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YTBEPXX/JIEHbBI [enapraMe€HTOM CTpAaT€rMd pa3BUTHUS W HAYYHO-TEXHUYECKOM MOJIMTUKU
23.03.1998 r.

IMPEANCJIOBHE

PykoBopsmue yka3aHUsl MpEeAHA3HAYCHBI IS HCIOJIB30BaHMS HHXEHEPAMH-3HEPI€THKAMHU IIPH
BBINTOJIHEHHNH UMH PacyeToB TOKOB KOopoTkoro 3ambsikaHus (K3) m mpoBepke 3mekTpooOOpyIoBaHUS
(IPOBOJTHUKOB M 3JIEKTPHUYECKUX anmapaToB) o pexunmy K3.

PykoBomsmye yka3aHHs BKIIOYAlOT B Ce0s METOABI pacueTa TOKOB CHMMETPHYHBIX H
HecumMMeTpuuHbIX K3 B a1ekTpoycTaHoBKax HampsbkeHHeM cBbie 1 kB u 1o 1 kB, meTons! mpoBepku
MIPOBOJIHUKOB M 3JIEKTPHUECKUX allapaToB Ha 3JIEKTPOJMHAMHYECKYIO U TEPMHUYECKYIO CTOHKOCTh U
METO/IbI IPOBEPKH AIICKTPUUECKHUX alIapaToB Ha KOMMYTAIIMOHHYIO CIIOCOOHOCTD.

PykoBonsmue ykazaHus HE NpeIHA3HAUCHBI IS MCHOJIB30BaHMSA MpU pacdyerax TokoB K3 mms
HeNiell pesleiHON 3aIuThl U aBTOMATHKH B CIEHM(UYECKUX YCIOBHAX (HATUYWE JUIMHHBIX JMHUN
3JEKTpONepesaur, MPOAOJIbHON M TONEPEUYHOM KOMIIEHCAllUM, HEJIMHEWHBIX 3JIEMEHTOB B LEIU;
JIBOMHBIE, TIOBTOPHBIC, BUIOM3MEHSIONINECS U CIIOXKHBIe BUIBI K3 U T.11.).

Jlannsle PykoBomsmiye yKazaHWsS CYIIECTBEHHO OTJIMYAIOTCS OT paHee JAEHCTBOBABIIMX
AHAJIOTMYHBIX HOPMATHBHO-TEXHUYIECKUX JOKYMEHTOB, TAKUX KakK:

a) PykoBomsiiue ykazaHusi IO pacyeTy TOKOB KOPOTKOTO 3aMBIKaHHS W BBIOOPY MO PEXHUMY
KOPOTKOTO 3aMbIKaHMsI amnapaTtypbl M IPOBOJAHUKOB B JJIEKTPHUUECKUX YCTAaHOBKAX BBICOKOTO
Hanpspkerus (M.: TOU, 1944. - 51 c.);

6) PykoBopsmue yka3aHus IO pacueTy KOPOTKHMX 3aMbIKaHHUM, BBIOOPY M MPOBEPKE aIlapaTtoB U
MIPOBOJIHUKOB I10 YCIOBHUSIM KOPOTKOTO 3aMbIkaHus (1-s pen. M.: MOU, 1975. - 331 c.).

B HacTosmeM, TpeTbeM M3JaHUM PyKOBOASIIUX yKa3aHWH, YYTEHBI MOJKENAHUS IOJIb30BaTelNeil:
M3MEHEHa CTPYKTypa JOKyMEHTa, pa3paboTaHbl METObI pacdyera TokoB K3 ¢ ydyeTom cnenuduiaecknx
MapaMeTPOB COBPEMEHHBIX 3IEKTPUUECKUX MAIIMH M UX CHCTEM BO30YXICHHUS, JaHbl PEKOMEHAANN
MO y4eTy JJIEKTPUYECKOW Jyrd, HarpeBa M MepeMenieHus] TMOKMX NMpoBOAHMKOB npu K3, BiumsHus
KOMIUIEKCHOH Harpy3ku Ha Toku K3.

[IpuBonsATCS HOBBIE KPHUBBIE M3MEHEHHSI BO BpeMeHH TOKOB K3 reHepaTtopoB pasinM4HBIX CepHi C
pa3IUYHBIMH CHCTEMaMHM BO30YKIeHUs. BKIOueH MaTepuan 0 TEpMHHAX M ONPEAEIECHUAX B 00IacTH
KOPOTKMX 3aMbIKaHUII B 3JIEKTPOYCTaHOBKaX, O OYKBEHHBIX OOO3HAYCHUSX BEJIMYHMH, a TaKXKe
MaTepuai o npuMeHeHnr OBM npu pacuetax TokoB K3.

Bce ocHoBHBIE pa3zzmensl PykoBomAmMX yKa3aHHH WIUTIOCTPHPYIOTCS TPHUMEPaMH  PEIICHHS
XapaKTEpHBIX 3a7ad.



PykoBojsiie yka3aHusi pa3paOOTaHbl aBTOPCKMM KOJUIEKTHBOM B CIEIYIOLIEM COCTaBe: J.T.H.,
npo¢. Heknemaes Bb.H. (pykoBomurens pabothi), K.T.H., mpod. KproukoB W.II. (oTBeTCTBEHHBIH
UCTIOJHUTEN), A.T.H., Tpod. XKykos B.B., n.1.H., mpod. Kynpssues E.I1. (. 7.4; 7.6.4), K.T.H., I01I.
Kysnernos H0.I1.

1. BBEJIEHHE
1.1. O6mue mMoJ10KeHus

1.1.1. JIng SJeKTpPOyCTaHOBOK  XapakTepHbl 4  peXuMmMa: HOPMAaJbHBIN, aBapHIHBIM,
[I0CJICABaPUIHBIA U PEMOHTHBIH, IPUYEM aBapUMHBIN PEXUM SBIIACTCS KPATKOBPEMEHHBIM PEXUMOM,
a OCTaJIbHBIC - POJOJIKUTEILHBIMU PEKUMAMH.

1.1.2. DmnexTpooOopyaoBaHME BBIOMpAcTCA IO TapaMeTpaM IMPOJOIDKUTEIBHBIX DPEXHMOB U
MIPOBEPSAETCS MO MapaMeTpaM KpaTKOBPEMEHHBIX PEKHUMOB, OMPEAEISIOIIMM M3 KOTOPBIX SBISETCS
PEKHM KOPOTKOTO 3aMbIKaHUSI.

1.1.3. Ilo pexumy K3 nsmexkrpoobopymoBanne mpoBepsieTcs Ha DICKTPOIUHAMHYECKYIO U
TEPMHUYECKYIO CTOWKOCTh, 8 KOMMYTAI[HOHHBIE almapaThl - TAK)Ke Ha KOMMYTAlMOHHYIO CIIOCOOHOCTb.

1.1.4. YunTeIBast AUCKPETHBIA XapakTep M3MEHEHHUs MapaMeTPOB UIEKTPOOOOPYIOBAaHHMS, pacdeT
TokoB K3 11 ero mpoBepku JOMyCKAaeTCsl NPOU3BOAWTh NPHONMKEHHO, C MPUHITHEM psija
JIOTYIIEHHH, TIPX 3TOM MOTPEIIHOCTh pacyeToB TOKOB K3 He nomkHa npessimiats 5—10 %.

1.1.5. PykoBojsuye yka3aHusi COrJlIacoBaHbl C AEUCTBYIOUIMMH ['0CyAapCTBEHHBIMU CTaHAAPTAMU
B 00JTaCTH KOPOTKUX 3aMBIKaHHUH, a Takxke ¢ [IpaBmiaMu yCcTpoicTBa 3JEKTPOYCTAHOBOK:

- T'OCT 26522-85. KopoTkue 3aMbIKaHHs B 3JIEKTPOYCTaHOBKaX. TepMUHBI U onpeaeneHus. — M.:
W3n-Bo crannapros, 1985. — 17 c.

- T'OCT 27514-87. KopoTkue 3aMBIKaHHS B DJICKTPOYCTaHOBKaxX. MeTonsl pacyera B
3JIEKTPOYCTaHOBKAaX IEPEMEHHOT0 TOKa HampsbkeHneM ceimie | kB. - M.: M3n-Bo cranmapros, 1988.-
40 c.

- TOCT P 50270-92. KopoTkme 3aMblkaHHsd B DJEKTPOYCTaHOBKax. MeTonpl pacyera B
JIEKTPOYCTaHOBKAX MEPEMEHHOTO TOKa HanpspkerneM 10 1 kB. - M.: U3n-Bo crargaptos, 1993.- 60 c.

- T'OCT 29176-91. KopoTkue 3aMbIKaHHS B OJJEKTPOYCTaHOBKax. MeToamka pacdera B
ANEKTPOYCTAHOBKAX MOCTOSIHHOTO Toka. — M.: M3n-Bo ctangaptoB, 1992. - 40 c.

- TOCT P 50254-92. KopoTkue 3aMblKaHUS B JJIEKTPOyCTaHOBKax. MerTonsl pacueTa
3NEKTPOIMHAMHYECKOTO M TEPMHUYECKOTO JIEHCTBUS TOKOB KOPOTKOTO 3aMblkaHus. — M.: M3a-Bo
crarmapros, 1993. - 57 c.

- [IpaBuina ycTpoiicTBa 3JEKTPOYCTAaHOBOK. - 6-€ u31. - M.: DHeproatomusaar, 1985. - 640 c.

1.2. TepMuHBI U ONpe/Ie/IeHUsA

1.2.1. B PykoBoasimux yKka3aHHAX HCIOJIB3YIOTCA CIEAYIONINE TEPMUHBI U ONPEICICHUS:

1.2.1.1. 3ampIKaHHE - BCAKOE CIyd4aifHOE WIH TpeIHAMEPEHHOEe, HE IPEAyCMOTPEHHOE
HOPMAJIBHBIM PEXHMOM DPAOOTHI ANIEKTPUUECKOE COCIMHEHHE PAa3IMYHBIX TOUCK JIICKTPOYCTAHOBOK
MEXy COO0M MU C 3eMIIeH.

1.2.1.2. KopoTkoe 3aMbIkaHHE€ — 3aMBIKaHHWE, IPU KOTOPOM TOKH B BETBSIX 3JIEKTPOYCTAHOBKH,
NPUMBIKAIOIMX K MECTy €ro BO3HMKHOBEHHMS, pPE3KO BO3PACTAIOT, IPEBBIMNIAs HAUOOJIBIINHA
JIOTTYCTUMBIN TOK MIPOJOJDKUTEIBHOTO PEXKHUMa.

1.2.1.3. KopoTkoe 3aMplkaHHE Ha 3E€MJIK0 — KOPOTKOE 3aMbIKAHHE B 3JIEKTPOYCTaHOBKE,
00yCTIOBJICHHOE COCTUHEHNEM C 3eMJIeH KaKOoro-Ir0o ee 3JIeMeHTa.
1.2.1.4. OnHo(azHOE KOPOTKOE 3aMBIKaHHE — KOPOTKOE 3aMBbIKaHHE Ha 3eMIII0 B Tpex(daszHoh

INEKTPOIHEPTETHUECKON CHCTEME C TIyXO- HIH 3PPEKTUBHO 3a3eMJICHHBIMH HEUTPAISIMH CHIOBBIX
JJIEMEHTOB, TIPH KOTOPOM C 3eMJIeii COeAMHSIETCS TOJIBKO OJHa (a3a.

1.2.1.5. [IByx(da3zHoe KOpOTKOE 3aMbIKaHHE — KOPOTKOE 3aMBbIKaHHE MEXIy IByMs (azamu B
Tpex(a3HOU IMEKTPOIHEPIETHIECKOI CHCTEME.
1.2.1.6. JIByx(a3Hoe KOpPOTKOEC 3aMBbIKAaHHE Ha 3EMIII0 — KOPOTKOE 3aMbIKAHHEC Ha 3EMJIIO B

Tpex]azHOW AIEKTPOIHEPTETHIECKON CHCTEME C TITyX0- MM 3P (PEKTUBHO 3a3eMICHHBIMH HEHTPAISIMU
CHJIOBBIX 3JIEMEHTOB, IIPH KOTOPOM C 3€MJICH COCAMHSIOTCS 1BE (Pasbl.

1.2.1.7. /IBoiiHOE KOPOTKOE 3aMbIKAHHUE Ha 3EMIII0 — COBOKYIHOCTH JBYX OJHO(A3HBIX KOPOTKHX
3aMBIKaHHUI Ha 3eMJTIO B Pa3JIMUHBIX, HO JJICKTPUUECKH CBSI3aHHBIX YaCTSIX 3JIEKTPOYCTAHOBKH.

1.2.1.8. TpexdaszHoe KOpOTKOE 3aMbIKAHHWE - KOPOTKOE 3aMbIKAHHUE MEXIy Tpems (azamu B
TpexdazHol 3JEKTPOIHEPreTHUECKOM CUCTEME.



1.2.1.9. TpexdasHoe KOPOTKOE 3aMBIKAHWE HA 3EMJIF0 — KOPOTKOE 3aMBIKAaHHE Ha 3EMJII0 B
Tpex(}asHON AIEKTPOIHEPTETHIECKON CHCTEME C TTyX0- MM 3P (PEKTUBHO 3a3€MICHHBIMH HEUTPAIIMHU
CHJIOBBIX 3JIEMEHTOB, IIPH KOTOPOM C 3eMJICH COEMHSIOTCS TPH (ha3bl.

1.2.1.10. TToBTOpHOE KOPOTKOE 3aMBIKAHHE — KOPOTKOE 3aMBIKAHHE B JJIEKTPOYCTAHOBKE MpU
ABTOMAaTHYECKOM  MOBTOPHOM  BKJIIOYEHHMHM  KOMMYTAI[MOHHOTO  3JIEKTPUYECKOrO  ammapara
MOBPEKACHHON LEIH.

1.2.1.11. M3mensmoneecss KOPOTKOE 3aMBIKAaHHE — KOPOTKOE 3aMbIKaHUE B JJIEKTPOYCTAHOBKE C
MIEPEX0J0M OJHOTO BHJIa KOPOTKOTO 3aMBIKAHHS B IPYTOM.

1.2.1.12. VYcroitunBoe KOpPOTKOE 3aMbIKaHHME — KOPOTKOE 3aMBIKaHHE B 3JIEKTPOYCTAHOBKE,
YCIIOBUSI BO3HMKHOBEHHSI KOTOPOTO COXPAHSIOTCS BO BpeMsi OECTOKOBOI IMay3bl KOMMYTAallMOHHOTO
3JIEKTPUYECKOT0 armapara.

1.2.1.13. HeyctoifunBoe KOpPOTKOE 3aMBIKaHHE — KOPOTKOE 3aMbIKaHHE B AJIEKTPOYCTAaHOBKE,
YCIIOBUSI  BO3HMKHOBEHHUS KOTOPOTO CAaMOJIMKBHIMPYIOTCS BO BpeMsi OECTOKOBOW  Iays3bl
KOMMYTAIIMOHHOTO 3JIEKTPHYECKOTO armapaTa.

1.2.1.14. CuMMeTpUYHOE KOPOTKOE 3aMBIKaHHE — KOPOTKOE 3aMbIKaHHE B AJIEKTPOYCTAHOBKE, MIPU
KOTOpPOM Bce ee (ha3bl HaXOAATCS B OJJUHAKOBBIX YCIOBUSX.

1.2.1.15. HecummMeTpryHOE KOPOTKOE 3aMBIKAaHHE — KOPOTKOE 3aMBIKaHHE B AJIEKTPOYCTAHOBKE,
IPU KOTOPOM OJ1HA U3 €€ (ha3 HaXOIUTCS B YCIOBUSX, OTIMYHBIX OT YCIOBUI Apyrux das.

1.2.1.16. YpganeHHOE KOPOTKOE 3aMbIKAHUE — KOPOTKOE 3aMBbIKAHUE B JJEKTPOYCTAHOBKE, MPHU
KOTOPOM aMIUTUTYZbI IEPUOINIECKON COCTABIISIIONIEH TOKA JAHHOTO MCTOYHNKA SHEPTUH B HAYaIbHbIA
U TIPOU3BOJIBHBIN MOMEHTHI BPEMEHH NMPaKTUUECKH OJAUHAKOBHI.

1.2.1.17. bnuskoe KOpPOTKOE 3aMBIKAHHE — KOPOTKOE 3aMbIKAHHE B JJIEKTPOYCTAHOBKE, IPHU
KOTOPOM aMIUTUTYZAbI IEPUOANIECKON COCTABIISIFONIEH TOKA JAHHOTO HCTOYHNKA SHEPTUHU B HAYaJIbHbBIN
U TIPOU3BOJIBHBII MOMEHTHI BPEMEHH CYIIECTBEHHO OTJINYAIOTCS.

1.2.1.18. PexwM KOPOTKOTO 3aMBIKaHUS — PEXKHUM PabOTHI DIIEKTPOYCTAHOBKHU MIPH HATWYHNH B HEH
KOPOTKOT'O 3aMBIKaHHSI.

1.2.1.19. IlpenmecTByronmii peKMM — pPEKUM pabOTHI 3JIEKTPOYCTAaHOBKU HEIOCPEICTBEHHO
nepesl MOMEHTOM BO3HHKHOBEHHS] KOPOTKOTO 3aMBIKAHHS.
1.2.1.20. YcTaHOBUBIIMHCS PEXHUM KOPOTKOTO 3aMBIKAaHMS — PEXKUM KOPOTKOTO 3aMBIKaHUS

JJIEKTPOYCTAHOBKH, HACTYMAIOIINA IIOCNe 3aTyXaHUsT BO BCeX IEMSIX CBOOOJTHBIX TOKOB M
MpPEKpaIlleHuss W3MEHEHMS HANpsDKEHHWS BO30OyAWTENeH CHHXPOHHBIX MAIIMH IO JeHCTBHEM
aBTOMATHUYECKHUX PETYIATOPOB BO3OYKICHNUS.

1.2.1.21. TIlepexoanslii mpolecc B DIEKTPOYCTAHOBKE — TMPOLECC Iepexoja OT OJHOro
YCTaHOBHBIIIETOCS PEKUMA JIEKTPOYCTAHOBKH K IPYTOMY.
1.2.1.22. DnexkTpOMarHUTHBIM MEPeXOAHBI MpoIecc B 3JIEKTPOYCTAHOBKE — TIEPEXOIHBIN

NpOLIECC, XapaKTepPU3yeMbli H3MEHEHHEM 3HAU€HMH TOJBKO OJIEKTPOMArHUTHBIX  BEJMYUH
3JIEKTPOYCTaHOBKH.

1.2.1.23. DnexkTpoMexaHHUECKUIN MEepexXOHBIN Ipolecc B 3JIEKTPOYCTAHOBKE — IIEPEXOIHBIN
NpOLIECC, XapaKTepPU3yeMbIH OJHOBPEMEHHBIM HM3MEHEHHWEM 3HAYCHUH DIEKTPOMAarHUTHBIX H
MEXaHWYECKUX BEIMYNH, ONPEACISAIONINX COCTOSHHE 3JIEKTPOYCTAHOBKH.

1.2.1.24. CBo0OoaHas COCTaBIAIOIIAsS TOKAa KOPOTKOIO 3aMbIKaHMsS — COCTABIIAIOIIAs TOKa
KOPOTKOT'O 3aMBIKaHHs, OIpeAessieMasl TOJbKO HayallbHBIMHM YCIOBHSAMH KOPOTKOTO 3aMbIKaHUS,
CTPYKTYPOH JIEKTPUYECKON CETH U ITapaMETPaMH €€ JJIEMECHTOB.

1.2.1.25. TlpunyxneHHass COCTaBIIOIIAs TOKAa KOPOTKOTO 3aMBIKaHUS — COCTAaBJISIONIAs TOKa
KOPOTKOTO 3aMBIKaHUs, paBHas pPa3sHOCTH MEXAY TOKOM KOPOTKOTO 3aMBIKaHHMS M €ro CBOOOIHOM
COCTAaBJIAIOINIEH.

1.2.1.26. Anepuonmuueckas COCTaBIISIOIIAS TOKa KOPOTKOTO 3aMbIKaHUSI — CBOOOIHAs
COCTABJISIFOIAst TOKa KOPOTKOTO 3aMBbIKaHUsI, U3MEHSIOIIAsCS BO BpeMEeHH 0e3 IiepeMeHbI 3HaKa.

1.2.1.27. Tlepnonmuveckas COCTaBJISIOIIAs TOKa KOPOTKOTO 3aMBIKaHUS pabo4yel 4YacTOTBl —
COCTAaBJISIFOIIAs TOKA KOPOTKOT'O 3aMbIKaHMs, U3MEHSIOIIAsCS 0 EPHOINYECKOMY 3aKOHY ¢ paboueii
4acTOTOH.

1.2.1.28. MrHOBeHHOE 3HAa4YE€HHE TOKAa KOPOTKOTO 3aMBIKaHUS — 3HAYCHHE TOKa KOPOTKOTO
3aMbIKaHMs B pacCMaTpUBAacMblii MOMEHT BPEMEHH.
1.2.1.29. JleiicTBylolee 3HAYEHHE TOKAa KOPOTKOTO 3aMBIKaHUS — CpEIHEE KBaJIpaTHUECKOe

3HAa4E€HHE TOKa KOPOTKOTO 3aMbIKaHUS 3a Iepuoj; pabodel 4YacTOTHI, CepelHa KOTOPOTO €CTh
paccMaTprBaeMblif MOMEHT BPEMEHHU.

1.2.1.30. [deiicTByromee 3Ha4€HUE EPUOANUECKON COCTABIISIOIIEN TOKa KOPOTKOTO 3aMbIKAHUSA —
cpeiHee KBaJPaTUUECKOE 3HAUYEHHE MEPUOJMUYECKON COCTABISIONIEH TOKAa KOPOTKOTO 3aMbIKaHUS 3a
nepro/ padboueil YacToThl, cepeinHa KOTOPOTro €CTh PACCMAaTPUBAEMbIi MOMEHT BPEMEHH.



1.2.1.31. HavaneHoe AEHCTBYIOLIEE 3HAUEHHE NEPUOJUUECKOM COCTABIAIOLIEH TOKa KOPOTKOrO
3aMBIKaHHsI — YCJIOBHAs BEIMYMHA, PaBHAsI JBOMHON aMITIIMTY/i€ MEPHOANIECKON COCTABIIAIONIECH TOKa

KOPOTKOTO 3aMbIKaHUS B HAYaJIbHBIIl MOMEHT BPEMEHH, yMEHBIIICHHOH B 242 pas.

1.2.1.32. HavyanpHOoe 3HauCHHE aNEepHOAMYECKON COCTABISIOIIEH TOKa KOPOTKOIO 3aMbIKAHUS —
3HA4YEHHE AaNCPUOANIECKON COCTAaBIIIOMIEH TOKAa KOPOTKOTO 3aMBIKaHUS B HAdaJlbHBIA MOMEHT
BPEMEHH.

1.2.1.33. YcraHoBUBLINIICA TOK KOPOTKOTO 3aMBIKaHUS — 3HAYEHUE TOKA KOPOTKOIO 3aMBIKaHUS
MOCJIE OKOHYAHMS MEePeXOJHOTO TIpoIecca, XapaKTepH3yeMOro 3aTyXaHHeM BCEX CBOOOIHBIX
COCTABILIIOIIMX 3TOr0 TOKAa M MPEKpalleHHMEeM M3MEHEHHS TOKa OT BO3ACHCTBUS YCTPOMCTB
ABTOMATHUYECKOTO PETYJIMPOBAHUS BO30YKICHUS HCTOUHHKOB SHEPTHH.

1.2.1.34. Y napHBbIif TOK KOPOTKOTO 3aMbIKaHUSI — HanOOJIbIlIee BOZMOXXHOE MITHOBEHHOE 3HaUCHHE
TOKa KOPOTKOTO 3aMbIKaHUSI.

1.2.1.35. Ynapublii K03(pGHUIMEHT TOKa KOPOTKOTO 3aMbIKaHUS — OTHOILICHHE YJapHOTO TOKa
KOPOTKOTO 3aMBIKaHMSl K aMIUIMTYJE MEPHOIUYECKON COCTABISIONIEH TOKa KOPOTKOTO 3aMBIKAHUS
paboueii 4aCTOTHI B HAYAIBHBIII MOMEHT BPEMEHHU.

1.2.1.36. OTKnr0uaeMblil TOK KOPOTKOTO 3aMbIKaHHS — TOK KOPOTKOT'O 3aMBIKAHUS AJIEKTPUUECKON
Ien¥ B MOMEHT Hayaja pAacXOXAEHUs JyroracUTEIbHBIX KOHTAaKTOB €€ KOMMYTAlHOHHOTO
3JIEKTPUYECKOr0 anmnapara.

1.2.1.37. [lelicTByroliee 3HaU€HHUE IEPUOJUUECKON COCTABIIAIONIEH OTKIIOYaEMOI0 TOKa KOPOTKOTO
3aMBIKAHWS — YCJIOBHAsI BEIMYMHA, paBHAS ABOMHON aMIUIMTYAE NEPHOANIECKON COCTABIISIONICH TOKa
KOPOTKOTO  3aMbIKaHMS B MOMEHT HadaJa pacXOXICHUS  JyrOTaCUTEIbHBIX  KOHTaKTOB

KOMMYTAIIMOHHOTO JIEKTPUUECKOT0 anmnapara, yMEHbIIICHHON B 2\5 pas.

1.2.1.38. Amepuoandeckas COCTAaBILIIOMIAs OTKIIOYAEMOTO TOKAa KOPOTKOTO 3aMBIKAHUS —
3HAYCHHE AalepHOIMYECKON COCTABIAIONICH TOKa KOPOTKOTO 3aMBIKaHMS B MOMEHT Hadania
PacXOXKICHHUS JYyTrOTaCUTENbHBIX KOHTAKTOB KOMMYTAIIMOHHOTO AJIEKTPUYECKOTO armapara.

1.2.1.39. AMIUIMTYAHOE 3HAYEHUE OTKIIOYAEMOI'0 TOKa KOPOTKOIO 3aMbIKaHHUsS — YCIOBHas
BEJIMYIHA, pPaBHAs apu()PMETHUIECKON CyMMe NeHCTBYIOMEro 3HAYeHUS IEPHOJNYECKON COCTABIISIONMIEH

OTKJIFOYAEMOTO TOKa KOPOTKOTO 3aMbIKaHHs, YBEIHYEHHOTO B ﬁ pa3, ¥ anepHoANYEcKOn
COCTAaBIISIFOIIIEH OTKITIOYAEMOT'0 TOKa KOPOTKOT'O 3aMBIKaHHSI.

1.2.1.40. CumMMeTpUYHBIE COCTABJSIIOLIME HECUMMETPUYHOW Tpex(a3HOH CHCTEMBbI TOKOB
KOPOTKOTO 3aMbIKaHUsI — TPHU CHUMMETPUYHBbIE TpeX(]a3Hble CUCTEMbl TOKOB KOPOTKOT'O 3aMBIKAHHMS
paboueil 4YacTOTBl mHpsMOH, OOpaTHOM W HyJEBOH IOCIENOBATENbHOCTEH, Ha KOTOpHIE JaHHAS
HECHMMeTpHYHAA TpeX(a3Has CHCTeMa TOKOB KOPOTKOTO 3aMBIKAHHSI MOKET OBITH pasJIOKeHa.

1.2.1.41. Tok KOpPOTKOTO 3aMbIKaHUS TPSIMON TMOCIENIOBATEIHHOCTH — OJMH U3 TOKOB
CUMMETPHYHOH Tpex(}azHOH CHCTEMBI TOKOB KOPOTKOTO 3aMBIKaHMs MPSIMOTO cliefioBaHus (as.

1.2.1.42. Tok KOpPOTKOTO 3aMbIKaHHs OOpaTHOW IOCIEJOBATENbHOCTH — OAWH U3 TOKOB
CUMMETPHYHOI Tpex(a3HOW CHCTEMBI TOKOB KOPOTKOTO 3aMBIKaHHUsI 00paTHOTO cieoBaHus (as.

1.2.1.43. Tok KOpPOTKOTO 3aMBIKaHHS HYJEBOH IOCIECIOBATEIHHOCTY — OIWH M3 TOKOB
CUMMETPHYHOI HEypaBHOBELIEHHON Tpex(a3HOil CUCTEMbI TOKOB KOPOTKOTO 3aMbIKaHHUsI HYJIEBOTO
cienoBanus ¢as.

1.2.1.44. OxxugaeMblif TOK KOPOTKOTO 3aMBIKaHUS — TOK KOPOTKOTO 3aMBIKaHUsI, KOTOPBIA OBLT OBl
B DJEKTPUYECKOM IENH 3JIEKTPOYyCTAaHOBKM IPHU OTCYTCTBHU [EHCTBHUSA YCTAaHOBJIEHHOTO B HEH
TOKOOT'PaHWYHBAIOIIET0 KOMMYTAIIMOHHOTO 3JIEKTPHYECKOTO armapara.

1.2.1.45. TIporryckaeMblif TOK KOPOTKOTO 3aMBIKaHUSI — HAMOOJbIIIee MTHOBEHHOE 3HAYCHHE TOKA
KOPDOTKOTO 3aMBIKaHMS B DJJEKTPUYECKON IeMM 3IEKTPOYCTAaHOBKH C y4YeTOM JEeWCTBUS
TOKOOT'PaHWYMBAIOIIET0 KOMMYTAIIMOHHOTO 3JICKTPHYECKOTO armnapara.

1.2.1.46. CxBO3HOH TOK KOPOTKOTO 3aMBIKAHHS - TOK, IPOXOMAMIMKA dYepe3 BKIFOUCHHBIN
KOMMYTAIIMOHHBIHN AMEeKTPHYECKUH anmapaT [Py BHEIITHEM KOPOTKOM 3aMbIKaHHUH.

1.2.1.47. CopepxaHue anepuoJUYECKON COCTaBISAIOUIE B OTKIIOYaEMOM TOKE KOPOTKOTO
3aMBIKAHUSI — OTHOIICHHE AalepHOANICCKON COCTABILIONICH OTKII0OYaeMOTO TOKa KOPOTKOTO

3aMBIKaHUS B 3aJaHHBI MOMEHT BPEMEHM K YBEIMYECHHOMY B 2 pa3 IeHCTBYIOIIEMY 3HaYeHHIO
MePUOANYECKON COCTaBJIAIONIeH OTKIIOYaeMOr0 TOKa KOPOTKOTO 3aMBIKaHHS B TOT JK€ MOMEHT
BpPEMEHH.

1.2.1.48. 'apmoHnYeCKHil cOCTaB TOKAa KOPOTKOTO 3aMBIKaHUSI — COBOKYIHOCTH CHHYCOHUIATbHBIX
TOKOB Pa3JINYHBIX YaCTOT, HA KOTOPBIE MOXKET OBITh Pa3JIoKeH TOK KOPOTKOTO 3aMbIKaHUSI.

1.2.1.49. ®a3a BO3HUKHOBEHHUS KOPOTKOTO 3aMBIKAHHS B AIIEKTPOYCTAaHOBKE — (pa3a HAIPSHKCHUS
9JIEKTPOYCTAaHOBKH K MOMEHTY BO3HUKHOBEHHS KOPOTKOT'O 3aMbIKaHHs, BEIPAXKEHHAS B JICKTPUIECKHUX



rpajgycax.
1.2.1.50. TIlepexomHas COCTaBISIOMIAS TOKAa KOPOTKOTO 3aMBIKAHMS — TepHOJUYECKast
COCTAaBIISIIONAst TOKa KOPOTKOTO 3aMbIKaHMUsI, paBHasi CyMME IPUHYXKIECHHOH U CBOOOAHON TIepeXoaHON
COCTaBIISIONIUX TOKA KOPOTKOT'O 3aMBIKAHUS.
1.2.1.51. CaepxmepexomHasi COCTaBJISIOIMIAS TOKAa KOPOTKOTO 3aMBIKAHUS — TEPHOIMYECKast
COCTaBISIIONIAss TOKAa KOPOTKOTO 3aMbIKaHUs, paBHas CyMMe IIEpeXOIHOM U  CBOOOIHOM
CBEPXIEPEXOAHON COCTABISIONUX TOKa KOPOTKOTO 3aMBIKAHUS.

1.2.1.52. MomHoCTh KOPOTKOTO 3aMBIKaHHS — YCIIOBHAs BEJIMYHMHA, PaBHAsl yBEIMUCHHOMY B ﬁ
pa3 MPOM3BENCHUIO TOKAa TPEX(Pa3HOTO KOPOTKOTO 3aMBIKAHHMS B HAYaJIbHBII MOMEHT BPEMCHH Ha
HOMHHAJIBHOE HAIPsHKEHHE COOTBETCTBYIOILEH ceTu.

1.2.1.53. TlpomomnbHas HECHMMETPHUSI B DJEKTPOYCTAaHOBKE — HECHUMMETpHUs TpexdazHoh
3JIEKTPOYCTAHOBKH, OOYCIIOBJICHHAs! ITOCJIEJOBATEIbHO BKIIOUYCHHBIM B €€ LENb HECHMMETPHYHBIM
Tpex(}azHbIM 37IeMEHTOM.

1.2.1.54. TlomepeuyHass HECHMMETpPHS B 3JIEKTPOYCTaHOBKE — HECUMMETpHUS TpexdazHoh
YCTaHOBKH, OOYCIIOBJICHHas KOPOTKHM 3aMBIKAaHHEM OJHOW WM IBYX (a3 Ha 3eMIII0 WM IBYX (a3
MEXTy COOOM.

1.2.1.55. OnHokpaTHasi HECUMMETpHUS B DJIEKTPOYCTAHOBKE — MpPOJOJIbHAS WIM MONEpedHas
HECHMMETpHS, BO3HHUKIIASA B OMHON TOUKE TpeX(ha3HOH EKTPOYCTaHOBKH.

1.2.1.56. CnoxxHass HeCUMMETpPHs B 3JIEKTPOYCTaHOBKE — HECUMMETpus TpexdazHon
JJIEKTPOYCTAHOBKHM, IIPEJICTABIAIONIas COOOH KOMOWHAIMIO W3 NPOJOJBHBIX M  ITONEPEYHBIX
HECUMMETPUH.

1.2.1.57. Ocobas da3a ameKTpoycTaHOBKH — (ha3a Tpex(asHOW 3JIEKTPOYCTaHOBKH, KOTOpas Npu
BO3HMKHOBEHHH ITPOIOJILHOM HMJIM TTOTIEPEYHON HECHMMETPHHU OKa3bIBAETCS B YCIOBHAX, OTIMYHBIX OT
YCIIOBHUH 111 IBYX APYTHX (as.

1.2.1.58. KommiekcHas cxeMa 3aMelIeHus] — 3JIeKTpUdecKas CXxeMa, B KOTOPOH CXeMbI 3aMelIeHUs
NpsIMOH, OOpaTHOM M HYJEBOW MOCIIEAOBATEILHOCTEH (WM JPYTHUX COCTaBISIONINX) OOBEANHEHBI
COOTBETCTBYIOLIMM 00pa30oM C YIETOM COOTHOIIECHHH MEXy COCTABIISIFOIIMMHI TOKOB U HANIPSHKCHUH B
MECTE NMOBPEKACHUSL.

1.2.1.59. I'panuuHble yCHOBUS MPU HECUMMETPUU — XApPAKTEPHBbIE COOTHOLICHUS AN TOKOB U
HaINpsDKeHUH B MECTE MOBPEXKACHHS TIPH JAHHOM BHJE HECUMMETPHUH B 3JIEKTPOYCTaHOBKE.

1.2.1.60. IlocTosHHas BpeMEHHM 3aTyXaHHs alepHOJNYECKON COCTaBIAIOIMIEH TOKa KOPOTKOIO
3aMBIKAHHUS — 3JEKTPOMArHUTHAS! TOCTOSIHHAsi BPEMEHM, XapaKTepH3YIOIlas CKOPOCTh 3aTyXaHHs
anepruogMUECKON COCTABIAIOLIEN TOKA KOPOTKOTO 3aMbIKAHHUS.

1.2.1.61. PacyerHble ycioBHsS KOpPOTKOTO 3aMBIKaHHUSI JJIEMEHTa JIIEKTPOYCTAaHOBKH HanOoee
TSDKENbIe, HO JOCTaTOYHO BEPOSTHHIE YCIOBUS, B KOTOPBIX MOJXKET OKa3aThCsl paccMaTpHBAaEMbIi
3JIEMEHT 3JIEKTPOYCTAaHOBKH PH KOPOTKUX 3aMBIKAHHSAX.

1.2.1.62. PacyeTHas cxeMa 3JIEKTPOYCTAaHOBKH — 3JIEKTpPUYECKas cXeMa 3JIEKTPOYCTaHOBKHU, MPHU
KOTOpOW HMEIOT MECTO pacueTHBIE YCIOBHS KOPOTKOTO 3aMBIKaHHS Ui PacCMaTpHUBAEMOTO ee
3JIEMEHTA.

1.2.1.63. PacueTHsblif BUJ KOPOTKOTO 3aMBIKaHHS — BHJ KOPOTKOTO 3aMBIKaHHA, MPHU KOTOPOM
UMEIOT MECTO pacyeTHBIE YCJIOBHS KOPOTKOTO 3aMbIKaHHs JAJS PacCMaTpPUBAaEMOrO 3JIEMEHTa
3JIEKTPOYCTaHOBKH.

1.2.1.64. PacueTHas TOuKa KOPOTKOTO 3aMbIKaHMS — TOYKa AJIEKTPOYCTAHOBKH, IMPU KOPOTKOM

3aMBIKAHUW B KOTOPOH JIJIS pACCMAaTPHBAEMOT0 3JIEMEHTA 3JICKTPOYCTAHOBKH UMEIOT MECTO pacueTHBIC
YCIOBUSI KOPOTKOT'O 3aMBIKAHHSI.

1.2.1.65. PacueTHas MpPOAOIKUTEIHHOCTh KOPOTKOTO 3aMBIKaHUS — IIPOJOJKUTENBHOCTh
KOPOTKOTO 3aMBIKaHUS, SIBILTIOIASsICS PACUETHOM IS pacCMaTPHUBACMOTO 3JIEMEHTA DIICKTPOYCTAaHOBKH
MPH OTPEICICHUN BO3ICUCTBUS HA HETO TOKOB KOPOTKOTO 3aMbIKAHUSI.

1.2.1.66. BepoATHOCTHBIE  XapaKTEPUCTHKH KOPOTKOTO 3aMbIKaHUSI —  COBOKYIHOCTh
XapaKTEePUCTHK, OMUCHIBAIOMIAX BEPOSITHOCTHBIA XapakTep pPa3IMYHbIX MapaMETPOB H  YCIOBHIA
KOPOTKOTO 3aMbIKaHUSI.

1.2.1.67. Tepmuueckoe IeHCTBHE TOKa KOPOTKOTO 3aMbIKaHHs — TEIJIOBOE JEHCTBUE TOKa
KOPOTKOTO 3aMBIKaHUs, BRI3EIBAIOIICE H3MEHEHHUE TEMIIEPATYPhI JIEMEHTOB 3JIEKTPOYCTAHOBKH.

1.2.1.68. DnexkTpogMHAMUYECKOe MJECWCTBHE TOKAa KOPOTKOI'O 3aMBIKAaHUS — MEXaHHYECKOoe
JICHCTBUE AJIEKTPOJMHAMUYECKUX CHJI, 00YCIOBJICHHBIX TOKOM KOPOTKOTO 3aMbIKaHUS, Ha 3JCMEHTHI
JIEKTPOYCTAHOBKH.

1.2.1.69. Unrerpan J[oyns — yClIOBHAA BeIWYHMHA, XapaKTePU3YIOIIas TeIJIOBOE AeHCTBHE TOKA
KOPOTKOTO 3aMBbIKaHHsS Ha pacCMaTPUBACMBIH 3JIEMEHT JJIGKTPOYCTAHOBKH, YHCJICHHO paBHAs



MHTETpaJy OT KBaJpara TOKa KOPOTKOTO 3aMBIKaHUs 110 BPEMEHH B Ipe/iesiaX OT HauyaJlbHOTO MOMEHTa
KOPOTKOTO 3aMBIKaHHUS 10 MOMEHTA €TI0 OTKIIIOUYEHHS.

1.2.1.70. CTO#KOCTb 3JIeMEeHTa JIEKTPOYCTAHOBKU K TOKY KOPOTKOTO 3aMBbIKaHHUSI — CHOCOOHOCTh
9JIEMEHTa 3JIEKTPOYCTAHOBKH BBIIEPKMBAaTh TEPMUYECKOE W DIIEKTPOJHMHAMHYECKOE NIEHCTBHS TOKa
KOPOTKOTO 3aMbIKaHMUs1 03 IOBPEXICHUH, IPETSTCTBYIONINX €ro JaIbHEHIIel nenpaBHOH padoTe.

1.2.1.71. Tox TepMHUECKOH CTOMKOCTH 3JIEKTPUYECKOTO ammapara MpH KOPOTKOM 3aMBIKAHUU —
HOPMHUPOBAaHHBII TOK, TEPMHUYECKOE JIEHCTBHE KOTOPOTO OJIEKTPUYECKUI amnmapar CcrocoOeH
BBIJICp)KAaTh TPH KOPOTKOM 3aMBIKAHMHM B TEYEHHE HOPMHPOBAHHOTO BPEMEHH TEPMHUYECKOM
CTOMKOCTH.

1.2.1.72. Tok »>IEKTPOAMHAMHYECKOW CTOMKOCTH 3JIEKTPHUUECKOro ammapara IpHd KOPOTKOM
3aMBIKaHUH — HOPMHUPOBAHHBIN TOK, 3JEKTPOANHAMUYECKOE AEHCTBHE KOTOPOTO 3JEKTPUUECKHUI
armapar croco0eH BBIIEp)KaTh IPH KOPOTKOM 3aMbIKaHHH 03 ITOBPEKICHUH, MPEISTCTBYIOINX ero
JanbHeieil ncnpaBHoi pabore.

