ydeT Harpysku. [losromy
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IUISL YTIPOILEHUS MPAKTUYECKUX PACUETOB HArpy3Ky YUHMTHIBAIOT MPUOIMKEHHO, XapaKTepusys ee
HEKOTOPOU MOCTOSIHHOM PEaKTUBHOCTHIO. IIOJIHBIM OTKa3 OT ydera Harpy3okK IPUBOIUT K CTOJb
OOJIBIIINM MCKKEHUSIM PE3yJbTaTOB pacueTa, YTo Jake TAaKOW MPUOMMKEHHBIA UX YYET CIIeTyeT
MPU3HATH 0053aTEIHHBIM.

[Tomarass gacro, uyro rerepatop ¢ DJIC Eg u peakTUBHOCThIO Xd paboTaeT Ha YHCTO
MHIYKTUBHYIO II€Ib, PEAKTUBHOCTb KOTOpPOH X6H, MOKEM 3amucarh CleIyloliue 2 ypaBHEHHS,
XapaKTepU3yIoL1e BEIUIUHY HAPSKCHUS Ha 3akuMax reueparopa: U=E —1X,;; U=1X,.

VYpaBHeHHe 1 — mpencTaBiseT BHEIIHIO XapaKTEPUCTHKY I€HEpaTopa, KOTOPBIM COOTBETCTBYET
npsimas FM, 2 — sToMy BBIpaXEHHMIO Ha pHUC. COOTBeTcTBYeT mpsmas OP, HakiIoH KoTopoi
IIPONOPLUOHAJICH BHEIIHEN PEAKTUBHOCTH LIENU CTATOPA, T.€. I = X 5, .

KoopaunaTsl Touku nepeceueHuss 3TUX NpAMbIX (Touku P) naror 3Hauenus toka (OL) u
HanpspkeHus (PL) renepatopa mpu paccmarpuBaeMbiX ycioBusiX. C u3MeHeHMeM XBH TOuKa
nepeceveHus nepemerntaercs no npsimoir FM. Ee HikHee nonoxenue touka M (T.e. kornaa touka P
coBmemiaercss ¢ M) coorBerctByer K.3. Ha BBIBOJaX IreHepaTopa, KOI/la YCTAaHOBUBLIMICS TOK
JIOCTUTaeT HauOOJbIIeH BETMYMHBI (KOHEYHO NpHu JIaHHOM Bo3OyxkneHumn win J/C Eg), a
HaIpsDKEHUE TaJaeT 10 HyJIs).

Ecmm Ttouxky H, rane HampsbkeHHMEe pPaBHO HOMHUHAIBHOMY, CUMTaTh OTBEYAIOLICH.
Harpy304HOMY pEXHMY, TO PEaKTHBHOCTh HAarpy3Kd, OYEBHJIHO, OyIEeT XapakTepHU30BaThCA
HakjoHOM mpsimot OH, T. e. yrioM a,. DTy pEakTUBHOCTb TaKXe JIETKO ONPEIEIUTh W3
coBMmecTHOTO pemenus (1) u (2), nonoxuB XBH=XHarp u U=Uy, 4TO IpUBOJUT K BBIPAKEHUIO

UH
Xg _u,
q H

W3 ¢opmynbl BUAHO, YTO XHArp. 3aBUCHT OT MapaMEeTpOB T'e€HEpaTopa, NpUYeM BIHSHHUE
Kod(uIIMeHTa MOIIHOCTH HArpy3KH CKa3bIBaeTCs B CKPBHITOM Buie depe3 3HaueHue Eq. [lpm
CpeIHUX 3HAYEHUSIX MMapaMeTpPOB THUIIOBBIX T€HEPATOPOB, pabOTAIOUINX C MOJIHOW HATPY3KOW TpH
cos@=0,8, oTHOcHUTenbHAas BEIMYMHA PEAKTUBHOCTU Harpy3ku cocraBiser XHarp.=1,2. 910
CONPOTHBIIEHUE TPUBEJIEHO K IMOJHOM MOIIHOCTH TeHepatopa (B MBA) wu cpeanemy
HOMHUHAJILHOMY HaNpsKEHUIO CTYIEHH, TJIe IPUCOEIMHEHA IaHHAsl Harpys3Ka.

Pacuer TokoB K.3. B ycraHOBUBIIIEMCS pexuMe npu orcyrcTBun APB.

Kornma renepaTopsl HE HMEIOT aBTOMAaTHYECKOTO PETYIUPOBAHUS BO3OYXKIEHHS (MM
PeryasTopsl XOTS Obl BPEMEHHO OTKJIIOYEHBI), PacyeT YCTAaHOBHUBIIETOCS peXHUMa Tpex(azHOTo
KOPOTKOTO 3aMbIKaHHWsl IPHU YKa3aHHBIX BBIIIE MPEANOCHIIKAX M JOMYIIEHUSAX IO CYIIECTBY
CBOJUTCS K PELICHUIO IIPOCTOM 3a/1a4 OIPEIEICHUS TOKOB U HAIIPSDKECHUM B IMHEWHOMN CXeMe, IS
KOTOPOI1 U3BECTHBI BCE CONPOTUBIIEHUS U 3. 1. C.

IIpu cocraBneHMM pAacYETHON CXEeMbl OTIENbHBIE HArpy3Kd cieayeT oOBeIuHSTH, T. €.
paccMmarpuBaTth TOJIbKO, HAIPUMEp, HArpy3Ky LIENOro paiioHa, Harpy3Ky MOIIHOM MOJACTAHIUU U T.
., CYATas] UX MPUCOECIUHEHHBIMU K KPYIHBIM y3J1aM CHCTEeMBI. [Ipu aHalIuTH4YECKOM pelIeHUH
Harpy3KH 11eJ1eco00pa3HO YUUTHIBAThH MOJOOHO TeHepaTopHbIM BeTBsM ¢ E=0.

[Io mosydyeHHBIM TOCIEe TPEeoOpa3OBaHUSI CXEMBI pPE3YNbTUPYIOIMM 3.1.c. E

X

HATP =

s H

PCAKTUBHOCTHU X): OTHOCUTCIIBHO ME€CTa KOPOTKOTO 3aMBbIKaAHUA JICTKO HalTH TOK B MeECTE

E
KOPOTKOTIO.: I =—2. HOCKOJIBK CAKTUBHOCTH Har OK OILICHCHBI U3 YCJIOBUA COXPAHCHUSA B
X
x

cXeMe NPUOJIM3UTENBHO MPEIIIECTBOBABIINX HANPSIKEHHH TPU OTCYTCTBHH B HEW KOPOTKOTO
3aMBIKaHUs, TO pe3yJIbTHpYIOMmas 3. 1. c. E; moiydaercs O6au3koi k HampsbkeHuto Uy, KOoTopoe
U3BECTHO WJIM KOTOPBIM C JOCTATOYHOM TOYHOCTBIO MOXHO 3azarbes. IlosTomy kornma 3amada
OTpaHMYECHA HAXOXICHUEM TOKAa B MECTE€ KOPOTKOTO 3aMBIKAHMsS, JOCTATOYHO OIIPEAEIUTH JIMIIb
X, CXeMBl, B KOTOPOI Ha4yaja reHepaTOPHBIX BETBEH ¢ PEaKTUBHOCTAMU Xd U KOHIIBI HATPY30UHBIX

BETBEH C PEaKTHBHOCTSIMM XHarp oObenHEHBl B 0OIMiA y3en. MICKOMBIN TOK B MECT€ KOPOTKOTO

U
3aMbIKaHUs P 3ToM Oyner: I, =—*¢

z
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VYuet Bausuusa APB.

CHIKEeHHME HaIpsKEHUs, BI3BAHHOE KOPOTKHM 3aMbIKaHUEM, NMPUBOAUT B jAeiictBue APB
TeHepaTOpOB, M WX BO30YXKJICHHE COOTBETCTBEHHO Bo3pacTaeT. l[loaToMy MOXKHO 3apaHee
MPEBUJIETh, YTO TOKH W HAMPSIKEHHS TIPHU 3TUX YCIOBHSIX BCeraa OOJbIle, 4eM MPU OTCYTCTBHH
APB. Crenenp Takoro yBeJIMUEHUS 3aBUCUT OT yJIaJIEHHOCTH KOPOTKOTO 3aMBIKAHUS U TTApaMETPOB
CaMUX T'€HEepaTOPOB.

B camom gene, eciu TpU OTHOCUTENBHO YJIAJICHHOM KOPOTKOM 3aMBIKAHMM [Tt
BOCCTAHOBJICHUS HAMPSHKEHUS T'€HEepaTopa 10 HOPMAIBHOTO JOCTATOYHO JIUIITh HEMHOTO YBEIHYUTD
BO30YXKJCHHE, TO IO MEpPEe YMEHBIIEHUS YIAJCHHOCTH JUIS 3TOrO, OYEBUIHO, TpeOyercs Bce
Oombiiee Bo30yxaeHue. OQHAKO POCT MOCIEAHETO y TeHepaTopa OrPAaHNYCH U3BECTHBIM MPEIEIIOM
IfHP.

CrnenoBaTenbHO, JUISI KaXIOro TeHepaTopa MOXKHO YCTAaHOBUTh HAWMEHBIIYIO BEITUYUHY
BHEIIHEW pPEAKTHUBHOCTH, NPH KOPOTKOM 3aMbIKAHUM 3a KOTOPOW TE€HEpaTop NpH MNPEAeIbHOM
BO30YXKJICHHH OOECTICUNBAaeT HOPMAJILHOE HAIPSHKCHHE HA CBOMX BBIBOJIAX. TaKyl0 PEaKTHBHOCTH
HAa30BEM KPUTHUYECKON PEAKTUBHOCTHIO XKp, @ CBA3AHHBIM C HEW OYEBHUJHBIM PABEHCTBOM TOK

U
I, =—"- — KpUTUYECKUM TOKOM.
XKP

Ecnu BHEWIHSS peaKTUBHOCTH MEHBIIIE KPUTHYECKOH, TO, HECMOTpSI Ha paboTy TeHepaTopa C
MpeIeTbHBIM BO30YKICHUEM, €r0 HAMPsHKEHUE BCE PABHO OCTAETCsl HIKE HOopMaibHOTO. Korma ke
BHEITHSST PEAKTUBHOCTH OOJbIIE KPUTUYECKOW, TO HANpsDKEHHWE TeHepaTopa JOCTHUTAcT
HOPMAJILHOTO 3HAYEHUS TIPHU BO30YXICHUU, MEHBIIIEM MPEACTHLHOTO.

Takum 00pazoMm, Mpu KOPOTKOM 3aMbIKaHUH reHeparop ¢ APB B 3aBucumMocTH OT BHEmIHEH
PEaKTUBHOCTH MOKET paboTaTh TOJLKO B OJHOM U3 JBYX PEKHMOB — IMPEACTHLHOTO BO30YXKICHUS
WM HOPMAJIBHOTO HampspkeHus. Jlume B 4YacTHOM ciydae, korja Xpp= XKp, 00a pexmma
CYILIECTBYIOT OJHOBpPEMEHHO. KpurepueM sl OLEHKM BO3MOKHOCTHM TOTO WJIA HHOTO pPEXUMA
CIIY)KHUT KPUTHYECKass PEaKTUBHOCTh, BEIMYMHA KOTOPOM MOXKET OBITh OmpejeNieHa I10

Uy

X=X

KP d
E

B Tabn. cBefeHBl Bce COOTHOIICHUS, XapaKTepU3YIOIIHE YyKa3aHHBIE BBIIIE BO3MOXHBIE
PEXKUMBI T€HEPaTOPA IMIPU KOPOTKOM 3aMBIKAaHUH.

CooTHOme HHA, XapaKTepH3YOWHe PeKUMBI reHepatopa ¢ APB

qlIP — UH

PekuMm fipeae1bHOTO BO3GyHKAEHHST PeXuM HOPMAJLHOrO HAMPSIKEHHS
Xgg << Xxp Xeg == Xxp
Ii=1;np Ii<<[linp

U g UH . U &= Ua
Xg -+ Xmg P d Xpyg Tp

B 3aBucumoctu ot 31. yganenHoctu touku K.3. Hanpspbkenue renepatopa ¢ APB moxer
OCTaBaThCsl HEM3MEHHBIM (TIPH ATOM 3araca TOKa BO30YKICHHs JOCTaTOYHO, WM HaNpsOKCHUS
reHepaTopa MOXKET OBITh YMEHBIICHHBIM (IIPU TIOTOJIOYHOM TOKE BO30YXKAECHUS) ).

Ecnu BHemHee CONPOTHBIEHWE MEHBLIE KPUTHYECKOTO, TO M IpPHU IPEIEIbHOM TOKE
BO30Y)KJICHHs HAIlpsDKEHUE TeHepaTopa HW)KEe HOpMallbHOTO. Ecnu ke BHEIIHee COMPOTHBIICHHE
OoJbIlIe KPUTUYECKOTO, TO HANpPSDKEHHWE TeHepaTopa JOCTUTAaeT HOPMAaJbHOTO 3HAYEHHUs MpU
BO30Y)KJICHHH, MEHBILIEM MPEIEITBHOTO.
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Tema 5. HauaabHbIii MOMEHT BHE3aIIHOT'0 HAPYLIEHUs pexxuMa. (6 yacoB)
IlepexonHble W CBEpPXMIEPEXOJHBIE NApaMeTpbl CHHXPOHHOro TreHepaTopa. (Cxema
3aMElleHUsl CHUHXPOHHOM MAallMHbl B  HAYaJdbHbII MOMEHT K.3. Pacyér HayaibHOrO
CBEPXIIEPEXOJHOTO TOKAa B CIIOXKHBIX CHUCTEMax. Pacder HadajabHOIrO 3HAYEHMs IEPUOAUYECKOMN
cocraBisonieil Toka K3 oT cHMHXpOHHON MamuHbl 0€3 ydeTa M ¢ y4eTOM BIMSHHS AeMIT(EepHBIX
KOHTYpPOB. BiusHME aCMHXPOHHBIX JJIEKTPOJBUraTelIe M KOMIUIEKCHBIX HArpy30K B HadasbHBIN
MoMeHT K3. Pacuer neproanyeckoit cocTapistolel Toka mpu yaaieHHsix K3.

HavaabHbIii MOMEHT BHE3aIlHOT0 HAPYIIEHUS PesKUMa

Oomme 3ameyanusi. Bce Benn4YMHBI B HAYAJIBHBIA MOMEHT BHE3AITHOTO HAPYLICHHUS PeXHMa
MOTYT OBITh MOJIy4EHbI M3 OOLIMX ypaBHEHHH MepexogHoro mporecca mpu t=0 (kak 4YacTHBIN
ciydait). Kpome Toro, T.K. ”HAYKTUBHOCTH LI€NIEN UCKIIIOYAET BHE3AITHOE U3MEHEHUE TOKA, TO OH B
HaYaJIbHBII MOMEHT HapyLIEHHUsS PEKHMMa OCTA€TCsl HEM3MEHHBIM M PAaBHBIM 10 BEJIUYHMHE TOKY B
IpeauecTByomui pexxuM. Ho npu M3MEHMBIINXCS YCIOBUSAX 3TOT TOK COCTOUT YK€ U3 HOBBIX
ClIararoImx, KOTOpble BO3HUKAIOT B IIEPEXOIHOM IPOIIECCE.

T.x. 3agaua orpaHMyeHa pacCMOTPEHHEM TOJBKO HAuyalbHOIO MOMEHTA, TO BpallleHUE
poTOpa M CBSI3aHHOE C HUM M3MEHEHHE MHIYKTUBHOCTH HE UTPAIOT pOJM, T.€. B JAaHHOM Ciydae
MAaIIMHy MOKHO paccMaTpuBaTh Kak TpaHc(opmaTop.

HccnenoBanue HauaabHOTO MOMEHTA IIEPEXOIHOTO Ipolecca BEAETCS Ha OCHOBE IIPUHLIMIIA
COXPAaHEHHUs HayaJlbHOTO IMOTOKOCUEIUIEHUS, T.K. MOTOK CIEIUIEHUH C POTOPOM B HaudalbHBIN
MOMEHT BHE3aIIHOTO HapYIIEHMs] peXHMa HE MeEHsAeTcs, To cooTBercTByromas emy OI.J[.C.
HaBeJEHHAs B CTAaTOPE, B TOT )K€ MOMEHT TaKKe ocTaércs Hen3MeHHOM. [loaTomy i1 CHHXpOHHOM
MallHbl B HAYAJIbHBI MOMEHT MEPEXOJHOI0 IMpoliecca CIPABEAIUBEI T€ K€ YCIOBUSA, YTO U JUIA
Tpa"copmaTopa.

CnenoBarenbHO, MPU MEPEXOJHOM IPOILECCE TOK CTATOpa CUHXPOHHOM MalllMHBI TaKke
COCTOMUT U3 JIBYX CJIararolluX: - IePUOJAUYECcKOr, KoTopast Bei3biBaeTcs J./[.C. HaBOIMMOM TOTOKOM
poTOpa, U alepruoINIECKO, 00YCIIOBICHHONW N3MEHEHNEM TIOTOKa CTaTopa.

Yacto paccMaTpuBarOT BHE3aITHOE U3MEHEHHUE TOKA, UMesl B BUAY U3MEHEHHUE JIMIIb OJHON
u3 ero ciararomux. [Ipu 3TOM Apyrue cnararpomme 00ecreunBaloT B MOMEHT HapyYIICHUS peXnMa
COXPaHEHHUE NPEIIECTBYIOLUIET0 MTHOBEHHOTO 3HAUEHUS TOKa.

Bo Bcex nanibHEHIINX BBIKIIAJAKaX YCIOBUMCS CUUTATh!

a) MPOJIOJIBHYIO COCTAaBJISIOLIYIO TOKa CTaTopa MOJOKUTENbHON, KOrja co3/laBaeMas €0 H.
C. COBIAJIAET IO HATIPABJICHHUIO C H. C. TOKAa BO30YX/ICHUS;

0) TOTIepEeYHYIO COCTABIIAIONIYIO TOKA CTaTOpa MOJIOKUTEIBHOM, KOT/Ia co3/1aBaeMasi €1o H.cC.
orcraet Ha 90° (AMEKTPUUECKUX) OT H.C. TOKA BO3OYKACHUS; IPU HATMYUU HA POTOPE MOMEPEYHOTO
KOHTYpa 3TO K€ HallPaBJIEHUE IPUHUMAETCS TIOJIOKUTEIBHBIM JJIs1 €10 MATHUTHOU OCH;

B) BCE BEJIMYUHBI POTOpPA IMPUBEJIECHHBIMU K CTaTOpy, MPUYEM OHHU, KaK M BCE BEIUYMHBI
CTaTopa, BEIPA’KEHbI B OTHOCUTENBHBIX €MHUIIAX.

YcraHoBUM Temepb, KaKMUMHU 3. JA. C. U PEAKTUBHOCTSIMH MOXKHO XapaKTepU30BaTh
CUHXPOHHYIO MallIMHY B Ha4aJIbHBIH MOMEHT IIEPEXOTHOTO MpoIiecca.

Ilepexonnpie 9./J1.C. U peaKTUBHOCTH CUHXPOHHOW MaIlUHBbI.

PaccmoTpuM GanaHc MarHUTHBIX TIOTOKOB B IMPOJOJIBHON OCH POTOpPa CHHXPOHHOM MaITHHBI
MIPU YCTAaHOBUBIIEMCS CHMMETPHYHOM PEXHME €€ ¢ OTCTAIOMUM 10 (ha3ze TOKOM (puc.).

IIpu oTCYTCTBUM HACBILIEHUS KaKbI U3 MOTOKOB M UX OTJEJIbHBIE COCTABIISAIONINE MOKHO
paccMaTpuBaTh HE3aBUCHMO OJIH OT JIPYTOro.

[TonHbli TOTOK 0OMOTKH BO30YyxkJeHUS @Dy KOTOPBIH OBUI IPU XOJIOCTOM XOje (T.e. NpH
Pa3sOMKHYTOM CTaTOpE) MAaLIUHBI, COCTOUT M3 IOJE3HOr0 MOTOKa PDr ;¢ M MOTOKA pPaCcCesHUS
@0y, B CBOIO 0YEPEb MOJIE3HBIN NMOTOK PDf 4y ABIAETCS T€OMETPUYECKON PA3HOCTBIO MIPOIOJILHOTO
IIOTOKA B BO3YLIHOM 3a30pe Psy U IOTOKA IPOJOIBHON peakuuu cratopa @y .q. Pesynprupyromui
MarHuTHBIH MOTOK @r y, CIEIUIEHHBI C OOMOTKON BO30YXIEHHS, CKJIAJIbIBAIOTCA M3 IOTOKA
@od u notoka paccessHusg Poy.
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Pucynox - baianc MarHUTHBIX TOTOKOB B MIPOJIOJBHOM OCH POTOpa
a) B MPEAMISCTBYIONIEM PeKUME 0) B MOMEHT BHE3AITHOTO U3MEHEHUS PeXKUMa.

PaccmoTpuM, Kak HM3MEHHTCS ATOT OallaHC, €CIIM MPOM30UIET BHE3AITHOE YBEIWYCHHE

NOTOKA MPOJOBHOM peakiuu cratopa AD,,, .

[Ipu sTOM cumTaem, 4TO KpoMe OOMOTKM BO3OYXKIEHHS, HUKAKUX JIPYTHX 3aMKHYTBIX
KOHTYPOB B IIPOJOJIBHOM, OCH POTOpa HET. B cooTBEeTCTBHM C 3aKOHOM JIeHIa nmpupamieHue moToka
A® . BBI30BET OTBETHYIO PEAKIMI0 OOMOTKM BO3OYXKICHHS AD IIPU OTOM IpPHUpALIECHUE

ad|o| o>
nA¥Y +A¥Y =0

norokocuermienuss  AY, 4l slo AOJDKHBI KOMIICHCHPOBATh APYT Npyra, T.€. AY, Al o=

HIJIN

Aid/()/xad _I_ AIf/O/ (xaf + xad) =0 ’

W3 hopmyiel BUJHO, Y4TO MPUpAIIEHNUE TOKOB ctatopa Al 1 potopa Al ,, CBSA3aHBI MEXIY

o o
COOOM HPOCTBIM COOTHOIIEHHEM M Pa3jIMYMe B UX BEJIMYMHAX OOYCIIOBJIEHO TOJBKO paccesHHEM
o6MoTku Bo30yxaeHus. Ho T.Kk. B HEHAchIIIEHHOW MalllMHE MOTOK paccesHus Poy COCTABIAET
HEKOTOPYIO IIOCTOSIHHYIO JI0JII0 MOTOKA P, TO €€ ( 3Ty 00, 3Ty 9acCTh ) MOXKHO XapaKTepPHU30BaTh

K03 GOULIMEHTOM paccessHUsI 0OMOTKHU BO30OVKIEHUS.

. . Xop g

=, T % =
f of+xﬂa', xf

C yBenmnuenuem noroka @y ot @y 10 @y NPONOPLHUOHAIBHO €MY YBEIHUYUBACTCSA MOTOK
Doy 1o Doy, 4TO NPUBOAUT K YMEHBUICHUIO NOTOKA Dsqp 10 Dsgp/ . OAHAKO pe3yabTHPYIOLIUIA
NO0TOK @y 3y CHETITICHHBIN ¢ 0OMOTKOM BO30YX/I€HUsI, COXpaHIET CBOE MPE/IIECTBYOIIEE 3HAaUCHHE
Dr 5.

CnenoBarenbHO, paccesHHe OOMOTKM BO30YXKICHHS HE TIO3BOJISIET XapaKTepH30BaTh
MallMHy B Ha4aJIbHBI MOMEHT IIEPEXOJHOrO MPOLIECCa PEAKTUBHOCTBIO PACCESHUA CTAaTOpa X, H

J.C. E,

KOTOPBIM HAIO0 ompenenuTh. A pelleHus 3aladd, HCIOJIb3YyeM HEU3MEHHOCThb NOTOKa D 3y,
CIICTUIEHHOTO ¢ OOMOTKOW BO3OYXK/IEHUS, T.€. HEU3MEHHOCTh PE3YIbTHPYIOMIETO MOTOKOCIETUICHHUS
3TOi 0OMOTKH AW

HABOJAMMON TOTOKOM @s49, T.K. NMOTOK HM3MEHAETCS OT IpUpalIeHus Toka Al,

0o o

1zl
Ecnu nocnennee paccMarpuBarh Kak MOTOKOCLEIJIEHUE HA XOJIOCTOM XOAY MAIlIMHbI, TO €ro
4acTh, CBSI3aHHAS CO CTATOPOM, Oy/eT:

lﬁ.’d: (l —-—O'f)ll.r

MpUYEeM MMEHHO 3THM IMOTOKOCIEIUICHHEM OOYCIIOBIMBAETCS B CTaTOpe Ta 3. 1. C. F 4> KOTOpas B
Ha4aJIbHbII MOMEHT MEPEXOAHOTO MPOLECCA COXPAHSAET CBOE MPEAIIECTBYIONIECE 3HAUCHHE.
[Tpunanum BeipaxeHUI0 00Jiee HATIISTHBINA BU/T:

e
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STOMY IOTOKOCIEIUIEHHIO COOTBETCTBYET 9. II. C.
2
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Oty D.1.C. Ha3bIBAIOT NONEPEYHOMN MEPEXOAHOM 3./1.C.; a PEAKTUBHOCTD

EU—E ——]Id xf"l"xad

2 2
Xof + Xaa Xy

IIPOJIOJILHOM TEpeXOJHOM peakTUBHOCThIO. IIpononbHas mnepexoaHas pPEaKTHUBHOCTh SIBIISIETCS
XapaKTEepHBIM IapaMeTPOM C.M. M YKa3bIBAa€TCSl B MACIOPTHBIX JAHHBIX, (T.€. 3aJa€TCs 3aBOJIOM-
W3TOTOBUTEIIEM).

d.ac. E, ¢ OCTaBasCh HEM3MEHHOM B HayaJbHbBIII MOMEHT BHE3AIIHOTO HAPYIIECHUS PEXXHMa
MIO3BOJISIET CBA3ATh MPEIIIECTBYIOIINI PEXKUM C HOBBIM PEKMMOM MAIIUHBI, B YEM U 3aKII0YAETCS
ee ocobasi mpakTuyeckast IeHHOCTh. C 3TOM TOYKH 3pEeHUs] TEPMUH “‘TiepexojiHas’ HY)KHO OTHOCHTD
K TOMY, 4TO 3Ta 3.]1.C. BMECTE C X4 MIO3BOJISIIOT OLEHUTh BHE3AIHBIN MEPEX0] OT OJHOTO PEXHMA K
npyromy. He BepHo aymars, uto E, ¢ BO3HUKacT B MOMEHT HapylleHUs pexuMa. Ee MoxkHO
MPEJCTaBUTh B JIOOOH MOMEHT MPOU3BOJNBHOTO pexuma. Criemnyer eme pa3 MOJ4epKHYTh, UYTO
0COBEHHOCTHIO 3.11.C. E, ¢ SIBIIIETCS TO, YTO OHA HE MIPETEPIEBAECT HUKAKUX BHE3AITHBIX U3MEHEHHH.

E, ¢ HEIIb3sl U3MEPUTD, €€ HA3BIBAIOT PACUETHOM MM YCIOBHOM 3.1.C. Mcnonb3oBanue E, g v
X4, TO CYIIECTBY OKBUBAJICHTHO 3aMEHE peaJbHOH MAIIMHBI C paccesHueM y OOMOTKH
BO30Y)KJICHHsI, MAIIIMHOW Y KOTOPO# 3TOTO pacCEesiHUsI HET, BEPHEE OHO CKa3bIBAETCS HA CTATOPE, IO
YBEJIIMUYEHUIO PACCESHUS Yy CTAaTOpA.

Hapucyewm B./l. SBHOMIOIOCHOM CHHXPOHHOM MAaIIMHBI, paOOTAIOLIMM C OTCTAIOIIUM TOKOM.

Halza-zg) %

1. Tox u HanpshKeHHE packiaasiBaeM 1o ocsMm d u q moydaem coctasisitorue Ud, Ug, 1d, Iq
2. Cymmupyem Uq c jIxq mm Eq Berautaem jld(xd xq) momygaem E'q
Torma cxema 3amemnieHHs C.M. 1O TPOJOJIEHOH OCH pPOTOpa (MpU OTCYTCTBUH JeMI(pEPHBIX
00MOTOK) UMEeT BUI.
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K onpexenenuio nepexofHo# pe-
AKTUBHOCTH MAalUHHB! B IIPOAOJBHOH OCH.

Q@ — ucXofHasd TMPHHUHUMHAJNbHAS cXeMa; 6 u 8 —
CXeMbl 3aMelleHHs,

Taxum 00pa3oM, eciau y SIBHOTIOIIOCHON CHHXPOHHOW MamIuHbI 0e3 aeMI(pepHbIX 0OMOTOK
(M JOpyrux aHaJOTHYHBIX KOHTYPOB) BHE3AITHO MPOM30LUI0 W3MEHEHHE CONPOTHBIICHUS IIETH
cTaTropa, MpH ATOM BHEIIHEE CONPOTHBICHHE SBISETCS YUCTO MHIYKTUBHBIM Xpp, TO HadalbHOE
3HaUEHHE IEPUOJUUYECKON clararomeil Toka BO3HHUKIIEro IEPEXOJHOro Ipolecca HIN Tak
Ha3bIBAaEMbI HAa4aIbHBII MEPEX0JHBIN TOK OYJIET TOIBKO MPOJIOIBHBIM U COCTABIISET:

! —_ E"Io — I.r
a/0/ T

I

CBepxIepexoaHble 3./1.C. U PEAKTUBHOCTHU C.M.

PaccmoTpuM .M. HMEIOIIYI0 HE TOJBKO OOMOTKY BO3OYXKIEHHS, HO W AeMI(EepHYIO
oOMmoTKy. Hanmnune nemmdepHbIx 00MOTOK HE 00eCreunBaeT MarHUTHOM CUMMETPHH POTOPA, YTO
BBIHYX/IA€T ONPEIEIIATh TapaMeTPphl MaIlIMHBI OTJEJIBHO B MPOJIOJIBHON U MONEPEYHON OCSIX.

YcTaHOBUM 3.11.C. U PEAKTUBHOCTH, KOTOPBIMH MOXHO XapaKTepU30BaTh B HayaJIbHBIN
MOMEHT IEpPEXOJHOr0 peXHMMa Takylo MamuHy. Kak M paHblle, cUMTaeM, 4TO BCE BEIMYMHBI
BBIPAYKEHBI B OTHOCUTENIBHBIX €JMHUIIAX U BEJIMYMH POTOPA MIPUBEAEHBI K CTATOPY.

JInst IpOCTOTHI IPUMEM, 4TO OOMOTKa cTatopa U 00e 0OMOTKM pPOTOpa B €ro MpOJOJIBHOMN
OCH CBSI3aHHBI MEXAYy CO00H OOIIMM IMOTOKOM B3aMMOMHIYKIUU @D,g, KOTOPHIM OIPEIEISIET
PEaKTUBHOCTh MPOJIOJIBHOM pEaKlUU X,q. BHe3amHoe mnpupamieHue mnotoka AdD,qq BBI30BET
PEaKIUI0 poTOpa, KOTOpas COCTOMT W3 MHPUPAILEHHUS MOTOKa OOMOTKH BO3OYyxaeHus A@py u
MOTOKA TPOJONBHON JnemrdepHoit oO0MOoTKH ADyy,. bamanc pe3ymbTHPYIOMIMX MOTOKOB,
CIETIJICHHBIX C 3THMH OOMOTKAaMH, OCTA€TCS HEU3MEHHBIM, T. €. JOJDKHBI OBITh COOJIOJICHBI
CJIEyIOIE PABEHCTBA:

11t 0OMOTKH BO30YKICHUS

s . o ,
AIHOI (xcf + xad) —-l— Alldm/xad —-l— AIdIOIxad e 0;
IUISL TIPOIOJIbHON AeMIT(hepHOI 0OMOTKH
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[IpupaBHsB JIeBbIE YACTH, ITOTYIUM

AT o %= AL o X100

OTKy/ia CJIeyeT, YTO YeM MEHBIIIE paccessHne 0OMOTKH, TeM OOoJIblle HaBEeICHHBIN B HEH TOK U TeM
COOTBETCTBEHHO OOJIBIIIE €€ YYacTHE B CO3AaHUHM OTBETHOM peakuu poTopa.

CoBMECTHYIO OTBETHYIO PEAKIUI0 JBYX OOMOTOK B HAYaJIbHBIH MOMEHT IIEPEXOIHOTO
Iporecca MOKHO 3aMEHUTh aHAJIOTMYHON PeakLUed OT CYMMapHOTO TOKa

(Af Al .gd/D/):AI rdjo}

B OJIHOM 3KBHBAJIEHTHOIl OOMOTKE MO MPOJOJIBHON OCH POTOpA C PEAKTUBHOCTBIO PACCESHUS Xgrd -
IIpu sTOM

.

a ¢ o
A!rd!{)} (xard + xad) = {AIH()/ + AI];{;();) ('xard + xad) =

HerpynHo mpeoOpa3oBarh mocieqHee PaBEHCTBO M IMOJYYUTh W3 HETO BBIPAKEHHE IS
I/ICKOMOI\/JI peaKTI/IBHOCTI/I paCCGSIHI/ISI
X . x'crfxald
ord — '
xaf+xald

KOTOPOE MOKa3bIBAET, UTO 3TA PEAKTUBHOCTH OMPEACIISIETCS KaK SKBUBAJICHTHAS PEAKTUBHOCTD JABYX
MapasiebHbIX BETBE.

CnenaB Takyl MOJCTaHOBKY, OIPEICIMM TaK HA3bIBAEMYIO IPOJOJBHYIO MEPEXOIHYIO
PCAKTUBHOCTDH

2
X X X
"o ad : ad
X g= X4 — = X0 T
xcrd + Xagd xcrd + Xag

xad xd‘f xcld

A TaKXe MONEpPEeUHyI0 CBEPXIEPEXOJHYIO PEAKTUBHOCTD -

2
xaq _ xaqua‘l

= X _—_
xlq g xan +xﬂq

o

BJIC E,/ u E, COOTBETCTBEHHO B IPOJONBHBIX M MONEPEYHBIX OCAX H COXPAHSIOT CBOH

3HAUCHHUS HEM3MEHHBIMHM B HAYaJIbHBII MOMEHT BHE3aITHOT'O HapylmicHHA pCKuMa. Benmuuunabel nx
SABJISIIOTCA paCYCTHBIMU HUJIM 3a0at0TCA 3aBOAOM U3TrOTOBUTCIICM.

E" 1= E a0 =Usg~+ il g x"s;

E" oy =E"ge=Ug+ilax"4,

[IpucraBka «CBEpX» B TEPMHHE «CBEPXIIEPEXOJHBIC», MOAUYEPKUBACT, YTO JAHHBIE
napaMeTpsl ¥ BEIIMYMHBI YUYUTBHIBAIOT BIMSHUE JeMII(DEpHBIX OOMOTOK (MM IKBUBAJICHTHBIX HM
KOHTYpoB). Cxema 3aMelICHHs] K OINPEICICHUIO CBEPXIEPEXO0THON PEaKTUBHOCTH B IIPOJIOJIEHOM
OCH aHAJIOTHMYHA CXEMe 3aMEIICHHsI IS OMPEICICHUs TIEPEXOTHON PEaKTUBHOCTH W UMEET BUJI,
Mpe/ICTaBICHHBIA Ha puc. B.J[. SBHOMONIOCHOW C.M. ¢ AeMIIepHBIMH OOMOTKaMH B 00EUX OCSX
poTopa mpu paboTe ee C OTCTAIOIIKUM TOKOM IMPEJICTABISAETCS CIETYIOIINM 00pa3oM.
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BexTopHas AMarpamMma SBHOMOJIOCHOH CHHXDOHHOH MaluH-
HH ¢ neMnjepHEMH OOMOTKaMH B ofeHX ociax poropa npH pabote
ee C OTCTAIOMHM TOKOM.

K onpenenennio cBepx-
nepexoAHOi PeaKTHBHOCTH B NPO-
JOJBHOM OCH.

a — ucxoAHass TNPHHIUNHaNbHaAs CXe-
Ma; 6 U 8 — cXeMbl 3aMeluleHHs.

P g ——

K omnpexenenuio cBepx-
NepexonHoH PeakKTHBHOCTH B [O-
NepeuHoit OocH.

a — UCXOHHAf TNPHHUHNHAJbHAS CXe-
Ma; 6 H 8 — CXeMbl 3aMeleHHUs.

IIpy 4MCTO MHIYKTMBHOW LENM CTaropa NPOAOJIbHAS M IOINEepedyHas COCTaBIIIOLINE
HAYaJIbHOI'O 3HAYEHUS NEPUOAMYECKOM CIararlel TOKa BO3HUKIIETO MEPEXOIHOr0 IPOLecca UK
TaK Ha3bIBAEMOT'0 HAYaJbHOTO CBEPXIIEPEXOTHOTO TOKa OyayT:

[n - E”Qo . I” — E”dn
d I 0 l x”d*l"xm, q ‘ 0 I x’rq—"‘xm{
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XapaKTepUCTHUKA JIBUTaTEeIICH U HArPY3KHU.

Bce, uTo OBUIO CKa3aHO O C.M. B paBHOM Mepe OTHOCHTCS KaK K CHHXPOHHBIM FeHepaTopam,
TaKk M K CHHXPOHHBIM JIBUraTelsM M KoMIeHcaropaMm. Pasnuuue B HadadbHBIHE MOMEHT
MIEPEXO/IHOTO IIpollecca OINpeAeNsieTcsl TOJIbKO BEJIWYMHAMHU HX cBepxnepexoanbix J/C. VYV
nepeBo30yxaenHoro CJI (mnm komrencatopa) DJ1C Bceraa BhIIIE MOABEACHHOTO HAPSKCHHUSL.

[ToaTOoMy npu pe3KOM CHHM)KEHUHU HaIpsDKEHHME peakTUBHBIN TOK aurarens pacrer. Y CJJ
paboTaromero ¢ HeZOBO30OYyXaeHHeM E MeHbIe HanpsHKeHHs. 371eCh B 3aBUCHMOCTH OT CTETIEHU
CHIDKEHHS HANpsDKEHUST BO3MOXKHO HIIM TMOTpeOieHne peakTuBHOro Toka u3 cetu (mpu D/1C
MEHbIIIEe HAIMpPSDKEHHS WM TeHepUpoBaHUe peakTUBHOTO Toka (rmpu D/IC Gosiblie HampspKEHUs ).

Paccmotpum Ttemepr A.Jl[. (KOTOpble, Kak TIpaBUJIO, COCTAaBJISIIOT OCHOBHYIO YacThb
MIPOMEKYTOYHOM Harpy3Kku). B HOpMampHOM peXxuMe OHU pabOTAIOT C MaJIbIM CKOJIbXeHUEM 2-5%.
OTUM CKOJBXEHHEM MOXHO TpeHeOpeds W A./l. B HadanbHBIII MOMEHT BHE3AITHOTO HAPYILIECHUS
pEeXHMMa pacCMaTPHUBATh Kak HEJTOBO30YKACHHBI CHHXPOHHBIN JIBUTaTENb.

Jia A.Jl. Takxke MOKHO YCTaHOBUTBH CBEpXIIEpEXOAHbIE peakTUBHOCTh U DJIC, kpome Toro,
MOCKOJIBKY y A.Jl. pOTOp MOJHOCTBIO CHMMETPHYEH, TO OTIAJaeT HEOOXOIUMOCTh PACKIIAIbIBATh
BEJTMUMHEI 110 OTAETBHEIM ocsiM. CBepxiepexonnas peaktuHocts A.JI. X mpeacrasiser co6oii
PEaKTUBHOCTb KOPOTKOTO 3aMbIKaHUS (T.€. KOraa ABUraresb 3aropMokeH S=100%) oTHOcHUTEnbHAs

BEJIMYKMHA OTOMW peakTUBHOCTH X’ -1 , Tae IImyck- OTHOCUTENBHBIN IIyCKOBOM TOK JBUTATENS
nyx
(mpu mycke Oe3 peocrara). B 3aBUCMMOCTM OT THUNAa M MOIIHOCTH JIBUTATENsl BEJIWYHMHA
CBEPXIEPEXO0IHON PEaKTUBHOCTH HaxoauThes B mpenenax 0,2-0,35.
HauanbHoe 3Hauenue cBepx mnepexogHod OJIC nBurarens onpenensercs H3 €ro
MIPEALIECTBYIOIIETO PEKUMA U B COOTBETCTBUM C BEKTOPHOM AMarpaMMOM PaBHO :

Bexktopnas auarpamma
aCHHXPOHHOT'O JBHraress.

E", o= E"y= 1V ({Uyc08 ;)" + (Upsin @ — I x")?

VI TIPHOIIIKEHHO, IPUHAMas 3. 1. ¢. B’y paBHOIT IPOEKIHI BEKTOpa 3Toi 3. 1. ¢. Ha BekTop Up
2]
E",=U,—Ix"sing,,

IIpn paccMOTpeHMM NIEPEXOJHOIO IPOLECCa B MOIIHBIX CXE€Max ydeT KaXAO0ro ABUTaTells
MPAaKTUYeCKH HEBO3MOXeH. [loaToMy Ha NpaKkTHKe YYUTHIBAIOT TOJBKO Hawnboliee KpyIHBbIC
JBUTATEIN, KOTOPbIE MOT'YT OKa3aTh CYIIECTBEHHOE BJIMSHUE, a OCTaJbHBIC YYUTBHIBAIOTCS B BUJE
0000IIIeHHOW HArpy3KH C APYTUMH TOKOIMPHUEMHHUKAMH, KOTOPbIE XapaKTEPH3YIOTCS HEKOTOPBIMU
CpeIHUMM IapaMeTpaMu. lIpakTHyeckM yCTaHOBIIEHO, YTO B HA4YaJIbHBI MOMEHT BHE3AITHOI'O
HapYyIIEHHs peKrMa 0000IIEHHYIO Harpy3Ky MOKHO XapaKTepru30BaTh MMapaMeTpaMu.

E”Happ' = 0,85, x”uarp = 0,35
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Tema 6. YpaBHeHuUsI 3JIeKTPOMATHUTHOI O NepexoiHoro npouecca CM. (6 yacos)

Maremarnueckass MOAEIb CHHXPOHHOM MaIIMHBI, OTPaXKarol[asi OCHOBHbIE 3aKOHOMEPHOCTH

AIIEKTPOMArHUTHBIX ~ TIEPEXOJHBIX TMPOLECCOB B  MammHe. JIuHelHble mnpeoOpa3zoBaHUS
mddepeHnnanbHbIX ypaBHEHUH TIepexoiHoro Tporiecca. Y paBuenus [lapka-I'opesa.
[lepexoaHble Mpolecchl B CHHXPOHHOW MaminHe Oe3 y4yeTa BIUSHHS JeMI(pEpHBIX KOHTYPOB.
XapaKTepuCcTUIeCKOe ypaBHEHHWE M e€ro KOopHHU. [loCTOSHHBIE BpeMEHHM 3aTyXaHUs CBOOOJIHBIX
COCTAaBJIIIONIMX TOKOB. l3meHenue Toka sikopss mnpu TpexdazHom K3. Bimsaue cucrems
BO30Y)XJIEHHsI Ha TepeXoaHbIN mporecc. [lepexoaHbie mporecchl Mpy rameHu MarHUTHOTO TOJIS
CUHXPOHHOM MalllMHbI ¥ HEYCIIEITHOM ITOBTOPHOM BKJItoueHuu Ha K3.

[TepexoaHbIe MPOLIECCH B CHHXPOHHOM MaIIMHE C YY€TOM BIHUSHUS JeMII(pepHBIX KOHTYPOB.
[TepexomHbie TPOIECCHI B KOHTypax poTOpa MPH Pa3OMKHYTOW 0OMOTKe sikopsi. IlocTosiHHBIC
BPEMEHH 3aTyXaHHs CBOOOJHBIX COCTaBJISIIOIIMX TOKOB KOHTYpPOB poTopa. BiusHue Ha
MEPEeXOJHbI Tpolecc 3aMKHYTOH 0OMOTKHM sikopsi. OcoOEHHOCTH TeEepeXOJHBIX MPOIECCOB B
ACUHXPOHHBIX MallIMHAaX.

JNlarHast Tema moapoOHO paccMmoTpeHa B KHure YIibsHoBa C.A. «3DJIEKTpOMarHUTHBIC
MEPEXOTHBIE MPOLIECCHI B AIEKTPUUECKUX cucTeMaxy cTp. 144 -225 u B KpaTKOM KOHCIEKTE JIEKIIUMA
HE MPUBOUTCSL.

Tema 7. [IpakTudeckne MeTOAbI pacuéTa TOKOB K.3. (10 yacoB)

I'OCT u P/ mo pacuery TOKOB K.3. PacueT mnepuoIu4ecKol COCTaBIISIIOIIEH TOKa
tpexdazHoro K3 B mpow3BOJILHBIII MOMEHT BPEMEHH METOJOM THIIOBBIX KPUBBIX U METOJIOM
CIIPSAMJICHHBIX  XapaKTCPUCTHUK. OCO6€HHOCTI/I pacdy€ToB TOKOB KOPOTKOI'O 3daMbIKAaHHSA B
ANIEKTpOoycTaHOBKax HarpshkenueM 1o 1000 B.

ITpakTuyeckne METOBI pacyeTa nepexoHoro npouecca K.3.
Oo6mme 3amevanus. Tox mpu BHe3amHOM K.3. MOXeT OBITh pacCUUTaH Ha OCHOBE CHUCTEMBI
ypaBHeHul ['opeBa-Ilapka, MO3BOJIAIOMINI yUECTh IIEPEXOAHBIE MPOLIECCHI BO BCEX KOHTYpax C.M. €
Y4€TOM HEJIMHEWHOCTEH. DTO TOYHBIM METOJ, HO BechbMa IpoMo3Jkuidl. Ecim xe ydecTs, 4TO B
CHCTEME HECKOJIBKO T'€HEepaTopoB, CBOOOJHBIE TOKH KOTOPBIX CBSI3aHBI MEXIy COOOH, TO 3aaada
PE3KO YCIIOKHSETCS, AAKE €CIIU HE YUYUTHIBATh KAUYaHUs C.M., IPUCOCIMHEHHBIX HATPY30K, U CUCTEM
peryiaupoBaHusl.
Hcnonp30BaHne METOIOB ONEPALMOHHOIO UCYUCIICHHS B MaJO-MAJIbCKU CIIOXKHOM CXeMe —
TpeOyeT TIpOMO3AKHUX BBIKIAAOK, T.K. HMOPSJOK XapaKTepH3.ypaBHEH. U OBICTPO BO3PACTAET C
YBEIMYECHUEM YHCIIa MalIKH. [103TOMY TaHHBIA METOJI UCIOJIB3YETCS BECbMa OIPaHUYEHO.
N3-3a nepedynciieHHBbIX IPUYKH, a TAKXKE B CHIIy TOTO, YTO PacyeThl IEPEXOIHBIX MPOLECCOB
BO MHOTHUX CIIydasix He TpeOyeT BHICOKOH TOUHOCTH, pa3padoTaHbl MPUOIMKEHHBIE METO/IBI.
OcHoBHOE TpebOBaHUE, KOTOPOMY JOJDKEH YAOBJIETBOPSTH MPAKTUYECKUH METOH —
IIPOCTOTa PacyeTa, YTo MO3BOJIsIeT n3bexars ommnbok. Ho ueM mpoie MeTos1, TeM OH MEHEe TOYEH.
Camble IPOCTBIE METO/IbI TO3BOJISIIOT MHOT/IA OTIPENICNIUTh TOJIBKO MOPSIOK BEMYHH, YTO ObIBaeT
JOCTaTOYHO JUISl PELICHMS OTAEIbHBIX IPAKTUYECKUX 3a/a4.
ITosTOMYy, Kak NpaBWIO, pacyeT CIEAYyeT HAYMHATH C CaMBIX IPOCTBIX METOJOB, a MOTOM
HEepeXoUTh K 00Jiee TOYHBIM, €CIIH TpeOyeTcs.
KpoMe WH3BECTHBIX METONOB, IIPU pacuere IMEepPeXOAHBIX IONYLIEHUH IPOLECCOB, B
IIPAKTUYECKUX PacueTaxX KOPOTKUX 3aMBIKAHHM JTOIIOJIHUTEIBHO UCIIOJIB3YIOTCS CIIEYIOLIHUE:
1. 3akoH M3MeHeHHUs nepuoandeckoi crnararomen Toka K.3., ycTaHOBIIEHHBIHN AJIs CXEMBI €
OJTHUM TEHEepPaTopoM, MOKHO HCIOJB30BaTh JUIS NPUOIMKEHHON OLEHKH O3TOM
CJIararolle TOKa U B CXEME C IIPOU3BOJIBHBIM YMCIIOM T€HEPATOPOB;

2. Vwuer anepuoauueckoil ciaratomei Toka K.3. Bo Bcex cilydasgX MOKHO IPOU3BOIUTH
PUOIINKEHHO;

3. Portop kaxa0¥ CHHXPOHHON MaIllMHbI CHMMETPHUYEH.
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Pa3Huna Mexay npakTH4ecKMMH METOJJaMH pacyera nepexoanoro npouecca K.3. cocrour B
Pa3IMYHOM TOJIX0JIe MPU BBIYUCICHUH MEPUOIUYECKON cocTaBisitolel ciaratomeid Toka K.3. O1o
3aBUCHUT OT HazHaueHus pacuera. [logxoxa ans pacuera tonbko Toka K.3. oTinnuaercs ot noaxoaa,
eciu TpedyeTcs HalTH pacrpeneneHune Toka K.3. mo BeTBIM cxeMbl, 4TO HEOOXOAMMO TIPU pacyere
P3 u cucrem aBromarmzanuu. B mocnexanem cimydae Tpebyercs Oosiee TOUHBIM pacder. Bricokas
TOYHOCTh TpeOyeTcsl MpH aHajHu3e aBapHii, KOTJa OOHAPYXKEHO MOBPEXACHHUE 000pYyIOBaHHUS M
BCTaeT BOMPOC O peKJIaMalluy K 3aBOIaM ITOCTABILMKAM UM BO3HUKAIOT CIIOPHBIE BOIIPOCHI.

[IpakTHyeckue MeETOAbI pacyeTa HMMEIOT CJIEeIyIOIUMe OIIMOKM 1O CpPaBHEHHIO C
3aMepEHHBIMU BEJTMUUHAMU:

1. HauanbpHble 3HaueHus Toka K.3. BbIUMCIEHHbIE NMPAKTUYECKHU JAOT MOrpemHocTh +£5%
(TIpu CpaBHEHHH C OCLUIIIOTPAMMON ).

2. IIpu onpenenenun Toka K.3. B Touke K.3. B NIpOU3BOJBHBII MOMEHT BpEMEHHU
MEPEeXOHOTO TMpolecca, omubka cocraBiser 10-15% (4To maer mpuemieMyr0 TOYHOCTH ISt
WHXXEHEPHBIX PacyeToB).

3. Ilpu onpenenenun Toka K.3. B Ipon3BOJIBHBII MOMEHT BPEMEHH NIEPEXOJIHOTO ITpoLecca
He B Touke K.3. a B cocequmnx BeTBsX, ommoOKa Bo3pacTeT (10 CPaBHEHUIO C 2) TeM OoJiblie, YeM
naneire Touka K.3.

Pacuerst TokOB K.3., 0COOCHHO B CIIOKHBIX CHCTEMaX, BBITOJHSAIOTCS HA CIHEIHaTbHBIX
pacueTHBIX MOJIENX (CTOaX), HA KOTOPBIX UCKOMbIE BEJIMUYHNHBI MOYKHO TOJYYUTh B ONPEAEICHHBIX
Macitabax Mo Moka3aHusM MpuoopoB. TOYHOCTH pacyera, B 3TOM CIydae 3aBUCHT M OT TOYHOCTH
MOJENU U TOYHOCTH METO/1a.

Pacuer Ha4ya/IbHOIO AeliCTBYIOIEr0 3HAYEHHMS NMEPHOANYECKOH COCTABJSIIONIEH TOKa
KOPOTKOI'0 3aMbIKAHHA

IIpu pacueTe Ha4aIbHOTO JEHCTBYIOLIErO 3HAUYECHHUS MEPUOJNYECKOM COCTaBISAIOLIEH TOKa
TpexdazHoro K3 B a1ekTpoycTaHOBKaX HaNpsDKEHHEM CBbIIe | KB B HCXOAHYIO pacueTHYIO CXeMY
JOJKHBI OBITH BBEJICHBI BCE CHHXPOHHBIE T€HEPAaTOPbl M KOMIIEHCATOPHI, a TaK)KE CHHXPOHHBIE H
ACHMHXPOHHBIE JIEKTPOIBUTaTENN MOITHOCTHIO 100 KBT 1 Gojee, eciiu MeX 1y JIeKTPOIBUTATEIISIMU
1 Toukoil K3 OTCYTCTBYIOT TOKOOTpaHMUYMBAIOIINE PEAKTOPBI WIIM CHIIOBBIC TpaHchopMaropsl. B
ABTOHOMHBIX JJIEKTPUYECKMX CHCTEMax CIEAyeT YYUTBIBATh M DJIEKTPOJBUIATEU MEHBIIEH
MOIIIHOCTH, €CJIM CyMMa UX HOMHHAJIBHBIX TOKOB COCTaBisieT He MeHee 1 % ot Toka B mecte K3,
OTIPENIEIIEHHOTO 0€3 yueTa STHX dIEKTPOABUTaTEICH.

Jns pacdyera Ha4aJbHOIO JICUCTBYIOLIETO 3HAYECHHS MEPUOIUYECKON COCTABIISIOLIEH TOKa
K3 ananutudeckuM METOJ0M O MPUHSATON MCXOJAHOM pacueTHOM CXeMe MPEeIBapUTENIbHO CIIEYeT
COCTAaBUTh SKBUBAJICHTHYIO CXEMY 3aMEIEHUs, B KOTOPOH CHHXPOHHBIE U ACUHXPOHHBIE MAIINHBI
JOJKHBI OBITH TIPEJCTABIICHBI MIPEIBAPUTENBHO MPUBEICHHBIMU K Oa3MCHOM CTYNEHH HampsHKEHUs
WIA BBIPROXEHHBIMH B OTHOCHTEJBHBIX €IMHHUIIAX TIPH BHIOPAHHBIX OA3MCHBIX YCIOBHSX
CBEPXIEPEXOHBIMU CONPOTUBICHUSIMU U cBepxnepexoaubiMu JJIC. HcxonHele 3HaueHus
ceepxnepexoaubix JJIC crnenyer NmpuHUMaTh YMCIEHHO pPAaBHBIMM HMX 3HAUEHUSIM B MOMEHT,
npenuectyromuit K3.

JUis CHHXpOHHBIX T'€HEpaTOpoB U 3JeKTpoasBurareneil ceepxnepexognyio I/C B
MPE/IIECTBYIOIIEM PEKUME CIIEYET ONPENeNATh o hopmyIe

E”‘O‘ =\/(U‘0‘ i[‘O‘X”d sin(p‘o‘ )2 + (I‘O‘X”d COS(p‘O‘ )2 ,

a JUIsI CHHXPOHHBIX KOMIIEHCATOPOB 10 hopmyiie
E"o =U £ 1gX"q -
0 =Ylo| £ Lo X"

B ¢dopmymax 3HaK «+» OTHOCHUTCS K CHHXPOHHBIM MalllMHAM, KOTOpble K MOoMeHTy K3
paboTainu B pexuMe 1epeBo30yKICHHsI, a 3HAK «-» - K pab0TaBIINM C HETOBO30YXKICHUEM.

Ceepxnepexoanyio J/]C aCMHXpOHHBIX AJIEKTPOJIBUTATENIed B MOMEHT, MPEAIIeCTBYIOIINMA
K3, cinenyet onpenensats o ¢popmyie

" — n T 2 n 2
E ‘0‘ _\/(U‘O‘ _[‘O‘X ALl s1n(p‘0‘) +([‘0‘X ALl COS(p‘O‘) .
rae X"AI[ — CBCPXIEPCXOAHOC MHAYKTUBHOC COIIPOTUBJICHUEC IJICKTPOABUT ATCIIA.
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Ilpumeuanue.

HpI/I pacucTe TOKa K3 ¢ MNPUMCHCHUCM CUCTEMBI OTHOCUTCIIbHBIX CAWHUI] U IMPUBCACHUCM
3HAYeHUH MapaMeTpOB DJIEMEHTOB pACUETHOH CXeMbl K BBIOpaHHBIM Oa3HMCHBIM YCIOBHUSM B
(dopMyITBI  1IeTIECO00pa3HO  TIOJICTABIISITH Ug> 1| X" B OTHOCUTENBHBIX EIWHHIAX TPH

" .
HOMHWHAJIBHBIX YCIIOBHAX MAallIWHBI, T.C. COOTBETCTBCHHO (*] ‘0‘(HOM) , i‘o‘(HOM) u )g (110M) > IIpru 3TOM

Ulguow) MOMYCTHMO TPUHMMATH ~PABHBIM C/IMHMIE, & [ g, A1 TEHEpaTopoB H

AIIEKTPOABHUTATENICH PEKOMEHYEeTCsl OTIPEIENATh 10 (hopMyIie

] O‘COS(pHOM .
v |0](aoM) ™ PHOMCOS(p‘O‘ >

Il CHHXPOHHBIX KOMIICHCATOPOB

Tonyuennyto DJC E" 0oy CIE/LYET 3aTEM MPUBECTH K 0a3MCHBIM yCIIOBUSIM:
*

" _ " HOM
§ \0\(6)—5 \0\(H0M)—U6 .

Cxemy 3aMelieHHs CJIeIyeT IyTeM MpeoOpa3oBaHUil MPHUBECTH K MPOCTEHIIEMY BUAY H
ONPEJIEIUTL PE3YNBTUPYIONLYI0 JKBUBANEHTHYIO JJIC E"y (Mmd E", ) ¥ PE3yIbTHPYIOLIEe
*

SKBUBAJICHTHOE COMPOTUBIICHUE Xy (MM X ) ) OTHOCHTENBHO pacyeTHOU Touku K3.
*

HauanpHoe pelicTByrolee 3HaYeHHE NEPUOAMYECKOM cocraBistonieil Toka B Mecte K3
COCTaBJISIET
EN
E”BK - k()

Ino = =———Is,
XBK ‘i(BK(ﬁ)

rne Is - 0a3UCHBIA TOK TOW CTYNEHU HANPSHKEHHS CETH, HAa KOTOPOW HAXOJWTCS pacueTHas
Touka K3.

[Ipy npuOIMKEHHBIX pacueTax Ha4yalbHOE MICUCTBYIOIEe 3HAYCHHE IePUOIUYECKOM
cocraBisoneil Toka B Mmecte K3 nomyckaercst onpenensTb, IpUHSAB B COOTBETCTBUU C TEOPEMOii 00
akTUBHOM jByxmnontocHuke OJIC BceX HCTOYHMKOB SHEPrUM PAaBHBIMM HYJIIO U HMCHOJB3YS

bopmymy

\/EXBK \/§X3K
1501051
Ing =——Is,

i( 9K(0)

rne Uy - Hanpsikenne (;tmHeitHOe) B pacueTHOM Touke K3 k MOMeHTy Bo3HMKHOBEeHUS K3;

Usow - HOMUHAJIBHOE HaNpsbKEHUE (JIMHEIHOE) ceTH, B KoTopoit mponsonuio K3;
¢ - KO3QPUIIUEHT, KOTOPBIH PEKOMEHAYETCSl IPUHUMATh PAaBHBIM:

c=1,1 - mpu onpeAeNeHUN MaKCUMAIILHOTO 3HaueHus Toka K3;

¢ = 1,0 - mpu onpeaeneHn MUHUMAIBHOTO 3HaueHus Toka K3.

HpI/I HCU3BCCTHBIX MapaMCTpax JJICKTPUUCCKHUX MAlIWH BO BCEX HpI/I6JII/I)KeHHBIX pacucTax

JUIS.  YOPOIIEHUS CPEOHUE 3HAYEHUs CBEPXIEPEXOJHOrO COMPOTHUBICHUS X W BEIHYHUHBI
I
CBEPXIEPEXOJIHBIX 3. [I. C. E MOKHO MpUHUMATH 110 TabIuIIe:
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Tabnuna

Ne /1. | HammeHoBaHue di1eMeHTa x1 E",
1. Typ6orenepaTtops! mommuocTh0 10 100 MBT 0,125 1,08
2. - - ceoize 100 1o 500 MBT 0,20 1,13
3. I'unporeneparopsl ¢ qeMnbepHEIMUA 0OMOTKAMH 0,20 1,13
4. - - 0e3 nemrdepHbIX 0OMOTOK 0,27 1,18
5. CHUHXpOHHBIN JIBUTATEIh 0,20 1,10
6. CHUHXpOHHBIM KOMIIEHCATOP 0,20 1,20
7. ACHUHXpOHHBIN JIBUTaTEh 0,20 0,90
8. O06o001IeHHas Harpy3Ka 0,35 0,85

Pacuer anepuoanueckoi cocTapisioneil TOKa KOPOTKOr0 3aMbIKaHUS

JlormmyckaeTcsi HanOoJIbIliee HaYallbHOE 3HAUCHUE allepUoNYecKoi cocTaBiistomeil Toka K3
B 0OmeM ciy4ae NPUHUMATh PaBHBIM aMIUIUTYAE TEPUOAMYECKONW COCTABISIOMIEH TOKa B
HayaJbHBIM MOMeHT K3, T.€.

a0 =2I1ro -

OT0 BBIpAXKEHUE CIPABEUIMBO MPH CIAEAYIOIMIHNX YCIOBUAX:

1) akTuBHasg COCTaBIAIOUIAs PE3YJbTUPYIOLIErO AKBHUBAJEHTHOIO  CONPOTHUBIICHUS
pacyeTHOM CXeMbl OTHOCHUTENTBHO pacueTHOW Touku K3 3HAUUTENbHO MEHbBIIE WHIYKTUBHON
COCTaBJIAIONIEH, BCIEICTBHE YETO aKTUBHON COCTABIISIONIEH MOXKHO TIpeHeopeus (cMm. 1. 5.1.1);

2) k momeHTy K3 BeTBb pacdyeTHOl cXeMbl, B KOTOPOW HaXoAuTCs pacdyeTHas Touka K3, He
Harpy>keHa;

3) HanpspKEHUE CETH K MOMEHTY BO3HUKHOBEHU K3 npoxoauT uepes Hyilb.

Ecnu ykasaHHble YCIOBHMSI HE BBINOJHAIOTCA, TO MOJIYJIb HAdaJlbHOTO 3HAUEHUs
anepuoauuecKkor cocrapistomed Toka K3 ciemyer ompenensaTh Kak pa3sHOCTb MIHOBEHHBIX
3HAQUYEHUN TEPHOJIMYECKON COCTABISIONIEH TOKa B HadaibHbIM MOMEHT K3 M TOka B MOMEHT,
npenmectsyromui K3.

st ompeneneHuss anepuouyeckoi coctapistomed Toka K3 B Mpou3BOJIBHBIA MOMEHT
BPEMEHH TPEIBAPUTEIHHO JIOJDKHA OBITH COCTABIICHA TaKas MCXOJHAS CXeMa 3aMEeIIeHHs, YTOObI B
HEl BCE DJIEMEHTBhl HMCXOJHOM pacuyeTHOM CXEMbl YUUTBHIBAINCHh KaK HHAYKTUBHBIMHU, TaKk H
AKTUBHBIMM  COINIPOTUBJIECHUSAMHU. IIpM 3TOM CHHXpOHHBIE T'€HEpaTOpbl M KOMIIEHCATOPHI,
CHHXPOHHBIE W AaCHHXPOHHBIE DJIEKTPOJBHUIATEIH JOJDKHBI OBITh YYT€HBl HWHIYKTHBHBIM
COIPOTHUBIIEHUEM OOPATHO MOCIIEA0BATEILHOCTH (I ACHHXPOHHBIX 3JIeKTpoaBUrarenei X, = X")
U CONPOTHBJIEHHEM OOMOTKM CTaTopa TOCTOSHHOMY TOKY NpH HOPMHPOBAaHHON paboueit
TeMIepaType 3Toif OOMOTKH.

Ecnu ucxonHas pacueTHas cxeMa HMEET TOJIbKO MOCJIE0BATEIbHO BKIFOUEHHBIE JIEMEHTHI,
TO alepHOJUYECKYI0 COCTaBisioNIyl0 Toka K3 B IpOM3BOJIBHBIE MOMEHT BpPEMEHHU CIEAYET
ompenensaTs no Gopmyre

t

.
= a
lat _laoe >

rae T, — TMOCTOsSIHHAs BPEMEHM 3aTyXaHUsl alepuoJuuecKoi cocrapistomei Toka K3; ona

X
onpenensercs o Gopmyne 7, =—=—, rae X,x U R, - COOTBETCTBEHHO WHIYKTUBHAS U aKTUBHAs
CT'OK

COCTABJISIIOIIME  PE3YJIBTHPYIOUIETO  SKBUBAJICHTHOTO  COMPOTHBJICHUS  PACUETHOM  CXEMBI
OTHOCHUTCJIIBHO TOYKH K3, ¢ - CHHXpPOHHAA YrjioBass 4aCTOTa HAIIPSXKCHUA CCTH.
Ilpumeuanue. B Tex ciydasx, KOrJa IMpU pacyeTe anepruoAUYECKON COCTABIISIIOIIECH TOKA
K3 B mnpou3BONBHBIE MOMEHT BpPEMEHM HEOOXOJMMO Y4YecTh TOK TeHeparopa B MOMEHT,
npenmectByronuii K3, cneayer ucmoap3oBaTh GopmMyny
2 t

I I —
It =\/E[‘0‘ ~no —ZLOSin\II‘O‘ +1-e Ta
T T
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re Ijp - TOK TeHEpaTopa K MOMEHTY K3; | - YTOJI ciBura ¢a3 ceepxnepexoaHoit IC u

ToKa reHepatopa kK MoMeHTy K3; 7, - mocrosiHHass BpPEeMEHM 3aTyXaHUs alepHoIU4YecKou
cocTtasisitonel Toka K3 B 11enu ¢ CHHXpOHHBIM T'€HEPaTOPOM.

Ecnu wucxonHas pacueTtHas cxeMa (M COOTBETCTBEHHO CXEMa 3aMEIlEHHUs) SBIISETCS
MHOTOKOHTYPHOM, TO amnepHOJUYECKYI0 COCTaBJISIONIYyI0 Toka K3 B NpPOW3BOJIbHBIA MOMEHT
BPEMEHHU CJIEIyeT ONpPENeNATh MyTeM PELICHHs COOTBETCTBYIOIIEH CHUCTEMbI Au(depeHInanbHbIX
YPAaBHEHUH, COCTABJIEHHBIX C y4E€TOM KAaK MHIYKTHUBHBIX, TaK U AKTHBHBIX COIIPOTUBIICHUN BCEX
2JIEMEHTOB UCXOIHOM paCYETHOMN CXEMBI.

Mertoauka TpPUOTIKEHHBIX pPACcYeTOB alepuoanveckodl cocraBistomeil Toka K3 B
MIPOU3BOJIGHBI MOMEHT BpPEMEHHM 3aBUCHUT OT KOH(UTYpalMl HMCXOJHOW pacdyeTHOW CXeMbl U
MOJIOXKEHHUsI pacueTHoi Touku K3.

Ecnun ucxonHas pacdeTHas cxeMa sBIISIETCS MHOTOKOHTYPHOM, HO BCE UCTOYHUKH SHEPTUU
CBSI3aHBI C pacuyeTHOW Touykod K3 oOmum compoTuBieHHEM (MM CXeMa COAEPKUT TOJIKO OJWH
MCTOYHMK SHEPTHH), TO TPH MPUOIMKEHHBIX pacueTax anepuoandeckoil cocrasisomeii Toka K3 B
IIPOU3BOJIBHBII MOMEHT BPEMEHHU JOIYCKAETCSl CUMTATh, YTO 3Ta COCTABJIIONIAS 3aTyXaeT BO
BPEMEHM M0 SKCIIOHCHIIMAIBHOMY 3aKOHY C HEKOTOPOM HSKBUBAJIEHTHOM IMOCTOSHHON BPEMEHHU.
Cy1iecTByeT HECKOJIBKO METOJIOB €€ OTpEeACICHUS:

1) ¢ uCHoJIb30BaHUEM COCTABJISIONINX KOMIUIEKCHOTO PE3YJIbTUPYIOLIETO 3KBUBAJIEHTHOTO
CONPOTHBIICHUSI CXEMBbI 3aMEIIEHUsI OTHOCUTENbHO TOUKM K3, M3MEepeHHOro mpu MpOMBIIIIEHHON
4acToTe:

_ ImZ
a.9K (DCRGZBK 5
rie Z, - KOMIUIEKCHOE Pe3yIbTUPYIOIEE ODKBUBAJIEHTHOE CONPOTUBIEHUE CXEMBI
3aMelnieHus1, u3MepeHHoe npu yactore 50 Hz;
JmZ, - MHHMas COCTaBJIAIOIIAs KOMIIJICKCHOTO pPE3YIbTUPYIOIIEI0 3KBUBAJICHTHOTO
COIIPOTHUBJICHUA,
ReZ, ~ -  JEHCTBUTENbHAs  COCTABJIAIONAA  KOMIUIEKCHOIO  PE3YJbTHPYIOLIETO

SKBUBAJIEHTHOT'O CONPOTHUBIICHUS;

2) C UCIOJB30BAHUEM PE3YJIbTUPYIOUIUX HKBUBAJIEHTHBIX COMPOTUBICHUN CXEMBI
3aMeNIeHUs] OTHOCUTENBHO pacyeTHOU Touku K3, moiydeHHBIX NMpU MOOUYEPEAHOM HUCKIIIOUEHUH U3
CXEMbI BCEX aKTUBHBIX, a 3aTEM BCEX MHAYKTUBHBIX COMPOTHUBIICHUM:

_ Xo(r=0)

a.9K
OJCRBK()C:O)

rie Xoxr=0) - PE3YJIBTHPYIONIEE IKBUBAIECHTHOE COMPOTUBJIEHHE CXEMBI 3aMEIIEHHS MPH
ydeTe B Heil pa3IMuHbIX JIEMEHTOB PacyeTHON CXeMbl TOIbKO MHAYKTUBHBIMU CONPOTHBIECHUAMH,
T.€. IPH UCKTIOUEHUH BCEX aKTUBHBIX COTPOTHUBIIEHUIA;

Ry=0) - PE3YIBTHPYIONIEE SKBHBAIEHTHOE CONPOTHUBJIEHHE CXEMBI 3aMENIEHHS TIPH
UCKIIOUEHHH U3 Hee BCEX MHIYKTUBHBIX CONPOTHBICHUIA;

3) ¢ MCIONB30BAHMEM COCTABJIAIONIUX KOMILIEKCHOTO PE3y/IbTUPYIOIIEr0 YKBUBAIEHTHOTO
COMPOTHUBJIEHHS CXEMbI 3aMEIEHUs] OTHOCUTEILHO Touky K3, n3mepenHoro npu yactote 20 Hz:

ImZ . 20)

9

=25 ,
ocReZ 20

THC Z,) - KOMIUICKCHOE DE3yNbTHPYIOIIEC SKBUBAJICHTHOC CONPOTUBICHHE CXEMbI

3aMelleHus1 OTHOCUTENBHO pacueTHoU Touku K3, usmepennoe npu yacrote 20 Hz;
JmZ 20y - MHAMAsI COCTABJISIFOLIAsT YKa3aHHOTO KOMIUIEKCHOTO CONPOTUBIICHUS,
ReZ ,20) - JEWCTBUTEIbHAS COCTABJIAIONIAS STOTO CONPOTUBIIEHUS.

[Io OTHOWmIEHMIO K TOYHOMY pEIICHHIO IMPHUMEHEHHE IEPBOr0 METo/Ja OOBIYHO J1aeT
OTPULATENBHYIO MTOIPEUIHOCTD (3aHM)KAET 3HAYEHUSI TIOCTOSSHHON BPEMEHH), IPUMEHEHHE BTOPOTO
METO/a JaeT IOJIO)KUTEIbHYI0 IOTPEIIHOCTh (3aBBIIIACT 3HAYEHUS IOCTOSHHOM BpEMEHM).
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[TorpentHocTh, CBsI3aHHAS C TMPUMEHEHHEM TPETHETO METOJa, MO0 a0CONIOTHOW BEIWYMHE OOBIYHO
MEHbLIE, YeM IMPU HCHOJIb30BaHUU MEPBOTO M BTOPOro MeToja0B. llpu aHanmuTHyeckux pacuerax
HanboJiee MPOCTHIM sBJIAETCS BTOpoit MeToA. [Ipu pacuerax ¢ mpumenennem 9BM npeamnoureHue
CJIelyeT OT/aBaTh IIEPBOMY U TPETHEMY METOIAM.

Ecnu pacuetnas Touka K3 genuT MCX0IHYIO pacUeTHYIO CXEMY Ha HECKOJIbKO HE3aBUCHUMBIX
APYT OT Jpyra 4acTei, To Mpu MPUOTMKEHHBIX pacueTax alepruoIuveckoil cocTapisitonield Toka K3
B IPOM3BOJIBHBI MOMEHT BpPEMEHU €€ CIeAyeT OIpPEIeiATh KaK CyMMY alepuOAUYECKUX
COCTABJISIOLINX TOKOB OT OTACJIBHBIX 4aCTEW CXEMBI, MOJaras, 4To Ka)aas U3 3TUX COCTaBIIIOIINX

W3MEHSETCA BO BPEMEHH C COOTBETCTBYIOIIEH SKBUBAJICHTHON MOCTOSIHHOM BPEMEHH, T.€.
t

m —
;= i .o Tanki
lat = Zla01e 5
i=1

TJI€ M - YUCJIO HE3aBUCHUMBIX YaCTEH CXEMBI;

Ia0i - HAYAJIbHOE 3HAUEHUE arepruoAndecKoit coctapistoniend Toka K3 oT i-if yactu cxemsl;

Tasci - DKBUBAJICHTHAsI MOCTOSIHHAS BPEMEHH 3aTyXaHUsl alepuoJIMYeCKOM COCTaBIISIONICH
toka K3 ot i-it vactu cxemsl, onpeaensemas no (5.12), (5.13) umu (5.14).

Pacyer yaapHOro Toka KOpOTKOro 3aMbIKaHUA

Crnoco6 pacuera ymapHoro Ttoka K3 3aBucuT oT TpeOyeMoil TOYHOCTH pacuera H
KOH(UTypaIuy UCXOTHON PAaCUETHON CXEMBI.

Ecnmn ucxonnas pacyeTHas cxema sBJISIETCS MHOTOKOHTYPHOM, TO JUISl ITOJYYEHUSI BBICOKOM
TOYHOCTHU pacyera ynapHoro toka K3 ciemyer pemuts cucremy nuddepeHInalbHbIX YpaBHEHUH,
COCTaBJICHHBIX JUISl MTHOBEHHBIX 3HAYEHMH TOKOB B y3JlaX M IMAaJCHUIN HANpsHKEHUS B KOHTypax
pPac4eTHOM CXEMBI, U OIIPEAEINTh MAKCUMAJIbHOE MTHOBEHHOE 3HAYEHHE TOKA B BETBU, B KOTOPOH
HaxoauTcs pacuerHas Touka K3.

IIpu pacuere ynmapHoro toka K3 c 1enbr0 NpoOBEpKH MPOBOJHUKOB U DIEKTPUUECKUX
anmnapaTtoB 1o yciaoBusM K3 1omycTMMO cuMTaTh, YTO aMIUIMTY/1a EPUOANYECKON COCTABIISIIOIIEH
Toka K3 B MOMEHT HACTYIUICHHS YAapHOTO TOKAa paBHA aMIUIMTYAE A3TOM COCTaBIIAIONICH B
HavyaneHbI MOMeHT K3. VckirodeHne COCTaBISIOT CIIy4ad, KOTjaa BOJM3HM pacueTHO# Touku K3
BKJIFOYEHBI ACUHXPOHHBIE JIEKTPOIBUTATEIIN.

Ecnum umcxonmHasg pacyeTHas cxema COACPKUT TOJIBKO TIOCIENOBATEIbHO BKIIIOYEHHBIE
AIIEMEHTBHI, TO YAAPHBIA TOK CIEAYET ONpPeNeNaTh Mo hopmyIe

iyn = V210K o
rne Ky, — ynapssiii koaddumuent. ITocneanuil pekoMeHyeTcs onpeaesnsaTs Mo oJHOM u3

CIIeTYIOIUX GOpMYIT:
3

Ky =102+098¢ o/ Rox

HIIH
_ 0,51+
_ Xog / R
Ky =1+e /R
rre
X
¢, =arctg—2 .

9K
B Tex cmyuasx, xorna X,J/R. > 5, ynapHblii KOYPPHUIHEHT JOMYyCTUMO OMPEICNIATh TI0

dbopmyie
0,01

Ky =l+e "o,

rae T, - MOCTOSIHHASI BPEMEHMU.

Ecnu ucxonHas pacuerHas cxeMa SIBJISIETCS MHOTOKOHTYPHOM, NPUYEM BCE HCTOYHUKHU
SHEPrUU CBS3aHBI C pacdeTHOW Toukod K3 oOmmMM COMPOTHBICHHEM, TO TPH MPUOTMKCHHBIX

pacderax yaapHoro Ttoka K3, wcxons w3 paHee MPUHATOTO TOMYHIEHUS O AKCIIOHEHIIMAILHOM
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XapakTepe HM3MEHEHHUs anepuoauyYecKod cocramistome Toka K3, pekoMmeHayercss ynapHbIN
KOA((UITUEHT ONPEAeTATh M0 (hopMyiamMm
3

Ky, =102+098¢ “clasx

u
_0.01(05+¢ /)
T
Ky =l+e ax
rae  ITy»c - OKBHUBAJICHTHAs TMIOCTOSIHHAs BPEMEHH 3aTyXaHUs  allepuoInYeCcKOin

cocTaBIIsroNen Toka K3.

[Tpu Xow/Rox > 5 TOIyCTUMO TaKK€e UCIIOJIL30BATh (POPMYITY:
0,01

— Ta.3K
Kyz[ =l+e .

B Tex cmydasx, Korja HCXOJHAs pacueTHas CXeMa SBISETCS MHOTOKOHTYPHOM, HO
pacuetHas Touka K3 AenuT ee Ha HECKOJIBKO HE3aBHUCHUMBIX YacTed, TO YAAPHBIM TOK JOMYCTUMO
IIPUHUMATh PaBHBIM CYMME YAapHBIX TOKOB OT COOTBETCTBYIOIIMX YAaCTEN CXEMBI, T.€.

m
iyz[ = \/EZIHOiKyL[i D
=y

rae Iyoi - HaYaJabHOE JIEHCTBYIOIEE 3HaUYCHHE IEpUOJMUEcKOl cocTapistonielt Toka K3 ot i-
M 9aCTHU CXEMBI;
Ky - ynapHsliii ko3¢ ¢unrent toka K3 ot i-if yacTu cxeMsl.

Y napusbiii k03 pUIMEeHT, KaK y)Ke 0TMEYalIOCh 3aBUCUT OT Ta., T. €. OT OTHOIIeHHs X/r. B
MPAKTUYECKHUX pacyeTax 3TO OTHOIICHHE MOKET ONPENCIATHCS 110 TaOIHUIIE.
Tabmuma 2

Ne it HaunmeHnoBanwue sremeHTa x/r
1. Typ6oreneparop g0 100 MBT 15 -85
2. - - ot 100 o 500 MBT 100 - 400
3. I'maporeneparop ¢ nemndepHbIMH 0OMOTKAMH 40 - 60
4. - 0e3 nemMrdepHbIX 0OMOTOK 60 - 90
5. Tpancdopmaropsr MmontHOCTEIO 5 — 30 MBA 7-17
6. - - 60 — 500 MBA 20-50
7. Peakropsl 6 — 10 kB. 1o 1000 A 15-70
8. - - 1o 1500 A u BeIIIE 40 - 80
9. Bo3snyminele 1uHun 2-8
10. KabenbHbIE TUHUT 0,2-0,8
11. O06001IeHHAs Harpy3Ka 2,5

[Tpu pacderax TOKOB K. 3. Ha MIMHAX JIEKTPHUUECKUX CTAHIMHA (T. €. BOJM3M reHEPaTOPOB)
BenmM4MHA yinapHoro kodddumuenTa (Ky) ommska k 2. [To Mepe yaleHHOCTH TOYKH K. 3. BEJIMIHHA
Ky ymenbIaercs, mpuieM yMEHBIIICHHE TIPOUCXOIUT TeM OBICTpee, YeM OOJIbINe JIOJIST BO3AYIITHBIX
1 0COOCHHO KaOeNbHBIX JIMHHA.

[Tpu y4yeTe aCHHXpOHHBIX JIBUTATENIel B KA4eCTBE JOTIOJHUTEIHHBIX MCTOYHUKOB MUTAHUS
HEOOXOJIMMO YYHTHIBATh, YTO 3aTyXaHHWE IEPUOJMUYECKON W alepHoOJUYeCKON CIararoniux
MOChIIAEMOTO HWMH TOKa TPOUCXOAWT TPHUMEPHO C OJUHAKOBBIMH TIOCTOSTHHBIMU BPEMEHH
npubmumsurenso 0,015 — 0,15 cek. Ilostomy B ymapHoMm kodddurmente st AJl oObIYHO
VYUTHIBAIOT OJTHOBPEMEHHOE 3aTyXaHHE 00CHX CIIararoluX TOKa.

[Tpu yaere A/l TOK B MECTE K. 3. MOXKET OTIPEIIEISThCS:

i=Kyv21 +Kyu+v21 .
rne Kyus 5 1 s — ylapHsiii KoopQHUIMEHT 1 HadalbHBIA cBepXmepexo1Hoi Tok AJl.
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IIpubanKeHHbIH y4eT CHCTEeMBI.

IIpu pacyerax TOKOB K. 3. IapaMeTpbl FEHEPATOPOB U AIEKTPUUECKUX MAIIUH yUYUTHIBAIOTCS
B TOM CJydYae, €ClH K. 3. IPOHM30IUIO0 BOJIHM3U OT 3TUX MamMH. OCTaIbHYIO YaCTh 3JEKTPUUECKON
CHCTEMBI, B KOTOPOH COCPENOTOUEHO Mpeoldafaroias 4acTh T'€HEPHUPYIOUIeH MOIIHOCTH, Kak
MPAaBWJIO, PACCMATPUBAIOT KAaK WCTOYHUK OECKOHEUHOW MoimHocTH, S, = o0; X, = 0 ydacrue
KOTOpPOTO B MUTAHUU TOUKU K. 3. OTPAHUYEHHO TOJBKO CONPOTHUBIIEHUEM TE€X 3JIEMEHTOB (JIMHHH,
Tp-pbl, PEAKTOPBl U Jp.) KOTOpBIE CBSA3BIBAIOT TOYKY K. 3. C 3TOM 4acThlo cxembl. Cucrema
CUUTAETCS C MOLIHOCTBIO PABHOM 0, €CIH Scyuer> 3500 MBA. U, — cpeanee 3HadeHne TOW CTyNIEHU
rne msectio 1’ wmmm S 3a 9TOH pEAKTHBHOCTBIO CUMTAIOT MOIKIIOYCHHBIM HCTOYHHK
OECKOHEYHOW MOIIHOCTH, T. €. HANPsDKEHUE 3a X, IPUHUMAIOT HEU3MEHHBIM U paBHBIM U,

Ecnu conmpoTuBiIeHHEM CHCTEMBI MPeHeOpedb HEeNb3s, TO BEIMYMHA 3TOTO COMPOTHUBICHHS
ompenensercss cieayromuM obOpasoM. Hambonee ynmameHHyro OT pacueTHOM Toukd K3 dgacte
AJIEKTPOIHEPTETUUYECKOM CUCTEMBI AOIYyCKAETCA MPEICTABIATh B BUJIE OJJHOTO HCTOUYHUKA SHEPTUU
¢ HeuzMeHHOM mno ammuutyae OJC u pe3ynbTUPYIOIIMM SKBUBAJICHTHBIM HHAYKTUBHBIM
conpotuiieHneM. J/IC 3Toro uCTOUYHMKA ClIEIyeT NMPUHUMATh PABHON CPEIHEMY HOMHMHAIBHOMY
HalpsDKEHUIO CETH, CBS3BIBAIOLIEH YNAJIEHHYI0O M OCTAJbHYIO YacTHU 3JIEKTPOIHEPreTH4ecKou
CUCTEMBI, a €r0 pPe3ylbTHPYIOIIEEe SKBUBAJICHTHOE CONPOTHUBIEHUE X, ONPENENATh, UCXOIS M3
M3BECTHOTO TOKa /. OT SKBHBAJCHTHPYeMOH 4acTu cucteMbl npu K3 B KakoW-HHOyIb y37I0BOM
TOYKE YKa3aHHOW CETH:

U

_ Y cp.HOM
c — T = .
V31,
Ecmu nns oroit cetm B KadecTBe Oa3MCHOTO HAIMPSOHKEHUS MPUHSATO COOTBETCTBYIOIIEE
Cp€AHCC HOMHMHAJIbHOC HAIIPAKCHHUE, TO
Ig
X y5=—2
. <) 7 ’

C

X

rzie I - 0a3UCHBIN TOK TOH CTYIEHH HAIPSDKEHHSI, HA KOTOPOH HaXOJIUTCS y3JI0Basi TOUKA.

IIpu orcyrcTBUN qaHHBIX 0 Toke K3 0T ynaneHHON 4acTH 3IeKTPOIHEPreTUUECKON CUCTEMBbI
MHHHMMAaJIBHO BO3MOKHOE€ 3HAYECHHE PE3YJIbTUPYIOIIETO SKBUBAJIEHTHOIO COIPOTUBIIEHUS X MOXKHO
OLICHUTh, UCXOJ U3 IapaMETPOB BBIKIIIOUYATEJICH, YCTAHOBIICHHBIX Ha Y3JIOBOM IOJCTAaHLUH, T.C.
npuHuMas B gopmynax Tok K3 ot ymaneHHo# wactu cucTeMbl [, paBHBIM HOMHUHAJIBHOMY TOKY
OTKJIFOUEHUS ITUX BBIKIIOYATEIICH.

Pacuert nJ1s1 BbI0OOpa BHIKJIIOUATEIEH M0 OTKJIIOYAKOLIEH CIOCOOHOCTH.
[Tpu BEIOOpE BBIKITIOUATENEH TPEOYeTCs OMPEEIUTh BEIMYNHY PACUETHOTO OTKITFOUYAIOIIETO
TOKA (I gren. pac.) MM PACUETHYIO OTKIFOUYAIOIIYEO MOIIHOCTbD Sor. pacu.

Some. pacu.™ V 3Un[omm.pacu.

IMox Lor. pacu, HOHUMAIOT HAUOOBIINI OXKHUIAEMBIN TOK Iy 5, KOTOPBIN BBIKIIOUATENb JOKEH
OTKJIFOUUTH TIPH HanboJiee HeOIAaronmpusTHBIX yCIoBusiX. Bemmanna storo Toka (1) onpenensercs
KAk JIEUCTBYIOIIEE 3HAUEHHUE TTOJIHOTO TOKA K. 3. K MOMEHTY pa3MbIKaHUS IyTOracsIIuX KOHTaKTOB
BBIKJIIOUaTeNsi. BpeMs OT BO3HUKHOBEHMS K. 3. JO pa3MbIKaHHsS JyroracsiiiuXx KOHTAaKTOB
BBIKJTIOYATENIS] CKIIQIBIBACTCSl U3 BPEMEHH JICHCTBUS PEIICHHON 3alUThl U COOCTBEHHOTO BPEMEHH
BBIKJIIOUaTeNsl. B kauecTBe pacueTHOro MPUHUMAIOT HAMMEHBIIIEE BO3ZMOXKHOE BPEMSsI Pa3MbIKaHUS
KOHTAKTOB BBIKJTIOUaTENsl. B 3aBUCMMOCTH OT MOJHOTO BPEMEHU OTKIIOYEHHUS BBIKIIIOUATENS,
pacuetHoe Bpems coctasiisiet 0,02 — 0,08 cek.

CnenoBarenbHO Ul OINpPEAEICHMS] OTKIIOYAIOIIET0 PACYETHOIO TOKA, HAAO ONPEACIUTh
JEUCTBYIONIEE 3HAYEHUE IIOJHOIO TOKa lc; JUISI MaiblX OTPE3KOB BpPEMEHH C MOMEHTa
BO3HHMKHOBEHHUS K. 3. BOJBIIION TOUHOCTH NP ATOM HE TpeOyeTcs, T. K. BEJIMYUHBI TOKOB I10 IITKAJIE
JUIS BBIKJTFOUATENICH OTIUYAIOTCS JAPYr OT Japyra Oonee dem B 1,5 paza. [loatomy mns oneHKH
3aTyXaHUs allepuogUYECKON COCTABIISIIOLIEHN MOJIB3YIOTCS SKBUBAJIEHTHOM ITOCTOSIHHOM BpemeHu Ta
s onipenenenus Ky.
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Pacuer mepumoanyeckoil cocTaBJsIIOIIEll TOKAa KOPOTKOIO 3aMBbIKaHUsl  JJIsl
NPOU3BOJIbLHOI0 MOMEHTA BpeMEeHH

Pacuer nmepuonnueckoil cocrasisitomeid Toka K3 B Impon3BOJIBHBIE MOMEHT BPEMEHHU B
CJIOKHOW Pa3BETBICHHON CXEME C YYETOM IEPEXOJHBIX MPOIIECCOB B CUHXPOHHBIX MAIMHAX, JUIS
KoTopblx K3 sBisiercss ONM3KUM, CIEAyeT NPOW3BOIUTH IYTEM pEIICHUS COOTBETCTBYIOIIEH
cucteMbl U epeHINaTbHBIX YPaBHEHUH NEPEeXOJHBIX MPOIECCOB, HCIOJB3YSI C 3TOH IIENbI0
OBM, u BeIIeTIEHUS U3 HAUJAEHHOTO TOKA €r0 MEPUOIUYECKON COCTABIISIIONIEH.

Ecnu ucxonHast pacueTHas cxeMa SIBISETCS paJUuallbHOM M COAEPKUT OJAHY CHUHXPOHHYIO
MaIvHy (WM TPYNIY OJAHOTHITHBIX MAIIKMH), a Tpedyemass TOYHOCTh PacuyeTOB MO3BOJISET MPUHSTD
JOMyIIeHWe, 4YT0 TpuU (HOPCHPOBKE BO3OYKICHHS HANPsSHKEHHE Ha OOMOTKE BO30YKICHHUS
MIHOBEHHO BO3pacTaeT J0 MNPEIENbHOrO0 3HA4Y€HHs, TO JECHCTBYIOIIEE 3HAUEHUE MEPHOIUYECKON
cocrasistronieil Toka K3 B mpou3BoJIbHBI MOMEHT BpeMEHH TPUOIMKEHHO, 0e3 ydyeTa onepeyHon
cocrasisroneii Toka K3, MoxeT ObITh OTIPEIETICHO C NCTIOIB30BAHUEM (POPMYIIBI

D Y S I I o 2 R T R I o
"X+ X\ Xiaay t Xem Xa + X Xi+Xow  Xaaa) + Xom
Fan =0 ||| _Th-Toa [ 7q , T6~Tas 7
Xy X - i1y ¢ TTromg ¢ ’
e Eqq - cuaxpoHHas DJIC MamuHbl 1o nomepeyHoi ocu k MomeHTy K3 (momyckaercs

npuHuMath 3Ty 3/1C B OTHOCUTENBHBIX €AMHUIIAX YUCIEHHO PaBHON OTHOILIECHUIO
MPEIIECTBYIONIETO TOKAa BO30YXKICHUS MAIIWHBI K €€ TOKY BO30YXICHHS MpH
paboTe B peXUMe XO0JIOCTOTO X0/1a C HOMMHAIBHBIM HAIIPSHKEHHUEM );

Ec'{\o\ I/IEC'I‘O‘ - COOTBETCTBEHHO cBepxmepexoaHas u rnepexojHas 3/]C MamumHel 1Mo MonepeyHon
ocu Kk MoMeHTy K3 (mepByro M3 HUX MOXKHO OmpeAenuTs no dopmyne (5.3) wim
(5.4), BTOpYIO - TIO TO¥ K€ (hopMyIie, MpeABAPUTEIHLHO 3aMEHHB B HEH X§ Ha X} );

Equ - npeAenbHoe 3HaueHue cuHxpoHHoM OJIC mamumHbl 1O TomepedyHod ocu (B
OTHOCHUTEJNIbHBIX €IUHUIAX €T0 MOKHO CUMTATh PAaBHBIM OTHOIIECHUIO IPEIEIBHOTO
TOKa BO30YXICHHS MAalIMHBI K €€ TOKY BO3OYXKIEHHS INpH paboTe B pEeKUME
XO0JIOCTOTO X0/ ¢ HOMMHAJIbHBIM HaIIPSDKEHUEM);

Xom - BHEIIIHEE CONIPOTUBIICHUE;

TyuTy - IIOCTOSTHHBIC BpEMEHH 3aTyXaHus COOTBETCTBECHHO IIEPEXOTHOMN u
CBEPXIEPEXOIHOM COCTaBISIOMMUX Toka K3, ¢; 3T MOCTOSTHHBIE BPEMEHHU CBSI3aHbI
¢ T ¥ T{4y COOTHOLIECHUAM U:

X2 X2

TL-T! x Kty aﬁ( xSy aﬁ(

. + +

T(i :sz +Tl'd " T(i'=6' f’ 1('1 , T Tf' _ f _ d BIII ; Tl'd _ 1d _ d BIIT ;
Tr + Ty o R¢ o R¢ O R4 O R4
, (Xo+ Xoy )2 X2 o T{ +T]
o'=1- oo —ad 5 aXd(ld):(Xd"'XBm)#a
[Xe(Xg+ Xgy )= Xagl[X14( X g + XBuy) — X4 ] 0+ 11do
X X
raec TfO = f 5 TldO = 1d 5
(Dch (Dchd

[Tpu mpuOMIKeHHBIX pacdeTax TOKOB K3 uis ompeneneHus MEHCTBYIOIIETO 3HAYCHUS
MEepUOINYECKON cocTaBiisomel Toka K3 0T CHHXpOHHBIX T€HEpPaTOpPOB B IPOU3BOJIbHBIH MOMEHT
BpEMEHHU NpPHU paJUalIbHON PACUETHOM CXEME€ cleAyeT NPUMEHSTh METOJ THIOBBIX KpuBbIX. OH
OCHOBAH Ha MCIMOJIb30BAHUHU KPUBBIX U3MEHEHHUs BO BPEMEHH OTHOLICHUS JECHCTBYIOIUX 3HAYECHUU
NepHOINYECKO cocTaBistoie Toka K3 oT reHepaTopa B MPOU3BOJIbHBIN U Ha4yaJdbHbI MOMEHTHI
BpeMeHHU, T.€. Yy = In/lyo = f(t), TOCTPOCHHBIX I Pa3HBIX yhaieHHocTer Touku K3. [lpu sTom
AJIEKTpUYecKasl yAaJeHHOCTh TOUKU K3 OT CHMHXpPOHHOHN MallMHBI XapaKTepU3YEeTCsl OTHOLIEHHEM
JNEUCTBYIOLIETO 3HAYECHMS MEPUOJIUYECKON COCTABIIAIOIIEH TOKA F€HEepaTOpa B HAYAJIbHBIA MOMEHT
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II'IO

Ss
=1 106
HOM *n()SHOM

K3 k ero HOMUHAIBLHOMY TOKY, T.€. I yomow)= , Tae I, - HadaJlbHOE 3HAYCHHE
* *

MePUOINYECKOl cocTapisitomiel Toka K3 oT MaliHbl B OTHOCUTEIBHBIX €IMHUIIAX MPH BHIOPAHHBIX
0a3UCHBIX yCIOBUSX; S - Oa3zucHas MOITHOCTh, MB-A; Sy - HOMUHAJIbHAS MOIIHOCTH (TIOJTHAS)
CUHXPOHHOM MamuHbl, MB-A.

Ha puc. 1-4 npuBeieHbI TUTIOBBIE KPUBBIE Yy =f(f) U1 Pa3IMYHBIX TPYII TYpOOTEHEPaTOPOB
C YY4ETOM COBPEMEHHOM TEHJIEHIIMM OCHAILEHUS TI'€HEpAaTOPOB pPa3HBIX THUIIOB OIpPEAEICHHBIMU
crcTeMaM# BO30YKJICHHS.
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Puc. 1. Tunosble KpuBble u3MeHeHUs Puc. 2. TumnoBble KpuUBBIE  H3MEHEHUS
nepuoauveckoi coctasisitomie Toka K3 or mepuoamdeckoil coctamistomeid Toka K3 ot
TypOOTeHepaTopoB C TUPUCTOPHOH TYypOOTEHEPAaTOPOB C THUPUCTOPHON CHUCTEMOI
HE3aBUCUMOM CHCTEMOW BO3OYKICHUS CaMOBO30YKICHHS

Ha puc. [ mpencraBieHbl THUIIOBBIE KpUBBIE JUIsI TypOOTEHEPAaTOPOB C THUPUCTOPHOM
He3zaBucuMoin cucremoit Bo3Oyxkaenusi (CTH)-renepatopos Ttumo TBB-300-2EV3, TBB-500-
2EV3, TBB-800-2EY3, TI'B-300-2V3, TI'B-800-2Y3; mnpu NHOCTPOEHUU KPUBBIX IPUHSATHI
KPaTHOCTb MPEIEIBHOTO HanpsykeHus: Bo30yxaeans Kyr = 2,0 ¥ MOCTOSIHHAs BpEMEHH HapacTaHUs
HanpsDKeHUs BO30YKeHus npu popcupoBke Bo30yxaenus 7. = 0,02 c.

Ha puc. 2 mpencraBieHbl THUIIOBBIE KpPUBBIE JUISI TypOOTEHEPAaTOPOB C THUPUCTOPHOM
cucreMoil mapamensHoro camoBo3Oyxaerus (CTC)-renepatopoB TurnoB TB®-100-2Y3, TBO-
110-2EVY3, TB®-120-2V3, TBB-160-2EY3, TBB-167-2Y3, TBB-200-2AVY3, TBB-220-2Y3, TBB-
220-2EVY3, TI'B-200-2Y3, T3B-220-2EVY3, T3B-320-2EVY3; npu NOCTPOEHUH OTHX KPHUBBIX
npuHATH Kyr = 2,5 1 T.=0,02 c.

Ha puc. 3 mnpencraBieHbl THUIMOBBIE KpUBBIE IS TypOOTE€HEpaTopoB C IMOIAHOM
HE3aBUCUMOH (BBICOKOUACTOTHOM) cuctemoit Bo30yxaenus (CIH) - reneparopos TumnoB TBD-63-
2EV3, TBD-63-2V3, TBD-110-2EVY3; npu noctpoeHuu kpusbix npuHATh Kyr= 2,0 u 7, = 0,2c.

Ha puc. 4 mnpencraBieHbl THIOBBIE KpUBBIE IS TypOOT€HEpaTopoB C IAMOIHOM
Oecmierounoii cucremoi Bo3oyxkaenust (CJIb) - reneparopos tunos TBB-1000-2Y3 u TBB-1200-
2V¥3; npu nocTpoeHUH KpuBbIX NpUHATH Kyr = 2,0 u 7. = 0,15 c.

Bce kpuBble MOJydeHBI ¢ YUETOM HACBHIIIEHUS CTAIM CTaTOPa, HACBILIEHUS MMyTeH paccestHus
CTaTopa, BEI3BAHHOTO allePUOINYECKON COCTaBIIAIONIEH TOKa cTaTopa, 3((dexTa BEITECHEHHS TOKOB
B KOHTypax poTOpa U pEryJHpOBaHMs YacTOTHl BpameHus portopa TypOuHbL. Ilpum sTOM
npearnoaranock, uto 10 K3 remepatop paboTai B HOMUHAIBHOM PEXHME.
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Puc. 3. TunoBble KpuBble u3MeHeHUss Puc. 4. TumnoBble KpUBBIE  H3MEHEHUS
nepuoauveckoi coctasisitomied Toka K3 or mepuoamueckoil coctamistomeid Toka K3 ot
TypOOTE€HEpPaTOpPOB C JUOJHON HE3aBUCUMOW TypOOTE€HEpaTOpPOB C JHUOJHON OeCIIeTOYHOM
(BBICOKOYACTOTHO) CHCTEMOW BO30YKICHUS CHCTEMOU BO30YXICHUS

TuroBble KpUBBIE YYUTHIBAIOT HM3MEHEHUE JEHUCTBYIOLIETO 3HAYEHUS MEPUOIAYECKON
cocraBisironiel  Toka K3, ecnu  oTHOLIEHWE JIEHCTBYIOIIETO 3HAYEHMs] TEPUOJIUYECKON
COCTAaBJISIONIEH TOKA TeHepaTopa B HadaJIbHBIM MOMEHT K3 K ero HOMUHAJIBbHOMY TOKY PaBHO WJIH
Oonpire aByX. [Ipy MEHBITUX 3HAYEHUSX ITOTO OTHOIICHHUS CIEAYeT CUMUTATh, YTO JIEHCTBYIOIIEE
3HaUYE€HHE MEePUOIUYECKOM cocTaBistoniel Toka K3 He m3MeHsieTcss BO BpeMeHH, T.e. Iy = Iy =
const.

Pacuer nelicTBytolero 3HaueHus NepUoIUIecKol cocrapistoniei Toka K3 oT cuHXxpoHHOTO
reHepaTopa B IMPOU3BOJBHBIA ((DUKCHPOBAHHBI) MOMEHT BPEMEHH C HCIIOJIb30BAHHEM METOJ1a
TUIOBBIX KPUBBIX PEKOMEHAYETCSA BECTH B CIEAYIOIIEM MOPSAJIKE:

1) mo HCXOIHON pacueTHOW CXeME€ COCTaBUTh DKBHUBAJECHTHYIO CXEMY 3aMEILEHUs Ul
OTpe/IeJICHUs] HayaJbHOTO 3HAYeHHUS NEepHOIMYecKol cocrtapistonieii Toka K3, B koTopoit
CUHXPOHHYIO MAIIMHY CJIEYeT Y4eCTh MPEABAPHUTEIHHO MPUBEICHHBIMU K Oa3MCHOW CTYNeHHU
HAnpsDKCHUST WM BBIPAKEHHBIMA B OTHOCHTEIBHBIX EIAWHHIIAX TPH BBIOPAHHBIX Oa3MCHBIX
YCIOBUSAX CBEPXIEPEXOJHBIM CONpOTUBIEHHEM U cBepxnepexoanod OJIC, ¢ mnomolbko
peoOpa3oBaHmil MPUBECTH CXEMY K MPOCTEHIIEMY BHJY W ONPEACTUTh JCHCTBYIOINIEE 3HAUYCHUE
MEPUOANYECKOM COCTABIISAIONICH TOKAa B HaUalbHbIM MOMEHT K3;

2) ONpeneNuTh 3HAYECHUE BEJIMYUHBI I n0guom) » XapaKTepU3YIOLIEH JIIEKTPUUYECKYIO

YAQJIEHHOCTh pacyeTHOU Touku K3 0T CHHXpOHHOW MAIlIMHBIL;
3) ucXos U3 TUMA TeHepaTopa M €ro CHCTEMbI BO30YXKIEHUS, BEIOPATh COOTBETCTBYIOIIUE
TUTIOBBIE KPUBBIE U 110 HAUJEHHOMY 3HAYEHHIO [ (1) BBIOPATH HEOOXOMMYIO KPUBYIO (TIPH 5TOM
*

JOIMyCTHMA JTMHEWHAs SKCTPAIIOJIALHUS B 00JIACTH CMEKHBIX KPUBBIX);
4) mo BbIOpaHHOW KPUBOH IS 3aIaHHOTO MOMEHTa BPEMEHH OIPEIeTUTh KOI(DPHUIIHEHT Yy;
5) omnpeaenuTh KHCKOMOE 3HaYeHUE NEePHOoIMUECKOor cocTaisonieit Toka K3 oT cuHxpoHHOM
MalllMHbl B 3aJaHHBIA MOMEHT BPEMEHU [ =7, I o) l5> THE Is - Ga3uCHBIA TOK TOH CTyNEeHU

HaIpsDKEHUS CEeTH, Ha KOTOPOM HaxoquTcs pacueTHas Touka K3.

Ecmm HUCXOJHad pacuCTHass CXEMa COACPIKHUT HCECKOJIBKO OJHOTUITHBIX CHHXPOHHBIX
reHCPATOPOB, HAXOAAIHUXCA B OAMHAKOBBIX YCIIOBHAX IO OTHOMICHHUIO K pvaeTHOﬁ TOYKE K3, TO
MOPSZIOK pacdeTra MeproauyYecKoi cocTamistomied Toka K3 B mpou3BOIBHBINT MOMEHT BpPEMEHU
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aHAJIOTMYEH HU3JI0)KEHHOMY, TOJIBKO TMPU ONPENENCHUM 3HAYEHUSA [ 940y 1O (GOpMyNe B
*

MOCJIEHIOI0 BMECTO Syoy CIEAYET MOJACTABIATH CYMMY HOMHUHAIBHBIX MOIIHOCTEH BCEX ATHX
TCHEPATOPOB.

B tex cnyuasx, korjaa pacuetHas npojospkuTensHocTh K3 npesbimaer 0,5 ¢, s pacuera
MEPUOINYECKON COCTaBJISIONIEN TOKa B INMPOU3BOJBHBIM MOMEHT BpemeHM Ipu K3 Ha BbIBojax
TypOOTE€HEPaTOPOB JIOMYCTUMO HCHOJIB30BaTh KpHUBHIE y; = f(f), IpuBeJeHHBIE Ha puc.), a pu K3
Ha CTOPOHE BBICIIIETO HANPSHKEHUsST OJIOUHBIX TpaHC(HOPMATOPOB - KPHUBBIE, IPUBEICHHBIE HA PHC. 0.
Kak Ha puc. 5, Tak 1 Ha puc. 6 KpuBas 1 OTHOCHTCS K TypOOTE€HEepaTopaM C TMOTHON OeCIIeTOUHOM
CHCTEMOM BO30YXIE€HHsI, KpUBas 2 - C THPUCTOPHOIN HE3aBUCUMOM CUCTEMOU BO30YXKIEHUS, KpUBast
3 - ¢ JMOJHOW HE3aBUCHMOH (BBICOKOYACTOTHOW) CHCTEMOUW BO30YXKIeHUs U KpuBas 4 - ¢
TUPUCTOPHON CHCTEMON CaMOBO30YXKICHUSI.

Jns  mpuONMKEHHOTO  OMNpEeNeNieHHs]  JCHCTBYIOIIETO  3HAUEHHUS  TMEePHOJHMYECKOM
coctaBisironiell Toka K3 B IpPOM3BOJIHBIII MOMEHT BpPEMEHHM OT CHHXPOHHBIX TIE€HEpPAaTOpOB
HanpsbkeHneM 6-10 kB B aBTOHOMHBIX cHCTEMax OSJIEKTPOCHAOKEHHUS CIEAYyeT HCIOIb30BaTh
TUTIOBBIE KPUBBIE, INpENCTaBleHHbIE Ha pHUC. 7. IIpu pa3paboTke KPUBBIX OBLIM HCIOJIH30BAHBI
napaMeTpsl TeHepaTopoB HampspkeHueM 6-10 kB pasnnunbix cepuii, a umenno: CI'JIC 15.54.8 -
1000 xBr, 10,5 xB; CI'’IC 15.74.8 - 1600 kBT, 10,5 kB; CI'IC 15.94.8-2000 kBT, 10,5 xkB; CI'IC
15.74.8-2000 kBT, 6,3 xkB; CI'IC 15.54.8 - 1600 xBr, 6,3 xB; CbI'/l 6300 - 6300 xBr, 6,3 xB.
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Puc. 5. TunoBble KpuBble u3MeHeHUs Puc. 6. TumoBble KpUBBIE  H3MEHEHUS

NepUoaIuYecKoi cocTaBisitomed Toka K3 or
TypOOTEHEPAaTOPOB C PA3IUYHBIMH CHCTEMaMH
BO30YyX1eHust rpu Tpexdasubix K3 Ha BbIBomAX
TeHEepaToOpoB

NepuoaIuvecKoi cocTaBisitomed Toka K3 or
TypOOTE€HEPATOPOB C PA3NUYHBIMH CHUCTEMaMH
BO30Yyx1eHus ipu Tpexda3ubix K3 Ha cropone
BH 6ounbIx TpanchopmMaTopoB
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Puc. 7. Tunosble KpUBbIE U3MEHEHUS NTEPUOANUECKON cocTaBisoniel Toka K3 oT CHHXpOHHOTO
reHepatopa HanpspkeHueM 6-10 kB aBTOHOMHO# crcTeMBbI 3JIEKTPOCHAOKEHUS
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Yder CHHXPOHHBIX M ACHHXPOHHBIX JJIeKTPOABMraTeseil INpPH pacyeTe TOKOB
KOPOTKOI'0 3aMbIKAHUA

CreneHp BIUSHUS CUHXPOHHBIX M aCUHXPOHHBIX 3JIeKTpoaBurareneil Ha Tok K3 3aBucur ot
XapakTepa HCXOJAHOM pacyeTHOM CXeMbl, MOJIOXKEeHUs pacueTHor Touku K3, ynameHHOCTH
MOCNeHEH OT OJEeKTPOJBUTATENIe W MHOTHX Jpyrux ¢axTopoB. Pacyer HayampHOTO
JNEHCTBYIOIIETO 3HAYCHHUS TEPUOJUYECKOM cocTaBistonieii Toka K3 0T CHHXpOHHBIX |
ACUHXPOHHBIX 3JIEKTpOABUTaTeNel (MJIM C y4eTOM DJIEKTPOJBUraTesieil) CleAyeT BBIIOJHATh B
COOTBETCTBUU C YKa3aHWSIMU, U3JI0)KEHHBIMU paHee. Pacdyer anepuoauuecKkoi COCTaBIISAIONIEH TOKa
K3 OoT CMHXpOHHBIX W aCHMHXpPOHHBIX 3JEKTpoJBUTaTeneil u pacuer ynapHoro toka K3 cnemyer
BBIIIOJIHATE B COOTBETCTBHUM C yKa3aHUSIMHU, W3JIO)KEHHbIMM paHee. [lepuoauueckyro
COCTaBJIAONLYIO TOKa K3 0T CHHXpOHHBIX WM aCUHXPOHHBIX JIEKTPOABUTATENEH B IPONU3BOIbHBIN
MOMEHT BpPEMEHH CIIEyeT pacCUMTHIBATh IIyTeM peIIeHUus CUCTeMbl auddepeHnnanbHbIX
YPAaBHEHUN IIEPEXOJHBIX IIPOLIECCOB M BBIJEICHUS W3 HAWJACHHOIO TOKA €ro IEepHOIUYECKON
COCTaBJISIONIEH, ucnoiap3ys DBM. B mpubnmkeHHBIX pacueTax ISl ONpeAeieHUs JeHCTBYIOLIETO
3HAUEHUs NEepUOAMYECKOM cocTaBistoniel Toka K3 OT CHHXpOHHBIX WM ACHHXPOHHBIX
NIEKTPOJBUTATENE B IIPOU3BOJIBHBIA MOMEHT BPEMEHU IIpU paJUAIBHOM CXeMe CIeLyeT
MIPUMEHSTh METO/]] TUIIOBBIX KPUBBIX, KOTOPbIII OCHOBAaH Ha MCIOJIb30BaHUM KPUBBIX U3MEHEHUSI BO
BpPEMEHHU OTHOMEHUH Yy = Inic/Inoc ¥ Yian = Intan/Inoas TIPY Pa3HBIX yHAIEHHOCTSIX Toukn K3.

Tunosble KpuBBIE JUISI CHHXPOHHOTO D3JIEKTPOJBUIaTelsl NPUBEICHBI HA puc. 8, a Aus
ACUHXPOHHOTO 3JIEKTPOJIBUTraTeNsi — Ha puc. 9.

[Topsimox pacuera JEHCTBYIOIIETO 3HAYEHUS MEPUOIUMYECKON coctapistonied Toka K3 ot
CUHXPOHHOTO ¥ AaCHMHXPOHHOTO 3JEKTPOJBUIaTelel B TNPOU3BOJIBHBII MOMEHT BPEMEHH C
HCIOJIb30BAHUEM JTUX KPHUBBIX QHAJOTWYEH H3JI0)KEHHOMY. 3Hay€HHE [EepHOIUYEeCKON
COCTAaBJIAIOLIEH TOKA B KWJIOAMIIEpax B MOMEHT BPEMEHHU / PaBHO

Tnen =vie L nomomy onct =Y ie £ now) s

B IntAI[ =YtAQ £ nO(HOM)IHOMAI[ =YtA £ 110(6)[67
i€ luowcm U luowaq - HOMHHAJbHBIE TOKM COOTBETCTBEHHO CHUHXPOHHOTO M aCHHXPOHHOI'O
aneKTpoABHUraTeneil; Is - 6a3uCHBIM TOK TON CTYNEHW HANPSHKEHHUS CETH, Ha KOTOPOH HaxXOIATCs
touka K3 u anexkrpoaBUrarens.

Ecimn B KakoM-mOO y37€ MOIIHOCTH IOJAKIIOYEHHBIX HESBHOMOJIIOCHBIX CHHXPOHHBIX
anekrpojasurareneit (cepuu CT[, CTM u nap.) nmpessimaer 30 % cymmapHOl MOIIHOCTH BCEX
AJIEKTPO/IBUTaTeNe, TO UCIIOJb30BAHUE THUIIOBBIX KPHUBBIX, IPUBEIEHHBIX HAa pUC. &8, IPUBOIUT K
MIOTPEIIHOCTH, IpeBbIIAONIEN JaonycTuMyro. [losToMy B yKa3aHHOM ciy4dae IpH pacuyere
NepUOINYEecKOi cocTaBismomed Toka K3 HEIBHONOIIOCHBIE CHHXPOHHBIE AJIEKTPOABUTATEIH
CIIEyeT YUYUTHIBATh UHANBUAYAIBEHO, UCTIONB3YS KPUBBIE 3aBUCMOCTH Yicj = f(f), IPUBEICHHBIE HA
puc. 10. I[Ipu He0OXOAMMOCTH WHAMBHIYAILHOTO Y4€Ta aCHHXPOHHBIX AJIEKTPOJIBUTATENCH Pa3HBIX
cepuil cienyeT HCIOJb30BaThb TUIIOBbIE KpUBBIE, TpUBEJAEHHBbIE Ha puc. [/ (cepum
AJIEKTPO/IBUraTeNel yKa3aHbl Y COOTBETCTBYIOUIUX KPUBBIX).
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Puc. 8. Tunossie kpussie s C/] Puc. 9. TunoBsie kpuBsie st Al
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Puc. 10. Tunossle kpuBble n3MeHeHUs Toka K3 oT cuHxpoHHbIX 3nekTpoasurareneit cepuu CAH
(crmonrablie muHKUNK), cepun CJ ¢ wactoToii Bpauierus 1500 06/MuH (INTPUXITYHKTUPHBIE JIMHUH) U
cepun CT/] (myHKTHpHBIE IUHUU CO 3BE3A0YKAMN)

B Tex cimywasx, KOrja MCXOJHas pacyeTHash CXE€Ma COJIEPKUT I'PYIIy CHHXPOHHBIX WIH
ACMHXPOHHBIX DJIEKTPOJBHTraTeNe, NPHUCOCTMHEHHBIX K OOIMM IIWHAM, W HE SBISETCS
panuanbHOM, a BKIIIOYaeT B ce0s TakKe yJaJIeHHbIE OT pacdeTHOW Touku K3 MCTOYHMKH >HEprum,
IIpUYEM Kak 3JIEKTPOJBUTATENH, TaK U YIIOMSHYTbIE HCTOYHUKHU (cucTeMa) cBsi3aHbl ¢ Toukoi K3 ¢
MOMOIIBI0 OOIIEH BETBH, TO JCUCTBYIOIICE 3HAYCHHE MEPHOIMUSCKON cocTaBistomeld Toka K3 B
IIPOU3BOJIBHBII MOMEHT BPEMEHHU C YY4ETOM HM3MEHEHHUs BO BPEMEHM aMIUIMTYJbI IIEPUOIUYECKON
COCTABJIAIOLIEH TOKa OT DJJIEKTPOABUIATENIEd PEKOMEHAYETCS OINPENENsTh C HCIOJIb30BAHUEM
TUMOBBIX  KPHUBBIX, TMPUBEACHHBIX Ha puc. [2 (a7  SBHOMOJIOCHBIX  CHHXPOHHBIX
AJIEKTPO/IBUraTeNel) U Ha puc. /3 (A1 aCHHXPOHHBIX 3JIEKTPOBUTATENEH ).
Ilpumeuanue. TumnoBble KpUBBIE U3MEHEHUS MEPUOAMYECKON cocTaBistomeld Toka K3 ot
TPYIITBI 3JIEKTPOIBUTATEINCH, MpecTaBlieHHbIe Ha puc. /2 u 13, pa3paboTaHbl HA OCHOBE JaHHBIX,
MOJIy4eHHBIX TPeMs CIOCc00aMH, a IMEHHO: NP CYMMHPOBAHUU MIHOBEHHBIX TOKOB OTAEIBHBIX
JIEKTPOIBUTaTEIIEH; pu 3amMeHe TPYIIIBI JJIEKTPOIBUraTeen SKBUBAJIEHTHBIM
AIIEKTPOJBHUTATENIEM; TPH CTAaTUCTUYECKOH 00pabOTKE pAaCYEeTHBIX JaHHBIX EIMHUYHBIX
IEKTPOIBUTATENIEH Pa3IMYHBIX CEPUM U MOIITHOCTEH.
Pacuer nelicTByromero 3HaueHUs MEPUOAUMYECKOM  coctaBisitoniedr Toka K3 B
IIPOU3BOJIHBI MOMEHT BPEMEHU OT TIPYMIbl CUHXPOHHBIX SIBHOIMOJIOCHBIX WJIM ACHHXPOHHBIX
AJIEKTPO/IBUTaTENIeN C yUETOM BIMSHUS yJaJI€HHBIX OT pacdyeTHON Touku K3 MCTOYHMKOB SHEpruu,
HO CBSI3aHHBIX ¢ TOUKOH K3 0OmMM [T 5TUX MCTOYHUKOB M AIIEKTPOABUTATENCH COMPOTUBICHHEM
X« (BetBb K3) pekoMenayeTCsl MpOBOAUTE B CIEAYIONIEN MOCIEA0BATEIbHOCTH:
1) rpynnmy mnoanexamudx y4YeTy CHHXPOHHBIX SIBHOINOJIOCHBIX MM ACHHXPOHHBIX
IEKTPOJIBUTaTENed 3aMEHUTh OJHUM OKBUBAICHTHBIM JJIEKTPOJBUTATEIEM, HOMHUHAJIbHAs
MOIIHOCTh KOTOPOI'O paBHa CyMM€ HOMUHAJIBHBIX MOIIHOCTEH 3aMEHSAEMBIX JJIEKTPOJIBUTATEIIEH,
i=n

T.€. Shomosx = ZSHOM,- , TJIE 1 - YUCJIO IEKTPOABUTATENICH B TPYIIIE; Syon; - HOMUHATBHAS MOLTHOCTh
i=1

i-ro anekrpoasurarens, MB-A;

2) 10 UCXOJHOW pacyeTHOW CXEME€ COCTaBUTh COOTBETCTBYIOLIYIO CXEMY 3aMEllEeHUs AJs
OTIpe/IeNIeHUs] Ha4aJIbHOTO 3HAYEHUs MepHoANYecKoi cocTaBistroneii Toka K3, mpeodpasoBats ee B
SKBUBAJICHTHYIO T-00pa3Hyl0 CXeMy H ONpEICIUTh TapaMeTpbl BETBEH IMOCIEAHEH - BETBH
JBUTATENHLHOW HArpy3ku (0e3 ydeTra CONMpOTHUBIICHUS JBUTATeNeil) X,, BETBU CHCTEMbI X; U BETBH
K3 o6meit s nurateneit u cucteMsl - X (CM. CXeMbI B BepXHei yactu puc. /2 u 13);

3)  BBIYMCIUTH  MEPUOJMUYECKYIO  COCTABJISIOIIYI0O TOKA  OT  SKBUBAJIEHTHOTIO
AIIEKTPOABHUTATENS B HadyaJIbHBIH MOMEHT K3 mpH NpUHSTHIX 6a3UCHBIX YCIOBHUSIX:
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Puc. 11. Tunossie kpuBbie n3MeHeHUs1 Toka K3 oT skBuBaeHTHBIX AJ]
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Puc. 12. Kpusble pans omnpeneneHuss Toka Puc. 13. KpuBble a1 omnpeneneHus Toka
tpexdaznoro K3 ot sxBuBanentHoro CJI 6 kB tpexdaznoro K3 ot sxBuBanienTHoro AJl 6 kB

E"16)~E «)X «©/(X )t X o)/

Tu0x(6) = P
X @)X «©/(X @t X @)+ X x6)+ X "xo)
Tne  E'yyg - HAdalbHOE  3HAYEHHE ceepxnepexoguoin  OJIC  IKBHBaIEHTHOIO
DJIEKTPOJABUTATENS, E - OJIC ypHaleHHBIX MCTOYHHKOB DHEPrUHM (CHUCTEMBI); X" -
p £ (6) Y, p 1 n(e)

CBEPXIIEPEXOHOE NHIYKTUBHOE COIIPOTUBIICHUE SKBUBAJIEHTHOI'O JJIEKTPOABUTATEIS;
4) ompenenuTh 3HAUYEHHWE BEIMYMHBI, XAPAKTEPU3YIOIIEH 3JIEKTPUYECKYIO YJAJIEHHOCTh
pacueTHO# Touku K3 OT 3KBUBaJIE€HTHOTO AJIEKTPOJBUTATENS

Il'IO _ [ S 6 .
GO p—

HOM.3K

1

*

n0(uom) =
HOM

5) N0 HAWJICHHOMY 3HAYEHHIO [ ;040w HA PHC. 5.12 v puc. 5.13 (B 32aBUCUMOCTHU OT THIIA
*

AJIEKTPO/IBUraTeNel) BbIOpAaTh COOTBETCTBYIOIIYIO THUIIOBYIO KpPUBYIO (BO3MOXKHA JIMHEWHas
SKCTPATIOJISILUS MEXKAY CMEKHBIMU KPUBBIMH) M JUISl 33JaHHOTO MOMEHTa BPEMEHU ¢ OIPEICIIUTh
KOA(PQHUIIUEHT Yy;

6) ompeAenuTb JEHUCTBYIOIEE 3HAUECHHUE TEPUOJUYECKON  COCTaBIISIONIEH  TOKa
SKBUBAJIEHTHOTO 3JIEKTPOJABUIaTENs] B MOMEHT BPEMEHH ¢

I TORME RO

7) BBIYMCIIUTH MCKOMOE JICHCTBYIOIEE 3HAYEHHE NEPUOAMYECKON COCTaBISIOLIEH TOKa B
Mecte K3 B MOMEHT BpeMeHH ¢
E o)~ I na@X <)

I = : Is,
) X @)t X «©

rnie I - 0a3UCHBII TOK TOM CTYIEHHU HAIPSKEHHs CeTH, HAa KOTOPOW HaxoauTcs Touka K3.

