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4 BBEJIEH BIIEPBLIE

Hngpopmayus 06 uzmenenusx k Hacmosawemy cmanoapmy nyoauKyemcst exice200Ho 8 U30asaemom
ungpopmayuonnom ykazamene "Hayuonanvrvlie cmanoapmel”, a mexcm uzmMeHeHUll U NONpasox - 8
excemecsauHo uzoasaemvlx uHGopmayuonnvlx ykazamenax "Hayuonanvnvie cmanoapmol”. B ciyuae
nepecmompa (3ameHbvl) UIU OMMEHbl HACMOAUWE20 CIMAHOapma coOmeemcmayoujee y8e0oMieHUe
byoem OnyoOIUKOBAHO 8 eXceMeCAUHO U30asaemMom ungopmayuonHom ykasamene "Hayuonanvhole
cmanoapmst”. Coomseemcmsyrowas uHGopmayus, y8e0oMIeHue U MeKcmyvl pazmeujaromcs makice



8 UHGOpMAYUOHHOU cucmeme 00We20 NOIbL308aHUA - HA oguyuarbHom cavme PedepanrbHozo
A2eHMCmMea No MexXHUUeCKoOMy pe2yiuposanuio u mempono2uu ¢ cemu Mumepnem

1 O6nacTtb npuMeHeHus

Hacrosmuii cranmapt pacrpocTpaHsieTcss Ha TpexdasHble 3JIEKTPOYCTAaHOBKHM HAIPsLKEHHEM
cBbille | KB nmpoMBIIITIEHHOM 9acTOTHI M yCTaHABIMBAET METO/Ibl pacueTa TOKOB CUMMETPUYHBIX U
HECUMMETPUYHBIX KOPOTKUX 3aMblkaHui (K3) B HauaabHBINA U IPOU3BOJIBHBI MOMEHThI BPEMEHHU.

CraHpapt He pacpoCTpaHsAETCsl Ha 3JEKTPOYCTAHOBKU HampspkeHneM 750 kB u Beiie.
CraHgapT He perylaMeHTUPYET METO/IbI pacyeTa TOKOB:

- IIPU CJIOKHBIX HECUMMETPHSX B DJIEKTPOYCTAHOBKAX (32 UCKIFOYEHHUEM JABOWHOIO 3aMBIKaHMS),
IIPY MOBTOPHBIX KOPOTKHMX 3aMBIKAHUAX M IMPU KOPOTKHUX 3aMBIKAHUAX B JJICKTPOYCTAHOBKAX C
HEJIMHEHHBIMU 3JIEMEHTAMY;

- KOpOTKOFO 3aMBbIKAHUA C y‘IeTOM AUHAMUKHAN BHGKTpI/I‘-IeCKI/IX MallliH HpI/I BHGKTpOMexaHI/I‘ICCKHX
MIEPEXO0JIHBIX MPOIEccax;

- TpU KOPOTKMX 3aMBIKAHMAX BHYTPU ODICKTPHUUECKHX MAaIIWH, TPaHCPOPMATOpPOB W
aBTOTPaHC(HOPMATOPOB;

-  HCHOPOMBINUIJICHHBIX YaCTOT, BO3HHUKAOMIUX TIPU KOPOTKHUX 3aMbIKAaHHUAX B JIMHUAX
3NeKTponepenadn Hanpsbkenuem 220 kB u Bolwe.

2 HopmaTuBHbIe CCbISIKK
B Hacrosimem ctangapTe UCTOIb30BaHbl HOPMATHBHBIE CCHUTKM Ha CIICAYIOIINE CTaHIapPThI:

I'OCT 533-2000 (MDK 34-3-88) MammuHsl 3JeKTpUYecKre Bparmiaronimecs. TypOooreHepaTopsl.
OO01e TeXHUYECKHE yCIOBUS

I'OCT 609-84 Maimunsl 35eKTprueckue Bpamatonecs. Komnencaropel cuHXpoHHBIE. O01ue
TEXHUYECKHE YCIOBUS

I'OCT 5616-89 I'enepatopsl U reHepaTOPhI-IBUTATEIN AICKTPUIECKHE THAPOTYpOuHHbIE. O01mIume
TCXHUYCCKHUC YyCIIOBUA

[Tpumeuanue - [Ipu Moap30BaHUM HACTOSIIIUM CTaHJAPTOM IIeNIecO00pa3HO MPOBEPHUTH ACHUCTBHUE
CCBUJIOYHBIX CTaHIAPTOB B MH(OPMAIIMOHHOW cHCTEME OOIIEro MOJIb30BaHHS - HAa OPUIHMATIEHOM
caiite denepanbHOr0 areHTCTBA MO TEXHUYECKOMY pPETYIMPOBAHUI0 M METPOJIOTMM B CETH
NHTepHEeT WM TO €XKEroJHo wu3gaBaecMoMy HHGOpMaIMOHHOMY YyKazaTenio '"HarmoHaibHbIC
CTaHJApTH", KOTOpBI OMyOJIMKOBAaH IO COCTOSHHIO Ha | sHBaps TeKyllero roja, M IO
COOTBETCTBYIOIIUM €KEMECSIYHO U3/1aBaeMbIM HH(DOPMALIMOHHBIM YKa3aTelsiM, OIyOIMKOBAaHHBIM B



TeKyIIeM roay. Eciu cChUIOUHBINA CTaHIAPT 3aMEHEH (M3MEHEH), TO MPH MOJIb30BAHUH HACTOSIIUM
CTaHJapTOM CJIElyeT pPYKOBOJCTBOBATHCS 3aMEHSIONIMM (M3MEHEHHbIM) cTaHgapToM. Ecnu
CCBUJIOYHBIN CTaHJIApT OTMEHEH O€3 3aMEHBI, TO IMOJIOKEHHE, B KOTOPOM JlaHa CChUIKA Ha HETOo,
IIPUMEHSETCA B YAaCTHU, HE 3aTParuBarOIEH 3Ty CCBUIKY.

3 TepMuHbI ¥ onpeaeneHns

B HACTOAICM  CTAaHAAPTC TMPUMCHCHBI CICAYIOIIUC TCPMUHBI C  COOTBCTCTBYIOIIUMU
OIPCACIICHUAMMU:

3.1 xopoTkoe 3aMbIKaHHe B YJIEKTPOyCcTaHOBKe: Besikoe cirydaiiHoe MM TTpeJHAMEpPEHHOE, HE
MPEyCMOTPEHHOE HOPMAIILHBIM PEKUMOM PabOTHI, JIEKTPUIECKOE COSAMHEHHUE PA3IMYHBIX TOUYEK
(ba3) »oHIEKTPOYCTAaHOBKHM MEXKIAy COO0OM WM C 3eMjed, Tpu KOTOPOM TOKH B BETBAX
DIIEKTPOYCTAHOBKH, MPUMBIKAIONINX K MECTy €0 BO3HMKHOBEHHS, PE3KO BO3PACTAIOT, MPEBHIIIAS
HanOOJBIIAN JTOMYCTHMBIH TOK MPOJODKATEIIEHOTO PEXKIMA.

3.2

KOpPOTKO€ 3aMbIKaHHE€ Ha 3€MJII0 B JJIEKTPOYCTAHOBKE: KOpOTKOG 3aMbIKaHHUEC B
QJICKTPOYCTAHOBKC, OGyCHOBHGHHOG COCIUHEHHEM C 3eMJeH Kakoro-nmibo ee TOKOBCAYIICTO
OJICMCHTaA.

[COCT 26522-85, crarps 2]

3.3

oqHOo(a3HOe KOPOTKOe 3aMbIKaHHMe Ha 3eMir0: KopoTkoe 3aMblkaHWE Ha 3EMJII0 B
Tpex(a3HOW AIEKTPOIHEPTETUUECKON CHUCTEME C TIIyX0 I A(P(HEKTHUBHO 3a3eMIICHHBIMU
HEHTpaJIIMU CHIIOBBIX DJIEMEHTOB, TPH KOTOPOM C 3eMJICH COCIMHSIETCS TOJIBKO oHa (a3a.

[COCT 26522-85, crates 4]

3.4

aByx(a3Hoe kopoTkoe 3ambikaHue: KopoTkoe 3amblkaHue Mexay aByms (azamu B
Tpex(azHOU AEKTPOIHEPTETHUECKON CHCTEME.

[TOCT 26522-85, cratbs 5]

3.5



AByx¢a3zHoe KOPOTKoe 3aMbIKaHHe Ha 3emJr0: KopoTkoe 3amMblkaHWE Ha 3EMIIIO B
Tpex(a3HOW AIIEKTPOIHEPTETUUECKONW CUCTEME C TIyx0 WM d()PEKTUBHO 3a3eMIICHHBIMHU
HEHTpaJIIMU CHIIOBBIX DJIEMEHTOB, ITPH KOTOPOM C 3eMJICH COCTUHSIIOTCS JBe (pa3bl.

[COCT 26522-85, crates 6]

3.6 1BOIiHOE KOPOTKOE 3aMbIKAHHME HA 3eMJII0 B dJ1eKTpoycTaHoBKe: KopoTkoe 3amMblkaHue Ha
3eMJII0  JIBYX pa3HbIX (a3 B Tpex(dazHOW DIEKTPOIHEPreTHUECKOW CHUCTEeME B pa3HbBIX, HO
AIEKTPUYECKHU CBS3AHHBIX MEXIY COOON TOUKAX.

3.7

Tpex(azHoe KOpoTkoe 3ambikanue: KopoTkoe 3aMblkaHme Mexay Tpems (asamu B
Tpex(azHON AIEKTPOIHEPTETHUECKON CHCTEME.

[TOCT 26522-85, cratbs 9]

3.8

NMOBTOPHOE KOPOTKOe 3ambIkaHHe: KopoTkoe 3amblkaHME€ B JJIEKTPOYCTaHOBKE IpU
aBTOMAaTUYECKOM ITOBTOPHOM BKJIFOYEHHH KOMMYTAllMOHHOI'O 3JIEKTPUYECKOIO armmapara
ITOBPEXKICHHOU LIETIN.

[TOCT 26522-85, cratbs 15]

3.9

CHMMETPHYHOEC KOPOTKO€ 3aMbIKAHME: KOpOTKOG 3aMbIKAaHUC B 3JICKTPOYCTAHOBKC, IIPU
KOTOPOM BCE€ €€ (1)331)1 HaxoJiaTCA B OJMHAKOBBIX YCIOBHAX.

[COCT 26522-85, cratbst 19]

3.10

HeCHMMETPHYHOEe KOPOTKOe 3aMbIkaHue: KopoTkoe 3aMbIKaHHE B JIEKTPOYCTAHOBKE, NPH
KOTOPOM OfIHA U3 €€ (pa3 HaXOAUTCS B YCIOBHSIX, OTIIMYHBIX OT YCIOBUHM IPYrux ¢as.

[TOCT 26522-85, cratbs 20]




3.11

YiaJleHHO€ KOPOTKO€ 3aMbIKAHHUE: KOpOTKOG 3aMBbIKAHUC B 3JICKTPOYCTAHOBKEC, IIPU KOTOPOM
AMITININTYIbI HCpHOHH‘IGCKOﬁ COCTAaBJISIOIIECH TOKa JaHHOT'O MCTOYHHKA 3HCPIruu B HaYaJbHBIA
n HpOI/IBBO.HBHHﬁ MOMCHTBI BPEMCHU MMPAKTUUCCKHU OJJUHAKOBEI.

[TOCT 26522-85, cratbst 21]

3.12

0sIM3K0e KOpoTKoe 3aMbikaHue: KopoTkoe 3aMblKaHHE B 3JIEKTPOYCTAHOBKE, IPU KOTOPOM
aMIUTUTY/bI IEPUOANYECKON COCTABIIAIONIEH TOKA JAHHOIO MCTOYHHMKA SHEPIMM B HAYaJbHBIN
Y TIPOM3BOJIbHBI MOMEHTHI BPEMEHU CYHIECTBEHHO OTINYAIOTCSL.

[TOCT 26522-85, cratbst 22]

3.13

TOK KOPOTKOI0 3aMbIKAHHMS B JJIEKTPOYCTaHOBKe: TOK, BO3HMKAIOIIMM NpU KOPOTKOM
3aMbIKaHUHU B 3JICKTPOYCTAHOBKE.

[TOCT 26522-85, crarbs 33]

3.14

anepuoauyecKasi COCTABJIAIOIIAS TOKAa KOPOTKOr0 3aMbIKAHHA B JJIEKTPOYCTAaHOBKeE:
CB00OIHAsI COCTABJISIOINIAs TOKA KOPOTKOTO 3aMBIKaHUS B 3JICKTPOYCTAHOBKE, U3MEHSIOIIASICS
BO BpEMEHH 0€3 IepeMeHbI 3HaKa.

[COCT 26522-85, cratbst 37]

3.15

NepuoJUYeCcKasi COCTABJISAIONIAsE TOKA KOPOTKOI0 3aMbIKaHMs paldodyeil 4acToThl B
3jIeKTpoycTaHoBKe: (CocTaBisionias TOKa KOPOTKOTO 3aMbIKaHUSI B 3JIEKTPOYCTaHOBKE,
M3MEHSIOINIASICS TI0 MEPUONIECKOMY 3aKOHY ¢ pabouel 4acToTOoM.

[TOCT 26522-85, crarbs 38]




3.16

YIapHBIl TOK KOPOTKOro 3amMbikaHusi: HanOomnblliee MrHOBEHHOE 3HAYEHHE TOKa KOPOTKOTO
3aMBbIKaHUsI B OJHOM W3 a3 Tpexda3HOW SIEKTPUUYECKON IIeNH, KOTOPOEe HMMEET MECTO, Korja
KOPOTKOE 3aMbIKaHUE TIPOUCXOAUT B MOMEHT IIPOXOXKICHUS HAMIPSHKCHUS 3TOU (a3bl uepe3 HyJIeBOE

3Ha4Y€HUe, a 1O BO3HUKHOBEHUS KOPOTKOT'O 3aMbIKAHUS TOK B LIEM HOCUT EMKOCTHOM XapakTep WK
OTCYTCTBYET.

3.17

yAapHblii K03(p(PHUIMEHT TOKa KOPOTKOro 3aMbiKaHusi (yAapHblii Ko3¢¢duumeHr):
OTHOmEHNE ymapHOrO TOKa KOPOTKOIO 3aMbIKaHMs K aMIUIMTYA€ IEPUOAMYECKON
COCTABJISIOLICH TOKa KOPOTKOTO 3aMbIKaHHUs paboyeil 4acTOThI B Ha4aJIbHBIII MOMEHT BPEMEHH.

[TOCT 26522-85, cratbst 47]

3.18

TOK KOPOTKOI'0 3aMbIKAHHS NMPAMOii mocjie10BaTeIbHOCTH: OIMH U3 TOKOB CHMMETPUYHON
Tpex(}a3Hoii CHCTEMBI TOKOB KOPOTKOT'O 3aMBIKaHUS TIPSIMOTO CIIeTOBaHUs (as3.

IIpumeuanue - AHaJIOIMYHO OIPENEISAIOT HaNpsHKEHHE MPSMOM IMOCIIENOBATEIbHOCTH IIPU
KOPOTKOM 3aMbIKaHHH.

[COCT 26522-85, cratbs 55]

3.19

TOK KOPOTKOI0 3aMbIKaHUsI 00OpaTHOW mociaeaoBarelbHocTH: OANMH U3  TOKOB
CUMMETPUYHON Tpex(a3HON CHCTEMbl TOKOB KOPOTKOTIO 3aMbIKaHUSI OOPATHOTO CIlIEJOBAHMUS

das.

[Tpumeuanue - AHAJIOTUYHO ONPEACISAIOT HANpsHKEHUE 00paTHOM MOCIeI0BaTeNbHOCTH PH
KOPOTKOM 3aMbIKaHHUH.

[COCT 26522-85, cratbst 56]

3.20



TOK KOPOTKOI0 3aMbIKaHUsl HYJeBOH 1mociaenoBarejJbHOCTH: OINH U3  TOKOB
CUMMETPUYHON HEypaBHOBEIIEHHOW Tpex(a3HOW CHCTEMBl TOKOB KOPOTKOT'O 3aMbIKAaHUS
HYJIEBOTO ClieIoBaHus (a3.

[Ipumedanue - AHAJIOTUYHO OMPEACISAIOT HAMPSHKEHUE HYJEBOM MOCIEA0BATEIbHOCTH MPHU
KOPOTKOM 3aMbIKaHUH.

[COCT 26522-85, cratbst 57]

3.21

MOIIHOCTH KOPOTKOI'0 3aMbIKAHMS: Y CJIOBHAsl BEIMYMHA, PaBHAsl YBEJIMUYEHHOMY B 43 pa3
MPOU3BEACHNI0 TOKa Tpex(a3HOro KOPOTKOrO 3aMbIKaHUSI Ha HOMHHAIbHOE HaNpPsSHKEHUE
COOTBETCTBYIOIEH AJIEKTPUUECKON CETH.

[TOCT 26522-85, cratbs 68]

3.22

MOCTOSIHHASI BPEeMEeHHU anepuoAnYecKoil COCTABJISIIONIE TOKA KOPOTKOI0 3aMbIKAHUS B
JJIEKTPOYCTAHOBKeE: DIIEKTPOMArHUTHASI IOCTOSTHHAS BPEMEHHU, XapaKTePU3YIOMasi CKOPOCTh
3aTyxaHHs allePUOINICCKOM COCTABISIONICH TOKa KOPOTKOTO 3aMbIKaHUSI.

[TOCT 26522-85, cratbs 80]

4 OOLMe NonoXxeHus

4.1 UcxoaHbie MOJIOKECHUA

4.1.1 HacroAummil craHgapT YCTaHaBIMBA€T METOJbI pacueTa TOKOB KOPOTKOIO 3aMbIKaHMS,
HeoOXoauMBble AJis: BbIOOpa M TPOBEPKU HIIEKTPOOOOPYNOBAHUS IO YCIOBHUSIM KOPOTKOTO
3aMbIKaHMs, BEIOOpA YCTAaBOK M OILICHKH BO3MOXKHOTO JICHCTBHSI pEJICHHON 3alUThl U aBTOMATHKH,
OIIpe/IeNIEHUs] BIUAHUS TOKOB HYJIEBOM IOCIENOBATEIbHOCTH JIMHUN 3JIEKTpOIEpenadd Ha JIMHUU

CBSI3U, BBIOOPA 3a3eMJISIOIINX YCTPOUCTB.