1.3. BykBeHHble 0003HAYEHHUS BeJTUYNH

1 TOK, A€HCTBYIOLEE 3HAUCHHUE;

I TOK, MTHOBEHHOE 3HaUCHHUE;

I TOK KOMIUIEKCHBIN, IEHCTBYIOLIEE 3HAUCHUE;
1, TOK, aMIUIUTYAHOE 3HAUCHHUE;

Lom HOMUHAJIbHBIN TOK;

Iy

i IUH

IBKJ'I 9 iBKﬂ

ICKB 9 iCKB
Inp.CKB > inp.cxn
IOTKJ'I bl iOTKIl

IOTKJ’LHOM b lOTKﬂAHOM

yaapHsIil Tok K3;

TOK AJIEKTPOAMHAMUYECKON CTOHKOCTH;

TOK BKJIFOUEHUSI, JCHCTBYIOIIEe 1 MTHOBCHHOE 3HAUCHUS;
CKBO3HOM TOK, IEHCTBYIOLIEE U MTHOBEHHOE 3HAUCHHS;

Hpe}leJ'ILHHﬁ CKBO3HOM TOK, aef/iCTBy}omee 1 MI'HOBCHHOC 3HAUYCHUAA,

OTKJIIOYaeMBbIit TOK, ﬂeﬁCTByIOIHCG 1 MTHOBCHHOC 3HAYCHUA,
HOMUHAJIBHBIM TOK OTKITFOYCHHS QJIEKTPHUYICCKOT O armapara,

1, i, TOK B MOMEHT £;

I, i, TOK B MOMEHT T,

Liep TOK TEPMHUUECKON CTOMKOCTH;

1, TOK YCTAaHOBHUBIIIETOCS PEXKHIMA;

I Tok K3, o011ee 0003HaueHHE

11, neproInIeckas coctaBirttomas Toka K3;

1,1, anepuoaudeckas coctapistomias Toka K3 (I, =i,);

Iy HavyaJlbHOE JIEHCTBYIOIEE 3HAUCHUE MEePHOIUUEcKOoi cocTapistomnieit Toka K3
(t=0);

i.0 HadaJIbHOE 3HAUCHUE allepHoAndecKoi cocTapistomen Toka K3 (7 = 0);

Lo, e MepuoIuIecKas U arepruouieckas coctapistonie Toka K3 B MOMeHT ¢ = 1;

Ia, I, I TOKH COOTBETCTBEHHO (a3 A, B, C;

Iy TOK B HEUTPAJILHOM IIPOBOJE;

1, 1,, 1 TOK COOTBETCTBEHHO MPSIMOM, 0OPaTHOM M HYJIEBOU MOCIIEI0BATEIBHOCTEIH;

Loy Tox TOK, 0)KHJJAEMBIH B I[EIH ¢ TOKOOTPAHHYUBAIOIIAM arapaToM;

Iy TOK CyMMapHBIi;

Tiponnion TOK IIPOJOJIKUTENIBHOTO peXUMa, JOIYCTUMBIH;

iopm.pacu TOK HOPMAJIBHOTO PEKUMa, PACUCTHBIH;

 F— TOK IPOJIOIDKUTEIIEHOTO PEKUMa, PACYCTHBIN;

Iy, 14 TOKHU COOTBETCTBEHHO IO OCSIM d 1 ¢

I MePEeXOIHbIHN TOK;

1" CBEPXIEPEXOAHBIN TOK;

L TOK TUTABJICHUS BCTABKH MPEIOXPAHUTEIIS,;

U,u HaIpsHKEHUE, IEWCTBYIONIEE U MTHOBEHHOE 3HAUECHHUS,

Upas.us HaunOosblIee paboyee HANPSHKEHUE;

Uson HOMHHAJIbHOE HATPSKCHUE,

Uy, Uy, Uy HaIPsDKECHUS COOTBETCTBEHHO MIPSIMOH, oOpaTHOH u HYJIEBOH
MOCJIEIOBATEILHOCTEH;

AU MOTEPsl HANIPSIKEHUS

10) yrou ciura (a3 Mex Iy HalpsHKCHUEM H TOKOM;

cos @

KOX((PHUIIMEHT MOIIIHOCTH;
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AIIEKTPOBIDKYIIAS CHJIA, IEHCTBYIOIIEE 1 MTHOBEHHOE 3HAYCHUS;
MOIIHOCTh aKTUBHAS;

MOIIIHOCTh PEaKTHUBHAS;

MOIIHOCTb NOJIHAs, MOy JIb;

MOIIHOCTb TOJTHAsI, KOMIIEKCHAS;

4acTOTa KOJIeOaHUH 2JIEKTPUIECKON BEJTMYHHBL;

YyacToTa KoJIeOaHUH 3JIeKTPUIECKON BETMUUHBI, YTIIOBas;
COIIPOTHBIIEHHE aKTHBHOE;

COIIPOTHBIIEHHE PEAKTHBHOE;

COIIPOTHUBIICHHE TIOJIHOE, MOYJIb;

COIPOTHUBIIEHHE MIOJHOE, KOMIUIEKCHOE;

COIMPOTUBJICHUE PCAKTUBHOC, MHAYKTUBHOC,
COIMPOTUBJICHNUE PCAKTUBHOC, EMKOCTHOC,
COIIPOTHUBJICHHUE BOJIHOBOE;

BOCCTAHABJIMBAIOIIEECSA  HANPSIXKECHWE Ha  KOHTAKTaX KOMMYTAallMOHHOTO

afmapara,
CKOPOCTb BOCCTAHOBJICHUS HAIIPSII)KCHUS
BO3Bpallarouieecs HalpsHKEHUE Ha KOHTaKTaX KOMMYTAIllMOHHOI'O arrapara,

COITPOTUBJICHUA COOTBCTCTBCHHO HpﬂMOﬁ, 06paTH0171 n HyHeBOﬁ

MOCIIEIOBATEIbHOCTEN;

MPOBOJUMOCTB JIEKTpHYECKast, MOIYJIb;
HPOBOJUMOCTD 3JIEKTPHUYECKasl, KOMIIEKCHAS;
HPOBOJUMOCTb aKTHUBHAS,;

MPOBOJIMMOCTb PEaKTHBHAS,

MHIYKTHBHOCTb COOCTBEHHAS;

MHIYKTHBHOCTb B3aMHas;

K03(h(PULIMEHT CBSI3H;

K03(h(ULIMEHT paccesHHUs;

yJEIBEHOE CONPOTHBIICHHE;

yIenbHasi IPOBOMMOCTb;

TeMIIePaTyPHbIit KOIPPUIIUEHT COMPOTHBICHHS;
TeMIepaTypHbIit KOAPHUIUEHT TEMIT0EMKOCTH;
DHEPTHUS HIEKTPUIECKAS;

9HEPIUs AEKTPOMArHUTHAS;

HAaIpsHKEHHOCTh MarHUTHOTO TIOJIS, MOZYJIb;
HAaIpsHKEHHOCTh MarHUTHOTO II0JIS, BEKTOD;
HaIpsHDKEHHOCTD 3JIEKTPHYECKOTO TOJIsT, MOIYJIb;
HAaIPSHKEHHOCTD 3JIEKTPHYECKOTO MOJISA, BEKTOD;
NPOHHUILAEMOCTh MAJICKTPHYECcKas abCOMOTHAS;
NPOHHULIAEMOCTB TUAJIEKTPHYECKast OTHOCUTENbHAS;
MOCTOSIHHAS JICKTPHIECKAS;

NPOHHULIAEMOCTh MarHUTHAs! a0COTIOTHAS;
NPOHHUIIAEMOCTh MAaTHUTHAs! OTHOCHTEIIbHAS;
MOCTOSIHHAST MATHUTHAS,

Temmeparypa B 1mkane Llenbcus;

TeMmeparypa B Ikane KensBuHa;

HpEBbIIEHHE TeMIIePaTypbI;

MIOCTOSIHHAS BPEMEHH HIIEKTPUYECKOI LIeTH;
nepro]] KolieOaHuii 3JEKTPHUECKON BETHYHHBL,
MIOCTOSIHHAS] BPEMEHH 3aTyXaHWsl allepuoANIEcKoii cocTaBisronieii Toka K3;
yAapHBIH KO3 UIHEHT;

HOPMHPOBAHHOE IPOLIEHTHOE COJEP)KaHNE AlepUOAMYECKOl COCTaBIAIomeH B

OTKJIIOYaEMOM TOKE;
K03(pumeHT TpanchopMary;
OTHOILCHHUE YUCIIa BUTKOB;
YHCJIO BUTKOB OOMOTKH;
€MKOCTb;
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yeNbHask TEMI0EMKOCTb;
[UIOTHOCTh MaTepUaa;

CKOJIbXKEHHE;

CKOJIb)KEHUE KPUTUIECKOE;

— cedeHHe NPOBOTHUKA;

— MOMEHT BPaIIaloNHMXCs Macc;

— MOCTOSIHHAS MHEPLUH (MEXaHUUYECKasl IOCTOSIHHAST);
— TOBEPXHOCTb;

— cuIa, BEKTop;

-QU)VA})
Ll

— cuiIa, MOJyJIb;

— yZenbHasl TEMI00TAAYa;

TETUIOBOM TOTOK;

— MOZIyJb yIIPYTOCTH;

— MOMEHT MHEPIINHY;

— MOMEHT COIIPOTUBIICHHS IIONIEPEYHOT0 CEUEHHs IIPOBOTHHKA;

— Macca;

— HanpspkeHHe B MaTepHaie;

— TIpenes MPOYHOCTH;

— TIpejel NPONopLUHUOHATIBHOCTH;

— TIpeJel TeKy4YecTH;

k03 duneHT GopMmsI;

— KO3 PUIHEHT J0OaBOYHBIX TIOTEPD;

K03(h(pUIMEHT AMHAMUYECKON Harpy3KH;

— K03} PUIIMEHT TOBEPXHOCTHOTO YPPEKTa;

—  KO3(HUIMEHT Neperpy3Ku;

— wuHrerpan Jxoyns npu K3;

HOPMHPOBaHHBIN HHTErpan J[Koyis »>JIeKTpHYecKoro ammapara il yCIOBUH

K3;

Tep — BpeMs TEPMHUYECKON CTOMKOCTH 3JIEKTPUUECKOrO aImapara;

J— — BpewMs oTkiroueHus K3, pacuetHast nmponomkuTenbHOCTh K3;

c.B.oTRN COOCTBEHHOE BPEMSI OTKIIIOUEHHS BBIKIIOYATEIIS;

fp— — TIOJTHOE BPEeMS OTKIIIOYEHUS BBIKIIIOYATENS;

p.3 min — MUHHMMaJIbHOE pacyeTHOE BpeMs cpabaThIBaHUS PENCHHON 3allUThI;

T — MOMEHT Havaia pacxoXkIeHus JyTOTaCHUTEIbHBIX KOHTaKTOB
KOMMYTAIIMOHHOTO arapara;

n — K03 PUIHEHT TMHAMHUYECKOI HATPY3KH;

c —  KO3(QHUIMEHT pacueTHOTO YKBUBAJICHTHOTO HANPSDKEHUS CETH;
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— paccrosiHre Mexay hazamu;
— norapuMuUYeCKul TEKPEMECHT 3aTYXaHNUS;
tor — OecrokoBas naysa B nukiic AIIB.

2. PACYETHBIE YCJIOBUSI KOPOTKUX 3AMbBIKAHU
2.1. O6mme yxa3zanus

2.1.1. KopoTkue 3aMbIKaHHs €CTh ClydaiHble COOBITHS. COBOKYITHOCTh MapaMETPOB pPeKUMA
KOPOTKOTO 3aMBIKaHMs1 00pa3yeT MHOXKECTBO BEPOSITHOCTHBIX ITAPAMETPOB.

2.1.2. TlapameTpbl 351eKTPOOOOPYIOBaHUS TUCKPETHBL. VX COBOKYIHOCTH 00pa3zyeT MHOKECTBO
JIETEPMUHAPOBAHHBIX MTApPaMETPOB.

2.1.3. [lis mpoBepKH SIEKTPOOOOPYAOBAHHS MO PEXKHMY KOPOTKOTO 3aMBIKaHHUS TpeOyeTcs
COTIOCTAaBUTh BEPOATHOCTHBIE MapaMeTpbl pexuma K3 ¢ JeTepMHHHPOBAHHBIMH IapaMeTpaMu
aneKkTpoobopyoBaHus. s BO3MOXKHOCTH TaKOTO COIOCTABJICHUS BEPOSITHOCTHBIC IapaMETpEhI
pexuma K3 npeoOpasyloTcss B YCJIOBHO IETEpMHHHUPOBAHHBIE MapaMeTphl pPEXHMa pacdeTHBIX
ycmosuit K3.

2.1.4. Pacuetnsie ycioBus K3, T.e. Hanbosiee TsHKeNbIe, HO TOCTATOYHO BEPOSATHBIC ycinoBus K3,
¢opMupyIOTCSI Ha OCHOBE OMBITa OKCIUIyaTallMd  d3JEKTPOYCTAHOBOK, AaHajW3a  OTKa30B
3IEeKTpooOOpyHOBaHUA U TociencTBui K3, MCIoNp30BaHUsS COOTHOIICHUH mapameTpoB pexnma K3,
BBITEKAIOINX U3 TEOPUH IIEPEXOTHBIX MIPOIECCOB B IJEKTPOYCTAHOBKAX.

2.1.5. Pacuernpie ycnoBuss K3 omnpenenstorcss WHAMBHUAYAJIbHO JUIS KaXIOrO JJIEMEHTa



JJIEKTPOYCTAHOBKU. J[sI OJHOTMNHBIX IO TIapaMeTpaM M CXeMe BKIIOYEHHS D3JEMEHTOB
3JIEKTPOYCTAHOBKH JIOITYyCKAETCs HCIOIb30BaTh aHAIIOTHYHBIE PACUETHHIE YCIIOBHS.

2.1.6. B cootBetctBum ¢ I1YD nomyckaercs He IpoBepATh MO pexxuMy K3 HEKOTOpBIE POBOJHUKH
W 3JIEKTPUYECKUE allapaThl, 3alIMIICHHbIC TUIABKUMH TPEIOXPAHUTENSIMH, & TaKKe NMPOBOJHUKU H
anmapaTtshl B LEMSX MaJOMOIIHBIX, HEOTBETCTBEHHBIX MOTpeOUTENeH, NMEIOMNX pe3epBHPOBAaHNE B
AIIEKTPUYECKOM WM TEXHOJOTUYECKOW YacTH. [IpH 3TOM INOIKHBI OBITH MCKIIOYEHBI BO3MOXKHOCTH
B3pbIBA WJIM IOXKapa.

2.2. PacueTHas cxemMa

2.2.1. PacyerHas cxema, Kak IpaBWIIO, BKIFOYAeT B ce0s BCE DIEMEHTHI JIIEKTPOYCTAHOBKHA H
NPUMBIKAIOMEH YacTH SHEPrOCHUCTEMBI, UCXOAS U3 YCIOBHH, MPEIyCMOTPEHHBIX NPOTODKUTEILHON
PaboToii 2TEKTPOYCTAHOBKY C IEPCIIEKTUBOI HE MEHEe UeM B 5 JIeT [OCJIe BBOJA €€ B IKCILTYaTaIHIO.

2.2.2. B oTmenpHBIX, 4aCTHBIX CIydasx, pacyeTHas CXeMa MOXKET COJEpKaTb He BCE DJIEMEHTEHI
JIEKTPOYCTAHOBKH, €CIIM IIPH 3TOM pacyeToM JOKa3aHa BO3MOXHOCTH CYILECTBOBAHUS 00JIee THKEIBIX
pacyeTHbBIX yCJIOBHi, YTO MOXKET UMETh MECTO, HAalPpUMeEp, IIPH BBOZAE B Pa0OTY MOCIIE PEMOHTa OJTHOM
W3 MapaJuIeNIbHbIX LENel 3JEKTPOYCTaHOBKH.

2.3. PacueTHblii BUJ KOPOTKOI0 3aMbIKAHHUS

2.3.1. Ilpu mpoBepke OJJIEKTPUYECKHX AamlapaToB W IKECTKHMX MPOBOJAHUKOB BMECTE C
OTHOCSIIIUMHUCS K HAM TIOJICPKUBAIOIIMMH ¥ OTIOPHBIMHA KOHCTPYKIMAMH Ha 3JIEKTPOANHAMUYECKYIO
cToiKoCTh pacueTHbIM BuioM K3 sBisiercst Tpexdaznoe K3. [Ipu aTom B 00liem ciryuae fomyckaeTcs
HE yYUTHIBaTh MEXaHUYECKUE KOJICOAHHS IIMHHBIX KOHCTPYKIIHH.

2.3.2. [lpu mpoBepke THOKHX IPOBOMHUKOB Ha AIIEKTPOAMHAMHIYECKYIO CTOHKOCTH (TSDKEHHE,
OIacHOE CONIKEHUE M CXJIECTHIBAHUE MMPOBOJHUKOB) pacueTHbIM BuaoM K3 siBisiercst nByxdasznoe K3.
Pacuer Ha cxJieCThIBaHHE [OJDKEH IPOM3BOAMUTHCS C YYETOM KOHCTPYKIMH CHCTEMBI THOKHX
MPOBOJHUKOB, 3HaUeHUs Toka K3 1 pacueTHO! Npoao/KkuTeNnsHOCTH pexnmMa K3.

2.3.3. Ilpu mpoBepke MPOBOIHUKOB W 3JEKTPUUECKUX aNMapaToB HAa TEPMHUECKYIO CTOWKOCTD
pacuetHbM BuIOM K3 B obmem ciydae siBisiercst Tpex¢aszHoe K3. IIpu npoBepke Ha TEpMHYECKYIO
CTOMKOCTh NPOBOJHUKOB M aIlllapaToB B IEMSAX T'€HEPAaTOPHOTO HANPSDKEHHUS JIICKTPOCTAHIMN
pacueTHBIM MOXeT ObITh Tarkke nByxdazHoe K3, ecnmm oHO oOyciaBmuBaeT OONBIINI Harpes
MPOBOIHUKOB U aliaparoB, yeM mpu tpexdasHom K3,

2.3.4. TIpu mpoBepKe UIEKTPUUECKUX aNMapaToB Ha KOMMYTAIMOHHYIO CIIOCOOHOCTH PAacUeTHBIM
BugoM K3 moxer ObITh TpexdaszHoe i ogHodaznoe K3 B 3aBucumocty oT Toro, mpu kakoMm Buzae K3
Tok K3 nmeer naubonbliee 3HaueHue. Ecnu 1s BeIKIIrouaTeneil 3agaeTcs pa3Has KOMMYTallMOHHAs
crocoOHoCTh npu Tpex¢asHbiXx U onHohasHbx K3, To mpoBepky cieayer Npou3BOAUTH OTAEIBHO MO
kaxaomy Buny K3.

2.4. PacueTHasi TOUKA KOPOTKOI'0 3aMBbIKAHUS

2.4.1. Pacuernas Touka K3 HaxoauTcs HEMOCPEACTBEHHO C OJHOM WM C JIPYroil CTOPOHBI OT
paccMaTprUBaeMOro JIEMEHTa JIEKTPOYCTaHOBKH B 3aBUCHMOCTH OT TOTO, KOTJa JJISi HEro CO3AAr0TCs
HanOosnee Tspkenble ycnoBus B pexkume K3. Crmyuam [BOMHBIX KOPOTKHMX 3aMBIKaHHH Ha 3€MIIO
JIOIYCKaeTCs B O0ILEM CiTyyae HE yYHTHIBATb.

2.4.2. B 3aKpHITHIX paclpeNeNuTeNbHBIX YCTPOUCTBAX MPOBOIHUKHA M AJIEKTPHUCCKUE amIIaparsl,
pacroyiokeHHBIE /10 peakTopa Ha PEaKTHPOBAHHBIX JIMHHSX, MPOBEPSIOTCS, UCXOAS M3 TOTO, YTO
pacuerHas Touka K3 HaxoauTcs 3a peakTopoM, €CiIM OHU OT/AENIEHBI OT COOPHBIX MIMH pa3AeisSIONIMMU
MOJIKaMH, @ PEaKTOp HAaXOIMTCS B TOM JKE€ 3/IaHHU M BCE COCAMHEHHUS OT peakTopa 10 COOPHBIX IIMH
BBITTOJTHEHBI ITHHAMH.

2.4.3. IIpu npoBepke kabenel Ha TEPMUIECKYIO CTOMKOCTh pacueTHoON Toukor K3 sBisercs:

— JUT OMMHOYHBIX KaOelel OTHOM CTPOUTENBHOM MHBI — Touka K3 B Hawane kades;

— IUIsI OOWHOYHBIX Kabelel co CTyNMeHYaThIM COCIMHEHHEeM I0 nHe — Touku K3 B Hauame
KaXX/I0TO Y4acTKa HOBOTO CEUCHHUS,;

— UL TBYX W OoJiee MapauiejbHO BKJIFOUCHHBIX KaOenel oqHOW KaOeabHOH JIMHHMM — B Havdaye
Kaxoro kabest. OTCTyIIIeHUs OT 3TUX TpeOOBaHMI JOJKHBI OBITH 0OOCHOBAHBI.

2.5. Pacuernas NPOAOIKUTEC/IBHOCTD KOPOTKOI'O 3aMbIKAHUA



2.5.1. Ilpn npoBepke MPOBOJHHUKOB M 3JIEKTPUUYECKUX aIlllapaToB Ha TEPMUYECKYIO CTOWKOCThH B
KadecTBE pacueTHOH mpomospkuTenbHocTH K3 ciienyer mpruHUMATh CyMMY BpEMEH JEeHCTBHS TOKOBOH
3ammThl (¢ yuerom neiictBusi AIIB) Ommxaiimiero k mecty K3 BbIkirouarens W MOJHOrO BpEeMEHH
OTKJIFOUEHHS 3TOTO BBIKIIOUarens. [Ipy Halu4nuy 30HbI HEYYBCTBUTEIBHOCTH Y OCHOBHOM 3aIlUTHI - 1O
CyMMe BpEMEH JEWCTBMS 3aluThl, pearupyromeid Ha K3 B yka3aHHOH 30HE, M IOJHOTO BpPEMEHH
OTKJIFOUCHHS BBIKITIOYATEIIS] TIPHCOCMHEHHS.

2.5.2. TokonpoBoIbI ¥ TPaHC(HOPMATOPHI TOKA B LETSIX FeHepaTopoB MoInHOCThI0 60 MBT 1 Gonee
CJIElyeT TIPOBEPATh Ha TEPMHUYECKYIO CTOHKOCTH, ONpEJENss pacyeTHYI0 MpOAOIDKHTENbHOCTh K3
ITyTEM CJIOKCHMSI BPEMEH ACHCTBUS OCHOBHOM 3alMTHI (IIPHM YCTAaHOBKE ABYX OCHOBHBIX 3AIUT) HIIH
pe3epBHOM 3alUTEl (P YCTAHOBKE OJHOW OCHOBHOW 3aIllUTBI) M INOJHOTO BPEMEHH OTKIIIOYEHUS
TeHEPaTOPHOI0 BBIKIOYaTeNsl. KOMMyTallMOHHBIE 3JEKTPUYECKUE almapaThl B LEMSX I'€HepaTopoB
momHocTeio 60 MBT 1 Gosee MOIDKHBI MPOBEPSITHCS HAa TEPMHUYECKYIO CTOMKOCTH Kak MO BPEMEHH
BO3zCHcTBUS Toka K3, onpenensemMoMy IeliCTBIEM OCHOBHOHM OBICTPOACHUCTBYIOIICH 3aIIUTHI, TaK U 110
BPEMEHH, OMNpEAEIIeMOMY JCHCTBUEM PE3EPBHOM 3alUThI, €CIH 3TO BPEMs IPEBBIILIACT HOPMUPYEMOE
3aBOJIOM-M3TOTOBUTEIIEM.

2.5.3. [Ipu npoBepke IMEKTPUICCKUAX aNIIapaToB Ha KOMMYTAIIMOHHYIO CIIOCOOHOCTh B KadeCTBE
pacdeTHol npopomkuTensHocTH K3 cinenyeT mpuHUMaTh CyMMY MHHHMAJIBHO BO3MOKHOTO BPEMEHH
JNEUCTBHS PpENICHHOW 3alIMThl JAHHOTO IPUCOEAWHEHUS M COOCTBEHHOI'O BPEMEHH OTKIIIOYEHUS
KOMMYTAIIHOHHOTO armapara (Bpems 7).

2.5.4. Ilpu mnpoBepke kabeneli Ha HeBo3ropaeMocTh mnpu K3 B KadecTBe pacyeTHOM
nponopKkuTenbHOCTH K3 cnemyer npuHUMaTh CyMMy BpeMeH JISHCTBHSI Pe3epPBHOM 3alUTHI U TTOJTHOTO
BPEMEHHM OTKJTIOYCHUS BBIKIIOUATEISI IPUCOSANHEHUS.

3. OBIIME METOJJUYECKHUE YKA3AHUS
3.1. CocraBiieHHe pac4eTHOM cXeMbI

3.1.1. YroOsl ompenennuth pacueTHbI TOK K3 ¢ menpio BEIOOpa WMIIM MPOBEPKH AIIEKTPHUECKHUX
anmapaToB W TPOBOJHHUKOB IO YCJIOBHSM KOPOTKOTO 3aMBIKaHWS, HEOOXOAWMO TpeaBapHTENbHO
BBIOpaTh pacdeTHbIE YCIOBUs, OTBedaromue TpeboBaHMAM IIYD, B 4YaCTHOCTH PacUETHYIO CXEMY
3JEKTPOYCTaHOBKH.

Beibop 3TOil cxXeMBl clexyeT IpPOM3BOAWTH C YYETOM BO3MOXHBIX OJIEKTPUYECKHX CXEeM
COOTBETCTBYIOIIEH 3JEKTPOYCTAHOBKH IIPH DPA3IMYHBIX INPOAOJDKUTEIBHBIX PEKUMax €€ paboThl,
BKJIIOUasl PEMOHTHBIE U IOC/I€aBapUNHBIE PEKUMBI, a TAKXKE C yUETOM 3JJIEKTPUUECKON YIaJeHHOCTH
Pa3UYHBIX HCTOYHUKOB 3HEPTUH (T€HEPaTOPOB, CHHXPOHHBIX KOMIIEHCATOPOB M 3JIEKTPOJIBUraTEIeH )
0T pacueTHOM Touku K3.

3.1.2. B cootrBerctBun ¢ I'OCT 26522-85 Bce KOpPOTKHE 3aMBbIKaHHUA MOAPA3JEIAIOTCS Ha
ynaneHHele u omuskue. K3 cunraercst yianeHHbIM, €CIM aMILUTUTYIbl TIEPHOINYECKON COCTaBIISIOIIEH
TOKa CTaropa JaHHOM OJIIEKTPUYECKONM MAIIMHBI B HAYaJdbHBIl M MNPOM3BOIBHBIA MOMeHTH K3
MPaKTHYECKN OJMHAKOBBI, M OJM3KHUM, €CIIM 3TH aMIUIUTYBI CyIIECTBEHHO OTAM4aroTcs. OOBIYHO 1MOx
JIEKTPUYECKOH YAaIEeHHOCTBIO pacueTHOM Touku K3 OT kKakoro-imbo MCTOYHHKA PHEPTUH MTOHUMAIOT
MPUBEJCHHOE K HOMHHAJIBHOW MOIIHOCTH M HOMMHAJIbHOMY HANpsDKEHUIO HCTOYHHMKA BHEIIHEe
COTIPOTUBJIEHUE, KOTOPOE OKAa3bIBACTCS BKIIOUEHHBIM MEXKAY HUCTOUYHUKOM M Toukoil K3 B MomeHT
Bo3HMKHOBeHNA K3. OngHako Takoid crnoco® OLEHKH YOaJeHHOCTH NMPHMEHHWM JIMIIb B TE€X CIydasXx,
KOIZIa pa3In4Hble UCTOYHUKH SHEPIHU CBS3aHBI C pacueTHOM Toukoil K3 He3aBucumo Apyr ot npyra.
Bonee yHuBepcanbHOM BeIMYMHOM, KOTOpass B IOJHOHM Mepe XapaKTepusyeT »3IIEKTPUUYECKYIO
YIAIEHHOCTh pacuyeTHOM Toukn K3 0T mNpoM3BOJIBHOIO HCTOYHHKA JHEPIMH W MOXET OBITH
CPaBHHTEIBHO JIETKO OIPEZEICHa B CXeMe JIF000i KOH(PHUTypaluu U IpH JIF0OOM YHCIe HCTOYHHKOB
SHEPruM, SIBISIETCS OTHOLIEHHE JACHCTBYIOUIEIO 3HAYEHHUs] IEPHOIUYECKON COCTABIIOIIEH TOKa
WCTOYHHMKA JHEpruH (TeHeparopa, CHHXPOHHOTO KOMIIEHCATOPAa, JJIEKTPOABHIaTelsl) B HayaJIbHBIHA
MoMeHT K3 k ero HoMUHaJIbHOMY TOKY.

B oredectBeHHOIt W MexayHapomHoW mpakTuke K3 mNpwHATO cUnMTaTh ONM3KKAM, €CIH 3TO
OTHOIIEHHE PaBHO IBYM MM Oomblie ABYX. IIpn MeHbIIMX 3HaueHMAX yKa3aHHOTO oTHomeHus K3
CIeyeT CUUTaTh YAAJICHHbBIM.

3.1.3. B Tex cimydasix, Koraa pemaemas 3aada OrpaHIIUBaeTCs IPUOTMKEHHON OLEHKOW 3HAYCHUS
Toka B Mecte K3, s remeparopa wWiM CHHXpPOHHOro KommeHcaropa K3 momyctuMo cuuTath
YAaJEeHHBIM, eclii pacueTHas Touka K3 HaXxoIuTCs 0 OTHOIICHUIO K CHHXPOHHON MallliHe 3a IByMs U
Oomee TpaHchopMmaTropaMu WIM 3a peakTopoM (KaOenpHOH JIMHMEH), CONpPOTHBIIEHHE KOTOPOTO
MIPEBBIIIAET CBEPXIIEPEXOJHOE CONMPOTHBICHUE T'€HEpaTOpa WM CHHXPOHHOTO KOMIIEHcaTopa Ooiee



yeM B 2 pasza. 11 CHHXPOHHOTO WJIM aCHMHXPOHHOrO 3nekTpojisuratens K3 gomycTumo cuuTath
yIAJIICHHBIM, €cM pacdeTHas Touka K3 HaxomuTcs Ha JOpyroil CTYNEHHM HampspKeHUs ceTH (T.e. 3a
TpaHc(hOpMaTOPOM) HIIH 32 PEaKTOpOM, KabeleM M T.H., COPOTHBIIEHHNE KOTOPOTO B 2 pa3za u Ooiee
MPEBBIIIAET CBEPXIIEPEXOTHOE COIPOTUBIECHHUE AIIEKTPOABUIATENS.

3.1.4. Ecam mapaMeTpsl TeHEpaTOpoB, TpaHC(HOPMATOPOB M JIPYyTHUX 3JIEMEHTOB HambOoiee
yZIaIeHHOH OT Toukd K3 4acTH 31eKTpo3HEepreTHIecKOil CHCTEMBI HEM3BECTHBI, TO Ty YacTh CHCTEMBbI
JIOIYCKAaeTCsl TPEJCTABIATh HA HCXOJHON pacueTHON CXeMe B BHIE OJHOIO MCTOYHUKA 3HEPIUU C
HemsMeHHOM mo ammuutyae OJC u  pe3yiabTUPYIOUIMM  SKBHUBAJEHTHBIM  HMHAYKTUBHBIM
conporuBieHueM (cMm. 1. 5.1.2). DOnekrponsurarenu, it KOTOpbIX pacderHoe K3 sBisercs
YIQJIECHHBIM, B PAacueTHYIO CXEMy HE BBOZITCS. YUET WM HEY4eT B PAcUCTHOW CXeMe IPYrux
3JIEMEHTOB 3HEPrOCUCTEMBI 3aBUCHUT OT TpeOyeMol TOUHOCTH pacdeToB Toka K3, pacueTHoro BpemMeHu
K3, ucnons3zyemoro meroma pacdyera u Apyrux (axTopoB. [1o3TOMYy NOMOTHUTENBHBIE CBEIECHHUSA O
COCTaBJICHUM PACUYETHBIX CXEM JIaHbI B JIPYTHX pa3Jieliax.

3.2. CocTraBiieHNe HCXOHOM CXeMbI 3aMelleHHus

3.2.1. IIpu pacuere TokoB K3 aHalIuTHYECKUM METOAOM CIEAYET MPEABAPUTENBHO MO UCXOJIHOMN
pacdeTHON CXeMe COCTaBHTH COOTBETCTBYIOIIYIO CXeMy 3aMemieHusA. [Ipu 3ToM COmMpOTHBICHHUS BCEX
aeMeHTOB cxeMbl U DJIC UCTOYHHMKOB IHEPIHU MOTYT OBbITh BBIPOKEHBI KAK B UMEHOBaHHBIX, TaK U B
OTHOCHUTEIIbHBIX €IUHUIIAX.

3.2.2. Ecnmu w3BecTHBI (DaKTHUECKHE NPH MPHHATHIX HCXOAHBIX YCIOBHAX KOI(PQPHUIIMEHTHI
TpaHcdopmanuu Bcex TpaHcHopMaTopoB U aBTOTPaHC(HOPMATOPOB PACUETHOM CXEMBI, TO COCTABIICHUE
CXEMBbI 3aMEIICHUS CICIYCT MPOM3BOJUTH C ydeToM 3THUX Kod(¢uiuentoB. Eciu ke dakruueckue
KOX(QPUIHIEHTHI TpaHcHOpMaIUi YacTH TPAHC(HOPMATOPOB U aBTOTPAHCPOPMATOPOB HEU3BECTHHI, TO
JIOIyCKAeTCs TPH COCTABICHWM CXEMBl 3aMEIICHHS YKa3aHHBIE KOA((UIMEHTH YYHUTHIBATH
NpUOJIMKEHHO, KaK yKa3aHo B II. 3.2.5.

3.2.3. Tlpu BbIpaXeHUH MapPaMETPOB DIIEMEHTOB 5SKBUBAJEHTHOM CXEMbI 3aMEIICHUS B
MMEHOBAaHHBIX EIWHHUIAX C MPUBEACHUEM IapaMeTPOB Pa3IMYHBIX DJIEMEHTOB HMCXOMHOW PacyeTHOU
CXeMbl K BbIOpAaHHOW OCHOBHOW (0a3WCHOI) CTyNEHH HANpPSDKEHUS CETH M C y4eToM (DaKTHYECKUX
K03 (UIMEHTOB  TpaHC(OpPMAIlMKM  CHJIOBBIX  TpaHC(HOPMATOpOB M  aBTOTpaHc(opmMaTropoB
npuBeqcHHbIC 3HaYeHUS DJ[C MCTOYHUKOB YHEPTUU W COIPOTHUBIICHUS PA3IMYHBIX DJIEMCHTOB CXEMBI
CIIeyeT ONpeneIsaTh Mo GpopMyiam
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Ilpumeuanue 3necw 1 nanee noj ko3GUIUEHTOM TpaHChOpManUK TpaHchopMaropa (aBToTpaHchopMaTopa)
TIOHMMAETCSI OTHOLIEHHE HANpPSHKEHHS XOJOCTOTO XOJa €ro OOMOTKHM, OOpaIleHHOH B CTOPOHY BBIOpaHHOM
OCHOBHOM CTYIICHH HAIPSDKSHUSI CETH, K HAIPSDKEHUIO XOJIOCTOTO X0Ja APYToi OOMOTKH.

3.24. Ilpu BBIpaXCHHH TapaMETPOB DSJIEMEHTOB HKBHBAICHTHOH CXEMBl 3aMEIICHHS B
OTHOCHUTENBHBIX €IUHUIAX C NPUBEACHUEM MapaMETPOB Pa3IMUHBIX 3JIEMEHTOB MCXOJHOM pacueTHON
CXeMbl K 0a3UCHBIM YCIIOBHSM U C y4yeToM (hakTHYecKuX Kod((duImeHToB TpaHCHOpMalUU CHUIIOBBIX
TpaHcdopMaTopoB U aBTOTpaHC(HOpMaTOpoB HEOOXOANMO:

1) 3amatbcst 0a3WCHOW MOIMHOCTBIO S5 W IUIsI OJHOH W3 CTYNEHEW HANPSHKCHHUS HCXOTHOM
pacyeTHO# cxeMbl, IPUHUMAEMOI1 32 OCHOBHYIO, BEIOpaTh Oa3ucHoe HanpspkeHue Usg oy

2) ompenenuTh Oa3WCHBIC HANPSDKEHHs APYTMX CTYNEHEeH HaIlpsHKeHUsl pPacyeTHOW CXEMBbI,
HCTIOINB3YSE (hOopMYyITy
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3aMeIICHUS B OTHOCUTEIHHBIX SANHUIIAX PU BHIOPAHHBIX OA3UCHBIX YCIIOBHUX, HCIONB3YS (OPMYITBI
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KOTOPOM HaXOAMUTCS JIEMEHT, IO I IPUBEACHHUIO.

®Dopmyisl (3.6) u (3.8) ciemyer MCIONB30BaTh B TeX ciydasx, korga 3HadeHwus DJ{C mcrouHmMKa
SHEPIHH U MPUBOUMOE COITPOTHBIICHHE 3a[aHbl B IMCHOBAaHHBIX eIHHHUIAX, a popmyiisl (3.7) u (3.9) -
KOTJIa 3HAYCHHS ITHX BEITUYMH 3a/IaHBI B OTHOCUTEIHHBIX CAMHUIAX TIPU HOMHUHAJIBHBIX YCIOBHUSX.

OOBIYHO B WMCHOBAaHHBIX EIWHUIAX 3aaHO COIPOTHBIICHHE BO3AYIIHBIX IMHWHA, Kabened u
PEaKToOpoB, a B OTHOCHTENIPHBIX €IWHHUIIAX ITIPH HOMHHAIBHBIX YCIOBHSX - CONPOTHBIICHHE
IFCHCPATOPOB W CHUHXPOHHBLIX KOMIICHCATOPOB. COHpOTl/IBﬂeHI/Ie HCMIOABUIKHOT'O JJICKTPOABUTATEIIA
(comporuBnenne K3) u comporuBineHne TpaHchOpMaTOpa B OTHOCHTENBHBIX EIUHHUIAX IIPH
HOMWHAITBHBIX YCIIOBHSIX OIMPENEIIIOT IO (hopMyTaM

1

Z K(now) = 7> (3.10)

*
*

u,%

% (HOM):Wa (3.11)

rac 1 n - KpaTHOCTb ITYCKOBOI'O TOKa I10 OTHOIICHHIO K HOMHHAJIbHOMY TOKY,
*

1% - HaIIpsHKEHUE KOPOTKOTO 3aMbIKaHMs TPaHC(HOPMAaTOpa B MPOIICHTAX.

3.2.5. B Tex ciydasx, KOraa OTCYTCTBYIOT HaHHBIE O (DaKTHUECKH HCIONB3YyEMbIX B YCIOBHSIX
aKCIUTyatauuu Kod¢p¢uuueHrax TpaHchopMauuu TpaHCPOPMATOPOB U  aBTOTPAHC(HOPMATOPOB,
JIONYCTUMO HX IPUHUMATh PaBHBIMH OTHOIICHUIO CPEAHMX HOMHHAIBHBIX HAaNpsDKEHUH ceTed,
CBSI3aHHBIX 3TUMH TpaHcopMaTopamu H aBToTpaHcopmaropamu. Ilpm 3TOM pexomeHayeTCs
UCIIONb30BaTh CIIEAYIONIYIO HIKAly CPEJHUX HOMHHAJIBHBIX HANPKeHUH ceTel Uepyon, 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 BBIpaXCHWH TapaMeTPOB DSJIEMEHTOB HKBHBAJICHTHOH CXEMBl 3aMEIICHHS B
MMEHOBAaHHBIX EIWHHULAX C IPUBEICHUEM IapaMETPOB PA3IMYHBIX 3JIEMEHTOB MCXOJHOHM pacueTHON
CXeMbl K BHIOpaHHOI OCHOBHOMW CTyNEHH HAIPsSHKEHUsI, UCIIOJb3Ys MPH 3TOM HPUOIMKEHHBIH CII0co0
yuera KO3(QQUIIMEHTOB TpaHChopMannu TpaHc(hopMaTopoB M aBTOTPAHCHOPMATOPOB, NPHUBEACHHBIE



3HayeHus OJ[C HCTOYHMKOB 3HEPTrUM U CONPOTHUBIECHHS PA3IHUHBIX JJIEMEHTOB CXEMBI CIIEeIyeT
OIIpeessITh 1o hopMynam

° UC oC
E=F— 2%, (3.12)
UcpN
2
° UC OCH
z=7—"% (3.13)
U2
cpN
rae Ucp,ocn — Cp€aHEC HOMHHAJIBHOC HAIMPSKCHUC TOI7[ CTYIICHU HAIPAKCHUA CCTHU, KOTOpas

TIPUHATA 32 OCHOBHYIO;
Ugpn — cpenHee HOMMHATIBHOE HANPSDKEHHE TOW CTYNEHH HANPSDKEHHWs CETH, Ha KOTOPOM
HaxXOJUTCHA 3JICMCHT C MOAJIC)KAIINMU MTPUBECACHUIO ITapaMETpaMu.