Yder KOMIJIEKCHOI HATPY3KH NPU pacyeTe TOKOB KOPOTKOI0 3aMbIKAHUS

IIpu pacuerax TokoB K3 crnenyer yuuThIBaTh BIMSIHME KaK/10il KOMIUIEKCHOM Harpyskw,
eciu Tok B Mecte K3 oT Toit Harpy3ku cocrapisieT He MmeHee 5 % Toka B Mecte K3, onpezeneHHoro
0e3 yueTa Harpy3KH.

B ob0mem cimygae TOk K3 OT KOMIUIEKCHOM Harpy3ku CcJeayeT ONpenensTh Kak
r€OMETPUYECKYI0 CYMMY TOKOB OT OTAENIbHBIX €€ 3JIEMEHTOB.

B nmpuOnmxeHHBIX pacderax MOIMYCKaeTcs SKBUBAJCHTUPOBAHUE KOMIUIEKCHOW Harpy3KH C
IIpe/ICTaBICHUEM €€ B BUJIE 3KkBUBaIeHTHON DJIC 1 SKBUBAJIEHTHOTO COIIPOTUBIICHHUS.

OKBUBaJIEHTHOE COIIPOTUBIICHUE psIMO (oOpatHoiT) MOCJIE0BATEIBHOCTH
Z \ur(wow)>Z 2ur(wow) B OTHOCHTEIIBHBIX €/IMHMIAX B 3aBHCHMOCTH OT OTHOCHTEJIBHOTO COCTaBa

moTpeOuTeNeH y371a Mpyu HOMHUHAIBHBIX YCIOBHSIX JIOMTYCKAETCS PACCUUTHIBATH 1O (hOpMyIie
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1
Z =S 5
. 1Hr(HOM) z Si

\/ 15 12i(H0M)+ /}/ 12i(H0M)

THE R tiguow) M X tiguow) - AKTHBHAS M HMHIYKTHBHAA COCTABISIOMIME COMPOTHBICHHS psIMOi
(oOpaTHO¥)  MOCIIEIOBATETFHOCTH  [-TO  TIOTPEOUTENs,  BKIIIOUast
COCTaBJISIOIINE COTIPOTHUBIICHUS AJIEMEHTOB, CBSI3BIBAOIIINX
MOTPEOUTENS C MIMHAMH y3J1a; UX 3HAYCHUS B OTHOCUTEIHHBIX CIMHUIIAX
Mpd CYMMapHOM HOMHUHAJIBLHOM MOIIHOCTU Harpy3ka Sy, KB-A, u
CpeHEM HOMHHAJIBLHOM HAIPSDKEHUU TOW CTYNEHU HAIPSDKEHUS CETH,
rJie OHa MPUCOETUHEHA, TPUBEICHBI B Ta0I.;

Si - MOJTHASL YCTAHOBJICHHAS] MOIIHOCTH i-T'O MOTPEOUTENS HArpy3KkH, KB-A.

I M=

Tabmuna 1 - [TapaMeTpbl 21eMEHTOB KOMIUIEKCHON HArpy3KH

[ToTpeOuTenu KOMIIEKCHOM 3HaueHue ConpoTuBJ€HHE, OTH.E].

Harpy3Ku PKBUBAJIEHTHOMCOS (p [IPSIMOM 00OpaTHO
DJ1C [10CJIeIOBATEIbHOCTHIIOCIIEI0BATEILHOCTH]

CUHXpOHHBIE nsurarenu|l,074 0,9 10,04 +,0,15 0,04 + ;0,15

HanpspkeHueMm cBbie 1 kB

CUHXpOHHBIE nsurarenu|l,079 0,9 10,03 +,0,16 0,03 + 0,16

HanpspkeHueMm 10 1 kB

IACUHXpPOHHBIE nsurarenan|0,93 0,87 10,01 +,0,17 0,01 +;0,17

HanpspkeHreMm cBbie 1 kB

IACUHXpPOHHBIE nsurarenn0,9 0,8 10,07 +,0,18 0,07 + 0,18

HanpspkeHueMm 10 1 kB

JIaMnbl HaKaJTMBaHUS 0 1,0 11,0 1,33

["a3zopa3psigHbie HCTOYHUKHU cBeTa |0 0,85 10,85+ ;0,53 0,382 + 0,24

[TpeoOpazoBarenu 0 0,9 0,9 +,0,45 1,66 + ;0,81

DIIEKTPOTEPMUYECKHE YCTAaHOBKHU |0 0,9 |1 +;0,49 0,4 + ;0,2

Mertox pacuera Toka K3 0T KOMIUIEKCHOW Harpy3kd 3aBHCHUT OT XapakKTepa HCXOJHOM
CXeMbl 3aMelleHus y3ia u mnoJjioxxenus: Touku K3 (puc. /4). Ilpu paauanbHON pacueTHOU cxeme
(puc. 14, 6) nonyckaeTcs He YUUTHIBATh BIMSAHUE CTATUYECKUX MOTpeOUTENel (mpeobdpazoBaTenei,
AIIEKTPOTEPMUYECKUX yCTaHOBOK | jp.). [Ipu K3 3a oOmmm compoTHBIEHHEM ISl pa3iddHBIX
notrpeduTeneil y3na Harpy3ku (puc. /4, 6) HadalbHOE 3HAYCHHUE TEPHOJMUYECKON COCTABISIONICH
Toka Tpexdaznoro K3 pexkoMmeHayeTcs ONpeAensaTh C YYETOM BIMSHHS JIBUTATEIbHON W
CTaTHYECKOW HArpy3KH, WCIOJb3YS BBIPAXEHUC [nou =E" /(Z, +Zyy), THE El W Z,.. -

pesyaptupyromas J/IC u compotuBieHue y3na Harpy3ku. VX 3HaueHHs MOXKHO OIPENEIUTH IO
JTaHHBIM TalJl., B 3aBUCHMOCTU OT OTHOCUTEIBHOIO COCTaBa IOTpeduTenei; Z . - BHEIIHee

conpoTuBiieHue 10 Touku K3.

JleicTBytoIIlee 3HAUYEHME TEPUOJMYECKON cocTraBismonieil Toka K3 B mpousBOJbHBIN
MOMEHT BPEMEHM C YYETOM 3JIEKTPOABHUIATEIEN M CTAaTUYECKOM Harpys3Ku y3jia pEeKOMEHJIyeTcs
ONMpeneNiaTh Kak Iy =Iyy —Ier, TAC Iy - TEPUOJMYECKAS COCTABJIAIONIAs TOKa K3 B
IIPOM3BOJIbHBII MOMEHT BPEMEHM OT 3eKTpoaBuratesneidl. OHa ompeensercss ¢ UCIOJIb30BaHUEM
COOTBETCTBYIOIIUX THIIOBBIX KPUBBIX; I, - CYMMapHBIi TOK CTaTUYECKUX moTpedureneit 1o K3.

IMIpu K3 3a obmmM uis y37ma Harpy3Kd M CHUCTEMBI CONpPOTHBICHHEM (puc. 5.14, 2)
HavYaJlbHOE 3HAYCHHE MMEPHOJUYECKON COCTaBIISIONIEH Toka B Touke Tpexdasznoro K3 cmemyer
ompenensaTs no Gopmyre

_ (EZy+ERZ)
L Ly AL LA L Ly
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rae E, n E}, - DJIC COOTBETCTBEHHO CHCTEMbI M y3Jla HAarpy3KH; Z_, - Pe3y/IbTHPYIOLIee
COIIPOTUBIIEHUE CO CTOPOHBI CUCTEMBI IO COOPHBIX IIUH y371a (CM. pUC. /4, 2); Z . - SKBUBAJIEHTHOE
COIIPOTHUBJIEHUE HATPY3KH, BKJIIOUYAs LIENb €€ MOIKIIOUEHHs; Z, - SKBUBAJICHTHOE CONPOTHUBICHHE
3JIEMEHTOB, BKJIIOYEHHBIX MEX Ay Toukoi K3 1 muHaMu y3ia Harpy3KkH.

HavanpHoe 3HaueHue nepuoinyeckoi cocrapistomieit Toka K3 ot y3ia Harpy3ku
I‘ _ (EI'—;F - UM )

n0Hr — ZHF

rae U, - HampspkeHue B Touke M (puc. 14, 2): Uy =10 Z, -
3HaueHue nepuouueckoi cocrasistonieil Toka K3 B mpou3BoibHBIE MOMEHT BPEMEHHU OT
y3JIa Harpy3ku CleIyeT pPacCUMUTHIBATh C YYETOM BIIMSHHUS SIIEKTpPOABHTraTeNel mo Gopmynam

(5.25), mpuuem KOIDOHUIHMEHTHI Yicq M Yiay PEKOMEHAYETCS OMPEACNSTH MO0 PACYETHBIM KPUBBIM,
IIPUBEACHHBIM Ha pHC. J./5 1 5.16, B 3aBUCUMOCTH OT 3HaYEHUsI HANPSDKEHUS B TOUKe M..

330-750 % 1 T ' x

T1 35-220 xB
T2
: LR
_4_
4
K
=K o
P
- 1
< |0 x
ca AL mn 3T
K3
a)
K2
Z,
K1
UM M
-ch Z‘l "Z‘ur
E" E" Ell"r

6) 6 2

Puc. 14. Cxema y311a KOMIUIEKCHON HArpy3KH U €€ IpeoOpa3oBaHue
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y Y7 =0 "1 yl
tCI JM 0, / _ 0’9 = U
) \M yd \_um
0,9 0,8 V 0,5U —]
/ /U =03 0.7 A =2
/\._M_— i ’ //
0,6
0,8 / P
X\/ 0,5 \— / UM=O’3 Uqu
0’7 U ___0 0,4 \ s s———
0,6 0.2 B U =0
T -
0 01 02 03 04 ¢tc 0 01 02 03 04 1c
Puc. 15. Pacuetnsie kpusble jyist CJ] Puc. 16. Pacuetnnie kpubie st Al

HpI/IMepr PACYE€TOB TOKOB KOPOTKOI'0 3aMbIKaAHUSA

Omnpenennuth 3Ha4eHHE NEPUOIUUECKON cocTaBisomeld Toka yepe3 0,2 ¢ mocie MOMEHTa
tpexdaznoro K3 3a 6110kom reneparop-Tpanchopmarop.

ITapametpsl renepatopa tuna TB®-110-2EV3: Pyoy = 110 MBT; cos @uow = 0,8; Uyon =
10,5 xB; X 4wowy = 0,189; no K3 renepaTtop paboTai ¢ HOMMHAJIBHON Harpy3Koii, T.e. 1)/ Juow = 1.

[Tapamerpsr Tpancopmaropa tuna TII-125000/110: U, = 10,5 %; n = 115/10,5 kB.

PacdeTs! mpoBeieM B OTHOCHTENBHBIX €AMHUIAX MPH CIEIYIOMUX 0a3UCHBIX YCIOBUSX: Sp
= Puon/C0S Qyon = 110/0,8 = 137,5 MB-A;

0a3uCHBIE HANPSHKEHWS Ha CTOpPOHaX OOMOTOK BBICIIETO W HU3IIETO HANpPSHKECHUN
TpaHchopMaTopa IPUHUMAEM COOTBETCTBEHHO paBHBIMU: Usy =115 kB; Usw = 10,5 xB;
0a3MCHBINM TOK Ha CTOPOHE OOMOTKH BBICIIIETO HANPSIKEHUS

S, 1
Iy =—2—= 375 )69KA.
J3Us, /3115
[Tpu yka3aHHBIX yCIOBHAX 1O GopmMyIie

1
E'ye) = \/(1 +1-0,189-0,6)% +(1-0,189-08)> ~% =11236;

>

WHIYKTHBHBIE COPOTHUBIICHHUS T€HEPAaTOpa M TPaHCHOPMATOpa COOTBETCTBEHHO PAaBHBI

Se 137,5
X =X" —=0,189——=0,189;
© T(6)™ < d(nom) S 375

HOM »
Ue S _105 1375
100 S, 100 125

H03TOMy i{ 2(6):‘{5 1—*(6)+)*( T(6)20,189+0,1155:0,3045 .

X 16)= =0,1155,

HavanpHoe 3HaueHnEe nepuoauueckoil coctasistomen Toka K3
EN
« 00 11236

X5 03045

»O7

I no@)=

IIO9TOMY

N 137,5
I n0(uom) = I HO(G)S - 3,691 =3,69.

* *
HOM 4

B cooTBercTBUM ¢ KpuBBIMU Ha puc. [ ipu ¢ = 0,2 ¢ koadpdunuent y; = 0,82, mostomy
It =11 I no)lon =082-3,69-0,69=2,088KA.
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Pacyer TOKOB KOPOTKOro 3aMbIKAHHSl B 3JIEKTPOYCTAHOBKAX IEPEMEHHOr0 TOKa

HanpstkeHueM 10 1 kB

IIpyHMMaeMble JONYIIECHUS
IIpu pacuerax TokoB K3 B ayekTpoycTaHOBKaxX NMEPEMEHHOIO TOKa HampsbkeHuem 10 1 kB

JIOTTYCKaeTCsI:

1) ncnosib30BaTh YIpOIIEHHBIE METO/Ibl PACYETOB, €CIIM X MOTPEMIHOCTh He IpeBbliiaeT 10%;

2) MakCHUMaJIbHO YIPOIIaTh U SKBUBAJIEHTUPOBAThH BCIO BHEIIHIOIO CETh MO0 OTHOLIEHUIO K MecTy K3
U WHIUBUIYAJIbHO YUYUTHIBaTh TOJIbKO ABTOHOMHBIE MCTOYHMKM 3JIEKTPORHEPTHMH U
AJIEKTPOIBUTaTENH, HEMOCPEACTBEHHO MPUMBIKatoline k mecty K3;

3) He yYUTHIBaTh TOK HAMarHUYMBAHUS TPaHC(HOPMATOPOB;

4) He yuUTBIBATh HACBIILIEHUE MATHUTHBIX CUCTEM 3JIEKTPUUECKHUX MAIlIHH;

5) npuHUMaTh KOAPPHUIHUEHTH TpaHCHOPMALIUU TPAHCPOPMATOPOB PAaBHBIMU OTHOILICHHUIO CPETHUX
HOMHMHAJIBHBIX HANpPsOKEHUHM TeX CTYNEeHEHW HaIlpsDKEHHUsl CeTed, KOTOpbIE CBSA3BIBAIOT
TpanchopmaTopsl. [Ipm  3TOM clieayeT UCMOJB30BATh CIEAYIOMIYIO IIKaTy CPEIHUX
HOMUHANIBHBIX HamnpsbkeHuit: 37; 24; 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,69; 0,525; 0,4; 0,23;

6) HE yYUTHIBaTh BJIMSHHWE CUHXPOHHBIX M ACMHXPOHHBIX AJIEKTPOJABHUraTeled WM KOMIUIEKCHOU
Harpy3Kkd, €clii UX CyMMapHbBI HOMUHAJIBHBIN TOK He mpeBbimaet 1,0% HavyaabHOTO 3HAYCHHS
MEePUOUIEeCKON  cocTaBisifomeld Toka B Mecte K3, paccumranHoro 0e3  ydera
IEKTPOIBUTATEIICH UM KOMIUIEKCHON Harpy3KH.

Pacyer Ha4aJIbHOrO 3HAYEHUS INEPHOAUYECKOH COCTABJIAIOLIEH TOKa Tpex(da3sHOro
KOPOTKOI'0 3aMbIKAHHA

Toxu K3 B anexkTpoyctaHoBKax HampspbkeHHeM 110 1 kB pexomenayercs paccuumThiBaTh B
MMEHOBAHHBIX €TMHULIAX.

IIpy cocTaBieHUMM SKBUBAJIEHTHBIX CXEM 3aMEIIECHUs IapaMeTpbl AJIEMEHTOB HCXOIHOMN
pacueTHOM CXeMbI ClIelyeT IPUBOJUTh K CTYIIEHH HAIPSKEHUS CETH, Ha KOTOPOH HaXOAUTCS TOYKa
K3, a akTuBHbIE U UHIYKTUBHBIE COMPOTHUBIIEHUS BCEX 3JIEMEHTOB CXEMbI 3aMEIICHUS BHIPAXKATh B
MUJUIHOMAX.

Metouka pacuera HauyajabHOTO JAECHCTBYIOIIETO 3HAUYEHHUS MEPUOIUYECKON COCTABIISIOIIEH
toka K3 B anekrpoycraHoBkax g0 1 kB 3aBHCHT OT cmocoba 3IEKTPOCHAOXKEHUS - OT
SHEProCUCTEMBI MM OT aBTOHOMHOI'O HCTOYHUKA.

IIpu pacuere TokoB K3 B 37€KTpOycTaHOBKAX, MOJy4YaIOUIUX MUTAHUE HETIOCPEICTBEHHO OT
CEeTH PHEPrOCHCTEMBI, JJOMYCKAETCS CYMTATh, YTO TMOHIDKAIOUINE TPAaHC(POPMATOPHI OKITIOUEHBI K
HCTOYHUKY HEHW3MEHHOIO II0 aMIUIUTYAE HaIpsDKEHHUsI 4epe3 SKBUBAJIECHTHOE WHIYKTHBHOE
CONPOTHBIICHUE.

3HaueHue 3Toro conpoTusieHus (X;), MOM, IPUBEIEHHOE K CTYIIEH! HU3LIETO HAPSDKEHUS
CeTH, CIIEAYET PaCCUUTHIBATH MO (opMyIie

Ucp.HH _ Ucp.HH 10_3

V3l gy U cp.BH Sk
rie Ugpnn - CpeHee HOMHHAIBHOE HATPSDKEHHE CETH, MOJKIIIOYEHHON K 0OMOTKE HH3IIETO
HanpsDKeHUs Tpancpopmaropa, B;
Ueppn - CpeiHee HOMMHAIBHOE HANpSDKEHHE CETH, K KOTOPOH MOJKIIOYeHAa OOMOTKa
BBICIIIETO HAIPsDKEHUs TpaHchopmaTopa. B;

X

C

Iygn = IwoBn - JACUCTBYIOIIEE 3HAUYEHUE IEPUOJUYECKON COCTABIISIOLNIEH TOKa MPHU
tpexdaznom K3 y BEIBOI0OB 0OMOTKH BBICIIETO HANpPsDKEHUS TpaHchopmaTopa, KA;
Sk - YCIOBHasg MOIIHOCTh KOPOTKOTO 3aMBIKaHHSI Yy BBIBOJIOB OOMOTKH BBICIIETO

HanpspDKeHus Tpancpopmaropa, MB-A.
[Ipy OTCYTCTBMM YKa3aHHBIX JQHHBIX OKBHUBAJEHTHOEC WHAYKTHBHOE COIPOTHUBIICHUE
CHCTEMBI B MIUTHOMAaX JIONYCKAeTCsl PACCYUTHIBATH O (hopmyrie

2
U~ cpHH
X, = @ ,

c
\/EIOTKJ'I.HOM : Ucp.BH
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1€ lorxnnon - HOMHUHAIBHBIA TOK OTKJIFOUYEHHUS BBIKIIFOUATEINS, YCTAHOBJIIEHHOTO HA CTOPOHE
BBICIIIETO HAIPSDKEHHSI MOHIMKAIOIIETo TpaHcopmaTopa.

B ciydasix, koria HOHMWKAOMUI TpanchopMaTop MOAKIIOYEH K CETH YHEPTOCUCTEMBI Uepes
peaxkTop, BO3AYIITHYIO WM KaOCIbHYIO JUHUIO (JUTnHOUW Oosiee 1 kM), HEOOXOAMMO YYUTHIBATH HE
TOJIBKO MHAYKTHUBHBIC, HO U aKTUBHBLIC COIIPOTUBJICHHUA 3TUX 3JICMCHTOB.

[Ipu »srexkTpocHaOXKEHUH HIIEKTPOYCTAHOBKH OT HSHEPrOCHUCTEMBI Yepe3 MOHMKAIOIIUI
TpaHchopMaTop HadalbHOE JCHUCTBYIOIIEE 3HAUYEHHE MEPUOANYECKONH COCTaBISIOMIEH TOKa
tpexdaznoro K3 (I,0) B kmioammepax 0Oe3 ydera MOIMUTKH OT DJEKTPOJABUTATENEH CIEayeT
paccuuThIBaTh 1o hopmyse

U
o= cp.HH

0 s
3yRE + X&

rae Ugpnn - CpeHee HOMUHAIBHOE HANPSDHKEHUE CETH, B KOTOPOM IPOHU3O0ILIO KOPOTKOE
3amblkaHue, B; Ry, Xix - COOTBETCTBEHHO CyMMapHO€ AKTUBHOE U CyMMapHOE€ HWHIYKTHBHOE
CONPOTHBIIEHUS PSIMOM nocaenoBaTenbHOCTH nenu K3, MOM. DTu conpoTHBIIEHUS PABHBIL:

Ris =R, +Rp +Rp + Ry + Ry + Ry + Ryyg + Ry + Ry

u

Xizg =X+ X, +Xp + XA + X + Xy + X + X

rae Xc - DKBUBAJICHTHOEC HWHAYKTHBHOE CONPOTUBIEHUE CHUCTEMBI 10 IOHMKAOIIETO
TpanchopmaTopa, MOM, IPUBEJICHHOE K CTYNEHH HU3IIETO HAPSHKCHUS;

R, m X; - axkTUBHOE€ W WHAYKTUBHOE COIPOTUBIICHUS MPAMOM TMOCIEAOBATEIBHOCTH
MOHWXKAroIero Tpancgopmaropa, MOM, IpUBEIEHHBIE K CTYIIEHW HU3IIETO HANPSHKEHUS CETH, UX
PacCYUTHIBAIOT 1O PopMyIam:

R

T Uy —

2 2 2
— PK.HOMUHHHOM 106 X 2 (1OOPK.HOM ] UHHHOM 104

T B ST.HOM S

2
S T.HOM T.HOM

/1€ Stuon - HOMUHAIBHAS MOIIIHOCTH TpaHChopMaTopa, KB-A;

P siom - IOTEPU KOPOTKOTO 3aMBIKaHUS B TpaHc(hopmaTope, KBT;

Utitinow - HOMUHAIIBHOE HAINpsHKEHNE 0OMOTKU HU3IIETO HANpsDKeHUs TpaHchopmaTopa, KB;

Uy - HATIPsDKEHNE KOPOTKOTO 3aMbIKaHUs TpaHchopmaTopa, %o;

Ria W Xia - aKTHBHOE ¥ WHIYKTUBHOE CONPOTUBJICHUS TEPBUYHBIX OOMOTOK
TpanchopMaTopoB Toka, MOM, 3HaUEHHSI KOTOPBIX mpuBeneHs! B mpuioxennn 5 TOCT P 50270-
92;

R, 1 X, - akTUBHOE U UHAYKTUBHOE COIIPOTHUBIICHHS peakTopa, MOM.

AKTHBHOE CONPOTHBIICHHE TOKOOTPAaHMYMBAIOIIEIO PEAKTOpa CIEAYeT pPacCUUTHIBATH IO

AP,

dbopmye
p.HOM

R, =—PIM 103
PT T2
p.HOM
r11€ APp uom - TOTEPH AKTUBHOM MOIIIHOCTH B (ha3e peakTopa pu HOMHHAIBHOM TOKe, BT;
I, iom - HOMUHAIIBHBIN TOK peakTopa, A.
WHayKTUBHOE CONpPOTHBIIEHUE peakropa (X,) cieayer mNpUHMMaTh, KaK YKa3aHO

WU3TOTOBUTEJIEM, UM OTIPEIENIATH 10 POopMyIie
3
X, =0.(L-M) 10°,

rJie M, = 27f - yriioBas 4acToTa HAMPSKEHUSI CETH, Pal/c;

L - "HIYKTUBHOCTH KaTyIIKH peakTopa, I H;

M - B3auMHasi HHIIYKTHBHOCTh MEXIy (azaMu peakropa, [ H;

R M Xy - AQKTUBHOE M WHIYKTHBHOE COTIPOTHBIICHUS TOKOBBIX KATYIIEK M TMEPEXOHBIX
CONPOTUBIICHUNM TOJBM)XHBIX KOHTAaKTOB aBTOMATHYECKUX BbIKIIOYarened, MOM, 3HauYeHHs
KOTOpBIX TpuBeAeHb! B mpuiioskennn 6 TOCT P 50270-92;
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Ry m Xy, - axkTUBHOE M HHIYKTHUBHOE CONpPOTUBJIEHHS IIMHOMNPOBOJIOB, MOM.
PekoMeHyemMBlil MeTOJ pacdeTra CONPOTHBJICHHWH LIMHONPOBOJOB M IapaMEeTpbl HEKOTOPBIX
KOMIIJIEKTHBIX IIMHOTIPOBOJIOB NpuBeeHsb! B mpuiioxxenuu 1 'OCT P 50270-92;

R - cyMMapHOE€ aKTHUBHOE COIIPOTUBJICHHE pA3JIUYHBIX KOHTAKTOB M KOHTAKTHBIX
COCIMHEHUH, JaHHble O KOTOpbIX mpuBeaeHbl B mnpuioxenun 4 ['OCT P 50270-92. Ilpu
NpUOJIMKEHHOM Y4YeTe CONPOTHUBIICHHN KOHTAKTOB clieayeT nmpuHuMarh: R, = 0,1 MOwm - s
KOHTaKTHBIX coefuHeHmi kabenei; Ry = 0,01 MOwm - mns mumHOTpPOBONOB; R = 1,0 MOM - mis
KOMMYTAIIMOHHBIX almapaTos;

Rixs 1 Xixs - aKTUBHO€ M WHIYKTHBHOE CONPOTHUBJIECHHUS MPSAMOUN MOCIEAOBATEIBHOCTH
Kabeneil, 3HaYeHns KOTOpbIX puBeeHsl B npuiioxkennn 2 ['OCT P 50270-92;

Rigy 1 Xy - aKTUBHOE M MHIYKTUBHOE COMNPOTHUBJIEHUS MPSAMOW MOCIEA0BATEIbHOCTH
BO3JIyIUHBIX JIMHUWA WJIM MPOBOJIOB, MPOJIOKEHHBIX OTKPHITO Ha M30JISITOpaX, 3HAYEHUsI KOTOPBIX
npuseaeHsl B npuioxenuu 3 I'OCT P 50270-92;

R, - aktuBHOE compoTuBieHue ayrd B Mecte K3, MOwm, paccunTbiBaeMoe, Kak yKa3aHO B
11.6.8, B 3aBUCUMOCTH OT ycioBuit K3.

Ecnmu snexTpocHa0keHUE NIEKTPOYCTAHOBKH OCYIIECTBIISETCS OT SHEPTOCHUCTEMBI uepes
MOHWXKAIOIMUK TpaHcpopmatop u BOMM3M Mecta K3 HMEIOTCS CHHXPOHHBIE W ACHHXPOHHBIC
JIEKTPOJIBUTaTeIM WM KOMIUJIEKCHAs Harpy3ka, TO HadajbHOE JEHCTBYIOILEE 3HA4YEHUE
NepUOINYecKOi cocTaBisiome Toka K3 ¢ yueToM MNOANUTKM OT 3JIEKTPOABHUraTeNed WM
KOMILJIEKCHOM HAarpy3ku CcIlEAyeT ONIpENeNiTh Kak CyMMYy TOKOB OT 3HEPrOCHUCTEMBI M OT
IEKTPOIBUTATEIICH WU KOMIUIEKCHON Harpy3KH.

B onekTpoycraHoBKax ¢ aBTOHOMHBIMHU HCTOYHUKAMHU 3JIEKTPO’HEPIMHM HauyalbHOE
JCUCTBYIOIEe 3HAYCHUE TEPUOJIMUECKON cocTaBisromeld Toka K3 0e3 ydera MOIMUTKHA OT
AIIEKTPOJBHUTraTENICH B KIMJIOAMIIEpaX CIEAYET PaCCUUTHIBATH 1O GopMyie

E"
I _ (b

n0 — ’
2 . v2
Riz + Xiy

rae Rix 1 Xiz - COOTBETCTBEHHO CYMMAapHO€ AaKTHBHOE€ M CYMMapHO€ WHIYKTUBHOE
conpotusiienus uenu K3, MOm.

OTU COMPOTUBJICHUS PABHBI:

Ris =R +Rip + Ry +Rp + Ry + R + Ry + Rygy + Ry 5
Xis =X+ Xa + X + Xp + Xy + Xy + Xigns
rae Eg - ceepxnepexoanas DJIC (pasnoe 3HaueHHE) aBTOHOMHOTO HCTOYHMKA, B.

3nauenue 3toit DJIC ciieryeT pacCUUTHIBaTh KaK U I CHHXPOHHBIX 3JIEKTPOIBUTATEleH;

X{§ - CBEpXIIEPEXOTHOE COIIPOTUBIICHUE 10 IIPOJOJIBHON OCH POTOPA;

R¢; - aKTHBHOE CONPOTHUBIIEHHE OOMOTKH CTaTOpa aBTOHOMHOT'O MCTOYHHUKA.

[Ipy HEOOXOOMMOCTH yd4eTa CHHXPOHHBIX M AaCHHXPOHHBIX JJIEKTPOJBUTATENCH WIIH
KOMIUIEKCHOM Harpy3kd B aBTOHOMHOM DJIEKTPUYECKOM CHCTEME HAudaJbHOE JECHCTBYIOIIEE
3HaUEHUE IMepUOoJNYEeCcKO cocTaBisomel Toka K3 cinexyer ompenensTh Kak CyMMY TOKOB OT
ABTOHOMHBIX UICTOYHHKOB U OT 3JIEKTPOBUTATEIEH MM KOMIUIEKCHON HArpy3KH.

Pacyer anepuogu4eckoi COCTABIAIOIIEH TOKA KOPOTKOI0 3aMbIKAHUA

HauGonpiee HadampHOE 3HAYEHHE allepUOJIUUYECKON cocTaBisomeld Toka K3 B o0mem
ciydae CleAyeT CUMTATh PaBHBIM aMIUIUTYJE MEPHUOJAMYECKON COCTABJISIOMIEH TOKA B HayaJbHbIN
moMeHT K3: i,y =+/21 .

B papuanbHbBIX ceTSX anepuoAMUecKyr0 cOCTaBIsONMYo Toka K3 B mpou3BoIbHBIA MOMEHT

BPEMEHHU CIIE/TyeT ONPEAENATh 110 POPMYJIE iy =igge ' °,
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rae t - Bpems, c; T, - TIOCTOSIHHAasE BPEMEHH 3aTyXaHHUs arnepuoIUYeCKON COCTaBIISIIOIIEH

X
toka K3, ¢, paBHas T, =—=

"~ rae Xz U Ry - pe3ynpTUpPYHOLIME WHAYKTMBHOE M aKTUBHOE
cfix
conpoTtuBienus nenu K3, MOM; o, - CHHXpOHHAs yTJIOBasi 4acTOTa HANIPSDKEHUS CETH, paji/cC.

IIpn ompenenenun Xs M Ry CHHXPOHHBIE TI'€HEPATOPbI, CUHXPOHHBIE U ACUHXPOHHBIE
AIIEKTPOBUTATEINHN JIOJLKHBI OBITh BBEJICHBI B CXEMY 3aMEIICHUSI.

KommuiekcHast Harpy3ka JI0JKHA OBITh BBE/IEHA B CXEMY 3aMEIICHUS .

Ecnu touka K3 penut pacueTHyro cxemy Ha paauaibHble, HE3aBHUCHMBIE JPYr OT JApyra
BETBH, TO all€pHOJUUYECKYI0 COCTaBIAIOUIYI0 Toka K3 B MpOoU3BOJIBHBIII MOMEHT BPEMEHHU CIIETYET
OIIPENENATh KaK CYMMY allepUOAMYECKUX COCTABISAIOIINX TOKOB OT/ACIBHBIX BETBEH.

Pac'leT yuapﬂoro TOKA KOpOTKOFO 3aMbIKAHUA
VYnapubiii Tok Tpexdaznoro K3 B 3JeKTpoycTaHOBKaX C OJHHUM HCTOYHHKOM DHEPTUHU
(oHEprocucTeMa WM aBTOHOMHBIA MCTOYHUK) PACCUUTHIBAIOT 10 (hOpMyIie
iy
iy =215 1+e To |=4210K,,

_tyIl

rae Ky, =|1+e Ta | - yrapHbiii Ko3QQHUIHMEHT, KOTOPBIA MOXKET OBITH ONMPEJENEH M0 KPUBBIM Ha

puc. I; T, - NOCTOsHHAs BPEMEHH 3aTyXaHHs allepruoJuUecKor cocTasistomei Toka K3: ¢y, - Bpems

T o
oT Hauana K3 10 mosiBneHus ynapHOToO TOKa, C, paBHOE tyn = O,OOIZT 5 @ =arctg Xy / Rys .

[Ipy HEOOXOMUMOCTH y4YeTa CHHXPOHHBIX M ACHHXPOHHBIX JIIEKTPOJBHTATENCH WIH
KOMIUIEKCHOM Harpy3ku yaapHbld Tok K3 criemyeT ompenenstb Kak CyMMY YIapHBIX TOKOB OT
ABTOHOMHBIX UCTOYHHUKOB U OT AJIEKTPOJABUraTENICH WIIK OT KOMIUJIEKCHOW Harpy3Ku.

Ecou Ttouka K3 nmenut pacueTHyro cxeMy Ha pajualibHble, HE3aBUCHUMBIEC JIPYr OT Apyra
BETBH, TO yJaapHblid Tok K3 momycTumo onpenensaTh Kak CyMMY YAapHBIX TOKOB OT/JEJIbHBIX BETBEH
o gopmyie

~typi
m

iy = N2 g | 1+e i |,

j=1

€ m - YUCIO HE3aBUCHUMBIX BETBEH CXEMBbI; [n0i - HAYaJIbHOE ACHCTBYIOIEE 3HAYCHHE
nepuoandeckoi cocrasisaomeil Toka K3 B i-if BeTBU, KA; fy;i - BpeMs MOSIBIICHHUS YAapHOIO TOKa B
i-U BETBH, C; T}, - MOCTOSIHHAS BPEMEHU 3aTyXaHUsl allepuOAUYECKON COCTABJISIOLICH B iI-i BETBH, C.

K, K, //
e

1,8 \ 1,8 //

1,6 N 1,6 4

1,4 N 1.4 /

1,2 \\ 1,2 A
~—_ y /
0 02 04 06 08 LORX 051 2 5 10 20 50 100 XR
Puc. 1. Kpusble 3aBUCUMOCTH yJapHOTo Koddduiuenra Ky, ot oTHomeHnuit R/X u X/R

1,0
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Pacuer nepuoguyeckoil cocrapiasiomeil Toka K3 1isi nmpom3BOJBLHOIO MOMeEHTa
BpeMeHH

Mertoauka pacueTa TEpUOJMYECKO cocTaBisifonied Toka TpexdasHoro K3 s
MIPOU3BOJILHOTO MOMEHTa BPEMEHHM B JJIEKTpOoycTaHoBKax 10 | kB 3aBucur oT cmocoba
AIIEKTPOCHAOKEHHUS - OT SHEPrOCUCTEMBI WJIM OT aBTOHOMHOTO MUCTOYHHKA.

[Ipu »srexkTpocHaOXKEHUH SIIEKTPOYCTAHOBKH OT HSHEPrOCHUCTEMBI Yepe3 MOHMKAIOIIUI
TpaHchopMaTop JACHUCTBYIOIIEE 3HAUEHUE MTEPUOANIECKON COCTaBIsIoMIel Toka TpexdasHoro K3 B
MIPOU3BOJIGHBI MOMEHT BPEMEHH B Kujoammepax Oe3 ydeTra MOIMHUTKH OT JJIEKTPOJABHTaTesen
CIIelyeT OIpeAeNaTh 1o Gopmyre
Ucp.HH

\/5\/)(122 +(Riy + Ry + Rygo )’

rie Ugpnn - CpeiHee HOMUHAIIBHOE HANPSHKEHUE CETH, B KOTOpoi npousonwuio K3, B;

Xiz, Riz - COOTBETCTBEHHO CyMMapHO€ HHAYKTMBHOE M CYMMapHOE€ aKTHUBHOE
CONPOTHUBJIEHUST TpsAMO mocinenoBarenbHocTd nenu K3, MOwm, 06e3 ydera akTHBHOTO
COTIPOTHUBJICHUS IEKTPHUUECKOM Tyr'M U KaOeIbHOH (BO3MYIIHON) JTMHUM;

Ry - akTUBHOE conpoTHBIIeHUE Ayru B MecTe K3 B Ipon3BOJIbHBII MOMEHT BpeMeHH, MOM;

Rixs9t - AKTUBHOE COIPOTHUBIICHHE TPSIMON TOCICIOBATEIHPHOCTH KaOENbHOU JIMHUM K
MOMEHTY ¢ C yueToM Harpesa ero Tokom K3, MOm.

Ecnmu snexTpocHaOkeHUe AJIEKTPOYCTAHOBKH OCYIIECTBIISCTCS OT SHEPTOCHCTEMBI uepes
MOHWXKAOIMUK TpaHcpopmatop u BOMM3M Mecta K3 HMEIOTCS CHHXPOHHBIE W ACHHXPOHHBIC
AJIEKTPOIBUTaTENM UM KOMIUIEKCHAs Harpy3ka, cBsizaHHble ¢ Toukoi K3 no paguansHoil cxeme, TO
NEUCTBYIOIEE 3HAUYEHHE NEPUOAUYECKOM cocTapismome Toka K3 B Mmpou3BOIBHBIIT MOMEHT
BPEMEHHU CIEAYET ONPEIEIATh KAK CYMMY TOKOB OT SHEPIOCUCTEMBI U OT JIEKTPOJBUTATEIICH WU
KOMILJIEKCHOM Harpy3Ku.

B snekTpoycTaHOBKax ¢ aBTOHOMHBIMU UCTOYHHUKAMU HJIEKTPOIHEPTUU YTOUHEHHBIN pacyeT
NEepUOINYECKON cocTaBisitoliell Toka K3 OT HMCTOYHMKOB AJIEKTPO3HEPTHM (CHHXPOHHBIX
IE€HEpaTOpOB) B IPOU3BOJIBHBIA MOMEHT BpPEMEHH CIIEAYeT BBIIOJHATH IIyTEM pELICHUs
COOTBETCTBYIOLIIEH cHuCTeMBl TU(QPEepeHINATBHBIX YpPaBHEHUH MEPEXOJHBIX IPOLECCOB C
ucnoabp3oBanneM DBM U BbIIENICHUS IEPUOINIECKOM COCTaBIsIONIEeH. B mpuOimkeHHBIX pacueTax
JUIsL  OTIpe/IeNICHUsl JICMCTBYIOIIETO 3HA4YEHUs TMEepUOIUYEecKOoN cocTaBisitomein Toka K3 mpu
paanaIbHOM CXeMe cenyeT IPUMEHATh TUIIOBbIE KPUBBIE, IPUBE/ICHHBIE HA pUC.2.

TunoBsie kpuBbIe pazpaboTaHbl Ha 0aze MapamMeTpoOB CXEMbI 3aMEIICHUS] SKBHBAJEHTHOTO
reHepaTopa, IIOJIyYEHHBIX B PE3YJIbTaTe SKBUBAJICHTUPOBAHUS CHUHXPOHHBIX TI'€HEPATOPOB
HanpspkeaneM 230/400 B paznuunbix cepuit, a umenno: MCK-1500 (400 B); MCK-1500 (230 B);
MC-1500 (400 B); MC-1500 (230 B); MC-1000 (400 B); MC-1000 (230 B); CI'’1C (400 B); ECC,
ECCS5 (230 B); ECC, ECCS (400 B); I'C®5; I'M; CBI'; CI' u ap.

JleicTBytollee 3HAUYEHHME TEPUOJMYECKON cocTraBismonieil Toka K3 B mpou3BOJSbHBIN
MOMEHT BPEMEHHM OT CHHXPOHHOTO TIeHeparopa (WIM HECKOJbKUX OJHOTUIIHBIX CHHXPOHHBIX
IeHEpaTOpOB, HAXOJAIIMXCS B OJMHAKOBBIX YCIOBHUSX MO OTHOIIEHHIO K Touke K3) cimenyer
ompenensaTs no Gopmyie

1

nt 9

Ine =v¢ i HO(HOM)IHOM ’

IIpUYEM IIPU HECKOJIBKUX M'EHEPATOPAX M0 HOMUHAIBHBIM TOKOM CII€AyeT IOHUMATh CYMMY
HOMUHAJIBHBIX TOKOB BCEX T'€HEPATOPOB.

[Ipy HEOOXOOMMOCTH yd4eTa CHHXPOHHBIX M AaCHHXPOHHBIX JJIEKTPOJBUTATENEH WIIH
KOMIUIEKCHOM HAarpy3kd B aBTOHOMHOM DJJIEKTPUYECKOM CHUCTEME JECHCTBYIOIIEEC 3HAYCHUE
NepUoIuYecKoi cocraistonieil Toka K3 B mpou3BOJIBHBII MOMEHT BpEMEHHU IpPU pagHaIbHOM
cxeMme cBs3M jaurareneil ¢ toukoid K3 crnenyer ompenensitb Kak CyMMY TOKOB OT aBTOHOMHBIX
VMCTOYHUKOB U OT JJIEKTPOABUTaTEIICH NN KOMIUIEKCHON Harpy3KH.

134



o~
2
£

1,0

\\/
0,9 "
N

0,8

\
0,7 \\ E.
06 \\ A \5\
\ 6
0,5 \7\

8,7 ™~

0,4

0,3

HIREINAN

0 02 04 06 08 ic
Puc. 2. Tunossle KpUBBIE JUI1 CHHXPOHHOI'O T'€HEpaTOpa aBTOHOMHBIX CHCTEM
anekTpocHabxenus Hanpsbkenuem 400/230 B

Yder cHHXPOHHBIX M ACHHXPOHHBIX JIEKTpOABHUrarTeJ/iei npu pacyere Tokos K3

[Ipu pacuere HayanbHOIO 3HAYEHUS MEPUOIUUYECKON cocTaBistouiell Toka K3 cuHxpoHHbIE
JIEKTPOJIBUTATENN CIEAYET YUUTBIBATh CBEPXIEPEXOJHBIM CONPOTUBIECHUEM IO IPOJOJBHON OCU
poropa (X)), a TpU OINpPEAETICHUN TOCTOSHHOM BPEMEHH 3aTyXaHHUS alepuoJAUYECcKOi
cocraBisiromieii  Toka K3 — WHAYKTHBHBIM  CONPOTHUBICHHWEM JUIsI TOKOB  OOpaTHOH
MOCNIEIOBATEIbHOCTH X2 W aKTUBHBIM  COINpPOTHBIEHHEM oOOMOTKM cTatopa Rcy. [lpm
NPUOIMKEHHBIX pacueTax JOMyCTUMO IPUHUMATD )*( dmomy= 0155 X =X35 Reg =015X7.

B pagnanbHOl cxeMe HadaJbHOE JICHCTBYIOLIEE 3HAYEHHUE NMEPUOANYECKON COCTABIISIOMIEH
Toka K3 0T CHHXpOHHBIX AJIEKTPOJIBUTATEIICH CIIeyeT OMPEeeIsiTh 1Mo Gopmyrie
Epcn
" 2 2°
VX§ +X15)" +(Repg +Riz)

rae Egcy - cBepxnepexojnas DJIC cHHXpOHHOIO 1eKTpoasurarens (hasHoe sHadenune), B; X§ n

Tvoch =

Rcj - COOTBETCTBEHHO  CBEpPXIEPEXOJHOE HMHIYKTHUBHOE M AKTUBHOE  COIMPOTHBIICHUS
anektpoasurarenss, MOM; Rjx W Xjz - CyMMapHO€ HMHIYKTUBHOE M CyMMapHOE aKTHBHOE
COIPOTHUBJICHUS TPSIMOM TOCIIEAOBATEIFHOCTH LI€NH, BKIIOYEHHOW MEXIy DJIEKTPOJBHUraTeNeM U
pacuetHoit Toukoit K3, MOwm.

JInsi CHHXpOHHBIX AJIEKTpoJBHUraTtenei, koropeie 10 K3 pabotamu ¢ mepeBo30OyxaeHueEM,
ceepxnepexoayio 3/1C B BOJIbTaxX CIeIyeT paCCUUTHIBATE IO (hopMylie

" 2 : "2
Ed).C)I =\/(U¢‘0‘COS([)‘0‘ +[‘0‘RC)1) +(U‘0‘s1n(p‘0‘ +I‘0‘Xd) .

JUis  CHHXPOHHBIX JJEKTpojBUTareneit, padoraBmux 10 K3 ¢ HemoBo3OykIeHHEM,
ceepxnepexouyro DJIC ( Eg cy ), B BOIBTAX, CIEMYET ONPEAENATH 10 hopMyIie

" 2 : n\2
Ed).C)I =\/(U¢‘0‘COS([)‘O‘ +[‘0‘RC)1) +(U‘0‘s1n(p‘0‘ _I‘O‘Xd) .

IIpu pacuerax HayalbHOIO 3HAUEHUS MEPUOAMYECKON cocTaBistomed Toka K3 ot
ACUHXPOHHBIX JJIEKTPOJBUIaTeleil MOCIeAHHE CJIEAyeT BBOJUTbH B CXEMY 3aMElLIEHUs
CBEPXIIEPEXOTHBIM  HMHIYKTUBHBIM  CONpPOTHBICHHEM. [Ipm HEOOXOJMMOCTH  IMPOBEICHUS
YTOUHEHHBIX pAacyeToB CIJIEyeT TAaKKE YUYUTHIBaTh AKTUBHOE CONPOTHBIEHWE ACHHXPOHHOTO
JIEKTPOABUT ATEIIS.

CymMmapHoe aKTHUBHOE COINPOTHBIICHUE, XapakTepHu3yloliee ACUHXPOHHBIN
AIIEKTPOBHUTATENb B HAYANbHBIA MOMEHT K3 B MIIIITHOMAX, JOMYCTUMO PACCYUTHIBATH O (hOopMyIie

RAI[ =R1 +0,96R2,
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rae R - akTUBHOE CONPOTHUBIIEHHE cTaTopa, MOM;

R - aKTUBHOE COIIPOTUBIIEHUE POTOPA, IPUBEAECHHOE K CcTaTopy, MOM. DTO CONPOTHUBIIEHUE
JOITYCTHUMO OTIPENIENATH IO (hopmyIie
036 M (Pyow + Pyx )

Ry=——5— 10°,
£1‘I[HOM(1_SHOM)
rge M , - KparHOCTh IyCKOBOTO MOMEHTa 3JIEKTPOJBHUIATENs MO OTHOIIEHUIO K €ro
*
HOMHMHAJIBbHOMY MOMEHTY; Pyoy - HOMHUHAIIBHAs MOIIHOCTBH JJeKTpoaBurarens, KBT; Py -

MEXaHWYECKHE MMOTEPU B AJIEKTPOJABHUTATENE (BKIIOYAs T0OABOYHBIC TIOTEpH), KBT; 7 ,, - KpaTHOCTH
*

IMYCKOBOTO TOKa OJCKTpOABUTATCIIA 110 OTHOICHHUIO K €TI0 HOMHUHAJIBHOMY TOKY; [HOM -
HOMHHAJILHBIN TOK QJICKTPOABUTATCIIA, A, Suom - HOMHUHAJIBHOC CKOJIBXXCHUE, OTH.CI.

AKTHBHO€ CONPOTHUBIIEHUE CTATOpPa JIEKTPOJBUTATENS], B MUJUIMOMAX, €CJIM OHO HE 3aJ]aHO

2
WU3TOTOBUTEJIEM, JIOMTYCKACTCS OMPENEISTh 0 GopMylie R = Suon, iow COSPMow
100 Pion
I/I€ Snow - HOMMHAJIBHOE CKOJIBKEHHE aCUHXPOHHOTO 3JIEKTpoABUraTens, %o.
CBGpXHGpGXOZ{HOG HHAYKTUBHOC COINPOTHUBIICHUC ACHHXPOHHOI'O JJICKTPOJABUTATECIIA B
2

9

UdJ.HOM
A

*I'I HOM

MHIUIHOMAX PaBHO XAy = 10° | - Riyg »

r1ie Up.uon - HOMHHANIBHOE (Da3HOE HANpsDKEHUE 3MIeKTpoaBurarens, B.
HauanpHoe nelicTByrolee 3HaUYeHHE TMEPUOJAMYECKONW cocTaBisitonieir Toka K3 ot
ACMHXPOHHBIX AJIEKTPOIBUTATENICH B KHJIOAMIIEpaX CIEIyeT PACCUUTHIBATH 1O (hopMyie

Ej.an
) 2 2
\/(XAI[ + X3 )" +(Raq + Riz)
rie Xip B Rag - COOTBETCTBEHHO CBEPXIICPEXOJHOE MHIYKTHBHOE M AKTHBHOE COIPOTUBIICHHS

Tvoan =

9

anektpojasurarenss, MOm; R;z u Xz - CcymMMapHO€ HWHJIYKTHBHOE U CyMMapHO€ aKTHBHOE
COTIPOTHUBIICHHUS TPSMOMN TOCIIEOBATEILHOCTH 1I€MH, BKIOYECHHOW MEXy 3JEKTPOJBUTATEIIEM U
pacueTHOl Toukoi K3, MOM; Ej Ay - cBepxnepexoanas IJIC aCHHXPOHHOTO 3JIEKTPOBUTATEILS,

KOTOPYIO MOXHO paccuuTaTh 1o gopmyie (6.24), 3aMeHUB B Hell Rey 1 X COOTBETCTBEHHO Ha Raj
U Xan.
VY napuslii Tok Tpexdaznoro K3 oT CHHXpOHHOTO 3JIEKTPOJIBUTATENS CIEIYeT PACCUUTHIBATD
TaK e, Kak 1 OT aBTOHOMHOT'O UCTOYHHKA.
VYaapHblii TOK OT ACHMHXPOHHOIO 3JIEKTPOJABHUIraTelNs CJIEIYyeT PacCUUThIBaTh C Y4ETOM
3aTyXaHHs aMIUTATY/Ibl IEPUOIMUECKOH cocTaBisitomieit Toka K3 o ¢popmyre
—-0,01 -0,01

inlAI[:\/EIHOAI[ e Tp +e Ta

)
rae 1, - pacueTHas NOCTOSIHHAS. BPEMEHHU 3aTyXaHHs IIEPUOJANYECKOM COCTABIIAIOIIEH TOKA CTaTOpa,
¢; T, - TOCTOSTHHAsI BPEMEHHM 3aTyXaHUS allepuOIMYECKON COCTABIISIONIEH TOKA CTaTOPa, C.
ITocrosiunble T, u T, TOMTyCKaeTCsl pacCUUTHIBATH 110 (hopMyniam
r :Xgﬂ+X1K6‘T Xgﬂ+X1K6

p s lg == »
0 o, (R +R
o, - R2 o(Ry + Ryys )

TJIe O, - CHHXPOHHAsI YTJIOBasi 4acToTa, paj/c;

Ry 1 R - COOTBETCTBEHHO aKTMBHOE COMPOTHBIIEHHE CTATOPa U aKTUBHOE COMPOTUBIICHUE
poTOpa, MPUBEAEHHOE K CTATOPY.
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TouHblll pacueT AEMCTBYIOUIETO 3HAUEHUs NMEPUOAMYECKOM cocraBistonieil Toka K3 ot
CUHXPOHHBIX M aCUHXPOHHBIX 3JIEKTPOJBUTATENEH B IIPONU3BOJIbHBIH MOMEHT BPEMEHH BBINIOJIHSIOT
MyTeM pEemeHUs] COOTBETCTBYIOIIEH cHCTeMbl Iu(QepeHInanbHbIX YPaBHEHUH IEPEX0JHBIX
MPOLECCOB U BBIAEIECHUS MEPUOINYECKON COCTABISAIOIIEN TOKA.

[Ipu npubmKEeHHBIX pacdyerax 5TOM cocraBisromeil Toka K3 B pagmanbHON cxeme
HCIOJIb3YIOT TUIIOBBIE KPUBBIE, IPUBE/ICHHBIE HA pUC.3 U 4.
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0 0,05 0,10 0,15 te 0 0,1 0,2 0,3 t,c
Puc. 3. Tunoble KpuBbIE IJIi aCUHXpPOHHOro Puc. 4. TunoBble KpHUBBIE A CHHXPOHHOTO
3NEKTPOJBUTATENS HANpsKeHUeM 10 1 kB 3NEKTPOJBUTATENS HANpsKeHUeM 10 1 kB

TunoBele KpUBBIE ACHHXPOHHOTO JBUTaTeNsl (puc.3) pa3paboTaHbl Ha 0asze MmapameTpoB
CXEMbl  3aMEIIEHUs  SKBUBAJIEHTHOIO  ACHUHXPOHHOTO  JBUTaTeisl, IMOJY4YEHHBIX  IpH
SKBUBAJIICHTUPOBAHUN CIICIYIOIIUX CEpUN ACHHXPOHHBIX JaBHraTteneii: A2 6 - 9-ro rabapurTos;
AOJI2; 4A u 4AH; BAO; A3-315; A 3 - 9-ro rabaputoB; AO u AOJI 2 - 9-ro rabaputos; A
samumeHasie 10 - 13-ro radapuros; AO 8 u 9-ro rabapuTtos u ap.

TumoBsle KpHBBIE CHHXPOHHOTO aBUTatenst (puc. 4) pa3paboTaHbl Takke B pe3yibTare
SKBUBAJICHTUPOBAHUS CUHXPOHHBIX JIBUraTee HanpsokeHuem 1o 1 kB.

JlelicTBytOIIIeE 3HAUCHUE TTEPUOANUECKON cocTaBiisitomiei Toka K3 B mpou3BoIbHBIA MOMEHT
BPEMEHU OT CHUHXPOHHOTO WJIM aCUHXPOHHOIO 3jieKkTpoaBurarens (Incn, Intag) WIM HECKOJIBKUX
AJIEKTPO/IBUraTeNel, HaXOAAIUXCA B OJJUHAKOBBIX YCIOBUSAX IO OTHOIIEHMIO K Touke K3, cienyer
paccYUTHIBATh COOTBETCTBEHHO MO (hopMyrnam

Tnie = Yen L nomomy nomcyy 5

IntAI[ =YtAL i n0(aom) IHOMA)I ’

MMpHUYEM IMPHU HCCKOJIBKUX JJICKTPOABUTATCIIAX IO HOMUHAJIBHBIM TOKOM CJICAYCT ITIOHUMATDH
CYMMY HOMHUHAJIBHBIX TOKOB BCEX BHCKTpOHBHFaTeHeﬁ.

Yder KOMIJIEKCHOI HATPY3KH NIPU pacyeTax TOKOB KOPOTKOI'0 3aMbIKAHUSA

B coctaB KOMIUIEKCHOW Harpy3ku MOTYT BXOJUTb ACHHXPOHHBIE W CHHXPOHHBIE
AIIEKTPOJBHUTATENM, IpPeoOpa3oBaTeNy, OJIEKTPOTEPMUUYECKHE YCTAHOBKH, KOHJIEHCATOPHBIC
OaTtapeu, TaMITbl HAKAJTMBAHUS U Ta30pa3psAHbIE HCTOYHUKH CBETA.

IIpu omnpeneneHUM HayalbHOIO 3HAYEHUS NEPUOAMYECKOM cocTaBistomed Toka K3
KOMILJIEKCHYIO HAarpy3Ky B CXEMy 3aMEIlEeHUs MPSMOM IOCIEIOBATEIbHOCTU CIEAYET BBOIUTH
SKBUBaJIeHTHOU cBepxnepexoaHoit JIC E” u conpoTUBIEHUEM TPSIMOM MOCIIENOBATEIBHOCTH Ziyr,
a B CXeMy 00paTHOW U HYJICBOU MOCIEIOBATEIILHOCTEH - COMMPOTUBICHUSIMU Loy U Zoyr.

Pekomennyemsble 3HaueHus csepxnepexogHoit OAC (£}, ), conpoTUBIEHUN NpsMOH (Z)) u
o0OpatHOi (Z;) mociIe0BaTeNbHOCTEH OTACTBHBIX AIEMEHTOB KOMIUIEKCHOW Harpy3Ku MPUBEICHBI B
TabII.
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3HaYeHUs] MOJYJIEH TOJHBIX COMPOTUBICHUU Ziyr, Zour U Zour, @ TAKKE SKBUBAJIECHTHOMN
cBepxnepexoHoi D/1C KOMIIIEKCHOM Harpy3ku Ej;. B OTHOCUTENbHBIX €AMHUIIAX IIPU OTCYTCTBUU
Apyrux, 6ojee MOJHBIX JAaHHBIX, MOTYT OBITh OINPEeNIeHBI M0 KPUBBIM, IPUBEJCHHBIM Ha PHC. J, a-
2 " 6, a-6 B 3aBUCUMOCTH OT OTHOCHTEJILHOTO COCTaBa MOTpeOuTeNe y3na Harpysku Pi/Ps, rie Ps -
CyMMapHasi HOMUHaJIbHAsl aKTUBHAsI MOLTHOCTh Harpy3ku, KBT; P; - ycTaHOBJIEHHAsI MOLTHOCTD I-I'0
noTpeduTeNss Harpy3Ku, KBT (1*3 AJl - ACHHXPOHHBIC JBHTATENH, P cj - CHHXDOHHBIC JBHIaTeIH,

P gy - JaMIIbl HAKAJIUBAHUSA, P Hy - JJIEKTPOTEPMHUUYECKUE YCTAHOBKHU, P jr - Fa30HAIIOJHEHHBIE
* * *
JaMIbl, P ; - IpeoOpa3oBaTen).

*

Ha rpadukax ykazaHbl 3HAYEHHUS COS Qyr.

Z |\Z
1' o Z:"r dos ¢ [=0,85
ZOHF Zlm- 0’0 E:"m_
9017 .. 65 J 9,0t L6 6&'
8,05 AIl+JTH 80l 14 Ally TI
cos @ =0,9 l \ W
7,0t 1,2 700 1,2
ZZHr 7 \ZHT /
6,0} 1,0 i Qug 6,0} 1,0 P
5,0 0,8 /‘/ 5’0_ O,SN\ /,VZ
\ NE \\/ E [
4,0} 0,6 / 40t 0,6\ /
3,01 04 / Z.nNd 301 04 / 7oA
2,0 [ 0,2 P 270 0,2 v
] P/P, 0 1 /P,
LOT 02 04 06 08 1,0 P, ’ 0 02 04 06 08 10 P,
1,0 0,8 06 04 02 OP 1,0 08 06 04 02 0 P,
a) 0)
ZOmZZh{r\ gl . ZOm‘LZ.lur
9,0 14 zur 9,0 |5 2r -
E", £ £
8,0} 09 A1+ 3V £ 80t 0,8 4
cos < c.ys/ =0,
70| 08 \ }f 70} 07 \ i
% \ |
6,0 0,7 / ‘L 60t 06 6{5
N/l | [ /
50 1 0,6—Y 50} 05 —— ATl JTT
Z / \lHr Z
VAV ol M
3,01 04 N 30} 03 \\\
Z / ZZH['\
20103 - 20} 02 T
1,0} 0,2 \$ 10} 01—
H [l (S ERER— > H
C I T T 1 PP
0 02 04 06 08 1,0 P, 0 02 04 06 08 1,0 P,
10 08 06 04 02 0 P, 10 08 06 04 02 0 P,
8) 2)

Puc. 5. 3aBucUMOCTb TapaMeTPOB KOMIUIEKCHOW HATPY3KU Ziur, Zour, Zour, Eur OT €€ COCTaBa
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Z Our Z lur 'COS ¢Hr=0’9_ Z inr kOS qi\n-=0’9-1’0l
2ur « 2ur
ENeL]:: ‘ S
Al JIH I — JH O 3V
1,4 / 1,4 E 7 m‘= 0 /
6,0 [ 1)2 1’2 Z A
/ r——— Hr | "1
50} 1,0 1,0 7
E”m. Zzﬂr /. / Onr
4,0 [ 0,8 gt 0,8 7
0,6 \\ “aw
3,0r Y, Zol\ / er 0,6
2,0 0,4 > 0,4
1,0+ 0,2 é/ M — 0,2
PP, P/P,
0 02 04 06 08 IOP 0 02 04 0,6 0,8 1,01:3II
0,8 0 64 048 0 32 O 16 0 PM 0,2 0,16 0,12 0‘,08 0304 0 P .
0,2 0,18 0,12 0,08 0,04 0 P 0,8 0,64 0,48 0,320,16 0 P,
a) 0)
Z Our Z 1] COS (b —0 '9
'Z 2ur|
E" .:4
-. Hr -
Bt _ 3Y/T
7,0+ 0,8 4
Z

E” Onr

6,01 0,7 /
ARN

50¢t 0,6 \
40+t 0,5

ol e[/
3,0 3 0,4 /

2,0r03

e
>;<
/

1,0 r 0,2

—
r—r—/r—‘r/“r-“nf’/”z
0 02 04 06 0,8 IOP
0,2 016012008004 0 P
0,8 0,64 0,48 032 0,16 0 l?gy

6)

Puc. 6. 3aBUCUMOCTb TTapaMETPOB KOMIUIEKCHOW HATPY3KU Ziur, Zour, Zour, Eur OT €€ COCTaBa

Mero ydera KOMIUIEKCHOM Harpy3Ky 3aBHUCHUT OT XapaKTepa UCXOJIHOU CXEMbI 3aMEICHUS
KOMILJIEKCHOM Harpy3ku (puc. 7) W mojoxkeHus pacueTHoil Touku K3. B pagmanbHOil cxeme
JOMyCKAaeTCsl HE YYMTHIBATh BIMSHUE CTaTUYECKUX ToTpeduTeneil (mpeoOpasoBarernei,
AJIEKTPOTEPMUYECKUX YCTAHOBOK, JIEKTPHUUECKOTIO OCBEILIEHNUS).
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Puc. 7. Tunosas pacdyeTHasi cCXxeMa y3j1a KOMIUIEKCHOW Harpy3Ku
AJl — acuHxpoHHBI€ 3nnekTpoaBurareny; CJ| — CMHXpOHHBIE 3JIEKTPOABUTATENH;
JIH — nammer HakanuBanust; JII' — namnsl razopaspsiansie; [1 — npeodpazoBareny;
DY — anexTpoTepMHuueckue ycTaHOBKH; K — KOHIeHcaTopHbIE OaTapeu;
KJI — kaGenpHast muHUs; AT — aBTOHOMHBIN HCTOYHHK SJIEKTPOIHEPTHH;
T — tpancdopmarop; K1, K2, K3 — touku K3

I[Ipu K3 3a oOmmuMm s y31a HArpy3Kd COMPOTHBIICHHEM HadallbHOE 3HAYCHUE
MEPHOINIECKON cocTaBistomiei Toka Tpexdasznoro K3 (Ihoyr) B KHWIIOAMIIEpAX CIEIYET OMPEACTsATh
C Y4€TOM BIIUSTHUS JIBUTATEIIBHON M CTATHYCCKOU HATPY30K, HCIIONIB3Yys hopMyIry

E"
- HrUcp.HH
Iour = >
2 2 U2 2
Uepnn HH
\/g Z 1ar o COSQyr +R12 + Z 1ar o Sin(PHr +X12
* SZ * SZ

rae E" , U Z,, - dkBuBajeHTHas DJ[C U CONMpOTHUBICHHE MPSIMOM MOCIEI0BATEILHOCTH
* *

y3jJa Harpy3ky; MX 3HAU€HHUsS B OTHOCHUTEJIBHBIX €IMHHUIAX CIIEYET OINpEeAENsATh MO KpPUBBIM,
MPUBEJICHHBIM Ha PUC. 5 U 6, B 3aBUCUMOCTH OT OTHOCHTEJIBHOTO COCTaBa MOTPEOUTENCH;

Rix m Xiz - COOTBETCTBEHHO CYMMapHO€ aKTUBHOE M CyMMapHOE€ WHIYKTHBHOE
COINPOTHBIIEHUS LIEMU KOPOTKOTO 3aMbIKaHUsL, MOM;

Sy - cyMMapHasi HOMUHaJIbHAsi MOIIIHOCTh HAarpy3ku, kB-A;

Uepnn - cpeHee HOMHHAJIBHOE HANpPsDKEHHE CETH, COOTBETCTBYIOIIEH OOMOTKE HH3IIETO
HanpsbkeHus Tpancdopmaropa, B.

[Tpu KOPOTKOM 3aMBIKaHUH 32 OOIIMM JUIsi HATPY3KH U CHCTEMBI CONPOTHUBIICHHEM (puc. /4,
2) ¥ OJJMHAKOBBIX OTHOLIEHUSAX X/R BETBEW pacueTHOM CXEeMbl HaYaIbHOE 3HAUCHHE MEPUOTUTISCKOM
cocTaBIsionIei Toka Tpexdaznoro K3 gomyckaercs pacCuuThIBaTh M0 GopMysie

l ”
Ucp.HH ’,T Zl ur T 5 Hr(HOM)Ucp.HH Zc

Lok = ’ :
nox Zc 'ZIHr +Zc 'ZK +ZlHr 'ZK

T E" yruow) - O/1C y3na Harpy3Kku B OTHOCUTENbHBIX €MHUIIAX;

n; - Ko3hGUIUeHT TpanchopMaluu TpanchopmMaTopa;
Ziury Loy Zix — MOJYJIU COMPOTHUBIICHUM BETBEUM MCXOJHOW CXEMBI 3aMmelleHus (puc. /4, 2),
puaeM
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UC2 HH

p- . 2 2 .

Ziur :g 1Hr(HOM) S HVARS VRIZ +Xiy
z

Z, =Rk + X% ; Risk U Xizx - COOTBETCTBEHHO CyMMapHOE aKTUBHOE M CyMMAapHOE
MHIYKTHBHOE CONPOTUBIeHHus 1enu K3.

Yder conpoTuBIeHUS JJIEKTPUYECKOI IyrH

VYuer snekrpuueckod ayru B Mmecte K3 pekoMmeHIyeTcs NpOU3BOIUTH BBEIACHHEM B
pacyeTHyI0 CXeMy aKTUBHOTO CONpPOTHBIEHHS Iyru R;, KOTOpoe ompeaensercs Ha 0aze
BEPOSITHOCTHBIX XapaKTEPUCTHUK BIUSHUS YCTOMUMBOI (Henoracarouieiics) qyru Ha Tok K3.

CpenHee 3HaueHHE aKTHUBHOTO COIPOTHUBIIEHMS Iyrd B HadaiabHbIH MOMeHT K3 momyctumo
ompenensaTs no Gopmyie

R, =

rae I, - HayaJgbHOE 3HAUEHHUE TEPUOJUYECKOM COCTABIAIONICH TOKAa B MECTE
MeTajuueckoro K3, kA;

Ris m Xiz - COOTBETCTBEHHO CyMMapHO€ HWHJIYKTHBHOE U CyMMapHOE€ aKTHBHOE

conpotusiienus uenu K3, MOwm;

K. - cpemHecTaTHCTHYECKOEe 3HAYCHHE IOMPABOYHOTO KOI(PPHIIMEHTa, yUUTHIBAIOIIETO
CHUKEHHE TOKa B HaYaJIbHBIA MOMEHT ayroBoro K3 mo cpaBHeHMIO ¢ TOKOM MeTajuindeckoro K3,
KOTOPBIA MOKHO OTIPEACTUTH TI0 (hopMyIie

K, =0,6-00025Z, +0114/Z, —0133[Z, ,
rae Z, - conpotusienue nenu K3, 3aBucsiiee ot Buga K3:

npu tpexdaznom K3 2 = JRE + x5 ;
npu aeyxdazaom K3 23 =2/ 3RE + X% ;

npu oodasom K3 20 =1/3\(2R;s + Ry )% +(2X 15 + X5 )2 .

CpenHee 3HaueHUE AKTMBHOTO COIPOTUBIIEHUS AYTM B IPOU3BOJIBHBIII MOMEHT BPEMEHU
npu ycroiunBoM ayroBom K3 nomyctumo onpenensts mo Gopmyse

2
———X{z —(Rizx + Riwe9t ) »

rae Iy - JeficTByrolee 3HaYeHHe MepUoANYECKOI cocTaBistonIeil Toka MeTaunueckoro K3
B IIPOU3BOJIbHBII MOMEHT BPEMEHU C YUE€TOM YBEIMYEHHUS aKTUBHOI'O CONPOTHUBIIEHUs Lenu K3;

Rz - cyMMapHO€ aKTHBHOE COINPOTHUBIIEHUE MPSAMOM mocienoBaTesnbHOCTH enu K3, MOw,
0e3 ydeTa aKTUBHOTO CONPOTUBJICHUS KaOEIbHON WM BO3AYIIHOW JMHUM M COTPOTUBIICHHUS
NIEKTPUYECKOMN TYIH;

Rixsst - AaKTHBHOE COMPOTUBJIICHWE TMPSIMON TIOCIENOBATENBHOCTH KaOeIbHOW WK
BO3JIyLIHOM JIMHUM K MOMEHTY ¢, MOM, ¢ yueToM Harpesa ee TokoM K3;

K¢ - cpeaHecTaTHCTHYeCKOe 3HAa4YeHHE IOMPABOYHOTO KOA(PQPHIIMEHTa, YYUTHIBAIOIIETO
cHmKeHue Toka ayroBoro K3 mo cpaBHeHHio ¢ TokoMm Metammdeckoro K3, KOTOpbld MOXKHO
oTpenenuTh 1o hopmyre

Ko =055-0,002Z,, +01Z —0123Z,, ,
re Zg - conpoTtunienue nenu K3, 3aBucsuiee ot Buga K3:

nipu Tpexdaznom K3 7z =\/(R12 +Ryggor )2 + X5 3

nipu Byx¢asnom K3 7 =2/\/§\/(R12 + Rigsor )> + X5 3

nipu oo pazHom K3 z() :1/3\/[2(R12 + Rigsot )+ Ros P +(2X 5 +X o5)? .
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Pacuer mMakcMManpHBIX M MHHUMAJIBHBIX 3Hau€HUH Toka ayroBoro K3 pexomenmyercs
BBITIOJIHATE Ha OCHOBE TMPENENbHBIX 3HAYCHWH COMPOTHBICHUS YT, ONpPEAETSEMBIX I10
CTaTUCTHUYECKHM XapaKTEpUCTHKaM pa3z0poca MOMpaBOYHOrO Kod(duImeHTa, yIuTHIBAIOIIETO
CHIDKEHHE ToKa 1yroBoro K3 no cpaBHeHHI0 ¢ TOKOM MeTaimnueckoro K3.

IIpu onpeneneHnn BeposATHOrO 3HaueHUs Toka K3 B HayalbHBIII MOMEHT BPEMEHH C YUETOM
COMPOTHUBIICHUS JIyI'M TIOCIIEJHEE PEKOMEHIYETCSl pacCUMTHIBAaTH 10 (Qopmyne, B KOTOPOH
KodpduuueHT K, crenyer onpeaessTh B COOTBETCTBUU C BEIPAKECHUEM:

TSt MAaKCUMAaJIbHOTO 3HaueHus Toka K3

K max =0,788+0353-1072Z, —021-107% 22 +0,45-107 27 ;

Tt MUHAMAJIBHOTO 3HaueHus Toka K3

K¢ min =0,458+0,557-1072Z, —0247-107*22 +039-107 7.

IIpu omnpeneneHun BeposTHOro 3HadeHHs] Toka K3 B NMpOM3BOJIBHBIE MOMEHT BPEMEHHU
COIIPOTHUBIIEHUE JIyI'M PEKOMEHIYETCsS PAacCUUTHIBATh MO (hopmyne, B KOTOPOil KodppummueHT K
CIIEyeT ONPEAETSATh B COOTBETCTBUU C BBIPAKECHUEM:

TSt MAaKCUMAaJIbHOTO 3HaueHus Toka K3

K =0,661+0319-1022,, —0127-10*22 +013-107" 2 ;
JUISI MUHUMAIBHOTO 3HadeHus Toka K3
Kot min =0,339+0,745-102 2, —0484-107 22 +013-107" Z2, .

C max

¢ min

ct max

ct min

IIpumepbl pacueToB TOKOB KOPOTKOI0 3aMbIKAHUS

TpeOyercss ompenenuTh BEpOSTHbIE MAaKCUMAJIBHOE ¥ MHHHMAJIbHOE 3HAYEHUS TOKa B
HayanbHBIM MOMeHT K3 B Touke K1 (cM. cxemy Ha puc./2) u Kk MOMeHTy oTkiatoueHusi K3
(forxn = 0,6 ¢). UcxonHble JaHHBIE IPUBEJICHBI HIKE.

Cucrema C: S = 150 MB-A; Ugppu = 6,0 kB.

Tpauchopmarop tuna TC3C-1000/6,0: ux = 8 %; Usn = 6,3 ¥B; Uy = 0,4 xB; P, = 11,2
KBrT.

ABTOMATHYECKHE BRIKITFOYATCIIN

QF1 "2nextpon": Iyon = 1000 A; Ry = 0,25 MOM; X1 = 0,1 MOwm;

QF2-A3794C: Iion = 400 A; Ry = 0,65 MOM; X2 = 0,17 MOwm;

QF3-AE2056: Loy = 100 A; Rys3 = 2,15 MOM; X3 = 1,2 MOMm.

[unomnposox 1I1: MIMA-4-1600; /; = 15 M; Ry = 0,03 MOm/M; Xim = 0,014 MOwm/m;
Rowm1 = 0,037 MOM/M; X1 = 0,042 MOM/M.

KabenbHble TUHUHN:

Kb1: ABBI'-3x185+1x70; I, = 50 m; Ry = 0,208 mOm/Mm; X7 = 0,063 MOm/M; Ry = 0,989
MOM/M; Xy = 0,244 MOM/M;

KB2: ABBI'-3x35+1x16; 5 =20 M; Ry = 1,1 MOm/m; X; = 0,068 MOm/M; Ry = 2,63 MOM/M;
Xo = 0,647 MOM/M.

Bonrosrle koHTakTHEIE coeauHeHus: R, = 0,003 mOwMm; n = 10.

3HavYeHHUs] TTapaMETPOB CXEMbl 3aMEIICHUSI MPSIMOU TMOCIEI0BATEILHOCTH: COMPOTUBICHUE
cucTteMsl (X;) cocTaBiser

(400) 107 =1,066 MOM;

C

AKTUBHOE ¥ WHYKTUBHOE COMPOTHBIICHUS TpaHchopmaropa (R;) u (X;) COCTaBISAIOT

2
R, _w 10 =1,79MOMm;
(1000)?
100-112)* 042
X, =82 - ‘ j ———10* =12,67 MOM;
1000 1000

aKTUBHOE M MHIYKTUBHOE CONPOTHUBIICHUS IIMHONPOBOJAA:
Riwm =0,03-15 = 0,45 MOm; Xiy1 = 0,014-15 = 0,21 MOwm;
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Puc. 10. 3aBucumoctn K0d(h(UIMEHTA YBETUYCHUS AKTHBHOTO %\

COTPOTHBIICHUST KaOeleld pasIuYHBIX CEYCHHH C MEIHBIMHU

KWIaMH OT TOKa JyroBoro ycroiuuBoro K3 ¢ yderom

TerooTanayu npu mnpojopkurensbHocTsix K3 0,2 ¢ (crutonrHbie %;\ QF 2
\

kpuBbie) U 0,6 ¢ (MyHKTUPHBIE KPUBHIE)
K 616 35 5070 95 120 150 185 240 mw?

N iTAIN/AW | K1
of f 1/ A

) /
L5 / // A2s / Cutosas c6opka

1.4 AR Iam /i

W5 Va4 a ars
jl1 / ¥

1,2 7

// Kb 2

g

AN
P——

NN Y
N

1,1

1,0

0 4 8 12 16 20 24 281 ,kA

Puc. 11. 3aBucumocTtn K0d(h(UIMEHTA YBETUYCHUS AKTHBHOTO
COTPOTHBIICHUST KaOeleld pasIuYHBIX CEYCHHH C MEIHBIMHU
KwiaMu 1npu  ayroom K3 ¢ yuetom TemnooTnauum IpHu
npojopxutenbHocTssX K3 1,0 ¢ (crutomnbsie kpuBbie) U 1,5 ¢
(mynktupHbie Kpublie) Kg = f (1o, Sko)

All
Puc. 12. PacuerHas cxema

aAKTUBHOE COIMPOTHUBIICHHE OOJITOBBIX KOHTAKTHBIX coenuHeHuit: Ry = 0,003-10 = 0,03 MOwm;
AKTUBHOE W WHIYKTUBHOE COMPOTHBICHUS KabenbHbIX JinHu: KB1: R w1 = 0,208-50 = 10,4 MOwm;
Xixe1 =0,063-50 = 3,15 MOm; KB2: Rixs2 = 1,1:20 = 22 MOM; Xixs2 = 0,068-20 = 1,36 MOm.
3HavYeHHs TapaMEeTPOB CXEMBbI 3aMEIIEHUs HYJIEBOU MMOCIEA0BATEILHOCTH
Ror = 154 MOM; Xor = 59 MOM; Rom = 0,037-15 = 0,555 MmOm; Xoug = 0,042-15 = 0,63 MmOwm;
Rows1 = 0,989-50 = 49,45 mOwm; Xowe1 = 0,244-50 = 12,2 MOM; Rowsz = 2,63-20 = 52,6 mOwm;
Xoxs2 = 0,647-20 = 12,94 mOwm.
CymMapHbIe COMPOTUBIEHUS OTHOCUTENHHO ToukH K3 K1
Ris=R AR mR1w1 TR 12 T R1 Rt R i3 TR =1,79+0,45+10,4+22+0,25+0,65+2,15+0,03=37,72MOMm;
Xiz =X: + Xim + Xiwe1 T Xixe2 T X1t Xt X3 = 12,67+0,21+3,15+1,36+0,1+0,17+1,2=18,86MOM.
HavanpHoe 3HaueHNE NEpUOANUYECKOI COCTaBIISIONIEN TOKa pu MeTajuinueckoM K3:

A 400 — 548 KA.

10 max
J34/37,722 +18,862
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HavanbHoe 3HaueHHe MEepHOIUYECKON COCTaBIIsitONIe Toka ayroBoro K3 ompenensiercs ¢
YUCTOM COIIPOTHUBJICHUA OYTH.
AKTHBHOE CONPOTHUBIIEHNE AYTH B HayallbHbII MOoMeHT K3 cocTaBisier:

3.5482.0,78>

2
X2 ~ Ry = \/L _1886% ~37.72=129MOM,

rie ko3 duruent K, cocraBisier: K, =0,6—0,0025-4217+0,1 1444217 —0,133/42,17 =0,78..
Cpennee (BeposiTHOE) HayaJIbHOE 3HaUE€HHE TOKa TyroBoro K3 cocrasiser:

4
.= 00 =428 KA.
J3y(37.72+129)% +18862

MakcuMalbHbIi 1 MUHUMAJIbHBIA TOKH II%)H OIIPEACIISAIOTCS C YYETOM COOTBETCTBYIOIIMX

3Hauenuit kodppumuenta K.: 18 =0,806-5,48 =4,9kA; 1¥) . =0,64-548 =3,5 kA

0 1 max 10 1 min
KoaddurmenT yBenwdenus akTuBHOTO comnportusicHus kabenst Kbl mpu merammmueckom
Tp T SK.Kﬁla _ 236 + 26 _
T+ 961 236420

K3 6e3 yuera TEmooTaa4M COCTABIACT: K g.51, = 1,024,

r71e O« x61a - KOHEUHAS TEMIIEpATypa Mpu agquadarndeckoMm Harpee. OHa COCTaBISET
5,482 .10% .06
1482 .1852% -1,0162

rne e= 1+ F- AL+ 2 8 L) = [1407-0574./ 28 1072 0165 28 | = 1016.
S S V185 185

Koneunas remnepatypa xwuin kadbenpHol uHun Kb1 ¢ yuetoM TemmooTnayn:

Sixol = Fuxol T (SK.Kﬁl - 91{.1(61)'11 =20+ (26 - 20) - 0,968 = 25,8 °C,

rze ko3 duimenT 1 HaiiieH 0 KPUBBIM.

Koadduuument yBennuenus aktuBHoro conpotusienns kabdens Kb1 ¢ yuetom termootaayun
Ko = 1,022.

121
Srxo1a =( 9y +B)exp % —B=(20+ 228 )exp
K~S~7¢e

1—228:26°C,

5,482 .10°-0,6
1482 -35% .1,0375%
Swxo2 =20 +(234,8 - 20) - 0,92 =217,6 °C 1 Kgie2 = 1,77.

[TosTOMy 3HaueHHE MEPHOJMUECKON cocTaBistomeil Toka Tpexdasnoro K3 k MomeHTy
400 =398 KA.

V3 J(10,4 1,022+22-1,77+532)?

ConpoTuBieHHE NEKTPUUECKON Ty K MOMEHTY oTkItoueHus: K3 cocrasiser:

CootserctBeHHO aist kabemst Kb2 9, 4y, =(20+228 )exp{ 1 —-228=2348°C;

otkirouenns K3 ¢ yaerom narpea kabeneit 78 =

3.3,98%.0,742

2
= \/L ~1886° —54,9=212MOM,

rae K, =0,55-0,002-58+0,14/58 —0,123/58 = 0,74, Tak kak

Z = J(10,4 1,022+22-1,77+532)% +1886% =58 MOM.

Cpennee 3HaueHHE TMEPUOAMUYECKON cocTaBistomed Toka K3 kK MOMEHTY OTKIIOYEHUS C

G _ 400 ~=30KA.

ntep
310410142217 +21.2+ 532)% +18862

3HaueHust Ko U Kgksy OMPENCNEHBI C YY4E€TOM BIHUSHUS TEIUIOOTIA4Yd W aKTUBHOTO
COTIPOTHUBIICHUS JTyTH MO KPUBBIM PUC.8 WA torn = 0,6 C.

Y4ETOM BIIMSIHUSA U DJIEKTPUYECKOU IyTru: [

MaxkcuManbHOe ¥ MUHHUMAJILHOE BCPOATHBIC 3HAUCHUA TOKa [SI)[ OMpCACIICHBI C YUCTOM

KOB(i)(i)I/II_&I/IeHTa Ko
) JAS
ntrmax =3 08 . (0,81 = 3,22 kA;  “ntamin =398 - 0,65= 2,59 KA.
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Tema 8. HecumMeTpu4HBbIE M CJ105KHBbIE KOPOTKHE 3aMbIkaHus. (12 yacoB)

VYcioBus, npyu KOTOPBIX AOMYCTUMO NPUMEHEHHE METOJIa CHMMETPHUYHBIX COCTaBJISIOLIMX
IUIS aHaIW3a HECHUMMETPUYHBIX PEKHMOB B Tpex(asHBIX IEMAX, COJAepKalluX CHUHXPOHHBIC
MamuHbl. [lapamMeTpbl 3JEKTPUYECKUX MalluH, TpaHchopMaTopoB (aBTOTpaHCHOPMATOPOB),
0000IIEHHBIX HArPY30K, BO3IYIIHBIX JIMHUHN dIEKTpornepeaay u kadeneil o OTHOIIEHUIO K TOKaM
pa3HbIX MOCJIEN0BAaTEIbHOCTEN. I'paHMYHBIE YCIOBHSI W OCHOBHBIE COOTHOIICHHSI MEXIY
CUMMETPHYHBIMU COCTABIISIONIMMHU TOKOB M HANpsDKEHUH mpu HecuMmMeTpuuyHbIX K3 m oOpbiBax
¢da3. BekropHble auarpaMMbl HampsDKEHHH M TOKOB IMPH HECHUMMETPHUSX Pa3sHOTO BUIA. Y4YeT
TPYyIIBl COEAWHEHHs] TpaHCPOpMaTopoB (aBTOTpaHC(HOPMATOPOB) IMPH OIMpPEACTICHHH TOKOB B
pa3HbIX BETBSIX W HaIpsDKEHUMM B TPOM3BOJIBHBIX TOYKAaX pacdyeTHOM cxeMbl. IlpaBuio
SKBUBAJIEHTHOCTH TOKa MPSIMOM MOCIEI0BATEIBHOCTU INPU HECUMMETPUUYHBIX pPEXUMaX M €ro
ucnosib3oBanue. KommiekcHele cxemsbl 3amenieHus. CpaBHEHHE TOKOB IpHU HecUMMeTpHuHbIX K3
pasHoOro BUAA.

OcCHOBHBIE TIOJIOKEHNUS B UCCIIEIOBABAHUM HECUMETPUYHBIX EPEXOIHBIX MPOIIECCOB.

Oobmmme 3ameyanus. [Ipy pacCMOTPEHWHM HECHMMETPUYHBIX MEPEXOJHBIX IPOIIECCOB
OTPAaHUYUMCS YCIOBHUEM, YTO HE CHUMMETPHUsS BO3HMKAET TOJBKO B OJIHOM MECTE CXEMBI, a BCSA
OCTJIbHAS YaCTh CXEMBbI CTPOTO CUMMETPUYHA.

B nmpaktuueckux pacuerax HECUMMETPUYHBIX IEPEXOIHBIX MTPOLECCOB YUYUTHIBAEM TOJIBKO
OCHOBHYIO T'apMOHHMKY TOKaW HampspkeHus. Takoe JOmyleHue MO3BOJSET MCIOJb30BaTh METON
CUMMETPHYHBIX COCTABJISIFOIINX B €r0 00bIYHOM (hopMe, n3BecTHOU U3 Kypca TOD.

Toxku npsimoii, 00paTHOW U HYJIEBOH MOCIEI0BATENFHOCTH MPOTEKas 0 0OMOTKaM cTaTopa,
CO3/JIal0T MAarHUTHBIE TIOTOKHU TEX XK€ IOCIIEI0BATEIBHOCTEN, KOTOPBIE B CBOI OYEpPEb HABOJAT B
CTaTOpe COOTBETCTBYOLIUE 3. J. ¢. OJHAKO IMOCKOJIbKY 3TH 3. JI. C. NPONOPIHMOHAIbHBI TOKaM
OTJIENFHBIX TOCIIE0BATEIBHOCTEH, 3HAaU€HHE KOTOPHIX ellle TpeOyeTcs OnpeaeuTh, TO BBOJAUTh UX
B pacueT HerenecooopasHo. [IoaToMy B pacueT BBOAATCS TOJBKO TE 3. . C. KOTOPbIE U3BECTHBI WIH
HE 3aBHUCST OT BHEIIHMUX YCJIOBMH LIENM cTaTopa (HampuMmep, HadyajibHble 3HAYEHUS NEPEXOTHON U
CBEPXIIEPEXOTHOM 3. 1. C.), IPHUYEM B CHIIy CHMMETPUYHOTO BBITIOJHEHHUS CTATOPHON OOMOTKH 3TO
OyZzeT 3. 1. €. TOJBKO MPSAMOIl MOCIeJ0BaTEIbHOCTH.

VYerpoiictBa APB CHHXpOHHBIX MalllUH pearupyroT TOJIbKO HA OTKJIOHEHHS HAIpsKEHUs
IIPSIMOM IIOCJIEIOBATEIBHOCTH U CTPEMSATCS MOJACPKATh ITO HANPSIKEHUE HA MTOCTOSIHHOM YPOBHE
(T. e. OHM BKJIIOYEHBI dYepe3 (QWIBTPHI NPSAMOHM IMOCIEIOBATENBHOCTH). JTO HANpsHKCHHE
IIPUHUMAETCS PAaBHBIM HOMMHAJIBHOMY Ul KaXJOW MamuHbL. A 3. 4. C., BBI3bIBAEMbIE€ TOKaMH
OTACIBHBIX  IIOCIIEIOBATEIBHOCTEM, YUUTHIBAIOTCS B  BHUJAEC NAJACHUN  HANPSKCHUM B
COOTBETCTBYIOIIUX PEAKTUBHOCTSX, B3STHIX C 0OPATHBIM 3HAKOM.

Ecmu mapamerpbr Bcex (a3 HWCXOJHON pPACYETHOW CXEMBI OJIMHAKOBBI, a TMPUYHHON
HapyILIEHUs] CAMMETPHUH SBIIAETCS KOPOTKOE 3aMBIKAHUE B OJHOM WJIH JIBYX MECTaX, TO AJIA pacyera
TOKOB IIpU HecuMMeTpuuHbIX K3 cienyer npumMeHsTh METOJ] CHMMETPUYHBIX COCTABIISIONINX, TaK
KaK TpU YKa3aHHBIX YCJIOBUSAX 3TOT METOJ MMEET OOJbIINE MPEUMYIIECTBAa 3a CUET TOTO, YTO
CHMMETPHYHBIE CHUCTEMBI TOKOB TPSMON, 0OpaTHON M HYJIEBOW IOCIEIOBATENLHOCTEH CBS3aHBI
3akoHOM OMa TOJBKO C CHUMMETPUYHBIMH  CHUCTEMaMHU  HalpsDKEHUH  OJHOMMEHHOMU
IIOCJIEOBATEIBbHOCTH

AUy =1, Z;
AUy =1,Z5;
AUy =1yZ;

rne Z,, Z,; Z, - CONPOTHBIEHHS COOTBETCTBEHHO IPSAMOH, OOpaTHON M HyJIEBOM

MOCJICIOBATEIILHOCTEH.

[TockonbKy mpu 3TOM pa3Hble (a3bl CHMMETPUYHOW CUCTEMBI JIF00O0H MOCIIeI0BATETFHOCTH
HaxXoIdATCd B OAMHAKOBBIX yCJIOBI/ISIX (B HUX c06n10;1aeTcs1 CI/IMMeTpI/ISI TOKOB, HaHpH)KeHI/Iﬁ 148
z[pyrI/Ix BHCKTpI/I‘IeCKI/IX BGJII/I‘II/IH), TO MECTOL CI/IMMeTpI/I‘-IHI)IX COCTABJIAKOIIIUX ITIO3BOJIACT
HCIIOJIL30BaTh OKBHUBAJICHTHBIC CXEMBI 3aMCUICHUA pa3JII/I‘IHBIX HOCHCHOB&TCHBHOCTCﬁ B
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OJIHOJIMHEWHOM H300paX€HUM W BECTH pacyeThl Uil OaHOW (a3bl (0OHa OOBIYHO HAa3bIBACTCS
0c000i1).

Hcxons U3 cka3zaHHOTO I MPOU3BOJBHOIO HECUMMETPUYHOIO K. 3. OCHOBHBIE YPaBHEHUS
IT 3axona Kupxroda otnenpHO aiist Kax a0l OCIeT0BATEIILHOCTH UMEET BU/I:

Uy, =Es—Z, I (1)
Ux:=0-2, -Ix; (2)
Ugy=0-Zy-Iro  (3)
rae UK],UKZ,UKO - CI/IMMeTpI/I‘-IHI)IG COCTAaBJIAKOIIINUEC HaHpSDKeHI/ISI 1 TOKa B MECTC K. 3.

Ik, k2,1 k0, Ex - PE3YIBTUPYIOWIAL O. . C. OTHOCUTEIILHO TOYKH K. 3.

Zix Z3s, Zpz - pe3ylbTUPYIOILIEE CONPOTUBIECHUE CXEM COOTBETCTBYIOIIMX I10CIEIOBATENb-
HOCTEW OTHOCUTENBHO TOUYKH K. 3.

N3 ¢opmyn 2 u 3 cnemyer, 4rto oOpa3oBaHHE TOKOB OOpaTHOW ¥ HYJIEBOUH
MIOCJIEIOBATEIbHOCTE ~ MOJKHO TIPEJCTaBUTh KaK CJIEJCTBHE BO3HMKAIOIMIMX B MeECTE K. 3.
HanpsDKeHU 0OpaTHOM M HYJIEBOU TOCIIEI0BATEILHOCTEH.

IIpy OJHOKpAaTHOM IIPOJNOJIBHOW HECUMMETPUHM OCHOBHBIE YPaBHEHHs JUI KaXKIOH

MOCJIEI0BATEILHOCTH UMEIOT TOT k€ Bua, uTo U (1)—(3), Tombko BMecTO Uki,Uk2,Uko B HHUX
ClIeTyeT BBECTH PA3HOCTH (Pa3HBIX HAMPSHKCHUH COOTBETCTBYIONIUX MOCIEAOBATEIHLHOCTEH TI0
KOHIIaM MECTHOW HECHUMMETPHUH, a CONPOTUBNECHUS Zis, Z5, Zps JNODKHBI TPEICTABISATH COOOM
PE3YIBTUPYIOIINE COMPOTUBIICHUS CXEM COOTBETCTBYIOIIMX MOCIIEIOBATEILHOCTEN OTHOCUTEIIBHO
MecTa paccMaTpUBaeMOM MPOJI0IbHOM HECUMMETPHUH.

VYpaBuenus 1; 2; 3 comepxaT 6 HEU3BECTHBIX BEIMYUH: 3 COCTaBIIAIOIINE HAMPSHKEHUS U 3
cocTapJsitonue Toka. Hemocraromue Tpu ypaBHEHUs MMOTYYaeM U3 TPAHUYHBIX YCIOBUM, KOTOPBIMHU
XapaKTEePU3YIOTCS TOT WIM MHOW BUJl HECHUMMETPUYHOTO K. 3.

TakuMm 00Opa3oM, ompeneneHHe TOKOB M HANPSHKEHUH MPU HECUMMETPHUYHOM IEPEXO0THOM
MpOIIECCe CBOJUTCA K BBIYMCICHUIO CHUMMETPUYHBIX COCTABJISIONIMX OSTUX BEJIUYUH C
MOCJICYIONUM OIpeieicHreM (Da3HBIX BEJTMYUH TOKOB M HANPSHKCHU HECHMMETPUYHOTO K. 3. TIO
W3BECTHBIM COOTHOIICHUSM TEOPUN CUMMETPUYHBIX COCTABJISIIOIIUX.

IMapameTpsl 371eMeHTOB [IJIsi TOKOB 00PAaTHOW M HYJI€BOM MOC/1€10BATEIbHOCTH.

OOmue 3amedyanus. B HOpMaJIEHOM CHMMETPHUYHOM PEXHME, a TakKe B CHMMETPUYHOM
MEPEXOTHOM TIPOLIECCE BCE COMPOTUBIICHHS OTIEIBHBIX 3JIEMEHTOB SBIISIIOTCS COMPOTUBIICHUSIMHU
MPSIMOM TIOCTIEIOBATEIILHOCTH (PaHbIIIE MBI 3TO OTpEeIICHUE HE BBOJIUIIM, T. K. TOKU OBLIH TOJIHKO
OJIHOM MOCJIEIOBATENBHOCTH).

[Ipu oTCyTCTBMM MAarHUTHOM CBS3M MeXIy (azaMH Kakoro—imbo »IEMEHTa ero
COTPOTHBIICHUE HE 3aBUCHUT OT TOpsIKa deperaoBanus (a3 Ttoka. CienoBaTensHO, COTPOTUBICHUS
TaKOTO 3JIEMEHTa 3aBHCUT OT YacCTOThl TOKAa M CJIEIOBATENILHO HJIsi BCEX IMOCJENI0BaTEeIbHOCTEN

OJIHUHAKOBBI.
r=1mn=r
X1 = X2 = Xp
71 =2 = 2

JUis 31eMeHTa, MarHUTOCBSI3aHHBIE ILIENHM KOTOPOTO HEMOJBHM)KHBI OTHOCHTEIBHO JIPYyr
Apyra, COTPOTUBIICHHUS MPSMON M 00paTHOM MOCTIEIOBATEIHHOCTH OJJMHAKOBHI (T. K. OT MEPEMEHBI
nopsiJika yepenoBanus pa3 CHMMETpHYHOHN 3 — X (ha3HOM CHCTEMBI TOKOB B3aUMOWHIYKIIHS MEXKTY
(azamu TaKOTO JIEMEHTA HE U3MEHHUTCH).

Takxum oOpazom [utst TpaHcHOpPMATOPOB, aBTOTpaHchopMaTopoB, BJI, kabenei 1 peakTOpoB:

=1 X1=X,721 =22

ComnpoTuBieHHE HYJIEBOH MOCIIEAOBATENFHOCTH B O0IIEM Ciydae 3HAYUTEIHHO OTIMYACTCS
OT CONpPOTHBIEHUH NPSAMOM M OOpaTHOH MOCIENOBATENBHOCTEH, T. K. CHCTEMa TOKOB HYJIEBOM
MIOCJIEJOBATEILHOCTH PE3KO OTIMYAETCSI OT CUCTEM TOKA JABYX APYTHUX MOCIEA0BATEIBHOCTEN.
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CUHXpOHHBIC MAlIWHBL. B CHHXpOHHOW MalMHE TOKM OOpaTHOW MOCIENOBATEIHHOCTH
CUHXPOHHOM YacCTOThI CO3/Ial0T MAarHUTHBIM MOTOK, KOTOPBIM BpallaeTcss OTHOCUTEIBHO POTOpa C
JBOMHOM CHUHXPOHHOM CKOPOCTBIO M BCTPEYAET HA CBOEM IIYTH HENPEPBIBHO HM3MEHSIOIIECECS
MarHuTHOE COTIPOTHUBIICHHUE. VI3MeHsroeecss MarHUTHOE COMTPOTHUBIICHHE 00YCIOBIEHO MarHUTHOM
HECUMMETPHUEN POTOpA.

Takum oOpa3om, TpuU HEM3MEHHOM H. C. CTaTopa MOTOK OOpaTHOM MOCIEeNOBATEIBHOCTH
FapMOHHUYECKM M3MEHSETCS C JIBOMHOM CHHXPOHHOM CKOPOCTBIO B MpEAeiiax MEXAY €ro
HauOOJIBIIMM ¥ HaWMEHBIIMM 3HadeHWeM. PasHuma Mexay HauOONbIIMM ¥ HAUMEHBIINM
3HAQYECHHUSIMU 3aBUCUT OT CTEIEHM HECHMMMETPUH POTOPA, OHA BEIMKA IIPU Pa3HOM HECUMMETPUU
pOTOpa ¥ COBCEM MCYE3AET IIPU €TI0 MOJHON CUMMETPHH.

JInst CHHXpOHHON MaIIuHbl 0e3 AeMIiepHbIX 0OMOTOK IMPH PACCMOTPEHUHU BHE3AIMHOTO K. 3.
PEaKTUBHOCTb MOKHO IIOJIYUUTH X,

2x! -
_ d
x2 - / (l)
X, +x,
CXGMa 3aMCHICHUS, ONpCACIidromas peakKTUBHOCTb X C. M. HpSIMOfI IIOCJICAOBATCIBbHOCTHU
HMEET BHU]T

X X

Uxw)

W3 cxeMbl 3aMeIICHUs CIEIyeT, YTO PEaKTUBHOCTh X» MPEICTABISET COOON PEaKTHBHOCTD
00paTHOM MOCIeT0BATENFHOCTH, ONPECICHHYIO KaK OTHOILIICHHE TTO0IBEICHHOTO CHHYCOUIATBHOTO
HaNpsHDKEHUS 0OpaTHOM MOCIIEI0BATENIBHOCTH CHHXPOHHON 9acTOTHI K OCHOBHOW T'apMOHHUKE TOKa
00paTHOM TOCTIeI0BATEIHHOCTH.

Ecnu motok 06paTHO# MOCiieA0BaTeNbHOCTH CHHXPOHHOM YaCTOTHI MOTA/IaeT OT UCTOYHUKA
0eCKOHEYHOW MOIIHOCTH, TO TIOMUMO OCHOBHOM rapMOHUKH 0OpaTHO# mocnenoBaTenbHocTH (I2) B
CTaTope elle BO3HMKAET TPEThs FapMOHMKA TOKa IMpsAMOIl mocienoBareiabHocTU. ClieoBaTenbHo,
dopmyna (1) yauTsIBaeT BIUSHUE TPETHEH TAPMOHUKH TOKA MPSIMO IMOCIIEI0OBATEIIEHOCTH.

Ecnu He yuuThIBaTh TPETHIO TAPMOHUKY, TO PEAKTUBHOCTB X, ONPEIEIUTCS KaK:

/
Xt ()
2
B cxeme 3T0 yuuThIBaeTCS pa3MbIKaHUEM pyOrIIbHUKA P.
[Ipx CUMMETPHYHOM POTOPE CUXPOHHOM MAIIUHBI X, = x, 00€ (pOopMyIIbI HaTyT OJIMHAKOBBIN

X, =

pesyJabTar x, =X, .

Ecnu c. M. paboTaeT B HECUMMETPHYHOM PEKHUME, TO MOJIE 0OPAaTHOM MOCIeA0BATEILHOCTH
OCHOBHOM YacCTOTBl BBI3bIBAET B CTAaTOPE BECh CIEKTP HEYETHBIX TapMOHUK. B sTOoM ciyuae
Pe3YNbTUPYIOIIAS. PEAKTUBHOCTH X OTIPEAETISETCS:

3)

Jlyiss MamuHel ¢ TeMnGepHbIMA 0OMOTKAMU PEAKTHBHOCTH X; MOXET OBITH OIpe/IecHa 1o
TeM ke BeIpakeHusM (1, 2, 3) eciii B HUX 3aMEHUTH X d M Xq COOTBETCTBEHHO Ha X/ qu X/ ¢

[Tockonbky BbIpakeHust 1, 2, 3 MOYTH paBHOLIEHHBI, BO MHOTHX MPAKTUYECKUX pacyeTax
1enecooOpa3Ho MPUHUMATH JJISL C. M. PEAKTUBHOCTH X; IO HamOoJiee MPOCTOMY BBIPAKECHUIO

/

X, +x

X, zT" (2). Ilpu HEOOXOIMMOCTH ydeTa BBICHIMX TapMOHHMK, CIEAYyeT NMPHHUMATh Ooliee
TOUHOE BhIpakKeHHe X, =4/x,-x, (3).
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B kagecTBe mpuOIMKEHHBIX COOTHOIICHUN TIPUHUMAOT:

JUTS MAIIHH Ge3 1eMIIpEepHEIX 0OMOTOK  Xp ~ 1,45% 4 ;

Ui TypOOTreHepaTopoB M MAIIMH C JIeMI(QEepHbIMH OOMOTKaMH B OOEHMX OCSX pOTOpa
Xo~1 ,22x//d ;

B MIPAKTUYECKHUX MPUOIMKEHHBIX pacueTax Jjsl TYpOOT€HepaToOpOB U MAIINH C MPOJIOIBHO —
MOTIEPEYHBIMU IeMII(EepPHBIMA OOMOTKaMU TPUHUMAIOT JOTOJHHUTEIBHOE YIPOIIEHHE, ToJjaras,
9T0 X2 = X .

Toku HyneBOW MOCIEAOBATENBHOCTH CO3/al0T MPAKTHUYECKU TOJBKO MArHUTHBIE TOTOKH
paccessHUSI CTaTOPHOW OOMOTKH, KOTOpBIE MEHbIIE 4YeM IpH TOKax TMPsAMON WM 0OpaTHOM
MOCIIEIOBATEIILHOCTEH, MPUYEM 3TO YMEHBIIEHHE CHIBHO 3aBUCHUT OT THIIAa OOMOTKH, MOITOMY
BenuuuHa Xo CM kosebeTcst B IIUPOKUX Mpeiesiax.

AcuHXpOHHBIE MamMHbl. Eciii B HOpPMaJIbHBIX YCIOBUSX ACHHXPOHHBIM JIBUraTellb
paboTaeT €O CKOJBXEHHEM S, TO 1O OTHOUIEHHIO K MAarHUTHOMY IIOTOKY 0OpaTHOM
MIOCJIEJOBATEIbHOCTH CUHXPOHHOM YacTOTBl POTOP ABUTATENS, OUEBUHO, UMEET CKOJIbKEHHE (2-5).
CrnenoBarenbHO, COMPOTUBICHHE OOPAaTHOW TMOCIENOBATEIBHOCTH ACHHXPOHHOTO JBHUTATEIs
MIPEJICTABIISIET COOOM ero CONMPOTUBIICHUE MPU CKOIBKCHHUH (2—sS).

Kak BuAHO, C pOCTOM S PEaKTHBHOCTHb JBUTATENId BHA4Yajle PE3KO MAJAeT, a 3aTeM ee
CHIJKEHHE BECbMa HE3HAUUTEIBHO. OJTO MO3BOJISAET IMPAKTHYECKH CUYUTATh X, ® X,_, =X,, T.C.

PEaKTUBHOCTb X JIBUraTelld PaBHOM €ro Tak Ha3bIBa€MOM pEaKTUBHOCTH KOPOTKOIO 3aMbIKAHHUS
(oTHOCHTENBHAsT BENMYMHA KOTOPOro OimM3ka K OOpaTHOW BETMYMHE OTHOCHUTEIHFHOTO
HOMHMHAJIBHOTO ITyCKOBOTO TOKAQ).

T.0., umOykmueHnoe conpomueieHue OOPAMHOU NOCIe008AMENbHOCMU CUHXPOHHBIX U
ACUHXPOHHBIX 2NeKmpoosucameneti OOnyCmuUMO NPUHUMAMb YUCTIEHHO PAGHbIM UHOYKMUBHOU
cocmasasowell ux ConpomueeHus KOpomKo20 3aMbIKAHUAL.

O06o0mieHass Harpy3ka. PeakTHBHOCTh OOpaTHOUW IMOCIIEOBATEIHLHOCTH 00O0OIMICHHOM
Harpy3Ku 3aBHCHUT OT XapakTepa MPUEMHHUKOB 3JI. JHEPTMH U OTHOCUTEIBHOIO YJACTHs KaX10T0 U3
HHUX B paccMaTpUBacMOM Harpys3ke. YUYMTBIBas, YTO OCHOBHAs 4YacTb CPEIHEH THUIIOBOM
MPOMBIIIICHHONH Harpy3ku cocTouT u3 AJl, peakTHBHOCTH O0OpaTHOM MOCIEeNIOBATEIBHOCTH
KOTOpPbIX B HAYajlbHbIi MOMEHT BHE3allHOTO K. 3. HE MEHSETCS B IPAKTHMUECKUX pacyeTax
COTPOTHBIIEHHE OOpPATHON IMOCIIEOBATEILHOCTH OOOOIIEHHON HArpy3Kd Kakoro-imbo y3ia B
OTHOCUTENIbHBIX €IMHUIAX, OTHECEHHOE€ K TIIOJHOM MOIIHOCTH HArpy3kM U CpEAHEMY
HOMHMHAQJIBHOMY HAIPSOKEHUIO TOM CTYNEHU HaNpsDKEHUs CETH, TJe 3Ta Harpy3ska IpHUCOEAUHEHA,
CllelyeT NPUHUMATh PaBHBIM: IpPH HampsokeHHH cetn 35 kB um Oonee )*( 2(mom)= 0,45 U TIpH

HAIPSHKEHUH CETH MEHEE X (0= 035 .
*

O06o0muieHHass Harpy3ka BKIIO4YaeT B ce0st kpome A/l ceTh M MOHWKAIOIIHE TP — Pbl, IIOATOMY
COIPOTHBIICHHE HYJIEBOH MMOCIIEN0BATEILHOCTH 0000IIEHHOH HArpy3KN ONPEAENeTCs] Ha3BaHHBIMU
SIIEMEHTaMH M B KaXIOM KOHKPETHOM ciiydae Oyzaer pasnuyHo. CpenHue BeTHUYUHBI
COIIPOTUBJICHUA Hy.]'ICBOﬁ MOCJICA0OBATCIIBHOCTU ITPUBECTU HEBO3MOXKHO.

Tpancdopmaropel.  Beime orMewanoce, 49To Ui TpaHCHOPMATOPOB HMEET MECTO
COOTHOIIEHHE X = X;. PaccMOTpuM, dYTO cCO000#l MpPEACTaBIsSET CONPOTUBIECHUE HYIEBOU
IIOCJIEAOBATEIBLHOCTH.

Cremyer OTMETUTh, YTO PEAKTUBHOCTh HYJIEBOW IOCIIEIOBATEILHOCTH TpaHchopmaropa B
3HAYUTEIBHON Mepe OTpeNeNseTcss ero KOHCTPYKIMEH U coequHeHneM oOMOTOK. CO CTOPOHBI
0OMOTKHM, coemuHeHHOH B A wimm Y 0e3 3a3emiieHUsT HEHUTpalu, HE3aBUCUMO OT Crocoba
COCIMHECHUSI JIPYTUX OOMOTOK, PEaKTHBHOCTh HYJICBOW MOCJIENOBATEIBHOCTH TpaHchopmaropa,
OYEBHJIHO, OECKOHEYHO BelMKa (X, = o), T. K. HPU ITHX YCIOBUSAX BOOOIIEC HCKIIOYCHA
BO3MOYKHOCTh IIUPKYJISIIIMU TOKA HYJIEBOU MOCIEIOBATEILHOCTH B JAHHOM TpaHcdopmarope.

CrenoBaTenbHO,  pE3yJNbTHPYIOIIAs  PEAKTHBHOCTh  HYJIEBOW  IMOCJIEIOBATEIBHOCTH
TpaHcopMaTopa MOXKET ObITh TI03BOJICHA TOJBKO CO CTOPOHBI €r0 OOMOTKH, COSTMHEHHON B Y C
3a3€MJICHHON HENUTPAJIBIO.
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CxeMa 3aMmelieHusi HYJIEBOH TOCIEOBATEIBHOCTH JBYXOOMOTOYHOTO TpaHc(opmaropa,
0OMOTKH KOTOpPOTO COEIMHEHBI 10 cxeme Yo/A, mpencTaBiieHa Ha puc. a. I10CKONIbKY HHIYKTHBHOE
COIIPOTHBIIEHHE X0 BO MHOrO pa3 OoJbIlle COMPOTHUBICHUH paccesHUs 0OMOTOK X; U Xj, TO B
MCXOJIHOM CXeMe 3aMeIleHHs HYJIeBOU MOCIe0BaTeIbHOCTH TPaHCHOPMATOp C YKa3aHHOW CXeMOn
COEIMHEHUST 0OMOTOK MPEICTABISAETCS B BUJIE OJTHOTO MHIYKTHUBHOTO COMPOTUBICHUS X7 = X| +X]1,
KOTOPO€ C MPOTHUBOMOJIOKHOW CTOpPOHBI (Mast OT pacueTHoi Touku K3) coenuHsieTcss ¢ TOukon
HYJEBOTO TIOTEHIMana cXeMbl 3amenieHus (¢ 3emuteit). Takum o0Opa3oMm, e€ciii B HCXOJHOM
pacyeTHOM cxemMe 3a TakuM  TpaHchOopMaTOpoM  HUMEIOTCS  KaKue-THOO  DIIEMEHTHI
(TparchopmaTopsl, TeHEPaTOPhI, BO3IYIIHBIE WA KaOelbHbIe TUHUH U T.JI.), TO HE3aBUCHUMO OT MX
BUJA W CXEMBl COCAMHEHUS HX OOMOTOK JTH DJJIEMEHTHl B CXEMY 3aMEUICHHS HYJICBOU
MOCIIEIOBATEIIbHOCTH HE BBOJATCS. OJTO OOBSCHSETCS TEM, UYTO MpPH COCTUHEHHH OOMOTOK
Tparcopmatopa mo cxeme Yo/A DJIC HyneBoil TOCIeT0BaTEIPHOCTH, HABOJUMAs B COSTMHEHHOM
TPEYTrOJIbHUKOM OOMOTKE, TOJIHOCTHIO KOMIICHCUPYETCSl TIaICHUEM HAIPsDKEHUS! OT TOKa HYJIEBOU
MOCIIEIOBATEILHOCTH B MHIAYKTUBHOM COTIPOTHBIIEHUH PACCESTHUS 3TOW OOMOTKH, BCIICACTBUE YETO

HaNpsHKEHUE HYJIEBOH MMOCIIeI0BATENFHOCTH Ha BBIBOJAX 3TOW OOMOTKH PaBHO HYJIIO.
I I

Y308 e
a

I I X, X,
]

I I X, X,
é % X
9
Puc. Cxembl 3aMeIIeHUS HYIEBOU IMOCIIEIOBATEILHOCTH JBYXO0OMOTOYHBIX TPaHC(HOPMATOPOB

B cinyuae coenuHeHHss OOMOTOK JBYXOOMOTOYHOTO TpaHchopmaropa mo cxeme Yo/Y
[UPKYISALUS TOKOB HYJIEBOH TOCIIE0OBATENILHOCTH B 0OMOTKE, COETMHEHHO B 3BE3/1y, HEBO3MOXKHA
(cM. cxemy 3aMeleHUsi HYJIEBOW TOCIEIOBATEIILHOCTH TAaKOro TpaHcdopMaTopa Ha puc. 0).
[Tockonpky y TpaHchOpPMaTOpOB € HOMHMHAIBHBIM HampsbkeHHeM oOMoToK cBbime 1 kB
COIIPOTHBIIEHHE X0 BECbMa 3HAYUTENIFHO, TO B CXEMY 3aMEILEHHs HYJIEBOH MOCIEI0BATEILHOCTH
Takue TpaHc(hopMaTopsl HE BBOIAIT.

Cxema 3aMmelleHUs] HYJIEBOW MOCIENIOBATEIBHOCTH JABYXOOMOTOYHOTO TpaHchopMmaTopa,
OOMOTKM KOTOPOTO COEOMHEHbI To cxeme Yo/Yy, mnpeacraBieHa Ha puc. 6. OueBHIHO,
TpaHchopMaTop  HEOOXOJMMO  BBOAWTH B HUCXOJHYID  CXeMY  3aMEIICHUs  HYJICBOU
MOCIIEIOBATEILHOCTH TOJBKO B TOM CiIy4yae, €clii Ha cTopoHe oOMoTku Il mMeercst KOHTYyp uist
[UPKYISALIANA  TOKOB HYJIEBOM TIOCIENOBATENBHOCTH (MMEIOTCS B BHUAY DJIEKTPOYCTAHOBKU
HanpsbkeHueM cBbiile 1 kB, korna X0 >> Xi+Xy).

ComnpoTuBieHHE HYJIEBOM MOCIEIOBATEIBHOCTH TPEXOOMOTOYHOTO TpaHCopMaropa co
CTOPOHBI OOMOTKH, COCIMHEHHOW B 3BE3y C 3a3€MJICHHON HEWTPablo, 3aBUCHT OT CXEMBI
COCIMHEHUS JBYX JPYruX oOMOTOK. OOBIYHO OJJHA W3 HHUX COCJMHEHA TPEYroJbHUKOM, a Jpyras
MOJKET OBITh COEMHEHA WM TPEYTOJILHUKOM, WM B 3BE3]ly C M30JIMPOBAHHON HEUTpPAJIbIO, UM B
3BE€37ly C 3a3€eMJICHHOW HeuTpanblo. B 1mepBoM cllydyae KOMIEHCAIMs TOKAa HYJIEBOMU
MOCIIEIOBATEILHOCTH OOMOTKH, OOpamieHHON K pacueTHoi Touke K3, ocymiecTBisieTcss TOKaMH
o0enx  OOMOTOK, COCJMHEHHBIX  TPEYrOJbHMKOM, MW  CXéMa  3aMeIleHUus  HYJIEeBOH
MOCIIEIOBATEILHOCTH TAKOTO TpaHcpopMaTopa MMeEeT BUJ, KaK MOKa3aHO Ha pHc. a. lIlpu sTom
COIPOTHUBJICHUE HYJEBOW MOCIENOBATEIBLHOCTH TpaHchopmaTopa Xy = X1 + Xy // Xm. Bo BTOpOoM
ciiyyae 1Mo OOMOTKE, COEIMHEHHON B 3BE3]ly C M30JHMPOBAHHOW HEHTpaliblo, MPOTEKaHUE TOKa
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HYJIEBOM MOCIEA0BATEILHOCTH HEBO3MOXKHO (CM. CXeMYy Ha pHUC. 0), TIO3TOMY COIPOTHBIIEHHE
HYJIEBOM TOCITIEIOBATEIBHOCTH Takoro TpaHchopmaropa Xyp = X; + Xy B Tperbem ciydae
IUPKYISLUS TOKa HYIEBOH MOCIeN0BaTEeIbHOCTH BO3MOXKHA U B 0OMoTKe Il (cM. puc. g), eciu B
CeTH, DIIEKTPUYECKH CBSI3aHHOM C 3TOH OOMOTKOH, oOecreueHbl YCIOBHS Ul 3aMBIKAHHS TOTO
TOKa.