4.1.2 CranpapT paccMaTpuBaeT METOAbl pacueTa TOKOB Ipu K3, BHABI KOTOPHIX ITOKa3aHbl HA

pucyHke 1.
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Pucynok 1 - Busbl KOpoTKUX 3aMbIKaHUN

4.1.3 BenuuuHbl, NOJJIEKaAIIUE ONPEACIICHUIO, JOMyCTUMas MOrPEIIHOCTh pacuyeTa TOkoB K3 u
IPUMEHSIEMBII IIPU ATOM METOJ] pacyeTa 3aBUCST OT LieJiel, yka3aHHbIX B 4.1.1.

s BeIOOpa M MPOBEPKH 3JIEKTPOOOOPYAOBAHMS JIOMYCKAIOTCS YIPOIICHHBIE METOJbI pacyera
TokoB K3, ecn ux norpemHocTs He npesbiaeT 5%-10%. [Ipu 3Tom onpenensror:

- HaYaJIbHOE JICWCTBYIOIIEEC 3HAYEHUE MEPUOINUECKO cocTaBisitonied Toka K3 u 3HaueHue »toit
COCTaBHHIOHICﬁ B HpOHSBOHLHBIﬁ MOMCHT BpeMeHI/I, BIIJIOTHh OO0 pacquﬂoro BpeMGHI/I paSMBIKaHI/IH
MTOBPEKICHHOM 11eNH;

- HaYaJIbHOE 3HAYECHHE amnepuoAgudecko cocrapisomedn Toka K3 u  3HadeHwe 3Toit
COCTaBHHIOHICﬁ B HpOHSBOHLHBIﬁ MOMCHT BpeMeHI/I, BIIJIOTHh OO0 pacquﬂoro BpeMGHI/I paSMBIKaHI/IH
MTOBPEKICHHOM 11eNH;

- ynapHbii Tox K3.

Jns BeiOOpa mMapaMeTpOB HACTPOWMKH pEICHHOW 3aliMThl W aBTOMATHUKH ONPEACISIOT
MaKCUMaJIbHOC W MHUHHUMAJIBHOC PACUYCTHBIC 3HAYCHUA HCpHOI[H‘ICCKOﬁ )41 anepnomfmewoﬁ
cocTaBJIIOKX Toka K3 B HaualIbHBIN ¥ TPOU3BOJIBHBIN MOMEHTHI BpeMEeHU Kak B mecte K3, Tak u B
OTACJIBbHBIX BETBAX pacquHoﬁ CXEMBI.



4.1.4 PacueTbl TOKOB B OTJEJIbHBIX BETBSAX PACUETHOW CXEMBI B IPOU3BOJIBHBII MOMEHT BPEMEHU
TpeOYIOT ydeTa 3JIEKTPOMEXAHMUYECKUX IEPEXOJHBIX IPOLIECCOB M MX CIEAyeT HPOBOIUTH C
IPUMEHEHHUEM CPEJCTB BBIUMCIUTEIbHON TEXHUKH.

4.1.5 Ilpu pacuyerax TokoB K3 crnemyer B oOmem ciaydae Y4YWTBIBaTH BCE DJIEMEHTHI
3JIEKTPOIHEPreTUUECKON CcHUCTEMBI. JlomycKaeTcsi 3KBUBAJCHTHPOBATh YJajJeHHYIO OT mecta K3
4acThb 3JIEKTPOIHEPTETUUECKON CUCTEMBI.

4.1.6 Ilpu pacuere MHHHMMAaJIbHOTO 3HaueHus Toka K3 11 mpou3BOJIBHOIO MOMEHTa BPEMEHHU
PEKOMEHAYETCsl YUUTHIBATh COMPOTUBIIEHUE IeKTpuueckor 1yru B Mecte K3, a Taxke yBenuueHue
AKTUBHOT'O CONPOTHUBIICHUS NMPOBOJHHUKOB BCieACTBUE MX HarpeBa TokoM K3 (adekrt TemmoBoro
cnaga Toka K3).

4.1.7 Pacuer NEUCTBYIOIIETO 3HAYEHHS MEPUOIUYECKON cocTaBistomend Toka K3 momyckaercs
IIPOBOANTD, HE YUUTHIBAsE AKTUBHBIE COIIPOTUBIIEHUS AJIEMEHTOB AIEKTPOIHEPIE€TUUECKON CUCTEMBI,
€CIIM PEe3yNbTUPYIOIIEe SKBHUBAJICHTHOE AKTUBHOE CONPOTUBIIEHHWE OTHOCUTENbHO TOouku K3 He
npesblimiaeT 30% pe3yapTUPYIOUIETO 3KBUBAJIEHTHOTO WHIYKTUBHOI'O COINPOTHUBIIEHUS (TpU 3TOM
HOTPEIIHOCTh PacueTOB HE MpeBbIAeT 5%). YKa3aHHOE yCIOBHE MOXKET HE BBINNOJIHATHCS, KOT/A
pacueTHas cxema CoJepKUT KabenbHble TuHUK 6-10 KB 1 Bo3ayniHble TMHUY 3JeKTponepenaun 35-
150 kB ¢ mpoBogamMu HEOOIBITIOTO CEUCHUS.

4.1.8 IIpu pacuerax TokoB K3 nomyckaercs:

- HE YYUTHIBaTh cABUT 10 (aze anekTpoaBmwxkymux cui (3C) n u3MeHeHne 4acToThl BpALECHUS
pPOTOPOB CHHXPOHHBIX T'€HEPATOPOB M KoMIeHcaTopoB B mpouecce K3 (3a uckioyeHuem ciydas,
n3noxeHHoro B 4.1.4) mpu npogonkutenbHocTH K3, He npesbimarorieit 0,5 ¢, a anexkTpoaBurarenei

- ipu npopospkuTenbHocTH K3, He npespimatomeit 0,2 c;

- IPUHUMATH TIOJTHYIO CHMMETPHIO 10 (pa3zaM BCEX IEMEHTOB AJICKTPOIHEPTETUIECKONW CHCTEMBI
(3a uckIIoUYeHrEeM HecummeTpuu B mecte K3);

- HE YYUTHIBATh TOK HAMarHW4MBaHUs TpaHC(HOPMATOPOB U aBTOTPaHCHOPMATOPOB;
- HE BBOJUTH B PACUETHYIO CXEMY HCTOYHHKH OJHEPIHH, KOTOpbIE CBSI3aHBI C YacTbIO
AIEKTPOIHEPreTUUYECKOM CHUCTEMBbI, TJ€ HaxoauTcs pacueTHas Touka K3, ¢ momoibio

QJICKTpomnepeaau Ui BCTABKH ITOCTOSIHHOI'O TOKA,

- MpUOIMKEHHO YYUTHIBATh 3aTyXaHHE allepUoOIUIECKOi cocTapisromnieii Toka K3, ecnu ucxoanas
pacyeTHasi cxema UMEET HECKOIbKO HE3aBUCUMBIX KOHTYPOB (6.5);

- HC YUUTBIBATh HACBIIICHUC MAIrHUTHBIX CUCTCM SJICKTPUUCCKUX MAIlIWH;

- IPUHUMATh CONPOTUBJICHUE IIOCTOSHHOMY TOKY pPa3JIMYHBIX 3JIEMEHTOB DPACUYETHOU CXEMBbI
PaBHBIM UX aKTUBHOMY COIIPOTHUBIICHHUIO;

- YUYUTHIBaTh NPUOIMKEHHO, C TMOMOIIBI0O AKBHUBAJECHTHBIX IapaMeTPOB, AJIEKTPONPUEMHUKH,
COCpPEIOTOUYEHHBIE B OTJIETBHBIX Y3JIaX 3JIEKTPOIHEPreTUYECKOM cucteMsl (paznuen 12);



- HE YYUTHIBATh NONEPEUYHYIO0 EMKOCTh BO3AYUIHBIX JUHUH 3JIEKTporepeaaun HanpsbkeHueM 110-
220 xB npu ux gnmuHe He 60see 200 kM u HanpspkerueMm 330-500 kB npu ux nnuHe HEe Gonee 150
KM;

- mpeHeOperatb BBICHIMMH TapMOHMYECKMMH COCTABISIONIMMU TOKOB TIPH  pacdyerax
HecumMeTpuuHbIX K3.

4.1.9 lnsa pacuera HecuMMeTpUUYHbIX K3 pekoMeHyeTcs: MpenoYTUTEIbHO UCITOIb30BaTh METO/T
CUMMCTPUYHBIX COCTABJIAIONINX, MMPUHUMAA IIOJIHYHO CUMMCETPHUIO IIO (ba3aM BCEX DJIJIEMCHTOB
3JIEKTPOIHEPreTHIECKOM cucTembl (4.1.8).

4.1.10 Tokun K3 B 3aBUCMMOCTH OT CJIO)KHOCTH MCXOJHOM PacyeTHOM CXEMbl M 1M pacyera
ClelyeT OIpeAeNATh MyTeM AaHATUTUYECKUX PACYETOB WM C MCIOJb30BAaHUEM DJIEKTPOHHBIX
BBIYHCIIUTENbHBIX MamH (OBM).

4.2 CocraB He0OXOAUMBIX /JIfI PACcYeTOB TOKOB KOPOTKOI0 3aMbIKAHUSI NMapaMeTpPoOB
3JIEMEHTOB PACYeTHOM CXeMbI

4.2.1 CocraB napamMeTpoB KOHKPETHBIX 3JIEMEHTOB PAcCU€THOW CXEMbl U JaHHBIX O 3HAYEHUSX
pexuMHBIX mapaMmeTpoB 10 K3, koTophlii B 00mmieM ciiydae HEOOXOIuM ISl pacdeToB TOKOB K3,
YKa3aH HUXKE.

4.2.1.1 Cunxponnsie renepatopsl (I'OCT 533, TOCT 5616), cunxponnbie kommneHncatopsl ('OCT
609) u CHHXPOHHBIE AJIEKTPOJIBUTATEIIH:

MB-A, uin HoMUHAIbHAs aKTUBHAS MOIIMHOCTh

- TIOJTHas HOMHHAJIBHASI MOIITHOCTh .3, HOM

HOM >

MBT, 1 HOMUHANEHBIH KOYQPUIMEHT MOITHOCTH COS g »

- HOMUHAJILHOE HanpsDKeHue L ., KB;

L
- CBEpPXIIEPEXO0JHOE UHAYKTUBHOE CONMPOTUBIICHUE MO MPOJ0IABHON OCH % 4 b
*

1) 3nax "*" pacnonokeHHBIH oA 0003HaueHueM ( x ), 03HAYAET, YTO JaHHAS BEJIMYMHA BhIPA)KEHA B
*
OTHOCHUTEJIbHBIX €IMHUIIAX (371eCh U JaJiee).

»

- CBEPXIEPEXOJHOE UHITYKTUBHOE CONPOTUBIIEHUE TI0 TIOTIEPEUHOM OCU X g4;
*

’

- IEPEX0IHOE UHAYKTUBHOE COMPOTUBJICHUE IO MPOJIOJIBHON OCH % 4;
*

- CHHXPOHHOE MHYKTHBHOE COIIPOTHUBJICHHUE IO IIPOJIOTABHOM OCH X 4 ;
E

- OTHOIICHHUE KOPOTKOT'O 3aMBbIKaHUA Kc :



- CHHXPOHHOE MHJYKTHBHOE COIPOTHBJICHHE T10 MONEPEIHOM OCH X
+

- HHIYKTHBHOE COMPOTHBIICHUE OOPATHOH IMOCIIeIOBATEIEHOCTH X3

- I/IHI[yKTI/IBHOG COHpOTI/IBJIeHI/Ie paCCG}IHI/I}I 06MOTKI/I CTaTOpa f'j ;

- IHIYKTUBHOE COMTPOTHUBIICHHE OOMOTKH BO30YKICHHS X

- I/IHI[yKTI/IBHOG COHpOTI/IBJIeHI/Ie HpO,Z[OJ'IBHOFO ,Z[eMH(bepHOI‘O KOHTypa fld ;
- HHIYKTHBHOE COMPOTHBIICHUE TIOMEPEYHOT0 JIeMIT(hepHOro KOHTypa Xig;

- aKTUBHOE COIPOTHBIIEHHNE 0OMOTKH BO30YX/1eHUs (IIp1 HOPMUPOBAHHOM paboueil Temmneparype)
K £ OM;

- aKTUBHBIC CONPOTHUBICHHS MPOJOJBHOTO M TIONEPEYHOro JeMI(epHBIX KOHTYpOB (IIpu
HOPMHPOBaHHO#I paboucii Temmeparype) Rz u Ry, Om;

- TMEpPEXOJHbIE TOCTOSHHBIE BPEMEHHM IO MPOAOJbHOM OCH MPU PA3OMKHYTOM M 3aMKHYTOM
HAaKOPOTKO 0OMOTKax craropa Ty u Ty, C;

- CBEpXIEPEXOIHBIE MOCTOSIHHBIE BPEMEHH O MPOJIOJIBLHOM OCH MPU PA30OMKHYTOM U 3aMKHYTOM
HAaKOPOTKO 0OMOTKax craropa Ty u Tj, C;

- CBEPXIIEPEXOAHBIE MOCTOSIHHBIE BPEMEHU 10 MONEPEYHON OCH MPU PA3OMKHYTON U 3aMKHYTOM
" r .
HaKOPOTKO OOMOTKaX cTaropa Tondy,c

- TOCTOSHHBIE BPEMEHU 3aTyXaHUs alepUOJUYEeCKON COCTaBISAIONIEH TOKa CcTaropa IpHU

TpexdazHoM u ogHodazHom K3 Ha BeIBOgaX MaIIMHbI Tf:' u Té” , C;
- TOK BO30YX/IeHUs IpU paboTe MAIIMHBI C HOMHUHAJILHON HArpy3Koil { From > A
- IpeJeNbHBIA TOK BO30Y)KICHHS MAIIUHBI [ oo A;

- TOK BOBGy)KI[GHI/I}I npu pa60Te MallluHbl B PCKUMC XOJOCTOro Xo0Ja € HOMHWHAJIbHBIM
HaNpPHKCHHEM [ g, A;

- K03 GUIIUEHT MOJE3HOTO ACUCTBUS ()11 CHHXPOHHBIX JJICKTpOJBUTATENCH) 7, %0;



- HANPSDKEHHE, TOK CTaTOpa M KOO(G(QUIMEHT MOIIHOCTH B MOMEHT, npeamecTByonmi K3: L,

f{m n Ccos @{EI:I .
4.2.1.2 ACUHXPOHHBIE IEKTPOABUTATENHN:

- HOMUHAaJIbHAsg MOIIHOCTh Fy . , MBT;

- HOMHHAJIbHOE HanpskeHue Uy ., KB;

- HOMUHAJIbHBINA KO3()OULUEHT MOLIIHOCTH COS @y 3

- HOMHMHAJIPHOC CKOJIbXCHUC &y, :

- KpaTHOCTB ITYCKOBOT'O TOKA IO OTHOIICHUIO K HOMUHAJIbLHOMY TOKY KI[ ,

- KpaTHOCTb MaKCUMAJIbHOT'O MOMECHTA IO OTHOIICHUIO K HOMUHAJIbHOMY MOMCHTY E:IHDH’

- CONIPOTHUBJIEHUE CTATOPa MMOCTOSIHHOMY TOKY (IIpu paboueii Temneparype) &, Owm;

- K03 GUIIUEHT MOIE3HOTO ACUCTBUA 7, Y0;

- HalpsHKeHHE, TOK ¥ KO3(DPUIIMEHT MOIIHOCTH B MOMEHT, MpeAmecTByrommii K3: U{D}' ! (my

Cos @mj .
4.2.1.3 Cunossle TpanchOpMaTOPhI U aBTOTPaHC(HOPMATOPHI:

- HOMMHAJIbHas MOLIHOCTb Sy, MB-A;

- HOMUHAJIbHBIE HANPsDKEHUs1 0OMOTOK, KB, 1 dakTrueckue ko3 pUIMeHTs TpaHCPOopMaLuy;

- HaNpsHKEHUS! KOPOTKOTO 3aMBIKaHUS MEXAY OOMOTKaMH JJIsi cpeiHero (OCHOBHOTO) M KpaitHUX
IIOJIO’KEHUI yCTPOWCTBA I PETYJINPOBAHNS HAIIPSKCHHUS,

- JWama3oH peryIMpPOBAaHMS HANpsDKCHHS Ha CTOPOHAX OOMOTOK BBICIIETO W CPEIHETo
HanpspKeHU# TpancopmaTopa (aBToTpanchopmaTopa);

- IOTE€PHU KOPOTKOT'O 3aMBIKaHUs B 0OMOTKaX, KBT.
4.2.1.4 ToxoorpaHMUMBaIOLINE PEAKTOPBI:

- HOMHHAJILHOE HanpshDKkenue L ., KB;

- HOMUHAJIBHBIA TOK [, A



- HOMHHAJIbHOE HHJYKTUBHOE CONPOTUBIICHUE Xy, OM, uinu UHAYKTUBHOCTH £, ML H;

- HOMHUHAJIbHBIN K03 dULIueHT cB3u K. (TOIBKO JUIA CABOCHHBIX PEAKTOPOB);

- IOTEPH MOIIHOCTH TP HOMUHAJIBHOM TOKe .5, KBT.

4.2.1.5 Bo3ayuiHbie u KaOebHBIC TUHUH AJICKTPOIICPEIaYuHn:

- HOMHHAJIbHOE Hanpsukenue Uy ., KB;

- IOTOHHOE WHIYKTUBHOE CONPOTHUBIICHHE MPSAMOI MOCIEN0BaTENBHOCTH % , OM/KM;
- IOTOHHOE UHIyKTHBHOE CONIPOTUBIIEHNE HYJIEBOU MOCIE0BATENILHOCTH iy, OM/KM;

- TIOTOHHOE B3aMMHOE MHIYKTUBHOE CONPOTHMBJICHHE HYJIECBOM INOCIEIOBATENBHOCTH X, (IpU
HaJIMYMHM HECKOJIPKUX BO3YIIHBIX JUHUN Ha OJHOM Tpacce), OM/Km;

- NIOTOHHBIE AKTHBHLIE CONPOTHBIICHMS INPIMONW M HYJIEBOM IOCIENOBATENBHOCTEM R M Fj,
OM/KM;

- IJIMHA JIUHUU |, KM;

- IOTOHHAS €MKOCTh ', D/KM.