Ecmm O/IC ucroyHMKa SHEPrMM W CONPOTHBIIEHHE KaKOro-JIMOO 3JeMEHTa PAacUYEeTHOM CXEMBI
BBIPa)XCHBI B OTHOCHUTENBHBIX CAWHUIIAX IIPH HOMUHAIBHBIX YCIOBUAX, TO TIPH MPHOIMKCHHOM y4eTe
ko dureHToB  TpaHchopmanuu TpaHCHOPMATOPOB M aBTOTPaHC(HOPMATOPOB HMX 3HAYCHUS,
NPUBEJICHHBIC K OCHOBHOM CTYIEHH HAINPSDKEHUS CETH, CIIeTyeT HaXOIUTh 110 GpopMyiiaM

E= § (HOM)UCP.OCH; (3.14)
2
° U
Z=Z (owy— (3.15)

3.2.7. Ilpu BBIpOXECHUM TapaMETPOB OJIEMEHTOB OKBHBAIECHTHOW CXEMBI 3aMEIleHHs B
OTHOCHTEJIFHBIX €IMHUIAX C MPUBEACHHEM MapaMeTPOB Pa3IMUHbIX 3JIEMEHTOB MCXOJHOM pacueTHON
CXeMBI K 0a3WCHBIM YCIIOBHAM, UCTIONB3YS IPU 3TOM MPHOIMKCHHBIA cIoco0 ydera Ko3(duimerTor
TpaHcopmanuu TpaHcHOPMATOPOB M aBTOTPAHCHOPMATOPOB, Oa3MCHAas MOIIHOCTh BbIOHpAETCS
MPOU3BOJILHO, @ B KAauyeCTBC OA3UCHOIO HAIPSDKEHHS OO0 CTYNMEHU HAMpPSDKCHHS CETH CIEIYeT
MIPUHUMATh CpeJHEe HOMUHAIBHOE HAIlPsHKEHUE COOTBETCTBYIOLIEH CTyneHH. B aToM citydae MckoMble
3HaueHuss DJIC WMCTOYHUKOB OSHEPrHH M CONPOTUBIICHUH 3JEMEHTOB CXEMbl 3aMELICHHS B
OTHOCHTENBHBIX SAUHHIAX CIISyeT ONPeIessATh 1o hopMynam

E = (3.16)
* © UcpN
NN
E =L (ow’ (3.17)
S
Z©=L— (3.18)
* * UCpN
501050
S
(0)
% (6):% (HOM) S (3.19)

3.2.8. HezaBucumo 0T TpUHATOrO cmoco0a COCTaBJICHUS CXEMBI 3aMEUICHUS MPIMOM
MTOCTIEIOBATETIFHOCTH (B MMEHOBAHHBIX WM OTHOCHUTENBHBIX EAWHUIAX, C yYeTOM (HaKTHUECKUX
k03¢ dunreHToB TpanchopManuu TpaHCPOPMATOPOB MM TPH NPHONMIKEHHOM YydYeTe OJTHX
KO3 (QHIIMEHTOB) B 3TOW CXEME NOJIKHBI OBITh MPEACTABJICHBI BCE 3JEMEHTHI MCXOTHON pacueTHOMN
CXEMBI, MPHUYEM WCTOYHUKHA OHHEprud (TCHEpaTophbl, CUHXPOHHBIC KOMIICHCATOPHI, a TaKKe
anektpoaBuraTenu MomHocTeio 100 kBT u Gonee, ecnu oHM HE OTAENCHBI OT pacdeTHOH Toukn K3
TOKOOI'PaHUYMBAIOIIUM PEAKTOPOM HJIM TPAHCPOPMATOPOM) U 0OOOIIEHHBIE HATPY3KH Y3JI0B JOJKHBI
ObiTb  BBegeHbl B cxemMy OJIC M HMHAYKTHBHBIMH COIPOTHBIICHHSMH, COOTBETCTBYIOIIUMHU
paccMarpuBaeMOMy MOMEHTY BpeMeHH. Tak, MpH pacueTe HAYaIbHOTO 3HAYCHUS MEPUOTUYCCKON
COCTABJIAOIICH OHU JTOIKHEI OBITH MPECTABICHBI B UCXOTHON CXeMe 3aMEIICHUS CBEPXIIePEXOTHBIMHU
OAC m cBepXIepexOJHBIMH WHIYKTUBHBIMU CONpPOTHBIEHMsIMH (cM. 1. 5.2). Bce octambHBIE
JJIEMECHTbBI HCXOI[HOﬁ paC’-IeTHOﬁ CXEMbl JOJIDKHBI 6])ITI) NpeACTaBJICHBI B CXEME 3aMCLICHUA
COTIPOTHUBJICHUSIMHU psIMOI MTOCIICIOBATEIBHOCTH. TpexoOMOTOYHEIC TpaHc(hOpMaTOPEI,
aBTOTpaHC(HOPMATOPHI, TpaHCPOPMATOPHI M ABTOTPAaHCHOPMATOPHI C pACHICTNICHHOH OOMOTKOM
HU3IIETO HANPSDKEHUS, a TAK)KE CIBOCHHBIC PEAKTOPHI TOJKHEI OBITH MPEICTaBICHB CBOMMHU CXEMaMHU
3aMCUICHUSA. 3TI/I CXEMBI, a TakKXC pPACYCTHBLIC BBIPAXKCHHUA A OIPCACICHHUA HX IapaMETpOB
npuBesieHb! B Ta0m. 4.1.



3.2.9. [lna pacueta TOKOB Ipw HecuMMETpHYHBIX K3 1emecooOpa3sHO HCIOIB30BaTh METON
CUMMETPHYHBIX COCTABILTIONIMX. [IpH 3TOM KpoMme CXeMBI 3aMeIIeHHUs MPSIMOI TOCIeJOBATEIEHOCTH
i pacdera aByxdazHoro K3  HeoOXoauMO  cOCTaBHTh CXeMy —3aMelieHHus 0OpaTHOi
MOCJICIOBATEIBHOCTH, a JuIss pacuera ogHodasHoro u aByxdazHoro K3 Ha 3eMiro - Takke cxemy
3aMellleHHUs] HYJIEBOM MOCJIe10BaTENbHOCTH.

Cxema 3aMeIIeHHS OOpaTHOW TIOCIENOBAaTEIFHOCTH 10 KOH(QUTYpalMi aHAJIOTUYHA CXEME
3aMeIICHUs MPSIMOI MOCIIeOBAaTeNFHOCTH, T.€. B HEH JOJDKHBI OBITH NPEICTAaBICHBI BCE JIEMEHTHI
WCXOJHOM pacueTHOW cxeMbl. [Ipu 3TOM »3IeKTpuYecKHue MallvuHbl C BPAIaOIIUMCS POTOPOM U
0000IICHHBIC HATPY3KU Y3JI0B JOJDKHBI OBITH YYTCHBI COOTBETCTBYIOIIMM COMPOTHBICHHEM O0OpaTHOMH
rocnenoBareabHOCTH, a DJ]C IpUHATH paBHBIMHU HYIIO.

WHOyKTUBHOE CONPOTHBICHHE OOPAaTHOW IOCIENOBATEIBPHOCTH CHHXPOHHBIX M AaCHHXPOHHBIX
SJIEKTPOJBUTATEEH MOMYCTUMO MPUHUMATh YHCIEHHO PaBHBIM HHIYKTHBHOW COCTaBISIONIEH HX
CONPOTHUBIICHUS  KOPOTKOTO  3aMblkaHusa. CoONpOoTHBIIEHUE OOpaTHOW  TOCIIEIOBATEIEHOCTH
0000IIeHHOW HArpy3KH KaKOTO-JIMOO y37la B OTHOCHTENBHBIX CAMHHWIAX, OTHECEHHOE K MOJHOMN
MOIITHOCTH Harpy3Kd M CpelHEMY HOMHUHAJIFHOMY HANpPSKCHHWIO TOW CTYNEHH HANPSDKEHHS CETH, TIIe
9Ta Harpys3ka NpUCOEJMHEHA, ClieJlyeT MPUHUMATh PaBHBIM: MPH HampsbDkeHuu cetu 35 kB u Goiee
)*( 2(som)= 0,45 ¥ IIPH HANIPSDKCHUN CETH MEHEe )*( 2310w =035 .

CxeMa 3aMelleHHs] HYJICBOH IOCIEIOBATEIbHOCTH OOBIYHO CYIIECTBEHHO OTIHMYAETCS OT CXEM
mpsMoil M oOpatHOW TmocienoBarensHocTeld. Ee KoHurypamust ompeznernsiercss B OCHOBHOM
MoNoKeHneM pacueTHOM Toukn K3 w cxemamm coeawHeHHs OOMOTOK TpaHC()OpMAaTOpoB H
aBTOTpaHC(HOPMATOPOB HCXOAHOM pacdeTHOW cxeMbl. UTOOBI COCTaBUTH CXEMY 3aMEIIeHHs HyJIEBOH
MIOCJIE/IOBATENILHOCTH, CJEyeT JOIYyCTUTh, YTO B TOUYKe HecummerpuuHoro K3 Bce dasbl coemHeHbI
MEXIy co0Ol HaKOpOTKO W MEXIy 3TOH TOUKOW M 3eMIIeil NPHUIOKEHO HaNpsDKEHHE HYJIeBOM
TOCIIEOBATENbHOCTH. 3aTeM, uAs oT Todykn K3 moouepenHo B pasHble CTOPOHBI, HEOOXOAMMO Ha
KaXJOM CTYIICHM HAIIPSXKCHUSI UCXOIHON pacyeTHON CXEMBbl BBISBUTH BO3MOXKHBIC ITyTH IIUPKYJISALHH
TOKOB HyﬂeBOﬁ IOCJICA0OBATCIIBHOCTH (LII/IpKyJ'IHIJ,I/IH 9THUX TOKOB BO3MOYHa TOJIbBKO B TCX BCTBAX,
KOTOpble 00pa3yloT KOHTYpHI JJISl 3aMBIKaHHsS TOKOB 4epe3 3eMIII0 W TapaijeibHble ei IIenH) |
COOTBETCTBCHHO OIIPEJCIUTh SJIEMEHTHI 3TOH CXEMbI, KOTOpPBIE IOJDKHBI OBITh BBEICHBI B CXEMY
3amemeHus. [Ipu 3ToM ciexyeT MMETh B BHAY, YTO CONPOTHBICHHE HYJIEBOW IMOCIEJOBATEIbHOCTH
TpaHcdopMmaropa co CTOPOHbI OOMOTKH, COCJJMHEHHOW B TPEYTOJIbHUK HJIM 3BE3]ly C HEe3a3eMIICHHOM
HEHTpasplo, OECKOHEYHO BEJHMKO, TOITOMY TPaHC(HOPMATOPhI C YKa3aHHBIMU CXEMaM{ COCTUHEHHS U
BCE HAXOMAIINECS 3a HUMH JJIEMECHTHI MCXOZHOW PACUYETHOM CXEMBI B CXEMYy 3aMELICHUs HYJEBOI
MIOCJIEI0BATEIHOCTH HE BXOJST.

L{upKynsiuyst TOKOB HYJIEBO# 11OCJIE0BATEIBHOCTH BO3MOYKHA TOJILKO B TOM Clly4ae, eciii 0OMOTKa
TpaHcdopMmaropa, oOpallleHHasi B CTOPOHY pacueTHOW Touku K3, coepnHeHa B 3Be3y ¢ 3a3eMIIEHHOM
HEUTPAIIBIO.

Cxema 3aMelIeHHs HYJIEBOH IMOCIEIOBATEIHFHOCTH IBYXOOMOTOUHOTO TpaHchopmaTopa, 0OMOTKH
KOTOPOTO COEOMHEHBI Mo cxeme Yo/A, mpencraBieHa Ha puc. 3./, a. IlockoibKy HHIYKTHBHOE
CONPOTHBIIEHHE X,y BO MHOIO pa3 OoJjblle CONPOTUBIEHUH paccesHus oOMOToK X; m Xy, To B
MCXOJIHOM CXeMe 3aMelleHHs HYJEBOH I0CIe0BaTeIbHOCTH TPaHC(HOPMATOP C yKa3aHHOM cXeMoii
COEIMHEHUSI 0OMOTOK IPEJCTABIISICTCS B BHJIE OJHOTO MHAYKTHBHOTO CONPOTHUBICHUS X 9 = X| +X,
KOTOpPO€ C TPOTHUBOIOIOXHON CTOPOHBI (MO OT pacdyeTHo Touku K3) coemmHseTcs ¢ TOYKOH
HYJICBOTO TOTEHIIMANIA CXEMBI 3aMemIeHus (¢ 3emueit). Takum oO6pa3oM, eClid B HCXOAHOM pacueTHOH
cXeMe 3a TaKMM TpaHC(OpMaTOPOM MMEIOTCSI KaKne-1100 AJIeMEHTH (TpaHc(OopMaTOpbl, FTeHepaTOPBbI,
BO3/YIIHbIE WM KaOenbHbIE JMHUU M T.J.), TO HE3aBUCHMO OT WX BHJAa M CXEMBI COCJAWHEHUS HX
OOMOTOK 3TH JJIEMEHTBl B CXEMy 3aMELICHHUS HYJIEBOW IIOCIENOBAaTEIBHOCTH HE BBOIATCA. JTO
OOBSICHIETCST TeM, YTO IPU COCAMHECHHUH OOMOTOK TpanchopmaTtopa mo cxeme Yo/A DJIC HyseBoi
MOCJICIOBATEIFHOCTH, HAaBOJMMAasi B  COGIUHEHHOM  TPEYroJbHUKOM OOMOTKE, IIOJHOCTBIO
KOMITCHCUPYETCS T1a/JICHUEM HANpSDKEHWS OT TOKa HYJIEBOH IMOCIEAOBATENbHOCTH B HMHAYKTHBHOM
CONPOTUBJICHUN  PaccesHHs 3TOH  OOMOTKM, BCICICTBHE UYEro  HaNpsHDKEHWE  HYJIEBOU
MOCJIEIOBATENILHOCTH Ha BBIBOJAX 3TOW OOMOTKH pPaBHO HYJIIO.
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Puc. 3.1. CxeMbl 3aMeIICHNS HYJI€BOH MOCIEI0BATEIFHOCTH
JIByXOOMOTOYHBIX TpaHC(HOPMATOPOB

B ciyuae coeanHeHns 0OMOTOK JIByXOOMOTOYHOTO TpaHc(opMaTopa 1o cxeme Yo/Y MUpKyIAIus
TOKOB HyJICBOIl HOCIIEOBATEIbHOCTH B OOMOTKE, COSAMHEHHOH B 3BE3/y, HEBO3MOXKHA (CM. CXEMy
3aMeIleHNs] HyJIEBOW IIOCIIEIOBATENILHOCTH Takoro tpaHcdopmaropa Ha puc. 3.1, 6). Tlockonbky y
TpaHc(OPMATOPOB ¢ HOMUHAJILHBIM HaNpsKeHHEM 0OMOTOK cBhlie 1 kKB comnporusienue X,y BecbMa
3HAUUTENBHO, TO B CXEMy 3aMEIIeHHS HYJIEBOH IOCIEeNOBATENbHOCTH TakKhe TpaHC(HOPMATOpHl He
BBOJAT.

Cxema 3aMenieHus HyJIeBOH I1OCIIeJ0BAaTEIbHOCTH JIByXOOMOTOYHOIO TpaHc(hopMaTopa, 0OMOTKH
KOTOPOTO COenuHEeHHI o cxeme Yo/Y,, mpeacrasieHa Ha puc. 3./, 6. O4eBUOHO, TpaHCHOPMATOP
HEOOXOAMMO BBOAUTH B UCXOJHYIO CXEMY 3aMELICHUs HyJIEBOW MOCIIEAOBATEILHOCTU TOJIBKO B TOM
ciyyae, eciM Ha CcTopoHe oOMoTku Il uMeeTcs KOHTYp /Ui LMPKYJSIMM TOKOB HYJIEBOM
TIOCJIEI0BATEILHOCTH (MMEIOTCS B BUJAY 3JIEKTPOYCTAaHOBKM HarpsbkeHneM cBbimie | kB, korma
Xuo >> X +Xy).

ComnpoTHBIICHUE HYJIEBOW IMOCIEAOBATEIBHOCTH TPEXOOMOTOYHOI0 TpaHc(hopMaTopa cO CTOPOHBI
OOMOTKH, COCTMHEHHOW B 3BE3/y C 3a3€MJICHHOM HEHTpalblo, 3aBHCUT OT CXEMBbl COCAMHEHUS IBYX
JIpyrux 0OMOTOK. OOBIYHO OJTHA U3 HUX COEIMHEHA TPEYTOIBHUKOM, a Ipyras MOXET ObITh COeTMHEHA
WIN TPEYTONBHUKOM, WIH B 3BE3/y C W30JMPOBAHHOW HEHTpalbio, WM B 3BE3Ly C 3a3eMIICHHOU
HelTpanplo. B mepBoM ciydae KOMIIGHCAlMsi TOKa HYJEBOH IOCIENOBATEIbHOCTH OOMOTKH,
oOpamieHHOW K pacdetHOM Touke K3, ocymiecTBisiercsi TokamMu 00eMX OOMOTOK, COEAMHEHHBIX
TPEYTOJIBHUKOM, U CXeMa 3aMEIIECHHs HyJIEBOH IOCIIEI0BATEIFHOCTH TaKOro TpaHc(hopMaTopa UMeeT
BUJ, KaKk MOKazaHO Ha puc. 3,2, a. llpm 3TOM cCONpOTHBIEHHE HYJIEBOW MOCIEAOBATEILHOCTH
TpanchopmaTopa X0 = X; + Xy // Xy Bo BTopom ciiydae mo oOMOTKE, COCAMHEHHOW B 3BE31y C
M30JIMPOBAHHOW HEWTpaNblo, NMPOTEKaHHE TOKa HYJICBOH I0CIEJOBATEIBHOCTH HEBO3MOXHO (CM.
cxeMy Ha puc. 3.2, 0), TOITOMY COIpPOTHUBICHHE HYJECBOH MOCIEAOBATEIIFHOCTH TaKOTO
TpaHcdopmaropa X = Xi + Xm. B T1perbem ciyyae LUPKyJALMS TOKa HYJIEBOH
MOCJIEIOBATEILHOCTH BO3MOXKHA M B oOMotke Il (cMm. puc. 3.2, ), ecnmu B CeTH, DIEKTPHYECKH
CBSI3aHHOM C 3TOI 00MOTKOH, 0OecTie4eHbl YCIOBHUS JUIS 3aMBIKaHUS 3TOTO TOKA.

CxeMa 3aMeIIEHMs HYJIEBOH IIOCIEIOBATEIbHOCTH aBTOTpaHC(HOPMATOpa, KOTOPBIH HMeEeT
OOMOTKY, COEAMHEHHYIO TPEYTOJbHUKOM, a €r0 HEHTpaib 3a3eMJICHA HarllyXo, aHaJOTHYHAa CXEMe
3aMeIleHUs] HYJIEBOH MMOCIIeI0BATEIbHOCTH TPEXOOMOTOUHOIO TpaHc(opmaropa, y KOTOpOoro 0OMOTKH
coenHEHEH o cxeMme Y/Yo/A (em. puc. 3.2, 8).
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Puc. 3.2. Cxembl 3aMeIlIeHUs] HYJIEBOU MOCIEI0BATEILHOCTH
TPex0OMOTOYHBIX TpaHC(HOPMATOPOB

3.3. CocTraBiieHHe HCXOAHOI KOMIIJIEKCHOM cXeMbl 3aMelleHus VISl pacyeTa
HECHMMMETPHYHBIX KOPOTKUX 3aMbIKAHUH

3.3.1. B Ttex ciyuasx, koraa TpeOyeTcsl ONpeleluTh TOKH W HalpsDKeHUS He TOJNBKO B MECTe
HecummetpudHoro K3, HO M B [Opyrux BETBAX M TOYKAX PACUYETHOW CXEMBI, IEIeco00pa3Ho
UCIIOJIb30BaTh KOMILUIEKCHBIE CXEMbI 3aMelieHus. MCXoHble KOMIUIEKCHBIE CXEMbl 3aMEICHUS JUIs
pacueta nByx(dazuoro K3 wu gByxdasmoro K3 Ha 3eMIIFO MONYdYArOTCS IyTEM COCIUHCHHUS
COOTBETCTBEHHO Ha4ajl M KOHIIOB MCXOJHBIX CXEM 3aMEIIEHHsI Pa3InYHBIX ITOCIIeI0BATEIbHOCTEH, KaK
MoKa3aHo Ha puc. 3.3 u 3.4.

I = I
KAl
H, CxeMma K|— H, Cxema Kcl Ll
4 ar
° npamoit  © E TIpAMOH
E OC/E0BATEILHOCTH MOCHE0BATEILHOCTH
H x| e H, cyonnosonmon Ko | 22
o 2 Cxema obparHoit ‘2 SPSEL ety ol el e e
T0CJIeA0BaTEIEHOCTH LS8 (2258 220 2 AT 03
. K |4
f{? Cxema Hynesolt 0 LS
TOCIeN0BaTEIhHOCTH
Puc. 3.3. KoMmiuiekcHast cxeMa 3aMeIeHns I Puc. 3.4. KoMmmuiekcHast cxema 3aMeIeHNsT It
nByxaznoro K3 nByxaznoro K3 Ha zemitto

KOMHHeKCHyIO CXCMy 3aMCUICHUA I OIIHO(i)aSHOFO K3, B KOTOpOﬁ BBIITIOJTHAIOTCA BCE



COOTHOUICHHsI HE TOJBKO JUII CHMMETPHUYHBIX COCTaBIIIOIIMX ToKa o0co0od ¢(aszel, HO W JUIs
CUMMETPHYHBIX COCTABJIAIONINX HAMPSDKEHIUSI, MOXKHO ITOJTyYUTh, €CITU CXEMbI 3aMEIICHUS OTIIEIBHBIX
MOC/IE/IOBATEIbHOCTE COCAMHUTh MEXKAYy CO0OM ¢ MOMOIIBI0 HACATBHBIX ITPOMEKYTOUHBIX
TpaHcdopmaTopoB (T.e. TPaHCPOPMATOPOB, y KOTOPHIX MMOTEPU MOIIHOCTH W TOK HAMarHMYHBaHUsI
paBHBI HyO) ¢ KkKo3dduuumenrom Ttpanchopmarmm 1:1. Takas KOMIUIEKCHas cxema 3aMEIICHUS
mpuBe/icHa Ha puc. 3.5, a. [Ipn aHATUTHYECKUX pacyeTax JOIMYCKaeTCs HCIIONB30BaTh YIPOIICHHYIO
KOMIUIEKCHYIO CXeMy 3aMellleHHss 0e3 MPOMEXYTOUHBIX TpaHc(HOpPMATOPOB, KOTOpas CIPaBEIJIHBA
TOJBKO [UISi CHMMETPHYHBIX COCTABISIIOIIMX TOKa ocoboi (ha3pl. Takas KOMIUIEKCHas cxema
npeJjcTaBieHa Ha puc. 3.5, 6.

3.4. Yder B3aNMOMHIYKIUHU JHHHUH 3JIeKTponepesauu
IIpu ompeneneHuM CONMPOTHBICHUS HYJIEBOW  IOCIEAOBATENBHOCTH  BO3AYLIHBIX JIMHHHA

AIIEKTpOIIepeiayl HeOOXOJMMO YYHMTHIBaTh BIMSHHE B3aMMOWHIYKIMHU OT JPYTruX JUHUHN (uenei),
MIPOJIOKEHHBIX 110 TOH XkKe Tpacce.
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arpr— ;Ig m rak”
2Cxema obpatHOM 4 —e— 2 Cxema oGpartnoit "2 | ——
HOCJIEIOBAaTCABHOCTH © [I0CIE0BATENBHOCTH
H - K IKAO I
o CxeMa HymeBoi Yo —e— L,
_— ° 0
MOC/IEAOBATEILHOCTH J Cxema Hyneoif K,
TI0CIICIOBATeEHOCTH
a) 0)

Puc. 3.5. KomriekcHble cXeMBI 3aMelieHus 1t oqHodazaoro K3:
a) — To4YHas; 6) — MPUOIIKEHHAAS

WHayKTHBHOE COINPOTHBIICHHE B3aMMOHMHIYKIIMHA HYJEBOH IMOCIEIOBATEIBHOCTH OJHOW IEMH OT
JIpyroit (T.e. MEXAY MPOBOAOM OJHOHM LENW M TPeMs MPOBOJAMH JIPYrod LENH) NMpU OTCYTCTBHHU y
o0enx nenei 3a3eMIEHHBIX TPOCOB, OM/KM, CIIEAyET ONpPEAeATh 1Mo Gopmyre

D
Xi_pp =0435lg——,
111
rae D3 ~ 935 M — SKBHUBaJICHTHAs FJIy6I/IHa BO3BpaTa TOKa 4€pe3 3€MJIIO;

Dy — cpemHee reoMerpuyeckoe paccTosHHe Mexny uermsmu [ w II, xoTopoe ompemensercs
PACCTOSHHUSIMA MEXIY KaXIsIM poBogoM (4, B, C) uemu I u kaxxapmvm nipoBogoM (4", B', C") uenn 11:

Dy_q :%/DAA’DAB’DAC’DBA’DBB'DBC’DCA'DCB’DCC' - (3.21)

Ilpy wWamMuuM y Teneid 3a3eMICHHBIX TPOCOB COMPOTHBIEHWE B3aMMOWHIYKIIMH HYJICBOM

MOCIICIOBATEIFHOCTH OHOM 1IN OT IPYTO# CIEAyeT ONMpPENesTh C YYETOM ATHX TPOCOB, UCIIONB3YS
(opmyny

(3.20)

T
X (o = X120 = XrroXurmo / X0 » (3.22)

rae Xiro ¥ Xyro — UHAYKTUBHBIE COMPOTUBIIEHUS B3aUMOWHAYKIIMHA HYJIEBON MOCIEI0BATEILHOCTH
MEXIy NpOBOJAAMH COOTBETCTBEHHO IEpPBOM M BTOPOM Iemnel W CHCTeMOH
TPOCOB;
Xt19 — MHAYKTUBHOE COIIPOTUBIIEHUE HYJIEBOU IIOCIEN0BATENBHOCTH CUCTEMBI TPOCOB.
MeTtonka onpe/esieHnsl yKa3aHHbIX WHAYKTUBHBIX CONMPOTHUBIICHUN U3JI0KeHa B 1. 4.2.5.4.

3.5. IIpeodpa3oBaHue UCXOIHOM CXeMBbI 3aMelIeHUS



B JKBUBAJIEHTHYIO Pe3yJ/JibTHPYIOULYI0

3.5.1. [lpu amanuTHdeckux pacderax TOKOB K3 HMCXOmHBIE CXEMBI 3aMEMICHHSA, B KOTOPBIX
MPE/ICTABIICHBI PA3INYHBIE SJIEMEHTHI HCXOJHBIX PACUETHBIX CXEM, CJIEAYET IyTEM MOCJIEA0BATENBHBIX
npeoOpa3oBaHuUil MPUBOJUTH K SKBUBAJICHTHBIM PE3YJIbTHPYIOLINM CXEMaM 3aMEIeHHUs], COACPIKALIM
skBuBajieHTHYI0 JJIC (B cxemax HpsMOH IOCIIEA0BAaTEIFHOCTH), SKBUBAJICHTHOE PE3yJIbTHPYIOIIEE
COIPOTHBIICHHE COOTBETCTBYIONIEH ITOCIEIOBATEIbHOCTH M HCTOYHHMK HAINPSKECHUS OZHOMMEHHON
MOCIIeI0BATENbHOCTH, a Ipu Tpexdaznom K3 — touky K3.

3.5.2. Ecnmu ucxonHas cxema 3aMELICHHsS HE COJACPKHUT 3aMKHYTBIX KOHTYPOB, TO OHA JIETKO
nmpeodpasyercst B OKBUBAJICHTHYIO pE3YJIbTHUPYIOUIYI0 CXEMy IIyTeM IIOCIEIOBaTEIbHOTO |
MapaJUIEbHOTO COSIMHEHUSI SJIEMEHTOB U ITyTEM 3aMEHBI HECKOJIbKUX HCTOUYHHKOB, NMEIOILIUX pa3HbIE
BI[C N Pas3HBIC COIPOTUBJICHHA, HO IMPUCOCAMHCHHLIX B 0I[HOI7[ TOYKC, OJHHUM OKBUBAJICHTHBIM
ncrouHukoM. [Ipu Oosee CII0KHBIX HCXOIHBIX CXeMaX 3aMeIleHHUs JUIsl ONpEeeIeHNs] IKBUBAJIEHTHOTO
PE3YIBTUPYIOLIETO COIMPOTHUBICHHUS CIEAyeT HCIOIb30BaTh HM3BECTHBIE CIOCOOBI MpeoOpa3oBaHM,
TaKHe Kak MpeoOpa3oBaHUE TPEYTOJbHUKA CONMPOTUBIICHUN B 9KBUBAJICHTHYIO 3B€3/1y CONPOTHUBICHHUH,
3B€3]ly COIpPOTUBICHUM B 3KBUBAJICHTHBIA TPEYIOJbHUK COIPOTHUBIICHUIN, MHOIOJIYYEBYIO 3BE3ZY
CONPOTHBJICHUH B TIOJHBIH MHOTOYTOJBHUK CONPOTHBICHHH H T.1. DopMyssl [ Takux
npeoOpa3oBaHuii MpUBEAEHBI B Ta0IMI. 3.1.

Ta6muua 3.1
OcHoBHbIe GopMyJIBI TPEOOPA3OBAHNUS CXEM
Bun Hcxonnas cxema [TpeobpazoBanHas cxema | CONpOTHBIICHHE 3JIEMEHTOB
npeobpa3oBaHUs peoOpa30BaAHHON CXEMBI
[TocnenoBarensHO 7 VA 7 7z Ly =L +Zy+..+Z,
€ COeIMHEHUE | =l = “n | | |:._..]_’" |
[TapannensHoe Zl 7 1
COE/INHEHUE 1] 13— Lo =y
—D3K
Z Zax e Y =Y, +Y,+.+Y
Z Y, = L. Y L.
L 1T 2T
7 oL
1
In—"75
Zy
ITpu nByX BETBAX
_ Z1Zy
x=7 17
=1 T £2
3ameHa . 1 & .
HECKOIBKHUX Ey=5— ZZ k Ex
Y 3k K=l
HCTOYHHUKOB = =
SKBHUBAJICHTHBIM Hpn ABYX BETBAX
g BZy+ B2,
9K
Z,+Z4,
[IpeobpazoBanue ZrZyr
Zyp= ——=
TPEYyTOJbHUKA B SR
3BE3y =FG " =GH " =HF
Zg - ZrGZGH
" ZpetZou tZur
7 o_ ZouZur
" ZpgtZon tinpr




[IpeobpazoBanue
TPEXIIy4eBOI
3BE37bI B
TPEYTOIEHUK

IIpeobOpa3oBanue
MHOTOJTy4eBOM
3B€3/1bl B MOJIHBINA
MHOI‘Oy]"OJ’[LHI/IK  E  RRRMALRIECIIEIIRE

Y=Y +Y+Y+Y,

AHaNOru4Ho U npu
OoutbIlIeM YHciIe BeTBei

3.5.3. B Tex ciydvasx, KOrjia UCXOJHas pacuyeTHas cXxeMa CUMMETpUYHA OTHOCUTENbHO Touku K3
WX Kakas-1u0o €€ 9acTh CHMMETPUYHA OTHOCHTEIIEHO HEKOTOPOU MPOMEKYTOYHOW TOUKH, TO 3a/1a9y
OTIpEeNICIICHUST YKBUBAJIICHTHOTO PE3yIbTHPYIOMIETO CONPOTHBICHHUS MOXKHO CYIIECTBEHHO OOJETYHTh
MyTeM COCAWHEHHWS HAa WCXOJHON pacdyeTHOH cxeme (M COOTBETCTBEHHO Ha HCXOJHOW CXeMme
3aM€1HeHI/I$I) TOYCK, UMCHOIIUX OJHHAKOBBIC ITOTCHIHMAJIbI,  UCKIIIOUCHHUA W3 CXCMbI TCX 3JICMCHTOB,
koTopsie pu K3 oka3piBatoTcsi 00€CTOUCHHBIMH.

3.5.4. Ecniu B ICXOHOH cXeMe 3aMEIIeHUsT OJHUM U3 Jydel TPeXJIy4eBOil 3Be3Ibl CONPOTHUBICHUI
SBJSIETCSl COIPOTHBIICHWE WCTOYHHMKA DSHEPrUM, TO B psJE CIydaeB IeJIeco00pa3HO 3Be3ay
CONPOTHUBJICHUN 3aMEHUTh HAa TPEYTrOJbHUK M 3aTe€M IMOCJIEIHUN pa3pe3arh MO BEpILUHE, K KOTOPOH
npuioxerna DJ]C, MOIKIIOUNB P 3TOM Ha KaXKIOM U3 OKa3aBIINXCS CBOOOTHBIMU KOHIIOB BETBEH TY
e OJ1C.

3.6. Onpenesnenue B3aMMHBIX CONPOTUBJICHUI MeKAYy MCTOYHMKAMM
¥ TOYKOH KOPOTKOIr0 3aMbIKAHHS

Ecnn ucxonHas pacueTHas cxema COIEPXKHUT 71 Y3JI0B C HCTOYHHKAMH SHEPTUH U y3€I 0., B KOTOPOM
Tpebyercst onpenesuTh Tok K3, TO ciegyer npenBapuTeNbHO COCTaBUTH CXEMY 3aMEIICHHS B BHIE
nosHoro (m + 1)-yrompauka. Mckomerii Tok K3 B y31e o paBeH

I6=2 EyYys =2 EpY s, (3.23)

B=1 B=l
rae EB - OJIC, moaxiroueHHAs B y3Ie [3;

Y ¢ - B3auMHas NpoBOAUMOCTb MEXIY y3MaMu 3 1 o;

Y s - TPOBOIMMOCTb BETBM HOJHOIO (1 + 1)-yroJbHMKa, HEMOCPEICTBEHHO COECIMHAIOMIEH

V3761 B 1 .
U3 dopmynsr (3.23) cnemyer, uto mpu Jr00OM 4YHCIE Y3JIOB B HCXOIHOW pacyeTHON cxeme
MMPpOBOAMMOCTH BETBEN CXEMBI 3aMCIICHNUA, Hpe}lCTaBJ’IeHHOﬁ B BHUJC IMMOJIHOI'O MHOT'OYT'OJIbHUKA, MOT'YT
OBITH OIPEICIICHEI 10 GopMyIie

I
Y6 :EL’ (3.24)

B
rne I - TOK B y3le O IpH YCIOBHH, YTO B CXeMe JIelcTByeT Tonbko omHa JJC E,,

HpHIOXKEHHas B y3ie 3, a Bce octanbHbie D/IC paBHBI HYIIIO.

TakuM 00pa3oM, B3aMMHOE CONPOTHBIIEHHE MEXIY MPOM3BONBEHBIM MCTOUYHMKOM DJIC M TOuKOH
K3

Zyg =~ (3.25)
KO



3.7. IlpuMeHeHUEe NPUHIUTIA HAJIOKEHUS

3.7.1. nsa ompenencanss TokoB K3 B IpOM3BOIBHON BETBH pacdeTHONW CXEMBI B Pslie CIIydacB
eJIeco00pa3HO MCIIONIF30BaTh NMPUHIIAI HAJIOKEHHSA, B COOTBETCTBHH C KOTOPHIM TOK B 3TOH BETBU
MOXHO TOJYYUTh IyTEM CYMMHUPOBaHUA (HAJIOKEHHUSI) TOKOB Pa3HBIX PEKUMOB, KOK/BIA U3 KOTOPBIX
onpenenserca AeiicrBueM oaHod uinu Heckoibkux DJIC, koraa Bce octanbHble DJ[C npuHUMAarOTCs
PaBHBIMH HYITIO, & BCE JICMEHTHI CXEMBI OCTAIOTCS BKITFOUCHHBIMI.

3.7.2. Tlpu 3HauurtensHOM umncie DJIC pemieHMe MOXXKHO YIPOCTHTB, HCIONB3Ys Teopemy 00
aKTHBHOM JBYXIIOJIOCHUKE. B cooTBeTcTBUU € 3TOM Teopemoil Tok B MecTe K3 MOXXHO HaillTu Kak
CyMMY MpEAIIECTBYIOUIETO TOKa 16\0\ U aBApUHHOW COCTAaBIAOLIEN TOKa [y, MOIYyYaeEMOW OT

neiicteus omHor DJIC, mpuoxkeHHoi# B Touke K3 u paBroit U, 6lo| » TA© U 6lo) HAMPKEHHE, KOTOpOE

65110 10 Bo3HMKHOBeHUs K3 B pacueTHoi Touke K3.
ABapuiiHas cocTapistonias Toka B Mecte K3 paBHa

Usjg
]K6 =T

JjX
r7ie Xux - BXOJHOE CONPOTHBIICHHE CXEMBI OTHOCHTENBHO pacdyeTHoi Touku K3 mpu ycmosuu, 4to

Bce octanpHble D/[C paBHBI HYIIO.
Tok B IPOU3BOJILHON BETBH j pacueTHOU cxeMsbl mpu K3 B Touke o paBeH

(3.26)

BX

I; =1'_].‘0‘ +1y, (3.27)
e [ jlo| - HarpysowHas coCTaBifiomas TOKA B BETBH j, T.e. TOK BETBH j B PEKHUME,
npemecTByomeM K3;
I «j - ABapHiiHAs COCTaBISIONas TOKa B BeTBH j mpH K3 B Touke o. OTa cocTapisromas
paBHa
Iy =I6K s, (3.28)

rae K, - koadpunueHT pacnpeeneHus Toka 1 BeTu j mpu K3 B Touke a.
3.8. IIpumep cocTaBjieHHS U Pe0OPA30BAHUSA CXEM 3aMellleHUs

3.8.1. Jlnsg MCXOmHOM pacueTHOH CXEMBbI, MPEICTaBICHHOW Ha pHC. 3.6, @, COCTABUTH MCXOTHBIE
SKBHUBAJICHTHBIE CXEMBI 3aMEIICHUS IPsSIMOM, 00paTHOW M HyJeBOil mocnemoBaTenbHOcTed pu K3 Ha
3emim0 B Touke K1 W mpeoOpa3oBaTh MX B OKBUBAJICHTHBIE DPE3YJbTHPYIOIIUE CXEMbL. Pacuers
MIPOBECTH C HCIOJIb30BAHUEM CHCTEMBl OTHOCHTENBHBIX EIMHHUIl M C Yy4eToM (hakTHUECKHX
KO3 PHUIHEHTOB TpaHCHOPMAIUH CHIIOBBIX TpaHC(HOpMATOpoB U aBTOTpaHchopMmaTopa. [lapamerpsl
HCXOJHOW pacueTHOM CXEMBbI IIPUBEICHBI HUKE.

l'enepatopel 1 u 2: P,y = 63 MB1; U,y = 10,5 kB; cos @uon = 0.8; )*("d(uom): 0,136;

)*( 2mom) = 0,166; 1m0 K3 reneparopbl paboTanmu B pPeXHUME XOIOCTOTO X0la € HOMHHAJIBHBIM

HATIPSKCHUEM.

Peaktop 9: Uon = 10 KB; Lo,y = 2500 A; X = 0,35 Om.

Tpauchopmaropst 3 u 4: Sy, = 40 MB-A; n=121/10,5 xB; u, = 10,5 %.

Agtotpancdopmatop: Sy = 125 MB-A; n = 230/121/10,5 ¥B; uwp.c = 11 %; uwy = 32 %;
Uxc-H = 20%.

JIuamm 10 1 11: = 50 xM; Xy, =0,4 OM/KM; Xoyy =1,2 OM/KM.

Cucrema 8: S, = 2000 MB-A; )*( le(uom) = 1,05 )*( Oc(uom) = L1

HcxomHble CcXeMBI 3aMeIICHHs TPSAMOH, OOpaTHOW ®W HYJNEBOH  IOCIEI0BaTEIEHOCTEH
TIpeICTaBIeHB COOTBETCTBEHHO Ha puc. 3.6, 6, 3.6, 61 3.0, 2.
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Puc. 3.6. IIpumep coctaBieHns1 CXeM 3aMELIeHUs IPSIMOH, 00paTHOH 1 HyJIeBOH
MIOCIIeIOBATEIFHOCTEW M onpefelieHus pe3ynpTupyrommx 9J1C
Y CONIPOTHBIICHUH MPY KOPOTKOM 3aMBIKaHUH B Touke K1

OOMOTKa HHU3IIETO HANPSHKCHUS aBTOTpaHChOopMaTopa HE HarpyKeHa, MO3TOMY OHA HE BBOJUTCS B
CXEMBI 3aMEeIIeHHs TIPSIMOT U 0OpPaTHOM MOCIIeI0BATEIbHOCTEH.
B kauecTBe 0a3MCHBIX €TUHHII BEIOUpaEM:

Ss =100 MB-A u Ug = 121 kB. Torma o ¢popmyme (3.5)

Usp =————121=10,5 kB;
o 121/105
1
Uepp =—————121=230 kB:;
o= 121 /230



1
Ucry =—————121=10,5 B:
VT 21/105

o popmyme (3.9)

2
63/08 1()52
2
105 100 10,5
X X — . ——=0,2625
¢ 3OT5 4000 40 1052

Jns  aBrOoTpaHCoOpMaTopa IpeaBapUTENHEHO  HAaXOIUM )*( B(sowm) » )*( Clsom) » )*( H(som)

(cm. m. 4.2.3.1):
X B(row)= 0,005(11+32-20)=0,115;

X Cgowy = 0,005(11+20-32) =0;

)*( H(uom)= 0,005(32 + 20 -11) = 0,205, mosTomy

X 56=0mn
2
X 6(6)= 0,115— 100 230 =0,092
125 2302
Jns cuctembl 00619HO MPUHUMAKOT E = Uyoy = Ucp now, HOITOMY
2
X 0100 100 230

@ 2000 2302
ITo popmyme (3.8)

X96_o35ﬂ—0317
©) 0

>

100

X 10974 119)=0:4-50- 5 = 0.1366.
O/1C reneparopoB
E 105
E 16 E 2(6)= :_’:1;
©~% 207~ o 105

3JIC cucreMbl
U
g Cp.HOM 23 0

3(6)=
3O U 230
CXGMa OGpaTHOﬁ IIOCIICAOBATCIBHOCTU OTIIMYACTCSA OT CXEMBI HpHMOﬁ IIOCIICA0BATCIIbHOCTU
TOIBKO TEM, 9TO B Hel oTcyTcTBYIOT D/IC, a CONpOTHBIIEHHS TEHEPATOPOB
100 10,5°
63/08 10,52

B cxeMy 3aMmelneHus HyJIeBOW MOCIENOBATEIILHOCTU T€HEPATOPhI U PEAKTOP HE BBOJSTCS, TaK KaK
OHM Haxo[ATCsA 3a TpaHC(OPMATOPaMH C COSIMHEHNEM 0OMOTOK 110 cxeMe Yo/A, HO BBOAUTCS 0OMOTKA

HH3ILIEro HamNpsDKeHUs aBToTpaHcopMmaropa, COeAWHEHHas B TpeyroyibHUK. CONpOTHBIEHHE 3TOMH
00MOTKH

X 15= X 5(6)=0166——— =02108.

