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NMPEAUCIIOBUE

PyKOBOASALLIME YKa3aHUS MPpEeAHA3HAUYEHbI JJIS UCIOJIb30BAHUA HHIKEHEPAMHU-IHEPIreTU-
KaMH APU BLITIONHEHHH UMW PACUETOB TOKOB KOPOTKOro 3aMbikaHus (K3) U npoBepKe anek-
TPOOOOPYAOBaHUS (NPOBOJAHUKOB H JIEKTPUYECKUX alnaparos) ro pexumy K3.

PyxoBoasiuue ykazaHust BKJIKOYAOT B ce0d METOAbl pacyeTa TOKOB CHMMETPUUHBIX
U HecuMMeTpUuUHbIX K3 B anekTpoyCcTaHoBKax HanpsxeHueM cBoliie | kKB v no 1 kB,
METObl MPOBEPKH MPOBOAHHKOB H JIEKTPHUYECKHUX allapaToB HA 3IEKTPOAHHAMHUYEC-
KYIO U TEPMUUECKYIO CTOMKOCTb U METOIbl NPOBEPKH 3JIEKTPHUECKUX arnaparTos
HQ KOMMYTAlLIMOHHYIO CITOCOOHOCTS.

PykoBoagliye yKka3zaH1s He NpeaHa3Ha4yeHbl AJ1 UCTOb30BAHUA NPH pacyeTaX TOKOB
K3 nna ueneii peseiHOM 3aLMThl U ABTOMAaTHKU B CNEeLUM(PHUIYECKUX YCIIOBUAX (HalUYHe
OTMHHBIX IMHUH 211€eKTponepeaayy, NpogoNbHOH U MONEPEYHON KOMIIEHCaLMU, HENTUHEU-
HbIX 3JIEMEHTOB B LIENU; ABOWHbIC, NIOBTOPHBIE, BUTTOUIMEHSIOLLHECS U CIIOKHbBIE BUAEI
K3 u 1.1n.).

JlaHHble PykoBOASIILIME YKa3aHUS CYLLIECTBEHHO OT/IMYAIOTCS OT paHee A€MCTBOBABLIMX
aHANOrMYHBIX HOPMATHBHO-TEXHHYECKUX JOKYMEHTOB, TAKUX KaK:

a) PykoBoasHe yKa3zaHMS 10 pac4eTy TOKOB KOPOTKOrO 3aMbIKaHUs M BbIOOpPY 10 pe-
KHUMY KOPOTKOrO 3aMblIKAHHS annaparypbl U NPOBOJAHUKOB B JJIEKTPHUUECKHUX YCTaHOBKaX
BbiCOKOTO Hanpsuxenns (M.: ' OW, 1944, - 51 c.);

0) PykoBoasiiye yka3aHus 110 pacuety KOpOTKHX 3aMblKaHUH, BbIOOPY U IIPOBEPKE arnapa-
TOB H MPOBOAHUKOB M0 YCIOBUAM KOPOTKOro 3ambikanus (1-a pea. M.: MOH, 1975, - 331 c.).

B HacTosweM, TpETbEM, H3aHUH PYKOBOAAIMX YKa3aHHMH YUTEHbI NOXKEJIAHHS MONb30-
BaTeNIei: M3MEHEHA CTPYKTyYpa AOKYMEHTa, pa3paboTaHel MeTOAbI pacueTra TOKOB K3 ¢ yue-
TOM CreuuPUUECKHX NMapaMeTpOB COBPEMEHHbIX ATEKTPUUECKUX MALIUH U UX CHCTEM BO3-
Oy KIOEHHS, 1aHbl PEKOMEHAAUMH 10 YUETY JIEKTPHUECKOH IYTH, Harpesa v rnepeMenieHus
FMOKHX NPOBOAHUKOB NpH K3, BAUAHHSA KOMIIEKCHON Harpy3ku Ha Toku K3.

[1puBoasATCS HOBBIE KPHBbIC U3MEHEHUSA BO BpEMEHU TOKOB K3 reHepaTOpOB pa3iHYHbIX
cepHi ¢ pa3IMYHBIMH CHUCTeMaMH BO30yxKaeHUA. BkilloueH martepuan O TepMuUHaX H
onpeneneHusx B 001aCTH KOPOTKHUX 3aMbIKAHUWHW B JJIEKTPOYCTAHOBKAX, O OYKBEHHbIX
0003HAUEHHAX BEJIMYHH, a TaKKe MaTepHa o npuMeHeHud DBM nipu pacuerax TokoB K3.

Bce oCHOBHbie pa3aesbl PykoBoaASWMX YKa3aHUM WTIOCTPUPYIOTCS NpHMEpaMu
NELIEHHUA XapaKTEPHbIX 3a1ay.

PvkoBoasiuue ykazaHnusa pazpadoTaHbl aBTOPCKHM KOJUIEKTHBOM B CJIEYHOUIEM COCTABE:!
a.T.4., npod. Hexnenaes b.H. (pyxoBoaurens padoThl), K.T.H., npod. Kproukos H.I1.
(OTBETCTBEHHBII UCMOJHUTEND), A.T.H., npod. Kykos B.B., a.1.H., npod. Kyapssues E.I1.
(in. 7.4; 7.6.4), K.T.H., aou. Kysneuos [O.I1.



1. BBEOAEHME

1.1. O6buwine nonoXXxeHus

1.1.1. s 3n1ekTpOyCTaHOBOK XapakTepHbl 4 pesKUMa: HOpMaNbHbIH, aBapyiHbIM, NOC-
NeaBapuiHbld U PEMOHTHBIH, NTpHUYEM aBAPUUHBIH PEKUM SABISIETCSH KPATKOBPEMEHHBIM
PEXUMOM, a OCTAJIbHbIE — NPOAOCTUKUTEABHBIMA PEXKUMaAMM.

1.1.2. DnextpoobopynoBaHue BbIOMpAETCs NO napaMeTpam MPOAOJIKHTEbBHbIX PEXKH-
MOB H MPOBEPSAETCS 10 NNapaMeTpaM KPaTKOBPEMEHHBIX PEKUMOB, ONPEAE/ISIOUWNM U3 KO-
TOPBIX ABJISETCA PEXKUM KOPOTKOIO 3aMbIKaHMUA.

1.1.3. Ilo pexxumy K3 snekrpoobopynoBaHye NpoBepAETCH Ha JICKTPOAUHAMHUYECKYIO
H TEPMHYECKYK CTOMKOCTh, @ KOMMYTAaUHOHHBIE anmnaparbl — TAKKE HA KOMMYTALIMOHHYIO
CIOCOOHOCTB.

1.1.4. V4yurteiBas AUMCKPETHBIN XapakTep U3MEHeHUd NapaMeTpoB 31eKTpoodopyRo-
BaHMsA, pacueT TOKOB K3 11 ero npoBepkd AOMYCKAETCH NPOM3BOAMTL NPHOIHIKEHHO,
C NPUHATHEM psAda AONYLWEHUH, MPH 3TOM [TOrPEeUIHOCTL pacyeToB TOKOB K3 He fomxHa
npesbiiath 5—10 %.

1.1.5. PykoBoasiuue ykKazaHHUs COIMacOBaHbl ¢ ACHCTBYIOLUMMHU [ OCYNapCTBEHHBIMY
CTaHZapTaMu B 00NaCTH KOPOTKHX 3aMbIKaHHM, a Takke ¢ [IpaBuiamy yCTpOHUCTBA 2/1EKTPO-
YCTaHOBOK:

—TOCT 26522-85. KopoTkuie 3aMblKaHus B 3JEKTPOYCTAHOBKAX. T€PMUHDBI U Olpene-
neHud. — M.: M3a-Bo cranpapros, 1985. - 17 c.

- T'OCT 27514-87. KopoTKkue 3aMbIKaHUs B 3JIEKTPOYCTAHOBKAaX. MeToabl pacyera
B JJIEKTPOYCTAHOBKAaX MEPEMEHHOI0 TOKa Hanps:keHueMm cebilue | kB. — M.: M3n-Bo
ctangaproB, 1988. — 40 c.

— T'OCT P 50270-92. KopoTkue 3aMbIKaHUA B 3Je€KTPOyCTaHOBKaX. MeToasl pacuera
B JIEKTPOYCTAHOBKAX MEPEMEHHOr0O Toka HarpsokeHueM 10 1 kB. — M.: M3a-Bo craHpap-
TOB, 1993. - 60 c.

—T'OCT 29176-91. Koporkue 3aMbikaHUS B 3JIEKTPOYyCTaHOBKax. MeToarka pacyera
B JIEKTPOYCTaHOBKaX MOCTOAHHOro Toka. — M.: M3xn-so cranpapros, 1992. — 40 c.

—T'OCT P 50254-92. KopoTkue 3aMbikaHus B 2EKTPOyCcTaHOBKaxX. MeTobi pacuyera
JJIEKTPOAHHAMUYECKOr0 U TEPMHUYECKOr0 AEHCTBHUA TOKOB KOPOTKOIO 3aMBIKAHHA. —
M.: HU3n-Bo ctangaptos, 1993. — 57 c.

—IIpaBuna ycrpoicTBa a5eKTpOyCTaHOBOK. — 0-€ 13a. — M.: DHeproaromu3aar, 1985, -640c.

1.2. TepMuHbI U onpepeneHuns

1.2.1. B PykoBoaauux yKa3zaH1aX UCTIONb3YIOTCA CNEAYIOUUE TEPMUHBI U ONIPEAECICHHA:

1.2.1.1. 3aMbIKaHHE — BCAKOE C/l1yYaltHOE UM NIPEeAHAMEPEHHOE, HE NpPedyCMOTPEHHOE
HOPMaJIbHBIM PEKMMOM PabOThl IEKTPUYECKOE COEAUHEHNE Pa3JIMYHbIX TOYEK JJIEKTPO-
YCTAHOBOK MeXXay COOOH WU ¢ 3eMIeH,

1.2.1.2. KopoTkoe 3aMbikaHHE — 3aMbIKaHUE, ITPU KOTOPOM TOKM B BETBAX 3JIEKTPOYCTa-
HOBKH, NPHMBIKAIOWHUX K MECTY €ro BO3HUKHOBEHHUSA, PE3KO BO3pACTAOT, NPEBbILLAA HAU-
OOJIbILIWK AONYCTUMBIH TOK MPOJOIKUTEILHOIO peXXHUMa.

6



1.2.1.3. KopoTkoe 3aMbIKaHHE HA 3EMJIII0 — KOPOTKOE 3aMBIKAHHE B 3JIEKTPOYCTAHOBKE,
00yCI0BIEHHOE COCAHHEHUEM C 3€MJIEH KaKoro-nubo €€ 2J1eMEHTa.

1.2.1.4. OgHoda3HOE KOPOTKOE 3aMBIKAHHE — KOPOTKOE€ 3aMBIKAaHHE HA 3EMJIKO B TPEX-
(a3HOH NICKTPOIHEPIETHUECKON CUCTEME C TIIYX0- WU 23QHEKTUBHO 3a3€MIICHHBIMU HEN-
TPaJISIMHM CHUIIOBBIX 3JIEMEHTOB, IIPU KOTOPOM C 3€MJIEH COEIUHIETCA TONBKO OQHa (da3a.

1.2.1.5. /IByX¢a3H0€ KOPOTKOE 3aMBIKaHUE — KOPOTKOE 3aMbIKaHHE MEX Y ABYMS (pa3a-
MH B TpeX(ha3HOH NIEKTPOIHEPTETHUECKOH CHCTEME.

1.2.1.6. JIByX(a3HO€ KOPOTKOE 3aMBbIKaHHE HA 3EMITIO — KOPOTKOE 3aMBIKAHHE Ha 3EMITIO
B TpeX(ha3HOH 3JIEKTPOIHEPIreTHUECKOH CHCTEME C ITTYX0~ UIH d(DHEKTUBHO 3a3€MJICHHbI-
MU HEHTPAIAMH CUWIOBEIX 3JIEMEHTORB, IIPH KOTOPOM C 3EMJIEH COEMHHSAIOTCS ABE (a3bl.

1.2.1.7. /[IBOiiHO€ KOPOTKOE 3aMBIKAHHME HA 3EMITIO — COBOKYITHOCTB ABYX OOHO(A3HBIX
KOPOTKHX 3aMBIKAaHHH Ha 36MJIIO B PA3.THYHBIX, HO DJIEKTPHYECKH CBA3AHHBIX YaCTAX ICK-
TPOYCTaHOBKH.

1.2.1.8. Tpexdaznoe KOpOTKOE 3aMbIKaHHE — KOPOTKOE 3aMbIKaHHE MEXKy TpeMA ¢a3a-
MH B TpeX(a3HOM MEKTPOIHEPIETUYECKOU CHCTEME.

1.2.1.9. Tpex@pazHoe KOpOTKOE 3aMBIKAaHHE Ha 3€MIII0 — KOPOTKOE 3aMBIKaHHE Ha 3EMITIO
B TpEX(a3sHOM BNEKTPOIHEPTeTHUECCKOH CUCTEME C ITIyXO- WIH 3(PPEKTUBHO 3a3€MIIEHHEI-
MU HEMTPAISIMU CUJIOBBIX 3JIEMEHTOB, IIPH KOTOPOM C 3€MJIEH COCIMHAIOTCS TPH (Pa3bl.

1.2.1.10. [ToBTOpHOE KOPOTKOC 3aMbIKAHHE — KOPOTKOE 3AMBIKAHHUE B JJIEKTPOYCTAHOB-
K€ NPU aBTOMATHYECKOM MOBTOPHOM BKJIIOYEHHH KOMMYTALHOHHOTO JJIEKTPHUYECKOTO
anriapara MoBpPeXICHHOU LENU.

1.2.1.11. H3mensaromeecs KOpOTKOE 3aMbIKAaHHE — KOPOTKOE 3aMBIKAHHE B DJIEKTPOYCTA-
HOBKE C IIEPEXOLOM OIHOI0._BH1a KOPOTKOTO 3aMBIKAHHA B APYTOH.

1.2.1.12. YCTOHYHMBOE KOPOTKOE 3aMBIKAHUE — KOPOTKOE 3aMBIKAHUE B 3JIEKTPOYCTAHOB-
K€, YCIOBUA BOSHUKHOBEHHS KOTOPOro COXPAHAIOTCA BO BpeMA O€CTOKOBOM I1ay3hl KOMMY-
TAllMOHHOTO 3JIEKTPHYECCKOIO aIapara.

1.2.1.13. HeycTomunBO€ KOPOTKOE 3aMBIKAaHHE — KOPOTKOE€ 3aMBIKAaHHE B 2JIEKTPOYCTa-
HOBKE, YCIIOBHSA BOSHHKHOBEHHS KOTOPOIr0 CAMOJIMKBHIUPYIOTCA BO BpeMs OECTOKOROH 112y 3bl
KOMMYTAIHOHHOT'O 3JIEKTPUYECKOI0 arnrapara.

1.2.1.14. CUMMETPHUYHOE KOPOTKOE 3aMBIKAHUE — KOPOTKOE 3aMBIKAHHE B JJIEKTPOYCTa-
HOBKE, [IPH KOTOPOM BC€ €€ (a3bl HAXOAATCS B OAMHAKOBBIX YCIIOBHIAX.

1.2.1.15. HecummMeTpruHOE KOPOTKOE 3aMBIKAHHE — KOPOTKOE 3aMBIKaHHE B 3JIEKTPOYCTa-
HOBKE, IIPH KOTOPOM OJiHa K3 €€ (a3 HAXOOUTCH B YCIIOBHUAX, OTIIMYHAIX OT YCIIOBUH APYTHX (as.

1.2.1.16. YnaneHHOE KOPOTKOE 3aMBIKAaHHE — KOPOTKOE 3aMbIKaHUE B 3JIEKTPOYCTAHOB-
K€, IIPpU KOTOPOM aMIUIUTYAbI NEPHOOHYECKOH COCTABIIAIOIIEH TOKA JAaHHOTO HMCTOYHHKA
3HEPryud B Ha4YaJILHBIK U NPOH3BOJILHBIH MOMEHTEI BDEMEHH NMPAKTHYECKH OJTHHAKOBHI.

1.2.1.17, ban3koe KOPOTKOE 3aMBIKAHHE — KOPOTKOE€ 3aMBIKAaHHE B JJICKTPOYCTAHOBKE,
Py KOTOPOM aMIUTUTYABI NEPHOAUYECRON COCTABNAIOIIEH TOKA JaHHOIO HCTOYHHKA dHED-
MU B HAYAJHHBIH H IPOU3BOJIBHBIN MOMEHTHI BPEMEHH CYLIECTBEHHO OTIIHYAKOTCH.

1.2.1.18. PexxuM KOPOTKOTO 3aMBIKaHUS — PEXKUM pabOTHI INEKTPOYCTAHOBKHU IIPH Ha-
JIHYHUU B HEH KOPOTKOI'O 3aMbIKaHHA.

1.2.1.19. IlpenmecTByOmuK pe:KHM — PEXUM PabOTHI 3EKTPOYCTaHOBKH HENOCPEL-
CTBEHHO NEpeN MOMEHTOM BO3HMKHOBCHHS KOPOTKOIO 3aMBIKaHHS.

1.2.1.20. YcTaHOBUBLUHKCA PEXUM KOPOTKOI'O 3aMBIKaHUA — PEXKHM KOPOTKOIO 3aMBbl-
KaHHS 3JIEKTPOYCTAHOBKH, KaCTYNAOUIHH IIOC/IE 3aTyXaHHs BO BCEX LEIIX CBOOOIHBIX TO-
KOB M NPEKPALLEHUA H3MEHCHHSA HaNpPs)KSHU BO3OYIUTENEH CHHXPOHHBIX MALIMH IO ACH-
CTBHEM aBTOMATHYECKHX PCryvIATOPOB BO30YKIECHHA.



1.2.1.21. [IepexoaHbIn Mponecc B 3EKTPOYCTAHOBKE — MPOLIECC nepexoga 0T OAHOTO
YCTAaHOBHBUIETOCH PEXKUMA IEKTPOYCTAHOBKH K APYTOMY.

1.2.1.22. Dn1eKTpOMAarHuTHHIM NEPEXOAHBIH MPOLECC B BICKTPOYCTAHOBKE — IIEPEXO/-
HBIH IIPOLIECC, XapaKTECPU3YEMBIH U3MEHEHUEM 3HAUYCHUH TOJIBKO 3JICKTPOMArHUTHBIX Be-
JIMYUH 3JICKTPOYCTAHOBKH.

1.2.1.23, DneKTpoOMeXaHHYEeCKHH MEPEXOAHBIN IIPOLIECC B ANEKTPOYCTAHOBKE — IIEpe-
XOIHBIH MPOLIECC, XapaKTePU3yEMbIH OAHOBPEMEHHBIM H3MEHEHHEM 3HAYCHUH 3IEKTPOMar-
HHTHBIX 1 MEXaHHUYECCKHUX BEJIUYHH, ONPEAC/AIOIMX COCTOSHHE 3JIEKTPOYCTAHOBKH.

1.2.1.24. CpoOoaHas COCTABILIIONIAA TOKA KOPOTKOI'O 3aMBIKAHUS — COCTABIISIOIIAS TOKA
KOPOTKOrO 3aMbIKaHUsA, ONpeacisieMasl TOIBKO Ha4aJIbHBIMUA YCIIOBUAMH KOPOTKOI'O 3aMBbl-
KaHHSA, CTPYKTYPOH JJIEKTPUYECKOH CETH U I1apaMeTpPaMH €€ JIEMEHTOB.

1.2.1.25. IIpuHy>Xa€HHAsA COCTABIAKOHIAS TOKA KOPOTKOIO 3aMBIKAHUS — COCTaBJIAIO-
I11ag TOKa KOPOTKOrO 3aMbIKaHUs, paBHAs PA3HOCTH MEXIY TOKOM KOPOTKOI'O 3aMBIKaHUA H
€ro cBOOOIHOH COCTAaBIAIOIIEH.

1.2.1.26. Anepuoauycckas COCTABIAIONIAA TOKa KOPOTKOIO 3aMbIKaHUs — CBOOOIHAA CO-
CTABIIAIOLIAs TOKa KOPOTKOTO 3aMbIKaHUs, U3MEHSAIOILAACA BO BpeMEHH 0€3 1epeMeHbl 3HAKA.

1.2.1.27. Ilepuoauyeckas cOCTaBAsAIOIIAsA TOKA KOPOTKOI'O 3aMBIKaHUs paboyeH 4acTo-
Thl — COCTABJIAIOIIAA TOKA KOPOTKOI'O 3aMBIKAHUS, H3MEHAIOWAACS 10 IEPUOIUYECKOMY
3aKOHY ¢ pabo4deH 4acTOTOH.

1.2.1.28. MrHOBEHHOE 3HAYEHHUE TOKA KOPOTKOI'O 3aMBIKAHUS — 3HAYEHHUE TOKA KOPOT-
KOI'0 3aMBIKaHHA B paCCMaTPUBACMbIH MOMEHT BPEMEHHU.

1.2.1.29. [leficTBy1ollee 3Ha4eHUE TOKAa KOPOTKOI'O 3aMBIKaHUs — CPEAHEE KBaJpaTu-
YE€CKO€ 3HaYE€HHE TOKA KOPOTKOI'O 3aMBbIKaHHUs 32 1epro pabo4en 4acTOThI, CEpeaHHa KOTO-
poro €CTh pacCMaTpUBAEMBI MOMEHT BPECMCHH.

1.2.1.30. JencTByroniee 3Ha4eHUE IEPUOAHNYICCKON COCTABIISIONIEH TOKA KOPOTKOTO 3a-
MBIKaHHS — CpelHee KBAAPATHYECKOE 3HAYCHUE NEPHOAUUECKON COCTABIAIONIEH TOKA KO-
POTKOTO 3aMBbIKaHHA 3a NEPUOI paboUeH YaCTOTHI, CEpPEAUHA KOTOPOro €CTh paccMaTpuBae-
MBIH MOMEHT BPEMEHH.

1.2.1.31. HavyanpHO€ OEHCTBYIOLIEC 3HAYCHUE NEPUOAHUYECKOM COCTABIAKOLICH TOKA
KOPOTKOIO 3aMBIKaHHUs — YCJIOBHAS BEJIMYHHA, paBHAs JIBOMHOH aMIUIHTYHE MIEPUOAHUYEC-
KOH COCTaBJIAIOIIEH TOKA KOPOTKOro 3aMbIKAaHHMSA B HaYaJIbHBIA MOMEHT BPEMEHH, YMEHb-
MIEHHON B 2+/2 pas.

1.2.1.32. HaganpHoE€ 3HaYCHHE aNEepHOAHYECKOH COCTABIIAIOLLEH TOKA KOPOTKOIO 3a-
MBIKaHHS — 3HAYE€HUE alEPHOAUYECKON COCTABIIAIOLIEH TOKA KOPOTKOI'O 3aMBIKaHUA B Ha-
YaJIbHBIH MOMEHT BPEMEHU.

1.2.1.33. YcTaHOBHBIIMHCS TOK KOPOTKOIO 3aMBIKAHUA — 3HAYEHHUE TOKA KOPOTKOI'O 3a-
MBIKaHHA [TIOCJIC OKOHYAaHHA NIEPEXOTHOr0 NPOoIECCa, XapaKTEPH3YEMOro 3aTyXaHUeEM BCeX
CBOOOIHBIX COCTABAIOLIMX 3TOI0 TOKA H IPEKPAlllCHHEM H3MEHEHHS TOKA OT BO3/ICHCTBHSA
YCTPOHCTB aBTOMAaTH4YECKOr0 pPEryNupoOBaHHA BO30YXICHUS HCTOYHUKOB SHEPTI U H.

1.2.1.34. YnapHBIH TOK KOPOTKOr0 3aMbIKaHUS — HaHOOJIb1IEE BO3MOKHOE MIHOBEHHOE
3HAYCHHE TOKAa KOPOTKOrO 3aMBIKAHHUA.

1.2.1.35. YnapHbii kK03 GHIHEHT TOKa KOPOTKOIO 3aMBIKAHUA — OTHOILIEHHUE YAAPHOI0
TOKa KOPOTKOT'O 3aMBIKAHUs K aMIUTUTYAE IEPHOLUYECKOH COCTABILIOILIEH TOKA KOPOTKOTO
3aMBIKaHUs pabo4YeH YaCTOTHI B HAYAJIbHBI MOMEHT BPEMEHH.

1.2.1.36. OTximro4aeMplil TOK KOPOTKOTO 3aMBIKAHHS — TOK KOPOTKOIO 3aMBIKAHHA 3JICK-
TPUYCCKOH LIENMH B MOMEHT Havalla PacXOxXICHUA OYrOraCUTEIbHBIX KOHTAKTOB €€ KOMMY-
TAIlHOHHOI'O AEKTPHYECKOrO anapara.



1.2.1.37. [JeucrByroillce 3HAYECHUE NMEPUOAUUYECKOH COCTABIIAIOLICH OTKIKYAEMOro
TOKa KOPOTKOI'O 3aMBIKaHUA — YCJIOBHAs BEJINYHHA, paBHAasg JBOHHOHW aMIUIHTYAC NEPHO-
JUYECKON COCTABJIAIOUIEH TOKA KOPOTKOTO 3aMBIKAHUA B MOMEHT Haudala PacXOXIACHUS
AYTOraCHTENbHBIX KOHTAKTOB KOMMYTAIHOHHOIO 3JIEKTPHYESCKOr'O anmnapara, YMEHbILECH-
HOH B 2+/2 pas.

1.2.1.38. Annepyonuyeckas COCTaBJAOIAA OTKII0YAEMOro TOKa KOPOTKOTrO 3aMBbIKa-
HHUA — 3HAYECHUE allepHOAHUYECKON COCTABISIONIIEH TOKAa KOPOTKOIO 3aMbIKAHUSA B MOMEHT
Ha4yaJla PacXOXAE€HHUA AYTrOraCUTEIBHBIX KOHTAKTOB KOMMYTALHOHHOIO 3JIEKTPHYECKOTrO
arrapara.

1.2.1.39. AMIIIUTYAHOE 3HAUECHHE OTKJIKOYaEMOT0 TOKa KOPOTKOr'O 3aMbIKaHUS — yCIIOB-
Has BEJIMYHHA, paBHAs apUPMETHUECCKON CYMME JEeHCTBYIOLIErO 3HAYCHHUSA NNEPHOTHYECKOH
COCTABJIAIONIEH OTKIIOYAEMOro TOKA KOPOTKOTO 3aMBIKAHHS, YBEJIMUEHHOIO B /2 pa3, U
arePHOIHYECKOH COCTABIIAIOUICH OTKIHOYAEMOI0 TOKA KOPOTKOTO 3aMBbIKaH .

1.2.1.40. CHMMETPHYHBIE COCTABAAOIINE HECCUMMETPHYHON TPEX(HA3ZHONH CHCTEMBI TO-
KOB KOPOTKOIO 3aMbIKaHHA — TPH CUMMETPHYHBIE TPEX(Pa3HBIE CHCTEMbl TOKOB KOPOTKOI'O
3aMbIKaHiisl pabdo4yeld 4aCTOTHI NPAMOH, OOPAaTHOM M HYNEBOHW MOCICHOBATEIBHOCTEH, Ha
KOTOpbIC JaHHAsi HCCHMMETpPHYHAA Tpex(da3Had CUCTEMAa TOKOB KOPOTKOIO 3aMBIKaHHS
MOXCT OBITH pa3jIOoKeHa.

1.2.1.41. TOK KOpOTKOIr0 3aMBIKaHHUA NPAMOH ITOCACHOBATEIbHOCTH — OJHH U3 TOKOB CHM-
METPHYHOU TpeX(dazHOH CUCTEMBI TOKOB KOPOTKOI'O 3aMBLIKAHUS IIPSMOTro ClIe0BaHUA (as.

1.2.1.42. Tok KOPOTKOIo 3aMbIKaHHA OOPaTHOH OCIEA0BATEIFHOCTH — OJUH H3 TOKOB CHM-
METPHYHOH TPEX(Pa3HOil CHCTEMBI TOKOB KOPOTKOIO 3aMBIKaHHsA 00paTHOro ClaeaoBaHus (a3,

1.2.1.43. TOK KOpPOTKOro 3aMBIKAaHHs HYJIEBOH IOCJICA0BATCIBHOCTH — OOHH U3 TOKOB
CUMMCTPHUYHOHU HEYPAaBHOBEUICHHOH TPeX(Pa3HOH CHCTEMLI TOKOB KOPOTKOI'O 3aMbIKAHUS
HYJIEBOTO CIICHOBAHHA (as.

1.2.1.44. OxugaeMpi TOK KOPOTKOr0 3aMBIKAaHHSA — TOK KOPOTKOrO 3aMbIKaHHUsA, KOTO-
PBIH OBI OB B 3JIEKTPHYECKOHN LEMH 3NEKTPOYCTAHOBKU NPH OTCYTCTBUH JCHCTBHS YCTa-
HOBJIEHHOI'0 B HEM TOKOOTPAHHMYHBAOIIEI0 KOMMYTAIMOHHOIO 3JICKTPUYECKOrO anmapara.

1.2.1.45. IIponyckaeMpiit TOK KOPOTKOIO 3aMBIKaHHA — HaUOO/IbIlIee MTHOBCHHOE 3Ha-
YEHHE TOKAa KOPOTKOI'0 3aMBIKAHHMS B JJICKTPUYECKOH UENH 3JTEKTPOYCTAHOBKH C YUETOM
JEUCTBHSA TOKOOIPAHHYHBAIOLICTO KOMMYTALIMOHHOIO JJIEKTPHYECKOro anmapara.

1.2.1.46. CKBO3HOM TOK KOPOTKOI'Q 3aMBIKAHHS — TOK, NPOXOAAIINK 4epe3 BKIKOYECH-
HBIH KOMMYTAILlMOHHBIH 3JIEKTPUUYECKHH anmnapar 11pyd BHEIWHEM KOPOTKOM 3aMbIKaHHH.

1.2.1.47. ConepxaHue anepruoAUYCCKON COCTABIAIOLICH B OTKJIHOUaE€MOM TOKE KOpPOT-
KOr0 3aMbIKAHHA — OTHOIUEHHUE AIEPUOAUYECCKON COCTABIAOLIEH OTKIIOYAEMOro TOKa KO-
POTKOIr'O 3aMbIKAHHA B 3aAaHHBIM MOMCHT BPEMEHH K YBETHYCHHOMY B J2 pa3 JeHCTBYIO-
LIEMY 3HAYCHHUIO NEPHOANYECKOH COCTABIIAIOLIEH OTKIHOYAacMOI'0 TOKa KOPOTKOIO 3aMbIKa-
HUS B TOT K€ MOMEHT BPEMCHH.

1.2.1.48. ["'apMOHHYECKUH COCTAB TOKA KOPOTKOrO 3aMbIKAHHA — COBOKYNIHOCTE CHHY-
COMJIANIbHBIX TOKOB Pa3JHYHbIX YaCTOT, Ha KOTOPBIC MOXKET OBITh Pa3/I0/KEH TOK KOPOTKOTO
3aMbIKaHHUA.

1.2.1.49. ®a3a BOIHUKHOBEHHS KOPOTKOrO 3aMEIKaAHUS B JJIEKTPOYCTAHOBKE — (ha3a Ha-
MPAKCHHA 3IEKTPOYCTAHOBKH K MOMEHTY BO3HHKHOBEHHA KOPOTKOI'O 2aMBIKAaHHA, BbIpa-
KEHHast B JICKTPUYCCKHX I'pajlycax.

1.2.1.50. IlepexoaHas cOCTaBIAIOMIAS TOKA KOPOTKOIO 3aMbIKAHHA — NEpUOAHYECKaS
COCTABIAIOUIAA TOKA KOPOTKOrO 3aMbIKaHHsA, PABHAS CYMME NPUHYKICHHOW U CBOOOAHOH
[IEPEXOIHON COCTABAKOLIMX TOKA KOPOTKOIrO 3aMbIKaHHA.



1.2.1.51. Ceepxnepexonnas COCTaBIANOUIAA TOKa KOPOTKOTO 3aMBIKAHHA — MEPHOAH-
4EeCKas COCTAB/AIOIIAsA TOKA KOPOTKOIO 3aMBIKaHHS, paBHAA CYMME IEPEXOIHON U CBOOO/I-
HOH CBEPXIIEPCXOZHON COCTABIAIONINX TOKA KOPOTKOT'O 3aMBIKAHMSI.

1.2.1.52. MomHOCTs KOPOTKOIO0 3aMBIKAaHUA — YCJIOBHAs BEIIHUYWHA, paBHAsA yBEJIU-
4EHHOMY B J3 pa3 NMPOU3BEICHHUIO TOKA TpeX(}Ha3zHOIro KOPOTKOIO 3aMBIKAHHUA B Ha-
YaJILHBIA MOMEHT BPEMECHHY Ha HOMMHAJIBHOE HAIIPSI)KEHUE COOTBETCTBYIOIIEH CETH.

1.2.1.53. IlpogonbHasd HECUMMETPHA B JJIEKTPOYCTAHOBKE — HECUMMETPHSA TpEX-
¢a3HOU 37TEKTPOYCTAHOBKH, 00YCIIOBICHHAS MOCAECAOBATENbHO BKIIOYEHHBIM B €€ LIEITH
HECUMMETPHUYHBIM TPEX(Da3HbIM JIEMEHTOM.

1.2.1.54. ITonepeynas HECUMMETPHS B JICKTPOYCTAHOBKE — HECUMMETPHUS TpeX(pa3HOH
YCTAHOBKH, OOYCJ/IOBNIEHHAA KOPOTKHUM 3aMBIKAHUEM OAHOM MM IBYX (a3 Ha 3EMIIIO HIIH
IABYX (ha3 Mexay coboil.

1.2.1.55. OnHokpaTHas HECUMMETPHUSA B DJICKTPOYCTAHOBKE — NPOAOJbHAA WM IT101e-
pevyHas HECHMMETPHA, BOZHUKIUASA B OXHOH TOYKE TPEX(Pa3HOM INEKTPOYCTAHOBKH.

1.2.1.56. CnoxxHas HECHMMETPHS B 3IEKTPOYCTAHOBKE — HECUMMETPHUA TPEXPa3zHOHU
3NIEKTPOYCTAHOBKH, IPEACTABIAIOIAA COOOH KOMOMHAUMIO M3 NTPOJOJILHBIX M IIONEPEYHBIX
HECHUMMETPHH.

1.2.1.57. Ocobas da3a 3neKTpOoyCTaHOBKHU — (pa3za Tpex(azHOM 3NMEKTPOYCTAHOBKH,
KOTOpas Mpy BO3HUKHOBEHUHU IPOIOJIBHON WIH MONIEPECYHON HECUMMETPHU OKA3bIBACTCH
B YCJIOBHSX, OTJIMYHBIX OT YCJIOBUH JJIS JABYX JPYTHX (as.

1.2.1.58. KoMniiekCHas cxeMa 3aMEIICHUSA — JIEKTPHYECKasd CXeMa, B KOTOPOH CXCMbI
3aMEILCHUS IPAMOM, OOPATHOM U HYJIEBOM MOCIICOOBATEIBHOCTEN (MU APYTUX COCTABMIA-
IOIIHX ) 00BEIMHEHBI COOTBETCTBYIOIIMM 00pA30M C YYETOM COOTHOLIEHUHN MEXKY COCTaB-
JIIONIMMHA TOKOB M HAIIPSKEHHUM B MECTE TTOBPEKICHHUS.

1.2.1.59. I panruHpIie YCIOBUS NIPU HECUMMETPHUHU — XapaKTEPHBIE COOTHOIUCHUS 1A
TOKOB M HaIIPSDKEHUH B MECTE HMOBPEXKIEHUS NPYA JAaHHOM BUAE HECHUMMETPHH B BJIEKTPO-
YCTaHOBKE.

1.2.1.60. ITocTossHHAaA BpEMERH 3aTYXaHUA alCPUOAHMYECKOH COCTABISIOLIEH TOKA KO-
POTKOTO 3aMBIKAHHUS ~ 3JICKTPOMArHUTHAA MOCTOSHHAA BPEMEHH, XapaKTEePH3YIOLas CKO-
POCTH 3aTyXaHHA allCpUOIHUECCKON COCTABIAIONIECH TOKA KOPOTKOTO 3aMBbIKaHUS.

1.2.1.61. PacyeTHple yCNOBHSI KOPOTKOIO 3aMBIKAHUS 3JIEMEHTA 3JIEKTPOYCTAHOBKH -
Haubojee THXKENbie, HO JOCTAaTOYHO BEPOSTHBIC YCIIOBHA, B KOTOPBIX MOXET OKa3aThCs
PacCCMATPHUBAEMBIN JIEMEHT MEKTPOYCTAHOBKH NTPH KOPOTKHX 3aMBIKAHMAX.

1.2.1.62. PacyeTnasa cxeMa 3JIEKTPOYCTAHOBKH — DJIEKTPHYECKAHA CXEMA EKTPOYC-
TAHOBKH, [IPH KOTOPOH HMEIOT MECTO PACUETHBIEC YCIOBUS KOPOTKOIO 3aMbIKaHUA 1A
paccMaTpUBaEeMOro €€ JJIEMEHTA.

1.2.1.63. PacyeTHbIN BUJ KOPOTKOTO 3aMbIKAHHA — BUI KOPOTKOIO 3aMBIKaHHs, IPH KO-
TOPOM HMEIOT MECTO PACUYETHRIC YCIIOBUSA KOPOTKOTO 3aMbIKaHHUA JUIA pacCMATPHBAEMOro
NEMEHTA 3NEKTPOYCTAHOBKH.

1.2.1.64. PacueTHast TOUKa KOPOTKOI'O 3aMBIKAHHUA — TOYKa JJIEKTPOYCTAaHOBKH, IIPH KO-
POTKOM 3aMBIKaHHH B KOTOPOH AJIA pacCMAaTPHBAECMOT0 3JIEMEHTA JIEKTPOYCTAHOBKH HMe-
FOT MECTO PACUYETHBIC YCIIOBUA KOPOTKOI'O 3aMBIKAHMUA.

1.2.1.65. PacyeTHas nponomKuTeIbHOCTh KOPOTKOT'O 3aMBIKaH U ~ IPOAOIDKHTEIBHOCTD
KOPOTKOTI'O 3aMBIKaHH, SBJIMIOIIAACA PACUETHOH U1l paCCMAaTPUBAEMOro JJIEMEHTA JICKT-
POYCTAHOBKH IIPU ONPEACIICHHH BO3ACHCTBUSA HA HEIO TOKOB KOPOTKOI'O 3aMBIKaHUA.

1.2.1.66. BepOosaTHOCTHEIE XapaKTEPHUCTHKH KOPOTKOI'O 3aMBIKAHUS — COBOKYITHOCTD
XapaKTEPHCTHK, ONMHUCEIBAIOILHUX BEPOITHOCTHBIN XapaKTEP pasIUYHbBIX [1apaMETPOB H YC-
JIOBUK KOPOTKOI'O 3aMBIKaHUA.
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1.2.1.67. Tepmuyeckoe HNECHCTBHE TOKA KOPOTKOI'O 3aMBIKAHUS — TEIIJIOBOE ACHCTBHE
TOKa KOPOTKOI'O 3aMbIKAHH, BbI3bIBAIOLIEE U3MEHEHHUE TEMIIEPATYPhI AJIEMCHTOB 3JIEKTPO-
YCTAaHOBKH.

1.2.1.68. SneKTpOAMHAMUYECKOE ACHCTBUE TOKA KOPOTKOTO 3aMbIKAHHUs — MEXaHHYEC-
KO€ NEHCTBHE EKTPOJAHHAMHYECKHX CHJI, 00YCIOBJICHHBIX TOKOM KOPOTKOIO 3aMBIKAHHS,
Ha JJIEMEHTHI EKTPOYCTAHOBKH.

1.2.1.69. Uuterpan [xoyns — ycrnoBHas BEIMYHHA, XapaKTEPU3YIOLias TEIJIOBOE JACH-
CTBHE TOKA KOPOTKOI'0 3aMBbIKaHHUS Ha paCCMaTPHUBAEMBIN 3JIEMEHT JIEKTPOYCTaHOBKH, YHUC-
JIEHHO paBHasA MHTETPAy OT KBaJipaTa TOKa KOPOTKOIO 3aMBLIKAaHM 110 BPEMEHH B IIpeJiesiax
OT Ha4aJbHOI'O MOMEHTA KOPOTKOI0 3aMbIKaHHUS IO MOMEHTA €r0 OTKJIFOYEHHA.

1.2.1.70. CTOHKOCTB 37IEMCHTA 3JIEKTPOYCTAHOBKH K TOKY KOPOTKOI'O 3aMBIKAHHS — CIIO-
COOHOCTB 3JIEMEHTA JJIEKTPOYCTAHOBKH BBIAECPKHUBATE TCPMHUYECKOE U IEKTPOIHHAMIYECC-
KO€ OCHCTBHA TOKA KOPOTKOIO 3aMbIKaHHs 0€3 NOBPEXACHUH, NPENATCTBYIOLIHNX €TI0 Jajlb-
HeWIeH ucnpaBHou padore.