CxeMa 3aMelIeHus] HyJEBOW IMOCIENOBATEILHOCTH aBTOTpaHc(opMaTopa, KOTOPHIH HMeEeT
00MOTKY, COETMHEHHYIO TPEYTOJIbHUKOM, a €r0 HEHTpaslb 3a3eMJICHa HAariyXxo, aHAJIOTHUYHA CXeMe
3aMEIICHUs] HYJIEBOW IMOCIENOBATEIBbHOCTH TPEXOOMOTOYHOTO TpaHchopMaTopa, y KOTOpPOTO
0OMOTKH coeuHeHbI TIo cxeme Yo/ Yo/A (cM. puc. 8).

I 1L
(I~
N\

@)

iig

6

I o

Puc. CxeMbl 3aMeNIeHHsI HYJIEBOH TOCTIETOBATEIIBHOCTH TPEXOOMOTOUHBIX TPaHC(HOPMATOPOB

B 3aBucuMoOCTHM OT BapwaHTa COCIUHEHHS OOMOTOK OIICHHTH PEAaKTUBHOCTh HYJIEBOU
MIOCIIEIOBATEIHLHOCTH TPAHC(HOPMATOPOB MOKHO TPH MOMOIIIH CIEAYIOIEH TaOIHIIbI.

Tumn TpanchopmaTopa U coeTMHEHHE €Tr0 0OMOTOK ConpoTuBieHNe HYIEBON Pucynok
NOCJIEI0BATEIbHOCTH

Heyxobomomounsvie

Tp-p moboro TMNa ¢ COEJMHEHHEM OOMOTOK x,=x, (xp, =) a)

Tpexdasnas  rpymma u3  Tpex  OAHO(DA3HBIX
TpaHCPOPMATOPOB WU Tpex(a3Hblid (YSTHIPEX WIH
MSATUCTEPIKHEBOM) C COSTMHEHHEM 0OMOTOK

Y —/Y X, =0 (xu, =) B)

Y —/Y —o X, =x, (xp,=») 6)

Tpexdasuplii  TpexcTepkHEBOW TpaHchopMaTop ¢
COEJIMHEHNEM 0OMOTOK

Y—/Y X, =X+ X, (X, =03+1) B)

Y —o/Y— X, =X, 6)

Tpexobmomounvwle

TpexoOMOTOYHBIE TP-bI C COSTUHEHHEM 0OMOTOK

Y —o/A/Y X, =x, tx, r)
Y—o/A/Y — ONIPEIEINSIETCA CBOEH CXEMOU 1)
X, X
x. =x, + ~u tm
Y —o/A/A 0 1
— Xy T Xy
. . - e
JIByx0GMOTOUHbIE € paciieruienHoit  obmotkoit HH|  x, =x, + XX )
Y —o/A/A Xy T Xy
Aemompancpopmamonp vl
hﬁ VR SVAVAN ‘onpez[enaeTCﬁ CBOEIH CXGMOfI‘ xK)
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Bapuarms: coedurerus oOMomok mpaHc$opmamopob
U cxemsl ux 3ameweHus das mokob Hynebou nocredobamensHocmu
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7) x”o - peakmuBroe conpomubaernue Hamazuuyubanusa Hysebod nocaedoBamenbHocmu

2) axmuBrsiMu conpomubrierusmu npeHeopezaeM
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Bosznymneie auHud. Tok HyJIEBOW MOCIIEIOBATENBHOCTH BO3AYIIHOW JIMHUU BO3BPAILACTCS
4yepe3 3€MIII0 M 10 3a36MJICHHBIM LEIsIM, PAaCIOJIOKEHHBIM IApaJUIeIbHO JIaHHOM JIMHUU
(3aIIMTHBIX TPOCOB, PENHCOBBIE IYTH B/I0Jb JUHUU U [1.p.).

OcHOBHass  TPYAHOCTb  MPABUIBHOTO  OMNPEAEICHUS  CONPOTUBIICHUS  HYJIEBOU
IIOCJIEIOBATEIIBHOCTU BO3YIIHOM JIMHUM CBsI3aHA C YYETOM pacIpeselieHUus TOKa B 3emile, T.K.
TOYHOE OTIPEJICIIEHUE €T0 CII0KHAs mpodieMa.

NHAyKTUBHOE CONPOTHBICHHE HYJIEBOW  MOCIEAOBATEIBHOCTH  BO3AYIUHOW JIMHUU
AIIEKTPONEpeayll 3aBUCUT OT CEYEHHUS MPOBOJIOB, PACCTOSHHA MeEXAy ¢aszamu, HaJHUUUS WIH
OTCYTCTBHSI 3a3€MJICHHBIX TPOCOB M JAPYIHUX JIMHUU, IPOJIOKEHHBIX 10 TOW K€ TpPAacce, ¥ MHOTMX
apyrux ¢akropos. [ToaTomy ero ciemyer onpeaesns T pacUeTHBIM ITyTEM.

JUisi  OHOIETHOW  BO3AYIIHOW JMHMM ©0€3 3a3eMJIGHHBIX TpPOCOB  HMHIYKTHBHOE
COIIPOTHUBJIEHUE HYJIEBOU MOCIEI0BATENBHOCTH, OM/KM, CIEYeT ONPEAesATh 1Mo Gopmysie

D3
X =04351g—-,
R,
rie D, = 935 M - dKBUBaJieHTHas INIyOMHa BO3BpaTa TOKa uepe3 3eMillo; Ry, - cpeqHuit
reOMETPUYECKUH palyC CUCTEMBI TPEX MPOBOIOB JIMHUH, OTIPEIEIIEMBbIi 1o opmyrie

2
ch :3\j RaKDcp >

rae R,c - SKBHUBAJICHTHBIM paguyC IPOBOJA, YYHUTHIBAIOIIWM HAIWYUE B PEAIBHOM IIPOBOJE
BHYTPEHHET0 MarHuTHoro mnojs. OH MeHblIe AEHCTBUTEIBHOTO paguyca IpoBoaa R: uid
CIUIOLIHBIX TPOBOJIOB M3 HEMAarHUTHOTO Matepuana R, = 0,779R, nns craneartoMUHHEBBIX

TPOBOJIOB C JIBYMA-TPEMSI IOBUBAMHU Ry = 0,82R; Dy, =,/DagDpcDca - CPENHEE TEOMETPUYUECKOE
paccrosiHre Mex Iy poBojiamu ¢as A4, B, C.

Ecnmu Bo3mymiHass JMHHS WMMeEET paciueruieHHble (asbl, TO B (QOpPMYIy BMECTO R
HEOOXOMMO BBOJHTH CPEJHHA T'€OMETPHYECKUH paguyCc CHUCTEMBI IPOBOJOB OJHOW (hasbl,

oTIpeIeNIIeMBbIii TT0 popmyIe
n-1
Tep :\nj Rachp ’
TJIe 1 - YACIIO TPOBOJIOB B (paze;
dcp - CpeiHee TeOMETPUUYECKOE PACCTOSHHUE MEXK Ty IPOBOJAAMH OJTHOM (ha3bl.

NHIyKTUBHOE CONPOTUBIICHUE HYJIEBOM IIOCIIEIOBATEIBHOCTH OJHOLICIIHOW BO3AYIIHOMN
JMHHUHU C OJHUM WJIM HECKOJIBKHMH 3a3€MJICHHBIMU TPOCAaMHU MOYKET OBITh OTIPEIEICHO 10 Gopmysie

9

Xfi-1o
X = xy - =10

X9
rae Xy - ”HAYKTHBHOE CONIPOTUBIICHHE HYIEBOMH MOCIEI0BATEILHOCTH TOM JTHHUK O€3 ydeTa Tpoca
(cucreMbl  TpoCOB); Xmmo - HMHAYKTHBHOE CONPOTUBJICHHE B3aUMOUHIYKIUM  HYJIEBOIi

MOCJIEIOBATEILHOCTH MEXKIY TPOCOM (CHCTEMOM TPOCOB) M MPOBOJAAMHU JTUHUK; XT¢ - HHIYKTHBHOE
COINPOTHBIICHUE HYJICBOW MOCIIEA0BATEIBHOCTH TPOCa (CUCTEMBI TPOCOB).

NHAYKTUBHOE CONPOTHUBJIEHUE B3aUMOWHAYKUMHU HYJIEBOW MOCIEN0BATENBHOCTH XiiTo,
Owm/kMm, ompesensercs o Gopmyiie

D3
XHTO = 0,4351g D N
11T

rae Dir - cpefHee TeOMETPUIECKOE PACCTOSIHUE MEXIY MPOBOJAMU JIMHUH M TPOCOM (CHCTEMOM
TPOCOB):
IIpru OJHOM TPOCE, HaAXOAANIEMCA OT (1)213HBIX MMPOBOJOB Ha paCCTOSAHHUAX COOTBCTCTBCHHO

Dar, Dgt, Dct, 3TO pacCTOSIHUE PABHO
Dyt =3/DarDgrDer
npu 1ByX Tpocax (71 u 72)
Dyrr =§/Dat1Dat2 Dpr1Dp12DetiDeta -

WHAyKTUBHOE COMpPOTHUBIICHHE HYJIEBOW IOCIEA0BAaTENbHOCTH X719, OM/KM, TpU OJHOM
Tpoce ompezensercs no Gopmyie
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D3
XTO = 0,4351g N
OK.T
TA€ Roxr - DKBUBAICHTHBIN painyC TpOCa.
IIpn nByxX Tpocax, HaxoIAIUXCs APYr OT Jpyra Ha pacCTOSHUM [D;, UHIYKTHUBHOE
compoTuBiieHUE X19, OM/KM, onpeiensieTcs mo Gopmyie

D3
X0 =0435 ,

cp.T

r1e Rep.r - pEAKUI r€OMETPUUYECKUI paiiyC CUCTEMBI ABYX TPOCOB, OIPEAEIsIeMbli 110 hopmyIe

RCp.T = \/Rak.TDT .

NHIyKTUBHOE  CONPOTUBIEHUE HYIEBOM  IIOCIEIOBATEIBHOCTH OJHOW M3  JIBYX

napajuleNIbHbIX LEeNei, COeIMHEHHBIX N0 KOHLaM, Ipu BHemHeM K3 cocraBuser

Xo=Xo+ X105
rne Xo - MHAYKTHBHOE COMPOTHUBIICHHE HYJIEBOM IOCIENOBATEILHOCTH OJHOM 1menu 0e3 ydera
Opyroui; Ximo - MWHAYKTUBHOE COIPOTUBIICHHE B3aMMOMHAYKIIMM HYJIEBOW IOCJIEI0BATEIBLHOCTH
OJIHOM LIEIN OT PYroi.

NHIyKTUBHOE CONPOTHUBIICHUE HYJIEBOM IOCIEI0BATEIBHOCTH OJHOM U3 JBYX OJUHAKOBBIX
MapaJuIeIbHbIX LENel, UMEIOINX 3a36MIICHHBIE TPOCHI U COEAVMHEHHBIX 110 KOHIIAM, IIPH BHEIIHEM
K3 cocrasisier

2
X' f)T)=X0 + X110 —2);1“0 ,
TO
rae Xnro - UHAYKTUBHOE COIPOTUBJIEHUE B3aMMOMHAYKLIUHA HYJIEBOM MOCIEA0BATEIBHOCTH MEXKIY
CUCTEMOM TPOCOB U MPOBOJAMH KaXJOW W3 Lenel; Xto - UHAYKTUBHOE COIPOTHBIICHUE HYJIEBOU
IIOCJIEI0BATEIBHOCTU CUCTEMBI TPOCOB.

[Tpu mpuOIMKEHHBIX pacdyeTax TOKOB HecMMMeTpHuHbBIX K3 momyckaercss MCIOJIb30BaTh
JAaHHbIE O CpPEJHUX 3HAYCHMUSIX OTHOLICHUH  CONPOTUBICHUN HYJIEBOM M IPAMOH
MOCIIEIOBATEIBHOCTEN BO3AYIIHBIX JIMHHUNA AJIEKTPOIIEpeayn, PUBEICHHbIE B Ta0.

B npulOnmkeHHBIX MPaKTUYECKUX pacueTax MOJIb3YIOTCS CPeJHUMHU COOTHOUICHUIMHU Xo/Xq
MEK/ly HHIYKTUBHBIMH CONPOTUBJIECHUAMU X0 U X].

XapakTepucTUKa JUHUU Xo/X;
OpHouerHas JIMHUS 03 TPOCOB 3,5
To e co cTalbHBIMHM TpOCaMU 3

To xe co XOpouIo MPOBOAMMBIMH TpocaMu (M3 IIBETHOTO METAJLJIa) 2
JIByxuenHas TuHMs 0€3 TPOCOB 5,5
To ke cO CTAIBHBIMH TPOCAMU 4,7
To e co XopoI10 NPOBOAUMBIMHU TPOCAMH (U3 IIBETHOIO METAJIA) 3

Kabemu. OOomnouka kaOens, Kak MpaBWJIO, 3a3eMJieHa HAa €ro KoHHmax (U B psae
MIPOMEKYTOUHBIX ToueK). CienoBarenbHo, OHA 00pa3yeT JJsl TOKOB HYJIEBOH MOCIEeI0BATEIHHOCTH
MyTh TMapayieIbHOW 3emiie. B 3TOM OTHOIIEHHH 000J0uka Kabemns aHaJoTrMYHa 3a3eMJICHHBIM
TpOCaM y BO3YIIHOM JIMHUU.

Ha pacnpenenenne Toka Mexay 3a3eMJIICHHOW OO0OJIOUKOW Kabenmss W 3eMiied BIHMseT
COOTBETCTBEHHOE COMPOTHBIICHHE OOOJIOYKM ¥ COTPOTHBIICHHUS €€ 3a3¢MJICHUH, BEIMYMHBI
KOTOPBIX 3aBUCAT OT psifia GaKkTOpoB (HampuMmep, XapakTep MPOKIAIKU KaOelss — TpaHiies, OJIOKHA U
T.I1.) YTO CYIIECTBEHHO 3aTPYJHUT OIpeaecHre Zo Kabes.

B opueHTHpOBOYHBIX pacueTax JuIf 3-X KWIBHBIX Kabenel 00bIYHO MPUHUMAIOT:

ro=101, XOZ(35-46)X1
bonee TouHbIe 3aMephl — SKCIIEPUMEHTHBIM ITyTEM (3aMepbl B PEATIbHBIX YCIOBHSIX ).

Kabenu

TpexxuabHbIE x,=(3,5+4,6) x, r,=10-r,

OnHOXWIbHBIE x,=(0,8+1,0) x, r,=10-r,
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CxeMbl 3aMellleHHs] PA3JIMYHBIX N0CJIEe10BATEIbHOCTEN

Oo6mme 3ameuanus. [l pacdera TOKOB mpH HecuMMeTpuuHBIX K3 1menecoobpasHo
HCI0JIb30BAaTh METOJI CAMMETPUYHBIX COCTABIISIIOIIKX. [Ipy 3TOM KpoMe cXeMbl 3aMelIeHUs TPSIMO
MOCIIEIOBATEIBLHOCTH U pacueTa JIByX¢azHoro K3 HeoOX0aMMO COCTaBUTh CXEMY 3aMEIICHUs
oOpaTHO# TOCIe0BATENHHOCTH, a JUTsl pacdera ogHoda3zHoro u aByxdaznoro K3 Ha 3emiio - Takke
CXEMY 3aMeIIeHHsI HyJIEBOM NOCIIEI0BATEIbHOCTH.

Ecimn  HecMMMETpHUHBI pPEXUM pPACCUUTHIBATH AHAIUTHYECKH, TO HEOOXOIUMO IO
MIOJIyYEHHBIM CXEMaM 3aMEIIeHMs] OTAEIbHO ONIPEICINUTh pPE3YIbTHUPYIOIIEE CONPOTUBICHHUE
Ka)KJJOM MOCIIE0BATEIbHOCTH OTHOCUTENBHO TOYKH BO3SHUKHOBEHHSI HECUMMETPHH.

Cxembl 3aMelIeHHs OTIENIbHBIX IOCJIEI0BAaTEIbHOCTEN COCTaBISIOT B COOTBETCTBUHU C
Oo0mMMHU yKa3aHUSMHU (MIPUHATBIMU JJISI COCTABIICHHUS CXEM 3aMEIEeHUs] NMPH CUMMETPUYHBIX 3-X
(ha3HBIX K.3.).

CxeMbl IpsMON ¥ 00paTHOM MocIe10BaTEIbHOCTEN

CxeMa mpsiMOH TIOCTIEIOBATEIBHOCTH MPEJICTABIISET COO0H OOBIYHYIO CXEMY COCTABIICHHYIO
IUIsL pacdeTa JItoOOro CHMMETPUYHOTO 3-X (pa3sHOTro pexuMa WM Iporecca. B 3aBucumocTtu ot
IIPUMEHSIEMOI0 METOJIa pacueTa U MOMEHTa BPEMEHHU B CXeMaX 3aMELICHUs] BBOJAT T€HEPaToOpbl U
Harpy3Ku COOTBETCTBYIOIIMMHU peakTuBHOCTSIMH U D./1.C.

CxemMa 00paTHOW TOCIENOBATENBHOCTH TIO CTPYKType aHAJIOTHMYHA CXeMe MpsSMOM
MIOCJIEJOBATENBHOCTH (T.K. IMYTH UUPKYISIIUU TOKOB Y HUX OJIMHAKOBBI). OJIHAKO MEX1y HUMH €CTh
U pa3jInyue.

[Ipexne Bcero, pazauyuuMe COCTOMT B TOM, YTO B CXeMe€ OOpaTHOW IOCIIEAOBATENLHOCTH
D.4.C. Bcex TreHepHpYyIIIUX BETBEH YCIOBHO NPUHUMAIOT PaBHBIMU HyIO0 (00 3TOM yxe
roBopuiock). KpoMe TOro, CYMTaroT, 4TO PEaKTHMBHOCTH OOpATHOM MOCIEIOBATENBHOCTH C.M. U
Harpy30K IIPakTUYECKM HE 3aBUCAT OT BHMJA U YCIOBUH BO3HMKIIEHW HECHMMETPUM M OT
IIPOJIOJKUTEIBHOCTH [IEPEXOIHOTO MpoIiecca.

Hauanom cxem mnpsMoil M oOpaTHOW TIICIENIOBATENIBHOCTH CYUTAIOT TOYKY B KOTOPOH
00BbeTMHEHBI CBOOOTHBIE KOHIIBI BCEX TeHEPHPYIOIINX U HArPY304HBIX BETBEH, 3TO TOUKA HYIEBOTO
MIOTEHIIMAJIAa CXEMBI COOTBETCTBYIOIIEH MOCIIE0BATEIbHOCTH.

Konyom cxemvr mpsiMOi M 0OpaTHOW TICIIEOBATEILHOCTH CUMTAIOT TOYKY, TJI€ BO3HUKIA
paccmarpuBaeMass HecummeTpus. IIpu mpononapHOM HECMMMETpUH KaxzAas U3 CXEM HMMEeT JBa
KOHLIa, MMM SIBJISIFOTCSI JIBE€ TOYKHM, MEXKJIY KOTOPBIMU pAacIOJIOKEHA JaHHas IpoJI0JIbHAs
HecumMmeTpust. K KOHIly cXeMbl OT/AETbHBIX MOCIEI0BaTENbHOCTEN ( UM MEXKY KOHIIAMH CXEM IIpU
IIPOJIOJILHOM HECUMMETPHH ) TPUJIOKEHBI HAIIPSDKEHUSI COOTBETCTBYIOLIMX MOCIEI0BATEIbHOCTEM,
BO3HHUKIIIAs B MECTE HECUMMETPHH.

Cxema HyJneBOH MOC/IEA0BATEAbHOCTH.

CxeMa 3aMeIIeHUs] HYJIEBOW MOCIENIOBATEILHOCTH OOBIYHO CYIIECTBEHHO OTIMYAECTCS OT
cxeM mpsMoil u oOpatHO# mocnenoBarenbHOCcTel. Ee koHurypamus onpenensercs B OCHOBHOM
moJiokeHreM pacueTHoM Toukn K3 u cxemamu coenuHeHHS OOMOTOK TpaHC(OpMaTopoB H
aBTOTpaHC(HOPMATOPOB HCXOIJHOW pacueTHOW cxembl. Kak yke oTMedaroch paHblle, MYyTh
LHUPKYJISLIUU TOKOB HYJEBOM IOCIIEOBATEILHOCTH PE3KO OTJIMYAETCS OT MYTH, IO KOTOPOMY
OpOXOAAT TOKH TPSAMOH W OOpaTHOH  TOCJIENOBAaTENbHOCTEH, T.K. TOKH HYJIEBOU
MOCIIEIOBATEIBLHOCTH TI0 CYIIECTBY SIBJISIOTCS OJHO(A3HBIM TOKOM, KOTOPBIA Pa3BETBIIEH MEXIY
TpeMs (pazaMu ¥ BO3BpAIACTCS Yepe3 3eMITIO U MapauIeIbHbIE ei IEeTH.

CocraBiieHHe CX€Mbl HYJEBOH IOCIIEI0OBATENbHOCTH CIIEyeT HAauMHaTh, KakK MPABUIIO, B
MeCT€ BOSHMKHOBEHHSI HECUMMETPHUH, CUUTAst YTO B 3TOW TOUKE BCE (ha3bl 3aMKHYTHI MEXKTY COOOM
HAaKOPOTKO U K HEH (TOUKE) MPUIIOKEHO HAPSKEHUE HYJIEBOU MOCIIEI0BATEIbHOCTH

3arem, s ot Touku K3 moodepenHo B pa3Hble CTOPOHBI, HEOOXOAMMO Ha KaXKJOH CTYIIEHU
HaIpsDKEHUs UCXOJIHOM pacyeTHOM CXEMBbI BBIIBUTh BO3MOYHBIE ITyTH LIUPKYJISIIIMM TOKOB HYJIEBOU
MIOCJIEIOBATENbHOCTH (LMPKYJIALMS 3TUX TOKOB BO3MOXKHA TOJIBKO B TE€X BETBSX, KOTOpHIE
0o0pa3yloT KOHTYpHI JUIS 3aMBIKAHHS TOKOB Yepe3 3eMJII0 W TMapajuleJbHble eH Ienu) u
COOTBETCTBEHHO OIPEICTUTh JIEMEHTHI 3TOW CXEMBbl, KOTOpPBIE JOJKHBI OBITH BBEIECHBI B CXEMY
3ameneHus. [Ipu aToM ciieyeT uMeTh B BUJy, UTO CONPOTHUBIIEHUE HYJIEBOM MOCIIEI0BATENbHOCTH
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TpaHcpopMaTopa CO CTOPOHBI OOMOTKH, COCIMHEHHOW B TPEYroJIbHUK WU 3BE3Iy C
HE3a3eMJICHHOW HEHTpaibio, OSCKOHEYHO BEJIMKO, IMOATOMY TpaHCPOPMATOPHI C YKa3aHHBIMHU
CX€MaMHu COCIUMHCHHA M BCC HAXOOAIIUECA 3a HUMU DSJICMCHTHI I/ICXOZ[HOﬁ pvaeTHOﬁ CXEMHBI B
CXEMY 3aMEIlleHNs] HyJIEBOM MOCIIE10BAaTENbHOCTH HE BXOIAT.

Ecmm HaIIps>KCHUEC HYHGBOﬁ MOCJICHOBATCIIBHOCTU MMPUIIOKECHO OTHOCUTEIILHO 3€MJIU, TO IIPU
OTCYTCTBHU eMKOCTeN MPOBOAMMOCTU JIA MNPOTCKAHUSA TOKOB HYHCBOﬁ IIOCJIICJOBATCIIbHOCTH,
H€O6XOZ[I/IMO, KaKk MUHHUMYM OJHA 3a3CMJICHHAA HeﬁTpaﬂb B TOH XKe QJICKTPUYCCKH CBSI3aHHOU eIy,
rae npuioxeHo Uo. Ecnu B paccMarpuBaeMoi LIEMU UMEETCS HECKOJIBKO 3a3€MJICHHBIX HEUTpaJei,
TO COOTBETCTBEHHO O00pa3yeTcss HECKOJBbKO MapajjieIbHBIX KOHTYPOB Ui TOKOB HYJEBOMW
[IOCJIEJOBATEIBbHOCTH.

Ecnu HampspkeHune HyJaeBOM MOCIeI0BaTENbHOCTH BBEJIEHO IMOCIEAOBATEIBHO B PACCEUKY
(ha3HBIX TIPOBOJIOB, TO IUPKYISAINS TOKOB HYJIEBOH MOCIEIOBATEIIFHOCTH BO3MOKHA €CITH B CXEMe
OTCYTCTBYIOT 3a3€MJICHHBIC HEUTpaad, HO €CIIM IIPU OTOM HMEETCs 3aMKHYTBI KOHTYp uepes
00XO/JHBbIE IMyTH TOW >K€ DJIEKTPUYECKU CBS3aHHOW IIenu, (IPU 3TOM B 3e€MJie LUPKYIHUPYET
HaBEJICHHBIN TOK, CJIEAys MO Tpacce JUHUH).

Ecim ke Takue ImyTd OTCYICTBYIOT, TO JUIi IPOTEKaHUS TOKOB  HYJIEBOH
IIOCIEA0OBATCIIbHOCTHU H€O6XOZ[I/IMI)IM YCJIOBUEM ABJACTCA HAJIUYWUC B TOU K€ QJICKTPUYICCKH
CBSI3aHHOU I1eTIH 3a3€MJICHHBIX HEHTpaseil ¢ 00enx CTOPOH OT MecTa, rje nprioxeno Uo.

@)

Uo

@

a) 0)
a) HanpsbkeHue HyJIeBOH MOCIEI0BATEILHOCTH TIPH MOTIEPEYHON HECUMMETPHUH.
0) HanpspxeHue HyeBo#i mMociej0BaTeIbHOCTH MIPU TPOJI0JIBHON HECHMMETPHUH.

ComnpoTtuBieHue, depe3 KOTOpOE 3a3eMJieHa HEHTpanb TpaHcopMaropa, TreHepaTopa,
JBUTATENS, HATPY3KH, JOJDKHO OBITH BBEJICHO B CXEMY HYJIEBOH MOCIENOBATEIBHOCTH YTPOCHHOM
BEIMYMHON. DTO CBSI3aHHO C TE€M, UYTO CXEMa HYJEBOU MOCIEI0BATEILHOCTH COCTABIISIFOT ISl OJTHOM
¢assl, a uepe3 ykazaHHOE 3a3eMIIEHUE MPOTEKAI0T cyMMa TOKOB o Bcex Tpex ¢as.

PaccMmoTpuM IIpuMep COCTABJICHUS CXEM HYJIEBOW IOCIEA0BATEILHOCTH.

Jns MCXOOHOM pacyeTHOW CXEMbl, NPEACTABICHHOW Ha PHUC. d, COCTAaBUTh HCXOJHBIE
SKBUBAJICHTHBIE CXEMBI 3aMEIICHUsI PSAMOii, 00paTHOW M HyIeBOH mocienoBarensHocTeil mpu K3
Ha 3emJto B Touke K1 U mpeoOpazoBaTh X B SKBHUBAJICHTHBIE PE3yIbTUPYIOUINE CXeMbl. PacueTsl
MIPOBECTH C HCIOJIB30BAHUEM CHCTEMBl OTHOCHTEIBHBIX EIUMHHUI] U C Yy4eTOM (PaKTHUYECKHX
K03 UIMeHTOB  TpaHchopMmaliei CHWIOBBIX — TpaHCHOPMATOPOB H  aBTOTpaHCoOpMaTopa.
[TapameTpsl HCXOAHOW PACYETHOU CXEMBI IIPUBE/ICHBI HUXKE.

I'eneparopsr 1,2: Pyoy=63MBT; Uyon=10,5kB; cos®on=0,8; X" 4 siom) =0,136; X 2(s0m) =0,166;

1o K3 rerepaTtopsl paboTalid B peKUME XOJIOCTOTO X0J1a ¢ HOMUHAIBHBIM HAIIPSKECHUEM.
Peaxtop 9: Uyon = 10 kB; lyon = 2500 A; X = 0,35 Owm.
Tpancdopmaropst 3 u 4: Syon = 40 MB-A; n=121/10,5 xB; u, = 10,5 %.
ABTtoTpanchopmaTop: Swon = 125 MB-A; n = 230/121/10,5 ¥B; uxs-c = 11 %; uxnn = 32 %;
UxC-H = 20%.
Juaum 10 u 11: 7= 50 xM; X1y, =0,4 OM/kM; Xoy, =1,2 OM/KM.
Cucrema 8: Syon = 2000 MB-A; X 1e(now) = 1,0; X 0c(rom) = 1,1.

HcxonHple cXeMBbl 3aMelIeHUs TpsIMOM, OOpaTHOW U HYJIEBOW IOCIIENOBATEILHOCTEH
IIpE/ICTaBJIEHbl COOTBETCTBEHHO HA PUC. 0, 6 U 2.
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E
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0,173 ]
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1

02108 0,2625 0,1366 X
—] }++1{ ++1{ F+t S5 _6 8 =
0 0,092 0,05
2 D 4 11

02108 0,2625 0,1366 '
._—__‘ ,-—| sz
e)

xoz
UKO
2) 4C)

Puc. Tlpumep cocTaBiieHUS CXeM 3aMelIeHHsI PSMOU, 00paTHON U HYJIEBOW MOCIIEA0BATEIHHOCTEH
u onpeneneHus pe3ynbtupyromux 3/1C u conpoTUBIIEHH TPU KOPOTKOM 3aMbIKaHUH B TOUKe K1

OOMOTKa HHU3IIET0 HANpPsHKEHHS aBTOTpaHChOpMaTopa HE HarpykeHa, IMO3TOMY OHa He
BBOJIMTCSI B CXEMBI 3aMEIEHHs TPSIMOI 1 00paTHOM MOCIIeI0BATEIHHOCTEH.

B kauecTBe 0a3UCHBIX €TUHUI] BEIOUPACM:
Ss =100 MB-A u Ug; = 121 kB.
Torma mo popmyne

1 1
Ugy =————121=10,5 kB; Ugyy =————121=230 kB; Ugy =————121=10,5 kB;
o 01/105 o =121,230 NV T 121/105
100 10,52 10,5 100 1052
ITo hopmyiae X =X »c=0136 220173 X 3= X 4= —  — —=—=0,2625
dopmy. L1671 206 63708 10,52 ¢ 35 49700 20 1052
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Jlnst agToTpanchopmaTopa NpeaBapUTENLHO HAXOMMM X puiow) s X Com) » X Heow) -
* * *
X o= 0,005(11+32-20)=0,1155 X ¢uon=0,005(11+20-32) =03

X Hgrowy=0,005(32+20-11)= 0,205, TIO3TOMY

2
125 2302
_ _ 100 2307
Jst cuctemsl 06b19HO NPUHUMAIOT E = Usow = Ucpuow, HOITOMY X =1,
* 8(6) 2000 2302
I1 X = 100 =0,317; X =X 4. 100 1
0} q)OpMy.]Ie L 96)= Y 5 =Y > 4 106)= 4 11(6)_0 50- W_O 366.
E 10 5
OJIC renepatopoB E 5= E 5= =1;
il PaToOPoOB L 5= L 2(5) U6H “105
U
D/IC cHCTEMBI E 35=—1"" _230_
* Usmm 230

=0,05

Cxema O6paTHOfI IOCICA0OBATCIBHOCTH OTIINYACTCA OT CXEMBI HpSIMOfI IIOCICI0BATCIIBHOCTHU

TOJIBKO T€M, 4TO B Hel oTcyTcTBYIOT DJ[C, a CONMpOTUBICHUS TEHEPATOPOB
2
100 10,5

=0,2108.
63/08 10,52

X 15=X 56=0166———

B cxemy 3aMeleHHs] HYJIEBOW IOCIIEIOBATEIBHOCTH T€HEPATOPBI U PEAKTOP HE BBOISATCH,
TaKk Kak OHHM HaxoJiTCs 3a TpaHCPOpMATOpaMH C COCTMHEHHEM OOMOTOK 1o cxeme Yo/A, HO
BBOJMTCS OOMOTKA HM3IIETO HANPSHKEHHs aBTOTpaHCPOpMATOpa, COEAWHEHHAs B TPEYTOJbHHK.

ConpoTHUBJICHHE 3TO OOMOTKH

2
7(6)—0205100 105" 4164
125 1()’52
COHpOTI/IBJIeHI/ISI Hy.]ICBOﬁ IIOCJICI0OBATCIIBHOCTU CUCTEMBI 1 JII/IHI/Iﬁ COOTBCTCTBCHHO paBHH
2
O 11— 100 230 =2 0055 " X° _X° =12-50 —— 100 =0,41.
& 80772000 2302 106)” % 11(6) 2

CTOPOH PEAKTOPa OJJMHAKOBBI, TO3TOMY OH MOYET OBITh 3aKOPOYCH HITH UCKITFOUCH.
DT0 ympoImaer 3a1aqy npeoOpa3oBaHUsT CXEMBI:
X 20=X 107X 30+ X 100=X 307X 20 X 40 X 167 05721;

EreX 136+ £ 20X 126

E 4= E 11/ E )= =15 X 1ae=X 16/ X 136=0,286.
E 40~ L 16)” £ 26) X 130t X 129 Y 140=4X 1207 X 1309)

COHpOTI/IBJICHI/Ie )*( 15(6)= )f 5(6)+ )f 6(6)+ )f 8(6)= 0,1 42.
0,286-0,142

[Ipu 5TOM X (5(61= X a6/ X 156)= —— e 20,095 ; E ve1=E v/ E ager=1
p $120= X 1407 4 1507 586+ 0,142 E 56)=L 307 £ 40

AHaNOTHYHBIE  MPeoOpa3oBaHMA  CXEMBl  OOpaTHOW  TOCIEIOBATEIBHOCTH
X 33(5=0,097.

OnemeHTapHble  NpeoOpa3oBaHMs  CXEMBl  HYJIEBOH  IOCIEJOBAaTEIbHOCTU
X o3()=0063.

JaroT

JaroT

OKBUBAJICHTHBIE PE3YIbTHPYIONINEC CXEMbI 3aMEIICHHsS TpsSMOW, OOpaTHOH W HyIeBOM
MOCJIEIOBATENILHOCTEH, MOTYYeHHBIE B pe3yabTaTe MpeoOpa3oBaHU PACCMOTPEHHBIX HMCXOJIHBIX

CXEM 3aMCUICHUS, MPEACTABJICHBI COOTBCTCTBCHHO HA PUC. 0, en of.
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Pacnpenesienne u TpaHcopManii TOKOB M HANIPSIZKEH Ui

[Ipy HEecMMMeETpHUYHBIX Tpolieccax, (GasHble TOKM M HANPSHKEHUS OIPENENSIOTCS ITyTeM
CYMMUPOBAHUA CUMMCTPUYHBIX COCTABJIAIOIINX.

[Tpu onpenenennu Ga3HBIX BETHMUMH 32 TpaHCPOpPMATOPaMU HYKHO UMETh B BUY, YTO TOKH
U HanpspKEHUs IPU TIepexo/ie yepe3 TpaHchopMaTop U3MEHSIOTCS HE TOJBKO MO BETMYUHE, HO U IO
(daze B 3aBUCUMOCTH OT COCTUHEHUS €T0 O0OMOTOK.

PaccmoTpum cxemy TpaHchopMaropa ¢ coequHeHrHEeM 00MOTOK Y o/A-11.

Cxema tpanchopmaropa
¢ coequHeHueM ob6morok Yo/A-11.

O003HaYMM YHUCIIO BUTKOB (Da3HBIX OOMOTOK COOTBETCTBEHHO uepe3 @Y W @A. Torma
TUHEWHBINA K03 duimeHT Tpanchopmaiy onpenenseTcs Mpu 3TOM Kak:
K=y3+2"
WA
ITpu 3anmansbix (asaeix Tokax Ia, Ig, Ic B COOTBETCTBMM ¢ MPHHATHIMH Ha pUC.
MOJIOKUTENFHBIMU HAMIPABJICHUSIMU JJIS1 TOKOB B IMHEHHBIX MPOBOAX 328 TPEYTOJIbHUKOM UMEEM:

wY I,-1
1,=1,-1,=(, A __Bxg
a aA bA ( ) A \/5
LOY 1,1
1,=1 =, —1)*—="B_Cx[ 1
I.-1
Ic=IcA_IaA=(I I) w_Y= A*K

@A JE
Ecnu Toku BBIPa3UTh Yepe3 CUMMETPUYHBIC COCTABISIONINE, (OPMYIBI OyIyT HMETh HHON
Bu. Hammpumep, uist Toka /, moydum:

I1,+1, +10_a21A1 —al,, -1, K = (1_a2)1A1 +(1-a)l,

g 5

W3 popmynsl BUIHO, YTO KaK U CIEIOBAIO OXKHUIATh, JINHEIHbIE TOKU 32 TPEYTOJIbHUKOM HE
CoJiepKaT COCTABIISIFOIINX HYJIEBOH MOCIIEI0BATEILHOCTH.

AHAJOTHYHO MOKHO HAWTH HANPSOKEHUS 32 paccMaTpuBaeMbiM TpaHcopmaropoM (A).
Ecmu U,, Ug u Uc ¢asHble HanmpsbKeHUsS CO CTOPOHBI Y, BKJIIOYANOIIHE B ce0sl TaJCHUS
HaNpsHKEHHUS B CaMOM TpaHc(hopMaTope, TO UCKOMBIE (ha3HbIE HAMPSKEHUS CO CTOPOHBI A OyayT:

I, = K=, +1,e")K (2

v,-vu,. 1

U — A B g —

a \/3 K
U=UB_UC*1 (3)

b \/3 K

g Ue=Ui, 1

¢ \/5 K

WM CCJIM BBIPA3HUTH HAIPAKCHHUC YCPC3 CUMMCTPUYHBIC COCTABJIAIOIIUC, HAIIPUMCEP Ua,
NUMCEM!

. ; 1
30 —j30
U=U_ e +U,e’ ") — 4)
K
u3 3 u 4 cienyer, 4TO HANPSHKEHHUSI CO CTOPOHBI A HE 3aBUCAT OT HANPSDKEHHS HYJIEBOMH

MOCIIEI0BATEIbHOCTH HAa CTOpPoHE Y. B To ke Bpems, ecin HEHUTpaldb CHUCTEMBbl HAa CTOPOHE
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TpeyrojbHUKa cMmelieHa Ha U,,, 1S onpezeneHus Ga3HbIX HaNpsLKEHUH OTHOCUTENBHO 3eMIH K
3Ha4YeHMsIM 10 3 u 4 HyxHO npubasuts U, .

Crpykrypa dopmyn 2 u 4 TOKa3bIBaeT, YTO MPHU MEPEX0jJe CO CTOPOHBI Y HAa CTOPOHY A
TpancpopmMaTopa, OOMOTKH KOTOPOTO COEAMHEHBI 1o Tpymme Y/A-11, BekTOphl mpsMoit

T10CIIeI0BATETBHOCTH TI0BOpaurBaroTcsi Ha 30”0 B HATPABICHUM BPALICHHS BEKTOPOB, d BEKTOPHI
06paTHOIi mocenoBaTenbHOCTH — Ha 30° B IPOTHBOIIONOXHOM HAMPABJICHHH.

T y ‘ Uaz
AVNUy g AY é a
| 30°

%

U,
(W4 ‘A1 1 N
CHBUr BeKTOPOB HANpPSAXKEHHH NPAMOH H
obpaTHOil mocJexoBaTeNbHOCTER a5 TpaHcopmaTo-
pa c¢ coenunenneM o6motok Y/A-11.

Ecmu nepexon uepes TpaHchopMaTop OCYIIECTBISIETCS B 00paTHOM HAINpaBJICHHUH, YIIIOBbIE
CMEIIIEHNS CHMMETPHUYHBIX COCTABIISIOIINX MEHSIOT CBOM 3HAK HA MPOTUBOIIOJIOKHBIH.

[Ipu coeguHeHun OoOMOTOK Mo Tpymme 12 — yrioBele CMEUICHHS TOKOB M HaIpsHKEHUH
BoOOIIEe OTCYTCTBYIOT. IIpn sTOM mpu coeauHenun TpanchopmaTtopa mo cxeme Yo/ Yo JOJKHBI
OBITH YYTEHBI TpaHC(HOPMHUPYEMBIE COCTABIISAIONINE HYIEBOW MOCIEIOBATEIBHOCTH.

[Tpu HedeTHOW Tpymme COeAWHEHHs OOMOTOK B TeX CllydasxX, KOTJa He TpeOyeTcs 3HaTh
WCTHHHOU B3aMMHOUM OPHEHTHPOBKH BEKTOPHBIX AMATPaMM Ha 00eMX CTOpOHax TpaHchopmaropa,
MOXXHO JJIi IPOCTOTHI CUMTATh €ro COeAUHEHHe No rpynne 3 (wim 9), MOCKOJIbKY NpU 3TOM
BEKTOPBI MPSMON M 00paTHOI MOCIEeI0BATENBHOCTEH MOBEPTHIBAIOTCS Ha 90° B MPOTHUBOTIONIOKHBIE
HarpaBJieHUs (puc.).

0
A y
“ G
CABHI BeKTOPOB HaNpSXEHHA NpPAMOH H
o6paTHOA MOCJELOBaTeNbHOCTER NpH Tparcdopmaro-
pe ¢ coeguHeHuem o6moTok Y/A-3.

O4eBHIHO, BEKTOPHI MPSIMOM IMOCIIEIOBATEIILHOCTH MOKHO OCTaBUTH 0€3 CMEIIEHUs, HO
BEKTOPBI 0OpPaTHOM TOCTIEI0BATEHHOCTH CIBUHYTH Ha 180°. OTCIoAa BRITEKAET IPOCTOE U YIAOOHOE
JUTSL IPAKTUKU TIPABUIIO:

npu nepexooe yepe3 mpancgopmamop ¢ coeduneruem Y/A (uru A'Y) oocmamouno monvko
Y 8eKMOpPO8 0OpaAmMHOU NOCIe008AMENbHOCMU USMEHUMb 3HAK HA NPOMUBONONONCHBII.

HyxHO MMeTh B BHIy, UTO OTKa3 OT y4eTa JACHCTBUTEIBLHOUN TPYMIBI COSTUHEHUS 0OMOTOK
TpancpopMaTopa MPUBOAWT K HECOBMAJCHWUIO OOO3HAYCHWI JIMHCWHBIX TIPOBOJOB  3a
TpaHCcGOPMATOPOM ¢ MAPKUPOBKOH, OTBEUAIOIICH JEHCTBUTEILHOM IPYIIIIE COCIMHCHHIM.

Crnenyetr 0co00 MOAYEPKHYTH, YTO €CIM TOKH M HATIPSDKEHUS BHIPAKCHBI B OTHOCUTEITHHBIX
eIMHUIIAX, TO TMPH UX TpaHCHOpPMAIMK JIOJDKHBI YYUTHIBATHCS TOJBKO YIJIOBBIE CIBUTH,
00yCIIOBJICHHBIE COOTBETCTBYIOIICH IPYNTION COSAMHEHUS 0OMOTOK TpaHChopMaTopa.
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OnHokpaTHas nonepeyYHass HeCUMMMeETPUA

Oo6mme 3amedanus. IlomepeyHyro HECHMMETpHsl B TPOM3BOJBHOM TOuke 3-X (hazHOM
CHCTEMBI MOXXHO TIPEJCTaBUTh B OOIIEM BHJE NPUCOCIMHEHHWEM B TOW TOUYKE HEOJMHAKOBBIX
COITPOTHUBIICHU.

Taxoit mox0/1 MO3BOJISET MOMYIUTh pelieHUe B 00IIeM BUJIE,
L 13 KOTOPOTO 3aTeM I0Jy4aroT YaCTHBIE PEIICHUS, XapaKTep, TOT WU
- _ 4 MHOH BUJ HECUMMETDPHH.
Ien Opmnako (mpu pemieHMM B OOIIEM BHJE) MOJIYYarOTCs

<L
e 8 rpomMo3akue BelpakeHus. [Ipomie u HarisiHee MPOBOJAUTH pEIICHHE

*__  nns  xaxgoro BHAA TOMEPEYHOM HECHMMMETPUM, HCIONb3Ys

1Le XapakTepU3YIOIIHME €ro YCIOBHS.

IIpu paccMOTPEHNN HECUMMETPUYHBIX KOPOTKUX 3aMbIKaHUMN

Z; . pHavane [peaIoiaraéM, 4Tro A3TH 3aMbIKaHUS METAINIMYECKHE, a

3aTe€M yKakKeM, KaK y4ecTb I1€PEXOAHbIE COITPOTUBIICHHUS.
* l"}_, 3k, [Tpu 3amucu TpaHUYHBIX YCIIOBUH NMpUHMMaeM, 4to ¢aza A

Haxo4uTCd B YCJIOBHUAX, OTIMYHBIX OT YCJIOBI/Iﬁ L ABYX APYTrux
¢da3, T.e. OHa SBJSIETCS, KaK MPUHSATO HA3bIBaTh 0c000H (a3oil. 3a
IMMOJIOKUTCIIBHOC HAITPABJICHHUC (1)213HI)IX TOKOB U UX CUMMCTPHUYHBIX
COCTaBJAIOIMUX ITPUHUMACM HAITPABJICHUEC K TOYKEC K.3. (HJ’ISI YIIPOUICHUA MOKHO OITYCKaThb MHACKC
BHJA K.3., COXpaHss €ro TOJbKO B 3allMCU I'PaHUYHBIX YCJIOBI/Iﬁ 1 B OKOHYATCIIBbHBIX p€3y.]'II)TaTaX).

JIByxdha3zHoe KOPOTKOE 3aMBIKAHUE

3anuineM rpaHUYHbIE YCIIOBUS 11 2-X (asHoro K3

1) =0; (1)
I =—TIgs 2)
Ug -Ul =0 )

ITockosbKy cucTeMa TOKOB ypaBHoBewena, .e. [, +1,+1.=0,10 I, =0.

CnenoBarensHo, (1) moxHo 3anucare I, =1, +1,,, =0, oTKyna

Ty ==Iys (4)

Beipazum Hanpsbkenune U,, u U,. uepe3 CUMMETPUYHBIE COCTABISIOIIUE HANPSHKEHUS
¢azer A. Torna (3) Oyner

2 2 2

aUgy+aUyg, +Ugy—aUy, —aUy, =Uy,y =(a" —a)(Uyg,, —Uy,,) =0, okyna

Ui = U ®)

Tenepr oOparumcsi K OCHOBHBIM ypaBHeHusiM II 3akona Kupxroda mns oTaedbHBIX
IIOCJIEAOBATEIBbHOCTEH
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U =E;—Z;* 1,

Ug, =0-2Z,s %1,

Ugo=0-Z * Iy,

CootHomieHue (5) M03BOJISET NPUPABHATH NpaBble YacTU ypaBHeHu i Uy, u Uy, , T.€.
E ;= jX i3Iy ==Xl gy,

OTtkyna uMmest B BUy COOTHOIIEHHUE (4), TOCIIe IPOCTHIX MPeoOpa30BaHMIA TOTYUHITH:

@ Ee (6)

KA1 .
-](XIZ + XZZ)
Toxu noBpexIeHHBIX (a3 B MeCTe K.3. MOYKHO BBIpa3uTh uepe3 1, ,,, T.€.

L) =a’ I, +ald), = (@ —a)I ), = ]\/_a 5 (7)
U COTJIACHO BBIPAKEHHUIO 2
12 = j3Ig), (7a)

Hanpsokenne mnpsiMmoii uw oOpaTHO# mocienoBarenbHOCTEH (a3pl A B MecTe K.3. B
COOTBETCTBUU € NepBbIM ypaBHeHHeM I 3akona Kupxroda u Beipaxennsmu 4,5 OyayT:

U;(ZA)I = U;(zA)z = _.iXZEI;(zA)l )]

HanpsokeHne HyJeBoil mocienoBarenbHoCcTd UY) MOKET MMETh MPOU3BOJIBLHOE 3HAUYEHHE,
T.K. IPU JTAHHOM BHUJE K.3. CMEIICHHE HEUTPAIA CHUCTEMbl OTHOCHUTEIBHO 3€MJIM HE BJIMSET Ha
BEJIMYMHBI TOKOB. [I0CKOJIbKY B JAaHHOM CiIy4ae JJisi TOKOB ITyTh Yepe3 3eMJTI0 OTCYTCTBYET (Xoz=x)
10 nmeem: U) =—jX 1) =—0*0 - HEONpPENENEHHOCTD.

@da3HbIe HANIPSKEHUS B MECTE K.3. COCTABIIAIOT:

U;(ZA) = U;(ZA)I + U;(zA)z = ZU;(ZA)l =2jX, I;(ZA)I )]

v,
10
2 (10)

ITocTpouM BEKTOpHBIE JUarpaMMbl TOKOB U HaIlpsDKEHUH (CM. pHC. 0,8).

(2) _ (2) 2r7(2) 2) _ 2) _
UKB U =a UKA1+aUKA2 _UKAI__

OpaHoda3zHoe KOPOTKOE 3aMbIKaHHUE
[Tpu k.3. Ha 3emutrO (pa3er A

I'paHUYHBIC YCIOBUS OyIyT

I =0; (11)
I =0; (12)
Ud=0. (13)
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[Tpu cobnronenun ycnoBuil 11 u 12 cuMMeTpUYHBIE COCTaBISIOIINE TOKOB B MECTE K.3.
CBS3aHBI IPOCTBIM COOTHOLLIEHHEM

1
I;(ljl =I;(1/:2=I;c1/:0=§1;(1/; (14)

st 3a3emiuenHoi ¢a3sl B coorBerctBuu ¢ 13 umeem; U, =Ug,+Uy,+U,, =0 nmm

MIOJCTABJIAS CIOAA BMECTO CHUMMETPHYHBIX COCTaBIIOIIMX HANPSKEHUM UX BbIpakeHus 1o I
3akony Kupxroda:

Upy=E;—Z; %1
Ug,=0-2,, %I,
Ugo=0—Zys * I
U yuuThIBas cooTHouenue 14 nomyunm: E ; — jl, (X5 + X,5 + X,;;) =0,

Es
TR e e X+ X o) ()
Tok B oBpexaeHHOM (ase B mecte K.3. 1) =31\, (16)
CI/IMMeTpI/ILIHI)Ie COCTAaBJIAIOIIHEC HAITPAKCHHA B MCCTC K.3.
Ugo = JXox Ty — iXoz g4y (17)
UKAz = _jXZEIKAZ = _an:IKAl (18)
Ugin =—Ugy + Ugy) = J( X5 — X2 ) (19)

®dazHble (OTHOCUTEIHHO 3€MJIH ) HANPSDKEHUS B MECTE K.3.
M _ 277 ) M — seiy? 2 Q)
Uwp=aUg, +aU,, +Ug = j(a" —a)X,; +(a” -DX ), (20)
n _ 2 Q)
Ure = j((@a—a”) X, +(a—1)X )y, 1)
PaccmoTpuM BeKTOpHBIE AMarpaMMbl HampspkeHui (0) ¥ TOKOB (B) B MecTe OJHO(pA3HOTO
K.3. Yron @, MexIy HalpsbKeHUSMU HETIOBPEKICHHBIX (a3 3aBUCUT OT COOTHOMIEHUH Mex Ty Xoy
¥ Xos . OH H3MEHSIETCS B IMPOKHX Tpeenax 60°< 0, <180°.
HwxHuii npenen cOOTBETCTBYET YCIOBHUIO Xoy=o0 T.€. KOIJA 3aMbIKaHHE Ha 3E€MIIIO
IIPOUCXOJUT B CUCTEME C M30JIMPOBAHHOM HeuTpanblo. K BepxHemy npeneiny ®, CTpeMUTCS IpH

Xox—0. JIums B yactHOM citydae, npu Xoy= Xoy yron @, =120".

JIByx(da3zHoe K.3. Ha 3eMIII0

[Tpu onHOBpemMeHHOM 3aMbIkaHu# (a3 B u C Ha 3emitto B 0/THON TOUKE

A g -
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IpaHUYHBIC YCIOBUS OyIyT

I’ =0; (22)

Uy’ =0; (23)

Ulb =0, (24)
3anucanHbIe 4Cpe3 CUMMCTPHUYIHBIC COCTABJIAIOIINEC 3TH YCIIOBUA ITPUMYT BU!
Lo + Lo + Ly = 0 (222)

UL = U = U =S U (25)

OueBuHO, uTO cornacHo 2 u 3 ypaBHeHuto 1o I 3akony Kupxroda, a raxxke (25):
(1.1) » — gD
Tiio JX os =1 iin JX s -
[TpubaBum Kk 00enum yacTsam paBeHcTBa I, jX,, ¥ yunuThiBas (22a), nocie npeoOpa3oBaHuil

MOJTYYUM:
X

R 20

XOZ + XZZ
aHAJIOTMYHO

X
1 =1 @
XOZ + XZZ
Ucnonw3ys Uy, = E; — Z,;1,,, 1 NIOJIly4eHHbIE ypaBHEHUS (25-26) umeeM
. X, X,
UL = = Xl = U = 13 320 29
(1.1) EAE
oTkynma I,/ = (29)
(X XZEXOE
J X+ 7)
XZE + XOE

Toxu noBpexaeHHbIX ¢a3 B mecte K3

X,z +aX,
15 = @ =" (30)

XZE + XOE

X, +a’X

I;(lél) — (a i) 0z )I;(IAI) (3 1)

XZE + XOE

Toxk uepes zemmo I\ =318
Monynu BepakeHuI B ckoOkax, Bxoasmux B (30 u 31), 0IMHAKOBHI M COCTABIISIOT

m(l’l)=\/§ 1— Xoz - Xos
-
(Xz>:+Xo>:)

B 3aBHCHMOCTH OT COOTHOLICHUSI MEXIY X,; U X,; 3HaueHust m'™" HaxomsIrcs B mpeenax

1,5<m™ </3 . Hwknuit npesien HACTYNAET IpH X,; =X,y , & BEPXHUIH — IPH X5 / X5 , PaBHOM 0

HJIN o0,
BGKTOpHBIG AvarpaMMbl HaHpH)KeHI/Iﬁ 1 TOKOB B MECTC Z[Bqu)a?;HOFO KOPOTKOI'O 3aMbIKaHH A

Ha 3€MJII0 TIPHUBENIEHBI Ha pUC. 6 M 6. YTol ®, MeXay TOKaMHU TOBPEKICHHBIX (a3 MOXKET
M3MeHAThCA B peenax 60°< @ ;< 180°, cTpeMsch K HIKHEMY TPeeNy Ipu X,z =0 u x BepxHemy
— 1mpu  X,; —>0, YTO COOTBETCTBYET YCJIOBUSAM JBYX(a3HOTO KOPOTKOTO 3aMbIKaHHs 0e3
coenmuHeHUsT ¢ 3emuiell. HampspkeHune HEmoBpeKIACHHOW (a3bl (OTHOCHUTENBHO 3€MIIM) B MECTE
KOPOTKOTO 3aMblkaHus cocTasnser: UL =3U 00

Hanpsoxenne aByx apyrux ¢a3 paBasi 0.
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Y4eT nepexoAHOro CONPOTUBIICHHS B MECTE K.3.

On. nyry B OTKPBITOM BO3JyXe MNPHUOIMKEHHO MOXKHO XapaKTEepPHU30BaTh AKTUBHBIM
COIIPOTHUBIICHUEM TI;. PacCMOTpHUM, KaK y4UTHIBACTCS CONPOTUBIICHUE AYI'H IIPHU Pa3JIMYHBIX BUAAX
HECUMMETpHUYHBIX K.3. [IpenmonoxkuM, 4to 3ambikanue Mexay ¢azamu B u C mpousomio yepes
COIMPOTHUBIIEHUE JIYT'H I;. JTO 3aMbIKaHHE MOXKHO TPEACTaBUTH KakK TIyxoe AByX(as3Hoe K.3. Ha
OTBETBJICHHUH, (Pa3bl KOTOPOTO MMEIOT OJMHAKOBBIE COMPOTUBIICHHUS Iy/2. DTOT MPHUEM IO3BOJISIET
HECHMMETPHUYHBIN y4acToK 3-X (pa3HON Lenu MPUBECTH K CHMMETPUYHOMY, YTO B CBOIO O4Yepeib
II03BOJIAET UCIIOJIB30BATh METOJ CHMMETPUYHBIX COCTABIISAIOIINX.

! 4 . .

y | K 1 K A K

) 8 g

A I (= .
" "3 ] 1 Iﬂﬂ‘ I) *Iﬁc
v g b bt

.[Im; 2& *2. -[A’/]‘ rli:_!jrd*l]jrd K.ﬂ ‘Qrd

: I iy . i
[/«5& " B Iﬂﬁr Iy; } =

BBenenne compotuBieHus ry/2 B (asy A, He MeHSeT YCIOBHI paccMaTpHBaeMOro
3aMbIKaHMs, T.K. Ha JAHHOM y4acTke TOK B (paze A orcyrctByer. Torma mo anamoruu ¢ (6) (2-x
da3Hoe K.3.) AN TOKAa MpPSIMOM IOCIEJOBAaTEIbHOCTM B MECTE K.3. MOXHO 3alHCaTh:
E E
= = (32)
rp+ (X +Xos)

A

rroo. oo
(7+JX12)+(7+JX22)

2) _
[KAI -

JIJtst HATIPSDKEHUS TIPSIMOMA TTOCTISI0BATEILHOCTH 33 COMPOTUBIICHUSMHE JAYTH I HIMEEM
@ _ : @)

Ukn _(r/I+.IX22)IKAl (33)

Jlyis HanpspKeHHsI 0OpaTHOM MOCIIE0BATETLHOCTH B TOYKE K/ CIpaBeUIuBO ypaBHeHHE (8)
(2-x azHOE K.3.).

PaccMoTpuM Tereph BMsSHUE Ayrd mpu oxHO(a3HOM K.3.. IlycTh (asza A 3aMKkHymach Ha
3eMITIO Yepe3 COMPOTHBIICHUE YT H Ty, JJisi COXpaHEeHHs CHMMETPUH JaHHOTO y4acTKa [EIH, MOKHO
[PE/ICTABUTh, YTO TAKHUE XKE COMPOTHBIICHHS BBEICHBI U B /B Apyrue ¢a3pl. OT 3TOro HUYETo He
U3MEHUTCS, T.K. B COOTBETCTBHHU C TPAHUYHBIMH YCIOBHSIMH, IPH 0HO(Da3HOM K.3. (¢ A) Toku (a3
B u C pasusl 0 I{)=1{)=0. Ilpu yuere BIMSHUS CONPOTUBIEHUS DI JYTH, COMPOTUBICHHE

KOKJOW TOCIE0BATeIFHOCTH YBEIUYWIOCh HA Iy W 1o aHamoruu ¢ (15) (omHodazHoe K.3.)
BBIPKEHUE JIJIS TOKA MPSIMOM TTOCIIEA0BATETFHOCTH B MECTE K.3. OyIeT

I(l) _ EAE EAE (34)

KA1 = . . . = .
(rﬂ + jX12)+(I‘H + jX22)+(I‘H + jXOE) 3r, + j(XlE + X, +Xo>:)
Hanpspkenne npsiMoii ocie10BaTeIbHOCTH 3@ CONIPOTHUBIIEHUEM (TOUKA K )COCTaBIISIET:
m _ ; )
Ukin = [(3@1 + ](XZ}: + Xo}: )] Ty, -
ITpu xopoTkom 3ambikaHNM MeXTy (azamu B u C ¢ 0qHOBpEMEHHBIM 3aMBIKAHHUEM ATOM
TOYKH Ha 3€MJII0 4epe3 COIPOTHUBIICHHE IYIH I,. (PUC. §) CONPOTHBIICHHE IyrM B JAHHOM CIydae

BOMJIET B CXEMY HYJIEBOM IOCIEI0BATEIIBHOCTH CBOEW YTPOEHHOW BEJIWYMHOW. BbIpaxkeHue mis
TOKa MPSIMOW TOCIIEeIOBATSILHOCTH B MECTe K.3. 1o aHayoruu ¢ (29) (2-x da3Hoe K.3. Ha 3eMIII0)

E
- - , (35)
]X22(3rﬂ +JjXo5)

JX s +(3rﬂ +jXs)

oyner 1\, =

jXIZ +

a HaIMpsHKEHUE MPSMOU MOCIIEI0OBATEIIBHOCTH 3a CONPOTUBIIEHUEM I B T K/
b — JX s Bry+ jXs) 70D (36)
KA1 X 3 X KA1
JX s +( Iyt 0s)
Jyis ompenenieHus TOKOB 0OpaTHOM M HYJIEBOM TOCIEIOBATEIIBHOCTH B MECTE 3aMBIKAHUS B
dopmymnax 28 u 29 (2-x da3Hoe K.3. Ha 3eMITI0) BMecTO Xoy cieayeT BBecTH (311 Xoy)
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HpaBI/IJIO IKBHBAJICHTHOCTH l'lpﬂMOﬁ nmocjIe10BaTC/JIbHOCTH

Ha ocHoBanum moyrydeHHBIX (OPMYT MOXKHO CJeNlaTh BBIBOJ, YTO TOKHM OOpaTHOW M
HYJICBOW TIOCJIEJIOBATEIBFHOCTH M HANPSHKEHHUS BCEX IOCIEA0BATENFHOCTEH MPOMOPIIMOHATBHBI
TOKY NPSIMOM TTOCIIEIOBATENIFHOCTH B MecTe K.3. T.e. 3aaua pacuera JitoOOT0 HECUMMETPUYHOTO
K.3. TIPEXJE BCEr0 COCTOMT B OINpEACNCHHH TOKa MPsAMON MOCIEeNOBAaTEIbHOCTH B MECTe
paccMaTpuBaeMoro BHJA K.3.

OOBIYHO TPU KOPOTKUX 3aMBIKAHUSIX B OCHOBHBIX LEMSAX JJIEKTPOIHEPTETHUECKUX CHUCTEM
pe3yIbTUPYIOIIee SKBUBAJICHTHOE WHAYKTUBHOE CONPOTHUBICHHE PACYETHOW CXEMBI OTHOCHTEIBHO
toukn K3 3HaUMTENBHO MPEBBIMIAET Pe3yNbTUPYIOIIEe aKTUBHOE conpoTuBieHue (B 10 u Oomee
pa3), TO3TOMY pacueT TMEePUOJUYECKON COCTaBISIONIEH TOKa TMpU HecuMMmeTpuuHbix K3
JOIyCKAeTCsl MPOU3BOJNTH, HE YYHUTHIBAs AKTHBHBIE COMPOTUBIICHUS PA3IHMYHBIX JIIEMEHTOB
pacueTHO# cxeMbl. I[Ipu 3TOM yCIOBHM TOK MPSMOHN IMOCIEA0BATEIHLHOCTH 0c000# (a3pl B MecTe
moboro HecummeTpuaHoro K3 cnenyer onpenensarts mo ¢popmyie

i gx)l = B ’
J(Xig +Ax ™)
rzae (n) - Bua HecummerpuyHoro K3;
E,. - pe3ynprupyromias skBuBaneHTHas JJ[C BceX YUUTHIBAEMbBIX HCTOYHUKOB SHEPTHH;

X1z - pe3ylbTUPYIOIIEe SKBHUBAICHTHOE WHAYKTUBHOE CONPOTHBICHHE CXEMBl 3aMELICHHS
MPSIMOH MOCIIEI0BATENFHOCTH OTHOCUTEIBHO TOUKH HecUMMeTpuyHoro K3;

AX"™ - jomonHHTeNBHOE HHIYKTHBHOE CONPOTHBICHHE, KOTOPOE OMPENENSETCS BHIOM
HecumMerpuyHoro K3 (n) u mapamerpaMu cxeM 3aMenieHus 0OpaTHOM U HyleBO# (mpu
onHodazHoM u nByx(haznoM K3 Ha 3eMITI0) MoCiie10BaTeIbHOCTEH.

Moyib MOTHOTO (CYMMapHOT0) TOKa MOBPEKICHHOU a3kl B MecTe HECUMMETpUYHOTO K3
CBSi3aH C MOJYJEM COOTBETCTBYIOIIETO TOKAa TMPSMOW IOCIEAOBATEIBHOCTH — CIIEAYIOIIUM
COOTHOIIICHUEM:

- ()
- m(n) [Kl >

o

rae m™ - Kod(HUIIEHT, TOKA3BIBAIOLIHIA, BO CKOJIBKO Pa3 MOIY/Ib MOJHOTO (CyMMapHOTO)

TOKa TMOBPEXACHHON (ha3bl npu n-m Buae HecummerpuuHoro K3 B pacuerHoit Touke K3 npeBbimaer
TOK TMpPSMOU TOCJIENOBATEILHOCTH MpU 3TOM *e Bujge K3 u B TOW ke Touke. 3HAYCHUS
ko dummenta m™ mpu K3 pasHbIX BHIOB IPUBEICHE! B Ta0IL.

3HadyeHHs JOMOTHUTEIbHOTO conportuiens AX™ u kosddurmenta m™
U1 HecuMMeTpruHbIX K3 pazHbIX BUJIOB

Bunx K3 3nauenne AX" 3nauenne kodddummenta m™
JByxdaznoe Xos NE)
Onnodasznoe Xos + Xos 3
Xoy Xos Xos Xos
Byxdasznoe K3 Ha 3emiio — s 3 12T
Skl Xox + Xoy Xz +Xoz

Tok npsiMoii TOCIIEIOBATENBHOCTH JTI000T0 HECUMMETPHYHOTO K.3. MOJKET OBITh OTpe/iesIeH
Kak TOK mpu 3-Xx ¢a3HOM K.3. B TOYKE, YAAJCHHOH OT JEHCTBUTEIbHOW TOYKH K.3. Ha
JonoNHATeNbHOE conpotuBiaeHne AX™, KOTOpoe He 3aBHCHT OT MApaMeTPOB CXEMBI MPSIMOi
IIOCJIENOBATEIBHOCTH M JUIsl  KaXJOro  BHJA K.3. OINPENENsIeTCS  pe3ylbTUPYIOIUMHU
COIPOTHUBJICHUSIMH OOpaTHON M HYJIEBOHN IMOCIEI0BATENFHOCTEH OTHOCUTENHHO paccMaTpUBaeMON
TOYKH CXEMBI, a TaKKe B OOIIEM cllydae CONMPOTUBICHUEM BO3HUKIICH Jyru. . A JJsl OTpeieeHus
MOMYJI pe3ylbTupyromero toka K3 moBpexaeHHo (a3pl JOCTATOYHO HAWICHHBIH TOK MPSMOM
T10CIIeI0BATETBHOCTH YBEIMIHTh B "™ pa3
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DTO MOJIO0KEHUE HA3bIBACTCS MPABUIOM SKBHBAJIECHTHOCTH TPSMOMN TOCIIEI0BATEILHOCTH.
OHO crpaBeIUIMBO, €CIIM MBI, KaK YK€ OTMEYaIH, PACCMATPUBAEM TOJILKO OCHOBHYIO TapMOHHKY
TOKa HECUMMETPHYHOTO K.3.

Toxu 0OpaTHOI 1 HyJIeBO# TIOCIE0BaTEIbHOCTEH 0c000i (pa3bl B MecTe HECUMMETPUIHOTO
K3 cBsi3aHBI C TOKOM MPSIMOI TIOCIIEIOBATEIILHOCTH COOTHOIICHUSIMH:

- iput iByX(hasHoM K3 7, =1 a;;

- iput 0HOGA3HOM K3 7y = ia0 = T ea1s
X . . X
—— B W fpg =LAl .
Xz + Xox Xz + Xox
IIpu pacuerax HecummeTpuuHbIX K3 ompeneneHuio moiyiexuT He Toibko Tok K3, HO u

HanpspkeHue B mecte K3.
Hanpsoxenne npsiMol TOCIE0BaTENbHOCTH 0C000H (a3pl B Touke HecumMmerpuuHoro K3

- npu aByxGazHoM K3 Ha 3eMIII0 1 xy = —a,

M060T0 BUIA COCTABISAET U, ;= ji o AX ™.

Hanpsokenus oOpatHoi u HyneBoil (mpu onxHodasHom u nByxdaszHom K3 Ha 3emitro)
nocJieIoBarenbHOCTel 0c000# (a3bl B Touke K3 paBHBI COOTBETCTBEHHO:

- nipu aBYX(pa3sHoM K3 U s, =U, ;5
- ipn oyiHodazHoM K3 Upy = —jlar Xo5x M Ugag = —jlea0 Xos 5
- ipu iByXhazHoM K3 Ha 3eMitt0 Uy =Upg =Upga; -

Pacuer TokoB HecumMeTpruHOro K3 B 3a1aHHbIii MOMEHT BpeMeHH.

Ananurnueckue pacueTsl Toka K3 OT CHHXpPOHHOW MAaIlWHBI B TPOU3BOJIBHBIA MOMEHT
BPEMEHU TMpH HecUMMETpUYHOM K3 pexoMeHIyeTcs BBINOJHATH C HCIHOJIB30BAHHEM METOMAA
TUNOBBIX KpUBBIX. [Ipr 3TOM pacueTsl nienecooOpa3Ho BECTH B CIIEAYIOIIEM HOPSIKE:

1) Mo ucXoIHOM pacueTHOM CXeME COCTaBUTh IKBUBAJICHTHBIE CXEMbI 3aMEIIEHUs MPSMOH,
obOpatHoii u HyneBoi (mpu omHodasHOM M AByxdazHoM K3 Ha 3eMIiTi0) MOCienoBaTeNbHOCTEH,
BBIPA3UB BCE MAapaMETPhbl B OTHOCUTEIHHBIX SIMHUIAX MTPHU MTPEIBAPUTEILHO BRIOPAHHBIX 0a3MCHBIX
YCIIOBHSIX, IPUYEM B CXEME€ 3aMelIeHHs] TPSAMOHM MOCIeN0BATEIbHOCTH CHHXPOHHYIO MAIUHY
cienyer yuecth cBepxnepexonnoi DJIC (mpeaBapuTeNbHO HaWIEHHOW M3 MPEAIIECTBYIOIIETO
pPEeXHMa) U CBEPXIIEPEXOTHBIM COMTPOTUBIICHUEM;

2) ¢ MOMOIIBIO MPeoOpa3oBaHUN MPHUBECTH CXEMBI K MPOCTEHIIEMY BHUIY U OMPEACIHUTH
AX™

3) onpenenuThs HavyalIbHOE JAEMCTBYIOIIEE 3HAUEHUE TOKA MPSAMOI 1TOCIIEI0BATEIbHOCTH

) ‘
1 1no6)= ;

®
Y ize+AX

4) onpenenuTh 3HAYCHUE BEIMYUHBL [ 00y XAPAKTEPU3YIOWIEH —3JIEKTPHYECKYIO
*

YAQJIEHHOCTh pacyeTHOU Touku K3 0T CHHXpOHHON MaIlIMHbI
S6

1 =1 )
» 1m0(aom)~ 2 1n0(6) SHOM

5) B COOTBETCTBHM C THUIIOM T'€HEpPATOpa, €ro CHUCTEMBbI BO3OYXIEHHS M HaWICHHBIM
3HAYEHUEM [ 10wy BBHIOPATH HEOOXOIMMYHO THIOBYK) KPUBYKO M JUIs 33/ldHHOTO MOMEHTA
*

BPEMEHH OIPEENUTh KOAPDHUIHEHT vy,
6) onpeneNnuTh UCKOMOE 3HAYCHHUE TIEPUOIUYECKOM cocTaBstomel Toka K3 oT cuHxpoHHOM
MAIlIMHBI B 33/IaHHBII MOMEHT BPEMEHU

Ly =m™y, I o)L »

()

rae m ’ — Kod(pQHUIMEHT, 3aBucsImii o Buaa K3.
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MeToabl pacuera HECUMMETPUYIHBIX KOPOTKHUX 3aMbIKaHHIil B CeTAX 10 1 xB.

Pacuer TOKOB HecumMmeTpuuHbIX K3 ciieqyeT BBINOJHATH C HMCHOJIb30BAaHUEM METOJA
CUMMETPUYHBIX cocTaBisomuX. Ilpu 3TOM mpenBapuTENbHO CIEAYET COCTaBUTh CXEMBbI
3aMeIeHUs IPSIMOM, 00paTHOM U HYJICBOU MOCIEI0OBATEIIBHOCTCH.

B cxemy 3amernieHust mpsMOi MOCIIEIOBATEIBHOCTH JOJDKHBI OBITH BBEJICHBI BCE DJIEMEHTHI
HUCXOJIHOM pacyeTHOW CXEMbI, IPUYEM IIPU pPacyeTe HAYAIBHOIO 3HAYEHHUs IIEPUOJUYECKOMN
COCTaBJIAOLIEH TOKa HeCUMMETpUYHOTo K3 aBTOHOMHBIE HCTOYHHUKH, CHHXPOHHBIE M aCUHXPOHHBIE
AIIEKTPOBHUTATENN, a TAK)Ke KOMIUIEKCHAs Harpys3ka IOJKHBI OBITH YYTEHBI CBEPXIIEPEXOJAHBIMH
O/J1C u cBepxmepexoJHBIMU COMPOTUBICHUSMH.

Cxema 3amerieHust 00paTHOM MOCIIEI0BATEIBHOCTH TaK)Ke IOJDKHA BKIIIOYATh BCE DJIEMEHTHI
UCXOMHOW pacyeTHOW cxembl. CompoTHBIEHHS OOpaTHOW TOCIEIOBATEIBHOCTH — CIIEAYET
IpUHUMATh [0 JaHHBIM KAaTajoroB, a AaCHHXPOHHBIX MAIIMH - HPUHUMATh PaBHBIMU
CBEPXIEPEXOIHBIM COITPOTUBIICHUSIM.

Pacuer TOKOB 0/1HO()a3HOTO KOPOTKOTO 3aMBIKAHUS

Ecmu snexTpocHaOkeHHe 3JIeKTPOYCTAaHOBKHM HampspkeHHeM 1o 1 kB ocymiectBisieTcst oT
SHEPTOCUCTEMBI Yepe3 MOHIKAIOMUN TpaHCPOpMaTop, TO HAaYaJIbHOE 3HAUYEHUE TEPHOIHUECKON
cocTaBisoneit Toka ogHodaszHoro K3 oT cucremsl, KA, ciieayer pacCuuThIBaTh MO hopmyIie

[ —
\/(2R12 +Roy )* +(2X 5 + Xy )?
rae Rix 1 Xix - COOTBETCTBEHHO CYMMAapHO€ AaKTHBHOE€ M CYMMapHO€ WHIYKTUBHOE
COTIPOTHUBIICHUS MPSMOM MOCIIEIOBATEILHOCTH PACYETHON CXeMbI OTHOCUTENBHO ToOUKU K3, MOM;
Ros m Xoz - COOTBETCTBEHHO CyMMapHO€ aKTHBHOE M CYMMAapHO€ WHIYKTHBHOE
COTIPOTHUBIICHUS HYJIEBOM MOCIEA0BATEIBHOCTH PACU€THOM CXeMbl OTHOCUTENBHO Touku K3, MOwMm.

Ot COIIPOTHUBJICHUS PaBHBI:
Rys =Ry, + Rp + Rop + Ry + Ry + Royy + Ry + Ropn + Ry

Xos =Xop +Xp +Xop + X + Xoy + Xows + Xogn

rae Ror 1 Xor - aKTUBHO€ M MHIYKTHUBHOE CONPOTHUBIICHUS HYJIEBOW IMOCIIEIOBATEIBHOCTH
nmoHrKarmero Tpaacopmaropa. st rpanchopmMaTopoB, 0OMOTKHA KOTOPBIX COSTMHEHBI IO CXEMe
A/Yy, pu pacuere K3 B ceTw HHM3IIETro HAMPSHKEHUS ITH COMPOTHUBIICHUS CIEAYeT MPUHUMATH
pPaBHBIMM  COOTBETCTBEHHO  AKTHMBHBIM M  HMHAYKTUBHBIM  COMPOTHUBJIEHUSM  MPSIMOMN
nocienoBarenbHOCTU. [Ipu APyrux cxemax CoequHEHUss 0OMOTOK TpaHC(HOPMATOPOB aKTHBHBIC H
WHIYKTUBHBIE COMPOTUBIICHUS HYJIEBOH TIOCIEIOBATEIIBHOCTH HEOOXOIUMO MPUHUMATH B
COOTBETCTBHUU C YKa3aHUSMH U3TOTOBUTEIICH;

Row 1 Xoy - aKTUBHOE M WHAYKTHMBHOE COMPOTUBIICHUSI HYJIEBOW MOCIEAOBATEIBHOCTHU
IIMHOTIPOBO/IA;

Rows 1 Xows - aKTUBHOE W WHIYKTHUBHOE COMPOTHUBIIEHUS HYJIEBOM MOCIEAOBATEIBHOCTU
Kabems;

Rosy 1 Xopn - aKTHBHOE€ W MHAYKTUBHOE CONPOTHUBJIECHUS HYJIEBOUM MOCIEAOBATEIBHOCTH
BO3YLIHOM JINHUU:

Rogs = Ry +3R; =Ry + 0,15 MOM/M;
XOBJ'I ~ 3X1BJ’I .

B »snextpoycraHOBKax C aBTOHOMHBIMM HMCTOYHHMKAMHU JHEPrUM HayajdbHOE 3HAYCHUE

EPUOAMMECKOH cocTapsttoweii Toka oauodastoro K3 (74)) B kunoamnepax cnenyer onpenensrs

o gopmyie
3E}

2 2’
\/(2R12 +Rox )” +(2X15 + Xz )
rae E§ - SKBUBaJeHTHas cBepxnepexoanas 9JIC aBTOHOMHBIX MCTOUHUKOB ((asnast), B.

1) _
II'IO -
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Pacuer TOkOB 1ByX()a3HOTO KOPOTKOTO 3aMbIKAHUS
[Tpu >1eKTPOCHAOKEHUH AIIEKTPOYCTAHOBOK HampspkeHHeM 70 1 KB OT sHeprocucreMsl
yepe3 MOHIKAIONIUI TpaHCc(hOpMaTOp HAYaIbHOE 3HAUCHHE MEPUOJUUYECKOI COCTaBISIONICH TOKa

neyxdasnoro K3 (7)) B kuoamnepax cieyer onpenessts o Gopmyie
Uepnu

2RE + XE ’

TH€ Ris =Ry + Ry + Rep + Ry + Ry + Ry + Ry + Ry + R, /2

Xz =X+ X, +Xp + XA + X + X + Xiwg + Xign -

@) _
II'IO -

B OJICKTPOYCTAHOBKAaX C ABTOHOMHBIMU HCTOYHUKAMHW OHEPruM HAYAJIBHOC 3HAYCHUC
MIEPHOINIECKON COCTaBIIsONIEH Toka nByxdaznoro K3 ciieqyer paccuuTeiBath 1o Gopmyie

o V3E

10 ’
2RE + X
HauanbHoe 3HaueHHWe MEpUOTUYEcKOil cocTaBisromeil Toka nByxdasznoro K3 ¢ yuetom

ACHHXDOHHBIX BIIEKTPOJBHraTeneil (1 3, ) B KiIoammepax ciiefiyer ompeensTh 1o hpopmysie

19 :ﬂ )
n0A/I ————

rae Egy - okBHBaleHTHas cBepxmepexoanas OJIC (dasHoe 3HaYeHME) ACHMHXPOHHBIX

IEKTPOJIBUTaTENIEH U UCTOYHHUKA IIEKTPOdHEPruy, B;

Rix m Xiz - COOTBETCTBEHHO CYMMapHO€ aKTUBHOE M CyYMMapHOE€ WHIYKTHBHOE
CONPOTHBIICHUSI MPSAMOM MOCIEN0BATENBHOCTH OTHOCUTENBbHO TOukH K3 (c yderoM mapameTpoB
ACUHXPOHHBIX AJIEKTpoaABUraTeneit), MOMm.

HawansHoe pelicTByroIIee 3HAUCHUE TIEPHOIUICCKON COCTABIISONMIEH Toka AByxda3znoro K3
C YYETOM CHHXPOHHBIX IEKTPOABUraTeNIe! B KHJI0OaMIIEpax ONPEIEIIIIOT aHaJOTUYHO.

CpaBHeHMe BH/IOB K.3.

HpaBI/IJIO SKBJIBAJICHTHOCTH HpSIMOfI MOCJICAOBATCIIBHOCTU U YCTAHOBJICHHBIC 3HAYCHUS Mn)
U m~ TO3BOJIAIOT JOCTATOYHO HPOCTO IPOM3BECTH CPAaBHEHME DA3JIUYHBIX BHJIOB KOPOTKOTO
3aMbIKaHHA. OFpaHI/I‘-H/IMCSI TaKUM CPaBHCHCHHUEM JIA YCHOBHﬁ, Koraa meib KOPOTKOI'0 3aMbIKaHUSA
YUCTO MHAYKTHBHA.

Nwmes B BHUY, YTO KOPOTKHEC 3aMbIKaHHA PAa3HbIX BUJOB MPCAIIOIAraroTCAa NpOUCXOAAIIUMHA
Moo4UCpCaHO B OZ[HOI)i M TOM K€ TOYKE CHUCTEMBI U Ipru OJHUX U TEX KE MCXOAHBLIX YCJIOBUAX HaA
OCHOBaHHUH JaHHBIX TabJI. MOXHO HammucaTrb, 4YTO MCKAY BCIWMYMHAMH OOIMOJHHUTCIBHBIX
PEaKTUBHOCTEHN AX™ IIpU pa3sHBIX BHAAX KOPOTKOTO 3aMBIKAaHHUS CYIIECTBYIOT CIEXYIOIIUE
HEpaBEHCTBA:

AX D >AX® SAXTD SAX®) = 0.

CoOTBETCTBEHHO

LD <T@ <1, <1,® u UV, >U?, > Ut U, =o.

Jlanee, mOCTOSIHHbIE BPEMEHH 3aTyXaHUsl CBOOOHOTO TIEPEXOTHOTO TOKA MPH PA3HBIX BUAAX
KOPOTKOTI'O 3aMbIKaHUs (KOHEUHO, B OJIHOM U TOM e TOUYKE) CBSA3aHbl HEPAaBEHCTBAMU

T, ST STED, ST

VYBenn4yeHne BHEIIHEH PEaKTHMBHOCTH CTaTtopa 3amemisieT (OPCUPOBKY BO30YKICHHS.
Opnnako Omarojapsi TOMy, YTO TPU 3TOM HaNpsDKEHUE MPSMOMU TOCIIEA0BATENILHOCTH TeHepaTopa
MajlaéT MEHBIIE, €ro BOCCTAHOBIEHHE (€CTM 3TO BOOOIIE BO3MOXKHO) MPOMCXOIUT 3a Ooee
KOpOTKI/Iﬁ MMPOMCIKYTOK BPECMCHH. CJICZIOB&TCJIBHO, BCJIIMYMHBI KPUTHYCCKOT'O BPEMCHHU IIPU PA3HBIX
BHJJaX KOPOTKOI'O 3aMbIKaHUA B OZ[HOI)i M TOM 7K€ TOYKE CBSI3aHBI HCpaBCHCTBaAMU

) <t <tV <)

()
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AHanmu3 XapakTepa WM3MEHEHHS TOKAa U HANpPSHKEHUS MPAMOM  IMOCIeN0BaTEIbHOCTH
reHeparopa pH pa3HbIX BHIAaX KOPOTKOTO 3aMbIkaHus U Haamunu APB y reneparopa nokasai, uto
[pY BHEIIHEH PEAKTUBHOCTH MEHBINE KPUTHYECKOW MpU Tpex(PazHOM KOPOTKOM 3aMbIKAHHH
HalpsUKEHUE reHeparopa 1moj jekictBueM APB He JOCTHTHET HOPMAaJbHOW BENUYHMHBI, HO TIPU
HECHMMETPUYHOM KOPOTKOM 3aMBIKaHHH, pu KoTopoM (x*"'+AX™)>xkp, HampsokeHue mpsmoit
HOCJIEI0BATEILHOCTH TeHepaTopa OyIeT J0BEIEHO 0 HOPMAJIBHOTO 3HAYCHUSL.

TaxuM 06pa3oM, ueM GOJIbIIe JOMOTHUTEIbHAS peakTHBHOCTh AX'"™, XapakTepusyromas Byl
HECMMMETPHYHOTO KOPOTKOTO 3aMBIKAHHUS, TEM MEJJICHHEE MPOTEKAeT MEPEXOAHBIN MPOIece
reHepaTopa, HO BMECTE C TEM PaHbIIle HACTYITAET YCTAHOBIIBTBUICS PEKUM.

AHAQJIOTMYHO TPOIECC TallleHUs] TOJs TeHepaTopa TMPH HECUMMETPHYHOM KOPOTKOM
3aMBIKaHHU MPOTEKAET TEM MEJICHHEE, YeM OOJIbIIE JUI JaHHOTO BHIa KOPOTKOTO 3aMbIKAHHUS
peaxtusHOCTE AX™.

AOCOIOTHYIO BEIIMYMHY OTHOIICHHUS TOKa B MeCTe JI00Oro (7) HECHMMETPUYIHOTO
METAUTMIECKOTO KOPOTKOTO 3aMBIKaHWs YHUCTO WHIYKTHBHOM CXEMBI K TOKY Tpex]asHoro

KOpOTKOFO 3aMbIKAHUA HpI/I TCX K€ YCJ_IOBI/ISIX MOXXHO HpeL[CTaBI/ITI) KaK
Jie)

Elm 1
K 3= ——=mm ,
- If) EO 1 (xfP)2y5)

IZ€ Y Pe3yJbTUPYIOLIEH 3. . C. IOCTaBJIEH HWHACKC, YKa3bIBAIOIIUM, KaKOMY BHIY KOPOTKOIO
3aMBIKaHUs OTBEYACT €€ 3HAYCHUE.

B HavanbHBII MOMEHT KOPOTKOIO 3aMbIKaHUA Xz & Xy, a IPU YCTAaHOBMBILEMCS PEXUME
KOPOTKOTO 3aMbIKaHMs BOJM3M TeHepaTtopa Xiz >> Xpy. CrienoBartenbHO, oTHomeHue K . 3
HAaxOJIUTCs IPUMEPHO B CIIEYIOLIUX Mpeenax

V3 T
9 <K(z-a) <V3 .

[Tpu moctaToyHO GONBIION yIATEHHOCTH KOPOTKOTO 3aMBIKaHUSI TOKH JIBYX- U TPeX(a3zHOTO
KOPOTKOTO 3aMBIKaHUSI M3MEHSIOTCS BO BPEMEHHU Mallo, Oiarojapsi 4eMy MeXAy HUMH B TeUCHHE
BCETO0 MpoIIecca KOPOTKOTO 3aMbIKAHHS COXPaHSIETCS MPUOIN3UTEIBHO TOCTOSSHHOE COOTHOIICHHUE!

@ V3 0 3)
I‘ N—Q-— IK :O,871L .

[TOCKOJIBKY PEAKTMBHOCTH Xos MOYKET U3MEHUTHLCS B OYEHB IIUPOKUX Npeaenax (moyru ot 0
J10 00), TO OTHOLIeHHE K(1.3) HAXOIUTCA B IMana3oHe
0<CK1-3<3.

KoMmuiekcHbIe cxeMbl 3aMeleHu s

YcTaHOBIIEHHBIE B TPEABIAYIINX Taparpadax COOTHOIIEHUS MEXAY CHMMETPHYHBIMH
COCTABJISIOIIMMH HANPSHKEHUH B MECTE KOPOTKOIO 3aMBIKAHMS IO3BOJIIIOT U KaXJA0ro BUIA
HECUMMETPUYHOTO  KOPOTKOTO  3aMBIKaHMS  COCIMHHUTb  BMECTE€  CXEMBl  OTICIIBHBIX
MOCIIEIOBATEIbHOCTE W 00pa3oBaTb TeM CaMbIM KOMIUICKCHYIO CXEeMY 3aMelleHHs JUis
COOTBETCTBYIOIIETO BHJ1a KOPOTKOTO 3aMBIKAHMS.

Taxue cxembl IPUBENICHBI HA PUC., TPUYEM Kak OOIIUi ciTydail 3/1ech MPUHATO, YTO B MECTE
3aMBIKaHUsl UIMEETCs CONPOTUBJICHUE TYTH U CXE€Ma KaXKJI0U IOCIIEN0BATEIBHOCTH XapaKTEPU3yeTCs
COOTBETCTBYIOIIUM IIOJIHBIM COTpPOTUBJICHHEM. OHHM COOTBETCTBYIOT ocoboii ¢aze. Herpymno
yOeauThcsi, YTO B HHUX COONIONAIOTCS HE TOJIBKO COOTHOIIEHHUS MEXIY CHMMETPUYHBIMH
COCTaBJISIOIIMMH HANPSUKEHUM B MECTE€ KOPOTKOTO 3aMbIKaHUs, HO TaKK€ COOTHOLIEHUS MEXIy
CUMMETPUYHBIMH COCTABIIAIOIIMMHU TOKOB B MECTE€ KOPOTKOT'O 3aMBIKAHMS.

HyxHO MMeTh B BHy, YTO B KOMIUIEKCHON cXeMe Il OAHO(A3BOT0 KOPOTKOTO 3aMbIKaAHHS
o0ecrieunBarOTCs MPaBUIbHBIC 3HAYECHUS HAMIPSHKEHUN TPSMOU TTOCIIE0BAaTEIbHOCTH B PA3IMYHBIX
Toukax. UTo KacaeTcsi HampsHKEHUH 0OpaTHOUM W HYJIEBOM TOCITIEIOBATEIBHOCTEH, TO OHU JIOJDKHBI
ONPENENATCA  OTHOCUTEIBHO  TOYEK  HYJIEBOIO  IOTEHIMala  CXeM  OJHOMMEHHBIX
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IIOCJIEIOBATEILHOCTEN, T. €. COOTBETCTBEHHO IO OTHoumleHHto K Toukam H2 u HO, xortopsie
SBJIAIOTCS] HAYAJIaMU CXEM 3THX MOCJIEJOBATEIbHOCTEN.

ﬁi’ ﬂ h/f 5 H’ 6
- A A - A
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KoMniexkcHpie cXeMbl 3aMeuleHUd.

a — pns AByX(da3Horo 3aMBIKAHHS 4epe3d Ayry: 6 — aas oaAnodasxHoro 3a-
MBIKAHHSI 4Yepe3 JAYyry; 8 — AJas ABYyXdasHOro 3aMbIKaHHsI Ha 3e€MJI0 Yepes
' Ayry.

IIpocToe 3amMbIKaHHE HA 3eMJIIO.

PacnipenenurensHble ceTu HanpspkeHueM 3 - 35 kB sBiSIOTCS, Kak MpaBUIIO BTOPOM WM
TpeTbell cTyneHei Tpancopmanuii OT reHepaTOPOB CTAHLIMI CHCTEMBI. Takue CeTH ClIe0BATEEHO
XapaKTePU3YIOTCS OTHOCHUTENIFHO OOJIBIION AIIEKTPUYECKOW YAAJIeHHOCTBIO OT MCTOYHHKOB
MUTaHUS, [O3TOMY aBapUMHbBIE MPOIECCHI, BO3HUKAIOIIME B AITUX CETAX, CPABHUTEIBHO Majo
CKa3bIBAIOTCSA Ha pabOTe reHepaTOpoOB CHCTEMBI. B MpakTHUeCKuX pacderax 3TO OOCTOSTEIHCTBO
MO3BOJISIET CUMTATh, YTO TPHU JIOOBIX HAPYIIEHUSX B PACHPENCIUTENFHOW CETH, HaNpsHKeHHE
BBICIIEH CTYNEeHH TpaHC(HOPMAITUH OCTACTCSI HEM3MEHHBIM.

HckmoueHne coCTaBIISIIOT MECTHBIE CTAHIMHM, KOTOPBIE HAXOIATCSCS HEMOCPEJICTBEHHO B
camoil pacrpenenutenbHoil cetu. Takue cranumu, kak U CK u kpynsele CJI yuuThIBaroTCst
OTZEIIBHO.

B pacnpenenuTenbHBIX CETAX YacTO BCTPEYAIOTCS BO3AYIIHBIE M KaOeIbHBbIE JTUHHU C
MIPOBOJTHUKAMH CPABHUTEIILHO MaJIbIX CEUEHHH, YTO MPUBOJUT K HEOOXOMMOCTH y4eTa aKTUBHBIX
COITPOTUBJICHUI TaKUX JTUHUI.

Pacnipenenurensupie ceTw Hampspbkenumem 3 - 35 kB paboTaroT, B OCHOBHOM, C
M30JIMPOBAHHON HEHUTPAIIBIO 3a3€MIICHHOU depe3 00JbInoe corpoTuBiieHne. [1oaToMy, ecii B Takoi
CeTH 3aMKHEeT oJHa (haza Ha 3eMIII0, TO HEe 00pa3yroTcCsi OOBIYHBIC YCIOBHUS OTHO(DA3ZHOTO K.3.
BosHukmmii mpu 3TOM TOK OOYCIOBJIEH €MKOCTHOW MPOBOJMMOCTBIO CETH M IO BEJIHMYMHE OH
MEHBIIIE TOKa 0JTHO(A3HOTO K.3. B CETH C TIIyX03a3eMJICHHOW HEHTPAIIBIO.

[TosTOMy ceTH ¢ W30JIMPOBAHHBIMH HEUTPAIAMM WIM HEUTpAISIMU 3a3¢MIICHHBIMH 4Yepes
OOoJIBIIIME JYroracsife CONMPOTUBIICHUS, HA3bIBAIOTCSA CETSAMU C MaJbIMH TOKAaMH 3aMbIKaHHs Ha
3eMIIIO.

[Tycte B Hauane Tpex¢a3zHOW JTHHUHU, MPHCOCAWHEHHON K MCTOYHHKY IEPEMEHHOTO TOKa,
MIPOM30IIIO 3aMbIKaHKe Ha 3eMITio (pas3el A (puc. a).
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IIpocToe 3ambIkaHuE HA 3EMIIIO:
a) MpUHIMIIHAIIBHA cXxeMa; 0) 3Iopa MPOCTPaHCTBEHHOTO pacIipeieNieHUs TOKa HyJIEBO
HOCIIEI0BATEIbHOCTH.

PacripenienieHHble BIOJTh JIMHUM €MKOCTH KaXKJIOW (Da3bl OTHOCHTEIHHO 3EMIIH YCIOBHO
MNpeaACTaBJICHBI COCPECAOTOYCHHBIMH CMKOCTSAMU B KOHILC JIMHUU. YacTHuHBEIE €MKOCTH MCKIY
q)aSaMI/I UL TIPOCTOTHI HE MMOKA3aHbI; IMTPU 3TOM OTMCTHUM, YTO UX BJIUAHUC HAa TOK 3aMbIKaHWA Ha
3eMJII0 OU€Hb MaJio (CM. HUXKE).

[IpocnenuM nyTh LUMPKYISIIMM TOKAa 3aMbIKaHHWA Ha 3€MI0 (OH YKa3aH CTpEJIKaMu).
HOCTYHaSI B 3EMJIIO B MECTC 3aMbIKaHHUA, TOK BO3BPAIIACTCA IO HEIIOBPCIKACHHBIM (1)21321M qgepe3 ux
CMKOCTHBIC IPOBOJYMOCTU OTHOCHUTECIIBHO 3CMJIN. EmMmkocTHas MMpOBOANMOCTD HOBpe)KZ[GHHOI\/JI (1)213131
OKa3bIBACTCS 3alIYHTHPOBAHHOW paccCMaTpUBAEMBIM 3aMbIKaHHEM, M TOK B 3TOH ¢asze crpaBa OT
MCCTa 3aMbIKaHUSA OTCYTCTBYCT, CCJIM Hp€H€6p€‘-H) BE€CbMa MAaJIbIM TOKOM, KOTOpBIﬁ HAaBOAUTCA
TOKaMH JIBYX JIpYTUX (a3 Ha JAHHOM YYacTKe JIMHUH. XapaKTep BEKTOPHBIX AUarpaMM TOKOB CJIeBa
Y CIIpaBa OT MeCTa 3aMbIKaHUs TIOKa3aH Ha TOM K€ PUCYHKE.

B nelicTBUTENHRHOCTH €MKOCTHASI IMPOBOJMMOCTD JIMHUU paclpe/ieliecHa paBHOMEPHO IO €€
JUTUHE, TT03TOMY SIIOpa MPOCTPAHCTBEHHOTO PACIPEICICHUsI TOKA HYJIEBOW MOCIEI0BATEIHLHOCTH,
KOTOpBIﬁ COCTaBJIAACT OJHY TpPEThb TOKa 3aMbIKaHUSA Ha 3CMJIIO, BAOJIb JIMHUW BBIPAXKACTCA
HaKJIOHHOM TpsiMOit (puc.).

rpaHI/I‘-IHBIG YCIOBUA I NPOCTOTO 3aMbIKaHHA Ha 3EMJIIO0, €CTCCTBECHHO, TC KC, UTO WU JJIA
01HO(pa3HOTO KOPOTKOTO 3aMbIKaHWA. [109TOMYy BCe BBIpa)KEHHs, MOJyYCHHbIE paHee, B paBHOU
Mepe OTHOCATCS K CIIy4ar0 MPOCTOTO 3aMbIKaHUS Ha 3eMJTIO.

EmMmkocTHEIE COMMPOTHUBJICHHA 3JICMCHTOB BHCKTpI/I‘ICCKOI\/JI CHUCTCMbI 3HAYUTCJIBHO IMMPECBLIIAIOT
HUX UHAYKTHBHBIC U AKTHUBHBIC COIIPOTUBJICHHA, UYTO IO3BOJIACT IPU ONPCACICHUN TOKa IMPOCTOI0
3aMbIKaHUA Ha 3€MIJIIO Hp€H€6p€‘-IB IIOCJIICAHUMHU H, CIICA0BATCIIBHO, CUUTATh, YTO BCINMYHNHA 3TOTO
TOKa MPAaKTUYCCKU HC 3aBUCUT OT MECTA 3aMbIKaHUSA B paCCManHBaeMOﬁ QJICKTPUYICCKH CBSI3aHHOU
CCTH. KpOMe TOTr0, TaK KaK 3TOT TOK OTHOCHUTCJIILHO MaJl, IIpU €ro HaxXOXKXKJACHUW MOXKXHO CHUTATh, YTO
HaMpsOKCHUC HCTOYHHUKA COXPAHACTCSA HCU3MCHHBIM. HpI/I TAKUX OOMYHIICHHUAX TOK B MECTC
3aMbIKaHHs Ha 3€MITIO Yepe3 JIyT'y C COMPOTHBIICHUEM Fyy OyneT:

U

[ =3
3.1, — jXcos
3nech Xcox - PE3YIBTUPYIOIIEE EMKOCTHOE COMPOTHBIICHHE HYJICBOU MOCIEI0BATEILHOCTH
BCEX JJIEMEHTOB, JJIEKTPHUCECKH CBS3aHHBIX C TOYKOW 3aMbIKaHUs (MPAKTUYECKU TOJBKO JIMHUH W
Kabenu ).

Ugp.cp- cpennee (azHoe HaNpspKeHUE CTYNEHH, I/Ie PACCMaTPHBACTCS 3aMbIKaHHE Ha 3EMITIO.
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MaxkcuManbHOE 3HAUEHHUE TOKAa 3aMBIKaHWS Ha 3E€MJI0, Oy/eT, €CTeCTBEHHO, TIpHu
METAJNINYECKOM K.3., T.€. I;1=0:

U
I, =3j-
coz
I'py00 OIEHHTH MOPSAOK BEIMYMHBI TOKA 3aMbIKAHHUS Ha 3€MJII0 MOXHO MO CIETYIOIIeH

dbopmyre:
U
L=3-—-21,
NE] ~

3nechk Ug, - cpejHee HOMUHAIIBHOE HAIPSDKEHHE CTYIIEHU I PacCMAaTPUBACTCS 3aMbIKaHHE
Ha 3eMITio, kKB.

N- k03¢., mpuHIMAaeMBbIi 17151 BO3XyIIHBIX JTUHUHE 350, kabenbHbIX — 10.

(- cymMMapHas JUIMHA BO3JYIIHBIX WM KaOGNbHBIX JMHHMA, JIEKTPUYECKU CBSI3aHHBIX C
TOYKOM 3aMBIKAHHS HA 3EMITIO, KM.

JU11 CHMMETPUYHBIX COCTABJISIFOIINX HANPSXKEHUH 32 COPOTUBIIEHUEM JyT'H IPU MPUHATHIX
JOTIYILIEHUSX UMEEM:

UK/aI = Uqb.cp; UK/a2= 0,U, =

K0

-i i XcoE U
ob-p

3.1, — X 0z

Ecnu B cxeme HyneBO# MOCIEI0BATEIHFHOCTH OTHO(A3HOTO K.3. PA3JI0KHUTh BCE HEUTpaAIIH, U
CXEMbI Ka)J0M MOCJIEeI0BATENBHOCTA BBECTU EMKOCTHBIE COITPOTUBIICHHUS], TOJTYYUM KOMILUIEKCHYIO
CXeMy MpPOCTOTO 3aMbIKaHUS Ha 3€MJI0. B KOMIUIEKCHOM CXeM€ TOMHMO €MKOCTHBIX
COMPOTHBIICHUN BBEJCHBl HWHIAYKTUBHBIC CONPOTUBICHHUS JIMHUU © TpaHchopmaTopa H
COITPOTUBIICHUE JTYTH.

N3 cxembl cnenyer, 4TO g OTPAHMYEHUS TOKAa IPOCTOrO 3aMbIKaHUS HA 3EMIIIO,
HEoOXoMMMO  HEWTpallb  TpaHchopmaropa 3a3eMIIUTh  4epe3  HWHAYKTUBHYIO  KaTYIIKY.
NHOyKTUBHOCTh KaTYIIKU BBIOMPAETCS TaK, YTOOBI B IIEMH HYJICBOUM IMOCIIEOBATEILHOCTH OBLI
o0ecrieueH Pe30HaHC MEXIy HHIYKTUBHOCTBIO M €MKOCTBIO, YTO NpHBEAET K X,; =, T.e. K

MOJTHOW KOMITEHCAIIMM TOKAa MPOCTOTO 3aMBIKaHUS Ha 3eMito. Eciu mpeHeOpedb peakTUBHOCTHIO
TpaHchopMaTopa, TO JAHHOE YCIOBUE OyIeT BHINOTHATHCA TpU X1= X053 .

Takume KaTymkM Ha3bIBAIOTCA AyroracsiiiMMu. X BBINOJNHAIOT C  perylupoBaHUEM
MHIYKTUBHOCTH, 4YTO I[O3BOJIIET MX HACTpauBaTh IPUM HU3MEHEHHUAX 3amuimaeMoil ceru. Tok
3aMBIKaHHS Ha 3€MJII0 CHIDKAIOT JI0 BEJIMYMHBI, MPU KOTOPOM Jyra camornoracaercs. OmnbITom
YCTAQHOBJIEHO, 4YTO CaMOIIOTacaHUE€ Jyrd IPOUCXOAUT, €CIM TOK 3aMbIKaHMsS Ha 3aMiIl0 HE
MIPEBBIILIACT :

pu 6 kB - 30 A

10xB - 20 A

15-20xkB - 15 A

35xkB- 10 A.

OnHokpaTHasi IPOA0IbLHAST HECHMMETPHUS.

Oomme 3ameyanus : B o0mem Buje MpoJoibHYI0 HECUMMETPHUIO B TPOU3BOJIBHON TOUKE 3-
X (pa3HOW CHCTEMBI MOKHO TPEACTABUTHh BKIIOYEHHEM B PACCEUKY KaKJIOW (ha3bl HEOJAWHAKOBBIX
cornpoTuBieHuil. CONpPOTHBIEHHUS MOTYT OBITh CBSI3aHBI MEXIy €000 B3aMMOWHIYKIIMEH,
3HA4YEeHUsI KOTOPOH pa3IMyHbl JJIsl K&KI0H mapsl ¢as.

Kaxk 1 pu paccMOTpeHMH NOIIEPEYHON HECUMMETPUH, TAaKOM MOAXOJ XOTs U JTaeT pelIeHue
B CaMOM oOIIeM Buje, OJJHAKO O4eHb rpomoszxa. LlemecooOpasHee, kak M paHblie, MPOBOAUTH
peuieHue Uil KaKJIO0TO BHJA IIPOJOJIBHOM HECUMMETPHUHU, HCIOJb3YS XapaKTEPU3YIOLIUE €ro
IPAHUYHBIC YCIOBHSL.

PaccmorpuM nBa Bupa Hambojee 4YacTO BCTPEUAIOIMICHCS MPOJOJIBHOW HECUMMETPHH -
pa3pbIB 0HOM (a3sl M pa3pbIB 2- X (a3 ( B OJHOM U TOM Ke MECTE ).
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VYpaBHeHHsT 2 - TO 3aKOHAa B CXeMaX KaXJOW IOCII€JOBAaTENbHOCTH, COCTaBIIEHHBIE,
aHAJIOTMYHBl YPABHEHUSM JUIsl OJJTHOKPATHOM MONEpEeYHOM HECUMMETPUU NPH YUCTO MHYKTHUBHOM
e MOTYT OBbITh MPEJICTABIICHBI CIEAYIOINUM 00pa3oM:

AUpai =Eus-jXpuiz It (1)
AUp42=0-jX125 1142 ()
AULo =0 -jXLoz' IL0 (3)

rne AUpar, AUraz , AUy - CHMMETPUYHBIE COCTABIISIONINE MMAJICHUsT HaNpsDKeHus (aszbl A
Ha HECUMMETPHYHOM y4YacTKE CUCTEMBI.

Xz X2z Xpox - PE3YyAbTHUPYIOIIME PEAKTUBHOCTH CXEM COOTBETCTBYIOLIUX
IOCJIEIOBATEIBHOCTEH OTHOCUTEIIFHO MECTa IIPOJIOIBHONH HECHMMETPUH.

PaspeiB 0aHOI dhas3bl.

XapakTepus3yercs CIeAyIOIUMU TPAHUYHBIMU YCIIOBUSMU:

N A Ia=0 (4)

AUg=10 (5)
Iy B AU =0 (6)
e [, € a) Ucxonnas cxema.

['pannyHBIE YCTIOBUS aHAJIOTHYHEI YCIOBUAM 2-X (ha3HOTO K.3. HA 3eMutro. JlaHHas aHamorus

COXPAHSETCS U B PACUETHBIX BBIPAKEHUSX.
Hcxons u3 ycnoBuit (5) u (6), mpu pasioXKEHUUM Ha CHUMMETPUYHBIE COCTaBJISIOIINE,

II0JIy4aeM PaBEHCTBA:
AULA1=AULA2=AULO=1/3AULA (7)
Hcnons3ys ypaBHenus 2,3,7 BoipasuM 4o u Iy depe3 AUpa; T.e.

AU
I . =— LA1 8
LA2 jXLzz ( )
AU
I, = _.—LA] )]
JX o3
B cootBerctBuu ¢ (4) moxxuo 3anucath : Iy + Ipaz +Ip=0 (10)
[Tocne moacranoBku (8) u (9) B (10), mocie nmpeoOpa3oBaHus. MOIYIHUM
AU =jX7 51 Ias (11)
rjae
X 4= X5l X1 (12)

Bepxuwuii uanexc (1) u ganee (2) 0JHOBPEMEHHO ¢ HUKHUM MHJEKCOM L, yKa3bIBaeT 0OphIB

COOTBETCTBEHHO OJTHOH M JBYX (ha3.
JlJis ToKa TpsIMO¥ TIOCTIeTIOBATEIBHOCTH (a3el A B MecTe paspsiBa u3 (1) u (11) numeem:

1

] =— "4 13
(X s+ XG) .

J1J1s1 TOKOB 0OpaTHO M HYJEBOU MOCIEIOBATEIILHOCTH ¢ y4eToM (8 u 9)

X
I,,=- £ 1, (8a)

XLZE + XLOE
X
I,=——212 ] (9a)
XLZE + XLO e

JUist  ompeneneHus HaNpsDKEHUM B OJHOM M3 CTOPOH  IIPOJIOJIBHOM  HECUMMETPUU
HEOOXOMMO MO CXeMaM OTAENBHBIX IOCIIE0BATENIFHOCTEH CHMMMETPHUYHOW YacTH LENH HalTH
COCTaBIsONIME ITUX HampspkeHwid. [lpuGaBuB 3arem Kk HUM  AUp4;, AUp4z, AUpy - Halinem
CUMMETPUYHBIE COCTABIISAIOIINE HANIPSYKEHUN C APYTOW CTOPOHBI IIPOJOJIBHONM HECUMMETPUU.
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Paspeis onHolt ¢asel Tpexpasznoit ueni.

a — ACXOAHasd cXeMa; 6—5&x1‘opuaﬂ AuarpaMMa TOKOB B MecTe paspelBa YUCTO HHIIYKTBBHOH uenwu; 8 H G—BerOQHNe
AHarpaMMbl HalpAXEHHA NO KoHuaM paspbiBa (COOTBETCTBEHHO B Toukax L u L),

PaspeiB 2-x das.

| A [Tpu pa3peiBe 2-X (a3 rpaHUYHBIC YCIOBUS, OUYEBUIHO, OYIYT:
A
*—e I LB = 0 (14)
In B Iic=0 (15)
AU LA™ 0 (16)
Ic C T.€. OHM aHAJIOTUYHBI TPAHUYHBIM YCIOBUSAM OJHO(A3HOTO K.3.

B cootBercTBum ¢ (14) u (15) cneayer, 9T0 CHMMETPHYHBIE COCTABIISIONTNE ToKa (a3sl A B
MecTe 00pbhIBa ABYX IPYTruX (ha3 CBsI3aHbI MPOCTHIM COOTHOIIICHUEM:

La=lia=119=1/3114 (17)
C nmpyroit CTOpOHBI, TOCKOJIBKY corjacHo (16)
AUps1 +AUpLgz + AULy=0 (18)

JIOCTaTOYHO CJIOXUTH IIpaBble YacTH ypaBHeHUs (1-3) M cymMmy NpupaBHATH HYINIO, HOCIIE
aTOTO, YyuuThIBas (17), Moxy4unm:

E
1, =——"%2— 19
X+ X)) (1)
e
XY 41 = Xp25 + X1os (20)
s dhazroro Toka coryacHo (17) mmeem: Iy =3 Ir4; (21)

CuMMETpUYHBIE COCTABJISIOIIME PA3HOCTH (ha3HBIX HANpsDKEHUH B MecTe oOphIBa
OTIpENIeNAIOTCS JUI OOpaTHOW M HYJEBOH IMOCIeNOoBaTENbHOCTEH cooTBeTCTBEHHO Mo (2) U (3), a
JUTSL IPSIMOM MOCJIeI0BaTeIbHOCTH Tiporte 1o (18).

AUpqi=- (AUp4z + AULg)= X)) I

Paccmorpum B/I.

IIpaBu/10 3KBUBAJIEHTHOCTH NPAMOM MOCIEA0ATETbHOCTH.

N3 cTpyKTypsl BBIp@XKEHUN Ul TOKA IMPSAMOM IOCIEI0BATEIBHOCTH IIPU PACCMOTPEHHBIX
BHMJIaX OJTHOKPAaTHOM IIPOJIOJIBHOW HECUMMETPHUM HEMOCPEACTBEHHO CIIEIYET, YTO 3TOT TOK MOYKHO
OTIPENIENIUTh KaK TOK CHMMETPHYHOTO 3-X (pa3HOrO pexHMa B CXeMe, I7I€ HeCUMMETPHUUYHBIN
Y4aCTOK 3aMEHEH CUMMETPUYHON LIENbI0, BEJIUYMHA CONPOTUBIIEHUSA, KOTOPOH JUIsl KaXXI0ro BUJA
IIPOJOJIBHON HECUMMETPUHM OIPEIEISAETCS CONPOTHUBICHUSAMM KaK CaMOr0 HECUMMETPUYHOIO
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yyacTKa, TaK W CXeM OOpaTHOH M HyJEBOHW IOCIEIOBAaTENILHOCTEH OTHOCHUTEIFHO MecTa
HCCUMMCTPHHU.

PaspuiB aByx a3 Tpexdasxoit ueny.

@ — ncxoxHas cxeMa; 6 — sekTOpHas AuarpaMma TOKOB B MeCTe .pasphia; 8 M & — BEKTODHEHIE AvarpaMMKl  Hanpsxe-
Hufi MO KOHUAM paspbiBa (cooTBeTcTBeHHO B Toukax L u L').

IIppuMeHHUTENBHO K YCIOBUAM OJHOKPAaTHOW IPOJOJIBHOM HECUMMETPUM H3JI0KEHHOE
MOJIOKEHHUE TMPEJCTaBIseT cOOOM MPaBUIIO AKBHUBAJIEHTHOCTH MPSIMOM IOCIEI0BATEILHOCTH U
MO3BOJISIET TOK MPSMOM TIOCIEIOBATEIILHOCTH BBIPA3UTh B 00IIEM BUJIE.

I(") _ EAE

e jXLIE + Zi’z)

a MaJieHue HanpsyKEeHUs IpSIMOH MOCIeI0BAaTEIbBHOCTH HA HECUMMETPUYHOM YJaCTKeE:

AU( n)LAI = Z( n)AL I( n)LI

r7€ BEpXHUN HHACKC (7) YCIOBHO BOKAa3bIBAaeT BHJ paccMaTpUBAEMON MPOAOTBHOMN
HECUMMETpPHUB [Kak-T0: (1) —conpoTuBIeHUE B OJJHOU (haze Ui ee 0OpBIB; (2) — COTIPOTUBIICHHE B
IBYX (hazax uim ux oOpkIB].

[IpaBuiio SKBUBAJIEHTHOCTH NPSMOMN MOCIEA0BATENBHOCTH CIPABEUIMBO MIPU YUETE TOJIBKO
OCHOBHOW F'apMOHHMKHU.

KoMmuiekcHbIe CXeMbl 3aMelleHus

[TonydyeHHBIE BBINIE COOTHOLIEHUS MEXKJIY CHMMETPUYHBIMU COCTABJISIIONIMMU TAJICHUN
HaIpsDKEHUW B MECTE paccMaTpUBAeMOM MPOJIOJIbHOM HECUMMETPHUH TO3BOJSIOT COCTABUTH IS
KQXJIOTO BHUJa HECUMMETPUU KOMIUIEKCHYIO CXEMY 3aMEIICHHS, COCAMHUB COOTBETCTBEHHBIM
oOpa3oM MexIy co0Oil CXeMbl OTIENBHBIX IOCIIEOBATEILHOCTE W BBEIS CONPOTHUBIICHHE,
00yCIIOBIHMBAONIEE TAHHYIO HECUMMETPHIO.

Takue cxembl TpUBENIEHBI HA PUC. 2 U O, MPUYEM B TOCICIHEM cCllydae IMMOKa3aHbl JIBa
BapuaHTa COCIWHEHUsS, a MMCHHO: KOTJa COTNPOTHBJICHUS Z/3 COCOWHEHBI B 3BE3y M KOT/Ia
COTIPOTHUBIICHUS Z COCTUHEHBI B TPEYrOJIbHUK.

Kak wm 1npu OJHOKpaTHOM MOMNEPEYHOM HECUMMETPHHM, OSTH KOMIUIEKCHBIE CXEMBbI
COOTBETCTBYIOT 0C000i1 (haze, B KaueCcTBE KOTOPOii, KaK OOBIYHO, MPUHATA (a3a A.

Bce ckazanHOe paHee OTHOCHUTEIIBHO HATJISTHOCTH U 11EJecO000pa3HOCTH KOMIUIEKCHBIX CXEM
MPU MOTNEPEYHON HECUMMETPUU U TOJTHOM Mepe OTHOCUTCS TaKkKe K KOMIUIEKCHBIM CXeMaM TpH
MPOJIOJILHOM HecuMMeTpuu. OHU OCOOCHHO YIOOHBI MPU UCTIOJIB30BAHUU PACUETHBIX MOJETEH WIIH
CTOJIOB, a TAaK)K€ B COBMECTHOM MPUMEHEHUH C aHAIOTOBBIMH BBIUUCITUTEIHLHBIMA MAIIIMHAMH.

175



—_—— O 4
I“-—-—y- :
O O 8
I g—> .
y O e ® A
I“-—_» ‘ L
[am
——
Ly O
2,
) -
&y
® Tpaz
——
Ly
Z;
AR S o
Lz O~
I,
A
by
2y
P
Ly O S
2
3

@ — NpH. HANMUHH CONPOTHBIEHUs B OJHOH ¢ase; 6 — NPH HaAWUMK OJHHRKOBBIX
conpoTuBjgeHu#t B nsyx ¢asax,

6)

KoMnekcinie cxeMnl 3aMeuieHHs.
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4. IlpakTHyeckHe 3aHATHS, UX COAEPKAHUE U 00bEM B Yacax

4.1. MeToanuecKkue peKOMEHIAUM 110 MPOBEACHUIO MPAKTUYECKUX
3aAHATHH

Kypc «Ilepexoabie MpOIECChl B AIEKTPUUECKIX CUCTEMAaX» MOCBSIIEH U3yYSHUIO METOI0B
pacuera CHMMETPHYHBIX U HECUMMETPUYHBIX KOPOTKHUX 3aMBIKAaHUI Ha JJEKTPUUECKUX CTAHIIUSAX,
B DJIEKTPUYECKHX CETSAX SHEPrOCUCTEM W TPOMBINUICHHBIX MPEINpPUATHH, a TaKkKe MPOIIECCOB,
CBSI3aHHBIX C OOPBIBOM (ha3bl.

W3yueHne TepeXOJHBIX IMPOLIECCOB OCHOBHIBACTCS Ha 3HAHMSA, IIOJYYCHHBIX B
MPEIIECTBYIONNX 00IIe00pa3oBaTebHbIX KypcaxX, - MaTeMaTHKe, TEOPETUYECKON MeXaHHKe,
TOD, - 1 psie cienuaNbHBIX KYPCOB: IIEKTPUYECKUX MAITHHAX, IEKTPHUECKUX CETAX U JPYTHUX.

JlaHHBI KypC SIBJIISIETCS OCHOBOWM TaKMX CHEUUAIBHBIX KYpPCOB KaK peleilHas 3aluTa,
AIIEKTpUYECKast 9YacTh CTAHLMUN U TOJCTAHIINH, JIEKTPOCHAOKEHNE MPOMBIIUICHHBIX MPEITPUSTHHA
U psAga Ipyrux.