2

100 10,5
0 6=0205—.
* 125 1052
ConpoTHBIEHUS HYIEBOH HOCIEN0BATENLHOCTH CHCTEMBI U THHUM COOTBETCTBEHHO PABHBI

0 _,,100 230°
= 80772000 5302

=0,164.

=0,055u

0 100
)*( 106)= )*( 11(6)_12 50- — ——=041.

121
IMockoneky

Ei@=E 26)> X 10=4X 2000 1 X 30)= X 4)>

TO IIpH K3 IOTCHIHUAJIbl C 00eunx CTOpPOH pe€aKTOopa OAWHAKOBBI, IMO3TOMY OH MOXKET OBITH



3aKOPOYEH WM UCKIIFOYEH. DTO YIIPOILAET 3a/1a4y Pe0Opa3oBaHus CXEMBI:
X =X 10T X 30T X 1067 X 136)= X 20+ X 46T X 116)=05721;

E ae=E e // E §“®{B@+§”®{uw)1
¢ KOS HOTER 2NN 36+ X 1) B

X 1467 X 126)/ X 13(6)= 0,286.

CornpoTuBieHue
X 156)=X 56T X 6+ X 5= 0.142.
IIpu aTom
0,286 0,142 '
X120=X 146/ X 1507 2ge ro1a2 - 00

Es0=E 30/ E 4e=1-
AHaIOrH4HbIe MPe0OdpasoBaHusi CXeMbl OOPATHOH IOCIENOBATENBHOCTH AT X 53 (5=0,097.

DJeMeHTapHbIe TPe00Pa30BaHUs CXEMBbI HYJIEBOH 110CIIEJ0BATEIBHOCTH Jal0T
X =0,063.
L 03(6)

OKBHUBQJIECHTHBIE PE3YJIbTHPYIOIIME CXEMbl 3aMEUIeHUs] TNpsAMOi, oOpaTHOH W  HyJeBOW
I0CIIEI0BATENbHOCTEH!, [TOJyYeHHbIE B pe3yJbTaTe MpeoOpa3oBaHUi PACCMOTPEHHBIX HCXOAHBIX CXEM
3aMeIICHNUs, IPEICTABIEHBI COOTBETCTBEHHO Ha puC. 3.6, 0, 3.6, e 1 3.6, o

4. MTAPAMETPBI JIEMEHTOB PACUETHBIX CXEM
4.1. ITapameTpsl, He00X0AUMBIE JIsI pacYeTa TOKOB KOPOTKOI0 3aMbIKAHUS

[TapameTpbl pa3IMYHBIX 3JIEMEHTOB HCXOJHBIX pacyeTHBIX CXEeM, KOTOpble B O0IIeM cirydae
HeOoOXOAMMEI [T pacdeToB TOKOB K3, ykazaHsI HIDKE.

4.1.1. CuHXpOHHBbIe MAIIMHBI (TeHEPATOPbI, KOMIIEHCATOPBI, 3JICKTPOABUTATEIN):

MOJHAs HOMHHAJBHAs MOIIHOCTh Sy, WIM HOMHHAQJIbHAs AaKTUBHAs MOIMHOCTh Py, H
HOMHHAJIBHBIN KO3 (DUIIMEHT MOIIHOCTH COS Pyop;

HOMHUHAIBbHOE HANPSDKEHUE Ulyoy;

CBEPXIIEPEXOHOE UHAYKTUBHOE CONPOTUBIIEHUE 1O IPOAOIBLHON OCH )*( " d(som) 5

CBCPXIICPEXOJHOC UHAYKTUBHOC COIMMPOTUBJIICHUEC T10 nonepeqﬂoﬁ ocu X"

 d(uom) >

TNEPEXOIHOC HHIYKTHBHOE COMPOTHBIICHHE MO MPOIONBHON OCH X0 5
%

CHHXPOHHOE MH{YKTHBHO® COIIPOTHBIICHHE 110 MIPOJOIBLHON OCH X j(yom) 5
*

CHHXPOHHOE MHAYKTHBHOE CONPOTHBIICHHUE T10 IONEPEYHOI ocH )*( q(som) >

OTHOIIIEHHE KOpoTKoro 3aMbikanus OK3;

MHIyKTUBHOE COIIPOTHUBIIEHHE PAaCCESHHUsI 0OMOTKH CTaTopa )*( ¥ (Hom)

UHJYKTUBHOE COIPOTHUBIIEHUE 0OMOTKU BO30YKICHUS )*( f(som) >

MHJYKTUBHOE COIPOTUBIICHUE POJIOJILHOTO IeMII(EPHOr0 KOHTYpa )*( 1d(som) >
MHJYKTHBHOE COIPOTUBIIEHUE NIOIIEPEYHOI0 AeMII(EPHOTO KOHTYpa )*( 1q(som) >
WHIYKTUBHOE U aKTUBHOE COIIPOTHUBIIEHHS 00PAaTHOM MOCIIEI0BATEILHOCTH )*( 2(som) U R2;

aKTUBHOE CONPOTHUBJIEHHE OOMOTKH BO30Y KeHHs (IIpH paboueil Temneparype) Ry;

aKTUBHOE COIIPOTHBIICHIE 0OMOTKH cTaTtopa (mpu padoueit Temneparype) R,;

aKTUBHOE COMPOTHUBIICHUE MPOJOJHHOIO M IMOMEPEYHOro nemidepHbIX KOHTYpoB (Ipu paboucii
Temrneparype) Rig U R g;

MEPEXOAHBIE IIOCTOSIHHBIE BPEMEHM IO MPOAOJBHOW OCH MpPU PA30OMKHYTOM U 3aMKHYTOU
HaKOpOTKO 06MOTKe craropa Ty 1 Ty ;

CBCPXIICPEXOAHBIC MOCTOSAHHBIC BPEMCHHU I10 HpOHOJ’ILHOﬁ ocH 1pu pa30MKHyT017[ n 3aMKHyT017[



HaKOpOTKO 06MoTKe craropa Ty u Ty ;

CBEPXIIEPEXOHBIE TTOCTOSHHBIE BPEMEHH 10 MOMEPEYHON OCH MPH Pa3OMKHYTOW M 3aMKHYTON
HaKOpOTKo 0OMoTKe cTatopa Tgo n Ty ;

MIOCTOSIHHBIE BPEMEHH 3aTyXaHHs alepHoNYECKON COCTABIIOIIEH TOKa cTaTopa NpH TpexdasHom
u onHodasHom K3 Ha BeIBO/IaX MaIUHBI 7, a(3) u T, a(l) ;

HpeJIeNbHBIN TOK BO30YKIEHHS f;

TOK BO30Y>K/I€HHUs TIPU PabOTe MAILIMHBI C HOMHHAJIBHON HArPy3KOH Lfion;

TOK BO30Y>KICHUsI IPU PabOTe MAIIMHBI B PEXUME XOJIOCTOTO XOAa C HOMUHAIBHBIM HaNPsDKCHUEM
s

KOX(HUIIEHT MOJIE3HOTO ACHCTBUS (U1 CHHXPOHHBIX AIIEKTPOABHUTATENICH) 77;

HallpsDKEHHE Ha BBIBOJAX MAIIMHBI, TOK CTaropa M KOY(QQHIMEHT MOLIHOCTH B MOMEHT,
npemmectytommii K3: U L 1 of cos ‘/’\0\ .

4.1.2. ACMHXpOHHBIE 3JIEKTPOABUIATEJIN:

HOMHUHAJIbHASI MOIIIHOCTD Py

HOMUHaJIbHOE HarpsikeHue Uoy;

HOMHHATBHBIA KO3()(DUITUEHT MOIITHOCTH COS P 0y

HOMHUHAJIBHOE CKOJIBYKEHHUE S 0y

KpPaTHOCTh ITyCKOBOT'O TOKA IT0 OTHOIIEHUIO K HOMHHAJIHHOMY TOKY £ s

KPaTHOCTh MaKCUMAJIbHOI'O MOMEHTA 110 OTHOIIEHNIO K HOMUHAJIbBHOMY MOMEHTY buom;
KpPaTHOCTB ITyCKOBOT'O MOMEHTA IO OTHOMICHNIO K HOMUHAJIbHOMY MOMEHTY M o>
*

aKTUBHOE COIIPOTHBIICHIE 0OMOTKH cTaTtopa (mpu padoueit Temneparype) R ,;
KOX((UIHUEHT MOJIC3HOTO ACUCTBUS 77;
HalpsDKeHUe, TOK CTaTopa ¥ Kod(QUIMEHT MOIIHOCTH B MOMEHT, mpeamecTBytomuii K3: U\O\ R

1‘0‘ , COS go‘o‘

4.1.3. Cunosbie TpancopmaTopsl U aBTOTpaHCchOPMATOPHI:

HOMHUHAJIbHAsI MOIITHOCTD Sy ;

HOMHHAJIbHBIC HANPSDKEHHUST OOMOTOK M (hakTH4ecKue Ko3(h(HUIHEHTH TpaHC(HOPMAIHH;

HATIPSDKCHUST KOPOTKOTO 3aMBIKAHUS MEXKAY OOMOTKAMH Uyp.c, Uxp.H, Uxc.n (AT TBYXOOMOTOUHBIX
TpaHc(HOPMATOPOB 1, ) K UX 3aBUCUMOCTH OT KOA(PDHUIIMEHTOB TPpaHCHOPMALINH;

JAUAra3soH pPEryjarupoBaHUs HAIPSKCHUA, onpeuenﬂ}omuﬁ Halps>KEHUE KOPOTKOI'0 3aMbIKaHUSA B
ycnoBusix K3;

MOTepH KOPOTKOro 3ambikanus AP g c, APy, APy (U1 IByXOOMOTOUHBIX TpaHc(HOpMaTopoB
AP)).

4.1.4. TokoOrpaHUYMBAIOIIHE PEAKTOPbI:

HOMHHAIIbHOE HAPsDKEHUE Ulyoy;

HOMUHAJBHBIN TOK /0y

HOMHWHAJIbHOC UHAYKTUBHOC CONIPOTHUBJICHUEC Xp,

HOMUHATBEHBINA K03 durtueHT cBsizn K, (TOTBKO JUIS CABOSHHBIX PEAKTOPOR);

MoTepu MoLHOCTH (Ha (ha3y) Mpu HOMHUHAILHOM TOKe AP.

4.1.5. Bo3ayniHble JJMHAHU 3J1eKTPONepeIadn:

HOMUHaJIbHOE HarpsikeHue Uoy;

JIMHA JTUHUH [;

cedeHue MpoBo/ia S U KOJIMYECTBO IMPOBOJOB B (haze;

yAeIbHOE HHAYKTUBHOE COMPOTHUBIICHHE MPSMOI MTOCTIeI0BATEIHPHOCTH X

YIeIbHOE UHAYKTUBHOE CONPOTUBIIEHUE HYJIEBOM MOCIIEI0BATEIbHOCTH X(;

yZIeJIbHOE aKTUBHOE COIIPOTHBIIEHHE (TTpH paboueil Temmieparype) R;

yAeTbHbIE WHAYKTUBHBIC COIPOTHBICHHS B3aNMOWHIYKIIMH HYJEBOH IIOCIEIOBATEIHHOCTH OT
JIpYTUX JTHHAHN (IPH HAIMYAN HECKOIBKIX BO3IYIIHBIX JIMHAN Ha OHOU Tpacce) Xy;

yZienbHas eMKOCTHAs! IIPOBOAMMOCTD b.

4.1.6. Kadeau:

HOMHHAJIbHOE HaNpshKeHHE Uloy;

JIIMHA KaOelIbHOU JIMHUY [;

CEUYCHHE KWIIbI KaOells S ¥ YMCIIO MapajuielbHO BKIIIOUEHHBIX Kabee;

YACIBbHOC MHAYKTUBHOE COIMMPOTUBJIICHUC HpﬂMOﬁ II0CJICA0BATCIIbHOCTHU X[,



YIEeIbHOE UHAYKTUBHOE CONPOTUBIIEHUE HYJIEBOM MOCIIEI0BATEIbHOCTH X}

yZIeNIbHOE aKTUBHOE COIIPOTHBIIEHHE (TIpH pabouei Temneparype) R.

4.1.7. ToxkonpoBOAbI U MUHONMPOBO/bI:

yAeTbHOE HHAYKTUBHOE COMPOTHBIICHHUE MPSIMO MOCTIeIOBATEIPHOCTH X

YAETbHOE HHAYKTUBHOE COIIPOTHBIICHHIE HYJIEBOW MOCIEI0BATENIEHOCTH X}

yZIelIbHOE aKTUBHOE COIIPOTHBIIEHHE (TTpH paboueil Temmieparype) R;

JUTHHA.

4.1.8. KaranoxHple IaHHbIE HEKOTOPBIX DJJIEMEHTOB JJIEKTPUYECKHX CHCTEM TIPUBEIEHBI B
npunoxenusax 1.1 —I1.12.

4.2. MeToauka onpeacjJcHusi OTACJbHBIX NMapaMeTpPoOB

4.2.1. CUHXpOHHBIE TeHepaATOPbI, KOMIIEHCATOPBI M 3JIEKTPOABUIaTeIH

4.2.1.1. B Tex ciydasix, KOrja OTCYTCTBYIOT JaHHbIE O KaKUX-ITHMOO MapameTrpax CHHXPOHHBIX
MalllH, HEoOXoJuMbIe Uil pacuera TOKOB K3 ¢ yd4eroM mepexomHBIX NpOLECCOB B MallWHaX,
3HAUCHHMS 3THX MapaMeTpOB IeIeCO00pa3HO ONPEEIATh, NCTIONbB3Ys JaHHBIE O APYTHX IapaMeTpax H
M3BECTHBIE COOTHOLIEHHS MEXKy COOTBETCTBYIOIIMMH NTAPAMETPAMU CHHXPOHHBIX MAIIHMH.

4.2.1.2. Ecnu HeW3BeCTHBI HHAYKTUBHOE CONPOTHBIEHHWE pacCestHUS OOMOTKHM CTaTopa
CHHXPOHHOI MaIllMHbI, 8 TAK)KE WHIYKTUBHBIE COTPOTHBICHUSI 0OMOTKH BO30YKICHHUS M MPOIOIBHOTO
neMidepHOro KOHTypa, TO B IIEPBOM IPUONIKEHUM HX MOXHO OIIPENENIUTh, MOJIOKHB, YTO
VHJYKTUBHbIE CONPOTHUBIICHHS paccesHHs OOMOTKH BO30YXJIEHHs M MPOJOJBHOrO JAeMIpepHOro
KOHTYypa OIMHAKOBBI. [Ipy 3TOM yCIIOBMM CONPOTHBIICHHE B3aMMOWH/TYKIIMK MEX,y 0OMOTKOI1 cTaropa
U KOHTypaMH poTOpa 10 MPOJOIbHON OCH PaBHO
_(Xq-Xg)(Xq-Xg)

2Xq-Xg)(Xq-X3)

Haiinennoe 3Hauenue X,q M03BOISAET onpenenutb Xs U Xy, Tak Kak 3TH MapaMeTpbl CBsI3aHbl C Xyq

MPOCTBIMH COOTHOIIEHUSIMU:

4.1)

ad

Xy=X4-Xy (4.2)
n
2
X
Xp=—"Tntd (4.3)
Xq-Xq

4.2.1.3. Eciy akTUBHBIE CONPOTUBIICHHS OOMOTOK CTaTropa U BO30Y>KAECHHSI CHHXPOHHOMH MalllHBI
JaHBl TpPU TEMIIepaType, OTJIMYHOM OT paboued, To mpu pacyere TokoB K3 3Tu compoTHBIeHUS
NpEeIBAPUTENBHO CIEAYeT MPUBECTH K padodeil Temreparype (0OBIYHO 3Ty TeMIlepaTypy NPHHUMAIOT

pasHoit 75 °C), ucronp3ys BeIpaKeHHE
235+ 39,

—Ryy—— 2 4.4
P90 03549, “4)

Ry
rae 9, - pabodas Temneparypa 0OMOTKH;
9y - Temmepatypa, Ipu KOTOPOl TaHO COMPOTHBIIEHHE 00MOTKH (00BIYHO 3¢ = 15 °C).
4.2.1.4. B cny4yae OTCYTCTBHsI JaHHBIX 00 AaKTUBHOM COIPOTHMBJIEHHM OOMOTKH CTaTopa
CHHXPOHHOH MalIWHBI 3TO COIIPOTHBIIEHHE B OTHOCHTEIBHBIX €INHHULAX IIPU HOMHUHAIBHBIX YCIOBHUSX
CJIE/TyeT ONpenesIsTh 1o hopMyIie

X 2(om)
R a(uom) ™ 3 4.5)
* 73
wT,
rae X 40wy — CONPOTHBIEHHE OOpaTHOH TMOCIENOBATENLHOCTH CHHXPOHHOH MAlMHBI B
*
OTHOCHUTEJILHBIX €IMHUIAX IPH HOMUHAIBHBIX YCIOBHSX;
— TMOCTOSHHAs BPEMEHH 3aTyXaHWs alepUoOUYECKOM COCTABISIONIEN TOKa TIPH
s OCTOSIHHAsI BPEMEHM 3aTyXaHHWs AlEPHOIMYECKON COCTABISIONIEN TOKA

Tpexdaznom K3 Ha BRIBOZAaX MAIIWHEL, C.
4.2.1.5. Ilpu pacuere TOokOB K3 c yueToM mnepexogHBIX HPOIECCOB B CHHXPOHHOM MallluHe
AKTHBHOE COINPOTHUBJIEHHE OOMOTKM BO30YXKAEHHS CJEQyeT IpPHBOAUTH K OOMOTKE craropa.
[IpuBeneHHOE CONPOTHBIICHHE B OTHOCHTENIBHBIX €AMHUIAX IPH HOMUHAIBHBIX YCIOBHSX MAIIMHEI
PEKOMEHIYETCsl OIpeeIIATh 10 hopMyIIe



2 2
R fuom)= Ry Had Ii (4.6)
ox3 Xy ) Suom
rae I - TOK BO30YXIEHHsI MAIlIMHBI MPH €€ padoTe B PEKUME XOJOCTOr0 X0Ja ¢ HOMHHAIBHBIM
HampsLKEHUEM, KA
Siow - HOMUHAJIBHAS MOITHOCTh MaIvHbI (oaHas ), MB-A.
4.2.2. ACHHXpPOHHBIE 3JIEKTPOABUIaTe I
4.2.2.1. CaepxmepexofHOE HWHAYKTHUBHOE CONPOTUBICHUE M HHIYKTHBHOE COINPOTHUBIICHUE
0o0paTHOW TMOCIEIOBATEIPHOCTA ACHHXPOHHBIX DSJICKTPOJBUTATENEeH HampspDkeHHeM cBbime 1 kB
JOIYCKaeTCs] IMPHUHUMAaTh pPaBHBIM WHIYKTUBHOH COCTABILSIIOLIEH COMPOTHBICHUS KOPOTKOTO
3aMBIKaHHs U OTPENEIISTh N0 hopMyJie

" 1
)g (HOM):)*( 2(uom)~ 7 (4.7)
Lo

raoe [ n - KPaTHOCTb ITYCKOBOI'O TOKa J3JICKTPOABHUIATC]IA IIO OTHOLICHHIO K €ro HOMHMHAJIbHOMY
*

TOKY.
4.2.2.2. Ilpm OTCYyTCTBMM JAaHHBIX 00 aKTHBHOM COIPOTHBICHHH CTaTOpa AaCHHXPOHHBIX
JJIEKTPOJIBUraTENeH 3TO CONPOTUBIICHHE JIOMTYCKAETCsl ONPENEIIATS 110 (hopmylie

S
R a(HOM)=—1ﬂgg , (4.8)

TI€ Syoy - HOMAHAIBHOE CKOJIBKEHUE IJIEKTPOIBUTATENS, Y0.

4.2.2.3. TIlapamerper T-00pa3HOW OKBHUBAJICHTHOH CXEMBI 3aMEIICHUS  ACHHXPOHHBIX
JJEeKTpoABUTATENeH ¢ (Da3sHBIM POTOPOM W C TPOCTOW OeMMYbell KIeTKOM Ha POTOpE JOITyCTUMO
OTIPENIEIIATh, MCTIONIB3YS H3JI0KEHHYIO HIDKE METOIIUKY.

1. Onpenenuth npubIMKEeHHOE 3HAaYeHHE KO3(duumeHta C; XapaKTEPU3YIOIIETO COOTHOIICHHE
MEXIy COIPOTHUBICHHUEM PACCESHHUSI OOMOTKH CTaTtopa X, W WHIYKTHBHBIM CONPOTHBIICHHEM BETBU
HaMarHu4uBaHus X, o hopmyie

(1_SHOM)£ ol

2bH0M COS Qyom

TJI€ Syoy -~ HOMUHAJIBHOE CKOJIB)KEHUE DJIEKTPOABUIATEIIS
bHOM - KpaTHOCTb MAaKCHUMaJIbHOI'O MOMCHTa II0 OTHOIICHHUIO K HOMI/IHa.HbHOMy MOMCHTy
QJICKTPOABUTATEIIA.
2. IIpyHATL aKTUBHOE CONPOTUBJICHNE BETBY HAMAarHWYMBaHUs R, paBHBIM HYJIIO.
3. Onpez{enmb I/IH,Z[yKTI/IBHOC COITPOTUBJICHNUE BETBU HAMAarHn4nBaHUA
1
X pgom)= : (4.10)

COos (pHOM

Cy| Sin Qyop —
[ 2
bHOM + bHOM -1

4. OmpenenuTh HHAYKTUBHOE COMIPOTHBIICHUE PaccestHUI 0OMOTKH CTaTopa

, (4.9)

)f y1(nom)= (Cr - 1){ p(HOM) * (4.11)
5. HaiiTn MHAYKTHBHOE COMIPOTHUBIICHUE PacCesHIs OOMOTKH POTOpa, UCIONB3Ys (HOpMyITy
X
1—s . ol(Hom)
)*( o2(HoM) ™ ) = - . (4.12)
2C'I bHOM COS Pyom CI

6. OnpenenuTh aKTUBHOE CONPOTHBIICHHE OOMOTKH POTOpa

2
Stom (1= Swom ) (Dyom + VbHOM -1 (4.13)

2
2CI bHOMCOS Prom

R 5(nom)=

4.2.3. CunoBble TpancopMaTOphl U aBTOTPaHCHOPMATOPHI

4.2.3.1. Cxema 3aMenieHUs TPEXOOMOTOYHOTO TpaHchopMaTropa M aBTOTpaHchopmaropa,
HUMEIOIIEro OOMOTKY HH3IICr0 HAIPsDKEHHsSI, MPEACTaBisieT co00M TpexiydeByro 3Be3ay (Tabdm. 4.1).
WHayKTHBHBIE CONPOTHBIICHUS €€ BETBEW B OTHOCHTEIBHBIX SIUHHULAX NPH HOMHHAIBHBIX YCIOBHSX
3TOro TpaHcdopmMaTopa COOTBETCTBEHHO PABHBI:



UxB
{k( B(rom) = ﬁ =0,005(up_p +uxp-c —Uxc-H)>

u
X cmow =700 = 0005(1pc + thcpt ~thep-n (4.14)

UxB
‘i( H(nom) ™ 1KTO =0,005(up_p +Uxc-H ~UxB—C)>

TJI€ Uyp-H, UkB-C»> Uxc-H - HATIPSDKEHUS] KOPOTKOTO 3aMBIKaHHS COOTBETCTBYIOIIMX Map 0OMOTOK, %o.
4.2.3.2. Cxema 3aMeIleHHsI JIByXOOMOTOYHOTO TpaHC(HOpPMATOpa, y KOTOPOro OOMOTKAa HH3IIETO
HATIPsDKCHUS paclielyieHa Ha ABE BETBH, TAKKE MPEICTABIAET COO0M TpexiydeByto 3Be3ay (Tadi. 4.1).
WHRyKTUBHBIE CONPOTHUBIICHUS €€ BETBEH B OTHOCUTEIBHBIX €MHHUIAX IIPU HOMHHAIBHBIX YCIOBHAX
clle[lyeT OIpeessATh 1o hopMynam
X Bow= 001Uy —0.25u 1112 J;
(4.15)
)*( H(rom) = )*( H2(1om) = 0,005u,311-12»

e Uggy - HampsbkeHue K3 wMexay OOMOTKOH BBICIIETO HAMPSDKCHHWS U ITapajuIeIbHO
COCIMTHEHHBIMHU BETBSIMA OOMOTKH HU3IIETO HAIPSIKEHHUS,
Uy-np - Hanpspkenue K3 mMexay BeTBsIMH OOMOTKM HH3IIETO HANPSDKEHHS (M3MEpSAETCs MpH
Pa30MKHYTOH OOMOTKE BBICILIETO HAIIPSDKEHUS]).
I[lpu oTcyTcTBUM JaHHBIX O HanpspkeHUH K3 wgyypy  JOIycKaeTcs Uis  TpexQasHbIX
TpaHc(hopMaTOPOB IPUHUMATH
Ai( B(HOM): 0,00125uKB_H 5

(4.16)
X Higow =X H2a0m)= 0.0175U g -
Tabmuma 4.1
CxeMblI 3aMelieHUst TpaHCHOpPMATOPOB, AaBTOTPAHC(HOPMATOPOB
U C/IBOEHHBIX PEaKTOPOB
HaumeHnoBanue Hcxonnas cxema Cxema 3aMeleHus PacueTHble BbIpakeHUs
Tpexo6MOTOUYHBIIH B
TpaHchopMaTop X X = 0,005(up. t Usp.c - UxcH)
C 8 Xc =0,005(uyp-c + U - Uxs-H)
X =0,005(upn + el - Usp-
XH XC H ( B-H C-H B. C)
H
AsToTpanchopmaro B
p X, X = 0,005(uypn + tp-c - Uxc-n)
c Xc =0,005(uwpc + Uxcn - Usn)
Xu =0,005(upy+ Urc - Ukp-
XH XC H ( B-H C-H B C)
H
JByX0OMOTOUHBIH B
TpancdopmaTop ¢ X X =0,01(uxpn - 0,25ux1.12)
00MOTKOI HU3IIErO B X1 =X = 0,005u 1112
HaIPsKEHNUS,
pacIIenIEHHON Ha
IIBE BETBH Hl 0 &" X;u




JIByX0OMOTOUHBIN
TpanchopmaTop ¢
00MOTKOH HH3IIETO
HAIPSDKCHUS,
paciernjaeHHoH
Ha /1 BETBEM

[ ;Bl
Hl H2 Hn

Xp = 0,01(uKB_H —”KHZ%j

XHl :XH2 = ... :XHn =
= 0,005 q11-11n

ABTtotpaHchopmaro B
p ¢ 06MOTKOIH Xp = 0,005(uxp.c + U - Uxcn)
HM3IIETO C Xc =0,005(up.c + txcn - UxpH)
HAIPSKCHHUS, Xu = 0,005(upn+ Ucn - Usc)
paclenIeH Ol Ha X1 = Xz = 0,005 11112
IIBE€ BETBU X'y =Xy - 0,0025u 4112
H1 H2
ABTtoTtpanchopmaro B
p ¢ 06MOTKOIH Xp = 0,005(uxpn + Usp.c - Uxch)
HU3ILETO C Xc =0,005(up.c + ey - Usn)
HAIPSKCHHS, Xu = 0,005(up.n + Uxcn - Up-C)
PACIIETICHHOH Ha 1T Xt =Xm = ... =X =
BETBEMH = 0,005u11-11n
H 0 Xig = Xy — 0,01 2xHIzHn

n

C XC :_KCBXP
XC Xi=X=(1 +Kc5)Xp
X X
1 2 '

4.2.3.3. Cxema 3aMemieHUs IByXOOMOTOYHOTO TpaHC(hOpMAToOpa, Y KOTOPOTO OOMOTKA HHU3IIETO
HATIpSDKCHUS pacIIelUIeHa Ha 1 BETBEH, MpeacTaBisgeT coboit (n + 1)-mydeByro 3Be3nmy (tabm. 4.1).
I/IHZlyKTl/IBH])Ie COITPOTUBJICHHUA €€ BETBEN B OTHOCHUTEIBHBIX CAMHNIAx MPpU HOMHUHAJIBHBIX YCJIOBUAX
TpaHcdopMmaTopa ciIeayeT ONpeaessaTh o Gopmynam

UxHI-H2 |.
)*( B(HOM):O’OI(MKB—H _KT}

CIIBOCHHBIN peaKkTop

4.17)
X Higow= X H2@wom)= = X Hn(ow = 0,005t 1-in

TIe Ugypn - HampspkeHume K3, m3mepeHHOoe Mexny BeiBogamMu H; u H, OOMOTKHM HH3IIETo
HarnpspKeHus! (PY pa30MKHYTOH 0OMOTKE BBICIIETO HAIPSIKEHHSL).

4.2.3.4. CxeMa 3aMemlIcHUsI aBTOTPaHCPOPMATOpPA, Y KOTOPOTO OOMOTKA HU3IIECTO HAIPSDKEHIS
pacilieruieHa Ha B BETBH, OTJIMYaeTcs OT CXeMbl 3aMeIleHUs aBToTpaHchopMaropa C
HepacUIeIUIEHHOH OOMOTKOI HHM3IIEro HalpspKEHHsS TE€M, YTO BMECTO CONPOTHBICHUSI Xy COAEPIKHUT
TPEXJIy4eBYIO 3Be31y C BeTBIMH X'y, Xy ¥ Xyp (1201, 4.1). IHAYKTHBHBIE CONPOTHBIICHHUS 3JIEMEHTOB
CXEMBbl B OTHOCHTENBbHBIX EOMHHUIAX NPH HOMHHAIBHBIX YCIOBHAX aBTOTpaHc(opmaropa ciemyer
oTpenessITh o hopMyIam

X Bow=0.005(ug_c +ug-n ~Uc-H );
)*( C(nom) ™ 0,005(up ¢ +txc-H ~UxB-H );

(4.18)
X Higow= X H2aom)= 0,005 py1-p12

)5’ H(nom) ™ ‘i( H(nom) ™ 0,0025u 41112 »

e X pom= 0.003(uyp_p +txc—n ~UxB-C ) -

4.2.3.5. Cxema 3amMemieHHs1 aBTOTpaHCHOPMATOpa, y KOTOPOrO OOMOTKA HU3IIETO HAIPSDKEHHS
paciieryieHa Ha 7  BETBEH, OTJIMYAeTCS OT CXEMbl 3aMEIICHUs aBTOTpaHcopmaropa ¢
HEpAaCIICIUICHHOW 00MOTKON HU3IIEr0 HANPSHKCHUS TEM, YTO BMECTO CONPOTHBIICHHS X} CONCPKUT (1
+ 1)-myueByto 3Be3my ¢ BeTBIMH X'y, Xyi ... Xun (Tabm. 4.1). VMHOYKTUBHBIC COMPOTHBICHUS



JJIEMEHTOB CXEMbl B OTHOCHTENIbHBIX €JMHUIIAX NP HOMHHAIBHBIX YCJIOBHUSIX aBTOTpaHc(opmaropa
CJIE/TyeT ONpeesIsiTh 110 hopMyiam

{ B(aom)™ 0,005(uyp ¢ +uxp-H —Uxc-H );

)*( C(aom) ™= 0,005(uyp_c +txc—H —UxB-H )5

4.19
)*( Hl1(aom) ™ )f H2(wOoM) ™ -+ = )*( Hn(aom) = 0,005 11 Hn s ( )
' UxHI-
)g H(mom) = )*( H(uom) ™ 0,01 KHZn b >

rae X Heuom)= 0.005(ug_p +txcn ~Ug-c) -

4.2.3.6. CymmapHOE aKTHBHOE CONIpOTHUBICHHE 00eMX OOMOTOK  JIByXOOMOTOYHOTO
TpaHc(hopMaTOpa B OTHOCHUTEIBHBIX €IMHUIAX MPH HOMHHAIBHBIX YCIOBHSAX 3TOrO TpaHC(hopMaTopa
CIIeIyeT ONpenesaTh 1Mo (popmyie

AP107
R (qomy=—g—> (4.20)

* SHOM

rae AP, - moTepu KOpOTKOro 3aMbIKaHus, KBT;

S'om - HOMUHAJIbHASI MOIITHOCTH TpaHchopmaropa, MB-A.

4.2.3.7. AKTUBHBIE COTPOTHBIICHHUS OTACIHHBIX OOMOTOK TPEXOOMOTOUYHBIX TpaHC(HOPMATOPOB U
BETBEH CXEMBbl 3aMelIeHHsI aBTOTpPaHC(OPMATOPOB, UMEIOUIMX OOMOTKY HHU3IIEro HANpsKEHHs, B
OTHOCHTENBHBIX  CIWHUIAX TpPU  HOMHHAIBHBIX  YCIOBHUSX  O3TUX  TpaHCHOPMATOPOB U
aBTOTPaHC(HOPMATOPOB CIIEAYET OMPEAETIATH Mo (hopMyIam

3
05-10
R guomy=—c——(APp_c + ABp_g —APc_n );
* Shom
3
05-10
R cmomy=—o——(AFp-—c +APcy —APp-p ); (4.21)
* Shom
3
05-10
R Huomy=—o—(APp_n + APc—n —APg-_c )
* SHOM

Ipumeuanue. Eciu nist TpexoOMOTOYHOT0 TpaHcdopMaTopa Wik aBToTpaHchopMaTopa, MMEOIEro 0OMOTKY
HH3ILIETO HANPSHKCHHUS, H3BECTHO TOJBKO 3HaueHHe AP 11t Kakoii-min6o 0HO# mapbl 0OMOTOK, TO AOIMYCTHMO T10
tdopmyne (4.20) ompenenuTh CyMMapHOE aKTHBHOE CONPOTHBICHHE COOTBETCTBYIOIICH mMapbl OOMOTOK, HalTH
oTHoUIeHne X/R 3TUX 0OMOTOK U MPHHATH IS BCEX OOMOTOK OTHOIIEHHE X/R OINHAKOBBIM.

4.2.4. TokoorpaHUYHBAIOIINE PEAKTOPbI
4.2.4.1. Cxema 3aMmelIeHus] CIBOSHHOI'O TOKOOTPAaHMYMBAIOIIECTO peaKkTopa MPEACTABISIET COOOU
TpexJIy4eByo 3Be3ay (Tadi. 4.1). IHAYKTUBHOE CONPOTHUBIICHUE Jy4Ya CO CTOPOHBI CPEIHETO 3a)KHUMa
(T.e. 3axKMMa, OOPAIIECHHOTO B CTOPOHY HCTOYHHKA SHEPTHHU) CICIYET OMPEILIIATh 0 (GopMyIie
X =-KuXp, (4.22)

rae K, - K03 puimmenT cBa3u MeXAy BETBSIMH PEaKTOpa;
X, - HOMUHAJIbHOE HHIYKTHBHOE CONPOTHBIIEHHE PEAKTOPa (T.€. CONPOTHBIECHUE OJHOH BETBU
peakTopa Ipu OTCYTCTBHUU TOKA B IPYTOil BETBNU).
WHIyKTUBHBIE CONPOTHBIICHHUS JBYX JPYIMX Jy4edl CXeMbl 3aMEIICHHs OJWHAKOBBI H
oTmpenessIoTes o hopmyie
X=X, =(1+ Ky )X, . (4.23)

4.2.4.2. AXTHBHOE CONpOTHUBICHHE (a3bl OJUHAPHOTO peakTopa, OM, cleqyeT OmpeAeisTh o

thopmymne

rR=2200%, (4.24)

1
rie AP - HOMUHAJIBHBIE TIOTEPU MOIHOCTH Ha (ha3y peakropa, KBT;
I0p - HOMMHAIIBHBIN TOK peakTopa, A.
AKTHBHOE COTPOTHBICHHE KaKIOW BETBH CIBOCHHOTO peakTopa, OM, CIedyeT ONpeneNiiTh II0
thopmyne

HOM



AP
212

HOM

R 103, (4.25)

4.2.5. Bo3ayuiHble JMHUHU 3J1eKTpoNepe adu

4.2.5.1. 3HaueHus YJENBHOIO HMHIYKTUBHOTO CONPOTHUBJIICHHS MNPSMON IOCIEAOBATEIBHOCTH U
YAEIbHOTO aKTUBHOTO CONPOTHBIEHMS BO3AYIIHBIX JUMHHUNA CIEAyeT MNPUHMMATh IO CIPAaBOYHBIM
TabauIaM, MCXOJs M3 Marephaja M CEYeHHs IIPOBOAOB M CPEIHETO I'€OMETPUYECKOTO PACCTOSHUS
Mexay (azamu. I[Ipu oTCyTCTBUM CBENEHUI O CPEAHEM I'€OMETPHUECKOM PACCTOSIHUU MEXAy (hazamu
yIeNIbHOE WHIYKTUBHOE CONPOTHBIICHHE IPSIMOM II0CIEIOBATEILHOCTH MOXET OBITh OIPEIEICHO
npubmmkerHo 1o Tabu. I1.10 u I1.11, xoTopsle COCTAaBIEHBI Ul YCPEIHEHHBIX 3HAYEHUH CpEIHETro
TEOMETPUIECKOT0 PACCTOSHUS MEXKAY (hazamu.

Ecnu OTCyTCTBYIOT JAaHHBIE O CEUCHMSX MPOBOJOB, MAOMYCTUMO YIENbHOE HHIYKTHBHOE
COTIPOTHUBJIEHHE MPSIMOM IIOC/IEAOBAaTENIbHOCTH BO3AYUIHBIX JHMHUI HanpsokeHueM po 220 kB
npuHuMatb paBHbIM 0,4 Om/kM, nmHui Hanpspkennem 330 kB - paBubev 0,325 OM/KM W auHUMHA
HanpspkeHneM 500 kB - pasabmvm 0,307 Om/km.

4.2.5.2. VHAyKTHBHOE CONPOTHBJIEHHE HYJIEBOM IOCIEAOBATEIBHOCTH BO3AYIIHON JIMHUH
JJIEKTPONEPEaAaYn 3aBHCUT OT CEYEHHUS IPOBOJIOB, PACCTOSHMH MeXay (a3aMu, Haludus WIN
OTCYTCTBHUS 3a3€MJICHHBIX TPOCOB M JAPYTMX JIMHUH, NMPOJIOKCHHBIX IO TOW K€ Tpacce, U MHOTHX
Ipyrux (akropos. [loaTomy ero ciemyer onpenensTh pacieTHBIM Iy TEM.

4.2.5.3. ]Jlns opHOUENMHOW BO3AYIIHOM JHMHMM 0€3 3a3eMJICHHBIX TpPOCOB HMHIYKTHBHOE
COIIPOTHBIICHHE HYJIEBOH MOCIeq0BaTeIbHOCTH, OM/KM, CIIeIyeT ONpenemsTs o GpopmyIe

Xy =0,435lg RDS , (4.26)
cp
rae D, = 935 M - sKBUBaJNICHTHAS TITyOMHA BO3BpATa TOKA Yepe3 3eMITIO;
R, - cpeannii TEOMETPUYECKUM PAJMyC CUCTEMBI TPEX IPOBOAOB JIMHHH, ONPEACIAEMBIHA

o opmyJe
Rep =3 Ry DG, (4.27)

rae R,. - SKBUBAJIECHTHBIM paguyC MPOBOJAA, YUYUTHIBAIOLIMN HAIUYUE B PEAIbHOM MPOBOJE
BHYTPEHHETO MarHuTHOTO moiisi. OH MeHbIe NeHCTBUTENBHOTO pannyca mpoBonxa R:
JUTSL  CIUIOIIHBIX TIPOBOJOB M3 HEMarHUTHOTO warepuana R, = 0,779R, s
CTaJICaJIIOMUHHUEBBIX IIPOBOJOB C ABYMS-TpeMsl MOBUBaMHU R, = 0,82R;

Dy = NDaABDpcDca - cpelHee TeOMETPHIECKOe PAcCTOSIHIE MEX Ay poBoxamu ¢as 4, B, C.

Ecnu Bo3nmymiHasi JMHMSL HMMeeT pacuieruieHHble ¢as3bl, To B dopmyny (4.27) BMecTo R
HEOOXOAMMO BBOAMTH CPEAHUI TE€OMETPHUYECKMH paJuyC CHCTEMbl IIPOBOJIOB OIHOW (asbl,

oTpenersieMblit 1o hopmyie
—1 n-1
Tep = Rakdcp >
TZIe 71 - YICII0 IPOBOJIOB B (haze;
dp - CpeltHee TEOMETPUUECKOE PACCTOSHUE MEXy NPOBOAAMHU OJHOMH (ha3bl.