1.2.1.71. Tox TepMHUYECKON CTOMKOCTH NIEKTPHUUYECKOI'O allrapara NpH KOPOTKOM 3aMbl-
KaHUH — HOPMHPOBAHHBIM TOK, TEPMHYECKOE NEUCTBUE KOTOPOTO EKTPUICCKUH anapar
crI0COOECH BBIACPXKATH ITPH KOPOTKOM 3aMBIKAHUH B T€UCHHE HOPMHMPOBAHHOIO BPEMEHH
TEPMUYECKOH CTOHKOCTH.

1.2.1.72. TOK 3/1EKTpOOMHAMHYE CKOH CTOMKOCTH JJIEKTPHUYECKOrO alnapara npu KOpoT-
KOM 3aMbIKaHUM — HOPMHUPOBAHHBIN TOK, JIEKTPOOAHUHAMHUYECKOE NEUCTBHE KOTOPOIO JJIEK-
TPUYECKHUM anmapar cnocoOeH BbLIEPKATh NIPU KOPOTKOM 3aMBIKAHUH 0€3 MOBPEXKIACHHUM,
[IPENATCTBYIOIIMX €ro JanbHeHel HCIIpaBHOM paborTe.

1.3. bykBeHHbIe 0603HOYEHUS BEIUYUH

{ — TOK, JCHCTBYIOLIEE 3HAYECHHE;

I — TOK, MTHOBCHHO€ 3HAYECHHE;

{ — TOK KOMIUIEKCHBIHN, ACHCTBYIOIICE 3HAUCHNE;

I — TOK, aMILUTUTYQHOE 3HAYCHHE;

I ~ HOMHHAJIbHBIN TOK;

I:)n — yaapHbIn TOK K3; ) .

[ — TOK 3JIEKTPOAWHAMHUUYECKOH CTOMKOCTH;

I i — TOK BKJIIOUCHHS, AEUCTBYIOLIEE U MTHOBEHHOE 3HAYECHUS,
Im, — CKBO3HOH TOK, JCHCTBYIOILEC K MTHOBEHHOE 3HAYCHHS;
Inp.cma’ ap.cx — MIPEACIbHBIA CKBO3HOH TOK, ACHCTBYIOLIEEC U MTHOBEHHOC 3HAYEHHS;
I i — OTKJIFOYAEMbIH TOK, JEHCTBYIOLICE H MTHOBEHHOE 3HAUCHMUS;
{__ .1 — HOMHHAQJIBLHLIH TOK OTK/IIOYEHHS JJIEKTPUIESCKOro anmnapara;

l,1 — TOK B MOMCHT ¢

[ ,1 — TOK B MOMGCHT T;

I — TOK TEPMKUYECKOH CTOMKOCTH;

I, — TOK YCT3HCBHBILETOCH PEKUMA;

I — Tok K3, 0o01ice 060o3naycHiE,

I, i — TICPHOAHYCCKAs COCTaBnfomasn Toka K3;

I, — anepHoanyeckas cocrasasiomas Toka K3 (I =1 );

I — Ha4aNbHOC ICiICTBYIOUIEE 3HAYCHHE NIEPHOOUYECKOM COCTABIAIOLLEH

Toka K3 (1 = 0):
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— Ha4YaJILHOE 3Ha4YEeHHE alepHOANUYCCKON cocTapisronieit Toka K3 (¢ = 0);

I ,i_ ~ [IEPUOAMYCCKAs U aCPUOAUUYECKAs COCTAaBILOIME Toka K3 B MOMEHT ¢ = T,

I,,I,,I. —TOKH COOTBETCTBEHHO a3 A, B, C;

L, — TOK B HEHUTPAJILHOM IIPOBOIE;

[,1,I ~ —TOKCOOTBETCTBCHHO NPAMOH, 0OpaTHOH H HYJICBOH NOCJICROBATE/ILHOCTEH,

{0 ~— TOK, O’KMIAEMBIH B LEMH ¢ TOKOOTPAHUYHUBAKOLIUM AIllapaToM,;

1 —~ TOK CYMMapHbIH,

Inm_ o — TOK IPOIOKUTEIBHOTO PEKUMA, nonycmmmﬁ;

Lo vace ~ — TOK HODMAJIBHOTO PEXHMA, PACICTHBIH; !

Inm_ s — TOK IIPOIJO/DKHTETBHOIO PEKHMMA, PACHETHBIM;

Iy, 1, — TOKH COOTBETCTBEHHO IO OCAIM d M ¢ ;

i — TNIePEXOHBIH TOK;

I’ — CBEPXIIEPEXOIHBIH TOK;

I — TOK IIJIABJICHHS BCTABKH NPENOXPAHUTEIS,

U, u — HaNpsOKCHHUE, NEUCTBYIOILEE U MFHOBEHHOE 3HA4YCHHU A,

U s s — HanOonbliee paboyee HANPIKECHHUE,

U: . — HOMHHAJIPHOC HAIPSXKCHHUE,

U, U, U, — Hanps:KeHUs COOTBCTCTBEHHO NPAMOH, 00PAaTHOM U HYJIEBOH I10C/IEHOBa-
TCIBHOCTEH;

AU — OTEPA HANPSKCHUS;

¢ — YTOJ caABUTA (a3 MEKAY HANPYKCHUEM H TOKOM;

cos ¢ — KO3 GULHEHT MOILHOCTH,

E, e — JJIEKTPOABMKYILIIAs CHJIA, NEHCTBYIOIECE H MTHOBEHHOE 3HAYCHMUS,

— MOILIHOCTh aKTHBHAA;

— MOILIHOCTh PEaKTUBHAas;

— MOIIIHOCTB NOJIHAS, MOIYIIb;

— MOLIIHOCTb ITOJIHAS, KOMITJICKCHAS;

— 4acToTa KonebaHuH 3NEeKTPHICCKOH BEJTHYHHBI;

— YaCcTOTa KOJeOaHUM JIEKTPHUYCCKOH BEJIUUKHEI, YIJIOBas;

— CONPOTHUBIICHUE aKTUBHOC;

— CONPOTUBJICHUE PEAKTUBHOE,

— COMPOTHUBIICHUE MOJTHOE, MOAYIIb;

— COMPOTHUBIICHHUE ITOJIHOE, KOMILICKCHOE;

— COIIPOTHUBJICHHE PEAKTHBHOE, HHAYKTHUBHOE;

— COTIPOTHBJIEHHE PEAKTUBHOE, EMKOCTHOE;

— CONPOTHBRIIEHHE BOJIHOBOC;

— BOCCTAHAB/IMBAIOIIECECA HANPKECHUE HA KOHTAKTaX KOMMYTAalUOHHOTO all-
1apara;

— CKOPOCTh BOCCTAHOBJICHHUSA HAIIPSIKCHHUA;

— BO3BpALIAIOILEECS HANPSDKEHUE HA KOHTAKTaX KOMMYTAUMOHHOIO armapara,

— COIIPOTHBJICHUS COOTBETCTBEHHO NPAMOMH, 0OpaTHOH U HYJIEBOI MOCIEN0-
BATEIBHOCTEH;

— IPOBOAUMOCTE JNIEKTPHYECKas, MOLY/Ib;

— MIPOBOIUMOCTE JJICKTPHUYECKasi, KOMIUICKCHAS;

— IPOBOAHMOCTE aKTHBHAA,

— NPOBOIMMOCTD PCAKTHBHAS,

— HHOYKTHBHOCTB COOCTBEHHA,
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— UHAYKTUBHOCTh B3aUMHAa;

— KO3 (QHUIHEHT CBA3Y,

— KO3((QHULIHMEHT pacCeaHuUs,;

— YAENBHOE CONPOTUBJICHUE,;

— yAenbHas IPOBOAUMOCTD;

— TeMIepaTypHbik KOIOPUIIHEHT CONIPOTHUBIIECHHUS;

— TEMIIEPaTypHBIH KO3 PUIHUEHT TEILIOEMKOCTH;

~ 3HEPTrUs JIEKTpUYECKas;

— 3HEPrUs AMCKTPOMArHUTHAS;

— HaIpsSKEHHOCTh MArHUTHOTO 110715, MOAYJE;

— HaIPSHKEHHOCTh MArHUTHOTO 1101, BEKTOP;

— HAIPAXKEHHOCTD JIEKTPHYCCKOTO 110151, MOAYb;

— HAIIPAYKEHHOCTD 3JIEKTPHYECKOTO MO, BEKTOD;

~ TIPOHUIAEMOCTD AU3IEKTpUUECCKas a0ComoTHA;

— IPOHHULIAEMOCTD OUIJICKTPHYECKAsA OTHOCUTEJILHAA;

— IIOCTOSTHHAA 3JIEKTPHYECKas;

— NPOHUIIAEMOCTh MarHuTHasA abCOIOTHAS;

— IPOHHLIAEMOCTH MAarHMTHAasA OTHOCHTE/IbHAY;

— MIOCTOSSHHAA MarHuTHasd,

— TeMneparypa B wkaine L{enscus;

— TEMIIEpATypa B LiKane KeabBHUHa,;

— MPEBBINIEHHE TEMIIEPATYPHI;

— IIOCTOSIHHAsA BPEMEHH 3/J1EKTPHYECKOH LIEMH;

— IEPUON KONeOAHUH 3NCKTPUIECKON BCIMYUHEI;

— MOCTOAHHAsA BPEMEHH 3aTyXaHHA allepHOAHMUYECKOH COCTaBINAIOIEeH ToKa K3;

— YAApHbIX KOIPPHLUHMEHT;

— HOPMHUPOBAHHOE NPOLEHTHOE COACPKAaHHE allepHOAHYECKON COCTAaBIIAIOLIECH B
OTKJTIOYAEMOM TOKE;

— KO3QMOUUKMEHT TpaHCHOopMalUH;

— OTHOULICHHE YHCJIA BUTKOB;

— YHCJIO BUTKOB OOMOTKH;

— €MKOCTB;

— yAEJbHas TEIUIOEMKOCTH;

~ MJIOTHOCTH MaTepuana,

— CKOJIb)XCHHE;

— CKOJIBXCHHE KPHTHYECKOE;

— CEYEHHE NMPOBOAHHKA,;

— MOMEHT BPAILAIOIMXCAI MAcCC;

~ NIOCTOSTHHAs HHEPUUH (MeXaHu4YecKas NOCTOSHHas);

— IIOBEPXHOCTb;

— CHJIa, BEKTOP;

— CHJIa, MOAY/Tb;

— yaenbHad TeooTaa4a,;

— TENJOBOH NOTOK;

— MOAYNB YNIPYTOCTH;

— MOMEHT HHEPLUH;

— MOMEHT CONPOTHBIICHHUSA MONIEPEYHOIO CEYECHHUS NPOBOAHUKA;
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— Macca;
~ HANpsOKCHUE B MAaTEpHAJIC,
~ MIPEAEST IPOYHOCTH;
— [IpeJIe NPONOPLUUOHAIBHOCTH;
— MIPEHEN TEKYYECTH;
— KO3pPUuHMEHT GOPMBI;
— k03¢gPuumreHT 100aBOYHBIX IOTEPE;
— KO3 OHUIHEHT JUHAMHYECKON Harpy3KH;
— KO3(OHUUHEHT IIOBEPXHOCTHOIO 3P PeKTa;
— KOO PUUHEHT NEPErpy3KH;
— uHaTerpai oy npu K3;
— HOPMHUPOBAHHBIN HHTErpan JKOyIs 3JIEKTpUYECKOro anrapara Iy ycioBui K3;
— BpEMs TEPMHYECKOH CTOMKOCTH JIEKTPHYECKOTO aniapara;
— BpeMs oTkmoueHus K3, pacdyeTHAas NPOOODKUTENBHOCTE K3;
— COOCTBEHHOE BPEMS OTKIIHOUEHHS BBIKITIOYATES;
— ITOJIHOE BpEMs OTKJIFOYEHHS BBIKIIOYATEIIS;
3 — MHHHMAJIBHOE PAaCYETHOE BPEM? cpabaTLIBAHUS PEJICHHOH 3aLUHTHI;
T — MOMEHT Ha4alla pacXOXKIECHUS AyTOraCUTENbHBIX KOHTAKTOB KOMMYTAlHOHHO-
ro anfapara;
7 —KOO(Q(HUIHUCHT JUHAMHUYECKOHU HaIrpy3KH;
C — KO3 QUIIMEHT pacuyeTHOIO JKBUBAICHTHOTO HANPSKCHUS CETH;
a — PaCCTOsIHUE MSXKAY dazamu;
0  — norapuGMHYCCKHH NEKPEMEHT 3aTyXAHH;
. —OecTtokoBas nay3sa B uukie AllB.
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2. PACYETHbLIE YCNTIOBUA KOPOTKUX 3AMBIKAHUU

2.1. O6bwyme ykasaHus

2.1.1. KopoTkue 3aMbIKaHHA €CTh CiaydaiHble cOOBITUA. COBOKYIHOCTH IMapaMeTPOB
PeXHUMa KOPOTKOI'0 3aMbIKaHUA 00pa3yeT MHOXKECTBO BEPOATHOCTHBIX [TApaMETPOB.

2.1.2. TlapamMeTpsl 3eKTpo0OOpPYyIOBAHHS NHCKPETHHI. MIX COBOKYNHOCTH OOpasyer
MHOXECTBO JETCPMHUHUPOBaHHLIX IIAPaMETPOB.

2.1.3. 114 npOBEepPKHU INEKTPOOOOPYAOBAHUS MO PEKUMY KOPOTKOIO 3aMBbIKaHMA Tpely-
€TCA COIIOCTABUTH BEPOSTHOCTHBIE TTapaMeTpsl pexkuMa K3 ¢ feTepMUHUPOBAHHBIMH T1aPa-
METPaMH 3JIeKTpoo0opynoBaHus. 11 BO3MOXHOCTH TAKOI'O CONMOCTABICHUA BEPOSTHOCT-
HEI€ lapaMeTpsl pexuma K3 nnpeobpa3yroTcsa B yCIOBHO JETSPMHHHPOBAHHEIC IAPAMETPEI
pe’kuMa pacyeTHBIX ycinoBuH K3.

2.1.4. PacueTtHseie ycnoBus K3, T.e. Haubonee Tsxensie, HO JOCTAaTOYHO BEPOSATHEIE
ycinoBHsa K3, GOpMHPYIOTCS Ha OCHOBE ONBITA 3KCILTYaTallHH JIEKTPOYCTAaHOBOK, AHAJIH-
33 OTKA30B 1EKTPOOOOPYyNOBaHHUA U NOCHEACTBUH K3, MCTIONb30BaHUs COOTHOLICHHIM Ta-
paMeTpoB pexuMa K3, BEITEKAIOMMNX U3 TCOPUH NEPEXOIHBIX TPOLECCOB B IEKTPOYCTa-
HOBKaX.

2.1.5. Pacuernbie ycnosus K3 onpenensiorcs HHAMBHAYAIBHO IS KaXXIOI'0O 3IEMEHTA
JIEKTPOYCTAHOBKH. /11 OMHOTHITHEBIX [10 ITapaMETPaM M CXEME BKJIFOYEHHUSA ITIEMEHTOB 3J1EK-
TPOYCTAaHOBKH JOITYCKAaE€TCA UCIOJIb30BaTh AHAJIOTHYHBIE PACUECTHBIE YCIIOBHS.

14



2.1.6. B coorBerctBHYU ¢ I1YDD nonyckaeTcs He NpoBEPATh M0 pexuMy K3 HEKOTOpEIE
NPOBOAHUKY U IEKTPUUECKHUE anfiaparsl, 3al{MII{CHHBIC [UIABKUMHU IPEIOXPAHUTEIAMH,
a TaK>Ke NMPOBOAHHUKM U alIlaparhl B HEMIX MAJIOMOLIHEIX, HEOTBETCTBEHHBIX MOTPEOUTE-
J1EH, UMEIOUIHMX PE3EPBUPOBAHHUE B JJIEKTPHYECCKOH HIIH TEXHOJIOIHYECKOM YacTH. IIpHu aTom
OOJDKHBI OBITH HCKJIIOYEHBI BO3MOXXHOCTH B3pbIBAa WM IOXKapa.

2.2. PacuetHOs CXema

2.2.1. PacyeTHas cxeMa, KaK NPaBUIIO, BKITIOYAET B C€0S1 BCE 37IEMEHTHI 3NEKTPOYCTa-
HOBKH M NPUMBIKAIOUIEH YaCTH JHEPrOCHUCTEMBbI, UCXOIS U3 YCIOBHH, NPEAYCMOTPEHHBIX
NPOOOTKUTEIBHON pabOTON 3MEKTPOYCTAHOBKH C IEPCHEKTHBOH HE MCHEE YEM B D JIET
[10CJIE€ BBOJA €€ B 3KCIUTYATaLHIO.

2.2.2. B oTAEenbHBIX, YACTHBIX CIy4YadX, paCUCTHAs CXEMa MOXKET COJAEPKAaTh HE BCE
3JIEMECHTDI ANEKTPOYCTAHOBKY, €CIIM IIPH 3TOM pacueToOM J0Ka3aHa BO3MOKHOCTE CyLlIECTBO-
BaHHU O0Jiee TSHKENBIX PACYETHHIX YCIOBHH, UTO MOXET UMETH MECTO, HANPUMED, IPH BRO-
7€ B paboTy nocie pEMOHTA OJHOH U3 ITapaLIENbHBIX UENEH 3JIEKTPOYCTAHOBKH.

2.3. PacueTHbi BUA, KOPOTKOro 3GMbIKAHUS

2.3.1. Ilpu nnpoBepke 3NEeKTPUUECKHX ANIapaTOB U )KECTKHUX IPOBOAHUKOB BMECTE C OT-
HOCAUIAMHCH K HUM MONCPKHUBAIOIIMMH U ONTOPHBIMH KOHCTPYKIIMAMH Ha DICKTPOAHHAMH-
4eCKYI0 CTOHMKOCTh pacyeTHbIM BUAOM K3 aBisercs tpexdasznoe K3. Ilpu stom B 0bmiem
CIIy4yae JONMYCKAECTCA HE YYUTHIBATh MEXAHHYECKHE KOJICOAHUS IIHHHBIX KOHCTPYKIIHH.

2.3.2. Ilpu nposepke rubOKHUX IIPOBOIHHKOB Ha 3MIEKTPOOAUHAMHUYECKYIO CTOHKOCTE (Ts-
KEHME, ONacHOC CONMKEHNUE U CXJI€CThIBAHUE IPOBOIHUKOB) pacuyeTHbIM BUIOM K3 sBid-
ercs asyx@dasHoe K3. PacueT Ha cxnecTsiBanue AOILKEH IPOU3BOAUTHCS C YU4E€TOM KOHCT-
PYKUKHI CHCTEMBI I'MOKHUX IMTPOBOAHHUKORB, 3HAYeHUA TOKA K3 ¥ pacdyeTHOU NMPOROIHKUTEb-
HOCTH pexkuMa K3.

2.3.3. Ilpu npoBepKe NPOBOTHUKOB U JICKTPUUECCKUX alaparoB HA TEPMHUYECKYIO CTOH-
KOCTh pacuyeTHBIM BUIoM K3 B 0bieM ciyqae asnsercs Tpexdasnoe K3. [Ipu nposepke Ha
TEPMHYCCKYIO CTOHKOCTH MPOBOAHHKOB U AlIIapPaToB B UEMAX F€HEPATOPHOIO HANPSKCHHA
3MEKTPOCTAHIIUHN PaCcUCTHRIM MOKET OBITh Taxke ayxdasnoe K3, ecnm oHo obycnasiusa-
eT OonbmHH HAarpes NPOBOOHUKOB H alIapaToB, 4yeM npu tpexdaznom K3.

2.3.4. [Ipn npoBepKe 3MEKTPHUYCCKHUX aNNaparoB Ha KOMMYTAHOHHYHK CIIOCOOHOCTH
pacycTHBIM BUAOM K3 MoxxeT ObITh Tpexdasznoe unu oaHodaszHoe K3 B 3aBUCUMOCTH OT
Toro, upH kaxkoMm Buae K3 ok K3 uMeer Haubonpiee 3Havyenue. Ecnu qa BeIkIoyarenaei
3a1acTCs pa3Has KOMMYTAIHOHHAs CIOCOOHOCTH NpH Tpexda3HeIX W ogHOoda3Heix K3, To
IIPOBEHKY CACIYST NPOU3BOAUTE OTAECIBHO 0 KaxKaoMy Buay K3.

2.4. PacyerHas TOYKO KOPOTKOroO 3aMbIKOHUS

2.4.1. Pacyetnag rouka K3 HaxoguTCa HENOCPEACTBEHHO C OAHOH HIIU C APYIOH CTOPO-
HB! OT PACCMATPUBACMOI0 JJIEMEHTA JJICKTPOYCTAHOBKH B 3aBUCHUMOCTH OT TOr0, KOrZa s
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HEro co3aarwTcsa Hanbonee Tsokensle yenoBusa B pexuMe K3, Ciyyan qBOHHBIX KOPOTKHX
3aMBIKAHHM Ha 3€MJIK0 JOMYCKAETCS B 00IIEM C/TYYae HE YYUTHIBATh.

2.4.2. B 3aKkpeITBIX pacnpeaeauTeNIbHbIX YCTPOUCTBAX IIPOBOOHUKH H IJIEKTPHUYECKUE
anraparhbl, pacloJIOKECHHBIE J0 PEaKTOpa Ha PEAKTUPOBAHHBIX JIMHHUSX, MPOBEPAIOTCH,
HCXOOS U3 TOr'O, YTO pacueTHas Touka K3 HaxoguTcAa 3a pEaKTOpOM, €CITU OHU OTHECIICHBI OT
COOpHBIX IIMH pa3ACAsIONIMMH M10JIKAMH, @ PEaKTOp HAXOHAUTCA B TOM XK€ 3[JaHHH U BCE
CO€AUHCHUA OT PEAKTOPA A0 COOPHBIX IIHH BBHIIIOJIHEHB! IUHHAMH.

2.4.3. [Ipu nposepke kabenel Ha TEpMHYECKYIO CTOMKOCTD pacdeTHOM ToYkod K3 sBisercs:

— JIJI OMUHOYHBIX KabeneH OOHOM CTPOUTENLHOH JUTHHEI — Touka K3 B Hauase kabens;

— U1 ONUHOYHBIX Ka0elEH CO CTyIEeHYaThIM COCAHHEHHUEM IO MJIHHE — TOYKH K3 B
HayaJjie Ka)XJoro y4acTKa HOBOT'O CEUCHHH;

— JUIA ABYX M DoJiee napajuieIbHO BKIIFOUEHHBIX Kabesied OqHOH KabeIbHON THHUY — B
Hayaje kaxaoro kadena. OTCTYIUICHHs OT 3THX TpeOOBaHHH AOKHEI ObITH 000CHOBAHEI.

2.5. PacueTHas NpofosKUTENIbHOCTD KOPOTKOrO 3aMbIKAHUS

2.5.1. Ilpu nmpoBepke NPOBOAHUKOB ¥ NMEKTPHUECKUX aIaparoB Ha TEPMHUUYECKYIO CTOH-
KOCTBb B KaU€CTBE PACUCTHOH IIPOJOIKUTENBHOCTH K3 clieIyeT NpUHUMAaTh CYMMY BPEMEH JIEH-
CTBUS TOKOBOM 3aluuThi (C yueToM acicTeua AIIB) Ommkaniero k Mmecty K3 Bexmrouaress u
MMOJIHOTO BPEMEHH OTKAKYEHUA 3TOro BeIkjdwo4yarenasd. Ilpu Haaudyuu 30HH
HCYYBCTBUTEIBLHOCTH Y OCHOBHOH 3aILMTBI — [10 CYMME BPEMEH AEHCTBHA 3alUMTEI, pEarupyro-
meH Ha K3 B yka3aHHOM 30HE, U ITOJIHOIO BpEMEHH OTKJIIOUCHHS BLIK/IHOUATEIIA IPUCOEAUHEHHA.

2.5.2. ToxonpoBsoak! ¥ TPaHCHOPMATOPhI TOKA B LIENAX I'€HEPATOPOB MOITHOCTHIO 60 MBT
H Oonee crneayeT NpOBEPSATh Ha TEPMHUECKYIO CTOMKOCTD, ONPENEAsA PAaCUCTHYIO ITPONODKH-
TEJIBHOCTE K3 myTeM CIOXEHHSA BPEMEH ACHCTBHA OCHOBHOH 3alLMTHI (IIPH YCTAHOBKE JIBYX
OCHOBHBIX 3all[UT ) WM PE3CPBHOM 3aLIMTHI (IIPH YCTAHOBKE OHOH OCHOBHOM 3alILIUTHI) U N0J-
HOI'O BPEMEHU OTKIIIOYEHHA T€HEPATOPHOIO BEIKITIOUATENA. KOMMYTAaUMOHHEIE 2JIEKTPHYIECKHUE
armapars! B LEIsiX I'eHepaTopoB MOIHOCTHIO 60 MBT ¥ 6os1ee NOIDKHEBI TPOBEPATHCA Ha TeEp-
MHYECKYI0 CTOMKOCTD KaK I10 BpEMEHH BO3ICHCTBHA TOKa K3, onpenensieMoMy OCHCTBHEM OC-
HOBHOM OBICTPOACHCTBYIOLIEH 3aILIMTEL, TAK U II0 BPEMEHH, OITPEACIAEMOMY ACHCTBHEM PE3ep-
BHOH 3alLMTEI, €CJIM 3TO BPEMS MPEBBILIACT HOPMHUPYEMOE 3aBOJOM-H3TOTOBHUTENICM.

2.5.3. Ilpu npoBepKe MEKTPHYCCKUX annaparoB Ha KOMMYTAllMOHHYIO CIIOCOOHOCTD
B KAYE€CTBE paCyE€THOH NPOMOJDKUTENBLHOCTH K3 ciieqyeT NpHHHUMATh CYMMY MHHUMAJIBHO
BO3MOKHOI'O BpEMEHHU IEHCTBUS PEJICHHON 3aIIUTEI JAHHOI'O IIPUCOCAUHEHHUA U COOCTBEH-
HOrO BpEMEHH OTKJIIOYEHH KOMMYTALIHOHHOIO anmnapara (BpeMs 7).

2.5.4. IIpn nposepke kabenei Ha HeBo3ropaeMocTh npu K3 B KauecTBE pacueTHOH
NMPOROKUTENBHOCTH K3 cneayeT npMHHUMaTh CYMMY BPEMEH ACHCTBUA PE3CPBHOM 3allIH-
ThI M MOJTHOT'O BPEMEHH OTKJIIOUEHHA BBIKIIOUATEINS IPHCOCIUHEHMS.

3. ObLUME METOAUMECKMUE YKA3AHUSA

3.1. CocraBneHmne pacyeTHOU Cxembl

3.1.1. YtoOs! onpenenuts pacueTHBIH ToK K3 ¢ 1ensio Bei6Opa UM IPOBEPKH IMEKT-
PHYECKHUX alNapaTroB 4 MPOBOJXHHKOB 110 YCIOBUAM KOPOTKOrO 3aMbIKaHHSA, HEOOXOIHUMO
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penBapUTENLHO BhIOpaTh pacyeTHbIE YCI0BHA, OTBeYarouue tpedosadusam [I1Y 3, B yacT-
HOCTH PACUYETHYIO CXEMY DJIEKTPOYCTAaHOBKH.

Br10op 3TOH CXEMBI CIEAYET NPOM3BOAUTE C YYETOM BOIMOKHEIX JIEKTPHYESCKHX CXEM
COOTBETCTBYIOLIEH DJIEKTPOYCTARHOBKH NIPH PA3NIMYHBIX HNPONOKHTENLHBIX PEXKUMAX €€
paboThl, BKJIIOYAss pEMOHTHEIEC U MTOCICAaBAPUIHBIE PEKHUMEI, @ TAKXKE C YYETOM 3JICKTPH-
YECKOH YIaJIEHHOCTH Pa3JIMYHBIX HCTOYHHKOB SHEPIHM (I€HEPATOPOB, CHHXPOHHBIX KOM-
[ICHCATOPOB H 3JIEKTPOABUIATENECH ) OT pacyeTHOM TOUKH K3.

3.1.2. B cooreeTctuu ¢ ['OCT 2652285 BCe KOPOTKHME 3aMbIKAHMA NOAPA3AC/IAIOTCA
Ha ynaneHHble H Onu3kue. K3 cudraeTcs yoaneHHBIM, €C/IH aMILTUTYAbl IICPHOAHYECKOM
COCTABJIAIOWEH TOKA CTaTOpa NaHHOM 3TICKTPHYECKOH MALUMHEI B Ha4aJIbHBIA H IPOU3BOJIb-
HbIM MOMEHTBI K3 rIpakTH4Y€CKH OJHHAKOBBI, H OJIM3KUM, €CJIH 3TH aMIUIMTYObI CYLICCTBEHHO
oTnu4aroTcs. OOBIYHO MO NEKTPHYCCKON YAAJIEHHOCTHIO pacuyeTHON Toukd K3 0T Kako-
ro-1100 UCTOYHMKA IHEPTUH NTIOHUMAIOT NIPUBEACHHOE K HOMHHAIbHON MOITHOCTH ¥ HO-
MHHAJILHOMY HAaNpsSKEHHIO MCTOYHUKA BHEILIHEE CONPOTHUBJICHHE, KOTOPOE OKa3bIBAETCHA
BKJIFOYEHHBIM MEXAY HCTOYHHKOM H TOUKOH K3 B MOMeHT Bo3uHKHOBeHHI K3. OnnHako
TAKOH CNOCO0 OUEHKU YAANEHHOCTH NPUMEHHM JIMIIb B TEX CAyYasX, KOIAA pa3mUYHbIC
MCTOYHMKH JHEPIUM CBA3AHBI C pacyeTHOM Toukom K3 He3zaBucHMO Apyr OT Apyra. bonee
YHUBEPCAJIILHOH BENTHYHHOH, KOTOPAas B IOJTHOH MEPE XapaKTepH3YET CKTPHUECKYIO Yaa-
JNEHHOCTH pacyeTHOH TOYkH K3 0T npOH3BOIBHOIO HCTOYHHKA JHEPTHH H MOXKET OBITh CpaB-
HUTEJIBHO JICTKO ONpeaciieHa B cXxeMe NH00H KOHQUTypalUH U NIPH JIFOOOM YHCIIE HCTOY-
HUKOB JHEPIuy, ABISICTCS OTHOUWICHHE ACHCTBYIOUICTO 3HAUCHHS NIEPHOJHYECCKOM COCTAB-
JIAIOLLEH TOKA HCTOYHHKA JHEPTHH (TCHEPATOPA, CHHXPOHHOTI'0 KOMIIEHCATOPa, JJIEKTPOABH-
raresns) B Ha4ajabHbIH MOMEHT K3 K ero HOMHHaAJIbHOMY TOKY.

B oreyecTBEHHOH M MEKAyHapoaLOH npakTHke K3 npHHATO cuuTaTh ONU3KHM, €CIOH
3TO OTHOIUEHHWE PABHO ABYM HIH Oonbuwie ABYX. [Ipy MEHBINHUX 3HAYEHUAX YKA3aHHOTO
oTHOmwIeHHA K3 cieayer cuTaTth yaaneHHbIM.

3.1.3. B Tex cinyyasx, korga periacMas 3agada OrpaHH4YHBacTCA NPpUOIKEHHON OLCH-
KOH 3HayeHUA ToKa B Mecte K3, A reHeparopa HiH CHHXPOHHOro KkoMneHcaropa K3 go-
yCTUMO CYHUTATh YAAJICHHBIM, €CJIM pacyeTHas Touka K3 HaxoAuTCA 110 OTHOUIECHHIO K CHH-
XpOHHOH MalliHEe 33 ABYMS H Oojice TpaHCHOPMATOPAMHK HIIM 332 PEaKTOPOM (KaOenapHOH
JIMHUEH ), CONIPOTHBJICHHE KOTOPOr'0 NPERBIIIAET CBEPXIEPEXOAHOE COMPOTHBIICHUE I'eHE-
paTopa MIH CHHXPOHHOIO KOMIleHcaropa Oojsee 4eMm B 2 pasza. s CHHXPOHHOIO MM
ACHHXPOHHOI'O 3JICKTpOABHrareas K3 J0nMyCTUMO CUHUTATh YAAJICHHBIM, €CIIA pacyeTHas
Touka K3 HaxoauTcs Ha APYTOM CTyneHH HaNpssKeHHs CeTH (T.€. 3a TpancdopMaTopoM)
HJIH 32 PEAKTOPOM, KabesaeM U T.J1., CONPOTHBICHUE KOTOPOTo B 2 pa3a H Oonee npeBbILacT
CBEPXIIEPEXOAHOE COMPOTHUBIIEHUE JIICKTPOIBUIaTE .

3.1.4. Ecan napaMeTpsl TeéHEpaTOpOB, TPAHC(HOPMATOPOB H APYTHX 3JIEMEHTOB HAaH0O0-
ee YOaNneHHOH OT TOUKH K3 4acTH 2.1¢KTPOHEPTEeTUYECKONH CHCTEMBI HEU3BECTHBI, TO 3TY
YacTh CHCTEMBI JONYCKAETCA NPEACTABIATL HA HCXOOMHON PACYETHOH CXEME B BUIE ONHOTO
UCTOYHHKA SJHEPIrUH C HEU3MEHHON no aMmnutyne 31C u pe3ynbTHPYIOLIMM 3KBUBAJICHT-
HBEIM HHAYKTHBHBIM CONPOTUBICHHEM (CM. M. 3.1.2). DneKTpOABHIaTely, Jd KOTOPBIX
pacueTHoe K3 sABigeTCS yaaJIeHHbIM, B PACYETHVIO CXEMY HE BBOJATCA. YYET HIIH HEYYET
B PACUYETHOHN CXeME APYTUX 3NEMCHTOR 3HEProCUCTEMBI 3aBUCHT OT TpeOyeMOH TOYHOCTH
pacueToB ToKa K3, pacuctHoro Bpemenn K3, ucnons3yeMoro Meroga pacuera U Apyrux
dakTopos. [103TOMY AONOMHHTEABHBIE CBEICHUS O COCTABJICHHH PACUYECTHBIX CXEM JAHBI
B IPYI'UX pa3nenax.
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3.2. CocraBneHue UCXO4HOM CXeMbl 3amMellleHUsA

3.2.1. IIpu pacdere TokoB K3 aHaNMTHYECKUM METOAOM CIENYET NPEABAPUTENBHO II0
HCXOIHOH PAcUCTHOM CXEME COCTaBUTh COOTBETCTBYIOILYIO CXEMY 3aMellleHUs. 1IpH 3ToM
CONMPOTHBIICHUS BCEX NEMEHTOB CXeMBI U DJ1C UCTOYHUKOB IHEPIHU MOT'YT OBITh BHIpAXKeE-
HBI KaK B UMCHOBAHHBIX, TaK U B OTHOCUTEJIBHBIX €IHHULIAX.

3.2.2. Ecinu u3BeCTHB (PAKTHYECKUE NPU [IPHHATHIX HCXOIHBIX YCJIOBHAX K03 hHUU-
€HTHl TpaHC(POpMallMM BCeX TPaHC(OPMATOPOB H aBTOTPAHCPOPMATOPOB PACUETHOH CXe-
MBI, TO COCTABJIICHHE CXEMBI 3aMEIIEHHUS CICAYET NPOU3BOIUTH C YUETOM 3THX KOIPDHULHU-
eHTOB. Eciu ke dakTuueckrue KO3QOHUUHEHTHI TpaHC(hOopMaluuy YacTy TpaHCHOPMATOPOB
¥ aBTOTPAaHC(HOPMATOPOB HEU3BECTHEI, TO JOIYCKAETCA IPU COCTABICHUU CXEMEI 3aMellle-
HUS YKa3aHHBIC KO3(OHUIMEHTHI YYUTHIBATh NPUONMIKECHHO, KaK YKa3aHo B II. 3.2.35.

3.2.3. IIpu BeIpakeHUM NapaMeTPOB 2JEMEHTOB DKBUBAJICHTHON CXEMBI 3aMEILLIEHUS
B UMCHOBAHHBIX €AUHHIAX C TPUBEACHHUEM [TAPAMETPOB PA3JIMUYHBIX JIEMEHTOB HCXOAHOH
pacyeTHOH CXeMbI K BhIOpaHHON OCHOBHOH (0a3uMCHOM) CTYIICHH HAIPAKECHUA CETH U C
y4eTOM (aKTHYECKUX KO3 PHUIIMEHTOB TpaHC(HOPMALUH CHUIOBBEIX TPAHC(HOPMATOPOB U
aBTOTpaHC(HOPMaATOpOB NpHBEACHHBIC 3HAYeHHA DJ1C HCTOYHMKOB 3HEPTHUH M COIIPOTHUBIIE-
HHS Pa3JIMYHBIX JJICMEHTOB CXEMEI CIIEAYET ONpPenenATh 110 GopMyiiaM

E=Enn,. . .n_; (3.1)
- > 2 2
Z=Znn ..n., (3.2)
ek uZ — UCTUHHBIE 3HadeHUs O C HCTOYHHKA SHEPTUH U CONMPOTHUBIICHUS
) ] KaKoro-1mbo 3j1eMeHTa UCXOMHOH PAaCYETHOM CXEMBI;
EuZ — HX IPHBEICHHbBIC 3HAYCHHS;
n,n,..n  — Ko3GOGHUIMEHTE TpaHCHOPMALIMH TPAaHCHOPMATOPOB HITH ABTOTPaHCPOp-

MaTOpOB, BKIIFOUCHHBIX KACKaJHO MEXAY CTYICHBIO HANIPSKEHUS CETH,
IJIe HaXO4ATCH 3JEMEHTHI ¢ noanexamuMu npusegeauo IC £ u
CONPOTHBJICHUEM £, H OCHOBHOH CTYNEHBIO HAIIPSHXKECHUA.
Ecmu 3/1C ucTogHHKa 3HEPTHH U COIIPOTHBICHHE Kakoro-iMoo 3reMeHTa pac4eTHOH CXe-
MBI BBEIPQXKCHBI B OTHOCHUTENBHBIX €IHMHHLAX NP HOMHHAIBHBIX yCJIOBUAX (T.e. DC npu
HOMHHAJILHOM HampsokeHHH U . a COMPOTHBIIEHHE — MPH HOMHHAJILHOM HANPSHKCHUH H
HOMHHAJILHOH MOLHOCTH § ), TO 3HAYEHUS COOTBETCTBYIOMEH I1C 1 COMPOTHBRIEHHS, IIPH-
BEACHHBIC K OCHOBHOM CTYNEHH HANPDKEHUA CETH, CIEAYET ONPENENATh 10 QOopMynaM

E = E-'(HEH)UHBH nn:...Nm, (33)
2
Z= _Z_ (Hom) Z““" n'n,..n., (3.4)

HDOM

IAE £ wow) U Zwow — 3gayenns IC HCTOYHUKA SHEPIHH H CONPOTHRICHHS IEMEHTA PACICTHOM
CXEMBI B OTHOCHTEJILHAIX EHHHUIAX PH HOMHHAJIBHBIX YCIOBHAX.

Hpumeuanue. 3aech 4 ganee noa k03GPUUHEHTOM TpaHCHOPMALIMH TPaAHC-
¢opmaropa (aBToTpaHchopMaTopa) MOHHMACTCS OTHOLICHHE HAMIPSIKCHHUS X0JI0CTOr0 X012
ero oOMOoTKH, 0OpanIeHHOH B CTOPOHY BRIOPAHHOH OCHOBHOM CTYNIEHU HANPSDKEHUS CETH,
K HaIIps)KCHHUIO XOJIOCTOro X04a ApYros 0OMOTKH.
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3.2.4. [Ipu BoIpa>KCHHHU MTapaMETPOB JIEMEHTOB 3KBHUBAJIEHTHONH CXEMBI 3aMEIICHUSA
B OTHOCHUTECJIBHBIX €AUHULAX C IIPHBEACHHUEM IapaMETPOB PA3JIMYHbBIX 3JIEMCHTOB HCXO/-
HOH pacyeTHOH CXEMbI K DA3UCHBIM YCIOBUAM H C YYETOM (PAKTHYECKHX KOIDPUIIHEHTOB
TpaHC(hOpMall¥ CHJIOBBIX TPAHC(OPMATOPOB ¥ aBTOTPAHC(HOPMATOPOB HEOOXOIUMO:

1) samaTbest 0a3MCHON MOIIHOCTRIO S, U JUIA OJTHOM M3 CTYNECHEH HaNpPSHKECHHS UCXOM-
HOH PACYCTHOM CXEMBI, IPAHMMAEMOH 32 OCHOBHYIO, BBIOpaTh OasucHoe Hanpskenue U,

2) onpeaenuTh Da3UCHBIC HANIPSOHKEHUS APYTUX CTYNICHEH HaNPsHKCHUS PACYETHOM CXe-
MBI, HCTIONB3YS QOPMYNY

U =____.___1.____U

on (3.3)
nn,..n_

0.0cH ?

rae n, n,, ... n_ — Ko3(QQOUUHEHTH TPAHCYOPMALHH TPaHC(HOPMATOPOB H aBTOTPAHCOP-
MAaTOpPOB, BKJIIOYEHHBIX KACKaAHO MEXY OCHOBHOH U N-H CTYIICHAMU
HANPSKCHUS;
3) walTtd HckoMbie 3HaueHUS IJ]C HCTOYHHMKOB 3HEPTHH H CONPOTHBICHHH BCEX
2JIEMEHTOB CXE€MBbl 3aMECHICHHSA B OTHOCHTEJBHEIX €IUHHIAX NMPH BbBIOpaHHBIX Oa3uC-
HBIX YCJIOBHSIX, HCIIONB3YS POPMYIIb]

Ew=E/Us (3.6)
I
.E(ﬁ) — E(Hnm) {lj;f: ; (37)
Z =z-e (3.8)
WIH > SEN e
7 =z 25 Do (3.9)
T(ﬁ) T(HGH) Sunu UGZN

roe U, — 0a3ucHOE HANpAKEHHE TOH CTYIEHH HANPSKCHUA HCXOQHOH PACYCTHOH CXe-
MbI, Ha KOTOPOH HAXOOUTCS IJIEMEHT, IOJIe)KalUH IPUBEICHUIO.