Jlnst Kypca TMEepexOJHBIX MPOIECCOB CYIIECTBEHHO, MPEXKIE BCEro TO, YTO IPOIIECCHI,
MIPOUCXOISIINE BO B3aUMOCBS3aHHBIX JIEMEHTAX NEKTPHUECKUX CUCTEM, U3YJaIOTCsl KakK €IUHOe
LEJI0E.

OnHOTO TOJNBKO MOHUMAHMSI PACCMAaTPUBAEMBIX SIBJICHUH MHXKEHEpy el He JOCTaTOYHO, OH
JOJDKEH TPEIBUAETh MPOTEKaHHWE IMPOIECCOB W YMETh YNPaBIATh MMHU. [lJis 3TOro Hajgo0 yMeTh
paccUMThIBaTh IMPOLECCHl M MpPEACKa3blBaThb 10 W3MEHEHHMSIM MapaMEeTPOB  CHUCTEMBI
KOJIMYECTBEHHBbIE HM3MeHeHusi e€ pexuma. OleHHBaTh, KOTJAa M Kakhe BO3JEHCTBHS JOJKHBI
MOJTy4aTh AIEMEHTHI CHCTEMBI OT PETYAUPYIOMINX U KOHTPOJIUPYIOIUX YCTPOUCTB ISl TOTO, YTOOBI
Obu1a o0ecrieyeHa HaI&KHOCTh Pa0OTHI OT/EIBHBIX AJIEMEHTOB U AJIEKTPUYECKON CHUCTEMBI B IIETIOM.

Ha npakmuueckux 3aHAmMuAX CTYAEHTBHl YYaTCS COCTaBJISATh CXEMbl 3aMEIICHUS U
SKBUBAJICHTUPOBATh HX; BBITIOJHATH pacy€Thl TOKOB Tpex(azHOro K.3. IMPH MPEACTaBICHUU
MCXOJIHBIX JIaHHBIX B MMEHOBAHHBIX M OTHOCHUTENBHBIX €IMHHIIAX C TOYHBIM U TPUOTMKEHHBIM
MIPUBEJICHUEM TTapaMeTPOB; PACUUTHIBATH TOKH YCTAHOBUBIIETOCS K.3. B CUCTEME C T€HEpaToOpamu,
CHaOXEHHBIMH  ycTpoiicTBamu APB; omnpenensiTh TOKM W HampsHpKeHHsT B CUCTEME TIpU
HECHMMETPHUYHBIX K.3.; MOJIENHUPOBATh M paccunThiBaTh Ha [IK Tpéxdas3Hpie 1 HECUMMETPUYHBIE
KOPOTKHUE 3aMBIKaHUSI.

[IpakTHdeckne 3aHATHS MPOBOMAATCS C NPUBJICUCHHEM I1aKeTa MPOTrpaMM aBTOMATH3AIlUU
MaTeMaTtuieckux pacueroB «MathCad», mporpaMMHO-BBIUMCIUTENBHBIX KoMIuiekcoB «TKZ -
3000», «KAZOV» u 3a7a4 1Ji CaMOCTOSATEIBHOTO PELICHUS.

B pesynbraTe npakTHUECKUX 3aHATHHA CTYICHT JOJDKEH:

- 3HaTb METOJAbI pacyéra TOKOB KOPOTKMX 3aMBIKAHUN B JIIEKTPUYECKHX CETAX U
OTIpE/IeNICeHUs] TapaMeTPOB PEKUMOB TpU OOpBIBE OJHON WM JABYX (pa3, METOIbl OmpeieneHus
YCTOMYMBOCTH U TMOBEICHUS B MEPEXOTHBIX PEKUMAX IITEKTPUUECKUX MAIIMH U Y3JI0B HArPYy30K;

- yMeTb MOJIb30BAThCS MPAKTHYECKIMH METOJaMU Pacdyéra BCeX BHAOB TOKOB KOPOTKHX
3aMBbIKaHUH JUIS ONpEIETICHUS BEIUYMH OTICNBHBIX MapaMeTPOB PEKHUMOB AHAJTUTUYECKH H C
MIOMOIIIBIO PACYETHBIX CTOJIOB;

- ONpenensiTh JOMYCTUMOCTh Ppa3IMYHBIX BHUJAOB BO3MYIIEHHA C TOYKHM 3PEHUS HX
BO3/ICWCTBUSI Ha KOHKPETHBIE THIBI AJIEKTPUYECKUX MAIIMH M Y3JIbI Harpy3okK, Kak MO YCIOBHSAM
YCTOMYMBOCTH, TaK U IO JIOMYCTUMBIM YPOBHSIM Harpy3oK, U MPUHUMATh KOHKPETHBIE MEPHI IO
00eCTIeYeHNI0 HOPMAITBHBIX YCIIOBHH pabOThI 31€KTPOOOOPYIOBAHHMS.
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4.2. [lepeyeHb TeM NPAKTUYECKUX 3aHATUHI
Ha npaxtuueckue 3anatust orBoauTcs 18 yacos.
Temarnka npakTHYECKUX 3aHITUH B 6 ceMecTpe.

1. Cucrema OTHOCHUTENBHBIX enuHUI. CXeMbl 3aMmemeHuss W ux napaMmerpbl. CrocoOs
peoOpa30BaHMSI CXEM 3aMEIICHHUS.

2. TIlepexoaHbIe MPOIIECCH B CETH C UCTOYHUKOM OECKOHEUHOW MOITHOCTH. BiusiHre Harpy3ku Ha
TOK K.3. Ilyck nBurareneil kak KOpPOTKO€ 3aMbIKaHHE. B3auMHOE BIWSHHE ABUraTelled NpH
ITyCKE.

3. OmnpezneneHue cOCTaBIAOLUIMX TOKA K.3. B HAYAJIbHbIII MOMEHT BpeMeHHU. Pacuer ynapHoro Toka
KOPOTKOTO 3aMBbIKaHUS.

4. Meron TMIIOBBIX KpUBbIX. OnpeieieHrne TOKOB K.3. JUIsl 33JaHHOTO MOMEHTAa BPEMEHH.

CrniocoObl orpaHYeHHsI TOKOB K.3. BBIOOp mapaMeTpoB TOKOOTPaHHYMBAIOIINX PEAKTOPOB.

6. I'paHMuHBIe YCIIOBHUSI M BEKTOpPHBIE JUarpaMMbl IpM HECUMMETPUYHBIX K.3. Pacduer TokoB
HECUMMETPHUYHBIX K.3. ComoCTaBlieHHEe HECUMMETPUYHBIX M Tpexda3HbIX K.3. KomruiekcHbie
CXEMBI 3aMEIICHUS IIPU MTONIEPEYHON HECUMMETPHH.

7. IlepexoaHele mpoLECCHl NPU MPOAOJBHON HECUMMETPHUHU. KOMIIIEKCHBIE CXEMBbl 3aMEIECHUS
IIPU IIPOJIOJIBHON HECUMMETPHUH.

e

Pacnpedenenue epemenu cmyo0enmos no 6u0am 3aHAMU

Pasznen Yucno yacos
nporpammell - Bcero Jlexkmu | Ilpaktudeckue 3austust | JlaGopatopHbie Kypcosas
3aHSATHUS pabota

1. 4 4 - -
2. 8 6 2 -
3. 6 4 2 -
4. 8 6 2 - 7 cemecTp
5. 8 6 2 - 30 gacos
6. 8 6 2 -
7. 14 10 4 -
8. 16 12 4 -

4.3. MeToanyeckue yKasaHus M0 MPOBEICHUIO MPAKTHYECKUX 3aHATHHI

Tema 1. Cucrema oTHOCUTENBHBIX eMUHHIL. CXEMBI 3aMEIIeHHs U MX mapameTpbl. CrocoOs!
peoOpa30BaHMS CXEM 3aMEIICHHUS.

[Ipy wm3yyeHMHM AAHHOTO MaTepualia HEOOXOJUMO TIONYYUTh SCHOE MpPEICTaBICHHE 00
OTIPENICNICHNU TapaMeTPOB CXEM 3aMEUIeHHS TpU 3aJaHHBIX COMPOTHBICHUSIX OTACIBHBIX
AIIEMEHTOB CXEMBI 3aMeleHust B OMaxX WK B OTHOCUTENBHBIX €JMHULIAX.

OneHUTh KaKHue MPEHMYILECTBA U HEIOCTATKU UMEIOT CHCTEMBI OTHOCUTEIBHBIX €JMHHII 10
CpPaBHEHHMIO C CHCTEMOW HMMEHOBAHHBIX €IUHHI. YCBOUTH BBIPAKECHUS JUISI ONPEACICHUS B
OTHOCHUTEIIbHBIX BEJIWYMHAX COTPOTHUBICHUN pPA3MUYHBIX DJIEMEHTOB CXEMBl IpPU TOYHOM U
NPUOIIMKEHHOM X MPHUBEICHUH K OOIIMM yCIOBHSAM (0a3UCHBIM).

VYsICHUTB BBIOOp pacyeTHBIX YCIOBHI PEeKMMa K. 3. B 3aBUCHMOCTH OT Ha3HAUEHHsI pacueTa u
BO3MOKHOCTh TPHUMEHATh pa3MyHbIe JOMYyIIEHHWs Ui YIPOINEHUS pacyeToB TOKOB K.3.
[IpencraBisiTh, YTO OMpPENENSET MOIIHOCTh K.3. B CHCTEME M IS KaKUX DPEXKHMOB CETH OHA
3aj1aeTcs.
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[IpencraBnsaTe cebe Ha YeM OCHOBAHO COCTaBJIEHHE MPUOIIKEHHONW CXEeMbI TPUBEICHUS
(mpubIIKEHHOE MPUBEIEHUE) U K UEMY CBOJIUTCS COCTABJICHUE CXEMBI 3aMEIICHHS.

Tema 2. IlepexoaHbIe TPOIIECCH B CETH ¢ UCTOYHUKOM OCCKOHEUHOW MOIIHOCTH. BrusHue
Harpy3k Ha TOK K.3. [Iyck nBurareneil kak KOpOTKO€ 3aMbIKaHUE. B3aumMHOE BIMSHHE JBUTATEIICH
MIpU ITYCKE.

BBIACHUTH M3 KaKMX CIararoliuXx COCTOMT KpUBAas M3MEHEHUs TOKa IIpU BHE3AIIHOM K.3. B
HEpPa3BETBICHHON LIENH, TUTAEMON OT HCTOYHUKA OECKOHEYHON MOIIHOCTH, OIICHUTH XapakTep MX
VU3MEHEHHUs] BO BPEMEHH.

Paccmotpers kakoe BIMSHHE OKa3blBaeT IMPEAUICCTBYIOIIMH TOK Ha BEIUYUHY
anepuoOJUUYECKON Cllararoliel TOKa K.3., KAKOr0 MAaKCHMAJIBHOIO 3HA4YEHHUS MOXKET JIOCTUIaTh
nocnenHss. YSCHUTh TpHU Kakod (aze BKIIOUEHHUS M B KaKOM MOMEHT BpEMEHHM TOcie
BO3HUKHOBEHHMS K.3. HACTYIIAeT MAKCUMYM MTHOBEHHOT'O 3HAYEHHUSI ITIOJIHOTO TOKa.

Paccmotpets onpeneneHne SKBUBaJICHTHOM MIOCTOSSHHOM BpeMeHU T 5, U €€ IPAKTUYECKYIO
OLIEHKY. M3y4nTh omnpesesieHne yCTaHOBUBILIErOCs TOKA FeHepaTopa IpH K.3. HA €r0 BBIBOJAX IPH
M3BECTHBIX HOMUHAJIBHBIX JaHHBIX.

OneHUTh BIMSHUE Ha PEXUM K.3. HAarpy3kM M ee B pacderax. PaccMOTpeTb pexuMbl
reHepaTopoB npu Hanuuuu APB B ycTaHOBUBIIEMCS pEXHUME K.3.

Tema 3. OnpezneneHue COCTaBISIIOIIMX TOKA K.3. B Ha4aJbHbIMI MOMEHT BpeMeHu. Pacuer
YIapHOTO TOKAa KOPOTKOT'O 3aMbIKaHUSI.

Paccmotpers ynpomaromue ycioBus, KOTOPbIE IPUHUMAIOT IPU ONPEACICHUH YAAPHOIO
toka K3 1 uTo mokas3pIBaeT yapHbIid KO3(PHUIMEHT, OI[EHUTh KAaKOBHI MPEAEIbl €r0 N3MEHEHHH.

VYSACHUTH Kakue YINPOIICHUS NPUHUMAKOT IMPHU OIPEACICHUU JICUCTBYIOIIMX 3HAYCHUU
ITOJIHBIX BEJIUYHMH OTJCJIBHBIX CIIATAOIINX TOKA K.3.

[TomyunTh mpencTaBIeHHE O TNpeHEOpe)KeHHe TMpPH pacueTax TOKOB K.3. KOHTYPOM
HaMarHU4MBaHUs TpaHcHhopMaTopoB

Tema 4. Meron TuUnoBbIX KpuBBIX. OrmpejelieHHe TOKOB K.3. IS 3aJJaHHOTO MOMEHTa
BPEMEHH.

IIpu pacuérax pexMMOB NEpexoHbIX nporeccoB K.3., T.e. Korna yuuTbIBaeTCsl U3MEHEHUE
mporiecca BO BPEMEHH OT HAYaJlbHOTO peXuMMa J0 ycTaHoBuBHIerocs pexunma K.3., 00brdHO
MOJIB3YIOTCS. METOJOM THIOBBIX KPHUBBIX. METOJ THIIOBBIX KPHUBBIX HauOojiee MPOCT IS
MIPaKTUYECKOIO MPUMEHEHUS, HO OH MO3BOJIET € JOCTATOYHOM TOYHOCTBIO ONPENENSTh TOK TOJIBKO
B Touke K.3.

Cnenyer ysCHUTb, YTO JUIsl IPUMEHEHUS TUIIOBBIX KPUBBIX HYKHO ONPEIEIUTh PacuéTHOE
CONPOTHBIIEHUE TEHEPUPYIOLIUX BETBEW, T.e. yHal€HHOCTh Mecta K.3., mnpuBenéHHOro K
HOMMHAJIBHBIM JITAHHBIM 3KBHUBAJIEHTHBIX MallvH. [Ipy MCIONB30BaHUM METOJIa THUITOBBIX KPUBBIX
BETBM HArpy30K He JOJDKHBI BKJIKOYATh B CXEMY 3aMEIIECHHUS, TaK KaK NOCTPOEHUE KPUBBIX 3aBHCHUT
OT 3HAUEHUs CYMMBbI COINPOTUBIEHUM  (CBEPXIEPEXOJHOTO COIPOTUBIEHHUS TEHeparopa u
conpotusiieHue BeTsu K.3.) .

Onenuts pacu€r pexuma K.3. mpu HECKOJIIBKMX NCTOUYHUKAX MUTAHUS MOYKET IPOU3BOAUTCS
no o0O0OOmEHHOMY METOAy MyTéM 3aMeHbl HECKOJBKMX MCTOYHUKOB MUTAHUS OIHUM
OKBUBAJICHTHBIM. BBINONHUTE HWHIUBUAYATIbHBIH Y4ET OTHETBHBIX HCTOYHHUKOB IUTAHHSA
IIPOU3BOJIUTCS IPU PE3KO OTIMYAIOLINXCA MOIIHOCTAX, yaanéHHocTsaX K.3., mo Tumy reneparopos
(TypOoreHepaTopbl U THAPOTeHepaTOpHl), Hamynu APB.
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Tema 5. CnocoObl orpaHW4YeHHs TOKOB K.3. BbIOOp mapamMeTpoB TOKOOTPAHWYHBAFOIINX
PEAKTOPOB.

PaccMoTpeTs opraHu3anvoHHbIE U TEXHUYECKHE MEPOIIPUSITHS IO OrpaHuyeHuto TokoB K3.
BbIsICHUTB, B KakuX CiIy4asx IeJIecCOOOpa3HO HCIOJB30BATh CXEMHBIC PEUICHHS, a B KaKUX —
HCI0JIb30BAaTh TOKOOTPaHNYHUBAIOIINE PEAKTOPBI.

PaccmoTpeTs BennunHBI OrpaHnYrBaeMbIX TOKOB K3 B 00oux cirydasx.

OcymecTBUTh BBEIOOP TapaMeTpoOB TpaHCHOPMATOPOB C PpACHICIUICHHOW OOMOTKOM,
OJIMHAPHBIX U CABOECHHBIX PEAKTOPOB C II€JIbI0 OrpaHndeHust TOKOoB K3 10 nmpuemieMbIx BEIUYUH €
TOYKHU 3peHUs OTKJIIOYAIOLIEH CTIIOCOOHOCTH BBIKJIIOYATENIEH, TEPMUYECKON U
BIEKTPOJINHAMUYECKON CTOMKOCTH.

Tema 6. ['paHnuHbIe YCIOBUS M BEKTOPHBIE AMArpaMMBbl IPU HECUMMETPHUHBIX K.3. Pacuer
TOKOB HECUMMETPUYHBIX K.3. ComocTaBieHne HECUMMETPHYHBIX B Tpex(a3HbIX K.3. KoMrekcHbie
CXEMBI 3aMEIICHUS IIPU MTONIEPEYHON HECUMMETPHH.

PaCCMOTpeTI) MNPUMCHCHUC MCTOAAa CUMMCTPHUYHBIX COCTABJIAIOIIUX JII HCCUMMCETPUYHBIX
TpEX(a3HBIX CHCTEM TOKOB M HANpPsDKEHUH; YACHUTH, UYTO MpeHeOperas BIMSHUEM BBICIINX
rapMOHUYECKHX, pacdy€Tbl pPEeKUMOB HecummeTrpuyHoro K.3. B oAHOM MecTe LENM MOXKHO
MIPOU3BOIUTEH AaHAJIOTHYHO pacuéTy Tpéxdasznoro K.3.

Ha ocHoBaHMM COOTHOIIEHUN MCXKIAY CHMMCTPHUYHBIMU COCTAaBJIAIOIIMMU TOKOB H
HaHpSDKeHI/Iﬁ B Mmecre K.3. cocraBUTH COOTBCTCTBYIOIIUEC KOMINJICKCHBIC CXEMbI, U3 KOTOPBIX
OTIPENeNAIOTCS TOKM HEKOTOPBIX OJKBUBAIEGHTHBIX Tpéxdaszueix K.3. cormacHo mpaBuiy
SKBUBAJICHTHOCTH TOKa TIPSAMOM MOCIACIOBATEIBHOCTH. [l03TOMYy  HEOOXOJMMO HAyIHTCS
pacCUUThIBATL COIPOTUBJICHHUA W COCTABJIATH CXCMbI TpéX HOCHCHOB&TCHBHOCTCﬁ - HpSIMOfI,
O6paTHOfI u HyneBOfI, a TaKIKC€ KOMIIJICKCHBIC CXEMbI IJIs1 OCHOBHBIX BUAOB HCCUMMCTPHUYIHOTO K.3.

OIIGHI/ITI) KaKOC BJIMAHUC Ha BCIWYHUHY PCAKTUBHOCTHU Hy.]'[CBOﬁ II0CJICA0BATCIBHOCTHU
TpaHcopMaTopa OKa3bIBACT: a) COSAMHEHHE 0OMOTOK 0) KOHCTPYKIIHSI MATHUTOIIPOBO/IA.

Pazo0parbcst moueMy peakTUBHOE COMPOTHBIICHUE BO3IYNTHOW JIMHUU JUTSI TOKOB HYJICBOU
MOCJICIOBATCIBHOCTH ~ 3HAYUTENLHO  OOJIbIIe, YeM JUII TOKOB TMPsAMOM ©  0OpaTHOM
HOCHCHOB&TCHBHOCTeﬁ U MOYEMY IIPpU HAJIWMYWH 3a3CMJICHHBIX TPOCOB HaA JIMHUKW OHO HUMCET
MCHBIICC 3HAYCHUC, YCM ITPU OTCYTCTBHUU TPOCOB.

PaccmoTtpeTrs kak M3MEHSIIOTCSL BEKTOPHBIE IMarpaMMbl TOKOB U HAIIPSHKEHUHN IIPU IIEPEXoie
CO CTOPOHBI 3B€3/Ibl HA CTOPOHY TPEYTrOJIbHUKA TpaHchopmaTropa, OOMOTKH KOTOPOTO COCAUHEHBI
mo cxeme Y /A-1I

Tema 7. IlepexoaHble MpOLECCH MPU MPOAOJBHOM HECUMMETpUH. KOMIUIEKCHBIE CXEMBI
3aMEeNIeHUs TIPU MPOA0ILHON HECUMMETPHH.

Crnenyer XOpoOIIO YCBOWUTH IPaBWJIO SKBUBAJIEHTHOCTU IMPSIMOW IOCIIEJOBATEIbHOCTH,
COTJIACHO KOTOPOMY /ISl pacuéra Mepexo HOTo Mpoliecca MpH JI000M HECUMMETPHYHOM KOPOTKOM
3aMbIKaHUHM MOTYT OBITh TPUMEHEHBI BCE MPAKTHUECKUE METOJIBI M MPHEMBI pacyéTa Mepexo HOro
nporiecca npu TpEx(dazHOM KOPOTKOM 3aMbIKAaHHH.

Ocoboe BHUMaHUE YIETUTh METOIY PacYETHBIX KPUBBIX. COCTABUTHh KOMIUIEKCHBIE CXEMBI
3aMeIlEeHus s PA3IMYHBIX BUI0B [TPOJIOJIBHON HECUMMETPHH.

CpaBHHUTH TPOJONBHYI0 HECUMMETpHIO (pa3peiB (a3) M YCTAHOBUTH QAHAJIOTHIO C
HECUMMETPUYHBIMU KOPOTKUMH 3aMbIKAHUSIMH.

[Tonpo6HO yKa3zaHUs ¥ MPUMEPHI 3aJaHUI HA MPAKTUUYECKUE 3aHATH IPUBEICHBI B y4eOHOM
nocobun MsicoenoB 1O.B., I'oroneBa JI.b. Pacuer cuMMeTpUYHBIX U1 HECUMMETPUYHBIX KOPOTKHX
3aMBIKaHUW B CUCTeMaXx 3JieKTpocHa0kenus. 3n-so AMI'Y, brarosemenck, 2002.



5. Meroau4eckue peKOMEHIALUM 10 BHINOJHEHHIO KYPCOBOil padoThI
«Pacyer cMMMETPUYHBIX U HECUMMETPUYHBIX KOPOTKHUX 3aMbIKAHUH
B JJIEKTPHUYECKHUX CETHAX IHEProCHCTEM U IHEProodbLEKTOBY

KypcoBas paGoTa mo naHHOW NUCHMIUIMHE BBIIOJIHSETCS B 7 CEMECTpe M NpeHa3HAaYeHa
Ui TPUOOPETeHHs  CTy[€HTaMH  HABBIKOB  BBHIMIOJHEHUS  CAMOCTOSATENBHBIX — pacuéToB
CUMMETPUYHBIX U HECUMMETPUYHBIX KOPOTKUX 3aMBIKAaHUM B DJIEKTPUUECKUX CETSIX JHEPrOCUCTEM,
Y IPOMBIIIJIEHHBIX IPEANPUATHN, HA IIEKTPUYECKUX CTAHLIMSIX.

Beeoenue
KypcoBoe npoektrpoBaHre UMEET 1eJIb MOTYYUTh CTYJCHTOM pAaCYETHBIE U MPAKTHUECKUE

HAaBBIKM TI0 COCTaBJICHHIO CXEM 3aMEIIEHUS JUIsl M[psAMOW, OOpaTHOW ©  HYyJIEeBOU

MOCIIEIOBATEIHHOCTEH, OTMPEICICHUIO TAPAMETPOB IIEMEHTOB CXEM 3aMeIIeHus], TPeoOpa3oBaHUIO

CXEM 3aMEeUIeHMs, HCIOJIb30BAHUIO HauOoJiee MPHUEMIIEMOTO METOJa pacueTa, OIPEIEICHUI0

cocTaBJsouX TOKOB K3 B HauanbHBII MOMEHT MOBPEXKACHUS U B 3aJJaHHBI MOMEHT BPEMEHH, a

TaKKe YCTAaHOBHUBIIETOCs 3HaueHUs Toka K3, moCTpoeHHIO BEKTOPHBIX JUArpamM, OIMPEIEICHHUIO

OCTaTOYHOTO HAIPSHKCHUSI.

KypcoBast pabora mpencraBnsier co0Oi KOMIJIEKCHOE 3aJaHHe, BKIIIOYAIOIIEE BOIPOCHI
pacdeTta CHMMETPUYHBIX ¥ HECHMMETPUYHBIX PEKUMOB K.3. lIpH BBIMOTHEHUH pPabOTHI
OIIPENETAIOTCS CIEAYIOINE PACYETHBIE BEJIMYNHBI:

e JlelicTBymOIIEE 3HAYEHUE NTEPUOANIECKON COCTABIIIONIEH TOKA K.3. B CBEPXIIEPEXOAHOM U
YCTaHOBHBIIIEMCSI PSKUMaX MPHU Tpex(a3zHOM K.3. B 33JJaHHOH TOUKE ;

Y mapHbIil TOK K.3.;

JlelicTByrolIee 3HaUEHHE MTOJIHOTO TOKA K.3. 3a MEPBBIM EPHOJ] €r0 U3MEHEHMUS;

MOonIHOCTE B HAUAJILHBINA MOMEHT K.3.;

HavanpHoe 3HaueHue ToKa MpH 3aJJaHHOM BUJIE HECUMMETPUYHOTO K.3.;

JlelicTByroniee 3HAYCHUE MEPHOJIMYECKON COCTABISAIOMIEN TOKA K.3. B 3aJJaHHBI MOMEHT

BpEMEHU NMpH Tpex(a3HOM K.3. M TIPH 33J]JaHHOM BHUJI€ HECUMMETPUYHOTO K.3. B 3a/IaHHOM

TOYKE;

e HampsokeHne OTIENbHBIX MOCIEI0BAaTEIIBHOCTEM B MeCT€ K.3. M Ha IIWHAaX CPETHETO
HaNpPsDKEHUS aBTOTpaHC(HOpMaTOpa CUCTEMBI P HECUMMETPUYHOM K.3., a TAKIKE TTOTHBIE
HaIpsKEHUS,

e BekropHble quUarpaMMbl TOKOB M HaNpsHDKEHUM B MECTE K.3. M HaIPSOHKEHUM Ha IHHAX
CpeIHETO HaNpsDKEHUS aBTOTpaHCPOpMaATOpa CUCTEMBI TPH HECUMMETPHYHOM K.3.;

[Tpu BBITOJTHEHUH PAOOTHI CTYACHT MOJIHOCTHIO OTBEYACT 32 MPUHSATHIC PEIICHUs, a 3a/1a4a
PYKOBOJUTENSI CBOJAUTCS K O3HAKOMJICHHIO CTYJIEHTa C BO3MOXHBIMU BapUaHTAMU PEIICHUS,
METOJJaMH PacyeTa, OH HAMPABIISET CAMOCTOSTEIBHYIO TBOPUECKYIO PA0OTY CTY/CHTA.

Ogopmnenue npoexma.

KypcoBas paGoTa paspabarbiBaeTcs B COOTBETCTBHH C 3aJjaHHEM M OQOPMIISIETCS B BUJC
pacyeTHO-TIOSICHUTENBHOM 1 Tpaduueckoi yactu (1 muct popmata A-1).

IlosicHUTENBbHAsA 3amKMCKa BKIIOYACT: TUTYJIBHBIM JIMCT, 3aJaHUE, BBEACHHE, PAacCyeTHO-
MOSICHUTEIIbHAS YaCTh, CIIMCOK UCIOJIB3YEMOMN JINTEPATYPHI U OTJIABIICHUE.

be3 Hannums 3amanust paboTa K IpoBEpKe HE MPHHUMAETCH.

Ueprexu, rpaduku, CXeMbl JTOJDKHBI cOOTBeTCTBOBaTh TpebOoBaHmsiM ECKJI. TlosicHenus
pacyeToB JOJDKHBI OBITh MPENENbHO KPATKUMU W YETKMMH. [IpM MHOTOKpaTHOM MOBTOPEHUH
OJIMHAKOBBIX DEUICHUH NpuUMep MNOApOOHOr0 pelIeHHs MPHUBOAMTCS OJWH pa3, a pPe3yJabTaThl
OCTaJIbHBIX PEIIEHUH CBOAATCS B TAONUILY.
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Ykazanus no eévinonnenuto epaguueckori yvacmu npoekma

I'paduueckuii marepwan HOJDKEH COJEpXKaTh OJUH JIMCT dYepTrexei ¢opmara Al, Ha
KOTOpPOM NPUBOJAATCS:

HCXOJHASI CXeMa JJICKTPUUYECKO ceTH (IHeprooObeKTa) s pacyera TOKOB K3;

CXEMBI 3aMeIIeHUs IS IPSIMOM, 0OpaTHOM M HYJIEBOH MOCIE0BaTEILHOCTEH;

OCHOBHBIE 3TaIbl MPe0Opa30BaHUS CXEM 3aMeEIICHUS;

BEKTOpHBIE AHarpaMMBbl JJIs 3aJJaHHOTO BUJIa HECUMMeTpu4Horo K3;

MOSICHSIIONIAs CXeMa K HaX0>KJIEHUIO0 OCTAaTOUYHOTO HAIIPSKEHMUS;

TabIMIIa OCHOBHBIX PE3yIbTaTOB pacyueTa.

3awuma xypcosou pabomol
KypcoBast paboTa 3ammumaercs Ha kadepe.
Crynenty maetrcst 10 MUHYT JUTst KpaTKOTO COOOIICHHUS O COJCPKAHUN KyPCOBOT'O MIPOCKTA U
MPUHATBHIX B HEM PEIICHHUAX, a 3aTeM OH OTBEYAET Ha BOTPOCHI WICHOB KOMHUCCHH.

IIpumepnoe cooepoicanue noaCHUMENbHOU 3aNUCKU
Bsenenue
Ucxonneie nanHeie
1. Pacuer cummerpuuHoro tpexgasznoro K3
1.1. CocraBieHue cxembl 3aMELICHUS
1.2. Onpenenenne napaMeTpoB FIEMEHTOB CXEMbI 3aMEILICHUS
1.3. JleiicTByroliee 3HaU€HNE NEPUOANUECKON COCTABIISIONIEH TOKA K.3. B CBEPXIIEPEXOTHOM U
YCTaHOBHBILIEMCS peXKUMaxX MpH Tpex(a3HOM K.3. B 3aJaHHON TOUKe
1.4. Y napHblii TOK K.3.
1.5. [lelicTByrolee 3Ha4€HHE MOJHOTO TOKA K.3. 3 MEPBBIN IIEPUOJT €0 U3MEHEHUS
1.6. MoIIHOCTh B Ha4YaJIbHBIII MOMEHT K.3.
1.7. HauanpHOE 3HaueHUE TOKA P 33JaHHOM BUJIE HECUMMETPUYHOIO K.3.
1.8. [elicTByroliee 3HaU€HHE MEPUOUIECKON COCTABIIAIONICH TOKA K.3. B 3a/IaHHBI MOMEHT
BpPEMEHH MpH Tpex(ha3zHOM K.3. U TPH 33JaHHOM BHUJIE HECUMMETPUYHOTO K.3. B 3aJJaHHOM
TOYKE
2. Pacuer HecummerpuyHoro Tpexdaznoro K3
2.1. CocraBieHue cxeM 3aMellleHUs OTJIENIbHBIX MTOCIIE0BATEIbHOCTEN
2.2. OnpeneneHue napaMeTpoB JIEMEHTOB CXEMbI 3aMEIICHUS
2.3. HaxoxaeHue Toka NpsMOM MOCIeI0BaTEIbHOCTH TP HECUMMETPUYHOM K.3. B 33/1aHHOM
TOYKE
2.4. OnpeneneHue MOJHOTO Toka HecuMMeTpuyHoro K3 B HauanbHBIN U 3aJJaHHBI MOMEHTBI
BpEMEHU
2.5. Onpenenenne HapsHKEHUS OT/IEIbHBIX ITOCIIEI0BATENbHOCTEN B MECTE K.3. M B 33/1aHHOM
TOYKE MPU HECUMMETPUYHOM K.3., @ TAK)KE MOJIHBIX HANPSKEHUI
2.6. BektopHbIe qarpaMMbl TOKOB U HAIPSDKEHUH B MECTE K.3. U HAIPSDKEHUH Ha IIMHAX B
3aJIaHHOM TOYKE NMPU HECUMMETPUYHOM K.3.
3akinroueHue
Crincox aureparypbl

Beeoenue

Bo BBeneHHMH ODKHBI OBITH HCIIOJIB30BAaHBI MaTepHalibl MOCTaHOBIEHUH IlpaBuTenscTBa
Poccniickoit @enepanny, NpUKa3oB, pyKOBOAIIUX YKa3aHUM U JTOKYMEHTOB MuHTOIM3HEpro PO,
HOpMaTuBHO-TexHHUYecKas qokyMmeHTanus PAO «EQC Poccum».

Bo BBemeHuu OJKHBI OBITH COPMYIMPOBAHBI OCHOBHBIE 33Ja4 TPEOYIOIIHE pacyera
KOPOTKHX 3aMBIKaHUH, WX AaKTyaJlbHOCTb, CIIOCOOBI M METOABl MX pPACUYeTOB, TOBBIIICHHUE
3¢ deKTUBHOCTH (PYHKIIMOHUPOBAHUS SHEPTOCHUCTEM W JHEProoOBEKTOB 3a CYET KOOPIUHAIMH
ypoBHeit K3. O60CHOBBIBAIOTCS LIEH U 331a49H U 33/1a4H pa3padaTbIBaeMOro MPOEKTa.
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Hcxoonvie oannvie

OOcTosATENPHOE U3yYEHUE BOIPOCOB MPOESKTUPOBAHMS IEKTPHUUECKON YacTH MOJCTAHIIUI
AIIEKTPOCHAOKEHHUS — CII0KHAsI CAMOCTOSTENIbHAS 3a/1a4a.

JUIsi pacIpOCTpaHEHHBIX B Cpele NPOMBINUICHHBIX MNPEAIPUITHN DJIEKTPOIPUEMHUKOB
XAPAaKTEPUCTUKU  DJIEKTPUYECKOM  HArpy3KH  OINpEICIIEHbl Ha  OCHOBE  MHOIOJIETHHX
9KCIIEPUMEHTAIIBHBIX MCCIICJOBAHUN U ITPUBOASATCS B 3a/IaHUH.

B nanHOM paznene HEOOXOIMMO BOCIIOJIB30BAThCS 33JaHHBIM IPETIOIaBaTEIeM BapUaHTOM
KYPCOBOTO ITPOCKTUPOBAHMSL.

KypcoBas paGoTa mo naHHOW NUCHMILIMHE BBIIOJTHSETCS B 7 CEMECTpe M NpeaHa3HA4YeHa
Ui TIPUOOPETeHHs  CTy[eHTaMH  HABBIKOB  BBHITMIOJHEHUS  CAMOCTOSATENBHBIX  pacuéToB
CUMMETPUYHBIX U HECUMMETPUYHBIX KOPOTKUX 3aMBIKAaHUM B DJIEKTPUUECKUX CETSIX JHEPrOCUCTEM,
Y IPOMBIIJIEHHBIX IPEANPUATHM, HA AIEKTPUYECKUX CTAHLIMSIX.

3aganue Ha KypcoBy1o padorty

3amanne Ha KypcoBYIO paboTy 1Mo Kypcy
"DnekTpoMarHuTHBIE Mepexo iHbIe porecchl” s crenuanbHocTu 140203 — «Peneitnas 3amura u
aBTOMATH3AIHs AJIEKTpOIHEepreTuaeckux cucrem» u 140211 — «3nekrpocHabxeHNE»

Jns nmpuUBENEHHOW CXEMBbl JJIEKTPUUYECKOM CETHU ONPEACNIUTh CIEAYIOIIUE pPACUETHBIE
BEJINYUHBI:

JEWCTBYIOIEe 3HAYEHUE MEPUOJNYECKON COCTaBISIOMEH Toka TpPEX(a3sHOrO KOPOTKOTO
3aMblkaHus B MecTe K3 B HauaJIbHbIII MOMEHT BO3HUKHOBEHUS MOBPEXKICHUS;

yIapHbIl TOK M MOIIHOCTH TPEX(Pa3HOrO KOPOTKOTO 3aMBIKaHWs B HAYaJIbHBI MOMEHT
BO3HUKHOBEHMS IOBPEIK/ICHUS;

aMIUIMTYTHOE€ W  JCHCTBYIOLIEE 3HAYEHHs AaIlECPUOJAMYECKOM COCTaBILAIOIICH TOKa
TpEX(Pa3zHOTO0 KOPOTKOTO 3aMBIKAHUS U MOJIHBIA TOK TPEX(Pa3HOTO KOPOTKOTO 3aMBIKaHUSI B MECTE
K3 B HavyanpHbIi MOMEHT BOSHUKHOBEHHUS MTOBPEKACHNUS;

HayaJbHbIE 3HAYEHHsI TOKOB OTACIIBHBIX IIOCJIEIOBATEIBHOCTEN JUIS 3aJaHHOIO BHJA
HECHUMMETPUYHOTO KOPOTKOTO 3aMBIKaHHS B MECTE KOPOTKOT'O 3aMbIKaHHS;

HayaJIbHOE 3HAYCHHUE IIOJHOTO TOKAa Ui 3aJaHHOIO BMJIA HECHUMMETPHYHOIO KOPOTKOIO
3aMBIKaHUsl B MECTE€ KOPOTKOT'O 3aMbIKaHUS;

HaIpsDKEHUS OTACNbHBIX MocheoBaTenbHocTel B Touke K3 u Ha muuax BH crannum 1;

IIOCTPOUTh AMarpaMMbl TOKOB M HampsbkeHud B Mecte K3 M HampspkeHMH Ha IIMHAX
cTaHmuu 1;

TOKM Yepe3 BBIKIIOYaTeNlb B 3aJaHHBIA MOMEHT BpeMeHM npu TpéxdasHoM U
HecummeTpuuHoM K3.

KypcoBast pabora 3ammimaercss CTYAEHTOM TIOCIEe YCTpaHEHHs Bcex 3amedyanuid. [lpu
3alIUTE CTYACHT JI0JDKEH YMETh OTBETUTH HA BOIIPOCHI, ITPUBEIEHHBIE B KOHIIE TIOCOOHS.

CornacHo 3a/1aHusl pac4€T CUMMETPUYHOTO U HecuMMeTpuuHoro K3 mpenycmarpuBaercs B
OJHOM TOUYKE 3aaHHOK cxeMbl. [Ipu pacu€rax cuMTaTh, YTO HA KXY CEKIMIO IIUH CTaHUUH |
MPUXOJUTCS OJTMHAKOBOE YUCIIO OJ0KOB 1n/2. TOUKM K3 HAXOAATCSA B CEPEIMHE COOTBETCTBYIOLIMX
nuHud. IIpu pacyé€re ymapHOro TOKa aKTHBHBIE COIIPOTUBIICHUS HArpy30K M CHUCTEMbI CUMUTATh
PaBHBIM HYIIIO.

VY nenbHbIe CONPOTUBIICHNS BO3AYIIHBIX JIUHUN HAIIPSKEHUEM

110 kB — Xyn=0,44 Om/xm , Ryn=0,14 Om/xm;

220 kB — Xyn=0,42 Om/xMm , Ryn=0,08 Om/xmMm;

330 kB — Xyn=0,32 Om/xm , Ryn=0,04 Om/xm;

MoJiHne3anmTa BO3AyIHbIX JUHUNA | 1 2 BeinosHeHa Tpocamu Mapku AC, nuuuil 3 u 4 —
CTaJIbHBIMM TPOCaMHU, a Ha JINHUU 5 TPOCOBAs 3aIUTA HE YCTAHOBIICHA.
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Tabmuna 1
Crannus 1 TpanchopmaTopst
Ng " " 0
B-Ta PHMBm COS(QDH ) Xd Xd XZ Xd /R X]) X]) /R SHOM,MBA UBH,KB Uk, /) X/R
1 60 0.8 0.6 | 0.182 | 0,195 100 0.35 30 80 220 14 40
2 63 0.85 0.7 |0.216 | 0,156 100 0.45 50 180 330 13 50
3 30 0.85 0.76 10.212 | 0,14 120 0.25 30 80 110 12 60
4 140 0.8 0.85 | 0.194 | 0,214 120 0.4 50 125 220 11.5 40
5 120 0.8 0.88 | 0.19 | 0,236 130 0.4 30 200 220 11 50
6 100 0.85 0.98 | 0.173 | 0,341 130 0.56 30 100 330 12 60
7 200 0.8 1.12 | 0.28 | 0,215 100 0.7 40 250 110 13.5 40
8 160 0.85 1.22 | 0.17 | 0,215 120 0.14 40 400 110 14 50
9 180 0.85 1.34 | 0.18 | 0,231 130 0.22 50 125 220 14 60
10 300 0.85 1.44 0.2 |0,298 100 0.45 50 63 220 12 40
11 100 0.8 2,07 | 0.19 | 0,298 140 0.56 30 630 330 12.5 50
12 150 0.8 1,85 | 0,269 | 0,286 150 0.14 50 400 330 14 60
13 250 0.8 1,71 10,324 | 0,354 150 0.25 40 200 220 13 40
14 165 0.85 1,65 | 0,191 | 0,215 140 0.35 30 250 110 12.5 50
15 120 0.9 1,13 | 0,121 | 0,136 130 0.4 30 63 220 11 50
16 320 0.92 222 10,119 | 0,145 100 0.25 50 63 330 12.5 40
17 300 0.9 2.04 | 0,114 | 0,132 130 0.56 40 630 330 13 60
18 200 0.85 2.01 | 0,131 | 0,156 120 0.4 30 250 220 12 50
19 240 0.9 1.97 | 0,231 | 0,245 140 0.14 40 100 220 11.5 40
20 180 0.8 2.03 | 0,173 | 0,195 120 0.25 30 400 330 11 40
21 140 0,8 1.98 | 0,215 | 0,359 140 0,3 40 250 110 12 50
22 160 0,85 1.75 | 0.228 | 0,124 150 0,2 30 125 110 10,5 65
23 250 0,9 2.53 | 0.206 | 0,547 195 0,25 35 80 220 11 45
24 165 0,95 2.64 | 0.28 | 0,647 160 0,1 45 250 330 10,5 30
25 170 0,75 1.85 | 022 | 0,379 110 0,6 50 125 220 10 40
26 130 0,95 146 | 025 | 0419 120 0,42 60 80 220 12 65
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[Tpomomxenue TadmuIst 1

Crannus 2 TpanchopmMaTops
Ne " "
B | n| PB,MBm | cos(p,) | X, | X, | X, | X,/R | S, MBA | Uy, kB | U, % | X/R
Ta
1 4 63 0,9 1,65 0,12 0,15 100 80 220 14 40
2 6 300 0,85 1,71 0,19 0,21 120 630 330 13 50
3 8 63 0,8 1,85 0,13 0,18 130 80 110 12 60
4 4 80 0,85 2,07 0,22 0,25 100 125 220 11.5 40
5 2 110 0,9 2,45 0,26 0,29 120 200 220 11 50
6 6 63 0,9 2,65 0,18 0,21 110 100 330 12 60
7 4 160 0,92 2,21 0,29 0,31 120 250 110 13.5 40
8 4 210 0,9 2,19 0,22 0,26 120 400 110 14 50
9 6 63 0,8 2,16 0,25 0,27 130 125 220 14 60
10 6 32 0,85 2,49 0,26 0,28 100 63 220 12 40
11 8 300 0,85 2,41 0,18 0,23 120 630 330 12.5 50
12 10 210 0,85 2,82 0,19 0,22 130 400 330 14 60
13 6 110 0,8 1,84 0,16 0,19 130 200 220 13 40
14 4 160 0,8 1,96 0,17 0,24 110 250 110 12.5 50
15 6 32 0,8 2,15 0,21 0,25 100 63 220 11 50
16 8 32 0,85 2,32 0,23 0,26 120 63 330 12.5 40
17 8 300 0,8 2,41 0,19 0,22 120 630 330 13 60
18 4 160 0,85 2,56 0,22 0,24 110 250 220 12 50
19 4 63 0,8 2,48 0,17 0,21 130 100 220 11.5 40
20 2 210 0,85 2,34 0,18 0,21 100 400 330 11 40
21 6 225 0,8 2,6 0,45 0,15 90 250 110 12 50
22 6 320 0,9 2,4 0,11 0,17 140 125 110 10,5 65
23 4 300 0,85 2,34 0,23 0,16 110 80 220 11 45
24 8 280 0,95 2,21 0,12 0,12 120 250 330 10,5 30
25 10 180 0,9 1,9 0,31 0,17 110 125 220 10 40
26 8 160 0,7 1,78 0,4 0,19 100 80 220 12 65
[Tpomomxenue TadmuIs 1
Crannus 3 TpanchopmaTopsl
BJTTa PHMBm COS(QDH ) Xd Xd Xz Xd /R Xp Xp /R SHOM,MBA UBH,KB Uk, % X/R
1 60 0.8 2,64 10,153 10,195 100 0.35 30 80 220 10,5 40
2 120 0.85 2,56 | 0,143 10,156 100 0.45 50 200 330 11 50
3 60 0.85 2,0 [ 0,13 ] 0,14 120 0.25 30 80 110 12,5 60
4 165 0.8 2,04 | 0,19 |0,214 120 0.4 50 200 220 11,5 30
5 200 0.8 2,11 10,225 10,236 130 0.4 30 250 220 10 45
6 120 0.85 1,84 10,324 ] 0,341 130 0.56 30 160 330 10,5 70
7 90 0.8 1,91 0,189 ] 0,215 100 0.7 40 125 110 11,5 65
8 300 0.85 2,21 10,19510,215 120 0.14 40 400 110 12 45
9 200 0.85 2,64 | 0,203 | 0,231 130 0.22 50 250 220 10,5 55
10 40 0.85 2,45 10,268 | 0,298 100 0.45 50 63 220 11 35
11 120 0.8 2,07 0,272 ] 0,298 140 0.56 30 200 330 12,5 30
12 165 0.8 1,85 10,269 | 0,286 150 0.14 50 200 330 13 40
13 100 0.8 1,71 10,324 ] 0,354 150 0.25 40 125 220 12,5 53
14 165 0.85 1,65 0,191 ] 0,215 140 0.35 30 200 110 13 54
15 120 0.9 1,13 10,121 ] 0,136 130 0.4 30 160 220 10 64
16 60 0.92 1,05 10,119 ] 0,145 100 0.25 50 80 330 12 56
17 160 0.9 1,15 10,114 ] 0,132 130 0.56 40 200 330 11 35
18 180 0.85 2,07 10,131 10,156 120 0.4 30 250 220 10,5 48
19 100 0.9 1,1 0,231 0,245 140 0.14 40 125 220 12,5 75
20 120 0.8 1,32 10,173 10,195 120 0.25 30 160 330 11,5 69
21 320 0,8 1,5 0,215 0,359 140 0,3 40 200 110 12 60
22 400 0,85 1,34 10,345 10,124 150 0,2 30 80 110 13 40
23 63 0,9 1,15 10,642 ] 0,547 195 0,25 35 160 220 11,5 30
24 80 0,95 1,87 10,942 | 0,647 160 0,1 45 250 330 10 65
25 100 0,75 1,65 10,942 10,379 110 0,6 50 400 220 10,5 45
26 160 0,95 2,21 10,547 10,419 120 0,42 60 200 220 12 35
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[Tpomomxenue TadmuIst 1

ABToTpanchopmaTop Cucrema

Ne
B[S, MBA | U.xB U % Upse % Uperr % X/R S, MBA

1 135 220 18 10,5 7 20 2500

2 250 330 18,5 11 7 40 3000

3 500 110 17,5 10,5 6,5 30 3500

4 167 220 18 10,5 6 50 4000

5 250 220 18,5 10,5 6 60 5000

6 500 330 17,5 10,5 6,5 80 7000

7 135 110 16,5 11 7 70 6500

8 250 110 16,5 11 6,5 45 5500

9 500 220 16,5 10,5 6 60 5000

10 167 220 18 11 6 65 2000

11 250 330 17,5 11 6,5 55 2500

12 250 330 17,5 10,5 7 40 3200

13 500 220 18 11 6,5 20 4150

14 167 110 17,5 11 7 15 3250

15 135 220 17 10,5 7 20 6000

16 167 330 16,5 10,5 6,5 10 7400

17 250 330 18 10,5 6,5 60 6200

18 500 220 17,5 11 7 45 3550

19 250 220 17 11 6 75 6430

20 500 330 16,8 10,5 6,5 90 5260

21 135 110 20 11 7 30 4300

22 135 110 22 10,5 8 40 4800

23 167 220 31 11 6,5 55 5400

24 250 330 25 11 7 75 3100

25 167 220 17,5 10,5 7 85 1500

26 500 220 18 10,5 6,5 90 1000

[Tpomomxenue TadmuIs 1
II/Ct A Harpyska
No TpanchopmaTops! S Hom MBA
B-ta -
S, MBA | UpyyxB | Upyy % | Upye % | Upey % | X/R H3 H4 HS5 H6

1 80 220 18 10,5 7 10 13 9 7 23

2 63 330 18,5 11 7 20 11 10 6,5 27

3 250 110 17,5 10,5 6,5 30 14 10,5 25 39
4 200 220 18 10,5 6 25 18 11 35 31

5 125 220 18,5 10,5 6 15 17 11,5 30 35

6 200 330 17,5 10,5 6,5 35 13 13 20 36

7 125 110 16,5 11 7 40 11 12 21 42

8 63 110 16,5 11 6,5 45 13 16 13 16

9 40 220 16,5 10,5 6 50 20 24 20 24
10 80 220 18 11 6 15 15 26 15 26
11 100 330 17,5 11 6,5 20 14 37 14 37
12 250 330 17,5 10,5 7 30 16 64 13 9
13 200 220 18 11 6,5 35 17 34 11 10
14 125 110 17,5 11 7 40 9 22 14 10,5
15 63 220 17 10,5 7 45 7 23 18 11
16 80 330 16,5 10,5 6,5 35 6,5 27 17 11,5
17 250 330 18 10,5 6,5 40 25 39 13 13
18 63 220 17,5 11 7 30 35 31 11 12
19 125 220 17 11 6 20 30 35 13 16
20 125 330 16,8 10,5 6,5 15 20 36 20 24
21 200 110 20 11 7 10 21 42 15 26
22 250 110 22 10,5 8 30 29 49 14 37
23 63 220 31 11 6,5 40 34 50 16 64
24 80 330 25 11 7 15 26 15 45 120
25 80 220 17,5 10,5 7 25 41 11 60 140
26 63 220 18 10,5 6,5 20 32 12,5 70 50
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[Tpomomxenue TadauIs! 1

I/Ct b Harpyska JIlunun
No TpanchopmaTopst S wont MBA JUMHBL, KM
B-ta -
SuMBA | Uy, xB | U % | X/R | HI | H2 | JI | JI2 | JI3 | JI4 | JI5 | JI6
1 80 220 11 10 48 50 80 90 254 90 157 163
2 63 330 10,5 20 23 28 120 80 125 95 245 145
3 250 110 12 30 95 98 36 45 421 100 315 349
4 200 220 11,5 25 96 102 149 163 264 70 246 420
5 125 220 10 15 52 52 230 300 325 50 197 431
6 200 330 10,5 35 68 65 125 163 149 60 164 318
7 125 110 11 40 78 76 125 125 154 85 284 197
8 63 110 11,5 45 49 49 115 125 134 40 299 143
9 40 220 12,5 50 54 55 85 98 137 60 300 135
10 80 220 11 15 29 28 80 65 167 120 350 130
11 100 330 10 20 100 100 90 136 189 150 331 140
12 250 330 10,5 30 68 71 120 159 175 175 349 197
13 200 220 11,5 35 56 61 190 150 186 95 200 200
14 125 110 12 40 58 61 300 215 147 67 150 246
15 63 220 12,5 45 36 38 260 168 126 84 50 210
16 80 330 13 35 32 30 400 65 120 94 46 205
17 250 330 10,5 40 85 89 125 130 110 92 95 207
18 63 220 11 30 46 45 325 147 105 110 97 264
19 125 220 12 20 15 16 225 98 100 113 35 319
20 125 330 10,5 15 30 27 215 128 90 116 40 320
21 200 110 11,5 10 20 19 155 140 130 286 55 350
22 250 110 12 30 11 12 82 150 140 241 59 410
23 63 220 11 40 18 19 135 180 180 267 120 400
24 80 330 12 15 11 12 412 195 146 364 197 450
25 80 220 10 25 9 9 215 124 124 385 461 379
26 63 220 11,5 20 18 19 150 157 167 258 348 316

Tabmuna 2 - CocTosiHue HEUTpaIu TpaHCPOPMATOPOB

N P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12
1 X X X - - X X - X - - X
2 - X - X X - - X - X X -
3 X - - X - X X - X - - -
4 - X X X - X - X - X - -

3amanne Ha KypcoBYIO paboTy 1Mo Kypcy
"DneKTpoMarHuTHbIE MepexoHbIe mpoliecchl” il cnenuransHoct 140205 —
«DNEKTPOIHEPTETUYECKUE CUCTEMBI U CETU»

Jns nmpUBENEHHOW CXEMbl JJIEKTPUUYECKOM CETHU ONPEACNIUTh CIEAYIOIIUE pPACUYETHBIE
BEJIMYMHBI:

JEUCTBYIOIEe 3HAYEHUE MEPUOJNYECKON COCTaBISIOMEH TokKa TpPEX(a3sHOTO KOPOTKOTO
3aMbIKaHusa B Mecte K3;

yIIapHbII TOK ¥ MOIITHOCTh B HAYAJIbHBIH MOMEHT TPEX(Pa3HOTO KOPOTKOTO 3aMBIKaHUS;

JeWCTBYIOIIEe 3HAUCHHE allepUOINIECKON COCTABIISIONICH TOKA U MOJHBIA TOK TPEX(PazHOTO
KOPOTKOT'O 3aMbIKaHus B Mecte K3;

Ha4yaJIbHOE 3HAYE€HHE TOKa HECUMMETPUYHOTO KOPOTKOTO 3aMblKaHus B MecTe K3;

HaIpsDKEHUS OTACNIBHBIX MocleoBaTenbHocTel B Touke K3 u Ha muuax BH cranum 1;

IIOCTPOUTh JAMarpaMMbl TOKOB M HampsbkeHud B Mecte K3 M HanpspkeHMH Ha IIMHAX
cTaHuu 1;

TOKM uepe3 BBIKIIOYATeNlb B 3aJaHHBIA MOMEHT BpeMeHM npu TpéxdazHoM U
HecummeTpuuHoM K3.

KypcoBast pabora 3ammimaercss CTYAEHTOM TIOCIIE YCTpaHEHHs Bcex 3amedyanuid. [Ipu
3alIUTE CTYACHT JI0JDKEH YMETh OTBETUTH HA BOIIPOCHI, TPUBEIEHHBIE B KOHIIE TIOCOOHS.

CTyaneHT BBINOJIHSAET KypCOBYIO pabOTy B COOTBETCTBUU C HHIUBHUAYaJIbHBIM 3aJlaHHEM,
onpenenéuueM mudpom. [ludp nmeer cremyromnyro crpykrypy: AA.BB.CC

AA — HOMEp cTpokH B Tab:x.1;BB — HoMep cTpoku B Tab1.2; CC — HOMEp CTpOKH B Tabm.3.

CornacHo 3aj1aHusl pac4€T CUMMETPUYHOTO U HecuMMeTpuuHoro K3 mpenycmarpuBaercs B
OJHOM TOUKE 3aaHHOU cxeMbl. [Ipu pacu€rax cuMTaTh, YTO HA KaXIAYHO CEKIMIO IIUH CTaHUUH |
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MPUXOJUTCS OJUHAKOBOE YHUCIO OJOKOB n/2. Touyku k1, k2, k3 W K4 HAXOIATCS B CEpEIUHE
COOTBETCTBYIOIIMX JUHUN. [Ipu pacuére yaapHOro TOKa aKTHUBHBIE COMPOTHUBIICHUS HArpy30K U
CUCTEMBI CUMTATh PABHBIM HYJII0. Y IeIbHBIE COPOTUBIICHUS BO3IYIIHBIX JIMHUM HAMPSKEHUEM

110 kB — Xyn=0,44 Om/xm , Ryn=0,14 Om/xm;

220 kB — Xyn=0,42 Om/xMm , Ryn=0,08 Om/xmMm;

330 kB — Xyn=0,32 Om/xm , Ryn=0,04 Om/xm;

MoJiHne3anmTa BO3AyIIHbIX JUHUNA | 1 2 BeinosHeHa Tpocamu Mapku AC, nuuuil 3 u 4 —
CTaJIbHBIMH TPOCaMHU, a Ha JIMHUU S5 TPOCOBAs 3alllMTa HE YCTAHOBJICHA.

Tabmuna 1 - TexHuueckue TaHHbIE 3JIEMEHTOB JEKTPHUECKON CXEMBI

Crannus 1

;.1 I'enepaTopsl Tpanchopmaropst

S n Po,MBT |Cos@,,, |Xd Xd" X2 Xd"/R  [Smom,MBA |Usp,xB |Uk,% [X/R
1 6 60 0.8 2,64 0,153 0,195 100 80 121 11 40
2 4 120 0.85 2,56 0,143 0,156 100 200 230 12 40
3 8 60 0.85 2,0 0,13 0,14 120 80 121 12,5 50
4 2 165 0.8 2,04 0,19 0,214 120 200 347 13 50
5 4 200 0.8 2,11 0,225 0,236 130 250 347 12,5 40
6 6 120 0.85 1,84 0,324 0,341 130 160 230 11 50
7 8 90 0.8 1,91 0,189 0,215 100 125 347 12,5 50
8 2 300 0.85 2,21 0,195 0,215 120 400 347 13 40
9 4 200 0.85 2,64 0,203 0,231 130 250 347 12,5 40
10 6 40 0.85 2,45 0,268 0,298 100 63 121 13 60
11 8 120 0.8 2,07 0,272 0,298 140 200 347 12,5 40
12 4 165 0.8 1,85 0,269 0,286 150 200 347 13 50
13 2 100 0.8 1,71 0,324 0,354 150 125 242 11 40
14 6 165 0.85 1,65 0,191 0,215 140 200 347 13 50
15 8 120 0.9 1,13 0,121 0,136 130 160 230 11,5 60
16 4 60 0.92 1,05 0,119 0,145 100 80 121 12,5 40
17 2 160 0.9 1,15 0,114 0,132 130 200 347 11 50
18 6 180 0.85 2,07 0,131 0,156 120 250 347 12 40
19 8 100 0.9 1,1 0,231 0,245 140 125 242 13 80
20 10 [120 0.8 1,32 0,173 0,195 120 160 242 11,5 60

Ipomomxenne Tad. 1
Cranius 2

;.1 I'enepaTopsl Tpanchopmaropst PeakTopsl

g PH,MBT [Cos@ue, |Xd  [Xd" [X2  [Xd”/R  [SHom,MBA|UsuxB |Uk% [X/R  [Xp,Om [Xp/R
Cranius 2
1 63 0,9 1,65 10,12 0,15 100 80 115 14 40 0.35 (30
2 300 0,85 1,71 10,19 0,21 120 630 230 13 50 045 |50
3 63 0,8 1,85 10,13 0,18 130 80 115 12 60 0.25 |30
4 80 0,85 2,07 10,22 0,25 100 125 347 11.5 140 0.4 50
5 110 0,9 2,45 10,26 0,29 120 200 347 11 50 0.4 30
6 63 0,9 2,65 10,18 0,21 110 100 230 12 60 0.56 (30
7 160 0,92 2,21 10,29 0,31 120 250 347 13.5 140 0.7 40
8 210 0,9 2,19 10,22 0,26 120 400 347 14 50 0.14 40
9 63 0,8 2,16 10,25 0,27 130 125 347 14 60 0.22 |50
10 32 0,85 2,49 10,26 0,28 100 63 121 12 40 0.45 |50
11 300 0,85 2,41 10,18 0,23 120 630 347 12.5 |50 0.56 (30
12 210 0,85 2,82 10,19 0,22 130 400 347 14 60 0.14 |50
13 110 0,8 1,84 10,16 0,19 130 200 230 13 40 0.25 |40
14 160 0,8 1,96 10,17 0,24 110 250 347 12.5 |50 0.35 (30
15 32 0,8 2,15 10,21 0,25 100 63 242 11 50 0.4 30
16 32 0,85 2,32 10,23 0,26 120 63 115 12.5 40 0.25 |50
17 300 0,8 2,41 10,19 0,22 120 630 347 13 60 0.56 |40
18 160 0,85 2,56 10,22 0,24 110 250 347 12 50 0.4 30
19 63 0,8 2,48 10,17 0,21 130 100 242 11.5 |40 0.14 |40
20 210 0,85 2,34 10,18 0,21 100 400 230 11 40 0.25 |30
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[Tpomomxenue TadmuIs 1.

Ne Tpanchopmaropsl /ct A Tpanchopmarops! n/ct b
Saom UBH UK X/R Suom UBH UCH UKB-H |UKB-C [UKC-H |X/R
MBA |xkB % MBA |xkB kB % % %

1 40 121 11 20 80 115 37 18 10,5 7 20
2 32 230 12,5 30 63 242 38,5 18,5 11 7 30
3 25 121 12 40 200 115 37 17,5 10,5 6,5 20
4 40 347 14 20 250 347 115 18 10,5 6 40
5 63 347 13,5 30 125 347 115 18,5 10,5 6 30
6 40 230 13 50 125 242 38,5 17,5 10,5 6,5 40
7 63 347 12,5 60 200 347 115 16,5 11 7 20
8 40 347 11 30 125 347 115 16,5 11 6,5 20
9 40 347 12,5 20 125 347 115 16,5 10,5 6 40
10 32 115 12 40 63 121 38,5 18 11 6 30
11 63 347 14 20 400 347 121 17,5 11 6,5 20
12 40 347 13 30 250 347 121 17,5 10,5 7 40
13 32 230 12,5 50 125 242 38,5 18 11 6,5 30
14 40 347 12 30 200 347 121 17,5 11 7 30
15 25 230 11,5 20 125 242 121 17 10,5 7 20
16 25 115 11 40 80 121 38,5 16,5 10,5 6,5 20
17 63 347 12,5 30 250 347 115 18 10,5 6,5 30
18 125 347 13 30 125 347 121 17,5 11 7 40
19 100 230 12,5 40 40 242 36,3 17 11 6 30
20 63 242 11 30 63 230 38,5 16,8 10,5 6,5 20
[Tpomomxenue TadmUIs 1.
No  |Momnoctu Harpy3ok, MBA JITUHBL TUHUNA, KM

H1 H2 H3 H4 HS Hé6 Bt 12 JI3 Ji4 JI5
1 30 25 48 50 13 12 80 90 50 50 60
2 20 20 23 28 11 12 120 80 75 36 45
3 15 15 95 98 14 16 36 45 65 79 36
4 25 27 96 102 18 19 149 163 125 100 36
5 40 37 52 52 17 19 230 300 153 126 186
6 30 32 68 65 13 14 125 163 129 89 96
7 38 35 78 76 11 11 125 125 139 145 250
8 28 36 49 49 13 11 115 125 145 136 185
9 26 29 54 55 20 19 89 98 95 78 154
10 |25 28 29 28 11 12 45 65 29 56 48
11 |45 48 100 100 18 19 125 136 148 169 210
12 |30 27 68 71 11 12 210 159 126 148 150
13 |28 26 56 61 9 9 120 150 147 153 100
14 |25 31 58 61 18 19 200 215 136 159 200
15 |18 18 36 38 15 14 145 168 125 139 89
16 (17 19 32 30 10,5 9 59 65 36 38 75
17 |45 52 85 89 13 15 125 130 102 87 94
18 |59 65 46 45 10 10 115 147 123 196 139
19 |58 68 15 16 8,8 9,6 114 98 65 89 135
20 |51 49 30 27 11 12 163 128 146 201 158
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[Tpomomxenue TabIuUIs 1.

Ne ABTOTpaHCchOopMaTOp Cucrema
SHoM UBH UCH UKB-H UKC-H UKB-C |X/R SK
MBA kB kB % % % MBA

1 135 330 115 16,5 8 10 50 1500
2 250 500 242 16 7,5 10,5 50 2500
3 500 330 115 17,5 7,5 11 60 3000
4 167 500 330 16,5 7 11 30 3500
5 250 750 330 16,5 6,5 10,5 60 2500
6 500 750 242 17,5 6 11 50 4000
7 135 750 330 17 6,5 10 40 5000
8 250 750 330 18 6 10,5 60 3500
9 500 750 330 18,5 7,5 10 30 4500
10 250 330 115 16 8 10,5 50 5500
11 250 750 330 16,5 7 11 40 2000
12 500 750 330 18 6,5 11 50 2500
13 135 525 242 18,5 8 10,5 40 3000
14 250 750 330 17,5 7,5 10,5 30 5000
15 135 525 242 17 7 10 60 6000
16 500 330 115 18 6,5 11 50 2500
17 250 750 330 16,5 7 10,5 40 3000
18 250 750 330 18 6 11,5 60 4500
19 500 525 242 18,5 6,5 10 50 1500
20 135 525 242 16,5 6 10,5 30 2500
Tabmuia 2. CxeMbl COeTMHEHHUS] 0OMOTOK TpaHC(HOPMATOPOB

Ne  |ABrotpancdopmarop |Cranmums 1 Crannus 2 IT/cTt A IT/ct b

1 4 1 1 3 4

2 5 1 2 1 5

3 4 3 1 1 5

4 5 2 1 2 4

5 4 1 1 1 4

6 5 2 3 2 5

7 4 3 2 3 4

8 5 2 1 1 5

9 4 2 3 2 4

10 |5 1 2 1 5

1 — 3a3emnéHHast 3Be3/1a / TPEYroJIbHUK; 2 — 3B€3/1a / TPEYrOJIbHUK;
3 — 3a3eMJiI€HHAas 3Be3/a / 3Be3/1a; 4 — 3a3eMIIEHHAs 3Be3/1a / TPEYrOJbHUK / TPEYTrOJIbHUK;

5 — 3a3eMJI€HHAs 3Be3/Ia / 3a3eMIIEHHAsS 3Be3/a / TPEYTOJIbHUK.

Tabmuma 3

Ne Bapuanrta OtknrouenHble Beikmouatenu | Touka K3 | Bpemsit, c Beixirouarens
1 6,9, 11 1 0,15 4
2 11,12,13 3 0,12 9
3 3,10, 12 2 0,14 5
4 4,1,2 4 0,18 10
5 8,10, 12 5 0,14 7
6 2,11, 12 6 0,16 8
7 1,10, 11 10 0,19 4
8 3,6,9 7 0,12 10
9 2,7,12 8 0,13 9
10 3,4,13 9 0,17 7
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Crampis 2

3amanne Ha KypcoBYIO paboTy 1Mo Kypcy
"DnekTpoMarHuTHBIE MEPEX0IHbIe Tporiecchl” s crienuanbHocTh 140204 — «DnexkTpudeckue
CTaHLIUM»

CTyneHT BBIMIOJHSET KYpPCOBYIO pabOTy B COOTBETCTBHHM C WHAWBUIYAJILHBIM 33/aHUEM,
OTIpe/IeNIEHHBIM MIH(POM, COCTOSAIIMM W3 OYKBEHHBIX M LU(POBbIX oOo3HaueHwid. [ludp mmeer
CIIEYIOLLYIO CTPYKTYpPY:

A.B.C.J1.K3(X)

A — HOMEp CXEeMBI AEKTPUUECKUX COETMHEHUIN CUCTEMBI, [UIsl KOTOPOI BBINOJIHAETCS PacyerT;

B — HOMep cTpoku B Tabim. 1. ¢ XapakTepuCTHKaMU JIMHUHN dJIEKTPOTIepe1aun;

C — HoMep cTpoKH B Ta0JI.2 ¢ yKa3aHUEM COCTOSHHS B HEHTpau TpaHchopMaTopos;

JI. — HOMep CTpokHM B Tabin. 3 ¢ mapamerpaMH T'€HEepaTopoB, TpaHC(HOPMATOPOB,
aBTOTpaHC(HOPMATOPOB, PEAKTOPOB, HATPY30K CUCTEMBI;

K3 — Homep ToukH K.3.;

(X) — B HECUMMETPUYHOTO KOPOTKOT'O 3aMbIKaHUS, MO JIeKAINNA pacyueTy:

(1) — onHOda3zHOE K.3.;

(2) — nByx(daznoe k.3.;

(1.1) — mByx(hazHoe K.3. Ha 3EMIIIO.

Pacyer cuMMETpUYHOrO M HECHMMETPHUYHOIO K.3. NPEAYCMaTpUBAETCS B OJHOW TOYKE
3alaHHOM cxembl. [Ipu pacueTax cUMTaTh, 9TO CXEMBI 3a3€MJICHHS HEHTpasiell B OJOYHBIX cXxemax
cTaHmmii 2 U 3 oauHaKOBBI I Bcex OmokoB. Touku k.3. K4, K5, K6, K7 naxoxsrcs B cepeaune
cooTBeTcTBYOmMX JuHUHA. [lpu pacuere ymapHOTO KOX(pQHIMEHTa AKTUBHOE CONPOTHUBICHHE
CUCTEMBI CUMTATh PABHBIM HYIIIO, @ aKTUBHOE CONPOTHUBIIEHUE HArPY3KH HE YUUTHIBATh.
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Tabmuna 1 - XapakTepuCcTUKU JIMHUH JIEKTpoTnepeaaydn

HmvnHa auHun (KM) Y nenbHbie napamerpbl, (OM/km)
Bapuant JI1 JI2 JI3 JI4 Xyn Ryn
1 80 100 130 45 0,42 0,09
2 35 65 70 80 0,4 0,085
3 80 40 90 60 0,38 0,075
4 160 200 260 30 0,36 0,07
5 70 125 150 100 0,34 0,065
6 240 120 180 20 0,32 0,06
7 300 300 260 250 0,3 0,06
8 200 110 200 300 0,32 0,07
9 250 250 300 100 0,36 0,08
10 150 150 150 100 0,38 0,09
Tabmuma 2.2 - Cocrosinue Helrpamu Tpanchopmaropos (* - HEUTpaIb 3a3eMIICHA)
Bapuant P1 P2 P3 P4 P5
1 k k k %
2 % % _ %
3 * - R *
4 * - * - *
5 - - * * *
6 _ % % %
7 * - *
8 % _ %
9 * - - R *
10 - - - * *
Tabmuna 3 - Texauueckue TaHHbIE 3JIEMEHTOB IEKTPHUECKON CHCTEMBI
Crannus 1
Bapuant - Typb6oreneparopsl = Tpa[I};:](_l[)OpMaTOpH e PeakTopsl
MB:T Coso, | Xd X4 X, X4"/R MBiA KB’ Uk, % | X/R <B > 1 Xp, OM| Xp/R
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 30 0,8 1,45 | 0,143 | 0,174 20 40 115 | 10,5 20 6 0,173 | 40
2 60 0,8 1,85 | 0,146 | 0,18 40 80 121 | 10,5 20 10 0,23 40
3 100 0,85 | 2,45 ] 0,183 | 0,223 | 100 125 121 | 10,5 30 10 0,27 50
4 120 0,85 | 2,65 | 0,214 | 0,26 100 125 121 11 30 10 0,35 50
5 200 0,85 | 1,96 | 0,19 | 0,232 | 120 200 121 11 30 10 0,4 60
6 120 0,85 2,6 | 0,214 | 0,26 100 125 121 | 10,5 30 10 0,25 50
7 100 0,85 2,4 10,183 | 0,223 | 100 125 242 11 30 10 0,45 80
8 60 0,8 1,9 | 0,146 | 0,18 10 80 242 | 10,5 20 6 0,21 80
9 30 0,8 1,55 | 0,143 | 0,174 20 32 330 11 20 6 0,28 40
10 63 0,8 2,05 | 0,12 | 0,25 40 80 121 | 10,5 20 6 0,7 40
[Tponomkenue Tada. 3
Cranius 2
Bapuant Typ6orenepatopsl Tpanchopmaropsl
h [P, MB1| Coso, X4 X4’ X, X4’/R |Su, MBA| Uy, kB | Ug, % X/R
15 16 17 18 18 20 21 22 23 24 25
1 6 100 0,85 2,52 0,183 0,223 100 125 121 10,5 30
2 4 120 0,85 2,65 0,214 0,26 100 125 121 10,5 30
3 5 165 0,85 1,75 0,213 0,25 100 200 121 10,5 30
4 2 200 0,85 1,98 0,19 0,232 120 200 121 10,5 30
5 4 300 0,85 2,03 0,195 0,238 130 400 121 10,5 40
6 4 320 0,8 2,05 0,173 0,21 140 400 121 11 40
7 2 500 0,8 2,2 0,28 0,25 150 630 242 11 50
8 6 320 0,8 2,05 0,173 0,21 140 400 242 11 40
9 6 300 0,8 2,01 0,195 0,238 130 400 347 11 40
10 8 200 0,8 1,97 0,19 0,232 120 200 121 11 30
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[Tponomkenue Tada. 3

Cranmus 3
BapuanT = TypOorenepaTopsl = T ag;;il)o MaTOPBI
h MB,T COS(pH Xd Xd” Xz Xd”/ R MBZA «B ’ UK, % X/R
26 27 28 29 30 31 32 33 34 35 36
1 6 20 0,85 | 0,60 | 0,225 | 0,228 40 40 121 | 10,5 20
2 8 30 0,8 0,70 | 0,197 | 0,206 40 40 121 | 10,5 20
3 8 40 0,9 0,76 | 0,232 | 0,236 40 63 115 11 20
4 5 72 0,8 0,85 | 0,24 | 0,26 40 80 121 11 20
5 6 90 0,9 0,88 | 0,19 | 0,198 50 125 121 | 10,5 30
6 4 100 0,85 | 0,98 | 0,22 | 0,23 50 125 121 | 10,5 30
7 8 171 0,85 | 1,12 | 0,27 | 0,28 50 20 242 11 30
8 5 260 0,9 1,22 | 0,268 | 0,27 50 400 242 11 40
9 4 300 0,8 1,34 | 0,34 | 0,25 60 400 347 | 10,5 40
10 6 500 0,85 | 1,45 0,3 0,32 60 630 121 | 10,5 50
[Tpomomxenue Tadi. 3
ABTtoTpanchopmarop Harpyska
Cucrema| HI1 H2 H3
Bapuant N?];IZA [ilgl, [L(EI, UKOZ-H, UKOZ-H, Ulf)z-c, X/R |Sc, MBA| Sul. | Sn2. | Sm3.
MBA | MBA | MBA
37 38 39 40 41 42 43 44 45 46 47
1 63 230 | 121 35 22 11 20 1500 20 40 160
2 125 | 230 | 121 31 19 11 30 2000 100 200 200
3 200 | 230 | 121 32 20 11 30 2500 200 400 | 1000
4 250 | 230 | 121 32 20 11 30 2300 200 200 400
5 125 330 | 115 35 22 12 30 3500 800 | 1000 | 1000
6 200 | 330 | 121 32 22 12 30 4000 400 600 700
7 500 | 500 | 230 35 22 11 50 4500 1000 | 200 700
8 800 | 600 | 230 23 13 9 6 5000 200 | 2000 | 2000
9 500 | 500 | 330 67 61 10 50 5500 100 | 1000 | 1500
10 200 | 230 | 121 32 20 11 30 5000 200 | 2000 | 2500

[Tpumedanue: h — komudecTBO OJIOKOB reHeparop-Tpanchopmarop
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Pacuemnasn wacmeo

OrnpeneneHre napaMeTpoB dIEMEHTOB, COCTaBACHNE U MPe00pa30BaHNe CXEM 3aMEIEHUS

Obuwue nonosicenus

PacueTsl TOKOB K.3 BBITIOJHSIOTCS Kak MPaBHJIO Oe3 ydyeTa aKTHBHBIX CONPOTHBIICHHNA H
MIPOBOJIMMOCTEH 2JIEMEHTOB CETH, a TakkKe (Pa30BBIX CABHTOB MEXK/Y BEKTOPAaMH 3.]1.C HCTOUHUKOB.
[TosTOMy U1 COCTaBIEHHSI CXEM 3aMEUICHHS 3aJaHHOW JIEKTPUYECKOH CXeMBl HE00X0JUMO
OTIPENICNIUTh JIUIIb WHIYKTUBHBIC CONPOTHUBICHUS BCEX JIIEMEHTOB CETH U 3.J1.C HCTOYHHKOB,
MOJAMUTHIBAIOMIMX TOYKY K.3. PacdeT pekoMeHayeTcsl BBINOJHATH B OTHOCHTEIBHBIX E€IMHHUIAX
MPUOIIMKEHHBIM CIIOCOOOM.

ConpoTuBICHUAM, ONpEAETSIeMBIM B pe3ylbTaTe MpPeoOpa3oBaHMUs CXEM 3aMEelIeHHS,
MIPUCBAaNBAIOTCS MOPSKOBBIE HOMepa. B 3HamMeHaTene yka3bIBaeTcs BEJIMYMHA CONPOTHBIICHHS B
OTHOCHUTENIbHBIX €IUHHIIAX IPH TPHHATHIX Oa3MCHBIX YCHOBHX (0a3ucHOM MOIIHOCTH SO).
ConpoTuBICHHUAM, BO3HUKAIOIIMM B  pe3ylbraTe NpeoOpa3oBaHUS CXEeM  3aMelleHHS,
MPUCBAWBAIOTCS TOCJEIYIONIME TOpSAKOBbIe HoMmepa. [lpu ompeneneHuM CONMPOTHBIICHHHA
OTJENBHBIX DJIEMEHTOB (BO3/YIIHBIX JHMHUH, PEAKTOPOB) HEOOXOJMMO HCHOJIH30BaTh 3HAYCHHE
CpeIHEeTo HaIpsHKCHUS B MECTE YCTAaHOBKHU JJAHHOTO 3JIEMEHTa, BeIOpaHHoe U3 psiaa: 515; 340; 230;
115;37;24; 20; 18; 15,75; 13,8; 10,5; 6,3 xB.

[Tpu mepexonie OT pacuera CBEpXIEPEXOJHOTO K pacueTy YCTAaHOBUBIIETOCS PEXKHUMa CXeMa
3aMerieHus: u3MeHsercs. [losToMy cocTaBieHME W YOPOIIEHHWE CXEMBbI 3aMEIICHUs HYKHO
BBITIOJTHUTH KaK JJISl CBEPXIEPEX0IHOTO, TaK U JIJIsl yCTAHOBHUBILIETOCS pEXXKUMa K.3.

IIpu pacyere TOKa HECHMMETPUYHOTO K.3 HEOOXOIUMO COCTaBUTh U BBINIOJHUTH
peoOpa3oBaHUe CXEeM 3aMEIIeHHs MPSMOW, OOpaTHON M HYJIEeBOW mociiefoBarenbHOCcTed. Cxema
OpsIMOM  TIOCJIEZIOBATENIbHOCTH ~ AQHAJOTMYHA ~ CXeM€  3aMEUICHHs  TpPH  ONpEeIeICHHH
CBEPXIIEPEXOTHOTO TOKA TPeX(a3HOro K.3.

Pacuemnas cxema

CocraBnsiercss ansi ofgHOM Touku K.3. llpeacramBisier coOOW OJHONHMHEHHYIO CXeMy
AIIEKTPOCHAOKEHHUs, TJIe yKa3bIBAIOTCS 3JIEMEHTHI (reHepaTopa, TpaHcopmaropa, JHHUU H T.IL.),
4YCpe3 KOTOPBIC IMPOXOAAT TOKM HCTOYHHKOB B TOYKY K.3. KpOMe TOro, Ha pvaeTHOﬁ CXEMC
YKa3bIBalOTCA HOMMWHAJIBHBIC HAITPAKCHUA. HpI/I pacu€Tax TOKOB K.3. B YCTAaHOBKAaX BBICOKOTI'O
HAIpsDKCHUA COMPOTHUBIICHUSA IIHWH PAaCIpCACIIUTCIIBHBIX yCTpOfICTB, QJICKTPUYCCKHUX aIIapaTroB
(BBIKITIOUATEINEH, pa3beIMHUTENEH U T.I1.), KaOENbHBIX M BO3YIIHBIX TIEPEMBIYEK CPAaBHUTEIHHO He-
OOJBIION JJTMHBI HE YYUTBHIBAIOT M3-3a MaJoro 3HaueHus. [1o3ToMy X mapaMeTpsl Ha pacuyeTHON
CXEM€ HE yKa3bIBAIOTCS.

Ilapamempwi 21emenmos 0151 OmoenbHblX NOCIe008aAMeNIbHOCIeEl

Jns pacdyera Ha4aJbHOIO JACWCTBYIOLIETO 3HAYEHUS MEPUOJUYECKON COCTABISIOUIEH TOKA
tpéxdaznoro K3 B anekrpoycraHoBkax cBeimie 1 KB B HCXOHYIO CXeMy BBOJISTCS BCE T€HEPATOPHI
u komneHcaropsl, a Takxke CJl u AJ] momuocteio 100 kBt 1 Gonee, eciiu Mexy HUIMUA U TOYKOM
K3 0TCyTCTBYIOT TOKOOTPaHWYHBAIOIINE PEAKTOPHI M CUIIOBBIE TpaHChopMaTopbl. CHHXPOHHBIE U
ACUHXPOHHBIE MAIIMHBI B SKBUBAJIEHTHYIO CXEMY 3aMEIICHHUS BBOJSATCA CBEPXIEPEXOIHBIMHU
CONPOTHBIICHUSIMU U cBepxnepexoqHsiMu DJ[C.

[TapameTpsl »JIEMEHTOB JJIsi CXEMBI MPSAMOW TOCJIEIOBATEIBLHOCTH OIpPEAENseTCsS B
COOTBETCTBUU C 3aJ]aHUEM, B KOTOPOM OHH JIaHbl B OTHOCHUTEIIbHBIX €IMHUIIAX TP HOMHHAIBHBIX
YCIIOBUSAX, IMOO B MMEHOBAHHBIX EIWHHIIAX (BO3IYIIHBIC JTMHUH, peakTophl). PacueT mapamerpos
OTJICBHBIX MMOCIIEIOBATEILHOCTEH TSI PA3IMYHBIX JIEMEHTOB BBITIOJIHSETCS CIICTYIONTUM 00pa3oMm:

Hcmounuxku _snepeuu. B CBepXmepexoJHOM pEKHME T'€HEpaTophbl  3aMELIaroTCs

CBEpPXIICPEXOJHBIMU 3.4.Cc. EJ, 3a CBEpXICpPEXOJHBIMH CONpPOTHBICHWAMH X, a B

YCTaHOBUBIIEMCS DPEXHMME K.3. — CHHXpPOHHOH »5.1.c. E,, u comporusiennem X ,. D.J1.C

[*
TeHEePaTOPOB OIpeeseTcs Mo hopmyIe:
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E, :\/(chosgoH)2+(liXF sing,, )

rae X, =X, - npu onpeneneuun E’ ; X, =X, - npu onpenenenuu E ,, IpUYeM 3HAK MUHYC

res
NPUHUMAETCA B CiIydae pabOThl THIPOTCHEPATOPOB B PEXHME HENOBO30YXKACHUS; 3HAK IUIIOC U
MUHYC Y TypOOT€HEepaTOpOB — MPUHUMAETCS B PEXKUME TIEpEeBO30YKACHUS U HEJOBO30Y K ICHHS.
Jlnia cunxpoHHbIX KoMiieHcaTopoB DJIC omnpenensiercs Kak
E"o=UypEloXa"
B nmpuBenéunpix GopMynax 3HaK <+> OTHOCHUTCSI K CHHXPOHHBIM MAaIlllMHaM, paOOTaBIIUM K
MoMeHTy K3 B pexxnMme nepeBo30yxkIeHus, a 3HaK <-> — K pab0TaBIIUM C HEIOBO30YXKICHUEM.
Ceepxmiepexoanast 9JIC acHHXpOHHBIX JIBUTATENEH onpeensercs no Gopmyie

E\o\ = \/(U\o\ - I\o\XAﬂ Sin(P\o\)z + (I\O\XAL? COS(p\o\)z
rae X"y — cBepxunepexoiHoe conpoTuieHue A/l

ConporuBieHne OOpaTHOH TOCIIEAOBATENILHOCTH ACHHXPOHHBIX  AJIEKTPOJBUTATENEH
HamnpsDKeHHeM cBbllie 1 kB jgomyckaercs npuHUMaTh pPaBHBIM HMHAYKTUBHOM COCTaBIISIFOLIEH

COIPOTHBIICHHUS KOPOTKOTO 3aMBIKaHUS M OTIPEIEIISATh 10 (popmyrie

1

)g:" (Hom) = /}/ 2(Hom) ¥ : D
*

rae I ;, - KpaTHOCTb ITYCKOBOI'O TOKa 3JJICKTPOABHUIATC/IA II0 OTHOIICHHIO K €r0 HOMMHAJIIBHOMY
*

TOKY.

B oTHOCHTEeNbHBIX EAMHHUIIAX TOK cTaTopa /ISl TCHEePaTOpoOB MW 3JIEKTPOJBUTATENCH
ompenensercs o hopmyie
_ f‘)o‘ COSQDHOM

¥ 0l wom
‘ ‘HOVI P COSQD‘O‘

HOM
rae P, Puow COSQuon — MOIIHOCTh MAllMHBI B IpeamecTByromeM K3 pexnMe, HOMHHAJIBHBIE

MOIITHOCTH ¥ KOA((HUIIUEHT MOITHOCTH CUHXPOHHOM MAaITUHBI,
JUISl CHHXPOHHBIX KOMIIEHCATOPOB

_ 9

[*‘ 0| nom —
QH(LW
CxeMbl COEIMHEHMH OOMOTOK TpaHC()OPMATOPOB HCKIIOYAIOT IMPOTEKAHWE 4YEpE3

TeHepaTopbl TOKOB HYJIEBOW IMOcienoBaTebHOCTH. OnpeseneHne COnpoTUBICHUN TeHEpaTopoB B
OTHOCHTEINIbHBIX €TUHHIIAX NP Oa3MCHBIX YCIOBHUSIX BBITIOIHACTCS 10 GopMyIe:

Y  —x S5 cos @y,

*(5) r p
H

Haepysku. Harpy3ku B cxeMmy 3aMeIeHHs Ui CBEPXIEPEXOJHOTO PEeXHMa BXOIAT Kak
UCTOYHHKH ¢ mapamerpamu E;, =0.85, X, =0.35, a B ycTaHOBUBIIEMCS pexume k.3 - E,, =0,
Xy, =1.2.

Jlnst oOpaTHOH mocneoBaTensHoCT X, = 0.35 .

ComnpoTuBIeHNHE HYIEBOU MOCIEI0BATEILHOCTH HArPY3KH OTIPEACISIETCS] COMPOTUBIICHUAMHU
M CXeMaMHU COCIMHEHHMS BXOAAIIMX B Hee dieMeHTOB. OOBIYHO O5TO TOJBKO TOHIIKAIOIINE
TpaHchopMaTopsel, MoaKIoYeHHBIe K ceTd 110 kB u BbIIIe, UMEIONIHE 3a3€MJICHHYIO HEUTpab.
Pexomennyerca npuaumatrs X, =0.15.

[TpuBeneHne COMPOTUBIIEHUH HArpy3KH K 0a3MCHBIM YCIIOBHUSM BBITIOJIHAETCS TIO (hopMyIie:
S
5

X —9
Su

o) =X

H
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Tpancghopmamopet. 1t NByX0OMOTOYHBIX TPAHC(HOPMATOPOB:

~ Usgo, *Ss
201008,

ComnpoTHBIICHHE HYJICBOW MOCIEIOBATEIBHOCTH TPAHCPOPMATOPA OTPENENAeTCS CXeMOM
COEJIMHEHUS eT0 0OMOTOK.

ABTOTpaHcopMaTop BBOJUTCS B CXEMYy HYJIEBOW IOCIIEIOBATEIBHOCTH CBOEH CXeMOi
3aMeIeHHS.

Cxema 3aMemieHHs TpexXoOMOTOYHOTO TpaHchopmaTopa U aBTOTpaHcopmaTopa,
UMEIOIIeT0 OOMOTKY HU3IIEr0 HAIMpPSOHKCHUS, TMPEJCTaBIsIeT COOOM TPeXIy4eByH 3BE3Jy.
I/IHZ[YKTI/IBHBIG COIIPOTUBJICHUA €€ BETBE B OTHOCHTEIBLHBIX CAMHUIAX MpU HOMHUHAJIBHBIX
YCIIOBUSIX 3TOTO TpaHc(opMaTropa COOTBETCTBEHHO PaBHbI:

X]T*(S) =X

u
X Blow)= % =0,005(u, gy +uxp-c ~Uxc-H);
UxB
100

u
X Hewow = ﬁ =0,005(uyp_y +Uxc—H —UxB-C )»

X Cow= =0,005(u,_c +uwc-n ~UB-H);

TII€ UxB-H, UxB-C> UxC-H - HATIPSDKEHHST KOPOTKOTO 3aMBIKAHHsI COOTBETCTBYIOIIUX Map 0OMOTOK, %.

Cxema 3amerieHusi TByXOOMOTOYHOTO TpaHchopMmaropa, y KOTOPOTO OOMOTKa HHU3IIETO
HaNpsOKEHUs paclieluieHa Ha JBE BETBH, TAaKKe IPEACTABISIET COOOH TPEXIydeBYIO 3BE3NY.
I/IHZ[YKTI/IBHBIG COIIPOTUBJICHUA €€ BETBE B OTHOCHUTEIIHHBIX CAMHUIAX MpU HOMHUHAJIBHBIX
YCIIOBHSAX CIIEITyeT ONPEIENATh 10 (hopMyliaM

X Bion= 001ty = 0.25u11-12 J;
X Hemon)= X Hgom) = 0.005u11-H2

rne uggn - HampsokeHne K3 Mexay OoOMOTKOW BBICIIETO HAmpsKEHHS U HapajuieNIbHO
COCJIMHEHHBIMU BETBSIMH OOMOTKH HM3IIETO HANPSDKEHUS; Ugipe - HanpsbkeHne K3 mexmay
BETBSIMU OOMOTKM HH3IIEr0 HAmpspKeHUs (M3MepsieTcss MpH Pa3OMKHYTOH OOMOTKE BBICIIETO
HaNPSDKEHUS).

IIpu orcyrcTBUM HaHHBIX O HampsokeHUH K3 w2 JOMycKaercs ais TpexgazHbIX
TpaHc(hopMaTOpOB IPUHUMATD

X Bow = 0.00125u,p_p;

X Himow= X H2(mom=0.01758 1.

Cxema 3aMmemieHusi JAByXOOMOTOYHOTO TpaHcopmaTopa, y KOTOPOro OOMOTKa HH3IIETO
HanpsDKCHUS pacilelyieHa Ha 7 BETBEH, mpeacraBisieT coboil (n + 1)-mydeByro 3Be3my.
I/IHZ[YKTI/IBHBIG COIIPOTUBJICHUA €€ BETBE B OTHOCHTEIBLHBIX CAMHUIAX MNpHU HOMHUHAJIBHBIX
YCIIOBUAX TpaHCHOpMaTOpa CIIEIYET OMPEeIATh o (hopMyliaMm

u
X =0,01] uyp_gy ——H=H2
. B(Hom) ( kB-H o

X Himow= X H2(mom)= =X Hn(uom)= 0.005U k1 -in »

T Uxni-un - Hampsbkerme K3, m3aMmepeHHOe Mexay BbiBogamu H; u H, OOMOTKH HH3IIETO
HanpspKeHus (IPH Pa30MKHYTOH 0OMOTKE BBICIIIETO HAIIPSHKCHHUS).

Cxema 3amerneHuss aBTOTpaHc(opMaropa, y KOTOPOTO OOMOTKA HUBIIETO HAMPSHKEHUS
pacimeryieHa Ha JBE BETBH, OTJIMYACTCS OT CXEMBl 3aMelleHHsl aBTOTpaHchopMaropa cC
HEepAaCIIETUICHHON 0OMOTKOW HHU3IIIETO HAMPSHKCHHS TEM, YTO BMECTO COIPOTUBIICHUS Xi COTCPIKHUT
TPEXIIYUYEBYIO 3B€3/y C BETBAMH X1y, X111 ¥ X2. UHAYKTUBHBIE COMPOTUBIIEHUS HIIEMEHTOB CXEMBI B
OTHOCHUTEIILHBIX CIUHUIAX TP HOMHHAIBHBIX YCIOBUSAX aBTOTpaHCc(OpMaTropa CleayeT
oTpeenaTh o Gopmynam
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X B(uow = 0.005(tt,g_¢ +txg-p ~Uxc-n );
X o= 0.005(ttg_¢ +ttyc-p ~Uip-n );

X Himow= X H2om)= 0.005Ugpy1 12

X" Hwowy =X Hewow ~ 000250112,

Cxema 3amelneHuss aBTOTpaHc(oOpMaropa, y KOTOPOTO OOMOTKA HUBIIETO HAMPSHKEHUS
pacieryieHa Ha # BETBEH, OTIMYAeTCI OT CXEMBl 3aMeIlleHUs aBTOTpaHcopmaropa cC
HEepACIIETUICHHON 0OMOTKOW HHU3IIIETO HAMPSHKCHHS TEM, YTO BMECTO COIPOTUBIICHUS Xi COTCPIKHUT
(n + 1)-nydeByto 3Be3ny ¢ BeTBIMU X'n, Xui ... Xun. VIHAYKTHBHBIE CONPOTHUBIICHUS 3JIEMEHTOB
CXEMbl B OTHOCHTEIBHBIX €IMHUIIAX MPU HOMHHAIBHBIX YCIOBHSX aBTOTpaHchopmaropa ciemayeT
oTpeenaTh o Gopmynam

X Bon = 0.005(ug_c +uxp-n ~ U1 );

X o= 0.005(ug_¢ +uxc-p ~ U1 );
X Himow= X H2(mom)= =X Hn(ow) = 0.005U 1 1-Fin 5

' _ _ 0,01 XacH1-Hn
/X: H(HOM)_‘i( H(nom) 0,01 m ’

TIC X Heuowy=0,005(u g +Uxc-H ~UiB-C) -

CymMmapHOE aKTUBHOE COMPOTUBIIEHUE 00X 0OMOTOK JBYXOOMOTOYHOTO TpaHCchopMaTopa
B OTHOCHTENBHBIX EIWHHIIAX IMPU HOMUHAIBHBIX YCJIOBHSIX O3TOTO TpaHcopmaTopa Ciemyer
ompenensaTs no Gopmyie
AP107

S

rie APy - IOTepu KOPOTKOTO 3aMbIKaHusl, KBT; Syoy - HOMHHATBHAS MOITHOCTH TpaHcopmaTopa,
MB-A.

AKTHUBHBIC COTIPOTHUBJICHHUS OTACITHHBIX OOMOTOK TPEXOOMOTOYHBIX TpaHC(HOPMATOPOB H
BETBEH CXEMBI 3aMEIIeHUs] aBTOTPaHC(HOPMATOPOB, UMEIOMIUX OOMOTKY HU3IIETO HANpsHKEHUs, B
OTHOCUTCIIbHBIX CANHHNIIaxX npu HOMMHWHAJIBbHBIX YCIIOBHUAX ITUX TpaHC(bOpMaTOpOB u

aBTOTPaHCHOPMATOPOB CIIEAYET ONMPEACTATH MO (hopMyiamMm
051073
R B(uow)= S—(APKB—C +APg -y —AFRc-n );

HOM

9

15 (nom) =

HOM

05-1073
R cmom= S—( AP c +APcy —ARg 1 );

HOM

05-107°
R Hiow)= S—(APKB—H +APc_y —APg_c ).

HOM

Tokoozpanuuusarouue peaxmopbol

CxeMa 3aMelIeHHs] CIBOCHHOTO TOKOOTPAHWYHMBAIOUIETO PEAKTOpa IMPEICTABISET COOOM
TPEXJIyueBYyIO 3Be3ay. MHAYKTHBHOE COMPOTHUBICHHE Jyda CO CTOPOHBI CpelHEero 3axkuma (T.e.
3a)KMMa, 0OPAIIEeHHOTO B CTOPOHY UCTOYHHKA SHEPTUH) CIEIYET OMPEeIATh M0 popMyie

Xe =KXy,

rae Ko - KOO(OHIMEHT CBS3M MEXKTY BETBSIMH peakTopa; X, - HOMHHAJIbHOE WHIYKTHBHOE
COIPOTHUBJIEHUE peakTopa (T.€. COMPOTHUBICHHWE OJHOW BETBU PEaKTopa MpPU OTCYTCTBHH TOKa B
JpYroi BETBM).

WHIyKTUBHBIC COTPOTHBIICHHS JABYX JPYTHUX JIydeil CXEMbl 3aMEINCHHs OJMHAKOBBI H
ONPENENAOTCA 10 PopMye X; =X, =(1+ K )X, .
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AKTHUBHOE COTPOTHUBIIEHHE (a3bl OJUHAPHOTO peakTopa, OM, cileayeT OmpenensiTh IIo

dbopmyie
AP

R:2—103,
[HOM
rne AP - HOMUHaJIBHBIE MOTEPH MOIIMHOCTU Ha a3y peakropa, KBT; [,y - HOMHHAJIBHBIN TOK
peakrtopa, A.

AKTHBHOE CONPOTHBJIEHHE KaXIOW BETBU CIBOEHHOTO peaktopa, OM, CleayeT OnpeaessTh

o gopmyie
AP
212

HOM

R= 103,

ComnpoTuBieHne NpsMOiA, 00paTHON M HYJIEBOW MOCIIEOBATEIHHOCTA PEAKTOPOB PaBHO:

S,
Xps) = Xp o

cpP

Cucmenma.
Jnst cucTeMbl KOHEYHON MOIHOCTH pekoMeHayercst mpuHuMath X, = X,., X, =0.

ConpoTuBieHre psIMON (00paTHO) TOCIENOBATEIILHOCTH CUCTEMBI KOHEYHONW MOITHOCTH,
OTHECEHHOE K 0a3UCHBIM YCIOBHSIM:
v xS
1C%(8) — “Y2cw(s) — S
C
3a 3TUM CONPOTHUBIIEHUEM CUUTAETCS MOAKIIOUEHHBIM UCTOYHUK ¢ E., =1 .

Bosoywneie _u _xabenvnvie  aunuy.  CoONpOTHBICHME  TNpSMOW W OOpaTHOU
MOCIIEIOBATEIHLHOCTH JIMHUH JIEKTPOTIepeIauu, IPUBEACHHOE K Oa3HCHBIM YCIOBUSAM, PABHO:
S5
2

X]ﬂ*(‘d) = XZJT*((S) = XYLZL

cP
rane X,, - AHIYKTUBHOE COMPOTUBJIECHUE JUHUU HA | kM qnuHbl, OM/kM; L - QdHA JTUHUAU, KM,
A7/ 4 ’ D) ’ D)

U, - cpennee HanpsbKEHUE B MECTE YCTAHOBKU dJIeMEHTa (B AaHHOM ciaydae — JIDIT), xB.

CompoTuBieHUE HYIEBOH MOCIENOBATENBHOCTH 3HAUUTENBHO OoJiblliee, 4eM IMPSMOMH
(oOpaTHO}i) mOCIENOBaTENILHOCTH. PeKkoMeHJyeTcss NPUHUMATh 3TO CONPOTHBIEHHUE, KakK s
BO3/YIIHOM JINHUU C TPOCAMH:

- 18 ofgHOLenHoM muann X ,, = 3.0X,,

- JUId ABYXUENHOW muHun X ,, =4.7X,,

CompoTHBIeHHE HYJIEBOM IIOCIEIOBATENBHOCTH Kaleneidl 3aBUCHUT OT Xapakrepa HX
NPOKJIAJKM, HAJUYUs WM OTCYTCTBUSI TPOBOJSIICH OOOJOYKH, COMPOTHBIICHHS 3a3eMJICHHHA
MPOBOJIAIIEH 000JI0UKK (€CNIM OHA UMeeTcs) U ApYyrux ¢akropo. Ilpum mpubIMmKeHHBIX pacderax
TOKOB HecUMMeTpHuHbIX K3 nomyctumo npuHUMaTh

Xo=(35+45)X, 1 Ry=10R,.

Cocmasnenue cxem 3ameujeHus: cucmembl

CxeMa 3aMeleHHs IPEeACTaBIsIeTCs B OJHOJMHEHHOM H300paxkeHHn (11 OJHOM (a3el) H
COJICPKHT BCE DJIEMEHTHI PACYETHOU CXEMBI.

DneMeHTHl BBOJAT B CXEMY WX OSKBHBAJCHTHBIMH COTPOTHUBJICHHUSMH, & WCTOYHHKAMH
nuTaHus, kpome toro, u IJ1C.

ConporuBnenus u DJIC menecooOpa3Ho 0003HAYaTh MOPSIAKOBBIMH HOMEpPaMH, a IOJ
YepTON YKa3bIBaTh MX BEIMYUHBI B OTHOCUTENIBHBIX WJIM UMEHOBAHHBIX €JMHUIIAX.
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Cxembl 3amewjenusi omoenbHuIX NOC1e008ameNbHOCHEN.

CxeMbl 3aMeIeHus MPSMOM, 00paTHOW W HYJIEBOH TMOCIIEOBATEILHOCTEH COCTABISIOTCS B
COOTBETCTBUM C 33JlaHHOM CXEMOM DJIJIEKTPUYECKMX COCAVWHEHUM IIpU pacuere TOoKa
HECUMMETPHUYHOTO K.3

Cxema mpsiMOIl MOCIEIOBAaTENbHOCTH COOTBETCTBYET CXEME, COCTaBJIEHHOW i pacueTa
JNEUCTBYIOUIETO  3HAYEHHUS  IEPUOJMYECKON  COCTaBISIOLIEH  CBEPXIIEPEXOJHOTO  TOKa
CUMMETPHYHOTO Tpex(dazHoro k.3 . ['eHepaTopbl U Harpy3ku BBOJSATCS B HEE COOTBETCTBYIOIIUMU
PEaKTUBHOCTSIMM U 3.71.C.

CxemMa 00paTHOW TOCJIENOBATENBHOCTH TIO CTPYKTYype aHAJIOTHMYHA CXeMe MpsSMOM
IIOCJIEIOBATEILHOCTH, HO HE COJIEPKUT 3.1.C. ['eHepaTophl U Harpy3Ku BBOJSTCS B CXEMY CBOMMH
COIIPOTUBIIEHUSIMU O0OpaTHOM MocCe10BaTeNIbHOCTH (X, ).

CxeMa HyNneBOU MOCIIEIOBATEIBHOCTH OTPEACISIETCS COETMHEHHEM 0OMOTOK y4acTBYIOIIMX
B HEH TpaHCPOPMATOPOB M aBTOTPAHCPOPMATOPOB M CIIOCOOOM 3a3eMyieHUs1 HelTpamu. B oOmem
cllyyae d9Ta CXeMa OTJIMYaeTCsl OT CXeM O0OpaTHOM M mpsMoil mocienoBaTtenbHOCcTed. [lpm
COCTaBJICHHUE CXEMBbl HEOOXOJMMO MOMHHUTH, YTO TOK HYJIEBOH MOCIENOBATEIBHOCTHU SIBIISETCS TIO
CYIIECTBY OJTHO(A3HBIM TOKOM, Pa3BETBICHHBIM MEXIY TpeMs (pa3aMy M BO3BPAILIAIOIIMMCS Yepe3
3eMJIIO | MapaJuIeIbHBIM e 1ersiM. TOK HyJeBOH MoCie10BaTeIbHOCTH MOKET MPOTEKATh TOJIBKO B
CTOpPOHY OOMOTOK TpaHC(OpPMaTOPOB, COEANHEHHBIX B 3BE3/1y C 3a3€MJICHHOM HEHTpaJIbIO.

CxeMy HyneBO# MMoce10BaTeIbHOCTH HAYMHAIOT COCTABIISATH OT TOUKH K.3.

Hauanom cxem mnpsMoil, 0OpaTHOW M HYJIEBOH MOCIENIOBATEIBHOCTH CUUTAIOT TOYKY
HYJIEBOTO TIOTEHIIMANA, a KOHIIOM CXeMbI — TOUYKa K.3. K KOHIly CXeMbl MPHJIOKEHO HampsoKeHHE
cootBeTcTBYMOMIEH nocnenoBatenbHOCTU (Uk, Uk, Uko).

CxeMbl 3aMeUIeHHS MOYKHO COCTaBJIATH METOJOM TOYHOTO WJIM TPUOIIKEHHOTO
NPUBEJICHNS, BBIpaXKas IapaMeTpbl peKUMa W DIIEMEHTOB CHCTEMBbl B HMEHOBAHHBIX WIIH
OTHOCHTEIIbHBIX €TUHHIIAX.

Ecnmu wu3BecTHBI (pakTHYecKHe TpU TPUHATHIX HMCXOJHBIX YCIOBHUAX KOI(PPHUIIMEHTHI
TpaHchopMau BcCeX TpaHCHOPMATOPOB H  aABTOTPAHCPOPMATOPOB PACYETHOM CXEMBI, TO
COCTaBJICHHUE CXEMBI 3aMEIEHHsI CIeIyeT MPOU3BOJAUTH C YUETOM ATHX Kodddummentos. Eciu xe
daktudyeckue kod3hPUIMeHTs TpaHcGopMaIi YacTH TPpaHC(HOPMATOPOB M aBTOTPaHCHOPMATOPOB
HEM3BECTHBI, TO OIMYCKAETCS MPH COCTABJICHUU CXEMBI 3aMEIIeHHs yKa3aHHbIe KOI(PQPHUIIMEHTHI
YUUTBIBATH MPUOIMKEHHO.

[Ipu BBIpaOKEHHH MMapaMeTPOB JJIEMEHTOB OSKBHBAJCHTHOM CXEMBl 3aMEIICHHUS B
MMEHOBAaHHBIX €MHHUIAX C PUBEJACHUEM MTAPAMETPOB PA3THMUHBIX HIIEMEHTOB UCXOIHONW PacyeTHOM
CXeMBbI K BHIOPaHHOI OCHOBHOM (0a3MCHOM) CTYNEHU HANpPSDKEHUS CETH M C y4eTOM (PaKTUYECKHX
KOd(p(UIIMEeHTOB  TpaHChOpPMAIMU  CHJIOBBIX TpPaHCHOPMATOPOB U  aBTOTpPaHCHOPMATOPOB
npuBeneHHble 3HaueHust DJ[C MCTOYHUKOB SHEPTrUM M COMPOTHUBICHHS PA3IUYHBIX SJIEMEHTOB
CXEMBI CIIEAYET OMPEIEIATh 1Mo GopMynaam

E=Enmny.n,; Z =Zn12n§...n,2n )
rne £ m Z — wuctunable 3HaueHus JJIC MCTOYHMKA DHEPTMH M COTPOTHBIICHHUS KaKOTO-JUOO
3JIEMEHTA UCXOAHOM PACUETHOM CXEMbl, £ WM Z — WX NPUBEICHHBIE 3HAYEHUS; N1, N2,...Hy —

Koa(huimeHTsl Tpanchopmamuu TpaHCHOPMATOPOB WM aBTOTPaHC(HOPMATOPOB, BKIFOUCHHBIX
KACKaJHO MEXJIy CTYNEHbIO HANpPsDKEHUS CETH, TJIe HaXOJIATCS DJIEMEHTHl C TMOJIekKAIIUMHU
npuseneHuto JJ1C E u conpoTUBIEHUEM Z , U OCHOBHOM CTYIEHBIO HAIIPSKEHUS.

Ecmu DJIC ucToyHMKa SHEPTUU U COMMPOTUBIICHUE KAKOTO-JIM00 IIEMEHTA PACUETHOU CXEMBI
BBIDQKEHBl B OTHOCHUTENIbHBIX €IMHHUIAX MPU HOMHUHANBHBIX ycinoBusax (1.e. DC mpum
HOMUHAIBHOM HanpspkeHUH Uyoy, @ COMPOTHBICHUE - MPU HOMHUHAIBHOM HAIPSDHKEHUU U
HOMMHAQJIBHOM MomHOCTH §), TO 3HadeHHs cooTBeTcTByomed OJIC U  compoTUBICHHUS,
MIPUBEICHHBIE K OCHOBHOU CTYIIEHU HANPSHKEHUS CETH, CIEIYET ONPEeNISTh Mo hopMyIam

— . _ HOM
E _5 (HOM)UHOM mny.hy, ZL=Z nmny..ngy,
*



THE E (uowy M Z (now) - 3HAUCHHS O/1C ucToYHMKA SHEPTUU U COIPOTUBIICHUS AJIEMEHTA PacueTHOU
*

CXEMBI B OTHOCHUTEJBHBIX €IUHHIIAX TP HOMUHAIBHBIX YCIOBUSX.

Ilpumeuanue. 3necy u npanee moj kodpduuueHToM TpanchopMaum TpaHchopmaropa
(aBTOTpaHChOpPMaTOpa) MOHMMAETCS OTHOIICHHE HAIPSDKEHUS XOJIOCTOTO XOJa €ro OOMOTKH,
oOpalieHHOl B CTOPOHY BBIOpDAHHONW OCHOBHOHM CTYNEHH HANpsDKEHUS CETH, K HaNpsHKEHUIO
X0JIOCTOTO XOJa IPYroil OOMOTKH.

[Ipyu BBIpaKEHHH TAapaMeTPOB JJIEMEHTOB OSKBHBAJCHTHOM CXEMBl 3aMEIICHHUS B
OTHOCHUTENIbHBIX €IUHHIIAX C TPUBEICHHUEM I1apaMeTPOB pPAa3IMYHBIX DJIEMEHTOB HCXOTHOU
pacyeTHOM cXeMbl K Oa3UCHBIM YCIOBUSM M C Yy4eTOM (PaKTHUECKHX KOAPPHUIIMEHTOB
TpaHchOopMaIK CHIIOBBIX TPaHC(HOPMATOPOB M aBTOTPAHCPOPMATOPOB HEOOXOIUMO:

1) 3amaThest 6a3MCHON MOITHOCTBIO Sg M Ul OJHON M3 CTYIEHEH HANpsKEHHsI MCXOJIHOM
pacyeTHOM CXeMbl, IPUHUMAEMOH 3a OCHOBHYIO, BBIOpaTh 0a3rcHoe HanpskeHue Us oon;

2) ompenenuTh OAa3MCHBIE HANPSDKEHUS JPYrHX CTYNEHEH HaNpsHKeHHS PacueTHOW CXEMBI,
UCTIOJIB3YS GOPMYITY

UsNn :;Uﬁ.ocn >

nny..ny,
rJae ni, Ny, ... Ny — KO3 dUIHEHTH TpaHchopMarmu TpaHCHOPMATOPOB U ABTOTPAHCPOPMATOPOB,
BKJIFOYEHHBIX KACKaJHO MEXY OCHOBHOU U N-U CTYIIEHSIMU HAIIPSKEHUS;

3) HaiiTu uckomsle 3HaueHus1 DJC UCTOYHUKOB SHEPTUU U COIPOTUBIIEHUN BCEX AJIEMEHTOB
CXEMBI 3aMEeIEHHs] B OTHOCUTENIFHBIX €NHUIAX TPU BHIOPAHHBIX 0a3MCHBIX YCIOBUSAX, UCIIOIb3YS
bopmybl

2

E@@=E/Usx HIH 5(6):§(H0M)((]]Hﬂ; Z(6)=ZS—26 i Z(G):Z(HOM)SS_6(]H%’

oN * 6N * * wom UgN
rne Ugy - 0a3suCHOE HampshKeHHWE TOW CTYIEHW HalpsDKEHUS MCXOJHOM pacdyeTHOW CXeMbl, Ha

KOTOPOU HAXOJUTCS DJIEMEHT, IOJIEKAIIUI IPUBEICHHUIO.

OOBIYHO B MMEHOBAaHHBIX €MHMIIAX 33/1aHO COMPOTHBIICHUE BO3IYLIHBIX JIMHUH, KalOenei n
pPEaKkTopoB, a B OTHOCHUTEIBHBIX E€IMHUIAX IIPU HOMHMHAJIBHBIX YCIOBHUSAX - COIPOTUBIICHUE
IE€HEpAaTOPOB U CUHXPOHHBIX KOMIEHCATOpoB. CONMpPOTUBIEHUE HEMOABMKHOTO AJIEKTPOABUTaTEINS
(comporuBnenne K3) u compoTuBieHHe TpaHchopMaTopa B OTHOCHTEIBHBIX €IUHHILAX TPU
HOMMHAJIBHBIX YCIIOBUSIX ONPENENSIOT 1o (opMynam

1 . u, %

% K(HOM) 7 . s {(HOM) 100 ’

*

rae / , - KpaTHOCTh IIYCKOBOTO TOKa IO OTHOIICHMIO K HOMHHAJIBHOMY TOKY, MK% - HaIIPAKCHUC
*

KOPOTKOTO 3aMbIKaHHsI TpaHC(HOpPMATOpa B IPOLIEHTAX.

B Ttex cmyuasx, KOrja OTCYTCTBYIOT JaHHBIE O ()aKTHUECKH HCIOJB3YEMBIX B YCIOBHUSX
SKCIUTyaTanuu  Koddduimentrax TpaHchopmanuu TpaHCHOPMATOPOB M aBTOTPaHC(HOPMATOPOB,
JOMYCTUMO HMX MPHHUMATh PaBHBIMH OTHOIICHUIO CPEIHMX HOMHHAJIBHBIX HAINPSDKEHUH CeTei,
CBSI3aHHBIX ATHMHU TpaHchopmaTopamu u aBTOTpaHchopmaropamu. [Ipu 3TOoM pekomeHmyeTcs
UCIOJb30BATh CICIYIOUIYIO IIKAITYy CPEJHUX HOMHHAIBHBIX HanpskeHUH cetel Ugpuow, KB: 3,15;
6,3;10,5; 13,8; 15,75; 18; 20; 24; 27; 37; 115; 154; 230; 340; 515; 770; 1175.

[Ipu BBIpaKEHHH TapaMeTPOB JJIEMEHTOB OSKBHBAJCHTHOM CXEMBl 3aMEIICHHUS B
MMEHOBAaHHBIX €MHHUIIAX C IPUBEACHUEM MTAPAMETPOB PA3IHMUHBIX HIIEMEHTOB UCXOIHONW PacyeTHON
CXeMBbl K BBIOpDAaHHOW OCHOBHOW CTYNEHH HAIPSDKEHUS, HCIOJIB3YS TPU ATOM MPUOIIMKESHHBIN
cioco0 ydera KOd(pQPHUIMEHTOB TpaHcPopManuu TpaHCHOPMATOPOB M aBTOTPAHCHPOPMATOPOB,
npuBeneHHble 3HaueHuss DJ[C MCTOYHUKOB SHEPTUM M COMPOTHUBICHHUS PA3IUYHBIX SJIEMEHTOB

CXEMBI CIIEYeT ONpeNensTh o hopMyaam

2

E —E UCp.OCH : é -z UCp.OCH

2
cpN UcpN

9
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rae Ugpow — CpelHEE HOMUHAJIBHOE HANPSDKEHUE TOW CTYNEHM HANpsDKEHUs CETH, KOTopas
IPUHATA 33 OCHOBHYIO; Ugn — CpejHee HOMUHAJIBHOE HANpPSHKEHHE TOW CTYIEHU HAalpshKEHUs
CETH, Ha KOTOPOI HAXOJUTCS DJIEMEHT C MO JICKAITUMHU MMPUBEJICHUIO MTapaMETPaMHU.

Ecmu DJIC uctoyHMKa SHEPTUU U COMMPOTUBIIEHUE KAKOTO-JIM00 IIEMEHTA PACUETHOU CXEMBI
BBIPOKEHBI B OTHOCUTEIIbHBIX EAMHHIIAX MPH HOMHHAIBHBIX YCIOBUSX, TO MPH MPUOIMKEHHOM
yaere ko3¢ dunmueHToB Tpanchopmamuu TpaHCHOPMATOPOB U aBTOTPAHCHOPMATOPOB MX 3HAUCHUS,
MIPUBEICHHBIE K OCHOBHOW CTYIEHU HAMPSHKEHUS CETH, CIeIYeT HaXOIUTh 1Mo (opMyiamMm

E= 5 (HOM)U

Cp.OCH »
HOM

[Ipy BEIpaOKEHWUW MMApaMETPOB JJIEMEHTOB OSKBUBAJICHTHOW CXEMBl 3aMEICHUS B
OTHOCHUTEIILHBIX EJMHUIIAX C TPUBEJICHUEM TapaMeTPOB pA3IUYHBIX DIIEMEHTOB HWCXOIHON
pacueTHO CXeMbl K 0a3uCHBIM YCIOBHUSM, UCTOJIB3YS MPU ITOM MPUONIMIKEHHBIA CIOCO0 ydera
kodp¢uimeHToB  TpaHchopManuu TpaHcHOpMaTOpoB W aBTOTpaHCHOPMATOPOB, OasHCHAS
MOIIIHOCTh BBIOMpACTCS] TPOU3BOJHHO, a B KayecTBE OA3MCHOTO HANPSDKEHUsS JIO00W CTYIeHH
HANpsDKEHUST CETH CIIEAYeT NMPUHUMATh CPeJHEe HOMHUHAIBHOE HAIPSKEHHE COOTBETCTBYOMICH
crynniend. B sToM cnydae uckomblie 3HaueHuss DJIC MCTOYHMKOB SHEPTMM U COMPOTHUBIICHUM
AJIEMEHTOB CXEMbI 3aMEIIEeHUS B OTHOCUTEIIbHBIX IMHUIIAX CIEAYET ONMPeAeaTh 1o hopMyiam
5©

SHOM

E @)= UE W E 6)=E ow)s £ ©=Z—— — W Z 5=Z (uow)
cpN * * cpN * *

HezaBucumo oOT mpHHATOrO crocoba COCTaBJIEHUS CXEMBl 3aMEIICHUS IPSIMOU
MOCIIEIOBATEILHOCTH (B MMEHOBAHHBIX MJIM OTHOCHTEIBHBIX €IMHUIAX, C Y4€TOM (PaKTHUYECKHX
KOd(QPUIIMEHTOB TpaHCPOpPMALMU TpaHCHOPMATOPOB WM TPHU NPUOTMIKEHHOM YYeTe JTHX
KOA(QHUIIMEHTOB) B 3TOM CXeMe JOJKHBI OBITh MPEJCTABICHBI BCE AIEMEHTHI HCXOAHOM pacyeTHOH
CXEMBI, TNPHUYEM MCTOYHHKH OHHEPTUM (T€HEpaTopbl, CHHXPOHHBIE KOMIIEHCATOPHI, a TaKKe
anekTpoaBurarenu MouHocTeio 100 kBT 1 Oosee, eciim OHM HE OTIENIEHBI OT pacdeTHOU Touku K3
TOKOOTPAHUYHUBAIONIUM PEAKTOPOM WM TpaHCPOpMATOPOM) U OOOOIICHHBIE HArpy3Kd Y3JI0B
JOJKHBI OBITH BBelleHBI B cxemy DJIC M MHIYKTUBHBIMU COTIPOTHUBIICHUSMH, COOTBETCTBYIOIIUMU
paccMaTpuBaeMOMY MOMEHTY BpeMeHH. Tak, Ipu pacdyeTe HadyaJlbHOTO 3HAYEHUS MEPUOTUIECKOM
COCTABJIIONIEH OHM  JOJDKHBI  OBITH TPEJNCTAaBIEHBl B  HCXOJHOH CXeMe 3aMeIIeHUs
ceepxnepexonasiMu  DJIC U cBepXmepexoJHBIMH WHAYKTHBHBIMH COINpPOTHBICHUSAMH. Bce
OCTaJIbHBIE DJIEMEHTBI HMCXOJHOW pPacdyeTHOW CXEeMbl JOJDKHBI OBITh MPEJICTAaBICHBI B CXEMeE
3aMeIIeHUs COITPOTHBIICHUSIMH PSIMOMA MOCJIeIOBATEIBHOCTH. TpexobmoTOUHBIE
TpaHchopMaTopsl, aBTOTpaHcHOpMATOPBI, TpaHCHOPMATOPHI U aBTOTPAHCPOPMATOPHI  C
pacuiernyieHHOH OOMOTKOM HHU3IIEr0 HANpsDKEHUs, a TAaKXkKe CABOCHHBIE PEAKTOPHI JOJDKHBI OBITH
MIPEICTaBJICHb CBOUMH CXEMaMH 3aMEIIEHUSI.