4.2.5.4. VIHOyKTUBHOE COIPOTHBIICHHE HYJICBOH ITOCIEIOBATEIHLHOCTH OJHOIEITHON BO3IYIIHOM
JIMHUM C OJIHUM WJIM HECKOJIBKUMH 3a3€MJIEHHBIMH TPOCAMHU MOJKET OBITh OMpe/IeNeHo 1o (Gopmyiie

X2
x{P=x,- % , (4.28)
TO
e Xy - UHAYKTHBHOE COMPOTUBIICHHE HYJIEBOU MOCIEI0BATEILHOCTH ITOM JIMHUK Oe3 ydeTa Tpoca
(cuctemsbl TpOCOB), onpeernsieMoe o Gopmyie (4.26);
XH»TO - UHAYKTUBHOC COIIPOTUBJICHHUC B3aUMOMHAYKIHUU HyﬂeBOﬁ IMOCJICA0BATC/IbHOCTU MEKIY
TPOCOM (CHCTEMOI TPOCOB) ¥ MPOBOIAMHE JIMHUH;
X710 - MHAYKTUBHOE COMPOTHBIICHNE HYJICBOH MOCIIEA0BATEIILHOCTU TPOCA (CHCTEMBI TPOCOB).
WHIyKTUBHOE CONMPOTHBIICHHE B3aMMOWHIYKIMH HYJIEBOW MOCIENOBATEIBHOCTH X1mo, OM/KM,
ompenaessiercs o Gpopmysie

D
Xirro = 0435lg—2— | (4.29)
Dnr
rae D]‘[T - CpCI[Hee reOMeTpI/IquKOC paCCTOHHI/Ie Me)}(ﬂy HpOBOILaMI/I JIMHUU U TpOCOM (CHCTeMOﬁ

TPOCOB):
IIPH OJHOM TPOCE, HAXOIAIMIEMCS OT (Da3HBIX MPOBOJOB HA PACCTOSHHUSIX COOTBETCTBEHHO Dar,
Dgr, Dcr, 3T0O paccTosiHUE paBHO



Dyt =3/DarDgrDer

Dpr =Q/DATlDATzDBnDBTzDCHDCTz :
WHIyKTHBHOE COMPOTHBICHHE HYJIEBOM MOCIen0oBaTenbHOCTH X19, OM/KM, TIpH OJHOM TpOCE
ompenessieTcs o Gpopmysie

pu aByX Tpocax (71 u 12)

X109 =0,4351g D, , (4.30)
3K.T
e R, - SKBUBAJICHTHBIIN pajiyc Tpoca.
Ipu ABYX Tpocax, HAXOMAIIMXCS APYT OT APYra Ha pacCTOSHUU D, HHIYKTHBHOE COTPOTHBIICHUE
X10, OM/KM, onipenensiercs o popmysie

D
Xpp =0435— (4.31)

cp.t

rae R+ - PEAKHUI TeOMETPHIECKHHI PaJyC CHCTEMBI IBYX TPOCOB, ONPEIEIAeMbIi 10 hopMyIte

ch.r = \/Rax.TDT :

4.2.5.5. VIHIyKTUBHOE COMPOTUBJIICHHE HYJEBOM IIOCIENIOBATEIbHOCTH OJHOW U3 JBYX
MapaJuIeNIbHBIX IIeTIeH, COeTUHEHHBIX M0 KOHIaM, ipu BHemrHeM K3 cocTaBiseT
Xo=Xo+ X0, (4.32)
rae Xo - MHAYKTHBHOE CONPOTHBIICHWE HYJIEBOW IOCJIEOBATEIBHOCTH OIHOW Lenu 0Oe3 yuera
IpyToii, onpenensemoe mo hopmyie (4.26);
X110 - MHAYKTUBHOE COMPOTHBIICHHE B3aUMOUHIYKIUH HYJICBOH MOCIEI0BATEIHHOCTH OHOM
LEeNH OT APYToi, onpeaenssemoe o ¢popmyie (3.20).
4.2.5.6. IH1yKTHBHOE CONPOTHUBIICHNE HYJIEBOH IOCIEIOBATENILHOCTH OJHOM M3 JIBYX OJMHAKOBBIX
MapaJuIebHBIX IIETeH, HMEIOIIUX 3a3EMIICHHBIC TPOCHI M COSIUHEHHBIX M0 KOHI[aM, Ipu BHemHeM K3
COCTaBJISIET
)X firo
X0
e Xpro - MHIAYKTUBHOE COMPOTHBIICHUE B3aMMOUH/IYKIIMU HYJICBOW MOCIEI0BATEILHOCTH MEKIY
CHCTEMOI TPOCOB M MPOBOAAMH KaXKJIOH U3 IieTeld, onpeaensemoe o gopmye (4.29);
Xt19 - MHAYKTHBHOE CONPOTUBIICHHE HYJIEBOW IOCIEIOBATEIbHOCTH CUCTEMBI TPOCOB. JTO
COIIPOTHBIIEHHE TIPH BYX Tpocax omnpezaeisercs no ¢popmyie (4.31).
4.2.5.7. Ilpn mpuOIMKEHHBIX pacyeTax TOKOB HecMMMeETpHYHBIX K3 momyckaercs MCIONB30BaTh
JITaHHbIE O CPEHMX 3HAUYEHUSX OTHOIIECHUH CONMPOTUBICHUIN HYJIEBON U MPSMOM MOCIe10BaTeIbHOCTEN
BO3AYIIHBIX JITHUH JIEKTPOIIEpeadu, IPUBEICHHEIC B Ta0. 4.2.

/(T
X' 0= Xg+ Xy - ’ (4.33)

Tabmnuma 4.2

Cpennmne 3Ha4ennst oTHoeHus1 Xo/X; A BO3AYIIHBIX JIMHUH dJIeKTponepenayu

XapaKkTepuCTUKa JINHUU Xo/X,
OpHorenHas JIMHKS 0€3 3a3EMIICHHBIX TPOCOB 3,5
To e, CO CTaTbHBIMH 3a36MJICHHBIMH TPOCAMU 3,0
To e, ¢ 3a3eMJIICHHBIMHU TPOCAMH M3 XOPOIIOMPOBOIAIINX MAaTEPUATIOB 2,0
JIByxuenHas TMHUS Oe3 3a3eMIIEHHBIX TPOCOB 5,5
To e, co CTaJIbHBIMH 3a3€MJIEHHBIMU TPOCAMH 4.7
To xe, ¢ 3a3eMIICHHBIMH TPOCAMH M3 XOPOIIOIPOBOISAIINX MATECPHAIIOB 3,0

4.2.6. Kadean
ComnpoTHBIEHNE HYJEBOH IOCIEIOBATEIPHOCTH KaOened 3aBHCUT OT XapakTepa MX IPOKIaIKH,
HaJIMYMsT WM OTCYTCTBHMSI MNPOBOASALICH OOOJIOYKH, CONPOTHUBICHHS 3a3eMIICHUH IPOBOJSIIEH
obonoukn (ecnmm oOHa wuMeeTcs) W Apyrux (akropoB. Ilpm npuOMMKEHHBIX pacyeTaX TOKOB
HecuMMmeTpraHbIX K3 momycTnmMo mpuHNMAaTh
XO 2(3,5+4,5)X1 u RO ZIOR].

5. PACYET TOKOB KOPOTKHX 3AMBIKAHUM B JIEKTPOYCTAHOBKAX



IHNEPEMEHHOI'O TOKA HATIPAKEHUEM CBBIIIE 1 KB
5.1. IlppuauMaeMble 10Ny LIEHUS

5.1.1. Ilpu pacyeTax TOKOB KOPOTKOI0 3aMbIKAHHUS JOMYCKAETCH:

1) He yuuteBaTh capur 1o (aze DJC pa3IuIHBIX CHHXPOHHBIX MAIIMH W U3MEHEHUE WX YaCTOTHI
BpaIleHHs, ECITH MPOJOIKUTENLHOCTh K3 He mpeBbimaet 0,5 c;

2) He yYUTHIBaTh MEXCHUCTEMHBIE CBSI3U, BBINOJHEHHBIE C TOMOLIBIO AJIEKTpoIepeaadyn (BCTaBKH)
MTOCTOSTHHOTO TOKa;

3) He yYHUTHIBaTh NOMEPEYHYI0 EMKOCTh BO3IYILIHBIX JIMHUH 3JIEeKTponepenadn HanpsokeHuneM 110-
220 xB, ecnmu ux mmHa He mpesbimaer 200 kM, u HampsbkenneM 330-500 kB, ecnn ux yinHA HE
npeBbimaeT 150 ku;

4) He yYMTHIBAaTh HACHIIIEHNE MAarHUTHBIX CHCTEM DJIEKTPHUYECKUX MAIINH;

5) He yYUTHIBATh TOK HAMATHUHYUBAHUS TPaHC(HOPMATOPOB U aBTOTPAHCPOPMATOPOB;

6) HE yYNTBIBAaTh BIMSIHUE aKTHBHBIX CONPOTHBIICHUI Pa3INUHBIX JIEMEHTOB HCXOAHON pacueTHON
CXeMbl Ha aMIUIMTYJy IEepUOAMYEecKoi cocraBisitomeil Toka K3, ecnu akTWBHas cCOCTaBisIOLIas
PE3YNBTHPYIOIIEr0 YKBUBAJICHTHOTO COIPOTHUBIICHHS PacdeTHOH CXEMBbI OTHOCHTENbHO Touku K3 He
npeBsimaer 30 % OT WHIYKTUBHOM COCTaBISIOIIEH  pE3yIbTHPYIOMIETO  3KBHBAIEHTHOTO
COIPOTHUBIICHHUS;

7) npuOIMKEHHO YYUTHIBATh 3aTyXaHUE allepHOANYEcKor cocTaisironield Toka K3, ecnu ncxonHas
pacyeTHast cXxeMa COJIEPIKUT HECKOJIbKO HE3aBHCHMBIX KOHTYPOB (cM. 1. 5.3);

8) npHONMKEHHO YUWUTHIBATH JIIEKTPONPUEMHUKH, COCPEJOTOYEHHBIE B OTICIBHBIX Y3Jax
HCXOJTHOM pacueTHOM cxeMbl (cM. 1. 5.7);

9) NpUHUMATH YHMCIEHHO PAaBHBIMH aKTHBHOE CONPOTHBIEHHWE W COIPOTHBIIEHHE IOCTOSIHHOMY
TOKY JIF0O0T0 3JIEeMEHTa HCXOAHON pacuyeTHON CXEMBI.

5.1.2. Haubonee ynameHHyI0 OT pacueTHOH TO4YKM K3 d9acTh 37MEKTPOIHEPreTHYECKOW CHCTEMBI
JIOTTYCKaeTCsl PEJICTABIISITh B BUJE OJHOIO UCTOYHUKA DHEPTUU C HeM3MEeHHOH no amrmutyae 2JC u
Pe3yIbTUPYIONIMM 3KBHBAIEHTHBIM MHAYKTHBHBIM corpoTuBieHueM. D/IC 3TOro HCTOYHHUKA ClIeTyeT
MPUHUMATh PAaBHOW CpeJHEMY HOMHHAIBHOMY HaNpsDKeHHIO ceTd (cM. M. 3.2.5), cBs3BIBaromieit
YIQJIEHHYI0 W OCTaJIbHYIO YaCTH OJJICKTPOIHEPIeTUYECKOW CHUCTEMBI, a €ro pe3yJbTHPYIOILEe
OKBHUBAJICHTHOC COIMIPOTUBJICHUE Xc OIpCaACIIATh, UCxXonada us3 HU3BCCTHOI'O TOKa 10 oT
9KBUBAJICHTUPYEMOH yacTu cucteMsl mpu K3 B kakoi-HUOY b Y3/I0BOI TOUKE yKa3aHHOW CETH:

Y. = UCp.HOM
c \/glc

Ecmu is aToii cetd B KadecTBe 0a3MCHOTO HAMPSDKEHHS MPUHATO COOTBETCTBYIOIIEE CpEIHEES
HOMHUHAJILHOE HAIPSKEHUE, TO

(5.1)

1
X c(6):]_6= (5.2)

[

rae I - 6a3UCHBIN TOK TOH CTYIIEHH HAIIPSDKEHISI, HA KOTOPOH HAaXOIUTCS Y3JIOBas TOUKA.

ITpu orcyrcTBuM AaHHBIX O Toke K3 OT ynaleHHOW YacTH 3IEKTPOIHEPIrETUHECKOW CHCTEMBI
MUHUMAJIBHO BO3MOXHOE€ 3HAUCHUC PE3YJILTUPYIOUIETO 3KBUBAJICHTHOI'O COIIPOTUBJICHUSA Xc MOXHO
OLIEHHUTb, WCXOJSl M3 MapaMeTPOB BBHIKIOYATEEeH, YCTAaHOBJIEHHBIX Ha Y3JIOBOM IIOACTAaHLWH, T.C.
npuauMas B popmyrnax (5.1) u (5.2) Tok K3 ot ynanennoit yactu cucteMsl /. paBHBIM HOMHHAIEHOMY
TOKY OTKJIFOUEHHS 3TUX BBIKIIOUATENIEH.

5.2. PacueT HA4YaJILHOI'O 1efiCTBYIOLIEr0 3HAYECHHS IEPHOANYECKOM COCTAB/ISIOLIEH TOKA
KOPOTKOTI0 3aMbIKAHHSA

5.2.1. IIpu pacueTe Ha4alIbHOTO AEHCTBYIOIIETO 3HAYCHHS MEPUOTUYECKON COCTABIAIONMIEH TOKa
tpexdaznoro K3 B anekTpoycraHOBKax HampspkeHHEeM cBbilie 1 KB B MCXOJHYIO pacueTHyI0 cXxemy
JIOJDKHBI OBITh BBEIEHBI BCE CHHXPOHHBIE T'€HEpaTopbl W KOMIIEHCATOPHI, a TAK)X€ CHHXPOHHBIC U
ACHHXPOHHBIE dIIeKTpoaBHurare’r MomHoCcThi0 100 kBT 1 Oomnee, eciu MeXIy IEKTPOIBUTATEISIMA U
toukoir K3 OTCYTCTBYIOT TOKOOIpaHWYMBAIOIIKE PEAKTOPbl WM CHIIOBBIE TpaHchopMaTopel. B
ABTOHOMHBIX JJIEKTPUUYECKHX CHUCTeMax CJeAyeT YYUThIBaTh M DJICKTPOJABUIraTENM MEHbIIEH
MOIIHOCTH, €CJIH CyMMa MX HOMMHAIBHBIX TOKOB cOCTaBisieT He MeHee 1 % or Toka B mecre K3,
OTIpEeNICIICHHOTO 0e3 y4eTa 3TUX AJIEKTPOABUTATEIICH.

5.2.2. JInst pacyeTa Ha4aJIbHOTO JICMCTBYIOLIETO 3HAYEHHSI IEPUOINIECKON cocTaBisitonieit Toka K3
AQHAIMTHUYECKHM METOAOM IO MPHUHATOM HCXOJHOW pAacueTHOH cXeMe NpeABapUTEIbHO CIELyeT



COCTaBUThb 3KBHUBAJICHTHYIO CXEMY 3aMCIICHUS, B KOTOpOﬁ CHUHXPOHHBIC W aCUHXPOHHBLIC MAlIWHBI
JIOJDKHBI OBITh TIPEJCTABIICHBI TIPEIBAPUTEIBHO PUBEICHHBIMU K OA3UCHON CTYIIEHH HANPSDKEHUS WITH
BBID&KCHHBIMH B OTHOCHTENIPHBIX ~ €IWHHIAX TNpPH  BBHIOPAaHHBIX  Oa3WCHBIX  YCIOBHSAX
CBEpXIICPEXOJHBIMH  CONpPOTUBIEHUAMH U  cBepxnepexogubiMu  OJIC.  VcxomHele 3HaueHHs
CBEPXIICPEXOAHBIX 3,[[(: CJICAYCT MNPUHUMATL YHCJICHHO paBHbBIMU HWX 3HAYCHUAM B MOMCHT,
npenmecTsyrommii K3.

Jns  CHHXpOHHBIX TEHEpaTOPOB W  JJEeKTpoiBuraTencii  cBepxmepexomnyio JJC B
MPEALIECTBYIOIIEM PEKUME CIELyeT ONPEEIsTh 0 hopmyIe

n” — " . 2 ” 2
E lo] _\/(U\O\ i‘I‘O‘X d Sln(P‘o‘) +(1‘0‘X d COS(p‘O‘) s (5.3)
a JI7Is1 CHHXPOHHBIX KOMIIEHCATOPOB 110 (popmyire
E'lo) =Ulo] 1o X"a- (54)

B dopmymnax (5.3) u (5.4) 3HaK «+» OTHOCHTCS K CHHXPOHHBIM MaIlliHaM, KOTOpble K MoMeHTy K3
paboTany B pe:KUMe MepeBO30YKICHIS, a 3HAK «-» - K paOOTaBIINM C HETIOBO30YKICHUCM.

Caepxnepexonnyto 3IC acCMHXpPOHHBIX AJIEKTPOJABHUraTeNied B MOMEHT, IpenmectByromui K3,
CIIeZlyeT ONpenesaTh 1Mo Gopmyire

"noo_ " . 2 " 2
E \0\‘\/“]\0\ ~ Lo X" A Sin@|g) )7 + (Lo X" apg €OSP|g) )™ 5 (5.5)

rae X" aq — CBEPXIEPEXOIHOE HHIYKTUBHOE COIIPOTUBIICHUE DIIEKTPOJBUIATEs.

IIpumeuanue. Tlpu pacuere Toka K3 ¢ nmpuMeHeHHEM CHCTEMbI OTHOCHTENBHBIX €IMHHI[ M IPHUBEICHHEM
3HAYCHUI MMapaMeTPOB JIEMEHTOB PACUETHOW CXEMbI K BBIOPaHHBIM 0a3MCHBIM yCJIOBHsAM B ¢Gopmydsl (5.3) —

(5.5) uenecoobpasuo noxacraasats U ‘0 , \O , X" B OTHOCHTEJIbHBIX €IMHULAX MPH HOMUHAIBHBIX YCIOBHIX

MaIIHHBI, T.€. COOTBETCTBEHHO l{ 10[(rtom) > i 10|(rrone) M )g ! (som) > TIPM 5TOM l{ 10|(one) AOTYCTHMO NPHHMMATE

paBHBIM exuHMIE, a | |0[(Hom) A7 TeHEepaTOPOB U IEKTPOJBHUTaTENCH PEKOMEHyeTCs OIPEIEIsITh 1o (hopMyIIe
*

; ~ }TO‘ COSP yom '
* ‘0‘(HOM)_ PHOMCOS(P‘O‘ ’
JUIL CHHXPOHHBIX KOMIIEHCATOPOB

Qo

! oo =g~

Tonyuennyio DJC E” ) CIE/yeT 3aTeM NPHBECTH K 0a3UCHBIM yCIIOBHSM:
B3

‘0‘(HOM
" _ " UHOM
o= oo

5.2.3. Cxemy 3aMemIeHHs, MMONyYSHHYIO B COOTBETCTBHH C YKa3aHUSAMH 1. 5.2.2, CIeAyeT IMyTeM
npeoOpa3oBaHU MPUBECTH K MPOCTEHIIEMY BUAY M ONPENEIUTH PE3YNbTHPYIOIIYI0 SKBUBAJICHTHYIO
OJC E", (umm }5"31((6)) U pe3yJIbTHUPYIOIIee SKBHBAJICHTHOE COMPOTHUBICHUE X, (Win )*( k(6) )

OTHOCHUTENIBHO pacueTHon Touku K3.
HauansHoe neiicTBytolee 3HaueHNe NEpUOINIECKOil cocTaBistomei Toka B Mecte K3 cocraBnser
Ell
" 9K(0
E 3K * ©)

I = =—I, (5.6)
XaK )*( 9K(6)

rae I - Oa3WCHBIA TOK TOHM CTYIIEHH HANPSKEHHS CETH, HAa KOTOPOW HAXOAWTCS pacueTHAas TOYKa
K3.

5.2.4. Meroauka ydera KOMILUIEKCHOM HAarpy3Ku IpH pacdyeTe HadalbHOIO JAEHCTBYIOLIETO
3HAYCHHsI TEPHOAMYECKONW cocTapistomeld Toka K3 m3moxkena B m. 5.7, a MeToguka pacdera
HavyallbHOTO JEHWCTBYIOIET0 3HAUYEHHs MEPHOANYECKONH COCTaBIIAIONIEH TOKAa NMPHU HECHMMETPHUYHBIX
K3-Bm 5.9.

5.2.5. Ilpm npuOMMKEHHBIX pacyeTax HadalbHOE ACUCTBYIOIEe 3HAUYCHHE MEPUOTUICCKOM
cocraBismoneil Toka B Mecte K3 normyckaercss onpenessiTb, IPUHSAB B COOTBETCTBHU C TEOpPEMOi 00
aKTHBHOM JByXMoiitocHuKe (cM. 1. 3.7) DJIC Bcex NCTOUYHHKOB SHEPTHH PaBHBIMHU HYJIIO U UCTIONB3Ys

bopmymy



Yo cU
Ippp = ———— = ——HoM (5.7)
X, BXx
50105
C
Ino =—— I, (5.8)
X 5x(6)

rae U jo| - HanpsDKeHHE (yrnueitHoe) B pacdyetHoi Touke K3 k MoMeHTy Bo3HMKHOBeHUS K3;

ULon - HOMAHAIBHOE HANPSDKCHUE (JIMHEHHOE) ceTH, B KOTOpo# mpomsonuio K3;
¢ - KO3 PHULIUEHT, KOTOPBI PEKOMEHTyeTCSI IPUHUMATh PAaBHBIM:
c=1,1 - npu onpeneneHUN MaKCUMAIBHOTO 3HaYeHus Toka K3;
¢ = 1,0 - npu onpeneneHN MUHUMaJIbLHOTO 3HaueHus Toka K3.

5.3. Pacuer anepuoau4eckoii cocTaBIsAONIEH TOKA KOPOTKOI0 3aMbIKAHMSA

5.3.1. Monynp HayaJbHOIO 3HAYEHHUs aNepUOAMYEecKOl cocTaBmstomed Toka K3 criemyer
OIpENENATh KaK Pa3HOCTh MIHOBEHHBIX 3HAUYEHWH MEPHUOANYECKON COCTABIAIOIIEH TOKA B HAYaJIbHBIN
MoMeHT K3 u Toka B MOMeHT, npeamecTByromuii K3.

5.3.2. HauGosnbliee HavanpHOE 3HAYECHHE ANEPHONMYECKON cocTaBisiomeil Toka K3 B obmiem
Cilydae CleAyeT MPUHUMAaTh PaBHBIM aMIUIUTYAE MEPHOANIECKOW COCTABILIIONIEH TOKAa B HadaJIbHBIA
momenT K3, T.€.

i =V2I1 . (5.9)

OT0 BBIpaXXEHUE CTIPABEUIMBO NPH CIEIYIOMUX YCIOBUAX:

1) aKkTuBHas COCTaBIAIOIIAs PE3YJIbTUPYIOUIET0 SKBUBAJICHTHOTO COIPOTHUBIIEHHUS pAcueTHOW
CXEeMBl OTHOCHTEIBHO pacdeTHOW Toukn K3 3HAUMTEIIFHO MEHBIIE WHAYKTHBHON COCTABILIOLICH,
BCIIEICTBHE YETO aKTUBHOM COCTABJISIFOIIECH MOXKHO TipeHeOpeys (cMm. 1. 5.1.1);

2) k MomeHTy K3 BeTBp pacueTHON CXeMbl, B KOTOpOH HaxoguTca pacyeTHas Touka K3, He
HarpyxeHa;

3) HampspKeHHE CeTH K MOMEHTY BO3HHKHOBeHU K3 mpoxoauT depes HyIb.

Ecnu ykazaHHbIE YCIIOBHMS HE BBINOJHSIOTCSA, TO HAadalbHOE 3HAYEHHE alepUOINIECKON
cocrapisolel Toka K3 cnemyet onpenensTh B COOTBETCTBUH ¢ 1. 5.3.1.

5.3.3. [l ompeneneHHus amepHOTUYECKON cocTaBisiromeil Toka K3 B MPOW3BONBHBIE MOMEHT
BPEMEHHU IPEIBapPUTEIHHO JTOKHA OBITH COCTABIIEHA TaKask HCXOJHAs CXeMa 3aMELICHUs, YTOOBI B HEH
BCE DJIEMEHTHI MCXOJTHON pacyeTHOW CXeMbl YYMTBIBAUIUCH KaK MHAYKTHBHBIMH, TaK M aKTUBHBIMH
CONPOTUBIECHUAMHU. IIpM 3TOM CHHXpOHHBIE TEHEpaTOphl M KOMIICHCATOPbI, CHHXPOHHBIE H
ACHHXPOHHBIEC 3JIEKTPOABUTATENH JOJDKHBI OBITh YUTEHBI MHIYKTUBHBIM COIPOTHBICHHEM OOpaTHOH
MOCJICIOBATEIBPHOCTH (JIJIsI aCHHXPOHHBIX 3JIeKTpoaBuraresieii X, ~ X”) U CONMPOTUBICHUEM OOMOTKH
cTaTopa MOCTOSIHHOMY TOKY (cM. 11. 5.1.1) mpu HOpMupOBaHHOM pabodel TeMIeparype 3TOi 0OMOTKH.

5.3.4. Ecnu ncxogHasi pacyeTHasi CXeMa UMEET TOJBKO MOCIE0BATEIbHO BKIIOUEHHBIC JIEMEHTBI,
TO aNepUOINYECKYI0 COCTABIIAIONIYI0 ToKa K3 B MPOM3BOIBHBIN MOMEHT BPEMEHH CIIEAYET ONPeeNaTh
1o opmyiie

t

. T,
lat =1a0€ ’ (5-10)
rne T, — TOCTOSHHAs BpPEMCHH 3aTyXaHHs AalepHOTUUecKoi cocraBigmomeil Toka K3; oHa
ompenesercs no popmye

X
T, ="K (5.11)

R

(DC 3K

rae X, U R, - COOTBETCTBEHHO WHIYKTHMBHAs M aKTHUBHAs COCTAaBJIAIOLIME PE3YyJbTUPYIOLIETO
SKBUBAJIEHTHOTO COMIPOTUBIIEHUS paCYETHON CXEMbI OTHOCUTEILHO Touku K3;
®, - CHHXPOHHAs YIJIOBAsi 4aCTOTa HAIIPSOHKEHUS CETH.

Ilpumeuanue. B Tex ciydasx, Korja npHu pacuere arnepuoJuueckoi cocranisomeil Toka K3 B mpon3BobHBIM
MOMEHT BpEeMEHHU HEO0OXOAMMO Y4eCTh TOK reHepaTopa B MOMEHT, npeauecTByomuil K3, cienyer ucrnonb3oBarhb

(opmyiy
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rae / o] - TOK reHeparopa k MoMeHTy K3;

\V\O\ - yrou cnsura ¢a3 cepxmnepexonnoit 3IC u Toka remeparopa k MoMeHTy K3;

Ta - [IOCTOsIHHAsA BPEMCHU 3aTyXaHUsA anepnoanquKoﬁ cocrasJsitoiei Toka K3 B uenu ¢ CUHXPOHHBIM
TEHEPATOPOM.

5.3.5. Ecaum wucxomHas pacueTHas cxemMa (M COOTBETCTBEHHO CXeMa 3aMEIIeHUs) SBISETCS
MHOTOKOHTYPHOU, TO anepuoAnYecKy0 COCTaBIIsONIy0 Toka K3 B mpOW3BOIBHBIA MOMEHT BPEMEHU
CIIEZIyeT ONPENEeNATh IIyTeM DPEIICHHS COOTBETCTBYIOIIEH CHCTEMBI MU(QepeHINATPHBIX YpaBHEHHIA,
COCTaBJIICHHBIX C YYeTOM KaK HHIyKTHBHBIX, TaK M AaKTUBHBIX CONPOTUBICHUI BCEX HIIEMEHTOB
HCXOJTHOM PacueTHOU CXEMBI.

5.3.6. Meronuka TPHOMIKEHHBIX pPAaCcYETOB AalepHOJMUYECKOr cocTaBisromeil Toka K3 B
MPOU3BOJIBHBIA MOMEHT BpPEMEHH 3aBHCUT OT KOH(HIypalMd WCXOJHOW pacyeTHON CXeMbl U
MOJIOXKEeHUS pacueTHoU Touku K3.

5.3.7. Ecnu ucxogHas pacueTHasi cxema SIBJISIETCSI MHOTOKOHTYPHOM, HO BCE MCTOYHUKU SHEPIuu
CBsI3aHBI C pacueTHOW Toukod K3 oOmmM compoTHBIEHHEM (MM CXE€Ma COIEPXKHUT TOJIbKO OJIUH
HUCTOYHUK DHEPTUH), TO MPHU MPHOIMKCHHBIX pacueTax anepHoandeckoil cocrapistomiedl Toka K3 B
MIPOU3BOJILHBI MOMEHT BPEMEHU JIOMYCKAETCSl CUUTATh, YTO 3T COCTABJISIONIAS 3aTyXaeT BO BpEMEHU
M0 JKCIIOHCHIIHAIIEHOMY 3aKOHY C HEKOTOpPOW JKBHBAJICHTHOW MOCTOSHHOW BpemeHH. CyIiecTByeT
HECKOJIBKO METOJIOB €€ ONpEeIeTICHHS:

1) ¢ HCHONB30BAHHMEM COCTABISIOIIMX KOMIUIEKCHOTO PEe3yJNbTUPYIOIIEro 3KBUBAJICHTHOTO
CONPOTHUBIICHUSI CXEMBbl 3aMEIICHHUS OTHOCUTEIbHO TOYKU K3, M3MEpeHHOro mnpu MNpOMBILUICHHON
4acToTe:

Jn’lZE)K
Ta 5k = Rez (5.12)
cREL 5
rae Z ., - KOMIUIEKCHOE Pe3yJbTUPYIOIIEE SKBUBAJIEHTHOE CONPOTUBICHHE CXEMbl 3aMEIICHU,

u3MepenHoe npu gacrore 50 Hz;

JmZ, - MHMMasg COCTAaBIIOIIAs KOMIUIEKCHOTO  PE3YJNbTHPYIOIEr0  3KBMBAJICHTHOTO
COIIPOTHUBJICHUS;

ReZ, - nmelicTBuTENbHAs COCTaBJIAIOIIAS KOMIUIEKCHOTO PE3YJIbTHPYIOIIETO 3KBHBAJIEHTHOTO
COIPOTHUBJICHHUS;

2) C HUCIOJIb30BAHUEM DPEIYJIBTUPYIOIUX SKBHUBAJCHTHBIX COHpOTI/IBJ'IeHI/Iﬁ CXCMBbI 3aMCIICHUA
OTHOCHUTCJIBHO paC‘-ICTHOﬁ TOYKH K3, MOJYUCHHBIX MPHU MNOOYCPECAHOM HCKIIIOUCHUU U3 CXEMbI BCEX
AKTUBHBIX, a4 3aTEM BCEX MHIYKTUBHBIX COHpOTHBJIeHPIfIZ

Xok(R=0
Ty =80 (5.13)

chax(x=0)
1€ Xoxr=0) - PE3YNBTUPYIOIIEE JKBUBAJIEHTHOE COIPOTUBICHHUE CXEMBI 3aMELICHUS IPU y4eTe B
HeH Pa3INIHBIX 3JIECMCHTOB paC‘IeTHOﬁ CXEMBbI TOJIBKO WHAYKTUBHBIMHA
CONPOTUBJICHUAMH, T.€. TP UCKITFIOUYCHUHU BCEX aKTUBHBIX COHpOTPIBJICHI/Iﬁ;
Rax(x=0) - PE3yIbTUPYIOLIEE OKBHUBAJICHTHOEC COIPOTUBJICHHUEC CXEMBI 3aMCIIECHUA IIPpU
HCKIIIOUYCHNHU U3 HECC BCEX MHAYKTUBHBIX COHpOTPIBJ'IeHHfI;
3) C HCIOJIb30BAHUEM COCTABJIAIOINUX KOMIIJICKCHOTO PE3YJIbTHPYIOMICTO SKBUBAJICHTHOI'O
COTIPOTHUBIICHHUS CXEMBI 3aMEICHU OTHOCUTENEHO Touku K3, m3mepenHoro npu gactote 20 Hz:

JmZ 20y

Tonx =25 (5.14)

9
ocReZ 20
rac ZBK(ZO) - KOMIIJICKCHOC pGSyHLTI/Ipy}OH.Iee OKBHUBAJICHTHOC COHpOTI/IBHeHI/Ie CXEMbI 3aMCUICHUS

OTHOCHUTENBHO pacueTHOl Touku K3, n3mepennoe npu yactore 20 Hz;
JmZ 20 - MHHMAs COCTABIIAIONIAS YKA3aHHOTO KOMIUIEKCHOIO CONPOTHBIICHHS;

ReZ (20) " JIEHCTBUTENIbHAS COCTABJIAIOIIAS 3TOTO CONIPOTUBIIEHMSL.

Ilo oTHOMIEHHIO K TOYHOMY PCUHICHUIO NTPUMCHEHHUE IIEPBOI0 METOJa OOBITHO Ja€T OTPULIATCIIBHYTO



MOTPEIIHOCTh (3aHMXKAET 3HAUYCHUS! MOCTOSHHOW BpPEMEHH), NPUMEHEHHWE BTOPOTO METoJa Jaer
MOJIOXKUTENBHYIO TIOTPELIHOCTh (3aBBIMIAET 3HAYCHMS MOCTOSHHOW BpeMeHH). IlorpemrHocts,
CBSI3aHHAs C MPHMEHEHHEM TPEThEro METO/a, M0 aOCOMIOTHOW BEIWUIWHE OOBIYHO MEHBINE, YeM IIPH
UCIIONIB30BaHUM IIEPBOTO M BTOPOro MeTon0B. lIpM aHaIMTHUECKHX pacdeTax Haubosee MPOCThIM
aBisiercst BTopoil Metoxa. Ilpu pacuerax ¢ mpuMeHeHueM OBM mpennodreHue cieqyeT OTAaBaTh
MIEPBOMY U TPETHEMY METO/aM.

5.3.8. Ecnu pacgetnas Touka K3 nenuT mcxoqHyIo pacueTHYIO CXeMy Ha HECKOJIBKO HE3aBHCHUMBIX
JpYT OT JIpyra 4yacTei, To IpH NpUOIMKEHHBIX pacyeTax arepuoAndecKor cocramisitomieii Toka K3 B
TIPOM3BOJIEHBIIT MOMEHT BPEMEHH €€ CIIEAYET ONPEAEIATh Kak CyMMY allepHOINYECKIX COCTABIISIOMINX
TOKOB OT OTAEIBHBIX YacTeH CXEMBI, Mojaras, 4To KaXgas M3 3THX COCTABIAIONINX H3MEHSETCS BO
BPEMEHU C COOTBETCTBYIOLIEH SKBUBAJIEHTHON NTOCTOSIHHON BpeMEHH, T.€.

m ot
igg = D ippie TA (5.15)
i=

TZE M - YUCJI0 HE3aBUCHUMBIX YacTEH CXEMBI,
i,0i - HAUAIbHOE 3HAYEHHE allepHUOUIEeCcKOol cocTaBisomel Toka K3 oT i-i yactu cxemsbl;
T.oi - PKBUBAICHTHAS TOCTOSHHAs BPEMEHHU 3aTyXaHHs alepUOJHMYSCKON COCTABISIONICH TOKa
K3 or i-if wactu cxemsl, onpexaensemas 1o (5.12), (5.13) wm (5.14).

5.4. PacueT y1apHOro TOKa KOPOTKOI0 3aMbIKAHUS

5.4.1. Cmoco6 pacuera ymapHoro Toka K3 3aBucuT OT TpeOyeMolW TOYHOCTH pacdeTa H
KOH(UTYpaIUU UCXOTHOM PacueTHOI CXEeMBI.

5.4.2. Ecnu vcxonHas pacueTHasi cxema SIBJISIETCS. MHOTOKOHTYPHOM, TO JIJIsl OJyYEHUs! BBICOKOM
TOYHOCTH pacyera ymapHoro Toka K3 crmenyer pemmrts cuctemy audQepeHInaIbHbIX YpaBHEHHH,
COCTaBJICHHBIX [JIs1 MTHOBEHHBIX 3HAUYEHHI TOKOB B y3/laX M TMaACHUH HANPSHKCHUS B KOHTYpax
pacueTHON CXeMbI, U OMpPEICIUTh MaKCHMAJIbHOC MIHOBEHHOE 3HAYEHHE TOKAa B BETBH, B KOTOPOWU
HaxoJuTcs pacyeTHas Touka K3.

5.4.3. Ilpu pacuere ymapHoro toka K3 c mempi0 HpoOBEpKH NPOBOAHUKOB M DIEKTPHUUIECKUX
anmaparoB 1o ycioBusiM K3 nmomyctiMo cumTarh, YTO aMILTUTYJa MEPUOAMUYECKON COCTaBIIAIONIEH
Toka K3 B MOMEHT HACTYIUICHUS yIapHOTO TOKA paBHA aMIUIUTYJIC ATOH COCTABIIAIONICH B HAYAIBHBINA
moMmeHT K3. HMckimrodeHme COCTaBIAIOT ciydaw, Koraa BONM3M pacdeTHOW Touku K3 BKIFOUEHBI
ACHHXPOHHBIE JIEKTPOIBUTATEIH.

5.4.4. Ecnu wucxomHas pacueTHas CXeMa COJICPKUT TOJBKO IMOCIEIOBATEIBHO BKIIFOUCHHEIC
AJIEMEHTHI, TO YAAPHBIM TOK CIEIyeT ONPENeNSATh 0 GopMyIIe

iyn =V2150K o (5.16)
rne Ky, — ynapueiid kod¢duuuent. Ilocnennuii pexoMeHayeTcs ONpenenaTh 10 OJHOH M3
CIEIYIOUINX (GOPMyI:
I
Xox / R
Ky =102+098e K ™x (5.17)
WIN
_ 0,5n+@k
Ky =l+e /R (5.18)
rae
X
¢, =arctg—>2< . (5.19)
9K
B Tex ciyuasx, korga X, /R, = 5, ynapHbli K03(h(HUIHUEHT J0ITyCTUMO ONpeNeIsiTh o hopMyie
0,01
T
Ky,=1+e "2, (5.20)

rae T, - MOCTOsSTHHAs BpEeMEHH, onpeaensemas mo Gopmyie (5.11).

5.4.5. Ecnn mcxomHast pacdeTHas cxXeMma SBIACTCS MHOTOKOHTYPHOW, MPHYEM BCE HCTOYHHUKH
SHEPTHH CBSI3aHBI ¢ pacuyeTHOU Toukoi K3 00mmM conpoTHBIEHUEM, TO MTPpY NPHONMKEHHBIX pacyeTax
ynapHoro Toka K3, mcxonms W3 paHee NPHHATOrO JOMYIIEHHWS O SKCIOHEHIMAJIBHOM XapakTepe
W3MEHEeHHS allepruoINIecKoi cocTaBisromeii Toka K3, pekoMenayeTcs ncnoiap3oBats popmyry (5.16),
a y1apHbIi KOdQUIHEHT onpeaensaTs o popmMyiam, ananorudabiM (5.17) u (5.18):
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Ky =102+098¢ “clasx (5.17, )
nu
0,01(05+¢y /1)
Ky =l+e Taox (5.18, )

rae 7,.c - SKBUBAJCHTHAS [TOCTOSIHHAS BPEMEHH 3aTyXaHHs allepHOJUYecKOi COCTaBIIOImIEei ToKa
K3, onpenensiemast o ¢popmynam (5.12), (5.13) wmu (5.14).
Ipu X,x/R.x = 5 MOIMyCTHMO TaKXkKe UCIOIB30BaTh GOPMYITY, aHAIOTHIHYIO (5.20):
0,01

Kyu=l+e Taox, (5.20, a)

5.4.6. B Tex cirydasix, KOTJja HCXOAHASI pacyeTHas CXeMa SIBJIIETCSI MHOTOKOHTYPHOM, HO pacueTHas
touka K3 genuT ee Ha HECKONBKO HE3aBUCHUMBIX YacTei, TO yJapHBIH TOK JOMYyCTUMO NMPUHUMATH
PaBHBIM CyMMe€ yJIapHBIX TOKOB OT COOTBETCTBYIOLIUX YaCTEH CXEMBI, T.€.

m
iy =V2Y 10iK i » (5.21)
i=1

rae I, - HavYanpHOE ACMCTBYIOIEE 3HAUEHUE MEpPHOIUYecKOor cocTamistoniet Toka K3 or i-i
YacTH CXEMBI;
Ky - ynapueiid xoa¢duunent toka K3 oT i-ii 9acTh cxemsl, onpejenseMslid no ¢opmynam
(5.17, a), (5.18, a) nmm (5.20, a).

5.5. PacueT nepuoAnYeCcKOM COCTABIAIOIIEH TOKA KOPOTKOI0 3aMbIKAHMSA [JIs1
NMPOU3BOJHHOT0 MOMEHTA BpeMeHH

5.5.1. Pacuer mepuoamueckoii cocraBistomeld Toka K3 B MpOM3BOJIBHBI MOMEHT BpEMEHHU B
CJIOKHOHM pa3BETBJICHHOW CXEME C YYETOM IIEPEXOJHBIX IPOIECCOB B CHHXPOHHBIX MallWHAX, VIS
KoTopex K3 sBisiercst OMU3KUM, CIIeIyeT MPOM3BOAMTE ITyTEM PEUICHUs] COOTBETCTBYIONIEH CHCTEMBI
muddepeHnaIbHbIX ypaBHEHNH TIEPEXOMHBIX IPOILECCOB, HCIONB3YS C A3TOH Iensio OBM, u
BBIJICJICHUS U3 HAMJIEHHOTO0 TOKa €ro NepHUoInIeCKOM COCTaBIISIONIEH.