[Ipumeyanue - CropaBoYHBIC [aHHBIE O TMapaMeTpax BO3AYIIHBIX M KaOeIbHBIX JIMHHUMA
AIIEKTpOTIepeaur JOMYCTHMO HCIOJIb30BaTh JIUIIb MPU MPHOIMKEHHBIX pacueTax TokoB K3. Ipu
BBITIOJITHCHUH PACUETOB C IEJIbI0 BHIOOpA YCTAaBOK M MPOBEPKH BO3MOXKHOTO JICUCTBHS PEIICHHON

3alIUTBI 1 ABTOMATUKHU ITOTOHHBIC MMApaMCTPhI CICAYCT PACCHUTBIBATDL:

- JUIs BO3JYIIHBIX JIMHUW - UCXOJS U3 T€OMETPUU PACIIOIOKEHUS IIPOBOJOB HA ONOPAX U MapKu
IIPOBOZIOB I'PO303aLIUTHBIX TPOCOB;

- U151 KaOeIbHBIX JTUHUHN - HCXOS U3 TUTIA (MapKH) Kabems u criocoda ero mpoKIIaIKy.

4.2.1.6 lllynTupyroume peakTopsl:

- HOMUHAJIbHOE HanpsDKeHue L ., KB;

- HOMHHAJbHAsA MOIMTHOCTD .5, kB-A.

HOM >

4.2.2 Tlpu pacuerax TokoB K3 BCE HCTOYHMKHM 3JIEKTPO3HEPIHH, I KOTOPBIX pPacCueTHOE
KOPOTKOE 3aMbIKaHUE SIBJIAETCS yAaJICHHBIM (8.3), ¥ mpuiieraromnias 31eKTpHUecKasi CeTb MOT'YT ObITh
HKBUBAJICHTUPOBAHbl OTHOCUTENBbHO TOYKM K3 (mpm paguanbHOW cXeMe) WIM Kakoro-inbo
IPOMEKYTOUHOIO y3j7a CeTH (IpU CIO0KHOM MCXOJHOW CXE€Me) M NPEACTaBIEHBbl B BUAE OJHOTO



VCTOYHHMKA DHEPrMH, HMMEIOUIEro HeusMeHHyr 1o ammiuryne JOJIC E,, W 5KBHBaJICHTHOIO

CONPOTHUBIICHUA X, ([ajee TaKOH HCTOYHUK HA3bIBAETCS CHCTEMOM).

B cnywasx, korma [yt KOHKPETHOTO y3Jia CETH M3BECTHO 3HaueHHe Toka TpexdaszHoro K3 ot
CHCTEMEBI [ 5{3:', KA, wimm MomHocTH Tpexdaznoro K3 SE:', MB-A, >KBUBAJICHTHOE WHIYKTHUBHOE
CONPOTUBJIEHUE CUCTEMBI %, OM, MOXKET OBITh OIPEEIeHO MO (hopMmylie

2
_ Ucp.m:um _ Ucp.:-n:um (1)

Ko T ﬁf:&-{g} S'IEE:' y

rae LUipuow - CPEIHEC HOMMHAIBHOE HANPSHKCHHE CETH, KB, COOTBETCTBYIOIICH CTYNEHH

HanpsokeHus (4.3.2), B y3i1e KOTOpoil U3BeCTHO 3HaYeHue J 5{3:' U SE:'.

[Ipu sTom DJIC cucremsl cieayeT MPUHUMATh PaBHOM CPEIHEMY HOMHHAIBLHOMY HANPSIKEHUIO
CETU COOTBETCTBYIOIIEH CTYIIEHU HAIIPSKECHUS.

4.3 OnpenesieHne NapaMeTpPoOB 3JI€MEHTOB IKBUBAJIEHTHBIX CXeM 3aMelleHUus
4.3.1 ITapameTpsl 2JIEMEHTOB SKBHBAJICHTHBIX CXEM 3aMEUICHHUS MOTYT OBbITh ONpPE/IEIICHbI:

- B MMEHOBAHHBIX €IMHHMIIAX C TPUBEJACHUEM 3HAYCHUN IapaMeTpPOB PpACUETHBIX CXEM K
BBIODAaHHOW OCHOBHOHM (0a3MCHOI) CTYNEHW HANPSKEHUs] CEeTH M C y4eToM (DaKTHYECKUX
K03 puureHToB TpaHchOpMAMM  CUWIOBBIX  TPAaHCPOPMATOPOB M  aBTOTPAHCPOPMATOPOB
(mpunoxxerue A);,

- B OTHOCHTENIFHBIX €IMHHUIAX C TPHUBEIACHUEM 3HAUYCHHWH IapaMeTpOB pPACUYETHBIX CXEM K
BBIOPAHHBIM 0a3UCHBIM YCIOBHUSM M C Y4eTOM (pakTHUecKHX KO3 PHUIHUEHTOB TpaHChOpMAIMU BCEX
CHJIOBBIX TPaHC(HOPMATOPOB U aBTOTpaHChHOpMaTOpOB (TpuitokeHue b);

- B IMCHOBAHHBIX €JMHUIAX 0e3 NMpUBEICHHS 3HAYCHHH MapaMeTpOB PAaCUCTHBIX CXEM K OJHOU
CTYNECHH HAIPSDKEHUS CETH U C Y4eTOM (PaKTHUECKUX KOA(P(UIIMEHTOB TpaHCPOPMALUU CHIIOBBIX
TpaHchopMaTOpOB U aBTOTPAHCPOPMATOPOB.

4.3.2 Ilpu oTCcyTcTBHMM AaHHBIX O (akThueckux Koddduimentax TpaHcHOpMaIUUd CHIIOBBIX
TpaHc(hOpMaTOpoB M aBTOTPAHC(POPMATOPOB JOMYCKAETCS HMCIIOJIB30BaTh MPUOIMKEHHBINH CIIOCO0
ux yuera. OH cOCTOHUT B 3aMeHe (pakThuecknx K03 huireHToB Tpanchopmaiuu TpaHchopmMaTopoB
U aBTOTpPaHC(HOPMATOPOB  OTHOIIEHHWEM  CPEIHUX  HOMHUHAIBHBIX  HANpsOHKEHUH  ceTei
COOTBETCTBYIOIIUX CTyIEHEH HampspkeHus. [Ipu 5ToOM peKoMeHayeTcss NCTOIb30BaTh CIEIYIONTYIO
HIKATy CPeIHUX HOMHHAIBHBIX HampsbkeHui cereit: 3,15; 6,3; 10,5; 13,8; 15,75; 18; 20; 24, 27; 37,
115; 154; 230; 340; 515 B.

dopMynbl U ONpENeNIeHUs] MapaMeTPOB AJIEMEHTOB JKBUBAJICHTHBIX CXEM 3aMEUICHHS B
HMCHOBAHHBIX W OTHOCHUTCJIBHBIX CAUWHHIAX C MPUBCIACHUCM HUX 3HAUYCHUII K OCHOBHOU CTYlICHHA
HaIPsHKEHUS, UCTIONB3Ys MPUOJIMKEHHBIN Ccrtoco0 ydeTa K03 GUIMEHTOB TpaHC(hOopMaIiy CUITOBBIX
TpaHcGopMaTOpOB U aBTOTPAHCHOPMATOPOB, MPUBEACHHI B PUIIOKEHUH B.



4.4 Bb10op MeTO1a pacyeTa TOKOB KOPOTKOI0 3aMbIKAHUS

4.4.1 Pacuer TokoB K3 B MaJOKOHTYpHBIX pAaCUETHBIX CXE€MaX PEKOMEHIYETCS IPOBOAUTH
AHATUTUYECKUM CTIOCOOOM C HUCIIOJIb30BAHUEM OOLIETIPUHSATHIX METOIOB MPEOOPA30BAHMI CXEM.

4.4.2 Pacuer TokoB K3 B MHOTOKOHTYPHBIX DPACUETHBIX CXEMaX PEKOMEHAYETCS IPOBOAUTH
METOJIOM Y3JIOBBIX HAIPSXKEHUH MIIM METOJOM KOHTYPHBIX TOKOB C MCMOJIb30BaHreM DBM.

[Tpu ncmonb30BaHUK METO/1A Y3JIOBBIX HAMPsXKEHUM HEOOXO0AMMO PEUIUTh MATPUYHOE YpaBHEHHE

[ =Y Do 2)

rae { ¥ CTOJIOITOBAs MAaTPHUIIA y3JIOBBIX TOKOB;

¥ 3 - KBAJIpaTHAs MaTPUIIA COOCTBEHHBIX U B3aUMHBIX y3JIOBBIX TPOBOJAUMOCTEH;

giﬁ - cTOJI01I0Bast MaTpUIIa Y3JIOBbIX HANPSHKEHUI.

[Ipu ucronp30BaHUK METO/1a KOHTYPHBIX TOKOB HEOOXOUMO PEIIUTh MATPUIHOE yPaBHEHUE
By =2y, (3)
rae £, - cronbuosas marpuna D/1C;
Z . - KBaJIpaTHasi MaTpUIa COOCTBEHHBIX M B3aMHBIX COINIPOTUBIICHUI HE3aBUCHMBIX KOHTYPOB;

/. - cTon0noBasg MaTpuIa KOHTYPHBIX TOKOB.

5 PacuyeT HayanbHOro AencTByKOLWEro 3Ha4eH1s NnepmoanveckKomn
COCTaBnAKLWeEN ToKa Tpex¢a3HOro KOPOTKOro 3aMblKaHMA

5.1 Ilpu pacuere MaKCUMaJbHOIO HA4YaJbHOIO JCHCTBYIOLIErO 3HAYEHUS NEPUOANUYECKOMN
cocrapisitonieil Toka TpexdasHoro K3 nomkHbl ObITh yYTEHBI BCE CHHXPOHHBIE T€HEPATOpPHI U
KOMIIEHCATOPBI, @ TAK)KE€ CUHXPOHHBIE M aCHHXPOHHBIE AIeKTpoaABHUraTesnn MouHocThio 100 kBT 1
Oosee, eciad OSTU OHJIEKTPOJABHUraTeNId HE OTHENEeHbl OT Touku K3 TOKOOrpaHWYHBAIOUIMMHU
peakTopaMu WIH CUJIOBBIMU TpaHc(hopMmaTopaMu. B aBTOHOMHBIX CHCTEMax MpH pacuerax TokoB K3
CJIEAyeT YUUTHIBATh U JIEKTPOJBUTATEIN MOIIHOCThIO MeHee 100 kBT, eciu ux 1o B cyMMapHOM
toke K3 cocraBnsier He meHee 5%.

52 CI/IHXpOHHBIe U ACUHXPOHHBIC MallWHBI B CXCMY 3aMCHICHUA JOJIZKHBI 6I>ITB BBCCHBI
CBEpPXIIEPEXOJHBIMUA  CONpOTUBICHUSIMH U  cBepxnepexogubiMu  JJIC. Tlocnennue crnepgyer
IPUHUMATDH YUCIEHHO paBHBIMU 3HaueHUsAM 3Tux DJ[C B MOMeHT, npeamecTByromuii K3.



JUis  CHHXpPOHHBIX T€HEpPAaTOpOB U 3NeKTpojBurareneii, koroppie a0 K3 paboramm c
nepeBo30yxennemM, ceepxnepexoanyro JJIC (dha3Hoe 3HaUCHHE) Eq“;, kB, crienyer onpenensTe mo

dopmyne

Bj = | Upay + Iy sin wgy)® + Uy cos wg))? 4)
rae Uq:{EI} - (hazHOE HAMPsHKEHUE Ha BHIBOJIaX MAIIMHBI B MOMEHT, TipeamecTByommil K3, kB;
{¢ny - TOK cTAaToOpa B MOMEHT, mpeainecTByommii K3, kA;
©0y - YTOJ CIIBUIa (a3 HanpsHKEHUs ¥ TOKa B MOMEHT, npemectByonwmii K3, pas.

JIJisi CHHXPOHHBIX T€HEpPaTOPOB U dJIEKTpoABUTaTeNeH, padoTaBmmx 10 K3 ¢ HegoBo30y)aeHHEM,
ceepxnepexoanyto IJIC ciemyer onpenensaTs mo Gopmye

E%' - J(UEP':D]' + fiﬂllxr;' it @(Dj:'z + ':f.:n:.x;‘ cos qol:m]g , (5)

JUis  CHHXPOHHBIX KOMIIEHCAaTopoB, paboTaBmmx 10 K3 ¢ mepeBo3OyxkaeHUEM, CleayeT
OTIpeNIETATh TI0 hopMyIIe

By =Uginy +1ioy%a. (6)
a paboTaBIIUX C HETOBO3OYKICHUEM, 110 (hopMyJie
B =Uginy +ioy2a- (7)

s acMHXpOHHBIX JJIeKTpoABUTraTener cpepxmnepexoanyro JIJIC cienyer ompenensTh IO
bopmyne

B = | Upiey + Lymi sin o)) + Uy s cos o) ®)

[IPUYEM CBEPXIIEPEXOAHOEC UHIYKTUBHOE COIPOTUBIICHUE x:E,LH , OM, nomyckaeTcst onpeaessiTh 1o
dopmyne

" 1 U2 cosp 7
Khp = — HOM mom '/ (9)
lkfl'[ PI‘[EIH

rae X, - KpaTHOCTb IIyCKOBOI'O TOKA JJIEKTPOJBUIATENs IO OTHOIIEHHIO K €r0 HOMHUHAIBHOMY
TOKY;

U/ oy - HOMMHAJIbHOE HANPSHKEHUE DIIEKTPOJABHTATENS, KB;



COS gy - HOMUHAIBHBIN KO3()OHUIUEHT MOIIHOCTHU E€KTPOJBUIaTEN;
1 - KIIJ1 anexkrpoasurarens, %;
Flyn - HOMMHAJIbHAS MOILHOCTE dJIEKTpoaBurarens, MBT.

5.3 Ilpu pacuere TokoB K3 B OTHOCHTEIBHBIX €IMHULAX C IPUBEICHUEM 3HAYEHUI MMapaMeTpoB
pacyeTHOM CXeMbl K BBIOpAHHBIM 0a3MCHBIM YCJIOBHUSM ISl onpezeseHus ceepxmnepexoanoun I/C
AIIEKTPUUYECKUX MAIUH CJIeyeT HCI0JIb30BaTh (POPMYIIbL, IPUBEACHHBIE B IPUIOKEHUH [ .

5.4 Tlpu ucnonp3oBaHUM IS pacuera TokoB K3 aHanmuTHyeckoro crmocoba cxemy 3aMeleHus,
MOJIYYCHHYI0O B COOTBeTCTBHHM ¢ 5.1-5.3, HeoOxoammo mipeoOpa3oBaTh H  OMPEICTUTH

L
pe3yJIbTUPYIONTYIO SKBUBaNeHTHYIO0 DJIC Eq“; s (MM E 3p(51) U pe3ylbTUPYIOLIEE YKBUBAJICHTHOE
) *
CONPOTHUBIICHUE X, (WM fm{ﬁ}) OTHOCUTENBHO TOYKM K3. HauanbHoe neiicTByrollee 3HaUCHHE

TIEPHOIMYECKOM cocTapisromen Toka B Mecte K3 ([ ), KA, paBHO

. B
Foy + KD
Jg=—d= (10)
Fam Xam(h)

riae {g - 6a3MCHBIN TOK TOW CTYIIEHH HaNpPsLKEHHs CETH, Iie HaxoanuTcs Touka K3, KA.

5.5 Meronuka yyera KOMILIEKCHOW HAarpy3KH IIPU pacyeTe Ha4aJIbHOIO 3HAYCHUS NIEPUOIUYECKON
cocTapistonen Toka K3 usznoxxena B pazaene 12.

5.6 Ilpm npuOIMKEHHBIX pacyeTax HaYaIbHOE JCUCTBYIOIIEE 3HAUYCHHE MEPUOJIUYECKON
cocraisitolel Toka B Mecte K3 momyckaercs onpeaensTb 10 METOy 3KBUBAJICHTHOT'O T€HEpaTopa,
npussB 3JIC BceX HCTOYHUKOB AJIEKTPOIHEPTUN PABHBIMU HYJIIO U UCTONB3Ys (PopMyTy

[
Lg=—0 ¢ Usom (11)
5 3 Xag
1580307
A k()

rae LUy - Hanpsbkenue (muHeiiHoe) B Mecte K3 B MomenT, npeamecrsyroumii K3, kB;

X - PE3YIBTHPYIOIIEE SKBUBAJIEHTHOE CONPOTUBJIEHUE PACUETHOM CXEMBI OTHOCHTENILHO TOYKH
K3, Owm;



£ - KO3(pGUIUEHT, 3HAUEHHE KOTOPOTO PEKOMEHIyeTcs MpUHUMAaTh paBHbIM: ¢ =1,1 - mpu
OTIpeNieIeHnH MaKcuMaibHOTO 3HaueHus Toka K3; ¢ =1,0 - mpu ompeneneHudn MHUHUMAIBHOTO
3HaueHns Toka K3;

o

HOM
3aMbIKaHue, KB;

HOMMHAJIbHOE HampshkeHue (JIMHEeHHOe) ceTH, B KOTOPOW MPOM30LLIO KOPOTKOE

X g5y - OKBUBAJICHTHOC CONpPOTHBICHHE pACYCTHOM CXEMbl OTHOCHTENBHO TO4YkH K3 B
*

OTHOCHUTCIIBHBIX €IUHHUILIAX IIPU BBI6paHHBIX 0a3UCHBIX YCIOBUSX.

6 PacuyeT anepmogunyeckon cocTaBnsAoLEen Toka Tpex¢gasHOro KOpoTKOro 3amMmbiKaHUA

6.1 HavanpbHOe 3HAYCHHE AaNEepPUOIUYECKON COCTABISIIONICH TOKa Tpex(a3zHOTO KOPOTKOTO
3aMBIKaHUS CIEIYET ONPEAEIATh KaK MOAYJb OT Pa3HOCTH MITHOBEHHBIX 3HAUYECHMI MMOJHOTO TOKA B
MOMEHT, npeaecTByronmii K3, n nepuoanueckoil coctaBisomeld Toka B HauanbHbI MOMEHT K3.