Cocmasnenue cxemvl 3amewjenus Nno mMOYHOMY NPUBLOEHUN), UCHONb3VA UMEHOBAHHbLE
eOUHUYbI.

[Topsimok cocTaBiIeHUs IPU 3TOM croco0e CIeTYIOIINIA:

1. PacueTHas cxema JeIHUTCS Ha CTYNEHH TpaHChHOpMaIiH.

2. Beibupaercst mpou3BOIBHO Oa3nCHAsI CTYNECHb.

3. Ompenensercst conpotuBienne u DJC dIeMEHTOM pacyeTHOW CXeMBbl NMPHU Oa3UCHBIX
YCIIOBHSIX:

2
- Ju1st TeHepaTopoB: X, = X, Y, wcos(9,), K, -K,.K ), E.=E .-U-(K K,.K);
d d P 1 2 n r r H 1 2 n

U, -U,

100-5,

- st peakropa: X, =X, (K, K,...K,)*;

- st anmn: X, =X - 1-(K, K,..K,)

- st cucremel C: Ep =E,.-U,, (K, K,..K, ),
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rae U, - HOMUHAQJIBHOE HANpsDKEHHE DJJIeMeHTa, KB; P - HOMMHanbHass aKTUBHAs MOIIHOCTb
anemeHTta, MBT; S -HOMUHalbHas NOJHAs MOIMHOCTH 23neMeHTa, MBA; U, - HanpskeHue
KOPOTKOTO, 3aMbIKaHus TpaHchopmaropa; X, .- yleIbHOE UHIAYKTHBHOE COTNPOTHBIICHUE JIMHUM,
Om/kM;. [ - mmvna nueud, KM; , X, - cONpoTuBJIeHue peaktopa, Om; U, - Cpe/iHee HanpsHKeHne

CTYNEHHU, Ha KOTOpOW Haxomautcs aieMeHT, kB; K, -K,.. K, - ko3abduiueHTsl TpanchopMaiuu

TpaHchopMaTopa, ompezensieMble KaK OTHOIICHHE HMX JHMHEWHBIX HOMHUHAIBHBIX HANpSOHKCHUU B
HaNpaBJICHUH OT OCHOBHOW (0a3HMCHOI) CTyleHHW K CTYNEHHM, Ha KOTOPOH paccMaTpHBaeMBbIH
sneMeHT. Yucno yureHHbIX K paBHSETCS 4HMCTy TpaHcPopManuu MexAy Oa3uCHOW CTYNEHBIO U
CTYNEHBIO, HA KOTOPOW HAXOJMUTCS pPaCCMATPUBAEMbI 3JIEMEHT. [[ns mepecuera CONMpOTHUBIIEHUS
JIBYXOOMOTOYHOTO TpaHChOopMaTOopa MOXKHO OpaTh ero o0y OOMOTKY, T.€. BBICOKYIO HITH
Husmyto. Torma uucino ydreHHBIX K B BBIP@XEHHUHU ITOTO TpaHcopmaropa paBHSAETCS UYUCITY
TpaHchopMaI MEX,Ty TPUBOAUMON OOMOTKOM M MPUHATON Oa3MCHOM CTYNEHBIO.
4. HauepTuTh COCTABICHHYIO CXEMY 3aMEIIECHHUS.

Cocmasnenue _cxemvl _ 3aMeweHUss N0 NPUOTUNCEHHOMY NPUBCOCHUIO,  UCHONb3YS
UMEHOBAHHbLE eOUHULDL

BeInomnHseTcs B CIenyOLel 0CIeq0BaTeIbHOCTH:

1. PacueTHas cxema JeIHUTCS Ha CTYNEHH TpaHCchHOpMaIiH.

2. Jlnst KaxKJIOW CTYNIEHH HANPSUKEHUS! YCTAHABIUBAECTCS CpefiHee Hanpsokenue U, .

[IpuanMas s KakKIOW CTYIEHHU Ucp CUMTAIOT, YTO HOMHUHAJIBHBIE HAIPSHKEHUS BCEX

3JIEMEHTOB, BKJIIOYEHHBIX HA JAHHOM CTYIIEHH, PaBHBI €€ CPEHEMY HAIIPSKEHHUIO.
3. BeiOupaetcst mpou3BobHO Oa3ucHasi (OCHOBHAsI) CTYNEHb M YCTaHABIMBACTCS BEJIWYMHA
6asucnoro nanpsokenus U; =U,,, rne U, - cpenee HanpspkeHue 0a3ucHOM cryneny, KB.

cp

4. Ompenenstoress D/IC U conpoTUBIIEHHS] DIIEMEHTOB PACUYETHOW CXEMbI NpU Oa3MCHBIX
YCIIOBUSIX.

[Ipu npuOIMKEHHOM TpUBEACHUU KOAPPUIMEHTH TpaHchopMaru TpaHCHOPMATOPOB
OTIPENIENAIOTCS HE KaK OTHOIICHHSI UX HOMUHAIBHBIX HANPSOHKEHUH, KaK 3TO JINAeTCsl PU TOYHOM
NPUBEICHUH, a KaK OTHOIICHUS WX COOTBETCTBYIOIIMX CpeIHUX HampspkeHuil. Ilpu sToMm
HaNpsHKEHUS BCEX MPOMEXYTOUHBIX CTYNEHEW COKPAIIAIOTCS U OCTAETCS JIMIIh OTHOIIECHHE JBYX
HaIIpsKEHUHA — OCHOBHOM CTYIIEHH U TOM CTYIIEHH, HA KOTOPOU IPOU3BOIUTCS IIEpeCUET BEIIMUUH

2
E:—U5 E X = Y X
Ucp cp
®opmyna nepecuera /IC 1 cCONPOTUBICHUS KOHKPETHBIX SJIEMEHTOB UMEET BUJI:
" . U?-cos " "
- u1st rereparopoB: X, = X, 5—“” E.=E, . -U,

H

U,-U;
- st Tpacdopmaropos: X, = —-—0;
pancgopmarop TN
%
- ist peakropa: X, =X - —5-;
cp
U;

- JUId TMHUU: X :Xyo-l-F;

cp
- noist cucrembl C: E. =E,.-U,
rae U, -6a3uCHOE HANpsDKEHUE OCHOBHOM CcTynenu, kB; U, - cpeHee HANPsDKEHUE TOW CTyTIEHH,

Ha KOTOPOW HaXOJUTCS dJIEMEHT, KB.
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Cocmasnenue cxemvl 3amMewjenuss N0 _MoO4YHOMY HPUBCOEHUIO, UCNOAb3VS OMHOCUMETIbHbLE

eoUHUYbL
BrimostHsieTcst B Clieyromieit mocne10BaTeIbHOCTH:

1. PacueTHas cxema JeiHUTCS Ha CTYNEHH TpaHCchHOpMaIi.
2. BeiOupaercst mponu3BOJIbHO Oa3UCHAas CTyNeHb U 6azucHele ycinoBus S;, U, .

3a 6a3MCHYI0O MOIIHOCTH S, KOTOpas BO BCEX CTYNEHAX TpaHC(HOPMALUU OJMHAKOBA,
pekomenayercs npuauMate S, =100; 1000 ; MBA n 1.1,
3a 0GasucHoe HampspkeHue MoxHO mpuHate U, =U_rne U, - CpelHee HanpskeHHe

BBIOpaHHOM 0a3MCHOM CTyMeHH (CM. IIKaIy CpeTHUX HOMUHAIBHBIX HANPsDKEHH), KB.

3. VY craHaBIMBalOTCS 0a3ucHbIC HaNpsHKSHUS Ha IPYrux CTYIEHSIX
U .
tpaHchopmaruu U, :m, kB, rne i - Homep crynenu; K,-K,..K, - xosddunuent
1y

TparcopMaIuu TpaHchopMaTOpPOB, MOCICTOBATEIHLHO BKIIOYCHHBIX B CXEME.

OnpenensiroTcss Kak OTHOILICHHE WX JIMHEHHBIX HANpSHKCHUH B HAIPABICHUU OT Oa3MCHOM
CTYIIEHHU K CTYIIEHH, JJIsi KOTOpOM ycraHaBiuBaercs U, .

Yucno yureHHbIX K paBHSeTCS dHCIy TpaHChHOpMalMM MEXIy OCHOBHOW |
paccMaTpuBaEMO CTYIIEHHU.

4 7 6 7 I = 55
. HJISI KaXXKI0U CTYHGHI/I OHpGZ[GJISICTCSI A3UCHBIN TOK 6i = \/g—U .
“Yei

5. Ompenensitorcst conpotuBieHnss U IJ{C 371eMEHTOB pacdyeTHOW CXeMbl IpU Oa3MCHBIX
YCIOBUSX:

2
- JUIsl TEHEPATOPOB: X; :X; m ﬂ , E; :E,:p . UH
E, U, Usi
u.-S;, (U
- 1uis TpaHcopmaropos: X, = —~—0 .| —1 |
parcopuatopos: Xy 100-S, \U,,
S6 .
- s peakropa X, :XP-UZ ;
i
. Ss
- st uHuM: X = X .[.UZ
o6i
U

cpi

- U1 cuCcTeMel E. =E, . - ,
oi

-0aszucHoe Hampspkenue (kKB) u cpemnee Hampsbkenue (kB) Toi cTymenu i, Ha

rne Uy, U

cpi
KOTOPOM HaXOJUTCS paCCMAaTPUBAEMBIN HJIEMEHT.

[TpuBenennbie HOpMyIBI MOXKHO HCIIOJIB30BaTh Ui TepecueTa BEIHMYUHBI KaK OCHOBHOM,
TaKk ¥ Ha BCEX APYTUX CTYMEHSIX TpaHCPOPMAIUU, TOJIBKO OUYEBUIHO, YTO JJIsi OCHOBHOM CTYNEHH
He TpeOyeTcsi MPOU3BOAUTD MPUBEICHUE OA3UCHBIX €IMHUIL (BEIUYHH).

Jlnst ompeneneHust COMPOTHUBIICHUS JBYXOOMOTOYHOTO TpaHc(opmaropa MOKHO Opartb
TO0YI0 €ro 0OMOTKY, T.€. BRICOKYIO HITH HU3KYIO.

Torma

U, -HOMHMHAJIbHOE HalpsDKEHUE BEIOpaHHOM 00MOTKH, KB;

U, - 6a3ucHOe HanpsKeHHUe TOH CTYIEHH, Ha KOTOpoii BbIOpaHa 0OMOTKa, KB.
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Cocmasnenue _cxemvl  3aMeweHus. N0 NPUOTUNCEHHOMY NPUBEOCHUIO,  UCHONb3VS
OMHOCUMENbHBLE eOUHULDL

IIpu cocTaBieHUN CXEMBI IPUACPKUBAOTCS CIEAYIOLIEH MTOCIIEI0BATEIbHOCTH:

1. PacueTHasi cxema JieuTCsS Ha CTYNEHU TpaHC(hOpMAIIUU.

2. Jnga KaxOoW CTYNEHW HalpsDKEHMsl [ yCTaHaBIMBAaeTcs cpefHee HanpsbkeHue U

cpi

COTJIACHO IIKaJIe CPETHUX HOMUHAJIBHBIX HANPSKEHUH (CM. BBILIE).
3. BeiOupaercss mpou3BOJIBHO Oa3UCHAs MOIIHOCTh S,, KOTOpasi BO BCEX CTYIEHSAX
TpaHchopMaIy oIMHAKOBa. PeKoMeHyeTcss MpUHUMATh S;=100;1000 MBA; u T.1.
4. Jlns kax04 CTynenu i npuHumaetcs O6asucHoe Hanpsbkenue, Uy, =U,,
u onpezensercs 0asucHblil Tok [, = L

i_‘/g'Uﬁi .

5. Omnpenensiercst DJIC U CONMPOTHBIIEHHE AJIEMEHTOB PACUYETHOH CXeMbl NMpU Oa3MCHBIX
YCIOBUSX:

X” . S6 'COS(QD) - E =—FE"

- uist TeHepatopoB: X, =X, -———"2: E =E,;
Uu,-S

- st TpaHcGopMaTopoB: X, = ﬁ ;

S;
- it peakropa X, =X, -—;

6

S5
- st aeen: X, = X -1 —

Uﬁi

- JIJIs1 CUCTEMBI EC = E,:C .

Oxeusanenmuvle npeobpazo06aHus UCXOOHOU CXeMbl.

[lenpro mpeoOpa3oBaHMsI CXEMBbI 3aMEIICHUS SIBISETCS €€ MPHUBEACHHE K MPOCTEHIIeMy
Buy. Kaxknas cxema oypkHa ObITH MpeoOpa3oBaHa 10 OJHOTO PE3YJbTHPYIOIIETO COMPOTHUBICHHS
COOTBETCTBYIOIIEH MOCIEA0BATEIBHOCTH OTHOCUTEIIBHO TOUKH K.3.

[Ipu mnpeoOpazoBaHUSX CJIEAYET HWCIOIL30BaTh OCHOBHBIC IPUEMBI SKBHUBAJICHTHBIX
npeoOpa3oBaHMii, U3BECTHBIE M3 TEOPUU JMHEHHBIX Lenei (MmapaielbHOe M TOCIIEI0BaTEIbHOE
CII0’KEHHUE COTIPOTUBJICHUH, MPeoOpa3oBaHue 3BE3/bl B TPEYrOJIbHUK U 0OPATHO U T.IL.).

[TepBoouepenHoi 3amaveld pacyeTa K.3. SBJISETCS HAXO0XKJACHUE TOKA HEMOCPEJICTBEHHO B
aBapHWITHON BETBH HWJIM B MECTE€ KOPOTKOTO 3aMbikaHWs. [loaTOMy mpeoOpa3oBaHHe CXEMBbI HYKHO
BECTH Tak, 4TOOBI aBapHifHAs BETBb M0 BO3MOKHOCTH ObLIIa COXpaHEeHA JI0 KOHIIAa MpeoOpa3oBaHMIA.
C nenbto, HanpuMep, MPU pacyeTe YCTAaHOBUBILETOCS PEXUMa K.3., KOHIbI HArpy304HBIX BETBEH,
3.1.C. KOTOPHIX MPUHUMAIOTCS PABHBIMU HYIIO, HE CIIEYeT COCIUHSTH C TOYKOMW K.3., a JIy4Ile
O0OBEIMHSTH 3TH BETBU C TeHEPATOPaMU B TIapaJlICIbHBIC BETBU.

I____|
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Ecoin cxema 3amenieHuss COACPKUT HCTOYHMKM CO 3HAYUTEIBHO  OTIMYAOIIMMUCS
napameTpamMu, TO OHHM OOBEOUHSIOTCA TaK, YTOOBl KaXkJas TpYyIIa cojiepajla HCTOUYHUKU C
OnmM3kMMHU TapaMeTpamu. Tornma mpocrelinas cxema, K KOTOpPOM NpuUBOAMTCS jro0as cxema
3aMeleHus1, OyIeT UMETh BUJI, TOKA3aHHBIN HA PUCYHKE ().

EG]Z XG]Z XGZZ EGZZ

o
o<

o)

ol

TIpeodpasoboHue CxemMs IOMBIEHUS CUCMENS b Cayqae
advog zpynny ucmosHukab (@ u n-zpymn )

Korz[a TpeX(i)a?;HOG K.3. HaXOOUTCA B Y3JIC C HCCKOJIBKUMU CXOOAIIUMHUCA B HCM BCTBSAMU,
3TOT y3el MOXKHO pa3pes3aTh, COXPaHUB K.3. Ha KOHIIE KaXJOW oOpa3omasimeiics BerBu. Jlanee
MOJIyYEHHYIO CXeMYy HETpPyJHO NpeoOpa3oBaTh OTHOCHUTEIBHO JIOOOH M3 TOYeK K.3., Kak
YKa3bIBAJIOCh PAHEC, YUYUTBIBAA APYIrvu€ BCTBU C K.3. KaK HArpy3o4YHbIC BCTBU, C 3.4.C., PaBHBIMU
HYJIIO.

Yacro cxema 3aMenieHus ObIBaeT CHMMETPUYHA OTHOCUTEIHHO HEKOTOPOH MPOMEKYTOUHOM
TOYKH. DTO 0OCTOSATENHCTBO TO3BOJISIET 3HAUUTEIBHO YIIPOCTUTH CXEMY

4 4 4 4
¥ ¥ ¥

[TpeoOpazoBanme, MpUMEHsIEMbIE B pacueTax OOBIYHBIX JIMHEHHBIX JEKTPHUSCKUX IETeH,
BKJIIOUAIOT B ce0s HaxoxjaeHue okBuBasieHTHOW OJIC, mocnemoBaTeNbHOE W TapauIeTbHOE
CII0’)KEHHE COTPOTUBJICHUH, MPeoOpa3oBaHUe TPEYTOJbHUKA B 3BE3ly M OOpaTHO, MHOTOJy4eBOH
3BE3/1bl B MHOTOYI'OJIbHUK.

@opMynBI IS TAKMX PacueTOB MPHUBEICHBI B TaOIHUIIE.
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OcHoBHBIE (HOPMYITBI IPE0OPA30BAHUS CXEM

Bug ConpoTHBICHUE JIEMEHTOB
Ucxonnas cxema [TpeoOpazoBanHas cxema N
npeoOpa3oBaHus peoOpa30BaHHON CXEMBI
11 BaTeJIbH zZ, zZ, Z z
OCJIeIOBATEIIHHOC] z, 2, Z, Lox Z, =Z,+Z,+..+Z,
coequnenne |—4{ H H  H— —+{ 0 T T —
1
Lok =
—3K
rne
1 1 1
[TapannensHOE Y=o Yy ¥, =
COeIMHEHNE A Z, Z,
IIpu aByX BETBsX
__ 2,2,
—3K
AREA
Zpg=ZpZgXY
[Ipeo6pa3zoBanme Zoy=ZcZp XY
MHOrosyueBou |  ~FYN//Y T |, [1 N7 [17 | ,
3B€3/bl B MTOJIHBII rne XY=Yp+Y +Y, +Y,
MHOTOYT'OJTbHAK AHAJIOTHYHO U TIPH
OOJIBIIIEM YHCIIEe BETBEH
_ XFG ) XHF
F bl
XFG + XHF + XGH
[TpeobpazoBanue
TgeyrcI;nLHHKa B Lro Ko
o=
3Be3ﬂy XFG+XHF+XGH
_ XHF 'XGH
Y=
XFG + XHF + XGH
XX
— G
Xpg =Xp+ X5 +——7F,
H
ITpeoGpazoBanue X X
G
3BE3/IBI B Xy =Xy + X +—-5,
TPEYrOJILHUK F
XX,
Xyp=X,+X,, +——
G
=— z Y.E,,
£ X, 3;(@ K=1
| eoeY =Y +Y,+.... +7Y
BaMeHa @_:'_ K6 2 n’
HECKOJIBKUX L ¥, L X Y = B Y = I Y = ES
MCTOYHHMKOB @—:'__ @_:H_ x, 7 ox,TTT X,
SKBHUBAJICHTHBIM 6 ox
: Ilpu 08yx eemesx
_EX,+EX,
oKe
X, +X,

[TpeoOpazoBanmsi cxem MPsMOI, 0OpaTHOW W HYJICBOW IMOCIIEIOBATEILHOCTH MIPH pacueTe
HECHMMETPHUYHOTO K.3. IIeJIeCO00pa3HO BECTH TaKUM 00pa3oM, YTOOBI BETBb, OTIEISIONIAS TOUKY

K.3. OT y3JIa, B KOTOPOM TpeOyeTcCsl MOCTPOUTh BEKTOPHYIO auarpammy HanpspkeHuid (mwmasl CH
aBTOTpaHchopMaropa), Mo BO3MOKHOCTH ObLIa COXpaHEeHA JI0 KOHIIAa TPeoOpa3oBaHmi
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TpynHocTi mpeoOpa3zoBaHHsS CXEM 3aMELICHHS B 3HAUMTENFHON CTENEHH OIPENEeNSIOTCS
BBIOPAHHBIM MOPSAKOM BBITTOJHEHHS OTIEPALIAN TI0 YIPOIIEHUIO CXEMBI.

[TosTomy mnpu mnpeoOpa3oBaHUHM CXEM 3aMEUICHUs CIEAYeT TPHUACPKUBATHCS TaKOTO
MOpsZIKA PACYETOB U 3alTUCH PE3yIbTaTOB, KOTOPBIM 00ecIeYnBaeT JETKYIO0 MPOBEPKY MOTyIaeMbIX
pe3yJabTaTOB.

B pesynbrare mpeoOpa3oBaHuil 10KHA OBITH MOJIydeHA SKBHBAJICHTHAs pacyeTHas cXema,
HECKOJIbKO BapUaHTOB KOTOPOIl MPUBEJEHBI HA PUC.

A) F) B) I

Cxema A ynoOHa mpH OMNpeNeNieHUH COCTABIISIONICH MNPSMOW MOCIEeI0BATEIbHOCTH
Hanpspkenus Ha mmHax CH aBToTpancdopmaTopa (y3ern m).

Cxema b — ncnose3yercst [UIst pacyeToB CBEPXIIEPEXOJHOTO M YCTAHOBUBIIETO TOKOB K.3. H
ONPEIEICHHU PE3YIbTHPYIOIET0 CONPOTUBIIEHUS IPAMOM IOCIEI0BATENBHOCTH X . .

Cxema B — nenecoo6pasHa npu onpesie/ieHuH pe3ylbTHPYIOIIUX CONPOTUBIIEHUH 00paTHOM
HOCIIEIOBATENBHOCTH X )5, X 5.

Cxema I' ananmormuna cxeme A, HO 0€3 MCTOYHMKOB 3.1.C. M yIOOHA JUIS OTpEAEICHUs
COCTaBIISIONIMX TPSIMOW ¥ OOpaTHOW TOCJEeNOBaTENbHOCTeH HampspkeHus Ha mmHax CH
aBTOTpaHchopMaropa.

DOKBUBAJICHTHAs] CXEMa MOXET MUMETh M JPYrol BHJI, HO OCHOBHBIM €€ JIOCTOMHCTBOM
JIOJKHA OCTaBaThCs MMPOCTOTA ONIPEEIIEHUS TOKOB B €€ BETBSIX.

Pacuer TDGXd)a?;HOFO KOPOTKOT'O 3aMBbIKaHH .

Ilopadok pacyema mokos npu mpex@azHom k.3.

1. Jlnst 3a1aHHOM TOYKHM K.3. COCTABIISIETCS. PACUETHAs CXeMa.

2. Jlns pacyeTHOM CXEMbI COCTABIISIETCS €€ SKBUBAJICHTHAS CXEMa 3aMELICHMUSL.

3. Cxema 3amemieHUs IIyTeM MOCIENIOBATEIbHBIX AKBUBAJICHTHBIX IMPEOOpa30BaHHMA
MPUBOJMUTCA K TMPOCTEUIIEH CXEMe: pEe3yJbTUPYIOUIMA HMCTOYHUK - PE3YIbTUPYIOLIEE
COINPOTHBIIEHHUE - TOUKA K.3.

4. Tlo ympoluieHHOM cxeme OIpeAessaeTcs 3HaueHHe MePUoIMUeCKO COCTABIISIONIEH TOKa B
MECT€ K.3., UCTIONIB3Ysl JIN0O aHATUTUYECKUNA CIIOCOO OTpeNieNieHus ToKa K.3., JM00 METO/1 TUIIOBBIX
KpPUBBIX.

5. Omnpenensercst yiapHbIii TOK ¥ HAUOOJbIIIee IEHCTBYIOIIEe 3HAUCHHUE TOKA K.3.

Onpedenenue anaiumuiyeckum cnocoboM C8epXnepexoon020, VOApHO20 U HAUb0Ibue20
Oelicmeyioue2o 3Ha4eHus. moKa 6 Mmecme mpexgasnozo K.3.

IIpu pacuerax TOKOB KOPOTKOTO 3aMbIKaHHs JI0IyCKaeTCs:

1) He yunteiBaTh caBur no ¢aze I/C pa3IudYHBIX CHHXPOHHBIX MAIlMH U M3MEHEHHUE UX
4acTOThI BpallleHUs], €CJIN MPpooJkuTenbHOCTh K3 He npesbimaer 0,5 c;

2) He Y4YUTHIBaTh MEKCHUCTEMHBIEC CBSI3M, BBIIIOJIHEHHBIE C TOMOIIBIO AJIEKTPONEpEeaaun
(BCTaBKM) OCTOSTHHOTO TOKa;

3) He YyuUuTHIBaTh IIONEPEYHYI0 €MKOCThb BO3JYIIHBIX JIMHUM 3JEKTpoIepenadu
HanpspkeHueM 110-220 kB, ecnu ux juyimHa He npesbimiaer 200 kM, n HanpspkeHueMm 330-500 kB,
€CJIM UX JUIMHA He npeBblmaer 150 km;
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4) He yuUTBIBATh HACBIILIEHUE MArHUTHBIX CUCTEM 3JIEKTPUUECKHUX MAIlINH;

5) He yYUTHIBaTh TOK HAMarHUYUBAHHUS TPAHC(HOPMATOPOB M aBTOTPAHC(HOPMATOPOB;

6) He yuuThIBaTh BJIMSHHE AKTUBHBIX COINPOTUBICHHUI pPAa3lIMUYHBIX 3JIEMEHTOB HCXOJHOMN
pacyeTHOM CXeMbl Ha aMIUIUTYAy MEepUOJUYecKoi cocTaBisiomed Toka K3, eciu akTtuBHas
COCTaBIIAIOLIASl  PE3YIbTHPYIOIIET0  SKBUBAJEHTHOTO  CONPOTHUBIIEHUS  PACUETHOH  CXEMBI
otHocuTenbHO Touku K3 He npesbimaeTr 30 % OT MHAYKTUBHON COCTABIISIOIIEN PE3YIbTUPYIOLIETO
SKBUBAJIEHTHOTO COIPOTHUBIICHHUS;

7) mpuOMMKEHHO YYUTHIBATH 3aTyXaHUE arepHoIMUYecKol cocramisomei Toka K3, ecmu
HCXOJHAsl pacyeTHasl CXeMa COJIEP>KUT HECKOJIBKO HE3aBUCUMBIX KOHTYPOB;

8) MpUOMMIKEHHO YYHUTHIBATh AJIEKTPONPHEMHUKH, COCPEAOTOUYCHHBIE B OTICIBHBIX Y3JIax
HWCXOJHOM PacYeTHOM CXEMBI;

9) npuHMMATh YHCIEHHO paBHbBIMH AaKTHUBHOE CONPOTHBIEHHE U COINPOTHUBICHUE
MOCTOSTHHOMY TOKY JIF000OTO 3JIEMEHTa HCXOJHON PaCUeTHON CXEMBI.

HauGonee ynaneHHyro OT pacdeTHOW TOYKM K3 4WacTh AJIEKTPOIHEPTETUUYECKON CHCTEMBI
JIOTIYCKAeTCs PEJCTABIIATh B BUJIE OJJTHOTO HCTOYHHMKA SHEPTHH C HEU3MEHHOH 1o ammuintyae 3/1C
U PE3yAbTUPYIOIIMM 3KBUBAJCHTHBIM HHIYKTUBHBIM conpoTuBieHueM. D3JIC 3Toro McToOYHUKa
clleqyeT NpUHMMAaThb paBHOM CpeAHEMY HOMMHAJIbHOMY HAINpPSIKEHUIO CETH, CBSI3bIBaIOIIEH
YAQICHHYIO M OCTAJIBHYK) YaCTU DJIEKTPOIHEPreTUYECKOW CHUCTEMBI, a €ro pe3yJbTHPYIOLIee
SKBUBAJIEHTHOE CONpPOTUBJIEHHE X ONpEeNensaTb, HUCXOAS W3 M3BECTHOrO Toka [. OT
HKBUBAJICHTUPYEMOU yacTu cucteMsl rpu K3 B KakoH-HUOYIb Y3JI0BOM TOUKE yKa3aHHOU CETH:

U

__ 7 cp.HOM
[¢ \/5 [c .

Ecmu st aToit ceTm B KadecTBE Oa3MCHOTO HANPSDHKEHHS HPUHSATO COOTBETCTBYIOIIEE

CpellHee HOMUHAIIBHOE HAIIPSKEHUE, TO
1

i( c(6)~ f )
rzie I - 0a3UCHBIN TOK TOH CTYIEHH HAIPSDKEHHSI, HA KOTOPOH HaXOJIUTCS y3JI0Basi TOUKA.

IIpu orcyrcTBUN qaHHBIX 0 Toke K3 0T ynaneHHON 4acTH 3IeKTPOIHEPreTUUECKON CUCTEMBbI
MHHHMMAaJIBHO BO3MOKHOE€ 3HAYECHHE PE3YyIbTUPYIOIIETO SKBUBAJIEHTHOIO CONPOTUBIIEHUS X MOXKHO
OLICHUTh, UCXOJ U3 IapaMETPOB BBIKIIIOUYATEJICH, YCTAHOBIICHHBIX Ha Y3JIOBOM IOJCTAaHLUH, T.C.
npuHuMas B gopmynax Tok K3 ot ymaneHHo# wactu cucTeMbl [, paBHBIM HOMHUHAJIBHOMY TOKY
OTKJIFOUEHUS ITUX BBIKIIOYATEIICH.

X

Pacuem nauanvnoeco Oevicmsyiowieco 3nayeHus nepuoouyeckol cocmasisaowel moka
KOPOMKO20 3AMbIKAHUA

[Ipu pacuere HayanbHOrO AECWCTBYIOLIETO 3HAYECHUS MEPUOIUYECKON COCTABJISIOLICH TOKa
TpexdazHoro K3 B a1ekTpoycTaHOBKAX HaNpsDKEHHEM CBbIIe | KB B HCXOAHYIO pacueTHYIO CXEMY
JIOJKHBI OBITH BBEJICHBI BCE CHHXPOHHBIE TE€HEPATOPBl M KOMIICHCATOPHI, a TAKKE CHHXPOHHBIC H
ACHHXPOHHBIE IEKTpoABUTaTeT MOITHOCTRI0 100 kBT 1 60ee, eciiu Mex 1y dIeKTPOIBUTATEIIIMA
1 Toukoil K3 OTCYTCTBYIOT TOKOOTpaHMUYMBAIOIINE PEAKTOPBI WM CHIIOBBIE TpaHchopMmaropsl. B
ABTOHOMHBIX DJJICKTPUYECKHX CHUCTEMax CIEAYyEeT YYWUTHIBATh M DJIEKTPOJBUIaTEIM MEHbIIECH
MOIITHOCTH, €CITM CyMMa UX HOMHHAJIBHBIX TOKOB cocTaBisieT He MeHee 1 % ot Toka B mecte K3,
OTIpENIeNIEHHOTO 0€3 yueTa dTHX DIEKTPOABUTaTEICH.

Jns pacdyera Ha4aJIbHOIO JCWCTBYIOIIETO 3HAYEHUS MEPHOJAMYECKON COCTABJISIOLIECH TOKa
K3 ananutudeckuM METOJ0M O MPUHSATON MCXOJHOM pacueTHOM CXeMe MPEeIBapUTENIbHO CIIEYeT
COCTaBUTh SKBUBAJIECHTHYIO CXEMY 3aMEIICHUS, B KOTOPOl CUHXPOHHBIE U ACUHXPOHHBIC MAIIMHBI
JIOJKHBI OBITH MPEICTaBICHBI IPEIBAPUTEIHLHO MPUBEIACHHBIMU K 0a3MCHOW CTYIICHH HANPSKCHUS
WIM BBIPQXCHHBIMH B OTHOCHTEIBHBIX €IUHUIAX TPH BBIOPAHHBIX O0a3UCHBIX YCIOBUSX
CBEPXIIEPEXOJHBIMUA  COMPOTHUBICHUSIMU U cBepxnepexoaubiMu  JDJIC. Hcxonuble 3HaueHUs
ceepxnepexoanbix JJIC cnenyer mpuHUMAaTh YHUCIEHHO DPaBHBIMU WX 3HAYEHUSM B MOMEHT,
npenumectyromuit K3.
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CxeMy 3amernieHusi, MOJYYEHHYIO B COOTBETCTBHM C YKa3aHUsIMH 1. 5.2.2, ciefyeT myreM

npeoOpa3oBaHMii MPUBECTH K MPOCTEHIIeMy BHUAY H©  ONPEACIUTh  PE3YIbTUPYIOIIYIO
”

skBuBaneHTHY0 DJC E" (wnn Ii""aK(ﬁ)) U PE3YNbTUPYIOILIEE SKBUBAJIEHTHOE COMPOTUBICHHUE X

(Mnm X ) ) OTHOCHTENBHO pacyeTHOU Touku K3.
*

HavanpHoe pelicTByrolee 3HaYeHHE NEPUOAMUYECKON cocTaBistomeld Toka B Mecte K3
COCTaBJISIET

[ E”BK B 5 9K(0) s
1o = - 6>
X 9K i( 9K(0)

rne Is - 6a3uCHBIN TOK TOW CTYNEHM HANPSHKEHHS CETH, HAa KOTOPOH HAXOIUTCS pacyeTHas TOUYKa
K3.

[Ipy mpuONMKEHHBIX pacdyeTax HadaJIbHOE JIEHCTBYIOIIEE 3HAYEHHE TEPHOHUECKOM
cocraBisoneit Toka B Mmecte K3 nomyckaercst onpenensTb, IpUHSIB B COOTBETCTBUU C TEOPEMOii 00
akTUBHOM jByxmnontocHuke OJIC BceX HCTOYHUMKOB SHEPrUM PaBHBIMM HYJIIO U HMCHOJB3YS
opmyiry

U‘O‘ cUpon ¢
-~ 15>

Iy =—=——=—F—"-um Iy =
\/EX - \/§X3K )*( 3K(6)

rae Uy - Hampskenne (yinueliHoe) B pacueTHOM Touke K3 k MomeHTy Bo3HUKHOBEHUS K3; Uyoy -

HOMMHAJIBHOE HampspKeHue (JIMHeiHoe) ceTH, B KoTopod mpoumsonuio K3; ¢ - koadduument,
KOTOPBI pEKOMEHIYETCS IPUHUMATh PABHBIM:

c=1,1 - mpu onpeAeNeHUN MaKCUMAIILHOTO 3HaueHus Toka K3;

¢ = 1,0 - mpu onpegeieHn MUHUMAIBHOTO 3HaueHus Toka K3.

Pacuem anepuoouueckoti cocmasnsoueti moka KOpOMKO20 3AMbIKAHU

Monynp HayaJlbHOTO 3HAUEHHUs alepuoJuveckoi cocTaBisitomei Toka K3  ciemyer
ONpEENATh KaK pPa3HOCTh MIHOBEHHBIX 3HAYEHUM MEpHOJUYECKON COCTaBIISIIOIIEH TOKa B
HavyanbHBIM MOMEHT K3 1 Toka B MOMeHT, nipeAmecTByromuii K3.

HauGonpiiee HadampHOE 3HAYCHHE allepHOJAMUYECKON cocraBisitonieil Toka K3 B o0mem
cillydae cleAayeT IpUHUMAaThb pPAaBHBIM aMIUIMTY/E€ NEPUOJAMYECKON COCTaBISIOLIEH TOKa B
HavyanpHbIM MoMeHT K3, T.€.

a0 =210 -

OTO0 BBIpAXKEHUE CIPABEUIMBO MPH CIAEAYIOIMIHNX YCIOBUAX:

1) akTuBHasg COCTaBISAIOIIAs PE3YAbTUPYIOLUIETO 3KBUBAJIEHTHOIO  CONPOTHUBIICHUS
pacueTHOl CXeMbl OTHOCUTENIBHO pacyeTHOW Touku K3 3HAaUMTENBbHO MEHbIIE WHIYKTUBHOU
COCTaBJISIONIEH, BCIIEICTBHE YETO aKTUBHOW COCTABIISAIONIEH MOYKHO ITPEeHEOpeyb;

2) k momeHTy K3 BeTBb pacueTHOI cXeMbl, B KOTOpOIl HaxoauTcs pacueTHas Touka K3, He
Harpy>keHa;

3) HanpspKEHUE CETH K MOMEHTY BO3HUKHOBEHHU K3 npoxoaut uepes Hyllb.

Jlnst ompeneneHuss anepuoanyeckoi cocrapismomei Toka K3 B Mpou3BOJBHBI MOMEHT
BPEMEHH TPEIBAPUTEIHHO JIOJDKHA OBITH COCTABIICHA TaKas MCXOJHAS CXeMa 3aMeIIeHHs, YTOObI B
HEl BCE DJIEMEHTBhl HMCXOJHOM pacuyeTHOM CXEMbl YUUTBHIBAINCHh KaK HWHAYKTUBHBIMHU, TaK H
aKTUBHBIMH  COINIPOTUBJIECHUSAMH. IIpM 3TOM CHHXpOHHBIE T'€HEPAaTOpbl M KOMIIEHCATOPHI,
CHHXPOHHBIE W AaCHHXPOHHBIE DJIEKTPOJBHUIATEIH JOJDKHBI OBITh YYT€HBl HWHIYKTHBHBIM
COIPOTHUBIIEHUEM OOpATHO MOCIIEA0BATEILHOCTH (U1 ACHHXPOHHBIX 3JIeKTpoaBUrarenei X, = X")
U CONPOTHBJIIEHHEM OOMOTKH CTaTopa TOCTOSHHOMY TOKY NpH HOPMHPOBAaHHON paboueit
TeMIepaType 3Toif 0OMOTKH.

Ecnu ucxonHas pacueTHasi CXeMa UMEET TOJIbKO MOCIEA0BaTENbHO BKIFOUEHHBIE 3JIEMEHTHI,
TO alepHOJUYECKYI0 COCTaBisAIONIyl0 Toka K3 B IpOM3BOJIBHBII MOMEHT BpPEMEHHU CIEAYET
ompenensaTs no Gopmyre
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. a
lat _laoe s

rae 1, — TIOCTOsSIHHAs BPEMEHHM 3aTyXaHHUs anepuoiuueckoil cocrasistouieil Toka K3; oHa
ompenensercs o Gopmyie
— XBK
! OJCRBK ’

rae Xox U Roc - COOTBETCTBEHHO WHIYKTHBHAs M AKTHUBHAS COCTABJISIIOIIME PE3YJIbTHUPYIOLIErO
OKBUBAJICHTHOI'O COIIPOTHUBJICHUA pvaeTHOﬁ CXEMbI OTHOCUTCIBHO TOYKHU K3, ®¢ - CMHXpOHHAasd
YIJIOBAsi 4aCTOTA HAIPSDKEHUS CETH.
Ilpumeuanue. B Tex cinydasx, Kor/ia Ipu pacuere anepruoanueckoi coctasistomniei Toka K3
B TPOM3BOJIGHBIA MOMEHT BpEMEHHM HEOOXOJUMO y4ecTh TOK TeHepartopa B MOMEHT,
npenmectByronuii K3, crieayer ucmoap3oBaTh GopmMyny
2 t

I I —*
It =\/E[‘0‘ o —ZLOSinW‘O‘ +1-e Ta
T T

rae I - TOK TeHepaTopa K MOMEHTY K3; Y| - YTOJ caBATa ¢a3 ceepxmepexoanoit IJIC u Toka

reHepaTopa k MomeHTy K3; 7, - HOCTOSSHHAsi BpEMEHM 3aTyXaHUs allepuoIMYeCKON COCTaBISIONIEH
Toka K3 B 11enu ¢ CHHXpOHHBIM I'€HEPATOPOM.

Ecnu wucxonHas pacuetHas cxema (M COOTBETCTBEHHO CX€Ma 3aMEllleHus) SBIISETCS
MHOTOKOHTYPHOM, TO amnepHOJUYECKYI0 COCTaBJISIONIYI0 Toka K3 B NpPOU3BOJIBHBIA MOMEHT
BPEMEHHU CJIEIyeT OINpPENeNATh MyTeM PELICHHs COOTBETCTBYIOIIEH CHUCTEMBI au(depeHInaIbHbIX
YpaBHEHUMH, COCTABJIEHHBIX C YYE€TOM KaK HMHIYKTHBHBIX, TaK U AKTUBHBIX CONPOTHBIICHUN BCEX
2JIEMEHTOB UCXOIHOM paCYETHOMN CXEMBI.

Mertoanka TpUOIMKEHHBIX pacueToB amlepHoAnvYeckor cocTaBismomeid Toka K3 B
MIPOU3BOJIGHBI MOMEHT BpPEMEHHM 3aBUCHUT OT KOH(MUTYpalMy HCXOJHOW pacdyeTHOW CXeMbl U
MOJIOXKEHUsI pacueTHou Touku K3.

Ecnu ncxonHas pacueTHasi cxema SIBJISIETCSI MHOTOKOHTYPHOM, HO BCE MCTOUYHUKH 3HEPTUU
CBSI3aHBI C pacuyeTHOW Toukod K3 oOmum compoTuBiIeHHEM (MM CXeMa COJAEPKUT TOJIKO OJWH
MCTOYHMK SHEPTHH), TO MPH MPUOIMKEHHBIX pacueTax anepuoandeckoil cocrasisromeii Toka K3 B
IIPOU3BOJIHBII MOMEHT BpPEMEHHU JOMYCKAeTCsl CUMTaTh, YTO 3Ta COCTABIAIOLIAS 3aTyXaeT BO
BPEMEHM M0 SKCIIOHCHIIMAJIBHOMY 3aKOHY C HEKOTOPOM HSKBUBAJIEHTHOM IMOCTOSHHON BPEMEHHU.
Cy1iiecTByeT HECKOJIBKO METOJIOB €€ OTIpEeACICHUS:

1) ¢ ucnonb30BaHUEM COCTABISAIOUIMX KOMIUIEKCHOTO PE3YIbTHPYIOIIET0 3KBUBAJIEHTHOTO
CONPOTHBIICHUSI CXEMBbI 3aMEIIEHUsI OTHOCUTENbHO TOUKM K3, M3MEpeHHOro mpu MpOMBIIIIEHHON
qJacToTe:

__Imz,,
anK — (x)cReZaK >
rae Z, - KOMIUIEKCHOE Pe3ylbTUPYIOUIEe SKBHBAJICHTHOE CONPOTHBIICHHE CXEMBI 3aMEHICHUS,

usmepenHoe npu yacrore 50 Hz; JmZ, - MHHMasg COCTaBIAIOIAS  KOMIUIEKCHOTO

PE3yABTUPYIOLUIETO DJKBHUBAJIEHTHOIO CONPOTHUBIIEHHs; ReZ, - JECHCTBUTEIbHAs COCTABIIAIONIAS

KOMILJIEKCHOTO PE3YJIbTUPYIOLIETO SKBUBAJIEHTHOTO COMTPOTUBIICHHUS;
2) ¢ WCHOJIb30BaHUEM PE3YAbTUPYIOMIMX HKBUBAJECHTHBIX COMPOTUBICHUN CXEMBI
3aMeNIeHUs] OTHOCUTEIBHO pacyeTHOU Touku K3, moydeHHBIX MpU MOOUYEPEAHOM HUCKIIIOUEHUH U3

CXEMBI BCEX aKTUBHBIX, a 3aTEM BCCX UHAYKTUBHBIX COHpOTI/IBJICHHﬁZ
X 5x(R=0)
Ta 9K =T >
’ R
®¢ aKk(x=0)

rae Xowr=0) - PE3yIbTHPYIOLIEE YKBUBAJICHTHOE COIPOTUBJICHUE CXEMbI 3aMELICHUS IIPU Y4€Te B
HEeW pa3JIMYHbIX 3JIEMEHTOB PACUETHON CXEMBI TOJILKO UHAYKTUBHBIMU COMIPOTHUBIICHUSIMH, T.€. IPU
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UCKIIOYEHUH BCEX AaKTHBHBIX COIPOTUBICHUN; Roc=0) - PE3YIABTUPYIOUICE HKBUBAIECHTHOE

COIIPOTHUBIICHHUE CXEMBI 3aMELIEHUS ITPU UCKIIIOYEHUH U3 HEE BCEX MHIYKTUBHBIX CONPOTUBIICHUN;
3) ¢ UCHONB30BaHUEM COCTABIIIOIUX KOMIIJIEKCHOTO PE3YIbTUPYIOLUIET0 YKBUBAJIEHTHOIO

CONPOTHBIICHUS CXEMBI 3aMEIIEHNs OTHOCUTENBbHO Touku K3, n3mepenHoro npu yactore 20 Hz:

_a5 ImZ . 20) ’
ocReZ 20y

THC Z .20y - KOMIUIEKCHOE PE3yIbTHPYIOLIEE SKBHBAJICHTHOC CONPOTUBICHUE CXEMBI 3aMCIICHUS
OTHOCUTENIBHO pacyeTHOi Touku K3, m3mepennoe npu wacrore 20 Hz; JmZ, o, - MHAMas
COCTABISIIOMIAs.  YKa3aHHOTO ~KOMIUICKCHOTO — CONPOTHBIICHHUS; ReZ, o - ACHCTBUTCIBHAS

COCTABJIAIOLIAS 3TOTO CONPOTUBIICHUS.

[Io OTHOWIEHWIO K TOYHOMY pEIICHHIO NPHUMEHEHHE NEepBOTO METOJla OOBIYHO J1aeT
OTPULATENBbHYIO MTOIPEUIHOCTD (3aHM)KAET 3HAYEHUSI IOCTOSSHHOM BPEMEHH), IPUMEHEHHE BTOPOTO
METO/la JaeT IOJIO)KUTEIbHYI0 IOTPEIIHOCTh (3aBBIIACT 3HAYEHUS IOCTOSHHOM BpEMEHM).
[TorpenrHocTh, CBsI3aHHAS C TMPUMEHEHHWEM TPETHErO METOJa, M0 a0CONIOTHOW BENIWYMHE OOBIYHO
MEHbLIE, YeM IPU HCHOJIb30BaHUU MEPBOTO M BTOPOro MeToja0B. llpu aHanmuTHyeckux pacuerax
HanboJiee MPOCTHIM sBIIAETCS BTOpoit MeToA. [Ipu pacuerax ¢ mpumenennem 9BM npeamnoureHue
CJIelyeT OT/aBaTh IIEPBOMY U TPETHEMY METOIAM.

Ecnu pacuerHas Touka K3 neiaut UCX0IHYIO pacdeTHYIO CXEMY Ha HECKOJIBKO HE3aBUCHUMBIX
ApYT OT JIpyra 4acTei, To Mpu MPUOTMKEHHBIX pacueTax alepruoIu4eckoil cocTapisitonield Toka K3
B IPOM3BOJIBHBI MOMEHT BpPEMEHU €€ CIeAyeT OIpPEIeiATh KaK CyMMY alepuOAUYECKUX
COCTAaBJISIOLINX TOKOB OT OTACJIBHBIX 4aCTEW CXEMBI, MOJiaras, 4To Ka)aas U3 3TUX COCTaBIIIOIINX

W3MEHSETCA BO BPEMEHH C COOTBETCTBYIOIIEH SKBUBAJICHTHON MOCTOSIHHOM BPEMEHH, T.€.
t

m —
;= i .o Tanki
lat = Zla01e 5
i=1

IZ€ M - 4YHUCIO HE3aBUCUMBIX YaCTEH CXEMBI; I0i - HAYaJbHOE 3HAYCHHUE AaIepUOIUYECKON
coctapisitomied Toka K3 oT i-if yactu cxembl; Ta.i - SKBUBaJIEHTHAs IMOCTOSIHHAs BPEMEHH
3aTyxaHus arepuoAMuecKoi coctasisitomiei Toka K3 oT i-if yactu cxemsl.

Pacuem yoapnoco moka kopomkozo samvikanus

Crnoco6 pacuera ymapHoro Toka K3 3aBucHT OT TpeOyeMoil TOYHOCTH pacyera u
KOH(UTYpaIuy UCXOTHON PAaCUETHON CXEMBI.

Ecnmn ucxongnas pacdeTHas cxema sIBJII€TCS. MHOTOKOHTYPHOM, TO I IOJIY4YEHUS! BBICOKOM
TOYHOCTH pacyuera ynapHoro toka K3 ciemyer pemmuts cucrtemy nuddepeHnalbHbIX YpaBHEHUH,
COCTAaBJICHHBIX JUISI MTHOBEHHBIX 3HAUEHMH TOKOB B y3JlaX M IMAaJCHUI HANpsHKEeHUs B KOHTypax
pPacYeTHOM CXEMBI, ¥ OIPEACINUTh MAKCUMAJIbHOE MTHOBEHHOE 3HAYEHHE TOKA B BETBU, B KOTOPOH
HaxoauTcs pacueTHas Touka K3.

IIpu pacuere ymapHoro toka K3 ¢ menbio MpoOBEpKH NPOBOJHHUKOB M DIEKTPHUUECKUX
anmnapaTtoB 1o yciaoBusM K3 1omycTMMO cuMTaTh, YTO aMIUIMTY/1a EPUOANYECKON COCTABIISIOIIEH
Toka K3 B MOMEHT HACTYIUICHHS YAapHOTO TOKAa paBHA aMIUIMTYAE A3TOM COCTaBIISIONICH B
HavyanpHbI MOMeHT K3. VckimrodeHne COCTaBISIOT CIIy4ad, KOTjaa BOJNM3HM pacueTHO Touku K3
BKJIFOYEHBI ACHHXPOHHBIE JIEKTPOIBUT ATEIIN.

Ecnnm umcxonmHasg pacuyeTHas cXeMa COJEPKHUT TOJIBKO TIOCIEJOBATENbHO BKIIIOUECHHBIE
AIIEMEHTBHI, TO YIAPHBIA TOK CIEAYET ONpPeNeNaTh o hopmyIe

iyn = V210K o
rne Ky, — ynapubiii koddurment. I[locnenuuit pekoMeHAyeTCsl OMpPEAENaTh MO OJHOM u3
CIIeTYIOIMUX GOPMYIT:

3 _ 0,51+

T R X
Ky =102+098e o/ Fox -y Ky =l+e Yo/ Rox | rhe ¢, =arctg =2
9K
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B Tex cmydasx, korga Xoo/R,c > 5, ymapHbIii k03()QUIIMEHT JOMYCTUMO OMPEIENATh TI0
0,01

dopmyne Ky, =1+e 'a

, rne T, - MOCTOSIHHAsE BPEMEHH.

Ecnn mcxonHas pacdeTHas cxema SIBJISIETCSI MHOTOKOHTYPHOM, IIPUYEM BCE HCTOYHMKHU
SHEPTUU CBS3aHBI C pacueTHOM Toukoi K3 oOmuM compoTHBIEHHEM, TO MPH NPHOIMKEHHBIX
pacuerax yaapHoro Toka K3, ucxons u3 paHee NPUHATOTO AOMYUIEHUS O SKCHOHEHIMAIBLHOM
XapakTepe HM3MEHEHHUs anepuoanyYecKod cocramistome Toka K3, pekoMmeHayercss ynapHbIi
KOA(QQHUIIMEHT ONpeaensTh o GopMynam:

3 _0.01(05+¢ /)

Ky =102+4098¢ “fasx y K =1+e  Tasx

A€ Tasx - DKBUBAJIEHTHAS MOCTOSIHHAS BPEMEHHU 3aTyXaHHs allepruoIMYECKON COCTABIIAIOLIEH TOKA

K3.
0,01

[Ipn X5/Ryc 2 5 NOMYCTHMO TaKXKe UCIOJB30BaTh GopMyIy: Ky, =1+e Taox

B Tex ciywasx, korga HUCXOJHas pacyeTHas cXeMma sBJISETCS MHOTOKOHTYPHOM, HO
pacueTHas Touka K3 JenuT ee Ha HECKOJIBKO HE3aBHUCHUMBIX YacTed, TO YAAPHBIM TOK JOMYCTUMO
IIPUHUMATh PaBHBIM CYMME YAapHBIX TOKOB OT COOTBETCTBYIOIIMX YaCTEN CXEMBI, T.€.

m
iyz[ = \/EZIHOiKyL[i D
=1

rae Inoi - HadallbHOE JEHCTBYIOIIEE 3HAUYEHUE MEPpUOANUEcKol cocTaistomeil Toka K3 ot i-if yactu
cxeMbl; Ky, - yrapHslii ko3¢ uunent Toka K3 ot i-if yacTu cxeMmsl.
JlelicTByroliee 3HAa4eHUE IIOJHOTO TOKAa K.3. 3@ IMEPBBIA IEPHOJA €ro U3MEHEHHs

ONPE/EISIETCS B COOTBETCTBUH ¢ BhipakenueM I, = I,\/1+2(K, —1)°

MOIIHOCTh K.3. B MECTE€ MOBPEKIAECHUS SABIISIETCS YCIOBHOW BEIIMYMHOMW, ONPENEIIEMON IO

dopmyne S, = J3U I rne U, - HOMUHAIBHOE HANPSDKEHHE B TOUKE K.3.

Ilpumep pacuera

P2 A-1

-2
Z
T-1 % -2

r-1 -2

Puc 1. Ucxoonas cxema ons paciuema moKoe KOpomkKozco 3aMblKaAHUA

Ha puc.2 noka3aHa cxema 3aMelIeHMs, COCTaBJIEHHAs JUIsl pacueTHOM Touku k.3. K-2. B
CXeMy 3aMeIICHUs He BOILTH KabenbHas nmuHus 6-10 kB u Bozaymnas nuaus JI-2, pancdopmarop
coOctBeHHbIX HY)[ T-3 u peaktop P.

213



a) E, w(%?q

7
K-2 X %i g K-2
— ik —
2 1
2 3
X T /
X//7 Ij X//Z d Kr
4 5
Xn sz E o
£ £

r1 2

Puc. 2. Cxemvl 3amewjenus 05 pacuema mokos K.3..
a) UCxooHas cxema 3amewjeHus; ) ynpoujeHHas cxema

Cxema 3amemenus (puc. 2, a) mpeoOpasyercs K mpocteimemy Buny (puc. 2, 0). Ipu
npeobOpazoBanuu cuctema C BBIIEISIETCS B OTACNBHYIO BeTBb. EClIM B cXeMe TeHepaTopbl HMEIOT
OJIMHAKOBBIE NMAPAMETPhI K HAXOATCS B OJJMHAKOBBIX YCIIOBUSX, IO OTHOIIIEHHIO K TOYKE K.3., TO UX
MO>KHO 3aMEHHUTH OJJHUM SKBHBAJECHTHBIM I'€HEPATOPOM CyMMapHOU MoutHocTH. [Ipu 3TOM B cxeme
3aMEIICHHUS 3TH TEHEPUPYIOIINE BETBH CIEIYET CIOKHUTH MapajlIebHO.

[IpeoOpa3oBanue (CBepTHIBAHHE) CXEMbI TPOM3BOJUTCS B HAIMPABICHUH OT HMCTOYHUKOB
NUTaHUA K MecTy K.3. [Ipy 3TOM HCHONB3YIOTCSI WM3BECTHBIE MpaBUia MOCIENIOBATEIBHOTO H
MapajyieIbHOTO CIIOKEHUSI COTPOTUBIICHUH, MpeoOpa3oBaHWE TPEYroJIbHUKA B HKBUBAICHTHYIO
3BE3/1y WJIH OOpATHO U T.II.

Hamnpuwmep:

a) OIpeJeNIeHHEe PEe3yIbTUPYIOIIETO COMPOTHBIICHUS MOCIEAOBATENbHO COEAMHEHHBIX N
snemeHToB (Hanpumep, X, X,,...X ) X, =X, +X,+...+X ;

0) ompexnereHHE pPE3YIbTUPYIOMIETO COMPOTUBICHUS MPH MapauIeIbHOM COSIMHEHUH

1 .
I 1 1’
—t—t it
X, X, X

n

DIIEMEHTOB X, =

B ygacTHBIX ciydasx uMeeM:
X, X, .
X, +X,’
X, X, X 3 .
X, X,+X, - X,+X,-X,’
B) 3aM€Ha N TEHEPUPYIOUIUX BETBEH, MOAKIIOUEHHBIX K 00IIeMy Y31y (T.€. COeIMHEHHBIX

SE Y
1 .

2,

1

- Ui IByX BeTBeU X, =

- U1 TpeX BeTBe: X, =

N0CJIEZI0BATENBHO) OJJHOM DKBMBAJICHTHOM BETBBIO E, =

IZie [ -HOMEp BETBEH; 71 -4HUCIIO BETBEM.
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. E-X,+E,-X,
B yacTHOM citydae /Ui JByX T€HEPUPYIOLIUX BETBEU umeeM: £, = XX ;
+
1 2

r) npeoOpa3oBaHue conpoTuBieHuit X, X,, X, COelMHEHHBIX B 3B€3/ly, B DKBUBAJICHTHbIH

TPEYTroJIbHUK C CONPOTUBIEHUSIMU X ,,, X ,;, X,; U HA000POT:
X, X X, X X, X
X,=X,+X,+——, X, =X,+X,+———, X, =X,+X,+——2;
X3 XZ X]
— X X5 X. = XXy X. = X5 Xy
) 2 - ’ 3 - .
X12+X13+X23 X12+X13+X23 X12+X13+X23

3. BemuumHa CBEpXIIEPEXOJHOTO TOKAa (HAYaJbHOIO  3HAYEHUS  IIEPHOAUYECKON

COCTABJISIONIEH TOKAa) B MeCT€ K.3. MOKHO OIPEIEIUTh KaK CyMMYy TOKOB BCEX HCTOYHHUKOB,

1

n
IIPUTEKAIOIINX K MECTy K.3. [, = ZI 4« s TA€ [ - HOMEp BETBEH; /1 -4UCIIO BETBEU.
1

Hanpumep, TOk OT reHepaTOpHBIX BeTBeH (CM. pHC. 2, 0), BRIpaKEHHBII B OTHOCUTEIHHBIX
€IMHULIAaX

I E,
*K[ X :
6
Tox OT cUCTEMBI C, BBIpa)KeHHBIﬁ B OTHOCUTCIIBHBIX CAWMHUIIAX!
o _EC
*KC — )
X]

X, X, N X, X .
X,+X;, X,+X;
CepxmnepexoJHOM TOK B MECTE K.3., BHIpQXKEHHBIM B MUMEHOBAHHBIX €MHUIIAX
[/: :([:KF +[>:KC)'16 ;
rae I, -.6a3uCHBIN TOK CTYIIEHH, Ha KOTOPOH HaXOJUTCS TOYKa K.3., KA.
4. VnmapHblii TOK W HawOoJbIliee ICHCTBYIOIIEE 3HAYCHHWE TOKA K.3. OIPEIEISIFOTCS
HaYyaJIbHBIM MEPUOJUIECKUM TOKOM [ ,ﬂ ¥ y1apHbIM Koo dunmentom K, BETBEH HCTOUHUKOB:

iy& :\/E'zKyi '[I:i"
1

I,=>"1,JI+2(K,~-1).
1

YcpenHeHHbIE 3HAUEHUS YIapHOTO Kod(duiimenTa A XapakTepHBIX BETBEH CUCTEMBI:
- Juist reHeparopuoi BetBu K =1,94+1,98;

rae X, =

- JUIsl BETBU CHUCTEMBl, CBA3aHHOM C IIMHAMH, IJI€ PACCMaTPUBAETCS K.3., BO3IYLIHBIMHU
TUHUSME Hanpsbkenuem  35-220 kB - K )= 1,608+178;

- IS BETBU CHUCTEMBI, CBSA3aHHOW co cOopHbIMU mmHamMu 6-10 kB, rae paccmarpuBaercs
K.3., uepe3 tpancdopmarop K, =1,82+1,93;

Hanpuwmep, yaapHsiii TOK 1 HanOosblee IeHCTBYIOIIee 3HaYeHNEe TOKAa B MECTE K.3. B CXEMe
(cM. puc.2, 6) BIUUCISIEM B BHJIE, KA

i;o :ﬁ'(Kyo '[:KF +Ky() '[:KC)'[iS
I = (L A1+ 2(Kyp = 1) + L 1+ 2(Kye = 1) )1,
rae K,,- ynapHbelii kod3(hQUIHUEHT BETBH reHepartopa; K,.- yaapHblii KO(QQUIMEHT BeTBU

cucteMsl C; /- 0a3UCHBII TOK TOH CTyIEHH, HA KOTOPOI HAXOAUTCA TOUKA K.3., KA.
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Pacuem nepuoouueckoil craearoujeli moka 6 mecme mpex@asnozo K.3. MemoooM Munogblx
KDUBbIX

[Tpu mpubnmkeHHBIX pacueTax TOokoB K3 mnst ompeneneHus NEHCTBYIOMIETO 3HAYCHUS
MEepUOINYECKON cocTaBiisAomel Toka K3 0T CHHXpOHHBIX T€HEpPaTOpOB B IPOU3BOJIbHBIH MOMEHT
BpEMEHHU NpPHU paJUalibHON PACUETHOM CXEME cleAyeT NPUMEHSTh METOJ THIOBBIX KpuBbIX. OH
OCHOBAH Ha MCIOJIb30BAHUHU KPUBBIX U3MEHEHHUs BO BPEMEHH OTHOILICHUS JEHCTBYIOIINX 3HAYCHUM
NepHOINYEcKOi cocTaBistoie Toka K3 oT reHepaTopa B MPOU3BOJIbHBIN U Ha4yaJdbHbIH MOMEHTHI
BpeMeHH, T.€. Vi = In/lno = f(t), TOCTPOEHHBIX AJISl pa3HBIX yaajdeHHocTed Touku K3. IIpu sTom
AJIeKTpUYecKasl yAajJeHHOCTh TOYKU K3 OT CMHXpPOHHON MallMHBI XapaKTepU3YEeTCs] OTHOLIEHHEM
JNEUCTBYIOLIETO 3HAYCHMS MEPUOIUYECKON COCTABIIAIOIIEH TOKA €HepaTopa B HAYAJIbHBIA MOMEHT
K3 k ero HoMruHaNIBHOMY TOKY, T.€.

II'IO SG
£ n0(uom) = :£ n0(6) >
HOM SHOM
rae [, - HadaJbHOE 3HAYCHHE MepuoanYecKoil coctaBistome Ttoka K3 or mamuHbl B
*

OTHOCHTEIIbHBIX €IMHUIIAX MPU BRIOPaHHBIX 0A3UCHBIX YCIOBUSX; S5 - Oa3ucHas MOITHOCTh, MB-A;
Shom - HOMUHAJIbHAsI MOIITHOCTH (TI0JIHAs) CHHXPOHHOM MainHel, MB-A.

TunoBple KpHUBBIE YUYUTHIBAIOT HM3MEHEHHE JCHCTBYIOLIEIO 3HAYECHUS IMEPHOIUYECKON
cocraBisiromiel  Toka K3, ecnu  oTHOLIEHME JIEHCTBYIOIIETO 3HAYEHMs] TEPUOJIUYECKON
COCTaBJISAIOLIEH TOKa TeHepaTopa B HauadbHbIM MOMeHT K3 Kk ero HOMMHaJIbHOMY TOKY pPaBHO WX
O0JIbIIIE IBYX.

IIpy MEHBIINX 3HAYEHMSX 3TOIO OTHOIIECHUS CIEAYET CUMTATh, YTO JECHCTBYIOIEE 3HAUCHUE
nepuoIu4ecKoi cocrapistoeil Toka K3 He u3mensercs Bo BpeMeHH, T.€. Iy = [0 = const.

Pacuer nelicTBytolero 3HaueHus NepUoOIUIeCcKol cocrapistoniei Toka K3 or cuHXxpoHHOTO
reHeparopa B TPOU3BOJBHBIN ((PUKCHUPOBAHHBIH) MOMEHT BPEMEHH C HCIIOJIB30BAaHHEM METOMA
THUIIOBBIX KPUBBIX PEKOMEH]IyEeTCsl BECTH B CIEAYIOIIEM MOPSIKE:

1) mo HMCXOIHON pacueTHOW CXeME€ COCTaBUTb AKBHUBAJIEHTHYIO CXEMY 3aMEILEHUs Ul
OTpe/ieJICHUs] HayaJbHOTO 3HAYCHHUS TNEepHOIMYecKoi cocrtapistonieii Toka K3, B KoTopoit
CHHXPOHHYIO MAIMHY CIIEyeT Yy4ecThb MpPEIBApUTENBbHO NPUBEACHHBIMU K Oa3MCHOM CTyNeHU
HaNpsOKEHUS WIM BBIPAXCHHBIMA B OTHOCHTENBHBIX E€IMHUIAX TPHU BBIOPAHHBIX Oa3MCHBIX
YCIOBUSX CBEPXIEPEXOJHBIM CONpOTUBIEHHEM U cBepxnepexoanod OJOJIC, ¢ mnomolpko
peoO0pa3oBaHmii MPUBECTH CXEMY K MPOCTEHIIEeMY BHIY W ONPEACTUTh JCHCTBYIOIIEE 3HAUYCHUE
MEePUOANYECKOM COCTABIIAIONICH TOKAa B HaUalbHbIM MOMEHT K3;

2) ucnone3ys (GOpMyiy, OINpPENeNUTh 3HAYCHHUE BEITMYMHBI I n0guom) » XapaKTepU3yIoIIe

ANEKTPUUECKYIO yIaJIEHHOCTh pacueTHOM Touku K3 0T CHHXpOHHON MalIuHBI;
3) ucxos U3 TUIA TeHepaTopa M €ro CHCTEMbI BO30YXKIIEHUS, BEIOPATh COOTBETCTBYIOIIUE
TUTIOBBIE KPUBBIE U 110 HAUJEHHOMY 3HAYEHHIO [ (1) BBIOPATH HEOOXOMMYIO KPUBYIO (TIPH 5TOM
*

JOIyCTHMA JIMHEHHAs SKCTPAIIOJIALHS B 00JIACTH CMEKHBIX KPUBBIX);
4) mo BbIOpaHHOW KPUBOH IS 32IaHHOTO MOMEHTa BPEMEHH OIPEIeTUTh KOI(PPHUIIHEHT Yr;
5) omnpeaenuTh KICKOMOE 3HaYeHUE MEPUOIMUECKOr cocTapisonieit Toka K3 oT cuHxpoHHOM
MAIIMHBI B 33JJAHHBI MOMEHT BPEMEHH
Ing =74 L no@) s

rne Is - 6a3uCHBIN TOK TOW CTYNEHM HANPSHKEHHS CETH, HAa KOTOPOH HAaXOIUTCS pacyeTHas TOYKa
K3.

Ecnn ucxonmHas pacdeTHass cXema COACPKUT HECKOJIBKO OJHOTHUIIHBIX CHHXPOHHBIX
reHepaTOPOB, HAXOAUIUXCSA B OJMHAKOBBIX YCIOBHSX IO OTHOIIEHHIO K pacueTHOM Touke K3, To
MOPSZIOK pacyeTra MepHoauYecKoi cocTamisitomled Toka K3 B mpou3BOIBHBINT MOMEHT BpPEMEHU
QHAJIOTUYEH U3JI0XKEHHOMY, TOJILKO MPH OMPEIENCHUH 3HAYCHUS [ oaoy) B TOCIETHION BMECTO

SHOM CJICOAYCT MOACTABJIATE CYMMY HOMUHAJIbHBIX MOHIHOCTeﬁ BCCX OTUX I'CHECPATOPOB.
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Yuem cunxponHvlX U _acuHXpoHHbIX 271eKmpoodsueameneunpu _paciyeme mokos _KOPOMmKO20
3aMbIKAHUA

CreneHp BIMSHUSA CUHXPOHHBIX U aCHHXPOHHBIX 3JIEKTpoJiBUraTesel Ha Tok K3 3aBucut ot
XapakTepa HCXOJAHOM pacyeTHOM CXeMbl, MOJIOXKEeHUs pacueTHor Touku K3, ynameHHOCTH
MOCHeHEH OT PNEKTPOABHIraTeseid U MHOTHX JIPYTUx (aKTOpOB. YCIOBHS, TPU KOTOPBIX pacyeT
HAYaJILbHOTO JCWCTBYIOIIETO 3HAYCHHS TEPUOJANICCKON cocTaBistomeid Toka K3 momkeH ObITH
BBINIOJIHEH C YYETOM CHHXPOHHBIX U ACHHXPOHHBIX AJIEKTPOJBMIraTeNel, M3JI0KEHbI paHee. DTH
YCIIOBUSL CJIEIYeT BBINOJHATh M INPU ONPEICICHUU NEPUOAUUYECKOM cocTaBisitomei Toka K3 B
MPOU3BOJIBHBIA MOMEHT BpeMEHHU. Pacuer HayajapbHOro JECWCTBYIOLIETO 3HAYEHUS MEPUOIUYECKON
coctapisoniell Toka K3 OT CMHXpPOHHBIX M AaCHHXPOHHBIX JIEKTpOABHUrarenei (Win ¢ y4eTom
AJIEKTPO/IBUTaTENEN) ClIeIyeT BhINOIHATh B COOTBETCTBUU C YKa3aHUSMU, U3JI0)KEHHBIMU PAHEE.

[lepuoanueckyro coctaBisitonryro Toka K3 OT CHHXpPOHHBIX WJIM aCHHXPOHHBIX
JIEKTPOJIBUTaTeNed B NPOU3BOJIBHBII MOMEHT BPEMEHH CIIEIYET PAaCCUUTBHIBATH ITYTEM DPELICHUS
COOTBETCTBYIOIIEH cucteMbl auddepeHInalbHbIX YpaBHEHUH TEpPEXOJHBIX TMPOIECCOB U
BBIJICJICHUS U3 HAIICHHOTO TOKA €ro MEepUOANYECKON COCTaBIISIIONIEH, nCHob3yst DBM.

B npubnmkeHHBIX pacueTax Ui OTpEAeTICHUs JEHCTBYIONIETO 3HAYCHHUS MEPUOTUIECKOM
cocrapisoniedt Toka K3 ot C/] unu AJl npu pasHbIX yganeHHOCTSX Toukd K3 B mpou3BOIbHBIN
MOMEHT BpPEMEHHM IIPpM pPAJUAIBHOM CXEME CleAyeT IIPUMEHATh METOJ THIIOBBIX KPHUBBIX

Yicn = Inwep/Inoc ¥ Yian = Tnian/Inoas -

[Topsimox pacuera AEUCTBYIOIIETO 3HAYEHMS MEPHOAUYECKON cocraBisiome Toka K3 ot
CUHXPOHHOTO M AaCHHXPOHHOIO JJIEKTPOABHUIaTeNIed B IIPOU3BOJIBHBII MOMEHT BpPEMEHH C
HCIOJIb30BAHUEM JTUX KpPUBBIX AHAJOTHYEH HU3JI0)KEHHOMY. 3HayeHHe MEepHOIUYEeCcKON
COCTAaBJIAIOLIEH TOKA B KWJIOAMIIEpax B MOMEHT BPEMEHHU / PaBHO

Tnien =vic L nomomy nonct =Y ie £ now) s

B IntAI[ =YtAQ £ nO(HOM)IHOMAI[ =YtAQ £ 110(6)[67
A€ lwowcqy U luowAj - HOMHUHAJIBHBIE TOKM COOTBETCTBEHHO CHHXPOHHOTO M ACHUHXPOHHOIO
aNeKTpoABHUraTeneil; ls - 6a3uCHBIM TOK TON CTYNEHW HANpPSOHKEHHUS CETH, Ha KOTOPOH HaxOIATCs
touka K3 u anexkrpoaBUrarens.

Pacuer geiicTByromero 3Ha4eHUs MEPUOIUUECKON cocTaBstolel Toka K3 B mpou3BoIbHbIN
MOMEHT BPEMEHU OT I'PYIIIBI CHHXPOHHBIX SBHOIOJIOCHBIX MM ACHHXPOHHBIX AJIEKTPOJBUraTeIeH
C YYETOM BJIMSHHUS YAAJIEHHBIX OT pacyeTHOW TOoukd K3 MCTOYHMKOB 3HEPIHM, HO CBA3aHHBIX C
Toukoil K3 o0mum asi 3TUX MCTOYHUKOB U DIIEKTPOABHraTenei conporusieHneM Xy (BeTBb K3)
PEKOMEHIYEeTCsl IPOBOJUTD B CIEAYIOLIEH ITOCIEA0BATEIBHOCTHU:

1) rpynmy mnojuieXamMx Y4eTy CHHXPOHHBIX SIBHOTIOJIOCHBIX MJIM aCHMHXPOHHBIX
AJIEKTPO/IBUraTeNed 3aMEHUTh OJHHMM SKBUBAJIEHTHBIM O/, HOMUHaNbHAas MOIIHOCTb KOTOPOIO
paBHAa CyMME HOMHUHAJIBHBIX MOIIHOCTEH 3aMeHsieMbIX O[], T.e. S, =lzrfSH0Ml- , D€ n - 4HUCIIO

i=1
AJIEKTPOJIBUTATENEH B TPYIIE; Syon; - HOMUHAIBHAS MOIIHOCTD i-T'0 3eKTpoaBurarens, MB-A;

2) 0 MCXOJIHOM pacueTHOM CXEeMe COCTaBUTh COOTBETCTBYIOIIYIO CXEMY 3aMEUICHUS JUIs
OTIpe/IeNIeHUs] Ha4aJIbHOTO 3HAYEHUs MePHOANYecKoi cocTaBstronieii Toka K3, mpeodpasoBats ee B
OKBHBAJICHTHYIO T-00pa3Hyl0 CXeMy H ONpEICIUTh TapaMeTphl BETBEH IMOCIEIHEH - BETBH
JBUTATENILHOW Harpy3ku (0e3 yueTa CONMpOTHBIICHHS JABHUTaTelei) X, BETBU CUCTEMbI X; M BETBH
K3 o06meit miig gBurareneiil 1 CHCTEMEI - Xi;

3) BBIYMCIINUTD NEPUOJAUYECKYIO COCTABIISIONIYIO TOKA OT 3KBUBAJEHTHOro DJ[ B HayaJIbHbBIN

16~ E «)X «©/(X )t X o)/

MOMEHT K3 mpy IpUHATBIX Oa3UCHBIX YCIOBUAX: 0,) = Y X % % ¥ ST
X e X «©/(X o)t X @)+ X 16t X "x0)

rae E")c - HadanbHOE 3HaueHue cBepxrepexoaHon DJIC 9KBUBAJIEHTHOTO JJIEKTPOJIBUTATENS,
*
Ee - OJIC ynaneHHbIX HUCTOYHUKOB DSHEPrUM (CUCTEMBI); X":6) - CBEPXIEpEXoHOe

HHAYKTUBHOC COIMMPOTUBJICHUC 3KBUBAJICHTHOI'O 3JICKTPOABUTATECIIA,
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4) ompenenuTh 3HAUEHHWE BEJIMYMHBI, XapPaKTEPU3YIOLIEH AIIEKTPUYECKYIO YIAJIEHHOCTh

. 1 S
pacueTHO# Touku K3 OT 3KBUBaJIEHTHOTO AJIEKTPOJBUTATENS I 10 (son) = ILO =1 n0n(6)S—6 ;
HOM

(B 3aBUCHMMOCTH OT THIA 3JIEKTPOJBUTATENEH)

HOM.3K

5) 1O HaAWJCHHOMY 3HAYECHHIO [ 0(0m)
*

BBIOpAaTh COOTBETCTBYIOLIYIO THIIOBYIO KpPUBYIO (BO3MOXKHA JIMHEHHASs SKCTPATIONSAIMS MEXIY
CMEXHBIMU KPUBBIMH) U JUTSI 33JAHHOTO MOMEHTA BPEMEHH ¢ OTIPEIEIUTh KO3(DDOUITUEHT v;

6) ompeAenuTb JIEUCTBYIOIIEE 3HAYCHUE TMEPUOJAMYECKOM  COCTaBIAIONICH  TOKa
OKBUBAJICHTHOT'O SJIEKTPO/BUTATENS B MOMEHT BPEMEHH £ [ 1136)= "1 I nox(5) >

7) BBIYMCIIUTH MCKOMOE JAEHCTBYIOIIEE 3HAUEHHUE MEPUOJANYECKOIN COCTaBISIOUICH TOKa B
E o)~ I na@X <o)

*

Mecte K3 B MOMEHT BpeMeHH ¢ [ = Is, Tne Is - 0a3UCHBINA TOK TOW CTYyNEHU
X oot X «©

HaIpsDKEHUS CETH, Ha KOTOpoi HaxoauTces Touka K3.

Yuem xomniexcnou Hazpy3ku npu pacueme moxkoe KOpOmMKo20 3AMbIKAHU

IIpu pacuerax ToxoB K3 cienyer yduThiBaTh BIMSHHE KaXKJOM KOMIUIEKCHON Harpyskw,
eciu Tok B Mecte K3 oT Toit Harpy3ku cocrasisieT He MeHee 5 % Toka B Mecte K3, onpezeneHHoro
0e3 yueTa Harpy3KH.

B o6mem cmygae Tok K3 OT KOMIUIEKCHOM Harpy3ku cJleayeT OmpenensTh Kak
r€OMETPUYECKYI0 CYMMY TOKOB OT OTZEJIbHBIX €€ 3JIEMEHTOB.

B npuOmmkeHHBIX pacyeTax JOMYCKaeTcs SKBHBAJCHTHPOBAHNWE KOMILUIEKCHON HAarpysku ¢
IIpe/ICTaBICHUEM €€ B BUJIE SKkBUBaeHTHON DJIC 1 SKBUBAJIEHTHOTO COIIPOTUBIICHHUS.

OKBUBAJIEHTHOE COIIPOTUBIICHUE psIMO (oOpatHoiT) MOCJIE0BATEIBLHOCTH
Z \ur(wow)>Z 2ur(wow) B OTHOCHTEIIBHBIX €/IMHMI[AX B 3aBHCHMOCTH OT OTHOCHTEJIBHOTO COCTaBa

moTpeOuTeNeH y371a Mpyu HOMHUHAIBHBIX YCIOBHSIX JIOMYCKAETCS PACCUUTHIBATH 1O (hOpMYyIie

1
% 1Hr(HoM) = Sy ’

: 2 2
=] . X 7
! \/ 15 li(HoM) +  li(Hom)

TI€ R jiguomy M X jigwowy - AKTHBHAS W HMHIYKTUBHAs COCTABJISIOIINC COTPOTHBICHHUS MPSIMOM
* *

(oOpaTHO#) TOCIENOBATEIBHOCTH [-TO TOTPEOUTENS, BKIOYAs COCTABIISIOIIME COMPOTUBIICHUS
SIIEMEHTOB, CBS3BIBAIONIMX TOTPEOUTENS C IIMHAMHU Y3J1a; WX 3HAYCHHS B OTHOCHTEIBHBIX
€IMHHULIaX NPYU CYMMAapHOIl HOMHUHAJIBHON MOIIIHOCTH Harpyska Sy, KB-A, u cpeiHeM HOMUHAIBHOM
HaIpsDKEHWH TOM CTYNEHM HAIpPsDKEHUS CETH, TJIe OHA NMPUCOEIUHEHA; S - MOJIHAsl yCTaHOBJICHHAS
MOIITHOCTB i-T'O TIOTPEOHUTENs Harpy3KH, KB-A.

Meton pacuera Toka K3 OT KOMIUIEKCHOW Harpy3kd 3aBHUCHUT OT XapakTepa HCXOJHOMN
CXEMBbI 3aMelleHus y3ia u nosioxenus: Touku K3. [lpu paguansHO#t pacueTHOM cXxeMe JI0IMyCKaeTcs
HE YYWTHIBATh BIHUSHHE CTaTHMYECKHX TMOTpedHTesnel (mpeoOpasoBarenei, >JIeKTPOTEPMHUYECKUX
YCTaHOBOK U JIp.).

I[Ipu K3 3a oOmUM CONMPOTUBICHHEM I Pa3IUYHBIX TOTPEOUTENCH y3J1a Harpy3Ku
HayaJlbHOE 3HAYEHHE NEPUOJUYECKOl cocTaBisoneid Toka TpexdasHoro K3 pexomenmyercs
OTIPEIEIISITh, UCTIONB3YSl BBIPAXKEHUE 1oy = E" "y (2, +Z,y, ), TOE El. W Z, - Pe3yIbTHPYIOIIas
OJIC u compoTHBIICHHE y3lia HArpy3ku. VX 3HaAYEHHS] MOXHO OTPEICIUTH MO JaHHBIM Tall., B
3aBUCHMOCTU OT OTHOCHTEJIBHOTO COCTaBa MOTpeduTenel; Z, - BHEIIHEE CONPOTUBIIEHHE IO

touku K3.

JlelicTBytOIIIeE 3HAUCHUE MTEPUOANUECKON cocTaBiisitoniei Toka K3 B mpou3BoIbHBI MOMEHT
BPEMEHHU C YUETOM BJIEKTPOJIBUTATENEN U CTATUYECKON HArPY3KH y3JIa PEKOMEHIAYETCS ONPEETSATh
KaK Iy =Iny —1eps TAC Iy, - TICPUOJAMYECKAs COCTABJISAIONIASA TOKA K3 B npou3BoJIbHBIIF MOMEHT
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BPEMEHU OT »ieKkTpoasurarencii. OHa ompenensercs C HCHOJIb30BAaHUEM COOTBETCTBYIOIIMX
TUTIOBBIX KPUBBIX; /., - CYMMapHBIA TOK CTaTHYECKHX NoTpedureneii no K3.

ITpu K3 3a oOumwiM 17151 y371a Harpy3Kd U CUCTEMBI COIPOTHUBIICHHEM HadalbHOE 3HAUCHHE
MIEPHOINIECKON COCTaBIISIONIEH TOKa B Touke Tpexdasznoro K3 cienyer onpenensts o Gopmyie
(EcZy +ExZ.)

ok = , tie E, u Ej. - DJIC COOTBETCTBEHHO CHCTEMBI M Yy3Iia
ZCZHI" +ZCZK +ZHFZK

Harpy3ku; Z, - pe3ylbTHPYIOLIEe CONPOTUBIIEHUE CO CTOPOHBI CHCTEMBI O COOPHBIX HIMH Y3I1a;
Z,. - DKBUBQJICHTHOE CONPOTUBICEHUE HArpy3KH, BKIIOYas LENb €€ MOJKIIOYCHHS; Z, -

K
SKBHUBAJIEHTHOE CONPOTHUBIIEHHE 3JIEMEHTOB, BKJIIOYEHHBIX MexAy Toukod K3 um mmuHamu y3na
Harpys3KH.

HavanpHoe 3HaueHue nepuoinyeckoi cocrasistomieit Toka K3 ot y3ia Harpy3ku

. E" U ) ) .
1 our :% , Tne U, - HanpsbkeHue B Touke M : U, =10 Z, .
330-750 m 1 T o
T 35-220 kB
T2
LR

5 K1 A

(1 AR I

K3

a)
K2
Z,
K1
U M
Z, Z, Z,
E"c‘ E"u E"m—

6) ] 2

Puc. Cxema y31a KOMIUIEKCHOW Harpy3Ku M €€ MpeoOpa3oBaHue
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Pacuer HeCHMMETPHYHBIX KOPOTKHUX 3aMbIKAHUIA

Jlnst pacuera TOKOB TpH HecMMMETpuuyHbIX K3 11emecooOpa3sHO HCIONB30BaTh METOX
CUMMETPHYHBIX  COCTaBIsifolIMX. Ilpy  3TOM  KpomMe  CXeMBbl  3aMelIeHHs  MPSMOU
MOCIIEIOBATEIBLHOCTH U pacueTa JIByX¢azHoro K3 HeoOXOaMMO COCTaBUTh CXeMY 3aMeEIICHUs
oOpaTHO# TOCIe0BATENHHOCTH, a JUTsl pacdera oHoda3zHoro u aByxdaznoro K3 Ha 3emitio - Takke
CXEMY 3aMEIIeHHs] HyJIEBOM NOCIIEI0BATEIbHOCTH.

Cxema 3amenieHust 0OpaTHON IMOCIEA0BATEIFHOCTH IO KOH(UTYpAIlMH aHAJIOTUYHA CXEMe
3aMeIICHHUs TIPSIMOM TTOCIIEAOBATENILHOCTH, T.€. B HEH JJOJDKHBI OBITH MPEICTABICHBI BCE 3JIEMEHTHI
HCXOJIHOM pacdyeTHOM cxeMbl. IIpym 3TOM 3JIEKTpHYECKHE MAIIWHBI C BpAIIAlOUMMCI pOTOPOM U
0000IIeHHBIE HArpy3KH Y3J0B JIOJDKHBI OBITh YYTEHBI COOTBETCTBYIOIIMM COTPOTHUBICHHEM
oOpartHo# mocienoBarenbHOCTH, a DJ{C MPHUHATH PaBHBIMH HYJIO. IHIYKTHBHOE COTPOTHUBIICHHE
0o0paTHOW TOCIIEAOBATENFHOCTH CHHXPOHHBIX M ACHHXPOHHBIX AJIEKTPOJBHUTATENICH JOMYCTHMO
MPUHUMATh YHCICHHO DPAaBHBIM HWHIYKTHBHON COCTAaBJISIIOIIEH WX CONPOTHBICHHUS KOPOTKOTO
3aMbIkaHust. COMPOTHBIIEHHE OOPAaTHOM MOCIIEIOBATEIBHOCTH 0000IEHHON HAarpy3ku Kakoro-amoo
y3J1a B 0.€., OTHECEHHOE K IMOJIHOW MOIIHOCTH HAarpy3KH M CpeHEMY HOMUHAIBHOMY HANpsHKEHUIO
TOM CTYNEHH HAIpsDKEHUS CETH, TAE 3Ta Harpy3ka IMpUCOEIUHEHa, celyeT MPUHUMATh PaBHBIM:
npu HanpspkeHuu cetu 35 kB u Gonee X 2(uowy= 0,45 1 IPH HANPSHKEHAN CETH MEHEE X 5(y10y)= 0,35 .

CxeMa 3aMelIeHHs HYJIEBOH MOCIENOBATEIBHOCTH OOBIYHO CYIIECTBEHHO OTJIMYAETCS OT
CXeM TpSMOW U 00paTHOM TocieaoBarenbHOcTel. Ee KoHUrypamus ompeaenseTcs B OCHOBHOM
MOJIOKEHHEM pacdeTHOH Toukun K3 M cxemMamMu coenuHeHHS OOMOTOK TpaHC(HOpPMATOPOB U
aBTOTPAaHC(HOPMATOPOB HCXOTHOM pPACYETHOW cXeMbl. YUTOOBI COCTaBUTH CXEMY 3aMEIICHUS
HYJIEBOW MOCJE0BATEIBHOCTH, CIENYeT NOMYCTHTh, YTO B TOUKe HecumMmeTpuuHoro K3 Bce ¢asb
COCIMHEHBI MEXIY CO00 HAaKOPOTKO M MEXIy 3TOH TOYKOW M 3eMJIeH MPHUIIOKEHO HANpsHKEHHE
HYJIEBOM MOCJIEOBAaTENbHOCTH. 3areM, uad oT Toukd K3 moouepenHo B pa3Hble CTOPOHBI,
HEO0X0IMMO Ha KaXJ0H CTYNEeHH HaNpsHKEHUs UCXOIHON pacueTHOM CXEeMBI BBISIBHTH BO3MOYKHBIC
INyTH LUPKYJSIIUM TOKOB HYJEBOW TMOCIENO0BATENBbHOCTH (LMPKYJIALHS 3THUX TOKOB BO3MOKHA
TOJILKO B TE€X BETBSIX, KOTOpBbIE 00pa3yloT KOHTYPHI JJsl 3aMbIKAHHs TOKOB dYepe3 3eMIII0 H
napajuleNbHble €il 1IeNN) U COOTBETCTBEHHO OINPEAEIUTh AIEMEHThI ATON CXEMbI, KOTOPbIE JOJIKHBI
ObITh BBEIEHBI B cXeMy 3amemieHus. [Ipu 3ToM ciegyer uMeTh B BHUIY, YTO COTPOTHUBIICHHE
HYJIEBOW TIOCJIEJOBATEILHOCTH TpaHchopMaTopa CO CTOPOHBI OOMOTKHM, COEIMHEHHOH B
TPEYrOJIbHUK WM 3BE3Ay C HE3a3eMJICHHOH HEWTpaiablo, OECKOHEYHO BEJIHMKO, T03TOMY
TpaHc(hOpMATOPHI ¢ YKa3aHHBIMU CXEMaMU COEIAWHEHHS M BCE HAXOJIIIMECS 32 HUMH DJIEMEHTHI
HCXOJHOM pacuyeTHOW CXEMbI B CXEMY 3aMEIlleHUs] HYJIEBOH MOCIEI0BAaTEIbHOCTH HE BXOIAT.

[upkynsuust TOKOB HYJEBOM IOCIIEOBATEILHOCTH BO3MOXHA TOJBKO B TOM CIy4ae, €CIH
obMoTKa TpancdopmaTopa, oOpaiieHHas B CTOPOHY pacueTHOl Toukum K3, coenuHeHa B 3BE31y C
3a3€MJICHHON HENUTPAJIBIO.

Cxema 3aMmeleHUs] HYJIEBOW MOCIENOBATEIBHOCTH JBYXOOMOTOYHOTO TpaHchopMmaTopa,
0OMOTKH KOTOPOTO COEIMHEHBI 10 cxeMme Yo/A, mpencTaBiieHa Ha puc. a. I10CKONIbKY HHIYKTHBHOE
COIIPOTHBIIEHHE X0 BO MHOrO pa3 OoJbIlle COMPOTHUBICHUN paccesHUs oOMOTOK X; M Xj, TO B
MCXOJIHOM CXeMe 3aMeIleHHs HYJIeBOU MOCIe0BaTeNbHOCTH TPaHCHOPMATOp C YKa3aHHOW CXeMOn
COeMHEHUST 0OMOTOK MPEICTABISETCS B BUJE OJTHOTO WHIYKTHUBHOTO COMPOTUBICHUS X7 = X| +X]1,
KOTOPO€ C MPOTHBOMOJIOKHOU CTOpPOHBI (Mast OT pacueTHoi Touku K3) coenuHsiercss ¢ TOuko
HYJIEBOTO TIOTEHIIMana CcXeMbl 3amenieHus (¢ 3emueit). Takum oOpa3oMm, e€ciii B HCXOJHOM
pacyeTHOM cxemMe 3a TakuM  TpaHchOopMaTOpoM  HUMEIOTCS  KaKue-TMOO  DIIEMEHTHI
(TparchopmaTopsl, TeHEpaTOPhI, BO3IYIIHBIE WA KaOelbHbIe TUHUH U T.JI.), TO HE3aBUCHUMO OT MX
BUJA W CXEMBl COEAMHEHUS HX OOMOTOK JTH OJJIEMEHTHl B CXEMY 3aMEUIeHHS HYJICBOU
MOCIIEIOBATEIIbHOCTH HE BBOJATCS. JTO OOBSICHSETCS TEM, UYTO MpPH COCTUHEHHH OOMOTOK
Tparcopmatopa mo cxeme Yo/A DJIC HyneBoi MOCIeT0BaTEIPHOCTH, HABOJUMAs B COSTMHEHHOM
TPEYTrOJILHUKOM OOMOTKE, TOJIHOCTHIO KOMIICHCUPYETCSl TIaICHUEM HAIPsDKEHUS OT TOKa HYJIEBOU
MOCIIEIOBATEILHOCTH B MHIYKTUBHOM COTIPOTHBIIEHUH PACCESTHHUS 3TOW OOMOTKH, BCIIEACTBUE YETO
HaNpsDKEHUE HYJIEBOH MMOCIIeI0BATEIFHOCTH Ha BBIBOJAX 3TOW OOMOTKH PaBHO HYIIIO.
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Puc. Cxembl 3aMeIIeHUs HYIEBOU IMOCIIEIOBATEILHOCTH JBYXO0OMOTOYHBIX TPaHC(HOPMATOPOB

B cinyuae coenuHeHHss OOMOTOK JBYXOOMOTOYHOTO TpaHchopmaropa mo cxeme Yo/Y
[UPKYISALUS TOKOB HYJIEBOH TOCIIE0OBATEIILHOCTH B 0OMOTKE, COETMHEHHO B 3BE3/1y, HEBO3MOXKHA
(cM. cxeMmy 3aMeleHUsi HYJIEBOW TOCIEIOBATEIBHOCTH TAaKOro TpaHcdopMaTopa Ha puc. 0).
[Tockonbky y TpaHCcOpPMaTOpOB € HOMHMHAIBHBIM HampshkeHHeM oOMoTok cBbime 1 kB
COIIPOTHBIIEHUE X0 BECbMa 3HAYUTENIFHO, TO B CXEMY 3aMEILEHHs HYJIEBOH MOCIEI0BATEILHOCTH
Takue TpaHc(hopMaTopsl HE BBOIAIT.

CxeMa 3aMmelleHUs] HYJIEBOW MOCIENOBATEIBHOCTH JABYXOOMOTOYHOTO TpaHchopMmaTopa,
OOMOTKM KOTOpOTO COEOMHEHb mo cxeme Yo/Yy, mnpeacraBieHa Ha puc. 6. OueBHIHO,
TpaHchopMaTop  HEOOXOJMMO  BBOAWTH B HUCXOJHYID  CXeMY  3aMEIICHUs  HYJIEBOU
MOCIIEIOBATEILHOCTH TOJBKO B TOM CiIy4yae, €clii Ha cTopoHe oOMOTkM Il mMeercst KOHTYyp uist
[UPKYISALIANA  TOKOB HYJIEBOM TIOCJIENOBATENBHOCTH (MMEIOTCS B BHUAY DJIEKTPOYCTAaHOBKU
HanpsbkeHueM cBbiile 1 kB, korna X0 >> Xi+Xp).

ComnpoTuBieHHE HYIEBOH MOCIEIOBATEIBHOCTH TPEXOOMOTOYHOTO TpaHCcopMaropa co
CTOPOHBI OOMOTKH, COCIMHEHHOW B 3BE3y C 3a3€MJICHHON HEWTPablo, 3aBUCHT OT CXEMBI
COCIMHEHUS JBYX APYruX oOMOTOK. OOBIYHO OJJHA W3 HHUX COCJMHEHA TPEYroJbHUKOM, a Jpyras
MOJKET OBITh COEMHEHA WM TPEYTOJIbHUKOM, WM B 3BE3]ly C M30JIMPOBAHHON HEUTpPAJIbIO, UM B
3BE€37ly C 3a3€MJICHHOW HeuTpanblo. B 1mepBoM cllydyae KOMIEHCAIUMs TOKAa HYJIEBOMU
MOCIIEIOBATEILHOCTH OOMOTKH, OOpalmieHHON K pacueTHoi Touke K3, ocymiecTBisieTcss TOKamMu
o0enx  OOMOTOK, COCJMHEHHBIX  TPEYrOJbHMKOM, MW  CXéMa  3aMelleHUus  HYJIEeBOH
MOCIIEIOBATEIHLHOCTH TAaKOTO TpaHCc(hopMaTopa UMEET BUJ, Kak MOKa3aHo Ha puc. 3,2, a.

I 1II I II
ey~ () A Ry e
2N oS ﬁ;&
o e K e X
i
a) i 6) III )
Puc. Cxembl 3aMeIIEHUS HYJICBOU IMOCIIEIOBATEILHOCTH TPEXOOMOTOYHBIX TPAaHCHOPMATOPOB

[Tpu >TOM CONPOTHUBIICHHE HYJIEBOU MOCIEIOBATENLHOCTH TpaHchopmaropa Xy = Xy + Xy //
Xm. Bo BTOpOoM ciydae mo oOMOTKE, COCIMMHEHHOW B 3BE3y C HW30JMPOBAHHOW HEUTPAIIBIO,
MPOTEKAaHUE TOKAa HYJIEBOW IMOCIEAOBATEIIBHOCTH HEBO3MOXKHO (CM. CXEMY Ha pHUC. 6), TOITOMY
COIIPOTHUBJICHUE HYJIEBOH IMOCIIEAOBATENIFHOCTH TaKOTO TpaHCopmaropa X0 =X1 + Xum. B
TPEThEM Cllydae ITUPKYJISAIUS TOKA HYIEBOW MOCIIEOBATEILHOCTH BO3MOXHA U B oOMoTke 11 (cm.
pHC. 8), €CI B CETH, DJIEKTPUYECKH CBS3aHHOW C 3TOW OOMOTKOHM, 0OecreueHbl YCIOBHUS JUIS
3aMBIKaHHS 3TOTO TOKa.

CxeMa 3aMmelieHus] HyJEBOW IMOCIEN0BATEILHOCTH aBTOTpaHc(opMaTopa, KOTOPI HMeEeT
00MOTKY, COETMHEHHYIO TPEYTOJIbHUKOM, a €r0 HEHTpallb 3a3eMJIeHa HariyXxo, aHAJIOTHUYHA CXeMe
3aMEIICHUs] HYJIEBOW IMOCIENOBATEIBLHOCTH TPEXOOMOTOYHOTO TpaHchopMaTopa, y KOTOpPOTO
0OMOTKM coeuHeHbI TIo cxeme Yo/ Yo/A (cM. puc. 6).

Cocmaenenue ucxoOHoUu KOMNIEKCHOU cXemMbl 3ameweruss Oisl pacuema HeCUMMEempUudHbIX
KOPOMKUX 3AMbIKAHULL

B Tex cmywasx, korja TpeOyeTcs ONpPENeIUTh TOKH W HANPSHKEHHs] HE TOJBKO B MECTe
HecumMmeTpuyHoro K3, HO W B Jpyrmx BETBAX W TOYKaX pPACYETHOM CXEMBI, Ieecoo0pa3Ho
HCIIOJIB30BaTh KOMILJICKCHBIE CXEMBI 3aMeleHus. MIcXoHbIe KOMIUIEKCHBIE CXEMBbI 3aMEILCHUS JIJIs
pacuera nByxdasznoro K3 um nByxdaznmoro K3 Ha 3emiro moiydaroTcs MyTeM COEAMHCHHUS
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COOTBCTCTBCHHO Hadall U KOHIOB MCXOAHBIX CXEM 3aMCIICHUA Pa3JINYHBIX HOCHCHOB&TCHBHOCTCﬁ,

KaK IMOKa3aHO Ha puc.

L, I
KAl
H Cxema K|—— H, Cxema K, | ZxaL
! o ! - npAMoii e
o npsmoit  © E P
E  gocnenosarensaocTH MOC/IE0BaTEbHOCTH
1 I
KA2 H ., K KA2
gz Cxema o6parHoi Ifz - _ 2 Cxema obpatHoit "2 | —o
NOCIIEIOBATENEHOCTH TOCTIEMOBATENBHOCTH
. K |
f{g Cxema Hynesoi 0 L
TIOCIIE0BATENBHOCTH

Puc. KoMmiuiekcHasg cxeMa 3aMelleHUs
st iByx(dasznoro K3 Ha 3emutto

Puc. KoMmiuiekcHasg cxeMa 3aMelleHUs
s neyxgaszaoro K3

KommekcHyro cxemy 3amerneHus st onHodaszHoro K3, B KOTOpOH BBITIOJNHSIOTCS BCE
COOTHOHICHUSA HE TOJIBKO IJId CUMMCETPHUYHBIX COCTABJIAIOIIUX TOKa oco0oit (ba31)1, HO U AJId
CUMMCTPUYHBIX COCTABJIAIOINUX HANOPSIKCHHUA, MOXKHO TIIOJIYYUTb, CCJIM CXCEMbl 3aMCUICHUA
OTIEIBHBIX IOCICIOBATEIILHOCTEH COCTMHUTH MEXKIYy CO0OM ¢ TIOMOIIBIO  HACATBHBIX
MIPOMEKYTOYHBIX TpaHC(HOPMATOPOB (T.€. TpaHCHOPMATOPOB, Y KOTOPHIX MOTEPH MOIIHOCTH U TOK
HAMarHU4MBaHUS PaBHBI HYINO) ¢ Kodddummenrom tpanchopmanuu 1:1. Takas KoMIUIEeKCHas
cxeMa 3aMeIICHUs TIPUBEICHA Ha PUC. d.

[lpy aHaNMUTHYECKHX pacdeTax JOIMYCKaeTCs WCIOJb30BATh YIPOUICHHYI KOMIUIEKCHYIO
CXeMy 3aMelleHHs 0e3 MPOMEXKYTOUHBIX TpaHCc(HOPMATOPOB, KOTOpas CHpaBEIUIMBA TOJBKO JUIs
CHMMETPHUYHBIX COCTABISIONIUX TOKa 0c000# (a3bl. Takas KOMIUICKCHAasI cXeMa IpEJICTaBICHA Ha
puc. 6.

I H, C K =
o 1 XeMa I
H, Cxema K| ° @ L o
7 npamoit E ITpAMOX
1$hcos 1o NOCHENOBATENBHOCTH
3CxeMa obpatHoii (g —— § 2 Cxema oGparnoii ‘2 | —=—
——“ L%
MOC/IeAOBATENLHOCTH TI0CICAOBATENLHOCTH
H - K IKAO I
o CxeMa HyneBoil o] —e— i I,
— 0
MOCIEAOBATEILHOCTH _ 0 Cxema nynesoi I.(&
MOC/ICOBATEIBHOCTH
a) 0)

Puc. KoMruiekcHbIe CXeMBI 3aMelIeHus it ogHo¢a3zHoro K3:
@) — TO4Has; 6) — NpUOIMKEHHAs




Yuem ezaumounoyxuyuu aunuti snexkmponepedadu

[Ipu ompeneneHuy CONMPOTUBIICHHS HYICBOW TMOCIEAOBATEIHLHOCTA BO3AYIIHBIX JUHUN
aNIeKTpoTIepeadd He0OX0JMMO YUUTHIBATh BIIMSIHAE B3aMMOWHIYKIIUHA OT JPYrUX JTHHHUHA (11enei),
IIPOJIOKEHHBIX I10 TOM XKe Tpacce.

NHaykTHBHOE COMPOTHBICHUE B3aMMOWHIYKIIMA HYIEBOW TOCIEAOBATEIHHOCTH OIHOMN
[eNu OT JPYrod (T.e. MEXAy MPOBOJOM OJHOU IENMU W TpeMs MPOBOJAMH JPYro IENu) MpH
OTCYTCTBHH Y 00€HX Iernel 3a3eMIeHHBIX TPOocoB, OM/KM, ClelyeT OmpeesiaTh o Gopmyre

Ds
XI—HO = 0,435 lg D N
1-11

rie D3 ~ 935 M — »dKBUBaJCHTHas TIJIyOMHA BO3BpaTa TOKa depe3 3emiio; Dij — cpeaHee
reOMETPHUUECKOE pacCcTosiHUE Mexy uensamu I u I, kotopoe onpenensercs pacCTOSHUAMU MEXKY
KaJIbIM TIpoBoJIoM (4, B, C) nenu [ u xaxasm ripoBojoM (4', B', C') uenu II:

Di_yy =3/D 4 Dap D acDpaDppDpc Doy Doy Dec -

[Ipy Hanuuuum y nemnei 3a3eMIJICHHBIX TPOCOB CONPOTHUBIIEHUE B3aMMOMHIAYKLIMH HYJIEBOM
IIOCJIEIOBATEIBHOCTH OJHOM LENU OT JPYrol CleayeT OIpPEAeNsATh C y4eTOM 3THX TPOCOB,
UCTIOJIB3YS GOPMYITY

X {0 = X1-110 = XrroXwrro / X0 5
rae Xito U Xuro — UHIAYKTUBHBIE COMMPOTUBIICHUS B3AMMOUHIYKIIUA HYJIEBOW MOCIEA0BATEIBHOCTH
MEXK/Jy NPOBOJAMH COOTBETCTBEHHO IIEpBOM M BTOpPOM LENEd M CHCTEMOW TpPOCOB; Xto —
WHIYKTUBHOE CONPOTUBIICHUE HYJIEBOM MOCIEA0BATEIBHOCTA CUCTEMBI TPOCOB.

IIpumenssss MeTOA CHUMMETPUYHBIX COCTABJISKOMIUX IS  HECMMMETPUYHBIX
Tpex(a3HbIX CHCTEM TOKOB M HANPsKeHUd M npeHeOperasi BJMSIHMEM BBICHIUX FAPMOHUK,
pacueTbl pekuMOB HecumMMeTpuuHoro K3 B ogHOM MecTe menu MOKHO NPOU3BOIMTH
aHaJIOrM4HO pacyery Tpexdasnoro K3.

Ecnmu mapamerpbl Bcex (a3 HCXOTHOW pacyeTHOH CXEeMBl OJIMHAKOBBI, a TMPUYUHON
HAPYIIEHUS CUMMETPHUU SBJISIETCA KOPOTKOE 3aMbIKAHHE B OJTHOM WJIM JIByX MECTaX, TO JIJIsl pacyera
TOKOB Mpu HecuMMeTpuuHbIX K3 ciegyer mpuMeHATh METOJI CHMMETPUYHBIX COCTABJISIONINX, TaK
KaK TMPU YKAa3aHHBIX YCJIOBHSIX 3TOT METOJ] MMEET OOJbIIHE MPEHMYIIECTBA: CUMMETPHUUYHBIC
CHCTEMBI TOKOB MpPSIMOW, OOpaTHOW W HYJIEBOH MOCIENOBATENBHOCTEH CBs3aHBI 3aKOHOM Oma
TOJIBKO C CHMMETPHUYHBIMU CUCTEMAMU HAINPSHKEHUN OJJHOMMEHHOM MOCIE0BATEIIBHOCTH:

AU =1 Zy;

AUy =152,;

AUg=1yZy;
rne Z,, Z,; Z, - CONPOTHBIEHHS COOTBETCTBEHHO MpsAMOIl, oOpaTHOH u HyneBoO’
[IOCJIEOBATEIBHOCTEN.

[TockonbKy Tpu 3TOM pas3Hble (Pa3bl CHMMETPUYHON CUCTEMBI JIFO00H MOCIeI0BaTENFHOCTH
HAXOJATCS B OJMHAKOBBIX YCIOBHAX (B HHUX COONIOAAETCS CHUMMETPHsI TOKOB, HANpsOKEHWHA WU
JAPYTUX DJJIEKTPUYECKUX BEJIMYMH), TO METOJ CUMMETPUUYHBIX COCTABIJISIOIIUX IO3BOJISIET
HCIIOJIb30BAaTh SKBUBAJICHTHBIE CXEMbl 3aMEUICHUS PAa3IMUHBIX IOCJIEOBATEIBHOCTEH B
OJTHOJIMHEWHOM H300paXCeHUM M BECTH pPAcyeThl sl OJHOM (a3l (OHa OOBIYHO Ha3bIBAeTCs
0co00it).

Ilpumeuanue. 1lpn HecummeTpuuHblx K3 BeiencTBue HECHMMETPUHM POTOpPA CUHXPOHHBIX
MalIuH TOMHUMO OCHOBHOM rapMOHUKH TOK K3 coiepkUT BbICIINE TAPMOHUYECKUE COCTABIISIOLIHE.
OTO CyIecTBEHHO 3aTpyaHseT pacueTsl TOKOB K3. UTOOB MMETh BO3MOKHOCTD PUMEHSTH METO]T
CUMMETPHYHBIX COCTaBJISIOMIKUX B OOBIYHON (opMe KaK TpU pacdyeTe yCTAaHOBHBIIUXCS TOKOB
HecuMMeTpuuHbIX K3, Tak ¥ TOKOB INpH MEPEXOJHBIX Ipolieccax, JIOIMYCTUMO IpeHeOperarb
BBICIIMMH FapMOHUYECKUMHU COCTaBIISIOIIMMHU Toka K3.

OOBIYHO TIPY KOPOTKUX 3aMBIKAHUSAX B OCHOBHBIX IIETIAX AJIEKTPOIHEPreTUYECKUX CHCTEM
PE3YIBTUPYIOLEE SKBUBAJIECHTHOE MHAYKTUBHOE COIIPOTUBJIEHHE PACUETHOM CXEMbl OTHOCUTEIBLHO
toukn K3 3HaUMTENBHO MPEBBIMIAET PE3yNbTUPYIOIIEe aKTUBHOE compoTuBieHue (B 10 u Oomee
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pa3), TO3TOMY pacueT TMEePUOJUYECKON COCTABISIONIEH TOKa TMpU HecuMMmeTpuuHbix K3
JOIyCKAeTCsl MPOU3BOJUTH, HE YYHUTHIBAs AKTHBHBIE COMPOTUBIICHUS PA3IHMYHBIX AIIEMEHTOB
pacueTHO# cxeMbl. [Ipu 3TOM yCIOBHM TOK MPSMOHN IMOCIEA0BATEIBLHOCTH 0c000# (a3pl B MecTe
moboro HecummeTpuaHoro K3 cnemyer onpenensarts no ¢popmyie
jgx)l - =X ’
Xz +AX ™)
rae (n) - Bux Hecummerpuunoro K3; E,. - pesynbrupytomas sksuBaieHtHas JJ[C Bcex

YUUTBIBAEMBIX HMCTOYHUKOB OJHEPTUHU; Xz - pPE3YIbTUPYIOIIEe SKBUBAJCHTHOE HHIYKTUBHOE
COMPOTHUBJIGHUE CXEMBI 3aMEIICHUS TMPSMON IOCIIEAOBATENFHOCTH OTHOCHTEIBHO TOYKHU
necummerpuusoro  K3; AX™ - jomonmHuTenbHOE WMHAYKTHBHOE CONMPOTHBICHHE, KOTOPOE
ompenensercs BUAoM HecuMmMerpuyHoro K3 (n) m mapameTpamMu cxeMm 3aMelleHus 0OpaTHOW U
HyJeBo# (mpu ogHOGa3HOM U BYXdazHoMm K3 Ha 3eMiTi0) mocie1oBaTenbHOCTEH.

Toxu 0OpaTHOI 1 HYJIEBOU MOCIENOBATEIBHOCTEW 0CO00H (ha3bl B MECTE HECUMMETPHYHOTO
K3 cBsi3aHbI ¢ TOKOM TPSMOI MOCTIEIOBATEIHHOCTH COOTHOIICHUSIMHU:

- iput iByX(hasHoM K3 7, =1 a;;

- iput 0HOGA3HOM K3 [0y =T ng = [iass
S — U Lepg =Ial L .
Xz + Xox Xz + Xox

Moayis ToJTHOTO (CyMMapHOT0) TOKa TIOBpeXIeHHOH (a3el B MecTe HecuMMmeTpuaHoro K3
CBSI3aH C MOJYJEM COOTBETCTBYIOIIETO TOKAa TMPSMOW IOCIEAOBATENBHOCTH CIIEAYIOIIUM
COOTHOIIICHUEM:

o
()

- npu aByxGazHoM K3 Ha 3eMII0 [y =1 p

_ ()
=m ® [Kl

9

rae m - kK03 duumeHT, Moka3pBarOMINH, BO CKOJIBKO Pa3 MOIYJb MOJHOTO (CyMMapHOTO) TOKa
MOBpeXJIeHHOH (hazbl ipu n-u BUAe HecuMmMeTpudHoro K3 B pacuerHoit Touke K3 mpeBblmmaeT Tok
MPsIMOM MOCNIEA0BATEIBLHOCTH NpH 3TOM ke Buae K3 u B ToH jxe Touke.

IIpu pacuerax HecummeTpuuHblXx K3 ompeneneHuto mouiexuT He Toiabko ToK K3, HO
HanpspkeHue B mecte K3.

Hanpsoxenne npsMoii TOCiIe0BaTeNbHOCTH 0co00i (a3el B TOUKe HecuMMmeTpuuHoro K3
M060T0 BUIA COCTABIAET U py = jlqAX ™.

Hanpsokenuss obparHoit 1 HyneBoil (mpu omHodazHoM u nByxdazaom K3 Ha 3emitio)
nocJieIoBarenbHOCTel 0c000# (a3bl B Touke K3 paBHBI COOTBETCTBEHHO:

- iput iByX(hasHoM K3 U, xr =Uay;

- iput 0HOGA3HOM K3 U py =—jlp Xox U Ugag =il a0 Xos

- ipu iByXpaznoM K3 Ha 3eMitto U, py =Uyag = Uy -

CtpykTypa QOpMyIbl TOKa3bIBa€T, 4YTO TOK MPSIMON MOCIEIOBATEIBLHOCTH JIIOOOTO
HecumMeTpuyHoro K3 MoskeT OBITH oOmpenenieH Kak TOK SKBHBaJEeHTHOTO Tpexdaznoro K3,
yIaJEHHOTO OT JAeicTBUTENbHOM Toukd K3 Ha 10NOJIHUTENbHOE COIPOTUBIICHHE AX™. Tlocnenmee
HE 3aBHUCUT OT paccCMaTpPUBAEMOI'0 MOMEHTA BPEMEHHU M ONPENENSIETCS TOJbKO Pe3yJbTHPYIOIIUMHU
SKBUBAJICHTHBIMU COMPOTHUBIICHUSIMA OOpAaTHOW M HYJEBOW MOCIENOBATEIHHOCTEH OTHOCHUTEIEHO
pacuetHO# Touku K3. DTO mosjoxeHue, U3BECTHOE KaK IPAaBMJIO 3KBUBAJEHTHOCTH TOKa NPSAMOI
MOCIIEIOBATEILHOCTH, TMOKA3bIBACT, YTO JUISI pacdyeTa TOKa MPSMOM IMOCIeN0BATEILHOCTH JIFOOOTO
HecumMeTpuyHOro K3 MoryT OBITH MCIIOJIB30BAaHBI BCE METOJBI pacueTa Toka Tpexdasnoro K3. A
IV OTIpeNieNIeHUs] MOMYJNsl pe3ynbTupyromero Toka K3 moBpexaeHHONH (a3l JI0CTaTOYHO
HAWJICHHBIN TOK MPAMON MOCJIEI0BATEIBHOCTH YBEIUYUTH B m™ pas.

Ananutnueckue pacueTsl Toka K3 OT CHHXpOHHOW MallMHBI B IPOU3BOJIBHBIA MOMEHT
BpEMEHU IpU HecuMMeTpudHOM K3 pekoMeHIyeTcsi BBINOJHATH C HCHOJB30BAaHHEM METO/a
TUTNIOBBIX KPUBBIX. [Ipr 3TOM pacueTsl enecooOpa3Ho BECTH B CIIAYIOIIEM TOPSIKE:

1) mo ucXonHOM pacyeTHON CXEME€ COCTABUTH SKBHBAJIECHTHBIE CXEMbl 3aMEILEHUS MPSIMOH,
oOpatHOW 1 HyneBo#l (mpu oxHodaszHoM U aByxdasHoMm K3 Ha 3emii0) mocienoBaTeIbHOCTEMH,
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BBIPa3MB BCE MapaMETPhl B OTHOCUTEIBHBIX €MHUIAX TIPU MTPEIBAPUTEIBHO BHIOPAHHBIX 0a3UCHBIX
YCIIOBHSIX, IPUYEM B CXEME€ 3aMelIeHHs] TPSIMOHM MOCIe0BATEIbHOCTH CHHXPOHHYIO MAIIuHY
cienyer yuecth cBepxnepexoano DJIC (mpeaBapuTeNbHO HaWIEHHOW M3 MPEAIIEeCTBYIOIIETO
pEeXHMa) U CBEPXIIEPEXOJHBIM COMTPOTUBIICHUEM;

2) ¢ momoIIbi0 NpeoOpa3oBaHUl MPUBECTH CXEMbI K MPOCTEHIIEMY BUAY U OMPEACIHTH
AX™;

3) onpenenuThs HavalabHOE JEMCTBYIOIIEE 3HAUEHUE TOKA MPSAMOI 1OCIIEI0BATEIbHOCTH

, 5”0(6) ‘
e~
*
YieetAY o
4) onpenenUTh 3HAYCHUE BENHUUHBL [ |;o40v) XAPAKTEPUBYIOLIEH —IIEKTPUUECKYHO
*

YAQJIEHHOCTh pacyeTHOU Touku K3 0T CHHXpOHHON MaIlIMHbI
S6

1 =1 )
» 1m0(eom)~ 2 110(6) SHOM

5) B COOTBETCTBUM C THIIOM T'€HEpaTopa, €ro CHUCTEeMBl BO30YKICHUS W HaiJICHHBIM
3HAYEHUEM [ |;(4oy) BBHIOPATH HEOOXOJIMMYHO THIOBYK) KPUBYKO M JUIs 33/ldHHOTO MOMEHTA
*

BPEMEHH OIPENENIUTh KOAPDHUIHEHT Yy,
6) ornpeaenuTh HCKOMOE 3HaYeHUE NEPUOIMUECKON cocTapisonieit Toka K3 oT cuHxpoHHOM
MAIlIMHBI B 33/IaHHBII MOMEHT BPEMEHU

Ly =m™y, I o) Lo »

@ __ Koa(hduIMeHT, 3aBucsmii oT Buaa K3.

rac m

Onpedenenue mokos npAMOu, NOC1e008aAMENbHOCIU 8 MeCHe HeCUMMEMPUIHO20 K.3.

1. CocraBnsieTcss cxema 3aMeIIeHUs IS TOKOB MPSMOW TOCIENO0BAaTEIbHOCTH. OTa
cxeMa sBISIETCS OOBIYHOM CXeMOH, KOTOPYIO COCTaBJISIOT JJIsi pacuera TOKOB TIpH
Tpexda3HOM K.3., T.K. MOCJIEJHUE SBIAIOTCS TOKaMHU MPsSMOIl moclienoBaTenbHOCTH. [lanee,
yapouiasga CX€My OTHOCUTCIIBHO paCCManHBaeMOﬁ TOYKH HCCUMMCETPUYIHOTO K.3., OIPCACIAIOT
ee skBuBalIeHTHYI0 DJIC E, M cyMMapHOE COIPOTUBIICHUE

2. CocraBnsieTcss cXxeMa 3aMeIeHUsl I TOKOB OOpaTHOUW mociemoBaTelbHOCTH. Cxema
COCTOUT UX TpPEX 3JIEMEHTOB, KaK M CXeMa NPSAMOHN IOCJIEI0BATEIILHOCTH, T.K. TOKH NPSIMON U
00paTHOM TOCIEe0BATEIBHOCTEH MPOTEKAIOT 110 OJHUM U TEM K€ IYTSIM.