5.5.2. Ecnu mcxonHas pacueTHas cxema SBIISIETCS PaJalIbHOM M COAEPKHUT OJHY CHHXPOHHYIO
MaIIuHy (WU TPYIILy OZHOTHITHBIX MAllMH), a TpeOyemas TOYHOCTh PACUYETOB IO3BOJISIET IPHHATH
JOIYILIEHNe, YTo IpH (HOPCUPOBKE BO3OYKICHUS HAIPsHKEHHE Ha 0OMOTKE BO30Y)KIEHHS MTHOBEHHO
BO3pacTaeT 0 NpeAebHOr0 3HaueHHs, TO JEHCTBYIOIIee 3Ha4eHHE ITePHOJUYECKON COCTABISIOMECH
Toka K3 B Ipon3BONBHBI MOMEHT BPEMEHH NPHOIIKEHHO, 03 ydyeTa IMONepevyHON COCTaBIISIONICH
Toka K3, MokeT OBITh OIIpe/IeIeHO ¢ UCTIONB30BaHIEM (HOPMYIIBI

' _t " '
R N SO I I W (O A
Xd+XBIJ_[ Xé(ld)+XBm Xd+XBIH X(’i+XBIJ_[ X(’i(ld)+XBHJ

_t
e T'd 4

nt

(5.22)
E —-E , _t " _t

an "~ qlo| (~Ta=Tya g [ Ta=Tya , 174
Xy +Xpm Ty —-T4 Ty —-T4

>

riue Eq‘o‘ - cuaxponHas DJIC mammHBI MO momepeyHoi ocu kK MoMmeHTy K3 (momyckaercs
npuHUMaTh 3Ty D/IC B OTHOCUTENBHBIX €AMHHULIAX YUCIEHHO PAaBHOM OTHOIIEHUIO
MPEALIECTBYIOMIEr0 TOKAa BO30Y)KICHUS MAIMHBI K €€ TOKY BO3OYXKIEHHUS IpH
paboTe B pexXuMe X0JIOCTOr0 X0/1a ¢ HOMHHAIBHBIM HalPsDKEHUEM);
E Q\O\ u E(’;\O\ - COOTBETCTBEHHO CBepxIiepexonHas u nepexomnas 3JIC MammHbI 0 MONepedHOH
ocu Kk MoMeHTy K3 (mepByio W3 HHX MOXHO ONpeAenuTh 1o ¢opmyie (5.3) wn
(5.4), Bropyro - mo Toii xe (opmyre, IpeABapUTENBHO 3aMCHHB B Heit X Ha
Xa);
Eg, - npenenpHoe 3HaueHue cUHXpoHHOH OJIC MalmMHbBl [0 TIONEpeYHOM ocu (B
OTHOCHUTENBHBIX €MHHUIAX €r0 MO’KHO CUUTATh PABHBIM OTHOIICHHIO MTPEAEIHHOTO
TOKa BO3OYXICHHWS MAIIMHBI K €€ TOKY BO30OYXKICHHUS NpHU padoTe B PEKUME
XOJIOCTOTO X0/Ja ¢ HOMUHAJIbHBIM HAIIPSKEHUEM);
Xy - BHEIITHEE COMPOTUBIICHHE;
Ty u T{ - IOCTOSIHHBIE ~ BPEMEHH  3aTyXaHMs  COOTBETCTBEHHO  IIEPEXOJHOH U



CBEPXIIEPEXOHON cocTaBistonnx Toka K3, ¢; 9T MOCTOSHHbIE BPEMEHH CBS3aHbBI
¢ Tf u Ty COOTHOIICHHSM U:

Ty =Tf +Tiy
nu
¢ - TY
ry-o 2T
Tf+T1d
e
2
Xf_i
T = X% _ Xd+XBIlI .
! (Dch (Dch ,
2
X
' de_iad
Tl’d: de _ Xd+XBIH_
(Dchd mchd
6 =1— (Xy+XBLu)2X§d .
2 2.’
[Xp(Xgq+ Xpy )~ Xagl[X19(Xgq + XBmy) — X 4]
Tf!+T1’d
Xiaay =(Xg + Xpu)———,
a9 M T + Thao
rac
X X
Ty =—1—; Tigo =—3—;
O Ry OcRyg

5.5.3. [lpu mpuOmmKkeHHBIX pacdyerax TOkOB K3 nmns ompeneneHus NEHCTBYIOIIETO 3HAYCHHS
neproandeckoi cocrapiisifoiieil Toka K3 OT CHMHXPOHHBIX I'€HEpaTOPOB B NPOU3BOJBHBIH MOMEHT
BPEMEHHU TpH DPAJUaIbHON pacueTHON cxeMe cienyeT NPUMEHATh METOJ THUIOBBIX KpUBBIX. OH
OCHOBaH Ha HCIOJIb30BaHUM KPHUBBIX M3MEHEHHsI BO BPEMEHHM OTHOILEHHs ICHCTBYIOIIMX 3HAYEHUN
MEPUOINIEcKoil cocTapistomer Toka K3 oT reHepatopa B NMPOW3BOJNEHBIA W HAdaIbHBI MOMEHTHI
BpeMeHH, T.e. Y, = I/l = f(t), TOCTPOCHHBIX JUIs pa3HbIX yaaideHHoctedl Touku K3. Ilpu 3tom
JNEeKTpUUECKass yJAJIEHHOCTh TOYKM K3 OT CHHXPOHHON MallMHBI XapaKTepU3yeTCs OTHOLICHHEM
JIEHCTBYIOMIET0 3HAYCHHS TIEPHUOAMYECKON COCTABIIONIEH TOKa TeHepaTopa B HadalbHBI MOMEHT K3
K €r0 HOMHHAJIBHOMY TOKY, T.€.

Iyo Ss
il’IO(HOM): 7 :i nO(G)S > (5.23)
HOM HOM
rne [ ;0 - HadaIpbHOE 3HAYCHHWE NEPHOANYECKON cocTaBisiromed Toka K3 oT mamumHBl B
*

OTHOCHTENBHBIX IMHUIAX TIPH BBIOPAHHBIX 0a3MCHBIX YCIOBHSX;

S - 6a3ucHas MOIIHOCTh, MB-A;

Sow - HOMUHATIBHASI MOITHOCTH (TIOJTHAS) CHHXPOHHOM MarmuHbl, MB-A.

Ha puc. 5.1-5.4 nmpuBeJIcHBI TUIIOBBIC KPUBKIC YV, =f({) U pa3IMYHBIX TPYII TYpOOTEHEPATOPOB C
YY4ETOM COBPEMEHHOW TEH/CHIIMU OCHAICHUS TeHEPATOPOB pAa3HbIX THUIIOB ONPEICICHHBIMU
CHUCTeMaMH BO30YXICHUS.
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Puc. 5.1. TunoBsle KpUBbIE H3MEHEHUS Puc. 5.2. Tunosble KpuBble U3MEHEHUS
HNepUonIecKoil cocramstomeil Toka K3 ot neproandeckoil cocrasisomei Toka K3 ot
TypOOTE€HEPaTOPOB C THPUCTOPHOM HE3aBUCHMOIT TypOOT€HEPAaTOPOB C THPUCTOPHOHN CHCTEMOI
CHCTEMOM BO30YXKIEHUS CaMOBO30YXIEHU

Ha puc. 5./ npencraBieHsl THIIOBBIE KPUBBIE ISt TYPOOT€HEPaToOpoOB ¢ THPUCTOPHONW HE3aBUCUMOM
cucremoit Bo3Oyxnaenus (CTH)-remeparopoB Ttumo TBB-300-2EY3, TBB-500-2EY3, TBB-800-
2EVY3, TI'B-300-2VY3, TI'B-800-2Y3; mpu HOCTPOCHHU KPUBBIX MPHUHATH KPAaTHOCTh MPEAEIHHOTO
HarnpspkeHust Bo30yxaeHus Kyr = 2,0 ¥ mocTosiHHAs BpeMEHH HapacTaHHs HApsHKEHHs BO30YKACHUs
npu popcuposke Bo3Oyxnerus 7, = 0,02 c.

Ha puc. 5.2 mpencraBieHBl THIIOBBIE KPUBBIE U TypOOTE€HEPATOPOB C TUPHUCTOPHOMN CHCTEMO
napamiensHoro camoBo30yxaeHust (CTC)-renepatopoB tunoB TBD-100-2Y3, TB®-110-2EY3, TBD-
120-2Y3, TBB-160-2EY3, TBB-167-2Y3, TBB-200-2AY3, TBB-220-2Y3, TBB-220-2EY3, TI'B-
200-2V¥3, T3B-220-2EY3, T3B-320-2EVY3; npu mocTpOo€HUU 3TUX KPUBBIX NpUHATHI Kyr = 2,5 u
T.=0,02c.

Ha puc. 5.3 mpencraBieHsl THUIOBBIE KPUBBIE I TypOOT€HEPAaTOPOB C THUOJHON HE3aBUCHMOM
(BbICOKOUacTOTHOH) cuctemoit Bo3Oyxnenusi (C/IH) - reneparopos tuno TBD-63-2EY3, TBD-63-
2V3, TB®-110-2EY3; npu noctpoeHuu KpuBbIX NpuHATH Kyr = 2,0 u T, = 0,2c.

Ha puc. 5.4 mpencraBieHbl THMOBBIE KPUBBIE U TypOOTEHEPAaTOPOB C IMOMHON OECIIETOYHOM
cucremoit Bo30yxnenus (CIB) - remeparopoB tumoB TBB-1000-2Y3 u TBB-1200-2V3; npu
MOCTPOCHUH KpUBBIX MpUHATH Kyr =2,0u T, = 0,15 c.

Bce kpuBBIE TONydeHBI C Y4YETOM HACBHIIIEHUWs CTajldl CTaTopa, HACHIMEHUS ITyTeH paccesHHs
CTaTopa, BBI3BAHHOTO aNEPHOANIECKON COCTABIAIONICH TOKa cTaTopa, 3¢ (eKTa BHITECHCHNS TOKOB B
KOHTYpax poTopa U peryJIupoBaHHs 4acTOTHI BpallleHUs1 poTopa TypOuHsl. [Ipu 3TOM Ipeamnoaranocs,
yto 10 K3 reneparop paboran B HOMUHaJILHOM PEXHUME.
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Puc. 5.3. Tunossle KpUBbIE H3MEHEHUS Puc. 5.4. Tunosble KpUBbIE U3MEHEHUS
nepruoguueckon cocrapisitomeit Toka K3 ot nepuoauueckoi cocrapisitomet Toka K3 ot
TypOOTE€HEPAaTOPOB C AUOJTHON HE3aBUCHUMOM Typboreneparopos tTunioB TBB-1000-2VY3 u
(BBICOKOYACTOTHOI) CHCTEMON BO30YKICHUSA TBB-1200-2¥3 ¢ quonHoit GecieToqHon

CHCTEMOM BO30YXKICHHs

5.5.4. TumoBble KpHBBIC YYUTHIBAIOT HM3MEHEHHE [EHCTBYIOIIErO 3HAYCHUS MEPUOTUIECKOM
cocrasisonieil Toka K3, ecnu oTHomeHne NeHCTBYIOIErO 3HAUEHHUs NIEPUOINYECKOl COCTaBIISIOmEH
TOKa TeHepaTopa B HayaJIbHBIH MOMEHT K3 kK ero HOMHHaIEHOMY TOKY paBHO WiH Oojbiie nByX. [Ipu
MEHBIIMX 3HAYECHHSIX OTOTO OTHONIICHUS CJIEQyeT CYHWTaTh, YTO [EHCTBYyIOIIee 3HAYCHHE
MepUoOaNYecKor cocTapistomniei Toka K3 He u3MeHseTcst BO BpeMeHH, T.€. [, = I, = const.

5.5.5. Pacuer aelicTBYIOLIETO 3HAUEHUS EPUOINYECKON cocTaBisitomel Toka K3 oT CHHXpOHHOTO
TeHepaTopa B TPOW3BOIBHBEIN ((UKCHPOBAHHBIA) MOMEHT BPEMEHH C HCIIOJNB30BAaHHEM METO/a
TUIOBBIX KPUBBIX PEKOMEHAYETCS BECTH B CJICAYIOIIEM MOPSIKE:

1) 110 MCXO/IHOHN pacyeTHON CXeMe COCTABUTh SKBHBAICHTHYIO CXEMY 3aMEIICHHs ISl OTIpelelICHHs
HAYaJbHOTO 3HAYCHUS MTEPUOANICCKOI cocTapistoniel Toka K3 (cm. 1. 5.2.2), B KOTOpO# CHHXPOHHYIO
MalliHy CIIEAYeT Y4YeCTh IMPEIBApPHUTEIFHO NMPUBEACHHBIMU K Oa3MCHOW CTYIEHW HANPSHKCHUS WA
BBIPQ)KEHHBIMU B OTHOCHTEJBHBIX €JUHUIAX MPH BEIOPAHHBIX 0A3MCHBIX YCIOBUSAX CBEPXIIEPEXOTHBIM
conpotuBieHneM U cBepxnepexognoi D/IC, ¢ momompio NpeoOpa3oBaHUil NPHBECTH CXEMY K
NpocTeHIeMy BHJYy W ONpEACINTHh ACHCTBYIONEEe 3HAYCHHE IEPHOINYECKON COCTABISIONICH TOKa B
HadaJIbHBIN MoMeHT K3;

2) ucnonb3ys Gopmyiy (5.23), ompenenuTs 3HAYCHUE BETHIHHBI i 10(sow) » XAPAKTEPU3YOLICH

SIEKTPUUECKYIO YAAJICHHOCTh pacdeTHON TOUKH K3 OT CHHXpOHHOM MaIlIiHBL,
3) ucxons u3 THIIA TEHEPATOPa U €r0 CUCTEMBI BO30YXKIEHU, BEIOPATh COOTBETCTBYIOIINE TUIIOBEIE
KPHBBIC M 10 HAiiICHHOMY 3HAYCHHIO [ ;0(yoy) BBIOPATh HEOOXOAMMYIO KDUBYIO (IIpH 3TOM
*

JIOTTyCTUMA JINHEHHAs SKCTPAITIOJISAINS B 00JIACTH CMEKHBIX KPUBBIX);

4) mo BEIOpaHHOM KPUBOW IS 33JaHHOTO MOMEHTA BPEMEHH OIPEICIIUTh KO QUIMECHT Y,

5) ompemenwTh MCKOMOE 3HAUCHHE IMEepPHOAMYecKON coctaBistomeil Toka K3 oT cHHXpOHHOM
MaIlTHBI B 3aJaHHBIA MOMEHT BpEMEHHU

I =71 L noe)ls > (5.24)

rne I - 6a3uCHBIN TOK TOW CTYNEHH HANPSDKCHHS CETH, Ha KOTOPOH HAXOMUTCA pacdeTHAas TOYKa
K3.

5.5.6. Eciu wucxomHas pacueTHass CX€Ma COJEPKUT HECKOJbKO OJHOTUIIHBIX CHHXPOHHBIX
TeHepaToOpoOB, HAXOIAIIMXCS B OJWHAKOBHIX YCIIOBHSX IO OTHOLICHHIO K pacueTHod Touke K3, To
MOPSAZIOK pacuera MepHoAuuecKor cocTaBismomeld Toka K3 B MpoOU3BONBHBIE MOMEHT BpEeMEHHU



QHAIIOTHYCH M3JI0XKCHHOMY B II. 5.5.5, TOJBKO IPH ONPEACICHUH 3HAYCHUS [ nouow) 1O (opmysie
*

(5.23) B mocneaHI0I BMECTO S}y CIEAYET MOACTABIATH CYMMY HOMHUHAJIBHBIX MOIIHOCTEH BCEX ITHX
TeHepaTopoOB.

5.5.7. B tex cmywasx, Korga pacderHas nponxoinkutenbHocTh K3 mpeBprmaer 0,5 ¢, mis pacuera
MEPHOANYECKONH COCTaBIAIOIIEH TOKa B IPOM3BOJBHBIM MOMEHT BpemeHH Ipu K3 Ha BeIBozmax
TypOOTeHEepaTOPOB JIOITyCTHMO HCIIOJIB30BaTh KpUBBIE ¥y = f{f), IpuBeeHHBIE HA puc. 5.5, a npu K3 Ha
CTOpPOHE BBICILIETO HANpPsDKEHNS OJIOYHBIX TpaHC(HOpMATOpPOB - KPUBBIE, IPUBEICHHBIE HA pHC. J.6. Kak
Ha pHc. 5.5, Tak ¥ Ha puc. 5.6 KpuBas 1 OoTHOCHTCA K TypOOoreHeparopaM ¢ JHOAHOH OecIneTouHon
CHCTEMOM BO30Y K/IeHHs, KpUBas 2 - C THPUCTOPHOI HE3aBUCUMOI CUCTEMOH BO30YKIEHUs, KpuBas 3 -
C JIMOJHOM HE3aBUCHMOH (BBICOKOYACTOTHOM) CHCTEMOM BO30YXXICHUS M KpHBas 4 - ¢ THPUCTOPHOM
CHCTEMOW CaMOBO30YKICHHS.

5.5.8. J[lns npuONMKEHHOrO  ONpeNeNieHHsT JIeHCTBYIOIIEr0  3HAYeHUS  MEePUOANYECKON
coctaBstronied Toka K3 B NPOM3BONIBHBIE MOMEHT BPEMEHHM OT CHHXPOHHBIX T€HEpaTopoB
HanpspkeHneM 6-10 kB B aBTOHOMHBIX cHCTEMax JJIEKTPOCHA0)KEHHS CIEAyeT HCIONb30BaTh THIIOBBIE
KpUBBIE, TpEJCTaBlIeHHbIe Ha puc. 5.7. Ilpu pa3paboTke KPHUBBIX OBUIM HCIIOJIB30BAaHBI IapaMeTphl
reHepaTtopoB HampspkeHueMm 6-10 kB pasnuussix cepuif, a umenno: CI'/ZIC 15.54.8 - 1000 kBr, 10,5
kB; CI'/IC 15.74.8 - 1600 xBT, 10,5 kB; CT'JIC 15.94.8-2000 BT, 10,5 xB; C['IC 15.74.8-2000 BT,
6,3 kB; CI'IC 15.54.8 - 1600 kBT, 6,3 xB; CbI'1 6300 - 6300 kBT, 6,3 xB.
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Puc. 5.5. Tunosble KpUBbIE U3MEHEHUS Puc. 5.6. TuroBsie KpUBbIE N3MECHEHHS
MepHOINIecKor cocTapistomei Toka K3 ot MepHoUIecKol cocTapistomei Toka K3 ot
TypOOTeHEepaTOPOB C Pa3IMYHBIMU CHCTEMaMHU TypOOTeHEpaTOPOB C Pa3IMYHBIMU CUCTEMaMHU
B030y>keHus npH Tpexdaszusix K3 Ha BEIBomax B030Yy>kaeHus npu Tpexdaszneix K3 Ha cropoHe
TeHEepaTopoB BBICIIIETO HATIPSDKEHUS OIOYHBIX
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Puc. 5.7. TumoBsie KpUBbIE H3MEHEHHS IEPHOINIECKOH cocTaBisitomiel Toka K3 oT cHHXpOHHOTO
reHepatopa HanpspkeHueM 6-10 kB aBTOHOMHOM CHCTEMBI AJIEKTPOCHAOKEHUS



5.6. Y4eT CHHXPOHHBIX H ACHHXPOHHBIX JJ1eKTPOABUIaTe el
NPH pacyeTe TOKOB KOPOTKOI0 3aMbIKAHUS

5.6.1. CremneHp BIMSHUS CHHXPOHHBIX M aCHHXPOHHBIX AJIeKTpoaBurateneii Ha Tok K3 3aBucut ot
XapakTepa UCXOIHOW PacUeTHOM CXeMBbI, MMOJIoKeHHsI pacueTHol Touku K3, yaaneHHOCTH moOcneqHen
OT 3JIEKTPOJBUTATE]Ied M MHOTMX APYrHX (haKTOpOB. YCIIOBHS, NPU KOTOPBIX pacueT HavaJbHOTO
JIEWCTBYIOIIETO 3HAYECHUSI TIEPHOIMUECKOi cocTaBisiiomeii Toka K3 momkeH ObITH BBITIOIHEH C yYETOM
CHHXPOHHBIX M AaCHHXPOHHBIX DJJIEKTPOIBUTATENEH, M3NOKEHBl B 1. 5.2.1. DTH ycnoBus ciemyer
BBITIOJTHATE U MIPU ONpEAETICHUN MepUOANdecKoil cocTtapistoniei Toka K3 B mMpou3BONbHBI MOMEHT
BpPEMEHU.

5.6.2. Pacder HavanpHOTO ACHCTBYIOIIETO 3HAYCHHS MEPHOAMYECKON cocraBisromeii Toka K3 ot
CHHXPOHHBIX W ACHHXPOHHBIX D3JIEKTpOJBUTATeNel (MM C Yy4eToM 3JEKTpOJBUTATENei) ciexyeT
BBITOJIHATH B COOTBETCTBUU C YKA3aHUSAMM, U3I0KEHHBIMH B 1Il. 5.2.2 n 5.2.3.

5.6.3. Pacuer amepmommyueckoil cocraBisromeii Toka K3 0T CHHXpOHHBIX M aCHHXPOHHBIX
3JIEKTPOJBUTATENEH clexyeT MPOU3BOAUTh B COOTBETCTBHH C 1. 5.3, a pacuer ymapHoro Toka K3 - B
COOTBETCTBUH C II. 5.4.

5.6.4. IlepmogmduecKyr0 COCTaBIAIOMIyI0 Toka K3 OT CHHXPOHHBIX WM aCHHXPOHHBIX
ANIEKTPOABHUraTeNIel B IPOM3BOJBHBII MOMEHT BpPEMEHM CIIEAYeT PACCUUTHIBATH IyTEM pEIICHHUS
COOTBETCTBYIOLIEH CUCTEMBI AU PEepeHIINATIBHBIX YPaBHEHNI MEPEXOAHBIX MPOLECCOB M BBIICICHHS
13 HallJICHHOTO TOKA €ro MepruoINYeCcKO coCcTaBIstonIel, ucnoas3zyst O9BM.

5.6.5. B npuOmmKkeHHBIX pacyeTax IS ONpeAeleHHs ACHCTBYIOMIETO 3HAYCHHS MEePUOTUIECKOM
cocraBisoneil Toka K3 oT CHHXpOHHBIX MM aCHHXPOHHBIX 3JEKTPOJBUTATENIeH B MPOM3BOJIBHBIN
MOMEHT BpPEMEHH NpU pagHalIbHON cXeMe CleAyeT MPUMEHSITb METOJl THUIOBBIX KPUBBIX, KOTOPBIH
ocHOBaH (cM. m. 5.5.3) Ha WUCHONB30BaHMM KPHUBBIX HW3MEHEHHS BO BPEMEHH OTHOIICHUH
Yien = Imen/Inocn B Yian = Lwan/Inoas IpY pasHbIX yaaneHHoCTAx Touku K3. IIpu sToM anexTpuyeckyro
ynaneHHocTh Touk K3 cienyer onpenensits, ncnonssys popmyiy (5.23).

TumoBsle KpWBBIE I CHHXPOHHOTO SJCKTPOIBUTATENI NpPWUBEACHH Ha puc. 5.8, a mid
ACHHXPOHHOTO 3JIEKTPOJBUTATENS — Ha puc. 5.9.

ITopsimok pacuera JEHCTBYIOIIETO 3HAUEHHUs MEpPUOJUYEcKOr coctaBiswmed Toka K3 ot
CUHXPOHHOTO M AaCHHXPOHHOTO 3JIEKTpOJBUTAaTeNied B MPOU3BOJIBHBIA MOMEHT BPEMEHH C
WCIIOJB30BAHUEM JTHUX KPWBBIX AHAJOTHYEH H3JIOKEHHOMY B . 5.5.5. 3HaueHWe NEepHOIMYECKON
COCTaBJIIONICH TOKa B KIJIOAMIIEpaX B MOMEHT BPEMEHH ¢ PaBHO

Twen =Yen L nowmow Twomct =Yicnt L no@) /s>

" (5.25)
Toan =Yg L nomom) womast =Vias £ noe) /s>

rae lyoucy M lyowas - HOMHUHAIBHBIE TOKM COOTBETCTBEHHO CHHXPOHHOIO M ACHHXPOHHOIO
ANEKTPOBUTATENEH;
I - 6a3uCHBIN TOK TOW CTYNCHHM HANPSDKCHUS CETH, Ha KOTOPOH HaXOMATCS TOYKA
K3 u anexktponBurarens.

5.6.6. Ecnu B KakoM-1HOO y3jI¢ MOIIHOCTh TOAKIFOYCHHBIX HESBHOMOMIOCHBIX CHHXPOHHBIX
anextpoasurareneit (cepun CTH, CTM u np.) mpesbimaer 30 % CyMMapHOM MOIIHOCTH BCEX
3JIEKTPOJBUTATENIEH, TO MCIOJB30BaHNE TUIIOBBIX KPHUBBIX, MPHUBEACHHBIX Ha pHC. J.8, MPHUBOIUT K
MOTPENIHOCTH, TMPEBBIMAIOIIeH JomycTuMyro. [lodToMy B yKa3aHHOM cllydae TIpH pacuere
TIEPUOINIECKON cocTaBIstomel Toka K3 HesBHOIOMIOCHBIE CHHXPOHHEIC IEKTPOIBUTATEIN CIICIYET
YUYHUTBIBATh HHIMBUAYAIbHO, UCHIONB3Ys KPUBbIE 3aBUCHUMOCTH Vi = f(¢), IpUBeaeHHbIe Ha puc. 5.70.

[Ipu HEOOXOIMMOCTH MHIMBHIYaIbHOTO yd4eTa aCHHXPOHHBIX JJICKTPOJBHUIATEICH pa3HBIX CEPHid
CJIeIlyeT WCIIONh30BaTh THIIOBBIC KPHBEIC, MPUBEIACHHBIC Ha puc. 5.// (cepuu 3ICKTPOIBUTATEICH
YKa3aHBI Y COOTBETCTBYIOIINX KPUBBHIX).
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Puc. 5.10. TunioBbie KpuBbIe H3MeHeHHsI TOka K3 0T CHHXpOHHBIX 3JIEKTPOABUTATEIEH
cepuu C/IH (crominbie muaun), cepuu CJ1 ¢ wactoToit Bpamienus 1500 06/mMuH
(rpuxmyHkTHpHBIE TUHIK) B cepur CT/] (MyHKTUPHBIC THHAN CO 3BE3JOYKAMH )

5.6.7. B Tex ciyd4asx, KOrJa MCXOJHAs pacyeTHas CXeMa COACPXKUT TPYIIy CHHXPOHHBIX HIH
ACHHXPOHHBIX JIEKTPOABHIATEINCH, PUCOETNHEHHBIX K OOIINM IIUHAM, H HE SIBJISIETCS PaHalbHOM, a
BKJIIOYaeT B ce0s Takke yAaleHHble OT pacyeTHOW Toukd K3 HMCTOYHHMKM SHEpPruy, HpHUYeM Kak
JJIEKTPOJIBUTATENH, TAK U YIMOMSHYThIE MCTOYHHUKH (CHCTeMa) CBsi3aHbl ¢ Toukoit K3 ¢ momormibio
o01eit BEeTBHU, TO NEHCTBYIOIIEEe 3HAUYECHUE MEPUOTNIECKON cocTaBisomen Toka K3 B mpon3BoIbHBIN
MOMEHT BPEMEHH C y4eTOM M3MEHEHUsI BO BPEMEHH aMILIUTY bl EPHOJANYECKON COCTABIISIONIEH TOKA
OT DJIEKTPOJABUTATENCH pPEKOMEHIYeTCsl OINpEeNesITh C HCIOJIb30BAHHEM THUIIOBBIX KPHBBIX,
TIPUBEICHHBIX Ha puC. 5./2 (U1 SBHOIOIIOCHBIX CHHXPOHHBIX JJIEKTPOJABHTATENel) W Ha puc. 5.13
(A71s1 aCHHXPOHHBIX JJIEKTPOABUTATEIICH ).

Ilpumeuanue. TunoBble KpUBBIC HU3MEHEHMs IEpUOAUYECKOH cocraBaomeir Toka K3 or rpynmsl
JNIEKTPOJIBUTATEIICH, Ipe/ICTaBICHHbIE HA puc. .12 u 5.13, pa3paboTaHbl HA OCHOBE JaHHBIX, ITOJIYYCHHBIX TPEMs
crocobaMy, a MMEHHO: IIPH CYMMHpPOBAHHH MTI'HOBEHHBIX TOKOB OTJEIBHBIX DJIEKTPOJBHUTraTelel; MpH 3aMeHe
TPYIIBI AJIEKTPOIBUraTeNIed SKBUBAJIEHTHBIM AJICKTPOJBHUIaTEeNIeM; IIPU CTATHCTHYECKON 00pabOTKe pacueTHBIX
JTAaHHBIX €JMHUYHBIX JJIEKTPOJBUTaTEICH Pa3IMYHbIX CEPUIA U MOLIHOCTEH.

5.6.8. Pacuer meiicTByromero 3Ha4eHUs IePUOJNIECKON cocTaBistomeill Toka K3 B mpon3BOIBHEIHA
MOMEHT BPEMEHH OT TPYIIBI CHHXPOHHBIX SBHOIIOIIOCHBIX WJIM ACHHXPOHHBIX DJIEKTPOJBUTATENEH C



Y4eTOM BIIMAHHUS YAAJEHHBIX OT pacuyeTHON Touku K3 MCTOUHMKOB SHEPruu, HO CBA3AHHBIX C TOUKOH
K3 ob0mmM panst 3THX WCTOYHMKOB MW 3JIEKTpPOABHTaTeNei compotuBieHneM X, (BetBb K3)
PEKOMEHIYETCS MPOBOJUTE B CIEAYIOIIEH MOCIEA0BATEILHOCTH!

1) rpynmy ToOANEXKamIMX ~ y4YeTy  CHHXPOHHBIX  SIBHONOJIOCHBIX WM  aCHHXPOHHBIX
3JIeKTpOJBUTATENe 3aMEHUTh OJAHUM 3KBUBAJICHTHBIM 3JIEKTPOJBUraTeNIeM, HOMUHAIbHAs MOIIHOCTh
KOTOPOTO paBHA CyMM€E HOMHHAJIBHBIX MOIIIHOCTEN 3aMEHAEMBIX dIEKTPOBUTATENEH, T.€.

i=n
SHOM.3I< = Z SHOMi 5 (5.26)
i=1

TJIE 71 - YUCTIO 3JIEKTPOABUTATENIEH B TPYIIIIE;

S'tomi - HOMHHAIIBHAS MOIITHOCTB i-TO AJIeKTpoABHraTelsi, MB-A;

2) HO WCXOZHOW pAacUYeTHOH CXEeME COCTaBUTh COOTBETCTBYIOILYIO CXEMY 3aMELICHUs Ul
ONpeNielIeHNs] HauyalbHOTO 3HAYeHMA IepUoAMYecKol cocTapistomed Toka K3 (em. m. 5.2),
peoOpa3oBaTh €e B 3KBUBAICHTHYIO T-00pa3HyI0 CXeMy U ONpEEINTh IIapaMeTphl BETBEH MOCIIEaHEH
- BETBU [BUTATEIFHOW Harpy3kd (0e3 ydera CONPOTHBICHUS OBUTaTeneil) X, BEeTBH cHCTeMBI X, U
BeTBH K3 0011eit 1y1s nBuraTenel u cucTeMsl - X (CM. CXeMbI B BepXHel Jyactu puc. 5.712 u 5.13);

3) BBIYUCIHTH IMEPUOAMYECKYIO COCTABJISIOUIYI0 TOKAa OT IKBHBAJEHTHOTO 3JIEKTPOABUTATENS B
HavabHBIM MOMeHT K3 npH pUHSTHIX 0a3MCHBIX YCIOBHSX:
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Puc. 5.11. TunoBrle KpuBBIe U3MEHEHUS TOKa K3 OT SKBHBaJICHTHBIX aCHHXPOHHBIX
3JIEKTPOABUTATENEH
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Puc. 5.12. TunoBsie KpuBble A onpeaeneHus Toka K3 oT SKBUBaJI€HTHOTO CHHXPOHHOTO
ANEKTPOABUTATENs HanpspkeHneM 6 kKB mpu tpexdasznom K3 B cetn
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Puc. 5.13. TunoBbie KpuBBIe AJIs onpeaeneHus Toka K3 0T 9KBUBaJIEHTHOTO aCHHXPOHHOTO
3JIEKTPOJIBUraTeNIsl HanpsbkeHreM 6 kKB mpu tpexdasnom K3 B ceTn

Ton(6) =

"6~ £ c6)X «©)(X c6)* X @)/

X @)X «@/(X «@t X «6))+ X n©o)t

*

X ";[(6)

(5.27)

rae E"gy) - HadanbHOE 3HaYeHHE cBepxiepexoaHoi 3JIC SKBHBAJICHTHOrO JJIEKTPOABUIATEIIs
%

(eMm. . 5.2.2);



E ) - OAC ynaneHHbIX HCTOYHUKOB SHEPTHH (CHCTEMBI);

*
X"(6) - CBEPXIIEPEXOHOE HHIYKTHBHOE CONPOTHBICHHE YKBUBAICHTHOIO 3JICKTPOABUTATEIIS;
*

4) ompenenuTh 3HAUYCHNE BEIMYMHEI, XapaKTepU3YIOMIEH SIEKTPHUECKYI0 YIaJICHHOCTh PAaCIeTHON
Touku K3 OT 3KBUBaJI€HTHOTO AJIEKTPOABUTATENS
_ 1w _, Ss .
n0(aom) ~ 0x(6) >
[HOM * SHOM.BK

5) mo HaiieHHOMY 3HAYCHHUIO [ 0(yoy) HA PHC. 5./2 wmm puc. 5.13 (B 3aBHCHMOCTH OT THIIA
*

1

*

3JIEKTpOJBUTATENEi) BBIOPATH COOTBETCTBYIOIIYIO THIIOBYIO KpUBYIO (BO3MOXHA JIMHEHHas
SKCTPAMOJISIUS MEXIY CMEKHBIMH KPUBBIMH) U JJIs 33JJaHHOTO MOMEHTAa BPEMEHH ! OMPENENIUTh
KOX(PHUIHEHT Yy}

6) ompenenuTh JEHCTBYyIOIIEe 3HAYCHHE MEPHOAMYECKON COCTABISIONIEH TOKa SKBHBAJICHTHOTO
3JIEKTPOJBUTATENSI B MOMEHT BPEMEHHU ¢

/ =y ;
L ntn@) =Yt L non(©)>
7) BBIYMCIUTH UCKOMOE JIeHCTBYIOIIEEe 3HaUeHUE IepHOJMUECKON cocTapistomel Toka B Mecte K3
B MOMEHT BpEMEHH ¢
E -1 X
£ o(6)™ L nta6) 2 c(6)

*

Is, (5.28)

Kt —

X @t X o)

rne I - 0a3UCHBII TOK TOH CTyIIeHN HANPSHKEHHS CETH, Ha KOTOPO# HaxonuTces Touka K3.
5.7. YueT KOMILUIEKCHOH HATPY3KHU NPHU pacyeTe TOKOB KOPOTKOI'0 3aMbIKAHUS

5.7.1. Ilpu pacuerax TokoB K3 cienyer yuuThIBaTh BIMSIHAE KaXK10W KOMIUICKCHON HATPY3KHU, €CIH
Tok B MecTe K3 oT Toif Harpy3ku cocTaBiseT He MeHee 5 % Toka B Mecte K3, ompenenenHoro 6e3
ydeTa Harpy3KH.

5.7.2. B o6mem cinyuyae Tok K3 OT KOMIIGKCHOW Harpy3ku CIeIyeT OIpelesiTh Kak
TEOMETPUYECKYIO0 CYMMY TOKOB OT OTJEIBHBIX €€ 2JIEMEHTOB.

5.7.3. B npubmimkeHHBIX pacdeTax IOIYyCKAeTCs SKBUBAJCHTHPOBAHNE KOMIUICKCHON HArpy3KH C
Mpe/CTaBIeHUEM €€ B BHUJIE 9KBUBaeHTHOH D/IC 1 3KBHBaJIGHTHOTO COMPOTHUBIICHHUS.

OKBHBAJIEHTHOE CONPOTHUBIICHHE MPsAMOI (00paTHOI) Moc/Ien0BaTEIbHOCTH { IHF(HOM),% 2ur(som)

B OTHOCHUTCIIBHBIX €AWMHHUIIAX B 3aBHCHMOCTH OT OTHOCHUTCIBHOITO COCTaBa HOTpe6I/ITeHeﬁ y3i1a 1npu
HOMHWHAQJIBHBIX YCJIIOBUAX JOMYCKACTCA PaCCYUTHIBATDH 11O (bopMlee
1
Z =S 5.29
% 1ur(uom) z Zn: s, > ( )

1
; 2 2
i= \/lj Tiom) ™ X Ti(uom)

rae ]*Q lisom) M )*( li(uom) - AKTHBHAs M HHIyKTMBHAs COCTABJAIOLIME CONPOTHUBICHHA IpSAMOi
(oOpaTHOH) MOCTIEMOBATEIBHOCTH -TO  TOTPEOHTENs], BKIOYAs
COCTaBJISIFIOIIINE COTIPOTHUBIICHUS SJIEMEHTOB, CBSI3BIBAIOIINX
moTpeOuTeNs ¢ IMIMHAMK Y374, HX 3HAUeHHs B OTHOCHUTEIHHBIX
€IUHUIAX TpPU CYMMapHOW HOMHMHAJIBHOM MOIIHOCTH Harpyska Sy,
kB-A, u cpegHeM HOMHUHQJIBHOM HANPSDKEHMM TOW  CTYIIEHU
HATIPSKCHUS CETH, TJIe OHA TPUCOCIMHEHA, TPUBEICHEI B Ta0M. 5.1;
S - moyHas yCTaHOBJIEHHAs MOIIHOCTD /-TO MOTPEOHUTENS HArPY3KH, KB-A.

Tabmuma 5.1
IMapaMeTpbl 271€eMeHTOB KOMILIEKCHOI HATPY3KH
[oTpebuTenu KOMIUIEKCHOM 3HaycHUe ConpoTHBJICHNE, OTH.C.
HATPY3KH SKBUBAJIEHTHOH | cOS @ PSIMOT oOpatHoi
D]J1C MOCJIEI0OBATEILHOCTH | ITOCIIENOBATEILHOCTHA
CHHXpOHHBIE JIBUTATEIIN 1,074 0,9 0,04 +,0,15 0,04 +,0,15




HanpsbkeHueM cBbiie 1 kB

CUHXpOHHBIE JIBUTATEIN 1,079 0,9 0,03 +,0,16 0,03 +,0,16
HanpspkeHueM 10 1 kB

ACHUHXPOHHBIE JBUTATEIN 0,93 0,87 0,01 +;0,17 0,01 +;0,17
HanpsbkeHueM cBbiie 1 kB

ACHUHXPOHHBIE JBUTATEIIN 0,9 0,8 0,07 +,0,18 0,07 +,0,18
HanpsbkeHueM 1o 1 kB

JlamI1bl HaKaJIuBaHUS 0 1,0 1,0 1,33
lazopa3psgHble  HCTOYHHUKH 0 0,85 0,85 +;0,53 0,382 +,0,24
CBETa

IIpeobpazoBarenu 0 0,9 0,9 +,0,45 1,66 + ;0,81
DIEeKTPOTEPMHUIECKHE 0 0,9 1 +;0,49 0,4 +;0,2
YCTaHOBKHU

3HauYeHUsT KOMILIEKCHBIX COHpOTI/IBHeHI/Iﬁ OTACJIBbHBIX Y3JIOB 0606HICHHOﬁ Harpy3kKku NpHUBCIACHLI B

Tabm. 5.2.
Tabmuua 5.2
ITapamMeTphbI y3/10B 00001IEHHOI HATPY3KH
[TapameTpsbl y31a HArpy3Ku HanpsbkeHueM, kB
V3en, 6-10 35-110

Ne Ca | A [AAH| II oT O Z tur(uom) ]5 "Hr(HOM) Z 1ur(som)

1 100 - - - - - 0,04 + ;0,15 1,11 0,04 + ;0,25
2 - 100 - - - - 0,03 +,0,17 0,936 0,03 +,0,27
3 25 10 40 10 11 4 0,3 +0,43 0,865 0,04 + ;0,54

4 50 10 15 - - 25 0,1 +0,33 1,03 0,15 +;0,43

5 - - 35 - - 65 0,17 +;0,23 0,788 0,2 +;0,34

6 50 50 - - - - 0,02 +;0,2 1,0 0,02 +;0,31

Ilpumeuanue. B Tabnuie IpUHATHI ClIeyIOMUe 0003HATCHHS:

CJ1 - cHHXpOHHBIE SIIEKTPOABUTATENIN HANPsHKEHUEM cBbIme 1 kB;
AJl - acHHXpOHHBIE HJIEKTPOJBUTATENN HaNpsKeHUeM cBbie 1 kB;
AJIH - acHHXpOHHBIE 3JIEKTPOABUTATENN HAaNpshKeHHeM 10 1 kB;

I1 - mpeoGpazoBarenu;

OT - aneKTpoTepMHUUYECKHE yCTAaHOBKHY;

O - ocBelIeHHE.

ITpn OTCYTCTBHM ZOCTOBEPHBIX IAaHHBIX 00 OTHOCHTEIBHOM COCTaBe MOTpeOMTENEeH KOMIUICKCHOH
Harpy3kd MOXKHO HCIIOJIb30BaTh TUIIOBOW COCTaB HArpy3KH OTAENBHBIX OTpaciel, BbIPaKCHHBINH B
MPOLIEHTaX OT CYMMapHOW YCTaHOBJIEHHOIH MOILITHOCTH y3J1a ¥ IPUBEJICHHBIN B Ta0I. 5.3.