6.2 Haubonbiee HauvanpbHOE 3HAYCHHE allepUOIUUYECKON coctaBisitonieii Toka K3 B oOmem

cnyqae CJIG,Z[yGT cHuTaThb paBHBIM aMH.HI/ITy,Z[G H€pHO,Z[H‘-I€CKOfI COCTaBHHIOHleﬁ TOKa B HaanBHBIﬁ
momeHT K3

fg =21 (13)
OTO BBIPAKEHHUE CIPABEJIUBO MPH YCITOBHUSIX:

- CeTh MMEET BBICOKYIO JIOOPOTHOCTB, BCIICICTBUE YEro aKTHBHBIM CONPOTHBICHHEM MOXKHO
npenebdpeus (4.1.7);

- 1IeTlb, B KOTOPOM HaxoauTcs pacueTHas Touka K3, 10 MOMeHTa KOpPOTKOTO 3aMbIKaHHs He Oblia
Harpy»eHa.

B cinydae HeBBIONIHEHUs YKa3aHHBIX YCJIOBUH  HaumOojbllee HayalbHOE 3HAUYEHHE
anepuoanyeckon cocrasistomieid Toka K3 cnengyer onpenensite B COOTBETCTBUU C 6.1.

6.3 B poCThIX pagualIbHBIX CXEMaxX alepHOAUYECKYI0 COCTABIAONIYI0 Toka K3 B Mpon3BOIbHBIN
MOMEHT BPEMEHH i, CIEAYET ONPENEIITh N0 GopMyJIe

{

ai =l € 4 ' (14)

rae 7, - IOCTOSHHAas BPEMEHM 3aTyXaHMs alepUOJUYECKOM COCTABIAIOIIEH TOKAa KOPOTKOIO

3aMbIKaHus, C, paBHAs



A S (15)

TIE X, U Fp - DKBUBAJIECHTHBIC HHyKTHBHOE M aKTUBHOE conpoTupienus nenu K3, Owm;

W - CAHXPOHHAS YIJIOBAs 4aCTOTA HANPSKEHHs CETH, paji/C.
Ilpn onpeneneHMn 3HA4eHUHM x,, W K, CHHXPOHHBIE TI'CHEPATOPbl M KOMIIEHCATOPHI,

CHUHXPOHHBIC U ACHHXPOHHBIE AJIEKTPOABUraTEIN B CXEME 3aMELICHUs JJOJKHBI OBITh IPEACTaBIECHBI
UHAYKTUBHBIM  CONPOTHBJIIGHHEM  OOpaTHOM  MOCJIENOBATENbHOCTH  (IJI1  ACMHXPOHHBIX

dJIeKTpoABUTaTeNedl x3 = Xjy) M CONPOTHBICHMEM NOCTOSHHOMY TOKY OOMOTKM CTaTopa HpH

HOPMHPOBAaHHOW paboueit Temmneparype 3Toii 0OMOTKH.

[Tpu oTCcyTCTBUM JaHHBIX O CONPOTHUBIIEHUU MOCTOSHHOMY TOKY OOMOTKH CTaTOpa aCMHXPOHHBIX
DJIEKTPOJBUTATENIEN 3TO CONPOTHBICHHUE 1, OM, I0MyCKaeTCst ONpeensTh no Gpopmyie

2
Rﬂﬂ _ Sxom L o COF @aom | (16)
100 10058,

TAC &Sppgy - HOMHHAJIBHOC CKOJIBIKCHHUC DJICKTPOABUTATECIIA, %;

7 - KO3 GUIUEHT MOJIe3HOro AeicTBUS, Y.

[Ipumeuanne - AnepuoaMuecKyro cocTaBistonlyto Toka K3 oT cMHXpOHHOro reHeparopa B
IPOU3BOJIBHBII MOMEHT BPEMEHH i, KA, B Cllydae HEOOXOIUMOCTH ydeTa TOKAa I€HepaTopa B

MOMEHT, nipeamecTBytonmit K3, cienyer onpenensts mo ¢popmyie

\,{l'_fl:l:ljlg f - Ef—sm 1,:!-"|:|:|:| +1 (17)
(o (o)

rae 7, - TOCTOSHHAs BPEMEHM 3aTyXaHMs anepuoJUYEcKod cocrapisgiomel Toka K3 or
reHeparopa, c;

{¢gy - ACHCTBYIOLIEC 3HAYCHHUE TOKA TCHEPATOPA B MOMEHT, npeAmecTByomui K3, kA;

w - yrox casura (a3 cepxnepexoanoit /1C u Toka reHepaTopa B MOMEHT, MPEAIIECTBYIOINN
K3, pan.

6.4 B CHOXHBIX pPa3BETBIEHHBIX CXEMax, COJAEPXKAIUX TOJBKO HHIYKTUBHBIE U aKTHUBHBIC
COIIPOTHUBIICHUS, arlepruoaAnYecKas cocTaBisionias Toka K3 npencrasnser coboit cyMMy SKCIIOHEHT,
YHCII0 KOTOPBIX PABHO YMCIIY HE3aBUCUMBIX KOHTYpPOB, IOATOMY JIOCTATOYHO TOYHO 3HAUYEHHE 3TOU



COCTaBHHIOHIeﬁ B HpOH3BOJII:HI:IfI MOMCHT BpeMGHI/I MOKHO HO.Hy‘II/ITI: JINIIb HYTCM pemeHml
cucteMbl auddepeHITuaTbHbIX YPaBHEHUM KOHTYPHBIX TOKOB WJIM Y3JIOBBIX HAIPSIKEHUH,
COCTABJICHHBIX C y‘-IeTOM KaK I/IH,Z[yKTI/IBHBIX, TaK U aKTUBHBIX COHpOTI/IBHeHI/Iﬁ BCEX BJIECMCHTOB CXEM
(CHHXpOHHBIE W ACHMHXPOHHBIC MAIMHBI JOJDKHBI OBITh YYTCHBI CONPOTHUBICHHSAMH OOpaTHOM
IIOCJICOOBATCIIBHOCTU W AKTHBHBIM COHpOTI/IBJIGHI/IeM O6MOTKI/I CTaTOpa). I[JDI OHp@I[eJIeHI/IH
HauOOJIBIIIETO 3HAYCHUS arlepUOIUIECKON cocTaBistonieil Toka K3 HavanbHbBIE YCIOBUS ISl BETBU
IIEKTPUYECKON LIENH, B KOTOPOM HaXoAUTCs pacueTHas Touka K3, cienyer npuHUMaTh HyJIEBBIMU.

6.5 Ilpu npuOIMKEHHBIX pacueTax anepuoaAnvYecKol cocrapistomeld Toka K3 momyckaercs
IPUHUMATh, YTO B JIFOOOM CIIOKHOM CX€Me 3Ta COCTABIAIONIAsA 3aTYXAeT M0 HKCIOHEHIMAIbHOMY

3aKOHY C DKBUBAJICHTHOW IIOCTOSSHHOM BPEMEHH 1, 5., C, ONPEJIENIAEMOM 110 OJHON U3 IPUBEIECHHBIX

HIKe GopMyd (TepBast U3 HUX JTaeT HAUOOJBIIYIO MTOTPEUTHOCTD, MOCIEAHSS - HAMMEHBIITYIO):

X
Tasm = R : (18)
O Rar: [ x=M

In 2,
T = 19
83K o R Zor (19)

Im £

Ty = 2,5 —ex ) (20)

O oy Re 5_'7’33:{20} ’

A€ X, (R=0) m A, (x=0 - OKBUBAJIECHTHLIE MHIYKTUBHOE M aKTHBHOE COIPOTUBIICHHS

OTHOCUTCIIBHO TOYKH K3, OonmpeacIsIEMBIC U3 CXEM 3aMCUICHUA, B KOTOPBIX BCC 3JICMCHTEBI I/ICXOI[HOI\/'I
pvaeTHOﬁ CXCMbl YYTCHbBI COOTBCTCTBCHHO TOJBKO HWHAYKTHUBHBIMHU U TOJIbKO AKTHUBHBIMU
COIIPOTUBJICHUAMU

£3K - KOMILUICKCHOC OJKBHUBAJICHTHOC COIPOTHUBJICHUEC CXEMBI 3aMCIICHHA OTHOCHUTCIBHO

pacuetHoit Touku K3, onpenensiemoe npu yacrore 50 I'i;

ImZ,, w EReZ, - COOTBETCTBEHHO MHHMMas M JCHCTBUTENbHAS COCTABIAIOLIUE 3TOrO

COIIPOTUBJICHUS,

ZBK (2m KOMIIJICKCHOC PE3YJIbTUPYIOHICC 3KBHUBAJICHTHOC COIIPOTUBJICHHUC CXCMbI 3aMCIICHUSA

OTHOCHUTENbHO pacueTHoM Touku K3, onpenensemoe npu yactore 20 ['1x;

Im Z.p paqy ¥ Re Z, (g - COOTBETCTBEHHO MHMMas M JICHCTBUTENBHASA COCTABIIAIOLIME 3TOTO

COIIPOTUBJICHUS.

ITpumeuanue - [Ipu onpeneneHUy SKBUBAIEHTHON TOCTOSIHHON BpeMeHH T 5. 10 (opmynam 18

U 19 1 CUHXPOHHBIX M aCHHXPOHHBIX MAIMH CIEAYeT YYUTHIBATh MHIYKTUBHOE COIPOTHBIICHUE
00paTHOM MOCIEeI0BATEIBHOCTH U AKTUBHOE COTIPOTUBJICHHE OOMOTKHU CTaTOpa.



6.6 B Tex cimydasix, KOrja pacueTHasl cXeMa OTHOCUTENIbHO TOYKM K3 nenutcs Ha paauaibHbIE
HE3aBUCHMBbIE IPYT OT Apyra BETBH, IPU MPUOIMKEHHBIX pacdyeTax CyMMapHYIO arepHoAUYECKYIO
COCTaBIISIONIYI0 TOKa B MecTe K3 B MpOM3BOJILHBI MOMEHT BPEMEHH B KHJIOAMIIepaxX CieayeT
OHp@I[eJIHTL KakK CYMMy aHepI/IOI[I/I‘IeCKI/IX COCTABIAKOIINUX TOKOB OTACIIBHBIX BGTBGI\/'I

f

: o T
Tat = Zizalilz'é' | (21)
=

€ # - 4YUCJIO HE3aBHMCHMbIX BETBEH CXEMBI,

iy0; - HaYaJabHOE 3HAUYEHME allepHOJUIECKON cocTaBsronien Toka K3 B i -il BeTBH, KA,
T,; - TIOCTOSTHHAs BPEMEHU 3aTYXaHUs allepuOAMYECKON COCTABIIAIONICH TOKa B i -H BETBH, C.

Jlnst obnerdeHus pacyeToB MO ONPENEICHUIO i,;, B MPUIOKEHUH [l JaHbl KPUBBIE 3aBUCHMOCTHU
iys {1y OT BPEMEHM IIPH PA3IMYHBIX 3HAYEHMAX T, , a B IpunoxkeHuu E npusenensl 3nauenus x /&

U T, 178 XapaKTEPHBIX BETBEH DJIEKTPOIHEPTETHUECKUX CUCTEM.

7 PacyeT yaapHoro Toka Tpexdga3sHoro KopoTkoro 3amMmbiKaHu1A

7.1 Ilpu pacudere ymapHOro TOKa KOPOTKOTO 3aMBbIKaHUS [IOMYCKAE€TCS MPUHUMATh, YTO OT
HayasibHOrO MoMeHTa K3 10 MoMeHTa, KOrja TOK OKa3bIBaeTCsl YAApHbIM, aMILUIUTYAA
MepUoOaNYEcKo cocTaBisamoneid Toka K3 ocraercs HEW3MEHHOH, pPaBHOW aMIUIUTyAE JTOM
cocTaBismolel B HadanbHbli MoMeHT K3. MckitoueHue cocTaBiIOT Ciaydau, KOIJa pacdyeTHas
touka K3 HaxonuTcs BOIM3M aCHHXPOHHBIX AJICKTPOIBUTATEIICH.

7.2 B cnyuae, Korjia MCX0Hasg pacueTHas CXeMa SBISETCS paualibHOM, yaapHbiid Tok K3 . KA,
CIIeTyeT OMpeeNsiTh o Gopmyre
I'Bm=j(:ﬂ.l'r§frﬂ, (22)
rae ¥ - ynapHbii kodddummenT Toka K3.
VY napusriii ko3¢ dunrent Toka K3  pekoMeHyeTcst onpeaensTh o 0gHou u3 GopMy:
3
% =102+098e Pamla (23)

_0,01(0, 5+ )
¥=1+e Ty ) (24)



riae 7, - MOCTOSTHHAs BPEMEHU 3aTyXaHMs alepuoANYECcKoi cocTasistomel Toka K3 (6.3), ¢;

@y - YTOJI caBHra 1o (haze Mexay nepuoguueckoil cocrasisitomieit Toka K3 u HanpsokeHuewM, pan,
KOTOPBIA ONPEIEINISIOT 10 hopMyIie

oy = arctg 225 (25)
)i

Ilpn otHOWEHNN X, f R, »5 ynapueii koddduuuenT Toka K3 ¥ ¢ 1omyctumo onpeaenars mo
bopmyie

0,01
y=1+e . (26)

£

7.3 B tex ciywasix, Korjga MCXOJHas pacyeTHas cXxema SIBIAETCS MHOTOKOHTYPHOM, BBICOKAas
TOYHOCTh OIpeneNneHuss yaapHoro Toka K3 Moxer ObITh NOJy4deHa TOJBKO IYTEM pELICHHS
COOTBETCTBYIOIIEH cHUCTEeMBl NU(PepeHInanbHbIX ypaBHEHUI, COCTaBICHHBIX /JIi MTHOBEHHBIX
3HAQYCHUI TOKOB B y3JIaX U INAJCHUN HANPSKEHUA B KOHTYPAaX CXEMbl 3aMEILEHHUs, YUYUTIBAIOLIEH
KaK UHJIYKTUBHBIC, TAK U aKTUBHBIE COMPOTHUBIICHUS BCEX 3JIEMEHTOB MCXOJHON PacueTHON CXEMBI.

7.4 Tlpu mpuOIMKEHHBIX pacueTax yaapHoro Toka K3 B MHOTOKOHTYPHOU CXeMe CIIeTyeT, HCXOI
U3 JIONyIIeHUs 00 SKCIIOHEHIIMAIbHOM XapaKkTepe 3aTyXaHus allepuoIMuecKOil COCTaBIAIOMIEN ToKa
K3 B cxeme c J00BIM YHMCIIOM HE3aBHUCHUMBIX KOHTYpPOB (6.5), TpenBapHUTEIbHO OMpPEaeInTh
DKBUBAJICHTHYIO IIOCTOSHHYI0 BPEMEHHU 3aTyXaHMs JTOW COCTaBIAIOIIEH 7, .., 4 3aTeM HalTH

yaapHeli kodddunment Toka K3 .. mo popmyne

3
¥ap = LU2+0,98 e_m (27)
i
_0,01{0, 5+, /)
Ko =1%e (28)
Y ONpeaeInTh yaapHbiid Tok K3
by = Ko V2 I (29)

Ipn x,. { R, »5 ynapusii kosppuuuent Toka K3 nomnyctiumo onpenenats no popmyie

)
Tﬂ.m
Ko = 1+e W% (30)




7.5 B Tex ciydasax, korza pacueTHas Touka K3 HeIUT MCXOAHYIO pacueTHYH CXEMY Ha
pazuanbHble HE3aBUCUMBIE JIpYT OT Ipyra BETBH, NPH NPUOIMKEHHBIX pacderax yaapHblil Tok K3
JOIIyCTUMO OIIPEEIATh KaK CyMMY YAApHBIX TOKOB OT OTACJIbHBIX BETBEH, T.€.

m
ym = "-'E 2 xid i (31)
i=1

rIe ¥; - ylapHbii koodppuuuent Toka K3 i -ii BeTBH;

/oy - HadanbHOE JICHCTBYIONIEE 3HAYEHHE NIEPUOJMYECKOM cocTaBisoniel Toka K3 B i-i BeTBH,
KA.

7.6 Ilpu ompenenenun yaapHoro Toka K3 M MOMeHTa €ro BO3HUKHOBEHHS Ha JIMHUAX C
YCTAaHOBKAMM MPOAOJIHHOW KOMIEHCAlMM HEOOXOJUMO YYHUTHIBATH HE TOJBKO MEPUOJUYECKYIO
cocTaBsionyo Toka K3, HMEIIIyt0 CHHXPOHHYIO YacTOTY, M alepUOJIMYECKYI0 COCTABJISIIOLIYIO,
HO U CBOOOJHYIO MEPUOJNUECKYIO COCTABIISIONIYIO TOKA, UMEIOIIYIO MOJCUHXPOHHYIO YacTOTY.

8 PacueTt nepmogunyeckon coctaBnsaoLen Toka TpexgasHoro KOPpoTKOro 3amMmbiKaHUA
OT CUHXPOHHbIX reHepaToOpPOB B NPOU3BOJIbHbIA MOMEHT BPeMeHU

8.1 B ciloXHBIX cXeMax MEPUOJNYECKYIO COCTABIIAIONIYIO TOKa K3 OT CHHXpOHHBIX F€HEPAaTOPOB
(KOMIIEHCATOPOB) B IPOM3BOJBHBIH MOMEHT BPEMEHHU CJEIyeT PacCUUTHIBATh IYTEM pELICHUs
COOTBETCTBYIOLIEH cucTeMbl auddepeHInanbHbIX YpaBHEHHH MNEPeXOAHBIX IPOLECCOB ¢
UCIoJb30BaHneM DBM.