Gopmynel (3.6) u (3.8) cremyeT HCNOIB30BaTh B TEX CiIydasx, xoraa 3HadeHus OIC
NCTOYHHKA 3HEPIHH U IPUBOAUMOE COIIPOTUBJICHHE 3a1aHbl B HUMEHOBAHHbBIX €IHHHLAX, A
¢opmy:iel (3.7) 1 (3.9) — xorga 3Ha4€HHUA 3THX BEJIMYHH 3a1aHbl B OTHOCHUTE/IBHBIX €AUHHU-~
1[aX IIPH HOMHHAJIBHEIX YCIIOBHSX.

OOBIYHO B HMEHOBAHHBIX €IHHHIAX 3aJaHO CONMPOTHBICHHE BO3AYIIHEIX IHHHH, Kabe-
JIEH H PEAKTOPOB, 4 B OTHOCHTC/IBHBIX CAUHHULAX IIPH HOMHHAIBHBIX YCIOBHAX — COIPO-
THUBJICHHE I'CHEPATOPOB H CHHXPOHHBIX KOMIIEHCATOPOB. CONPOTHUB.ICHUE HEIIONBUAKHOIO
NIEKTPOABUraTess (conpotunenne K3) u conpoTusnenue TpaichopmMaTopa B OTHOCHTENb-
HBIX €AMHHLIAX MPH HOMHHAJIBHBIX YCIOBHUSIX ONPEACISIOT O POpMyIam

1

Z o0 =] (3.10)
0

A — “ /0 : (311)

" e 100

rne I | — KpaTHOCTb ITyCKOBOIO TOKA 110 OTHOWIEHHIO K HOMHHAJIBHOMY TOKY;
u o — HanpspKeHIie KOPOTKOro 3aMbIKaHHA TpaHC(OopMaTopa B IDOUCHTaX.
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3.2.5. B tex ciayvasx, Korga oTCyYTCTBYIOT JAHHBIC O QAKTHUYECKH HCIIOIB3YEMBIX B YC-
JIOBHSX DKCD'IyaTaluH Ko3(gPuuuenTax TpanchopMalii TPaHCHOPMATOPOB U aBTOTPAHC-
¢opMarop B, ZONYCTHUMO HX IPUHHMATh PaBHBIMH OTHOLIEHUIO CPEIHUX HOMUHAJIBHEIX
HaIIPsDKEH) (i ¢F TEH, CBA3aHHBIX 9TUMU TpaHC(HopMaTopaMu U aBToTpanchopMaropaMu. [Ipu
3TOM PEKO! iCHAYETCS MCNONb30BATh CAEAYIOIYIO IIKANy CPeqHUX HOMMHAJILHBIX HaIlps-
YKCHHH CeTcH Ucp -, kB:3,15;6,3;10,5; 13,8; 15,75; 18; 20; 24; 27; 37; 115; 154; 230; 340;
515;770; 1175.

3.2.6. Ilpu BeipaxeHUHU IAPAMETPOB 3NEMEHTOB I3KBHBAJIEHTHOH CXEMBI 3aMEHICHUS
B HMEHOBAHHBIX €AMHUIAX C IPUBEACHHUEM NAPAMETPOB PATHYHBIX 3TEMEHTOB UCXOHOH
PacueTHON CXE€MbI K BbIOPAHHONH OCHOBHOM CTYNEHH HAaNPSKEHHA, HCTIONL3YS MPH 3TOM
npuONMKeHHbIH crIocod ydeTa KO3 (GUIHEHTOB TpaHC(HOPMaLlU TPaHC(HOPMATOPOB H
aBTOTPAHC(POPMATOPOB, NMpUBEACHHBIE 3HaYCHU JL]C HCTOYHUKOB SHEPIrUU U CONPOTHB-
JIEHUA PA3IMYHBIX AJIEMEHTOB CXEMEI CACAYET ONPEACIATE [0 GOpMyNIaM

: U
E = E—2=; (3.12)
cpN
o Uz
z=z—==, (3.13)
cpN
| PiL@ (ft_p oen CPCAHCC HOMHUHAJIBHOC HAIIPDAXKCHHC TOH CTYIICHH HAIIPsODKCHUA CETH, KOTO-
past IPHHATA 32 OCHOBHYIO,
U — CpCOHCC HOMHHAJILHOC HAIIPAKCHUC TOH CTYIICHH HAIIPJXKCHHA CCTH, Ha KO-

cpN iy
TOPOH HAXOJHUTCA JICMCHT C ITOAJICKAITMMU IIPDHUBCACHAUIO [IapaMCTPDAMH.

Ecmu 3J1C ucToyHHKa 3HEPIrUU U CONMPOTHBICHUE KAKOro-1u0o 3J1EMEHTA PAcyYCTHOM
CXEMBI BBIPAXKEHBI B OTHOCUTEBHBIX €UHHUIIAX ITPH HOMHHAJILHBIX YCIIOBHSX, TO ITPH IIPH-
OmmxeHHOM y4yeTe Ko3¢hGHIHEHTOR TpaHCcGopMaLHH TpaHCHOPMAaTOPOB H aBTOTPAHCPOp-
MaTOpPOB HX 3HAYCHHsA, IPUBEACHHBIC K OCHOBHON CTYICHH HANPSKCHUSA CETH, CACAYeT
HaXoauTh Mo GopMylaM

E = E...‘ (HuH)Ucp OCH ; (314)
: []*
z=2Z, —2= (3.15)

3.2.7. I1pu BBIpaXCHUH NIAPAMETPOB 3JIEMCHTOB 3KBUBAJICHTHOM CXEMBI 3aMCIICHHUS
B OTHOCHUTEJILHBIX €AHHHLAX C IPUBECACHUEM NAPAMETPOB PA3JIUYHEIX JIEMEHTOB HUCXO-
HOH PacYyeTHOH CXeMbl K 0a3MCHBIM YCIIOBUAM, HCIONL3YS IIPH 3TOM NPHONIMKEHHBIH CII0-
co0 yuyera k03()(PULUHUEHTOB TPAaHC(OPMALTUH TPAHC(POPMATOPOB U ABTOTPAaHCHOPMATOPOB,
OasMCHasg MOLTHOCTEH BBIOMPAETCs IIPOU3BONILHO, @ B KAYECTBE DA3UCHOI0 HANPSKCHUA JIH0-
OOH CTYNEHH HANpPSKEHHUA CETH CIEAYET NPHHHUMATh CPEAHEC HOMHHAIBHOE HaNPAXKCHHE
COOTBETCTBYIOWECH CTYNIERH. B 3TOM cniydae uckoMbie 3Ha4¢EUA 3/]C HCTOYHHKOB 3HEPTHH
H CONPOTHBICHHH 3JIEMEHTOB CXEMBI 3aAMCILECHUS B OTHOCHTEIBHBIX €IUHUUAX CIEAyeT
ONpenensATs no hopMynam

l; 6= ——E-- (3.16)
UcpN
HITH
1:7 6) E: (1ioM) 3 (3.17)
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L =27 (3.18)
~ (6)” =
: U;N
WIH
S
Z = : 3.19
= (0) —= (toM) q ( )

HOM

3.2.8. He3zaBucuMO OT MPUHATOro crnocoba COCTaBICHUS CXEMBI 3aMEMIEHUS NPAMOH
MOCNEAOBATCILHOCTH (B MMCHOBAHHEBIX MJIM OTHOCHTEIBHBIX SAMHHI{IX, C YUECTOM (aKTH-
YE€CKHX KOI(PDHITHEHTOB TpaHCHopManiH TpaHChHOPMaTOPOB HITH NPH IipHOTHIKEHHOM yUYETe
ITHX KO3(QPHLUHUEHTOB) B 3TOH CXEME AOKHBI OBITH NMPEACTABICHBI BCE 3JIEMEHTBI HCXO/I-
HOU PACYETHOM CXEMBI, MPUYEM UCTOUHUKU IHEPIUH (FrEHEPATOPSI, CHHHXPOHHEIE KOMIICH-
CaTophI, a TAKXKE AMEKTpoaBUrareau MoHoCTeIO 100 kBT 1 Oostee, cciiv OHY HE OTHEIIEHEI
OT pacuyeTHOH TOYKM K3 TOKOOrpaHMYHBAIOLIUM PEAKTOPOM HIIH TpaHCHOPMATOPOM) H
0000IIEHHBIE HATPY3KH Y3JI0B JIOJKHBI OBITH BBEACHHI B CXeMy O/ C U HHIYKTUBHBIMHU
CONPOTHBIICHUAMH, COOTBETCTBYIOIIMMH pacCMaTPHBAEMOMY MOMEHTY BPEMEHH. Tak, IIpH
pacyeTe HA4aJIbHOrO 3HAYEHHI NEePHOAUYECKON COCTAaBIAIOLIEH OHH JOJIKHBI OBITH Mpe-
CTaBJICHBLI B HCXOAHOH CXEME 3aMEIICHUS cBepXnepexoAHbIMU D C H CBEepXIEepeXOAHBIMU
UHAYKTHBHBIMH CONPOTHUBIICHUAMH (CM. 1. 5.2). Bce ocTanpHbIe 31eMEHTHI HCXOAHOH pac-
YETHOH CXEMBI JOJIKHEI OBITH ITPEACTABACHBI B CXEME 3aMEILICHUSA CONPOTUBIICHUAMH ITpSi-
MOH TOCJICIOBAaTECIBLHOCTH. TpexoOMOTOYHBIE TpaHCPOPMATOPHI, aBTOTPaHCHOPMATOPEI,
TpaHCHOPMATOPEl H aBTOTPAHC(HOPMATOPHI ¢ PACIIECHNCHHOH 0OMOTKON HHU3ILEro Hampsi-
>XCHMA, @ TAK)KE CIABOCHHBIC PEAKTOPHI JOKHEI OBITh IPEACTABJIEHE CBOMMH CXEMaMH 3a-
MENICHHUS. JTH CXEMEBI, 3 TAKXKE PACYETHEIC BRIPAXKEHUS )1 ONPENC/IEHHA UX [1apaMeTPOB
IpUBEACHEI B Ta01. 4.1,

3.2.9. JInsa pacuera TOKOB npH HecumMeTpuuHbix K3 11enecoodpa3no MCnonb30BaTh
METOA CHMMETPHUYHBIX COCTaBagomuX. IIpH 3TOM KpoMe CXE€MBI 3aMELCHUS IPAMOH IOC-
NE0BATENIFHOCTH JJIA pacdera aAByx(dasHoro K3 HeoOX0auMMO COCTaBHTH CXEMY 3aMeENle-
HHA O00OpaTHOH MOCHENOBAaTEABHOCTH, a [NA pacueTa ofgHOoda3Horo # aByxdasHoro K3 na
3EMITIO — TAKKE CXEMY 3aMEIICHHS HYJIE€BOM IOCJICAOBATEILHOCTH.

CxeMa 3aMenicHUS OOpaTHOH MOCNEAOBATEIBHOCTH 10 KOHQHIYDAUMH aHAJTOrUJyHa
CXEME 3aMEIICHUS NTPAMOM IMOCNCHOBATENBHOCTH, T.€. B HEH JOJLKHB! ChITh NMPEeNCTaBICHEL
BCE 3JIEMCHTBI HCXOQHOH pacyeTHOM cXeMbl. IIpH 3TOM 3n1eKTpHYeCcKHE MalIMHBI C Bpalla-
IOLIIUMCS POTOPOM K 0000MICHHBIC HArpy3KH Y3JI0B JOKHBI OBITh YYTEHBI COOTBETCTBYIO-
UM CONIPOTHBIICHUEM OOPATHOU MOCISA0BATENBHOCTH, a IC NpuHATH paBHBIMH HYIIO.

MHOyKTHBHOE CONPOTUBIICHUE 0OPaTHON NOCIEAOBATEABHOCTH CHHXPOHHBIX H ACHHX-
POHHBIX 3JICKTPOABHIATECICH NOMYCTUMO IPHHHMATh YHCIICHHO PaBHLIM HHOYKTHBHOH CO-
CTaBJIAIOIIECH HMX COMPOTHBIICHHSA KOPOTKOro 3ambikaHusa. ConpoTHBJICHHE 00paTHOM MHOC-
JIeJ0BATEJILHOCTH 0000IEHHON Harpy3KM KaKkoro-jan0o y3ia B OTHOCHTEIBHBIX €IHHULAX,
OTHECEHHOE K ITOJIHOH MOIIHOCTH HAarpy3KH U CPEAHEMY HOMUHAIBHOMY HAIPSHXKCHUIO TON
CTYIICHH HaNps:KCHUS CETH, TAC 3Ta HArpy3Ka IMpUCOEIHHEHa, CIeAVET IIPUHUMATh paB-
HBIM: IIPHM Hanps>keHHUH cety 35 kB u 6onee {( 2ion) = 0,45 M IIpH HANpPSXKCHHH CETH
meree 35 kB X, .., =0,35.

CxeMa 3aMCIIEHHS HYJIEBOH ITOCIeI0BaTEIEHOCTH OOBIYHO CYILICCTBCHHO OTIIHIAETCS OT
CXEM IIPSMOH H 00OpaTHOM MOCNEN0BATENBHOCTEH. Ee KOH(pUrypalia oripeIesieTCs B OCHOB-
HOM TIOJIOKEHHEM pacuyeTHOH ToukH K3 # cxeMaMu coeHe HIIs 0OMOTOK TPRHCPOPMATOpPOB
H ABTOTPaHCPOPMATOPOB HCXOTHOH PacUETHOM CXEeMbI. YTOOBI COCTABHTH CXEMY 3aMEILICHHUS
HVIICBOH IOCEA0BATEIBHOCTH, CIIEAYET JOMYCTHTh, YTO B TOUKC HecuMMeTpHYHOro K3 Bce
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(hazpl COCAMHEHEB! MEXKIY COO0M HAKOPOTKO M MEXAY 3TOH TOUKOM U 3eMJIEH TPHUIIOKEHO Ha-
NPsSDKEHUE HYJEBOM IOCIIEHOBAaTEIbHOCTH. 3aTeM, U4 OT ToUkH K3 noouepeiHo B pasHble
CTOPOHBI, HEOOXOIMMO Ha KaXKAO0H CTYIIEHH HAIIPDKEHUA HCXOAHON paCuyeTHOH CXEMBI BbIA-
BHTPH BO3MOXKHBIC MY TH UUPKYIARMHA TOKOB HYJIEBOU NTOCIICA0BATEIBHOCTH (LIHPKYJIALUA 3THX
TOKOB BO3MOKHA TONBKO B T€X BETBAX, KOTOPHIC 00pa3yIoT KOHTYPbI [T 3aMBIKAHUS TOKOB
yepes 3eMITIO Y ITapaJuIeNibHbIE €1 LEeNH) ¥ COOTBETCTBEHHO ONPEACTIHTD JNIEMEHTBI 3TOH CXe-
MBI, KOTOPBIC JOJDKHBI OBITH BBEACHEI B CXeMY 3aMeleHus. [Ipy 3ToM cienyer HMeTh B BUAY,
YTO COMPOTHURIIEHHE HYIEBOH IOCIEA0BATEILHOCTH TPAHCHOPMATOPa CO CTOPOHBI OOMOTKH,
COCIHHCHHOH B TPEYT'OMbHHUK HJTH 3BE3AY C HE3A3EMIICHHOH HEUTPAJIBLIO, OECKOHEYHO BEITHKO,
[I03TOMY TPaHC(POPMATOPHI C YKA3aHHBIMH CXEMAMH COCTMHEHUSA U BCE HAXOOAUECA 38 HUMH
AIIEMEHTHI HCXOAHOH PACYETHON CXEMBI B CXCMY 3aMEILICHHUSA HYJICBOM MOCICI0BATEILHOCTH
HE BXOJIAT.

I{upKkynsinusi TOKOB HYJIEBOH IOCJEAOBATEIBHOCTH BO3MOXXHA TOJILKO B TOM ClIyuyae,
eciy 0OMoTKa TpaHcpopMaTopa, oOpallieHHas B CTOPOHY pacueTHOH ToukH K3, coeiuHEHa
B 3BE31y C 3a3€MJICHHOH HEHTPaJIbIO.

CxeMa 3aMellCHUA HYIIEBOM NOCHEAOBATENbHOCTH ABYX00OMOTOYHOTO TPaHCHOpMATO-
pa, 0OMOTKH KOTOPOro COEAHHEHBI 0 cXxeMe Y /A, npeacrasiieHa Ha puc. 3.7, a. [Tockobky
WHIYKTHBHOE CONPOTHBICHUE X ) BO MHOTO pa3 DoNbLIe CONPOTHBRICHUI PacCesHUs 00MO-
TOK X M.X , TO B HCXOAHOH CXEME 3aMEILICHH HYJEBOM NOCIEN0BATENLHOCTH TPaHCHOpMa-
TOD C YKa3aHHOHM CXEMOH COCIHHEHHUSA O0OMOTOK IPEACTABIACTCA B BUEC OOHOIO HHAYKTHB-
HOT'O CONPOTHUBICHUA X, =X + X , KOTOPO€ C MPOTHBOTIOIOKHOH CTOPOHEI (M4 OT pacyer-

HOH To4KH K3) coeauHAETCS ¢ TOYKOH

HYJIEBOI'0 MOTEHIIAAIA CXEMBI 3aMELUCHHS
A, % (c 3emnein). Takum oOpa3oM, €ClIU B HC-
XOJHOM PaCYETHOH CXEME 33 TAKUM TPaHC-
dbOpMATOPOM HMEIOTCA KakKHe-aubo e
MEHTHI (TpaHchOpMaTOphl, TCHEPATOPH,
BO3QYIUHEIC HITH KaOeJIbHBIC JIMHUM U T.10.),
TO HE3aBHUCHUMO OT MX BHMIA M CXEMEI CO-
CAUHEHH UX OOMOTOK 3TH DJIEMEHTH

I II B CXEMY 3aMENICHUs HYJIEBOY NIOCHELOBa-

A Xy TEJILHOCTH HE BBOAATCA. DTO 00BACHACT-
T CA TE€M, 4YTO NPH COCOUHECHHH OOMOTOK
¥ TpaHcdopmaTopa no cxeme Y /A 3[C

H HYJICBOH MOCJIECIOBATEIbHOCTH, HaBOH-
Mas B COCAMHEHHOH TPEyroabHHKOM 00-
MOTKE, INOJIHOCTBIO KOMIICHCHPYETCS 1a-
ACHHEM HalpsKEHHUA OT TOKAa HYNEBOH
MOCACAOBATEIAbHOCTH B HHAYKTHBHOM CO-
I 1 NMPOTUBJICHUHN PACCEIHUSA 3TOH OOMOTKH,
%¢ A BCJIENCTBUE YEro HANpSOKEHHE HyNeBoi
-+ TIOCJEHOBAaTECNIFHOCTH HA BBHIBOJAX JTOH
OOMOTKH paBHO HYJIO.
Ko B cnyyae coegHHeHHUA OOMOTOK
IBYyX0OMOTOYHOro TpaHcdopmMaropa 1o
6) cxeMe Y /Y MMpKy/IAuMsa TOKOB HylesoH
Puc. 3.1. CxeMbl 3aMellleHUA HYJ’IEBOﬁ [IOCICAOBA~ 1nIOCNENOBATENLHOCTH B O6MOTK€, coe-
TENBHOCTH ABYXOOMOTOYHBIX TPAaHCPOPMATOPOB HEHHOH B 3BE3y, HEBO3MOKHA (CM. CXe-
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MY 3aMELIEHHA HYJIEBOM IOCIEAOBATENBLHOCTH TAKOI0O TpaHCc(opMaropa Ha puc. 3.1, 0).
Ilockonbky y TpaHchOpMaTOpOB C HOMHHAJIBHBIM HalpsHKEHUEM 0OMOTOK cBhIlIC 1 KB co-
MPOTHBICHHE X BECbMa 3HAUHTEIBHO, TO B CXEMY 3aMEILECHHA HYJICBOH MOC/IEI0BATEIb-
HOCTU TaKHE€ TPAHCPOPMATOPHI HE BBOIAT.

CxemMa 3aMEeLICHUs HYJIEBOH MIOCIE0BATEIbHOCTH ABYX0OMOTOYHOI0 TpaHchopMaro-
pa, oOMOTKH KOTOPOro COEAMHEHHI MO cxeme Y /Y, mpencrasieHa Ha puc. 3.1, e.
OueBUAHO, TpaHCHOpPMATOp HEOOXOOUMO BBOAUTH B HCXOOHYIO CXEMY 3aMCLICHHUS HYyJe-
BOM I10CJICAOBATEILHOCTH TOJBKO B TOM ClIy4yae, €CJH Ha CTOpoHe oOMOTkH II mMeercs
KOHTYD U1 UMPKYISAUHUH TOKOB HYJIEBOH [IOCIEA0BATENBHOCTH (MMEIOTCA B BUAY DJIEKTPO-
YCTAaHOBKH HaNpsoKeHUEM CBhIe | kB, xorna Xpﬂ >> X + X ).

CONpPOTUBRICHHE HYNEBOM NOCHECAOBATEABHOCTH TPEXOOMOTOUHOro TpaHchopMaropa co
CTOPOHBI OOMOTKH, COCAWHEHHON B 3BE3AY C 3a3€MJICHHOM HEHTPAJbIO, 33aBUCHT OT CXEMBbI
COEQUHEHNS ABYX APYTHX OOMOTOK. OOBIYHO Of1HA M3 HUX COCAUHEHA TPEYTOJBHUKOM, a [IpY-
rasi MOXKET OBITh COEIMHEHA WJIM TPCYTrOJbHUKOM, HIIH B 3BE3AY C M30NHPOBAHHOHW HEUTpa-
JbI0, UJIH B 3BE31Y C 3a3€MIJICHHOH HEUTpaAJbi0. B nepBoM ciyyae KOMIICHCAlHA TOKa
HYJIEBOH ITOCIEN0BATEIBHOCTH OOMOTKH, OOpalIeHHOH K pacyYeTHOH Touke K3, OCYIUEeCTBILA-
€TCSI TOKaMH 00euX OOMOTOK, COEIIHCH-
HBIX TPCYTOJILHUKOM, H CXEMa 3aMELICHUS
HYJAEBOM IMOCIEA0BATEIBHOCTH TAKOTO
TpaHchopMaropa UMECT BHJI, KaK MOKa3a-
HO Ha pucC. 3.2, a. [Ip1 3TOM CONpOTHBIIE-
HHUE HYJIEBOH NIOCIEA0BAaTEbHOCTH TPAHC-
dopmaropa X =X +X //X .Bo Bropom
cnydae no 00MoTKe, COeNUHEHHOH B 3BE3-
Iy C U3OMUPOBAHHOW HEUTPANILIO, IPOTE-
KaHUE TOKA HYJIEBOH NOCICAOBATEILHOCTH
HEBO3MOXXHO (CM. CXeMy Ha puc. 3.2, 6),
[103TOMY COIIPOTHBIIEHHE HYJIEBOH 11OCIIE-
NOBaTEIbHOCTH TAaKOro TpaHc(hopMaTopa
X, =X+X .B TPETHEM CIIy4ae HPKYJLA-
MA TOKA HYJIEBOH IOCJIEA0OBATENBHOCTH
BO3MOkHa M B 0OMoTke II (cMm. pHc. 3.2, 8),
€CJIH B CETH, SJIEKTPHYCCKH CBA3AHHOI C
3TOH 0OMOTKOM, 00€CIICUEHBI YCJIOBHA A1
3aMBIKaHHUA 3TOr0 TOKA.

CxeMa 3aMeIeHHS HYJIEBOM ITOCIIEI0-
BATCJIBHOCTH aBTOTPaHCHOpMATOpa, KOTO-
PBIH HMeeT OOMOTKY, COSIMHEHHYIO Tpe-
YTONBHHUKOM, & €0 HENTPAIb 3a3¢MJICHA
HArJyXxo, aHaJIOTHYHA CXCME 3aMELICHUA
HYJIEBOH NOCJIENOBATENLHOCTH TPEXOOMO-
TOYHOr0 TpaHCHPOpMaTopa, y KOTOpOro

OOMOTKH COEIHHEHBI IO CXEME }’O,fyo/A Puc. 3.2. CxeMbl 3aMellEHUs HYJIEBOM NIOCHENOBa-
(cM. puc. 3.2, 6). TEJBHOCTH TPEXOOMOTOUHBIX TPAHCQOPMATOPOB

X

0)

1|

8) i

23



3.3. CocTaBneHue HCXOAHOMU KOMNIEKCHOM CXEMb] 3aMELLLeHUS
AN PAacueTa HECUMMETPUYHDBIX KOPOTKUX 3GMbIKUHUN

3.3.1. B tex cnyuasx, xorma TpeOyeTca OonpeacnuTh TOKH M HANPsIKCHUsS HE TOJBKO
B MecTe HeCHMMETpHUHOTro K3, HO U B JIpyrHX BETBAX YU TOYKAX pacCYETHOH CXEMBI,
enecooOpa3HO HCMOIB30BATh KOMILJIEKCHBIE CXEMBI 3aMeLCHUA. FCXOQHBIC KOMITIEKCHBIE
CXEMBI 3aMelcHMA 1A pacyera AByx(daznoro K3 u aeyxdaznoro K3 Ha 3eMunio noryyarot-
CSI MyTEM COEMHECHUS COOTBECTCTBCHHO Ha4YaJl U KOHIOB HCXOOHBIX CXEM 3aMEIIECHHU Pa3-
JIMYHEIX TTOCHEIOBAaTENLHOCTEH, KaK ITOKa3aHO Ha pUcC. 3.3 U 3.4.

CxeMma
NpAMOH

CxeMa K | —
NMpAMOH -
NIOCJIeAOBATEILHOCTH

H R

2 Cxema obOpaTHOH 2
MOCIEAOBATEIhHOCTH

HNOCJICAOBATCIIBHOCTH

Puc. 3.3. KomnnekcHag cxema zaMelne-  Pue. 3.4, KoMiinekcHas cxeMa 3aMmerie-
Hus 118 Ay xdazHoro K3 Hug 1A asyxdazdoro K3 Ha zemiio

KommnekcHyro cxeMy 3ameuieHus A1 ogHodasHoro K3, B KoTopoH BBINOIHAIOTCS
BCE COOTHOIIECHHUS HE TOJBKO IJI1 CHMMETPUYHBIX COCTABISIOIMUX TOKA 0COOOH (pa3sl, HO
M IUIS. CAMMETPHYHBIX COCTABISIONIMX HANPSKEHUA, MOXKHO ITOJAYYUTH, €CIIH CXEMEI 3a-
MEICHHUS OTAEIBHBIX MOCICAOBATECILHOCTEH COEIUHHATD MEXIY COOOH C MOMOIIBIO HJIE-
aNBHBIX IPOMEXYTOYHEIX TPaHCHOPMATOPOB (T.€. TpaHCcHOpMaTOPOB, Y KOTOPHIX IIOTEPH
MOIIHOCTH H TOK HAMarHU4HMBaHHS PaBHBI HYII0) C KOIQGOUUUEHTOM TpaHCHOpMalHH
1:1. Takas KOMIUIEKCHAs cXeMa 3aMEIICHUA IPUBENEHA Ha puc. 3.5, a. I1lpu ananuTHYeC-
KUX pacdeTax JOMYCKaeTCs HCIOJB30BaTh YIPOIICHHYIO KOMIUIEKCHYIO CXEMY 3aMelle-
HUs 0e3 NPOMEXYTOUYHBIX TPaHC(HOPMATOPOB, KOTOPas CIIpaBEJINBa TONBKO ISl CHMMET-
PHYHBIX COCTABIAIOLIMX TOKa 0c000H ¢a3pl. Takasd KOMIIIEKCHAs CXeMa IPEACTAaBICHA
Ha pHUc. 3.5, 6.

3.4. Yuer B3GMMOMHAYKLMH JIMHUM SNeKTponepesaum

[Ipu onpeieneHHUH COMPOTUBIICHHS HYJICBOH MOC/I€A0BATECILHOCTH BO3AYIUHBIX JIHHUHH
3EKTPONEpeNaYd HEOOXOAUMO YUHTBIBATh BIUSHHUE B3AUMOMHAYKUMH OT JPYIHX JIHHHHK
(uemneit), MPONOXKEHHBIX IT0 TOH XK€ Tpacce.
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KAl

H, CxcMma K | —=
- | E® NpAMO  ©

Cxema K | A MOCACHOBaATCILHOCTH

[H
i
"E@ pAMOH

HOCJICIOBATCIIBHOCTH

, | H, CxeMa 00paTHOM K,

MNOC/ICA0BATCIIBHOCTH

H, Cxema oOpaTHOH K ——
OCJCA0BATC/ILHOCTH

e

H . K| KA
CxcMa Hyneson 0

NOCINCI0BATC/IBHOCTH

aj 6)

Puc. 3.5. KomnnexkcHeie cxeMbl 3aMmellieHUa ang oqHogasdoro K3:
a) — To4Has; 6) — npuOJIHIKEHHAA

HMHaykTHBHOE CONPOTHBACHHE B3AUMOHMHIYKIIHY HYIEBOH MMOCIEN0BATENBHOCTH OTHOM
LIeNH OT APYToH (T.€. MEXAY NPOBOJIOM OJHOH LICMH U TPEMSA IPOBOAAMH APYTOH LIENH ) MPH
OTCYTCTBHH y 00€HX Li€Iei 3a3€MIECHHBIX TPOCOB, OM/KM, ClIeAYET ONpeaensTh 110 GopMyIie

D
X, =04351g—, (3.20)
DI-I!
rae D, = 935 M — 3KBHBaJIEHTHas N1yOHHA BO3BPaTa TOKA YEPE3 3EMIIIO;
D . — CpellHEE I'eOMETPUYECKOE pacCToOsHHE Mexay uensaMmu I u 11, xkotopoe

ONpPEACIIAETCS PACCTOSHHAMM MEXIY KaXXAbIM IPOBOAOM (4, B, C) uenu
I 1 xaxxnemM nipoBonoM (A°, B', C) nenw II:;

‘DI—H - ﬂv DM'DAB'DAC'DBA'DBB'DBC DCA'DCB' 'DCC ' (321)

[Ipu Hanguy y ueneu 3a3eMIIEHHBIX TPOCOB COTIPOTHBICHHE B3aUMOUHAYKIIHH HYJIE-
BOH I10CJIEIOBATEJILHOCTH OMHOM LIENH OT APYTOH CIIEAYET ONPEACHATE C YYETOM ITHX TPO-
COB, UCNIOJIB3YSA DOPMYITY

m _
Xl-—un o Xl-llﬂ XITBXHW / Xm ) (322)
rme X U X = — HHAYKTHBHBIE CONPOTHBIICHHMS B3aHMOHHAYKIHH HY/IEBOH I10CIE10BA-
TEJIBHOCTH MEXAY NPOBOAAMH COOTBETCTBEHHO IICPBOH H BTOPOH LEIIEH
H CUCTEMOH TPOCOB,
X, — UHAYKTUBHOE CONPOTHBIIEHHE HYJIEBOH MOCIEAOBATENLHOCTH CHCTEMBI

TPOCOB.

MeToaHka omnpeacaeHUsa YKa3aHHBiX HHAYKTHBHBIX CONMPOTHBIEHHH H3JIOXKEHA B
m 4.2.54.
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3.5. MNpeobpasoBaHUe UCXOQHOMN CXEMbl 3aMELEHUS
B 3KBMBAJIEHTHYIO PE3YNbTUPYIOLLYIO

3.5.1. IIpu ananuTH4YEeCKUX pacyeTax TOKOB K3 HCXOOHBIE CXEMBI 3aMELIEHHA, B KOTO-
PBIX MPEACTABJCHLI Pa3JIUUHBIC IEMEHTBl UCXONHBIX PACYETHBIX CXEM, CIEAYET MYTEM
[I0C/IEAOBATEILHBIX TPe00pPa30BaAaHUN NIPUBOANTE K 3KBHBAJICHTHEIM PE3YIBTHPYIOIIHUM
CXeMaM 3aMEIIeHHU, coaep alluM skBHBANICHTHYIO J/IC (B cxeMax npsaMoH IOCHEN0Ba-
TE€IBHOCTH ), 3KBHBAJICHTHOE PE3YIBTHPYIOLICE CONPOTHBIIEHUE COOTBETCTBYIOLIEH I10CIIE-
JOBATENBHOCTH ¥ HCTOYHHKK HANPSKEHUS ONHOMMEHHOM NOCHENOBATENBHOCTH, a IPU TPEX-
¢asznom K3 — touxy K3.

3.5.2. Ecnu ucxogHas cxeMa 3aMElCHUS HE COACPXKHUT 3aMKHYTBIX KOHTYPOB, TO OHA
JIETKO Npeo0pa3yeTCs B 3KBUBAJIICHTHYIO PE3YJIBTUPYIOLIYIO CXEMY ITYTEM IOCIIEIOBATEND-
HOI'O X N1apasuleJIbHOIO COCAHHCHHUS 3JIEMEHTOB U TyTEM 3aMEHBI HECKOJIILKMX HCTOYHUKOB,
uMerumx pasubic JJC U pa3HbIC CONPOTHBIICHHUS, HO IPUCOECAHHEHHBIX B OMHOH TOYKE,
OJJHUM 3KBHBAJICHTHBIM HCTOYHHKOM. 11pH Dosice CIOKHBIX UCXOIHBIX CXeMaX 3aMElleHH
UL OTIpENECIICHHS 3KBHBAJICHTHOIO PE3YNBTUPYIONIEIO COMPOTURIICHUS CJIEAYET UCIONb-
30BaTh H3BECTHBIE CIIOCOOBI NpeoOpa30BaHUsA, TAKHE KAK MPeOoOpa30OBaHUE TPEYTrOIbHHKA
COITPOTHBICHHUM B 3KBHBAJICHTHYIO 3B€31y CONPOTHUBICHUH, 3BE€31Y CONPOTHUBICHHUH B 3K-
BMBAJICHTHBIH TPECYTOJBHHUK COIIPOTHUBJIEHHMHM, MHOI'OJIYUYEBYIO 3BE3Y CONPOTHUBIICHUH
B IIOJIHBIH MHOTOYTOJIBHUK CONPOTHUBJICHHUH M T.1. DOpMYNEI Ui TakuX npeoOpa30BaHHM
pUBEACHEI B Tabi. 3.1.

Tadonuua 3.1

OcHoBHBIE pOpPMYIbI IPpeodpa3oBaHUA CXeM

Bug IIpecOpa3zoBaHHas COIPOTHBIICHHE 3JICMEHTOB
Hcxonnasa cxema -
npeobpa3zoBaHns cxema npeoOpa3zoBaHHOH CXEMEI
[locnegoBarenpHOE Z Z, £ Z, Zo=21+ 2 +...4 Z,
coeJUHEHHE —+ {4 —__J— L
]
3:: ’
- 4
rae Yo=Y +1o+...+Yy;
NS I
i Ilapannensroe =z Tz
COCOMHEHHE I
Y,
Z,
| [Tpn IIB% BETBAX
Z
Z _ = 1= 2
— 3K
Z,vZ,
. 1 < .
| E =—YYE
3aMeHa >y — K«
-3 K=l
HECKOJBbKHX
Ilpn nByX BETBAX
UCTOYHHKOB : :
3KBHBAJICHTHLIM E = E :Z + £ :Z
. Z.+Z,
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OkoHYaHHue TaoOn. 3.1
Z PGZ IHF

Z FG+ Z.. GH+ Z K
Z FG_Z. Gl

——
i

[Ipeobpazosanue
TPEeyrojJbHHKa
B 3B€3/1y

Z FG+_Z_ GH+_Z. I{F
Z cnl ur
Z FG+ Z GH+...Z.. IHF

IIpeobpazoBanue
TPEXTY4E€BOH
3BE3 Bl
B TPEYTOJIbHUK

[IpeoOpazoBaHue
MHOTOJIyUEBOH

3Be30bI B [NOJIHBIH
MHOTOYTOJILHUK

e $Y=Ye+ Yo+ Yt
A HaJIOTHYHO H IIPH
OombieM YHUCE BETBEH

3.5.3. B Tex cny4qasix, Korja HCXOQHAas pacdyeTHasd CXxeMa CHMMETPHYHA OTHOCHTEJIBHO
ToukH K3 unu Kakas-1ubo ee 4acth CHMMETPHYHA OTHOCHTEIIBHO HEKOTOPOH POMEKYTOY-
HOM TOYKIH, TO 33aJa4dy OMNpPEHEICHHUS IKBUBAJICHTHOIO PE3YIBTHPYIOWIET0 CONPOTUBICHHS
MO>KHO CYIIIECTBEHHO O0JIErYMTh IIYTEM COCIMHEHMA HA HCXONHOH PACYETHOM CXEME (M COOT-
BETCTBEHHO Ha HCXOAHOM CXEME 3aMCILUCHH ) TOYEK, HMEIOLIMX OAUHAKOBLIC ITIOTEHIIHAE], U
HCKJIIOYEHHS U3 CXEMBI T€X 3JIEMEHTOB, KOTOphIe npH K3 OKa3eiBatoTCA 00€CTOYECHHBIMU.

3.5.4. Ecnu B HCXOMHOH CXEME 3aMEWIECHHA OOHUM H3 JIyUe€H TPEXIYYEBOH 3BE31bI CO-
IIPOTUBJICHUH SABISACTCA COMMPOTHUBIICHUE UCTOUHHUKA JHEPIHHU, TO B PALE CIIY4aeB LEIECO00-
pa3Ho 3B€311y COMTPOTUBRIICHUH 3aMECHUTH Ha TPEYTOJILHUK U 3aTEM NOCIEAHUHN Pa3pe3aTh Mo
BEPLIMHE, K KOTOPOH npunoxena J3/1C, NoaKII04YMB IIPH 3TOM Ha Ka:KIOM M3 OKa3aBIUHXCS
CBOOOIHBIMH KOHIIOB BeTBeH Ty ke 3]1C.

3.6. OnpepeneHue B3AUMHbIX CONPOTUBNEHUN MEXY MCTOHHUKOMMN
M TOMKOU KOPOTKOro 3aMbIKOHUS

Bcni HeXonHas pacyeTHas CXeMa COLAEPIKUT m y3JI0OB C HCTOUHHKAMM JHEPIHUH U y3el
;, B KOTOpOM TpedyeTcs onpeaenuts Tok K3, To cneayer npeaBapuTeIbHO COCTaBUTh CXeE-
MY 3aMEUICHHUS B BUE ITONHOro (m + 1)-yronsHuka. MckoMsiit Tok K3 B y3ne o paseH

I, = iEﬂZf iEﬂI’m , (3.23)
b=l B=)

e E; . — OIC, nogxmoueHHad B y3ne f;
I .. — B3aHMHas NMPOBOJHMOCTE MEXAY Y3iaaMH P H

fl—

! 4, — NPOBOOMMOCTD BETBH MIOJIHOTO (m + 1)-yroapHuka, HENOCPEACTBEHHO COCIHHA-
routeit y3misl S u .
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13 dopmynst (3.23) cnenyeT, 4To npH J0OOM YUCIE Y3JI0B B HICXOZHON PacyeTHOI Cxe-
M€ NMPOBOAMMOCTH BETBECH CXEMBbI 3aMEILICHHUS, NPEACTABICHHON B BHAE MMOJHOIO MHOTO-
YIOJBHUKA, MOTYT OBITH OIIPEAEIEHBI 10 POpMYJIe
= I
L= (3.24)
rae / _ — TOK B y3JI¢ O IpY YCHOBHH, YTO B CXeMe eicTByeT Tonbko ogHa DJIC £,
npujaoXkeHHas B y3je B, a Bce octanbHble JJ]C paBHEI HYMIO.
Taxum 00pa3oM, B3aUMHOE CONPOTUBJICHHE MEXY IPOU3BOJIBHBIM HCTOYHHKOM J/IC

H Touxkon K3

EB
Z =7 (3.25)

3.7. MpumeHeHMe NPUHLUMNA HONOXXEHUR

3.7.1. JInsa onpeaeneuua TokoB K3 B Npou3BONILHOM BETBH PACYECTHOMN CXEMBI B PAAC
CIIy4aeB 11eeco00pa3Ho HCIONb30BATh NPHHIMUIT HAJTOKEHHS, B COOTBETCTBHH C KOTOPHIM
TOK B 3TOH BETBH MOXXHO IMOAYUHUTH IIYTEM CYMMHUPOBAHUS (HAIOKEHHUA ) TOKOB Pa3HLIX pe-
KHMOB, KaXXIbIM U3 KOTOPBIX OIPEACIIETCA JCHCTBHEM OMHOH X HECKONIBKUX I/, Kor-
Ia Bce ocTanbHble 3/IC NPUHUMAIOTCS paBHBIMU HYJIHO, @ BCE DJIEMEHTBI CXEMBI OCTAKOTCH
BKJIIOYEHHEBIMMU.