Tabauua 5.3 Tunosoii cocTaB KOMIJIEKCHOH HATPY3KHU

CocraB norpedurenei y3ma KOMIUIEKCHOH Harpy3ku, %
Neo | Otpacnp HapoaAHOTO CH Al AJl | Dnex- | Dnek- | Dnek- | IIpe- | [Ipo- |[UToro,
/' XO03SHCTBA BBICOKO- | BBICOKO- | HU3KO- | TpH- | Tpo- [TpocBa-|oOpa-| gwas | %
BOJIBTH. | BOJIbTH. |BOJIBTH.|decKOe| Tep- | pOdYH. |30Ba- | Har-
OCBe- | MU4. |yCTaHOB| Tesu |py3Ka
IIEHNE | ycTa- | KH
HOBKH
1 2 3 4 5 6 7 8 9 10
1. [Yepnas merammyprus 25 8 29,5 2,5 22 3 10 - 100
2. |BerHas 10 5 27,5 1,5 10 - 46 - 100
METaILTyprus
3. [FopHopynHas 21 21 47 5 - - - 6 100




4. [Xumus* 35+7 15+6 2948 | 2+0,4 | 3£0,2 | 1+£0,05 [ 10£2 | - 100
5. [Tsoxenoe 10 8 47 7 20 5 3 - 100
TPAHCIIOPTHOE u
HHEPreTHIecKoe
MaIIMHOCTPOCHHE
6. [DnekTporexHuUecKas 7 8,5 36 6,5 36 4 2 - 100
7. |CeapCKOXO3IHCTBEH- 5 4 38 5 42 6 - - 100
HOE MaIlIMHOCTPOSHHE
8. |ABTOMOOMIIECTPOCHU 9 10 48 5 19 3 6 - 100
g
9. [MamuHOCTpOCHUE 8 5 52 5 13 14 3 - 100
10. |[KommyHampHO- 50 10 15 25 - - - - 100
ObiToBast  (OOJBIION
TOpO/T)
11. [HedrenoOpraa 3 48 30 5 - - - 9 100
12. [Qnekrpotsra - - 5 5 - - 90 - 100
13. |emnrono3Ho- 8 12 75 8 1 - - 1 100
OymarkHast
14. HedrenepepaboTka 26 18 50 2 - - - 4 100
15. |beiToBas - - 35 65 - - - - 100
16. [la3oBas, ac. mpuBoO - 98 2 - - - - 100
17. [la3oBas, CHHX. 98 - - 2 - - - - 100
[PUBOT
18. |CenpCcKOX03IHCTBEH- - - 70 30 - - - - 100
Has
19. Ulerkas - - 78 12 5 - - - 100
20. |YraenoOslua maxTHas 4 7 67 15 - - 7 - 100
21. |YraenoOsiua 60 - 30 5 - - - 5 100
OTKpBITAs
22. [[Mumesas - - 91,5 6 1,5 - 1 - 100
23. [[IpubopocTpocHne - - 61 10 28 - 1 - 100
24. [OHeprocucrema 1 7 4 56 20 3 - 7 100
25. [QHeprocucrema 2 22 11 38 9 4 - 12 4 100
26. [QHeprocucrema 3 15 11 32 20 7 - 15 - 100

* CpeqHEeKBaIpaTHYHOE OTKIOHEHHE (G)

5.7.4. Meron pacuera Toka K3 0T KOMIUIEKCHOH Harpy3KH 3aBUCHT OT XapakKTepa NCXOJHOM CXeMBbI
3aMelIeHNs y3ia i mojoxerus Touku K3 (puc. 5.14).

5.7.5. Ilpu paauanbHO# pacueTHOW cxeme (puc. 5./4, 6) MONMyCKAaeTCs HE YYUTHIBATH BIIUSHHUE
CTaTHUYECKHX MoTpeduTeneil (mpeodpazoBareneil, aIeKTPOTEPMUIECKAX YCTAHOBOK | JIP.).

HavanpHOe 3HaueHWe MEepHOAWYECKON cocTaBisiomeid Toka K3, ymapHBIE TOK, a Takxke
MEPHOANYECKYIO0 COCTaBIIAONIYI0 Toka K3 B NpOH3BONBHBIE MOMEHT BPEMEHH OT CHHXPOHHBIX U
ACHHXPOHHBIX JJIEKTPOJIBUTATENIeH CIEeyeT PACCUUTHIBATh B COOTBETCTBUH C II. 5.6.

5.7.6. IIpu K3 3a o0muM compoTHBICHHEM LIS Pa3IUYHBIX MOTPeOUTENeH y3/a Harpys3ku (puc.
5.14, 6) HauanpHOE 3HAYCHHE MEPHUOIMUECKON COCTaBIAONIeH Toka Tpexdasznoro K3 pekomenmayercs
OIIPEJIETISITh C YYETOM BIIMSHHS JABUTATENILHOM U CTAaTHYECKOW HAarpy3KH, HCIONB3YsI BRIpaKEeHNE

jHOHF = E"HF /(ZHF + ZBIH ), (5.30)
rae E}’;r u Z,. - pesynstupyromas SC 1 CONPOTHBICHHE y31a Harpy3KH. VX 3HAYEHUS MOMKHO

OTIPEIETINTH MO JTaHHBIM TaOm. 5.1 wim 5.2, B 3aBUCUMOCTH OT OTHOCHUTEIHHOTO
cocTaBa IoTpeduTeNei;

Z - BHEIIHEE cCONpoTHBIeHHE 10 Touku K3.

3HayeHUs anepuoAndeckol cocraBisiromeil Toka K3 B Npou3BONBHBIE MOMEHT BpEeMEHHM H

yaapHoro Toka K3 cnenyer onpenensts B cOoTBeTcTBUH ¢ III. 5.3 u 5.4.
JeiicTByromee 3HaYCHHE NEPHOAMYSCKON cocTaBiiiomieid Toka K3 B TpOW3BOIBHBIT MOMEHT
BPEMEHHU C yUETOM DJICKTPOABUIATENEH U CTATHYECKON Harpy3KH y371a PEKOMEHIYETCsl ONPEeIIsATh KakK
Iypr =1 1 (5.31)

mtHr otq ~— fcro



rne Iy - Tepuoandeckas cocrapisgiomas Toka K3 B NMpOW3BONBHBIA MOMEHT BPEMEHH OT
anekTpoaBurareneii. OHa onpenensercs ¢ HCIOJIb30BAaHHEM COOTBETCTBYIOIIMX
THITOBBIX KPHUBBIX;
1., - cyMMapHBbIii TOK CTaTUYeCKUX HoTpedurenei no K3.

5.7.7. Ilpu K3 3a oOmiim [uist y311a Harpy3Ke U CHCTEMBI COITPOTHBIIEHUEM (pHUC. 3. /4, 2) HadanbHOE
3HAa4YeHHE MEPUOTUYECKOIl COCTaBIAIONIeH TOKa B Touke TpexdasHoro K3 cremyer ompenensats mo
hopmyre

- i
_ (ECZHI‘ +EHI‘Z(;)
n0x — P
ZCZHI‘ + ZCZK +ZHI‘ZK

(5.32)

rae E, u E}. - DJIC cOOTBETCTBEHHO CHCTEMBI U y3I1a HAarpy3KH;
Z, - pe3syIbTHPYIOLIEE CONMPOTUBIECHUE CO CTOPOHBI CHCTEMBI [0 COOPHEIX IIHH Y314

(cMm. puc. 5.14, 2);

ZHF - OKBUBAJICHTHOC CONIPOTHUBJICHUE HAIPY3KH, BKJIIOYaA LCIb €€ MOAKIIOUCHUSA,

ZK - OKBUBAJICHTHOC COIIPOTUBJICHHUEC 3JICMEHTOB, BKIIFOYCHHBIX MCKIY Toukoii K3 u

IMHAMH y3J1a Harpy3KH.
HayanbHoe 3HaueHne nepuoanyueckoi cocrapistoeil Toka K3 ot y3na Harpy3ku
- .
_ (E HT UM )
b

jHOHF - Znr (5.33)

rae U v - HampsbkeHue B Touke M (puc. 5.14, 2):

Un =Inoc Zy -
3HaueHnEe MEePUOAMIECKON cocTaBirtomie Toka K3 B MpOW3BONBHBIN MOMEHT BPEMEHH OT y3Ja
Harpy3ku CJIeIyeT pPacCUMThIBaTh C Y4ETOM BIHUSHUA >JeKTpoasurateneil mo dopmyiam (5.25),
npudeM KO3PQUITHEHTHI Yicy U Viy PEKOMEHIYETCS ONPEIEIISTh 10 PACUSTHBIM KPUBBIM, ITPUBEICHHBIM
Ha puc. 5.15 1 5.16, B 3aBHCHUMOCTH OT 3HAYCHUS HAIIPSIKEHUS B TOUKE M..
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Puc. 5.15. PacueTHble KpUBBIE Puc. 5.16. PacueTHble KpUBbIE
IUTSL CHHXPOHHOTO 3JIEKTPOABHTATENS JUTSL aCHHXPOHHOTO 3JIEKTPOIBUTATENS

5.8. Yuer BiIMsAHMSA JIeKTpoOIepeIayu UM BCTABKH MOCTOSTHHOTO TOKA
HA TOK KOPOTKOI'0 3aMbIKAHHS B 00beINHEHHbIX CHCTEMAX IIePeMEHHOr0 TOKa

5.8.1. Brustaue anexrponepenadn noctosaHoro Toka (DIIIIT) mim BCTaBKH MOCTOSTHHOTO TOKA Ha
Tok K3 B cerm mepeMeHHOro TOKa B HauOOJbIIEH Mepe MpOSBISIETCS Ha HAYalbHOW CTaIuu
NEepexoAHOro IMpoliecca, Kak nmokaszaHo Ha puc. 5./7. Ilpu K3 Ha cropoHne Bempsimurens u npu K3 Ha
ctopoHe wuHBepropa OIIIT ymensmaer Toxk K3, Tak kak M BBIIPSIMHUTENbHAs, U WHBEPTOpPHAs
YCTaHOBKH NMOTPEOIISIOT PEAaKTUBHYIO MOIITHOCTh M3 MPUMBIKAIOIINX CHCTEM IIEPEMEHHOTO TOKA.

1/I
6e3 yuaera JIIIIT

1,0 |- - - X1C

——

ol 0,004 0,008 0,012 0,016 ¢

Puc. 5.17. VIzameHeHne oru0aromux nepruoIuieckux TOKOB B MECTE MTOBPEIKICHUS:
I, - npu Tpexdaznom K3 Ha IMHIM IEPEMEHHOTO TOKA CETH BBIPSIMHUTEIS;
I - mpu Tpexdaznom K3 Ha TUHUM IEPEMEHHOTO TOKA CETH WHBEPTOpa

KopoTkoe 3amblkaHME B CETH IIEPEMEHHOIO TOKAa Ha CTOPOHE BBIIPSIMHUTENBHON YCTaHOBKHU
BbI3bIBaeT pasrpy3ky OIIIIT mo Toky, mosTomy BiausHue nocieasHeit Ha Tok K3 ¢ TeueHneM BpeMeHHU
ociabeBaeT. Kak BUIHO 10 M3MEHEHHIO OTMOAIOMIEH 1O aMILTUTY1aM TIEPHOINYECKON COCTABIISIONIEH
TOKa [, B MOMEHT HACTYIUICHHS aMIUIMTYIHOTO 3HA4eHHsS 3Toi cocraBisromeit (mpu ¢ = 0,01 c)
BiustHEeM OIIIIT yke MoXkHO ITpeHeOpedb.

Takum 00pa3oM, MOCTOBBIE BBIIPAMHUTEIN HE MOJMMUTHIBAIOT TOKOM MECTO MOBPEXICHHUS B CETH
nepeMeHHoro Toka. [IoaToMy MX He cllefyeT YUMTHIBAaTh IPU BBIOOpPE U IIPOBEPKE KOMMYTALMOHHOM
anmapaTypsl 1o yciosusam K3.

KopoTkoe 3ambIkaHHEe B CETH NEPEMEHHOTO TOKAa Ha CTOPOHE MHBEPTOPHOI YCTAHOBKHU BBI3BIBACT
neperpy3ky OIIIIT no Toky, mostoMy ee BiaussHUE Ha TOK K3 ¢ TedeHHeM BpeMEHHU YCHIUBAeTCs, TOK



Iki B MCCTEC MOBPECIKACHUSA YMCHBIIACTCH. OI[HaKO K MOMCHTY HACTYIUICHUA aMIUIMTYIHOI'O 3HAYCHUA
9TOro TOKa, a Oonee BeposTHO (mpu Ommskmx K3) - eme paHbploie, WHBEPTOPHBIE MOCTHI
OTIPOKHIBIBAIOTCS M YK€ HE OKA3BIBAIOT BIIMSHUS HA PEKUM CETH.

Taxkum oOpa3om, mMoctoBble umHBepTOophl JIIIIT, Tak ke Kak M MOCTOBBIE BBIIPSIMHUTENIH, HE
MOJITUTHIBAIOT TOKOM MECTO TMOBPEKACHUS W UX HE CICAYCT YYUTHIBATH MPH BBIOOPE M MPOBEPKE
KOMMYTAllMOHHOM ammnaparypbl CETH IEPEMEHHOT0 TOKa Mo ycioBusiM K3.

5.9. Pacuer TOKOB Nnpu HCCUMMETPHUYHBIX KOPOTKHUX 3AMBIKAHUAX

5.9.1. Ecin mapamerpsl Bcex (a3 HCXOIHOH pacdeTHOH CXEMbl OJWHAKOBBI, a IPHUYMHON
HapyLICHUs] CHMMETPHUH SIBIISIETCS KOPOTKOE 3aMbIKaHWE B OJHOM WM ABYX MECTax, TO JUIA pacdera
TOKOB IpU HecuMMeTpu4HbIX K3 ciemyeT mpuMeHATh METOJ CUMMETPUYHBIX COCTABIIIIONINX, TaK KaK
IIPY YKa3aHHBIX YCIOBHAX 3TOT METOJ WMEET OOJbIIME MPEUMYILECTBa: CUMMETPUYHBIE CHCTEMBI
TOKOB TPsIMOH, OOpaTHOH M HYJEBOH IOCIENOBaTEIbHOCTEH CBs3aHbI 3aKkOHOM OMa TONBKO C
CHMMETPUYHBIMA CHCTEMaMH HAMPSHKEHUH OJHOMMEHHOH MOCIIE0BATEIFHOCTH!

AU =1Zy;
AU, =1,2,; (5.34)
AU =1oZy;
rne Z;, Z,; Z, - CONPOTHBIEHUS COOTBETCTBEHHO HNpPAMOH, oOpaTHOH H HyJeBOH
MOCJIENOBATEIBHOCTEN.

ITockonbKy TpU 3TOM pasHbie (a3bl CHMMETPUYHON CHCTEMBI JIFOOOW IOCIIEIOBATCIBHOCTH
HaXOMAATCS B OJUHAKOBEIX YCIOBUAX (B HUX COONIONACTCS CUMMETPHS TOKOB, HANPSDKEHUH W APYTUX
JNEKTPUYECKUX BEIMYHMH), TO METOJ CHMMETPUYHBIX COCTABIIIOIIMX MO3BOJISIET HCIOIb30BAThH
OKBUBAJICHTHBIE CXEMbl 3aMEIEHUS PA3IMYHBIX  MOCJIENOBATENFHOCTEH B  OJHOJMHEHHOM
HU300paKEHUM U BECTU PACUECTHI JJIs OJTHOH (pa3bl (OHA OOBIYHO HA3BIBAETCS OCO0OI).

Ilpumeuanue. 1lpn HecummeTpruHbIXx K3 BeiencTBHe HECUMMETPHH POTOPAa CHHXPOHHBIX MAIIMH ITOMHUMO
OCHOBHOM TrapMOHHUKH TOK K3 comepXuT BBICIINE TAPMOHHIECKHE COCTABIISIONINE. DTO CYIIECTBEHHO 3aTPyJHACT
pacueTsl TokoB K3. UTOOBI MMETh BO3MOXKHOCTH IPHMEHSATH METOJ CHMMETPHIHBIX COCTABIISIOIINX B OOBITHOMN
(opMe Kak IpH pacueTe yCTaHOBHUBIINXCS TOKOB HeCUMMeTpHuHbIX K3, Tak 1 TOKOB IpH IepexoJHbIX MpoIeccax,
JOIyCTUMO IPEeHeOperaTh BEICIINMYU FAPMOHHYECKUMH COCTAaBILIOIMME Toka K3.

5.9.2. O6GBIYHO TIPH KOPOTKHMX 3aMBIKAHUSX B OCHOBHBIX IEMSAX IJIEKTPOIHEPTETHUECKUX CHCTEM
pe3yIbTHPYIONICe SKBUBAJICHTHOC HMHIYKTUBHOE COMPOTUBJICHHE PACYCTHOW CXEMBI OTHOCHUTEIHHO
toukn K3 3HaUMTETHHO MPEBBINIACT PE3yNbTUPYIONIee aKTHBHOE compoTtuBicHue (B 10 u Oonee pas),
IIO3TOMY pacyeT HMEepHUOIMYECKON COCTABISIONIEH TOKAa MpH HecHMMMETpHUYHBIX K3 B cooTBeTCTBHU C
m.5.1.1 momyckaercss MPOU3BOIAUTH, HE YYUTHIBAS AKTHBHBIC COIPOTHUBIICHHUS Pa3IUYHBIX HIIEMEHTOB
pacueTHON cxeMbl. [Ipu 3TOM yCIIOBHM TOK MpPSIMOI IMOCIEIOBATEIBLHOCTH 0Cc000it (ha3bl B MecTe
mo6oro HecumMmeTpraHoro K3 ciemyer onpenensats mo gopmyie

m __ Bx (5.35)

rae (n) - BuI HecuMMeTpryHoro K3;
E, - pesynbrupyromas sxuaieHTHas D/IC Bcex yUUTHIBAEMbBIX HCTOYHUKOB SHEPTHUH;

Xis - pe3ylbTHpYIOlllee IKBHUBAJCHTHOE HHIYKTHBHOE COIPOTHBICHHE CXEMbl 3aMEIlCHHs
MPSIMO¥ MOCIIEI0OBATEILHOCTH OTHOCUTEIILHO TOYKH HecuMMeTpuuHoro K3;

AX™ - [OmONHWTENBHOE MHIYKTHBHOE CONPOTHBICHHE, KOTOPOE ONPENENseTCs BHIOM
HecuMmMeTpugHoro K3 (n) u mapamerpaMu cxem 3aMermieHus: 0OpaTHOM M HyJeBOU (IIpH
onHogazHoM u n1ByxdazHom K3 Ha 3eMinto) mociae0BaTeIbHOCTEN.

3HaYCHUS JOMOTHUTEIBHOTO COMPOTHBIICHHS JUTSI HECUMMETPUIHBIX K3 pa3HBIX BUIOB PUBEACHEI
B Tabm. 5.4.

Tabmuua 5.4



3HauenHns 10NOJHUTEILHOTO conpoTuaenus AX™ u koddpduuuenta m™ pns
HecuMMeTpHYHBbIX K3 pasHbIX BH10B

Bun K3 3uauenne AX™ 3nauenne koddduumenta m™
HeyxhazHoe Xos
Onnodasnoe Xoz + Xog
JByxdasnoe K3 na 3emmro Xos Xos
Xoz + Xoz

Tokm oOpaTHOW W HYJIEBOH IMOCIenOBaTeIbHOCTEH 0co00W (a3l B MecTe HecumMmeTpuuHoro K3
CBSI3aHBI C TOKOM IPSIMOM ITOCIIEA0BATEIBHOCTH COOTHOIICHUAMU:
- ipu AByxdazHom K3

Tena =—Ieats (5.36)
- mpu ogHOGa3zHoM K3
Tyar = Ixao = Ixats (5.37)
- ipu iByx¢a3Hom K3 Ha 3emitro
; ; Xox
1 =—] p\j————— 5.38
KA2 AL Yo (5.38)
nu
; ; Xoy
Xoy + Xox

Moy TTOTHOTO (CyMMapHOTO) TOKa MOBPEXKISHHOH (a3el B MecTe HecHMMeTpuaHOTo K3 cBsizan
C MOZyJIEM COOTBETCTBYIOLIET0 TOKa MPSAMOH MOCIIEIOBATEIbHOCTH CIAEIYIOIMM COOTHOIICHUEM:!

10 = @] (5.40)

™ _ k03 dHUIMEHT, MOKA3HIBAIONIKIT, BO CKOIBKO Pa3 MOJYJIb MOJHOTO (CyMMapHOTO) TOKa

MOBPEXIEHHOW (a3l MpH n-u BHUJe HecumMmerpuuHoro K3 B pacuerHoir Touke K3
MIPEBHIIIAET TOK MPSMOHN MOCIIEIOBATEIBHOCTH MIPH 3TOM ke Bue K3 u B TOH ke TouKe.
Buavenus kod(duupenta m™ npu K3 pasHbIX BUIOB MPHBEICHHI B Ta6IL. 5.4.
5.9.3. IIpu pacuerax HecuMmMeTpuuHbIX K3 ompenenenuto moanexut He Toibko Tok K3, HO u
HanpspkeHne B mecte K3.
HanpspkeHne mpsMoi TOCIe0BaTeIbHOCTH 0c000# (a3sl B TOUKe HecuMMeTpudHoro K3 moboro
BUJIA COCTaBIISIET

rac m

Ugar = il AX ™. (5.41)
Hanpspkennst oOpatHoit u  HyneBol (npu onHodasHoM U aByx¢pasHom K3 Ha 3emitro)
mocienoBareabHOCTEH 0c000i (hazbl B Touke K3 paBHBI COOTBETCTBEHHO:
- ipu AByxdaznom K3

Ura2 =Uxals (5.42)
- ipu ogHOdazHom K3
Ukaz = —jlxa2 X 25 (5.43)
u
Uxao ==Jlxa0Xox 3 (5.44)
- ipu iByx¢a3Hom K3 Ha 3emitro
Uxaz =Uxao =Uxal - (5.45)

5.9.4. Ctpykrypa dopmyisl (5.35) mokaspiBaeT, 4TO TOK MPSAMOW IMOCICIOBATEIBHOCTU JIFOOOTO
HecumMmeTpuuHoro K3 MokeT OBITH oOmpemereH Kak TOK OKBHBAJIEHTHOro TpexdasHoro K3,
YJaJeHHOTO OT JIeHcTBUTeNnbHOM Toukn K3 Ha nomonmuTensHoe conpotusienune AX™. Tlocnennee He
3aBHCUT OT pAaccMaTpPUBAaeMOI0 MOMEHTa BPEMEHH U OIPENeNsseTCs] TONBKO pPe3yJIbTUPYIOLUIMMU
SKBUBAJICHTHBIMH COIIPOTHUBIIEHMSIMH OOpaTHOW W HYJIEBOH IIOCIIEIOBATEILHOCTEH OTHOCHUTEIHHO
pacdetHoit Touku K3. DTO moONOXKEHHWE, M3BECTHOE KAaK IMPABHIIO SKBHBAJCHTHOCTH TOKA MPSIMOU
MOCJIEI0OBATENILHOCTH, TOKAa3bIBAacT, 4TO JUIA pacdyeTa TOKa INPSMON IOCIEOBATENbHOCTH JHOOOT0
HecuMMeTpuaHOro K3 MoryTt ObITh MCIIOJIB30BaHbI BCE METOBI pacueTa Toka Tpexdasznoro K3. A mis
OIIpeJIeTICHUs] MOIYJIS pe3yibTupyronero Toka K3 moBpexneHHo (as3pl JOCTaTOYHO HAWIECHHBIN TOK



IPAMOIT MOCTIEA0BATENBHOCTH YBemuuuTh B m™ pa3 (cm. Tabu. 5.4).

5.9.5. Ananutndeckne pacueTsl Toka K3 OT CHHXpOHHOH MaIWHBI B TPOU3BOJEHBIA MOMEHT
BpPEMEHHU NpH HecuMMeTpuyHOM K3 pekoMeHyeTcsl BBIIOIHATH C MCHOIh30BAHUEM METOJa THUIIOBBIX
KkpuBbIX. [Ipn 3TOM pacueTs! 1enecooOopa3Ho BECTH B CIECIYIOIIEM MOPSIIKE:

1) mo wWCXOmHOM pacyeTHOH CXEME COCTaBHTh JKBHBAJICHTHBIE CXEMBI 3aMELICHUs IPSIMOM,
oOpatHOif W HyneBo#l (mpu omHOMasHOM © AByXx(asHoM K3 Ha 3emiTi0) mociemoBaTeNbHOCTEMH,
BBIPA3UB BCE MapaMeTpPhl B OTHOCHUTENBHBIX €AWHUIIAX MPH MPEABAPUTEIHFHO BBIOPAHHBIX OAa3MCHBIX
YCIIOBHSIX, IPUYEM B CXEM€ 3aMEIeHUs NPSAMON MOCIeI0BaTeIbHOCTH CHHXPOHHYIO MAIlIUHY CIIeyeT
yaecth cBepxnepexomnoi DJIC (mpenBapUTENbHO HAWICHHOH W3 TPEMIICCTBYIOIIETO PEXKUMA) H
CBEPXIEPEXOIHBIM COTIPOTHUBICHUEM;

2) ¢ MOMOIIBI0 TPeoOpa3OBaHMil IPHBECTH CXeMbl K IpocTeiiiemMy By 1 onpeaenuts AX™ (cu.
Tabm. 5.4);

3) ompenenuTh HaYaIbHOE NEHCTBYIOMIEE 3HAUEHUE TOKA MPSIMOH ITOCIIeA0BATEIEHOCTH

"
, L)
mo®)= " m)
* n
Yiz@+AX 5
4) OHpeI[eJII/ITB 3HAYCHHUC BCIIMYMHBI ] IHO(HOM) XapaKTepmy}OH_[eﬁ BHCKTpI/I‘IeCKyIO yI[aHCHHOCTL
*

pacdeTHO# Toukn K3 0T CHHXpOHHON MAaITiHEI
St
b
S

HOM

L 1n0om)= 1 1n0(6)

5) B COOTBETCTBMU C TUIIOM I'€HEPATOpa, €ro CUCTEMbl BO30Y)KIEHHMs M HailJEHHBIM 3HAUEHHEM
I 110(om) BBIOPATb HEOOXOAMMYIO THIIOBYIO KPHBYIO M JUISl 33JaHHOTO MOMEHTA BPEMEHH ONPE/CIATH
*

K03(DULIKEHT Yy;
6) ompenenmuTh MUCKOMOE 3HAYCHHE NEPUOTUYECKON cocTaBiisitonieir Toka K3 0T CHHXpOHHOM
MAIIMHBI B 33JaHHBIX MOMEHT BPEMECHU

Iy =m™y, ISTOLE

rae m™

— koa(duument, 3apucaumii ot Buaa K3 (cm. tadu. 5.4).
5.10. YueT u3MeHeHHUsI IAPAMETPOB KOPOTKO3aMKHYTOI Lemu
NPH pacyeTe TOKOB KOPOTKOI0 3aMbIKAHUS

5.10.1. Ilpu pacuere MUHUMAaJIBHOTO 3HaueHHs Toka K3 11 mpou3BOJIBHOIO MOMEHTa BPEMEHH
PEKOMEHyeTCsl YUUTBHIBATh CONPOTHBIIEHHE DJIEKTPHUYECKO nyrn B Mecte K3, a Taxke y4uTHIBATH
YBEIIMYCHHE aKTHBHOTO COIPOTHBIICHHS MPOBOAHUKOB BeiencTBHEe WX HarpeBa TokoM K3 (addekr
TerIoBoro craaa Toka K3).

5.10.2. Vuer nsnextpudeckoit ayru B Mecre K3 pexoMeHayeTcs MpPOU3BOAUTH BBEICHUEM B
pacyeTHyIO CXeMy aKTHBHOTO CONPOTHBIICHHS AyTH R ;.

AKTHBHOE CONPOTHUBJICHHUE IyT'H B HAYaIbHBII U NPOU3BOJIBHBI MOMEHTHI BPEMEHHU IIPH JAyTOBOM
K3 B anexTpoycraHOBKaxX ¢ KaOeNbHBIMU JHHUSIMHU HampspkeHneMm 6 u 10 kB npuOnmkeHHO MOXKHO
OIPENENNTh 10 KPUBBIM, IPUBEJECHHBIM Ha puc. 5.18.

IIpu K3 na Bozgymubx muHUAX 10-500 kB compoTtuBieHne myri B HAYaIbHBIN W TPOM3BOIBHBIN
MOMEHTBI BPEMEHH MOXKET OBITh OTIPEJIEIICHO 10 KPUBBIM, TPUBEJACHHBIM Ha puc. 5.1/9-5.21.

5.10.3. D dexT TermoBoro cnana Toka Tpexdaznoro K3 B npoBoxHNKe clieyeT yUHTHIBaTh B TEX
CiTy4asix, KOTJ[a akTHBHOE COIIPOTHBIICHHE IPOBOIHIKA K MoMeHTy K3, R,,, cocraBnsier He meHee 20 %
0T CyMMapHOTO MHIYKTHBHOTO COIpoTUBIeHHUs nenu K3.

5.10.4. AKTUBHOE COIIPOTHBIIEHHE IIPOBOIHIKA NIPU €TI0 HaYaJIbHOW Temneparype 3, onpenensercs
o popmyire

Tp + 9y
R, =Ry, ZT’ (5.46)
Tp + HOpM
rie Ry, - TOroHHoe (yAeNbHOE) AaKTUBHOE CONPOTHBIEHHE TNPOBOAHMKA, Om/M, mpn

HOPMHUPOBAHHON TEMIEPATYPE B yopu;
| - nmuHa poBoiHUKA 10 MecTa K3, M;
T, - YCIIOBHAs TEMIIEPATypa, paBHas: 111 Mmeau T, = 234 °C, nna amomunus t, = 236 °C.
5.10.5. TemnepaTypy NpOBOJHMKAa OO KOPOTKOTO 3aMBIKAHHS PEKOMEHIYETCS OIPENeNATh 10



hopmyie

; (5.47)

2
1
8H = {Mj ’ (SI[OH.HpOI[ - SOKp.HOM ) + SOKp ’
JIOILIIPOX

T1€ Lyopu.pacy -~ PACIETHBIA TOK HOPMAILHOTO PEXUMA. A

I ronnpon - AOITYCTUMBIH TOK HPOJOJKUTENBLHOTO PEKMMA JUIS IPOBOAHKMKA JaHHOTO CEYEeHUs, A;

8 sonmpox ¥ Soxprow - COOTBETCTBEHHO JIOIyCTHMasi TEMIIEPATypa NMPOBOJHUKA B IPOJIOIKUTETBHOM
peXuMe U HOPMHPOBAHHAS TeMIIepaTypa OKpyskatomiei cpensl, °C;

S oxp - TEMIIEpPATYpaA OKpYKarommeil cpensl, °C.

o wep ) & /
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2/ 7 104 7/ s ol 2r] / /|
02 P34 4 20 v / /115 A
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J,Vs/ Z 30 06 -/,/A
0.1 /{ //, =z ﬁ/ 0 01 02 03 04¢_,c
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1740 xAl Sl e |~ /2(
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4 3
1= 40fcA
0 005 01 015t _.c

Puc. 5.18. 3aBucumoctb R = f(tomn» I1o) ipu K3
B DJICKTPOYCTaHOBKaX C KaOEIbHBIMHU JTHHUSIMA
HanpspkeHneM 6 kB (croommasie kpussie) u 10 kB
(TTyHKTHPHBIC KPUBBIC)

Puc. 5.19. 3aBucumocts R, = f (¢ oren» Ino) ipu K3
Ha BO3yIIHBIX JUHUAX 35 KB (cromHbie
kpuBsie) 1 10 kB (myHKTHpPHBIE KPHUBEIE)

5.10.6. YBenuueHne aKTUBHOTO CONPOTHBICHUS MPOBONHUKOB mpu K3 ciemyer yduTHIBaTH C
nomouipto ko3¢ puunenra Kg:
Rg; =R, Ky, (5.48)
rie Kg - Koo QUIMEHT yBeTUUSHNsI aKTHBHOTO COIIPOTUBIICHHS] IIPOBOIHUKA, KOTOPBIN 3aBUCHUT OT
MaTepuala, a TaKke HauaJbHOM M KOHEUYHOW TeMIepaTyp NPOBOAHUKA U ONPENENIeTCs 10
bhopmymne
m (5.49)

K =
9 T, + 9y

rac S" u SK" - COOTBETCTBCHHO HadaJIbHAasA U KOHCYHAA TEMIICPATYpPbl IPOBOJAHUKA.
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Puc. 5.20. 3aBucumocts R, = f(town> Ino) mpu K3 Puc. 5.21. 3aBucumocts Ry = f (¢ omn» I1o) ipu K3

Ha BO3AYIIHBIX JIMHKAX 110 kB (crutomnsre Ha Bo3ayIHbIX JMHAAX 330 kB (cruromasie
kpuBsie) u 220 kB (ITyHKTHpHBIE KPUBBIEC) kpuBsle) u 500 kB (IyHKTHPHBIE KPUBBHIE)

5.10.7. Pacuer HarpeBa U30IMPOBAaHHBIX IPOBOJAHUKOB IPU MPoaoKUTENbHBIX K3 pexomenayeTcs
BBITIONHATE C YYETOM TEIUIOOTAAYH B M30ILNI0. HeoOX0aMMOCTh ydeTa TeIUIO0TAaYH ONpeaesIeTCs
U3 COINOCTaBJCHHS pPACUETHOTO BpEMEHH HarpeBa (foy,;) C TaK Ha3bIBaeMOW KPUTHIECKON
HPOJOKUTENBHOCTBIO K3 (f4r¢nxp), TPH KOTOPOH TpeHEOpEekKEHHE TEMIOoOTAAueH B H3OJISLIHIIO
MPUBOJUT K TOTPELIHOCTH B pacuerax MpPEeBLIIICHHs TeMIepaTypbl NPOBOAHMKA HaJ HadaIbHOM,
pasHoii 5  %. Temmoormady cCHeayeT YYHTBIBaTh, €CIH  fon = lomcp- KPHTHYECKAS
MPOAOIDKUTENBHOCTh K3 3aBHCHUT OT MJIOIIAIU MONEPEYHOro CeUeHHs MPOBOJHUKA S U ONpeeNnseTcs
1o ¢opmysam

- U1t KaOelrel ¢ aTFOMHUHUEBBIMU JKATAMHA
=0,65-1072-5; (5.50)

tOTKJ‘I.Kp
- uis Kaberneit ¢ MeIHBIMH JKUIIaMU
=122-1072 5. (5.51)
5.10.8. Koneunyro Temmeparypy HarpeBa MpOBOJHHKA 0e3 ydeTa TeIUIooTHauH (agnadaTHyecKuii
TIPOIECC, Jyr.a) TPH MeTAILTHYECKOM K3 MOKHO ONpeenuTs 1o popmyie

14t
Suna = (O + B)eXpl—“zt 3 } B (5.52)
K{S

t OTKJLKD

1 &’
rae I - Tok Metamummueckoro K3 B MOMEHT OTKIIIOUEHHMS, A, BHIYMCICHHEBIA B COOTBETCTBHH C II.

5.5;

S - IWIOIIAAb MOMEPEYHOTO CCUCHHMS TPOBOIHHUKA, MM

K| - nmocTosiHHas, 3aBHCSIIAs OT MaTepUalia MPOBOIHUKA U paBHAS:

mis Mequ K, =226 A CI/Z/MMZ;
g amoMuang K, = 148 A Cl/z/MMz;

B - BemuumHa, oOpaTHas TemrmeparypHOMy koddduimenty conpotusicaus npu 0 °C, K,
paBHas:
st menu B =234,5 K;
Juis aromuHus 3 = 228 K;

€ - KO3 PUIMEHT, yUYUTHIBAIOIINIT OTBOJ Teruia B n3oisinuio. OH onpenensercs o Gpopmysie



e= [1+F- 4 i+F2~B(i], (5.53)
S s

rae F - ko3Q@UIMEHT, YYUTHIBAIOIIUN HEMOJIHBIN TEIUIOBOH KOHTAKT MEXKIY HMPOBOJHHKOM H
n3oiiueit. OH 00bI9HO TpUHUMaeTcs paBHBIM (,7;

A, B - >MIMpHYeCKHMe MOCTOSIHHBIC (M3MepseMble COOTBeTCTBeHHO B (MMY/c)” u B MMm7/c),
ONpENCIAIOIINE  TEPMUUYECKUE  XAPAKTEPUCTHKU  OKPYXKAIOUIMX  WJIM  COCEIHHUX
HEMETANTNYECKUX MaTepUajoB:

4 Gt [or, BC_H
G¢ Pi Gc \ P

e C; = 2464 mm/m; C, = 1,22 Kemm?/JIx;
G. - y/e/IbHas 06beMHas TEMIOEMKOCTh TOKOIIPOBOAIIEro d1ementa, Jx/(Km’), papHast:
IS MEIU G, = 3,45~106 II)K/(KM3);
UL aMOMHIHIS 6, = 2,5-10° Jx/(Ku);
G; - ylHenbHas OOBEMHAas TEIUIOEMKOCTb OKDPYKAIOIIMX WM COCEIHHX HEMETAIMYeCKUX
matepuanos, Ix/(Ku’), papHas:
U1 GyMayKHO IPOITMTAHHOM M30MAIMH Kabeneit —c; = 2-10° Jx/(Kv);
st [IBX msosmsiun xabereit —o; = 1,7-10° I[)K/(KM3);

p; - YIEIbHOE TEPMHUUECKOE CONPOTHBICHUE OKPYXKAIOMMX HIM COCEIHHX HEMETAIIMIECKUX

marepuanos, Km/Br, paBHoe:

U1 OyMa)kHOM MIPONUTAaHHOHN M30JsIHy Kadeneit p; = 6,0 Km/Br;
i [IBX uzomsiimu kadeneit no 3 kB BrimountensHo p; = 5 Km/Br;
cBeie 3 kB p; = 6 Km/Br.

5.10.9. Koneunyioo Temmneparypy HarpeBa IpOBOJHHMKAa Oe3 ydera Teruiootnaun npu K3 uepes
INEKTPUIECKYIO AYTY U fone < 0,5 ¢ MOXKHO ompenenuts 1o ¢popmyiie (5.52). 3HaueHHe TOKa JyroBOro
K3 B Moment otkmoueHus (/) C y4eTOM BIMSHHUS JYTH CIEIYeT ONPEAEIATh B COOTBETCTBUH C
n.5.10.2.

5.10.10. Koneunyro temnepaTypy HarpeBa kabens mpu K3 ¢ y4eToM TEIIOOTHAYH B H3OJSAIHIO
PEKOMEHIYETCS OIPENEIIATh o (hopMyIie

S =Ou + (Sa — M, (5.54)

e M - KO3QQUIMEHT, YINTHIBAIOMMNA TEIUIOOTAady B M30isinuio. OH 3aBUCHUT OT Marepuaia U

CEUCHHUS MPOBOJHUKA U NMPOAOLKUTENbHOCTH K3; 11 kabenell ¢ alfoOMUHUEBBIMY KUITaMHU
n [IBX wmm OymMakHOW NpONMUTaHHON wn3oisiueidl 3TOT KoddduimeHT MoXKeT OBITh
OIpENEeNeH 0 KPUBBIM Ha puc. 5.22;

Yna - KOHEUHAsT TEMIIEpaTypa HarpeBa IPOBOJHMKA O3 ydera TEIUIOOTAAYH, ompenesisemMas Io

dhopmye (5.52).
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0,86 \ \ N ™S < 0 13 /V / A vARRV/
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S NNNGENT 2O 2
\ \ \25 N 1,1 # ’
0,80 o T s 77z
0,78 - 10
0 o5 1,0 L5 20 25 30 35¢_ . ’ 0 4 3 12 16 20 24 28 I xA
Puc. 5.22. 3aBucumocts 1 = f(f) s Kabemneit ¢ Puc. 5.23. 3aBucumoctb Kg = f (19, Sks) I
[IBX u OymMa)XHO# MPONUTAHHON U30JIAIIUEH 1 kabeseil ¢ aTFOMUHUEBBIMH KHJIAMU C YUETOM
ATIOMHHUEBBIMH JKUJIAMH TEIUIOOTa4YH U COMPOTHUBIIEHUS TyTH

5.10.11. Pacuer kod(duirieHTa yBeIHUUYSHUs AKTHBHOTO CONpPOTHBIEHUs kKabeneit (Kg) mpu



nyroBoM K3 u f;; = 0,5 ¢ pexoMeHIyeTcs BBIIONHATH C YYETOM B3aUMHOTO BIIMSIHUS M3MEHEHUS
AKTHBHOTO COIPOTHUBIICHHS JKIJI KaOeIsl M aKTHBHOTO COMPOTHBIICHUS 3IEKTPUIECKON TyTH.

Pacuernpie 3HaueHus koddduimenta Kg ans kabeneil ¢ alfOMUHUCBBIMHU JKUIAMU MOTYT OBITh
ompeneneHsl o KpuBbIM puc. 5.23. Ilpm mx moctpoeHnu HpuHATO, 9T0 Hy = 20 °C U tor; = 0,5 €
(cTiToUTHBIE KPUBBIC) U fo; = | € (IyHKTUPHBIE KPUBBIE).

IMpu mpopomxutensHoctd K3 0,5 ¢ < fo, < 1 c 3HaueHwe kodddurnmenta Ky MoxeT OBITH
OTIPEIETICHO MPUOIMKEHHO C TOMOIIBIO MHTEPIOISIIIUH KPHUBBIX.

[Tpu oTnMummM HavalbHOHM TemrepaTypbl kKabenst ot ykazaHHo# (9, = 20 °C) xodpduument Ky
MOXET OBITh ITEPECUUTaH C TIOMOIIBI0 POPMYJIBI

T, +20°C
Kg=K . (5.55)
3(9q=20C) 1, + 3
roe K 8(9,220°C) 3HaYeHne Kodddurmenrta npu 9, = 20 °C;

94 - haxkTHUecKOe 3HaYECHHE HayaJIbHOH TeMIEePaTyphl.
5.11. llpumepbl pacyeTOB TOKOB KOPOTKOI'0 3aMbIKAHUS

5.11.1. OmnpenenuTh 3HaYCHUE NIEPUOAMUECKON COCTaBIIAIONMEH Toka depe3 0,2 ¢ mociae MOMEHTa
Tpexdasnoro K3 3a 6110koM reneparop-TpaHcopmarop.

[Mapametpsr rereparopa tuna TBD-110-2EY3: P, = 110 MBT; €08 @yon = 0,8; Uyoy = 10,5 kB;
)*( "d(nom) = 0,189; no K3 reneparop paborai ¢ HOMUHAJILHOU HArpy3Koi, T.€. L)/ Iwon = 1.

[MTapamerpsr Tpanchopmaropa tuna THAL-125000/110: U, = 10,5 %; n = 115/10,5 xB.

Pacuersl mpoBeseM B OTHOCHUTENBHBIX EIMHHUIAX IPU CIEAYIOMNX Oa3UCHBIX YCIOBUAX: S5 =
Pon/c0s @y = 110/0,8 = 137,5 MB-A; 6a3ucHbIe HanpspKEHUS HA CTOPOHAX OOMOTOK BBICIIETO
HU3IIETO HANpPSKCHUH TpaHchopMaTopa NpPWHUMAaeM COOTBETCTBEHHO paBHbMH: Us, =115 &B;
Us.y = 10,5 xB; 6a3ucHBIN TOK HAa CTOPOHE OOMOTKH BBICIIIETO HATPSHKEHUS

Ss 137,5

I~ = -
o2 BU. . 3-115
0.8

[Tpu ykazaHHbIX ycnoBusix 1o ¢opmysie (5.3)

E"6)= \/(1+1 0,189 - 06) +(1-0,189-08)

=0,69KA.