8.2 B mpocCThIX pamMalbHBIX CXEMax JEUCTBYIOIIEEC 3HAUYCHHE MEPUOJUYECKON COCTABIISIIOIIECH
toka K3 0T CHHXpOHHOWH MamIMHBI C THUPUCTOPHOW HE3aBUCUMON CHCTEMOW BO30YXICHHS B
MPOU3BOJILHBI MOMEHT BPEMEHH JIONYCTHMO OMNPEACNATh aHATIMTUUECKHM CIIOCOOOM, HCIIONb3YS

bopmybL:

H

PO D N 2 0 1
dof [l g +
g T Xpm | Fdad Y Rem X4 T Yew
En‘-‘ En’ _L
+ gy g(0) 2 Tz + (32)

g P X %d T e

gt Xpy T:i _TE Fprn

f
L 10] u:wld T %d T Ty | ¢ Doom
Td



lgnt =—F——= (33)

2 2
Ing = ol dgm + fgm ’ (34)

rae Egqy - cuaxponHas SJIC MallHBI 10 MONEPEYHOH 0CH K MOMEHTY K3;

Eém} u E;{Dj - mepexoHas u cepxnepexoanas 3/1C MalIMHbI 10 MONEPEYHON OCH K MOMEHTY

K3;

£ - IpenesibHOE 3HauYeHHe CUHXPOHHOU D /[C MamumHbI 10 TONEPEYHON OCH;

I

Eny - ceepxnepexonnas DJIC MalmHbl 00 NPOI0NbHOM ocH K MOMeHTY K3;

Xgy -~ BHCIIHCC COIIPOTHUBIICHUC,

T; n T; - IOCTOSIHHBIE BPEMEHH 3aTyXaHHUs MEPEXOJHON M CBEPXIIEPEXOIHON COCTABIAIOIINX

toka K3 mo HpOI[OJII:HOﬁ OoCH, C, C YYCTOM BHCHIHCTO COIIPOTUBIICHUA Xgyp, OTH IIOCTOSHHBIC

BpeMeHH npu K3 3a BHEIIHUM CONPOTUBIICHUEM ONPEEISIOT M0 (OopMyIaM:

rac

Tg=Tp +Tig
TeT
TE = ,:r" .lf ld.- !
Ty + Ty
x:!
, xf _ qd
T = xf - Xg t gy
f - ’
mcme mcme
2
_ Lad
xig "4 g tx
oo B .
Tld - H

(35)

(36)

(37)

(38)



2 42
(%5 + Zpm) ™ X2g

a'=1- 5 T (39)
[x_f (xg + Xpm) ~ X 1% (X * Fp) — Xgg ]

vy = ) L1t T (40)
iy —xg tx
" T 0 + Than
X
Tep = ﬁ; (41)
carcs 4
X
Tgp = —2_—; (42)
s Rld
X X - X
T.j]_d = Ulfi - ].d ﬂfi ] (43)
0 ey f"j‘lc:!’ O oaer Rld

[TocTosiHHYIO BpeMEHHU 3aTyXxaHHUs CBEpXIEpexoAHON coctaBismomeid Toka K3 mo momepeuHoi

o
ocu Iy, c, OTIPENIETISIOT 10 hopMyJie

o g
Ty =Ty ——. (44)

Xg + Xom

8.3 B nmpulOmmkeHHBIX pacyeTax UIsi ONpeaesieHUs ACHCTBYIONIETO 3HAYEHUS NEPHOIUYECKON
cocrapisironie Toka K3 B mMpou3BONIbHBI MOMEHT BPEMEHH OT TypOOT€HEpaTOpOB C Pa3InYHBIMU
CUCTEeMaMM BO30YXKJIEHHUS M OT CHHXPOHHBIX KOMIIEHCATOPOB INpPHU paJHalibHON pacueTHOU cxeme
CJICAYCT NPUMCHATb MCTO/] TUIIOBBIX KPUBLIX. OH OCHOBaH Ha UCHOJIb30BAHUU KpUBBIX U3BMCHCHU
BO BPEMEHHM OTHONIEHUS ACHCTBYIONIUX 3HAYEHUM ATON COCTABJISIONICH B MPOU3BOJIBHBII MOMEHT

i

o of

BPEMEHHU [y ¥ B HadaJIbHBIA MOMEHT K3 7, T.e. ; = T IIPU Pa3HbIX YAAIEHHOCTAX Toukn K3
ol

(pucyHku 2-5).
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Pucynok 2 - TunoBsle KpUBbIE H3MEHEHUSI OTHOCUTENBHOI'O 3HAYEHUS IEPUOINIECKON
cocraBirstroniei Toka K3
0T TypOOTE€HEPATOPOB C TUPUCTOPHON HE3aBUCUMOI CHCTEMOU BO30OYKIECHUS

i

0.9 Fropom) = 21

0,8

0.7 N\ —~
o \k\w_
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0,3
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Pucynok 3 - TunoBbie KpUBbIE U3BMEHEHUS] OTHOCUTEIBHOTO 3HAYEHHUSI IEPUOIUUECKON
cocrasistoiei Toka K3
0T TypOOTreHepaTOpOB C TUPUCTOPHON CUCTEMOM caMOBO30YKICHUS



1
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Pucynok 4 - Tunossle KpUBblE H3MEHEHHSI OTHOCUTEIIBHOTO 3HAYEHUSI IEPUOINIECKON
cocraBistroniei Toka K3
OT TypOOTE€HEPaTOPOB C TMOTHON HE3aBUCUMOM (BRICOKOYACTOTHON) CHCTEMOU BO30YXKIEHUS

T
08
08 fnl}{mj = 24
5
o7
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4
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PucyHok 5 - TunoBsie KpUBbIE U3MEHEHUS OTHOCUTEIIBHOTO 3HAYEHUS MEPUOIAYECKOM
cocrasistoei Toka K3
OT TypOOT€HEPATOPOB C TUOTHOM OECIIETOUHON CUCTEMOM BO30YKICHUS

VY nanenHocTs ToUkd K3 OT CHHXpOHHOM MalIMHBI XapaKTEPU3yeTCsl OTHOLIEHUEM JIEHCTBYIOIIErO
3HAYEHUs TMEPUOJUYECKON COCTABJISIONICN TOKa 3TOM MalllMHBI B HayaidbHbIK MOMeHT K3 k
HOMI/IHaJII:HOMy TOKy MallIMHbI



I Sy U
T o (soom) = —fn = I i) o ;m ’ (45)
* * E

HOM SI'I]:IH

rac Irlﬂ " f:l'ﬂ:“:ﬁ:' - Ha4YaJIbHOC JACHUCTBYIOIICC 3HAYCHUC IMEPHOANYCCKOU COCTABIIAIOUICH TOKa

MalllHbI ITPU K3, BBIPAKCHHOC COOTBCTCTBCHHO B KHMJIOAMIICpax U B OTHOCUTCIIBHBIX CAMHUIAX ITPU
BBIOPAHHBIX 0A3UCHBIX YCIIOBUSIX;

{ go - HOMHUHAIBHBIA TOK CHHXPOHHOW MaIlUHBI;

HO

S5 - IPOM3BOJILHO BIOpaHHAas 6a3uCHas MOIIHOCTh, MB-A;

Ry

wop - HOMHHAJIBbHAS (TTOJIHAs) MOIHOCTE CHHXPOHHOM MamuHbl, MB-A;

L o - HOMHHAIBHOE HANPSHKECHUE CUHXPOHHON MallIMHEL, KB;

U/5 - 0a3uCHOE HANPSHKEHNUE TOM CTYIIEHU HANPSKEHUs CETH, HA KOTOPOM HAXOANTCS CHHXPOHHAA
MalnHa, KB.

B Ttex cnywasx, korma pacuerHas Touka K3 oTmeneHa OT CHHXpPOHHOM  MAallWHBI

TpaHcpopMaTopamu, Uist ONPEIEICHUS 3HAYCHUS [ pj gy AOTIYCTHMO HCIIOJIB30BATH (HOpMyYITy
*

al: (46)

{rﬂ(m{f{m(ﬁj T
HOM

8.3.1 KpuBbple pucyHka 2 cienyeT MCIONb30BaTh MAJIs pacueTa ACUCTBYIOLIETO 3HAYCHUS
nepuoanydeckor coctapistomeid Toka K3 or TypOoreHepaTopoB, HUMEIOIIHMX TUPUCTOPHYIO
HE3aBUCHMYIO CUCTEMY BO30YKICHHSI, a TAK)KE OT CHHXPOHHBIX KOMIIEHCATOPOB; KPUBBIE PUCYHKA 3
- OT TypOOreHepaTopOB, UMEIOIIUX TUPHUCTOPHYIO CUCTEMY CaMOBO30YKI€HUS; KpUBbIE PUCYHKA 4 -
OT TypOOTeHEpaTOpoOB C AMOJHOW HE3aBHUCHUMOHN (BBICOKOYACTOTHON) CHCTEMON BO30YXKICHHUS,
KpUBBIC PUCYHKA 5 - OT TypOOT€HEPaTOPOB C TUOAHOM OECIIETOUHON CUCTEMOM BO30OYKICHHUS.

Bce kpuBble TOCTPOEHBI sl CHHXPOHHBIX I'€HEPaTOpOB (KOMIIEHCATOPOB), Y KOTOPBIX KPAaTHOCTh
NpPEJeNbHOTO HANpsDKEHUS BO30YXKIEHHUS [0 OTHOIIECHHIO K HOMUHAJIBHOMY HANPSKEHUIO
BO30YKJCHHsI HE MpeBbIMIAaeT AByX. I THIpOreHepaTOpOB, UMEIOUIUX MOBBIIICHHBIE KPATHOCTH
OpPEJeNbHOrO HANpsDKEHUS BO30YXKIEHHS 10 OTHOIIECHHIO K HOMUHAIBHOMY HANPSKEHUIO
BO30OyxaeHus (OoibIne JABYX), KPUBBIE PHCYHKa 2 JOIYCKAeTCS HCIOJIb30BaTh TOJBKO TpH
HebonbIIol ynaneHHocTH Todku K3, xornma {I,ﬂ,:mm:, »3. Ilpu Oonbmelt ynaneHHocTu Touku K3

NEePUOANYECKYIO COCTaBIsoNyI0 Toka K3 ciienyer mpuHUMAaTh HEM3MEHHOM 110 aMILTUTY/IE.

8.3.2 Eciu OTHOIIEHWE JACHCTBYIONIErO 3HAYEHHS NEPUOJUYECKOM COCTABISIONIEH TOKa
CUHXpPOHHOM MalMHBl B HaydaJbHbI MOMEHT K3 K ee HOMHHAlIbHOMY TOKYy MEHEE MABYX, TO
KOPOTKOE 3aMbIKaHHE CIIEyeT CUMTATh YAAJCHHBIM W MEPHUOJUYECKYIO COCTaBIIIONIYI0 Toka K3
HpI/IHI/IMaTB HGHSMCHHOﬁ 10 aMH.HI/ITyI[e.



8.3.3 Pacuer IeCTBYIONIETO 3HAYEHUS IEPUOANYECKON cocTaBistonie Toka K3 oT CHHXpOHHOTO
reHepatopa (KOMIIEHCATOpa) WJIM HECKOJbKMX OJHOTUIIHBIX CHHXPOHHBIX T'€HEPaTOpPOB
(KOMIIEHCATOPOB), HAXOAIIUXCS B OJMHAKOBBIX YCIOBUAX IO OTHOIICHHIO K Touke K3, ciemyer
BECTHU B CIIEYIOIIEM MOPSJIKE:

- COCTaBHUTb CXCEMY 3aMCHICHUA [IJid OIPCACICHHA HA4YaJIbHOI'O I[CﬁCTBy&H.IGI‘O 3HAYCHU A
MEepUOINYECKON cocTaBisitomeld Toka K3 oT CHHXpOHHOW MamuHbl (WJIA TPYIIBI MAallliH) U HaWTH
OTHOCHTENBHBI TOK [y (TPM HAIMYMW TPYNIBI MALIMH B PacyETHYO bopmyy s

+

n SHDH MoACTaBUTb COOTBETCTBEHHO CYMMY

ONPEHCICHUS. [ pfjfyopyy HEOOXOMMO BMECTO [0
*

HOMUHAJIbHBIX TOKOB MAalllMH U CYMMApHYIO MOIIHOCTb MaLHI/IH);

- UCXOJ M3 CUCTEMBI BO30YX/IEHUSI CHHXPOHHOM MalllMHBI (TPYIIbI MAIIMH), BEIOPATh TUIIOBBIC
KPHUBBIC W 1O KPUBOW <f; = f(¢}), COOTBETCTBYIOLICH HAWICHHOMY 3HAYCHHIO [ pfjiynyy I
®

3aIaHHOI'O MOMCHTA BpCMCHU HaWTH OTHOIIICHHE TOKOB

I
= (47)

I

- ONpEIETUTh UCKOMOE ACHCTBYIONIEE 3HAYEHUE MEePUOAUYECKON cocrapistomel Toka K3 ot
CHUHXPOHHOM MAaIlMHBI (WIK IPYIIBI MAIIUH) B MOMEHT BPEMEHH £ /s, KA

Ing =% {rﬂ]{ﬁ}fﬁ' (48)

riae /g - 6a3MCHBIM TOK TOM CTYNICHHU HaNpPSKEHUS CETH, HA KOTOPOM HaxoauTces Touka K3.

9 PacyeT nepuoanyeckon CocTaBnsloLEN TOKa Tpex(a3HOro KOpoTKOro 3aMbiKaHUA
OT aCUHXPOHHbIX 3NIeKTpoaBUraTenen B NPOU3BOSibHbIA MOMEHT BPeMeHU

9.1 Ilepuoguyeckyro cocTaBisitonylo Toka K3 0T acCHHXpOHHBIX JJIEKTPOJBUTATENECH B
MPOU3BOJIBHBIA MOMEHT BpPEMEHH CIEIYeT PacCUUTHIBATh IYTEM pELIEHUS COOTBETCTBYIOIICH
cuctembl Tu(PepeHInaTbHbIX YPAaBHEHHH MMEPEXOIHBIX MTPOLIECCOB ¢ UCMONIb30BaHHeM JDBM.

9.2 B npuOamkeHHBIX pacueTax IUlsl ONpeNeNeHUs JeHCTBYIOIIETO 3HAYCHUs NMEePHOAMYECKON
cocTapiistomend Toka K3 B mpou3BoIbHBIIT MOMEHT BPEMEHHM OT aCUHXPOHHBIX 3JIEKTPOJBUTATENCH
IpU paJuaJIbHON CXEME CIEAYeT MCIOJb30BaTh THUIIOBBIE KPHBBIC, IIPUBEIECHHBIE Ha PUCYHKE 0.
JlelicTByoIIMEe 3HAYECHUSI MEPUOIUYECKON cocTaBismomeld Toka K3 B pa3Hbie MOMEHTBI BpeMEHU
{ ¢ ] OTHECEHBI K HAYAILHOMY JICHCTBYIOIIEMY 3HAYCHHIO 3TOM COCTAaBILSIIOLICH Jpp oy

eul = (49)
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Pucynok 6 - Tunossle KpUBblE H3MEHEHUSI OTHOCUTEIIBHOTO 3HAYEHUSI IEPUOINIECKON
cocraBistroniei Toka K3
OT ACUHXPOHHBIX JIEKTPOJBUTATEIICH

VYnanennocts Touku K3 OT acCHMHXpPOHHOTO 3JIEKTPOJBUTATENS XapaKTEPU3yeTCs OTHOIICHHEM
JEMCTBYIOIIETO 3HAYEHUsl MEPUOJMYECKONW COCTABISIOMIEH TOKA 3TOr0 JJEKTPOJBHUTaTelsi B
HavyaJabHbIA MOMEHT K3 K €ro HOMMHaJIbHOMY TOKY, T.€.

_ fmag
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(50)
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[Topsimoxk pacdeTa JEUCTBYIOIIETO 3HAYEHHS MEPHOIUYECKON cocrtaBistomeil Toka K3 ot
ACUHXPOHHOI'O 3JICKTPOABUTATCIIA B HpOH3BOJIBHI:II>'I MOMCHT BPCMCHH aHAJIOTUYCH HU3JIOKCHHOMY B

8.3.3. 3HaueHNE NEPHOANICCKON COCTABISIOIICH TOKA B MOMCHT BPEMCHH £ 1y 17, KA, PAaBHO

Il = YenQl {rﬂ(mm}fmmn = Feall {nﬂ(ﬁ)fﬁ- (51)

10 PacueT nepunognyeckon cocTaBnAaloLen Toka TpexdasHOro KOpoTKOro 3aMblKaHUA
OT CUHXPOHHbIX 3NeKTpoaBuUraTenen B NPou3BoSibHbI MOMEHT BPEMEHU

10.1 JleiicTByromiee 3HAYCHUE NEPUOAMYECKON cocTaBisitomed Toka K3 OT CHHXpOHHBIX
BHGKTpOI[BHFaTeHeﬁ B HpOH3BOJII:HBIfI MOMCHT BpPCMCHU CJICAYCT paCCUUTBIBATH B COOTBCTCTBUU C
8.1. B mpoCThIX palHaJIbHBIX CETSIX €r0 MOXHO OMPEACIIUTh B COOTBETCTBUH C 8.2.

10.2 B npuOamKeHHBIX pacdeTax JMeHCTBYIOMIETO 3HAUYCHUS TIEPUOJUICCKON COCTABIISIONIEH TOKA
K3 oT cHHXpOHHBIX 3JEKTpOABUTATENCH B MPOU3BOJIBHBIII MOMEHT BPEMEHU B PaJualbHOW CETH
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Pucynok 7 - TunoBsie KpUBbIE U3MEHEHUS OTHOCUTEIIBHOTO 3HAYEHUS MEPUOINYECKOM
cocrasistoeit Toka K3
OT CUHXPOHHBIX 3JIEKTPOABUTaTEIeH

[lopsanok pacuera AEMCTBYIOLIETO 3HAYEHUS NEPUOAMYECKOM cocTaBisomedl Toka K3 or
CUHXPOHHOT'O JJIEKTPOABHUIaTeNsl B IIPOU3BOJIBHBII MOMEHT BPEMEHH C HCIIOJIB30BAHMEM METOZAA
TUIIOBBIX KPHUBBIX AHAJIOTMUYEH U3J0KeHHOMY B 8.3.3. 3HaueHue NEpUOAMYECKON COCTaBISAIOLIECH
TOKa B MOMCHT BPEMCHH £ {pryy , KA, PaBHO

Tmom = Yo I w)zom) Lomc = Yeoq {I[I:II:E]IIE' (52)

11 PacyeT TOKOB HECUMMETPUYHbIX KOPOTKUX 3aMbIKaHUN

11.1 Pacuer TOKOB HECUMMETPUYHBIX KOPOTKHMX 3aMbIKAHUH pEKOMEHAYETCSI BECTH C
UCIIOJIb30BAaHUEM METOJIa CUMMETPUYHBIX cocTaBisiomuX. [Ipu 3ToM npeaBapuTensHO HEOOXOAUMO
COCTaBHUTb CXEMbI 3aMEIICHUS IPSAMO, 00paTHOW M HYJIEBOM MOCIIEI0BATEIHLHOCTEH.