3.7.2. Ilpu 3HauuTensHOM ynucne 3C penieHne MOXXHO YIIPOCTHTE, HCIIONB3Ys TEOpe-
MY 00 aKTHBHOM JIBYXIIOJIIOCHHKE. B COOTBETCTBHH C 3TOH TEOPEMOH TOK B MecTe K3 MOX-

HO HAHTH KaK CyMMYy NPEIIIECTBYIOIIEro Toka [, ¥ aBapHHHOHN COCTaB/IAIOMWEH Toka [,

nosry4aeMoH oT aeHcTBUs onHod J/1C, npunoxenHoH B Touke K3 u paroit U, rne U, —
HaIIpsDKEHHUE, KOTOpoe OBLI0 10 BO3HUKHOBEHUA K3 B pacdetHOH TOYke K3,
ABapwuifHas cOCTaBIAOMAan ToOKa B Mecte K3 paBHa
. U o
[ =-—F, (3.26)
JA,,

rne X — BXOJHOE COMPOTHBICHHE CXEMBI OTHOCHTENBHO pacyeTHOH To4kH K3 npu yco-
BUH, 4TO BCEe ocTanbHble 3/1C paBHEI HYIIIO.
Tok B npou3BONBLHON BETBH J pacueTHOH cxemsl Ipu K3 B Touke ¢ paBeH

Ij = ]JIOI +[# . (327)

rae ;o — Harpy3o4Has COCTABJIAIOIIAs TOKA B BETBH j, T.€. TOK BETBH j B PEXKHUME, NPE]-
mecTByroleM K3;

[ — aBapHiiHas COCTaBIAIOLIAsA TOKa B BETBU j pH K3 B Touke (. 3Ta COCTABIAK-
[1as paBHA
I,=1_K_, (3.28)
rme K~ — Ko3QdHIMEHT pacipee/IeHus ToKa i BeTBH j IpH K3 B Touke (.
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3.8. Mpumep cocrtaBneHns n npeodbpPasoBAHUA CXEM 3aMELLEeHUS

3.8.1. JIna HCXOQHOM paCYETHOH CXEMBI, IPEACTABICHHOH Ha pUC. 3.6, a, COCTaBUTh
HUCXOOHBIE JKBUBAJICHTHBIC CXEMBbI 3aMElLICHHUA MPSIMOH, OOPAaTHOH H HYJIEBOM MOCIEO0Ba-
TenbHOCTEN npu K3 Ha 3eMuio B Touke K1 u nipeobpa3oBaTh HX B SKBUBAJICHTHBIC PE3Y/Ib-
THPYIOLINE CXEeMBI. PacueThl IPOBECTH C UCIIOJIB30BAHHUEM CUCTEMBI OTHOCHTEIBHBIX €1H-
HHUIL 4 C YY€TOM (PaKTHYECKHX KO3PPHUMEHTOB TpaHCHOPMAIIUH CHJIOBBIX TpaHC(popMaro-
pOB U aBTOoTpaHcdopmaropa. IlapameTpsl HCXONHON pacYETHOH CXEMBI IIPUBEIEHBI HHXKE.

I'eneparopet 1 2: P =63MBt; U =10,5kB;cos¢ =0,8,X", . =0,136;

tHO HOM

X e = 0,166; 10 K3 renepartopsl paboTalii B peXHME XOJOCTOrO X0Ja C HOMHHAJIBHBIM
HaIIPSIXKCHUEM.
Peaktop 9: U =10kB; 1 =2500 A; X=0,35 Om.

110M

Tpanchopmarops! 3 U 4:

AproTpaHcdopmarop: S
U oy = 20 %.

Jlvaun 10 m 11: /= 50 xwMm; leﬂ = 0,4 OM/xM; Xoy = 1,2 OM/KM.

Cuctema 8: S =2000 MB-A; X, . =1,0; X .. =11

VicxonHrele CXeMbl 3aMElICHHA NpAMOH, o0paTHOM M HYJIEBOM MOCIEA0BATENBHOCTEN
IpeACTaBIEHbI COOTBETCTBEHHO Ha puC. 3.6, 6, 3.6,68 1 3.0, 2.

OOMOTKA HHU3ILIETO HANPSPKEHHA aBTOTPAHC(HOPMATOPa HE HArPYKEHA, IIOOTOMY OHA HE
BBOJMUTCS B CXEMBI 3aMEIICHUs NPSMOH 11 OOpaTHOM MOCNEAOBATEIBHOCTEH.

B xauyecTBe Oa3UCHBIX eqUHMUL BEIOHPaeM:
S, =100 MB-A u U, = 121 xB. Torna no gopmyne (3.5)

1

=40 MB-A; n=121/10,5 kB; u_= 10,5 %.
=11%; u .. =32 %;

HOM

=125 MB-A; n=230/121/10,5 xB; u

HOM xB-C

U, =——121=10,5kB;
121/10,5
U = 121=230kB
121/ 230
H
U =——121=105xB.
121/10,5
[To popmyne (3.9)
100 105 |
F o= 4= OO o T T
n - 2
Y =X =l_:_-?_._1_0_9.._1_9:_5__=0,2625_

COT L MO 10040 10,5

Ins asrorpancdopMaropa npeasapiiTensbHo Haxooum X o X 0 X
(cM. 1. 4.2.3.1);

X o= 0,005(11+32-20)=0,115;
X = 0.005(11+20-32) =0,
X o= 13,005(32+20-11) = 0,205, noaromy
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| E , l 4 11
0173 0,2625 01366

6) 0)
1 3 10
02108 0,2625 0,1366 X
- ] 5 6 & 2z }
| 0 0,092 0,05 ]
2 4 11 _
02108 0,2625 0,1366 [
- K2
(Du.
8) e)
3° 10°
0,2625 0,41
il L 5° 6° 8°
0 0,092 0,055
4n 1 lu - - I
0,2695 0,41 7°
| - I - 0,164
Urw “
-_ 2

Puc. 3.6. [Ipumep cocTaBieHKa CXeM 3aMeLleHHA NPAMOH, 0OpaTHOM U HYNIEBOH [MOCNEN0BATENBHOC-
TEH Y onpeneaeHus pe3ynsTupyroux 1C 1 conpOTHBIIEHUH [IPU KOPOTKOM 3aMbIKAHUH B TOUKe K1
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X. =0 wmu

« 2(0)

100 230°
X 6=0115—-——-=0,092.
' 125 230
Js cucTeMBl OOBIMHO MpHHUMaOT E= U =U_ . 103TOMY
100 230°
X 6= LO——=-—5=0,05.
‘ 2000 230°
[1o dopmyne (3.8)
X ;6= 0, 35—19—(—)— =0,317;
' 10,5°
X 6= X o= 0,4-50- 199 _ 0,1366.
' "' 121
I C redeparopos
poop - E _105_,

IJ1C cucTeMEI

E ULp HOM
RN
U, 230
Cxema oOpaTHOI NOCNEIOBATEILHOCTH OTJIMYAETCA OT CXEMBI IIPSAMOH MTOCJIEJOBATETh-
HOCTH TOJIBKO TEM, YTO B HEH OTCYTCTBYIOT 3/IC, a CONPOTHBIICHHSA TCHEPATOPOB

X=X, =0166 100 1052
) 63/0,8 10,5

B cxeMy 3aMelieHUS HYJICBOM MOCICAOBATEABHOCTH I'CHEPATOPEl M PEAKTOP HE
BBOIUITCS, TAK KaK OHU HaXOIATCS 3a TPaHCGOpMaTOpaMHu C COEAUHEHHEM 0OMOTOK 110 CXe-
Me Y /A, HO BBOOHTCSA 0OMOTKa HU3LIErO HANPsHKEHUA aBTOTPAHC(HOpMaTOpa, COEIHHEHHAA
B TpeyrojbHHK. CONPOTUBJAECHHE ITOH 0OMOTKH

=0,2108.

x0,=0205120.105 _ 4164
125 10,5°
CONpOTHBIICHHUA HYJIEBOH MOCIEIOBATEILHOCTH CHCTEMBl H JTUHHM COOTBETCTBCHHO
DABHBI 0 2
X0 =112 29 4055 5
2000 230 100

X ?0(5)_ X ?l(ﬁ]-— ] 2 50- 1—2'*i— — 0 41.

[Tockonbxy
E =E X =K g H X (=X

Y uey 26) 2 0 U6) 2(6) WGy 4(6) ?

TO 1ipy K3 moTeHuansl ¢ 00eUX CTOPOH PEAKTOPA OONHAKOBLI, IO3TOMY OH MOXET OBITH
3AKOPOYEH W.TH ICKIIIYEH. DTO YIPOIIACT 3aJa4y Ipeodpa3oBaHNs CXCMDI:

X =X 0T X0t X p0=X =X 0t X ot X

« 12(0) 1{0) 3(6) lﬂ(i'] 13(6) . {0 11{6)

E I(ﬁ)X lJ(ﬁ]+ E Zfﬁ]X 12(0)
E-Hﬁ] E l[ﬁ)//E-fﬁ) X Y = 1;

. 13{5) 12(8)
X =X

=0,5721;

[ X 6= 0,286.

14(6) 12(6) 13{6)
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COonpoOTHBIIEHHE

X 56 X ot X (ot X 4= 0,142
I1pu 3TOM
142
£ [ E

. E(G} 3(6) 4(5)

AHanoru4HeIC Hp606paBOBaHHH CXeMbl 0OOpaTHOH MOCJIENOBATENBHOCTH AT

X ,56,=0,097. DnemenTapusie npeobpa3oBaHHs CXEMbI HYJIEBOH I0CIIEN0BATENLHOCTH JAIOT

X o= 0,063,

. 0Z(6)

OKBHBAJEHTHBIE PE3YIHLTHPYIOIIME CXEMBI 3aMEIICHUS NMPSIMOH, 00paTHON U HYIEBOH
I10CJIEA0BATEILHOCTEH, IOJIYYEHHBIC B pPe3ybTaTe NpeoOpa3oBaHui pACCMOTPEHHBIX HC-
XOJHBIX CXEM 3aMEUICHHUA, IPEACTABICHBI COOTBETCTBCHHO HA pUC. 3.6, 0, 3.6, e u 3.6, .

4. MTAPAMETPbI 3JIEMEHTOB PACHETHbLIX CXEM

4.1. Napamerpsl, HeobxoauMmbie ang pacyera
TOKOB KOPOTKOrO 30MbIKOHHUSA

[TapaMeTps! pa3siIUYHBIX DJIEMEHTOB HMCXOOHBIX PACYETHBIX CXEM, KOTOpHIE B OOIIEM
Cly4ac HeOOXOMUMBI I pacyeToB TOKOB K3, YKa3aHbl HUXKE.

4.1.1. CuaxpoHHbIe MAIIMHBI (FeHePaTOPbI, KOMIIEHCATOPHI, JJTEKTPOXBUTaTe/IH):

[10/1Has HOMUHAIbHAsA MOIMHOCTD S WM HOMHHAJAbHAA aKTHBHAsA MOIUHOCTL P 1
HOMHMHAJIBHBIH KO3OQHIIMEHT MOIIHOCTH COS @ ;

HOMHHAJILHOE Hanpsxenue U

HOM?

CBEPXIIEPEXOAHOE HHIYKTHBHOE COPOTHBIICHHE 110 IIPOIOJIBHON ocH X",
CBEPXIIEPEXOAHOEC HHAYKTHBHOE CONPOTHBJICHHE IO MONEPEYHON ocH X"
epEXOaHOEC HHAYKTUBROE CONMPOTHBIICHHE 10 ITPOROJABHON OCH X' Stuom)>

CHHXPOHHOE¢ MHAYKTHBHOE CONPOTHBICHHE N0 MPOINONBHOK OCH X, -
CHHXPOHHOE€ MHIYKTHBHOE CONPOTHBIICHHE [10 MONEPEYHOH OCH X -
OTHOILIEHUE KOPOTKOro 3aMmbikanua OK3;

MHIYKTHBHOE COMPOTHBICHHE pacCeAsHHs 0OOMOTKH cTaropa X
HHIYKTHBHOE CONPOTHBJICHHE OOMOTKH BO30yXaecHus X , -
HHIYKTHBHOE CONPOTHBICHHE MPONOIBHOrO AeMIIPEepHOTO KOHTYpa X
HHIYKTHBHOE COMPOTUBACHHUE IIONEPEYHOrO AEMIIPEPHOro KOHTYpa X | -

HHIYKTHBHOE M aKTHBHOE CONPOTHBIICHNA 00PaTHOM MOCIEA0BATEIBHOCTH X LHR
aKTUBHOE COTNPOTHUBIICHHE OOMOTKH BO30YXAeHMA (pH pabouent TeMHepaTypeS Rf;
aKTHBHOE COMPOTHBIECHHE OOMOTKH CTaTOpa (NpH pabodeit TeMreparype) R

AKTUBHOE CONPOTHBICHUE HpO,EIOJ]LHOI"O H IIONEPEYHOro AEMN(EPHLIX KOHTYPOB (IIpH

paboyelt Temnepatype) R, H R,

IEPEXOAHBIC nocromﬂme BpeMeHH 110 MPOAOJABHONW OCH IIpH PA3OMKHYTOH H 3aMKHY-

TOH HaKOpOTKO 0OMOTKe cTatropa 7, U T ;

CBEPXINEPEXOOHBIE NIOCTOSAHHBIE BPEMEHH MO NPOAOIBHON OCH MPH PA3OMKHYTOH H

3aMKHYTOH HaKOpoTKO oOMoTke ctaropa I, u T.”;
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CBEPXIICPEXOOHBIE ITOCTOAHHBIC BPEMEHH IO IONEPCYHOH OCH IIPH PAa3OMKHYTOH U
3aMKHYTOH HaKopoTko obmotke ctaropa I, nu 7T, ;

NOCTOSHHBIC BPEMEHH 3aTyXaHHA allepHOAHMYECKOH COCTAaBIAKOLIEH TOKA CTaTOpa MpH
Tpexdasnom u onHodasHoM K3 Ha Beisoaax Mawueel 79 u T (Y,

peaenbpHRIN TOK BO30y:kIeHuA [, ;

TOK BO30YXICHHUA TIPH pad0Te MALIMHEI C HOMUHANBHON HArpy3Koit [

fitom?

TOK BO3OYXKACHMA NpH pabOTEe MAIMHBI B PEXKMME XOJOCTOrO X043 ¢ HOMHHANLHBIM
HalpsSKEHUEM [ ;
KO3(Q(QHIHEHT I10JIE3HOTO NEHCTBUS (U1l CHHXPOHHBIX JIEKTPOABUTATEIIEH) 1;
Halps>KCHUE Ha BBIBOJAX MAILMHBI, TOK CTAaTOpa H KO3Q(MUUHEHT MOULIHOCTH B MOMEHT,
npenwecTByomun K3: Uy, £, cos @ .
4.1.2. ACHHXPOHHBIE 3JICKTPOABUIraTEeIM:
HOMHMHAJIbHAasi MOIIHOCT xfi’ﬁm_li ;
HOMHHAILHOE Hanpsokende U
HOMHHAIBHBIH KO3Q(HUHEHT MOIIHOCTH COS @
HOMHHAIIBHOE CKONIBKCHHE § |
KPATHOCTD yCKOBOr'0 TOKA 110 OTHOWWIEHHUIO K HOMHHAIIBHOMY TOKY [ _;
KPaTHOCTh MAKCHMaJIbHOTO MOMEHTA 110 OTHOIIEHHIO K HOMUHAJILHOMY MOMEHTY b
KPaTHOCTD IIyCKOBOI'O MOMCHTA I10 OTHOIIEHHIO K HOMHHQJIBHOMY MOMEHTY M _;
aKTHBHOE CONPOTHBIICHHE OOMOTKH CTaropa (npu paboyer temneparype) R,
KO3((QHULHUEHT ITI0JIE3HOTO ASHCTBHA N;

HanpspKeHUE, TOK CTatopa H KO3(QPHUUEHT MOIMIHOCTH B MOMEHT, NPEAILIECTBYOIIUN
K3: U, I, €COS Q.

4.?.3. CuJioBble TpaHCchoOpMAaTOpPHI H aBTOTPaHCHOPMAaTOPAI:

HOMHHAIIBHAA MOLIHOCTE S ;

HOMHHAJIBHEIE HANPSDKEHUA 0OMOTOK H QakTHIECKUE KOG OUIIMEHTRI TpaHCHOpMALIUH;

HaAMpPDKEHHA KOPOTKOIO 3UMBIKAHMA MEXIY OOMOTKAaMH ¥ ., U . .., U . (I3 JBYX00-
MOTOYHEIX TPaHC(HOPMATOPOB ¥ ) M KX 3aBHCHMOCTD OT Koa(l@nunemos TpaHc(popMaliny;

JIHaria3oH peryJIupOBaHHs HANPSKECHUS, ONPEACHAIOIIHN HaNP)KEHUE KOPOTKOTO 3a-
MBIKAHHA B yCJIOBHAX K3;

ITIOTEPH KOPOTKOTO 3aMBIKaHHA AP
¢opmaropos AP ).

4.1.4. TokoorpaHHYHBAIOLIHE PEAKTOPDI:

HOMMHAIbHOE Hanupsokeue U ;

HOMMHAJIBHBIA TOK [

HOMHMHAJIBHOC HHIYKTHBHOE COMIPOTHBIICHUE X ;

HOMMHATBHBIA KOIQ U MEHT CBA3U K _ (TONBKO I CABOCHHBIX PEAKTOPOB);

NOTEPU MOIUHOCTH (Ha da3y) NpH HOMHHAIBHOM TOKE AP.

4.1.5. Bo3ayuinbie JHHRH DJ1eKTpOIepeaadu:

HOMHHAJIBHOE Hanpskenue U

INMHHA JIMHHUH /;

CEYCHHE IMMPOBOJAa S H KOJHYECTBO IpOBOJOB B (ha3e;

YAENBbHOEC HHOYKTHBHOE CONPOTHUBJIEHHE NPAMOH MOCIEROBATELHOCTH X ;

yAeIbHOE HHIYKTHBHOE COMPOTHBIICHHE HYICBOH MOCIENOBATCIBHOCTH X ;

YIENbHOE aKTHBHOEC CONPOTHBIIEHHE (NMPpU pabodeH Temieparype) R;

YIAEIbHBIE HHOYKTHBHLIC CCIIPOTURICHUS B3aUMOMHIYKIIMMY HYIICBOM [TOCIEIOBATENBHO-
CTH OT APYTHX JIMHHH (IIPH HATMYIMH HECKONBKHMX BO3MYIIHBIX THHHH HA ONHOM Tpacce) X

yOEIbHAA EMKOCTHA NPOBOAUMOCTS b.

HoM>

AP

xB-H ? APK(:_H (HHH HBYXOGMOTOqHBIX '[paHC_

B-C ?
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4.1.6. KaGesn:

HOMHHAaJIbHOE Hanpspkenue U

JUTHHA KaOEeNbHOH NHHHH /;

CEYEHHUE KUJIIBI Kadend S M 4Hclo napajyielbHO BKIIOUCHHEBIX KabeneH;

YAENHHOE HHIYKTHBHOE CONPOTHBIICHHE NPSIMOH MOCICAOBATCIBHOCTH X ;

YACIBLHOE HHIYKTHBHOE COMPOTHBIICHHE HYJICBOH MOCIIEAOBATCIIBHOCTH X ;

yENEHOE aKTHBHOE COMNPOTHUBICHHUE (1IpH pabouek TeMneparype) R.

4.1.7. TokonpoBOABI H LIHHOIPOBOJBI:

YAENbHOE HHAYKTUBHOE CONPOTUBIIEHHE NIPAMOH ITOCNICAOBATENBHOCTH X ;

YAEIBHOE HHAYKTHBHOE COMPOTHBJICHHE HYJIEBOH MOCIENOBATENEHOCTH X ;

YACTEHOE aKTHBHOE CONMPOTHBIEHUE (TIpH pabodel TeMneparype) R ;

IUTHHA.

4.1.8. KaranoxxHble JaHHBIE HEKOTOPBIX 3IEMEHTOB IEKTPHUECKHX CHCTEM IpUBE/e-
Hel B nipunoxkenusax 11.1 — 11.12.

4.2. Metopuka onpeaeneHus oTaenbHLIX NAPAMETPOB

4.2.1. CHHXpOHHBIE FreHEePATOPbI, KOMIIEHCATOPHI H JIEKTPOIABUIATEIH

4.2.1.1. B Tex cnyyasx, KOrga OTCyTCTBYIOT JJaHHBIE O KakuX-IH00 rmapaMeTpax CHHX-
POHHBIX MAHIMH, HEOOXOOUMBIEC V1A pacdyeTa TOKOB K3 ¢ y4eToM NepexXoaHbIX IPOUECCOB
B MalllMHAaX, 3HAYEHHUS 3TUX [1ApAMETPOB LEIeCOO0OPA3HO ONPENEIIATH, HCNIONB3YS JaHHEIE
O APYTHX [apaMeTpax U U3BECTHBIE COOTHOLICHUSA MEXIY COOTBETCTBYIOIIUMHU MapaMeET-
paMH CHHXPOHHBIX MAIlIHH.

4.2.1.2, Eciii HeN3BECTHBI HHAYKTHBHOE CONIPOTHBIIEHHUE paccesTHHsA OOMOTKH CTaTopa
CHHXPOHHOH MaILIMHEI, a TAKKe UHIYKTUBHBIC COIIPOTHBICHUS OOMOTKH BO30OYXIECHUA
IPOAOJIBHOrO AESMII(PEPHOrO KOHTYPa, TO B IICPBOM NPHUOMKEHUH UX MOYKHO ONPEHCIUTS,
IOJIOKHUB, YTO HHAYKTHUBHLIC CONPOTHUBJICHHUA PACCEIHUS OOMOTKU BO3OYXKIAEHHSA H
[IPOAONBHOIO AeMI(EPHOTr0 KOHTypa OAHHAKOBEL. [Ipu 3TOM yCIOBHH CONMpPOTHUBIECHUE
B3aUMOHMHIYKUHH MEXAY 0OOMOTKOH CTaTOpa H KOHTYPaMH pOTOpa IO IPONOJIEHOH OCH PAaBHO

X, = (Xd_X'd)(Xd—X"d) | (4.1)
2(X,-X"',)-(X,-X",)

Hanpnennoe 3nauyeHue X , MO3BOIAET OOPEACTMTs X ¥ X, , TaK KaK 3TH IMapaMeTpsl
CBSI3aHBI C X  MPOCTBIMH COOTHOLICHHSAMMU:

X =X-X, (4.2)

XZ

X =—2lu
X -X'

(4.3)

4.2.1.3. Ecny akTHBHBIE COTIPOTHBICHHA 0OMOTOK CTaTOpa U BO30YKACHHA CUHXPOH-
HOM MallIMHEI JaHBI IPH TEMIIEPATYPE, OTIIMYHOHN 0T paboueH, To npHu pacuyere TOKOB K3 aTH
CONPOTHUBIICHUS IPEABAPUTENIBHO ClIEAYET NPUBECTH K paboueil TeMrneparype (0ObIYHO 3Ty
TeMIIEPATypy NIPUHUMAIOT paBHOH 75 °C), HCIIONB3ys BBIPAKCHUE

235+ ¢
R, =R i

o *235+9,
rne ¥ — paboyas TeMreparypa OOMOTKY;

U, — TeMIl€paTypa, IpH KOTOPOH JaHO CONPOTHBICHHE 0OMOTKH (00br4HO ¥, = 15 °C).
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4.2.1.4. B cnyyae oTcyTCTBHA JaHHBIX 00 aKTHBHOM CONPOTHBICHHH 0OMOTKH CTaropa
CUHXPOHHOH MAalllHHBI 3TO CONPOTUBIEHUE B OTHOCHTEJIBHBIX €AMHHIAX ITPH HOMUHAIL-
HBIX YCIOBHAX CIIEAYET OIPEAEIATh 10 (HOPMYIIE

LA (4.5)

rne X ,..., — CONPOTHUBJICHHE OOpPaTHOH NOCEN0BATEIbHOCTH CHHXPOHHOH MAIIMHBI B OT-
HOCUTENBHBIX €AMHUIAX [TPH HOMUHAIBHBIX YCIOBMSX;
'Y  — nocTOSHHAA BPEMEHH 3aTyXaHHs allepHONHUYECKOH COCTABJIAIONIIEH TOKA ITPH
TpexdaznoM K3 Ha BIBOJAX MANIMHBEI, C.
4.2.1.5. Ilpu pacuere TokoB K3 ¢ y4eTOM NMEPEXOMHBIX MPOLECCOB B CHHXPOHHOM Ma-
[UMHE aKTHBHOE CONPOTHUBJICHHUEC OOMOTKH BO30YKICHHUA CIEAYET NPHMBOAUWTH K OOMOTKE
craropa. [IpuBeneHHOE CONPOTUBIECHHE B OTHOCUTENBHBIX €AUHHIIAX IPH HOMHHAJBHBIX
YCJIOBUSAX MAILLIMHBI PEKOMEHAYETCS ONPEAENIATE IO GOPMYJIE
: pd
E [(nom) R __)"(__ i y (4*6)
ok3 X, ) §

HOM

rac [, —TOK BO30YKIEHHS MAUIMHBI IIPH €€ paboTe B PEXHUME XOJOCTOrO X0a ¢ HOMH-
HAJILHBIM HAIPAXKECHUEM, KA ;

S  —HOMWHa/JIbHasi MOLIHOCTEH MAIIMHEI (1oHas), MB-A.

4.2.2. ACHHXPOHHbIC NIEKTPOABUraTEeIH

4.2.2.1. CBepxnepexoqHOo€ HHIYKTHBHOC COMPOTUBIICHHE H HHOYKTHUBHOE COIPOTHB-
NeHue 00paTHOM MOCIEAOBATENBHOCTH ACHHXPOHHBIX 3NEKTPOABUTATENICH HANPSKCHUEM
cBeiIe 1 kB monyckaeTcsa npuHUMATh paBHBIM HHIYKTHBHOM COCTABIIAIOLIEH CONIPOTURIIE-
HUs KOPOTKOI'O 3aMbIKaHUA H ONPENEIIATh 110 (POpMYJIe

X' =X m b (4.7)

« (HOM) « 2(HoM) ’
I,

rae [ ; — KPaTHOCTB IIYCKOBOI'O TOKA JJIEKTPOABHIaTENA IO OTHOUIEHHIO K €0 HOMHHAJIb-
HOMY TOKY.
4.2.2.2. Ilpu OTCYTCTBHH OaHHBIX 00 aKTUBHOM COIIPOTHBIIEHHH CTATOpa aCHHXPOH-
HBIX 3JIEKTPOABHIATEICH 3TO CONPOTHUBIICHHE NOIIYCKACTCA ONPEeACIATh 110 QOPMYyIIe

A)

R =l (4.8)
100
rae s — HOMHHANBHOE CKONBKEHHE JJIEKTpOABHTraTe:s, %.

4.2.2.3. ITapameTper T-006pa3sHOH 3KBHBAJICHTHOH CXEMbI 3aMELICHU aCHHXPOHHBIX
ICKTPOJABHIaTeNCI C (Ja3HBIM POTOPOM H C IIPOCTOH OETHYBLEH KJICTKOMH HAa POTOPE NOIyC-
THMO ONPEAENATh. HCIIOb3Y S U3NIOKEHHYIO HHXKE METOOHUKY.

I. Onpenenuts NpUONHKEHHOE 3HAYCHHE KOd(QdHUHEeHTa (|, XapaKTePHU3YIOUIETO
COOTHOIUCHHE MEXIY CONIPOTHBJICHHEM pacCesHUA OOMOTKH cTaropa X = W HHAYKTHBHBIM
CONPOTHBIIEHUEM BETBH HAMAarHU4MBaHusi X 110 opmyrne

T S A
;Xr _F';XT (l'mm'Sluﬁznnnl:)ir I

C=—"—= |—— 4.9
X V25 coso, (%)

u

1€ S o~ HOMHHAJIBHOC CKOJIBXXCHHC 3JICKTPOABHI ATECIA,
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— KPaTHOCTh MAKCUMAJIBHOI'O MOMEHTA IT0 OTHOILEHHIO K HOMHHAILHOMY MOMEHTY
3JICKTPOABHUIATEIA.

2. lIpyHATE aKTHBHOE CONPOTHBJICHHE BCTBH HAMardH4MBaHHA R PaBHBIM HYIIO.

3. OnpenenuTs UHAYKTUBHOE CONPOTUBIICHUE BETBH HAMarHHYMBaHUA

HOM

).{ u{lmM): - { " o ‘ N
| sing,, - ——g= 10
\ bHDH T ‘\/E’Huu o 1 /

4. OnpenenuTh HHAYKTHBHOE CONPOTHUBIICHHE paccessHUA 0OMOTKH cTaTopa
‘.X crl(Hnu)z (CI o 1) X p(HoM) ° (41 ]')
5. HalTH MHIYKTUBHOE COIPOTHUBIIEHUE PAaCCESIHUA OOMOTKH pOTOPA, UCTIONB3YS (POPMYITY

1 - X o 1{ itomM
X ﬂZ(unH)— 2 SHUH - - { ) * (4']‘2)
. 2C'l bimucos (pllﬂ!-l CI

6. OnpenenuTs aKTUBHOE CONIPOTUBIEHHE 0OMOTKH poTOpa

S (17 5,0 ) (B + /0L — 1)

R 2{HOM) ~ 2
' 2C°b_ cos®

4.2.3. Cunossbie TpaHcHOPMATOPLI H ABTOTPAHCHOPMATOPHI

4.2.3.1. CxeMa 3aMelieHUs TpeXOOMOTOUHOTO TpaHchOopMaTopa U aBTOTPaHC(HOPMATO-
pa, UMEIOIIEr0 0OMOTKY HU3IUIErO HaNPsHKEHUS, IIPEACTABIIET COOOH TPEXJIYUECBYIO 3BE3Y
(Tabn. 4.1). MHayKTHBHBIE CONPOTHBIECHHS €€ BETBEH B OTHOCHUTEIBHBIX CAMHHMIAX IIPH
HOMHHAJILHBIX YCIIOBHAX 3TOr0 TpaHC(HOpMAaTOpa COOTBETCTBEHHO PaBHBI:

(4.13)

HOM

u .
X B(Hnu)z 1012) — OFOOS(HEB-—H + u:B—C o ultC—H)?
X =2 0005 - (4.14)
o Clwom) 100 M (uun—c + uuC-H o u:ﬂ-—H)’ '
U
X H{Hnu):: 10}6 = OFOOS(uIB—H + urC-—H o u:B-C)’
rac uxB-H , uKB oy uxC*H — HaHpHH({)e/HHH KOPOTKOI'O 3dMBIKAHHA COOTBCTCTBYIOIUHUX ITAP 00-
MOTOK, 7o.

4.2.3.2. CxeMa 3aMeIICHUs ABYXOOMOTO4YHOIO0 TPAaHCPOPMATOPA, Y KOTOPOro 0OMoTKa
HU3LIETO HANPSKEHUS paclleIyIeHa Ha IBE BETBH, TaKXKe IIPEACTABIAET COOOH Tpexiyye-

Tabnuua 4.1
CxeMbl 3aMelieHusi TPaHCHOPMATOPOB, ABTOTPAHCHOPMATOPOB
M CABOEHHBIX peaKTOpOB

PacueTHble Bipaxens
B
| —
Tpexo6MOTOYHBIH C Xy Xp = 0,005 (uyp-1+uxp.c—lvc-)
TpaHCtbopmaTop XC = OFOOS(HKB-C"‘“KC-H‘“HKB-H)
XH XC XH = Oyoos(HKB.H'FHK(:_H—HKB_C)
H
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OxkoHYyaHHe TadOa. 4.1
o ) -1 n -1 N - -
g

Xg = 0,005 (UB-H+UB.C—UxCH)
Xe = 0,005 (uxp.ct+ttxc.—xB-H)
XH = Oroos(uKB-H+uKC-PI_HKB-C)

= —
X
ABTOTpaHcopma- ¢ °
| TOp X, X
H
JABYXOOMOTOYHBIH B
TPAHCPOPMATOP Y
| ¢ 06MOTKOI HH3IIe- | °
IO HanpsKeHUA,
aCLICIJICHHOM
P a1 % X

Xg = 0,01 (uyp-11-0,25 111 .112)
Ayt = A = 0,000,411

Hd ABC BETBU

_ —_ ]

JBYXOOMOTOYHBIH | X, = 0,0lfu e .”xH'-Hrz_) l
TpaHCPOPMaTOP \ 2n
¢ oOMOTKOH HU3LIe- Xpi=Xip=...=Xy= |
ro HanpsAxcHus, = 0,005 1,131 -1n
paclieIIEeHHOM
Ha n BE€TBeH

| Xp=0,005(up.ctitys r—ttcn) |

} Xc=0,005(u,p-ct+uyc.n—tiixp-n)

Xu=0,005(u,g-u+uyc.u—itss-c)
Xi1=X2=0,005 41112
XH=X}F'O:0025HKH1-H2

Pl

ABTOTpanCcoOpMa- B
TOp ¢ 0OMOTKOMH C
HU3UIEr0 Hanpsxe-
| HRsl, pacUIeMIEHHOM
Ha [ B€ BCTBH 2 o
B
ABTOTpaHC(hOpMa-
| Top ¢ oOMOTKOI C
HU3LUEro Hanpsxe- | ﬂ
| HUsl, pacileIUICHHOH
Ha n BETBEH | |

| Xp=0,005(up.y+uyp.c—tc-n)
Xc=0,005(uyp.ctuxcy—tixs-1) i

Xu=0,005 (4 -1+t yc-a—txp-c)
XH“l:XHl:' . -=XHn= I
| = 0,005 uyp1 -t
r _ U iis.10n '
Hl H2 Hn A=A, 001 2n
C
| X Xe=-K.,X,
| CnBOEHHBII pea ¢ l C e
U

BYIO 3Be31y (Ta0. 4.1). UHayKTUBHBIC CONPOTHBIICHHUSA €€ BETBEH B OTHOCHUTEIBHBIX €1H-
HULIAX NPU HOMHUHAJNBHBIX YCIOBUAX CNEAYET ONPEAENsITh N0 popMyiaM
X poe=001{1e, , ~025u ..);

« BinOM) - (4 1 5)
X=X 0 =0,005u

o Hipwom) 0 H2{ xH1-H2 *?

rae u ., — HanpsokeHHe K3 Mmexay oOMOTKOH BBICIIErO HANpPSKCHHA H IapalllIeIbHO
COEAUHEHHBIMHU BETBIMHU OOMOTKH HU3LUETO HAIIPSDKEHUS,
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U, ., — Hanpskenue K3 mexiy BeTBAMH OOMOTKH HU3LICTO HANPHKEHUS (H3MEp-
eTCS NIPH PA3OMKHYTOH OOMOTKE BBICILETO HANPSKEHMA).
[Tpu oTcyTCcTBHM NaHHBIX O HarpshkeHuu K3 u IOITyCKaeTCs Iyil TpeX(pa3HbIX TPAHC-
GOpPMaTOpPOB IMIPUHUMATE

xkH1-H2

X B{uuu}= 0500125uuﬂ-ii ; (4 16)

X, =X =00175, .

« Hl{nom} « H2{Howm}

4.2.3.3. CxeMa 3aMeleHUA I1BYX0OMOTOYHOro TpaHchopMaropa, y KoToporo ooMoTka
HU3LIECTO HanpsKeHHA paclieIIieHa Ha # BETBEH, NpeAcTaBiseT cobou (n + 1)-myueByio
3Be3ny (tabn. 4.1). UHOYKTHBHEIC CONPOTHUBJICHHUA €€ BETBEH B OTHOCHTEIBHBIX €HHHIAX
IIPH HOMHHAJIBHBIX YCJIOBHAX TpaHCQOpMaTopa CIeAYET ONpPENEIATh 110 (POpMYyJiaM

U

X E(uuu]= 0,0 I(HIH_“ — --:"_!I.H:.) :
' 2n

X =X =,..=X = 0,005u

s HI{noen; « H2{tom} - . Hin{nom}

(4.17)

xH1-Hn 2

roe u . . — Hanpsbkenue K3, uaMepeHHoe Mexay BeiBofaMu /1, U H_ 0OMOTKH HH3IIETo
HanpsoKeHU (IIPY pa3OMKHYTOH OOMOTKE BBICILIETO HAPSIXKEHUSA ).
4.2.3.4. Cxema 3aMeLICHUS aBTOTPAHCHOPMATOpPa, ¥ KOTOPOro 0OMOTKA HU3IIEro Ha-
NPSOKEHUS paCHICITICHA Ha ABE BETBH, OTIHYAETCA OT CXEMbI 3aMEIIEHH aBTOTpaHCc(popMa-
TOpa C HEPACWIECIVICHHOU OOMOTKOH HU3IIETO HANIPSXKEHUA TEM, YTO BMECTO COMPOTHUBIIC-
HHA X, CONEPIKHT TPEXIIYUEBYIO 3BE3Y C BETBAMH X", X H.X _ (Tabn. 4.1). MHayKTHBHEIE
CONPOTHBJICHUA 3JIEMEHTOB CXEMBI B OTHOCHUTEIIbHBIX EAMHULIAX [IPH HOMHHAIBbHBIX YCIIO-

BHUAX aBTOTPAHCHOpMATOpa CIACAYET ONPEACTATE 10 (OpMynaM
X = 0,00S(u oo fu U );

s« B{nom ]

Hn

‘Z( Clom) O,OOS(HKB#C TUcy  Upy ); (4.18)
X HI(Hnu}= X HZ(HBH): 03005”:H1-H2 ;
X:-' H(Hﬂﬂ}z ‘.;X H{Hﬂﬂ}“ 050025”:H1—-H2 3

A€ X oy = 00050 g + 0y = " Xe ).

4.2.3.5. Cxema 3aMemieHus aBTOTpaHcopmaTopa, Y KOTOPOTo OOMOTKAa HH3LIETO
HaNpsHDKEHUS PACHICIJIEHA Ha 7 BETBEH, OTVIMYAETCA OT CXE€MbI 3aMELEHUA aBTOTPaHC(hOp-
MAaToOpa ¢ HEPACLICIICHHOH OOMOTKON HU3LIErO HAaNPSKEHUS TEM, YTO BMECTO CONPOTHUB-
neHust X, coueput (n + 1)-mydeByio 3830y ¢ BeTBaMu X, , X, ... X (Tabn. 4.1). Haayxk-
THBHEIE COIIPOTUBIICHUS 3JIEMEHTOB CXEMBI B OTHOCHUTEbHBIX €XHMHHLAX [IPM HOMHUHAJIb-
HBIX YCJIOBHAX aBTOTpaHCHOpMaTopa CACAYET ONpenenaTs no hopMyiam

X - O,OOS(HHB_C T U~ U );

« DB(BoM)

‘..X C(Hﬂu}z OFOOS(H:H—C + HxC-H - utH«-H ); (4‘ 1 9)
X Hl(Huu):: X.— H2(wom) =T X lln{ﬂﬂu}:: O’OOSHIHI—Hn ;
X! — X H(ﬂﬂﬂ)__ 0’01 uh:Hl-Hn :

*  Hinom) . 2"

THE X ™ 0,003 T U oy —tpe)
4.2.3.6. CyMMapHO€E aKTUBHOE COINPOTHRIICHHE 00eUX 0OMOTOK JBYXOOMOTOYHOIO TPAHC-
¢opmMaropa B OTHOCHTENLHBIX EJMHHALIAX TPH HOMHHANIBHBIX YCIIOBUAX 3TOr0 TPaHCHOpMa-

TOpa CIEAYET ONPENENATh 10 QopMyIe
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AP 10°
'@ (Hom) ——E—_—- ? (4'20)

[ MM

rae AP — 1oTepu KOPOTKOro 3aMblKaHus, KBT;

S — HOMHHaJbHas MOIIHOCTh TpaHcopmaropa, MB-A.