Ormmume: Ttouku mpwmioxkenus DJIC wucrounmkoB 3aszemistorcs, T.K. DJIC oOparHoit
MOCIIEI0BATEIbHOCTH T€HEPUPYIOIIUX BETBEH YCIOBHO MPHUHHUMAIOT PaBHBIMU Hymo (£, =0);
TEHepaTOpbl 3aMELIalOTCsl CO CBOMMM CONPOTHBICHUSMH OOpPAaTHOM IOCIENOBATENBHOCTH X .
(comporuBnenne X*d 3aMmeHsieTcss compotuBieHHeM X,). B naHHON paboTe MOKHO IpPUHSTH
X,=X,.

ComportuBienne TpaHCHOPMATOPOB, JIMHUM W peakTopa NpsIMOM ©  0OpaTHOM

IIOCJIEI0BATEIILHOCTEN PABHBI.
Hanee ymnpomass CXeMy OTHOCHTEIBHO TOYKHM HECMMMETPUYHOIO K.3. OIPEIENAIOT €€

CYMMapHO€ COIIPOTHUBJICHHE X ;. .
X5 K
|

Puc. YnpomenHas cxema oOpaTHOH TOCIET0BATEEHOCTH

Koneunas cxema uMeeT BUI.

3. CocraBnsercs cxema 3aMCIICHUA AJ1S1 TOKOB Hy.]ICBOﬁ IOCICA0BATCIBbHOCTH.
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CxeMa CyIIECTBEHHO OTJIMYAETCSI OT CXEMbI IPSAMOI M 00paTHOW MOCIIeA0BATENFHOCTH, T.K.
TOKH HYJIEBOH MOCIIE0BATEIBHOCTH MPOTEKAIOT IO ITYTAM, OTJIIMYHBIM OT ITyTEH MPOTEKAHHs TOKOB
npu Tpexda3HoM K.3.

Toku HyneBO# MOCIEI0BATENBHOCTH, IPOTEKAst OT MECTA K.3., MOTYT UMETh BO3BPAT K MECTY
K.3. TOJIbKO 4epe3 3eMITI0 U TapauielbHble el menu (TpocChl JIMHUN, 000JI0UKa Kabeiel, HyIeBbIe
npoBosa). [loaromy, mpucTynas K COCTaBICHHIO CXEMBI, MPEXKIE BCET0 HEOOXOIMMO YCTaHOBHTH
BO3MOJKHBIE KOHTYpPBI MPOTEKaHMsI TOKa HYJIEBOHM IMOCHeI0BaTeIbHOCTH. [t oOpa3oBaHusi Takux
KOHTYPOB HEOOXOIMMO dTOOBI B IIENH, D3JCKTPUYECKH CBSI3aHHOH C TOYKOW K.3., MMEJHCH
3a3eMJICHHbIE HEHTpau dNieMeHTa (reHeparopa, TpanchopmaTopa).

CocraBneHrne cXembl ClelyeT HauuHaTh OT TOYKHM K.3. BUJ 3TOH cXembl 3aBUCHT OT
KOJIMYECTBA TPAHCPOPMATOPOB U CXEMBI COSIMHEHUI UX 0OMOTOK.

Hanpumep, paccMoTpuM TpaHchopmarop, UMEIONHN coeauHenne ooMoTok Y / A. IlycTh
3TOT TpaHc(hOpPMAaTOp HA yIACTOK CETH BKIIFOUEH, KaK Ha PHC.

K-1 K-2
Puc. Bapuaum exnrouenus mpancghopmamopa 6 cemo

Ecmu Touka k.3. K-1 co cTOpoHB OOMOTKH, COEIMHEHHOW B 3a3€MJICHHYIO 3BE31y, TO
oOpasyeTcs HUPKYISIINS TOKa HYJIEBOH MOCIEI0BATEIBHOCTH: Yepe3 TOUKH K.3. TIOMAIaeT B 3€MIIIO,
3areM B HelTpans oOMoTku BH Tpanchopmaropa, namee mo tpem daszam oomotku BH, nmuaun u
oOpatHO K Touke K.3. Kpome TOro, BO BTOPHYHOW OOMOTKE COEIMHEHHON B TPEYroJIbHUK
tpancopmaropa HaBoautcs DJIC HyIeBOW MOCIEIOBATEIHPHOCTH U TaK Kak (a3wl 3TOW 0OMOTKH
COEIMHEHbl B TPEYrOJbHUK, TO B HHUX BO3HHMKAeT TOK HYJEBOM IOCJIEIOBATEIIbHOCTH, HE
BBIXOJISIIHH 32 TIPEAeIbl TPEYroJIbHHKA.

Takum oOpa3zoM, B cirydae k.3. B Touke K-1 B cxemy HyJIeBO# MOCIEIOBATEILHOCTH BOMIET
caM TpaHc(hOpMaTOp U 3JIEMEHTHI OT CXEMBI TOUYKH K.3. JI0 9TOTO TpaHcopmaropa , T.e. B CXeMY
JIOJIKHBI BOMTH BCE JIEMEHTBI, [0 KOTOPHIM MONIET TOK HYJIEBOM MMOCIIE0BATEIbHOCTH.

Ecmn touka k.3. K-2 co cTOpOHBI OOMOTKH, COEIMHEHHONW B TPEYrOJBHUK TO Cam
TpaHc(hOpMaTOp M DJIEMEHTHI OT TOYKH K.3. JIO 3TOro TpaHcopMmaropa B CXeMy HE BOMJET, T.K.
yepe3 0OMOTKH COAMHEHHON B TPEYTOJIbHUK, TOK HYJIEBOH MOCIIE0BATEILHOCTH HE 00pa3yeTcs.

XOZ X’V K(n)
Y

Puc. Cxema 3amewenus nynesou nociedosamenbHocmu

[Ipumep cocTaBiaeHNs U IPEOOPA3OBAHMS CXEM 3aMEIIECHUS

JUIsi MCXOJHOM pPACUETHOW CXEMBbl, NPEICTAaBICHHONM Ha PHUC. @, COCTABUTb HCXOJHBIE
SKBUBAJICHTHBIE CXEMBI 3aMEIICHUsI IPAMOiA, 00paTHOW M HyJIeBOH mocienoBatensHocTeil mpu K3
Ha 3emJto B Touke K1 U mpeoOpazoBaTh X B SKBHUBAJICHTHBIE PE3YIbTUPYIOUINE CXeMbl. PacueTsl
MPOBECTH C HCIOJB30BAHUEM CHUCTEMBl OTHOCHTEIBHBIX EIUMHHUI] U C Yy4eTOM (PaKTHUYECKHX
ko3 UIMEeHTOB  TpaHchopMaIyi CWJIOBBIX  TpaHCHOPMATOPOB H  aBTOTpaHCopMaTopa.
[TapameTpsl HCXOAHOW PACYETHOU CXEMBI IIPUBE/ICHBI HUXKE.

I'eneparopel 1 u 2: Pyoy = 63 MBT; Uyon = 10,5 kB; cos Quon = 0,8; X" g iow) = 0,136;

X 2ow) = 0,166; no K3 renepaTopbl paboTamu B PEKUME XOJOCTOTO XOJa C HOMHHAIBHBIM

HaIpsPKCHUCM.
Peaxtop 9: Uyon = 10 kB; oy = 2500 A; X = 0,35 Owm.
Tpancdopmaropst 3 u 4: Syon = 40 MB-A; n=121/10,5 xB; u, = 10,5 %.
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ABTtoTpanchopmaTop: Suow = 125 MB-A; n = 230/121/10,5 kB; uxs-c = 11 %; uxsn = 32 %;
UxC-H = 20%.

Juaum 10 u 11: /= 50 xM; X1y, =0,4 OM/kM; Xoyy =1,2 OM/KM.

Cucrema 8: Syon = 2000 MB-A; X te(now) = 1,0; X 0c(rom) = 1,1.

HcxonHple CXeMbl 3aMeIIeHUs MPsSIMOM, OOpaTHOW W HYJIEBOW TOCIEeI0BaTEIbHOCTEH
IIPE/ICTaBJIEHbl COOTBETCTBEHHO Ha PUC. O, 6 U 2.

®*<§9 (&)
OmmCD

E

0,173 0,2625
——@—l’_‘l——r’—j—
E, 2 [] 4

0,173 0,2625
»—@—I—I——m—

2) 4C)

Puc. Tlpumep cocTaBieHUS CXeM 3aMelIeHHsI PSMOU, 00paTHON U HYJIEBOU MOCIIEA0BATEIHLHOCTEH
u onpeneneHus pe3ynbtupyromux 3/1C u conpoTUBIIEHH TPU KOPOTKOM 3aMbIKaHUH B TOUKe K1

OOMOTKa HM3IIEro HAaIpsDKEHHsI aBTOTpaHcopmaTopa HE HarpyXeHa, MO3TOMY OHa He
BBOJIMTCSI B CXEMBI 3aMEIEHHsI TPSIMO 1 00paTHOM MOCIIeI0BaTEIHHOCTEH.

B kauecTBe 0a3UCHBIX €TUHUI] BEIOUPACM:

S6 =100 MB-A u Us = 121 kB.
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1 1 1
Torma Ugy =———121=105kB; Ugy =————121=230kB; u Ugy =———121=10,5kB.

121/10,5 121/230 121/10,5
100 10,5° 10,5 100 105°
Ilo dhopm JIeX —X 0136 — =0173; X —X —_— =0,2625.
dopmy. 1(6) 2(6)= 63/08 1052 3(6) 4©= 700 20 1052
Jliis aBTOTpaHchopMaropa MpeIBapuTEIIbHO HAXOIUM X Beiow) > X Clrom) > X Hwow) -
* * *
X Buow)= 0,005(11+32-20) = 0,115 X (gou)=0,005(11+20-32) =0;
100 2307
X Huow)=0,005(32:+20-11) =0,205, OITOMY X 56)=0 1 X 5= 0,115+ =0,092..
230
_ _ 100 2307
Jst cuctemsl 06b19HO TPUHUMAIOT E = Uon = Ucpuow, HIOITOMY X =1,0—— =0,05.
* 8(6) 2000 23()2
100 100
HO q)OpMyJIe X 9(6)= 0 351— —0 317 X 10(6)_X 11(6)_0 4.50- K _0 1366.
OJIC renepatopoB E )= E 55=—— _105_ ;
¥ ¥ Uy 10,5
U,
DJIC cHCTEMBI E 35=—1"" _230_
* Usm 230

Cxema 00paTHOI MOCIeI0BATETBHOCTH OTIUYACTCS OT CXEMBbI MPSMOM MOCIIEI0BATEIBHOCTH

TOJIBKO T€M, 4TO B Hel oTcyTcTBYIOT D/]C, a cConpoTHBIEHUS T€HEPATOPOB
100 10,5°

63/08 10,52

B cxeMy 3ameleHusi HyJI€eBOM NOCIEI0BATEIBHOCTH I€HEPATOPhl U PEAKTOpP HE BBOJAATCA,
TaKk Kak OHHM HaxoJiTCs 3a TpaHCPOpMATOpaMH C COCTMHEHHEM OOMOTOK 1o cxeme Yo/A, HO
BBOJMTCSI OOMOTKA HHU3ILEr0 HAIMPsDKEHUS aBTOTpaHc(hopMaTopa, COSMHEHHAs B TPEYTOJIbHUK.
100 105>
125 1()’52
ConpoTuBieHHs HyJEBOM NOCIEI0BATEIBHOCTH CUCTEMBI U JIMHUNA COOTBETCTBEHHO PaBHBI
X 8o=1 %. 2302 =0055 1 X Jy5=X ?1(6)_1,2.50.&2=0,41.

230 121

ITockosbky Eq6)=E 26, X16=X 26) U X 36=X 45, TO IpH K3 morenmmansr ¢ obenx

X 15=X 26=0166——— =02108.

ComnpoTuBieHne 3T0i1 0OMOTKH X 76)=0.205—~ =0,164.

CTOPOH PEAKTOPa OJUHAKOBBI, IO3TOMY OH MOXET OBITh 3aKOPOYEH WM MCKIIOYEH. DTO YIPOIIAET
3a/1avqy MpeoOpa30BaHUS CXEMBI:
X 2e=X 10t X 30T X 106=X 136)=X 20+ X 46t X 116)= 057213

EreX 130+ £ 20X 126

Euwo=E 10" E 206)= =15 X 146)= X 1266)/ X 13(6)=0,286.

X 3@t X 1266
COHpOTI/IBJICHI/Ie )*( 15(6)= )f 5(6)+ )f 6(6)+ )f 8(6)= 0,1 42.
0,286-0,142
0,286+ 0,142

AHanmoru4yHbIlE  NpeoOpa3oBaHMS  CXeMBl ~ OOpaTHOM  MOCHETOBATENBHOCTH  JAlOT
X 25(5)=0,097 . DeMEHTApHBIE NPEOOPA3OBAHMS CXEMBI HYJIEBOH TOCIIE0BATENBHOCTH QK0T
*

Tpn 5TOM X 156= & 146/ X 156)= =0095; E y6)=L 30/ £ 4=

X 03(5)=0.063.

DOKBHUBAJICHTHBIE PE3YJAbTHPYIOUINE CXEMBl 3aMEUIeHHS TNpsSMOH, OOpaTHOW W HYJIEBOH
MOCIIEIOBATEIHLHOCTEH, MOJIydeHHbIE B pe3yiabTaTe MpeoOpa3oBaHUIl PaCCMOTPEHHBIX HCXOIHBIX
CXEM 3aMEIIEHHs], IPEJCTAaBICHbI COOTBETCTBEHHO Ha PUC. 0, € U JiC.
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IMpumep pacuera Tpex(a3HOro H HECUMMETPHYHOT0 KOPOTKOI0 3aMbIKAHUSI.
Tabmuna 1 — Xapakrepuctuku JIOI

Jlnuna nunuii, km Yoenvnvie napamempuoi, Om/km
J1 J12 JI3 JI4 Xyo Ry
160 200 260 30 0,36 0,07
Tabmuna 2 — CocTosiHEE HEHTpain TpaHCPOPMATOPOB
Pl P2 P3 P4 P5
- - - X X
Tabmuna 3 — TexHuueckue TaHHBIE 3JIEMEHTOB AIEKTPHUYECKON CETH
Cmanyus 1
Typbozenepamopwi Tpancghopmamopwi Peaxmopuvi
P, Mem|Cosp,| xd | X'd | X |xar| ¢ | Y (U, o) xm | Y| Kl xom
100 0,85 24 | 0,183 0223 | 100 | 125 | 242 | 11 30 10 1045 ] 80
Cmanyus 2
Typbozenepamopul Tpancpopmamopwi
n |P,MBm| Cosp | xd | xd| x» |xdR| S.MBA| UyuxB | U, % | XR
3 500 0,8 2,2 1028 025 150 630 242 10,5 50
Cmanyus 3
Typbozenepamopul Tpancpopmamopwi
n |P,MBm| Cosp | xd | xd| x» |xdR| S.MBA| UyuxB | U, % | X/R
8 171 0,85 | 1.12 | 0,27 | 0,28 50 200 242 11 30
Cmanyus 3
Asmompancgopmamop Cucmema Hl H?2 H3
SMBA | Uy, kB | Uey, kB | Usgrs | Uieen | Ukge | X/'R | Se MBA | SMBA | SMBA | S MBA
500 500 230 35 22 11 50 4500 1000 200 880

Cmanyug 2
Lucmema

1)

P5 T
\_I_ Fvd
A3 l
H2
Vi Y
H3 Hr
T - T
Ph 12 P2
. . .
D D
e
Cmawyug 3 Cmawyug 1
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Onpec)eﬂeHue napamempoe 3J1eMermos, cocmaenlernue u npe06pa306aHue CXemMm 3ameulerusl.

Cocmasnsem cxemy 3ameujeHus.
£

5

H -+

Iapamempol 21emenmos 0151 0moebHbiX NOCAIe008aAMeENbHOCIEl

Pacuér BeITIONHSIEM B 0.€. ba3WCHYI0 MOIITHOCTH MPHHUMAEM B CBSI3U C YKa3aHHBIM PSJIOM:
100; 1000; 10000. Ilpuaumaem Oa3zucHYrO MOIIHOCTH paBHYIO S; = 1000 MBA. Omnpenenenue
MapaMeTPOB CXEMBI 3aMEIECHUSI.

Lenepamopui: E = \/Xd -Cosp, )’ +(X,-Sinp, +1)°
E.. = \/(2.4 -0.85)* +(2.4-0.527 +1)* =2.057 ;E.,, = \/(0.183 -0.85)” +(0.183-0.527+1)* =0.917 ;

E.,, =+/(0.28-0.85)> +(0.28-0.527 +1)> =0.862; E.., =+/(2.2-0.85)* +(2.2-0.527 +1)> =1.789 ;

El =J(0.27-0.8)> +(0.27-0.6+1)> =1.165; E., =+/(1.12-0.8)> +(1.12-0.6+1)* =1.853;
1000-0,85 1000-0,85

S, -Cosp, S, - Coso,

X=X, - =2.4- =204; Xop =X - - =0.183- =0.183;
Hl1 H1
X, =x, 507 CO _(y3. 1000085 ) g6,y _,. 1000-0.85 ;.
By, 100 500-3
X _0.8.1000-0.85 0.159; X, _0.25.1000-0.85 =0.142;
X,y _1.12. 100008 _ 696, X, _027.1000-08 _ 5.
Xoys _0.28.1000:08 _ 5y
Cucmema: X.. = S 1000 _ 5595,
S. 4500

JI71st cucTeMBbl KOHEUHOM MOIIIHOCTH PEKOMEHyeTcs MpUuHUMath: X;c = Xo¢; Ecox = 1.
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Haepysku:

Harpy3ku B cxemy 3aMemeHI/m JUISL CBEPXIIEPEXOTHOTO PEKUMa BXOIST KaK UCTOYHHKH C
napamerpamu E,,. =0.85, X,. =0.35, a B yCTAHOBHMBIIEMCS PEKHUME K.3. — Epre = 0, Xppros = 1,2.
Jlyist 00paTHOM MOCIEA0BATENBHOCTH Xop+oo = 0,35, mist HyneBoit — Xypm+, = 0,15.

[TpuBOIMM K Ga3UCHBIM yCIIOBUSIM:

S, 1000 S, 1000

X=X, =12.-—0=12.—=12; . X. =0.35-——=0.35;
H1 H1 S, 1000 201 T rHl T SH] 1000
Xy =Xy =0.15- =2 S _0.15.1000_, 15; X.,,=X,,,=1.2- % :1.2-1000:6;
S 1000 Sy, 200
Xiyyyr = *H2—035 55 —2-=0.35- @—175 Xigyr =0.15-—= 55 —2-=0.15- m—075
1o 200 1o 200
X*H3—X,:H3:1.2 =1.2- @—1364 Xy = *H3—035 5 —2=0.35- m—0398
3 880 Sus 880
Xigy; =0.15-—= 55 =0.15- m—0 75.
Sus 200
Bozoywumnvie munuu:
X, S, 036 1000 S, 1000
X*m:X*zszy'l'U_Ep N -1 0 =0544; X, ,,=X,-1- :zp— . e =1.361;
S, 1000 S, 1000
X*m:Xy()-l- g— 36- e =1.769; Xigs =X, -l g— 36- e =0.204.
cp cp
Jns ogHoniennHoM muHuK Xy = 3X)7
s nyxuennoit muauu Xor = 4,7X;
KXoy =4.7-0.544=2.557; X,,,, =3-1.361=4.083; X,,,; =3-1.769=5.307 ;
Xiops =3-0.204=0.612.
Peaxmopur:
ComnpoTuBieHus NIpIMOii, 00paTHON U HYJIEBOH MOCIIEIOBATEIHLHOCTEH PEAKTOPOB PABHO:
X*PzXP-Sg =0. 1000—4082
cp 5
Aemompancd)owwamop:
Uz=05U_, +Ug, ,+U . ,)=0,5-11+35-22)=12 %;
Uc=05Ug,+U(py+tU, ,)=0,5-11+22-35)=~1 %,;
Uz;=05U_; Uy —Up)=0535+22-11)=23 %.
- :UKB _i: 12-1000 —0.24; X, = UKC S5 —1-1000 —0.02;
100 S, 100-500 100 S, 100-500
_&i 23-1000
™ 7100 S, 100-500
0
Tpancgpopmamopsr: X., = X., = Y. A)L
100 S, -n
11 1000 105 1000
Xy =Xy = —=0.88; X.., =X, —=0.056;
n 7100 125 27012 7006303
11 1000 ) . .
Xipy = Xigry = 100 'm=0.069, Xy =0.85-0.88=0.75; X,);, =0.85-0.056=10.048 ;

Xoors = 0.85-0.069 = 0.059.
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IIpeobpazosanue cxemovl nPAMOU NOCIEO08AMEIbHOCIU
[Tpeobpazyem oTaensHO X71, Xp, Xry

X,i 4.082?

X, =2X,+- 5224082+ = - =898,

I'l

X, X

X, =X, =X, + X, + I —4.082+2-20.4=44.882,

P

2 2
X 2-4.082+4'0823 =18.873,

X_2X+

I'l

Xo=X.=X,+2X, =4082+2-0.183=7.193.

X &
X7
1
| — |
X, X
[n [n
_ XX, X, X, X;
2 TN 14025, X, =—2 1L 21279, X, =——TL_—0.072,
2 T1+XP
. v Xy X
o= =0.736, X, = X, =1 _—0.805.
2X,,+ X,
Xﬂ
[f7
X2 X’
X,=X,+X,=14761, X, =X, + X, =2.084, X,, =—2 + X, =7.453, X, =ﬁ+X; =1.079
10 10

" " ; X, +X
X,=X;3+X,,=0765, X,,=X,,+X,,=0237, X, :%:1.032,

232



o X "x £
3 H? H
F ]
£ X, X X X Xy £y
T — T
&+ . H—+©
Yo Xy
oF ®
£ X
: s Xﬂ] \ Xfé [J
& ] e C)
£, X, |j X X, X |j X, £
& ] )
E. - X, +E, -X, E. - X, +E, - X X, X,
E = =0.06, E, = =0.913, X,, =L -(.147,
X11+XH1 X11+XH1 11+XH1
cX X, E. - X, +E, . -X . E.- X +E -X
X, =—1 "M =0269, E, =—12 12— 715 _(30], f,=—12"12 12 "1 _] 6,
X11+X X15+XH2 X15+XH2
X.-X X.- X E. - X, .+E, .- X
=22 = 0,135, X, =—2—H2 =0.133, E, =05 13 T2 (304,
X15+XH2 X15+XH2 X12+XH3
. E. X .+E. . -X . XX
E,=—13 713 —H3 712 1038, X,,=—2"1 -0.141,
X12+XH3 12+XH3
£ X
: ? Xﬂ] \ XZJ [4
[5 )(22 |j)(m X79|j
X=X, +Xﬂ4+M=3.455, X, =X, +Xﬂ4+M=2.617,
14 14
X, - X ] X X
X,y=X,,+ X+ 24710 20373, X, =X, + X, + =121 20,508,
JI2 JI2
X, =X, +X, RESEIETNPPTYY X, =X, +X, XX 3387
JT4 JT4
£ _E X+ E X, 0292, E X, +E, X21_1033
S .
X;+X, X21+X
X, X, X, - X E -X, +E -X
) —_0119 X, =—2"18 -0135, E, =——16 73 =20 (288,
X X21+X13 X16+X20
. E -X +E X X X X X
E, = 16 2L 1055, X,, =—10 220 0128, X,, =102 _(.128.
X16+X21 16+X20 16+X20
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£ KXo X5
O =
_ XX XX
= Xz X =1.06, X,, =—L—2=0939, X, =—1—2=0.326,
X+ X+ X, XX 2 X
C XX X, X C XX
Xy = TS 20289, X, = SIS 20,167, X, = AT 20,195,
SX >X 2X
[[ XZ?
@_‘:’_ X £

£ X,
S =
Xy, =X, +X,,=0445, X, =X, + X,.=0424, X, = X, + X,, = 0.629,
X, - X " XX, ;
—1 =2 1+ X,, =0.261, X, :W—XZE‘+X24 =1.197.

27 +X28 28 + 27

Xy =X+ X, =0.658, X,, =

IIpeoOpasoBanyne CXeMbl 3aMelleHHsi 00paTHOW MOC/IEI0BATENbHOCTH MPOU3BOJUTCS
aHAJIOTHYHO CXeMe MpsAMOii nocienoBarenbHocty, 0e3 yuera D/IC. Iomyyaem: X, =0.146 .

CocTaBieHHE CXEMbl 3aMEIICHUs HYJICBOW MOCIEIOBATEILHOCTH MPOU3BOIUTCS OT TOUKHU
KOPOTKOTO 3aMBIKaHHsS C Yy4eTOM 3a3eMJICHHUS OOMOTOK He#Tpaseil TpaHchOpMaTOpoB H
aBTOTpaHC(HOPMATOPOB.

X, = Koot _ 055 X, =X, + X, +ersXerz o 354,
Xo.?H +X0T3 oH1
X=X, +X, 1, +—X"H‘X"”2 =5234, X,=X_,,+ X, +—X"”4X"H1 =5.234,
oJT4 oJ12
XX X, X
=X o054, x, = XeXom _g3g3 x, = KK _g464.
X1+X3 X4+X02H Xoﬂl+X2+XoJ73
X X X
X, = T2 1869, X, = Xy 3879, X, =X, +X,=1923,
X()JT1+X2+X0J73 Xoﬂl+X2+XoJ73

KXo |y 4375, x, = Suke
X11+X10 X12+X6

234

X, =X, +X,=0668, X, = =0.349.



AHaNIOTUYHO TIpeoOpazyeM cxemy K BUY:

S

X

CyMMapHO€ MHyKTUBHOE CONPOTUBIICHUE HYJIEBOU MOCIEN0BATEIbHOCTH PABHO:
X,;=0.349.

CBopaurBaHNE CXEMbI AKTUBHBIX COIIPOTUBICHUM CBEPXIIEPEXOJHOIO PEKUMa BEAETCSA Kak
B MPSIMOIA 1 0OpaTHOM MOCIIEI0BATENBHOCTSX, 0€3 y4éTa HArpy30K, £ U CHCTEMBI.
CymMmapHOe aKTHBHOE CONPOTHUBIIEHHE paBHO: R,, =0.002.

Pacuér nepuoanyeckoil coCcTaBadonIell TOKa TPEX(A3ZHOIO K.3.

Jls yCTaHOBUBLIETOCS 3HAYEHUsS TOKa: [ = £, 1. =7.017KA.
X

Jliist cBepxriepexoiHoro Toka: [ = 7[ 5 =22.833 KA.

YapHblii TOK B MECTE K.3. [, = V2 K, I =64.575 KA.

X 11 -
T =12-50773; t,=—=——=318-10°; T, =T -1,=0.161; K, =I+e 7 =2.
O R, we 314 o

MOMIHOCTB K.3. B MecTe oBpexkaeHnst S, =~/3-U,, -1 = 9096 MBA.
JlelicTByrONIEE 3HAYEHHUE TIOJIHOTO TOKA K.3. 33 MEPBbIil EPUOJI Er0 N3MEHEHHS
I=1"\J1+2-(K,~1)} =39.543 xA.

PacuéT HECHMETPHYHOr0 KOPOTKOIO 3aMbIKaHHUs
Jlnst ommodazuoro k.3. AX =X, + X, =0.501.

30

E; I,

HavansHoe 3HaueHHe ToKa MpAMOii ToceoBaTensHocT: [, = b 7 =3.714 xA.
b

nl

Jlnst oHodazuoro k.3. m'" = 3.
Toxu npsiMoii, 00paTHON M HYJIEBOH MOCIEI0BATEIBHOCTEH:
() _ p(1) _ (1) _ _
I =D =D =] ] =3714 kA
HanpsbkeHus OTIenbHBIX TOCIIEI0BATEIBHOCTEH B MECTE K.3. ONPEIENISIEM B COOTBETCTBUH C
ypaBaeHusimu 11 3axona Kupxroda:
M _ Ay ® 7O
Ug =JAX -1,
m _ ; M
Uk, =0—- Xy - 1),
m _ ; )
Uko =0—JjXos - 1,9

2
Pacuér BeiéM B MIMEHOBaHHBIX equHUIax AX" = AX h =26.503 Owm ;
[
U; U,
Xy =X, —5=7829 Om; X,y =X,;-—%=186740m;
S S,

U =j3.714-26.503 = j98.425,xB; U\} =-j3.714-7.829=-729.076 , xB;
UY)=-j3.714-18.674 =—j69.349 , kB.

235



Onpenenenre Gha3HbIX BEAUYUH U MOCTPOSHUE BEKTOPHBIX TUATPAMM .
JUist HanpsKEHUN :

U1(<;3) =a’ 'U1(<11) +a 'U1(<12) + U1(<1())
UI(<1C) =a-U]+a’-U) + U1(<1())}

a=e’"" =Cos120+ jSin120 =—0.5+ j0.87; a’ =e’*’ = Cos240 + jSin240 =—0.5— j0.87 ;
a’-Ul)=85.63—j49.212,kB; a-U!] =25.296 + j14.538, xB;

U =110.926 - j104.023, xB;

a U =-85.63-j49.212,xB; o -U{]=-25.296+ j14.538, kB;

U =-110.926-j104.023,xB; U/ =U"+UY+U[} =0, xB.

Jns TokoB:

[2“ :[1(<11) +[1(<12) +[1(<1()) :3[1(;4)1‘1’ KA;
[12;) =a’ '[1(<11) +a'[1(<12) +[1(<1()) .

[I(<1C) :a'[1(<11) +a’ '[1(<12) +[1(<1()) ’

a’ 1) =—1.857—j3.231,xA; a-1{] =—1.857+ j3.231,xA; 1) =0, kA;
a-1) =—1.857+j3.231,xA; a’-1{) =—-1.857—j3.231,xA; IV =0, KA.

HOCTpOGHI/IG BCKTOPHBIX JUarpaMm TOKOB U HaHpH)KeHI/Iﬁ B TOYKEC KOPOTKOT'O 3aMbIKaHUS.

I .
,
|




\ &
S
y
-~
N
~
s~

\
Y

+]

Jnst iByxdha3HOro KOPOTKOTo 3aMbikanms: AX?) = X 50 =0.148.
"(2) _ Ez '[5

"

"X+ AX

HavanpHoe 3HaueHne ToKa MpsIMOM MOCIeI0BaTeIbHOCTH: [ =871, KA.

s nByxhazHOTOo K.3. m = J3.
Tok o6paTHoit mocneoBatensHocT: I(;) =—1{7) =—8.71 KA.

HanpsbkeHus OTIenbHBIX TOCIIEI0BATEIBHOCTEH B MECTE K.3. ONPEIENISIEM B COOTBETCTBUH C
ypaBueHusimH 11 3akona Kupxroda:

U = jAX " [

U =0-jX,5 - 17

UL =0—jX,5 11

U = j68.191,xB; U = j68.191, xB.

Onpeodenenue d)CZS’HbDC BEIUYUH U NOCMPOECHUE BEKMOPHBIX OUACDAMM

Jns ToxoB:
Toks dase A: 1,=1,,+1,,,=0,kA. Toxs pase B: I, =a’l,,, +a I,,,=—j15.156, KA.

TokB ¢ase C: I, =a I, +a’l,,, = jI15.156, KA.
a’l,, =—4.355—j7.578,kA; a I, =4.355—j7.578,KkA;
al,, =-4.355+j7.578,xkA4; a’'l,,,=4.355+ j7.578,xA.

JUist HanpsKEHUMN :
Hanpsoxenue B paze A: U =U) +U) = j136.382 kB.

Hanpsixenue B paze B: UL =a’ U +a U} =-j68.191 kB .
Hanpsoxenue B gpaze C: UL =a U +a’-U) =-j68.191«B.
a’ U =59.326-j34.096 kB; a -U) =-59.326— j34.096 B ;
a U =-59.326—j34.096 kB; a’-UY) =59.326 - j34.096 kB .
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HOCTpOGHI/Ie BCKTOPHBIX JUarpaMm TOKOB U HaHpH)KeHI/Iﬁ B TOYKEC KOPOTKOT'O 3aMbIKaHUS.

;*/
Z/A“

U/(AZ 3 U/(A 7
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Jlist Z[BVXd)aSHOFO KOPOTKOT'O 3aMbIKAHHMA Ha 3CMJIIO:

i~ Ko Xy _ 18.674:7.829

X, +X,3 7.829+18.674

=5,502 Om

HauanpHO€ 3HaueHHE TOKA HpSIMOfI IOCICI0BATCIIBHOCTH

[ E, I,

m _10,447 KA .
11X

X30'X13 )
X +X,;

30

Jnst iByx(ha3HOTO K.3 Ha 3eMJII0. m = J3-
Toxu 0OpaTHOM U HyJIEBOH MOCIEI0BATEIBHOCTEMH:

X
LB —_736Ikd; IV =—I().
X3+ Xy

T —-3,086 KA.

[(1-1) [(1 1)
kA2
X13 +X3()

kAl

HamnpsbkeHus OTIenbHBIX TOCIIEI0BATEIBHOCTEH B MECTE K.3. ONPEIENISIEM B COOTBETCTBUH C
ypaBueHusim 11 3akona Kupxroda:

U” 1) _JAX”“ _[(5.1)
U(l V=0- JXos [;;U ;
U1(<1(}U =0—jX,s '[;é'l)
ULV =j57,478 xB;
Ul =j57,478 xB;
UV =j57,478 xB.

Onpeodenenue d)CZS’HbDC BEIUYUH U NOCMPOECHUE BEKMOPHBIX OUACDAMM

Jns ToxoB:

ToxB daze A: [,=1,,,+1,,, =0KA.

TokB dase B: I, =d’l ,+a I ,+1,,,=-4,629— j15493KA.
Toks ¢ase C: I.=a I, +a’l,,+1,,=-4,629+ j15493 KA.
a’l,, =-5223-j9,089kA; a I, =3,68—j6,404 k4;
al, =368+ 6,404xA; &I, =-5223+ 9,089 kA.

JUtst HanpsKEHUN :

Hanpsokenue B gaze A: U =UL" + ULV +ULLY = j172,434 kB .
Hanpsokenue B gaze B: UY" =a’ - U +a -UL +UY =0«B.
Hanpsokenue B gaze C: U =a -UY +a” - UL +USY =0 kB

a Ul =50,006—j28,739kB; a U}’ =-50,006— j28,739 kB ;
a -ULY =-50,006-j28,739kB; a’-UL)” =50,006— j28,739 kB
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HOCTpOGHI/Ie BCKTOPHBLIX JUAarpaMM TOKOB U HaHpiDKeHI/Iﬁ B TOYKEC KOPOTKOT'O 3aMbIKaHUS.

y
Y
|

U/\’A7 A UA
A U/(AZ
A Uy
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OnpeaeneHre HANPSHKSHUS B YIAJCHHOMW TOYKE HA CPEJHEH CTOPOHE aBTOTDaHCd)ODMaTODa
opu OZ[HOd)aSHOM KOPOTKOM 3aMBbIKaHHH.

[Tagenne HampspKeHHWsT OT TOYKM K.3. /IO INMH aBTOTpaHchopmaropa Ui CXeMbl HPSIMOM
IIOCJIEOBATEIBbHOCTH

£ X

£

c

£
) Xos
S i
24 23
[5: o
Yo Uni Xy

.
e Xz ‘

- 4
£p X

: 27 /2

2 2
X, :I.197-230 =03.321 Om; X, :0.658-230 =34.808 Om.
1000 1000

_E,-UY)  224.4-98425
X,, 63.321
X _ogs. 34808 _
X, +X,, 34.808+22.43

2 2
X, 093923 40673 om: x,,=0.424-20 ~ 2243 O
1000 00

I, = 1.986 KA.

I,=1

3 2

1.208 KA.

2
230" _ 10.316 Om.
00

X,;=0.195-

Ul =U+1,-X,,+1,-X,, =98.425+1.986-49.673+1.208-10.316 = 209.54 xB.
OOpaTHas moceI0BaTEIbHOCTh

X } X
Ko X
— 4
X
v

—— =




2 2
X, = 1.195- 230 _ 63235 Om: X,y =0.659- 230 — 34843 Om.
1000 1000

_U,Q’;_29.076_046KA
X, 63235 '
X 4 3B 76 ka
X, +X,, 34.843+22.85
2
230" _ 55 85 Owm;

2
X, =0.935-23% _ 49,435 Om: X, =0.432-
1000 1000

I, =1,

2
X,s=0.196 - 230 =10.392 Om.
1000

ul=Ul-1,-X,,—1,-X,, ==29.076 —0.46 - 49.435—0.276 - 10.392 = —54.684 xB.

HyJIGB as IIocCJICaA0BaTCIbHOCTD

XL’?

X72 Xé
— -
>/, /, <
Xﬂ
XQ Xé
| \>—< B
X70
XTB U/7717 X7
—l XQ Xé
- H \>—< -
X70
—> /

2 2
X, =4375-23" _231440m: X, =0.668-220 = 35337 Om;
1000 1000

2 2
X,0:I.923-230 =101.73 Owm; X9:3.879-230 =205.19 Om;
1000 1000

2
X, =0464-220 _ 24 546 0m.
1000

(1)
UL 693490
X, 231.44
X, 35337 o007

I,=1,-—=1__—03.
X, +X 35.337+101.73
10 11

U —1,-X,-1,-X, =—69.349—0.3-205.19 - 0.077 - 24.546 = —132.796 KB,

U(l)

mo
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Onpeoenenue chasnvix geruyun U NOCMpoeHue 6eKMOPHOU OUAZDAMMbL HA CDEOHel CMOpOoHe
asmompancgopmamopa.

JUist HanpsKEHUMN :

Hanpsokenue B gaze A: U =U) +U') +U) = j209.54— j54.684 — j132.796 = j22.06 kB .
Hanpsokenue B gpaze B: US/ =a’-U{/ +a U/} +U{)/=0xB.

Hanpsokenue B paze C: UL =a -U{)+a’ - U} +UY) =0«B

@ Ul)=182.3-j104.77kB; a -U\] =47.575+ j27.342 kB

a U =-182.3-j104.77 kB ; a’ U} =-47.575+ j27.342 kB

J

Ui

Unz

Unay Unp

| |
2
~ ! aUg~ -~

Um B0

OnpeaeneHrie HANPSHKEHUS B YIAJCHHOM TOYKE HA CPEJIHEH CTOPOHE aBTOTDaHCd)ODMaTODa
opu Z[BVXd)aSHOM KOPOTKOM 3aMbIKaHHH.

[Tanenne HampspKeHHWsT OT TOYKM K.3. /IO INMH aBTOTpaHchopmaropa Ui CXeMbl HPSIMOM
IIOCJIEOBATEIbHOCTH
[IpsiMas nmocnenoBaTENbHOCTD
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£7 /Y}7
£5 /Y}H XZ) £4
B >/, |, <
: XZE
(: H |7 £
X24 XZ) ‘
£5: X27
f[
X75’ Uﬂ77 XZ&
£
T L s 4
B /}
£5 X27
S — 7
2 2
X, =1.197- 220 63301 Om; X, =0.658- 23" = 34.808 Om.
1000 1000
_77(2) _
j o EsmUG _2244-68.191_ ) o
X, 63.321
L=t —Xs 5450 3%308 ;405 .
X+ X,, 34.808 +22.43
2 2 2
X,, =0.939- 230" _ 49.673 Om: X, =0.424-2320 _ 2243 Owm:
1000 1000

2
X, =0.195.252
1000

=10.316 Om.

U =U +1,-X,,+1,-X,, =68.191+2.464-49.673+ 1.498-10.316 = 206.04 xB.
OOpaTHas moceI0BaTeIbHOCTh

Xy 3
/Y]H } XZJ

XZH
X24 } XZJ
X27
X7H U/”Z XZ&
X24 XZJ
—
X
——



230° 230°

X,y =1.195-2=63.235 OM; X, =0.659-2—— =34.843 Om.
1000 1000
(2)
=Yz 08191} o ea.
X, 63.235
L=l — X 78385 _6s5i Al

X+ X, 34.843+22.85
230° 230°

X,, =0.935-22" = 49.435 Om; X,, =0.432-2——=22.85 Owm;
1000 1000

2
X, =0.196-232
1000

=10.392 Om.

U2 =0 -1,-X,,—1,-X,, =68.191—-1.078-49.435—0.651-10.392 = 8.135 xB.

Onpeoenenue chasuvix gequyun U NOCMpoeHue 86eKMOPHOU OUAZDAMMbL HA CDEOHel CMOpOoHe
asmompancgopmamopa.

JUts HanpsKEHUN :

Hanpsokenue B Qaze A: U =U) +UL) = j206.04 + j8.135 = j214.175 kB .
Hanpsixenue B pasze B: U =a’ - U +a U\ =172.177 - j107.087 kB
Hanpsokenue B Qpaze C: UL =a U +a’ U} =—-172.177 - j107.087 kB .
a-U)=179.255-j103.02xB; a -U) =-7.077 - j4.067 kB .

a -UY) =-179.255-j103.02xB; a’-U) =7.077 - j4.067 xB.

Y
|
|

U

AN Txaz

A
U/(Ai




OmnpenencHye HANPsHKEHUs B yIAIEHHON TOYKE HAa CPEIHEH CTOpOHE aBTOTpaHc(hOpMaTopa
npu 1ByX(a3HOM KOPOTKOM 3aMbIKaHUHU Ha 3EMITIO.
[Tanenne HampspKeHHWsT OT TOYKM K.3. /IO INUH aBTOTpaHchopmaropa Ui CXeMbl HPSIMOM
IIOCJIEOBATEIbHOCTH

[IpsiMas nmocnenoBaTENbHOCTD

£, X1 ;

£ X

6 30 23

‘ >/, /, <
. KXo
@_‘:’_ X, X, &
[5: )(27
[[ Xlﬁ Uf'ﬂ )(26
T o x, &
—_ /j
S
2 2
X, =1.197- 220 _63 301 O X28:0.658-230 = 34.808 Om.
1000 1000
(L) _
IZZEé U _224.4-57478 _, 00\
X, 63.321
13:12-A:2.633- 34.808 =1.601 kA
X+ X, 34.808 +22.43
2 2 2
X24:0.939-230 =49.673 Om; X,, =0.424- 30" _ 5243 O
1000 1000

2
X, =0.195-23
1000

=10.316 Om.

Ul =UM+1,-X,,+1,-X,, =57.478+2.633-49.673+1.601-10.316 = 204.783 xB.
OOpaTHas moce10BaTeIbHOCTh

)(]0 XZJ
>/, |, <
Xos
L] Ko } X
X27
Xlﬁ U/"2 )(26
I o B Ko X
—_ /j
X27
—+—
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230° 230°

X, =1.195-2"=63.235 Om; X, =0.659-— =34.843 Owm.
1000 1000
(1.1)
=Y 78 ggg ea,
X, 63235
L=t —22 0909 % 549 kA

X, + X, 34.843+22.85

2 2
230 20 _ 2285 om;

X,, =0.935-22" = 49.435 Om; X,, =0.432-
1000 1000

230°

X,s=0.196 - =10.392 Om.
1000

Ut =ull —1,-X,,—1,-X,, =57.478—0.909-49.435 - 0.549-10.392 = 6.836 xB.

Hy.]IeBaSI IoCJICA0BATCIBHOCTD

Xu?
X;;?

X
>/, /, <
/\/77
|:I X ; X
g &
X/H
S
XTE 1/”717 /\/7
N B X, 1,
— 0 |
X/H
—— 7
2 2
X,2:4.375-230 =231.440wm; X,,:0.668-230 =35.337 Om;
1000 1000
2 2
X,0:1.923-230 =101.73 Om; X9:3.879-230 =205.190wm;
1000 1000
2
X, =0.464- 220 _ 24 545 0m.
1000
(1.1)
=Yk 7478 48 kA
X, 231.44
L=t — X g2y P37 _posyea
X, + X, 35.337+101.73

Ul =ull —1,-X,~1,-X,, =57.478-0.248-205.19—0.064 - 24.546 = 5.02 xB.

mo

OHDGZ[GJICHI/IC d)aSHBIX BCJIIMYHMH U ITIOCTPOCHUC BeKTODHOfI JUuarpaMmhbl Ha CDGZ[Heﬁ CTOPOHEC
aBroTpancdhopMaTopa.

JUtst HanpsIKEHUMN :
Hanpsokenue B gaze A: U =U" + UL +ULY = j204.783 + j6.836 + j5.02 = j216.639 kB.
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Hanpsokenue B gaze B: UY" =a’ - U\ +a -U +UY =172.214 - j100.79 «B.
Hanpsokenue B gpaze C: UL =a UV +a” - UV +U Y =—172.214~- j100.79 xB.
a UL =178.161-j102.391xB; a U’ =-5947— j3.418 xB.
a ULV =-178161-;102.391xB; o’ U5 =5.947 - j3.418 kB.

o

UHIAU A UA
A U/ﬂAZ
UIﬂA7 A
HU/(BZ z U/([Z +]

3aknrouenue

B 3axioueHHMe NpUBOAUTCA KpaTKas XapaKTEPUCTHMKAa OCHOBHBIX pPE3YJIBTATOB pacyera
CUMMETPUYHBIX U HECUMMETpUUYHBIX K3.

Haetcsa oueHka ypoBHell TOkoB K3 M BenMYMH OCTAaTOYHOIO HAIPSDKEHUS, MPHUBOJIATCS
OCHOBHBIE ITOKA3aTeN KypcoBOI pabOThI M XapaKTEPUCTUKH UCIIOIB3yEMBIX METOJ/IOB pacyueTa.

I'pagpuueckan wacmeo Kypcoeo2o npoekma
KypcoBas pabora pa3zpabaTbiBaeTcss B COOTBETCTBUH C 33JaHHEM M COIPOBOXKAACTCS
rpapuueckoit wacteto (1 smct ¢dopmara A-1). Ueprexu, TrpaduKH, CXEMbl IOJIKHBI
cooTBeTcTBOBaTh TpeboBanusm ECK/I.
B kauectBe mpuMmepa TmpHUBEAEH JHCT Trpaduyeckod YacTh KypcoBOil  paboOTEHI.
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HCXOLHAT CXEMA LXEMA SAMEWERMST [IPAMOV FIDCAERDBA TEABHOL TH

LXEMA SAMEWERMS OBPATHOW SIOL/ERDBA TEAHOLTH
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6. CamocrosiTesibHAsi pad0Ta CTYACHTOB

CamocrosTenbHas paboTa CTyJeHTa BKIIOYAET B ce0sl H3ydeHHE JICKIIMOHHOTO MaTepuana u
JOTIOJTHUTEIBHON JUTEPaTyphl MO AUCIHUIUIMHE TPU TMOATOTOBKE K MPAKTUYECKUM 3aHATHIM, a
TaKKe 3aaHus, 3aKPETUISIONINE U3YYeHHBI MaTeprall U SBISIOIINECS OCHOBOW JUISl BBITIOJTHEHUS
KYpCOBOTO MTPOEKTA.

B kauectBe 3ajaHuMii Ha CaMOCTOSTENBHYIO pPa0OTy CTYAEHT TIONy4aeT BapHaHT
KOMIUIEKCHOTO 3aJlaHMsl 10 pacyeTy TOKOB KOPOTKHX 3aMBIKAHMW B JJIEKTPHUUECKON ceTu (Ha
SHEProoOBbEKTe) © B JOMAIIHUX YCIOBUSAX MOJATOTABIMBAET IOCIEAOBATENBHYIO pa3paboOTKy
MIPEJUI0KEHHBIX TaM BOITPOCOB.

IIpu camocrosiTenpbHON paboTe C y4eOHMKaMH CileqyeT OO0sS3aTeNIbHO BECTH KOHCIIEKT
M3y4aeMbIX pa3esioB B COOTBETCTBHUHU C YKa3aHUSIMHU MO TEMaM, IPUBEJICHHBIM HIDKe. KOHTpob 3a
CTETIEHBIO YCBOCHHMS MaTepHajia PEKOMEHIYETCSl OCYIIECTBISATH C IOMOIIBI0 BOMPOCOB IS
camorpoBepku. [lo Mepe u3ydeHHs pa3fesioB Kypca CTYACHT BBINOJHSET JOMAIIHHE 3aJaHHA,
MO3BOJISIIOIINE TPAKTUYECKH 3aKPENHUTh IOJyYEHHBIE TEOPETUYECKUE 3BaHUS M TMPHOOPECTH
WH)XCHEPHbIE HABBIKM B PEIICHUH OTICIBHBIX MPAKTHUYECKUX BOIMPOCOB, CBSI3AHHBIX C M3Yy4aeMOM
JIUCITUILIINHOH.

[Ipu 5TOM KaXIbpI CTYIAEHT HMMEET BO3MOXHOCTh pPEANIM3allMd TMOJYYSHHBIX 3HAHUU B
y4eOHBIX MPOrpaMMHBIX KOMIUIEKCax, pa3paboTaHHBIX Kadenpoi sHepreruku: "TKZ - 3000",
"AZOV", "ZAPUSK", a Taxxe mporpaMMHbIX KOMIUIEKcax Apyrux BY30B, opueHTHpOBaHHBIX Ha
nperoaBaTeNiell, CTYIeHTOB U JIIOJeH, 3aHUMAIOIIMXCS CaMOIOJTOTOBKOW B 0ONacTH
anekTpocHaOxkeHus, Takux kak Elsnab 8 Bepcus - "DiekTpocHaOkeHHE CEbCKOXO3SHCTBEHHBIX
notpeduteneii" 1 ACPE — Account of the course project on electro supply - Ilporpamma s
aBTOMATH3aIlMd PACUYETOB KYpCOBOTO MPOEKTa MO AIIEKTPOCHAOKEHHMIO CENbCKUX HACEJICHHBIX
MYHKTOB. OTH TPOTpaMMbl 3alIMIICHbl aBTOPCKUMH TPaBaMH, CEPTUGHUIIMPOBAHBI U SBISIOTCS
OecrulaTHBIMH TIPU HUCTIOJIB30BAaHUM B HEKOMMEpPYECKHMX LensiX. Takke, B pAae CIydaes,
11eJ1eco00pa3HO MCIOJIF30BAHUE MTAKETA aBTOMATH3alMU MaTeMaTnyeckux pacuetoB «MathCady.

JIOTIOTHUTENBHBIN KOHTPOJIb YCBOCHHUS MaTepHana OCYIIECTBISETCS Ha KaXKIOW JIEKIHH,
UL ATOTO TPEIYyCMOTPEH 5 MHUHYTHBI ONpOC CTYAGHTOB TO paHee (M CaMOCTOSITEIHHO)
M3YYEHHOMY TEOPETHYECKOMY MaTepHaly.

Ha KOHTpPOJIBHBIX TOYKaxX KypCOBOTO MPOEKTHPOBAHUS MPEAYCMOTpPEHa claya OTAENbHBIX
9acTeil TeOPETUUECKOTo MaTepralia i KOMIUIEKCHOTO 3aJJaHHs.

O0BeM 1 (HOPMBI KOHTPOJISI CAMOCTOSITENILHON PaOOTHI OTIMYAIOTCS JUIsl CTYACHTOB THEBHON
¥ 3a04YHOH (B TOM 4HMCIIe COKpaIlleHHOH) (opM oOyueHHs] U IPUBEJCHBI HUXKe B Tabnuie rpaduka
BBITIOJTHEHHUS] CAMOCTOSITENTFHON pabOTHI CTY/IEHTOB.

BrimonHenne camMocTosITeNnbHON padoThl MpeaycMaTpUBaeT HCHOJIB30BAHUE CIIEIYIOIINX
METOIMYECKUX Pa3pabOToK:

I. MoxoB B.b, bupuno W.A. Meroauueckue yKkazaHus K  KypCOBOMY
npoekThpoBaHuio «PalioHHas anekTpuueckas ceTh» - binarosemenck, 1993.

2. Miscoenos 10.B., I'oronesa JI.b. Pacuer cuMMeTpHUYHBIX 1 HECHUMMETPUYHBIX KOPOTKHX
3aMBIKAaHHUN B CUCTEMaX JJIEKTPOCHAOKeHHs. Y. mocodue. M3a-Bo AMI'Y, barosemenck, 2002.

3. YueOHO-METOIUYECKUH KOMIUJIEKC MO JUCIHMIUIMHE «DJIEKTPOMArHUTHBIE TIEPEXO0IHbIC
MIPOIIECCHI.

B nmaHHBIX MeTOIMYeCKHX pa3paboTKax MpEeACTaBICHBI BCE HEOOXOIUMBIE METOIMUYECKHE
yKa3aHuss B OOJIACTH pacyeTa TOKOB KOPOTKHX 3aMBIKaHUH M JIaHBl MPOBEPOYHBIE 33JaHUS IO
mucuutuinae. [IpencraBneHHas B 9THX pa3paboTKaxX MOCIEA0BATENFHOCTh peau3allii BOIIPOCOB,
MOCBSIIIEHHBIX ~ PACCMOTPEHHMIO  TOCIEOBATENILHOCTH  BBINOJHEHHS  KypCOBOTO  IPOEKTa,
MPAaKTUYECKUX 3aHATHHA, 3a/laHU Ha CaMOCTOATENbHYI0 paboTy, a TaKkKe MPHUBEICHHbBIE PHUMEPHI
€e pacueToB COOTBETCTBYIOT CTaJMHHOCTH BBINMOJHEHHS KYypCOBOTO MPOEKTa M KOMILJIEKCHOTO
3aJJaHus TI0 JTUCIUTUIAHE.

Crnenyer MOMHHUTH O TOM, YTO NPH M3YYEHUH OTAEIHHBIX TEOPETHUYECKUX BOIMPOCOB Kypca
WCTIOJIB3YIOTCS 3HAHMSI, TIOJYYE€HHBIE B PaHee M3YYECHHBIX TUCIUIIMHAX.
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I'paduk camocTosiTeIbHOM Pa0OTHI CTYACHTOB
Jlna cneyuanvnocmu 140204

CamocrosiTenbHas
Bormpocsl, 3ansTus (HoMmepa) Hcnonb3yembie
Homep [ Homep padoTa CTY/IeHTOB Dopmbl
H3ydaeMble HarJsiyl. U METOJ.
[Henenn| TeMbI MpaKTH4. KOHTPOJA
Ha JIeKIHH nmabopart. nocoous COZIEPXK. 4acel
(CeMHH.)
1 2 3 4 5 6 7 8 9
TToHsITHE O MEPEXOTHOM PEXKHME.
IIpUuMHbBI BO3HUKHOBEHHS
TIePEXOIHBIX MPOIECCOB.
OcHoBHbIe TOHATUS. OcO0eHHOCTH Kprouxos W.IT.,
JJEKTPOMArHUTHBIX IEPEXOIHBIX Hexnenaes b.H.,
CocraBienue
nporeccoB. CXeMbl 3aMeIeHHs Crapumzos B.A. u ap.
1 1,1 " pacueTHBIX CXeM 3 GIIHII-0TTPOC
OCHOBHBIX CHJIOBBIX 3JIEMEHTOB. Pacuet KOPOTKUX
o 3aMelIeH st
CxeMbl 3aMelIeHus 3aMBIKaHU# U BBIOOD
MHOT00OMOTOYHBIX NIEKTPOOOOPYAOBAHUS
TpaHCHOPMATOPOB U CABOCHHBIX
peaxTopoB. CocraBiieHne
pacyeTHBIX CXEeM 3aMeleHHs
Bus! kopoTKHX 3aMbIKaHUiT (K.3
p (:3), PJ115334.020.527- |  Hasmauerme
MPUYUHBI UX BO3HUKHOBEHHUS U .
98. PykoBopsiiue pacuéros
nociencTsus. Haznauenue
. YKa3zaHUs [0 pacyery MEPEXOTHBIX
2 2 pacy€ToB MEPEXOAHBIX MPOLECCOB 1 4 6mmI-omnpoc
TOKOB KOPOTKOT'O MIPOLECCOB 1
u TpeboBanus K HUM. OCHOBHbBIE
3aMBIKaHUS U BEIOOPY TpeOOBaHUS K
JIONYIICHHS, TPUHUMAEMBbIC TIPH
NIEKTPOOOOPYAOBAHUS HUM.
pacuerax.
OO6uwit NopsiioK pacyuera K.3. Mscoenos 10.B.,
Omnpenenenue
Hcnonb3oBaHue CHCTEMBI T'orosiesa JI.B. Pacuer
rnapaMeTpoB
OTHOCHTEIbHBIX CIANHHIIL. CHMMETPUYHBIX 1 exeMBL KOHTpOJIbHA
3 2,2 CocraBiieHne cXeMbl 3aMeeH s HECUMMETPUYHBIX saMeILeHIs B 3 1
CHCTEMBI U oIpesiesieHue eé KOPOTKHX 3aMbIKaHUH pabota
OTHOCHTEIBHBIX
rapamMeTpoB B UMEHOBAHHBIX U B B cHCTEMax
€IMHUIIaX.
OTHOCHTEJIbHBIX CIMHHIIAX. JIEKTPOCHAOKEHHSI
Tpéxdasnoe k.3. B Msicoenos 10.B.,
Hepa3BeTBJIEHHOH LIemH, T'orosiesa JI.B. Pacuer Ilepexonnsrit
MOAKIFOYEHHON K UCTOYHUKY CHMMETPUYHBIX 1 MpoLece Mpu
4 3 CHHYCOUIAILHOTO HAMTPSKCHHUS. 2 HECHUMMETPHYHBIX TpexdazHom 4 GIIHII-0TTPOC
IIepexoaHslii mporecc mpu KOPOTKHX 3aMbIKaHUH KOpPOTKOM
Tpex(}hazHOM KOPOTKOM 3aMBbIKaHUU B CHCTEMax 3aMBIKAHUH
(K3) B nenu 6e3 TpancopMaTopoB. JJIEKTPOCHAOKEHHSI
®duznueckas CynHoOCTb
BO3HHUKHOBEHHSI COCTABJISIOIINX
TOKa K.3. YJapHBIH TOK K.3. U
YCJIOBHSI €70 BOZHUKHOBEHHUSL.
MerTopb! onpeeneH st y1apHoro
xodddurmenta. OcobeHHOCTH
b Msicoenos 10.B.,
nepexoHoro npouecca npu K3 B
. . T'oronesa JLb. Pacuer
pa3BeTBIeHHOM 11enu. [IepexoaHblit Omnpenenenue
CHMMETPUYHBIX 1
MpoIIeCC MPH BKJIIOYEHUH B CETh yapHOro
5 3,4 o HECHUMMETPHUYHBIX 3 6mmI-omnpoc
TpaHchopMaTopa ¢ pa30MKHYTOM . ko3 (duipeHTa
o o KOPOTKHX 3aMbIKaHU
BTOPUYHON OOMOTKOIA. W YIApHOTO TOKa
o B CcHCTEMax
Iepexonnsrii npouece npu K3 3a
JNIEKTPOCHAOKEHHSI
TpaHcdhopMaToOpoM.
OCHOBHBIE ITapaMeTpbl
CHUHXPOHHOH MammHbl (CM).
Cxema 3aMeleHNs] 1 BEKTOpHAst
JiparpamMMa CHHXpPOHHOTO
reHepaTopa.
Kprouxos I.I1.,
Biusuue APB Ha ycranoBuBLIEiCs Hexunenaes b.H.,
KM K.3. Pacuér CrapmmsoB B.A. u ap.
6 4 p 3 " P P Bunst APB 3 GIIHII-0TTPOC
YCTaHOBHBIIETOCS TOKA K.3. B Pacuet KOPOTKUX
CIIOKHBIX CHCTEMaxX. 3aMBIKaHU# U BBIOOD
9IIEKTPOOOOPY1OBAHUS
IlepexonHble U CBEPXIIEPEXOHbBIE
pna HaMeT bl cm[;x ognorg Kpiouxos UL, Pacuér 3ammra
reHe] [é)lTO apreMa EaMeLueHm Hexnenaes b.H., CTAHOBUBILIETO mm?}zm[
paropa. L.x¢ CrapumHoB B.A. u np. y ¥
7 4,5 CUHXPOHHOH MallUHbI B " csl TOKa K.3. B 4 AIBHBIX
o N Pacuer KOpoTKuX
HavaJIbHbI MOMEHT K.3. Pacuér . CIIOXKHBIX JIOMAIIHUX
3aMBIKaHU# U BBIOOD o
Ha4aJIbHOT'O CBEPXIIEPEXOAHOTO cucreMax. 3aJaHui
3IEKTPOOOOPYJOBAHUS
TOKa B CIIOKHBIX CHCTEMAaX.
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1 2 3 5 6 7 9
Pacuer
Pacuer HayanmbHOrO 3HaYEHUS Vibesuos C.A.
. . Hay4aJIbHOT'0
MEPUOINUECKON COCTaBIISIOILEH DJeKTpOMarHUTHEIE SHAMCHIS
8 5 Toka K3 0T CHHXpOHHON MaIIuHbI TEPEXONHBIE MPOLECCRL | | o ol 6mmI-omnpoc
0e3 ydeTa U ¢ y4eTOM BIIHSHUS B DJIEKTPUYECKUX PO .
neMI(pepHBIX KOHTYPOB cucreMax COCTABIFOMICH
) i Toka K3
BuusiHHE aCHHXPOHHBIX
JNEKTpOABUTraTeneil u
KOMIUIEKCHBIX Harpy30K B
HavanbHbIH MoMeHT K3. Pacuer P/l 153-34.0-20.527- Pacuer
MEPUONUECKON COCTaBIISIOILEH 98. PykoBopsiiue .
NEPUOIUUECKON KOHTPOJIbHA
TOKa NpH ynaneHHsIx K3. YKa3aHHs 110 pacyeTy M
9 5,6 COCTaBJISOIIEH kit
MaremaTudeckast MOZIENb TOKOB KOPOTKOI'O
= TOKa TIpH paboTta
CHHXPOHHO MaIlINHEL, 3aMbIKaHUS H BEIOOPY
ynanenusix K3.
OTpa)karollasi OCHOBHbIE 3IEKTPOOOOPY1OBAHUS
3aKOHOMEPHOCTHU
9NIEKTPOMATHHTHBIX IEPEXOJHBIX
IIPOLIECCOB B MAIIIMHE.
JInneiinble mpeoOpazoBaHUs
nudhepeHIHaIbHEIX YpaBHEHHI
MEPEXOIHOTO TIpoliecca.
VYpasnenus Ilapka-I'opesa.
IepexonHsble mpowecchl B
CHHXPOHHOI MammHe 6e3 yuera
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB. Kpiouxos WLIT Onpenenenne
XapaKTepUCTUUECKOE YPaBHEHHE U p N MIOCTOSIHHBIX
Hexnenaes b.H.,
ero kopHu. [TocTosiHHBIE BpEMEHU BpEMEHH
CrapumzoB B.A. u np.
10 6 3aTyXaHHsl CBOOOIHBIX " 3aTyXaHHs GIIHII-0TTPOC
Pacuer KOpoTKuX
COCTaBJIIOIINX TOKOB. MI3MeHeHne N CBOOOIHBIX
3aMbIKaHUI H BEIOOD
TOKa sIkopst pH Tpexdasnom K3. COCTaBJISIOIIUX
3IEKTPOOOOPYJOBAHUS
BimsiHEe cHCTEMBI BO30 YK ISHUS TOKOB
Ha MepeXoHbII mpolecc.
IepexonHsble mpoLecchl MpH
TaIlleHH MarHUTHOTO TOJIS
CHHXPOHHO! MaIluHbI 1
HEYCIEIHOM ITOBTOPHOM
BryroyeHnn Ha K3.
IepexonHsble mpoiecchl B
CHUHXPOHHOH MallIHE C y4ETOM
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB.
IepexonHble npoleccsl B KOHTYpax
O'Ir)o a TIpH aEOMKH TOM oﬁMZ‘EKe Mscoenos 10.B.,
poTopa IpH p Y I'oronesa JLb. Pacuer OcobeHHocTH
sikopst. [locTosiHHBIE BpeMeHH ommu-
CHMMETPUYHBIX ¥ MIEPEeXOHBIX
3aTyXaHHs CBOOOTHBIX orpoc,
11 6,7 HECHUMMETPHUYHBIX NPOLIECCOB B
COCTaBJISIIOIIUX TOKOB KOHTYPOB N KOJJIOKBHY
. KOPOTKHX 3aMBIKaHUH ACHHXPOHHBIX
poTopa. BimsiHue Ha nepexonHblit M
o B CUCTEMAX MalHax
MPOIECC 3aMKHYTOM 0OMOTKH
JNIEKTPOCHAOKEHHS
sikopst. OCOOEHHOCTH MEePEeXOTHBIX
MIPOLIECCOB B ACHHXPOHHBIX
mammHax. [OCT u P/I o pacuety
TOKOB K.3.
Pacuer
TIePUONUECKON
COCTaBJISOIIEH
. P/l 153-34.0-20.527-
Pacuer nepuoandeckoit TOKa
N 98. PykoBonsme
COCTaBILIIOIIEH TOKa TpeX(ha3HOro Tpexdasnoro K3
N YKa3aHUs M0 pacyery o
12 7 K3 B npon3BOJIbHBII MOMEHT B IIPOU3BOJIbHBIN GIIHII-0TTPOC
TOKOB KOPOTKOI'0
BPEMEHH METOJIOM THIIOBBIX MOMEHT
3aMbIKaHUS H BEIOOPY
KPUBBIX. BPEMEHH
3IEKTPOOOOPYJOBAHUS
METOZIOM
THIIOBBIX
KPHBBIX.
Pacuer
TIePUONUECKON
Msicoenos 10.B., COCTaBIIAIOLIEH
Pacuer nepuoandeckoit I'oronesa JLb. Pacuer TOKa 3almra
COCTaBIIIIOIIEH TOKa TpeX(ha3HOro CHMMETPUYHBIX ¥ Tpexdasnoro K3 HHIUBHULY-
13 7,7 K3 B npon3BOIbHbIA MOMEHT HECHUMMETPHUYHBIX B IIPOM3BOJIBHBIH aJIbHBIX
BPEMEHHU METO/IOM CIIPSIMIICHHBIX KOPOTKHX 3aMBIKaHUH MOMEHT JIOMAIITHUX
XapaKTEePUCTUK. B CHCTEMax BpPEMEHH 3a7jaHui
JNEKTPOCHAOKCHHS METOZIOM
CIIPSIMIIEHHBIX
XapaKTEePUCTUK.
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1 2 3 5 6 7 9
acyeT TOKOB
PJI 153-34.0-20.527- P
KOPOTKOTO
Oco0EHHOCTH PacueTOB TOKOB 98. PykoBopsiiue
3aMbIKaHUS B
KOPOTKOT'O 3aMBIKaHYS B yKa3aHUs 110 pacuyeTy KOMILIEKCHOE
14 7 3JIEKTPOYCTaHOB
JNIEKTPOYCTAaHOBKAX HANPSDKEHHEM TOKOB KOPOTKOT'O Kax 3a7jaHue
10 1000 B. 3aMbIKaHUS H BEIOOPY
3IEKTPOOOOPYJOBAHUS HATpIKCHICM
10 1000 B.
VYcnoust, Ipy KOTOPBIX JOITyCTHMO
IPHMEHEHHEe MEeTOozIa
CHMMETPUYHBIX COCTABILTIOIINX
JULSL aHATIM32 HECHMMETPHIHBIX
€KHMOB B TpeX(ha3HBIX LETIX OmnpenencHue
p pexd 1 ? Kprouxos M.IT. pen
coJeprKaIliX CHHXPOHHbIE apaMeTpoB
ONeKTpOMarHUTHEIE
ManmHel. [TapameTpsr 9JIEMEHTOB T10
MIepPEXOIHBIE IIPOLIECCH KOJJIOKBHY
15 8,8 AEKTPUYECKUX MAILKH, N OTHOILEHUIO K
M
TpaHc)OpPMaTOpOB TOKaM Pa3HBIX
JNEKTPOIHEPTr eTHIECKU
(aBTOTpaHC(HOPMATOPOB), 0CJIE/10BATEb-
X CHCTeMax o
00001IIEHHBIX HATPY30K, HOCTEI1.
BO3IYIIHBIX JIMHHI
aneKTponepenad u kabeneit mo
OTHOIIICHUIO K TOKaM Pa3HBIX
IIOCIIEIOBATEIIBHOCTEH.
I'paHNYHbIE yCIOBUS H OCHOBHBIE
p y VibsHoB C.A.
COOTHOIICHUSI MEXKIY
DJeKTpOMarHUTHHIE Haxoxnenue
CHMMETPUYHBIMH COCTABIIIOIUMUA
16 8 . MEPEXOIHBIE MIPOLECCHI IPaHUYHBIX 6mmI-omnpoc
TOKOB U HaNPsDKEHUH IIpu o
B DJIEKTPUYECKUX ycioBuit
HecuMMeTpuuHBIX K3 1 06psIBax
CHCTEMaXx.
has.
BexTopHbIe THarpaMMBbl
HaIpsDKEHHI U TOKOB IPH
HECHMMETpPUSX Pa3HOro Bujia. YdeT
Hcnonb3oBanue
TPYIIIBI COSTUHEHUS
IpaBuIIa
TpaHc(OpMaTOpoB Vibsuos C.A.
9KBHUBAJICHTHOCT
(aBTOTpaHC(HOPMATOPOB) IPU ONeKTpOMarHUTHEIE L TOKa TDSIMOR
17 8,8 ONPEJEIIEHUN TOKOB B pa3HbIX MEPEXOIHBIE NPOLIECCHI p GIIHII-0TTPOC
o IIOCIIEI0BATEIIBH
BETBSIX U HAIIPSDKCHUH B B DJIEKTPUYECKUX J—
IIPOM3BOJIBHBIX TOUKAX PaCUETHOI CHCTEMaXx. P
HECHMMETPUYHEI
cxeMbl. [IpaBHIIO SKBUBAJIEHTHOCTH
o X pexuMax
TOKa HPSIMOIT II0CIIe0BATEIBHOCTH
IIPH HECUMMETPHYHBIX PEXUMAX H
€ro UCIOIb30BAHNUE
VibsHoB C.A.
. KommuiekcHble cxeMbl 3aMeleHusl. CocrapneHue
ONeKTpOMarHUTHEIE KOHTPOJIbHA
CpaBHeHHE TOKOB IIpU KOMIITEKCHBIX
18 8 TIePEeXOIHbIE TPOLIECChHI st
HecuMMmeTpuuHbIX K3 pasHoro cXeMm
B DJIEKTPUYECKUX pabora
BUJA. 3aMeIleHHs

CHUCTEMaAX.
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Jlna cneyuanvnocmu 140205

CamocrosiTenbHas
Bormpocsl, 3ansTus (HoMmepa) Hcnonb3yembie
Homep |Homep padoTa CTY/IeHTOB Dopmbl
n3yJaemble HarjsiA. 1 METOA.
HEJIEN | TEMBI MpaKTU4. KOHTPOJIA
Ha JIeKIHH nmabopart. nocoous COZIEPXK. 4acel
(CeMHH.)
1 2 3 4 5 6 7 8 9
3anaun kypca. [ToHsTHE O TEpEeX0THOM
pexxume. [IpUIHHBI BOSHHKHOBEHHS
NepexXoHbIX MporeccoB. OCHOBHBIE
p p Kprouxos W.II.,
nousTust. OcoOeHHOCTH
Hexnenaes b.H.,
9NIEKTPOMATHHTHBIX NIEPEXOJHBIX CocraBienne
CrapumHoB B.A. u np.
1 1,1 nporeccoB. CXxeMbl 3aMeleHHs " pacueTHBIX CXeM 4 GIIHII-0TTPOC
Pacuer kopoTKuX
OCHOBHBIX CHJIOBBIX 3JIeMEHTOB. CXeMBbI . 3aMeleHHs
3aMbIKaHUI H BEIOOD
3aMeIleHHs] MHOT 000MOTOYHBIX
3IEKTPOOOOPYJOBAHUS
TpaHC()OPMATOPOB H CABOCHHBIX
peaxTopoB. COCTaBIIEHUE PACUETHBIX
CX€M 3aMelleHHs
Buzbl KOpoTKHX 3aMbIKaHUi (K.3), P/l 153-34.0-20.527-98. Ha3nauenue
MPHYHUHB] X BOSHUKHOBEHHUS U PykoBopsiue ykazaHus pacuéros
5 5 nocnencTus. Hasnauenne pacuéros 1 II0 pacyeTy TOKOB MIePEeXOHBIX 5 GIHI-OMDOC
MEPEeXOHBIX MPOLECCOB H TPEOOBAHUS KOPOTKOTO 3aMBIKaHUs H|  IPOLIECCOB H tronp
k HUM. OCHOBHBIE JIOITyII[CHHS, BEIOOpPY TpeOOBaHUS K
IIpPHHIMAaeMbIe IPH pacyeTax. 9IIEKTPOOOOPY1OBAHUS HYM.
OO0mwmit NopsIoK pacyera K.3.
Hcnonb3oBaHue CHCTEMBI Msicoenos 10.B.,
Omnpenenenue
OTHOCHUTENBHBIX einHUL. CocTaBIeHHE T'oronesa JLb. Pacuer HADAMETDOB
CXEMBI 3aMEIIEeHHS CHCTEMBI 1 CHMMETPUYHBIX ¥ p p
. CXEMBI KOHTPOJIbHAS
3 2,2 ornpeseneHye e€ napaMeTpoB B HECHUMMETPHUYHBIX 4
N 3aMellCHHs B paboTta
HMMEHOBAHHBIX €MHHULAX. KOPOTKHX 3aMBIKaHUH B
OTHOCHTEIBHBIX
Onpenenenue napaMeTpoB CXeMbl CHCTEeMax -
3aMeIIEeHHs] B OTHOCHTEIBHBIX JNEKTPOCHAOKCHHS ’
€JIMHUIAX.
. . . Msicoenos 10.B.,
TpéxdasHoe k.3. B Hepa3BETBIEHHOH .
L T'oronesa JLb. Pacuer Iepexonubrit
e H, HOJKITI0UEHHOH K HCTOYHHKY
CHMMETPUYHBIX ¥ IIpoIIece NPy
CHHYCOHQJIBHOTO HATIPSDKEHUSL.
4 3 M 2 HECHUMMETPHUYHBIX TpexdazHoM 4 6mmI-omnpoc
ITepexonHblii mporecc Ipu TpexhazHoM N
KOPOTKHX 3aMBIKaHUH B KOPOTKOM
xopotkoM 3aMbikanu (K3) B enu 6e3
cucreMax 3aMbIKaHUHI
TpaHCchOpPMaTOPOB.
JJIEKTPOCHAOKEHHSI
Dduspdeckas CyIHOCTh BOSHUKHOBEHHUS
COCTaBJISIIOIINX TOKA K.3. Y JapHbIHA TOK
K.3. H YCJIOBHS €r0 BOSHHKHOBEHUS.
MeTozp! OIpeeaeHus yaapHoro
xodd¢urmenta. OcobeHHOCTH Msicoenos 10.B.,
nepexoHoro npouecca npu K3 B T'orosiesa JI.B. Pacuer OnpencIcHIe
pasBeTBIIeHHOI Henu. ITepexonHbli CUMMETPUYHBIX H pannoro
5 3,4 MpoLeCC IPU BKJIFOUEHUH B CETh HECUMMETPUYHBIX Koagf][mpuneHTa " 5 GIIHII-0TTPOC
TpaHchopMaTopa ¢ pa3OMKHYTOM KOPOTKHX 3aMbIKaHUH B
o o . YIapHOro TOKa
BTOPHYHOI 00MOTKOMH. [TepexonHblii cucreMax
nporecc npu K3 3a TpanchopmaTopom. JNIEKTPOCHAOKEHHS
OCHOBHBIE TapaMeTPbl CHHXPOHHOH
mammHbl (CM). Cxema 3aMeeHns 1
BEKTOpHAs JHarpaMMa CHHXPOHHOT'O
reHepaTopa.
Kprouxos I.I1.,
. Hexnenaes b.H.
Biusuue APB Ha ycranoBuBLIEHCS ’
. CrapumHoB B.A. u np.
6 4 pexuM K.3. Pacuér ycranoBuBerocs 3 " Bunst APB 5 GJIHII-0TTPOC
Pacuer kOpoTKuX
TOKA K.3. B CJIOKHBIX CHCTEMaXx. o
3aMbIKaHUI H BEIOOD
9IIEKTPOOOOPY1OBAHUS
IepexonHble U cBEpXIEPEXOAHbIE Kprouxos W.II., .
Pacuér 3aImra
rapaMeTpsl CHHXPOHHOI'O FeHepaTopa. Hexnenaes b.H.,
o YCTaHOBUBUIETOCs HHIUBHUY-
CxeMa 3aMelleHHs] CHHXPOHHOM CrapumHoB B.A. u np.
7 4,5 . " TOKa K.3. B 4 aJBHBIX
MalINHEl B HAYQJIBHBIH MOMEHT K.3. PacueT KOPOTKHX
. N CIIOXKHBIX JIOMAIITHUX
Pacuér HauanbHOro CBEPXIEPEXOIHOTO 3aMbIKaHUI H BEIOOD o
cucreMax. 3a7aHui
TOKA B CJIOXHBIX CHCTEMaX. 9IIEKTPOOOOPY1OBAHUS
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1 2 3 5 6 7 9
Pacuer HayanmbHOro 3HaYEHUS Vibesuos C.A. Pacuer HayanbHOTO
MIEPUOANYECKOI COCTAaBIIONIEl TOKa DNeKTpOMarHUTHEIE 3HAYCHHS
8 5 K3 oT cuHXpOoHHO#T ManmHbI 6e3 MepeXoIHbIE TPOLECCH |  MepHOJNIECKON GIIHII-0TTPOC
ydeTa H ¢ y4eTOM BIUSHUS B JJIEKTPUUYECKUX | COCTaBILIOIISH TOKa
JieMII(pePHBIX KOHTYPOB. cHCTEMax. K3
BinsiHEEe aCHHXPOHHBIX
JNIEKTPOABUraTeNeil i KOMIUIEKCHBIX
Harpy3ok B HadajbHbIi MOMeHT K3. P/l 153-34.0-20.527-98.
Pacuer nepuoanaeckoit PykoBozsIIHe yKa3aHUs Pacuer
9 5.6 COCTaBILIIOIIEH TOKA IIPH YIAJICHHBIX 10 pacyeTy TOKOB MIePUOANIECK O KOHTPOJIbHASI
K3. MatemaTtnueckas Mozielb KOPOTKOT'O 3aMBIKaHHsI | COCTaBIISIONIEH TOKa paboTta
CHUHXPOHHOW MallIUHbI, OTpaXkaroas U BEIOOPY npu yanenssix K3.
OCHOBHBIE 3aKOHOMEPHOCTH 3NEKTPOOOOPYJOBAHUS
9NIEKTPOMATHHTHBIX NIEPEXOJHBIX
IIPOLIECCOB B MAIIIVHE.
JInneiinble mpeodpazoBaHus
nudhepeHIHaIbHEIX YpaBHEHHI
MIEPEeXOHOro Imporecca. Y paBHEHUS
IMapxka-I"opea.
ITepexonHbIe IPOLECCH B
CHHXPOHHOI MammHe 6e3 yuera
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB. Kprouxos W.IT., Onpenenenne
XapaKTepHCTHIECKOE YPaBHEHUE U Hexnenaes b.H., MIOCTOSIHHBIX
10 6 ero kopHU. ITocTosSHHBIE BpeMeHn CrapmmHoB B.A. u 1p. | BpemeHH 3aTyxaHus Gmr-onpoc
3aTyXaHHs CBOOOTHBIX "PacueT KOPOTKHX CBOOOIHBIX
COCTaBILIIONMX TOKOB. M3MeHeHne 3aMbIKaHUI H BEIOOD COCTaBILTIOIIHX
TOKa sIKopst IpH Tpexdasnom K3. 9IEKTPOOOOPYJOBAHUS TOKOB
BimusiHEe cHcTeMbl BO30YXK/ICHUS Ha
nepexoHbIi npouecc. Ilepexoqnsre
IIPOLIECCHI ITPY TAIIEHHH MarHUTHOTO
TOJISL CHHXPOHHOM MAIllVHBI 1
HEYCIIEIHOM [TOBTOPHOM BKIIOUCHUH
Ha K3.
ITepexonHble IPOLECCH B
CHHXPOHHOH MallIHE C yIeTOM
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB.
IepexonHble npolecchl B KOHTYpax Mscoenos 10.B.,
poTopa IpH Pa30oMKHYTOI 0OMOTKe I'oronesa JLb. Pacuer OcobeHHocTH
sikopst. [locTosiHHBIE BpeMeHH CHMMETPUYHBIX 1 MIePEeXOHBIX
GJIHL-01poc,
11 6,7 3aTyXaHHsl CBOOOIHBIX HECUMMETPUYHBIX MpOLECCOB B KOIIOKBHYM
COCTaBIIIOIIMX TOKOB KOHTYPOB KOPOTKHX 3aMBIKaHUH B ACHHXPOHHBIX
portopa. BiusiHue Ha nepexoqHsIit CHCTEeMax MalmHax
MPOIECC 3aMKHYTON OOMOTKH SIKOPSL. JNIEKTPOCHAOKEHHS
Oco0eHHOCTH IEePEeXOAHBIX
[IPOLIECCOB B ACHHXPOHHBIX MAIIHHAX.
T'OCT u PJI no pacuery TOKOB K.3.
Pacuer
PJ1 153-34.0-20.527-98.] nepuoandeckoi
Pacuer nepuognueckoit PykoBonsime yka3aHusi| COCTaBIAIONIEH TOKa
12 7 cocTaBJISIIOLIIeH TOKa Tpexdaznoro K3 10 pac4eTy TOKOB Tpex(dasHoro K% B 6um-ompoc
B IIPOU3BOJIBHBI MOMEHT BPEMEHH KOPOTKOT'O 3aMBIKaHUs [  MPOU3BOJIBHBIN
METOJ[OM THIOBBIX KPUBBIX. 1 BEIOOPY MOMEHT BpeMeH!
9NEKTPOOOOPYJOBAHYS | METOIOM TUIIOBBIX
KPHBBIX.
Pacuer
Msicoenos 10.B., TIePUOINUECKON
Pacuer nepuognueckoit Toronesa JI.b. Pacuer |cocTaBistoniei Toka 3aluTa
cocTaBrironeit Toka Tpexasznoro K3 CUMMETPUYHBIX H Tpexdasnoro K3 B WHIUBH]LY-
13 7,7 B IIPOU3BOJIBHBI MOMEHT BPEMEHH HECHMMETPUIHBIX MTPOU3BOJIbHBII aJbHBIX
METOJIOM CIPSIMIIEHHBIX KOPOTKHX 3aMBIKaHUH B[ MOMEHT BpEeMEHH JIOMAIITHUX
XapaKTePUCTHK. CHCTEMax METOZIOM 3aaHuit
JNEKTPOCHAOKCHHS CIPSIMIICHHBIX
XapaKTePUCTHK.
P/ 153-34.0-20.527-98. pacder TOKOB
Oco0EHHOCTH PacueTOB TOKOB PykoBozsIIHe yKa3aHUs KOPOTKOTO
14 7 KOPOTKOT'O 3aMBIKaHS B II0 pacyeTy TOKOB 3aMBIKaHUS B KOMILIEKCHOE
IIEKTPOYCTAaHOBKAaX HAIIPSDKEHHEM J10 KOPOTKOTO 3aMBIKaHUS | 2IIEKTPOYCTaHOBKAX 3ajiaHue
1000 B. 1 BEIOOPY HaInpsHKEHUEM 10
JIEKTPOOOOPYAOBAHUS 1000 B.
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1 2 3 6 7 9
VYcnoBust, TP KOTOPBIX AOMYCTUMO
MPUMEHEHHE METO/Ia CHMMETPHYHBIX
COCTABJISOIINX JUISI aHAJTH3a
HECUMMETPHUYHBIX PEKHUMOB B OmnpenencHue
Tpex(}asHbIX LEMIX, COACPKAIINX Kproukos WN.IT. napamMeTpoB
CHHXPOHHBIE MaIlIKHEL. [lapamMeTpsl DIeKTPOMAarHUTHBIE 3JIEMEHTOB 10
15 8,8 JNEKTPUIECKUX MAIINH, TepeXo/IHbIe MPOLECCH B | OTHOLIEHUIO K TOKAM KOJITIOKBUYM
TpaHc(OpMaTOpoB JJIEKTPOIHEPreTUIECKIX pasHBIX
(aBTOTpaHC(HOpPMaATOPOB), CHCTEMax MIOCIIEI0BATEIIb-
00001IEHHBIX HATPY30K, BO3IYIIHBIX HOCTeH.
JIMHUI 3JIeKTporiepenay u kabenei
10 OTHOILICHHIO K TOKaM pa3HbIX
IIOCIIEIOBATEIILHOCTEH.
I'paHiYHbBIC YCIIOBHUS U OCHOBHBIC
p y Vibsuos C.A.
COOTHOILICHUS MEXKY
DIeKTPOMAarHUTHBIC
CHMMETPUYHBIMH COCTABJISFO MU Haxoxnenue
16 8 . TepeXo/IHbIe POLECCHl B . GJIHII-0TTPOC
TOKOB U HANPsDKEHUI pH IPaHUYHBIX YCIOBHUI
EKTPUIECKUX
HecuMMeTpuuHBIX K3 1 06psIBax
CHCTEMaXx.
(has.
BekTopHbIe AnarpaMMbl
HaNpsHKCHUN U TOKOB MPH
HECHMMETPHUSIX Pa3HOro BUjaa. Yder
Hcnons3oBanue
IPYIIbI COSTUHEHUS
MpaBuiia
TpaHchopMaTOpoB VibsioB C.A.
9KBUBAJICHTHOCTH
(aBTOTpaHC(HOPMATOPOB) IPU DIeKTPOMAarHUTHBIC TOKA IDIMOM
17 8,8 OIPE/ICIIEHUH TOKOB B Pa3HbBIX HepeXOHbIE TIPOLECCHI B p 6mmI-omnpoc
N MIOCIIEI0BATEIIBHOCTH
BETBSIX U HANPSDKSHUIT B NEKTPUIECKUX ou
MPOU3BOJIbHBIX TOYKAX PACUCTHOM CHCTEMaXx. P
HECUMMETPUIHBIX
cxeMbl. [1paBuIto 3KBHBaJICHTHOCTH
. peKUMax
TOKa TPSIMOM MOCIICA0BATEIIBHOCTH
MPU HECUMMETPUYHBIX PSKUMAX U
€ro UCIOIb30BAHNUE
Viesuos C.A.
. KoMIuiekcHbIe cXeMbl 3aMeIeHHsL. DIeKTPOMarHUTHBIE CocraBieHne KOHTDONbHAS
18 8 CpaBHEHUE TOKOB TIPH MEPEXO/THBIC MPOLECCHI B| KOMITJIEKCHBIX CXEM apﬁo'ra
HecuMMeTpuaHbIX K3 paszHoro Buja. NEKTPUIECKUX 3aMeIleH s p
CHCTEMaXx.
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Jlna cneyuanvnocmu 140211

CamocrosiTenbHas
Bormpocsl, 3ansTus (HoMmepa) Hcnonb3yembie
[Homep | Homep padoTa CTYEHTOB Dopmbl
n3ydaemble HarJsiA. 1 METOA.
Hemem| TeMbI MpaKTU4. KOHTPOJA
Ha JIEKIHH nmabopart. nocooust COZIEPXK. 4acel
(ceMHH.)
1 2 3 4 5 6 7 8 9
3anaun kypca. [Tonsitue o
nepexofHoM pexkume. [TprauHb
BO3HHKHOBEHHS IEPEXOTHBIX
nporeccoB. OCHOBHBIE MTOHSATHS. Kprouxos WN.II.,
OCOOEHHOCTH 3JIEKTPOMArHUTHBIX Hexnenaes b.H.,
CocraBieHne
NePEXOIHBIX NporeccoB. CXeMbl CrapumzoB B.A. u np.
1 1,1 " pacueTHBIX CXeM 4 GIIHII-0TTPOC
3aMEIIEeHHs] OCHOBHBIX CHIIOBBIX PacueT KOPOTKHX saMeIeHs
J1eMeHTOB. CXeMbl 3aMEIleHUs 3aMbIKaHUI H BEIOOD
MHOT00OMOTOYHBIX 3IEKTPOOOOPYJOBAHUS
TpaHC()OPMATOPOB H CABOCHHBIX
peakTopoB. COCTaBIICHUE PACUETHBIX
CXeM 3aMelleHHs
Bus! kopoTKHX 3aMbIKaHUiT (K.3
P (:3), PJ1153-34.0-20.527-98. |  Hasmauenne
MPHYHUHB] X BOSHUKHOBEHHUS U .
. PykoBonsiue ykazaHus pacuéros
nocnencTus. Hasnauenne pacuéron
10 pacyeTy TOKOB MIePEeXOHBIX
2 2 TIEPEXOJIHBIX MPOLIECCOB U 1 4 6rmI-ompoc
KOPOTKOT'O 3aMBIKaHUs H MPOLECCOB U
TpeGoBaHust K HUM. OCHOBHBIE
BEIOOpPY TpeOOBaHUS K
JIOITyIIIeHHUs, TPUHAMAEMBIE TIPU
3IEKTPOOOOPY1OBAHUS HUM.
pacuerax.
OO0mwmit NopsIoK pacyera K.3.
Hcnons30BaHne CUCTEMBI Msicoenos 10.B.,
OTHOCHTEIIbHBIX €IMHUII. T'orosiea JI.B. Pacuer Omnpenenenue
CocraBieHHE CXEMBbI 3aMEILEHUS CHMMETPUYHBIX ¥ apaMeTpoB KOHTDONbHAS
3 2,2 CHCTEMBI U OINpesieIeHne € HECHUMMETPHUYHBIX cXeMbl 3amelieHus | 3 ap60Ta
IapaMeTpoB B UMEHOBAHHBIX KOPOTKHX 3aMbIKaHHUi B | B OTHOCUTEIBHBIX p
enuHuLax. OnpeneneHue cucreMax €IMHUIIAX.
IIapaMeTPOB CXEMBI 3aMEICHHS B JNEKTPOCHAOKCHHS
OTHOCHTEIBHBIX IMHHUNAX.
. . . Msicoenos 10.B.,
TpéxdasHoe K.3. B Hepa3BETBIEHHOH .
L I'oronesa JLb. Pacuer IepexonHblit
e H, HOJKITI0UEHHOH K HCTOUHHKY
CHMMETPUYHBIX ¥ Tpolece mnpu
CHHYCOHJQJIBHOTO HATIPSDKEHUSL.
4 3 M 2 HECHUMMETPHUYHBIX TpexdazHoM 4 6mmI-omnpoc
INepexomHblii mporecc npu .
KOPOTKHX 3aMBIKaHUH B KOPOTKOM
Tpex$a3HOM KOPOTKOM 3aMBIKAHHU
cucreMax 3aMbIKaHUHI
(K3) B uenu 6e3 TpancopMaTopoB.
JJIEKTPOCHAOKEHHSI
dusmpyeckas CymHOCTb
BO3HHKHOBEHHUS COCTaBIIIOIINX TOKA
K.3. YIapHbIi TOK K.3. ¥ YCIIOBHS €TO
BO3HHKHOBEHHUS. MeToxb!
OIIpEIENIEHNs] YIaPHOTO
xodd¢urmenta. OcobeHHOCTH Msicoenos 10.B.,
nepexoHoro npouecca npu K3 B T'orosiea JI.B. Pacuer Onpenenere
pasBeTBIeHHON Ieny. [TepexoqHbrit CHMMETPUYHBIX 1 E[a Horo
5 3,4 IIPOLECC NPU BKJIFOYEHUH B CETh HECUMMETPUYHBIX KOB% d)HpLIPIeHTa " 4 6mmI-omnpoc
TpaHchopMaTopa ¢ pa3OMKHYTOM KOPOTKHX 3aMbIKaHUH B JAPHOTO TOKa
BTOPHYHOI 00MOTKOH. [TepexonHblii cucrTemMax ynap
npouecc npu K3 3a JNIEKTPOCHAOKEHHS
TpaHc(hopMaToOpoM.
OCHOBHBIE TapaMeTPbl CHHXPOHHOH
mammHbl (CM). Cxema 3aMeleHns 1
BEKTOpHAs JHarpaMMa CHHXPOHHOT'O
reHepaTopa.
Kprouxos I.I1.,
Bnusinue APB Ha ycTanoBuBIIEHCS Hexnenaes b.H.,
€KUM K.3. Pacuér CrapmmsoB B.A. u ap.
6 4 p 3 " P P Buner APB 3 GIIHII-0TTPOC
YCTaHOBUBIIErocs TOKa K.3. B PacueT KOPOTKHX
CIIOXKHBIX CHCTEMaXx. 3aMbIKaHUI H BEIOOD
9IIEKTPOOOOPY1OBAHUS
ITepexomHbIe H CBEPXIIEPEXOIHEIE
pna HaMeT bl cm[;x ognorg Kpiouxos UL, Pacuér 3almra
TeHe [;TO apreMa EaMeLueHm Hetenacs b.H., CTaHOBUBILIErOCS WH, II-/II-IBI/I
patopa. . Crapumaos B.A. u np. ¥ AMBHILY
7 4,5 | CHHXpOHHOU MaINHEI B HAYaIbHBII " TOKA K.3. B 4 ATBHBIX
. PacueT KOPOTKHX
MOMEHT K.3. Pacuér HauansHoro o CIIOXKHBIX JIOMAIITHUX
3aMbIKaHUI H BEIOOD .
CBEPXIIEPEXOTHOTO TOKA B CIIOKHBIX cucreMax. 3a7jaHui
3NEKTPOOOOPYJOBAHUS
crcTeMax.
8 5 Pacuer HayanmbHOro 3HaYEHUS 4 Vibesuos C.A. Pacuer 4 GIIHII-0TTPOC
MIEPUONUECKON COCTaBIISIOIIEN TOKA DNeKTpOMarHUTHEIE Ha4YaJIbHOr O
K3 oT cHHXpOHHOI MaIHHBI 6e3 HepeXOHbIe TIPOLECCH B 3HAYCHHS
ydeTa H ¢ y4eTOM BIUSHUS INMEKTPHIECKHX MIePUOANIECK O
JIeMI(epHBIX KOHTYPOB. cucTemMax. cocTaBJISIO e N
Toka K3
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1 2 3 5 6 7 9
BuusiHEE aCHHXPOHHBIX
JNEKTpOABUraTeneil u
KOMIUIEKCHBIX Harpy30K B
HauaybHbIl MoMeHT K3. Pacuer P/l 153-34.0-20.527- Pacuer
MEPUONUECKON COCTaBIISIOILEH 98. PykoBopsiiue .
MePUOANIECK O
TOKa HpH yHaneHHbIX K3. YKa3aHUs 110 pacuyeTy . KOHTPOJIbHAsS
9 5,6 COCTaBIIAIOLIEH
MatemaTiueckast MOJElb TOKOB KOPOTKOT'O roKa 1MDH pabora
CHHXPOHHO MaIINHEL, 3aMbIKaHUS ¥ BEIOOPY p
ynanenusix K3.
OTpaXkaloIIasi OCHOBHBIE 3IEKTPOOOOPYJOBAHUS
3aKOHOMEPHOCTU
9NIEKTPOMATHHTHBIX IEPEXOJHBIX
IIPOIIECCOB B MAIIIHE.
JInneiinble mpeodpa3oBaHus
nudhepeHIHaIBHEIX YpaBHEHHI
MEPEXOIHOTO TIpoliecca.
VYpasnenus Ilapka-I'opesa.
ITepexonHble IpoOLECCH B
CHHXPOHHOI MammHe 6e3 yuera
BIIUSIHUS 1eMII()EPHBIX KOHTYPOB. Kpiouxos WIT Onpenenenne
XapaKTepHCTHIECKOE YPaBHEHUE U p N MIOCTOSIHHBIX
Hexnenaes b.H.,
ero kopHU. ITocTosSHHBIC BpeMeHn BpEMEHH
CrapumzoB B.A. u np.
10 6 3aTyXaHHsl CBOOOJIHBIX " 3aTyXaHHs GIIHII-0TTPOC
Pacuer KOpoTKUX
COCTaBILIIONMX TOKOB. M3MeHeHne o cBOOOIHBIX
3aMbIKaHUH H BEIOOD
TOKa SIKOpst pu TpexdazHom K3. COCTaBJISIOLIUX
3IEKTPOOOOPYJOBAHUS
BusiHEe crcTeMbl BO30YXK/ICHHS Ha TOKOB
MIePEXOIHBII mpolece.
ITepexomHble MPOLECCH IPH
TaIleHHy MarHUTHOTO MOJIS
CHHXPOHHO! MaIuHbI 1
HEYCIIEIIHOM OBTOPHOM
BKJIOYeHHH Ha K3.
ITepexonHble POLECCH B
CHHXPOHHOH MalIHE C yIeTOM
BIIUSIHUS JeMII()EPHBIX KOHTYPOB.
INepexomHble MPOIECCHl B KOHTYPax
O'Ir)o a TIpH aEOMKH TOM oﬁMZ‘EKe Mscoenos 0.B.,
poTopa IpH p Y I'oronesa JLb. Pacuer OcobeHHocTi
sikopst. [TlocTosiHHBIE BpeMeHH
CHMMETPUYHBIX ¥ MIEPEeXOHBIX
3aTyXaHHs CBOOOTHBIX 6mmi-ompoc,
11 6,7 HECHUMMETPHUYHBIX NPOLIECCOB B
COCTaBIIIIOIIMX TOKOB KOHTYPOB N KOJUIOKBHYM
o KOPOTKHX 3aMBIKaHUH ACHHXPOHHBIX
portopa. BiusiHue Ha nepexoqHsIit
o B CHCTEMax MalmHax
MPOIECC 3aMKHYTON 0OMOTKH
JNIEKTPOCHAOKEHHSI
sikopst. OCOOEHHOCTH MEePEeXOTHBIX
IIPOLIECCOB B ACHHXPOHHBIX
mammHax. [OCT u P/] o pacuety
TOKOB K.3.
Pacuer
TIePUONUECKON
COCTaBJISOIIEH
o P/l 153-34.0-20.527-
Pacuer nepuoandeckoit TOKa
N 98. PykoBonsme
COCTaBIIIIOIIEH TOKa TpeX(Ha3HOro Tpexdasnoro K3
N yKa3aHUs 110 pacuyeTy o
12 7 K3 B npon3BOoJIbHBII MOMEHT B NIPOU3BOJIbHBIN GIIHII-0TTPOC
TOKOB KOPOTKOT'O
BPEMEHH METOJ{OM THIIOBBIX MOMEHT
3aMbIKaHUS ¥ BEIOOPY
KPUBBIX. BpEMEHH
3IEKTPOOOOPYJOBAHUS
METOJIOM
THIIOBBIX
KPUBBIX.
Pacuer
TIePUONUECKON
Msicoenos 10.B., COCTAaBJISOIICH
Pacuer nepuoandeckoit I'oronesa JLb. Pacuer TOKa 3almra
COCTaBIIIIOIIEH TOKa Tpex(ha3HOro CUMMETPUYHBIX 1 Tpexdasnoro K3 HHIUBUIY-
13 7,7 K3 B npon3BOILHEIH MOMEHT HECHMMETPUYHBIX B TIPOU3BOJILHBII aJIbHBIX
BPEMEHHU METO/IOM CIIPSIMIICHHBIX KOPOTKHX 3aMBIKaHUH MOMEHT JIOMAIIHUX
XapaKTePUCTHK. B CHCTEMaxX BPEMEHH 3ajaHuit
JNIEKTPOCHAOKEHHS METO/IOM
CIIPSIMIIEHHBIX
XapaKTePUCTHK.
acyeT TOKOB
PJI 153-34.0-20.527- P
KOPOTKOTO
Oco0EHHOCTH PacueTOB TOKOB 98. PykoBopsiiue
3aMbIKaHUS B
KOPOTKOT'O 3aMBIKaHVIS B yKa3aHUs 110 pacuyeTy KOMILIEKCHOE
14 7 3JIEKTPOYCTaHOB
JNIEKTPOYCTAaHOBKAX HANPSDKEHHEM TOKOB KOPOTKOT'O Kax 3a7jaHue
10 1000 B. 3aMbIKaHUS H BEIOOPY
3NEKTPOOOOPYJOBAHUS HATIPIKCHICM
10 1000 B.

259




1 2 3 5 6 7 9
VYcnoust, Ipy KOTOPBIX JOITyCTHMO
MPUMEHEHHE METO/Ia CHMMETPHYHBIX
COCTaBILIIOIIMX JUIS aHAIH3a
HECUMMETPHUYHBIX PEKHUMOB B OmnpenencHue
Tpex(a3HbIX LEMsIX, COLEePKAIIIX Kproukos I.I1. apaMeTpoB
CHHXPOHHBIE MaIlIMHEL. [lapamMeTpsl DIeKTPOMAarHUTHBIE 9JIEMEHTOB T10
15 8,8 INEKTPUIECKUX MAIINH, TepeXo/IHbIe POLECCHl B OTHOIIIEHHUIO K KOJITIOKBUYM
TpaHc()OpMaTOpOB JNEKTPOIHEPr eTHIECKUX TOKaM Pa3HBIX
(aBroTpanc(hopMaTOpoB), 000OIIEHHBIX crcTeMax MOCJIE/IOBATEb-
Harpy30K, BO3IYIIHBIX JIUHUA HOCTeH.
aneKTponepenad u kabeneit mo
OTHOIIICHUIO K TOKaM Pa3HBIX
II0CIIEI0BATEIILHOCTEH.
I'paHiYHbBIC YCIIOBHUS U OCHOBHBIC
p y VibsioB C.A.
COOTHOILICHUS MEKAY CHUMMETPUIHBIMH HaxoxneHue
o ONeKTpOMarHUTHbIE
16 8 COCTaBILIIOIMMH TOKOB H HAIPSHKECHUIT TPaHUYHBIX GJIHI-0TTPOC
HepeXOHbIE IIPOLECCHI B o
rpu HecuMMeTpudHbIX K3 1 06pbiBax ycioBuit
bas INEKTPHIECKHUX CHCTEMAX.
BekTopHbIe AMarpaMMbl HAMPSHKEHUN 1
TOKOB ITPY HECHMMETPUSIX Pa3HOT0
BUJa. YUET IPYIIIBI COSTHHEHHS Hcnonb3oBaHue
TpaHc(hOpMaTOpOB IpaBuIIa
(aBToTpaHc(hOpMaTOpPOB) MpU Vibesuos C.A. SKBUBAJIEHTHOCT
17 3.8 OIpE/IETIEHNH TOKOB B Pa3HBIX BETBSIX U OJeKTpOMarHUTHEIE U TOKa TPSIMOM GIHI-OMDOC
? HaNpsHKCHUH B TPOU3BOJIBHBIX TOYKAX HepeXOHbIE TIPOLECCHI B IIOCIIEeI0BATEINIBH f-orp
pacueTHOIt cxemsl. [IpaBuio JNEKTPHIECKHUX CHCTEMAX. OCTH IIPH
SKBUBAJICHTHOCTH TOKa MPSIMOM HECUMM ETPUYHBI
MIOCIIEI0BATEILHOCTH PH X PeKUMAX
HECUMMETPUYHBIX PEKUMAX U €ro
HCHOJIb30BAHHE
VibsHoB C.A. CocraBienne
. KommuiexcHble cxeMbl 3aMeleHusl.
DIeKTPOMarHUTHBIE KOMIUICKCHBIX KOHTPOJIbHAS
18 8 CpaBHEHHE TOKOB IPH
HepeXOHBIE IIPOLECCHI B cxeM pabora
HecuMMeTpuuHbIX K3 paszHoro Buza.
JIIEKTPHIECKHUX CHCTEMAX. 3aMeIeHHs
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Jna cneyuanvnocmu 140203

B CamocrosTesnbHast
Howmep | Homep OIPOCHI, 3ansTus (HoMmepa) Hcnonb3yembie AG0TA CTYICHTOB DopMEL
H3ydaeMble HarJsiyl. U METOJ. P A p
[HCHCITH | TEMBI Ha JIeKIHH TPAKTH. ltaGopat ocooust coziepx Yyackl KOHTpOTA
(CeMHH.) ) )
1 2 3 4 5 6 7 8 9
3anaun kypca. [Tonsitue o
MEPEX0THOM pexuMe. [IpHIrHBI
BO3HUKHOBEHHSI IEPEXOAHBIX
npoueccoB. OCHOBHBIE MTOHSATHS. Kprouxos W.IT.,
OC0OEHHOCTH HIIEKTPOMATHUTHBIX Hexnenaes b.H., CocraBieHue
1 1.1 MepeXoIHBIX nporeccoB. CXeMbl CT'flpIJ_II/IHOB B.A. u np. pacueTHbIX 6mu-onpoc
3aMeIIeHHsI OCHOBHBIX CHIJIOBBIX Pacuer KOpoTKHX cxeMm
a5eMeHTOB. CXeMbl 3aMeIIeH st 3aMBIKaHU# U BBEIOOD 3aMelIeH st
MHOT0OOMOTOYHBIX JNIEKTPOOOOPYAOBAHUS
TpaHCHOPMATOPOB U CABOCHHBIX
peaktopoB. CocTaBieHue
pacyeTHBIX CXEeM 3aMeleHHs
Buzbl KOpoTKHX 3aMbIKaHui (K.3), P/ 153-34.0-20.527-98 Hasnauenue
npg:gj‘l‘;c?;;;g;jig;):::;: " PyxoBonsmme ykazanus pacuéroB
2 2 pac4€roB MepexoaHbIX MPOIECCOB 1 110 pacuery Tokos TICPEXOMHBIX GIIHII-0TTPOC
1 TpeGoBaHMs K Hitm. OCHOBHBIS KOPOTKOTO L‘éaMLIKaHI/Iﬂ np%ueccos u
pacuerax.
OO0mwmit NopsIoK pacyera K.3.
Hcnosib30BaHME CHCTEMBI Msicoenos 10.B.,
OTHOCHUTEJIBHBIX €UHMUII. T'orosiesa JI.B. Pacuer Onpenenenne
CocraBiieHne cXeMbl 3aMeeH s CHMMETPUYHBIX 1 11apameTpos KOHTpOJIbHA
3 2,2 CHCTEMBI U oIpesiesieHue eé HECHUMMETPHYHBIX 3aMZ);j:;IIﬂ s 2 s
napaMeTpoB B IMEHOBAHHBIX KOPOTKHX 3aMbIKaHUH B pabota
enuHunax. OnpeneneHue cucremMax OTHOCHTCIIBHBIX
rapaMeTpoB CXEMBI 3aMEIeHHUs B JNIEKTPOCHAOKEHHS CIUTHHIAX.
OTHOCHTEJIbHBIX CIMHHIIAX.
Tpéxdasnoe k.3. B Msicoenos 10.B.,
Hepa3BeTBJIEHHOH LIemH, Toronesa JI.b. Pacuer Ilepexonnsrit
MOAKIFOYEHHON K HCTOYHUKY CHMMETPUYHBIX 1 Tporecc npu
4 3 CHHYCOUIAJIBHOTO HATIPSDKEHUS. 2 HECUMMETPHYHBIX TpexdazHoM GIIHII-0TTPOC
IIepexoxaHslii porecc mpu KOPOTKHX 3aMbIKaHHUIl B KOPOTKOM
Tpex(}azHOM KOPOTKOM 3aMBbIKaHUU cucremMax 3aMBIKAHUH
(K3) B ienu 6e3 TpancdopmMaTopoB. JIEKTPOCHAOKEHHSI
®dusnueckas CynHoOCTb
BO3HHKHOBEHHSI COCTABJISIOLINX
TOKa K.3. YJapHBIH TOK K.3. U
YCIJIOBHSI €r0 BOZHUKHOBEHHSL.
MerTopb! onpeeneHus y1apHoro
ko3 durpenta. OcodbeHHOCTH Msicoenos [O.B
.B.,
nepexonHorounpouecca npu K3 Bv T'orosiea JI.B. Pacuer Omnpenenenue
pa3BeTBIeHHOM 11enu. [lepexoaHblit CHMMETPUUHBIX 1 yAapHOTO
5 3,4 THI:I){L(I:?;(: IKEI-I[::K;}:‘{:I;;ISKZC:Z; HECUMMETPHYHBIX ko3 (duipeHTa GJIHII-0TTPOC
p BTOEW{HO[;,I o 65[0“(0]“4. ¥ KOPOTKHX 3aMbIKaHHUil B U YAapHOTO
ITepexonnsrii npouecc npu K3 3a cneremax Toka
TpaHChOPMATOpOM. JNIEKTPOCHAOKEHHSI
OCHOBHBIE ITapaMeTpbl
CHUHXPOHHOH MammHb! (CM).
Cxema 3aMeleHNs] U BEKTOpHast
JiparpaMMa CHHXpPOHHOTO
reHepaTopa.
Kprouxos I.I1.,
Bnusinue APB Ha ycTanoBuBIIeHCs Hexknenaes b.H.,
6 4 pexuMm k.3. Pacuér 3 CT'flpIJ_II/IHOB B.A. u np. Bue: APB 6mun-onpoc
YCTaHOBMBIIETOCS TOKA K.3. B Pacuer KOpoTKHX
CIIOKHBIX CHCTEMax. 3aMBIKaHU# U BBEIOOD
9IIEKTPOOOOPY1OBAHUS
IlepexonHble U CBEPXIIEPEXOHbBIE Kpiouxos VLIT
napameTpsl CHHXPOHHOT'O Hexnenacs B.Hj Pacuér 3alurTa
reHeparopa. Cxema 3aMelleHHs Crapmnos B.A H7Ilp YCTaHOBUBIIETO UHJIUBUNY-
7 4,5 CHHXPOHHOH MaIINHBI B "Pacuer Ko 'OT'KHX : csl TOKa K.3. B 2 AIBHBIX
HavaJIbHBIH MOMEHT K.3. Pacuér saMBIKaR EI BLI60p CIIOKHBIX JIOMAIITHUX
HA4aJIbHOT'O CBEPXIIEPEXOAHOTO cucTemMax. 3aJlaHui

TOKa B CJIOXKHBIX CUCTEMAX.

3IEKTPOOOOPYJOBAHUS
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3 5 6 7 9
Pacuer
Pacuer HayanmbHOrO 3HaYEHUS Vibsuos C.A.
. . Ha4yaJIbHOr 0
MePUOANYECKOH COCTaBIIONIEi DIeKTPOMAarHUTHBIC P
8 5 Toka K3 0T CHHXpOHHON MaIIMHbI TIEPEXO/IHBIE TPOLIECCHI —— 6mmI-omnpoc
6e3 ydeTa U ¢ y4eTOM BIIHSHUS B 3JICKTPUYCCKHUX p .
neMI(epHBIX KOHTYPOB CHCTEMax COCTABIIIOMICH
) ) Toka K3
BinsiHEEe aCHHXPOHHBIX
JNEKTPOABUTraTeneil u
KOMIIIEKCHBIX Harpy30K B
HavanbHbIH MoMeHT K3. Pacuer P/l 153-34.0-20.527-98. Pacuer
MePUOMUECKON COCTABIISIOIIEH PyxoBonsime ykazanus .
MePUOAUIECK O KOHTpOJIbHA
TOKa IpH yaaneHHbIX K3. 10 PacyeTy TOKOB o
9 5,6 COCTaBIIAIOLIEH s
MatemaTiueckast MOJElb KOPOTKOTO 3aMBIKaHUsI
= TOKa TIpH pabota
CHHXPOHHOW MaIlHBbI, U BEIOOPY
ynanenusix K3.
OTpa)karollasi OCHOBHbIE 3IEKTPOOOOPY1OBAHUS
3aKOHOMEPHOCTH
3JIEKTPOMATHUTHBIX TIEPEXOTHBIX
IIPOLIECCOB B MAILIMHE.
JInneiinble mpeoOpazoBaHus
nudhepeHIHaIbHEIX YpaBHEHHI
MEPEXOIHOTO Ipoliecca.
VYpasnenus Ilapka-I'opesa.
ITepexonHble IPOLECCH B
CHHXPOHHOI MammHe 6e3 yuera
BIIUSIHUS 1eMII()EPHEIX KOHTYPOB. Kpiouxos WLIT Onpenenenne
XapaKkTepucTHIecKoe ypaBHEHHE 1 p —_— TOCTOSIHHBIX
Hexnenaes b.H.,
ero kopHU. ITocTosSHHBIE BpeMeHn BpEMEHH
CrapumzoB B.A. u np.
10 6 3aTyXaHHsl CBOOOIHBIX " 3aTyXaHHs GJIHII-0TTPOC
Pacuer KOpoTKUX
COCTaBIIIOIMX TOKOB. 3MeHeHne N CBOOOIHBIX
3aMbIKaHUH H BEIOOD
TOKa sIKopst pH Tpexdasnom K3. COCTaBITIOIIHUX
3IEKTPOOOOPYJOBAHUS
BimsiHEe cHCTEMBI BO30yXKICHUS TOKOB
Ha MepeXoHBII mpolecc.
ITepexomHble MPOLECCHI IPH
TaIlleHHd MarHUTHOTO TOJIS
CHHXPOHHOW MalIuHBI 1
HEYCIIEIIHOM OBTOPHOM
BruroyeHun Ha K3.
ITepexonHble POLECCH B
CHHXPOHHOH MaIlIHE C yIeTOM
BIMSIHUS 1eMIT(EPHBIX KOHTYPOB.
ITepexonHble MPOLECCHl B KOHTYPax
pofopa pH paEOMKHyTOﬁ oﬁMZ‘FKe Mscoenos 10.B,,
T'oronesa JLb. Pacuer OcobeHHoCTH
sikopst. [TocTosiHHBIE BpeMeHH
CHMMETPUYHBIX 1 MEPEXOTHBIX
3aTyXaHHsS CBOOOTHBIX 6mmi-ompoc,
11 6,7 HECUMMETPHYHBIX MPOIIECCOB B
COCTaBIIIOIIMX TOKOB KOHTYPOB N KOJUIOKBHYM
. KOPOTKHX 3aMBIKaHUH B ACHHXPOHHBIX
portopa. BiusiHue Ha nepexoqHbIit
. cucreMax MalmHax
MPOIECC 3aMKHYTOM 0OMOTKH
JNIEKTPOCHAOKEHHS
sikopst. OCOOEHHOCTH MEePEeXOTHBIX
IIPOLIECCOB B ACHHXPOHHBIX
mammHax. [OCT u P/] o pacuety
TOKOB K.3.
Pacuer
TIePUONUECKON
N PJ1 153-34.0-20.527-98. Do "
Pacuer nepuoanueckoit COCTaBJISOIIEH
N PykoBopsiue ykazaHus
COCTaBIIIIOIIEH TOKa TpeX(ha3HOro ToKa Tpexda3Horo
o 10 pacyeTy TOKOB
12 7 K3 B 1pon3BONbHbIA MOMEHT K38 6mmI-omnpoc
KOPOTKOTO 3aMBIKaHUsI N
BPEMEHH METOJ{OM THIOBBIX T BEIGO MTPOU3BOJIbHBII
KPHBBIX. py MOMEHT BpEeMEHU
3NEKTPOOOOPYJOBAHUS
METOZIOM
TUIIOBBIX KPHBBIX.
Pacuer
TIePUONUECKON
Msicoenos 10.B., pHoA .
. COCTaBIIIOIIEH
Pacuer nepuognueckoit T'orosiea JI.B. Pacuer 3aIuTa
N TOKa Tpex(azHoro
COCTaBIIIIOIIEH TOKa TpeX(ha3HOro CHMMETPUYHBIX 1 K3 HHUBHUY-
13 7,7 K3 B npon3BONbHbIA MOMEHT HECHUMMETPHUYHBIX . aJIbHBIX
. MTPOU3BOJIbHBII
BPEMEHHU METO/IOM CIIPSIMIICHHBIX KOPOTKHX 3aMbIKaHHUIl B JIOMAIITHUX
MOMEHT BpeMeH! N
XapaKTePUCTHK. CHCTEeMax 3ajaHuit
METOZIOM
JNIEKTPOCHAOKEHHS
CIPSIMIICHHBIX
XapaKTePUCTHK.
P/ 153-34.0-20.527-98. pacder TOKOB
Oco0EHHOCTH PacueTOB TOKOB PykoBopsiue ykazaHus KOPOTKOTO
14 7 KOPOTKOT'O 3aMBIKaHVIS B 0 pacyery TOKOB 3aMBIKaHUS B KOMILIEKCHOE
JNEKTPOYCTAaHOBKAX HANPSDKEHHEM KOPOTKOTO 3aMBIKaHUsI JNEKTPOYCTAaHOBK 3a7jaHue
10 1000 B. 1 BEIOOPY ax HalpsHKeHUEeM
JIEKTPOOOOPYAOBAHUS 10 1000 B.
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1 2 3 6 7 9
VYcoBust, TP KOTOPBIX AOMYCTUMO
NIPUMEHEHNE METOoa
CHMMETPUYHBIX COCTABJISFOIIMX
JUTSL aHAIM33 HECHMM ETPUYHBIX
©KUMOB B TPEX(Pa3HBIX LETISX. Omnpenenenue
p pexd h ? Kprouxos M.II. pen
COZIepKALINX CHHXPOHHBIE rnapaMeTpoB
DIeKTPOMAarHUTHBIE
ManmHsl. [TapameTpbt JJIEMEHTOB 10
TIePEeXO0IHbIE TPOLECChHI
15 8,8 JIEKTPUYECKUX MAIIHH, N OTHOLIEHHIO K KOJUIOKBUYM
TpaHcHOpMaTOpOB TOKaM Pa3HBIX
JJIEKTPOdH P eTUIECKU
(aBroTpanchopMaTOpoB), T0CJIeJ0BaTEINb-
X cUCTeMax N
0000 1IEHHBIX HATPY30K, HOCTEHI.
BO3JIYLIHBIX JIHHUI
JJIeKTponepenay u kadeneit no
OTHOILICHHUIO K TOKaM Pa3HBIX
110CJIeJOBATEIILHOCTEH.
I'paHiYHbBIC YCIIOBUS U OCHOBHBIC
p y Vibesuos C.A.
COOTHOILICHUS MEXKTY
DIeKTPOMarHUTHBIE
CHMMETPUYHBIMH COCTABJISFOIIMHU Haxoxnenune
16 8 . TepEeXOIHbIE TPOLIECChI . GJIHII-0TTPOC
TOKOB U HANPSDKEHUI pH IPaHUYHBIX YCIOBHUI
B 3JICKTPUYECKHUX
HecuMMeTpuuHBIX K3 1 06psIBax
cucTemMax.
(has.
BekTopHbIe AnarpaMMbl
HaNpsHKCHUH U TOKOB MPH
HECHUMMETPHSIX pa3HOro BUjaa. Yder
Hcnons3oBanue
IPYIIbI COSTUHEHUS
npaBuiia
TpaHchopMaTOpoB Vibesuos C.A.
9KBUBAJICHTHOCTH
(aBTroTpanc(hopMaTOpOB) MpU DIeKTPOMAarHUTHBIE TOKa HPSMOI
17 8,8 OIPEJEIEHUN TOKOB B pa3HbIX MEPEXOIHBIE NPOLIECCHI p GIIHII-0TTPOC
o 0CIIeI0BATEIEHOCT
BETBSIX U HANPSDKEHUIT B B 3JICKTPUYECKHUX —
MPOU3BOJIbHBIX TOYKAX PACUCTHOM cucTemMax. p
HECUMMETPUYHBIX
cxeMbl. [1paBuIto 3KBUBaJICHTHOCTH
N peXUMax
TOKa TPSIMOM MOCIISA0BATEIIbHOCTH
MPU HECUMMETPUYHBIX PSKUMAX U
€ro HCIOJIb30BaHUE
Vibsuos C.A.
. KommniekcHble cXeMbl 3aMeIIeHHs..
DIeKTPOMAarHUTHBIE Cocrasienue KOHTpOJIbHA
CpaBHEHHE TOKOB IPH
18 8 TIePEeXO0JIHbIE TPOLIECChHI KOMIIJIEKCHBIX CXE€M s
HecuMMmeTpruHbIX K3 pa3zHoro
- B 3JICKTPUY ECKHUX 3aMeIIeH st paboTta
) CHCTEMax.