11.1.1 Cxema 3amemieHusi HpsMOM MOCIEIOBATEIBHOCTH JIOJDKHA YUHUTHIBATH C IOMOIIBIO
COOTBETCTBYIOIIMX MapaMeTPOB BCE DJIEMEHTHI MCXOJHOW PacYeTHOW CXEMBI DJIEKTPOYCTAHOBKH.
CUHXpOHHBIE TEHEPATOPbl, CUHXPOHHBIE KOMIIEHCATOpPHl W MOJUICKAIWE YYETy CUHXPOHHBIE U
ACHHXPOHHBIE JJICKTPOJBUTATEIN TIPH pacueTe Ha4daIbHOTO JACHCTBYIOIIETO 3HAYCHHS TOKa



HCCUMMCTPUYIHOT'O K3 CJICAYCT BBOAUTH B CXCMY 3aMCIICHHA HpHMOﬁ IIOCICA0BAaTCIIbHOCTHU
ceepxnepexoaabiMu DJIC 1 cBepXnepexoIHbIMH COMPOTHUBICHUSIMH.

TpexoOomoTouHbIe TpaHCHOPMATOPHI, ABTOTPAHC(HOPMATOPHI, TPAaHCPOPMATOPHI C PACHICTUICHHON
O6MOTKOﬁ HU3IICTO HAIPSKCHUA, a4 TAKKC CIABOCHHBIC PCAKTOPLI JOJIKHBI 6I>ITB MMpEaACTaBJICHBI
CBOMMH CXEMaMH 3aMeIIeHHsI. DTH CXEMBbI, a TAaK)KE PaCUETHBIC BBIPAKEHUS ISl ONPEIEICHUST UX
napaMeTpoB npuseneHsl B npuioxkeHuu K. B npunoxenun W npuBeneHbl CXeMbl 3aMELIEHUS 110
NPOJIOJIBHOW OCH IeCTH()A3HOTO HESBHOIOIIOCHOTO CHHXPOHHOTO TeHepaTopa, TpexdasHble
00OMOTKH KOTOPOT'O CIBUHYTHI APYT OTHOCUTENHHO Apyra Ha 30 311. rpaj.

11.1.2 Cxema 3amenieHus OOpaTHOW IOCIIEAOBATENBHOCTH TAaKXKe JOJDKHA YUUTHIBaTh BCE
AJIEMEHTHI HMCXOMHON pacueTHoM cxembl. [lpm srom DJIC o00paTHOM mMOCIEAOBATEIBHOCTH
CUHXPOHHBIX M AaCHHXPOHHBIX MalllMH, a TaKX€ KOMIUIEKCHBIX HAarpy3oK CJEeAyeT HNpUHUMAaTh
paBHbiMH  Hyn0. CompoTHBIEHHE OOpaTHOM MOCJIENOBATEIbHOCTH ACHMHXPOHHBIX —MAllluH
JOITYCTUMO IPUHUMATh PaBHBIM CBEPXIIEPEXOAHOMY COIPOTUBIIEHHIO, 3 KOMIUIEKCHBIX Harpy30K - B
COOTBETCTBUM C 12.4.

ConpotuBieHus oOpaTHON MOCIENOBAaTEIIBHOCTH TPaHC()HOPMATOPOB, PEaKTOPOB, BO3AYIIHBIX U
KaOeNbHBIX JTUHUN CIIeAYEeT MPUHUMATh PAaBHBIMHU COTIPOTUBIICHUSAM HPSMON MOCIEI0BATEIBHOCTH.

11.1.3 Tlpu cocTaBiaeHMM CXEMBbl 3aMELICHMsI HYJIEBOM IIOCIEN0BATEIbHOCTH IMPEABAPUTEIBHO
CJIeZlyeT BBIIBUTh BO3MOJKHBIE ITYTH LUPKYJIALUU TOKOB HYJEBOW IOCIIEJOBATEIBHOCTH Ha KaXI0M
CTYNEHHM HampspKeHHs ceT, HaumHas oT Touku K3. Ilpu 3ToM HE0OX0aMMO PYKOBOACTBOBATHCS
CJICYIOLINM:

- Koria 0OMOTKa Kakoro-iuoo Tpancdopmaropa, oopamieHHas B ctopony Touku K3, coenuHeHa B
TPEYrOJIbHUK WJIH B 3BE3AYy C HE3a3€MJICHHON HEWTpaliblo, TO Kak caM TpaHchopmarop, Tak
clieAyronme 3a HUM (TI0 HampaBieHUIO OoT To4ku K3) 3JeMeHTHI He MOJKHBI BBOJUTHCS B CXEMY
3aMCUICHUA Hy.]'[GBOﬁ OCJIICAOBATCIBHOCTH,

- Korga oOMoTka TpaHchopmaropa, obpaiieHHas B ctopoHy Touku K3, coeanHeHa B 3Be3ny ¢
3a3eMJICHHOM HEWTpanpio, a Japyras OOMoOTKa (Ipyrue OOMOTKH) cCOeAWHEHa (COSAMHEHBI) B
TPEyroipHUK, npudeM Touka K3 u oOMoTKa Tpancopmaropa, UMEIOIIasl 3a3eMJICHHYIO HEUTpab,
HaXOMATCS Ha OJHOW CTYIIEHW HANpsDKEHUS CETH, TO B CXEMy 3aMEIIeHUs HYJIEBOM
NOCJIEI0BATEIBHOCTH JIOJKHBI OBITH BBEACHBI TOJIBKO AJIEMEHTBI, BKIIIOUCHHbIE MeX 1y Toukoi K3 u
TpanchopmMaTopom, B caMm TpaHchopmarop;

- Korga oOMoTka TpaHnchopmaTopa, oOparieHHass B cTopoHy Touku K3, coeamHeHa B 3BE31y C
3a3€MJICHHOM HEWTpalblo, a Jpyras oOMoTKa (apyrue OOMOTKH) COeIMHEHA (COCIWHEHBI) B
TPEYroJIbHUK, TpudeM Touka K3 um oOMoTka TpanchopmaTopa, UMEroIIas 3a3eMICHHYIO HEHTpalib,
HAXOJATCS Ha Pa3HBIX CTYNEHSX HAMPSDKEHUS CETH, TO 3TOT TPaHCPOPMATOP U BCE BKIIIOUCHHBIC
MeXy HUM U Toukoi K3 351eMeHThI BBOJATCS B CXEMY 3aMEIIEHUS HYJIEBOU MOCIEI0BATEIIBHOCTH
TOJIKO B TOM cllydae, KoTJia paccMaTpuBaeMbiil Tpanchopmarop u Touka K3 cBsizansr Mexay coboit

TpaHc(popMaTopaMu, OOMOTKM KOTOPBHIX COEJMHEHBI IO cXeme /¥y, M BCe HMX HEHTpanu
3a3E€MJICHBI;

- Korja HeWTpasib Kakoro-iubo TpaHchopMaropa, BXOJSIIETO B CXEMY 3aMeIlleHHUs HYJIEBOM
MOCIIEI0BATEIHPHOCTH, 3a3€MIIEHA Yepe3 PEeaKkTop, TO ITOT PEaKTOp JOJKEH OBITh TAaK)KE BBEICH B



CXEMY 3aMCIHICHUSA HyﬂeBOﬁ MOCJICAOBATCIIBHOCTHU, NMPUYCM Cro COINPOTUBJIICHHUC HOJIZKHO 6BITI>
YTPOCHO;

- COIPOTHBIICHUE HYJIEBOW IOCIEA0BATEIBHOCTH BO3AYIIHOMN JIMHUU DJIEKTPOIIEpEelayd HE PaBHO
COIPOTUBIICHUIO IIPSIMOM IOCIEAOBATEIBHOCTH, IIPUYEM €r0 3HAYCHUE 3aBUCUT OT HAIMYUA WU
OTCYTCTBHSI 3a3€MJICHHBIX I'DO303AIIMTHBIX TPOCOB M MApajuIeNbHO BKIIOYCHHOW Apyrou nenu. B
ClIy4asix OTCYTCTBHSI COOTBETCTBYIOLIUX JAaHHBIX O COIIPOTUBIICHUSX HYJIEBOM I1OCIEAOBATEIBHOCTH
BO3AYIIHBIX JIMHUM NpU NPUOIMKEHHBIX pacyeTax HecuMMeTpuuHbIXx K3 nomyctuMo mpuHHMAaTh
CJIEYIOLIME OTHOLICHUS] MHAYKTUBHBIX COIIPOTUBIICHUN HYJIEBOU U NPSMOM IIOCIIEI0BATEIbHOCTEM:

OJIHOLIECTIHBIX JIMHUI 0€3 3a3eMIICHHBIX TPO303aIUTHBIX TPOCOB xp f x1 = 3,5;

OJIHOLIETIHBIX JINHHUM CO CTAIbHBIMK TPOCAMH, 3a3EMIICHHBIMH Ha K01 orope, xp f xy =3;

OJHOILICITHBIX JUHUM C 3a3eMJICHHBIMU TpoCaMH, BBIIMOJIHCHHBIMH M3 XOPOMIIO MTPOBOAAINIUX
MaTepuanoB, xp ! xy =2,

JBYXIIEITHBIX JIMHUH 0€3 3a3eMJIEHHBIX TPOCOB xp f x; =5,5;
JABYXLENHBIX JIMHHUI C 3a36MIEHHBIMH TPOCAaMH X { % = 3;

- B TE€X CiydYasiX, KOTJla HECKOJbKO BO3AYIIHBIX JIMHUHI 3JIEKTpONEpeadyd OJHOIO WM Pa3HBIX
HANPSDKEHUN TPOJIOKEHBI IO OJHOM Tpacce, B CXEME 3aMEIeHUs] HYJEBOH MOCiIel0BaTeIbHOCTH
HEOOXOUMO YUYUTHIBATh B3aUMOHMHIYKIIUIO MEXKAY J3TUMHU JHHHSIMH, WUCIONB3YysS C JTOH IIENbIO
CXEMBbI 3aMEIlIeHUs U BBIPAKEHUS IJI ONpeAeNeHUs] UX MapaMeTpoB, MPUBEICHHBIC B MPUIOKECHUH
K.

11.2 TIlpm wm3BectHbix OJIC Bcex yuMTHIBAEMBIX MCTOYHMKOB DJHEPIMM TOK MpsIMON
MOCJIEIOBATEILHOCTH 0Cc000M (Da3pl B MecTe JH000T0 HECHUMMETPUYHOTO KOPOTKOTO 3aMBIKaHUS
CIIeTyeT OMpeeNsaTh o Gopmyre
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rae () - Bua HecummerpuuHoro K3: 1 - oqHodasuoe; 2 - nByxdasnoe; 1,1 - onnodazHoe Ha
3EMIIIO;

E.; - oxBuBanieHTHas DJIC y4uThIBAEMBIX HCTOUHMKOB SHEPIHH;

Xsg - OKBUBQJIEHTHOE€ HHAYKTHBHOE CONPOTHMBICHHUE NPAMOM  IOCIEAOBATENLHOCTH
OTHOCHUTEIIBHO TOYKH HECUMMeETpU4HOro K3;

Ax™ - jononHuTensHOE WHJIYKTUBHOE CONPOTUBJICHUE, KOTOPOE OMNpPENENseTCS BUIIOM
HecummerpuuHoro K3 u mapamerpamMm cxeM 3aMmelieHHs OOpaTHOM W HYyJNIeBOW (eciu
paccmarpuBaercs ogHodazHoe wiH aByx(daszHoe K3 Ha 3emiri0) mocienoBaTebHOCTEH; 3HAUYCHUS
JOTIOTHUTEIILHOTO COMPOTUBIICHUS AJ1 HecuMMeTpuuHbIX K3 pa3HbIX BUIOB NpUBEIEHBI B TaOIUIE



1, rae xg, M ZXgsz - OKBUBAJICHTHbIE HHIYKTHBHBIE CONPOTHBIECHUS OOpaTHOW M HyJEBOI

HOCHGI[OB&TGHBHOCTGI\;I OTHOCHUTCIIBHO TOYKH HCCUMMCTPHUYIHOT'O K3.

Ta6numna 1 - 3navenus Ax™ u ' ana pasimmunbx K3

Bun K3 3nauenne fixt" 3Hauenne kodduuuenta '
JIByxdazHoe Xae N
Opnodaznoe Koage + Aage 3
HByxdasznoe K3 na 3emio T Ko 5 o e
Xaox t Mok (Xpag + xDBKIIg

11.3 Moaynbs moJiHOTO (CyMMapHOT0) TOKa TMOBPEXKISHHOHN (a3bl B MecTe HecumMmeTpuaHoro K3
CBs3aH C MOAYJICM COOTBCTCTBYIOLICT'O TOKA HpHMOﬁ IIOCICA0BAaTCIIbHOCTHU COOTHOILICHUEM

F | < |0 | (54)

roe mt® - K03 UIIMEHT, 3HaYeHHs] KOTOpOro Juist AByxdaszHoro u onHodaznoro K3 u dpopmyna
JUIs ero onpeaeneHus npu Asyxdasnom K3 Ha 3emitto npuBeieHsl B Tadbnuie 1.

11.4 Ilpu pacuerax TOKa MpsIMON MOCJIEI0BATEIBHOCTH B HAYAJIHBIIT MOMEHT HECUMMETPUYHOIO
K3 okBuBanentnyro OJIC E,. ¥ DKBUBAJICHTHOE MHAYKTHBHOE COIPOTUBIICHHE IIPAMOM

NOCJICAOBATCIIBHOCTH Xy, CICAYCT OIPCACIIITH M3 CXCMBI, aHAJIOTUYHOU CXeMe 3aMCIICHUA OJIA

OTIpeIeTICHUsT Ha4aIbHOTO 3HAYCHUSI TIEPUOUICCKON cocTaBistonel Toka Tpexdaznoro K3 (pazgen
Sull.l.l).

11.5 B TtOoM cnyuae, KOrja HMCXOAHAas pacyeTHas CXEMa COJEPKUT OAMH WIM HECKOJIBKO
OJIMHAaKOBO YINAJICHHBIX OT TOYKM K3 CHMHXPOHHBIX MallMH, TOK HPSMOW IIOCJIENOBATEIBHOCTH B
IPOM3BOJIHBIE MOMEHT BpPEMEHHU Ipu JII0O00M HecuMMEeTpu4HOM K3 MOXHO OIpenenuTs ¢
UCIIOJIb30BaHuEM (hopMyJ, IpUBEAeHHBIX B 8.2. [Ipn 3TOM BHEIIHEEe CONPOTUBIEHUE JOKHO OBITH

yBemueHo Ha fx™ (Tabmuua 1).

11.6 TIpuGnmxeHHBIE pacdyeThl TOKOB HECUMMETPUYHBIX K3 OT CHHXpOHHBIX T'€HEPAaTOPOB WIIU
KOMIICHCATOpPOB B HpOI/ISBO.HBHBII\/'I MOMCHT BpPCMCHU CJICAYCT BCCTU C HCIIOJIb30BAHHUEM THUIIOBBIX
KPHBBIX, IPUBEACHHBIX HAa pUCyHKax 2-5. [Ipu 3ToM noxa ynaieHHOCThIO TOYKM K3 0T CHHXpOHHO#
MallrHbI CJICAYCT IOHUMATh OTHOIICHUC TOKA HpHMOﬁ II0CIIEA0BATCIIbHOCTHU MAIIINHBI B HavaJILHBIN
MoMeHT K3 k ee HOMUHaIbHOMY TOKY, T.€. glm(mm , KOTOpOE ONPEENsIoT Mo popmyIie
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rae A H {1111:“:5:' - HAYaJIbHOE 3HAYCHHME TOKA IPSAMOU IIOCIEN0BATEIBHOCTH CHUHXPOHHOU

MAIINHBI IpH HecuMMeTpudHOM K3 COOTBETCTBEHHO B KHJIOAMIIEPaX M B OTHOCHTENIBHBIX €AMHUIIAX
1pY BEIOPaHHBIX 0A3MCHBIX YCIOBUSX.

Hcxonst U3 MONyIeHHOTO 3HAYEHUS [ ) rpyngyy BPIOMPAIOT COOTBETCTBYIOLIYIO THUIIOBYIO KPUBYIO 1
*

TI0 HEW JUIS 33JaHHOTO MOMEHTA BPEMEHHM OINPEAETAIOT KOOQQHUIMEHT -y . 3aTeM HaXOIAT HCKOMOE
3HAYEHUE MEPUOIMYECKON COCTABIISAIONIEH TOKa HeCUMMeTpUu4HOTro K3:

FB =y, {nma:lfa’ (56)

rae m " - KOd(UIIMEHT, 3aBUCIINIA OT BuIa HecumMmeTpuaHoro K3 (tabmuna 1);

I - 6a3MCHBIN TOK TON CTYNEHHU HANPSKEHUs CETH, Ha KOTOPOH HaxoauTces Toyka K3.

11.7 YtoOsl onpenenuTs NEHCTBYIONIEE 3HAYCHHUE TOKA B KaKOW-TMOO BETBH PaCUYETHOW CXEMBI
npu HecummeTpuyHoM K3, cinemyeT mpenBapuTeNbHO HAWTH CUMMETPUUYHBIE COCTABIISIFOIIME TOKA
0co00ii ¢a3el B MmecTe K3, nMes B BUIly, UTO TOKHM OOpAaTHOM M HYJICBOM MOCIIEIOBATEIIHHOCTEH 3TON
dazel B Mecre HecMMMETpHYHOro K3 CBSi3aHBI € TOKOM TPSIMOW IOCIIENOBATEIbHOCTH
COOTHOILICHUSIMHU:

npu aByxdazaom K3
Tena = ~Fyay (57)
npu ogHopaznom K3
Fena = Fxun = Fyuts (58)
npu asyxdazaom K3 Ha 3emito
jmg = _jK.Hl XD¢ (59)
A3k T Alam
51
Feng = ~fy — 2= (60)



3areM, HCHOJB3YsS CXEMbl 3aMEIICHHs NMPSMON, OOpaTHOM M HYJIEBOM IOCIEI0BaTEIbHOCTEMH,
ONPEACINTh TOKH Pa3HBIX MOCIEI0BATEIIBHOCTEW B 3alaHHOM BETBU U CIIOXKHUTh UX T€OMETPUYECKH,
YYUTBIBAS TPU STOM TPYMIBl COEAMHEHUS OOMOTOK TPAaHC(POPMATOPOB, BKIIIOUCHHBIX MEXKIY
CTYIIEHSIMU HaIIPSDKCHHs CETed, Ha KOTOPBIX HaxomATcs pacueTHas Touka K3 u 3amaHHas BeTBb
ANEKTPUYECKOMN LIETIH.