4.2.3.7. AKTHBHBIE CONPOTHUBIICHHS OTAENbHBIX OOMOTOK TPEXOOMOTOYHEIX TPAHC(POP-
M3TOPOB M BCTBEH CXCMBI 3aMEHICHUS aBTOTPAHCPOPMATOPOB, HUMCIOUIMX OOMOTKY HU3ILUE-
ro Halps>KEeHHs, B OTHOCHTEJIBHBIX €AMHHLAX NPH HOMUHBAIBHEIX YCIOBHAX 3THX TpPaHC-

(OpMaTOpPOB K aBTOTPaHC(HOPMATOPOB CIAERYET ONPEAEIATh 10 (POpMYynaM
0,5-107

. B(Hnu}z _E___ (ARB—C + AR:B—H o AP:C-—-H );
0,5-107

A "—_S' ) ‘(AP + AP ARB_H) (421)
05-107

AT AV (AR:B—H + AF, xC-H AR:B-" )

HOM

Mpumewvauwurne. Ecau misg TpexoOMOTOYHOTO TpaHCHOpMATOPA HIIH AaBTOTPAHC-
(hopMaTopa, MMEIOIIEro OOMOTKY HH3ILUECIO HANPSXKCHHUA, H3BECTHO TOJBKO 3HaYeHHE AP
IUIst KakoH-n1u00 OHOH napbl OOMOTOK, TO JOITYCTHUMO 110 (hopmMysie (4.20) onpenenTs CyM-
MApHOE aKTUBHOC CONPOTUBACHUE COOTBETCTBYIOLICH Tapbl OOMOTOK, HAMTH OTHOUICHHE
X/R 3THX 0OMOTOK H NPHUHATH IS BCEX OOMOTOK OTHOLUEHHE X/R OHHAKOBBIM.

4.2.4. ToxoorpanuynBaiouilie peakTophbl

4.2.4.1. Cxema 3aMeICHUs CABOCHHOIO TOKOOIPAHUYHBAOMIEIO PEAKTOpa NPEACTaB-
nAeT coO0H TpexyyueBylo 38e3ay (Tabdn. 4.1). UHAYKTUBHOE CONPOTHUBIICHHUE IyYya CO CTO-
POHEBI CPEIIHEro 3akKuMa (T.e. 3a:KUMa, 0OpAICHHOrO B CTOPOHY HCTOYHHKA SHEPIHH) Clie-
AyeT ONPENECIIATh N0 PopMYyJie

X=-K X, (4.22)

rae K . — KO3QQHIUEHT CBA3M MEXY BETBAMH PCAKTOPA;
X~ — HOMHHAIBHOC HHIYKTHBHOE COMPOTHBIICHHE PEAKTOPA (T.€. COMPOTHBICHHE OJI-
HOH BETBH PE€aKTOpa NNPH OTCYTCTBHH TOKa B APYTOii BETBH).
HHayxTHBHEBIC CONPOTHRBICHHA ABYX JAPYTHX JY4YeH CXEMbI 3aMCILICHUS OMHAKOBH! M OIIpe-
OCNATCA 10 GopMylie

X =X,=(1+K) X, (4.23)

4.2.4.2. AKTHBHOE CONPOTHUBIICHHUE (Pa3bl OAMHAPHOI'O peakropa, OM, cineayer onpene-
JISTh 110 pOpMYyne

R = -;‘-‘—f-lo’ | (4.24)

HaM

rae AP — HOMMHaNBbHEIE TOTEPH MONIHOCTH Ha a3y peakropa, kBT;
[ — HOMHHAIBHEIH TOK peaxTopa, A.
AKTHBHOE CONPOTHBJICHHE K< 10H BETBH CABOCHHOIO peaktopa, OM, cleayeT ornpeae-
JIATH N0 popMyIie
AP

Y (4.25)

M

R=
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4.2.5. Bo3ayuiHblie JUHUH dJIeKTpoNepeaasdu

4.2.5.1. 3Ha4yeHUs yACABHOIo HHAYKTUBHOIO COIIPOTUBICHUA IMIPSIMOH NTOCIEI0BATENBHO-
CTH Y YAEIBHOIO aKTUBHOT'O CONMPOTHURICHHMS BO3AYIIIHBIX JIMHHUH CJIEAYET MPUHUMATB I10 CIIpa-
BOYHBIM TaO/IMIIaM, UCXOOA U3 MAaTEpHalIa U CEYCHHUS IIPOBOJOB U CPEAHETO F€OMETPUUECKOro
paccTosHug Mexay (pazamu. IIpu oTCyTCTBUM CBEAECHHH O CPCOHEM FeOMETPHYECKOM
PacCTOSHHH MEXIY (azaMH yACIbHOC HHIAYKTHUBHOE CONPOTHBRICHHUE IPIMOM IOCICHOBA-
TEJIBHOCTH MOKET OBITE ompeneneHo npubarmkeHHo 1o tadm. I1.10 u I1.11, xoToprie cocTag-
JICHBI U1 YCPEOHCHHBIX 3HAYCHUH CPEIAHETO TEOMETPUUYECKOrO PACCTOSHMSA MEXIY (Da3aMu.

EclIH OTCYTCTBYIOT JAHHBIE O CEYCHUAX IPOBOAOB, AOIMYCTUMO YACIBHOEC HHAYKTUBHOE
COINPOTUBIICHUE NPSAMOM MOCIIEA0BATEIbHOCTH BO3AYIIHBIX JUHHHN HanpsbkeareM o 220 kB
npuHUMaTh paBHbeIM 0,4 Om/xM, nuuauil HanpsokeHueM 330 kB — paBHbIM 0,325 OM/KM H
iUl HanpsokerueM 500 kB — pasasiMm 0,307 OM/kM.

4.2.5.2. ITHAyKTURHOE CONPOTHUBIICHUE HYJICBOH IOCIENOBATENBFHOCTH BO3MYILHOH JIH-
HUM 3JICKTPOIEPEaaYy 3aBUCUT OT CEYEHHUA MPOBOIOB, PACCTOSHAN MEXAY (pa3aMu, HATHYUA
HJIH OTCYTCTBUS 3a3€MIICHHBIX TPOCOB B APYIUX JTHHUH, IIPOJIOKEHHBIX 110 TOH XKE Tpacce, !
MHOI'HX ApyTUXx (akTopoB. 11oaTOMY ero cienyet onpenenaTs paCieTHBIM MY TEM.

4.2.5.3. {ng ogHOLENHOU BO3AYIIHONW JUHUHU O¢3 3a3¢MJICHHBIX TPOCOB HHOYKTHBHOE
CONPOTUBJICHUE HYJIEBOH OCIEAOBATECIBHOCTH, OM/KM, CIICAYET ONPEACIATH 110 GOopMyIe

D
X, = o,4351g-;— , (4.26)
rne D =935 M — 3KBHBAJICHTHAs IlyOHHA Boaﬂpa"r;p TOKa 9epe3 3eMITIO;
R — CPEQHHH I'EOMETPHYCCKHN PALUYC CHCTEMBI TPEX MPOBOMAOB JIMHHH,
OIIpEaCIIIEMBIN 10 (OPMYIIE
R_=3/R D, (4.27)

rae K~ — SKBHBAJICHTHBIM PAAMyC MPOBOAA, YYHTHIBAIOIIUH HATMYHE B PEATBHOM IIPOBO-
1€ BHYTPECHHET0 MAarHUTHOTO 110J1s1. OH MEHBILIE ICHCTBUTEIBHOIO paauyca npo-
BOJA R: 151 CIUIOLIHBIX NPOBOLOB U3 HeMarHuTHoro Matepuana R = 0,779R,
JUIS CTAJICATIOMHHHEBEIX MPOBOAOB ¢ AByMA-TpeMs noBuBaMu R = 0,82R,;
D_ = ':*J D, D, D, -—cpeaHee reoMETPHIECKOE PACCTOSHHE MEXAY NPOBOAaMH (a3
A, B, C,
Eciu Bo3aymiHas THHHS HMECT paclIenIeHHbIC (aspl, TO B popmyny (4.27) BMecTO R
HEOOXOAMMO BBOAUTH CPEIHHH r€OMETPUYECKUH PaHyC CHCTEMBI IPOBOAOB OOHOM (a3sl,

onpenenseMsiii o Gopmyre
r =R d™,
cp K Cp
rae n  — 4uCIo IMPOBOAOB B (ase;
d. — cpenHee reOMETPHYECKOE PACCTOSHHE MEKAY TIPOBOAAMH OQHOH (asel.

4.2.5.4. UHayKTUBHOE CONPOTHUBICHUE HYICBOM ITOCIENOBATEIBHOCTH OJHOLICITHOM
BO3AYLUHOH JJHHHH C OJHUM HJIM HECKOJIbKUMH 3a3EMJICHHBIMH TPOCAMH MOXET OBITH OIl-
penescHo no Gopmyne

XZ
(1) — f1-TO
Xu o Xu Y ’ (428)
T0
rae X, — HHAYKTHBHOE CONPOTHBICHUE HYNEBOH ITOCIENOBATENLHOCTH 3TOM TMHUH O€3

ydeTa Tpoca (CHCTEMBI TPOCOB), onpeaenseMoe no gopmyne (4.26);
X170~ HHIYKTHBHOE CONPOTHBIIEHHE B3aUMOHHIYKIHH HYJIEBOH [10CIEI0BATEIBHOC-
TH MEXIY TPOCOM (CHCTEMOM TPOCOB) M IPOBOAAMH JIHHHH;
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X, — MHAYKTHBHOE COMPOTHBIICHHC HYJIEBOH IIOCJICI0BATEILHOCTH TPOCA (CHCTEMBI
TPOCOB).
MHIyKTHBHOE CONPOTHUBICHUE B3AHMOHHAYKIIHH HYJIEBOH MOC/IEIOBATENEHOCTH X |
OM/KkM, onpenensiercs 1o GopMyne N

X =0,4351g P (4.29)

rne D — CpenHee reOMETPHYCCKOE PACCTOSHHE MEXIY IpPOBOJAAMH JIMHHHU M TPOCOM
(CHCTEMOH TPOCOB):
IIPH OMHOM TPOCE, HaXoAAIEeMCA OT Ga3HBIX IPOBOIOB HA PACCTOSAHHUAX COOTBETCTBEH-
HoD, ,D_ ., D_. , 3T0 paCCTOAHHE PABHO

AT ? BT CT?
DHT = 1” DATDBTDCT ;
npu aByx tpocax (71 u 72)

DIIT = 4 DATID

AT2

DBTI D;-'I'I DCTIDCTZ ’

MHayKTHBHOE CONPOTUBIICHHE HYJICBOM ITOCIAEI0BATEIBHOCTH X.

or OM/KM, IIDH OTHOM
TpOCE OnpeaenseTcs no Gopmyne

X, =0,435g f - (4.30)

KT

rae R, — 3KBHBAJCHTHBIM pajiHyC TpoOCa.
[Ipu aByX Tpocax, HaxONAIMXCA APYr OT APYra Ha pacCTOSHHHM D, HHIYKTHBHOE

conpoTuBiICHHE X, OM/KM, ONpeAenacTca o QopMyne

D
X, =O,435-—h—‘—, (4.31)
rne K . — CPeIHMH FeOMETPHYECKHH PaHyC CHCTEMB IBYX TPOCOB, ONpEACHIEMBIN IO
GopMyne _
chr = JRERTDT :

4.2.5.5. UHOyKTUBHOE CONPOTHUBIICHUE HYJIIEBOH MOCIEIOBATEIILHOCTH OHOH U3 ABYX
napaaleNbHbIX LENEH, COEAHHEHHBIX 110 KOHUAM, IIpY BHewIHeM K3 cocTasiiger

Xfo ~ Xa + X;-uo > (4.32)

rae X, — HHAYKTHBHOE CONPOTHBIIEHHE HYJIEBOH MOCICNOBATEIRHOCTH OJIHOH LIETH O€3
y4eTa Jpyrou, onpeaenseMoe no dopmyne (4.26);
X ,— HHIYKTHBHOE CONPOTHBJICHHE B3AMMOHHIYKIHH HYJIEBOH [1OC/ICIOBATECIHHOC-
TH OJHOH LIeIH OT ApYroH, onpeaeascmoe no Gopmyne (3.20).
4.2.5.6. THayKTUBHOE CONMPOTHUBIICHHE HYIEBOH NMOCJIEIOBATCIIBHOCTH OQHOH U3 ABYX
OJMHAKOBBIX MapauUIeIbHBIX HENCH, HMCIOLIUX 3a3€MJICHHBIE TPOCHl M COCAUHEHHEBIX II0
KOHLIaM, nipH BHemHeM K3 cocraBnset

X=X +X

X
-110 XTB
rae X, — HHIYKTHBHOE CONPOTHBIICHHE B3aUMOHHAYKLIMH HYJICBOH II0CJ/ICAOBATEIBHOC-
TH MEXIY CHCTEMOH TPOCOB U IIPOBOAAMH KaXKIOH U3 LEIIEH, OIIPEALIIEeMOe
no gopmye (4.29);
X;, —HHIYKTHBHOE CONPOTHBIIEHHE HYNEBOH [IOCICA0BATEIBHOCTH CHCTEMBI TPOCOB.
STO COMpPOTHBIIEHHE NPH IBYX TpOcax onpeaensaercs no gopmyne (4.31).
4.2.5.7. Ilp1 npuO.UKEHHBIX pacdyeTaX TOKOB HECHMMETPHUYHBIX K3 momyckaercs
MCIIONL30BaTh JAHHBIEC O CPEAHUX 3HAYCHUAX OTHOLUEHHUH COIPOTHUBJICHHUH HYJIEBOH H IIPH-
MOH MOCJICA0BATCNHHOCTSH BO3MYIIHAIX IHHHH JJIEKTponepeaadd, NpHBEACHHBIC B Tab1. 4.2,
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TaOnuua 4.2

Cpennne 3HaueHHsl OTHoOWEeHHs X /X ISl BO3AYHIHBIX JMHHH 3JIeKTpOnepesain

—— e e N i— ——— ——- I — s L — ———— S —— S P L . .T L

XapaxkTepuCTHKA JIMHUH Xo/ X\

OXHOLENHAsA IHHUA €3 3a3eMICHHbIX TPOCOB 3,5
10 ke, Co CTaIbHLIMH 3a3€MJIEHHBIMUA TPOCAMH 3,0
To ke, ¢ 3a3eMJIEHHBIMH TPOCAaMM H3 XOPOILIONPOBOAALINX MAaTEPHANIOB 2,0
JIByxuenHas nuHUs 6¢3 3a3eMJIEHHBIX TPOCOB 3,5
To ke, Co CTaNbHBIMH 3a3€MJIEHHBIMH TPOCAMH 4,7
To e, ¢ 3a3eMJICHHBIMH TPOCAMH K3 XOPOIIONPOBOASIINX MAaTEPHATIOB 3,0

4.2.6. Kabdenu

ConpoTHBIEHHE HY/IEBOH NTOCIEIOBATENEHOCTH Kabesiel 3aBHCHT OT XapaKTepa HX Ipo-
KJIaQAKH, HATHYHUS UM OTCYTCTBHSA NPOBOAAIIEH O0OJOUKH, CONNPOTUBICHUSA 3a3EMIICHHH
NpOBOASALIEH 000JIOYKM (€CIH OHA HMEETCA) U APYTrUX ¢akTopoB. Ilpu npuOIMKEeHHBIX
pacyeTax TOKOB HeCHMMETPHUYHLIX K3 A0MycTHMO NPpUHUMATE

X =(3,5+4,5) X uR =10R,.

5. PACYET TOKOB KOPOTKUX 3AMbIKAHUN
B SNEKTPOYCTAHOBKAX NEPEMEHHOrO TOKA
HANPS)KEHMEM CBbILLE 1 KB

3.1. MpuHumaembie gonyiwieHUs

5.1.1. IIpu pacdyerax TOKOB KOPOTKOI0 3aMbIKAHUA JONYCKAETCA:

1) He yuuTeIBaTh CcABHr 110 ¢gasze I/1C pasnuIHbIX CHHXPOHHBIX MAllIMH U U3MECHEHHUE
HUX 4aCTOTHI BPAlULICHUA, €CJIH ITPOJAOJ/IKUTENBHOCTE K3 He npespiraer 0,5 ¢;

2) HE YYUTHIBATh MEXXCUCTEMHBIE CBA3H, BBINIOJIHEHHBIE C NOMOLIBIO JIEKTPONEepeNayH
(BCTaBKH) NOCTOSHHOTO TOKA;

3) HE YYUTHIBATE IONCPEUYHYI0 €MKOCThL BO3AYIIIHBIX JIMHHH 3MIEKTPONEpEnayH Harps-
keHueMm 110-220 kB, ecnu ux rnga He nipessimaet 200 kM, ¥ HanpsbkeHnem 330-500 kB,
€C/IH UX AfMHAa He npepbimaet 150 kM;

4) He YYUTBHIBATH HACKIWIEHHUE MATHUTHBIX CHCTEM 3JIEKTPHYECKUX MANIUH;

3) HE¢ YYHTBIBAaTh TOK HAMarHU4YKMBaHHS TPAHCHOPMATOPOB U aBTOTPAHCHOPMATOPOB;

6) He YYUTBIBATh BIUAHUE AKTHBHBIX COIMPOTHUBJIEHHUH PA3IMYHBIX 3JI€MEHTOB HCXOA-
HOH pPaCYE€THOM CXEMBI Ha aMIUIMTYAY IEPHOAHYECKON COCTARNAIOIEH ToKa K3, eciny ak-
TUBHASl COCTABIAIONIASA PE3YABTHPYIOLIEIO 3KBHBAJIEHTHOIO CONPOTUBIICHUSA PAaCUETHOH
CX€MBl OTHOCHUTENBbHO TOUKH K3 He mpespimtacT 30 % OT HHAYKTUBHOH COCTaBJIAIOLICH
PE3YIBTHPYIOLIETO IKBHBAICHTHOT'O CONIPOTHBICHHA,;

7) npuOIMKEHHO YUHTHIBATE 3aTyXaHHE allEpHOOUYECKOH COCTaBIIAIOIEeH Toka K3, eciu
HUCXOOHAA pacyeTHAs CXeMa CONEPKHUT HECKOJIBKO HE3aBUCHMBIX KOHTYPOB (CM. 1. 5.3);

8) npuOIMKEHHO YUHUTHIBATH NEKTPONPHEMHUKH, COCPEAOTOYCHHBIE B OTAC/BHBIX Y3-
nax VCXOMHOH pacyeTHOM cxeMsl (CM. 11. 5.7);

9) NPUHUMATE YHCJICHHO PAaBHBIMH AKTHBHOE CONPOTUBIECHHE U CONPOTHUBIICHUE I10-
CTOSIHHOMY TOKY JIIOOOI0 211EMEHTA HCXOIHON PAaCYCTHOU CXEMBI.

S.1.2. Haunbonee ynaneHHyro oT pacdeTHOH TOYKH K3 4acCTp 3/EKTPOIHEPrETHIECKOH
CUCTEMBI IONYCKACTCA NPEeACTABIATE B BUAEC OJHOIO HCTOYHUKA 3HEPIUU C HEU3MEHHOH TI0
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amrutyae SC U pe3yIbTUPYIOIIMM 3KBUBAJIEHTHBIM HHAYKTHUBHBIM CONPOTHBICHHUECM.
2/1C 3TOro UCTOYHHKA CleAyeT NPUHUMATh PABHOH CpeiHEMY HOMHHAbHOMY Hampsxe-
HHUIO CETH (CM. I1. 3.2.5), CBA3BIBAIOILEH YAAJIECHHYIO H OCTAJIbHYIO YaCTH 3JIEKTPO3HEPI € TH-
YECKOH CHCTEMBI, @ €r0 PE3YNbTHPYIOIIEE SKBHBAICHTHOE CONIPOTHBIICHNIE X ONPENENTS,
HCXOAS M3 M3BECTHOrO TOKA / OT 3KBUBAJICHTHUPYEMOH 4YacTH CHCTEMEI npH K3 B
KaKOH-HUOYAb Y3JIOBOH TOYKE YKA3aHHOM CETH:

U
X — LPHOM ‘ (5'1)
NEYS
Ecnu nns 3Toit ceTH B KayeCcTBE Da3HCHOTO HAaNpPsHKEHUS NPHHATO COOTBETCTBYIOLLEE
CPCAHCC HOMHHAJILHOC HAIIPDAKCHHUC, TO

‘:.Y c(ﬁ]: éi 2 (52)

¢

rae /. — Oa3UCHBIH TOK TOH CTYNIEHH HANpPsXKEHUs, HA KOTOPOH HaXOMMTCS Y3/I0Bas TOUKa.

Ilpu OTCYTCTBHUM AAHHBIX O TOKE K3 OT yZ1aJICHHOH YacTH JJICKTPOIHCPIreTHYECKOH CH-
CTEMBI MUHHMMAJILHO BO3MOXKHOE 3HAYECHUE PE3YNBTHPYIOILETO 3KBHBAJIEHTHOTO CONPOTHB-
JICHHS X MOXHO OLIEHHTD, HCXOs H3 IIapaMETPOB BRIKIIIOUATENEH, YCTaHOBIEHHBIX Ha Y3-
JIOBOH NMOACTAHLMH, T.€. NpHHHUMAA B popMmynax (5.1) u (5.2) ok K3 ot ynaneHHou yactu
CHCTEMBI / pPaBHBIM HOMHHAJIBHOMY TOKY OTKJIFOYCHHA 3THX BBIKJIIOYATE/ICH.

5.2, Pacyer HOYANBHOIO AEUCTRYIOLLETO 3HAYECHUS
nepuoauUYEecKoOMn COCTABAMNIOLLEN TOKU KOPOTKOro 3aMbIKOHUA

S.2.1. IIpu pacueTe Ha4YaILHOIO ACHCTBYIOLIETO 3HAYEHH TEPHOANYECKOH COCTABIIAIO-
e Toka Tpexdaznoro K3 B a51eKTpOyCTaHOBKAX HanpspKeHHEM CBbIIE | KB B HCXONMHYIO
pPacYETHYIO CXEMY JOJDKHBI ObITh BBEACHBI BCE CHHXPOHHBIC I'€HEPATOPhI H KOMIICHCATOPBI,
a TAKOKEC CHHXPOHHBIC U aCHMHXPOHHLIE NCKTPOABUraTeM MOoHOCTEIO 100 xBT 1 Oonee,
CCIIH MEeXOY 3JEKTPOABUTrATENsIMU H TOUYKOM K3 OTCYTCTBYIOT TOKOOIPAHMYHBAIOILHE
PEAKTOPEBI HJIH CHJIOBBIE TPAHC(HOPMATOphl. B aBTOHOMHBIX 3NICKTPHYECKHX CHCTEMAX CJic-
AYEeT YUYUTHIBATh U 3JICKTPOABUIaTE/IM MEHbIIIEH MOLIIHOCTH, €CJIH CYMMa HX HOMUHAJILHBIX
TOKOB COCTaBIIA€T HE MeHee 1 % oT Toka B MecTe K3, onpeneneHHoro 6€3 yuera 3THX 3JI€K-
TPOABHIATEIICH.

S.2.2. [Ins pacyera Ha4aJIbHOTO ACHCTBYIOLLETIO 3HAYEHH S ICPHOAUYECKOH COCTABIISIO-
ied Toka K3 aHaIMTHYeCKUM METOA0OM 10 IPUHATOW HCXOOHOH pacY4eTHOH CXEeMeE NpeBa-
PUTENBHO CIIEAYET COCTABUTH IKBUBAICHTHYIO CXEMY 3aMEIUECHHA, B KOTOPOH CHHXPOHHBIE
H aCHHXPOHHbIE MAlIMHBI JOJDKHBI ObITh NMPEACTABICHEI IPEABAPHUTENBHO IIPUBEACHHBIMH
K 0a3MCHOM CTYNCHH HANPSHKSHUS WIH BHIPAKCHHBIMH B OTHOCHTEJBHBIX CAWHHUIIAX NIPH
BBIOpaHHBIX 0a3HCHBIX YCJIOBHAX CBEPXIEPEXONHBIMH COIIPOTUBICHHIMH H CBEPXIIEPEXO/I-
HeIMH JL1C. Mcxoanrie 3nagenus ceepxnepexonnbix J3C creayeT NpHHUMATh YHCICHHO
pPaBHBIMH HX 3HAYEHHAM B MOMEHT, NpeauecTryomui K3.

JI1s CHHXPOHHBIX T€HEpaTOPOB W NIEKTpoaBUrareieci cBepxmepexoanyw JC B
MPEAUICCTRYIOUIEM PEXHUME CICAYET ONpeacnsaTh N0 hopmyne

Eul“l

(Um £ [ X7, sin q)"}!): - ([ R COS‘\OM)Z ’ (5.3)



a 111 CHHXPOHHEIX KOMIIEHCATOPOB 110 (hopMye

E" =U, +1 X", (5.4)

B dopmynax (5.3) u (5.4) 3HaK «+» OTHOCUTCS K CHHXPOHHBIM MallMHaM, KOTODBIE
K MoMeHTY K3 pabotanu B pexuMe nepeBo30yKACHHA, a 3HAK «—» — K paboTaBInM
C HEOOBO30YKICHHEM.

Cepxnepexonuyro 2J1C acMHXPOHHEIX 2JIEKTPOABUIaTeAEH B MOMEHT, IPEAIIECTBYIO-
i K3, cnexyer onpenensats no GopMyne

TR el S, - L L ]

2

£ = \/(Ulﬂl ~ g X" a SIQy )2 + {1y X" 050y ) (5:9)

re X, — CBEPXIEPEXOAHOC HHAYKTHBHOE CONPOTHBIICHHE 3IEKTPOABUI ATEINA.

IIpumeyanmue. Ilpupacyere Toka K3 ¢ IpUMEHEHHEM CHCTEMbBI OTHOCHTEBHAIX
CIWHHI[ 1 TIPHBEACHHECM 3HAUEHHH IMapaMeTPOB 3JIEMECHTOB PACUETHOM CXEeMBI K BBHIOPaH-
HpIM 0a3uCHBIM yC/I0BHAM B hopMyisl (5.3) — (5.5) uenecoobpasno noactasnats Uy, I,
X’ B OTHOCHUTENIFHBIX €IMHHLIAX [IPH HOMHHANBHBIX YCIIOBHAX MAIIHHEL, T.C. COOTBETCTBEHHO

U o 1 ol B X" s puoTOM U 0] wowy FLOTTYCTHMO IIPHHUMATh DABHBIM €MHHUIIE, 2
I 0} uon, 11 TEHEPATOPOB H AIEKTPOJIBUTATEIICH PEKOMEHAYETCA ONPEALIATh 110 QOpMYyJIe
I — ‘F|)D| COS(puuu .
2

» |ﬂ|(unu} P cCOS (plu,

HOM

AJIAA CHHXPOHHBIX KOMIICHCATOPOB

_ S

{ 0] (Hom) Q :
[Homyaennyro 3JIC £7; ., CIEXYET 3aT€M IPUBECTH K OA3UCHBIM YCIIOBUAM:

U

" — L] HOM
E.‘ |0{(6) T E |0f(uom) U '

i

5.2.3. CxeMy 3aMellicHH s, TOAYIEHHYIO B COOTBETCTBHH C yKa3aHHAMH 11. 5.2.2, crieny-
€T NIyTeEM NPeoOpPa3soBaHHUi NPUBECTH K IIPOCTEHILIEMY BUIY U OIPEACIHTE PE3YJIbTHPYIO-
uryxo sxsuBanentayto OJC E” (umm E" | ,)) ¥ pe3ynpTHDYIOLIEE SKBUBAJICHTHOE CONpO-

L

THBAeHHE X (und X | ) OTHOCHTEJIBHO pacyeTHOH TOYKH K3.

HavyansHoe neicTBylolIee 3HaYeHUE NNIEPHOTUYECKON COCTaBAI0MmEN Toka B MecTe K3
COCTaBIACT

1"
I . E "“ . E. ax{6) ] 5 6
n Y _ X 6 9 ( ' )
o o K o IK(D) o
rae /. — 6a3HCHBIH TOK TOH CTYIICHH HalpHKEHHA CETH, Ha KOTOPOH HaXOMHTCS pacueTHaA

Touka K3.

5.2.4. MeTtoauka yuera KOMIUIEKCHOH Harpy3KH IIPH pacyeTe Ha4aJIbHOIO AEHCTBYIO-
I11ero 3Ha4C€HHUs NEepHOANYECKOH cocTasngiomend Toka K3 usnoxena B n. 5.7, a MeToauka
pacdyeTa HayajJbHOIO ACHCTBYIOLIETO 3HAYCHHUA NEPHOAUYECKOH COCTABIAIONIEH TOKA NPH
HecuMMeTpuuHBIX K3 ~ B 1. 5.9,

5.2.5. [Ipu npubnmxkeHHBIX pacyeTax HayaJdbHOE NEUCTBYIOIIEE 3HAYECHUE IIEPUONIU-
YEeCKOM cocTaBnAmonleH Toka B Mecte K3 monyckaeTcs Onpenendarh, IpUHIB B COOTBET-
CTBHUH C TEOPEMOH 00 aKTUBHOM ABYXIIOMIOCHHKE (CM. I1. 3.7) 3JIC BceX UCTOYHHKOB 3HEP-
MU PAaBHBIMH HYJIIO H UCIIONB3Ys GopMyITy
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Uy _ cU

[ =—=_——" 5.7
no -\/5 X“ ﬁ X“ ( )
W
C
I, = 7 I, (5.8)
. 3k(6)
rne U, — HapsDKEHUE (IMHEHHOE) B pacdeTHOH Touke K3 K MOMEHTY BO3HHKHOBeHMA K3;
(fl ..~ — HOMHHaJIBPHOE HANpDKEHHE (MTHHEHHOE) CETH, B KOTOPOH Npou301io K3;
C — K03QPHULMEHT, KOTOPBIA PEKOMEHAYETCS IIPUHMMATL PABHBIM:
c=1,1 — npu onpeneneHuH MaKCUMAaJIbHOTO 3Ha4YeHU ToKa K3;
¢ = 1,0 — npu onpeaencHUY MUHHMAIBHOIO 3Ha4EHHUS Toka K3,

5.3. Pacyer anepmogmuecKkomn COCTaBNIIOLLIEN TOKA KOPOTKOroO 3QMbIKAHHUS

S.3.1. Monynp HauanbHOTO 3HAYCHUS aNePHUOAUIECCKOM COCTaBAIomier Toka K3 creny-
€T OpeaeIATh KaK pa3HOCTE MTHOBCHHBIX 3HAYCHUH NIEPUOAUUIECCKOM COCTaBISIOILEH TOKA
B Ha4aJIbHBIH MOMEHT K3 U TOKa B MOMEHT, rpeaiuecTByomun K3.

5.3.2. Haubonbiiee HavajlbHOE 3HAYCHHE allepHOIAUMYECKON cocTaBisdomed Toka K3 B
o01IeM ciyyae cienyeT NPHHUMATL PABHBIM aMIUIUTYAE NEPHOAHYECKOH COCTaBIAIOIICH
TOKA B HayalbHBIH MOMeHT K3, Te.

fﬂ — \[Efm _ (59)

DTO BBIPAXEHHE CIIPABEIIUBO NIPH CHCAYIOMIUX YCIOBHAX:

1) akTHMBHAsA COCTABIAKOIIAN PE3YNBTUPYIOIUECTO IKBUBAJICHTHOIO CONPOTHRICHUS
pPacuE€THOM CXE€MBI OTHOCUTENBHO PacYETHOH TOUKH K3 3HAYHUTENIbHO MEHBIIEC HHAYKTHBHOH
COCTAaBJIAIOLIEH, BCJICACTBHE Y€T0 aKTHBHOH COCTABILIOIICH MOXKHO rpeHeOpeys (cM. 1. 5.1.1);

2) K MOMEeHTY K3 BETBL pacyeTHOM CXEMBI, B KOTOPOM HAXOAUTCA pacyeTHas Touka K3,
HE Harpy>cHa,

3) HanpsHKEHUE CETH K MOMEHTY BO3HMKHOBEHHS K3 npoXoauT 4epes3 Hylb.

Ecnu ykazaHHBIC YCIIOBHSA HE BHIIIOIHAIOTCA, TO HAYAJILHOE 3HAYEHHE allEPUONYECKON
cocTapidroLeH Toka K3 cneayer onpeaeniTs B COOTBETCTBHHU C I1. 5.3.1.

5.3.3. g onpenenenus anepHogUYECKON cocTaBisromer Toka K3 B MpoU3BoOIbHBIN
MOMEHT BPEMEHH NNPEABAPUTENILHO JO/KHA OBITh COCTABJICHA Takas UCXOOHAA CXeMa 3aMe-
ICHUS, YTOOLI B HEM BCE ANIEMEHTHI HCXOQHON PACUETHOM CXEMBI YUUTHIBATUCH KAK HHIAYK-
THUBHBIMH, TaK U aKTHBHBIMH COIPOTHUBJICHHUAMH. 1IpH 3TOM CHHXPOHHBIE I'€HEPATOPHI U
KOMITEHCATOPbl, CHHXPOHHBIC H ACHHXPOHHBIC 3JICKTPOABHUIATE.IM JOJUKHBI OBITh YUTEHBI
HHAYKTUBHBIM CONPOTHBIICHHEM 00paTHOMN NOCACAOBATEILHOCTH (411 ACHHXPOHHBIX JJIEK-
TpoasHratenci X, = X'') u conpoTHBICHHEM OOMOTKH CTaTOpa NOCTOAHHOMY TOKY
(cM. 1. 3.1.1) npu HOpMHPOBaHHOH padodyei TeMIepaType 3TOH OOMOTKH.

5.3.%. Ec.id MCXOHas1 pacdyeTHas CXEMa HMEET TOJIBKO ITOCJIEN0BATENBHO BKIOUEHHEIE
IEMEHTHI, TO ANEPHOAHYECKYIO COCTABIAOMIYIO ToKa K3 B MpOM3BOILHEI MOMEHT Bpe-
MEHH CJIeJyeT ONpEAeATh 0 popMyIe

Ta

int = ia.ue 2 (5 10)

rac I, — NOCTOSHHAA BPEMCHHM 3aTyXaHus anepuoAHUECCKON COCTaRIAIONICH Toka K3; oHa
orpeaenserca no Gopmyne
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T =% (5.11)

a ?
wER:’JH
rme X uR_ - COOTBETCTBEHHO HHIYKTHBHAS H AKTHBHAS COCTABISIONIHE PE3YTETHPYIOWICTO
SKBHUBAJICHTHOTO CONPOTURIICHHUS PAaCYETHOM CXEMBI OTHOCHTENIBHO TOUKH K3,

o) — CHUHXPOHHAs YIVIOBas YaCTOTa HaNpPXKEHUS CETH.

IIpumMeuvanne. Brexciayyasx, korga rpH pacueTe aliepHOIU4ECKON COCTABIIAIO-
e Toka K3 B npOU3BOJILHBIN MOMEHT BPEMEHH HEOOXOAUMO YUYECTh TOK I'€HEpPaTopa B
MOMEHT, npeamecTryomun K3, cneayet Hcnons30BaTe GOpMyny

o o~ e e Ny - -

(Y
I I -+
i, =V2 [, || == | —2=%siny, +1-e ",

lof
V \I of ! |oj

rae /, — TOK reHeparopa K MOMEHTY K3;
W, — YToJI CIBUTa (a3 ceepxriepexogqnon IJIC u Toka reseparopa K MOMeHTYy K3;
T — MocTosgHHas BPEMEHH 3aTyXaHHs alepHOINYECKOH COCTaBIAromEeH Toka K3 B nenu
C CHHXPOHHBIM F€HEPATOPOM.

5.3.5. Ecnu ucxogHas pacueTHas cxema (H COOTBETCTBEHHO CXEMa 3aMEILICHHUS ) ABIICT-
Cs1 MHOTOKOHTYPHOH, TO alepUOAUYECKYIO COCTAaBAAKINYIO0 ToKa K3 B npoU3BOJLHBIN
MOMEHT BPEMEHH CIICAYET ONIPEHCIIATH IYTEM PEIIEHHUS COOTBETCTBYIOIICH CUCTEMBI JIHD-
(epEHUMAIILHBIX YPABHEHUN, COCTABJICHHBIX C YUETOM KaK MHAYKTHBHBIX, TaK H aKTUBHEIX
COIIPOTHURIICHUH BCEX IJIEMEHTOB HCXOAHOHM PACYETHOM CXEMBEI.

5.3.6. MeToauka nmpuOIMKEHHBIX PACUETOB aNCPHOTHIECKOM cocTaBnsronel Toka K3
B MIPOM3BOJIGHBIM MOMECHT BPEMEHH 3aBUCUT OT KOHQUI'ypallMH HCXOOHOH pacyECTHOH CXe-
MBI ¥ IIOJIOKECHUA pacdeTHOH TodkH K3.

S5.3.7. Ecnu ucxonHas pacdyeTHas CXEMa IBAAETCS MHOTOKOHTYPHOM, HO BC€ HCTOUHHKH
SHEPIHH CBA3aHbI C paCYETHOH TOUYKOH K3 00IIMM CONPOTUBIIEHUEM (MJIH CXEMA COACDKHUT
TOJIBKO OIMH UCTOYHUK JHEPTHH), TO NpHU NPHUOIMIKECHHBIX pacyeTax anepHOXUYECKOH
coCTaBJArOIlEH ToKa K3 B MpOU3BOIBHBIM MOMEHT BPEMEHH JOIYCKACTCSA CYHUTATD, YTO 3TA
COCTABJIAIOIIAA 3aTyXaeT BO BPEMEHH MO 3KCIIOHEHIHUAJIBHOMY 3aKOHY C HEKOTOPOMH
3KBHBAJICHTHOH ITOCTOSHHOHU BpeMeHHU. CyIIeCTBYET HECKOJIBKO METONOB €€ ONPEICIICHUS.

1) ¢ uCcTIONIBE30BaHMEM COCTABIAIOIINX KOMIUIEKCHOTO PE3YJIBTHPYIONIEIO 3KBUBAJICHT-

HOT'O CONPOTUBIICHUS CXEMBI 3aMEIICHHUS OTHOCUTENBHO TOUKH K3, H3MEPEHHOTO TIPH 1IPO-
MBIOUJIEHHOM 4acToTe:

ImZ
T =— (5.12)
w_ReZ,
roe Z . — KOMIUIEKCHOE PE3YIBTHPYIONICE SKBUBAICHTHOE CONPOTUBIICHHE CXEMBI 3a-

MELLEHHUS, H3MEPEeHHOE npH yacToTe S0 Hz;
JmZ_ — MHHMAas COCTaBIAIOIIAT KOMIIJIEKCHOTO PE3yIbTHPYIOMIETO 3KBUBAJICHTHOIO
CONPOTUBACHHUA,
ReZ — neidcrBuTENbHAA COCTABIAIOUIAS KOMIUIEKCHOIO PE3YABTUPYIOLIETO SKBHBA-
JICHTHOI'O COIIPOTHUBJICHHS,;
2) C MCTIOJIb30BAHHUEM PE3YNLTHPYIOIIHNX YKBUBAJICHTHBIX COIIPOTHRBICHHUH CXEMBI 3aMe-
IICHHA OTHOCHTEIBHO pacdeTHOH TOYKH K3, NOMYYEHHBIX IIPHU IO0YEPEAHOM HCKIKYCHUH
U3 CXEMBI BCEX aKTUBHBIX, 4 38TCM BCEX HHAYKTHBHBIX COIIPOTHBIIEHUH:
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I = {”M—‘——, (5.13)

weRm(x-.-u}

— PE3YIBTUPYIOILEE IKBUBAJICHTHOE CONTPOTHURIIEHHE CXEMBI 3AMEILICHUA IIPH y4e-
T€ B HEH Pa3IMYHAIX JIEMEHTOB PACYETHOHN CXEMEBI TOIBKO HHIYKTHBHBIMH CO-
IIPOTHURICHUAMH, T.€. [IPH HCKIIIOYEHHUH BCEX aKTUBHBIX COITPOTUBIICHUH;

— PE3YIBTUPYIOLIES 3KBUBATIEHTHOE CONPOTUBICHHE CXEMBI 3aMEILICHUS TIPH
HUCKJIFOYCHUH U3 HEE BCEX HHAYKTHBHBIX COIIPOTHBIIEHHUH,

3) ¢ HCIIONIB30BaHUEM COCTABIAIOLINX KOMIUIEKCHOIO PE3yAbTHPYIOIIETO SKBHBAJICHT-

HOT'O COIIPOTHBJICHHS CXEMBI 3aMEIIIEHUS OTHOCHTENBHO TOYKHU K3, H3MEPEHHOT0 IIPH Yac-
ToTe 20 Hz:

3xk{x=0)

ImZ
T;.ch = 2?5_ — (ED_) Ty (5. 14)
wc Re ...Z_:H:(zﬂ)
e £, ., — KOMIUIEKCHOE PE3YIFTHPYIOILEE IKBUBAJICHTHOE COMIPOTHRICHHE CXEMBbI 3aMe-

LUEHHUS OTHOCUTEJILHO pacueTHOH ToukH K3, uaMepenHoe npu yacrore 20 Hz;

JmZ ., — MHHMAs COCTaBNAIOAA YKA3AaHHOTO KOMIUIEKCHOTO COITPOTHBIIEHHS,

ReZ , ., — HEHCTBHTENBHASA COCTABIAIONIAS 3TOTO CONMPOTHBIICHHS.

[1o oTHOMIEHHIO K TOYUHOMY PELICHHIO IPUMEHEHHE TI€PBOro METOAA OOBIYHO AAET OT-
PHLIATELHYIO IMOTPEIUHOCTD (3aHIKAET 3HAYCHHUS NMOCTOAHHOH BPEMCHH), IPHMEHCHHE
BTOPOrO METOAA AACT MOJOKUTENIBHYIO NOTPEHIHOCTD (3aBbILIACT 3HAYCHUSA MOCTOSHHOH
BpeMeRH ). [lorpetiHocTh, CBA3aHHAA C MPUMECHEHHEM TPETHEro METoa, 10 a0COMKTHOM
BEJIMYUHE OOBLIYHO MEHBILE, YEM INPH UCNOJAB30BAHHM NIEPBOTO H BTOPOro METONOB. llpu
AHAJIMTHYECKHUX pacdeTax Haubdo.1ee NpOCThIM sBagEeTCA BTopou Mmeton. Ilpu pacuyerax
c npuMeHenueM OBM npeanoutenne Ciaenyer oTaaBaTh NIEPBOMY U TPETHEMY METOIAM.