[Tpumeps! 3a1aHNI Ha CAMOCTOSATENBHYIO pabOTy MPHUBEIEHBI B pasjerne 8.

3amanus 11 CaMOCTOSTEIBHON PabOTHI CTY/ICHTOB.

B mpouecce u3ydeHus: TUCHUIUIMHBI (IIOCIE KaXKJIOTO MPAKTUYECKOTO 3aHSTHSI) CTYAEHTBI
MOCIIEIOBATEIHHO pa3padaThIBAIOT MPEIIOKEHHBIE B 3aJaHMH BOTIPOCHI M 3AIMIIAIOT UX COTIACHO
rpaduKy, yKa3aHHOMY B Y4eOHO-METOJAMYECKON (TEXHOJOTHYECKOW) KapTe TUCIUIUIMHBL. Ha
MIOCJIETHEM TPAKTUYECKOM 3aHSATUHU CTYACHTHI 3alUINAI0T KOMIUIEKCHOE 33JaHHUE LIEJIUKOM, C €ro
AQHAJIM30M U OLICHKOM IPHUHSATBIX NHKCHEPHBIX PELICHUN.

Tema 1. OcHOBHBIE CBEIEHUS 00 AIIEKTPOMArHUTHBIX TIEPEXOIHBIX MPOIIeccax
Bomnpocs! 151 camonpoBepku

1. B ueM cocTouT pazanyune MeX/y MEKTPOMAarHUTHBIMH U 3JEKTPOMEXaHUYECKUMU TEPEX0THBIMU
IIPOLIECCAMU B 2IIEKTPUUECKOM cucteme ?
2. Kakue KopoTKue 3aMbIKaHUS Ha3bIBAIOTCS METAJUIMYECKUMU 7
3. Ilepeuncnuth OCHOBHBIE BHJIbI KOPOTKHX 3aMbIKaHUHU (K.3.). OTHOCUTENIbHAs BEPOSITHOCTh UX
BO3HMKHOBEHHS B IEKTPUUYECKUX CUCTEMAX.
4. Kakue BUBI K.3. MOTYT BO3HUKHYTH B TpeX(a3zHOU CUCTEME C IIIyX03a3eMIIEHHOW HEUTpabio ?
5. Kakue Buipl HapylIeHUs! peXuMa OTHOCSTCS K IPOJIOJIBHOM U MOTIEPEYHON HECUMMETPHUH ?
6. UTO NOHMMAIOT O] PaCYETOM NIEKTPOMArHUTHOIO MEPEXOIHOTO Iporecca?
7. llepeuncnurte 3amauu, s MPAKTUYECKOTO PELIEHHS KOTOPBIX IPOU3BOAAT__PacyeThl
AJIEKTPOMArHUTHBIX EPEXOIHBIX MPOIIECCOB.
8. B uem 3akit0yaroTCs OCHOBHBIE JOIMYUICHUS, IPUHUMAEMbIE MIPH pPacyeTax 3JIEKTPOMAarHUTHBIX
MIEPEXO/IHBIX IPOLIECCOB ?
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Tema 2. Cuctema 0THOCUTENbHBIX eUHMLL. COCTaBICHUE CXEM 3aMEILEHUS
Bomnpoce! 151 camonpoBepku

1. Kakue mnpeumymiectBa U HEAOCTATKM CHCTEMBl OTHOCHTENBHBIX EIUHUI] 10 CPABHEHHIO C
CUCTEMOW UMEHOBAHHbIX €AUHMUII ?
2. Kakumu cooOpaskeHHsIMH CIIeyeT PYKOBOJACTBOBATHCS IIPU BBIOOpE Oa3UCHBIX YCIOBUNA?
3. Ilouemy B ciy4ae MPUMEHEHUSI CUCTEMbl OTHOCUTENBHBIX €IUHHI] PE3ybTaT pacueTa pekuMa
K.3. HE 3aBUCHUT OT BBIOOpa 0A3MCHBIX YCIOBHH, XOTS B MPOIIECCE pacyeTa YHCICHHbIE 3HAYCHUS
BEJIMYUH MPH Pa3HBIX 0a3MCHBIX YCIOBUAX MOTYYArOTCS Pa3InIHBIMU?
4. OTHOCUTENbHbIE PEAKTUBHOCTU JBYX TI€HEpAaTOpOB OJAMHAKOBbI. Ompenenure, B KaKOM
COOTHOIIEHUH HAXOJATCS UX PEAKTUBHOCTH, BbIpaykeHHbIE B OMax, €ClIM: HOMMHAJIbHbIE MOIHOCTH
IE€HEpAaTOPOB OJMHAKOBBI, @ X HOMHUHAJIbHBIE HANPSDKEHUS COCTaBIISIOT COOTBETCTBEHHO Uy u
nU,; HOMUHaJbHbIE HANpSIKEHUS TE€HEPaTOpPOB OJMHAKOBBI, @ MX HOMMHAJIBHBIE MOILHOCTH
COCTaBJISIIOT COOTBETCTBEHHO Sy U NSy,
5. B menu ycraHoBieH peakTop ¢ X,=5% mnpu 1,=150 A u U= 6kxB, koTopslii mpeamnonaraercs
3ameHuTh peakTopoMm Ha [,= 300 A. OmnpenenuTh, KakoBa JOJDKHA OBITH OTHOCHTETbHas (B
MPOIEHTAX) PEaKTHBHOCTh 3TOTO PEaKkTopa NP HOMHUHAIHLHOM HampspkeHun a) 6 kB; 0) 10 kB,
YTOOBI MOCIIE 3aMEHBI PEaKTUBHOCTD LIEMH OCTaach MPEXKHEH.
6. C KaKkoil 11eJIb}0 MarHUTOCBSI3aHHBIE LIETIH IPEJICTABIISIIOT CXEMOM 3aMelleHus?
K uemy cBoaMTCS cOCTaBlIeHUE TaKOW CXEMBI 3aMEIIEHUs ?
7. Ha uemM OCHOBaHO COCTaBJIeHHE NPUOIMKEHHOW CXeMbl TMpHUBeNeHHUS (TPUOTMKEHHOE
IpUBeACHUE) ?
8. KakoB nmopsiiok pacyera npu TOYHOM IPUBEIEHUN B OTHOCUTEIbHBIX €IMHUIIAX 7

Tema 3. KopoTkoe 3amMbIkaHUe B ITpOCTeiiel Tpexda3Hoi menu
Bomnpoce! 151 camonpoBepku

1. 13 xakux crararoux COCTOUT KpUBas U3MEHEHHUsI TOKA IIPU BHE3AITHOM K.3. B HEPA3BETBICHHON
LEMH, TUTAEMOM OT UCTOYHHKA OECKOHEUHON MOITHOCTH ? Kak OHM U3MEHSIOTCS BO BpEMEHH ?
2. Kakoe BiIusiHHE OKa3bIBAeT NPEIIECTBYIOIIMI TOK Ha BEJIMYMHY allepuOJAUYECKOM ciararouiei
TOKa K.3., KAKOT'O MAaKCHMaJIbHOTO 3HAUEHUSI MOYKET IOCTUraTh MOCIEAHAA?
3. Uto HazpBaercs (azoit BrmoueHus ? [Ipu kakoil ¢a3e BKIIOYCHHUS U B KAKOW MOMEHT BPEMEHHU
110CJI€ BOZHUKHOBEHUS K.3. HACTYAeT MAKCUMYM MIHOBEHHOI'O 3HAYEHUS MOJHOTO TOKa ?
4. Yto Ha3pIBaeTCs yJapHbIM TOKOM K.3. M KaKH€ YNPOIIAIOIIHME YCIOBUS NMPUHUMAIOT MPU €ro
omnpeneneHuu ?
5. Uto nmoHMMaeTCs MoJ 3KBUBAJICHTHOM MOCTOSIHHOM BpeMeHu T , ., U Kak
MIPaKTUYECKU MOKHO OLIEHUTh €€ 3HaueHue?
6. UTo moKa3bIBaeT yIapHbIid KOA(PQPHUIMEHT U KAaKOBBI ITPEIEIbl €0 H3MEHEHU?
7. Kakue ynpoIleHHs] NMPUHUMAIOT IIPU ONPEICICHUN JECUCTBYIOINUX 3HAYEHUH ITOJHBIX BEIUYHMH
OTJEINIBbHBIX CararolluxX ToKa K.3.7
8. Kak o0ocHOBaTh, YTO MpH pacyeTax TOKOB K.3. KOHTYPOM HaMarHWYMBAaHUS TPaHC(HOPMATOPOB
HYXXHO TIpeHeOpeyn?

Tema 4. YcraHOBUBIIMICS PEXKUM KOPOTKOTO 3aMbIKaHUS
Bomnpoce! 151 camonpoBepku

1. Kak onpenenuTs yCTaHOBMBILIMICA TOK I'€HEpaTopa IpH K.3. HA €ro BbIBOJAX, €CIU HU3BECTHBI
HOMMHAJIbHBIE JJAHHBIE T€HEPAaTOpa, OTHOCUTENBHBIN TOK BO30OyxneHust u OK3 ?
2. Kakoe BiMsiHUuE Ha peXXHUM K.3. OKa3bIBaeT Harpy3ka ? Kak oHa yuuTeIBaeTcs B pacyerax ?
3. YTo Takoe KpUTHUECKOE CONPOTUBIIEHUE U KaK OHO OIpenensiercs?
4. Yto Ha3pIBaeTCid OTHOLIEHHWEM KOpoTKoro 3aMbikaHus (OK3) u kak OHO CBs3aHO C
PEaKTUBHOCTHIO reHepaTopa’?
5. B uem nposBasercs neiicteue APB B ycraHOBUBLIEMCS peXUME K.3.7
6. Kakue pexumsl reHepatopoB npu Haauuuu APB BO3MOXHBI B yCTaHOBUBIIEMCSI PEXHUME K.37
Uem oHM XapakTepU3yrOTCs?
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Tema 5. HauanpHbI MOMEHT BHE3AITHOIO pEeXUMa

Bomnpoce! 151 camonpoBepku
1. B cuny KakuxX MPUYMH MAarHUTHBIA NOTOK B BO3AYIIHOM 3a30p€ MAllMHBI B Ha4aJbHbII MOMEHT
HapYyIIEHUS peKUMA MPeTepreBaeT U3MEHEHUS ?
2. Yro Ha3bIBACTCS MEPEXOTHOM 3.71.C. U KAKUM CBOHCTBOM OHa o0yiamaet?
3. Uto Ha3pIBaeTCs TEPEXOJHOW PEaKTUBHOCTHIO MAIIMHBI U OT KaKUX (AKTOPOB 3aBUCHUT €€
BeJIMYUHA ?
4. Yto Ha3bIBAETCSl CBEPXIIEPEXOAHBIMHU 3.7.C. U PEAKTUBHOCTSIMU?
5. Kak npakTruecku OlIEHUBAETCSI CBEPXIIEPEX0/IHAs PEAKTUBHOCTh ACHHXPOHHOTO JABUTATENS ?
6. Kakumu mnapameTpamMu BBOJSATCA B CXEMY 3aMEUIEHUsS TEHEpaTopbl M HArpy3Kud Mpu
MPAKTUYECKOM pacyeTe Ha4aJIbHOTO CBEPXIEPEXOAHOTO TOKaA ?
7. B ueM 0coOEHHOCTh OTIpEICIICHUS YIAPHOTO KOAXPDUITUEHTA TSl ACHHXPOHHBIX JIBUTATENCH ?

Tema 6. BHe3annHOe KOPOTKOE 3aMbIKaHUE CUHXPOHHOM MaIlIMHBI
Bomnpocer! s camonpoBepku

1.  VYkaxute, Kakas CBSI3b CYILECTBYET MEKy COOTBETCTBYIOLUIMMHU CIIAralOUIMMHU TOKOB B IIETISX
cTaTopa M poTopa IMPH BHE3AITHOM K.3. CHHXPOHHOM MaIlllMHbI 03 JeMIpepHbIX 0OMOTOK ?
2. Kak wu3MeHsercs BeJMYMHA TIOCTOSIHHOM BpeMeHM Ta ¢ yBEJIMYEHHUEM HWHIYKTHUBHOTO
COINPOTHBIICHUS B LIENIU cTaTopa reHepaTtopa ?
3. UeM BbI3BaHA U OT YETO 3aBUCUT BTOpasi TapMOHUKA TOKA CTaTOPa IMIPU KOPOTKOM 3aMbIKaHUU ?
4. B yeM mposiBIIsIeTCsS BIUSHHUE JAeMI(PEPHBIX 0OMOTOK Ha MPOTEKaHHE MpoIlecca BHE3AMHOTO K.3.
CUHXPOHHOMW MaIIuHBI?
5. Kak cka3biBaercs neiictBue APB Ha mpoTexkaHuum mnporecca BHE3AHOTO K.3. CHHXPOHHOM
MAIIUHBI ?
6. Uto Ha3bIBaeTCSI KPUTHUECKUM BpeMeHeM? Kak OHO U3MEHSIETCsl C U3MEHEHUEM Xy 7
7. B 4eM pasnuuue KpUBBIX U3MEHEHUS MEPUOIUYECKOM Clararoliell ToKa cTaTopa IeHepaTopa C
APB tpu Te =0u Te #0?
8. Kakoe orpannueHue 1 noueMy CTaBsATCs B BBIPAXKEHUHU JJIs IEPUOJUUECKOMN
ciararoniei Toka craropa reaeparopa c APB ?

Tema 7. [lpakTudeckue MeTo1a pacuyera MepexoTHOTo Mmpoliecca Mpu Tpex($azHbIX KOPOTKUX
3aMBIKaHUSIX
Bomnpocer 151 camonpoBepku
1. KakoBsI 001111€ JONOTHUTENbHBIE JOMYIICHNS, IPUMEHsIEMbIe B TPaKTUYeCKuX pacueTtax K3 ?
2. Ha yem oCcHOBaH M€TO/1 pacu€THBIX KPUBBIX ?
3. YuuThIBaeTCs 1M BAUSHUE HarPy3KU B METOJI€ PACUETHBIX KPUBBIX ?
4. TloyeMy TpHU TIOJH30BAaHUM PACUETHHIMH KPUBBIMHU BETBb 'CHUCTEMBI' HENb3s, OOBEAMHATH C
BETBSIMU I'€HEPATOPOB 33JJaHHON CyMMapHON MOIIIHOCTH B OJIMH SKBUBAJIEHTHBIA HCTOYHUK?
5. Kakas npeznenbHasi NOrpelIHOCTh METO/1a PACUETHBIX KPUBBIX ?
6. Kak mpou3BouTCS pacueT TOKOB K.3. OT HCTOYHHUKA OECKOHEYHOM MOITHOCTH (S= o) ?
7. Kakumu 3.71.C. ¥ COTMPOTUBIICHUSMH JOJKHBI OBITH BBEICHBI B CXEMY 3aMEIICHHUSI T€HEPaTOPhl U
Harpy3Ku JJis pacueTa HauyaJlbHOTO CBEPXIIEPEXOAHOIO TOKA ?
8. Kak ompenensiercst ynapHbiii KO3GGUITUEHT IS IBUTATEIILHON ¥ 0000IIEHHON HArpy3KH ?
9. KakuMu CONpOTHBIICHUSIMU BBOASTCS IT€HEPATOPBI IIPU PACUETE TOKOB K.3. METOJIOM PaCUYETHBIX
KpPUBBIX ?
10. Kak npousBoaurcs pacder KOPOTKOTrO 3aMbIKaHUS IPU Xp>3 7
11. TIpn KaKuX yCIOBHSIX YCTAHOBUBIIMICS TOK K.3. IOCTUTAET 3HAYEHUI 0O0JIbIIIe HAYaIbHOTO TOKA
?
12. B uem oTiinumne pe3yabTUPYIOIIETO COPOTUBIEHUS CXEMbI OT PACUE€THOTO CONPOTHUBIICHUS U B
KaKHX CI1y4asiX OHU pPaBHBbI?
13. Kak mpou3BOuTCS pacyeT Al BBIOOpA BBIKIIIOYATENS 110 OTKIIFOYAIOIIeH criocoOHOCTH?
14. B yem 3axirodaeTcsi JOMOJHUTENbHBIE YTOUHEHUS! METOIa PACUETHBIX KPUBBIX?
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Tema 8. @opcupoBka BO30YKICHUS U Pa3BO30YyXKIEHUE CHHXPOHHBIX MAITUH
Bomnpoce! 151 camonpoBepku

1. Yrto Takoe perneiinas ¢GopcupoBKa BO30OYKICHUS ?

1. B 4eM 3akmo4aroTCs pa3iuyMs CHUCTEM BO30YXKAECHHS C CaMOBO30YXKICHHEM U C
HE3aBUCHUMBIM BO30YKICHHEM C TOYKH 3pEHUS MPOTEKaHHWs TPOLECCOB TMpH (popcupoBke
BO30YXJIeHHsI ?

2. KakoBbI 0COOEHHOCTH MPOIIECCOB B CHCTEME C TIOCIIE0BATEIbHBIM BO30YKICHHEM ?

3. B gem npeumyIiecTBa CHCTEMBI BO30YKICHHUS C KOMITAyHIMPOBAHUEM ?

4. Chopmynuposarts TpeboBanus u AI'TIL.

5. W3 xakux cooOpakeHUi BHIOMpAETCs BEIWYMHA Pa3psSAHOTO CONPOTUBIICHUS NPU TallICHUN
noJis ?

6. B uem Henoctarok AI'TI ¢ pa3psiiHbIM CONTPOTUBIECHUEM?

7. Kak o0ecrneunTs MOCTOSIHHYIO CKOPOCTh TaleHus moJist ?

8. Urto Takoe ayroracsiiasi pemerka i Kakue eCTh CIIOCOOBI TOCTPOSHUS CXEeM C JAyroracsuiei
peLeTKOM.

Tema 9. OcHOBHBIE MTOJIOKEHUS TIPU UCCIEAOBAHUN HECUMMETPUYHBIX TOBPEKICHUI
Bomnpocs! 151 camonpoBepku

1. Yem BbI3BaHO 0Opa30BaHUE BBICIIUX TAapPMOHUK TPH HECUMMETPHUYHBIX pEKUMax
CUHXPOHHOM MaIIuHBI ?

2. Kakumu cpeacTBaMH MOXHO  YMEHBIIWTH BBICIIME TapMOHHUKH, OOpa3yromuecs: mpu
HECUMMETPHUUHBIX pexumMax ?

3. B 4em 3axirodaeTcsi CyIIHOCTh METOJIa CHUMMETPUYHBIX COCTaBISIOLIMX U B YEM COCTOSIT
MPUHIUIHNAIBHBIE TPYIHOCTH MPUMEHEHHUS €ro A MPAaKTUYECKUX PacueTOB HECUMMETPUYHBIX
MIEPEXO0IHBIX IPOLIECCOB ?

4. Ha xakoMm JOMYIIEHUMH OCHOBAHO HCIIOJIb30BAHWE METOJAa CUMMETPHUYHBIX COCTaBIISIFOIIMX
JUIS IPAKTUYECKUX PacYeTOB HECUMMETPUUHBIX IEPEXOJHBIX MPOLECCOB?

5. 3anumuTe OCHOBHBIE YpaBHEHHS BTOporo 3akoHa Kwupxroda mms  Kaxiaou
MIOCJIEI0BATEILHOCTH IIPU MTPOU3BOJIBHOM BH/JIE IONIEPEUHOM U MTPOJI0JIbHOM HECHMMETPHH.

Tewma 10. [TapameTpsl 27IEMEHTOB CUCTEM M CXEMbI 3aMEIICHUS I TOKOB OTAEIbHBIX
IIOCJIEI0BATEIbHOCTEN
Bomnpoce! 151 camonpoBepku

1. TIpn kKakoM YCJIOBHHU CONPOTHBIICHUE DJIEMEHTA JUIS TOKOB JIIOOOH MOCIEeN0BAaTEIbHOCTH
OJINHAKOBO ?

2. Kakasi BenmuurHa MPHUHUMAETCS B KAQUeCTBE CONPOTHUBIICHUSI OOPATHOM MOCIE0BATEIHLHOCTH
ACUHXPOHHOTO JIBUTaTeNs?

3. Kakoe BiusHHME Ha BEJIWYMHY pPEAKTUBHOCTH HYJEBOM  IOCIEA0BATEIbHOCTU
TpaHcpopMaTopa OKa3bIBACT: a) COSAMHEHHE 0OMOTOK? 0) KOHCTPYKIIMSI MATHUTOIIPOBO1a?

4. TloyeMy pEakTUBHOE COIMPOTHUBIICHHE BO3AYIIHOW JHUHUU JJII TOKOB HYJIEBOU
MOCIIEIOBATEIbHOCTH ~ 3HAUUTENFHO  OoJibIlle, dYeM sl TOKOB TMpsMOM W 0OpaTHOM
MIOCJIEIOBATEIbHOCTEN ?

5. Ilouemy npu HaIMYUU 3a3€MJIEHHBIX TPOCOB COIIPOTUBIICHUE HYJIEBOW MOCIEI0BATEIBHOCTH
JIMHUU UMEET MEHbIIIee 3HAUCHHUE, YEM ITPU OTCYTCTBUH TPOCOB?

6. B uyem 3akmouaeTcss  TPYIHOCTb  OIPENEIEHMS]  CONPOTHBICHHUS  HYJIEBOMU
MOCIIEIOBATEIHHOCTH Kabems?

7. B uem 3akiodaercs NPUHLUIMAIBHOE pa3jMuue B COCTABIECHUU CXEM OTAEIbHBIX
[IOCJIEOBATEIBLHOCTEN IPU MOTIEPEYHOM U NPU MPOA0IbHON HECUMMETPUSX?

8. Kak U3MEHSIOTCSl BEKTOPHBIE IUarpaMMbl TOKOB U HAIPSKEHUN TIPU MEPEXOJIE CO CTOPOHBI
3BE3/Ibl HA CTOPOHY TPEYTroJbHHUKA TpaHCPopMaTopa, OOMOTKH KOTOPOTO COECIUHEHBI MO TPYIIe
Y /A-117?
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Tema 11. OgHOKpaTHas nonepevHas U NpoJobHasi HECUMMETPHS
Bomnpoce! 151 camonpoBepku

1. CocraBUTh KOMIUIEKCHBIE CXEMBl 3aMELICHHs AJs Pa3jIMUHBbIX BHJIOB HECUMMETPHUYHBIX
KOPOTKHUX 3aMbIKaHUI.

2. Ilppy KakOoM JONYUIEHUM CHPABEUIMBO IPABUJIO SKBUBAJIEHTHOCTH NPSMOM IOC-
nenoBarenbHOCTH ? B uyeM 3akirodaercs LIEHHOCTh 3TOTO MpaBHila JUisl pacdera IEepPeXOJHbIX
MIPOLIECCOB MPU HECUMMETPUYHBIX KOPOTKHX 3aMbIKaHUSX?

3. C moMompl0 KakKMX Mep MOXHO CHH3UTHh BEIMYMHY TOKa OJHO(A3HOTO KOPOTKOTO
3aMbIKaHUS ?

4. KakoB mopsi0K pacyeTa HECUMMMETPHUYHBIX KOPOTKHMX 3aMBIKaHWHM IpPH MOMOIIM METOJa
pacueTHBIX KPUBBIX?

5. Kak ompenemnsiroTcst OTOJMHUTENbHBIE COMPOTUBICHUS IS 0JHO(A3ZHOTO M JBYX(a3HOTO
K.3. Ha 3eMJI10?

6. Uemy paBeH KOA(pOHUIMEHT M TPH ONPEJCTCHUH TOJHOTO TOKAa K.3. MO BEJIMYHMHE TOKA
MPSIMOM MOCNIEA0BATENBHOCTH JJIs1 PA3IMYHBIX BUAOB HECUMMETPUYHBIX KOPOTKUX 3aMbIKaHUMN ?

7. CoOTHOUIEHHUS MEXIY TOKOM Tpex(a3zHOro K.3. U TOKOM HECHUMMETPHYHBIX K.3. B JJAHHOH
TOYKE CXEMBI.

8. Kakoe BnusiHME OKa3bIBAET HArpy3Ka IPU HECUMMETPUYHBIX K.3. ?
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7. MeroaM4yeckre YKa3aHUS 0 BHINOJIHEHUIO TOMAINHMX 32JaHUU U
KOHTPOJIbHBIX PadoT

BeimonHeHne  MOMAamIHMX — 3aJaHWd M KOHTPOJIBHBIX — pabOT  MpeaycMaTpuBaeT
UCTIOJb30BaHNE YydeOHO-MeToauueckoro mocobust Mscoenos FO.B., Toromesa JLb. Pacuer
CUMMETPHYHBIX U HECUMMETPUYHBIX KOPOTKUX 3aMBIKAHUN B CHUCTEMax dyeKTpocHabxenus. W3n-
Bo AMI'Y, bnarosemenck, 2002, B KOTOpOM MPUBEAEHBI METOJUUECKHUE YKa3aHUS U PEKOMEH A,
TaHbI KPAaTKUE TEOPETHUECKUE CBEJICHUS U TOAPOOHO NMOKA3aHbI MPUMEPHI PEIICHNUS 3a/1a4.

Crnenyer HOMHHUTH O TOM, YTO NPH M3YYEHUH OTAEIHHBIX TEOPETHUECKUX BOIMPOCOB Kypca
WCTIOJIB3YIOTCS 3HAHMSI, IOJYYE€HHBIC B paHee M3YYECHHBIX TUCIUIIMHAX.

[TosTOoMy Uil 3aKperuieHHUs TMOJYYEHHBIX paHee 3HAHWHM M MPAaKTUYECKON MX NMPHUBS3KUA K
M3y4aeMOMY Kypcy LeIeco00pa3HO HCIIOB30BaTh CIEAYIONINE METOINIYEeCKUe pa3pabOTKH:

4. Moxos B.b.,, bupuno WN.A. Meroauueckue  yKazaHus K  KypCOBOMY
npoekThpoBaHuto «PalioHHas anekTpuueckas ceTh» - binarosemenck, 1993.

5. 10.B. Mscoenos, H.B.CaBuna, A.H.Ko3noB. ABTOMaTHu3anuss B KypCOBOM U
JWUTIJIOMHOM TTPOEKTHpOBaHUU. Y4eOHoe nocodue. brnarosemenck: Amypckuit roc. yH-T, 2000.

6. Casuna H.B., Mscoenos 10.B., [lyquenko JI.H. Dnexkrpuueckue cetu B mpuMepax u
pacuerax. YueOHoe mocobue. biarosemenck: AMypckuii roc. yH-T, 1999,

7. 1O.B. Mscoenos, H.B. CaBuna, A.I'. Potauesa. [IpoekTupoBaHue 31€KTpUUYECKOMN YacTH
AIIEKTPOCTAHLIUI M MOJICTaHIMH. YueOHOoe mocobue. brnarosemenck: AMypckuii roc. yH-1, 2002.

CTyIeHT BBINOIHSIET BapUaHT, COOTBETCTBYIOIIHA MMOCIEAHUM IBYM L pam ero mudpa.

3amaHus Ha CaMOCTOSITENFHYIO paboTy MOJ00paHbl TakuM 00pa3oM, YTO MOJIHOCTHIO
COBIIAJAIOT C TEMAaTUKOW MPAKTUYECKUX 3aHATUH. B mporiecce caMocTOATeNbHOM pabOThl CTYICHTHI
JOJDKHBI  YCOBEPIIEHCTBOBATH IOJIydEHHBIE 3HAHHMS M3 Kypca JIEKIUH W 3aKperuieHHbIe Ha
MPAKTUYECKHUX 3aHITHAX.

Tema 1. Cucmema omuocumenvHuix eounuy. Cxembl 3aMewjeHus u ux napamempeol.
Cnocobvl npeobpaszosanus cxem 3amewjernus. [Ipu M3ydeHWH TAaHHOTO MaTepuaia HEOOXO0IUMO
MOJIyYHUTh SICHOE TPEACTaBJICHHE 00 OMpEeAETICHUH MapaMeTpPOB CXEM 3aMelIeHHs MPH 3aJaHHbIX
COINPOTHBIICHUSIX OTIENBHBIX JJIEMEHTOB CXeMbl 3aMenieHus B OMax WJIM B OTHOCHTEIBHBIX
enuHUIax. OUEHUTH KaKhe MPEUMYIIECTBA U HEJOCTATKA UMEIOT CUCTEMBI OTHOCHUTENIbHBIX €MHULL
[0 CPAaBHEHHUIO C CHUCTEMON HMMEHOBAHHBIX €JMHMII. YCBOUTH BBIPAKEHHUS IS ONpEICICHHUS B
OTHOCHUTEIIbHBIX BEJIWYMHAX COTPOTHUBICHUN pPA3MUYHBIX DJIEMEHTOB CXEMBl IpPHU TOYHOM U
NpUOIMKEHHOM HUX TPHUBEICHUH K OOIIMM YCIOBHUSAM (0a3uCHBIM). YSCHUTH BBIOOpP pacyeTHBIX
YCIOBHHA peXUMa K. 3. B 3aBUCHMOCTH OT Ha3HA4YCHHs pacdyeTa U BO3MOXKHOCTh MPHUMEHSTH
pa3NUYHbIE JOMYIIEHUs JUIS YIPOIIEHHUS pacueToB TOKOB K.3. IIpeacraBisTh, 4TO Omperemnser
MOIITHOCTH K.3. B CHCTEME M JUII KaKHX PeXHMOB CETH OHa 3aaaeTcs. [IpencraBnsaTh cebe Ha yeM
OCHOBAHO COCTaBJICHHE MPUOIIKEHHONW CXeMbl NMpHUBeNeHUsS (NMpUOTMKEHHOE TPUBEICHUE) U K
YeMy CBOJIMTCSI COCTABJIICHUE CXEMBI 3aMEIICHHUS.

Tema 2. Ilepexoonvie npoyeccvl 6 cemu ¢ UCMOYHUKOM DeCKOHeuHOU MowHocmu. Bruanue
HazpysKku Ha mox K.3. Ilyck 0eueameneii kax kopomkoe 3amvikanue. Bzaumnoe enusanue oguzamene
npu nycke. BBISICHUTh U3 KaKUX CIArarolInX COCTOUT KpHBasi N3MEHEHHUs TOKa NIPY BHE3AITHOM K.3.
B HEPa3BETBJICHHOM LIENH, MUTAEMOM OT HCTOYHHKA OECKOHEYHON MOITHOCTH, OLIEHUTH XapaKTep UX
M3MEHEHHs] BO BpEMEHH. PaccMOTpeTh Kakoe BIMSHUE OKa3bIBaeT NPEAIISCTBYIOIIMNA TOK Ha
BEJIMYUHY allepHOAMUYECKON ciararomeil Toka K.3., KAKOro MaKCUMaJIbHOTO 3HaYEHUSI MOXKET JJOCTH-
ratb TOCIEAHSAA. YSCHUTh NPU KakoW (a3e BKIIOUEHHS M B KaKOM MOMEHT BPEMEHH Mocie
BO3HUKHOBEHHUS K.3. HACTYNAae€T MAaKCHMYM MTHOBEHHOTO 3HAu€HHs IOJIHOTO Toka. PaccMoTperhb
OIIPE/IETICHUE YKBUBAJIECHTHON NOCTOSIHHON BpeMeHM T ,., M €€ NPakTHUYeCKyr OLeHKY. M3yuuTs
OTIpe/ieIeHNe YCTAaHOBMBILETrOCS TOKa TI'eHeparopa MpH K.3. HAa €ro BBIBOJAX INPU M3BECTHBIX
HOMMHAJIBHBIX JaHHBIX. OIIEHUTh BIUSHUE HAa PEXUM K.3. HArPY3KH U ee B pacuerax. PaccMoTpersb
PEKUMBI TeHEpaTOpoB NpH Hanmnuu APB B ycTaHOBHBIIEMCS peKUME K.3.

268



Tema 3. Onpedenenue cocmagnAOWUx moKka K.3. 8 HA4aibHulll MoMenm epemenu. Pacuem
YOapHOo20 MOKA KOPOMK020 3amblKkaHus. PaccMOTpeTh yIpoIlalolue YyCIOBHUS, KOTOpBIE
NPUHUMAIOT TIPU OTpeAeTeHUH yrnapHoro Toka K3 m 4To TOKa3bIBaeT ymapHbBIH KOX(pQHIIHEHT,
OLICHUTh KAaKOBBI TPEJENIbl €ro H3MEHEHUH. YSICHUTh Kakue YIOPOUICHUS MPUHUMAIOT IIpU
OTPEENICHUN JICHCTBYIOIMX 3HAUEHUM TMOJHBIX BEIMYMH OTJAEIbHBIX CJararmlux TOKa K.3.
[TomyynTh MpencTaBieHne O MpeHeOpeKeHNe MPU pacdyeTax TOKOB K.3. KOHTYPOM HaMarHWYHBAaHUS
TpaHcHOopMaTOpOB

Tema 4. Memoo munosvix xpusvix. Onpedenenue moxos K.3. 018 3A0AHHO20 MOMEHmMA
eépemenu. llpm pacuérax pexuUMOB nepexoaHblx mpoueccoB K.3., T.e. korga yduTbIBaeTcs
M3MEHEHHE TIpollecca BO BPEMEHH OT HAYaJbHOTO PEXHMMa [0 ycTaHoBHBIIErocs pexuma K.3.,
OOBIYHO TOJIB3YIOTCS METOJIOM THIIOBBIX KPHUBBIX. METOJ THIIOBBIX KPHBBIX HanOoOJee MpOCT IS
MIPaKTUYECKOIO MPUMEHEHUS, HO OH MO3BOJIET € JOCTATOYHOW TOYHOCTBIO ONPENIENTh TOK TOJIBKO
B Touke K.3. Cnenyer ysiCHUTb, 4TO AJii NPUMEHEHHS] THUIOBBIX KPUBBIX HY)KHO OIPENEIUTH
pacy€THOE COMPOTUBIICHNE T€HEPUPYIOIIUX BETBEH, T.€. ynanéHHocts mecta K.3., mpuBenéHHoro
HOMHMHAJIBHBIM JIaHHBIM 3KBHUBAJIEHTHBIX MaluH. [Ipyu ncrnonbs3oBaHMM METOAA THUIIOBBIX KPUBBIX
BETBM HAarpy30K He JOJDKHBI BKJIKOYATh B CXEMY 3aMEIIEHHUs, TaK KaK IOCTPOEHUE KPUBBIX 3aBUCHUT
OT 3HAUEHUs CYMMBbI COIPOTUBIEHUM  (CBEPXIEPEXOJHOTO COIPOTUBIEHUS TEHeparopa u
conpotusiieHue BeTBU K.3.) . Ouenuts pacu€r pexxuma K.3. mpu HECKOJIBKUX UCTOYHUKAX MUTAHUS
MOJKET MPOU3BOIUTCS TI0 000OIIEHHOMY METOY MYyTEM 3aMEHBI HECKOJIBKHX MCTOYHUKOB IMUTAHUS
OJIHUM SKBHUBAJICHTHBIM. BBINOIHUTG MHIUBUAYAIbHBIA YYET OTAEIBHBIX MCTOYHUKOB MHUTAHUS
IIPOM3BOJIUTCS IPU PE3KO OTIMYAIOLIMXCA MOIIHOCTAX, yaanéHHocTsaX K.3., mo Tumy reneparopos
(TypOoreHepaTopbl ¥ TUAPOTreHepaTOpHl), Hanynu APB.

Tema 5. Cnocobuvl ocpanuuenuss mokog k.3. Bvibop napamempos moxoocpaHuuuaroujux
peaxmopos. PaccMOTpeTb MEPOTIPUATHS 10 OrpaHu4YeHNI0 TOKOB K3. BBIICHUTH, B KakUX ciydasx
11€J1IeCO00pa3HO MCIIOJIb30BATh CXEMHBIE PEIICHHUs, a KOT/Ia — UCII0JIb30BaTh TOKOOTPAHUYHBAIOIIHE
peakTopsl. PaccMOTpeTh BENMMYMHBI OrpaHMYMBaeMbIX TOKOB K3 B 00omx ciydasix. OcymecTBUTh
BBIOOp TapaMeTpoB TpaHC(HOPMATOPOB C paCHISINICHHOH OOMOTKOW, OJWHAPHBIX U CABOCHHBIX
pEakToOpoB € LEIbl0 OrpaHudeHus TOokKoB K3 10 mnpuemieMblx BEIMYMH C TOYKH 3PEHUS
OTKIJTIOYAIOIIEH CITOCOOHOCTH BBIKIIIOYATENEH, TEPMHUUECKON U DIEKTPOIMHAMHYECKONW CTOHKOCTH.

Tema 6. ['paHnuHbIE YCIOBUS M BEKTOPHBIE AMArpaMMbl IPU HECUMMETPHUHBIX K.3. Pacuer
TOKOB HECUMMETPUYHBIX K.3. COMocTaBieHne HECUMMETPHYHBIX B Tpex(a3HbIX K.3. KoMIiekcHbie
CXEMbl 3aMEIICHHs] Tpu TONEpPEeYHOM HEeCUMMETpHHM. PaccMOTpeTb MNpUMEHEHHE METo/a
CUMMETPHYHBIX COCTABIISIOMINX JUTSI HECUMMETPUYHBIX TPEX(PA3HBIX CUCTEM TOKOB U HANPSKECHHH.
CocTaBUTh COOTBETCTBYIOIINE KOMIUIEKCHBIE CXEMBI, U3 KOTOPBIX ONPEIEIAIOTCS TOKH HEKOTOPBIX
OKBUBAICHTHBIX Tpéxda3ueix K.3. cormacHo mpaBwily SKBHBAJEHTHOCTH TOKa TIPSAMOM
nocnenoBaTeabHOCTH. [lo3ToOMy ~ HEOOXOIMMO HAy4YHTCS pAcCUMTHIBATH COMPOTHUBICHHS H
COCTaBIISATh CXEMBI MPSIMOH, OOpaTHON M HYJIEBOW TOCIECIOBATEIILHOCTEH, a TaKKe KOMIUICKCHBIC
CXEMBI /111 OCHOBHBIX BUJ0B HecUMMeTpruHOTO K.3. O1ieHUTh BIMsSIHNUE Ha pEaKTUBHOCTH HYJIEBOU
MOCJICIOBATEIFHOCTH  TpaHcpopMmaTopa: a) COCAMHEHHS OOMOTOK 0)  KOHCTPYKIIMH
MarHUTOINPoBo/Ia. Pa3o0parhkcsi moueMy peakTUBHOE COMPOTHBIICHHE BO3YIITHON JTMHUU JJIS1 TOKOB
HYJEBOW TIOCJIEIOBATEIBHOCTH 3HAYMTENHLHO OOJIbIIe, YeM JUIs TOKOB MpPSMOW M 0OpaTHOM
MOCJIEIOBaTENbHOCTEH. PaccMOTpeTh Kak U3MEHSIOTCS BEKTOpPHBIE JHarpaMMmbl TOKOB H
HaNpsHKEeHUH TP TEePEeX0Jie CO CTOPOHBI 3BE3/IbI Ha CTOPOHY TPEYrojbHHKAa TpaHc(opmaropa,
0OMOTKH KOTOPOTO COeMHEHHI o cxeme Y /A - 11

Tema 7. Ilepexoonvie npoyeccvl npu npoooabHou Hecummempuu. Komnnexcuvie cxemul
3ameweHusi npu npooonvHou Hecummempuu. CIeayeT XOpoIlo YCBOUTh IPABUIIO SKBUBAJIECHTHOCTH
MPsIMOM TOCJIE0BATEIBHOCTH, COIJIACHO KOTOPOMY JUIsl pacdéra IEepexOoJHOTO Ipoliecca IpU
T000M HECMMMETPHYHOM KOPOTKOM 3aMBIKAHWM MOTYT OBITh NMPUMEHEHBI BCE MPAKTUYECKHE
METOJBl U MPHEMBI pacuéTa MEepPexoJHOro Tpolecca NMpH TpEX(asHOM KOPOTKOM 3aMBIKAaHHH.
Ocoboe BHUMaHHME YICTUTh METOAY pacu€THBIX KpUBBIX. (COCTaBUTh KOMILJIEKCHBIE CXEMBI
3aMeIeHusl JUIsl pa3iMYHbIX BHUAOB NPOJOJbHOW HecuMMmeTpuu. CpaBHUTH MPOAOJIBHYIO
HECUMMETPHUIO U YCTAHOBUTH QHAJIOTHUIO C HECUMMETPUYHBIMU KOPOTKUMHU 3aMbIKaHUSMU.
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3adanusa na camocmoamenvuyio padomy

3agaya 1. J[ng cxeM NpUBEICHHBIX Ha pHC., yKa3aTb Hauboyee IernecooOpasHble MyTH HX
npeoOpa3oBaHMs OTHOCUTEIBHO TOYKM K.3. JUISL JIBYX CIy4aeB: a) CONPOTHBIICHUS M 3.J.C. CXEM
3aMEIEeHUs OJTMHAKOBBI; 0) COMPOTUBIICHHSI U 3.]1.C. CXEM 3aMEIICHUS Pa3IMYHBI.

£,

3agaya 2. Jlng orpaHuYeHHs] TOKOB KOPOTKOTo 3amblkaHMs Ipu K3 Ha cTOpoHE reHepaTOpHOro
HanpsDKeHHs npennojaraercs coopubsie muHbl 10,5 kB pa30uTh Ha 3 CEKIMU U CMEXHBIE CEKIHH
COCIMHUTH Yepe3 peakTopbl Ha HOMUHANBHBIN TOK 3000 A mpu HOMUHaANBHOM HampsbkeHuu 10 kB.
[Tonyuyaercs mpu 3TOM cXe€Ma CTaHLMU IpeJcTaBieHHas Ha puc. CeKUMOHHBIM BBIKIIOYATENb Ha
muHax 37 kB HOpManbHO BKIIOUEH. TpedyeTcs onpeaenuTh, Kakoi peakKTUBHOCTH JIOJDKHBI OBITH
peaxtopsl P-1 u P-2 (Ha yka3aHHbIEe MapaMeTpbl OHU U3TOTOBJISIOTCS ¢ peakTUBHOCTHIO &,10,12%),
9T00Bl TIpu Tpex(da3HOM K.3. Ha o000 w3 cekumii muH 10,5 kB BemwuMHBI HaYalbHBIX

CBCPXIICPCXOAHBIX TOKOB ObLIA MPAKTUYCCKU OJUHAKOBEI.
Sk3

115 kB
37 kB

P1 15 B P2

D D
r1 @ fzé 3 (A
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Ne Bapuanra |Tpancdopmatopsl Cucrema |I'enepaTopsl
SH, MBA UBC, % UBH, % UCH, % SK3, MBA P, MBT Cos 0} X”d, 0.€.
1 90 10 17 7 1100 40 0,8 0,13
2 70 11 16 5 1000 20 0,8 0,14
3 80 12 18 6 900 30 0,9 0,15
4 60 9 16 7 1200 30 0,9 0,16
5 100 8 15 7 1100 60 0,8 0,14
6 110 7 14 7 1300 65 0,85 0,15
7 120 10 17 7 900 70 0,9 0,13
8 90 1 16 5 800 45 0,75 0,19
9 80 12 15 6 700 35 0,8 0,20
10 70 9 18 8 1000 25 0,9 0,21
3agaua 3. Asrtorpancpopmarop AT cxembr puc.4.11, umerommii mapamerper 120 MBA;

330/115/10,5 xB; Ugc = 10%, Ugy= 23,4%, Ucp=12%, cBsa3pBaet nBe cuctemsl C-1 u C-2. Tlpu
TOM M3BECTHO, YTO B HAYAIBHBII MOMEHT Tpex(a3HOTO KOPOTKOTO 3aMbIKaHUs B Touke K-1
MOIIIHOCTh KOPOTKOTO 3aMbIkaHus S,=6800 MBA, K-2 mouiHoCTh KOpOTKOTO 3aMbIKaHus Sy= 3900

MBA.

OmnpenenuTh MOIIHOCTh KOPOTKOTO 3aMBbIKaHHA MPH Tpex(pazHOM KOpPOTKOM B Touke K-3 3amanHON

CXCMHEI. I/ICXOZ[HI)IG AaHHBIC JIA pacdycTa IMPUBCIACHLI B Ta6JII/IIle.

G-1
3¥Oxh -4
M5B
w3
nsas| A2
c-2
Ne Tpancpopmarop Bo3ayumnbie KabeabHast imHuA
Bapua JIMHUHU
HTa S Usc ‘ Usn ‘ Ucn 1 Xyn 1 Xyn Tyn
MBA % KM OmM/kM | KM Om/km | OM/KM

1 200 10 17 8 100 0,4 0,9 0,3 0,06
2 190 11 16 6 110 0,45 0,8 0,4 0,08
3 180 12 18 7 110 0,4 0,7 0,5 0,1
4 170 9 10 8 130 0,45 0,9 0,3 0,06
5 160 8 15 9 140 0,4 0,8 0,4 0,08
6 150 7 14 8 130 0,45 0,7 0,5 0,1
7 140 10 17 8 110 0,4 0,6 0,3 0,06
8 130 11 16 6 120 0,45 0,5 0,4 0,08
9 120 12 15 7 90 0,4 0,4 0,5 0,1
10 110 9 18 9 150 0,45 0,9 0,3 0,06
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3agauya 4. Ot muH TpaHcHOPMATOPOB, TPUCOSTUHEHHBIX K Y31y CUCTEMBI C, OTXOMAT BO3IYIITHBIC
muHUU. CXeMa yCTaHOBKU U TTapaMeTpPhl 2JIEMEHTOM MPUBEICHBI HA PHC.

G-1
30D -4
M5B

e | Ax-2

c-2

Tpebyercst onpenenuts Uy, % Tpancdopmaropa T-2 npu ycrnoBuu, 4yTo mpu TpexPpa3HOM KOPOTKOM
3aMbIKaHUM B KOHIIE Kaxkaoi ymuuM (Touku K; m K;) mepuomudeckue ciararommue TOKOB OyayT
OJIMHAKOBHI. VICXOHbIE JaHHBIE JUIs pacyeTa MpUBeICHBI B Ta0M.

Ne Tpanchopmartopsl Bo3ayuisbie JMHUH

Bapua | T1 T T2 JI-1 JI-2

HTa Sk Uk Su Uk Su | Xyn | Xyn
MBA % MBA % MBA KM Om/km | KM | OM/kM

1 10 10 60 8 30 1,0 0,3 09 104

2 20 11 70 9 40 1,5 - L5 |-

3 30 12 80 10 50 1,2 - 3 -

4 15 13 90 11 70 1,3 - L5 |-

5 25 14 100 12 65 1,8 - 1,6 |-

6 35 15 120 11 90 1,1 - 14 |-

7 15 10 110 8 80 1,2 - 1,8 |-

8 20 12 90 9 60 1,4 - 1,7 |-

9 30 12 80 13 40 1,6 - 1,2 |-

10 40 13 70 12 20 1,2 - 1,1 -

3agaya 5. Ot mmwmH Tpanchopmaropa, MPUCOSTUHEHHOTO K Y311y cucTeMbl C, OTXOSAT BO3YIITHAS
TUHUS U KabenbHas TuHUsA. CXeMa YCTaHOBKHU M MapaMeTphl SJIEMEHTOB IPUBEICHBI Ha PUC.
TpeOyetcst onpenenuTh, KaKOW PEaKTUBHOCTH JIOJDKEH OBITH BBIOpaH peakTop P, BKIIFOUaeMbIii B
1enb KaOeNbHOW JTMHHUHU, YTOOBI IPU TpeX(a3HbIX KOPOTKHX 3aMBIKaHUSAX B KOHIIE KaXKJIOW JTHMHHUU
(roukn K1 m K2) mepuoamueckue criararponie TOKOB ObUIM OIMHAKOBBL VICXOJHBIE TaHHbBIE IS
pacuera nmpuBEJCHbI B Ta0II.
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Ne Peakrop KaGeabHast 1mHuA Bo3aymnas auHus
Bapua
HTa Uy Iy 1 Xyn Tyn | Xyn
kB KA KM Om/km Om/km KM Om/km
1 6,6 0,4 1 0,08 0.4 3 0.5
2 10 0,2 0,9 0,06 0.3 4 0.4
3 10,5 0,2 0,8 0,08 0.4 5 0.5
4 7 0,35 0,7 0,06 0.3 6 0.4
5 6,6 0,4 1,1 0,08 0.4 4 0.5
6 10 0,3 1,2 0,06 0.3 3 0.4
7 10,5 0,3 1,3 0,08 0.4 5 0.5
8 7 0,4 1,4 0,06 0.3 7 0.4
9 8 0,35 1,5 0,08 0.4 6 0.5
10 9 0,3 1,6 0,06 0.3 4 0.4

3agaua 6. V3BecTHO, yTO MpH Tpex(pazHOM KOPOTKOM 3aMBIKAHUU B HEKOTOPOM y3ie cetu 115 kB
AJIEKTPUYECKON CHCTEMBI HadallbHask MOILIIHOCTh KOPOTKOTO 3aMbikaHus coctaniser 2000 MBA. K
3TOMY Y311y MPEAIoIaraeTcsi IpUCOEINHNUTH TOHMKAIOIIYIO TOICTAHIHUIO.

Tpebyercss ompenenuTh, KakoBa MOXET ObITh HaumOOJbIIas HOMHHAIBHAS  MOIIHOCTD
noHmxaromero tpanchopmaropa 3toit noacranuuu (U,=10,5), aToOsl ipu TpexpazHOM KOPOTKOM
3aMBbIKaHHUHY 32 HUM HaydajbHasi MOITHOCTh KOPOTKOTO 3aMbIKaHUs He npeBbimana 350 MBA.

3agaya 7. B unenm ycranoBieH peaktop P1, mapamerpsl KOTOpOro mHpuBEICHBI B Ta0l. DTOT
peaxTop mpearnoiaracTcs 3aMeHsITh qpyrum, P2, ¢ 6ombpmmmM Ha 50% HOMHHATBEHBIM TOKOM.
Onpenenuth KakoBa JODKHA OBITh PEAKTUBHOCTH JTOTO peakTopa (B TPOIEHTAX) MpH
HOMHUHAQJILHOM Hampsbkennn 6,6 kB u 10,5 kB, 4Tro0Bl mocie 3aMeHBI COTMPOTHBIICHUE IICTIH
0CTaJIOCh MPEeKHUM. VICX0THBIE TaHHBIC TS pacdeTa MPUBEICHBI B Ta0JI.

Ne Bapuanra |1 2 3 4 5 6 7 8 9 10

U.xB (6,6 6,7 7 2,6 8 6,6 6,9 7 7,1 6,9

L,kA 0,15 0,2 0,25 10,2 0,18 10,14 0,12 {0,35 0.4 0,5

Xp,% 5 6 7 8 9 10 7 8 6 7

Peaktop P1

3anaua 8. Ilpu TpexdazHoM KOPOTKOM 3aMbIKaHUU B Touke K (puc.) ompenenuts yaapHbIil TOK K.3.
1 OCTaTOYHOE HAINpPSHKEHHME Ha IIMHAX HU3IIErOo HanpspKeHus nojacraHuuu. [Ipu stom ydects, 4To
crcTeMa — MCTOYHHMK OECKOHEYHOW MOIIHOCTH HampspkeHneM 230 kB, HampspkeHHe KOPOTKOTO
3ambikanus TpaHcpopmaropa: Upc = 12,5%, Upp= 23,5%, Ucn=8,0%. IloTepu axTuBHON
MOITHOCTH B TpaHcpopmarope maHel Ha (¢a3zy. Pacyer BBIMONHEH B WMEHOBAaHHBIX U
OTHOCHTEIIbHBIX eTUHHIIAX. VICX0/IHBIE JaHHBIC JJIS pacueTa MPUBEICHBI B Ta0II.

p

c T 4'——MN,
*f
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Ne | Tpanchopmarop Peakrtop Kabenb CUHXpOHHBIH Har
Ba JIBUTATEIIb py3
pu Ka
aH SH UHB ‘ UHC ‘ UHH IH UH X PH 1 S PH Cos ) ‘ X”d Sy
Ta | MB | kB A kB | % | kBt | M A —|M | Oru.equu MB
A MM Bt A
1 90 220 | 115 |11 | 400 |10 |5 |43 50 A-120 | 4,5 | 0,95 0,23 | 55
2 20 209 | 37 6,6 |300 |6 5 12,8 85 A-95 12,8 10,93 0,18 | 10
3 60 215 | 115 |11 |300 |10 |5 |34 10 A-120 | 4,2 | 0,92 0,22 | 33
4 40 226 | 37 6,6 1400 |6 4 |26 70 A-70 124 10,90 0,20 | 25
5 120 | 215 | 115 |11 |500 |10 |6 |49 90 A-120 | 3,5 | 0,91 0,24 | 60
6 80 209 |37 6,6 | 500 |6 5133 65 A-70 11,8 {0,90 0,18 | 45
7 90 237 | 115 6,6 | 600 |6 5 13,8 80 A-95 12,0 10,93 0,21 | 50
8 120 | 203 |37 11 400 |10 |4 |39 50 A-95 13,0 0,94 0,19 | 50
9 30 237 | 37 6,6 1200 |6 5 12,0 60 A-70 11,6 [0,92 0,21 | 18

3agaya 9. Ha 3a)xuMax acCHHXpOHHOTO JBUTATENS MPOU3OILIO Tpex(a3zHOe KOPOTKOE 3aMbIKaHHE.

OrnpenenuTh yIapHbIA TOK B MECTE K.3. U OCTAaTOYHOE HAMpsbKEHHE Ha muHax 6 kKB B HayanbHBIM
MOMEHT K.3. [Ipu pacderax y4ecTs, YTO aCHHXPOHHBIN JBUTATENb padoTan ¢ Harpy3koit 70% u cos
¢ = 0,8. Cucrema — UCTOUHUK OeCKOHEUHON MomHocTH. [l nuHuH vy,=0,4 Om/kM. Vicnionib3oBath
CpelHue MmapaMeTpbl 00O0OIIEeHHON Harpy3kd. PacdeT BBIMOJHUTH TOYHBIM M TPUOTHMKEHHBIM
MIPUBEACHUEM B OTHOCUTEIIbHBIX €UHUIIAX.

ABTOTpaHCchopMaTop ACHHXPOHHBbIH Harpy3RaUInHml Kao6ean
< IBUraTe/Ib
c% Sy HomunamsHO€eUs: |Usnw [Uek [Pu Cos U [luyex Sk Mapka | |Mapka |l
a HaIpsHKSHUE MMpoBOJa) MmpoBOJda
g 0OMOTOK
< IMBAKB % MBrT [0.e. kB jp.e. MBA A-MM” kM [A-MM a
1 40 220 121 6,6 10 34 23 3,2 08516 W47 P25 A-120 |100A-95 180
2 60 226 121 6,6 10 34 23 45 0,86 6 43 40 A-120 [110A-95 190
3 80 P14 121 6,6 10 34 23 3,8 1085 6 4,6 |50 A-150 [115A-95 |75
4 80 209 121 6,6 (10 34 23 2,1 0,84 6 1[50 |55 A-150 [130A-70 160
S5 120 P14 121 6,6 11 37 23 28 0,84 6 4,5 |80 A-185 [120A-95 190
6 120 P03 121 6,6 11 37 23 45 108 |6 43 [0 A-240 |150A-95 |50
7 180 214 121 6,6 11 37 23 3,8 085 6 4,6 95 A-300 [250A-95 160
8 180 209 121 6,6 |11 37 P3 2,1 10,84 6 5,0 80 A-300 |[110A-70 35
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3agaya 10. Ha BeBogax acuHxpoHHOro mBurarenss AJl-1 mnpomsomnuio TpexdaszHoe K.3.
OnpenenuTh BENMYUHY yJdapHOro Toka k.3. uepe3 0,1 cex. B mecTte k.3., a Takke OCTaTOYHOE
Hanpspkenne Ha muHax AJ[-2. [Ipu pacyere ydectb, 4TO JIBUTATENh PabOTaeT € HOMHHAIBHON
Harpy3koil. Cucrema umeer mouiHocTs 200 MBA u x”gs= 0.15. IToTepu KOpOTKOTo 3aMbIKaHUS
TpaHchopMaTopa NMPUHATH paBHBIMH 1% ero momHoit mommuoctu. [loTepu B peakTope MaHbl Ha
da3y, koaddunment cBs3u pasen 0,5. [TapameTpbl 00enx KaOETbHBIX JIMHUIA OJJMHAKOBHI.

Ne Tpanchopmarop PeakTop Kabean JBUrareiipb
BapuaHTa|S, Us Uk I Us |x |Py | S P, |Cos¢ |(Imyck
MBA kB % A kB % |[kBt M A—mm” [MBT OTtH.enuH

30 15,0 110 (6,6 (10,5 |600 |6 6 (8,6 (100 |A-95 |2,0 |0,83 5,1
31 10,0 [107 (6,6 (10,5 |600 |6 4 16,3 |75 A-70 |1,5 10,82 4,8
32 31,5 (113 |11 (10,5 |600 |10 |4 (8,0 |90 A-95 2,8 10,74 4,5
33 20,0 |105 |6,6 [11,0 |1000 |6 4 18,5 |125 |A-95 |1,8 0,82 5,0
34 40,5 (110 |11 (17,0 |1000 {10 |6 (16,0 |80 A-95 (3,2 10,85 4,7
35 60,0 (113 |11 (17,0 [1000 |10 |4 (11,1 |[150 |A-120 |4,5 |0,86 43
36 40,5 [105 16,6 (10,5 |600 |6 4 16,3 |60 A-70 2,1 10,84 5,0
37 70,0 (110 |11 (10,5 {1000 {10 |6 (16,0 [100 |A-120 |3,8 10,85 4,6
38 60,0 (105 16,6 |10,5 |600 |6 6 8,6 |50 A-70 |1,6 10,82 5,2

3agayva 11. Ha 3axumax aCHHXPOHHOTO JIBUTATEISI IPOU30ILIO Tpex(pazHOe KOPOTKOE 3aMbIKaHHE.
OnpenenuTh NEPUOJMUECKYIO COCTABIIAIONIYI0O TOKAa TPU ITyCKE ACHHXPOHHOTO JBHTaTeNs W
MaKCHUMaJIbHOE 3HaYEeHHUE ero MMyCKOBOTO ToKa. [Ipu pacuerax ydecTh, YTO aCHHXPOHHBIH JIBUTATEINb
paboran ¢ Harpy3koit 70% wu cos @ = 0,8. Cucrema — UCTOYHMK OECKOHEYHOU MOIIHOCTH. J[ist
muHuu Yy,=0,4 Owm/km. Hcmonp3oBaTh cpeaHue mnapamerpbl 00OOmIeHHOW Harpysku. Pacuer
BBITIOJTHUTh TOYHBIM U TIPUOIMDKEHHBIM MPUBEICHUEM B OTHOCHTEIBHBIX eIMHUIIAX.
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5 ABToTpancopmarop BHIraTe/b Harpyska| Jlunus Kabean

g Sk Utiom Uge | Upw | Uew | Py |Cos () Uy Il'IyCK Sk MapKa 1 MapKa 1
8 00MOTOK MpoBOJal  |MpoOBOJA

“ MBA| kB % MBrt| o.e. | kB | 0.e. | MBA | A-mM” [km| A-mm” | M
1| 40 |220/121/6,6| 10 | 34| 23 | 3,2 |0,85| 6 | 4,7 25 A-120 100, A-95 |80
2] 60 |226/121/6,6] 10 | 34| 23 | 4,5 |0,86| 6 | 4,3 40 A-120 110, A-95 |90
3| 80 |214/121/6,6| 10 | 34| 23 | 3,8 |0,85]| 6 | 4,6 50 A-150 115 A-95 |75
41 80 |209/121/6,6] 10 | 34| 23 | 2,1 |0,84] 6 | 5,0 55 A-150 130, A-70 |60
51120 |214/121/6,6| 11 |37 23 | 2,8 [0,84| 6 | 4,5 80 A-185 1200 A-95 |90
6 | 120 |203/121/6,6] 11 | 37| 23 | 4,5 |0,86| 6 | 4,3 70 A-240 150, A-95 |50
7 | 180 |214/121/6,6| 11 | 37| 23 | 3,8 |0,85| 6 | 4,6 95 A-300 250 A-95 |60
8 | 180 |209/121/6,6| 11 |37| 23 | 2,1 |0,84| 6 | 5,0 80 A-300 110, A-70 |35
3agaua 12. Ilpu TpexdasHOM KOpPOTKOM 3aMbikaHuu B Touke K (puc.4.17) ompenenutsb

HauOOJIbIIICe 3HAYCHUE TTEPUOTNICCKOMN COCTABIIAIONICH TOKA U OCTATOYHOE HAMPSHKCHHUE Ha IHHAX
nojacranimu. [Ipu pacdere MpUHATH, YTO CUCTEMa — UCTOYHUK OECKOHEYHOW MOMIHOCTH. [loTepu
aKTUBHOUM MOIITHOCTH B PEaKTOpe JaHbl Ha ojJHY (a3y. Harpysky paccMoTpeTs Kak 000OIICHHYTO.
HanpspokeHne kKopoTkoro 3ambikanus Tpanchopmaropa U= 10%.

Tpancdopmarop CHHXPOHHBII Harpy3RaJPeaRTop JInHus

o KOMIICHCATO

5 [Si  |HomummanenoeS, |[Us X°d Suarp [Su I, Ui x Py S 1

§ HanpsUKEHUE

2 IMBA [kB MBA kB |[0.e. MBAp MBA |A kB [% KBt |JAC-MM kM
1 40 105 6,6 5,0 6,3 10,16 4,5 30 400 6 4 2,6 JAC-95 100
2 40 107 11,0 15,0 10,5 0,15 12,0 35 300 |10 4 33,2 |JAC-95 [70
3 160 113 6,6 10,0 6,6 10,20 8,0 50 500 6 5 3,8 JAC-120[50
4 160 110 1,0 15,0 10,5 0,18 [10,0 |45 400 110 4 3,9 |AC-120]75
5 90 107 6,6 15,0 6,6 10,15 [15,0 |75 500 6 5 3,8 JAC-185|60
6 90 110 11,0 30,0 [10,5 10,27 25,0 [70 400 110 5 4,3 JAC-18540
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3agaya 13. OmnpenenuTs NEpUOANYECKYIO CIIAralollyl0 TOKa MPH OJHOBPEMEHHOM IYCKE JBYX
nBurareneil (puc.) M MaKCHMaJbHOE€ MIHOBEHHOE 3HAu€HUWE TOKAa Ha BBICOKOM CTOpOHE
TpaHchopMaTopa B ATUX yCIOBUsX. HaliTH HampshkeHHe Ha 3aKHMax JABHraTeNel B 9THX YCIOBUAX
U BBIOpaTh peakTop Mg ceth 6 kB, olOecrednBaromieil CHWKEHHE ToKa TpaHchopmartopa B
paccmarpuBaeMbIX ycioBusix Ha 25%. Ilpu pacuere npuHsAThH, 4TO cucreMa umeeT MoutHocTh 300
MBA u x”45=0,32. Conportusnenne muHbl 0,4 Om/kM.

n
r
&1 B2
Y =
K&-1 Ko-2
“ 4 4 4}»
Tpanchopmarop ACHHXPOHHBbIH Kao6ean JInHus Cuc
. ABUTATEJIb TemMa
Z ISy HomunuamenoelU; [P, cosp |[Un  [InvekA-n*s  |l,s  [Mapka 1 |U.
§ HanpsUKEHUE [IpOBOJIA
= MBA [xB % [kBr |ne. kB lo.e. [A-mMm® M AC-120 [km kB
1 10 113 6.6 10.54*200 0.85 6.0 5.0 |A-2*150[100 |AC-120 100106
2 |15 110 6.6 10.54*200 0.85 6.0 5.1 |A-2*15080 |AC-120 60 (110
3 120 107 6.6 10.5)5*000 0.84 6.0 4.8 |A-2*150/65 |AC-120 70 [105
4 30 P20 6.6 12.015*500 0.86 6.0 5.0 |A-2*150[50 |AC-120 150210
5 W40 226 6.6 12.015*500 0.86 6.0 5.0 |A-2*150[70 |AC-120 110215
6 160 214 6.6 12.0[7*500 0.85 6.0 4.6 |A-2*185[50 |AC-150 140205
7 90 205 6.6 12.08*700 0.87 6.0 4.5 |A-3*150[60 |AC-150 120207

3agauya 14. OmpenenuTs MakCUMaIbHOE 3HAYEHHWE TOKAa TPexX(a3HOTO KOPOTKOTO 3aMbIKaHHS B
touke K (puc.) u ocratounoe HanpspkeHue Ha 3axumax CK. I[Ipu pacuere mpuHsTH: cucteMa —
HCTOYHUK OCCKOHEUHOU MorHOoCcTH; s aBToTpanchopmaropa Uy=8%, Uny=28%, Uy=18%; s
tpancopmatopa U,=10%. Cuurars, uto g muH KB xy,=0,4 OM/kM.
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Ne ABToTpaHcopmarop (Cunxponsblii [Tpancdopmatop |ACHHXPOHHBIMH JIn-
BAPUAHTAY KOMIIEHCATOP IBUIaTe/Ib HUSA

Sk HomuHansHOE Sk Us, x°’d S Homunan. Py cose Uu |Inyck ||

HaIpsKEHHE HarpsiKe-
HHE

MBA kB MBA kB |o.e |[MBA kB MBT ne KB lo.e [km
1 30 220 121 |11 |15 10,5 0,18 |15 110 6,6 3,5 0,85 6 5,5 100
2 30 226 121 |11 |15 10,5 0,18 20 113 6,6 W42 0,84 6 5,0 [85
3 60 214 121 |11 30 10,5 /0,27 30 107 6,6 55 10,86 6 5,0 110
4 60 226 121 |11 30 10,5 10,27 20 113 6,6 3.8 0,84 6 54 [0
5 00 220 (121 {11 30 10,5 /0,27 [30 110 6,6 4,5 0,86 6 6,0 125
6 90 205 121 |11 [75 10,5 0,19 20 107 3,3 3,0 0,82 3 58 130
7 120 220 |121 |11 [75 10,5 0,19 60 110 6,6 7,5 0,85 6 #4.6 |65

3agaua 15. Ilpu tpexda3zHOM KOpOTKOM 3amblkaHuHu B Touke K (pucC.) ompenenuTsh BEIHMYUHY
YIapHOTO TOKA K.3. U OCTATOYHOE HalpsHKEHUE Ha Harpyske JJs paccMaTpuBaeMbIX yciaoBuil. [lpu
pacyerax MpHHSTH, YTO CUCTEMa — UCTOYHHK OSCKOHEYHOUH MOIIHOCTH; YAETHHOE COMPOTHBIICHHE
muand — 0,4 OM/kM; Harpy3ky Ha muHax 110 kB paccmarpuBath Kak 0000IIEHHYIO.

c

Ne AsToTpancopmarop ACHHXPOHHBIH Harpyska | JIn-
BApUAHTA ABHUraTelIb HUA
Su Homuuansaoe | Uy | Uy | U | Py cos® | Uy | Invex | Su |
HaIpsDKEHUE
MBA | kB % % % MBrT | n.e kB | o.e MBA KM
1 90 154 | 121 [ 6,6 | 4 42 138 |75 [0,85 |6 |46 60 170
2 90 220 | 121 16,6 |10 |34 |23 |58 086 |6 |50 50 200
3 120 | 226 | 121 |6,6 |11 |37 |23 |60 |085 |6 |49 85 160
4 120 [ 205 | 121 | 6,6 |11 |37 |23 |45 [086 |6 |60 70 180
5 60 214 | 121 | 6,6 | 11 |37 |23 |35 |085 |6 |55 35 210
6 180 220 | 121 (6,6 |13 |12 |18 |7,5 |085 |6 |46 100 130
7 180 |205 | 121 6,613 |12 |18 |60 |085 |6 |49 90 175
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3amaua 16.

ITIpu moouepennoM TpexdazHoM M JByXxda3sHOM K.3. B Touke K cxemsr (puc.)

MOCTPOHTH KPUBBIE M3MEHEHHUS BO BPEMEHH TOKOB K.3. B MecTe K.3. [Ipu pacuerax ydecTb, YTO
HaNPsDKEHUST KOPOTKOTO 3aMbIKaHus aBToTpaHchopmaTopa paBHbI Uy=11%, Uy=37%, Uy=23%;
aist Tpancopmaropa T U,=10,5%. [y muHuM NpHHATE Xy,;=0,4 OM/KM.

. (I'enepatop |ABTOTpaHCchopmMarop opMaTop Jluansa  |Cucrema
= Sk Uy x”’d |HomuuansHoe Homunansuoe |1 Xe

§ HanpsHKEHNE HanpsHKCHHUE

= IMBA kB o.e |Sy,, MBA kB MBA kB KM OM

1 ]235.0 |15.75 |0.19 |240 230/115/15.7590 115 10.5 30 26.0

2 |111.0 [13.80 [0.22 |120 230/115/13.80(60 115 10.5 45 35.0

3 |166.5 |18.00 |0.12 |180 230/115/18.00(75 115 6.3 40 22.0

4 |117.5 {10.50 [0.18 |120 230/115/10.50(40 115 6.3 50 40.5

5 |71.5 |13.80 ]0.21 |80 230/115/13.80[40 115 10.5 65 37.0

6 |353.0 {20.00 ]0.20 |360 230/115/20.00{20 115 10.5 60 15.0

7 1264.7 |15.75 10.24 |300 230/115/15.7590 115 6.3 40 18.5

8 1176.5 |1800 |0.21 |180 230/115/18.00(80 115 6.3 55 13.2

9 |587.5 |20.00 ]0.23 |600 500/230/20.00/180  |230 10.5 100 2.8
3agaua 17. [Ilpm Tpexda3sHOM KOpPOTKOM 3aMbIKaHWUW B Touke K ompenenuth HauOoIbIIEe

3HAYCHUE TICPUOTUICCKON COCTABIISIONIEH TOKAa U OCTAaTOYHOE HAIIPSDKEHHUE Ha IHHAX TOICTAHITUH.
[Tpu pacyere NpUHATH, YTO CUCTEMA — HICTOYHUK OECKOHEYHOH MOIIHOCTH. HamnpspkeHrne KopoTKoro
3ambikanus Tpanchopmaropa U= 10%.

1 r-2
K
T
e
ﬂ .
AY
(o}
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Ne I'enepartopsi I'-1, I'-2 Tpancpopmarop ABTOTpaHC- JInnus
BapHaHTa ¢dopmarop
Su U, x’d Su Hom. Su Hom. |
HaNPsDKEHUE HaNpsDKEHUE
MBA kB 0.€ MBA | kB MBA kB KM
1 117,5 13,8 0,18 240 230 13,8 500 230 110
2 166,3 18,0 0,12 360 230 18,0 500 230 85
3 71,3 13,8 0,21 120 230 13,8 500 230 175
4 111,0 13,8 0,22 180 230 13,8 500 230 130
5 66,0 10,5 0,21 120 230 10,5 500 230 150
6 123,5 13,8 0,14 240 230 13,8 500 230 80
7 85,5 15,75 0,23 180 230 15,75 | 500 230 125
8 176,5 18,0 0,21 360 230 18,0 500 230 100
9 75,0 6.3 0,22 120 230 6.3 500 230 160
3agaua 18. Ilpu nByx(a3sHOM KOPOTKOM 3aMbIKaHWU B Touke K (pHC.) MOCTPOUTH KPUBBIC

HU3MCHCHUS BO BPECMCHH TOKOB K.3.

Ne I'enepaTopsl Tpancpopmartopsl Peakrop Cucrema
Bapuanta | I'-1,T'-2 T-1, T-2

Su Uy x’d | Sy Hom. Ue | L Uy X Xo

Hanpsixkenne

MBA | kB 0.¢ MBA | xB % A kB % Om
1 62,5 |10,5 |0,14 |60,0 |230 10,5 14 3000 |10 12 24,0
2 75,0 10,5 10,13 60,0 |230 10,5 13 3000 |10 10 18,5
3 37,5 16,3 0,15 40,0 |115 6,3 10,5 | 2500 |6 12 8,2
4 66,0 |10,5 0,21 |60,0 |115 10,5 10,5 | 3000 |10 12 5,8
5 31,3 16,3 0,13 30,0 |115 6,3 10,5 | 2000 |6 8 6,7
6 20,0 |6,3 0,22 30,0 |115 6,3 10,5 | 1500 | 10 8 4,6
7 50,0 10,5 10,20 |40,0 |230 10,5 13 2000 |10 10 15,0
8 71,5 |10,5 |0,21 |60,0 |230 10,5 14 4000 |10 12 13,1
9 37,5 16,3 0,14 60,0 |115 6,3 10,5 | 3000 |10 8 7,3
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3agaua 19. [Ipu aByxdazHOM KOPOTKOM 3aMBIKAHMHM Ha 3eMIII0 B TO4Yke K MOCTPOUTH KpPUBBIC
W3MEHEHHS BO BPEMEHU TOKOB K.3.

—
h .
a)c

Ne I'enepaTopsl ABTtotpanchopmaropsl AT-1,2 JInnus
BapuanTa|l'’-1, I'-2

Su U, x’d Su Hom. Hanpsokerne| Uy, U Ueu |

00MOTOK

MBA kB 0.¢ MBA [kB % % % KM
1 62,5 6,3 0,14 40 230 |115 16,3 10,0 34,0 24,0 |100
2 66,0 6,3 0,21 160 230 115 16,3 10,0 34,0 24,0 |85
3 71,5 10,5 10,22 |80 230 |115 |10,5 10,0 (34,0 |24,0 |110
4 117,5 10,5 10,17 |80 230 |115  ]10,5 [10,0 34,0 (24,0 |75
5 123,5 13,8 10,16 120 230 |115 |13,8 12,0 37,0 |25,0 |60
6 111,0 13,8 10,22 |90 230 115 |13,8 10,0 34,0 (24,0 |90
7 176,5 18,0 10,21 120 230 |115 |18,0 12,0 37,0 |25,0 |50
8 166,5 18,0 10,13 180 230 |115 |18,0 |13,0 12,0 |18,0 |65
9 235,0 18,0 10,19 240 230 |115 |18,0 [13,0 12,0 [18,0 |50

3agauya 20. Jlns cxeMbl W JAaHHBIX €€ 3JEMEHTOB, NMPHBEICHHBIX B Ta0J. COCTaBUTH CXEMBI
3aMeIeHUs] HYJIEBOH IMOCIIEeOBATEILHOCTH MPU OAHO(A3HOM K.3. Ha 3aKuMMax reHeparopa [-1.
OmnpenenuTh BETMYMHY TOKAa K.3. B 3aJlaHHBIX YCIOBHSX JJIS Pa3sHBIX MOMEHTOB BpemeHHu. llpum
pacuerax CcuMTaTh, YTO TE€HEPATOPHl M CHUCTEMa MMEIOT TIIyXO03a3eMJICHHYIO HeiTpanb. Cxema
coequHeHust oOMoTok -1 m I'-2 - 3Be31a ¢ Hynem. Cxema coeuHeHUs1 0OMOTOK TpaHc(HOpPMaTOpOB
Y0-Y0-YO.

Peaxtopsl P-1 u P-2 ogunakoBbie u umeroT cnenyromue mapamerpel: U, = 10,5 kB, 1, =2000 A,
Xp == 6%; CONpPOTUBIECHNE HYJIEBOH MOCIIEA0BATENBLHOCTH reHeparopa Xo = 4,5X; .

Sk3

115 kB
1 37 kB
L]
77 Vs
Pl 105 kB P2

D D
r1 @ r2 é f3@



Ne Tpaunchopmaropsl Cucrema | I'enepaTopsl

Bapua | S, Usc ‘ Usn ‘ Ucn Sis P Cos ¢ ‘ x"d
HTa MBA % MBA MBTt O.e.

1 90 10 17 7 1100 40 0,8 0,13
2 70 11 16 5 1000 20 0,8 0,14
3 80 12 18 6 900 30 0,9 0,15
4 60 9 16 7 1200 30 0,9 0,16
5 100 8 15 7 1100 60 0,8 0,14
6 110 7 14 7 1300 65 0,85 0,15
7 120 10 17 7 900 70 0,9 0,13
8 90 1 16 5 800 45 0,75 0,19
9 80 12 15 6 700 35 0,8 0,20
10 70 9 18 8 1000 25 0,9 0,21

3agauya 21. [l cXeMbl W JIaHHBIX €€ JJIEMEHTOB, MPHUBEICHHBIX B Ta0Jl. COCTaBUTH CXEMBI

3aMeIeHUs] HYJIEBOH IOCIIENOBATEILHOCTH MPU OAHO(A3HOM K.3. Ha 3aKMMax reHeparopa [-1.
OHpGZ[GJII/ITI) BCJIMYMHY TOKa K.3. B 3aJlaHHBIX YCJIOBHUAX Ui Pa3HbIX MOMCHTOB BPCMCHHU. HpI/I
pacueTax CUMTaTh, YTO TE€HEPATOPbl U CHCTEMAa MMEIOT TJIyX03a3eMJICHHYI0 HeWTpanb. Cxema
coeauHeHust oOMoTok -1 m I'-2 - 3Be31a ¢ Hynem. Cxema coeHeHUs1 0OMOTOK TpaHc(HOpMaTOpOB

J10-Y0-YO.
Peaktopsl P-1 u P-2 ogunakoBble n nmerot cienyromue napamerpsl: Uy = 10,5 kB,
Xp == 6%; CONPOTUBIECHNE HYJIEBOH MOCIIEA0BATEILHOCTH reHeparopa Xo = 4,5X; .
Sk3
@ 175 kB
— 37«8
L |
T @)—1 \—C% 72
% 105 kB /S
r @ rz é r3 @
Ne Tpaunchopmaropsl Cucrema | I'enepaTopsl
Bapua | S, Usc ‘ Usn ‘ Ucn Sis P Cos ¢ ‘ x"d
HTa MBA % MBA MBrt O.e.
1 90 10 17 7 1100 40 0,8 0,13
2 70 11 16 5 1000 20 0,8 0,14
3 80 12 18 6 900 30 0,9 0,15
4 60 9 16 7 1200 30 0,9 0,16
5 100 8 15 7 1100 60 0,8 0,14
6 110 7 14 7 1300 65 0,85 0,15
7 120 10 17 7 900 70 0,9 0,13
8 90 1 16 5 800 45 0,75 0,19
9 80 12 15 6 700 35 0,8 0,20
10 70 9 18 8 1000 25 0,9 0,21
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3agaya 22. J[ng cxXemMbl M €€ JaHHBIX, NPUBEACHHBIX B TaOJ. OMNpPENeNUTh BETUYUHY
MEPUOINYECKOIN COCTABIIAIONIEH TOKa 01HO(A3HOTO K.3. MPH K.3. moouepeaHo B Toukax K1, K2, K3
npu ycinoBud, uto cucteMsl Cl u C2 uMeroT 3a3eMIIEHHYIO HEHTpallb U MX CONTPOTHUBIICHHS HYJIEBOU
MOCIIEIOBATEIBHOCTH Xox=0X"" MJIsl CXeMbI coeIMHeHUst 00MOTOK TpaHcopmaropa Yo/ Yo u Yo /A
Astotpanchopmarop AT cxembl umeronuii mapametpsl 120 MBA; 330/115/10,5 kB; Ugc = 10%,
Upn= 23,4%, Ucu=12%, cBsseiBaeT nBe cuctemMbl C-1 m C-2. [lpm 3TOM u3BECTHO, 4TO B
HaYaJIbHBII MOMEHT Tpex(a3HOTO KOPOTKOTO 3aMblKaHMs B Touke K1 MOIIHOCTH KOPOTKOTO
3ambikanus S;=6800 MBA, K2 MomHOCTh KOpOoTKOTO 3aMbikaHus Sy= 3900 MBA.

Ne Tpancpopmarop Bo3ayumnbie KaGeabHast imHuA
Bapua JIMHUHU
HTa SH UBC ‘ UBH ‘ UCH | Xyn | Xyn Iyn
MBA % KM OM/kM | KM Om/km | OM/KM
1 200 10 17 8 100 0,4 0,9 0,3 0,06
2 190 11 16 6 110 0,45 0,8 0,4 0,08
3 180 12 18 7 110 0,4 0,7 0,5 0,1
4 170 9 10 8 130 0,45 0,9 0,3 0,06
5 160 8 15 9 140 0,4 0,8 0,4 0,08
6 150 7 14 8 130 0,45 0,7 0,5 0,1
7 140 10 17 8 110 0,4 0,6 0,3 0,06
8 130 11 16 6 120 0,45 0,5 0,4 0,08
9 120 12 15 7 90 0,4 0,4 0,5 0,1
10 110 9 18 9 150 0,45 0,9 0,3 0,06

3anauva 23. J[ns cXeMbl pUC. U €€ TaHHBIX, IPUBEICHHBIX B TA0JI. COTIOCTABUTH BEIMYHHBI YIaPHBIX
ToKOB K.3. IIpn k.3. B Touke K1 mpu moouepenusix Tpexda3Hbix, AByX(}pa3HbIX U 0JHO(DAZHBIX K.3.
[Tpu pacderax MpUHATH, YTO CUCTEMa UMEET OECKOHEYHYIO MOIIHOCTb, 3a3€MJICHHYIO HEWTpalb, a
cxema coemHeHns 00MOoToK Tpancopmaropos T-1 u T-2

OT mmH TpaHcPOPMATOPOB, MPUCOCTUHEHHBIX K Y3y cucTeMbl C, OTXOISAT BO3IYIIHBIE JTHHHU.
CxeMa yCTaHOBKH U TIapaMETPhI DJIEMEHTOM IMPHUBEJICHBI Ha PHC.

Ne Tpanchopmartopsl Bo3ayuisbie JMHUH

Bapua | T1 T T2 JI-1 JI-2

HTa Sk Uk Su Uk Su | Xyn | Xyn
MBA % MBA % MBA KM Om/km | Km | OM/kM

1 10 10 60 8 30 1,0 0,3 09 104

2 20 11 70 9 40 1,5 - L5 |-

3 30 12 80 10 50 1,2 - 3 -

4 15 13 90 11 70 1,3 - 1,5 |-

5 25 14 100 12 65 1,8 - 1,6 |-

6 35 15 120 11 90 1,1 - 14 |-

7 15 10 110 8 80 1,2 - 1,8 |-

8 20 12 90 9 60 1,4 - 1,7 |-

9 30 12 80 13 40 1,6 - 1,2 |-

10 40 13 70 12 20 1,2 - 1,1 -
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3anaua 24. J[ns cXeMbl pUC. U €€ TaHHBIX, IPUBEICHHBIX B TA0JI. COTIOCTABUTH BEIIMYHHBI YIaPHBIX
ToKOB K.3. IIpn k.3. B Touke K1 mpu moouepenusix Tpexda3Hbix, AByX(}pa3HbIX U 0JHO(DAZHBIX K.3.
[Tpu pacderax MpUHATH, YTO CHCTEMa UMEET OECKOHEYHYIO MOIIHOCTb, 3a3€MJICHHYIO HEWTpalb, a
cxema coemHeHHst 00MoTOK Tpancpopmaropos T-1 u T-2 YO0/YO.

ConpoTuBieHHE HYJIEBOM MOCIEI0BATEIILHOCTH reHepaTopa Xo= 5Xq4 .

IIpu pacuerax ydecTb, YTO HANPSHKEHHS KOPOTKOTO 3aMbIKAHHUS aBTOTpaHC(OpMaTopa paBHBI
Us=11%, Uw=37%, U=23%; nnst tpancpopmatopa T U,=10,5%. J{ng nuaun npusITh X,,=0,4
Om/km.

Ne I'enepatop AsToTpancopmarop Tpancpopmarop Jinm |Cucrema
BapuaHTa HHSA
S Us x”’d |HomuHaznHOE S Homunansuoe |1 Xe
HaNpsDKEHHe HaNpsUKEHNE
MBA [xkB o.e |Sy kB MBA kB kM |Om
MBA
1 235.0 |15.75 |0.19 |240  |230|115]15.75|90 115 10.5 30 |26.0
2 111.0 [13.80 ]0.22 |120  |230]115]13.80[60 115 10.5 45  |35.0
3 166.5 [18.00 ]0.12 |180  |230|115|18.00|75 115 6.3 40 |22.0
4 117.5 [10.50 ]0.18 |120  |230]115]10.50/40 115 6.3 50 140.5
5 71.5 13.80 0.21 |80 230|115]13.80[40 115 10.5 65 |37.0
6 353.0 |20.00 ]0.20 [360  |230]115]20.00]20 115 10.5 60 |15.0
7 264.7 [15.75 10.24 |300  |230]115]15.75|90 115 6.3 40 |18.5
8 176.5 [1800 ]0.21 |180  |230]115/18.00({80 115 6.3 55 |13.2
9 587.5 ]20.00 ]0.23 1600 500]230]20.00{180 230 10.5 100 |2.8
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8. IlepeyeHs NporpaMMHBIX IPOAYKTOB, PeajibHO HCIOJIb3YEMbIX B
NPaKTHKe J1eATeJIbHOCTH BbINYCKHUKOB

B mporecce 00ydeHnst CTYJEHTHI HCIIOJB3YIOT MPOMBIIUICHHBIE Pa3pabOTKH HEOOXOMMBbIe
IUTSL TIOCTIETYIOIeH UX peai3aliy B IPAKTUYECKOM eI TeTbHOCTH:

1. VuebHple  mporpaMMHbie  KOMIUIGKCHI — misg  [IOBM,  pa3paborannbie kadenpoit
suepretuku: "ZAPUSK", "CURSE2", "KRNET", "TKZ3000", "Mexanuueckass yacte BJI",
"Pacuer nanexkTpuyeckoil ceTH'", a TakXke IporpaMMHbIE KOMIUIEKCH Jpyrux BVY3os,
OpUEHTUPOBAaHHBIE Ha  TpernojaBareled, CTYJeHTOB M  JIOAeH, 3aHMMAIOMIMXCS
CaMOIIOJITOTOBKOM B 0OJacTH aneKkTpocHaOxeHus, Takue kak Elsnab8 "DnexrpocHabxenune
cenbckoxo3siiictBeHHbIX notpeduteneit" 1 ACPE — Account of the course project on electro
supply. IIporpamMma 11t aBTOMaTH3aI[MH PACUETOB KYpPCOBOTO MPOEKTA MO JIEKTPOCHAOKEHHIO
CeNTbCKUX HACEIIEHHBIX MYHKTOB. OJTH TMPOrpaMMbl 3alUIIEHBl aBTOPCKUMHU IPaBaMHU,
CepTHU(HUIMPOBAHBI U SBJIAIOTCS OECIUIATHBIMU MPH UCTIOIB30BAHUN B HEKOMMEPUYECKHX IIETISX.

2. IIpomsliieHHbIE IIPOrPAMMHO-BBIYUCIIUTEbHbBIE KOMILJIEKCBI: "SDO-6",
"RASTR" u Ilaker aBTOMaTH3aMK MaTeMaTHIeCKUX pacieToB «MathCady.

OCHOBHBIMH KOMIBIOTEPHBIMU TPOTPaMMaMH ISl  BBITIOJIHEHHSI KYPCOBOTO TIPOEKTa
SIBIISTFOTCSI:

1. Ilpoepamma pacuema onss PC "ZAPUSK" — Pacuemul cucmem 31eKmpocHad#cerus.

[Tporpamma paszpabotana B IIpna3oBCKOM rocyiapcTBEHHOM TEXHUYECKOM YHHUBEPCHUTETE U
AMYpPCKOM TrOCy/lapCTBEHHOM YHHBEpcUTeTe. ABTOpBI MporpaMMHOro komiuiekca: Casuna H.B.,
MsicoenoB 10.B., Tloaropusiii A.A. IlporpamMma mO3BOJISIET TPOU3BECTH paCUYET MOIIHOCTH
Tpexa3HbIX W OJHO(A3HBIX OHIEKTPUYECKHX HArpy30K CHIIOBOW M OCBETHUTENBHOW CETH,
OTpENeNUTh  KOOPAWHATHl  LEHTpAa  JJIEKTPUYECKUX  HArpy30K, OCYIIECTBUTh  TEXHHMKO-
HKOHOMHYECKOE CPaBHEHHE BAPHAHTOB PACIPENENUTENIHONW ceTh. B mporpamme mpeaycMoTpeHa
BO3MOYHOCTH BBITIOJTHATH Pacu&Thl TOKOB Tpex(a3zHoro u 0JHO(GA3HOTO K.3.

2. Ilpoepamma pacuema ona PC Elsnab8 "Dnexmpocnaboicenue cenbCKoX03UCMEEHHbIX
nompeobumerneu”.

[Tporpamma pazpabotana B CTaBpOIMOJIBCKOM TOCYJapCTBEHHOM arpapHOM YHHBEpPCHUTETE.
ABTOpbl iporpammHuoro komruiekca: JIbicakoB A.A., Konomnés E.B., Haropusiii A.B., VBamun
A.B. JlaHHBII porpaMMHBIN KOMIUIEKC NPEAHA3HAUEH I pacueTa CelbCKOX035HCTBEHHBIX CETeH
BH u HH u pacuera 31ekTpocHa0XeHHs CeNbCKOX03IHCTBEHHBIX TOTPEOUTETICH.

[IporpamMma TO3BOJIIET TPOU3BECTH PACUYET BHICOKOBOJBTHBIX CEIbCKOXO3SIHCTBEHHBIX
cereil ¢ TpaHC(HOPMATOPHBIMU TMOJICTAHIIUSAMHU U COOTBETCTBEHHO C UX MOTPEOUTENSIMHU, a TaK Ke
MPEJCTAaBICH pacyeT HU3KOBOJBTHOW CETH TPaHC(HOPMATOPHON MOACTAHIIMKA C HU3KOBOJHTHBIMH
notpedutensmu. [IporpamMma pekomMeHyeTcst Al BHEAPEHHs B y4eOHBIN Mpolecc Ha (pakynbTeTax
SNEeKTpU(UKAMU W aBTOMATH3AlMM, a TaK JK€ Ha JIOOBIX APYruX, HUMEIOMIMX JUCIHUIUINHY
"OnexrpocHadkenue".  Ilporpamma  3amareHToBana  (CBuaeTenbcTBO 00  oUIIMATBHON
peructpanuu mporpammel st IBM Ne 2006612738 "DnekrpocHabx)eHUE CETBCKOTO X03siicTBa")
U CKOpO HameuaeTcs ee BbIxo o rpudom YMO.

3. ACPE — Account of the course project on electro supply. I[lpocpamma o0ns
asmoMamu3ayuu pacuemos Kypcog8o20 NpOoeKma No 31eKMPOCHADIHCEHUIO CeNbCKUX HACENeHHbIX
NYHKMOB.

[Mporpamma paspaborana B HMpkyTckol ToOCylIapcTBEHHOM CEIhCKOXO3SHCTBEHHOM
akajgeMuu. ABTOphI mporpamMmmHoro komruiekca: Haymos W.B., lnak JI.A., JIeiTkuna A.A.

[Iporpamma TO3BOJISIET TIPOM3BECTH pacueT MOILIHOCTH HAarpy3kKd JKUJIBIX JIOMOB,
OTIPENIENIUTh KOOPAMHATHI MecTa ycTaHOBKH TII, BBIMONHUTH pacué€T SMEKTPHUYECKUX HArpys3ok,
OCYIIIECTBHUTH BBIOOp ceueHuit mpoBoioB BJI, mpoBecTu mpoBepKy ceTH Ha JOMyCTUMBIE KOJIeOaHuUs
HaNpsDKeHUS TIpU IyCcKe JBUTATeNs. B mporpamme mpeaycMOTpEeHa BO3MOKHOCTH BBITIOJHHUTH
pacu€rbl TOKOB Tpex(a3sHOro M OAHO(A3HOTO K.3. M HAa HMX OCHOBE IPOM3BECTH paCyeT
3a3€MJISIFOILIETO YCTPOMCTBA.
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9. MeToau4eckue yKa3aHHs 10 NPUMEHEHUIO COBPEMEHHBIX
HH(POPMAMOHHBIX TEXHOJIOIMH

KomnbroTepHblii yaeOHBIH Ta00paTOPHBIA KOMILJIEKC IO TMEPEXOTHBIM ITPOIIECCaM.
[IpesenTanuu, cnaiapl, TEXHUYECKHE XapAaKTEPUCTHK, KaTaJOTM 10 3JIEKTPUUYECKOMY
obopynoBanuto, THMOBBIe MpoekTel OAO «I1O Onrexnuka» (Cankr-IlerepOypr), OAO
«Yebokcapckuii aneKkTpoannapaTHbii 3aBo», OAO «AHTapcKuil 3JeKTpoanapaTHbIid 3aBO.
DJEeKTPOHHBIE CX€Ma CUCTEMBI AIIEKTPOCHA0KEHUS | TUIaH ropoja biarosemniencka.

CxeMbl, TaOIUIIBI, PUCYHKH 11O MEIHMAKOMILIEKC.

TpeHaxxep roOpoJACKON pacpeaeIIUTENBHON JIEKTPUUECKOM CETH.

[Inakatsl 0 IUCUMIUIMHE.

KoMIekT MHANBHTyalbHBIX 33JaHUN 110 TUCHUIUINHE.

10.B. MsicoenoB. DnekTpoHHbIH yueOHuK «IlepexoaHbie IpoIecch.

VY4ueOHble W TNPOMBIIIICHHbIE NPOTPAMMHO-BBIUMCIUTENBHBIE KomIuiekcsl "ZAPUSK",
"TKZ3000", "Elsnab8", "ACPE", "AZOV", a Takxe makeT aBTOMaTHU3al[Ud MaTeMaTHYECKHX
pacueroB «MathCad».

N —

00O NG kW

10. MeToanueckue ykasaHusi 10 OPraHU3aLMM MEKCECCUOHHOTI0
KOHTPOJIAA 3HAHMH CTYACHTOB

B npouecce u3ydeHus: TUCUMIUIMHBI IPELYCMOTPEHBI CIEIYIOLIUE BUBI ITPOMEKYTOYHOIO
KOHTPOJISI 3HAHUM CTYJIEHTOB:

MSTUMHHYTHBIA OJIMI-OTIPOC OMPOC CTYJASHTOB Ha KaXJOH JIEKIMU IO MPOIEHHOMY
MaTepuainy;

BBITIOJTHEHUE 4 KOHTPOJIBHBIX paboT 10 paCCMOTPEHHBIM TEMaM;

IIPOBEJICHUE 2 KOJUIOKBUYMOB I10 JIEKIIMIOHHOMY MaTepHay;

CTYIEHTBHI, HE IIOCEHIAIOIINE JICKIUOHHbIE M IPAKTUYECKHE 3aHATHS, IPEACTABIISIIOT
pedeparsl o IPOMYIIEHHBIM TEMaM;

BBIIIOJIHEHUE  WHJAUBHUJYAIbHBIX  JOMAIIHMX  3aJaHUi  C  TOCIENyIoIIed  uX
3aIIUTOM;

KOMIUIEKCHBIE 3a[aHusI TI0 pa3pabOTKe MMOICTAHIINH.

bnuy — onpoc mpoBOAMTCS B Havaje KakJIOW JICKIMM B TCUCHHE 5 MHUHYT, BOTMPOCHI,
BBIHOCHUMBIE Ha OMMpoC, (QOPMYIMPYIOTCS M3 Marepuaia JICKIUH, MPH 3TOM Ha JICKIUAX s
CTYJICHTOB YKa3bIBAaCTCS IO KAaKUM pa3JieliaM JISKIIMOHHOTO MaTepuaia OyieT MPOBOAUTHCS OMPOC U
(hOpMyITUPYIOTCS CaMU BOTIPOCHI.

Konmponvnvie pabomul IpeTyCMaTPUBAIOTCA MO CIEAYIOLIIUM TEMaM:
COCTaBJICHHE U MPEOOpa30BaHUE CXEM 3aMEILEeHHUS;

pacuet TokoB Tpexdaszubix K3;

PacuYCT TOKOB HCCUMMCETPHUYHBIX KOPOTKUX 3aMBIKaHHﬁ;

MCTOJ THIIOBBIX KPUBBIX.

Konnokeuymel BKIIOYAIOT B c€0s BOIPOCH! NOCBSIIEHHbIE KaK paHEe N3yYEHHBIM pa3zeiaM B
ApYruX JTUCHUIUIMHAX C TOYKH 3pEHHS HCIOJBb30BAHUS IIONYYCHHBIX 3HaHUH B 00JacTu
IIEPEXO/IHBIX TMPOIIECCOB, TaK W MO CTPYKTYpHBIM pa3jienaM Kypca: CHMMETPUYHBIE U
HecumMmeTpuuHble K3. ». Bonpocsl Ha KOJIIOKBUYMBI NIpeACTaBIeHbl B pasaeine 11.

Pegpepamvr 10  TPOMYIIEHHBIM TE€MaM BBINIOJHSIOTCA CTYJIEHTaMH 110 TEMaTHKe
MIPOMYIICHHBIX JEKIHAMN.
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11. ®oHa TECTOBBIX U KOHTPOJbHBIX 3aJaHUM /IVISl OLICHKH Ka4eCcTBa
3HAHUH

@DOHJI TECTOBBIX U KOHTPOJIbHBIX 3aJaHUM JJI OLIEHKM KayecTBa 3HAHMM MO JUCIUIUINHE
BXOJIUT COCTaBHOM 4acTbi0 B (POHJ TECTOBBIX M KOHTPOJIBHBIX 3aJaHHMi JJIsl OICHKH KayecTBa
3HaHW 10 crienuanbHocTH 140211 — DnekrpocHabxkenue, yreepxkacHabii YMO 1mo o0pa3oBaHUIO
B 00J1aCTH SHEPTETHKH U DJIEKTPOTEXHHUKH.

Kontponeusie sk3ameHanmonnsle 3amanus (KO3) mnpeacraBienbl nambo0 Kak enuHas
CUTyallMOHHAs 3aja4a, TpeOyromas MOCTPOSHHs alropuTMa PEUIeHUs B BHUJE IMOCIEIO0BATEIHHO
ONMCHIBAEMBIX 3TaloOB, KaXAbI M3 KOTOPBIX XapaKTEPU3yeT TEXHOJOTHYECKYI0 WiIH (1)
KOHCTPYKTUBHYIO TpoOJieMy, JIMOO COCTOSIT M3 OTIENBHBIX BOIPOCOB, COCTABIEHHBIX TaKUM
o0pa3oM, 4TOOBI BHIOOP OXBATHIBAEMBIX MMM MpoOIeM 00ecreuuBall MPOBEPKY YMEHHUU IO TeM
0a30BBIM ¥ CHENHMAJIbHBIM IUCHUIUIMHAM, KOTOpPBIE (OPMHPYIOT MPO(ecCHOHANbHBIN YpOBEHBb
BBIMYCKHHUKA (T.e. HECYT B cebe MH(pOpPMAIHIO, HEMOCPEJACTBEHHO CBS3aHHYIO C 000OUICHHBIMH
3a/lauaMu MPOPECCHOHATBHON IeATETHPHOCTH OYIYIINX CIICIIHATUCTOB).

OTBeTbl Ha BOMPOCH KOHTPOJBHBIX 3aJaHUN 00s3aTETBHO TPEOYIOT OT IK3aMEHYEeMBIX
WCIIOJb30BaHUS 3HAHUW W yMeHM mno nucuumuinae. Bompocet KO3 He umerorT perentypHO-
CIpaBOYHBINA XapakTep. Bo Bcex cimydasx B KO3 HeT BOIpOCOB, HE COOTBETCTBYIOIIMX XOTS OBI
OJTHOMY U3 TpeOOBAaHUH K 3HAHUSM U YMEHHUSM CTYACHTOB.

Bce K33 wunauBuayanbHbl M TMOBTOPSIOIIMXCS BOIMpocoB HeT. Ilpu 3ToM BOIpoCH
COCTaBJIGHBI TaK, YTOOBI TPYJOEMKOCTh TpeOyeMBbIX KOHKPETHBIX OTBeTOB Bcex KO3 Obuia
NpUOJIM3UTENBHO O/JWHAKOBA. BOMPOCEl MMEIOT KaK KadeCTBEHHBIM, TaK W KOJMYECTBEHHBIH
xapakrepa (B BUJIE 3aj1a4).

3amaun s pemieHusT 4eTKo CcHOpMYIMpOBAHBI, MMEIOT COBEPIICHHO OIpeIesICHHYIO
bU3NYECKyI0 1 MHKEHEPHYI0 OCHOBY. OHHM MMEIOT O/IHO3HAYHBIN OTBET, IMOJyYeHHE KOTOPOTO HE
TpeOyeT TPOMO3IKIX BBIYUCICHHH.

B Tekcre 3amau HET cBelEHUM CHPABOYHOIO XapakTepa M MOJACKA30K O TEOPETHUECKUX
NPUHIMINAX pEIICHUs, TOCKOJbKY HMEHHO OHM JOJDKHBI OBITh CAMOCTOSITENIFHO HAai/IeHbI
9K3aMEHYEMBIM.

Pe3ynbTaThl OTBETa Ha KOHTPOJIBHOE 33/IaHUE OTIpeNestoTes TuddepeHpoBaHHO (TI0 4-X
OaTbHOM CUCTEME): OLICHKaM# «OTJIIMYHOY, «XOPpOILIOY, «YZIOBIIETBOPUTEIIBHOY,
«HEYJOBIIETBOPUTEIHHO», KOTOPHIE OOBSIBISIIOTCS B TOT K€ JACHb.

OneHka «OTJIIMYHO» BBICTABISIETCA CTYIEHTY IIPU YCIOBUM pEIIEHHS BCEX 3aJaHUl C
HCIIOJIb30BAHUEM  COBPEMEHHBIX METOJIOB pacueTa, HOPMAaTUBHBIX M  OpPraHU3alMOHHBIX
JOKYMEHTOB, MPOSIBUBIIEMY HH)KEHEPHBIH M TBOPYECKHM IMOAXOJ] K IOCTABJIEHHBIM 3ajadaM H
000CHOBaHHOCTb MPUHSATHIX PEIICHHH.

OneHka «XOpoIlo»  BBICTABIAETCS CTYACHTY Ipu YycioBuu pemeHus 80% 3anaHuil c
HCIIOJIb30BAHUEM  COBPEMEHHBIX METOJIOB pacueTa, HOPMAaTUBHBIX M  OpPraHU3alMOHHBIX
JOKYMEHTOB, HCIOJb30BaBUIEMY CTaHJAPTHbIE W THUIIOBbIE HWHXXECHEPHBIE pEIICHUS U
000CHOBABIIEMY MIPUHSATHIE PEHICHUS C TEXHUKO-IKOHOMHYECKOW TOUKHU 3PECHUSI.

OrneHka «yl0BIETBOPUTEIBHO» BBICTABIISIETCA CTYJEHTY IIPU YCIIOBUU PELLICHUS HE MEHeEe
50% 3amaHuii ¢ UCHOJB30BAaHUMEM COBPEMEHHBIX METOJIOB pacyeTa, HOPMAaTUBHBIX U
OpPraHM3al[MOHHBIX JOKYMEHTOB, MWCIIOJb30BABIIEMY CTAHJAPTHbIE M TUIIOBbIE HWH)KEHEPHbIE
pelIeHus.

B cnydae HecoOmio/eHHs BBINICYKAa3aHHBIX KPUTEPHUEB CTYICHTY BBICTABIIAETCS OIICHKA
«HEY/I0BJIETBOPUTEIHHOY.

Kputepun oneHku MOKHBI OBITH €AMHOOOpa3HBI MO BCEM BOMPOCAM KOHTPOJBHBIX
3aJlaHUl, a X OCHOBOIIOJIATAIOUIUM IMPUHIMIIOM IpPHU OTBETE HA KAYECTBEHHBIH BOIPOC JIOJKHO
OBITh YETKOE COOTBETCTBHE aHAM3a (U3NYECKON M MHKEHEPHOW KapTHHBI PacCMaTPUBAEMOIO
mporecca WM YCTpoicTBa (a, TakXke, NMPH HEOOXOJMMOCTH, MX MATeMaTHYEeCKOTO OIHMCAHHS)
tpeboBanusm 'OC B paMKax periaMeHTHPOBAHHBIX BHIOB MPO(ECCHOHATBHON NesITeIbHOCTH.
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IIpu oTBeTe Ha KOJMYECTBEHHBIH BOMPOC (33Jauy) OTBET CUMTAETCS IMOJIHOLIEHHBIM, €CIH
MOJIy4EHO HE TOJIbKO MPABUWIBHOE YHMCICHHOE 3HAYEHUE MCKOMOTO MapaMeTpa, HO U IPHUBEAEHO
pemieHre ¢ 00OCHOBaHHMEM BBIOOpa pPACUETHBIX 3aBUCHUMOCTEH ((OpMy) M TPAaBOMOYHOCTH HX
NpPUMEHEHHs, a TaKKe JaHbl CCHUIKM Ha HEOOXOJUMBbIE CBEICHHS, 3alMCTBOBAaHHBIE U3
CIPaBOYHHUKOB M JIPYTUX UCTOYHUKOB.

OTBeThl Ha BONPOCHI KAUECTBEHHOIO XapakTepa HE JOJDKHBI CBOAMTHCS K IPOCTOMY
nepecka’y TOHW, WM WHOW TiaBbl ydeOHHMKAa. KOHKpETHBI OTBET Ha TakOW BOIPOC JIOJDKEH
TpeOOBaTh OT SK3aMEHYEMOTO HEKOTOPOrO aHajlu3a M CHHTE3a HW3BECTHBIX €MY IOJIOKEHUH,
BBITEKAIONUX U3 U3y4eHUS 0a30BBIX U CIIEHUAIBHBIX JUCIUTUIHH.

B kagectBe mpuMmepa MoApoOHO TPUBEICHBI BOMPOCH! JUISI CaMONPOBEPKH M BApPHAHTHI
pa3IMYHBIX TUIIOB TECTOBBIX M KOHTPOJBHBIX 3aJaHUMl JJI1 OLEHKM KadyecTBa 3HAHUU 110
IUCUUIUIAHE «DJIEKTPOMArHUTHBIE TEPEXOJHBbIE IMPOLECCh», OCTalbHBbIE HaxomATcs B (oHzae
cnenuanbHocT 140211 — DnexTpocHaOXeHne, HaXOAAMEMCsl B y4eOHO-METOJMUECKOM KaOuHeTe
Kaeapsl YHEPTETUKH.

Ilpumepvt KOHMPOILHBIX IK3AMEHAUUOHHBIX 3A0AHUTL
Kaxxnoe 3amanue coAEpX UT KOMILJIEKC BOIPOCOB, IMO3BOJSIOMIMX OLIEHUTH TMOJATOTOBKY
CTyACHTa TIO JAHHOW JHWCIUILUIMHE B COOTBETCTBUU C TPEeOOBAaHUSAMH OICHOYHBIX U
JMArHOCTHYECKUX CPEICTB 1o cnermanbHoctu 140211 — DnekrpocHabxkeHHE.
[Tpu sTOM 3amaHusi MOTYT OBITH TEOPETHUYECKOTO M PACUETHOrO IUIaHA, a TaKKe HMETh
KOMILJIEKCHBIN XapakTep.
Hwuxe npuBeneHbl BapruaHThl pa3TUYHBIX TUIIOB TECTOBBIX M KOHTPOJIBHBIX 3a/IaHUM.

AHHOTanust
K TeCTaM 10 KOHTPOJIFO OCTATOYHBIX 3HAHUH 110 JUCITUTUTHHE
"[TepexoiHbIE IPOLIECCHI B AJIEKTPOIHEPTETUUECKUX cucTeMax"

TecTbl npeaHa3HaueHbl A1 KOHTPOJIS OCTAaTOYHBIX 3HaHUM no aucuurianHe '"lTlepexoiHble
MIPOIIECCH B AIEKTPOIHEPIeTUIECKUX CHcTeMax", sIBISIONIeiics 0a30BbIii U YUTaeMOU B 6 cemecTpe
CTYAECHTAaM HaIpaBJICHUS « DINEKTPOIHEPTETHKA.

[Ipeacrasneno 6 BapuaHTOB TECTOBBIX 3aaHuid. Kaxxiplit BapuanT BKitouaeT 20 3a1aHuil.

B kauecTBe mpuMepa NpPUBEIEHO OJHO TECTOBOE 3aJaHME, OCTAJIbHBIE TECTOBBIEC 3aJaHUS
IIpUBEJICHBI B pasaene 11.

[Tpu pa3paboTke TECTOB UCHOIB30BAIUCH CIEAYIONINE (POPMBI:

a) OTKpbIToro tuna "JlonoyJHuTH";

0) 3aKpeITas C OJHUM MPABUIHHBIM OTBETOM;

B) Ha YCTaHOBJIEHHE IPAaBUJILHOM MOCIIEJOBATENBLHOCTH;

I) 3aJaHHe C HECKOJIbKMMM MPaBUIIbHBIMU OTBeTaMu THmna: "[loguepkHyTh oTHOCSIIKECS K...".

Bpemsi, oTBOAMMOE Ha BBINOJIHEHWE BCEX 3aJaHHUM, COCTABIISIET [BAa 4Yaca ayJIUTOPHBIX
3aHATUH WK 1 yac 20 MUH aCTPOHOMHYECKOTO BPEMEHH TECTUPOBAHUS.

[Tpu o1ieHKe pe3ysbTaTOB CTYACHTOB OIEHKA!
"OTIUYHO" COOTBETCTBYET OoJiee 15 mpaBUIIBHBIX OTBETOB;
"xopomo" - 6osiee 10 10 15 BKITIOYUTENHHO MPABUIBHBIX OTBETOB;

"ynoBneTBOpUTENbHO" - 10 MpaBUIIBHBIX OTBETOB;
"Hey1oBIETBOPUTENBHO" - MeHee 10 mpaBUIIbHBIX OTBETOB.
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9.

Tecmoewie 3a0anusn
Bapuant Ne 1

OpHOl M3 HpPUYMH BO3HUKHOBEHHUS 3JIEKTPOMArHUTHBIX MNEPEXOJHBIX IMporueccoB B OOC
SABIISETCA ...

a) peryIMpoBaHNe HANPSHKEHUS CHIIOBBIX TPAaHC(POPMATOPOB T101 HArPy3KOH;

0) BO3HUKHOBEHUE MECTHON HECUMMETPHH;

B) IIPOBEJICHUE ONIEPATUBHBIX EPEKIIIOUEHUI TIEPCOHAIOM SHEPTrONPEAIPUITUH];

I') p€3K0O€ YBEITMYEHHE AIEKTPUUECKON Harpy3KU SHEPTOCUCTEMBI.
Haubonee pacnpoctpaneHHsiM BuaoM K3 B sHeprocucremMax NpH TIIyX03a3eMIJICHHON
HEUTpaJH SIBJISIETCS ...

a) TpexdaszHoe;

0) nByxdazHoe;

B) JaByxX(]a3Hoe Ha 3eMIIIO;

r) oaHo(azHoe.
OpHoll u3 nenel pacuera 3JIEeKTPOMAarHUTHBIX [TEPEXO0IHBIX IPOLECCOB SIBJISETCA ...

a) BBIOOp M MPOBEpPKA IEKTPUUECKUX aIapaToB U MPOBOJHUKOB;

0) BBIOODP MOITHOCTH CHIJIOBBIX TPaHC(HOPMATOPOB;

B) BBIOOD KOJIMYECTBA IIPOBOJIOB B PACHICIICHHOM (haze;

r) ompeeNeHrne JOMYCTUMOTO pacCTOSHIS MexX 1y (hasHbIM rpoBogoM JIDIT u 3emieii.
JlonosHUTE cpeiHuit psan HanpsbkeHud 515; ...;230; 115; ... ...;20; 18; ...; ...; 6,3; 3,15 kB

a) 340; 37; 24; 15,75; 13,8

0) 330; 35;27; 15; 13

B) 330; 37,5; 24; 15,75; 13,8

r) 340; 37,5; 24; 15,75; 13
JUisi CHUHXpPOHHOM MAaIIMHBI IIPM YUCTO MHAYKTMBHOM ILeNM cTaropa IoIlepedyHas
COCTaBJISAIOLIAS HAYaJIbHOTO 3HAYEHMs] NEPHUOJMYECKOM clararomeil ToKa BO3HHUKIIETO
MIEPEXO/IHOTO IIpollecca WJIM TaK Ha3blBAEMOIO HAYAJIBHOTO CBEPXIIEPEXOJHOTIO TOKa
OTIpEENsAeTCS ...

" E" E" E"
"o_ dlo| . "o_ ql0| . "o_ 40| . o dqo|
@) Ljy=—r 0 Lyg=——6) Lyy=————2) Ljg=—"
X X,y t+ + X X
q/0] 6H 40| 6H d|o| 6H q/0]

JOITOJIHUTD:
OcHOBHBIE JOMYLIECHUS, IPUMEHSEMBIE IIPU pacueTe 3JIEKTPOMArHUTHBIX MEPEXOIHbIX
IIPOLIECCOB, — 3TO

JOITOJIHUTD:
HavanpHoe paelicTByroliee 3HaU€HHUE MEPUOIMUYECKON cocTaBistomeld Toka B mecte K3
OTPEEINSAETCS 10 BHIPAKEHUIO

JOITOJIHUTD:

Ynapuenii koddduinueHt npu tpexdazaom K3 ompernensercs Mo BBIPAKCHHIO ... H
3aBHUCHT OT ...

JOITOJIHUTD:

MomHocTs K3 onpenensercs no BEIpaKEHUIO ...

10. JIOTIOJIHUTb:

KopoTkoe 3aMmbIkanue - 310 ...

11. {ns caydas ogaodasHoro K3 BeIOpaTh JOMONHUTENLHOE conpoTuieHne Ax™

X5 X
( . (n) _ . ) _ Yoz Yoz

a) A =x,5;  6) A" =x,5 +x,5; 6) A" = .
X,5 + X5

1 3HaueHue kodhdunmenta m® a)m™ = J}; 0) m™ =3; 6)m™ = \/} 1— X2z "Xz

(xzz + Xz )2 .
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12. JlanHas BeKTOpHas JuarpaMma HalpsDKEHUH B MecTe
KOPOTKOT'O 3aMbIKaHUS COOTBETCTBYET
a) ogaodazHomy K3;
0) nByx(daznomy K3;
B) aByx¢aznomy K3 Ha 3emurio.

P x| 4« 13.IIpuBeneHHas KOMIUIEKCHas CXeMa 3aMEIlEHUs COOTBETCTBYET CIydaro

] Y
@z, ot

a) IBYX(a3HOTO 3aMbIKaHHS Ha 3eMJTIO Yepe3 IyTy;

0) nByx(a3zHOTO 3aMBIKaHUS Yepe3 IYyTy;

| B) oHO(A3ZHOTO 3aMBIKAHUS Yepe3 YTy,

T') IpY HAJTMYUU CONPOTHUBIICHHS B OJTHOM (hase;

., [] M) TPH HAJTMYHH OJMHAKOBBIX CONPOTHBIICHHS B IBYX (hasax.

14. Hauanom cxeMbl HYJI€BOM MOCIIEJOBATENbHOCTH CUUTAETCS TOUKA, B KOTOPOH ...

a) 00BenMHEHBI CBOOOIHBIE KOHIIBI BCEX TEHEPUPYIOIINX M HAarPY304HbIX BETBEH;

0) BO3HUKJA paccMaTpuBaeMasi HECUMMETPHS;

B) 0OBEAMHEHBI BETBH C HYJIEBBIM MOTCHIIUAIOM.

15. CompoTuBiieHre, uepe3 KOTOpPOE 3a3eMJieHa HeWUTpanb TpaHcpopMmaropa, TeHeparopa,
JIBUTATENsl, HATPY3KH, B CXEMY HYJIEBOH MOCIEN0BATENBHOCTH ...

a) He BBOJUTCS,

0) BBOJIUTCS CBOCH BEIMUMHOM;

B) JOJDKHO OBITh BBEACHO YTPOCHHOW BEIMYMHOM.

16. Cxema 00OpaTHOM MOCIIEIOBATEILHOCTH SBIISETCS ...

a) OOBIYHOH CXEMOW, KOTOPYIO COCTaBJSIFOT Uil pacdera J000ro CHUMMETPHUYHOTO
Tpex$azHOoro pexXxruMa WM Mpolecca, TeHepaTOPbl U HAarpy3KH BBEJCHBI B HEE COOTBETCTBYIOIIUMHU
peaktuBHOCTSMH U DJIC, a ocTabHbIE AJIEMEHTHI - HEU3MEHHBIMU CONPOTHUBIICHUSMU;

0) OOBIYHON CXeMO#, KOTOPYIO COCTAaBJISIOT /IS pacdyera J00ro CHMMETPUYHOTO
Tpex$azHOro pexXxruMa WM Mpoliecca, TeHepaTOPbl U HAarpy3KH BBEJCHBI B HEE COOTBETCTBYIOIIUMHU
peaktuBHOCTSIMM ¥ OJIC, paBHBIMH HYJIO, a OCTaJbHBIE DJIEMEHTHl - HEU3MEHHBIMU
COTPOTHBIICHUSIMU;

B) CXEMOi, KOTOpas B 3HAUUTEIBHON Mepe OIpeneNseTcss COCJUHEHHEM OOMOTOK
YUYaCTBYIOUIMX TPAHCPOPMATOPOB M MIPOUUX HIEMEHTOB.

17. IlpencraBieHHass HUXKeE MOCJIEI0BATEILHOCTh pacueTa NePHoaUIecKoi cocTaBisiomei Toka K3
B IIPOU3BOJIHBII MOMEHT BPEMEHU

CocraBieHHEe CXEMbl 3aMEIIEHMs, B KOTOPYHO HCTOYHHUKH BBOJATCS CBOMMH
ceepxrnepexoaubiMu DJIC U COPOTUBIICHUSIMU;

[IpeoOpa3oBaHne CXeMbl 3aMEIIEHUS C [ENbI0 HAXOXKICHHUA  PE3YJIbTUPYIOIIETO
COINPOTHBIIEHUSI OTHOCUTENBHO MecTa K3;

Haxosx/eHre pac4eTHOTO COMPOTHBIICHUSI _ S _ S
Xppew = X5 — 3 WIU X ., = X .
cp 0

Bb100p COOTBETCTBYIOUIMX KPHBBIX W HAaXOXKJICHHWE MJIS 3aJlaHHOTO MOMEHTa BpPEMEHH
OTHOCHUTEIILHOM BEIMYUHBI TOKA I+nt.
Haxoxnaenue nepuoanueckoil coctasisitomieid Toka K3 1s 3a1aHHOrO MOMEHTa BpEMEHU

S.s
I.,20el . =—2* OTHOCHUTCAK ...
> " U

P

I =1

nt nt”
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a) METOJy pacueTHBIX KPUBBIX IIPH Xpacy < 3;

0) METOIy pacueTHBIX KPUBBIX MPH Xpacd > 3;

B) METOAY THUIIOBBIX KPHUBBIX NpPU HAIUYUM B CXEME TOJIBKO HCTOYHMKOB KOHEYHOM
MOIIHOCTH;

I') METOJY TUIIOBBIX KPMBBIX IPH HAJIUYMHM B CXEME MCTOYHMKOB KOHEYHOW MOIIHOCTH U
CUCTEMBI.