11.8 UroObl onpeAenuTh HANpsHXKEHHE B IPOU3BOJIBHOM Yy3JI€ PACYETHOM CXEMBI NpHU
HecuMMmeTpuuHoM K3, HEOOX0IMMO TpeaBapUTENbHO HAWTH HANpPsDKEHHUS TPsSMOHM, OoOpaTHOW W
HYJIEBOH MOcIe0BaTeNIbHOCTEH 0coboii pa3bl B Mecte K3

Ugag = Haagx™ (61)
Uta = ~Hesa%aam (62)
Ui = ~is0Toox (63)

W TIQJIeHUs HAINpsDKEHUS TMPsSMOW, OOpaTHON W HYJEBOW IOCIIEeNOBAaTEILHOCTEH B dJIEMEHTaX,
pacrnosoKeHHbIX Mexay Toukoil K3 u paccmarpuBaeMbIM y3510M. 3aTeM CIEIyET T€OMETPUUYECKU
CIIOKHUTh CHUMMETPUYHBIE COCTaBIAIOIIME HampspbkeHuid B Mecte K3 u maneHus HampsokeHHs
COOTBETCTBYIOLMX TOCJIE0BATEIILHOCTEH, YYUTHIBAs MpPHU 3TOM TPYIIbIl COCAMHEHUS OOMOTOK
TpaHcGOPMATOPOB, BKIIOUEHHBIX MEXIY CTYNEHSIMH HANpPsDKEHUs CETeH, Ha KOTOPBIX HaXOJSATCS
pacuerHas Touka K3 u paccmaTprBaeMblil y3eil 3JIEKTPUUYECKON LIEH.

11.9 Ilpu nBOMHBIX KOPOTKMX 3aMbIKaHHMSIX Ha 3emimo B Toukax K (3amkHyTa daza 5) u M
(3amkHyTa (haza (') - pUCYHOK 10 - CXeMbl 3aMEUICHUS MPSMON, OOpaTHOW W HYJICBOU
MOCJICIOBATEILHOCTEH TIpU 11000 KOH(HUTYypalMy HCXOIHOM pacyeTHOM CXEeMbl MOTYT OBITh
MPUBEICHBI K 3JIEMEHTAPHBIM CXEMaM B BUJE SKBHUBAICHTHBIX TpexyydeBbiXx 3Be3n ¢ DJIC B Tex
BETBSAX CXEMblI MPSIMON MOCIEAOBATEIBLHOCTH, KOTOpPBIE COAEpkKaT TOYKH 3aMmblkaHuii K u M
(pucyHoOK 8).




Pucynox 8 - Cxembl 3aMeIIeHHs IPSIMOM, 0OpaTHOM M HYJEBOH MOCIIEIOBATEILHOCTEH
MpU ABOMHOM KOPOTKOM 3aMbIKAaHUH Ha 3€MJIIO

Huxe paccMoTpeH ciydail, Korja Ha TOW CTYNEHU HANpPSKEHUs CETH, T MPOU3OILIO0 JBOMHOE
3aMbIKaHUC Ha 3E€MJII0, OTCYTCTBYIOT I''TyXO 3a3CMJICHHBIC HeﬁTpaHH. HpI/I 3TOM B CXEMC€ 3aMCIICHUA

HYJIEBOH IOCHEAOBATENBHOCTH £, =@ M Zpq tZ4q = Z 0. 1lOCIenHEE NIpEACTaBIsgeT cOOOM
pE3yIBTHPYIONIEE COMPOTHBIICHUE HYJIEBOM IOCIENOBATEIIFHOCTH YacTH LENH MEXIY TOYKaMHU
3ambikanusg K u M. Tok mpsiMoil mocieqoBaTenbHOCTH HEMOBpEexKIeHHOU (a3bl (T.e. (a3er A) B
BETBH C CONPOTUBIIEHUEM Z 4 ONpENENAoT o Gopmyne

EKA - ﬂzﬁ-'m

, 64
E v L) Y2 T Em T2 T2 2 (&4

f.m'ﬁzhl =

rae @ - KOMIUIEKCHOE YHCJI0, MOAYJIb KOTOPOTO PAaBEH €IMHHMIIE, a apryMeHT paBeH 120°, T.e.
120 1. .43

+J_,

2 2

OcTanbHbIC CUMMCTPUYHBIC COCTABJIAIONIUC TOKOB B TOYKAX 3aMbIKaAHUA K 1 M cBs13aHBI ¢ TOKOM
fﬂ'-";l CICAYIOIUMHA NIPOCTEIMU COOTHOIICHUAMM:

Fena =aleuy; (65)
Fenn =@ fay; (66)
Faa = —algay; (67)
bt = ~ Tt (68)
hewo = ~Fyng = e Ly (69)
Toxu MOBpeXICHHBIX (a3 B MECTaX 3aMbIKaHUH
fp=-be =3a%f . (70)

B Tex ciydasx, Korga MCXOQHas pacyeTHas CXEMa SBISCTCS PaJMaabHOW U COACPKUT OIHH
UCTOYHUK DSHEPruM (MM HECKOJIbKO HMCTOYHHUKOB, HO OHM MOTYT OBITh 3aMEHEHBI OJHHM
SKBHUBAJECHTHBIM), JKBUBAJIECHTHBIE CXEMbl 3aMEIICHUs MpsAMOH, o0OpaTHOMl U  HyJeBOH
IOCIIE0BATEIbHOCTEH MMEIOT NMPOCTON BHJI (PUCYHOK 9), T.K. Z,4 =20 =0u &, =&, =0.
[Ipu 5TOM BBIpaskeHUE ISl TOKA MPSMON MOCIIEI0BATEIBHOCTH HEMOBPEXKIACHHOM (a3sl A B Touke K
MMEET BUJL



(1-a®) By
MZ g Y2 v 2t Y T

Tent = (71)

THE 2y =&y U Zp0 =243 - COOTBETCTBEHHO CONpPOTUBIIEHHS IpPAMOHM U 0OpaTHOM

NOCJIEI0BATENBHOCTEN MEXK Y ToukamMu 3amblkaHus K u M.

Pucynox 9 - Cxempl 3aMelIeHHs IPSIMOM, 0OpaTHOM M HYJEBOH MOCIICIOBATEILHOCTEH
npu I[BOI>'IHOM KOPOTKOM 3aMbIKaHHWH Ha 3€MJII0O U OAHOM UCTOYHHUKE SHCPIrun

B cnydasx, korjga mpu yKa3aHHOW MCXOJHOW PAcYETHOM CXeMe MOXHO MpeHeOpedh aKTHBHBIMH
CONPOTHUBIICHUSIMU BXOJAIIUX B Hee 3eMeHTOB (4.1.7), MOyJib TOKa MPSMOM MOCIEA0BATEIbHOCTH
B MECT€ 3aMbIKaHHsI ONPENEISIIOT Mo hopmyie

- 3 By, (72)
At A )t Ay Y g + A

jr<:1

U MOAYJIb HCpHO,Z[H‘-IGCKOfI COCTaBJIHIOH_Ieﬁ TOKa B MECTC 3aMbIKaHUA

(1) _ 343 By,
7 30y . (73)
At X)) v X g t At Ao

12 Y4yeT KOMNEeKCHOMN Harpy3kum npu pacydetax TOKOB KOPOTKOIro 3aMbiKaHUA



12.1 TIpu pacuerax TokoB K3 cregyer yduuThIBaTh BIMSHUE Ka)XTOHW KOMIUIEKCHOW HArpys3Kw,
ecin Tok B Mecte K3 oT 3TOl Harpy3ku cocTasisieT He MeHee 5% Toka B Mecte K3, onpeneneHHoro
0e3 ydera Harpy3KH.

122 B o6mem caydae Tok K3 OT KOMIUIEKCHOW HArpy3Kd CIEIyeT OMNpeaeisaTh Kak
TCOMCTPHUICCKYIO CYMMY TOKOB OT OTACJIBHBIX €€ 3JICMCHTOB.

12.3 B mnpubnmkeHHBIX pacueTax HadaJlbHOTO JAEWCTByromero Toka TpexgaszHoro K3

JIONyCKAETCsl SKBUBAJCHTHUPOBAHNWE KOMIUIEKCHON Harpy3kd C MpPEICTaBICHUEM €€ B BUJE
HKBUBAJIEHTHOH cBepxnepexoqHoi 3JIC 1 SKBUBAJIEHTHOT'O CONPOTHBIICHUS (Tabnuua 2).

Tab6numa 2 - [TapaMeTpbl KOMIUJIEKCHBIX Harpy30K

[ToTpeburenu KOMILIEKCHOM OKBUBAJICHTHAs ConpoTtuBieHue, OTH. €]1.
Harpy3Ku CBEPXIIEPEXOIH
ast DJIC
psIMON oOpaTHOU
MOCJICIOBATEIBHOCT | MTOCTIEIOBATEIIHHO
" CTH
Zy Z3
CHHXPOHHBIC  DJIEKTPOJIBUTATEIIN 1,074 0,04+ ;0,15 0,04+ ;0,15
BBICOKOBOJIbTHBIC
ACHHXPOHHBIC DJICKTPOABUTATEIH 0,93 0,01+ ;70,17 0,01+ ;70,17
BBICOKOBOJIbTHBIC
ACHHXPOHHBIC JJICKTPOJIBHTATEIIN 0,9 0,07+ ;70,18 0,07+ ;70,18
HU3KOBOJIbTHBIC
l"a3zopazpsaHble HCTOYHUKU CBETA 0 0,85+ 0,53 0,382+ ;0,24
[IpeobpazoBarenu 0 0,9+ ;70,45 1,66+ ;70,81
DNEKTPOTEPMHUUECKNE YCTAHOBKU 0 1,0+ 70,49 0,4+ 0,2

12.4 Tlpn pacuyere HecuMMeTpuuHbIX K3 cienyer yduThIBaTh COOTBETCTBYIOLIME IapaMeTpbl
npsiMOi, 0OpaTHON W HYJEBOW TOCIEIOBATEIHPHOCTEH KOMIUIEKCHBIX HArpy3ok. PexomeHmayembie
3HAYeHUs CONPOTUBIICHUH TPsAMONW W 0OpaTHOW MOCIENOBATEIBHOCTEH AJIEMEHTOB KOMILIEKCHBIX
Harpy3okK NpuBe/eHbl B Ta0auLe 2.



12.5 Tlpyn HanuuuM B IEKTPUYECKUX CETAX CTATUYECKMX YIPABISEMBbIX WJIN HEYNPAaBIAEMBIX
KOMIIEHCATOPOB B 3aBUCUMOCTH OT CXEMbI MCIIOJHEHHS UX CIENYET BBOJUTH B PACYCTHYIO CXEMY
3aMEIICHHUS COOTBETCTBYIOIIMMHU €EMKOCTHBIMYU WM UHIYKTUBHBIMU COIIPOTUBIICHUSIMU.

[Tpunoxxenne A
(cipaBouHOE)

OnpepeneHne napaMeTpPoOB 3JIEMEHTOB 3KBUBANEHTHbIX CXeM 3aMelleHuns
B UME@HOBaHHbIX eAMHMLaxX C NpuBeAeHNeM 3Ha4eHUM NapaMeTpPoB pacveTHbIX CXeM
K BbIOpaHHOM OCHOBHOM CTYNEHU HanpsiXKeHUsl CeTU U C y4eTOM paKTU4eCKUxX
KoacpduumeHTOB TpaHCchopMaLum cMnoBbIX TpaHccopmaTopoB U aBTOTpaHcopMmaTopoB

[Ipu onpeneneHny mapaMeTpoB JIEMEHTOB SKBUBAJICHTHON CXEMBbl 3aMEIICHUS B UMEHOBAHHBIX
eIUHUIIAX C TPHUBEJICHUEM 3HAYCHUW TapaMeTPOB PACUETHOM CXEeMbl K BBIOpAaHHOW OCHOBHOU
CTYNECHH HAIPSDKEHUS CETH U C Y4eTOM (PaKTHUECKUX KOA(P(UIIMEHTOB TPaHCPOPMALUU CHUIIOBBIX
TpanchopmMaTopoB U aBTOTpaHchopmaropoB HeoOxomaumo DJIC HCTOYHUKOB SIEKTPOIHEPTUU U
COIIPOTHBIICHUSI BCEX OHIIEMEHTOB IIPUBECTH K OCHOBHOM CTYNEHH HANPSOHKCHUS, HCHOIb3Ys
COOTHOILIEHUS:

=]

E=Eun,ny, .., iy, (A1)
2
2 r
Z=g M2 nd, L ne, (A.2)
- — &
HOM
rne & wm Z - peiictButenbHble 3HadeHus OJIC MCTOYHMKA DJIEKTpodHEeprud, KB, wu

conpotuBiieHus, OM, KakoTro-1100 AIEMEHTA;

M. %7, ..., By - KOOQduIMenTs TpanchopManuu TpaHCPOPMATOPOB MIIM aBTOTPaHC(HOPMATOPOB,
BKJIIOYEHHBIX KAaCKaJHO MEXIY CTYIEHbIO HANpsHKEHHs CETH, TAe 3aJaHbl £ U Z, U OCHOBHOU
CTYIICHBIO HANIPSDKCHHSI CETH.

Ecou DJIC m conmpoTHBIEHUS] BBIPAXEHbBI B OTHOCUTEIBHBIX E€IUHHUIIAX MNPU HOMHUHAIBHBIX
yCIOBUSAX (T.€. HOMUHAJILHOM HaNpsuKeHUH i, ¥ HOMHHAJIBHOW MOIIHOCTH Sy, ), TO 3HAYCHUS

cootBercTByrommx IJ{C u conpoTUBICHUN B UMEHOBAHHBIX €IMHUIIAX, TPUBEACHHBIE K OCHOBHOM
CTYIIEHU HANPSHKEHUS CETH, CIIEeIyeT OMPEeATh Mo popMyam:

o

E=§(mH}Umm M. Mg, By (A.3)

. 2 .2 2
£ = % (mom) P - %22 Mg, (A4)

rae E{mm} u % {mom) - 3HaueHus OJIC M CcONpOTUBICHMSA B OTHOCUTEIBHBIX E€IMHUIAX IIPU

HOMMUHAJIbHBIX YCJIOBUSX.



[Tpumevanue - Koaddurment Tpanchopmauu KaXJI0TO TpanchopmaTopa
(aBroTpancopMaTopa) JMOJKEH OBITH OIpenesieH B HalpaBlI€HHMH OT OCHOBHOW CTYIEHHU
HANpSDKCHUST CETH, T.€. KaK OTHOIICHHWE HANpPSHKEHHS XOJOCTOrO X0Ja OOMOTKH, OOpalieHHOW B
CTOPOHY OCHOBHOM CTYIIEHU HANPSDKEHUS CETH, K HAMIPSHKCHUIO XOJIOCTOTO X012 IPYroil OOMOTKH.

IIpunoxenue b
(cipaBouHOE)

OnpepeneHue napaMeTpoOB 3/IEMEHTOB 3KBMBAJNEHTHbLIX CXeM 3aMeLleHus
B OTHOCUTENbHbIX eAMHULaxX C NpUBeAeHNneM 3Ha4eHUN NnapamMeTpPoB pacveTHbIX CXeM
K BblOpaHHbIM 6a3UCHbLIM YCNOBUAM U C y4eTOM haKTU4ecKknx koadcpuumeHToB
TpaHccopmMauum cunoBbIX TpaHcopMaTopoB U aBTOTpaHchopMmaTopoB

[Ipu onpeneneHny nmapaMeTpoB 3JIEMEHTOB SKBUBAIICHTHON CXEMbI 3aMELICHUS B OTHOCUTEIBHBIX
eIMHHIAX C IIPUBEACHUEM ITapaMETPOB PACUETHON CXEMBI K BHIOPAHHBIM Oa3MCHBIM YCIIOBHSM H C
y4eTOM (bakTHUecKuX KO3 PHUIIIEHTOB TpaHchopManuu TpaHchopMaTopoB u
aBTOTPaHCHOPMATOPOB HEOOXOIUMO:

- 3a71aThCsl 0a3MCHON MOIIHOCTBIO B METaBOJIbTAMIIEPaX M JUIS OJHOM M3 CTyIEHEeH HampsuKeHHS
CETH, IPMHUMAEMOH 332 OCHOBHYIO, BBIOpATh 0a3UCHOE HANPKEHHE g oy » KB;

- HalTH 0a3HMCHBIC HANPSDKEHHUS B KHJIOBOJBTAX APYTHX CTYICHEH HaNpsDKEHHUS CETH, UCIIONb3YS
JUIs 3TOH 1enu hopmyiy

Us
Uy = ——=8 (b.1)
RLs s Py
rae ML A, M - K03 HULIHEHTHI TpaHcpopmaru TpanchopmMaTopoB "

aBTOTpaHC(HOPMATOPOB, BKIIOUEHHBIX KACKaJHO MEKy OCHOBHOM M fVV -i CTYNEHSIMU HaNPSKEHUS;

- ONpENETUTh OTHOCUTENbHBIE 3HaUeHUsI D/[C MCTOYHMKOB 3JIEKTPOIHEPTUHU U COMPOTUBIICHUI
BCEX AJIEMEHTOB NP BHIOPAHHBIX 0a3UCHBIX YCIOBUSX, UCTIONB3Ys (POPMYIIBL:

E
=_—; b.2
E@ U, (b.2)
[}
B Efwom gy (5.3)
* * E
Sﬁ

A At (B.4)
* 3



fﬁ UI‘I]II]':'[

Zi= £ — ; (b.5)
= ia) . (HOM ) II‘[I:IH Uﬁ
261 Z tromy—2 o (5.6)
+ 7 (e 0z

rae /s U Jg - COOTBETCTBEHHO 0a3MCHOE HampsbkeHHe, KB, n GasucHbI TOK, KA, TOH cTyneHu

HAIps’KCHUA CCTH, Ha KOTOpOﬁ HaxoauTcCs 3JIEMCHT, HO,Z[J'IG)KaH_II/Iﬁ IMPUBCACHUIO,

Synmr  Uwomo  fmam - COOTBETCTBEHHO HOMMHAJIbHAas MOIIHOCTb, MB-A, HoMmuHampHOE

HarnpsbkeHue, KB, 1 HOMUHANbHBIN TOK, KA, 3TOTO 3JIEMEHTA;

) (oM OJIC ucTtoyHuKa 3JIEKTPOIHEPTUH COOTBETCTBEHHO B MMEHOBAHHBIX €AWHHUIIAX, KB,
*

N OTHOCHUTCJIBHBIX CAVMHUIAX [TPU HOMHUHAJIBHBIX YCIIOBUAX.