5.3.8. Ecnu pacueTHas Ttouka K3 IeIUT HCXOAHYIO PAaCUETHYHO CXEMY Ha HECKOJIBKO
HE3aBHCUMBIX IPYT OT APYTa 4acTed, TO NPHU NPUONMKEHHBIX pacueTax arnepuoaHdeCKoOn
cocraBAoumied Toka K3 B NpOUZBOABHBIH MOMEHT BPEMEHHU €€ CIEAYET OINPENCIATH Kak
CYMMY aniepHOAUIECKHX COCTABIAIOMIMX TOKOB OT OTACNILHBIX YaCTEH CXEMBI, II0J1aras, 4To
KaxKJ1as U3 3THX COCTABIIOLINX H3MCHAETCA BO BPEMEHH C COOTBETCTBYIOIICH 3KBHBAJICH-
THOU NNOCTOSIHHOH BPEMEHH, T.€.

|

. ’ -TI.H:I
Ia! = Zla{he 3 (5‘15)
1=]
e m = — YHCJIO HE3aBHCHMBIX YaCTEH CXEMBI;
i, ~— HAYaNnbHOC 3HAYCHHC QICPHOXMYECKOH COCTABJISIOWEH TOKA K3 0T i-H YacTH
CXEMBEI,
T . —93KBHBAICHTHas NOCTIAHHAS BpDEMEHH 3aTyXaHHA anlepHOAHIECKOH COCTABIIAIO-

mei Toka K3 oT i-il 4acTH cXeMbl, onipeneiisieMas 1o (5.12), (5.13) unu (5.14).

5.4. Pacuet yaapHOro ToKd KOPOTKOro 3aMbiKQHHUS

5.4.1. Criocob »acyera yaapsHero Toxa K3 3aBucHT OT TpeOyeMOoi TOYHOCTH pacdeTa H
KOHQUIYPAUUH HCXOOHOI DACYCTHOU CXEMBL.

5.4.2. Ecnu HCXOooHas pacdeTHAA CXeMa ABJSIETCA MHOFOKOHTYPHOMH, TO VIS IOMYYEHH S
BBICOKOM TOYHOCTH pacueTa vaapHoro Toka K3 cneayet pemuts cucreMy auddepeHIIHaNb-
HBIX YPAaBHCHHUH, COCTABJICHHBIX IS MICHOBEHHBIX 3HAYCHHUH TOKOB B y3J1aX M NAICHHUH
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HalpsHKEHUsST B KOHTYpaX PAaCYETHOH CXEMBI, H ONPENEIHTE MAKCHMAJIBHOE MIHOBEHHOE
3HAYECHHEC TOKa B BETBU, B KOTOPOH HaXOOUTCA pacueTHas Touka K3.

5.4.3. IIpu pacuere yaapHoro Toka K3 ¢ 11e/1br0 IPOBEPKH OPOBOOHHUKOB U HJIEKTPUYEC-
KUX anmnaparoB 110 yCJaoBHsiIM K3 ZonycTHMO CYHMTaTh, YTO aMIUIMTyJa NEpHOLUYECKOH
cocraBJisaomer Toka K3 B MOMEHT HACTYIUJICHUS YIAPHOIO TOKAa paBHA aMIUIUTYIC ITOH
cocrasiiAtomen B HagaapHbIid MOMEHT K3. McKiitoueHne cOCTaBngIOT Ciy4dau, Koraa BOm-
34 pacdyeTHOH TOUKHU K3 BKIKOUEHBI ACHHXPOHHBIC JIEKTPOABUTATENMN.

S.4.4. Ecnu ncxonHas pacyeTHast CXeMa COLEPIKUT TOJBKO ITOCIEI0BATEIBHO BKIIIOUEH-
HBIE 3JIEMCHTHI, TO YAAPHBIN TOK CJICAYET ONPENACTATh 10 QOpMYIIE

i =21 K (5.16)
rae K — ynapssiii koadduiument. [Tocnenui peKOMEHIYETCs ONpPEeENsTh 110 ONHOH H3
CHIEAYIOIIHNX QPOPMYII:
K =102+098e ™™ (5.17)
HJIH 0.5+
K,=1+e ™", (5.18)
rae
X
P, = 31‘Ct8'§3—“'- (5.19)

B tex cimydasx, korga X /R 25, ynapHbIA KO3Q(HLUHECHT NOIYCTHMO ONPENENIATSH 110
dopMyie

K,=l+e *, (5.20)

rae 7, — mOCTOSHHAs BPEMEHH, onpenesiemMas mo gopmyne (S.11).

5.4.5. Ecnu ucxomHast pacyeTHasa cxeMa SBJIAETCA MHOTOKOHTYPHOH, IIPHYEM BCE HC-
TOYHHKH DHEPIrdM CBA3aHBI C pacyeTHOH Toykoi K3 obmuM compoTuBneHHeM, TO IIpH
NpHONMKEHHBIX pacdeTax yaapHoro toka K3, Hcxoad U3 paHee NMPUHATOr0 AONYIICHUA O
3KCIIOHEHIHAIBHOM XapakTepe U3MEHEHUS anepUOAUYECKOH COCTaBIASOLEH ToKa K3,
PEKOMEHOYETCS HUCIONB30BaTh GopMyny (5.16), a yaapHbeIH KO3 PHIHEHT ONpENesaTh 10

(popMynaM, aHanorudHeM (5.17) u (5.18):
3

K, =102+0,98e *" (3.17, a}
H
0,01(0,5+9, /n)
K ,=1+e ™ (5.18, a)

rne I~ — 3KBHBAJICHTHAaA NOCTOAHHAsA BPEMEHH 3aTYXaHHA ANCpHOIHYECKOU
cocrasigronen Toka K3, onpenensemas no ¢popmynam (5.12), (5.13) unu (3.14).
[Ipu X /R 25 nOmyCTHMO Takxke HCIOIB30BaTh GOPMYNY, aHANOTHIHYIO (5.20):

0 01

K =1+e™. (5.20, a)

5.4.6. B Tex ciaydasx, KOraa HCXoaHas pacuyeTHAs CXema SABILICTCA MHOTOKOHTYPHOH, HO
pacueTHas Touka K3 JemdT ee Ha HECKOJIBKO HE3aBHUCHUMBIX YaCTEH, TO YAAPHBIM TOK JOITyC-
THMO IIPHHHUMATH PABHBIM CYMME YIAPHBIX TOKOB OT COOTBETCTBYIOLIMX YACTEH CXEMBI, T.C.
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i =N2Y I, K, (5.21)

r=|

rnel =~ — HayanpHOE AEHCTBYIOLEE 3HAYEHHE NEPHUOAHUECKOH cocTaBgromei Toka K3
OT i-H 4YaCTH CXEMUBI;

K,, — ymapHsii ko3pduuHeHT Toka K3 oT i-i 9acTH cXeMBI, OnpeaenieMsli no gpop-
MyaaM (5.17, a), (5.18, a) unu (5.20, a).

5.5. Pacuer nepmoanuueckomn COCTURMAIOLLEN TOKU KOPOTKOro 30MbIKOHUSR
ANS NPOU3BOJIbHOTO MOMEHTO BPEMEHM

5.5.1. Pacyer nepuonnydeckon cocranigoieH Toka K3 B NpOH3BONEHEIH MOMEHT BpE-
MEHHU B CJIOXKHOH Pa3BETBICHHOH CXEME C YUETOM NEPEXOAHBIX IPOLIECCOB B CHHXPOHHBIX
MaluHax, 1 KoTopsiX K3 aBnsercsa OMU3KUM, CICAYET ITPOU3BOIUTHL IYTEM PEUICHHUSA
COOTBETCTBYIOLUEH CUCTEMEI AU( PepeHIHATIbHBIX YPABHEHUH IIEPEXOAHBIX NIPOIIECCOB, UC-
10163y C 9TOM 1EeNibl0 OBM, 1 BeieneHNs U3 HaHACHHOIO TOKa CrO NEePHOAUYECKON CO-
CTABJIAIOLIEH.

5.5.2. Ecnu ucxomHas pacyeTrHas CXeMa ABMIACTCA paaqHaabHOK M COOEPXKUT OJIHY CHHXPOH-
HYIO MAIIMHY (WM IPYIINY OXHOTHITHBIX MAIIMH), a TpeOyeMasi TOYHOCTh PacueTOB MTO3BOJISAET
NPHHATE JOITYIEHHE, UTO NIPH GOPCUPOBKE BO3OYKICHHA HAMIPsLKEHHE Ha OOMOTKE BO30Y K E-
HUsI MTHOBEHHO BO3pacTaeT A0 NMPEACIbHOrO 3HauUeHH!s, TO ACHCTBYIOLIEE 3HaYCHHUE MTEPHOIH-
YECKOM COCTaBIAOUEN Toka K3 B mpOM3BOJILHBIN MOMEHT BPEMEHH IPUOTIDKEHHO, 0€3 yyera
NOMIEPEYHOM cocTaBiuaroniek Toka K3, MoxeT ObITh onpeacneHo ¢ UCroIb30BAHHEM (YOPMYJIb

E g (E', E 7 L" 2 |
J =— 89 W4 WM Ty &l ILIC B P
. Xd + Xam \X'd{ld]—i—Xnm Xd + Xnm X"d +Xnu| X'd{ld)+le)
/E" — o \/ T T Lo T L (522)
+ __i___i_ 1 'd L:d e Ty 1 __'__d__+1de Ty ,
At XL T =T, T, -T"
rie £, — cuaxpoHHas JJ]C Maniuye! o nonepedyHon ocu k MomeHTy K3 (momyc-

KaeTcsa npUHUMATE 3TY D1 C B OTHOCHTEIILHBIX €IMHUIIAX YHCIICHHO PaB-
HOH OTHOMICHHIO NMPEAIIECTBYIOLIEr0 TOKA BO30YKACHNS MALLIMHEI K €€
TOKY BO30yXIOCHHS IIPH padoTe B pEKUME XOJIOCTOr0 X04a C HOMHHAJIb-
HBIM HampsKCHUEM);

E, uE , — COOTBETCTBEHHO CBEpXIEpeXonHas U nepexontas JJ]C MaluInHEI 110 No-
[EPEYHOH OCH K MOMEHTY K3 (IIepBYyI0 U3 HUX MOXHO OIPEAEIUTE 1O
dopmyne (5.3) unu (5.4), BTOpy10 — 1o TOH ke hopMyIie, IIpeABAPUTEIb-
HO 3aMcHHB B Hell X Ha X);

E. — [IpeOEIbHOE 3HAaYEHHE CHHXPOHHOH I/ MAIMHBI IO MONEPEYHOH OCH
(B OTHOCHUTENBHBIX €IUHHUILAX €r0 MOXHO CY:TaTh PaBHBIM OTHOLUIEHHIO
[IPEAECIBHOrO TOKA BO30YKICHUA MALIHHBI K €€ TOKY BO30YXICHUS IPH
paboTe B peKHUME XOJOCTOro X04a ¢ HOMHHATBbHBIM HANpPKEHUEM);

X — BHEUIHEE CONPOTUBJIEHHE;

I m I” — NOCTOSHHBIC BpEMEHH 3aTyXaHHs COOTBETCTBEHHO NIEPEXOQHOM U CBEPX-
MEPEXOJHON COCTABIAKOMMX TOKA K3, ¢; 2TH ITOCTOAHHBIE BpEMEHH CBf-
3aHBI ¢ 1 ¥ T, COOTHOLICHUSM U:
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H
T"u — O.I_TF:TLCI |
r'+T",
rae v X:
' f
Tf“_- Xf . Xd Xam :
wc'R!' mc‘Rt‘
de - X“d
1 X"ld Xd + XBI.II .
T1d= T ’
a)cRid w:Rid
! (Xr! +Xﬂul)2X:d
=l 7
[Xf(Xd T Xum) - Xad] [de(Xd T Xnm) _ Xa.d]
T +T
X’d(ld)z(Xd—{—Xnm) — "1_‘1'5
I, +1,,
AcC
T, = Ao Ty = X ;
chf a)cRId
T = Xald _ X!d—-Xad
o chld a)cR!d

5.5.3. IIpu npubnwkeHHbiX pacdeTax TOKOB K3 11 onpeneneHus JEUCTBYIOMIETO 3HaA-
YEHUS NEePHOOUUYECKOH COCTaBafAIEeH TOKa K3 OT CHHXPOHHBIX T€HEPATOPOB B
MIPOU3BOIBHBIA MOMEHT BpEMEHH IPH paayalIbHOW pacYETHON CXEME CleyeT IIPHMEHSITE
METON TUITOBBIX KpUBBIX. OH OCHOBAaH Ha UCMOJb30BAHHHU KPHUBBIX H3IMEHECHUSA BO BpEMCHH
OTHOLUCHHUS NEHCTBYIONINX 3HAYCHUM IEPHOOUYECKON coCTaBnAoueH Toka K3 ot resepa-
TOpa B NPOH3BOJIbHBIN H Ha4allbHBIH MOMEHTHI BpEMEHH, T.€. ¥, = [ /I = f({), MOCTPOEHHHIX
U1 pasHeIX yoaneHHocten Touku K3. [Ipu aToM anexrpuyeckas ynaneHHOCTh TOUKH K3 OT
CHHXPOHHOH MAILMHBI XapaKTEPH3YETCA OTHOILIECHHEM ACHCTBYIOLIETO 3HAYEHH S IEPHOIH-

YECKOM COCTaBJIAIONICH TOKA IeHepaTopa B HaYaJbHBIH MOMEHT K3 K €ro HOMHHAJILHOMY
TOKY, T.€.

I S
—_— no — 6
{ nO(noM) I {no{ﬁ)S 3 (5.23)
rae/ ,  — Ha4daJapHOE 3HAYECHHE MMEPHOMHYECKOH COCTAaBIAOMEH ToKa K3 OT MalIMHEI B
OTHOCHTENBHBIX €AMHHULIAX [TPH BBIOpaHHBIX Oa3UCHBIX YCIOBUIAX;
S, — ©azucHas MOIHOCTE, MB-A;

. — HOMHMHAJIBHAs MOIUHOCTE (TIOJIHAsA) CHHXPOHHOHU MalIMHel, MB-A.
Ha puc. 5.1-5.4 npuBeaeHbI TUTIOBbIE KPUBBIE ¥, = f(t) nnsa pasnHYHBIX rpynn Typoore-
HEPATOPOB C YYETOM COBPEMEHHOH TEHACHILMHM OCHALUCHHA I'€HEPATOPOB Pa3HBIX THIIOB
ONpeAEICHHBIMHA CHCTEMaMH BO30YKICHHUA.
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Puc. 5.1. Tunoseie KpuBbie U3MEHEHHA IIepuo-  Puc. 5.2. TUNOBBIE KpUBLIE U3MEHEHHUS [1IEPHO-
OH4EeCKOM cocTasnsaomend Toka K3 or typbore-  auueckod cocrasistounied Toka K3 ot typbore-
HEpaTOPOB C THPUCTOPHOH HE3aBUCUMOH CHCTE-  HEPaTOPOB C TUPUCTOPHOH CUCTEMOH CaMOBO3-
MO BO30YXKACHHUSA OyxKaEHUA

Ha puc. 5./ nipeacraBneHsl THIIOBBIE KPUBBIE LA TYpOOreHEepaTopoB ¢ THPHCTOPHOH
He3aBUCUMOM cuctemoit Bo30Oyxaeuus (CTH) —reneparopos tunos TBB-300-2EY3, TBB-
S00-2EY3, TBB-800-2EY3, TI'B-300-2¥Y 3, TI'B-800-2VY 3; npu mocTpOEHUH KPHUBEIX IIPH-
HATBI KPaTHOCTH MPEAENBHOr0 HanpshkeHUs Bo30yxaeHus K, = 2,0 ¥ nocrosHHas BpeMe-
HH HapaCTaHHA HANpsHKCHHUA BO30YKIEHH NPH GopcHpoBke Bo30yxaenusa T = 0,02 c.

Ha puc. 5.2 npencrapiaeHBl THIIOBBIE KPUBBIE I TypOOreHepaTopoB ¢ THPUCTOPHOHU
CHCTEeMOH napanenbHoro camoBoi0yxaenuns (CTC) —redeparopos Tunos TBP-100-2VY 3,
TB®-110-2EVY3, TB®-120-2Y3, TBB-160-2EY3, TBB-167-2Y3, TBB-200-2AY3, TBB-
220-2Y¥3, TBB-220-2EVY3, TI'B-200-2V¥3, T3B-220-2EVY3, T3B-320-2EY3; npu nocrtpoe-
HHHU 3THX KPUBBIX NpUHATH K =2,5u 7T = 0,02 c.

Ha puc. 5.3 npencrasiicHbl THIIOBBIE KPUBBIC [UIA TYpOOreHEpaTopoB ¢ JUOAHOH He3a-
BHCHMOM (BbICOKOYACTOTHOH) cucTteMoH Bo30yaeHus (CIH) — reseparopoB tumos TBO-
63-2EY3. TBD-63-2Y3, TBD-110-2EY3; npu noCcTpoeHUH KpUBBIX NPpHHATH K | = 2,0 1
7 =02c.

" Ha PHC. J.4 NPEACTaBICHBI THNOBBIC KPUBLIC 1A TypOOre¢HEpaTOPOB C THONHOM Hec-
HIeTOYHOM cucteMol Bo30yxnenns (C/Ib) — reseparopos Tunos TBB-1000-2Y3 u TBB-
1200-2Y3; npu nocTpoeHHH KpuBbIX npuHaTei K, =2,0u 7T =0,15 c.

Bce KpuBLie MONy4EeHB! C yY4€TOM HACBIMICHUA CTAJIH CTaTopa, HaChIEHH ITYTEH pacce-
SHHUA CTAaToODA, BLI3BAHHOIO AlICPHOINYECKOM COCTARIAIOLLIESH TOKA CTaTopa, dPdEKTa BEITEC-
HEeHHS TOKOB B KOHTYDAaxX POTOpa H PErvIHMpOBaHUA YaCTOTHl BpAlIEHHSA pOTOpa TYpPOHHBEI.

{IpH 3TOM npeanonarances, 4ro 10 K3 reHeparop padoran B HOMHHAIIBHOM pEeXXHME.
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Puc. 5.3. TunoBele KpUBbIE U3MEHEHHUA [1IEPUO-
JUYECKOH cocTaBiArwLen Toka K3 oT Typbore-
HEPATOPOB C JHOAHOH HE3aBHUCHMOHM (BBICOKOYA-
CTOTHOM) CUCTEMOH BO30YKICHUA

Puc. 5.4. Tunossie KpuBbIE U3MEHEHUA [1EPUONH-
4yeckoi cocraBmatoieii Toka K3 or Typborenepa-

TopoB TUnoB TBB-1000-2Y3 u TBB-1200-2V3
C IMOIHOH O€CIIeTOYHOH CUCTEMOM BO30YXKICHHA

5.5.4. TunoBsle KPUBBIC YYHUTBIBAIOT U3MEHEHUE AEHUCTBYIOUIETO 3HAYECHHUS NEPHOIH-
4ECKOH COCTaBIAIOMCH Toka K3, eClii OTHOLIEHUE AEHCTBYIOIUEIO 3HAYEHU [TIEpUOaUYEC-
KOH COCTABJIAIOIIEH TOKA r€eHEpaTopa B Ha4YaIbHbIH MOMEHT K3 K €ro HOMUHAJIBHOMY TOKY
paBHO WiIH OonblIE ABYX. [IpH MEHBIIMX 3HAYEHHUAX 3TOrO OTHOLICHHS CIENYET CUHUTATE,
4YTO NEHCTBYIOLIECE 3HAYCHHE NEPHOAUYECKON COCTaBIIsomer Toka K3 He u3MeHseTcs BO
BpEMEHH, T.¢. [ = [ = const.

5.5.5. PacdeTr OeiCTBYIOMIETO 3HAYCHUS NMEPUOAUYECKOH cocTaBasAromed Toka K3 ot
CHHXPOHHOIO r'eHepaTopa B IPOU3BOJIbHbIN ((PHKCUPOBAHHBIA ) MOMEHT BPEMEHH C HCIIOTb-
30BAHUEM METOOA TUITOBBIX KPHUBBIX PCKOMEHAYETCA BECTH B CIEAYIOLIEM IIOPSAIKE:

1) No HCXOMHOM pacYETHOM CXEMe COCTABUTH DKBHUBAJICHTHYIO CXEMY 3aMEIICHUSA 1A
OIIpPENCICHHA HAYaJIbHOI0 3HAYCHH S ITIEPHOANUYECKON cocTaBnAromeHd Toka K3 (ecMm. 1. 5.2.2),
B KOTOPOH CHHXPOHHYIO MAlIHHY CIEAYET Y4ECTh NPEABAPUTEIBHO IPUBEACHHBIMU K 0a-
3UCHOM CTYINICHH HANpPsKEHUs UM BHIPAXKEHHBIMH B OTHOCUTENBHBIX CAMHHALIAX NPH BbIO-
PaHHBIX DA3UCHEBIX YCIOBHUAX CBEPXIIEPEXOIHBIM CONPOTHBIICHHUEM U CBEpXIIEpeXOaHon I,
C IOMOIUBIO IPEOOPA30BaHUN TPUBECTH CXEMY K NPOCTECHIUIEMY BUOY H ONPEACIUTh AEU-
CTBYIOLIEE 3HAYCHUE NIEPUOAUYECKON COCTABIAIONUIEH TOKA B Ha4aJIbHBIM MOMEHT K3;

2) ucnionb3ys popmyny (5.23), onpenenuTs 3Ha4EHHE BEIUYHHBL [ . XapaKTepH-
3YIOLLEH MEKTPHUECKYIO YAAJICHHOCTh Pac4eTHON TO4YKH K3 OT CHHXPOHHOM MalllUHEI;

3) UCXOOs U3 THIA F€HEepaTopa H ero CHCTEMbI BO30YXIEHHUs, BEIOpAaTh COOTBETCTBYIO-
[1I1€ THIIOBBIE KPHBLIE H M0 HAWIEHHOMY 3Ha4eHU0 { . . BBIOpPaTh HEOOXOAUMYIO KpH-

BYIO (IIPM 3TOM OONYyCTHUMA JIMHEHHAA JKCTPAIOIALHSA B O0IaCTH CMEXKHEBIX KPHBBIX);
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4) no BHIOpaHHOW KPHBOM I 3aJaHHOI'O MOMEHTA BPEMEHH OMPEAETIHUTE KO3 PHULIH-
€HT ¥, ;
5) ONpeACIUTh MCKOMOC 3HAYCHHUE NMEPUOAUIECKON cocTaBAomed Toka K3 oT cunx-
POHHOH MAIlIMHE! B 3a0aHHBIH MOMEHT BPEMEHH
[ =y I 1 (5.24)

- ﬂﬁ{ﬁ) b2

rae [, — Oa3sHCHBIN TOK TOH CTYNEHH HANPIXKCHUSA CETH, HA KOTOPOH HAaXOAUTCS PacyeT-
Has Touka K3.

5.5.6. Eciu ucxogHas pacyeTHas CXeMa COOEPKUT HECKONBKO OMHOTHUIIHBIX CHHXPOH-
HEIX FEHEPATOPOB, HAXOOSIIMXCSA B OJUHAKOBBIX YCIOBHAX I10 OTHOWIEHHIO K PACYETHOH
Toyke K3, TO NOpsaaoK pacyera NEPHOAHIECCKOH COCTABIAOMIECH TOKa K3 B IpOU3BOJIEHBIN
MOMEHT BPEMEHH AHAJIOTHYEH U3JI0KEHHOMY B II. 5.3.5, TOJBKO IPH OIPEACICHHUM 3HaYe-
hug [ TI0 QOpMYyne £5.23) B IIOCJICOHIOKO BMECTO S CIEAYET MIOACTABAATh CYMMY
HOMHUHAJIBHBIX MOLIIHOCTEH BCEX ITHX I'€HEpaTOpOB.

5.5.7. B Tex cny4asx, koraa pacuetnas npoaopkutensHocTh K3 npesriinaet 0,5 ¢, Ans
pacuyeTa lepHoaAH4YECKOH COCTABIIAKOLIEH TOKa B IPOU3BOJIbHBIH MOMEHT BpeMeHH IIpH K3 Ha
BBIBOJIaX TypOOreHepaTopoB JOMYyCTHMO HCIOB30BAaTh KPUBEIC ¥, = f(1), NPHUBEICHHEIE HA
puc. 5.5, anpu K3 5a CTOpOHE BBICIIETO HANPsKEeHHs OJI0YHBIX TPAHCPOPMATOPOB ~ KPHMBBIE,
NpUBEACHHBIC HAa pUC. J.6. Kak Ha puc. 5.5, Tak ¥ Ha pHC. J.6 KpUBast 1 oTHOcHUTCA K Typbore-
HepaTopaM ¢ JHOAHOW OeCIIETOYHON CHCTEMOM BO30YXXAECHHS, KpUBas 2 — C TUPHUCTOPHOH
HE3aBUCUMON CHCTEMOHN BO30OYKACHMA, KpHBas 3 — ¢ TUOAHON HE3aBUCUMOH (BBICOKOYACTOT-
HOH) CHCTEMOH BO3OY>KACHHUA U KpUBasA 4 — C THPUCTOPHOH CHCTEMOH CaMOBO30Y X ICHHS.

5.5.8. 112 npHOJMKEHHOro ONpeaeeHHs AECHCTBYIOLIErO 3Ha4eHUs MEPHOIHYECKOU
cocTaBnAiomer Toka K3 B npoU3BONBHEIM MOMEHT BPEMEHU OT CUHXPOHHBIX FEHEPATOPOB
HanpsokesueM 6—10 kB B aBTOHOMHBIX CHCTEMAX 3JICKTPOCHAOKEHUS CIIEAYET HCIIOJIB30-
BaTh THIIOBbIE KPHBEIE, IPEACTABICHHEBIC HA puC. 5.7. [Ipu paspaboTrke KpUBEIX OBLIH HC-

[ONIb30BAHBl [IapaMETPhl FeHEPaTOpOB HanpsxkeHHeM 6—10 kB pasnu4yHbix cepui, a
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Puc. 5.5. Tunoesie KpuBbie U3MEHEHHUA nepruo-  Puc. 5.6. Tinosele KPUBbIE H3MEHEHHS [IEPHO-
OU4eCKOU cocTaBisouied Toka K3 ot rypbore-  amueckod coctasiawoweii Toxka K3 or typbore-
HEPATOPOB C PA3NUYHBIMH CHCTEMAMH BO30Y:K-  HEpATOPOB ¢ Pa3IMYHbIMH CUCTEMAMU BO3OYXK-
AeHUA IpH TpexdasHbix K3 Ha BhiBOZax redepa-  JAcHMA npH tpexdasdsix K3 Ha cTopoHe Boicuie-
TOPOB ro HampsKeHusA OJI0YHBIX TPaHC(HOPMATOPOB
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Puc. 5.7. TunoBbsle KpHUBbI€ U3MEHEHUS MEPUOAHYECKOH cocTrasidrome Toka K3

OT CUHXPOHHOTO reHeparopa HanpsxeHdeM 6—10 kB aBTOHOMHOH CHCTEMBI
3N1EKTPOCHAOXKeHUA

umenHo: CI'JIC 15.54.8 — 1000 kBT, 10,5 xB; CI'’ZIC 15.74.8 — 1600 xBT, 10,5 xB; CI'JIC
15.94.8 -2000 kBT, 10,5 xB; CI' IC 15.74.8 — 2000 kBT, 6,3 xB; CI J1C 15.54.8 — 1600 kBT,
6,3 kB; CBI'1 6300 — 6300 xBr, 6,3 kB.

5.6. YyeTr CMHXPOHHbIX U ACMHXPOHHBLIX dNEKTPOABUIaTeen
Npu pacyere TOKOB KOPOTKOrO 30MbIKAHUS

5.6.1. CreneHs BIMAHNA CHHXPOHHBIX H aCHHXPOHHBIX 3JIEKTpOABHrarelicd Ha Tox K3
3aBHCHUT OT XapaKTepa HCXOHOH pacyeTHOH CXEMEL, ITONIOXKEHH pacyeTHOHN TOUkH K3, yna-
JIEHHOCTH IIOCJCOHEH OT JICKTPOABUraTEICH U MHOTUX JPYTUX (PAKTOPOB. YCIOBUSA, IPH
KOTOPBIX pacyeT HayaJIbHOT'O HEUCTBYIOLLETO 3HAYCHHUA ITIEPUOAHYECKOH COCTABILIIOLLECH TOKA
K3 nomxen 65ITh BBIMIONHEHR C YYETOM CHHXPOHHBIX H aCUHXPOHHBIX 3JICKTPOIBUTATENEH,
H3JI0KEHBI B 11. 5.2.1. 3TH yCIIOBHUs CICAYET BBHINIOIHATE U IIPH ONPEACIICHUH IIEPHOLUYEC-
KOH cocTasjisaronieH Toka K3 B NpOU3BOIBLHEIH MOMEHT BPEMEHH.

5.6.2. PacyeT Ha4albHOTO AEUCTBYIONLIETO 3HAYECHHUS NEPHOAUYECKOH COCTABISAIO-
meH Toka K3 0T CHHXPOHHBIX ¥ aCHHXPOHHBIX 3JICKTPOABHUraTesIcH (UJIH ¢ YISTOM JJIEK-
TPOABHUIATE/ICH) CIENYET BHINOJHATE B COOTBETCTBUHU C YKA3aHUAMH, H3JIOXKCHHEIMH B
nn. 5.2.2 u 5.2.3.

5.6.3. Pacuer anepuonuueckon cocrapisaouied Toka K3 0T CHHXpOHHBIX U AaCHHXPOH-
HBIX 3JIEKTPOABHIATEICH CIIENYET IPOU3BOAUTEL B COOTBETCTBHH C 1. 5.3, @ pacyeT yAapHO-
ro ToKka K3 — B COOTBETCTBHH C 0. 5.4.

5.6.4. [leproauyecKyro COCTABIAIOMYIO TOKAa K3 0T CHHXPOHHBIX HJIH ACMHXPOHHBIX
EKTPOABUIATENIEH B MTPOU3BOJBHBEIM MOMEHT BPEMEHH CIIEAYET PACCYHUTHIBATH IIYTEM
PELIEHUA COOTBETCTBYIOLIEH CUCTEMEBI IU (P (PEePEHIINANIBHBIX YPAaBHEHUH NIEPEXOTHBIX ITPO-
IECCOB M BBIIEIEHUA U3 HAUJEHHAIO TOKa €ro NEPHOAUIECKON COCTABISIONICH, UCIIOb-
3ys1 OBM.

5.6.5. B mpuOmDKeHHBIX pacyeTax i onpeac/eHus JCHCTBYIOIIEro 3HaYeHUs IEPHO-
JTUYECKOH COCTABJIAIOMEH TOKa K3 0T CHHXPOHHBIX WIH aCHHXPOHHBIX JEKTPOIBUT ATEIICH B
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[IPOU3BOJIBHBIA MOMEHT BPEMEHHU NP PAJUANIBHOH CXEME CIEAYET NPUMEHSIThL METOI TH-
[MOBBLIX KPUBBIX, KOTOPBIM OCHOBAH (CM. I1. 5.5.3) Ha UCTOJH30BAHUH KPUBBIX HBMCHEHHSA BO
BpEeMEHM OTHOWeHuw ¥ =1 /I . ay, =1 /I 1pHpasHBIX yIAJCHHOCTAX TOYKH

ntCl ~ ndCH ntAJll ~ nOA
K3. IlpH aTOM 2J1€KTpHYECKYHO YOAJICHHOCTH TOYKH CJIeAyeT ONPENEIITh, HCIIONb3Y

popmyny (5.23).

TunoBeie KpUBEIE AJIs1 CHHXPOHHOTO 3JIEKTPOABUIaTEN NPUBEACHBI HA pUC. 5.8, a LIS
ACHHXPOHHOTIO 3JIEKTPOABHUIATENA — Ha PHC. J.9.

[lopsanok pacyera JEACTBYIOLIETO 3HAYCHUSA MIEPHOAUYECKON cocTaBnsAromeit Toka K3
OT CHHXPOHHOTI'O U aCHHXPOHHOTO 3JIEKTPOABHUIATENEH B ITPOU3BOJILHBIN MOMEHT BPEMEHH
C UCHOJIE30BAHUEM 3TUX KPHUBBIX dHAJOTHYEH U3JIOKEHHOMY B I1. 5.5.5. 3HaYECHHUE TEPHO-
OUYECKOH COCTABJIAIOUIECH TOKA B KUJIOAMIIEpaX B MOMEHT BPEMEHH / PABHO

ImCll = y iCll 1.' n0{110M) Iunm Ch = y 1IC }.’ n0i6) Iﬁ ; |
H 7 = I N I 7 (5.25)
mALd ylﬂ.ﬂ « ND{noM) = nom AL _ ym,a . PD{B) 6 %)
rne ¥ ax — HOMHHAIBHEIE TOKH COOTBETCTBEHHO CHHXPOHHOT'O ¥ 2CHHXPOHHOTO
3NEKTPOABUIATEIIEH,;
I — 0a3UCHBIA TOK TOH CTYIIEHH HANPSXKEHUA CETH, HA KOTOPOH HAXOOATCA

To4Ka K3 M anexrponsHurarens.

5.6.6. Ecnu B KakoM-TMOO y351€ MOUWIHOCTh MOAK/IIOUEHHBIX HEABHOIIOMIOCHBIX CHHX-
poHHBIX anekrpoasurarencH (cepuu CT/, CTM u ap.) npessimaet 30 % cyMMapHO# MOIII-
HOCTH BCEX 3JICKTPOABHUIAaTENCH, TO UCITONB30BAHHE THITOBBIX KPHUBBIX, IPUBEACHHBIX HaA
pHC. 5.8, IPUBOIUT K NOTPCIIHOCTH, NPEBBIMIAIOIIECH A0NYCTUMYI0. [103TOMY B yKazaHHOM
CJIy4ae IIpH pacyeTe NEPUOAUIECKOH COCTARMAIONMIEH TOKAa K3 HEABHONOMIOCHEIE CHHXPOH-
HBIC 3JICKTPOABUIATENIN CIICAYET YUMTHIBATh HHAWBUAYAJIbHO, HCIIOIB3Ys KPUBBIC 3aBUCH-
MOCTH ¥,., = f(1), npuBeneHHbIe Ha pHC. 3.10.

[Tp1 HEOOXOAUMOCTH HHAMBHAYANBHOI0 YU€Ta aCHHXPOHHEBIX JJICKTPOABUraTENICH pas-
HBIX CEPHUH CIECAYET HUCINOJAh30BaTh TUIIOBLIC KPHBLIC, NPUBEACHHEIE Ha pHC. J. /] (cepuH
3NIEKTPOABHUIaTesICH YKa3aHbI Y COOTBETCTBYIOIMX KPHBBIX).

L ﬁ
N
W

0,8

0,6

0,4

0.2

Puc. 5.8. Tunoseie XpuBbIE 19 CHHXPOHHOIO Puc. 5.9. Tunossie KpuBbi€ A1 ACUHXPOHHOTO
NEKTPOABUTaTE A MEXTPOABUTATE ]
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5.6.7. B tex cnyvasx, korjga MCcXoJHas pacyer-
Hasi CXeMa COICPIKHUT IPYIINY CHHXPOHHBIX HJIK ACHH-
XPOHHBIX JJIEKTPOJBUIaTEICH, IIPHCOETHHEHHBIX K
0OILMM IIHHAM, U HE ABIAECTCA paqHaIbHOH, a BKIIIO-
4aeT B Ce0sl TAKXKE YAAJEHHBIC OT pacYeTHON TOUKH
K3 ucTO4YHUKU 3HEPrUH, IPUYEM KaK JJICKTPOIBH-
raTeny, TaKk U YIOMSHYTBIE HCTOYHHUKY (CHCTEMA)
CBs3aHbI ¢ TOUKoH K3 ¢ moMouiso o0IIeH BETBH, TO
AECHCTBYIOLICE 3HAYEHUE IEPUOTHYECCKOH COCTABILA-
ro1ied Toka K3 B pOU3BOIBHBIM MOMEHT BPEMEHH C
YYE€TOM U3MEHEHHUS BO BPEMEHHM aMILTUTYBI IEPHO-
0,4 8 2 JIH?eCKoﬁ COCTABIIAIOIIEH TOKA OT 3JICKTPOABHUIATE-
JIeH PEKOMEHIYETCS OMNPEACNATh C UCIIOIb30BaHH-

nO(zov)

N
g

~} b OB WD R L NIt

w
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—

_ "

y

)

1 €M THUIIOBBIX KPMBBIX, IIPUBEACHHBIX HA pHUC. J./Z
001 02 03 04 1c (U1 ABHOTIOIFOCHBIX CHHXPOHHBIX IICKTPOABHIATe-
el ) H Ha pUcC. J. /3 (U1g aCHHXPOHHBIX ANCKTPO/IBH-

Puc. 5.10. Tunoseie KpUBBIC UBMEHEHUS raTe)JIeﬁ) b ( P KIP

ToKa K3 OT CUHXPOHHEIX 3JEKTPOJABH-~ o s Meqatie. THIOBLE KOMELIE HAMEHE
rareneit cepun CIIH (cnnownslie jin- P € + A HIIOBBIC KPHBEI

wun), cepun CJ{ ¢ yacToToil Bpamenns ~ HHA NEPHONMIECKON COCTABNAIOWIEN TOKA K3 ot

1500 06/MUH (WUTPUXIYHKTUPHbIE ni-  TPYIIIBI JIEKTPOJBHIaTEeNICH, NPCICTABICHHbIE Ha
nun) u cepuut CTH (MyHKTHpHBIE MuHuu ~ PHC. J./2 u 5.13, pa3paboTaHbl Ha OCHOBC JAHHbIX,
CO 3BE310YKaMH) MOJIYIEHHBIX TPEMA CIIOCO0aMHM, @ HMEHHO: TIPH CyM-

MHUPOBAHHUHY MI'HOBCHHBIX TOKOB OTHEIBHBIX JJIEKT-
POIBUIATENCH; IIPH 3aMEHE IPYINEI JJIEKTPOABUIATEICH 3KBUBAJICHTHAIM 3JIEKTPOIBUTATe-
JIEM; IPH CTATUCTHYECKOU 00pabOoTKe pacueTHBIX JAHHBIX CAMHUYHBIX 3JICKTPOJBUraTelEH
PA3JIMYHBIX CEPUH U MOUIHOCTEH.

5.6.8. Pacuer ACHCTBYIOIIEIO 3HAYCHUA NEPHOAHYECKOH COCTABAAKOIICH ToKa K3 B
[IPOU3BOJILHBIK MOMECHT BPEMEHH OT I'PYIIIbl CHHXPOHHBIX SBHONOIIOCHBIX UITH aCHHX-
POHHBIX 3JIEKTPOABHIATENCH C YUCTOM BIUSAHHA YIAJIEHHBIX OT pacyeTHOM TOYKH K3 uc-
TOYHHUKOB 3HCPIrUH, HO CBA3AHHBIX C TOYkKOH K3 0OmIMM /I 3TUX UCTOYHHKOB Y
3IEKTPOABUraTecH conporusieHueM X (BeTBp K3) pexkoMeHnyeTcs MpoBOAUTH B Clle-
AYIOUICH IMOCEA0BAaTEILHOCTH:

) rpynnny nomiexkammx y4eTy CHHXPOHHBIX ABHONOIIOCHBIX HIIH aCHHXPOHHBIX JIEKTPO-
ABUTATCIICH 3aMEHUTh OHUM JKBUBAJIEHTHBIM JIEKTPOABHUTATENEM, HOMHHAIbHAsS MOLIHOCTD
KOTOPOI0 paBHa CYMME HOMUHAJIBHBIX MOLIHOCTEH 3aMEHACMBIX AEKTPOABHIATENEH, T.C.