18. lns merona TUMOBBIX KPHUBBIX NPU HAJIWYUM B CXEME TOJBKO HCTOYHMKOB KOHEUHOM
MOIITHOCTH BBIOPATh MPAaBUIIHHYIO ITOCIIE0BATENBHOCTD AEHCTBH . ..

CocraBieHHEe CXE€Mbl 3aMEIIEHMs, B KOTOPYHO HCTOYHHUKH BBOJATCA CBOMMH
ceepxrnepexoaubiMu DJIC U COPOTUBIICHUSIMU;

[IpeoOpa3oBaHne CcXeMbl 3aMEIIEHUS C LENbI0 HAXOXKICHHUA PE3YJbTUPYIOIIETO
CONPOTHBIIEHUSI OTHOCUTENBHO MecTa K3;

[IpeoOpa3oBaHue CXeMBbl 3aMEIIEHUS C BBIJEJICHUEM JIBYX TPYII HCTOYHUKOB C LENBIO
HAXO0XACHUS Pe3yJIbTUPYIOLIETO CONPOTUBIIEHUSI OTHOCUTENBHO MecTa K3;

Omnpenenenre Ha4aIbHOTO 3HAUYEHUS IEPUOANUECKOM cocTaBistomiei Toka B mecte K3 Ik,0;

Onpenenenne HaYaJIbHOTO 3HAYEHUS IEPUOANUYECKON COCTABIIAIONIEH TOKA B T€HEPATOPHOI

E] -1 ,x
BeTBH I o= ore T x07x
xT
1 I, r.olé 1
r,0 , r,0
Haxoxaenue oTHoueHust Toka I, . . =——uwuau l, . . =—————=—, a maxsce
ro j ro jp 1
Tnom *I Hom[é] K,0
1 r,o 1 “I,0[6]
HaxoxneHrne OTHOLIEHHS TOKA M0 BBIPAKEHUIO I*r ) =  wnu I*r )= .
Tnom *Tnom [6]
BBIOOp COOTBETCTBYIOMIMX KPHUBBIX W HAXOXJICHUE NS 33JJaHHOTO MOMEHTa BPEMEHH B
. U It
3asucumoctu ot 1, .9 OTHOCUTEIIbHON BEJTMYUHBI ;=
r,o
BBIOOp COOTBETCTBYIOMIMX KPHUBBIX W HAXOXJICHUE NS 3aJJaHHOTO MOMEHTa BPEMEHH B
o I]"t IF,0
3asucumoctu ot 1, .9 OTHOCUTEIILHON BEITUYUHBI Y= ——, & 3aTCM, B 3aBUCHMOCTH OT Y U ,
r,o K,0
JUTSL 3aJaHHOTO MOMEHTA BPEMEHU HAXOUTCS Yyt = ud
K,0
HaxoxaeHne nckoMoil BETMUMUHBI IEpUOIMYeCcKOl cocTapisitoniel Toka K3 ans 3aganHoro
S >

MOMEHTa BpEMEHU Ir’t =y, Ir,o =y,- I*r,oan’ 20e I”Z = "= |
NEl

HaxoxaeHne nckoMoil BETMUMHBI IEpUOIMYECKON cocTaBisitoniel Toka K3 ans 3aganHoro

momenra Bpemenu I, , =y, I, =y, -1, ,.
19. JOIIOJIHUTD:

JUIst cOCTaBIIEHHsI CXEMbl 3aMELICHUS HYJIEBOW ITOCIIEIOBATEIBHOCTH CIIEIYET BBIIBUTH
BO3MOJKHBIE IIyTM LUPKYJSILMM TOKOB HYJIEBOM IIOCIEAOBATEIIBHOCTH Ha KaXJOW CTYIIECHH
HanpsDKeHHs, HauuHast oT Touku K3, mpu 5ToM He00X0IMMO PyKOBOICTBOBATHCS CIICAYIOIIUM ...

1) 2) 3)

20. JOIIOJIHUTD:

OcHOBHBIE ypaBHEHHMS BTOpOro 3akoHa Kupxroda mnpu momepedHoil HECUMMETPHH

OTAEIBHO IS KaXKA0H MoCIej0BaTeIbHOCTH OyAyT UMETh BUL ...

1) 2) 3)

K,t
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Bapuant Ne 2
1. IIpocToe 3ambIKaHUE BO3ZMOXKHO ...
a) B CETU C MU30JIMPOBAHHON HEUTpPAJIbIO;
0) B ceTH ¢ KOMIIEHCHUPOBAHHON HEUTPAJIbIO;
B) B CETH C INIyX03a3€MJICHHOW HEUTPAJIbIO;
') B CETU C KOMIIEHCUPOBAHHON HEUTpabIO.
YacTHblii cirydail IONEPEeYHON HECUMMETPUH — 3TO ...
a) OTKIIO4YeHue oaHo# u3 daz JIDII;
0) Tpexdaznoe K3;
B) paboTa Tpex oOAHO(A3HBIX DSJIEKTPONPUEMHUKOB PABHOW MOIIHOCTH, BKIIFOYEHHBIX
COOTBETCTBEHHO Ha MexayhaszHoe HanpsokeHne AB, BC, CA;
r) aByxdasznoe K3.
3. OpnHol u3 1enelt pacueTa MEKTPOMArHUTHBIX IEPEXOIHBIX IPOIIECCOB SABISETCH ...
a) BbIOOP YCTPOICTB peleHOMN 3alUThl U ONIPEJIEIIEHUE UX YCTABOK;
0) BBIOOp CHUJIOBBIX TPAHC(POPMATOPOB IO YCIOBHIO JOMYCTUMOTO HATrpeBa;
B) BbIOOp KoHCTpYKIHH (hazbr JIDIT;
I') OTpe/eeHne IOYCTUMOTO PAcCTOSTHUS MEXKTY azHbiM poBoioM JIDII u 3emiteid.

4.  BpiOpaTh oOmIME BBIpAKEHHS IS ONPEACTCHHUS TPUBEACHHBIX K OCHOBHOHM CTYIEHHU
3HAYEHUH OTJENbHBIX BEJIMYMH IeNH (MPUOIMKEHHOE IPUBEICHUE) ...
. . . 1
@) E =k, by ek VE; U= (k- ern kYU Z = (ky - by - oo ke, )} Z3 [ = m -kz-...-k”)l;
2
. U_. . U_. U_. . U,
6) E= cpbas E; U= pbas U; 7= cpbas Z; I= 154 I;
UL‘p ULp UL‘p ULp obas
2
. U, .U, U, . G
)E=—"FE;U=—"U;Z= ? | Z;1="2"1,
cpbas cpbas UL‘p oas cp
2
. U_. . U_. U_. . ",
6) E= cpbas E; U= pbas U; 7= cpbas Z;I= pbas I;
U U U

wp P

@

5. OO0oOIIeHHas Harpy3Ka, y4acTBYIOIIas Py pacyere TOKOB K3 UMeeT clieyronye JaHHbIe ...
a)E" =0,8ux" =0,350)E" =0,35ux" =0,85;

nazp nazp wazp nazp

e)E, =09ux, =0452)E; =0,85ux,, =0,35.
6. JOIOJIHUTG:

JlonyiieHnusi, NpUMEHsEMblE IpPHU MNPAKTUUYECKUX METOJAX pacdera 3JIEKTPOMAarHUTHBIX
MIEPEXO/IHBIX IIPOLIECCOB, — 3TO
7. JAONOJIHUTS:

HauOosnbiee  3HaueHHMe  amepuoIUYeCcKOM

OTIPEJIEISAETCS N0 BHIPAKEHHUIO ...
8. JOIIOJIHUTB:

[TpuGMKEeHHBIH y4eT CUCTEMBI 3aKII0YaeTCs ...
9. JOIIOJIHUTA:

Pacuetnoe Bpemst K3 —a10 ...
10. JOIIOJIHUTD:

JIBOWiHO€E 3aMBIKaHUE - ITO ...
11. Hayamom cxeMbl psIMOI HITH 0OpaTHOM MOCIIeI0BATEILHOCTH CYMTACTCS TOUKA, B KOTOPOH ...

a) 00bEeIMHEHBI CBOOOIHBIE KOHIIBI BCEX T'€HEPUPYIOIINX U HAarpy30UHBIX BETBEH;

0) BO3HHKJIa paccMaTpuBaeMasi HECHMMETPUS;

B) 00BbEeIMHEHBI BETBU C HYJIEBBIM ITOTEHIIHAIOM.

12. IlpunoxeHHOE HaNpsDKEHUE HYJIEBOW IOCIIEI0BAaTENbHOCTH IPH MOMEPEYHONM HECUMMETPUU
BBOJIUTCS B CXEMY
a) B MECTE€ HECMMMETPHU OTHOCHUTENBHO 3€MIIM, CUHTAsi, YTO B ITOH TOUKE BCE (Da3bl 3aMKHYTHI
MeX]ly cO00# HAKOPOTKO;

cocTaBisifoled Toka TpexdazHoro K3
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0) B MecTe HECUMMETPUH OTHOCHTEIBHO 3€MJIH, HEMIOCPEACTBEHHO K MOBPEXKICHHBIM (a3zam;

B) B MecCTe, IJie 00beIMHEHBI CBOOOIHBIE KOHIIBI T€HEPUPYIOIINX U HATPY30UHBIX BETBEH;

I') B MECTe HECUMMETPHH B pacceuky (a3HbIX MPOBOJOB, CUMTasl, YTO B ITOW TOUYKe Bce (a3bl
3aMKHYTBI MKy COO0H HAKOPOTKO.

P | 4« 13, IlpuBeneHHas KOMIUIEKCHAs! CXeMa 3aMeIIEeHUs COOTBETCTBYET CIYUaloO ...

; " a) 1Byx(ha3HOTO 3aMBIKaHUS Ha 3eMJIIO Uepe3 AyTY;

0) nByx(ha3HOTO 3aMBIKaHUS Yepe3 IyTY;

B) 0/1HO(A3HOTO 3aMBIKaHUS Yepe3 IyTY;

') TIpU HAIMYUU CONTPOTHBIICHUS B OJTHOM (haze;

g 1) IPY HAJIMYUU OJJMHAKOBBIX COMPOTUBIICHHUH B IBYX (ha3ax.

14. JlanHas BEKTOpHas auarpamMma HanpsDKEHUH B MeECTe
KOPOTKOT'O 3aMbIKaHHSI COOTBETCTBYET

a) omgHodasznomy K3;

0) nByxdaznomy K3;

B) aByx(paznomy K3 Ha 3emito.

15. BecraBute B Tabmuiryy Bua K3  COOTBETCTBYIOMIMI TNPUBEACHHBIM BBIPAKECHUSM  JUIS

JIOTIOTHATEITFHOTO COTIPOTUBIICHHUS Ax™ u 3Hayenus ko3 durreHTa m™
Bux K3

()
JononsuTenshoe conpotnerenne Ax (" | SHaueHue ko uimenta m

X2y J3

sz + xoZ 3
X - X X,y * X

2¥ 0% \/} 71— 23 "% .
X5 T X3 (xzz + xoz)

16. Cxema Hy/neBOM MOCIEIOBATEIBHOCTH SIBJISIETCS ...

a) OOBIYHON CXEMOUM, KOTOPYIO COCTaBIISIOT JUIsl pacdyera J00r0 CHMMETPUYIHOTO Tpex(azHOTO
peKMMa WM Tpollecca, TEHEepaTopbl M HArpy3KH BBEIECHBI B HEE COOTBETCTBYIOIIUMH
peaktuBHOCTSMH 1 DJ]C, a ocTaabHBIC JIEMEHTHI - HCH3MEHHBIMU COTIPOTHUBIICHUSIMU;

0) OOBIYHOH CXEMOU, KOTOPYIO COCTaBIISIOT JUIsl pacdyera J0Or0 CHMMETPUYIHOTO Tpex(azHOTO
peKMMa WM Tpollecca, TEHEepPaTopbl M HArpy3KH BBEIECHBI B HEE COOTBETCTBYIOIIUMH
peaktuBHOCTSMU u  JJIC, paBHBIMH HyJII, a OCTalbHBIC DJJEMEHTHI - HEW3MEHHBIMHU
COTIPOTHBIICHUSIMU;

B) CXeMOM, KOTOpasi B 3HAYUTEIHHOUW Mepe OMpeeseTcs] COSAMHEHHEM OOMOTOK YYacCTBYIOIIMX
TpaHCPOPMATOPOB U MTPOUYUX DIIEMEHTOB.

17. IlpeacraBieHHas HUXKE MOCIEIOBATENLHOCTh pacueTa MepuoanIecKoi cocrapistomniei Toka K3

B MMPOM3BOJILHBII MOMEHT BPEMEHHU

1) CocraBieHne CXeMbl  3aMEIIEHUS, B KOTOPYKO HCTOYHHKH  BBOJSTCS  CBOWMH

ceepxrnepexoaubiMu DJIC U COPOTUBIICHUSIMU;

2) IIpeoOpa3oBaHUe CXEMBI 3aMEIICHUS C IETbI0 HAXOXKICHUS Pe3yJIbTUPYIONIErO COTPOTHBIICHUS

oTHOCHUTEIBbHO MecTa K3;

= SHZ
= Xiy .
S;

3) HaxoseHue pac4eTHOTO COMPOTUBIICHUS x = x Sux Wil X
pacu — VY 2 pacu
ap
. 1
4) HaxosxxaeHue s 3aJIaHHOTO MOMEHTa BpEMEHU OTHOCUTEIILHOM BETMYUHBI TOKA Lopp= — — .

pacu
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S)

18.

Q

20.

o 1 S
HaxoxxaeHne HCKOMOM BETHYMHEI 11(733 - [m = [*m . [”Z = I”Z —, 20e I”Z = X

xpacu \/qu;
OTHOCUTCS K ...
a) METOJly PaCUETHBIX KPUBBIX IPH Xpacy < 3;
0) MEeTOoy PACUETHBIX KPUBBIX MIPU Xpacu = 3;
B) METOAY THUIOBBIX KpPUBBIX NpPHU HAIUYMM B CXEME TOJBKO MCTOYHMKOB KOHEYHOU
MOIIHOCTH;
I') METOAY TUIIOBBIX KPHUBBIX MPU HAIWYUU B CXEME HCTOYHUKOB KOHEYHOM MOIIHOCTU M
CUCTEMBI.
JUis MeToia TUIIOBBIX KPUBBIX MPU HAIWYUM B CXEME MCTOUYHUKOB KOHEYHOW MOIIHOCTH M
CUCTEMBbI BbIOpaTh MPaBUIIbHYIO IOCIEA0BATEIbHOCTh AEUCTBUH ...
CocraBieHHe CX€Mbl  3aMElIEHUs, B  KOTOPYI0  HCTOYHHMKM  BBOJSTCS  CBOMMH
cBepxnepexoaHbiMu DJIC 1 cCOIPOTUBIICHUSIMY;
[TpeoOpazoBaHue CXEMBI 3aMEIIEHUS C IENbI0 HAX0XKICHHUS PE3YJIbTUPYIOIIETO COTPOTUBICHUS
OoTHOCHUTEIBbHO MecTa K3;
[IpeoOpa3oBaHne CXeMBI 3aMEIIEHUS C BBIJCICHHUEM JBYX TPYII HCTOYHUKOB C IIEIBIO
HaX0XJACHUS Pe3yJIbTUPYIOLIETO CONPOTUBIIEHUSI OTHOCUTENBHO MecTa K3;
Ornpesenenre Ha4YaIbHOTO 3HAYEHUS TEPUOIMUECKON cocTaBsitomie Toka B mecte K3 1 g;
Ef) =1, %, .

Ornpenenenre nNepuoaMIecKor COCTaBIAIONICH TOKa B TeHepaTOPHOM BeTBU Iry— 10 “x07x
xF
1 1, 1
Haxosxnenne OTHOIIIEHUS TOKa L,, = 50 ynu I,, = M’ a marxnce —2 .
Tnom *Tuom[ﬁ] K,0
1 r,o 1 “I,0[6]

HaxoxneHne OTHOLIEHHS TOKA M0 BBIPAKEHUIO I aro =  wnu I*r )= .

Tnom *TnHom [6]

BbI60p COOTBETCTBYIOMIMX KPUBBIX M HAaXOXICHHE B 3aBUCMMOCTH OT I,  OTHOCHTENbHOM

IFt
BCJIMYUHBI Y= ——
r,o

BEIOOp COOTBETCTBYIONIMX KPUBBIX M HaXOXIeHHE B 3aBucuMoctd 0T I, ,0THOCHTENBbHOM

1 I
BEJIMYUHBl Y= ~1' | a 3aTeM B 3aBUCHMOCTH OT ¥ U "’ 1jis 3a1aHHOTO MOMEHTa BPEMEHU
I
r,o K,0

1

HAXOUTCA Yyr= —*

1

K,0

> 3) _ _ _ _ Suz
Haxoxnenue uckomoit senwanvt Iy - [ =y, I, =y, -1, 0, ,20el,s="E"

= \/§Uq, .

it 3) =y . =y .
Haxoxnenue uckomoit Bemuunnet 1, - I, =y, 1. ,=y, 1 ,.

Kak BiauseT TOKOOrpaHMYMBAIOUIMM pPEAKTOpP B CXEME Ha BEIUMYMHY TOKa M OCTATOYHOTO
HanpspkeHus B Mecte K3 ...

a) cHkaeT Tok K3 u yBennuuBaer ocTaTouHOE HAIMPSHKEHUE;

0) yBenmnumBaet Tok K3 u cHMXKaeT ocTaToyHOE HANPSIKEHHE;

B) yBennuuBaeT Tok K3 u yBennunBaeT ocTaTOYHOE HaNPSKEHUE;

r) cHmxaeT Tok K3 u cHMkaeT ocTaTOuyHOE HalpsKEHUE.
JOITOJIHUTD:
ComnpoTuBieHHs TPEXOOMOTOYHOTO TpaHc(opMaTopa MpH pacyere TOKOB cuMMmeTpuaHoro K3
OTIPEJEIISIOTCS CIETYIOINUM 00pa3oM ...
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BapuanTt Ne 3
1. OpnHol U3 pa3HOBUIHOCTEW KOPOTKOTO 3aMbIKAHUS SIBISETCS ...
a) 3aMBIKaHHUE OJTHOU (ha3bl HAa 3eMITIO B CUCTEME C M30JIMPOBAHHON HEUTPAIBIO;
0) 3aMBIKaHHWE OJHON MM HECKOJBKMX (ha3 Ha 3eMJII0 B CHUCTEME C TIIyX03a3eMJICHHOMN
HEUTpPAJIbIO;
B) OTKJIIOYEHHE KOMMYTALIMOHHOTO alapara Ha MOJCTaHIIMH UIIH 3JIEKTPOCTaHIINH;
r) paboTa JIMHUH JIEKTPOIEpeaay B HEMOTHO(DAa3HOM peKUME.
2. YacTHbI! city4aid IPoJI0JIbHOM HECUMMETPHUH — 3TO ...
a) OTKIIO4YeHue oaHoi u3 daz JIDII;
0) nByxdaznoe K3;
B) 00phIB ¢azHoro mposoja JIDII, koraa oAuH KOHEI[ TPOBOIA JICKUT Ha 3eMJle, a APYroi
OCTaeTCs MOJIBELICHHBIM;
') TOJKIIoUeHue ogHo(a3Hoi Harpy3ku K JIDIL.
3. OnHHUM U3 pacyeTHBIX YCIIOBUH JUISA BEIOOpPA M MTPOBEPKH BBIKITFOUATENS SBISETC ...
a) metamnueckoe K3;
0) omperneneHue HAaMMEHbIIeH BeTMUUHBI Toka K3;
B) JJaHHBIE O YUCJIE U MECTE PACIIOI0KEHUS 3a3€MJICHHBIX HEUTpaJIel B CXEME;
r) HecumMeTrpuuHoe K3.
4.  TlocTosiHHAs BpEeMEHHM 3aTyXxaHHUs CBOOOJHOHM cocraBistomedd npu K3 ompepensiercs mo

BBIPAKCHHUIO ...
X5 Ry

a)T,=—=—;0)T, = 56)T, = 5T, =0 X Rs.
Oy OXy X5 Ry

5. Csepxnepexoanass DJIC CHHXpOHHOrO reHeparopa B MMEHOBAHHBIX E€AMHMIIAX B pPEXUME

nepeBo30YXKICHUS ONPEEIISIETCS 110 BEIPAKEHHUIO . ..

2

2
a)Eqb =\/(U¢0+onds1n(p0) +(I‘0‘xdcos¢‘0‘) ;

2

2
0)E, =\/(U¢0—ond s1n(p‘0‘) +(I‘0‘xd COS(P\O\) 5

2
8)E, = UW + I‘O‘xd; )E, = \/(qu.o + I‘O‘xd Sln(PM) .

6. JOIIOJIHUTD:
Jlonyiienus, TpUMEHseMbIE NP ONpeAeTaeHuH yaapHoro Toka K3, —ato ...

7. JONOJIHUTG:
Aneproudeckasi CocTaBlistomas Toka Tpexdasnoro K3 B mpou3BOJIBHBIIT MOMEHT BpEMEHHU
OTIPEJIEISAETCS N0 BHIPAKEHHUIO ...
. JOIIOJIHUTA:
[Tonsartue “cucrema”, ucnonb3zyemoe npu pacuere TokoB K3, —ato ...

[o¢]

9. JIOIOJIHUTD:
Y10 moHUMAETCS moa pacd€ToOM JSJICKTPOMArHUTHBIX MIEPEXOJHBIX IMPOLECCOB ...

10. JOIIOJIHUTD:

IIpocToe 3ambIKaHue - 370 ...
11. PaccraBuTh HOMEpA JUUIs IPUBEACHHBIX KOMIUIEKCHBIX CXEM 3aMELICHU ...

1) mpu HaTMYKUM OJJMHAKOBBIX CONPOTUBIICHHS B IBYX (hazax;

2) nByx(}a3HOTrO 3aMBIKaHUS Yepe3 AYTy;

3) npu HaTMYUU CONPOTUBIICHHUS B OJTHOH (ase;

4) onHO(]a3HOTO 3aMBIKAaHUS Yepe3 IyTY;

5) nByxQa3HOTro 3aMBIKaHUS Ha 3eMITIO Yepe3 IYTYy.
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12. JlaHHas BEKTOpHas JuarpaMMma HaIpsDKEHUH B MecTe /X

KOPOTKOI'O 3aMbIKaHH COOTBETCTBYCT

13.

14.

15.

a) omHodasznomy K3;
0) nByxdaznomy K3;
B) aByx(paznomy K3 Ha 3emito.

VYuuThiBasg, 4TO TOKM OOpaTHOW W HYJIEBOH MoOcCiemoBaTeNbHOCTEH 0co00ii (asbl B mecTe
HecuMmMeTpuyHoro K3  cBsi3aHBl € TOKOM TMpPSMOW  TOCJIENOBATENBHOCTH, BBIOPATh
HE0OX0IMMBbIC COOTHOIIIEHUS s AByxda3zHoro K3 Ha 3emitto

a)l,,=—-1; )1, =1 =1,
. Yoz

— KAl *
X3 + X3

X,
el.,=-1, —E 1.,=
X5 Xz
KoH110M cXeMBbl HylIeBO# MOCIIEI0BATENILHOCTH CYMTACTCS TOUKA, B KOTOPOH ...
a) 00bEeTMHEHBI CBOOOHBIE KOHIIBI BCEX T'€HEPUPYIOIINX U HAarpy30YHBIX BETBEH;
0) BO3HHKJIa paccMaTpuUBaeMasi HECHMMETPUS;
B) 00BbEIMHEHBI BETBU C HYJIEBBIM ITOTEHITHAIOM.
[TpunoxeHHoe HampsHKEHWE HYJIEBOW IOCIEA0BAaTEIbHOCTH HPU MPOJOJIBHON HECHMMETPUU
BBOJMTCSI B CXEMY
a) B MECT€ HECHMMETPHHM OTHOCHTEIBHO 3E€MJIM, CUMTas, 4TO B ATOH TOouke Bce (pa3bl
3aMKHYTBI MEXIY CO00I HAKOPOTKO;
0) B MecTe HECHMMMETPHUH OTHOCHUTEIBHO 3€MIIM, HETMOCPEICTBEHHO K IMOBPEKICHHBIM

dbazam;
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B) B MecCTe, IJie 00beIMHEHBI CBOOOIHBIE KOHIIBI T€HEPUPYIOIINX U HATPY30UHBIX BETBEH;
r') B MECTe HECUMMETpPUHU B pacceuky (a3HBIX MPOBOJIOB, CUUTAs, YTO B ITOH TOUKE BCE
(a3bl 3aMKHYTBI MEXKIY COOOH HAKOPOTKO.
16. I'paHuHBIMU yCIOBUSAMU JUTs BYX(aszHoro K3 sBistorces ...

a) IV =0; IV =0; UP=0;
6)[125):0; I,i;)=—l(2)' U(Z)_U(Z)zo;

kC 2 kB kC

(L,1) _p. (L,1) _p. (L,1) _
6)I"" =0; UV =0; ULV =0.

17. IlpeacraBieHHas HUXKE MOCIEIOBATENLHOCTh pacueTa MepuoaAnIecKoi cocrapistomniei Toka K3
B IIPOU3BOJIbHBII MOMEHT BPEMEHU
6) CocraBiieHHE CXEMbl 3aMEIIEHHS, B KOTOPYIO MCTOYHUKM BBOJATCA CBOUMH
ceepxrnepexoaHbiMu DJIC U COPOTUBIICHUSIMU;
7) IlpeoOpa3zoBaHMe CXEMBI 3aMELICHHS C LENbI0 HAXOXKJICHHUS Ppe3yIbTHPYIOLIETO
CONPOTHBIIEHUSI OTHOCUTENBHO MecTa K3;
8) Haxo’xaeHne OTHOLIEHHS TOKA IO BBIPAKEHUIO

_ Ir,o I _ I*F,0[6]
xr,0 = umw ., = .
Tnom *I HO.M[6]
9) BBIOOp COOTBETCTBYIONMIUX KPUBBIX U HAXOXKJICHUE JIJIS 33JJAaHHOTO MOMEHTa BPEMCHH B
o 1 It
3aBucumoctu ot I, .9 OTHOCUTEIILHON BETMYUHBI ;=
r,o

10) HaxoxxieHne HCKOMOM BEIWYMHBI TEPUOANYECKON cocTaBistonieil Toka K3 ans
3aJJaHHOTO MOMEHTa BPEMEHU

II",t =Y II",0 =Y I*I",oluZ’ 20e IHZ = ;Z'
J3u,,
OTHOCUTCA K ...
a) METO/Iy PACYETHBIX KPUBBIX MPH Xpacy < 3;
0) METO/Ty PaCUETHBIX KPUBBIX MPH Xpacy > 3;
B) MeTOZ[y TUITIOBBIX KpI/IBI)IX HpI/I HaAJIMYUN B CXEME€ TOJBKO HCTOYHHUKOB KOHeqHOﬁ
MOIITHOCTH;
F) MeTOZ[y TUITIOBBIX KpI/IBI)IX HpI/I HaAJIMYUH B CXEMEC HUCTOYHHKOB KOHeqHOﬁ MOIITHOCTHU H
CUCTCMBI.
18. JOITOJIHUTB:
HpaBI/IJIO SKBUBAJICHTHOCTHU HpﬂMOﬁ IIOCJICIOBATCIIBHOCTHU HpI/I HOHepeqHOﬁ HeCI/IMMeTpI/II/I .

19. Tlpu 3amMeHe Ha MOJCTAaHIMU JBYXOOMOTOYHBIX TpaHC(HOPMATOPOB HA JBYXOOMOTOYHBIE
TparcopmaTopsl ¢ ooOMoTkoit HH, pacmieruienHoit Ha 1Be, BenmndrHa Toka K3 Ha ceknuu mvH

a) YBEJIMYUTCS;
0) YMEHBIIIUTCS;
B) HE U3MEHHUTCA.
20. JOIIOJIHUTD:
CompoTuBieHHE TeHepaTopa NpHU pacyere TOKOB cumMerpuyHoro K3 ompenensercs
CIIETYIOIIUM 00pa3oM ...
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Bapuant Ne 4
1. TlepexoaHOe CONMPOTHBIIEHHE, OOpa3yroleecs B MECTE 3aMBbIKaHUs, B OOLIEM CIydae COCTOUT
u3 ...
a) CONPOTHBIICHUS AIEKTPUUECKON TYTH;
0) COMPOTHUBIICHUS DIEKTPUIECKON AYTW U CONMPOTHUBICHHUN MPOYHMX HIIEMEHTOB ITyTH TOKA
OT OJTHOH (ha3bl K JPYyroi Win ot ¢a3bl Ha 3EMITIO;
B) CONPOTHUBIICHUSI JJIEMEHTA, BBI3BABIIETO 3aMbIKaHUE Mexay (azamu wiu dazoit u
3eMIJICH;
I') MOJIHOTO CONPOTUBIIEHUS LIEH KOPOTKOTO 3aMbIKaHUS.
2. Opuum u3 camoycTpasstonuxcs nospexaeHuit JISII sensercs ...
a) o0OpsIB pazHOTO MTpoBOIa JIDTI;
0) otxirouenue JIDII ycTpoiicTBaMU peeiiHOMN 3allIHTHhI;
B) MEPEKPHITUE 110 TMOBEPXHOCTH THUPIAHABI H30isiTOpoB JIDOII, BBI3BaHHOE TI'PO30BBIM
paspsaomM;
r) npenHamepeHHoe K3 Ha nmojcTaHnuy ¢ OTAETUTENIEM U KOPOTKO3aMbIKATEIIEM.
3. B kauectBe 0a3MCHBIX €IMHUI] IPH pacueTe MEePEXOTHBIX MPOIECCOB OepyTes ...
a) TOK, HaNpsDKEHHE, MOIIIHOCTb, YacTOTa;
0) TOK, HaNMpsHKEHUE, MOILTHOCTh, COTIPOTHBIICHHUE;
B) COIPOTHUBIICHHE, HAIPSHKEHUE, MOIIIHOCTh, YaCTOTa;
I') TOK, HAPSHKEHUE, MOILHOCTb.
4. Jlns CHHXpPOHHOM MamMHBI TPd YUCTO MHJIYKTHMBHOM LEMM cTaTtopa MpoJ0JIbHAL
COCTaBJISAIONIAS HA4YaJIbHOTO 3HAYEHMsI MEPUOJMYECKOM clararomeid ToKa BO3HUKILIETO
MIEPEXOITHOTO Ipollecca WM TaK Ha3bIBAEMOIO HAUYaJbHOIO CBEPXIEPEXOJAHOIO TOKa

OTIpEICIISETC ...
144 n 144 144
"o_ 4l0] . " d|o| " do| " d\o\
a)l,, 30) 1, =—; ol =— sy, = .
o L ao o0
d‘O‘ en d|o| en 40| en d‘O‘
5. Caepxnepexoanas 3J]C CHHXpOHHOTO KOMIIEHCATOpa B MMEHOBAHHBIX €UHUIIAX B PEKUME

HEZ0BO30YKICHHSI ONPEACTSAETCS IO BBIPAKESHHIO ...
2 2
" __ (/m " .
a) qu. = \/(qu.o + I‘O‘xd s1n(p‘0‘) +(I‘0‘xd COS(P\O\) ;

2 2
0)E, =\/(U¢0—ond s1n(p‘0‘) +(I‘0‘xd COS(P\O\) 5

2
6)E,; = UW - I‘O‘xd; ) E, = \/(U¢.0 - I‘O‘x",’ sin(p‘o‘) .
6. JOIIOJIHUTH:
3anaun, TpeOyIOIIHe pacuyera IEKTPOMArHUTHBIX ITEPEXO0HBIX MTPOIIECCOB, — ATO ...

7. JONOJIHUTS:
VY napusiii Tok Tpexdaznoro K3 onpenensercs mo BeIpaKeHHIO . ..
8. JOIIOJIHUTD:
B kakux ciaydasx MOKHO 3KBHBAJICHTHPOBATH MEXAY COOOW MCTOYHMKH KOHEYHON MOITHOCTH U
ucrouHuku ¢ DJC, HeM3MEeHHON BO BPEMEHU ...
9. AOIIOJIHUTD: OcraTtouyHoe HAMpsIKEHHUE - 3TO ...
10. JOIIOJIHUTD:
CrnosxHO€e 3aMBIKaHHE - 3TO ...
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11. IIpuBenennas KOMIUIEKCHAs cxema 3aMEILECHUS
COOTBETCTBYET CJIy4alo ... i o

a) AByX(a3HOTO 3aMbIKaHUS Ha 3€MIIIO 4epe3 AYTy;
0) IByx$a3zHOTO 3aMBbIKaHHS Yepe3 AYTY;
B) 0JHO(}A3HOTO 3aMBIKAHUS Yepe3 AYTY;
r) TpH HAJMYUHU COTPOTUBIICHUS B OJHOH (a3ze; i
1) TIPH HAJHMYUH OJWHAKOBBIX COTIPOTUBIICHUS B IBYX (ha3ax. :

2

Illl
—>
i '” o :'_
Z
3

12. PacctaBuTh HOMEpa JAJIs IPUBEACHHBIX BEKTOPHBIX IMAarpaMM HAIPSKEHUH B MECTE KOPOTKOTO
3aMBIKaHUs

1) Onnodaznoe K3;
2) AByxdaznoe K3;
3) HByxda3noe K3 Ha 3emitio.
13. YuuteiBas, yTo TOKM OOpaTHOW M HYJIEBOW MOCIENOBaTENbHOCTEH 0c000il (a3sl B Mecte
HecummerpuyHoro K3 cBs3aHBI € TOKOM MpPSIMO#  MOCIEIOBAaTEIbHOCTH, BBIOPATh
HE0O0XOAMMBIE COOTHOIIEHUS ISt IByX(azHoro K3

a)l. ., =-1,; 0)1,,=1.,=1,4;
Xos Xy
6)I,,=-1,, = 1, y=-1,, .
X5 + X5 X5 + X5

14. KoHIIOM cXeMBbI IpsIMOi Wil 0OpaTHOM MOCIIeI0BATEIEHOCTH CUUTACTCS TOUYKA, B KOTOPOH ...
a) 00bEeIMHEHBI CBOOOHBIE KOHIIBI BCEX T'€HEPUPYIOIINX U HArpy30UHBIX BETBEH;
0) BO3HHKJIa paccMaTpuBaeMasi HECUMMETPUS;
B) 00BbEeIMHEHBI BETBU C HYJEBBIM ITOTEHIIHATIOM.

15. LupKynsuuu TOKOB HYJIEBOM MOCIIEOBATENbHOCTH MPHU MONEPEYHON HECUMMETPUHU BO3MOXKHA

a) IPY HAJIMIMH XOTs OBl OJTHOM 3a3€MJICHHON HEUTpasu;

0) IpY HAJTMYMU KaK MUHIMYM JBYX 3a3€MJICHHBIX HEHTpaseu;

B) JJa)K€ MpPH OTCYTCTBUU 3a3€MJICHHBIX HEWTpalieil, ecau MpU 3TOM HMMEETCS 3aMKHYTBIN
KOHTYp 4epe3 00XOIHBIE ITYTH TOH K€ IJIEKTPUUECKU CBSI3aHHOH IIETIH.
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16. I'pannuHBIME yCIOBUSAMU IS IByX(a3zHoro K3 Ha 3eMIIr0 SIBIISIOTCS ...
(1) _p. (H_p. (1) _pn.
a)lV=0; 1'V=0; U =0;
6)1&) =0; I;;) =_J%. U _py? =0;

kC ? kB kC
e) 10" =0; ULV =0; UL =0
17. IlpeacraBieHHas HUXKE MOCIEIOBATENLHOCTh pacueTa MepuoaAnIecKoi cocrapistomniei Toka K3
B MPOU3BOJILHBI MOMEHT BPEMEHU
CocraBiieHHE CXEMBl 3aMEIEHUS, B KOTOPYIO HCTOYHHKHA BBOJSTCS  CBOUMH
ceepxrnepexoaubiMu DJIC U COPOTUBIICHUSIMU;
[TpeoOpa3oBanre CXeMBI 3aMEIICHHS C BBIJCICHUEM JIBYX TPYI UCTOYHUKOB C IICIBIO
HaxXOX/JICHUS Pe3yJIbTUPYIOIIETO COMPOTUBICHUSI OTHOCUTENHHO MecTa K3;
Omnpenenenre HaYaIBLHOTO 3HAYEHUS TEPUOINUECKOM cocTaBistomiel Toka B mecte K3 Iy o;
Ornpenenenre Ha4aIbHOTO 3HAUYECHUSI TIEPUOIUUECKON COCTABIIAIONICH TOKAa B T€HEpaTOPHOM

”
E r,0 1 R
BETBHU Ir o= ;
Xr
HaxoxneHue OTHOILIEHHS TOKA M0 BBIPAKEHUIO
I _ Ir,o I _ I*F,0[6] Ir,o
ro = uw l,, ,=————, amaxkice ——.
Tnom *I'nom [6] K,0

BI)I60p COOTBCTCTBYIOIIMX KPUBBIX W HAXOXKIACHUC I 3aJaHHOIO MOMCHTAa BPEMCHHU B

1
o I
3aBUCHUMOCTH OT I*F 0 OTHOCUTCIIbHOUW BCIIMYUHEI Y= —r , 4 3aTCM, B 3aBUCUMOCTHU OT Yt U
r,o
II",0 IKt
— , AJId 3aJaHHOT'O MOMCHTAa BPEMCHUN HAXOJAUTCA Yyt =
K,0 K,0

HaxoxaeHrne MCKkoMOW BEIMYMHBI IEPHOJUMUECKOM cocTaBistonie Toka K3 ans 3aganHoro
MOMEHTa BPEMEHHU

Ik,t =V i " IF,0 =Y Ix,o'
OTHOCUTCA K ...
a) METO/Iy PACUETHBIX KPUBBIX MPH Xpacy < 3;
0) METO/Ty PaCUETHBIX KPUBBIX MPH Xpacy > 3;
B) MeTOZ[y THUITOBBIX KpI/IBI)IX HpI/I HaAJIMYUHN B CXEME€ TOJBKO HCTOYHHKOB KOHeqHOﬁ
MOIITHOCTH;
F) MeTOZ[y THUITIOBBIX KpI/IBI)IX HpI/I HaAJIMYUHU B CXEME HCTOYHHKOB KOHeqHOﬁ MOIITHOCTHU U
CUCTCMBI.
18. JOITOJIHUTD:
HpaBI/IJIO 3KBUBAJICHTHOCTHU HpﬂMOﬁ IIOCJICIOBATCIIBHOCTHU HpI/I HOHepeqHOﬁ HeCI/IMMeTpI/II/I .

19. Ilpu peKOHCTPYKUMM PallOHHOMN 3JEKTPUYECKON CETU JIMHUIO 3JIEKTpOINEepesadr, MUTAIOIIYI0
TYIIUKOBYIO JBYXTPaHC(OPMATOPHYIO TIOJCTAHIMIO, 3aMEHWIM Ha JAByXuUenHyr. Kax
u3MeHuTcs a1 BennurHa Toka K3 na muuax BH noacranmum ...

a) YBEITUYUTCS;
0) YMEHBIIIUTCS;
B) HE U3MEHUTCS.

20. AOIIOJIHUTD:

ConpoTuBieHHE peakTopa Mpu pacueTe TOKOB cummeTpuyHoro K3 omnpenensiercs cieayomnum
obpasom ...
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Bapuant Ne 5

1. KopoTkoe 3aMblkaHNe Ha3bIBAIOT METAUIMYECKUM, ECIIH ...

a) CONPOTHBIIEHUE DJIEKTPUUECKON AyTU MaJo;

0) mepexoIHOE COTPOTUBIIEHUE MaJIO;

B) JUIMHA AJIEKTPUYECKON TyTU JOCTATOYHO BEIUKA;

I') MEpPEropaeT IEMEHT, BbI3BABIINM 3aMbIKaHUE, U BOSHUKAET 3JIEKTpUYECKas Ayra.

2. Opuum u3 camoycTpasstomuxcs nospexaeHuit JISII sensercs ...

a) o0OpsIB (pazHOTO MTpoBOIa JIDTI;

0) otximrouenue JIDII ycTpoiicTBaMu peeiiHOMN 3allHTHhI;

B) cxyiecThiBaHue 1poBooB JIDII mpu BeTpoBOM Hamope;

r) npenHamepeHHoe K3 Ha nmojcTaHluy ¢ OTAETUTENIEM U KOPOTKO3aMbIKaTEIIEM.

3. Ilpu npuBeneHHM NapaMeTpPOB 3JIEMEHTOB CXEMbl 3aMEIIEHHMs] K OCHOBHOM CTYNEHM IOJ
K03 puIreHTOM TpaHcHopMauu MOHUMACTCH ...

a) OTHOILICHHE HANpsHKEHUsT OOMOTKH, OOpalleHHOH B CTOPOHY MecTa BO3HHKHOBEHHS
MOBPEXJICHHS K HAIPSHKEHUIO 0OMOTKH, JIEMEHTHI KOTOPOU TOJIeXKAT PUBEACHUIO;

0) OTHOILIIEHHE HANpSHKEHUST OOMOTKH, OOpalleHHOH B CTOPOHY OCHOBHOM CTYyINEHH, K
HANPSHKEHUIO JIPYroi ero 0OMOTKH, HaX0AsIecs OMKe K CTYIEeHH, 3JIEMEHTBI KOTOPOH
MoAJIeXKaT IPUBEACHUIO;

B) OTHOIIEHHE HanpspkeHuss oOMoTku BH k Hanpsbkenuto oomotkun HH;

I') OTHOIIEHHE HANpPsDKEHUST OOMOTKH, 3JIEMEHTHl KOTOpPOW TMOMAJIEeKaT MPHUBEICHHUIO, K
HaANPsDKEHUI0 0OMOTKH, 0OpaIeHHOH B CTOPOHY OCHOBHOM CTYIICHHU.

4. VYcrpoiictBo APB renepatopoB npu Bo3HHKHOBeHHH K3 criocoOCTBYeT ...

a) yBEJIMYEHMIO TOKOB U HampsbkeHui B mecte K3;

0) moiepkaHuo HarpspkeHus B Mecte K3 Ha IOCTOSHHOM ypOBHE;

B) paboTe reHepaTopa B CHHXPOHHOM PEXHUME;

I') CHUKEHUIO BEJIMUYMHBI TOKOB M HaIIPSHKEHUH.

5. Caepxnepexoanas JIC aCHHXpOHHOTO JBUTATElsi B UMEHOBAHHBIX EAUHUIIAX OTMPEAeIsaeTCs
10 BBIPAXKEHHUIO ...

a)E, :\/(UW\ + wai’w sin(pw)z +(I‘0‘xfw COS(pM)z; 6)Ey=U,, +1,x;;

6. JOIIOJIHUTB: OcHoBHBIE METOJBI MPEOOPa30BaHUsI CXEM 3aMEIIEHHs, UCIOJIb3yeMble TpU
pacuerax TokoB K3, — 370 ...

7. JONOJIHUTG:
JleiicTByrolee 3HAYEHHE TTOJTHOTO TOKa TpexdazHoro K3 onpepensieTcs Mo BEIPAKESHHIO ...

8.  JOIIOJIHUTA:
3ammcarth YCIIOBHE OSKBUBAJICHTUPOBAHHUS MEXKIYy COOOW CHHXPOHHBIX JIBHTATENCH
Pa3IMYHON MOITHOCTH ...

9. AOIIOJIHUTD:
PacuerHble ycroBus ist BEIOOpa M MPOBEPKH BBHIKIIIOYATENS MO YCIOBUAM pabdoTsl mpu K3

10. JOTIOJIHUTD:
[Ton cummerpuunsiM K3 monumaercs ...
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11. Ina cnyuas pasyxdassoro K3 BeIOpaTh JONOIHUTENLHOE compoTupieHne Ax™ wu
ko dumuent m™

. . X5+ X
a) Ax™ =x,5; 0)Ax™ = x,5 + Xy55 6) Ax™ = "7 TIX
a)m™ =3; 6)m™ =3; e)m™ =3 [1- T T

(xzz + xoz)z .

12. YuuteiBasi, 4TOo TOKM OOpaTHOW M HYJIEBOW MOCIENOBaTENbHOCTEH 0c000il (a3sl B Mmecte
HecumMeTpuyHOro K3 CBsi3aHBI ¢ TOKOM MpPSMOW MOCIEA0BATEIBHOCTH, BBIOpAaTh HEOOXOIMMBIC
COOTHOIICHUS JUIsi oHO(a3Horo K3
a)l,,=—1,,;
0)1,,=1,=17;

X X
_ 0x _ 2
6)1,,=-1,, y Loy =—1,4 .

X5 + X5 X,z + X5

13. IlpuBenennas KOMIUIEKCHAs cxema 3aMEILECHUS

ey COOTBETCTBYET CIyYaro ...
ZI
Lo
tr© a) JByX(a3zHOTO 3aMBIKAHHS HA 3EMJTIO Yepe3 IyTy;
0) IByx$a3zHOTO 3aMBbIKaHHS Yepe3 AYTY;
B) 0aHO(A3HOTO 3aMBIKAHUS Yepe3 AYTY;
r) TpH HAJMYUHU COTPOTUBIICHUS B OJTHOH (a3ze;
i 1) TIpH HAJMYUH OJWHAKOBBIX COTIPOTHUBIICHUS B IBYX (ha3ax.
ZZ
i ’2
i 07%]
z, < 0
L, O

14. B mpakTHuecKMX NTPUONMKEHHBIX pacdeTax pas3pelraercsi NPUHUMATh COMpPOTHBICHHE
00paTHOM TOCIe0BATEIBHOCTH CHHXPOHHOM MAaIlIMHBI PABHBIM ... Q) x,=1,45x'q;  0)
Xy ~1,22x"4; B) X ~X"4.

15.  Ilupkymsauuu TOKOB HYJIEBOW ITOCJIENOBATEIBHOCTH IPHU IIPOJOJIBHOM HECUMMETPUU

BO3MOJKHA ...

a) MPU HATMYIUH XOTs OBl OJTHOM 3a3eMJICHHON HelTpanu;

0) IpY HATMYMHU KaK MUHIMYM JBYX 3a3€MJICHHBIX HEHTpaseu;

B) MPU HAJMYUH 3a3€MJICHHBIX HEHTpasieil ¢ 00erX CTOPOH OT MeCTa, TJie MPUII0KEHO HaNpsHKeHUE

HYJIEBOU MOCIEA0BATENBHOCTH;
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16. I'paHnuHBIMU yCIOBUSAMU JUTs 0gHO(a3HoTO K3 sBnsttoTCes . ..

(1) _pn. (1) _p. (1) _p.
a)IV=0; IV=0; UV =0;

2) _p. (2) _ (2), (2) 2) _p.
6)IKA _0’ IKB __IKC ’ UKB _UKC _0’

(L1 _pn. (L1) _pn. (1,1) _
e) IV =0; UMY =0; U =0

17. Jnst Merojia pacueTHBIX KPHUBBIX IPU Xpacu<3 BbIOPATh MPaBHIBHYIO I1OCIEIOBATEIBHOCTD
JIEHCTBUIA ...

o CocraBneHue CXeMbl  3aMelIeHUs, B  KOTOPYD  HCTOYHHUKH  BBOJATCS ~ CBOUMH
ceepxrnepexoaubiMu DJIC U COPOTUBIICHUSIMU;

o [IpeoOpa3oBaHue cXeMbI 3aMEIICHUS C LETbI0 HAXOKICHHS PE3YJIbTUPYIOIIET0 COMPOTUBIICHUS
oTHOCHUTEIbHO MecTa K3;

0 HaxoxaeHue pacueTHOTO CONMPOTUBIICHUS 110 BBIPAKEHUIO

S S

— . Duz =y Oz

X puen = X3 U- U X, = X s
cp 0

0O BrIOOp COOTBETCTBYIOIIMX KPHUBBIX M HAXOXKJCHHE JUIsI 3aJaHHOTO MOMEHTAa BpPEMEHU

OTHOCHUTEJILHOM BEINYUHBI TOKA [y,
0 Haxoxnaenue s 3aJaHHONO0 MOMEHTA BPEMEHU OTHOCHUTEIIbHOM BETUYUHBI TOKA Ly

X

pacu
0 Haxoxnenne uckoMOM BeNMYMHBI NEpUOIMYECKON cocraBistomell Toka K3 g 3amaHHOrO
MOMCHTAa BpEMCHHA

1. =1

nt *nt

Sll
_ _Pux
A5 20e I 5 = \/ch .
P
0 Haxoxnenne uckoMOM BeNMYMHBI NEpUOJMYEcKON cocraBistomell Toka K3 g 3amaHHOrO
MOMCHTAa BPpEMCHHA

1 S
A s=1,y—,20e1 5= "2

I,=1 _ Oux
xpacu \/chp

nt *nt

18. JOIIOJIHUTD:
Tok npsmoii mocnenoBaTenbHOCTH 0c000# (hazbl B Mecte K3 mpu m000M HECHMMETPUIHOM
KOPOTKOM 3aMBbIKaHHUH OMPpCACIIACTCA 110 BBIPAKCHUIO

19. C uenpio CHIWKEHHsS BETUYMHBI Toka ojHOo¢aszHoro K3 B »Heprocucremax, HMEIONIIUX
IIIyX03a3eMJICHHbIE HEUTPAJIU, IPUHUMAIOT CJIEIYIOIINE MEPHI. . .

a) YCTaHaBJIMBAIOT B HEUTpaib Tyroracsuiuil peakTop;

0) YaCTUYHO Pa33eMIISIOT HEUTPAIIH;

B) BKJIIOYAIOT B HEHUTPaAJIb AKTUBHOE COMPOTHUBIICHUE.

20. JOIIOJIHUTB: CompoTHBiieHHEe ABYXOOMOTOYHOTO TpaHCPopMaropa ¢ OOMOTKON HHU3IIETO

HAMPSOKCHUS, pacIIelVICHHOW Ha JBe, NMPU pacueTe TOKOB cuMmMmeTpuyHoro K3 ompexpensercs
CIIETYIOIIUM 00pa3oM ...
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Bapuant Ne 6

1. KOpOTKOG 3aMbIKaHUC ABJIACTCA CUMMCTPHUYHBIM, €CJIN 3TO ...
a) omHodazHoe K3;
0) nByxdaznoe K3;
B) Tpexdasznoe K3;
r) aByxpasznoe K3 Ha 3emuro.
2. Ilpennamepennoe K3 — 70 ...
a) NEpCHANPSAKCHN A, BBI3BAHHBIC ITIPOBCACHUCM PA3JIMYHBIX BBICOKOBOJIBTHBIX I/ICHI)ITaHI/II\/JI;
0) otxirouenue daser JIDII st pemoHTa;
B) paboTa yCTPONCTB AIEKTPUIECKON CBAPKH;
r) cpabaTbiBAaHWE  KOPOTKO3aMBIKATENsl  HAa  MOJCTAHIMA  C  OTACIUTEIEM U

KOPOTKO3aMBIKATCIICM.
3. BeiOpate o0mume BbIpaXeHUs Ui OIpeesieHUs] TPUBEICHHBIX K OCHOBHOH CTYNEHH
3HAYEHUH OTJEJIbHBIX BEJIMYMH IIENH (TOUHOE IIPUBEACHUE)
a)E=(k, k, -k, JE;U=(k, -k ok JU; Z=(k, by .k, ))Z;I= ;1;
(k, -k, .k,)
1

6)E=(k, Kk, ok, JE;U=(k, -k, vk WU;Z=(k, k, -k, )Z;I (k,-kz-...-k,,)l’
6)E=(k, k, bk JE;U=(k, -k, ik JU;Z=(k, by, .k, )°Z;T=(k, k, -k, )I;
1 .
(k, k- -k I’
4. Ecnu y SBHOIOJIIOCHOW CHHXPOHHOW MammHbl 0e3 jaeMrdepHbIX OOMOTOK BHE3aITHO
MIPOU30III0 U3MEHEHHE COTIPOTHUBIICHHUS IEMH cTaTopa (IIPU 3TOM BHEIIHEE CONPOTHUBIICHUE
SBIISICTCS YMCTO UHAYKTUBHBIM Xgy), TO HAYAIBHBIA TIEPEXOTHOM TOK OTIPEACTISETCS ...

E' ' E' '
4l9) do | 4|0 a0
a)IdM T ax 5)Id\o\ Y 4 3)Iq\o\ Ty )Id\o\ = .
d|o| 6H xd‘o‘ 6H xd‘o‘ xml xd‘o‘

5. CaepxmepexoHO€ UHIYKTUBHOE COMPOTHUBJICHUE ACHHXPOHHOTO JIBUTaTEIsl B MMEHOBAHHBIX
€MHULIAX OMPENEIAETCS N0 BEIPAKEHUIO .

2)E=(k, k, vk, JE;U=(k, -k, .k JU; Z=(k, -k, .k, )?Z;I=

1 Ull()M cos ¢III)MTI

@) X K P
1
)X =g
U2
6) x;"ﬂ = HoM ;OS(P"”MTI ;
1 Umw
2)xly, = I( P s

HOM
6. JOIIOJIHUTB: OcHoBHBIE METOABI pacyeTa 3JIEKTPOMATHUTHBIX MEPEXOHBIX MPOIECCOB,
3710 ...

7. JONOJIHUTDL: Ecmm touka K3 nenut cxemy Ha paauanbHble HE 3aBUCHMBIE IpYTr OT Jpyra
BETBU, TO MpH TNPHOMIKEHHBIX pacyeTrax yaapHbelii Tok Tpexdasnoro K3 ompexpensiercs mo
BBIPKCHHUIO ...

8. JOIIOJIHUTD: 3amucaTe BbIpaxkeHUs A onpeaeneHus Toka K3 oT cuctemsl i pa3iInyuHbIX
MOMEHTOB BPEMEHH ...
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9. JIOIIOJIHUTB: Pacuer mms BbIOOpa BBIKIIOYATENCH IO OTKIIOYAIONIEH CIOCOOHOCTH

3aKJIIOYACTCA B CJICAYIOUICM ...

10. JOIIOJIHUTD: [lox HecummerpuunsiM K3 nonumaercs ...
[IpuBeneHHass KOMIUIEKCHAsl CX€Ma 3aMeIleHUs

1.
COOTBETCTBYET CJIyHalo ...

A
H] K 1 —KIP K]
o@ Z, I a) IBYX(a3HOro 3aMbIKaHHS Ha 3eMJTIO Yepe3 IYyTy;
E T, 0) nByx(a3HOTO 3aMBIKaHUS Yepe3 IYyTy;
2 B) 0JJHO()a3HOTO 3aMBIKaHHS YEPE3 IYTY;
T') IpY HAJTMYUU CONPOTHBIICHUS B OJTHOM (hase;
1) TpU HATUYUW OJMHAKOBBIX CONPOTHUBIICHUS B JIBYX
dazax.
H kK, |t |k
2 2 —> 2
o Z, o— }—o
Ty
2

12. Jlna cmydas aByxdasnmoro K3 Ha 3emiro BbIOpaTh COOTBETCTBYIOIIEE JIOTIOJIHHUTEIBHOE
CONPOTHUBIIEHUE Ax "
X,5 * X
a) Ax™ =x,5; 6)Ax™ = X,5 +x,55 6) A = 22 T0E
Xo5 T X3

¥ 3HaueHne ko>ddumuenta m™
m_J3 |- Xz Yz

a)m™ =3; 6)m™ =3; 6)m ;-
(xzz + xoz)

13. YuuteiBas, yTo TOKM OOpaTHOW M HYJIEBOW MOCIENOBaTeNbHOCTEH 0c000il (a3sl B mecte
HecumMmeTpuyHoro K3 cBs3aHbl € TOKOM TIPSIMOH  TOCIIEIOBATENLHOCTH, HEOOXOIMMO
MPaBUIBLHO PACCTaBUTh HOMEPA JJIsi HEOOXOAMMBIX COOTHOIIICHHH

I..,=-1,,;
I ,=1,=1,;
X X
_ 0x _ 2
L(Az - _!KAI ’ L(Ao - _!KAI Yoo+ X .
2% 0x

xzz + xoZ

1) omuodasznoe K3;
2) 2) neyxdasznoe K3 Ha 3emiio;

3) 3)aByxdasznoe K3.
14. B npakTuueckux MpHONMKEHHBIX pacyeTax pa3peraeTcs MPUHIMATh COMTPOTHBIICHHE HYJIEBOU

MOCJIEI0BATEIbHOCTH CUHXPOHHOM MaIIMHBI PABHBIM ...
a) Xo=1,45X'q;
0) xo~1,22x"4;
B) X2 ~X"4;
r) x2~ (0,15+0,6)x"q
15. Cxema npsMoii MOCIeI0BATEILHOCTH SIBISETCS ...
a) OOBIYHON CXEeMOMW, KOTOPYIO COCTaBISIOT IS pacdera JH00ro CUMMETPUIHOTO
Tpex(ha3HOro peuMa WK TpoIecca, TeHePaTOPbl U HArpy3KH BBEJICHBI B HEE COOTBETCTBYIOIITMMU
peaktuBHOCTsIMU U DJ]C, a OCcTaNbHBIE SJIEMEHTHI - HEU3MEHHBIMU COTPOTUBJICHUSIMU;
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0) OOBIYHOUN CXEeMOW, KOTOPYIO COCTaBISIOT IS pacdera JH00ro CUMMETPUYHOTO
Tpex(azHOro pexXxruMa WM Mpolecca, TeHepaTOPbl U HAarpy3KH BBEJCHBI B HEE COOTBETCTBYIOIIUMHU
peaktuBHOCTIMHM ¥ OJ/IC, paBHBIMH HYJIO, a OCTaJbHBIE 3JEMEHTHl - HEU3MEHHBIMU
CONPOTHBIICHUSIMU;

B) CXEMOH, KOTOpas B 3HAYUTEIBHOM Mepe OompeaessieTcss COCTUHEHHEM OOMOTOK
YUYaCTBYIOUIMX TPAHCPOPMATOPOB U MIPOUUX HIEMEHTOB.

16. PaccraBuTh npaBuiIbHBIE HOMEpA JJIsl TPAHUYHBIX YCIOBHH cieayromux BuaoB K3 ...
W_g. U_p. [H=p-
1,=0; I./=0; U,/ =0;
2)_p. 7 —_p. [ _q(2_p.
IKA _0’ IKB __IKC ’ UKB _UKC _0’

(L1) _pn. (L1) _pn. (L1) _
I =0; UMY =0; ULY=0.

1) nByxdasznoe K3;
2) nByx(dasznoe K3 Ha 3emiio;
3) omHodaznoe K3.

17. Jnst Meroja pacueTHBIX KPHUBBIX IMPU Xpacu=3 BBIOPATh MPaBHIBHYIO I1OCIEIOBATEIBHOCTD
JIEHCTBUIA ...

o CocraBneHue CXeMbl  3aMelIeHUs, B  KOTOPYHD  HMCTOYHHUKH  BBOJATCS  CBOUMHU
ceepxrnepexoaubiMu DJIC U COPOTUBIICHUSIMU;

o [IpeoOpa3oBaHue cXeMbI 3aMEIICHUS C LETbI0 HAXOXKICHHS PE3YJIbTUPYIOIIET0 COMPOTUBIICHUS
oTHOCHUTEIBbHO MecTa K3;

S S
0 HaxoxaeHne pacueTHOro CONPOTUBIICHHS 110 BBIPAKEHHIO . — X oM ypux = Xy 2T
pacu 2 pacu X S
o

(¥4
0O BrIOOp COOTBETCTBYIOIIMX KPHUBBIX M HAXOXKJCHHE JUIsI 33JaHHOTO MOMEHTAa BpPEMEHU
OTHOCHUTEJILHOMN BEINYUHBI TOKA [y,

a HaXO)KZ[GHI/Ie U 3aJaHHOT'O MOMCHTAa BPpEMCHU OTHOCHUTEIIbHOM BEJIMUMHBI TOKA I*nt=
X

pacu
0 Haxoxnenne MCkOMOM BeNMYMHBI NEpUOJMYEcKON cocraBistomiell Toka K3 g 3amaHHOrO
MOMCHTAa BPpEMCHHA

1. =1

nt *nt

S
nx
. 1"2, 20e 1"2

INE

0 Haxoxnenne MckOMOM BENMYMHBI NEpUOIMYEcKON cocraBistomell Toka K3 g 3amaHHOrO
MOMCHTAa BpEMCHHA

1 S.s
I,=1,-1s=15—",20el = 7\/7 .
xpacu 3U¢p
18. JOIIOJIHUTD: Ilonuslil TOk moBpexaeHHOU (a3bl B Mecte K3 mpu 11000M HECUMMETPHYHOM
KOPOTKOM 3aMbIKaHUU onpezensercs 1o BBIPAKEHUIO

19. TIpu pacmeruienun ¢assl JISIT Ha Tpu mpoBoga BennmuuHa Toka K3 ...

a) YMEHBIIUTCS,

0) yBeIIMYUTCS;

B) HE U3MEHUTCS.
20. AOIIOJIHUTD: ConpoTuBieHue JHMHUM T@pU pacueTe TOKOB cuMMerpuuHoro K3
OTIpEETISIETCS CIEAYIOIUM 00pa3oM ...
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KonTposabHbie padoTsl

B mpouecce u3ydeHus: TUCHUIUIMHBI (TIOCJIE Ka)/I0T0 MPAKTHUECKOIO 3aHATHS) CTYIEHTHI
MOCJIEI0BATEIbHO Pa3padaThIBAIOT MPEIJIOKEHHBIE B 3aJaHUU BOIIPOCH! U 3aIIUIIAIOT UX COTIACHO
rpaduKy, yKa3aHHOMY B y4eOHO-METOJMUECKON (TEXHOIOTHYECKON) KapTe TUCIUILIHHEI.

Ha mnocnegHeM mpakTU4YECKOM 3aHATUM CTYAECHTHI 3alUINAIOT KOMILJIEKCHOE 3aJlaHue
LIEJIMKOM, C €r0 aHAJIM30M M OLIEHKOU NMPUHATHIX MHKEHEPHBIX PEIICHUH.

Bce 3anmaun, BKIIIOUEHHBIE B 3aJjaHMs], JaHbl B HECKOJIbKMX BapHaHTaxX, MO3TOMY KaxIbli
CTYZICHT TOJIydaeT Mudp WHANBUIYAILHOTO 3a/IaHHsI, BbIIABAEMBIH PYKOBOAUTEIIEM.

3agaHue Ha KOHTPOJbHYIO padory Ne 1.
3amaua Ne 1.  Cxema, mpencTaBiieHHas Ha pucC. 1. comepuT 5 crymeHedl TpaHchopMaiu,
B3aMHO CBSI3aHHBIX MATHIO TpaHCHOpPMATOpaMHU.
Tpebyercsi:
a) COCTaBUTb CXCMY 3aMCHICHUA, BbBIPAa3uB €€ BJEeMEHThl B OTHOCHUTCIBHBIX M HMEHOBAaHHBIX
CANHNIIax ¢ TOYHBIM U HpI/I6JII/I)KéHHBIM MPUBCACHUCM 3JICMCHTOB CXCMbI 3aMCIICHH
0) mpeoOpazoBaTh CXeMY 3aMEIICHUsI OTHOCUTEIBHO 3aJaHHON TOYKH KOPOTKOTO 3aMBIKAHUS;

B) OINPEJEINUTh HayadbHbIN CBEpXIEPEX0oAHbIN TOK pH TpéxdasnoMm K3 B Touke K, ;

') OLIEHUTH MOTPEUTHOCTh pacuéra ( B MPOIEHTAX ) MPH MPHOIMKEHHOM MPHUBEICHUH JIEMEHTOB
CXEMBI 3aMeIIeHNs, CPABHHB PE3yIbTAThl pacyéra ¢ pe3yabTaTaMu TOYHOTO IPUBEICHHS.
VicxonHble JaHHBIE TPUBECHBI B TAOIHUIIE.
[Ipumeuanus.
1. Pacuérel mo myHKTam 0, B, T, 10 3aJaHUIO0 PYKOBOJMWTEIS BBITIOJHUTH B MMEHOBAHHBIX HIIU B
OTHOCHTEIIbHBIX eTUHHIIAX.
2. CucremMa xapakTepHu3yeTcsi Kak HCTOYHUK OECKOHEUHOW MOITHOCTH.

3. Jlns nuHmii Beex HampsbkeHud npuauMars X, = 0.4 OM/ kM.
4. lnst TpancopmaropoB 14 mpunuMath: npu BeicuieM Hanpsbkenuu (BH) 330 kB U, = 13,5%,
npu BH230xB U, = 12%, npun BH 115 kB U,=10,5%, npu BH 37 kB U, = 9%%.

Tabmuma 1
Bapuant|Tou- JIunun I'enepaTopshl
Ka 0 1xm | 0 2xm | £ 3xm | £ 4xm I'l, 12
K.3. Su, MBA | X”d,o0.e. | Un, kB | Su, MBA | X”d,0.e. | Un, «B
1 1 60 60 20 20 37.5 0.20 10.50 37.5 0.12 6.30
2 2 50 50 30 30 62.5 0.22 15.75 50.0 0.18 10.50
3 3 40 40 25 25 71.5 0.16 15.75 37.5 0.28 10.50
4 4 40 40 20 20 31.3 0.13 6.30 71.5 0.21 6.30
5 5 70 70 40 40 66.0 0.21 6.30 62.5 0.14 15.75
6 1 50 50 20 20 50.0 0.20 10.50 62.5 0.18 10.50
7 2 60 60 40 40 31.3 0.13 10.50 50.0 0.15 6.30
8 3 30 30 14 14 20.0 0.22 6.30 50.0 0.20 6.30
9 4 25 25 10 10 20.0 0.20 10.50 37.5 0.16 6.30
10 5 40 40 18 18 37.5 0.23 6.30 37.5 0.20 6.30
[Tpomomxenue TadauIs! 1
NoNe TPAHCO®OPMATOPEI
BapUaHTOB T1,T2 T3, T4 TS
SH UskB | Un kB |SMBA | UsxB |Un, kB SH Us kB Uc, |Un, xB|Uk B-c|UkB-|Ukc-H
MBA MBA kB % H % %
1 40 121 37 60 35 10,00 120 37 10 6,30 8,0 16 7,0
2 60 220 110 60 110 15,75 160 110 37 10,00 12,5 20 6,5
3 120 220 110 80 110 15,75 180 115 35 11,00 10,5 32 28
4 120 220 35 80 37 6,00 240 35 10 6,00 10,5 32 28
5 60 220 121 80 121 6,00 120 117 37 15,75 12,5 20 6,5
6 80 330 220 60 220 10,50 120 220 121 10,00 12,5 20 6,5
7 80 330 121 60 118 10,00 120 121 35 6,00 10,5 32 28
8 60 121 37 60 37 6,30 160 35 10 6,30 10,5 32 28
9 60 121 35 40 35 10,00 120 35 10 6,00 10,5 32 28
10 80 115 35 40 37 6,00 160 37 11 6,30 10,5 18 6,3
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3amaua Ne2. B Touke K, cxemsl ( puc. 2. ) mpousouwno Tpéxdasznoe K3. Tpedyercs:

a) CocTaBUThH CXEeMY 3aMCIICHUA W 3JICMCHTBI B UMCHOBAHHBIX WM OTHOCHUTCJIBHBIX
TOYHBIM U HpI/I6JII/I)KéHHBIM MPUBCACHUCM 3JICMCHTOB CXCMbI 3aMCIICHH

0) npeoOpa3oBaTh CxeMy 3aMEILIEHUs] OTHOCHTENBHO 3a1aHHOM Touku K3 (K)) ;

B) paccuMTaTb HAYaJbHBIM CBEPXIEPEXOJHBI TOK KOPOTKOTO
TeHepaTOPhI MPEIBAPUTEILHO paboTa i Ha XOJIOCTOM XOAY C HOMHHAJIBHBIM HAIPSHKCHUEM;
I') OICHUTh TMOTPEHIHOCTh pacyera (B MPOLEHTax) MpH MPUOIMKEHHOM MPHUBEICHUH SJIEMEHTOB
CXEMBI 3aMEIICHUS, CPABHUB PE3YJIBTATHI PACU€Ta ¢ PE3yJIbTaTAMU TOUYHOTO ITPUBEICHUS.

VicxonHble JaHHBIE TPUBECHBI B TAOIHUIIE.
IIpumeuanus.

3aMbIKaHH A,

roJiaras,

eIUHHIIAX C

1. Pacuérsl mo myHKTam 0,B,I' IO BHITIOJIHUTH B UMEHOBAHHBIX U OTHOCHUTENIBHBIX €JJMHUIIAX.
2. CucreMa XapakTepu3yeTcs Kak HCTOYHHK OECKOHEYHOU MOIITHOCTH.
3. Jlna nuHmii Becex HanpsbkeHUd npuHumars X, =0.4 Om/km.

qT0

4. Jlnsa TpanchopmaropoB 1-3 npunumarts: npu BeicuieM Hanpsbkenuun (BH) 330 xB. U, = 13,5%,
npu BH230xB. U, =12%, npu BH 115 kB. U, =10,5%, npu BH 37 kB. U, =9%%.

3amaua Ne 3. Jlnst ycioBHii cxeMbl Ha pHc. 3 TpeOyeTcs:
a) COCTaBUTh CXEMY 3aMEIIEHHs, BbIpa3WB €€ DIEMEHThl B HMMEHOBAaHHBIX M OTHOCHTEIBHBIX

€IMHUIIAX C TOYHBIM U MTPUOIMKEHHBIM MPUBEJICHIEM JICMEHTOB CXEMBI 3aMEIICHHUS,
0) mpeoOpa3oBaTh CXeMy 3aMENIEeHHs] OTHOCHUTENHHO 3aJaHHON TOYKH TPEX(HA3HOTO KOPOTKOTO

B) ONPEACTHUTH YAAPHBIA TOK MPH TPEX(PA3HOM KOPOTKOM 3aMBIKAaHUM B TOYKE

3ambIkanus (K );

I') OIICHWUTH MOTPEITHOCTh pacuéra ( B MPOIEHTaX ) MpU MPUOTIKEHHOM TPUBEACHUH SJIEMEHTOB
CXEMBI 3aMEIICHUS, CPABHUB PE3YJIBTATHI PACU€Ta C PE3YJIbTATAMHU TOYHOTO ITPUBEICHUS.

I/ICXOZ[HBIG AaHHBIC ITPUBCACHBI B Ta6J'II/IIle.

[Ipumeuanus.
1. Pacu€rsl o myHKTaM O, B, T, BBIIIOJIHUTH B UMEHOBAHHBIX U OTHOCUTENIGHBIX €JMHUIIAX.

2. Jlns nuHUMA Beex HanpsbkeHud npuHuMats X, = 0.4 OM/ kM.
Ne (Touka| Jluaum I'enepaTtops TpanchopmaTops
B-| ka3 0.0, ¢ i, 12 I3 T1, T2 T3 AT
Ta 1722731 Su [X”d,0.e.| Un,, Su [X”d,oe.| Un,, | Su [ Us|Uu| Su | Us | Un Su | Us | Uc| Uu | Uk [Uk B-|Uk c-
KM MBA kB | MBA kB |MBA| kB | kB |[MBA| kB | kB | MBA | kB. | kB. | kB [B-c, %| H, % | H, %
1 1 20 | 10 | 59,0 | 0,15 10,50 | 24,0 | 0,15 10,50 | 120 |330|220| 60 [117]10,5] 120 [220]|115]11,0|10,5|32,0 |28,0
2 2 30 8 | 50,0 | 020 |1575] 24,0 | 0,13 15,76 | 240 |325|230| 60 |110| 15,7 | 240 [230|115|15,5|11,0 30,0 | 27,0
3 3 25 | 15 1320 ] 0,08 [10,50 | 30,0 | 0,24 6,30 | 180 [330|225] 80 |[121]10,0| 240 |220|117| 6,3 |10,5]|18,0] 6,0
4 4 27 | 12 | 66,0 | 0,21 10,50 | 31,3 0,14 6,30 | 120 [240|121] 80 |37 |11,0| 180 |120| 35 | 6,0 |10,5]18,0] 6,0
5 5 45 1 20 | 37,5 0,17 | 15,751 20,0 | 0,22 | 10,50 | 120 {240 |117| 60 | 38 |155| 90 |115| 37 |10,0|12,5]|20,0| 6,5
6 6 60 | 14 | 62,5 0,14 6,30 | 37,5 0,15 15,75 | 80 |230|117] 80 [35] 6,0 | 120 [110]| 38 | 15,0 ]12,5]20,0] 6,5
7 1 50 7 | 66,0 | 0,19 |1575] 40,0 | 0,26 6,30 | 240 [240|150| 80 |[117] 15,0 120 |[154|115| 6,0 | 9,5 | 34,0 | 23,0
8 2 70 6 | 71,5 0,29 |15,75] 37,5 0,21 6,30 | 240 [240|154| 80 |115]15,0| 180 [154[110| 6,3 |11,5]37,0 (23,0
9 3 75 [ 22 | 750 | 024 |10,50 | 52,0 | 0,19 | 10,50 | 120 |330({240| 90 [120]10,0] 180 [230|121]10,5]|13,0|12,0 18,0
10| 4 40 5 59,0 | 0,22 6,30 | 50,0 | 0,16 | 10,50 | 360 |225[150| 90 |120| 6,3 | 240 |[156|115|11,0] 9,2 | 183 | 8,0
11 5 80 | 30 | 520 | 0,16 6,30 | 20,0 | 0,20 | 15,75 | 360 [330(225]| 90 [110]| 6,0 | 360 |230|115]15,0] 9,2 |[30,5]20,0
12| 5 90 | 17 | 81,0 | 0,28 | 10,50 | 31,3 0,21 15,75 | 240 |330|235| 60 |117]10,5| 360 [220|120]| 15,5 10,0 | 34,0 | 24,0
o Touka Jluaun I'enepaTopst Cucrema Tpanchopmarop
Bap- [K.3
Tap él /¢ , €3 €4 ri,r2 r3,r4 Uc XB Sm- MBATI , T2 T3,T4
KHJIOMETPBI. Su | X’d, | Un,, Su | X”d, | Un,, Su | Us Un Uk S | U | Un [Uk %
MBA | o.c. kB. |MBA| o.e. | kB. MBA | kB kB % |MBA| xB | kB
1 1 20 | 40 10 130 |59,00,015]15,75]24,0]0,13]10,5| 115 2500 60 |117]1550(10,5] 32 121 ]11,0] 11,0
2 2 30 | 60 | 20 | 30 | 52,0 | 0,25 | 10,5 | 24,0 | 0,17 | 6,0 115 2000 60 |121]11,00[10,5] 32 |115] 6,3 | 11,0
3 3 25|50 | 25 |40 | 118 | 0,18 | 10,0 | 31,3 | 0,18 | 10,0 | 230 4000 120 | 230 11,00 | 9,5 | 40 |220]10,0| 10,5
) ) 25150 | 40 |30 | 118 10,20 | 15,5 [ 37,5 0,20 | 10,0 | 154 3000 120 | 150 | 15751 9,5 | 40 |155]10,5] 9,5
5 5 10 | 20 8 12| 72 10,23 | 10,0 | 30,0 | 0,24 | 15,5 | 154 3500 80 | 154|10,00 10,0 32 |160|157| 9,0
6 1 20 | 40 | 30 |10 | 88 |032| 155 20,0 |0,05]| 6,3 230 4500 80 [240| 15751 9,0 | 25 [230] 6,0 | 10,0
7 2 30 | 50 | 25 15 | 130 [ 0,20 | 16,0 | 37,5 0,29 [ 10,0 | 340 5000 240 1340|1575 9,5 ] 40 |340]10,5] 9,5
8 3 15 | 40 10 8 104 10,26 | 10,5 | 62,5 | 0,14 | 15,5 | 340 5000 240 |330| 11,00 [ 10,0 | 60 |340|15,7| 9,0
9 ) 40 {30 | 25 |20 ] 100 [ 0,22 | 10,5 | 59,0 [ 0,17 | 6,3 230 2800 160 |240] 10,50 [ 10,0 | 60 |225] 6,5 | 10,5
10 |5 30 | 55| 40 |20 | 75 |0,09| 63 | 66,0 | 0,23 | 6,0 115 2200 80 | 117] 6,00 |11,0] 60 |117] 6,0 | 11,0
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3agaHnue Ha KOHTPOJIbHYIO padoTty Ne 2.

3amaua Ne 1. B touke K 3amanHo#i cxemsl (puc. 4)mpousonuio TpéxgpazHoe KOPOTKOE 3aMbIKaHHUE.

Onpenenuth HaOOJIBITYI0 U HAUMEHBIITYIO BETMYUHBI TIEPUOTUYECKON ciararomeil Toka B
MeCTe KOPOTKOTO 3aMBIKaHUs, a TaKXKe TOKa, MOCTYMAIOIIET0 Yepe3 aBTOTpaHC(HOpMaATOp K MECTy
K.3. Pemenue 3a1a4u BBITIOIHUTD, UCTIOJIB3YSl METO PACUETHBIX KPUBBIX.

IIpumeuanus

1. Cucrema C xapakrepu3yercs Kak HCTOYHHK OCCKOHEYHOUW MOIHOCTH C HEU3MECHHBIM
HanpspkeHueM 230 kB.

2. I'enepatopsl cHaOxeHb APB.

3. Paccmotperp BapuaHTHI: BBIKJIIOYATENb «B» BKIIOWEH M BBIKIIOYEH, KOPOTKOE

3aMmbikaHue B Touke Klumm K2.

4. Nns muaun npuauMaTh X0= 0.4 Om/km.

VcxonHble JaHHBIE TPUBECHBI B TAOIHUIIE.

NoNe Bap- I'enepatopsl AgToTpanchopmaTopst Junaws (),
HaH-TOB M
T1, T2 AT1, AT2
SH, MBA | Un, kB | X”d, 0.e. | Su, MBA | Us, kB Uc, Un, kB | Uk B-c, | Uk B-H, | Uk c-H,
kB % % %
1 62,5 6,3 0,14 40 230 115 6,3 10 34 24 100
2 66,0 6,3 0,21 60 230 117 6,3 10 34 24 85
3 59,0 6,3 0,17 40 225 110 6,0 9 32 20 70
4 71,5 10,5 0,22 80 240 121 10,5 10 34 24 110
5 117,5 10,5 0,18 80 240 115 10,5 10 34 24 75
6 123.5 13,8 0,16 120 230 115 13,8 12 37 25 60
7 111,0 13,8 0,22 90 230 115 13,8 10 34 24 90
8 176,5 18,0 0,21 120 230 117 18,0 12 37 25 50
9 166,5 18,0 0,13 180 230 115 18,0 13 12 18 65
10 235,0 18,0 0,19 240 230 115 18,0 13 12 18 50

3amanue Ne 2. B Touke K 3amanHO#i cxemsl (puc. 5) mpou3onuio TpéxdasHoe KOPOTKOE 3aMbIKaHHE.

Onpenenuth HanOOJIBIIYIO U HAMMEHBIIYIO BEIMYMHBI MIEPHOAMYECKON ClIararomiei Toka B
mecte K.3., a Takxke Toka, mocrymnatomero kK Mecty K.3. ot o6oux reneparopos. Pemenue 3anaun
BBINIOJIHUTh, UCIIOJIb3YSl METOJT PACUETHBIX KPUBBIX.

VcxonHbie JaHHBIE TPUBECHBI B TAOIHUIIE.

IIpumeuanus

2. Teneparopsl cHaOxxeHbl APB.

2. Cucrema xapakTepu3yercs Kak HCTOYHUK OSCKOHEYHOUM MOIHOCTH, TUOO KOHEUHOU S =
5400 , MBA.

3. Mus muanm npuHUMaTh X0= 0.4 OM/KM.

4.PaccMOTpeTh BapHaHTHI: OTCYTCTBYeT TeHeparop I'l, mommuoctu [2 B 4 pasza Gonbiie
MouHocTH reHepartopal 1, mpu Tex ke mapaMmerpax.

NoNe ['enepaTopsl Tpancdopmarop JIunns

Bapua ', 1r2 AT ¢,

HTOB SH Un Xd SH Us Uc Un Uk B- | Uk B- | Uk c- KM

c H H

1 66,0 10,5 0,19 120 154 115 10,5 12 12 16 145
2 71,5 13,8 0,23 120 154 115 13,8 12 12 16 200
3 75,0 15,7 0,22 120 154 115 15,7 12 12 16 150
4 11,5 13,8 0,18 240 230 115 13,8 13 12 18 160
5 123,5 13,8 0,20 240 240 121 13,8 12 12 16 175
6 166,5 18,0 0,16 360 230 115 18,0 12 12 16 140
7 111,0 6,3 0,15 240 121 35 6,3 10 34 24 120
8 130,0 10,5 0,14 120 115 37 10,5 10 34 24 80
9 166,5 10,5 0,23 240 230 115 10,5 10 34 24 70
10 235,0 18,0 0,22 480 115 37 18,0 12 37 25 50
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3azaga Ne 3. B KOHIIe TMHUM 3a/laHHOM cXeMBbl (puc. 6) MPOU30III0 KOPOTKOE 3aMbIKaHUE, BUJ
KOTOPOTO JIJIsl KayKJJ0TO BapUaHTa yKa3aH B TaOIHIIE.
Onpenenute TOk HecumMmerpuyHoro K.3. B moment Bpemenu t =0.5 ¢ U cocTaBUTH
KOMIUIEKCHYIO CXEMY 3aMEIICHHUS.

(IByx1ienHast TUHUSA B YETHBIX BapUAHTAX).
4. PaccMOTpeTh CIEYIOMNEe CXEMbI COSAMHEHHsSI 0OMOTOK TpaHc(hopMaTOpoOB, TEHEPATOPOB,

IIpumeuanus

1. Tun reHepaTopoB B BapuaHTax 1-5 — ruapo; B BapuaHtax 6-10 — typ6o. I'eHeparopsr
cHaOxeHbl APB.
2. Jlns tpancdopmatopoB mnpuHHMaTh: npu BH 230 kB Uxk=14%, nmpu BH 115xB
Uxk=10.5%.
3. nsa ognonernHoi simHuK npuHUMaTh X0= 0.4 OMm/kM, mutg ayxienHoit X0= 0.2 Om/kM.

Harpy3Ku: 3B€3/1a ¢ INIyX03a3€MJICHHON HEUTPAJIBbIO; TPEYT OJIbHHUK.

NoNe Bun I'enepatop Tpancdopmarop JInnus Harpyska
Bapu- (K.3
aHTOB S, MBA | X”d, 0.e. | X2, 0.e. Tl T2 0 xm X, S, MBA
SH, Us, kB SH, Us, kB | Un, kB x_
MBA MBA 1
1 @)) 264,7 10,19 0,27 120 115 190 115 10,5 |50 3,5 75
2 1,1 264,7 10,24 0,27 240 230 |180 230 10,5 |60 4,0 140
3 1 103,5 10,20 0,26 90 115 190 115 6,3 40 3,3 60
4 1,1 103,5 10,22 0,26 90 230 |120 230 10,5 |70 4,5 100
5 1 127,8 10,18 0,22 120 115|120 115 10,5 |90 5,0 85
6 1,1 127,8 10,19 0,22 90 115 |60 115 6,3 35 3,2 45
7 1 117,5 10,14 0,17 120 115 190 115 10,5 |45 34 60
8 1,1 166,5 10,13 0,15 180 230 120 230 10,5 |95 5,5 110
9 1,1 235,0 10,20 0,24 240 230 |120 230 10,5 |95 5,1 90
10 1 2350 10,22 0,25 180 115 160 115 6,3 50 3,5 50
11 1,1 236,0 10,20 0,28 240 230 |180 230 10,5 |85 4,2 120
12 1 166,5 10,18 0,23 120 115 190 115 6,3 75 4,8 70
13 1,1 117,5 10,16 0,20 120 230 |90 230 10,5 |60 4,0 100
14 1 81,0 0,28 0,30 90 115 160 115 6,3 50 3,3 80

3amaua Ne 4. Onpenenuth Ha KaKOM paccTOssHUM ¢ (KM ) OT CTAHIIMH 3aJIaHHOU cXeMblI ( puc. 7 )
MOXKET TIPOU30UTH ABYX(a3HOE KOPOTKOE 3aMbIKaHUE Ha JIMHUH, OO0 0JHO(A3HOM, ITPU KOTOPOM
HAYaIbHbIN U YCTAHOBUBIIHMICSA TOKH 0JIMHaKOBa. COCTaBUTh KOMIUIEKCHYIO CXEMY 3aMEIICHUS.

IIpumeuanus
1. 'eneparop cuaOxéH APB.
2. Mns nuanii Becex HanpspkeHnid X0= 0.4 OM/kM.
3. Mcxonnbple AaHHBIC MPUBEACHBI B Tabmuile. | eHepaTop MMeeT 3a3eMJIEHHYIO HEHTpab,
cXeMa COEJMHEHHUs OOMOTKH TpaHc(hopMmaTopa - 3Be3fa C TIYyX03a3eMJICHHON HEUTpalbio;

3B€3/1a € INIYyX03a3€MJICHHON HEUTPAIIBIO - TPEYTOJIbHUK

I'enepatop Tpancdopmarop JIunus

Su, MBA | Un, kB X, ,o0e. x{’; ,0e | Xy, o0 Su, MBA | Us, kB | Un, xB Uk, % X,

X

1 30,0 6,3 1,60 0,24 0,25 40,5 37 6,3 8,0 3,7
2 37,5 6,3 2,10 0,19 0,15 40,5 115 6,3 10,5 3,6
3 60,0 10,5 1,80 0,20 0,15 120,0 115 10,5 10,5 3,5
4 66,0 10,5 1,70 0,20 0,22 120,0 230 10,5 9,5 3,2
5 81,0 6,3 2,00 0,19 0,17 120,0 115 6,3 9,5 33
6 117,0 13,8 1,51 0,28 0,22 180,0 230 13,8 11,8 33
7 130,0 13,8 1,40 0,25 0,22 180,0 154 13,8 10,5 3,5
8 166,5 13,8 1,65 0,24 0,22 180,0 230 13,8 10,5 3,2
9 166,5 18,0 1,24 0,18 0,16 240,0 230 18,0 12,0 33
10 235,5 18,0 1,26 0,17 0,16 360,0 230 18,0 20,0 3,5
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3anaHne KOHTPOJIbHYI0 padoty Ne 3.

3amaua Ne 1. Cranmus paboTaeT yepes dJIEKTporepenady Ha MIMHBI CUCTEMBbl HEOTPaHWYEHHOU
MomrHocTH. CXxema CUCTEMBI IToKa3aHa Ha puc. 8, e€ mapaMeTpsl IPUBEICHBI B Ta0IHUIIE.

OnpenenuTp 3amachl CTATHYECKON YCTOMYMBOCTH CUCTEMBI B CIIEAYIOUIUX CIydasiX.

a) npu orcyrctBun APB

0) mpu APB niponopIimoHansHOTo THIIA,

B) npu APB cunoBoro neiicTsus.

IIpumeuanus

1. Jlna pemeHust 3ajad I0JIb30BAThCA YHPOIIEHHBIMU BBIPDAKEHUSMU JUISL  YIIIOBBIX
XapaKTEPUCTHK MOIIHOCTH TpH  E; = cons ; nmpeaBapuTesbHO TpopaboTath mpumep 10.5, ctp.

189 /2/ .2. TlapaMeTpbl CXeMbI 3aMEIIEHUsI OTPEACTUTh B OTHOCUTEIBHBIX €IUHHIIAX, TOJIb3YsCh
TOYHBIM WJI TPUOIMKEHHBIM MPUBEICHUEM (TI0 YKa3aHUIO PYKOBOUTEIS).

3. Jlns ymmHuMM Bcex HampspkeHnd npuHuMate X0= 0.4 Owm/km. B Bapumantax 1-10
Hanpspkenue JIOI pasno 230 kB, B BapuanTax 11-20 — 115kB.

4. Jlna aBroTpaHcopmaTopa mnpuHMMaTh : B BapuaHrax 1-10 U, (_U,)=500«B,

U,=230kB, U, =14% , BBapuanrax 11-20 U, A =115«xB , U, =115«xB, U, =13%.

NoNe I'enepatop Tpancdopmarop AT JIDIT Harpyska
Bap Su, MBA | Un, kB | Xd, 0o.e. | X’d o.e. SH, Un, xB | Us, kB | Ux% SH, 0, P, MBT [ COS @
MBA MBA M
1 75,0 10,5 1,60 0,23 90 10,5 242 10 90 200 60 0,90
2 125,0 10,5 1,90 0,28 120 10,5 237 13 180 150 90 0,85
3 66,0 10,5 0,94 0,21 90 10,5 242 11 90 230 50 0,90
4 71,5 13,8 0,63 0,28 90 13,5 242 12 90 180 50 0,80
5 111,0 13,8 0,90 0,30 120 13,5 237 10 120 240 80 0,90
6 117,5 13,8 1,51 0,20 120 13,5 242 13 120 300 90 0,90
7 123,5 13,8 0,51 0,19 180 13,5 237 11 120 220 160 0,85
8 166,5 18,0 1,24 0,18 180 18,0 242 12 180 220 120 0,80
9 176,5 18,0 1,42 0,32 180 18,0 237 10 180 260 150 0,85
10 235,0 18,0 1,62 0,27 240 18,0 242 11 240 300 180 0,90
11 59,0 6,3 1,45 0,22 60 6,3 115 9 60 110 70 0,80
12 62,5 6,3 1,32 0,17 90 6,3 121 10 90 120 80 0,85
13 66,0 6,3 1,12 0,20 60 6,3 117 10 60 130 90 0,90
14 81,0 10,5 1,54 0,26 90 10,5 121 9 90 150 100 0,80
15 88,0 10,5 1,36 0,23 90 10,5 127 11 90 170 120 0,85
16 104,0 10,5 1,48 0,24 120 10,5 121 12 120 200 100 0,90
17 118,0 13,8 1,40 0,21 120 13,8 115 10 120 250 100 0,80
18 130,0 13,8 0,68 0,18 120 13,8 115 10 120 180 110 0,90
19 167,0 18,0 1,38 0,19 180 18,0 121 11 120 200 140 0,85
20 176,5 18,0 1,50 0,28 180 18,0 121 12 120 120 100 0,85

3amaga Ne 2. B Hauane ogHOM W3 JOMHMM 3nekrponepenaun (touka K), mpousonuio KopoTkoe
3ambikanue. Bun K.3. 3amaéres npenonasarenem. OmpenenuTs NMpeaeIbHOE BPEMsl OTKIIOUEHHS
KOPOTKOI'0 3aMbIKaHUSA IO YCJIOBHIO Z[I/IH&MI/I‘-IGCKOﬁ YCTOﬁqHBOCTH, I1oJjiorasi, 41O IIOCTOSAHHAaA
WHEpIUH reHepaTopa paBHa 8 ¢. Cxema CUCTeMbI U TapaMeTphI Te XKe, YTo U B 3amade Ne 1.
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Bomnpocs! 111 caMmonpoBepku
NPH 3a1UTEe KyPCOBOIO MPOEKTAa

Pacckaxxurte 00 opranu3anuy ¥ METOJax MPOESKTUPOBAHUS SHEPTETUYECKIX 0OBEKTOB.
PacckaxuTe 0 THIax JMEKTPHUECKUX CTAaHIIUI U UX 0COOEHHOCTSIX.

Kakumu HOpMaTUBHBIMU MaTepUaiaMH MOJIb3YIOTCS TPOEKTUPOBIIUKH?

PacckaxuTe 0 cTaauax NPOEKTUPOBAHUS AIEKTPUUECKON CTAHIUH.

[lepeuncnure KpUTEpUH, HCIOJB3YeMbl€ JJIs CpPaBHEHHUsS  PA3IMYHBIX BApUAHTOB
JIEKTPOYCTAaHOBKH.

[lepeuncTuTe OCHOBHBIE TPEOOBAHUS, MPENBIBIIEMbIE K TJIABHBIM CXEMaM JJIEKTPUYECKUX
COCIMHEHUH CTaHIUU.

[lepeuncnure UCXOIHBIE JaHHBIE, HEOOXOIMMBIE Ul BEIOOpA TITABHOM CXEMBI.

Kakyto cxemy crnemyet BBIOpaTh Ui OIKIIOUEHHS MMOTpeOuTeNneil IepBoii Kareropuu?
W3noxuTe nopsiioK BEIOOpa CUIIOBBIX TpaHC(HOPMATOPOB.

B kakux ciydasix IpuMEHSIOTCS aBTOTPaHCHOPMATOPHI?

KakoBbI ycoBust BEIO0pa M MPOBEPKH BEICOKOBOJIBTHBIX BRIKIIIOUYATENEH U pa3beIMHUTENCH?
B kakux ciydasix UCIOJIb3YIOTCSl CEKIIMOHHBIE U JIMHEWHBIE PEaKTOPbI?

W3noxuTe nopsii0K BEIOOpa TMHEHHOTO PeakTopa.

W3noxuTe nopsiioK BEIOOpa M MPOBEPKU COOPHBIX IIWH T'€HEPATOPHOTO HANIPSHKEHUS

B kaxux ciydasix UCHOJIb3YIOTCS KOMITJIEKTHBIE TOKOTIPOBOIbI?

KakoBbI ycoBHsI 1 TOPSIIOK BEIOOpA Kabems?

W3noxute oCHOBHBIE TPeOOBaHHS K KOMIIOHOBKE U KOHCTPYKIUH PY.

B kaxux cnyqasx coopyxatorcs 3PY 35—220 kB?

[epeuncnure GhakTOpbl, OMPEAEIIAIONINE THIT U KOHCTPYKIHIO PY.

OOBsiCHATE IPEUMYIIECTBA IPUMEHEHUS THIIOBBIX U KOMIUIEKTHBIX PY.

Pacckaxxute O TpPUHIMIAX KOMIIOHOBKM M KOHCTPYKIIMHM KaONbHBIX COOPYKEHHUH,
aKKyMYJIATOPHOTO OJIOKa.

Kak BbImoTHSIETCS 3a1MTa 000PYI0OBaHHS OT BHEIIHUX U BHYTPEHHUX TEepeHANPSKEHU?
N3noxute nopsAa0K MPOEKTUPOBAHUS 3a3EMJICHUS.

N3n0xuTe OCHOBHBIE MPUHIIMIIBI OPraHU3alMK YIIPABICHHS HA MOIIHBIX TEIUIOBBIX CTAHIIMSIX.
[Tepeuncnure GpakTOpHl, ONMPEAETSIONINE CTPYKTYPY YIIPABICHUS CTAHIIUEH.

Kak mpounsBoauTcst BBIOOP HCTOYHUKOB U CXEMBI ONIEPATUBHOTO TOKA?

B kakux ciydasx menecooOpa3Ho HCIIOJIb30BaHUE TEPEMEHHOTO OMEPaTUBHOTO TOKA?

Kak ocymiecTBisieTcss AMCTaHIMOHHOE YIPaBIEHUE BBICOKOBOJIbTHBIMH BBIKJIIOUATENIIMU U
OJIOKMPOBKA OT HETIPABHIIBHBIX JACUCTBUI?

W3noxnuTe NpUHLIUIIBI TPOEKTUPOBAHUS U3MEPUTEIBHON MOACUCTEMBI?

Kak npoexTupyroTcst UTHl yIpaBlieHus?
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BOHPOCLI K 3K3aMEHY

OCHOBHBIE IOHATHS 00 IMEKTPOMATHUTHBIX U AJIEKTPOMEXaHUYECKUX MEPEXOHBIX poIeccax B
ANEKTPUYECKON CUCTEME.

OcHOBHBIE BHJIBI KOPOTKHX 3aMbIKaHW. OTHOCHUTEIbHAsT BEPOSITHOCTh WX BO3HHUKHOBEHHS B
AIIEKTPUUYECKUX CHCTEMAX.

Kakue BuapI HapyIIeHUs! pexXruMa OTHOCSTCS K TIPOJOJIBHON M MOTIEPEYHON HECUMMETPHUH.
OcHOBHBIE JOMYIIEHUS TPU PacUeTe JIEKTPOMArHUTHBIX MEPEXOTHBIX MTPOIECCOB.
[IpenmymiecTBa M HEAOCTATKH CHCTEMBI OTHOCHUTEIBHBIX €IWHUI] 10 CPABHEHUIO C CHCTEMOM
MMEHOBAaHHBIX €ANHUII.

[Tpusenenne 3/1C 1 CONMPOTUBIICHUH SJIEMEHTOB CXEMBI K BHIOPAHHBIM 0a3MCHBIM YCIIOBHSIM.
CocraBneHne CXeMbl 3aMEIIEHHsl TpPU pacueTe B OTHOCUTENBHBIX EAWHUIAX. ToYHOE U
NpUOJIMKEHHOE TTPUBEJICHHE.

CocraBneHne CXeMbl 3aMEIICHHs TPH pacyeTe B HMMEHOBAaHHBIX €IUHHIAX. TO4YHOE U
NpUOJIMKEHHOE TTPUBEICHHE.

IIpeoOpa3oBaHue CXeM 3aMEIICHHUS.

. [Ipomtecc TpexdazHOro K.3. B HEpa3BETBICHHOW Iienmu. KpuBbie H3MEHEHUS TOKa M €€

CJIararoInme.
YcnoBus, onpenensaone MaKCUMaIbHOE 3HAYCHUE AllEPUOINYECKON COCTABASIONIEN TOKA.
VYciioBUsSI BOBHUKHOBEHHS MaKCUMyMa MTHOBEHHOT'O 3HAYEHHUS IOJIHOTO TOKA. Y AApHBIM TOK U
yIapHbIi KOA(pPHUIIHEHT.

Omnpenenenre 3KBUBAJICHTHOM MOCTOSHHOW BPEMEHU arnepuoOJUYECKON COCTABJISIONIEH TOKa B
pPa3BETBJIECHHOM LIETIH.

JleiicTByrone 3HA4Y€HMs] TOJHBIX BEIMYMH M HUX OTIENbHBIX crjaraiomux. OCHOBHbIE
YIPOIIECHHUSL.

OmnpeneneHne ycTaHOBUBIIErocsl pexuma K.3. OCHOBHbIE XapaKTEPUCTHKH M IapaMeTphl
CUHXPOHHOW MAIIINHBI.

Cxema 3aMelIeHNs HEIBHONIOJIIOCHOM CUHXPOHHOW MAIIMHbBI B YCTAHOBUBILIEMCSI PEXKUME.
BexTopHble quarpaMmbl HESBHOTIOIIOCHBIX U SIBHOIIOJIFOCHBIX CHHXPOHHBIX MAILIUH.
[IpuBenenue nenu poropa K CTaTopy.

Kak yuntbiBaeTcs B pacueTax BIMSHUE Harpy3KHU Ha PEKUM K.3.

Pacuer mpu OTCYTCTBMM aBTOMAaTHYECKOTO perynupoBaHusi Bo3OyxkneHus (APB). Brnusxue
APB.

bananc MarHUTHBIX TOTOKOB CUHXPOHHOM MAalllMHbI B HOPMaJIbHOM YCTAaHOBUBILIEMCSI PEKUME U
B MOMEHT BO3HUKHOBEHHUS K.3.

ITepexomnbie D/IC u comportuBnenue. Cxema 3ameniennst CM 0e3 nemndepHbIX KOHTYPOB B
HavyaJIbHbII MOMEHT BHE3aITHOTO HapYIIeHUs pexxuma. BekTtopHas auarpaMMa.
Ceepxmiepexonabie JJIC u compotmBiienne. Cxema 3amemenus CM ¢ gemmdepHbIMU
00MOTKaMHU B HAYaJIbHBIA MOMEHT HapylIeHHus pexkuma B ocsix d u . BexktopHast muarpamma.
CpaBHeHME peaKTUBHOCTEH CHHXPOHHOUN MaIINHbI.

XapakTepuCcTHKa ABUTaTelIel U Harpy3KHu.

[IpakTHyeckuii pacyeT HA4YaJbHOTO CBEPXIEPEXOJHOIO U yIApHOTO TOKOB IIpH  K.3.,
HECUHXPOHHOM BKJIFOUEHUH I'€HEPATOPOB, IIyCKE ABUTATENCH.

BresamHoe k.3. CM 6e3 gemndepHbIX 00MOTOK.

Bnustare n mpuOIKeHHBIN yueT neMnpepHbIX 0OMOTOK.

Bnusinue APB nipu BHE3aHOM K.3.

OcHOBHBIE AOIYLIEHUS MPU IPAKTHUECKUX METOaX pacyera K.3.

Paznnuns Mex 1y npakTH4eCKMMH METOJAMHM.

Mertoa pacyeTHBIX M TUIIOBBIX KpHUBBIX. [lopsiiok pacueTa 1o o6memMy H3MEHEHHUIO.

[Topsimok pacyera Mo UHIUBUAYATHLHOMY U3MEHEHHIO. [IpHOIMKEHHBIH y4eT CUCTEMBI.

VY4er aneKkTpoABUrarTeneu mpu pacyeTe TOKOB K.3.

Pacuer TokoB k.3. B ceTsix 7o 1000 B.
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Briciie rapMOHUKH IPU HECUMMETPUYHOM PEKUME CUHXPOHHOMN MAalllMHBI.

MeTo1 CUMMETPUYHBIX COCTABJISIOIINX IIPU pacyeTe TOKOB K.3.

ConpoTHBIICHHSI JIEMEHTOB CXEMBI JIJISi TOKOB 00paTHOW M HYJIEBOM MOCIIEA0BATEIHHOCTH.
CxeMbl  OTHENBHBIX MOCIEAOBATENBHOCTEH, ompenenenne pesyaptupytonmx IJC u
COITPOTHUBIICHU.

I'panuyHbIE YCIOBHS, COOTHOIIEHUS MEXIY CHUMMETPUYHBIMU COCTABJISIOIIMMH TOKOB U
HaIIpsHKEHUH B MECTE IONIEPEYHON HECUMMETPHUH.

BexTopHble quarpaMmbl TOKOB U HAIIPSDKEHUH JJ11 MECTa HECUMMETPHH.

KoMrnekcHble cxeMbl 3aMeIIeHNs [Tl pa3JIMYHbIX BUJIOB IONIEPEYHON HECUMMETPHUH.

[IpaBuiio 3KBUBAJIEHTHOCTHU IPSIMOM MOCJIEI0BATENBHOCTH JUISl TIONEPEYHON HECUMMETPHHU.
CpaBHeHHE BUI0B KOPOTKOTO 3aMbIKaHUSI.

[IpumeHeHre NPAKTHYECKUX METOJ0B K pacdeTy IEpPeXOJHOro IMpoliecca MpU OJHOKPATHOM
IIOIIEPEYHON HECUMMETPHUH.

OpHoKpaTHas IpOA0JIbHAsI HECUMMETPHSIL.

I'pannyHbIEe yCIOBHUS, COOTHOLIEHUS MEXAY CHUMMETPUYHBIMU COCTABIISIFOIIMMU TOKOB IPH
IIPOIOIBHOM HECUMMETPHH.

BektopHble aMarpaMMbl TOKOB B MECTE pPa3pblBa YUCTO MHAYKTUBHOM ILIE€NH, KOMIUIEKCHbIE
CXEMBbI 3aMEIIECHHUS.

CrniocoObl 1 TEXHUUECKUE CPENICTBA OTPAaHIUEHHS TOKOB K.3.

Koopaunanus ypoBHEH TOKOB K.3.

Bonpocs! k kos10kBHYMY Nel
Yewm Ber3biBatorcs [111?7 Cucrema u 6immskoe K3
OTtHocuTenbpHOE 3HaUeHHE BeanurH. Kak BEIOMparoTcst 6a3uCHBbIC YCIOBUS
[TonsiTne MPUOTHKEHHOTO ¥ TOYHOTO IPUBEACHUS
JleficTBUSI pY HATMYMKM CUMMETPHUH B cxeMe 1pu pacuere K3
Uro Takoe K3? Haznauenus pacueros K3
3ameHa Tpexiny4eBoil Y Ha ABYXJIyueBYIO, Y C nJydaMu Ha Y ¢ n-1 qydom
Jlnia yero ucnonb3yercs cuctema OE. [llkana cpeqHux Hanps>KeHU i
OcHoBHble fgomnyuieHus npu pacuere K3
OtnocutenbHOe 3HaueHue BenuuuH E, U, [, Z, S u ux npuBeieHHbIE 3HaYEHUS

. Pacceuenue BetBeit B y3ie ¢ DJIC. [IpuHIMT COCTABICHHS CXEMBI 3aMEIICHUS

. bazucHbIe BeNMYMHBI BEIOUPAIOTCS JJIS1 BCEX CTYIEHEH HANpsHKEHUS T HET?

. Kak npoBoautcs pacuer K3 npu Hanmunu B cxeme Cucremsl u ['eHepaTopoB

. Merammueckoe K3. Camoycrpanstomuecs K3

. Hanbonee omacubie nocneactust K3. Pe3ynbraT cBOpaunBaHus CXeMbI 3aMEICHUS
. Korma MoxHO 00BeIMHATE MEXTY COO0H reHepHPYIOIIHe HCTOYHUKH

. Kak npuogsresa E,U,ILZ x 0ocHOBHOI1 cTyleHH ITpu TOYHOM IpuBeieHuH B OF

. [lepexoanoe conpotusienue K3, ero cocrapstoriue

. Ans gero npumensiercss AIIB. Uto HazbiBaeTcs pacuerom OMIIIT

. [Ipubmmxennoe npusenenue E,U,1,Z k ocHoBHO# cTynienu B UE

. [Ipeo6pazoBanue Y ¢ ryuamu, conepxkammmu DJ]C

. Conporusnenue reneparopa, BJI u KJI, tpanchopmaropa, peaktopa npu TOUHOM HPUBEACHUH B

OE. Cucrema u ynanennoe K3.

Cnoxnoe K3. OcnoBnast npuunna OMIIII

Heo0x0MMOCTh TOYHOTO M MPUOJIMKEHHOTO yYeTa PacCueTHBIX yCIOBUI

Kax nmpusogsarcs E,U,ILZ k 0CHOBHOH CTyII€HH Ipy TOYHOM IipuBefeHuu B UE

Hcnonb30BaHne 3aMEHbBI HArPY304YHBIX BETBEH F€HEPUPYIOIIUMH BeTBAMU ¢ E=0
ConportuBnenue reHeparopa, BJI u KJI, tpanchopmartopa, peakropa mpu NpUOIMIKEHHOM
npuseaeHnd B OE. TloHsTHE TOYHOTO IpUBEIEHUS

Buner K3. IMpennamepennoe K3. [Ipeobpazoanne A B Y

[TonsiTue pacueTHbIX ycnoBuid. [IpeoOpazoBanue Y B A
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39.
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41.
42.
43.
44.
45.
46.
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Kak mpuBomsarcs E,U,LZ x ocHOBHO# crynenu mnpu mnpuOmmxenHoMm mnpuseneann B OE.
Pacceuenne cxemsl B y3ie ¢ Toukoit K3

Comnportusnenue renepatopa, BJI u KJI, tpanchopmaropa, peaktopa npu TOUHOM HPUBEICHUH B
HUE. Ilonsrue ynapaoro ko3dduimenra

BepostHocTs Bo3HukHOBeHus K3. Tlocnenctaus K3

PacuerHsle ycnoBus npu BeIOOpe BbIKmouaTeneir. MomrHocTs K3

Yro mnonumaercs mOJ KOd(hGUIMEHTOM TpaHCHOpPMAIMM TPH TPUBEIAECHUH SJIEMEHTOB.
CuMMeTrpuuHble 1 HecumMmeTpuuHble K3

ConporuBnenue reHeparopa, BJI u KJI, tpanchopmartopa, peakropa mpu NpUOIMKEHHOM

npusenenuu B UE. Hcnone3oBanue TabIUIBI 3HAUCHUN X/T

Pacuernsle ycnoBus npu Beidope cpencts P3 u A

ComnpoTuBICHUS JBYXOOMOTOYHOTO " TPEX0OMOTOYHOTO Tpanchopmaropa,
aBTOTpaHchopmMaropa

[TpuHIMT HAJOXKEHUS COOCTBEHHO aBaPUITHOTO PEXKMUMA Ha MPEANISCTBYIOIUN
[TpumeHeHre COOCTBEHHBIX M B3aMMHBIX IIPOBOAMMOCTEH

[Tpaktudeckue metosl pacuera DMIIII. OOmme 3amedanus

JlonyiieHus /uis NpakTUYECKUX METOJIOB pacyera

OmuOKM MpaKTHUECKUX METOJIOB pacyera

BinsiHue Harpys3ku Ha TOK K.3. Y JapHBIN TOK K.3.

[TpubnuxenHbIit ydet cucreMbl. CucteMa 6€CKOHEUHO MOIITHOCTH

Pacuer 11t BBIOOpA BRIKITIOYATEIIS TI0 OTKIIFOYAIOIIEH CIIOCOOHOCTH

MeTo1 TUIIOBBIX KPUBBIX

Meron pacyeTHBIX KpUBBIX

Bonpocs! k ko/s10kBUYMY Ne2
O6opBannsbiii ipoBo JIDIT nexxut Ha 3emiie — BHJI HECUMMETPHH U €€ IPUYNHBI
K uemy npusoaut Tok K3. ITyTs TOKa npu mpoctoMm K3
[Ipocroe 3ambikanue. JIBOMHOE 3aMbIKAHUE HA 3EMIIEO
[IpoonpHas, nonepeyuHas ¥ ClI0>KHas HECUMMETPUS
OcHoBHBbIE TIOJIOKEHUS B HeCUMMETpUUHbIX DMIIII
CHHXpOHHBIE MAIINHBL. X U X
Kabenu, peaxropsl, BJI. x; 1 X
Tpancdopmartopsl. X; 1 X
O06o00m1IeHHast HAarpy3Ka. X, M Xo. YUET COMPOTUBIICHUS 3a3€MIICHUST HEUTPAIIH

. CxembI psiMoii 1 0OpaTHOM MOCIIEeI0BATEIIFHOCTH

. Cxembl Hyn€BOM NOCIEN0BATEIBHOCTH

. Hauano u koHer cxeMbl 0CIe10BaTEIbHOCTH

. Pesynprupyromas 3/]C u conpoTuBiaeHHE MPOJOIBHON U MOMEPEYHON HECUMMETPHUH
. OnHOKpaTHas nonepeyHas HECUMMETPUS

. AByx(aznoe x.3.

. JAByx(azHoe K.3. Ha 3eMIII0

. BektopHble quarpaMmbl AJ1s pa3iUyHbIX BUJ0B HECUMMETPUYHBIX K.3.

. Y4eT nepexoIHOTO COIPOTUBIIEHUS B MECTE K.3.

. IIpaBuI10 3KBUBaJIEHTUPOBAHUS MPSMOI MOCIEI0BATEIBHOCTH

. KoMIiekcHbie cxeMbl 3aMeIeHns

. IIpakTHueckure MeTOIbI pacuera IIpu OJHOKPATHOM IONIEPEYHON HECUMMETPUH
. OgHOKpaTHas NpoJoIbHasi HECUMMETPHS

316



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cnncok ucnoJib30BaAaHHOM JINTEPATYPhbl

Kproukos WN.II., Hexnenaes b.H., CrapmumuoB B.A. u np. "Pacuer KOpOTKMX 3aMbIKaHUU U
BBIOOD nekTpoobopynoBanus'. - M.: M3natensckuit nentp "Axagemus", 2005. - 416 c.

I'OCT 28249-93(2003). KopoTkue 3amblkaHUsi B DJEKTPOYCTAHOBKAX TMEPEMEHHOTO
HanpspkeHud 1o 1 kB. — M.: I31-Bo mex. roc. cranaaprt, 2003.

[IpaBuna ycTpoicTBa 3JIEKTPOYCTaHOBOK. - 7-€ W3A. mepepad. u jmom. M.: DHeproaroMmsnar,
2003.

OnektpoTexHuueckuii cnpaBounuk: B 4t1. T.3. [IpousBoacTBo, nepenavya U pacrpeeieHne
anekrpudeckoii suepruu / [lox o6m. pen. mpodeccopo MOU: B.I'. 'epacumona u ap. (T71. pen.
A.u. [TonoB) - M.: Uzn-8o MDOMU, 2002, 964 c.

MscoenoB 1O.B., T'oroneBa JI.b. Pacuer cHMMMETpUYHBIX U HECHMMETPHUYHBIX KOPOTKHX
3aMBIKAaHUN B CHCTEMax JJIEKTpocHaOkeHws. Y4u. mocobue. M3a-Bo AmI'Y, brmarosemieHck,
2002.

KproukoB MW.II. DnexkTpoMarHUTHbBIE MEPEXOJHBIE MPOLECCHl B 3IEKTPOIHEPTrEeTUUECKUX
cucremax: YueOHoe mocodue s By3oB. M.: M3n-80 MOU, 2000.

MeTtoel pacdera TOKOB KOpOTKoro 3ambikanus. CoopHuk 3amau / [Tox pen. W.I1. Kproukosa.
M.: U3za-Bo MOU, 2000.

PJ1 153-34.0-20.527-98. PykoBojsiiue ykazaHus MO pacueTy TOKOB KOPOTKOTO 3aMbIKaHUs U
BEIOOPY 2ekTpoobopynoBanus. M.: M3zn-so DHAC. — 2000.

I0.B. MsicoenoB, H.B.CaBuna, A.H.Ko3noB ABromaTmzanusi B  KypCOBOM U
JUIUIOMHOM ITpoeKkTupoBaHuu. biarosenienck, 2000.

[lepexoaHble MPOIIECCHI DIEKTPUIECKUX CUCTEM B puMepax U wiumocTpanusx. [lox pea. B.A.
CrpoeBa. — M.: 3nak, 1996. — 224 c., un.

I'OCT P 50270-92. KopoTkue 3amblkaHHs B D3JEKTPOYCTaHOBKaxX. MeTonpl pacyera B
ANEKTPOYCTAHOBKAX IMEPEMEHHOrO0 TOKa HampsbkeHueM A0 1 kB. - M.: M3n-Bo craHmapTos,
1993.

I'OCT P 50254-92. KopoTkue 3amblKaHUsi B DJIEKTPOYCTaHOBKax. MeToabl pacueTa
EKTPOINHAMUYECKOTO U TEPMUYECKOTO IEHCTBHUS TOKOB KOPOTKOrO 3amblkaHus. — M.: U3n-
BO cTaHjapTos, 1993.

I'OCT 29176-91. KopoTkue 3aMblkaHusi B JJIEKTPOYCTaHOBKax. Meroauka pacuyera B
AJIEKTPOYCTAaHOBKAX IMOCTOSIHHOTO TOKa. - M.: M311-Bo crangapros, 1992.

CrnpaBOYHMK TIO MPOEKTUPOBAHMIO DIIEKTPUIECKUX CeTel u anekTpoodopynoBanus. / [lox pex.
IO.T'". bapeibuna u ap. — M.: DHeproarommszaar, 1991.

CrnpaBOYHHMK 110 POEKTUPOBaHMIO 3j1ekTpocHabkenwus. / [Ton pen. FO.I'. Bapsionna u np. — M.
OHeproaromusaar, 1990.

[lepexoaHbIe IPOIIECCH B CUCTEMaX JIEKTpocHaOkeHus. YueOnuk / B.H. Bunocnasckuii u ap.
[Ton pen. B.H.Bunocnasckoro. K.:Bricmas mkosa,1989.

I'OCT 27514-87. KopoTkue 3aMblKaHHMs B JJIEKTpOyCTaHOBKAaxX. Meroapl pacueta B
ANEKTPOYCTAHOBKAX MEPEMEHHOIO TOKa HamnpsikeHueM cBbie 1 kB. - M.: M3n-Bo ctanmapTos,
1988.

CripaBOYHUK IO IJIEKTPOCHAOKEHUIO U AekTpoodopynoBanuto / [lox pen.  A.A.dEnoposa.
M.: Dueproaromuznat, 1986.

I'OCT 26522-85. KopoTkue 3aMbIKaHUs B 3JIEKTPOYCTAaHOBKaX. T€pMUHBI U ONpEAETICHUS. —
M.: U3n-Bo crangapros, 1985.

VibsnoB C.A. DIeKTpOMarHUTHBIE NIEPEXOAHBIE MPOIECCHl B JIEKTPHUECKUX CUCTeMax.— M.:
Oneprus, 1970. — 520 c.

ViupsiHoB C.A. COOpHHK 3ala4 TIO JJICKTPOMArHUTHBIM TEPEXOJHBIM IpolieccaM B
ANEKTPUIECKUX CUCTeMaX: YdeOHoe mocobue s By30B. M.: Dueprus, 1968.

317



	1. Типовые программы дисциплины
	1.1. Типовая программа дисциплины для специальности 140203 – «Релейная защита и автоматизация электроэнергетических систем»
	1.2. Типовая программа дисциплины для специальности 140204 – «Электрические станции»
	1.3. Типовая программа дисциплины для специальности 140205 – «Электроэнергетические системы и сети»
	1.4. Типовая программа дисциплины для специальности 140211 – «Электроснабжение»

	2. Рабочая программа дисциплины
	2.1. Цели и задачи дисциплины, ее место в учебном процессе
	2.2. Содержание дисциплины
	2.2.1. Федеральный компонент
	2.2.2. Наименование тем, их содержание, объем в лекционных часах
	2.2.3. Практические занятия, их содержание и объем в часах
	2.2.4. Курсовая работа «Расчет симметричных и несимметричных коротких замыканий в электрической сети» и ее характеристика
	2.2.5. Самостоятельная работа студентов
	2.2.6. Перечень и темы промежуточных форм контроля знаний
	2.2.7. Вопросы к экзамену

	2.3. Учебно-методические материалы по дисциплине
	2.3.1. Перечень обязательной (основной) литературы
	2.3.2. Перечень дополнительной литературы.
	2.3.3. Перечень методических и наглядных материалов, используемых в учебном процессе

	2.4. Материально-техническое обеспечение дисциплины
	2.5. Учебно-методическая (технологическая) карта дисциплины
	2.6. Задания для самостоятельной работы студентов

	3. Краткий конспект лекций
	4. Практические занятия, их содержание и объем в часах
	4.1. Методические рекомендации по проведению практических занятий
	4.2. Перечень тем практических занятий
	4.3. Методические указания по проведению практических занятий

	5. Методические рекомендации по выполнению курсовой работы «Расчет симметричных и несимметричных коротких замыканий в электрических сетях энергосистем и энергообъектов»
	6. Самостоятельная работа студентов
	7. Методические указания по выполнению домашних заданий и контрольных работ
	8. Перечень программных продуктов, реально используемых в практике деятельности выпускников
	9. Методические указания по применению современных информационных технологий
	10. Методические указания по организации межсессионного контроля знаний студентов
	11. Фонд тестовых и контрольных заданий для оценки качества знаний
	Список использованной литературы