®opmyny (b.4) crnemyer ucmosib30BaTh B TEX CIydasX, KOT/a COMPOTHUBIEHHWE KaKOTO-TH00
JJIEMEHTa 3aJaHO B HMMCHOBAHHBIX CIWHUIIAX (BOB,Z[yH_IHBIe u Ka6eJIBHBIe JIMHUMH, peaKTopH),
dopmyny (B.5) - Korma compoTHBIIEHHE 3alaHO B OTHOCHUTEIBHBIX CIMHUIAX MPU HOMHUHAIEHOM
HaIpsDKEHUM M HOMMHAJIBHOM TOKE (HEKOTOpBIE PEaKTOpPbl, HAXOJAIIMECS B OSKCILTyaTalluH),
dopmyny (b.6) - xorma conmpoTUBICHHE 33JaHO B OTHOCHTEIBHBIX €IMHUIAX TPU HOMHUHAILHOU
MOIIMHOCTU U HOMWHAJILHOM HAIIPS’KCHUU.

[Ipunoxenue B
(cipaBouHOE)

OnpepeneHne napaMeTpPoOB 3JIEMEHTOB 3KBUBANEHTHbIX CXeM 3aMelleHunsA
npu NnpubnmxeHHoOM y4yeTe KoacpdunumeHToB TpaHchopmauumn
CUNOBbIX TPaHchoOpMaTOpPOB M aBTOTpaHCopmaTopoB

ITpu onpeneneHun napameTpoB 3JIEMEHTOB SKBHBAJICHTHOM CXEMbI 3aMEIEHUS] B MMEHOBAaHHbIX
€IMHUIIAX C TPHUBEICHUEM 3HAUYEHUI MapaMeTpOB pPACUETHOW CXEMbl K BBIOPAaHHOW OCHOBHOM
CTYNCHU HAIpPSOKEHUS CeTH W MPUOIMKEHHOM ydyeTe Kod(pPHUIIMEeHTOB TpaHChOpMAIUU CHIIOBBIX
TpaHc(hopMaTopoB U aBTOTPAHC(HOPMATOPOB CIIECAYET IPUMEHATH (POPMYIIBI:

&

E g CpDCH; (B.1)
Ucp.N

5 i

Z-Z—— (B.2)
Ucp.N

rae L ooy - CpEAHEC HOMHHAIBHOC HANPSIKCHHE CCTH TOW CTYNCHM HANPSDKCHHS, KOTOpas

IIPUHSATA 32 OCHOBHYIO, KB;



Uepay - CpelHEe HOMHHATBHOC HANPSKCHHE CETH TOM CTYNCHH HAMPSDKCHHS, HA KOTOPOIt

HaxXo4UTCA 3JICMCHT, MMapaMCTPbI KOTOPOI'O MOAJICIKAT IMMPUBCICHUIO, kB.

Ecnu D/1C UCTOYHHUKOB 3JIEKTPOIHEPTUH UM CONPOTUBICHUS KAKUX-IHOO 3JIEMEHTOB 3a/laHbl B
OTHOCHUTEIIBHBIX €IMHMIIAX IIPU HOMHUHAIBHBIX YCIOBHUAX, TO HMX IPUBEICHHBIC 3HAYECHHUS B
KMAJIOBOJIBTaX M OMax CIIeAyeT HaXOAUTh MO (popMyIIaM:

= *Ef‘ {Eom) UCp.DCI{ ) (B.3)

. Uu:2 OCH

£= g{mm} p=s (B4)
St

[Ipu onpeneneHuy mapaMeTPOB 3JIEMEHTOB CXEMbI 3aMEIIEHUS B OTHOCUTENIBHBIX €IWHHIIAX C
MpUBEICHNEM 3HAUEHUH MapaMeTpOB CXEMbI K BHIOpAaHHBIM 0a3WCHBIM YCJIOBHSIM, HCIOIB3Ys MPU
3TOM NPUOJIMKEHHBIN c110co0 ydeTa Kod((UIIMEHTOB TPaHCPOPMALIUU CHIIOBBIX TPAaHCPOPMATOPOB
U aBTOTPaHC(HOPMATOPOB, O0A3MCHOE HAMpPsDKEHUE JIO0OM CTYNMEHUW HAIPSDKEHUS CETH CIeayeT
NPUHUMATh PaBHBIM CpeIHEMY HOMUHAIBHOMY HANpsDKEHUIO 3TOM crymeHu. B stom ciydae
oTHocutenbHble 3HaUeHUS DJ{C M COMpOTHBICHUN NMPU BHIOPAHHBIX OAa3HUCHBIX YCIOBHSX CIEAYET
OTIpeneNATh o hopMyIam:

)
* Ucp.N
E®™ E (wm (B.6)
Ry
Z®~E-3—; (B.7)
* Uu:p.N
fﬁ

2= £ (wm 7 (B.8)

* HOM
Z(6)” £ (omy g (B.9)
* HOM

IIpunoxenue I'
(cipaBouHOE)

OnpepeneHue cBepxnepexogHon JAC aneKkTpMYecKnx MalumH
B OTHOCUTENbHbIX eAuHMLIaX



JUis  CHHXpPOHHBIX T€HEpPAaTOpOB U 3NeKTpojBurareneii, koroppie a0 K3 paboramm c
nepeBo30yxkaenneM, ceepxmnepexoanyro I/C cneayer onpenensits o hopmyse

UHI:I M

1]

, (I.1)

E" my= J(E{ (0 (mom) * 4 (0 (zeoae) X zome) S0 o)’ (L (0 (mom) X dzom) COS o)

rue E‘f{m(mm U £ (0)(smm) - COOTBETCTBEHHO HANPSDKCHHUE HA BBIBOJAX MAIIMHBI M TOK CTaTOPA B

MPEIIECTBYIOIEM pEXUME, BbIPAXEHHbIE B OTHOCHUTEIBHBIX E€IUHHUIIAX MPU HOMHUHAIBHBIX
YCIIOBHUSIX;

o

f dimom) - CBCPXMIEPEXOAHOC CONPOTHBICHHUC MAalIWHBI B OTHOCHUTCIBHBIX CIAMHHIAX IIPpH

HOMMUHAJIBHBIX YCJIOBUAX.

[Ipu ux pabote ¢ HEOBO30YKIECHUEM

" _ N . N U
E"@m= \[(E”mnmmr{(mcmmf o) sin @) + (L 0y X dleom) £05 p(0))? - T2)
u]

JI1st CHHXpOHHBIX KOMITEHCATOPOB, padoTaBmmux 10 K3 ¢ mepeBo3OyxkaeHnEM,

” o
E" = (W oy o) * £ 0oy X (om) ) ;m , (I.3)
* 6
a paboTaBIINX C HEJOBO30YKICHUEM -
f = ! UI-D:I]'.'[
E" )= W o ~ L (0o ¥ dlmm)) —— T4
* &

JI1s aCMHXpOHHBIX AJIEKTPOABUTATENEH

B = \/([*; (03 (mmae) ™ £ (O (eom) X AT (mome) S0 l:ﬂ.:nj.ll2 *+(d () tom) ¥ Al(zom) cos .:.::,:.3;,)2 U;H .(T.5)

fi

[Tpunoxenue /|
(cnpaBouHOE)

3aBMCUMOCTb OTHOLLUEHMA anepuoanyeckomn coctaBnsiowen Toka K3
B NPOU3BOJIbHbIA MOMEHT BPEMEHM K ee HavyallbHOMY 3Ha4YeHu 1o

OT BPEMEeHM U NOCTOAHHOMN Bpemenu T,
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Pucynok /1.1 - KpuBble 3aBUCUMOCTH OTHOIIICHUS allepUOINYECKOi cocTaBisromen Toka K3
B IIPOM3BOJILHBIA MOMEHT BPEMEHH K €€ HAaYaJIbHOMY 3HAUYEHHUIO OT BPEMEHHM IIPU PAa3HBIX 1,

[Tpunoxenue E
(cnpaBouHOE)

CpeaHue 3HayeHUs oTHoweHusa x| R, yaapHoro koaddumumeHTa
M NOCTOSIHHOMN BpeMeHn T,
ONA XapaKTepHbIX BeTBeM, NpUMbIKaloWwmx K Touke K3

Tabmuma E.1

HaumenoBanue BetBu i Mecto K3 K x T, ¢
BetBb reneparop-tpanchopmarop 30-50 1,9-1,95 0,1-0,2
BeTBb acCHHXPOHHOTO JBUTATEIIS 6,3 1,6 0,02
K3 3a JUHEHHBIM peakTopoM Ha 30 1,9 0,1
ANEKTPOCTAHLIUN
K3 3a nuHEHHBIM peakToOpoM Ha MOACTAHITUH 18-20 1,85 0,06
K3 3a xabenpHOI auanen 6-10 kB 3 1,4 0,01




K3 3a Ttpanchopmaropom momHOCTEIO 1000 6,3 1,6
kB-A

0,02

K3 ©Ha mnpucoenvHeHHH pacnpeaeTuTeIbHOTO 15 1,8
YCTpOMCTBA MOBBILLIEHHOTO HaIPSLKEHUS
MMOICTAHIINH

0,05

K3 Ha npucoearHEeHNN BTOPUYHOTO HAMIPSHKEHUS 20 1,85
MOJCTAaHIIUN

0,06

K3 ~Ha  mmHax  cOOCTBEHHBIX  HYX] 20-30 1,85-1,9
AJIEKTPOCTAaHIMI 3a TpaHchopmaTopamu 16-80
MB-A

0,06-0,1

[Tpunoxenue K
(cnpaBouHOE)

CxeMbl 3ameLleHnA TpaHcopmaTopoB, aBTOTpaHcopMaTopoB

N CABOEHHbIX peakTopoB

Tabmuma JK.1
Haumenosanue | McxomgHas Cxema PacuetHbie BbIpakeHUs
cxema 3aMeIICHUS
TpexoOMOTOUYHBI B Ap =05 p g +&pc —Eeg)s
ﬁ [ xn' x{:
TpaHnchopmarop . Xo=05(Xpc*+ KXoy —Xpu)i
H H
Ay =05(&p g+ Aoy ~Apc)
ABTOTpaHchopM B X HAp =05(Xp g+ poc—Hogh
aTop C Bl | X
Ao =05&p ¢+ Aoy ~Ap-ul)
H Xn
Ay =05(&py + Aoy ~Apo)




JIByXOOMOTOYHBI
i
TpanchopmaTop

c 00MOTKOI
HU3IIETO
HATPSDKEHUS,
pacileruIeHHON
HAa JIBE BETBH

Ap =Appg ~ 0258y o,

A = App = 054 y-12

JIByXx0OMOTOYHBI
i
TpaHnchopmarop

c 00MOTKOI
HU3IIETO
HaANPSDKEHUS,
pacILEeIUIEeHHON
Ha »# BETBEU

A Hi-Hn .
XB =XB_H_ 2;"2 ]

XHI =XH2 ="'XH?! = DjXHl—Hn

ABToTpanchopm
aTop ¢ 0OMOTKOM
HU3IIETO
HaNPSDKEHUS,
pacILEeIUIEHHON
Ha JIB€ BETBU

Ap =05(Xpyg+Apc—Aonh
A =05(Ap ¢+ &eg ~&Apyh
AH1 = Axy = 055 g1Hy

Ay =05(Xp g+ Koy~ Xpo)— 0258y yo

ABTtoTpanchopm B c Xp =05(Xp g +Xpc-Xop)
aTop ¢ 0OMOTKOI X Xe
HUBIIIETO I-E- )
Ao =05 p - +&Ao_g—Kppgl
HAIPSHKCHUS, Xy c (XB-c C-H B-H)
v H1 Hn
pacIIerICHHON Ha X1 X _
Ha # BETBEH p o AHI = HHp = HHy = 05K gy,
Xu2 ¥
: Hl-Hn
Ay =05(&py + Aoy~ Apc)~ —
7
CnaBoeHHBIN 1 X =-K_. ;{p;
peakrtop X,
X2 X3
2 3

XE =X3 = (1+KCB)XP

[Tpunoxenne 1
(cipaBouHOE)




CxeMbl 3amMeLleHNsA No NPOoAONIbHON OCU WecTU(a3HOro HeABHONOJKOCHOrO
CMHXPOHHOro reHepatopa, Tpexda3sHble 0OOMOTKN KOTOPOro CABUHYTbI
Apyr oTHocuTenbHoO Apyra Ha 30 an. rpag.

X4t X - X
al a1l ol ¥

X u11 Xoz ¥ Xgu1 ® x.;ﬁz ol2
S AP S AP + Xp1q * Ky
L (1 e “ o (1 + "1 L 5(1 P “'?)xﬁ-.u
2 Koo + Xy iz 2 i1 " Xgip/ X2 ’fﬂ'i’q-lz i
o by
".-n K11
3 Xaf Xotd
o &
Xﬂ'"l xn'ﬂ
1
} FXaf 7 ¥a1d
O &

a - O0mmi ciydan (x;q ® X590 - X5 =Xg2, 6 - Xyy = = (BTOpas Tpexdasnas cucrema
Pa30MKHYTA)

Pucynoxk U.1 - Cxema 3amerieHus Jyisi IepBoid Tpexha3sHOW CHCTEMBI

Xgz * Xg22 " Xom1
xﬂ? 1622 .Ku,-| + Iﬂzz - xﬂ?"‘ a2l

1 ( X2 * Xgpe - 3‘521) 1 ( Xg1 ¥ Xgo2 - "-’m) 1 ( Koz * Xapo - "-’az1)
=11+ X =11+ x =11+ X
2 Xgt * Xgzz - Xg21/) 0L 2N T Kgp * Xgpp - X /)OI 2N T Xgy ¥ Xgzp - Xgz1/ 70V
(o & !
Xa2 Xa22 Xg g
¥ag Xar *a1d
c - bl
Xg2 X2z 6
1 1 1
= ¥ad 7 ¥af 5 Xod




a - O0mmMiH ciyyan (xgq # x50 - X5 = X571, 6 - %5 = = (uepsas TpexdasHas cucrema
Pa30MKHYTA)

Pucynok 1.2 - Cxema 3amernieHust Juist BTOpoi Tpex($a3zHOW CHCTEMBI

B cxemax 3aMCHICHUA TPUHATHI CIICAYIOIIHNC 0003HaYCHHS:

Xzl U Xz - MHAYKTUBHBIE COIIPOTHUBIICHUS paccessHUs (as3bl MepBoi U BTOPOM TpeX(azHbIX

CHCTEM;

Zgl] = Xz32 - CONPOTUBIIECHUS B3aMMOUHIYKIUH MEKAY (azamMu oJHOM Tpex(da3HOH CHCTEMBI IO

IyTSIM paccesHus B Ma3ax ¥ J000BOI yacTu 0OMOTKH;

Zgla = Xza] - CONPOTHUBICHUS B3aUMOMHAYKIIMU MEXIY (pazaMu pa3au4HbIX TpeX(a3HbIX CUCTEM

IO MYTSAM PACCCAHUA,

Xgg - UHAYKTUBHOE COIPOTHBIIECHHE PEAKLIUH SKOPS IECTH()A3HON CUCTEMBI;
Xgf -~ MHIYKTHBHOE CONPOTUBICHNE PACCEAHHS OOMOTKH BO3OYIKACHHS;

Xglg - AHIYKTUBHOE CONPOTHBJICHHE PACCESHUS MPOJONBHOIO JeMII(DEPHOro KOHTYpa.

[Ipunoxenne K
(cipaBouHOE)

PacuyeT napameTpoB NUHUI IneKkTponepeaayun

Tabmuma K.1 - CxeMbl 3aMmenieHusi HYJI€BOM IMOCIEIOBATEILHOCTA C YYETOM B3aWMOWHIYKIIUU
JIMHUHI

Hcxonuasa cxema Cxema 3aMeleHust Boipaxkenus s aie
Xq 2

1 1 P S B VI NS
Kz ¥y Xy

2 2
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[Ipunoxenue JI
(cipaBouHOE)

MapameTpbl BO3AYLWHbLIX NIMHUIA 3neKkTponepesaym 35-500 kB
CO cTaneantoMUHUEBbLIMU NPOBOAAMMU

Tabmuna JI.1
Homunanen | Konmnuect | Iloronnoe [ToronHO€ MHAYKTHUBHOE CONpOTHUBICHHE, OM/KM,
0€ CEYCHHE BO aKTUBHOE BO3yIIHOW JIMHUM HANIpsDKEHHEM, KB
IIPOBOJA, | IPOBOJOB | CONPOTHUBIIEH
MM 2 B (paze ne, OM/kmM
35 110 150 220 330 500
70/11 1 0,428 0,432 | 0,444 | 0,46 - - -
95/16 1 0,306 0,421 | 0,434 | 0,45 - - -
120/19 1 0,249 0,417 | 0,427 | 0,441 - - -
150/24 1 0,198 0,406 | 0,420 | 0,434 - - -
185/29 1 0,162 - 0,413 | 0,429 - - -
240/32 1 0,120 - 0,405 | 0,420 | 0,435 - -
2 0,06 - - - - 0,331 -
300/39 1 0,098 - - - 0,429 - -
2 0,049 - - - - 0,328 -
300/66 3 0,034 - - - - - 0,31
330/48 3 0,029 - - - - - 0,308
[Tpumeuanue - CpegHEreOMETPUIECKHUE PACCTOSIHUS MEX Ty (pasamu mpu HanpspreHusx 220,
330 1 500 kB npuHATH paBHBIMU COOTBETCTBEHHO &, 11 1 14 m.




DJIEKTPOHHBIN TEKCT JOKYMEHTA
noarotosyieH 3A0 "Kozaekc" u cBepeH mno:
oduIMaTLHOE U3JaHNE

M.: Crannapturdopm, 2007
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