S..=Ys... (5.26

1=]

rae n — YUCJIO 3NEKTPOJABUIaTEIICH B IPYIIIIE;
oy — HOMHHAIBHAA MOWIHOCTB I-T'O 3eKTpoaBUraTens, MB-A;

2) N0 UCXOOHOH PACYETHOH CXEME COCTAaBUThL COOTBETCTBYIOUIYI) CXEMY 3aMCLICHHUA
A7 ONpeAc/IeHHs HAYaJbHOTO 3HAYCHHA IEPHOAHYECKON cocrtaBisrouled Toka K3 (oM.
1. 5.2), mpeobpa3oBaTh €€ B 3KBUBAJIICHTHYIO 1-00pa3HYIO CXEMY H ONIPEACTIUTE MapaMeTphl
BETBEH MOCIEAHEN — BETBH ABHIaTeIbHON HArpy3kHu (0e3 ydeTra CONMpOTUBIICHUS IBHIaTe-
nei) X , BETBH CHCTEMBI XM BeTBH K3 00IUeH 75t ABATATENICH U CHCTEMBI — X (CM. CXEMB!
B BerHeH 4aCTH pHC. J./ 2us.l 3);

3) BBIYMCIIUTD NEPHOAUYECKYIO COCTABIAIOUIYIO TOKA OT OKBUBAJICHTHOIO 2JICKTPO/ABH-
raresif B Ha4aibHbIK MOMEHT K3 IIPH NPHHATHIX 0a3UCHBIX YCIOBUAX:
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II'IG/IHDH

0 0,04 008 0,12 0,16 020¢c

Puc. 5.12. TuiioBbic KpuBbIC /19 ONPEACICHUA TOKa
K3 0T 3KBHBAJIEHTHOIO CHHXPOHHOIO IEKTPO/IBHAra-
Tena HanpsokenueM 6 kB nipu tpexdasiom K3 B cetn

oua .
1*:;! 1/ [

0,9
0,8
0,7
0,6
0,5 |
0,4 |
0,3
0,2

0,1

Le— — — -

—e L
0,04 0,08 0,12 0,16 0,201¢c¢c

L
0

Puc. 5.13. Tunosble KpUBbIE A1 ONPEAE/ICHUS TOKA
K3 0T 3KBUBANICHTHOI0 ACHHXPOHHOIO JIEKTPOIBUrA-
Te/1d HanpsbkeHHeM 6 kB npu tpexdasznoM K3 B cetH

Ff.'" mrm_E c{ﬁ]thﬁ)/(Xcm""‘{(ﬂﬁ))

] = = AN T
na(6) | ’ 5.27
X o X o (X it X o)+ X it X" (5.27)

rae E" . — HadanpHoe 3Ha4eHHe csepxnepexoqHoi JC 5KBHBAICHTHOTO 3/1EKTPOABH-
raresia (cM. 11, 5.2.2);
E  — OIC ynaneHHBIX HCTOYHHKOB JHEPIHH (CHCTEMBI),
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X" s — CBCDXIEPECXOQHOE HHAYKTHBHOC CONPOTHBICHHE IKBHBAJICHTHOIO 3JICKTPO-
ABUTATEIA;
4) onpeCINTh 3HAYCHHE BEJIIMYHHBI, XapPAKTEPH3YIOILECH NIEKTPHYECKY IO YIAICHHOCTD
pacuyeTHOH TOUKH K3 OT 3KBUBAJIEHTHOTIO 3JIEKTPOABHUIATCIA
I S
n0 — I 6

» RO{HOM) ] » ROA(0) S !

HOM HOM 3K

5) o HalCHHOMY 3HaY€HHIO [ ... Ha pucC. 5./2 unH pHc. 5./3 (B 3aBUCHMOCTH OT
THIA JICKTPOABUTATENIEH ) BEIOpATh COOTBETCTBYIOIIYIO THIIOBYIO KPHBYIO (BO3MOXKHA JTH-
HeHHasA SKCTPANOISIUSI MEXKIY CMEXHBIMH KPUBBIMH) H J1S 3aJaHHOIO MOMEHTA BPpEMEHH
t ONPEACTUTE KO3 (QUIHUECHT ¥,;

6) onpenenuTh IEHCTBYIONIEE 3HAUYCHUE IEPUOAHIECKON COCTABIAIONIEH TOKA 3KBHBA-
JIEHTHOI'O 3JICKTPOABHUIaTe/ sl B MOMEHT BPEMEHH !

{ ﬁtﬁ{ﬁ)-: },l ‘{ n0A(6} ’

7) BBIYMCIIUTH HCKOMOE NEUCTBYIOLIEE 3HAYCHHUE ITEPUOLHMYECKONH COCTABIISAIONICH TOKA
B MecTe K3 B MOMEHT BPEMEHH !

7 E o6 ] ma(6) X “©

xt 6 2
X c(ﬁ)+ ‘.X x(6)
rae /. — 6a3MCHBIM TOK TOH CTYITCHH HANPAXKEHUS CETH, HA KOTOPOH HaXOOUTCA Toyka K3.

(5.28)

5.7. Yuer KOMNNEKCHOU HArPY3KHM NPU pacyeTe TOKOB KOPOTKOro 3aMbIKaHUS

5.7.1. Ilpu pacuerax TokoB K3 cieayeT yUUTHIBATh BIUSHHE KaXKIOH KOMIUJIEKCHOH Ha-
I'PY3KH, €CIIM TOK B MeCTe K3 OT TOIl Harpy3Ku COCTaBIACT HE MeHee S % Toka B Mecte K3,
onpeneseHHoro 6€3 yyera HarpysKH.

5.7.2. B o0miem cnyuae Toxk K3 OT KOMIIIIEKCHON HArpy3KH CHEeNYET ONpEHeiiaTh Kak
r€OMETPUYECKYIO CYMMY TOKOB OT OTACJBHBIX €€ 3JICMEHTOB.

5.7.3. B npuOmMDKEHHBIX pacyeTax AOMYCKAaeTCA IKBUBAJICHTHPOBAHHE KOMIUIEKCHOHN Ha-
I'PY3KH C IPEACTABICHHEM €€ B BHE 3KBUBAJICHTHOH 3/1C H 3KBUBAJICHTHOTO COITPOTHRIICHHUS.

OKBHBAJICHTHOEC CONPOTHBIICHHE NPAMOH (0OpaTHOM) MOCICAOBATEIBHOCTH £ |
Z oom B OTHOCHUTEIIBHBIX €IMHHULIAX B 3aBUCHMOCTH OT OTHOCHTENIBHOI'O COCTaBa IoTpe-
OuTeneH ysna NpH HOMUMHAJIBHBIX YCJIOBHAX JONYCKACTCA PACCYUTHIBATE 10 GOPMYIIE

SE—;———I————
2 S (5.29)
R b 2

1=
=

Z —_

e lnr{Hom) _

« |3HDM) « 1HHOM)

TI€ R | o 1 X |0y — AKTHBHAS H HHIYKTHBHAs COCTABJIAIOWINE CONPOTUBIICHUS NIPSMOH
(06paTHOM ) MOCAEAOBATEABHOCTH 1-I'0 NOTPEOUTENA, BKIIHOYAs CO
CTaBJAIOLIME CONPOTHBICHUSA 2JICMCHTOR, CBA3BIBAIOUIUX IOTPEOH-
TeNs C IIHHAMH Yy3J1a; HX 3HA4YCHHS B OTHOCUTENBHBIX EAUHULAX NPU
CyMMapHOH HOMHHaJIBHOH MOIINGCTH Harpy3ka S, kB-A, # cpea-
HEM HOMHUHAJIbHOM HANPAKCHIH TOH CTYIIEHHU HaNIPAKEHUS CETH,
IIe OHA MPHCOE€IUHEHA, MPHBEACHBI B TabI. 5.1;
S. — MOJIHAs YCTAaHOBICHHAS MOIUHOCTL  TO [NOTPEOUTE 1 Harpy3KH, KB-A.
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Tadbnuua 5.1

IlapamMeTpsbl 3JeMEHTOB KOMIUIEKCHOH HAIPY3KH

I " ol

| 3nauenme | | COHEOTI«E?I@HH&, OTH.e]l. i
[ToTpebuTeny KOMIIIEKCHOM 3KBHBA- 05 NpsAMOH obpaTHoO#
HArPY3KH JICHTHOH ? | nocnenoeareasHOCTH [OCJIEI0BATENBLHOCTH
e A€ | I U ‘e
CHHXpOHHEIC ABUraTeII 1,074 0,9 0,04 + jO,15 0,04 + j0,15
HanpsbkeHueM cabimle 1 kB ]
CHHXDOHHEIE JBHIATEH 1,079 0.9 0,03 + 0,16 0,03 + 0,16
Hanpsokenauem 10 1 kB | L
ACHHXDOHHAIE BUTATEH 093 | 087 0.01 + j0,17 0.01 + j0,17
| HAMPSKEHUEM CBBLILIE 1 kB |
ACHUHXPOHHBIEC IBUIaTENH 0.9 0.8 0.07 + 0,18 0.07 + /0,18
HanpsbkenueM 1o 1 kB | | M
JlaMnbl HakAITHBAHUA | O 1,0 1,0 1,33 -
['asopaspsaueie HCTOYHHKHU CBETA 0 I 0,85 0,382 +,0,24
HEGO6p&30B&I§HH | O 1 09 1,66 +,0,81 |
JJIEKTPOTEPMUYECKHE YCTAHOBKH O | 09 i 04+/02

3HAYCHUS KOMILICKCHBIX COIIPOTHUBIICHHM OTIACNBHBIX Y3710B 0000ILEHHON Harpys3ku

NPUBEACHHBI B Tab. 5.2.

Tabnuma 5.2
[IapaMeTpsol y3,10B 00001eHHOH HAIPY3KH
EocraBHnGTp;HTenel;yana o [TapaMeTpsI Y3712 Harpy3KH Ham psKeHHEM, KB |
Y3el, ’ 6-~10 35-110
1 Jwo] -1 =T -1 -1 -1 004+/0,15 1,11 0,04 + j0,25
2 - 1o - | - - | = | 003+j0,17 0,936 0,03 + j0,27
3 25 10 40 10 11 4 0,3 + 0,43 0,865 0,04 + jO,54
4 | 50 | 10 | 15 0,15 +j0,43
S | = 1 = 13 | - | - |65 0,2 +j0,34
6 | 50| s0| - | - | - | - | 002+;02 1,0 0,02 + j0,31
IIpumeyvanue. Brabnuie npuHATEH Cleayronye 0003HaUECHHUS:
CII — CHHXpOHHBIE 3JEKTPOIBUIATSIH HANPSHKEHHEM CBbile 1 kB;
Al - acUHXPOHHEBIE JNIEKTPOABHUIATEIH HAINPIXKEHHUEM CBBIIIE 1 KB;
AJIH — acuHXpOHHBIE JIEKTPOABUTATCIN HAIpsHKEHHEM 0 1 KB;
[1 — mpeoOpa3oBaTENH;
OT - anexTpoTepMHYECKHE YCTAHOBKH;
O — OCBCILEHHE,

IIpn oTCYTCTBMH OOCTOBEPHBIX JAHHBEIX 00 OTHOCHUTEIBLHOM COCTaBe mOTpebuTeseH
KOMIUIEKCHOH HAarpy3KH MOXXHO HCIIOJIIB30BAaTh THIIOBOH COCTAaB HArpy3KH OTHAEIBHBIX OT-
pacjieH, BBIPAXKEHHBIH B IPOLIEHTAaX OT CYMMapHOH YCTaHOBJIICHHOH MOIIIHOCTH y3J1a U IIPHU-

BeJeHHLIM B Ta0m. 5.3.
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Tabnuga 5.3
THOBOH COCTAaB KOMILIEKCHOM HATPY3IKH

L

, CocTas no'rpefimeneﬁ y3J1a KOMIIJIEKCHOR HAarpy3kH, "o

: | E| E|g, g | B 5 |
No OTpacsis HApOAHOTO ngu E E E = % E | %“ E "?E = ;E
n/m | X03AHCTBaA % % s 23|58 8¢ S = o
S | S| 2|ER|EE| BE| & | 8| &
= o = "E 8| 8 2| %> S 2 ~
S|F[2]|° |8 | s | &=
P 4 { 5 6 7 8 9 | 10
1. |YepHas MeTtanayprus 25 8 12951 2,5 | 22 3 10 ~ ] 100
2. |lIBeTHas MeTamnyprus 10 > 12751 1,3 10 = 46 — 100
3. [I'opHopynHas 21 21 | 47 5 - | = — 6 100
4, [ Xumus* 357 115+£6]29+812+0,4 30,2} 1£0,05 | 10x2 — 100
5. {Taxenoe TpaHCcnoOpTHOE 10 8 47 7 20 5 3 - {100
|1 JHEPIreTHYECKOE
MalIHHOCTPOEHHE
6. |DnexTpoTexhnudyeckas | 7 851 36 | 6,5 | 36 4 2 — 100
7. (CenbCKOXO3AHMCTBEHHOE S5 4 38 5 42 6 — — 100
| MAUIUHOCTPOCHHE
8. |ABTOMOGMIECTPOCHHE 9 (10(48 | 5 |19 3 | 6 | - {100
. |MamuHocTpoesne 8 S 52 S 13 14 3 —~ 100
10. {KomMyHanbH0-0bITOBAA f |
(OonbLION ropon) 50 10 | 15 | 25 - | - — -~ 100
11. {Hedtenobuiva 3 48 | 30 8 — — — 9 100
12. [OnexTpotara — — i) 5 — — 90 - 100
13. {Llenmrono3Ho-OymMaxsas | 8 12 1 75 8 ] — — I 100
14. |HedTenepepaboTka 26 18 | 50 2 - — - 4 100
15. |BriTOBAA — - | 35 ] 65 | - - ] - - 100
16. iT'azosas, ac. npusoa - 1 98 - 2 | - — ~ ~ 100
17. {T'azoBag, CHHX. OPUBOLL 98 — —_ 2 - — ~ ~ 100
18. [CenpCcKoOX039HCTBEHHAS - - | 70 | 30 - | = - - 100
19. [Jlerkas - - | 78 | 12 ) 5 — - - 100
20. | Yrnenobwiya miaxtHas 4 7 67 15 — — 7 — 100
21. | YrneaoObiya oTKphITaA 60 | - | 30 S - — ~ 5 100
22. {[Tuuiesasn - - 19151 6 1.5 - ] - 100
23. IIpubopocTpoeHue - - 61 10 | 28 ~ ] - 100
24. [DHeprocucrtema 1 7 4 | 56 | 20 3 — 3 7 1 100
25. |Jueprocicrema 2 22 | 11 | 38 ] 9 | 4 - 12 4 | 100
26. |OHeprocucTeMa 3 15 11 71 32 ) 20 | 7 - 15 - 100

* CpeaHexBaApaTHYHOE OTKIOHEHHE (O)

5.7.4. Metoa pacyeta Toka K3 OT KOMILIEKCHOH Harpy3KH 3aBUCHT OT Xapakrtepa He-
XOIHOI CXEMBbI 3aMELLEHHA y3/1a ¥ nonoxenus Touky K3 (puc. 5.14).

5.7.5. [Ipu panua. 15801 pacueTHoH cxeme (puc. J. /4, 6) DOIMyCKAeTCA HE YUUTHIBATD BIIMsA-
HHE CTATHYECKHX NOoTpedHTeNICH (IMPeoOpa3oBaTeei, 3MEKTPOTEPMUYECCKHX YCTAaHOBOK H Ip. ).
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HavanpHoe 3HaYeHHE NEPUOANYECKON COCTABIIAIOIICH TOKA K3, yIapHBIN TOK, a TaKXe
MEPHOAHYCCKYIO COCTAaBIAOIIYIO ToKa K3 B IPOU3BOJIBHBIN MOMEHT BPEMEHH OT CHHXPOH-
HBIX M ACHHXPOHHBIX 3JICKTPOABUIATECIICH CIEAYET PacCUUTHIBATL B COOTBETCTBHH C II. J.6.

5.7.6. IIpu K3 3a o01IMM CONPOTUBICHHEM V1A PA3JIMYHBIX NOTPCOUTENEH y3na Ha-
IPy3KH (pHC. 5. /4, ) HAaYaAIbHOE 3HAYCHHUE NICPHOAHYECKON COCTABIIAIONIEH TOKA Tpex(as-
HOro K3 pekoMeHIyeTcs ONpeaensaTs C y4€TOM BIMAHHUA ABUTATENbHOH H CTaTUYECKOH Ha-
TPY3KH, HCIIOJIb3Ys BEIPAKEHHE

jnﬁur — E"ur /(Z + _Z_mu) b (530)

—nes HIT

rae E” un Z,—pesynstupyromas J1C u CONPOTHBIECHHE y3/1a HArpy3KH. X 3HaueHus
MO>KHO OIIPEAEIHTh 10 JaHHBIM Tabn. 5.1 unu 5.2, B 3aBHCUMOCTH OT
OTHOCHTEABLHOI'O COCTaBa NOTPCOUTENCIH;
Z — BHEIIIHEE CONPOTHBJICHUE A0 TOYkH K3.
3HauYeHHUS aepUOAUUECKON COCTABIAIOIIEN TOKA K3 B IIPOM3BOJILHBEIH MOMEHT BpeMe-
HU U yaapHoro toka K3 cienyer onpenensite B COOTBETCTBHH C MIL. 5.3 U 3.4,
JleHcTBYIOIIEE 3HAYCHUE MEPUOAUYECCKON CocTaBisome Toka K3 B nNpoHU3BOIbHBIN
MOMEHT BPEMEHHU C YYETOM IEKTPOABHIATEIICH H CTATHYECKOH HAarpyY3KH y3/1a pEeKOMECHAY~
CTCs ONpeneNATh Kak

=] ] (5.31)

ntur nta cT '’

roe [~ — NMEPHOAUYECKAs COCTaBNAIomad Toka K3 B NIpou3BONBEHBIA MOMEHT BPEMEHH OT
nexTpoasuraresnei. OHa ornpenensieTcs ¢ UCIONb30BAaHUEM COOTBETCTBYIOIIUX
TUIIOBBIX KPHBBIX;
I — cyMMapHBIH TOK CTaTHYECKHX IOTpedHTeneH no K3.
5.7.7. Ilpu K3 3a o6uumM 11 y371a Harpy3KH H CHCTEMBI COIPOTUBICHHEM (pHC. 5.4, &)
Ha4yaJbHOE 3HAYCHHUE IEPHOAUYECKON COCTABIAIIIEH TOKa B TO4YKE TpexdazHoro K3
CIELYET ONPEACIATE 110 GOpMye

— HI r —¢

“ 7 Z +Z.Z +Z. Z

—_— I X

. (Bz.+E2)

| (5.32)

e E. u E” —3JIC cOOTBETCTBEHHO CHCTEMBI U Y3N1a HAIPY3KH;

Z., — pe3yapTHPYIOLIEE CONPOTHUBIECHHE CO CTOPOHBI CHCTEMBI IO COOPHBIX IITHH y3J1a
(cM. pHC. 5.14, 2);

Z,. — OKBHBAJICHTHOE CONPOTHUBICHUE HATPY3KH, BKIIIOYast LENb ee MOOKIIIOYEeHHUS;

£, — O3KBUBAJIECHTHOC COMPOTUBJICHHE 3IEMEHTOB, BKJIIOYEHHBIX MEX Ty Toukoi K3 1
IIMHAMH y3J1a HaIPY3KH.

HauvanpHOe 3Ha4eHHE NIEPHOANYECKOH cocTaBisouel Toka K3 or y3na Harpy3ku

joo= \£"\=U ) (5.33)
nOur _Z_"r 3 .
rne U w — HalpspKeHHE B Touke M (puc. 5.14, 2):
Uy=1,Z,-

3HaYCHHUE NMEPHOAUUECKON COCTABIAIOIECH ToKa K3 B IpOU3BOJIBHBIH MOMEHT BPEMEHH
OT y3Jla Harpy3KH CJIEAYET PACCUYUTHIBATh C YYETOM BIHAHHUA JJIEKTPOABHTATENEH IO
bopmynam (5.25), npuyeM KOIQPHUHEHTHI ¥, 4 ¥, PEKOMEHIYETCH ONPEeNsTh M0 pac-
YETHBIM KPUBBIM, TPHBEACHHBIM Ha PHC. 3./5 1 5./6, B 3aBUCHMOCTH OT 3HAYCHHS HaIpA-
’KEHUs B TOUKe M.
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Puc. 5.15. PacueTHbIe KpHUBLIE Puc. 5.16. PacyeTHbIE KPHBBIE
U1 CHHXPOHHOTIO 3JIEKTPOABUIaTe s UL aCHHXPOHHOTO 3JIEKTPOABUTATENIA

5.8. Yuer BnMaHu4 3neKTponepeaayy Uim BCTUBKM
NOCTOSHHOIO TOKA HO TOK KOPOTKOrO 30UMbIKUHUSA B 06 beANHEHHbIX
CUCTEMOX NEPEMEHHOrO TOKA

5.8.1. Bausuue snexrponepenaun noctosHHoro toka (IIIIT) umu BCcTaBKH 1MOCTOSH-
HOro Toka Ha Tok K3 B ceTH nepeMeHHOro Toka B Hauboaplien Mepe INPosSBASETCs Ha Ha-
YaJIbHOH CTagHH NEPEXOAHOrO IpoLecca, Kak Ioka3zano Ha puc. J./7. Ilpu K3 Ha cTopone
BEINIpsiMUTENS M Ipu K3 Ha ctopoHe unBepropa J1IIIT ymensmiaeT Tox K3, Tak xax # BBIII-
pPSAMMTENbHAS, H HHBEPTOPHAS YCTAHOBKU MOTPEOAIOT PEAKTHBHYIO MOIUIHOCTD U3 IIPHMBI-
KAIOIUX CHCTEM IIEPEMEHHOIO TOKA.

Koporkoe 3aMBIKaHHE B CETU NIEPEMEHHOIO TOKAa HA CTOPOHE BBRIIPAMUTEIBEHOM yCTa-
HOBKH BbI3BIBacT pasrpy3ky JIIIIT mo Ttoky, nostoMy BnusHue rocneaned Ha ToK K3 ¢
TEYCHHEM BPEMEHH ocyabeBaeT. Kak BHIHO IO U3MEHEHHUIO Orubaronie no aMmiuTyaam
IEPUOAHYECKOH COCTABAIONICH TOKA /_, B MOMEHT HACTYIUJICHUA aMIUTUTYJHOTO 3HAYCHHU
310N coctapiusouleH (ripu ¢ = 0,01 ¢) snusanem ST yxe MoXXHO npeHebpeys.

TaxuMm 00pa3oM, MOCTOBBIE€ BBIIPAMHUTEIH HE TONMUTHIBAIOT TOKOM MECTO MOBPEXKIE-
HUS B CETH IIEPEMEHHOrO0 ToKa. [103TOMY HX HE ClleAyeT YYUTHIBATh MPH BHIOOPE U IIPOBEP-
K€ KOMMYTALMOHHOH anmaparypsl 1o yciaoBusam Ka3.

KopoTko€e 3aMbIKkaHHE B CETH IEPEMEHHOTO TOKA Ha CTOPOHE HHBEPTOPHOH YCTAaHOBKU
BeI3bIBaeT neperpysky DIIIIT mo Toky, nostoMy ee BausHHUE Ha TOK K3 ¢ TeUEHHEM BpEME-
HH YCHIIMBAETCS, TOK / B MECTE MOBPEKIECHHA YMEHBILACTCA. OQHAKO K MOMEHTY HACTyI-
JIEHH aMIUIMTYIHOrO 3HAYE€HHUS 3TOro Toka, a fosee BepOsaTHO (nipu Onu3kux K3) — eme
paHbllIe, HHBEPTOPHBIC MOCTHI ONIPOKHUIBIBAIOTCA H YXKE HE OKA3bIBAIOT BJIMAHUS Ha PEXKHM
CETH.

Taxkum o6pazoM, MocToBeIe HHBEPTOPSBI JIIIIT, Tak ke KaKk U MOCTOBLIE BBEIIPSAMHTEINH,
HE MOAIUTHIBAIOT TOKOM MECTO MOBPEXKAECHUA H UX HE CJAEAYET YUYMTHIBATh P BhIOOpE H
[IPOBEPKE KOMMYTALHOHHOH annaparypbl CETH IEPEMEHHOTO TOKA 110 YCIAoBHAM K3.
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5.9. Pacuer rokos I/

NPU HECUMMETPUUHbIX 1,0 L — Oe3 Tw _
KOPOTKMUX 3aMBIKOHUAX — I
0,8 | K
5.9.1. Ecnu napameTpsl Bcex ¢a3 HCXOIHOH | L T 0.01c
pPacuE€THOHW CXEMBbl OTWHAKOBBI, 4 IPUIHHON Ha- 0,6 ’
PYLICHHS CHMMETPHH ABJIIETCH KOPOTKOE 3aMBI-
KaHUE B OIHOM MIIH JBYX MECTax, TO AJ pacue- 0,4
Ta TOKOB IpH HeCUMMETPHYHBIX K3 cnenyer npu- ”
MEHATE METOI CHMMETPHYHEIX COCTABJIAIOUIUX, 0.2
TaK KaK NPH YKAa3aHHBIX YCIOBHAX 3TOT METON
UMEET OOJIbILIHE NPEUMYLIECTBA: CUMMETPHYHEIE O
CUCTEMBI TOKOB rf)pHMOITI, obpaTtHOH H iIPYHeBOﬁ Of 0,004 0,008 0,0120,016 .
IOCJIEIOBATEIFHOCTEN CBA3aHBI 3aKOHOM OMa Puc. 5.17. Iamenenne orudarominx nepu-
TONBKO C CHMMETPHYHBIMM CUCTEMAMH HaTIPSDKE- ONMYECKHX TOKOB B MECTE [IOBPEXKICHHA.
HHUil OQHOMMEHHOH MOCIEN0BATEIFHOCTH: 1,,— pH Tpex¢pasHom K3 Ha nHHUH 1epe-
_ _ MEHHOIO TOKA CETH BBINPAMHUTENA; /| —NpH
AU =1Z ; Tpex¢daszHoM K3 Ha IUMHMM NepEeMEHHOro
. . TOKa CETH UHBEPTOPA
AU.=1.2,; (5.34)
AU = I D Z 0 3

rne Z ,Z.,, Z, — COIPOTHUBIIEHUA COOTBETCTBEHHO NPAMOH, 00paTHON H HYNEBOH MoOCIE-

—_—l? =27 0
NOBAaTCIILHOCTEH.

[TockonbKy npH 3TOM pa3HbIC Pa3zbl CHMMETPHYHON CUCTEMEI TI000H MOCIeN0BATECIIb-
HOCTH HaXOAATCS B OJITHHAKOBBIX YCIOBHAX (B HUX COOMIONAETCA CHMMETPHS TOKOB, HaIpsi-
KCHUM ¥ APYTHX NIEKTPHUECKUX BEIMYHH ), TO METOJ CHMMETPHYHEIX COCTABIAIOIIHUX I10-
3BOJISIET UCIIONIB30BATH 3KBUBAJICHTHBIC CXEMBI 3aMCIIICHHUS Pa3IMYHLIX NIOCHEI0BATENLHO-

CTeH B OJHOJMHEHHOM H300pa)K€HHH H BECTH pacyeThl 11 ONHOH (a3bl (OHa OOBIYHO Ha-
3pIBACTCA OCOOOH).

IlpumMeuanue. [Ipu HecummeTprudbslX K3 BCaeacTBue HECHMMETPHH pPOTOpa
CHHXPOHHBIX MAllIHH TIOMHMO OCHOBHOH rapMOHHUKH TOK K3 COOEpXHUT BHICLINE TapMO-
HUYECKHE COCTABJIAIOMIHE. DTO CYIIECTBEHHO 3aTPYyAHsSET pacyeTsl TOKOB K3. YTOORI
UMETh BO3MOXHOCTh IPUMEHATE METOA CUMMETPHYHBIX COCTABIAKUIUX B O00BIYHOU
GOpMe KaK NMpH pacyeTe YCTAHOBUBIIMXCS TOKOB HECHMMETPHUYHBIX K3, Tak U TOKOB

pHd NEPEXOOHBIX MPOLECCaxX, JONYCTHMO MpeHeOperars BBHICIUUMH TapMOHHYECKUMH
cocraBnaromuMi Toka K3.

5.9.2. OObBI9HO NPH KOPOTKHUX 3aMBIKAHHAX B OCHOBHBIX LENAX MEKTPOIHEPreTHYEC-
KHX CHCTEM PE3YILTHUPYIONIEE 3KBHBAJICHTHOEC UHIAYKTUBHOE CONMPOTHUBIICHHUC PacyeTHOM
CXe€Mbl OTHOCHTENBHO TOYKH K3 3HAYUTENBHO MPEBLILIACT PE3YIFTUPYIOLIEE AKTHBHOE CO-
npotussicHHe (B 10 1 Oonee pa3s), 103TOMY pacyeT NEPHOAUYECKOH COCTABJILIOIICH TOKA
NpH HECUMMETPHUYHBIX K3 B COOTBETCTBHH C II. 5.1.1 JomyckaeTcs NpOH3BOAUTh, HE Y4H-
ThIBAS AKTHBHEIC COMPOTUBIICHUA PA3NTHYHLBIX 3JICMEHTOB paCYETHOH cXeMbl. [Ipu 3TOM yc-
JIOBUH TOK IIPSAMOH ITOC/IEJOBATEIBHOCTH OCO00H (ha3nl B MECTE JIKOOOr0 HECHMMETPHYHO-
ro K3 cnenyer onpeaenars no gpopmyne
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E

7™ = K (5.35)
XA | . (n) k
J(X,, +AX™)
rge (n) — BUI HECHMMETPHYHOrO K3;
E  — pe3ynsrapyroiias 3kBHBaJIeHTHAsS J/]C BCEX YUHTHIBAEMBIX HCTOYHHUKOB JHEPIHH;
X,y — PpE3yIbTUPYIOLLEE SKBHBAJICHTHOE HHIYKTHBHOE COIIPOTHBIICHUE CXEMBI 3aMellle-

HHSI [IPSIMOM MOC/IEOBATEIbHOCTH OTHOCHTENBHO TOYKH HECHMMETPUYHOTO K3,
AX'" — HONOIHHUTENBHOE HHAYKTHBHOE CONPOTHBIICHHE, KOTOPOE ONPEHENICTCS BUIOM
HecuMmMeTpuuHoro K3 (n) 1 napaMerpaMu cxeM 3aMeeHHs 0OpaTHOH! U Hyie-
BoH (rmpu ogHodgazHoM U aByxdasHoM K3 Ha 3eMitio) nocieaoBareIbHOCTEN.
3HAYCHMST JOMOJIHHUTEIBHOIO CONMPOTUBIICHUA ANA HECUMMETPHYHBIX K3 pa3HEBIX BH-
JIOB NIPUBEACHEBI B TabI. 5.4.

Tabnuga 54
3HaueHNs JONOJHHUTEALHOI0 CONPOTHBIeHna AX™
u kodpdnuuenta m™ gaa HecuMmeTpUuHbIX K3 pa3HbiX BUIOB

Bua K3 l 3HaueHune AX™ 3Hauenue kodbGUUHeHTa M

JIByxdaznoe X V3
O,H.HO@&BHOE Xos + Xps 3
HByxdazHoe ] XZEX“E_ J3 1 Aovtor .
K3 Ha 3emo X, +X,s Vo (X X

S— L —r

Toxku 0O6paTHON M HYJIEBOH MOCIEAOBATEIHLHOCTEN 0C000M a3kl B MECTe HECHMMET-
pudHoro K3 cBs3aHbI C TOKOM NPAMOH MOCAEA0BATEIbHOCTH COOTHOIICHUAMH
— npu aByxgasaoM K3

ez = =1 . (536)
— npHd ogHogasHoM K3 ‘ . _
Lz = 1o =]xAI; (537)
— npu asyxgaszdoMm K3 Ha 3emutio
. . X
[ =— T — LA (538)
XzE T Xuz
8 X
{ xao ="[m1"'——“—'2"£——". (539)
XzE T XDE

Moayns noaHOro (CyMMapHOT0) TOKA IOBPEXKIECHHOH (pa3bl B MECTE HECHMMETPHYHO-
ro K3 c¢Bsi3an ¢ MOyJIeM COOTBETCTBYIOLLETO TOKA IPSAMOM ITOCNIEA0BATECALHOCTH CIICAYIO-
UM COOTHOLICHUEM:

IO =m® (19, (5.40)

rae m™ — ko3hOULMEHT, TOKA3bIBAIOIIMIA, BO CKONMBKO pa3 MOAYITh IOJHOTO (CyMMAapHOTr0) TOKa
IOBPEXKACHHOHN (a3bl IPH #-M BUAC HEcUMMeTpHuHoro K3 B pacuetHon Touke K3
IIPEBLINIACT TOK NPAMOH NOCAEAORATENLHOCTH IIPH 3TOM € BUIC K3 U B TOH Xe
Touke. 3Ha4eHuA Ko3gdmmenTta m™ npu K3 pa3Heix BUI0B npuBeAeHsl B Ta0m. 5.4.
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5.9.3. Ilpu pacuerax HecuMmMmeTpHUuHbIX K3 onpeneneHUIO NMOMIEKUT HE TOJIBKO TOK
K3, Ho 1 HanpsixkeHHe B MecTe K3.

HanpsokeHnue npsAaMoH 1ociaeaoBaTeIbHOCTH 0Co00M ¢a3bl B TOYKE HECHMMETPUYHOTO
K3 mr000ro Buaa cocraBiser

U, =jl, AX®. (5.41)

Harnpsixkenust o0parHon U HyneBou (nipu ogHodaszHoM U AByxdaszHoM K3 Ha 3eMITi0)
[MOCJIEAOBATENBLHOCTEN 0Cc000H (Pa3bl B Touke K3 paBHBI COOTBETCTBEHHO:
— 1p4 aAByx@da3zHomMm K3

U,,=U,; (5.42)
— npu oaHodazHoM K3
U,,=-Jl., X, (5.43)
U
Upo == o Xog ; (5.44)
~ npu asyxda3zHoMm K3 Ha 3eMitio
U,=U,=U,,. (5.45)

5.9.4. CtpyxTypa dopmysl (5.35) nokaspiBaeT, YTO TOK IMPSIMOH IOCICAOBATETLHOCTH
1000ro HeCUMMETPUIHOTO K3 MOXKeET ObITh OnpeaesieH Kak TOK 3KBHBAJICHTHOT O Tpexdas-
Horo K3, ynaneHsoro ot geHCTBUTENbHOM ToUkY K3 Ha TONMOMHUTENBHOE CONPOTHBICHUE
AX™. Ilocnenuee He 3aBHCHUT OT PaCCMaTPMBAEMOr0 MOMEHTA BPEMEHHU H ONPEEIAETCS
TOJIBKO PE3YNBTHPYIOLHMMHU 3KBUBAJICHTHBIMU COIIPOTUBIICHUAMH 00PaTHOM U HYJIEBOH ITOC-
JIENOBATENBHOCTEH OTHOCHTENBHO pacdeTHOH TOUKH K3. OTO NonoXeHue, H3BeCTHOE Kak
IPABHIIO 3KBUBAJICHTHOCTH TOKA IIPSAMOMU I10CIEA0BAaTECIBHOCTH, MMOKA3BIBAECT, YTO IJIA pac-
yeTa TOKa NPSAMOH IOCIIEI0BATENbHOCTH JKOO0ro HecuMMeTpu4HOro K3 Moryt ObITh HC-
I10JIb30BAaHBI BCE METOIBI pacueTa ToKa TpexdasHoro K3. A 14 onpeneneHus MOAYJIA pe-
3YyIBTUPYOWEro Toka K3 noBpexxaeHHOM (pa3bl AOCTATOYHO HAMICHHBIH TOK IPAMOH IIOC-
JIE0BAaTEIBHOCTH yYBEIHYUTh B m'™ pa3 (cM. Tabin. 5.4).

5.9.5. AHanuTHYeCKHe pacueTsl ToKa K3 0T CHHXpOHHOH MAaIlIiHb! B TPOU3BOJIBHBIA MO-
MEHT BPEMCHU MpH HECHMMETPUYHOM K3 peKOMEHAyeTCs BBINIOIHATL ¢ WCHONIBL30OBAHUEM
METO/a THITIOBBIX KPUBBIX. 1 [pH 3TOM pacyeTsl nenecoodpa3sHo BECTH B CIEAYIOMIEM MOPSAIKE:

1) 1o HCXOAHOH PAacCUYCTHOM CXEME COCTAaBUTh IKBUBAJICHTHBIE CXEMBI 3aMEIICHHA TIPsI-
MOH, 00paTHOH u HYJIEBCH (Npu oaHoda3zHoM u aByxda3zHoMm K3 Ha 3emitro) mocnenora-
TEJIBHOCTEH, BHIPA3HUB BC2 NMAPAMETDPHI B OTHOCHTENBHEIX EAMHHUIIAX NIPU NPEABAPHUTEIBHO
BEIOPAHHBIX DAa3MCHBIX YCIOBHAX, NDHUYEM B CXEME 3aMCLUICHUA IIPAMOH NOCIe10BaTE/IBHO-
CTH CHHXPCHHYIO MallIMHY 2. 1eayeT yuecTs cBepxnepexoaHo O C (mpeasaputenpHO Hai-
JAEHHOH U3 NPEALIECTBVIOIErO PEKIIMA) H CBEPXIIEPEXOAHBIM COITPOTHBIICHUEM;

2) C DOMOILBIO ITPE0OPasCBAHUH ITPUBECTH CXEMBI K IPOCTEHINEMY BUOY H ONPEAEIHTD
AX® (cM. Tadn. 5.4);

3) onpelielliTh HaualbHOE JCHCTBYIOUICE 3HAYCHUE TOKA NPAMON NIOCICAOBATCIHLHOCTH
EH

[ _.0(5}

T X ot X

. 1%(6)
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4) onpeneNuTh 3HaYCHHE BCIUIHHEL [ | .. XapaKTEPHU3YIOIIEH JJIEKTPHYECKYIO YAa-
JICHHOCTB pacueTHOH TOYKH K3 OT CHHXPOHHOH MalUHHBI

— [ Sﬁ .
v 1n0(noM) ‘. 1n0{6) 3

110M

5) B COOTBETCTBHH C TUIIOM I'€HEpATOPa, €Ero CHCTEMBI BO30Y)KICHHUA M HAaHICHHbIM 3Ha-
yenueMm [ ... BbIOpaTh HEOOXOMUMYIO THIIOBYIO KPUBYIO K JUIA 3alaHHOIO0 MOMEHTA BpE-
MEHH OIPEAEINTh KO3PQHUIHCHT ¥

6) onpeneauTh HCKOMOE 3HAaYCHUE MEPHOANYECKOH COCTaBIIAIOIIECH Toka K3 OT CHHX-

POHHOHM ManIWHbI B 3aJaHHBIH MOMCHT BPEMEHH
— )
[ =m7y [ .1

In0(6)" 6 *

rae m™ — xkoapbunuent, 3aBucamui ot euga K3 (cMm. Tabn. 5.4).

5.10. Yuer usameHeHns napamerpoB KOPOTKO3IUMKHYTOM Lienu
NPY pac4eTe TOKOB KOPOTKOro 3aMbIKOHUS

5.10.1. [Ipu pacueTe MMHUMAJILHOTO 3Ha4YeHUs TOKa K3 11 NIpOU3BONBHOrO MOMEHTA
BPEMCHHM PEKOMEHAYETCS YUYMTBIBATh CONPOTUBIIEHHE IEKTPHUYECKOH OyrH B MecTe K3, a
TAKXKEC YUYUTHIBATH YBEJIHMYEHUE AaKTHUBHOI'O COIIPOTHBIICHHS HPOBOJHHKOB BCJICACTBHE HX
Harpesa TokoM K3 (apdekT Termnosoro craga Toka K3).

5.10.2. YdeT aneKTpU4eCKOH OyTH B MecTe K3 peKkOMEHAYETCA NPOU3BONUTH BBEACHHU-
€M B PAaCYETHYIO CXEMY aKTHBHOI'O CONPOTHBICHHS OYTH R .

AXTHBHOE CONPOTHBICHUE OYI'M B HaYaJIbHBIM H NPOU3BOJIBHBIM MOMCHTHI BPEMEHH
npu ayropoM K3 B anexTpoycTaHOBKaxX ¢ KaOCIBEHBIMHY JTHHHAMH HanpsbkeHueM 6 u 10 kB
NPpUOIMKEHHO MOXKHO OIPEACIIUTS 10 KPUBBIM, IPUBEACHHBIM Ha puc. 5.18.

[Tpu K3 na Bozaymnex muHugx 10-500 xB conporusneHue Q1yrd B Ha4aubHEBIH H IPO-
M3BOJIBHBIH MOMEHTEI BpEMEHH MOXET OBITH ONpPEAENCHO MO0 KPHBBIM, IPUBEICHHBIM Ha
puc. 5.19-5.21.

5.10.3. D¢ dexT TenmnoBoro crnana Toka TpexdazHoro K3 B npoBoaHHKE CEAYET yUHTHI-
BaTh B T€X CJIyYasX, KOrMa aKTHBHOE CONMPOTHBICHHE NPOBOAHHKA K MoMeHTy K3, R , co-
craBiseT He MeHee 20 % oT CyMMapHOro HHAYKTHBHOI'O COIPOTUBIEHUA Henu K3.

5.10.4. AXTHBHOE CONPOTHBIICHHE NMPOBOMHHMKA IIPH €r0 Ha4alnbHOH TeMmeparype ¥
onpeaenseTcs no GopMyne

T +10
R =R [—————,
T, +0,_
e R — MOroHHOE (ynensHOE€) aKTHBHOE COMPOTHUBIIEHUE TPOBOAHUKA, OM/M, IIpH HOP-
MHUPOBAHHOH TeMIIEparype ¥ _ ;
[ — IJIHMHA NIPOBOAHHKA OO MECTA IP<3, M;
T~ — YCIOBHAad TEMIEpaTypa, paBHasi: I Meau 7 = 234 °C, i amomunus ¢ = 236 °C.
5.10.5. TeMniepaTypy IPOBOAHHKA J0O KOPOTKOI'O 3aMBIKAHUSA PEKOMEHIAYETCS OIpeae-
JIATh 110 POpMYJIE

(5.46)

(7 Y
9, =| === (D, =) T s (5.47)
Lenr
roe [ — PacYE€THBHIH TOK HOPMAJIBHOIO PEXHMA, A;

HOPM. pacy
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R, *
OM /__

Lo/ |/
3,0‘—-~ A i

p <) WU — — |

2.2 — - / .
' Il

1.8 .

1,4

o4 I/
/ 15 kA

13

0.6 /
0 ,4 t . C
Rn’ B ' -
OM I =5KA §
04 015 40

Puc. 5.18. 3asucumoctb R =f (¢ ,1 ) npu K3 g% /
d 30

B 3JIEKTPOYCTAHOBKaX C KabeIbHBIMH JTHHUAMHU

HanpsokeHUeM 6 kB (CriomHpble KpUBBIE) U —
10 kB (NyHKTHPHBIE KPHBLIE) -'5'-',’, 40 A
Puc. 5.19. 3aBucumocts R =f(¢t__ ,I Yynpu K3 7 ull
uc. 5.19. =f(t_ 1 — - —
Ha BO3AYIUHLIX JANHHAX 35 kB (crmomiime Kpu- 0 0,05 0,1 LIS Lo ©

Bole) 1 10 kB (NyHKTHpPHBIE KPUBBIE)

— JOMYCTHMBIN TOK IIPOAOJLKHTEIILHOIO PEXXUMA /1 POBOIHHUKA JaH-
HOT'O CCUYEHHS, A;
~ COOTBETCTBEHHO JOINYyCTUMAas TEMIIEpaTypa IMPOBOAHUKE B [IPOJIOJI-

SOM.APOA

fon npoa OKp.HOM g
>KHTEJIbHOM PEXHME H HOPMHPOBAHHASA TEMIIEPATYPa OKPY KAIoIIei
cpennl, °C;

) — TeMIeparypa oOKpyxkarwnieh cpeasi, °C.

OKp
5.10.6. YeenndeHe aKTUBHOIO CONPOTUBIICHUSA IPOBOAHNKOB npH K3 crienyeT y4uThi-

BAThL ¢ NMOMOWEIO K03 duurenTa K
R, =R K, , (5.48)
rae K, — KO2(QQUIUEHT yBEIHYCHUA AKTHBHOIO COMPOTHBICHHUSA IPOBOAHHKA, KOTOPEIH

3aBHUCHT OT MaTepHalla, a TAKKe Ha4aJIbHOH H KOHEYHOH TeMIIEpaTyp MPOBOOHH-
Ka 1 ofpenesiseTcs o Gopmyne

T +U,
K, =——,
T +0,
rae ¥ u ¥ _ — COOTBETCTBEHHO HaYa/bHAsA H KOHEYHAA TEMIICPATYPhl IPOBOJHHKA.

(5.49)
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Ry,

Om
3.6 -

3.2 | L
[ =I5 kA /
28 S

" } | 20
V

2,0

\

— 30
16|

1,2 s
7 10

I =150 kA 0,8

0 005 01 015 02 r_,c

Puc. 5.20. 3asucumocts R = f (¢t _ , 1 )
npyu K3 Ha po3ayuHeix tuamax 110 kB (couow- , . .
Hble KpuBbIe) M 220 kB (MyHKTHpHBIE KpHUBbIE) 0 02 04 0,6 08 1,0: ,¢

Puc. 5.21. 3asucumocts R = f(t_ , 1 ) /
npu K3 Ha Bo3gymHeix nuHuax 330 kB (croni-
Hble KpuBbie) ¥ 500 kB (myHKTHUpHEIE KPHBEIE)

50
0,4

5.10.7. Pacuer Harpesa H30IUPOBaHHBIX MTPOBOIHUKOB IIPH NPOROJKUTENBHBIX K3 pe-
KOMEHAYETCS BBIIIOJIHATE C YYETOM TEIJIOOTAAYH B H30AUI0. HeobxoaumocTs yuera Ten-
JIOOTHAYM ONPEAETACTCS U3 COMOCTABJICHUS PACYETHOTO BPEMEHH HArpesa (¢ ) ¢ TaK Ha-
3bIBACMOH KPHTHIECKOH ITPONOIKHTENBHOCTBIO K3 (7 ), IpH KOTOPO# NpeHeOpexkeH e
TEIIJIOOTAAYCH B H3OJIALIHIO IPHBOAHT K NMOTPEIIHOCTH B pacuyeTax IPEBBILICHUS TEMIIEpa-
TYpBI IPOBOAHUKA HAJ Ha4YaJIbLHOM, paBHOU 5 %. Temoornauy clneayeT yYuThIBaTh, €CIH
Lorncs 2 Lomensp [INPHTHUECKAS NMPORXOKHTENBHOCTE K3 3aBHCHT OT ILIOIWAdH IONEPEYHOTO

CE€YEHUs MPOBOAHHUKA S H onpenenseTcs 1o GopMynam
— [I71g xabenen ¢ aTFOMHHUEBBIMH XKUJIaMHU

t _— 0,65:10=5; (5.50)
— 151 Xa0ener ¢ MEAHBIMU XXHJIAMHU
t - 1,22:104S. (5.51)

5.10.8. Koneunyro teMrieparypy Harpesa IIpOBOAHHKA Oe3 yueTa TeIIoO0Taa4H (anna-
OaTHyeckuii mpouece, ¥ ) npu MeTaingeckoM K3 MOXHO onpenesHTs 1o ¢popMyre

I’ t
U =(0 +P)exp [—-——K;‘Sz -1-0, (5.52)
! € B 5
rae [ — TOK MeTaJutHueckoro K3 B MOMEHT OTKIIOUEHHS, A, BEIYMCIIEHHBIH B COOTBET-
CTBHM C . 5.5;
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— IUIOLUAJb MOTMEPEYHOr0 CEUCHHUA TIPOBOAHHUKA, MM,
IOCTOSIHHAs, 3aBHCALIasl OT MaTepyana NPOBOJHHKA ¥ paBHas:
i Mean K, =226 A c'?/mm?;

na amomuHusg K, = 148 A ¢'?/mMm?;

[ - Benmuuuna, oOpatHas TeMuepaTypHOMY ko3 HureHTy conpotusieHus npy 0 °C,
K, paBHas:

g Mead 3= 2345 K;
A amoMuana f= 228 K;
€ — KO3(pOUUUEHT, YYUTHIBAIOUINH OTBOJ TEIUTa B U3onaunio. OH onpenensercs no

dopmyne
8=J1+F'A\/§+F2'B(é)’ (5.53)

rae £/ — KO3(QHUIIUEHT, YYUTHIBAKOUIMK HENOMHBIA TCINOBOH KOHTAKT MEXKAY ITPOBOJ-
HUKOM ¥ u3ossnuci. OH oOBIYHO NpHHUMaeTCs paBHeM 0,7;
A, B — >MIIMpHYECKHE NOCTOSHHBIE (M3MEPSIEMBbIE COOTBETCTBEHHO B (MMY/C)* # B MM?/¢),

OIIPpCACIAKOIIHEC TCPMHUYCCKHC XaAPAKTCPDHCTHKH OKPYXKAOIIHNX HJIH COCCOAHHUX
HCMCTAJVIHYCCKHX MATCPHAJIOB.

F“

_C o, . C
o \p, .\ p,

rae C, = 2464 mm/m; C, = 1,22 K-MM*/J1K;
0, — yhenbHas 00beMHas TEIUIOEMKOCTh TOKOIIPOBOMALIETO snemenTa, [x/(Km’), paBras:
ana Meau o, = 3,45:-10° Hx/(Km?);
nia amoMuHus o, = 2,5-10° JDx/(Km°);
O — yHaenbHas 00beMHAA TEINIOEMKOCTE OKPYKAKONIUX HIH COCEIHUX HEMETAIHYEC-
kux Matepuanos, [Hx/(Km?®), papHas:
Uit OyMaKHOH NPONUTaHHOH u3osauuH Kabeneit —o, = 2-10° hx/(Km?);
nns 1IBX usonauun xabenen —o, = 1,7-10° [Dx/(Km?);
p. — YIOEIBHOE TEPMHYECKOE CONPOTUBIIEHHE OKPYKAIOMIHMX HJIH COCENHHX HEMETAI-
nudeckux Marepuanon, KMm/BT, paBHoe:
A OyMaXHOH NPONUTaHHOM H30JIALMH Kabener p. = 6,0 KM/BT ;
ana [IBX uzonstiuuu kabenei 1o 3 kB BKIIOYHTENBRHO O = 5 KM/BT;
ceeie 3 kB p. = 6 KM/BT.

5.10.9. Koseunyio teMrieparypy Harpeaa NpoBOAHKKA 0€3 yueTa Tennootaaqyy npu K3
Yepe3 MMEKTPUIECKYIO Qyry u ¢ < 0,5 ¢ MOXKHO ONPEAETHTE 110 popmyae (5.52). 3nayeHue
TOKa 1yroBoro K3 B MOMEHT OTKIO4EHHS (] ) C y4ETOM BIIHAHHSA IYTH CIETYET ONPEAEIIATE
B COOTBETCTBHHM C 11. 5.10.2.

5.10.10. Koneunyro temiieparypy Harpesa xabens npH K3 ¢ yyeroM TeriooTaaqu B U301~
M0 PEKOMEHIYETCA ONPEAEIATH 110 GOPMYIE

9, =09, +(0,. -9,)n, (5.54)

> O
|

A

1€ 7 — KO3(QOHUUHECHT, YYHTBHIBAIOIIHH TEIIO0TIAYy B H30JIHI0. OH 3aBHCHUT OT MAaTEpHa-
la H CEYEHHI NMPOBOAHHMKA H NMPOOOLKUTEIBHOCTH K3; nms xabenen ¢ aTroMHHHEBBIMH
kunamu v [1BX uir OyMaskHOH ITpONUTAHHOH H3OMALHEH 3TOT KO3MOHUHEHT MOXKET OBITh

ONpENENEH M0 KPUBBIM Ha PHC. J.22;

71



n ] B ] T
0,96 t 8! -
0.94 5=240 mm?
0,92
185
0,90} 150
120
0,88 I~ ——] — 05
0,86 — - 70
0,84 - T 50
0,82 ]
25
0,80 T —
| $=10|mMm> 16 33
0,78 - ‘ '
0 05 1,0 15 20 25 30 35t .

otV

Puc. 5.22. 3aBucumocts 11 = f (¢) anda kabeneii ¢ [IBX u
OyMa’kHOH NPONUWTAHHON H30JALIMEN U aJHOMHHHECBBIMHA
KUIIaMU

5=25 Mm? 35 50 70 95 120 150 185

%o 7_} 1711

1,6 ' 0 MM

1,5

1,4

1,3|_. ._

/

1,2

1,1

1,0

0 4 8 12 16 20 24 281 xA

Puc. 5.23. 3aBucumocts K, = f (I , S ) nna xabenei ¢
ATFOMMHHEBbIMH KWJIAMH C YYETOM TEIUIOOTAAYH U COMPO-
THUBJICHHA YT

U . — KOHEYHas TeMIepaTypa
Harpesa NpoBOAHHKA 0e3 y4yera
TEIUIOOTAAYH, onpenenaseMas o
dopmyne (5.52).

5.10.11. Pacyet xoadpduiucs-
Ta YBEJIHMYEHUA aKTUBHOTI'O COMPO-
THBJICHHS Kabenen (K ) npu xyro-
BoMK3u¢ 20,5 cpekomMenayer-
Csl BBITIOJIHATE C YYETOM B3aHUMHO-
IO BIMSAHHA H3MEHCHHS aKTHBHOTO
COINPOTHBJICHMSA KHUJT KaOEIs U aK-
THBHOI'O COIPOTHBIICHHUS JICKTPH-
4ECKOH OYTH.

PacueTHbie 3HAaYEHUS KOIPDHU-
nuenTa K, Ui xabenen ¢ amoMu-
HHEBBIMHU JKHIIAMH MOTYT OBITH OII-
PEIEJICHBI IO KPUBBIM pHC. 5.23.

[Ipu UX NOCTPOCHUH IPUHSTO, UTO
v =20°Cut¢_=0,5c (crowm-
HBIC KPHUBBIE) U ! =1 C (MyHKTHP-
HBIC KPHUBEIC).

[Ipu npopomxurensHoctu K3
0,5 ¢ <t <1 c3Ha4YEHHE KO-
¢uunenrTa K, MOXeT ObITH Onpe-
AEJIEHO MPHUOIMKEHHO C IIOMOLUBIO
WHTEPIONALUU KPUBBIX.

[Ipu oTnu4uH HaYaIbHOH TEM-
neparypbl kabens OT yKa3aHHOMH
(U, =20 °C) xoa¢ppuineHT K, Mo-
KET OBITH IEPECYHUTAH C [IOMOLUBIO

(GOPMYIIEL

T +20°C
K =K 2 (5.55)
¢ (0,=20C) Tp+ﬂ'u

A€ Ky guezoeqy — 3HAYCHHE K03 (-

¢urmenra npu ¥ = 20 °C;
U — (haKTHYECKOE 3HAYCHUE

H

Ha4yaJbHOU TEMIIEPATYPEI.

3.11. lpumepsbl pacyeToB TOKOB KOPOTKOTO 3GMbIKGHUS

5.11.1. Onpenenutsh 3Ha4eHUE MEPHOANYECKOM COCTaBIsIOIIEH ToKa yepe3 0,2 ¢ mocine
MoMeHTa Tpexdasnoro K3 3a Onokom reneparop-rpascdopmarop.
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Hapame"rpbl redepatopa tina TB®-110-2EY3: P =110 MBT; cos ¢ =08, U =

HOM

= 10,5 kB; X....=0,189; mo K3 reneparop pabdoran ¢ HOMUHATEHOIL Harpymou ‘Te. 1(0]/1 = 1.

HapaMeTpm Tpanc¢opmaropa tuna TAL-125000/110: U = 10,5 %; n = 115/10, S kB.
PacyeTsl MpOBEAEM B OTHOCHTENBHBIX CAMHHLIAX TPH cneﬂymmux 0a3UCHBIX YCIOBHAX:
S,=P Jecos @ =110/0,8 = 137,5 MB-A; basncHble HanpsKeHUs Ha CTOPOHAX 0OMOTOK

Bmcmem H HU3ILIETO HaIpsLKEHUH TPAaHC(HOpMATopa NPHHUMAEM COOTBETCTBEHHO PABHBIMHU:
U, =115 kB; U, = 10,5 kB, Oasucusiil TOK Ha CTOPOHE OOMOTKHM BBICILETO HAPHKEHUA

S, 137,5

[, =-— = ——=—— = (,69 KA.
J3U,, V3115
[Ipu yka3aHHBIX YCIOBHAX 110 Qopmyne (5.3)
=,(1+1-0,189-0,6)* +(1-0,189-0,8)* - igi 1,1236;
HHIAYKTUBHBIC CONTPOTUBIICHUS I'E€HEPATOPa H TpaHCcHopMaTopa COOTBETCTBECHHO PaBHEL
X I‘(ﬁ}: X” d(nom) Sﬁ = 0:189 13755 = 0:1 89;
‘ " S 137,5

HOM

gl S 1051375 )46
100 S, 100 125

nod3ToMy X ;5= X 1ot X 6= 0,189 +0,1155=0,3045.

e I(6) 6
HayanpHoe 3HaueHHue nepuonuqecmﬁ cocTapisouien Toka K3

Ell -
{nﬂ{ﬁ]: — = 1’1236 = 3:69:
X oo 0,3045
[IO3TOMY 5
o= 1 gt =360372 369,
) " S 137,5

HOM

B coOTBETCTBUM ¢ KPUBBIMH Ha pHC. J./ nipu ¢ = 0,2 ¢ ko3P PuuueHt ¥, = 0,82, 1o3TOMY

[ =y I I =0,82-369-0,69=2,083KA.

: HD{E} On

5.11.2. [insa cuCTEMBI aBTOHOMHOIO 3JIEKTPOCHA0XKEHUS OIIPEAENNTh HaualbHOE 3HaYe-
HUE MEPHOAUYECKON COCTABRIAIOUICH TOKa TpexdasHoro K3 CHHXpOHHOrO reHeparopa u
€ro NepHoOJHYECKYIO COCTABIAIONIYIO TOKA K MoMeHTy otkmouerus 0,5 ¢ npu K3 B kabens-
HOW JTUHHUM, CBA3BIRAIOIUECH I'eHEPATop CO COOPHBIMHU WIMHAMH.

[Tapamerpei reneparopa Tima CIJIC 15.54.8: P =1600kBt,cos@ =0,8,U  =6,3 kB;

A" e =0,159; R =0,0054; no K3 reHepaTop pa60'raJI ¢ HOMHHATBHOI Harpy3xc0u T.C.
[ /I =1,

{0} 1HOM

[TapameTpel KkaOenbHOH NMUHMH: THI Kabeas AALLUB-3x150; X = 0,074 OM/KkM;
R, = 0,206 Om/xm; [ = 300 M.

P aCYCThI HpOBCIle\{ B OTHOCHTCJIbHBIX CAHHHIIAX IIDH CIICAYIOUINX Da3HCHBIX yCJ10BH-

ax: S, =P /cos@ =1600/0,8 =2000kB-A; 6asucHoe Hanpsxenue U, = 6,3 kB, 6asuc-
HBIN TOK

[=—2 =20 _1835A.

J3U, 3-63



[Ipu yxa3aHHBIX yCTIOBHAX N0 QopmMylie (5.3)

0,3

E"  =(1+0,159-0,6)* +(1-0,159-0,8)’ e =1,1;
MHAYKTHBHOE U aKTUBHOE CONPOTHUBIICHHUS IeHEpaTopa U Kabenst COOTBETCTBEHHO PABHEL:
S,
X o= X" poy—=0, 1592220 _ 0,159;
PO e g 2000
2
R.=R_.. 2e _ 0,0054 200 _ 00054
e aten g 2000
X o= Xﬂl—‘—g—; -0,074-03222219 _ 0011
' U 6,3
R..=R, %5~ 0,206- 0,3M = 0,003,
' U 6,3
[IO3TOMY Zso=R o R j(X + X m)

=0,0054 + 0,003 + j(0,159+0,0011) =0,0084 + j0,16.
HavansrHO€ 3HaYeHNE NEPHOAMYECKOH coCcTaBaoneH Toka K3
EH 1 1

E{ﬁ] \/—00842 + 0 16°

B cOOTBETCTBHH ¢ KPHUBBIMH HA puc. 5.7 mpu ¢ = 0,5 ¢ koaddunuent y, = 0,33,
nmostomy I =y 1 .1 =0,5-6875-183,5=6938 A.

5.11.3. Paccumnrary 3HA4YCHUS NEPUOANICCKON COCTaBIIsIOMEH Toka K3 B HavanbHbIN
MOMEHT U IIPOU3BOJILHEIM MOMEHT BPEMEHH B CHCTEME COOCTBEHHBIX HYXH 6,3 kB mpu
TpexdazHom K3 B KoHiie KaOCIbHOM JTHHUM ¢ YYCTOM TEIJIOBOIO Criaja NMpHU MeTalnuyec-
KOM H Oyrosom Ka3.

Tpancdopmarop CH: TPAHC-63000/35, U _ . =12,7%; U =40 %.

k HHI-HH2

Kabenpnas muuua: [ =300 M; 5 = 3x150 mm*; R = 0,206 MOM/M X = 0,074 MOm/m;
HAYaJIbHAaA TemnepaTypa Kabens 13 35 °C. BpeMﬁ cpabaTpIBaHMA peﬂeHHOH 3ALUTHI
t ;= 0,35 ¢; nonHoe Bpems oTKITIOYeHHsS nermn K3 t =035+0,12=047c.

" AxTHBHOE CONPOTHBIICHKE Kabens npu ¥ = 35°C onpeaensercs no popmyne (5.46):

T +3
R =R = leﬁ ——=0,206- 0,,3--3’)’—'?’-9-4:—32 = (0,065 OwMm.
T + 9 236+ 20

P HOPM

J =

» "O‘(ﬁ}

- =6,875.

NHOyKTUBHOE CONIPOTUBIICHHE Kadend
X=X, l=0074-0,3=0,022 Om.

Conpomaneﬂne TpaHchopmaropa CH ¢ pacmienieHHONR Ha OBS ueny 0OMOTKOU HM3-
IIETO HANPSKEHUS IIPU KOIQQHUUHEHTE pacIlieIVICHHS, DPABHOM

LI&:HH 1-HH2 40 %

K = = =3,15;
U e 127%
U % U?
XHHI=‘YHH2=0!5KPM'U "'05 315£Z *6—3—'"0126 OM
100 § 100 63

T.JvoM
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U s % 2
X, = () 025K | = 12
100 S... 100

CyMMapHOE MHAYKTHBHOE CONPOTUBIIEHHE Ueny K3
X=X, tX,  +X_ =0017+0,126 + 0,022 = 0,165 Om.

HH]
Hocrconbky R /X, = O ,065/0,165 = 0,39 > 0,2, HeoOX0OAUMO YUHTHIBATH TEILIOBOH CrIaj
Toka npu K3 B Ka6eHBHOH THHUH.
HauanbHoe neicTByrolee 3Ha4eHHE NEPHOANYECKOH COCTABIIAIOLICH TOKa TPEX(Pa3HO-

ro Merannu4deckoro K3 cocrasiseT:

6,3
63

——(1-0,25-3,15)

=0,017 OMm.

[ym—et = =70,57 KA.
V3JRL+ X2 /340,065 +0,165

JeiicTByIO1ICE 3HAYEHHE IEPHOOUYECKON COCTABIIAIOILEH ToKa K3 K MOMEHTY OTKITIO-
yenus £ = 0,47 ¢ (0e3 yuera TENIOOTAa4M B H3OIALMIO Kabens) COCTaBMACT:

o 6,3 ==19,5KA,

“TBIR, K,y + X 340,065 1,48)° +0,165

rae K03O(QHULUHEHT yBEIHYEHNSA aKTHBHOTO CONPOTHBIICHHUA XM Kabenis K, B COOTBETCTBHH
¢ hopmynok (5.49) pasen:

/

T +0
K, =_£___ﬂ=w=1,48‘
T +U, 236+ 35

Kone4nas Temneparypa »xun kabena ¥ npu I =1 B COOTBETCTBHH ¢ PopMynon
(5.52) paBHa

It |
ﬁ:ua :(ﬁu +ﬁ) exp K:Szml’ '_ﬁz
47
= (35+228) exp 20-5-72——9 120 - 228=165,7°C,
148 150 -]

rae 3HadeHe kodduiyenTa € onpeaenscTca no gopmysae (5.53):

e= |1+ FA | o +FEB(E“—“""—-)=
\ VS S
=.[1+0,7-0,574 9-—‘37-+072 0165(047)—1,0,
\ V 150 150

rac

A==—g—- Ji=“_2464 R0 =0,574 (Mmm*/c)?;

B=_2..EL_}_2_2_._11_IQ_=0165MM /C
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s perieHds Bompoca 0 HeOOXOAUMOCTH y4eTa TEIUIOOTAAYH ONpPEHessieTCs] KPUTH-
yecKas npononkureabHocTh K3. B coorBeTcTBHH ¢ hopmynoi (5.50)

¢ =0,65:10*150= 0,975 c.

OTKJI.KP

YuureBas, yrot  =047c<t =0,975c, TeNI00TAaTy B H3OIALHUIO YYHTHIBATH HE
CIIENYET.

[Ipu onpenenenuu Toka ayroporo K3 conpoTuBieHHE AYTrdH HAaXOAHM MO KPHBBIM
puc. 5.18, tne pa [, = 20,57 kA ut__=0,47 cumeeM R = 0,073 Om.

[To xpuBBIM pHLC. ’5.23 npu ¢ = 20 0 °C nmeeM K, =1 5u6 [Iepecuer koapdhruenTta K, K
(paKTHYECKOMY 3HAYCHHIO HAYATEHOM TEMIICPATyPEI (19 =35 °C) BemoHsAeM 110 popmyrie (5. 55)

K,=K,, po———=156""—"=147.
PO T+, 236 + 35

JlencTByroniee 3HaYCHUE NEPUOAUUECCKOU COCTARIAIOLUECH TOKA K MOMEHTY OTKITIQUE-
HUA ayrosoro K3 cocrasiser:

U 6,3
I =— HH__ _ D .
V3J(R,-K, +R )+ X2 /3(0,065-1,47 +0,073)* + 0,165’

Taxum obpa3oM, yBenu4yeHne akTHBHOTO COIIPOTHUBIIECHUS Kabesl IPH MEeTaJUIHYECKOM
K3 camxkaer Tok K3 x MmoMenTy otkmrouenuns Ha 6 %, mpu ayroBom K3 — na 25 % no
CPAaBHCHHIO CO 3HAYECHHUEM TOKA B Ha4YaJIbHBIM MOMEHT K3.

5.11.4. Onpenenuts TOK nNpu TpexdaszHoM K3 B KoOHIE BO3AYIIHOH JTMHUH |10 xB muHoM
10 kM, ecnu Tox K3 B Havane munaun cocrasisier [ = 25 kA, Ha JluHHH dnekTponepe ays
HCIIONB30BaHBI ATIOMHHHEBBIE IPOBOJA CCYCHHEM 95 MM?, U1 KOTOPBIX R = 0,315 OM/KkM 1
X, = 0,434 Om/km. Hayanpnas Temmeparypa npoBOAOB JIMHHUHU COCTABNISET 19 =30 °C. I1on-
HOE Bpemsi oTionoucHus e K3¢ =05 c.

AKTHBHOE COMPOTHUBJICHHE HpOBOI[OB muHMH 1pH ¥, = 30 °C onpexnensercs 1o ¢pop-
Myie (5.46):

= 15,43 KA.

T +V
R =R R J———=0,315- 10236+30“3370M

T, +0 236+ 20

HOpM

HHayxTHBHOE CONPOTUBIICHHUE NIPOBOJIOB
X, =X, 1=0,434-10=4,34 Om.
ConpoTHBIIEHHE MUTAIOIEH CHCTEMBI
U 110
Xc — Cp.IOM —
319 J3.25
[lockoneky R /X = 3,27/(4,34+2,54) = 0,475, T.e. aKTHBHO€E CONPOTHBIICHHE [TPOBO/-
HHKa cocTasiser bonee 20 % cyMMapHOTro HHAYKTHBHOIO CONPOTHUBICHUA Lienu K3, He0O-
XOAHMO YYHTBIBATEH TEIUIOBOM crial Toka npu K3 Ha JIMHHH.

Haganenoe geiicTByroniee 3HaYE€HHE NNEPHOAHYECKON COCTAB/IAIOLIEH TOKA METAJUIH-
yeckoro K3 cocrasnser:

= 2,54 Om.

fg= e =837xA.

" V33,37 + (4,34 +2,54)’

KoHeunas Ttemmeparypa HarpeBa IpOBOHOB JTHHHH K MOMEHTY €€ OTKJIIOYCHHUS IpH
Im = Inﬁ COCTaBIAET
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I- jzl . r‘fm-'i'Tl'.Z.I"l _‘

¥ =9 +pB)exp — =

KfS;e:"'Jr
' 837°.10°-05
= (304 228) exp Q?—-—-—-—-—}- —228=80°C.
o - 148°.95°-1° |
PH 3TOM
K, =_2_3_6__t§9__—_15166‘
236+ 35

JleMcTBYrONIEE 3HAYEHHUE NEPHOANYECCKON COCTAaBIAOMENR TOKa K3 K MOMEHTY OTKIIIO-
YEHHUA COCTABIISIET:
npu Metanndeckom K3

J =

mt

110
343,27 1,166)" + (4,34 +2,54)°

npu gyrosoM K3 (R =2 Om, onpenesieHo 1o KpHBEIM pHC. 5. 20)

Im _— — — ..:.':Cpml-hI . - —_—
V3J(R.K, +R) +(X. +X,)’

= 119 == 7,064 KA.

S3J(327-1166+2)" + (434 +2.54)

YMmenblueHHAE ToKa K3 noa BIUSAHUEM TETLIOBOro Caga v 3JIEKTPUYSCKOH IYTH COCTaB-
nser 16 %.

6. PACHET TOKOB KOPOTKOIo 3AMbIKAHUS
B JNNIEKTPOYCTAHOBKAX NMEPEMEHHOIO TOKA
HANMPSOXEHUEM O 1 KB

6.1. MpuHumaemsoie gonyuieHus

[Tpu pacuerax TokoB K3 B 3neKTpOyCTaHOBKAX NMEPEMEHHOTO TOKA HANMPXKEHUEM 0
| kB nonyckaercs:

1) ncnonep30BaTh YIPOILEHHBIE METOABI pACYETOB, €CIIH UX ITOTPEINHOCTD HE IPEBHILUA-
eT 10 %;

2) MAKCHMaJILHO YAIPOIUATh H 3KBHBAJICHTHPOBATh BCK BHEILIHIOIO CETh MO OTHOUIE-
HHIO K MeCTy K3 ¥ MBAHBUIAYANIBbHO VYUTHIBATHE TOJNBKO aBTOHOMHBIE HCTOYHUKHU
3JICKTPOIHEPTUH U 3IIEKTPOJABUTATENIH, HENMOCPEACTBEHHO NPUMBIKAKOIIKE K MecTy K3;

3) He YYUTEIBAaTh TOK HAMarHHYHBaHHUS TPAHC(POPMATOPOB;

4) He YYHUTHIBAaTh HACHIIICHHE MATHUTHBIX CHCTEM 2JIEKTPHYCCKHX MAIllHH;

5) npuHHUMaTE K03()(PUIHEHTHI TPAHCHOPMALHUH TPAHC(HOPMATOPOB PaBHBIMH OTHOLIE-
HHUIO CPEOIHHX HOMUHAJIEHBIX HANPSDKEHHHA TEX CTYIIEHEH HANIPSKEHUS CETEH, KOTOPBIE CBSA-
36IBAIOT TPaHCPOpMaTopsl. [IpH 3TOM ClieyeT HCNOIB30BaTh CASAYIOUIYIO KAy CPEIHHX
HOMUHIBHLIX HanpsokeHun: 37; 24, 20; 15,75; 13,3; 10,5; 6,3; 3,15; 0,69; 0,525; 0,4; 0,23;

6) HE YYHTHIBATh BIHSIHUE CHHXPOHHBIX H ACHHXPOHHBIX JIEKTPOABUIATENEH HITH KOM-
[VIEKCHOM Harpy3KH, €CIIH MX CYMMAapHbIH HOMHHAJIBHBIA TOK He MNpesermacT 1,0 % Ha-
4aJIbHOI0 3Ha4YCHUS [IEPUOAUUIECKOU cocTapnsomie Toka B Mecte K3, paccuuransoro 6e3
y4eTa JICKTPOABUIaTe/Ied WIIM KOMIIEKCHON Harpy3KH.
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6.2. Pacuer HOHAQNIBHOrO 3HAYEHUA NEPUOAUYECKON COCTaBASIOLLLEN
TOKA TPeXPa3HOro KOPOTKOro 3amMbIKaHUS

6.2.1. Toxu K3 B anexrpoycraHoBkax HanpsokeHueM o | kB pexoMenayerces paccuu-
THIBAaTh B HMCHOBAHHBIX €IMHUIIAX.

[1pu cocTaBIEHHH 3KBUBAJICHTHBIX CXEM 3aMELUEHUS [TapaMETPEI 3JIEMEHTOB UCXOAHOH
PACYETHOH CXE€MBI CIIEAYET INPHUBOAUTD K CTYIICHH HANIPAYKEHMUSI CETH, Ha KOTOPOH HAXOQHT-
ca Touka K3, a akTHBHEBIE U HHIYKTUBHBIE CONIPOTHUBIIEHUSA BCEX JJIEMEHTOB CXEMEI 3aMEILIE-
HUS BBIPAXXaTh B MUJUJIHOMaX.

6.2.2. Meroquka pacyeTa Ha4aJIbHOTO ACHCTBYIOWIETO 3HAYEHUS ITEPHOOUUYECKOUN CO-
cTasnstoulei Toka K3 B anexrpoyctaHoBkax 10 1 kB 3aBUCHT OT criocoba anexTpocHadxe-
HUS — OT 3HEPrOCUCTEMEBI HIIH OT aBTOHOMHOI'O HCTOYHHKA.

6.2.3. IIpu pacyere TokoB K3 B 371eKTpOyCTaHOBKAX, MMOJIYYAIOIUHX ITHTAHUE HENOCPEA-
CTBEHHO OT CETH JHEPrOCUCTEMBI, JONYCKACTCSA CYMTATD, YTO MOHMKAOIKE TpaHCPOpMa-
TOPBI NOAKIIOYEHBI K HCTOYHHKY HEH3MEHHOTO M0 aMIUIATYAC HaNpsOKEHUs Yepe3 3KBUBA-
JIEHTHOE€ UHAYKTHBHOEC CONPOTHUBJICHHE.

3HaYEeHUE ITOr0O CONpPOTHBIECHHA (X ), MOM, IPUBEACHHOC K CTYIICHH HH3LIETO HANpPs-
)KCHHUA CETH, CJIICAYET PACCUUTBIBATE 11O (GOpMYIIE

X = [-]—"515———— = o 107, (6.1)
\/5 ! xBH Ucp BH S:
rne U ., — CpelHee HOMHHAJIBHOE HAIIPSHKEHUE CETH, MOAKIIOYEHHOH K OOMOTKE

HHU3IIErO HAMPSKEHUs TpaHcHOpMaTopa, B;

U su — CpeaHec HOMHUHAIBHOE HANPXKCHHUE CETH, K KOTOPOH MOAKIIOUCHA 00-
MOTKA BBICLLIEIO HAIlpsHKEHUS TpaHcdopMmaropa, B;

I =1 .  — JEHCTBYIOLIEE 3HAYCHHE IEPHOANIECKOM COCTABIIAIOLICH TOKA IIPH Tpex(has-
HOM K3 y BbIBOAOB. OOMOTKH BBICIUEIO HANIPSDKEHUA TPaHCHOPMATOPA, KA ;

S — YCJIOBHaAd MOHIHOCTBH KOPOTKOIO 3aMbIKaHHS Y BEIBOJOB OOMOTKH BBIC-

LIEro HanpsbKeHUs TpaHcpopmaropa, MB-A.
[TpH OTCYTCTBMM YKA3aHHBIX JAHHBIX 3KBHUBAICHTHOC HHIYKTHBHOC CONPOTHRICHUE
CHCTEMBI B MUJITHOMAX JOITYCKAeTCS paCCYUTEIBATE 110 GOpMYyIie

2
X = ___U___f”’_“‘_‘_.____., (6.2)
"/g ! OTKAHOM Ucp BH
— HOMHHAJIBHBIH TOK OTKJIXOUECHHS BBIKJIIOUATEIA, YCTAHOBJIIEHHOI'O HA CTOPOHE
BBICLIErQ HANPXKEHUS IMOHWKAOIIETO TpaHChOopMaTopa.

B cny4asx, xorga moHHXKAOMUK TpaHCHOPMATOP MOOKAIOYECH K CETH IHEPTOCUCTEMEL
4yepes peakTop, BOAYIIHYIO MIH KaOeIbHYIO MUHHIO (MIHHOH 0osee 1 KM), HEOOXOOUMO
YUYUTHIBATh HE TOJIBKO UHAYKTUBHEIC, HO U AKTHBHBIC CONPOTUBIICHUA 3THX ICMEHTOB.

6.2.4. IIpH 3neKTpOCHA0KEHHUH 3IEKTPOYCTAHOBKH OT SHEPTOCUCTEMBI UEPE3 ITOHUKA-
IOILMHA TpaHCPOpMAaTOp HadalbHOE JEHCTBYIOIEE 3HAYECHHE NIEPHOAUYECKOH COCTABIIAIO-
IeH ToKa Tpexpasnoro K3 (/ ) B kunoamnepax 0e3 y4eTa NOANUTKH OT 3NEKTPOJABHIaTe-

JICH CIIE€NAYET paCCYUTHIBATEH IO DOPMYIIE

[ = -———-————-———U’“"’””
0 2 ik
V3 YR+ X
IIe UcpHH ~ CpeJHEe HOMHHAIBHOE HAIIPSXKEHHUE CETH, B KOTOPOH ITPOU30UIIO0 KOPOTKOE
3aMbiKadlie, B;

rae /

OTKILLHOM

(6.3)
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R ., X . — COOTBETCTBEHHO CYMMapHOE aKTUBHOE X CYMMAapHOE HHAYKTHBHOC CONpO-
TUBNIEHHUS NIPSIMOM NocnenoBareabHOCTH Henu K3, MOM. DT conpoTHBIic-
HUSA PABHBI.

RIZ - RT T Rp +RTA +RKB +R1u T RI'{ T th’ﬁ T RBJI +Rﬂ

H
XIE=X +X +X X +X +X +X _+X
c T p TA KB Lt k6 an’
rae X — 3KBHUBAJIECHTHOE HHAYKTHBHOE CONPOTHBICHHE CUCTEMBI 10 ITOHHKAKOLIETO
TpaHcpopMaTopa, MOM, IPUBEACHHOE K CTYIIEHH HU3LIETO HANPSKCHUS,
R nX — aKTHBHOE M HHIYKTHBHOE COIPOTHBJICHHS IPSIMOH MOCICAOBATEIBHOCTH
NOHWXamoUero Tpaschopmaropa, MOM, IPUBEACHHBIC K CTYTICHH HU3LIETO
HaNpsHKEHUS CETH, X PACCUHTHIBAIOT MO (POPMYJIaM:
P U;
_ t HHuoM 6,
R, = “___"52 10°; (6.4)
i T HOM
(100P_ ) U:
XT — u: _ X HOM HHuom 104 : (6'5)
\ \ STHUH STJ!EHI
rmesS_ - HOMMHAJIbHAA MOIHOCTH TpaHcdopMaropa, kKB A;
om ~ MOTEPH KOPOTKOI0 3aMBIKaHUA B TpaHCchopMaTope, KBT;
— — HOMHHANBHOE HANPSHKEHUE OOMOTKH HU3MIETO HAMPSPKECHUA TPAHCHOp-
Maropa, kB;
U ~— HanpsKeHHE KOPOTKOro 3aMbIKaHHA TpaHchopMaropa, %o;

Ri L, MX ~ — aKTUBHOE U MHIYKTHBHOE CONMPOTHBICHMS NEPBUYHBIX 0OMOTOK TPaHC-
¢opmaropoB Toka, MOM, 3Ha4YE€HHUA KOTOPBIX NPUBEACHBI B IIPUIIONKE-
Huu 5 TOCT P 50270-92;
Rp U X,p — aKTUBHO€ U HHAYKTHBHOE COIPOTHUBIIEHHUA peakropa, MOM.
AKTHUBHOC COIIPOTHUBIICHHE TOKOOIPAaHMYUBAKOIIEIO peakTopa CIeNyeT pacCUHThIBATh
o popMyIe

AP
R =—>=10°, (6.6)
I.s.
leﬂH
roe AP — NOTEPH aKTUBHOH MOIIHOCTH B (pa3ze peakropa NpH HOMHUHAJIBLHOM TOKE, BT;

P HOM .
— HOMHHAJIBHBIN TOK PCAKTOPA, A.

I
HOM
I/pIHﬂyfcrnBHoe CONIPOTHUBIIEHUE PEaKTOpa (Xp ) CeayeT NPUHUMATh, KaK YKa3aHO H3ro-
TOBHTEJIEM, HJTH ONPEOEIIATH 10 (OPMYIIE

— . 3
X =, (L-M)-10° (6.7)
rae . =27 — yIioBas 4YacTOTa HANpPsOKEHHA CETH, pall/c;
L — HHIYKTHBHOCTH KaTyLUIKH peakTopa, [ H;
M — B3aHMMHasg HHIYKTHBHOCTbH MEXAY (Paszamu peakTopa, I H;
R WX = — aKTHBHOC H HHIYKTHBHOE€ CONPOTHBJICHHA TOKOBBIX KAaTYIIEK H IEPEXOAHBIX

COIMPOTHURIICHUH IMOIBHXKHBIX KOHTAKTOB ABTOMATHYECKHUX BBIKJIIOYATE e,
MOM, 3HaUEHH KOTOPBIX ripuBeacHbl B ipuioxkeHnu 6 T OCT P 50270-92;
R nX  — aKTHMBHOE ¥ UHJYKTHBHOE CONPOTHBICHHSA MIMHONIPOBOAOB, MOM. Peko-
MEHIYEMBIH METOJ pacuyeTa COIPOTHUBJICHHH IIHHONPOBOIOB U NapaMeT-

Pbl HEKOTOPBIX KOMIUIEKTHBIX ITHHOMIPOBOI0B IIPUBEACHBI B IPHIOKEHHH
1 T'OCT P 50270-92;
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R — CYMMAapHO€ aKTHBHOE COITPOTUBJICHHE PA3/IMYHBIX KOHTAKTOB M KOHTAKTHBIX
COCIUHEHUH, JaHHBIE O KOTOPBIX MNPUBEICHBI B NP<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>