2 105—11236

>

HWHAYKTUBHBIC COITPOTUBJICHUA I'CHEPATOpPA U TpaHC(bopMaTopa COOTBETCTBCHHO PABHbBI

Ss
X F(6)_X d(HOM) _01891375 —0,189,
HOM >
U S
XT(6): K 96 :10,5.137,5:()’1155’
* 100 Syon 100 125
IIO3TOMY { 2(6)= { F(6)+ )*( T(6)~= 0,1 89 + 0,1 155= 0,3045 .
HavanbHoe 3HaueHue nepuoanyeckoi cocrapistoneil Toka K3
o) 1,1236
1 1'[0(6): - = 3,69 s
* X 2(6) 0,3045
*
[103TOMY
Ss 137,5
I nomowy=1 no@y g~ — 5 =3, 691— =3,69.

HOM i
B coorercTBHHM ¢ KpuBBIMH Ha puc. 5./ nipu ¢ = 0,2 ¢ koadduruent y, = 0,82, mostomy
Ine =v¢ L nowylos =0.82-3,69-0,69 =2,088 KA.
*

5.11.2. Jns cucreMBl aBTOHOMHOTO JIIEKTPOCHAOXKEHHS OIPENSNUTh HadalbHOE 3HAYCHHE
HNEePUOJUYECKON cocTaBiAomed Toka TpexdasHoro K3 cHHXpOHHOro TeHepaTopa H  €ro
MEPUOTNIECKYIO COCTABIISAIONIYI0 TOKa K MOMeHTY oTkiroueHus 0,5 ¢ nmpu K3 B kaOenbHOW JIMHHH,
CBSI3BIBAIOIIEH reHepaTop co COOPHBIMHU IITMHAMH.

IMTapamerpoi reneparopa tuna CLIC 15.54.8:P0y = 1600kBT; €08 Qo = 0,8; Uy = 6,3 KB;
)*( "duomy = 0,159; 1*2 crom) = 0,0054; o K3 reneparop paboTan ¢ HOMHUHAIBHOH HArpysKoi, T.e.



1(0)/1H0M = 1
[TapameTpsl kabOenbHOH naumHuM: Tun kabens AAIIB-3x150; Xy, = 0,074 Om/km; Ry, = 0,206

Om/xm; [ s = 300 M.
PacueTbl mpoBeneM B OTHOCHTENBHBIX €AWHHMIAX MPU CIEAYIOUMX Oa3UCHBIX YCIIOBHSX:

S =Puon/C08 Qron = 1600/0,8 = 2000 kB-A; 6a3ucHoe Hanpsukerue Ug = 6,3 kB; 0a3ucHBIN TOK
S5 2000

Ig = = =1835A.
V3Us /363
ITpu yxa3zaHHBIX ycnoBusx 1o Gopmyse (5.3)
263

E'y6) = J(1+0159 0,6)% +(1-0159-08)> 2= =11;

>

HWHAYKTUBHOC U aKTUBHOC COIIPOTUBJICHUS I'€HEPATOpa 1 Ka0eJss COOTBETCTBEHHO PaBHBI:

Ss 2000
r(6)— X" d(now) 5 =0159—— 2000 =0159;

HOM

Sg 2000
R =0,0054 —— = 0,0054
. I‘(6) . cr(HOM) o SHOM 2000
-3
X (6= Xyx 1—62 =0,074- 0,3% =0,0011;
Ug 6,3
S 1073
R «6(6)= RyL( 1—62 =0,206- ()’3% =0,003.
*
Us 63

MO3TOMY
% 2= R 1) R w60 T /(X 1)t X x66)) =
=0,0054 + 0,003 + j(0,159+0,0011)=10,0084 + j0,16.
HavanpHOe 3HaUCHHE IEPHOIMUECKON cocTaBisromei Toka K3
E”o(6) 1)1

*

I o= =
* Z30) 000842 40162

= 0,5 ¢ ko3pdunuent y; = 0,55, mosromy

=6875.

B cooTBeTcTBUM € KpUBBIMU Ha PUC. 5.7 MPH fypy
Iy =v¢1 I vy 15=0,55-6,875-183,5=6938 A.

5.11.3. PaccuuTarh 3HaYeHUs MEPUONNIECKOHN cocTaBisfromeil Toka K3 B HayampHBIE MOMEHT U
MIPOM3BOJILHBIE MOMEHT BPEMEHHU B CHCTeMe COOCTBEHHBIX HYX[ 6,3 kB npu tpexdasznom K3 B xoHIe
KaOeJIbHOM JIMHUY ¢ YYETOM TEIUIOBOTO CIaia MPU METALUTHUECKOM U TyroBoM K3.

Tpaucpopmarop CH: TPJIHC-63000/35, Uy gy.nn = 12,7 %; U nnium = 40 %.

KaGensras muuus: s = 300 M; S = 3x150 mm>; Ryp = 0,206 MOM/M; Xy
HavalbHas TeMmmepaTypa kabens 3, = 35 °C. Bpems cpabaTsiBanus peneiHO# 3amuUTEI £,
noJyiHoe Bpemst oTkitrouenus uenu K3 ¢, = 0,35 + 0,12 =0,47 c.

AxkTuBHOE conpoTuBieHue kabens npu 3, = 35 °C onpenensiercs no popmysie (5.46):

= 0,074 MmOm/Mm;
= 0,35 ¢c;

T, +9 236 + 35
Re=R =R, [ -—2 % -0206-03-""">"=0,0650m.
K6 =T T Ryt T T g 236+ 20

p HOpM
WHIyKTHBHOE COTIPOTHBIIEHHE Kabes
X =Xyy I =0074-03=0,022 Om.
Conporusnenne Ttpancpopmaropa CH ¢ pacmeruieHHOH Ha JBe Henw OOMOTKOH HHB3IIETo

HaIpspDKeHUs pH K03 ULMEHTE paclieruieH s, PABHOM
U 40%
x.HH1-HH2 _ =315;

K
P Uepnopn  127%
2 2
Uwgn-un% U 12,7 63
XHH] :XHHZZO’SKP K 100 'STHOM 05 315_ —3_0126OM
HOM
U U2 2
Xpy = LHH/)H 025K, )—tom =12—7(1—025 315)£—0017OM
100 STuom 10 63

CyMmMmapHOe HHIYKTHBHOE conpoTtuBnenue nenu K3



Xs =Xgg + Xyu1 + X =0,017+0,126 + 0,022 =0,165 Om.

[Mockonbky R,s/Xs = 0,065/0,165 = 0,39 > 0,2, He0OX0IUMO YYHUTBIBATh TEILUIOBOM CIIaJl TOKA MPH
K3 B xabennHOI THHUH.

HavanpHOe melicTByrolee 3HAYCHHE MEPUOTUYECKON COCTABISIOMIEH ToKa Tpex(azHOro
MeTtamndyeckoro K3 cocrasiser:
U 6,3

x/_\/RK(; + X2 ﬁ\/0,0652 +0,1652

JelicTByromiee 3HaueHHE MEPUOAUYECKON cocTaBisomed Toka K3 K MOMEHTY OTKIIOYEHHS
ton = 0,47 ¢ (6€3 ydeTa TeIIo0TaaYu B U30JIAIUI0 KaOess) COCTaBIISCT:
Uyn 6,3

\/E\/(RKG Ky )+ X2 ﬁ\/(0,065-1,48)2 +0,1652
rae Ko3((GUUMEHT YBETMUYeHUs aKTHBHOTO COIPOTHBIEHUS kWil Kabeys Kg B COOTBETCTBHU C
hopmymoii (5.49) paBeH:

=20,57 KA.

11‘[0

1

=19,5KA,

ot =

T, + 9
Ko = p KHa 236 +165,7 ~148.
Tp + 9y 236+ 35

KoneuHnas temmnepatypa sxuit kabeins Sy, npu [ = I;9 B cCOOTBETCTBHU ¢ hopmyiion (5.52) paBHa

2 2 6
12 -t 047

Sra = (8 +Bexp| “S—L | B = (35+ 228 Jexp 20’572 0’427 12 ~228=1657 °C,
K28%e 1482 -150% -1

rJie 3HaUeHue ko3 GuImenTa € onpenensercs mo gopmye (5.53):

14 Falema | p2pl o | _ 40700574 (247 072 0165 247 =10,
Vs S \/150 150
o 2464  [1,7-10° L
2o == =0,574 (MmM2/c)2 ;
Pi  25-10 5

Cy o; _122:17:10°
c Pi 25-10%-5

s pemieHdst Bompoca O HEOOXOAMMOCTH YdYeTa TEIUIOOTAAYH ONPENeIsAeTCs KPUTHYECKas
npopomkuteabHOCTh K3. B cooTBeTcTBHU ¢ hopmymoii (5.50)

t =0,65-1072-150=0975 c.

OTKILKD

rIe

B= =0,165 mm?/c.

(¢

YuuteiBas, uTo o = 0,47 ¢ <tonip = 0,975 ¢, TEMN00TAAYY B U30JIALHMIO YUUTBIBATE HE CIEMYET.

[Ipu onpenenennn Toka ayroBoro K3 compoTwBieHne AyrW HAXOAWM IO KPHUBEIM puc. 5.8, rae
s Lo = 20,57 KA Uty = 0,47 ¢ meeM R ; = 0,073 Owm.

ITo xpuBeM puc. 5.23 mpu 3, = 20 °C umeem Ky = 1,56. Ilepecuer xoadpdumuenta Ky K
(akTHYECKOMY 3HAUCHHIO HaYabHOM TemiiepaTypsl (3, = 35 °C) BbinonHsieM 1o Gopmyse (5.55):

T, +20 236+ 20
Kq=K - =1,56 =147.
9(94=20"C) 7, + 9, 236 +35
,Z[eﬁCTBYIOHlee 3HAYCHUEC HCpHOI[I/I‘ICCKOfI COCTaBJ‘IHIOHleﬁ TOKa K MOMeHTy OTKJIKOUYCHUA I[erBOFO
K3 cocrasiser:

Unn - 63
ﬁ\/(RKG Kg +Ry )% + X} ﬁ\/(o,065 1,47 +0,073)% +0,1652

Takum 00pa3oM, yBelMueHHE aKTHBHOT'O CONPOTHBIICHUS Kabels pu MeTaunueckoM K3 cHmkaer
Tok K3 k MoMmeHTy oTkimtoueHus Ha 6 %, npu ngyrosoM K3 - Ha 25 % mo cpaBHEHHIO CO 3HAYCHHEM
TOKa B HayaJIbHbIN MoMeHT K3.

5.11.4. Onpenenuth ToK npu TpexdazHom K3 B koHue Bo3aymHo#i gunun 110 kB anunoi 10 kM,
ecin Tox K3 B Hauane munnn coctapiser 1)) = 25 kA. Ha IHHMM 37€KTpONepeaun HCIIOIb30BAHbI
JTIOMUHHUEBBIE NPOBOJA CEUEHUEM 95 MMZ, JJIsL KOTOpBIX Ry; = 0,315 OM/km n Xy = 0,434 Om/kM.
HauanpHas Temmepartypa nmpoBoJoB JuHHH cocTaBisieT 3, = 30 °C. [TomHOE BpeMs OTKIIOYEHUS 11T
K3 tomn = 0,5 c.

AKTHBHOE COTIPOTHUBIICHUE MPOBOAOB ImHNA Tipn 3, = 30 °C onpexnensercs mo hopmyne (5.46):

1 =15,43 kA.

ot —



T+ 9 236+30
= Ry = Ryy [—2—1—0315-1022"~337 Om.
Ty + Sropu 236 +20
HHﬂyKTHBHOGCOHpOTHBHeHHerOBOﬂOB
Xy = Xy 1= 043410 = 4,34 Owm,
COHpOTHBJ‘IeHHe HI/ITaIOHIeﬁ CHCTCMbI

X,=U°p'H°M: 10 554 0m
COBIY) Bas
[ockonbky Rg,/Xs = 3,27/(4,34+2,54) = 0,475, T.e. aKTUBHOE COMpPOTHBICHHE IPOBOJHHIKA

cocraBisger Oomee 20 % cyMMapHOTO HHIYKTUBHOTO compoTuBieHus uenu K3, HeoOXommmo
YYHUTBIBAThH TEIUIOBOM craj Toka rmpu K3 Ha nuHum.
HavanbHoe neicTByrollee 3HAUEHHE NEPUOAMUYECKON COCTaBIsIIOIIed Toka Meraminyeckoro K3
COCTaBIISCT:
110

Lo = —837 KA.
V3y337% + (434 425542
Koneunast temmepaTypa HarpeBa MHpPOBOJOB JHHMM K MOMEHTY €€ OTKIIoueHus npu [, = Iy
COCTaBJIACT
12, - totkn 8,372-10%.05 .
SKH.a :(SH +B)€Xp % —B=(30+228)6Xp ﬁ —-228=80"C.
KiShe 1482 .952 .1
[Ipu sTom
g =230180 166
236 +35

JeicTByromee 3HAYCHHE NEPUOTUYECKON cocTapisiomeid Toka K3 K MOMEHTY OTKIIIOUYEHHUS
COCTaBIISCT:
npu Metamundeckom K3
110

Iy = =8,08kA;
NE) J(3,27 1166)% + (434 +2,54)%
npu gyroBom K3 (R; = 2 Om, onpeneneno mo KpuBsIM puc. 5.20)
UCp.HOM
Iy = > > =
\/g\/(RBnK9+R;[t) (X +Xyy)
110 =7,064 KA.

\/EJ(3,27 1166 +2)% +(434+2,54)*

Ywmensmenne Toka K3 mox BIusiHEEM TEIIIOBOTO CIajia M AIEKTPHUUECKON AyTH cocTaBiieT 16 %.

6. PACYHET TOKOB KOPOTKOI'O 3AMBIKAHMUS B DJIEKTPOYCTAHOBKAX
IMEPEMEHHOI'O TOKA HAIIPSI)KEHUEM /10 1 KB

6.1. IpuauMaemble 10Ny LIeHUS

IIpu pacyerax TokoB K3 B 3yeKTpoycTaHOBKAaxX IIEPEMEHHOTO TOKa HampspkeHHeM 1o 1 kB
JIOIyCKaeTcsl:

1) ucnonp30BaTh YHIPOIEHHBIE METO/IBI PACUETOB, €CIIM UX MOIPEIIHOCTh He mpesbimaeT 10 %;

2) MakCHMaJIbHO YIIPOIIATh W 3KBUBAJCHTHPOBATH BCIO BHEIIHIOIO CETh IO OTHOLICHUIO K MECTY
K3 u wHanBuAyanbHO YUYUTHIBATH TOJBKO ABTOHOMHBIE HCTOYHHUKH DJICKTPO’HEPTHH U
ANIEKTPOABUraTeIN, HEIOCPEACTBEHHO MPUMBIKaromue kK mecty K3;

3) He yUnTHIBaTh TOK HAMarHMYMBaHUS TPAaHC(HOPMATOPOB;

4) He yYMTHIBAaTh HACHIIEHNE MATHUTHBIX CHCTEM JJICKTPHUECKUX MAIIUH;

5) npuHIMaTh K03()QUITHEHTH TpaHChOopMaUU TPAaHCPOPMATOPOB PABHBIME OTHOIICHHIO CPEIHUX
HOMMHAQJIBHBIX  HANpPsDKEHUH  T€X  CTyNEHEM  HaNpsDKEHWsT CEeTeHd, KOTOpbIE  CBS3bIBAIOT
TpaHcopMmatopsl. [Ipu 3TOM clenyeT MCIOJb30BaTh CIEAYIONIYIO LKAy CPEIHMX HOMHHAJIBHBIX
Hanpspkenuid: 37; 24; 20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,69; 0,525; 0,4; 0,23;

6) He y4YNTBHIBAaTh BIMSIHAE CHHXPOHHBIX M ACHHXPOHHBIX 3JIEKTPOJABUTATEICH MM KOMIIEKCHOH
Harpy3KH, €ClIi X CyMMapHBI HOMHUHAJIBHBIA TOK He mpesblmaeT 1,0 % HayaipHOrO 3HAYEHUS



MepHOINYECcKOl cocTaBisitoleil Toka B Mecte K3, paccunranHoro 0e3 yuera 3JeKTpojBUTaTENeH WK
KOMITJIEKCHOH Harpys3Ku.

6.2. PacueTr HAYAJILHOI0 3HAYEHUS MEPUOIMYECKOI COCTABJISAIONIENH TOKA
Tpex(a3HOro KOPOTKOro 3aMbIKAHHUSA

6.2.1. Toxu K3 B snexTpoycTaHOBKax HampspkeHHeM A0 1 kB pexoMmeHIyeTcs pacCuuThIBaTh B
MMEHOBAaHHBIX CIMHHUIIAX.

[Ipu cocTaBneHNH 3KBHBAJICHTHBIX CXEM 3aMEIICHHs apaMeTphl 3JIEMEHTOB HCXOJHON pacyeTHOH
CXEMBI Clie[lyeT NPUBOAWTH K CTYIIEHH HaNpsDKEHHS CeTH, Ha KOTOpoi Haxomurcs Touka K3, a
AKTUBHBIC W WHIYKTHBHBIC CONPOTHUBICHUS BCEX J3JCMEHTOB CXCEMBI 3aMEIICHHUS BBIpaXKaTh B
MUJUTHOMAX.

6.2.2. MeToauka pacyera HauajdbHOIO ACMCTBYIOLIETO 3HAUYEHHUS MEPUOJUYECKON COCTABIAIOIIEH
tToka K3 B anexrpoycranoBkax 10 1 kB 3aBucuT OT cioco6a 3mekTpocHa0XKeHHs - OT SHEPrOCHCTEMEI
WJIA OT aBTOHOMHOTO HCTOYHHKA.

6.2.3. IIpu pacuere TokoB K3 B anekTpoycTaHOBKaX, MOJYUYaAIOIIUX MTUTAHHE HEMOCPEIACTBEHHO OT
CeTH HHEPrOCUCTEMBI, JOITyCKAeTCs CUHUTATh, YTO IOHMKAIOIINE TpaHC(HOPMATOPH MOAKIIOYEHBI K
HCTOYHHKY HEW3MEHHOTO TI0 AaMIUIUTYAe HampsDKeHUs dYepe3 JKBUBAICHTHOE WHIYKTUBHOE
CONPOTHUBIICHHE.

3HaueHue 3Toro conpotusieHus (X.), MOM, IPUBEJEHHOE K CTYIEHH HU3IIEr0 HAIPSHKSHUS CETH,
CJIE/TyeT pacCUNTHIBATD 0 popMyIIe
_ Ucp.HH _ Ucp.HH 10,3 ’ (6.1)

ey “UcpBH Sk

rae Ucpun - CpeiHee HOMHHAJIBHOE HANpPsKEHHE CETH, TOAKITIOYEHHOH K OOMOTKE HHB3IIETro

HaIpsbKeHus TpancopmaTopa, B;
Ucp.su - Cpe/iHee HOMUHAITBHOE HANPSKEHHUE CETH, K KOTOPOIl o IKITFoYeHa 0OMOTKA BBICLIETO
HaTpsDKEHUS TpaHcpopmaropa. B;
I sn = IoH - ZAeiicTBYIOLIEE 3HAUYEHHE MIEPUOMUYECKON cocTaBisitolieil Toka mpu tpexdaznom K3
y BBIBOJIOB OOMOTKH BBICHIETO HANPsDKEHHS TpaHc(hopMmaTopa, KA;
Sk - YCIOBHas MOIIHOCTb KOPOTKOTO 3aMBIKaHHS Yy BBIBOZOB OOMOTKH BBICIIErO
HanpsbkeHus Tpancopmartopa, MB-A.

[Tpu OTCYTCTBUM yKa3aHHBIX JaHHBIX HSKBUBAJIEHTHOE MHAYKTHBHOE COIPOTHUBIICHHE CHCTEMBI B

MIJUTHOMAX JOITYyCKAETCs PaCCUUTHIBATH MO (PopMyIie

X

C

U2
Xc _ cp.HH ’ (6.2)

\/gl OTKJI.LHOM Ucp.BH
i€ lynnon - HOMHUHANBHBIH TOK OTKIIOYEHHUS BBIKIFOYATENS, YCTAaHOBJIEHHOTO Ha CTOpPOHE
BBICIIIETO HAMPSDKEHUS TIOHMKAIOIIEro TpaHchopMaTopa.

B cnydasx, korga moHmXaromuii TpaHcOpMaTOp TMOJAKIIOUEH K CETH JHEProCHUCTEMBI 4Yepes
peakTop, BO3AYIIHYIO WM KaOelIbHYI0 JIMHWIO (JUIMHOH Oonee 1 kM), HEOOXOOMMO YYHTHIBaThH HE
TOJIbKO HHIYKTUBHBIC, HO I aKTUBHBIEC CONPOTHUBIICHHUS ATHX 3JICMEHTOB.

6.2.4. Tlpu 3JEKTPOCHAOKEHHM DJICKTPOYCTAHOBKM OT JHEPrOCHCTEMBI Yepe3 IMOHUKAFOIIUI
TpaHcopMaTop HavalbHOE JICHCTBYIOIIEE 3HAUYEHHE IIEPHOJUYECKON COCTAaBIIOMIEH TOKa
tpexdaznoro K3 (Iy) B kmimoammepax O0e3 ydera MONIUTKH OT 3JICKTPOIBUTATENCH CIemyer
paccumuThIBaTh 1o hopmysie

Ucp.au
Iy =— e (6.3)

b
3yRE + X
rae Ugpun - CpelHee HOMMHAIBLHOE HANPSKEHME CETH, B KOTOPOH IIPOM3OILIO KOPOTKOE
3aMblkaHue, B;
Ris, Xi5 - COOTBETCTBEHHO CyMMapHOE aKTHBHOE W CYMMapHO€ MHIYKTHBHOE COIPOTHUBICHUSI
npsAMoi nocienoBarenbHocTH 1enu K3, MOM. DTH COMPOTHBIICHHUS PaBHBI:
Ris =Ry + Ry + Rip + Ry + Ry + Ry + Ry + Ry + Ry

XIZ ZXC +XT +Xp+XTA +XKB+XHJ +X1K6 +XBJ'I

rre X. - OKBHBWJIECHTHOE WHAYKTHBHOE CONPOTUBJICHHWE CHCTEMBI [0 MOHMKAIOMIETO
tparchopmaTopa, MOM, IPUBECHHOE K CTYIICHH HU3IIETO HATIPSKCHUS;



R, 1 X, - aKTUBHOE U UHAYKTUBHOE COIPOTUBIICHUS IPSIMOU I1OCJIEI0BATEILHOCTH IIOHUXKAOUIETO
TpaHcopmaropa, MOM, TNpHBEIEHHBIE K CTYNEHH HH3IIETO HAINPSHKEHUS CEeTH, WX
PaCCUUTHIBAIOT IO opMyIIam:

Py wonUH
RT — l(J—{OM2 HHuom 106’ (64)
ST.HOM
1008, oy - U2
XT _ ul% _ K.HOM HHuom 104 , (6.5)
ST.HOM S

T.HOM

e Styuon - HOMUHAIBHAS MOIIHOCTH TpaHChopMaropa, KB-A;

P 1o - IOTEPH KOPOTKOTO 3aMBbIKaHUs B TpaHchopmarope, KBT;

Unhyon - HOMHHAIIBHOE HAaNpsDKEHNE 0OMOTKM HU3IIETO HANPSDKEHHs TpaHchopMaTopa, kB;

Uy - HaIIpsDKEHUE KOPOTKOTO 3aMBIKaHUs TpaHcopmaropa, %;
R.ao M X;5 - aKTUBHOE W WHIYKTUBHOE CONPOTUBIICHHS MEPBUYHBIX OOMOTOK TpaHC(HOPMAaTOPOB
ToKa, MOM, 3HaueHMsI KOTOPBIX puBeaeHs! B npuinoxkenun S T'OCT P 50270-92;

R, 1 X, - aKTUBHOE U HHIYKTHBHOE CONPOTHBIIEHUs peakTopa, MOM.

AXTHBHOE COIPOTHUBIICHHE TOKOOTPAaHUIMBAIOIIET0 PEAKTOpa CIIEAYET PACCUUTHIBATD 10 opMyIe
AP,

.HOM
R, =—PM 103 (6.6)
p I 2
p.HOM
7€ APy oy - HOTEPH AKTHBHOM MOIIHOCTH B (ha3e peakTopa MpU HOMUHAIILHOM TOKe, BT;
1} o - HOMUHAIIBHEIN TOK PEAKTOpA, A.
HMHayKTHBHOE CONPOTUBJIEHHE peakTopa (X)) clemyeT NPHMHMMATh, KaK YKa3aHO H3TOTOBHTENIEM,

WK OTIPEIIEIIATH 10 (hopMyIie
X, =0.(L-M) 10°, (6.7)

rie ®. = 27f - yrIIoBas 4aCTOTa HAPSHKCHUS CETH, PaJl/C;
L - ”HOYKTUBHOCTD KaTYIIKH peakTopa, [ H;
M - B3auMHasi HHAYKTUBHOCTh MeX 1y (paszamu peakropa, ['H;

RKB n XKB - AaKTUBHOC W HWHAYKTHBHOC COIIPOTUBJICHHUA TOKOBBLIX KATYHICK W MEPCXOJHBIX
COTIPOTUBIICHUH TOABIDKHBIX KOHTAaKTOB aBTOMATHYECKHUX BBIKIIOUaTened, MOM,
3HaYCHUS KOTOPHIX puBeaeHs! B mpmwioxennu 6 TOCT P 50270-92;

Ry m X, - akTUBHOE M MHIYKTHBHOE COIPOTHBIICHHUS IIMHONPOBOAOB, MOM. PexomeHayeMbIit
METOJ pacyeTa COIpPOTHUBICHHH MIMHONPOBOJOB M MapaMeTpbl HEKOTOPBIX
KOMILIEKTHBIX ITMHONPOBOAOB IpuBeeHsl B mpunoxenuu 1 FOCT P 50270-92;

R, - cyMMapHOE aKTHBHOE COMPOTHBIICHHE PA3INYHBIX KOHTAKTOB W KOHTAKTHBIX COCIUHEHUH,
JlaHHbIE O KOTOphIX mpuBeAcHBl B mnpwiokennn 4 ['OCT P 50270-92. Ilpwm
MPUOJIMKCHHOM YYeTe CONPOTUBIICHUI KOHTAKTOB CleAyeT NpuHUMath: R, = 0,1
MOM - JUTSI KOHTaKTHBIX cOeAMHEHUH kabeneit; R, = 0,01 MOM - i IIMHONIPOBOOB;
R, = 1,0 MOM - [UI1 KOMMYTAalIMOHHBIX aIIapaToB;

R 1 X - aKTUBHOE M WHAYKTUBHOE CONMPOTHBICHUS MPSIMOIl MOCIET0BaTEILHOCTH Kabemneil,
3Ha4eHUs KOTOPBIX IpuBeaeHs! B mpuioxenuu 2 OCT P 50270-92;

Ry m Xy, - aKTHBHOC M HWHAYKTHBHOE CONPOTUBIICHUS MPSMON IOCICAOBATCILHOCTH
BO3IYIIHBIX JIMHUM WM TPOBOMIOB, IPOJOKEHHBIX OTKPHITO Ha H30JATOpAX,
3HaYEHUsT KOTOPBIX MpuBeneHsl B npuiokeranu 3 TOCT P 50270-92;

R, - akTuBHOe compoTuBieHue ayru B mecte K3, MOMm, paccuuTeiBaeMoe, Kak YKa3aHO B
11.6.8, B 3aBUCUMOCTH 0T ycnoBuii K3.

6.2.5. Ecnn snexTpocHaOXeHHE AIIEKTPOYCTAHOBKH OCYIIECTBIIACTCS OT PHEPrOCHCTEMBI uepes
MOHIDKAOMMKA TpaHchopMaTop M BOmm3M Mecrta K3 HMEIOTCS CHHXPOHHBIE W ACHHXPOHHBIE
JJIEKTPOJBUTATEIN WM  KOMIUICKCHAas HAarpyska, TO HadajlbHOE [ICHCTBYyIOIIee 3HAYCHHE
MEPUOANYECKON cocTaBsmromeii Toka K3 ¢ ydeToM MOAMUTKH OT SJIEKTPOABUTATENCH WIH
KOMIUIEKCHOM HArpy3KH CJIeNyeT OMpeAesiaTh Kak CYMMY TOKOB OT DHEPrOCUCTEMBI (cM. 1. 6.2.4) 1 OT
SJIEKTPOABUTATENCH UM KOMIUIEKCHON Harpy3ku (cum mi. 6.6 u 6.7).

6.2.6. B oiexkTpoycTaHOBKaX € AaBTOHOMHBIMH HCTOYHHKAMH OJJIEKTPOIHEPTHH HAdaIbHOE
JeficTByIOIlee 3HAUYEHHE IePHUOAMYECKO cocTaBisitomeil Toka K3 06e3 yuera moamuTkéd oOT
9JIEKTPOJIBUraTeNIel B KIloaMIiepax clielyeT paccunThIBaTh 110 Gopmyite

£
Lo =——— (6.8)

[12 2’
Ris + Xix



rae R 1z K X, 1y - COOTBETCTBEHHO CYMMApPHOC aKTUBHOC U CYMMAapHOC MHAYKTUBHOC COIIPOTHUBJIICHUS
nenu K3, MOwm.
OTH COTPOTHUBJICHUS PABHBI:
Ris =R.; + Rop + Rig +Rp + Ry + Ry + Ryyg + Rygg + Ry 5

"
Xlz :Xd +XTA +XKB +Xp +XLLI +X1K6 +XIBJ'I’
rae E&') - ceepxnepexoanas IJIC (¢da3Hoe 3HaUEHNE) aBTOHOMHOTO HCTOYHUKA, B. 3HaueHue 310it

O/IC cnexyet pacCUUTHIBATh KaK M UTSI CHHXPOHHBIX AJEKTpoABUraTeneii (cm. m. 6.6);
X { - CBEpXIEPEexX0oIHOE CONPOTHUBIICHUE 110 IPOAOIBHOI OCH POTOpa;

R - aKTUBHOE CONPOTUBIICHUE OOMOTKH CTaTOPa aBTOHOMHOT'O MCTOYHHKA.

6.2.7. Tlpu HEOOXOAMMOCTH Y4€Ta CHUHXPOHHBIX M ACHHXPOHHBIX OJJIEKTPOIBHIATENICH WIH
KOMITJIEKCHOH Harpy3KH B aBTOHOMHOH 3JIEKTPHYECKOW CHCTEMe HadaJlbHOE JISHCTBYIOIIEe 3HAYCHHUE
neproayeckoil cocraBisitonieil Toka K3 cienyer ompenenirh Kak CyMMY TOKOB OT aBTOHOMHBIX
HUCTOYHUKOB (cM. M. 6.2.6) m oT snekTponxBurareneid (cM. m. 6.6) WIM KOMIUICKCHOH Harpys3Kd
(em. . 6.7).

6.3. MeToanl pacueTa HCCUMMETPUYHBIX KOPOTKHX 3aMBbIKAHUI.
CocraBjieHHe cXeM 3aMellleHUus

6.3.1. Pacuer TOKOB HecuMMeTpuuHbIX K3 crieayeT BBINOJHATH C HCIOJB30BAaHHEM MeETOJa
CUMMETPHYHBIX COCTaBISIOMMX. [Ipn 3TOM IpenBapuTENbHO CIETyeT COCTaBUTh CXEMBI 3aMEIlCHHS
TpsIMOii, 0OpPaTHOM M HYJIEBOH MOCTIEIOBATEIHHOCTEH.

B cxemy 3amelneHusi NpsMON TOCHIEIOBATENLHOCTH JOJIKHBI OBITh BBEJCHBI BCE 3JICMEHTHI
UCXOJHOM pacueTHOW CXeMbl, NpHYEeM I[pH pacyeTe HAYaIbHOIO 3HAUCHHS MEPUOIMYECKOM
COCTaBIISIIOIIEH TOKa HecuMMeTpudHoro K3 aBTOHOMHBIE MCTOYHHMKH, CHHXPOHHBIC M ACHHXPOHHBIC
UIEKTPOJBHUTATEIH, a TAKKE KOMIUIEKCHAsI HAarpy3Kka JOJDKHBI OBITh yUTEHBI cBepxmepexonusiMu 3J1C
U CBEPXIIEPEXOAHBIMHU CONPOTHUBICHUSIMU.

CxeMa 3aMelleHHsi OOpaTHOW ITOCIEOBAaTEIbHOCTH TaKKE JODKHA BKIIOYATh BCE OJJIEMEHTBI
HCXOJHOM pacdeTHOl cxeMbl. CONPOTHBIICHNS! 00paTHOH 1OCIIE0BATEIBHOCTH CIIEAYET IIPHHUMATS 110
JAHHBIM KaTaJoroB, a AaCHHXPOHHBIX MAaIIMH - TPHHAMATh PaBHBIMH CBEPXIIEPEXOIHBIM
COIIPOTHBIICHUSIM.

6.3.2. Pacuer TOKOB 0JHO(a3HOTO KOPOTKOTO 3aMBIKaHHUS

6.3.2.1. Ecnu snexTpocHaOkeHNe 3JIeKTPOYCTAaHOBKM HampspkeHueM 1o 1 kB ocymiecteusercs ot
9HEPrOCUCTEMBI 4Yepe3 MOHIKAIOIIMKA TpaHcopMaTrop, TO HayalbHOE 3HAYCHHE IEePUOTUYECKOI
cocTaBystronel Toka onHodazHoro K3 oT cucremsl, KA, ciemyeT pacCUUTHIBaTh 10 hopMylie

;D ‘EUcp.HH

)
V(2Ris + Ry )* +(2Xy5 + Xo3 )°
rae Rz u Xz - COOTBETCTBEHHO CyMMAapHO€ aKTUBHOE U CYMMAapHO€ UHIYKTUBHOE CONPOTUBIICHUS
TIPSIMOH TTOCIIEAOBATENIFHOCTH PACIETHON CXeMBI OTHOCHTENhHO ToukH K3, MOM;
Ros 1 Xoz - COOTBETCTBEHHO CYMMapHOE€ aKTUBHOE€ W CyMMapHO€ WHAYKTUBHOE COIMPOTHUBIEHHS
HyJIEBOM MOCIEAOBATEILHOCTH PACUETHON CXeMbl OTHOCUTENBHO Touku K3, MOM. DT conporuBieHus
paBHBL:

(6.9)

ROZ :ROT +Rp +RTA +RKB +RK +R0].Ll +R0K6 +ROBJ'I +Rﬂ; (6 10)
Xoz =Xor +Xp + XA + X + Xow + Xoxs + Xop»
rae Roy u Xy, - aKTMBHOE M HHIYKTHUBHOE COIPOTHUBJIEHUS HYJIEBOM IMOCJIEA0BATEIBHOCTH

moHmXKarIero tpanchopmartopa. s TpaHchopMaTOpoB, OOMOTKH KOTOPBIX
coemuHeHsl Mo cxeme A/Y,, npu pacuere K3 B ceTH HHM3IIETO HANPSIKEHUS STH
COINPOTUBJIEHUS CJEeAyeT NMPUHUMATh PAaBHBIMH COOTBETCTBEHHO AKTHUBHBIM U
WHIYKTUBHBIM COINPOTUBJIEHUSIM MPSAMOHN MocienoBaTeabHOCTH. [lpu apyrux
cXeMaX COCTUHEHHS OOMOTOK TpaHC(OPMATOPOB AaKTUBHBIE W HWHIYKTHBHEIC
COMPOTHRIICHUS HYJCBOH IOCIACIOBATEIBHOCTH HEOOXOAMMO MPUHUMATH B
COOTBETCTBUU C YKa3aHUSIMU HU3TOTOBUTEIIECH;

Roy M Xoy - axkTUBHOE M HMHAYKTUBHOE CONPOTHUBIICHHUS HYJIEBOW IMOCIENOBATEIBHOCTU
IIMHOIIPOBOJA;

Rowg U Xoxwg - aKTUBHOE€ M MHIYKTUBHOE CONPOTHUBIICHUS HYJEBOM IOCIENOBATEIBHOCTU
Kabes;



Rosy 1 Xop; - QKTMBHOE W HMHAYKTHUBHOE COIPOTHUBJIEHUS HYJIEBOM MOCIEN0BATEIbHOCTH
BO3JYIIHOM JIMHUU:
ROBJ‘I = Rl + 3R3 = Rl +0,15 MOM/M;

X 01 ~ 3X Ipm *
6.3.2.2. B 3JeKTpoyCTaHOBKaxX C aBTOHOMHBIMH HCTOYHHKAMH SHEPIHMHM HadalbHOE 3HAYCHUE

MEPUOTNIECKOM COCTaBIIstOIIeH Toka ogHO(asHoro K3 (1 1%) ) B KiJI0aMIiepax cleayeT ONpeaensiTh 1o
thopmymne

3E &)

2 2’
\/(2R12 +Rox )" +(2X 13 + Xo3 )
rae E(’j') - DKBUBAJIEHTHAsA cBepxmnepexoxnas J/]C aBTOHOMHBIX UCTOYHUKOB ((Pa3nas), B, koTopyro

14 = (6.11)

OTpENEISIOT B COOTBETCTBUH ¢ II. 6.2.6.

HauanpHoe 3HaueHHWEe TMEpHOAMYECKONW cocraBisifomedl Toka oxHodasHoro K3 ¢ yderom
CHHXPOHHBIX ¥ AaCHHXPOHHBIX JJIEKTPOJABHTaTelell B KWJIOAMIIEPAX CIEAYET pacCUUTHIBAThH
aHaJIOTUYHO, B COOTBETCTBUU ¢ (popmyioi (6.11).

[Tpn HEOOXOAMMOCTH ONpe/eNeHHs TMEePUOJMYECKOi cocTaBisiomieil Toka ogHodasnoro K3 B
MIPOM3BOJIEHBIN MOMEHT BPEMEHH CIIEyeT NPUMEHSITh METO/IbI, H3JI0KEHHBIE B 11.6.6.

KommnekcHast Harpy3ka y4uTBIBa€TCsI TapaMeTpaMu, IPUBEICHHBIME B Ta0I. 5.1.

6.3.3. Pacuer TOKOB ABYX()a3HOIO KOPOTKOI'O 3aMBIKAHHSI

6.3.3.1. Ilpu snexTpocHAOXKEHNH AJIEKTPOYCTAHOBOK HampspkeHHeM 10 | kB oT 3HeprocmucTeMsl
yepe3 MOHMKAIONMKE TpaHchopMaTop HavagbHOE 3HAYCHHE IEPUOIUYECKON COCTABIIAIONICH TOKa

nByxgasnoro K3 (/1 r%) ) B KIJTOAMIIEpax CICAyeT ONpeessaTh mo Gopmyiie

U
II%)ZLHH, (6.12)
52 2
2 Rlz +X12
rae Rig =Ry + Ry + Rop + Ry + Ry + Ry + Ry + Ry +R, /25
Xig =X+ X+ Xp+ Xp + Xig + Xy + X + Xipan -

6.3.3.2. B ayeKTpOoyCTaHOBKaX C aBTOHOMHBIMH HCTOYHHMKAMH SHEPrHMHM HadalbHOE 3HA4YEHHE
MIEPUOTNIECKO cocTaBisromei Toka nByxdaznoro K3 cnemyer paccuuTsiBaTh 10 popmyIie

V3E},

21' Rlzz + Xlzz

HavanpHOoe 3Ha4YeHHWE TEPUOIAMYECKOW COCTAaBIIIONmICH Toka naByxdasHoro K3 ¢ yderom

12 = (6.13)

ACHHXPOHHBIX 3JIeKTpoaBurarenei ( / r%kﬂ) B KWJIOAMIIEpax CIeyeT ONpeaessTh 1o Gopmyie

ﬁE!r
I = (6.14)
2 Rlz +X12
rae E&)Z - okBuBaJeHTHas cBepxmnepexonHas OJJIC (¢a3Hoe 3Ha4YeHHE) ACHMHXPOHHBIX

AJIEKTPOBUTATEINCH U UCTOYHUKA dIIEKTPOIHEPTHH, B;
Ris m Xz - COOTBETCTBEHHO CyMMapHOE€ aKTUBHOE M CyMMapHOE€ MHAYKTHBHOE COMPOTHBIECHHUS
MIPSIMON  TIOCIIEIOBATENIFHOCTH OTHOCHTENbHO TOoukn K3 (¢ yderom mnapameTpoB
ACHHXPOHHBIX JIEKTpOABHTaTENeH), MOM.
HauanpHoe neicTBYyIOIee 3HAYCHUE IEPHOIHUUCCKONW COCTaBisromeH Toka aByxdasHoro K3 ¢
y4eTOM CHHXPOHHBIX AJIEKTPOABUraTesel B Kunoamepax onpeaeisoT aHaJIOrMYHO.
ITpn HEoOXOAMMOCTH ONpEAEIEHHs IIePHOJMUYECKOil cocTaBisonield Toka nByxdasHoro K3 B
MIPOU3BOJIEHBIE MOMEHT BPEMEHHU IIPUMEHSIOT METOBI pacdeTa, PUBEACHHBIE B 11.6.0.

6.4. Pacuer anepnoauyeckoii cocTaBasioLell TOKa KOPOTKOI0 3aMbIKAHMA

6.4.1. Haubonpiiee HavampbHOE 3HAYCHHUE AalepPUOIUYECKOl cocraBistomed Toka K3 B obmiem
clIydae CIeAyeT CYATATh PAaBHBIM aMIUIATYJE IMEPHOANICCKON COCTABISIOMIEH TOKa B HAYalbHBIN
momenT K3:

i0 =210 (6.15)



6.4.2. B papuanbHBIX CETSAX alepUOJHUECKYI0 COCTaBISIONYI0 Toka K3 B MpoM3BONBHBEIA MOMEHT
BPEMEHH CIIeTy€eT OIPENeIIATh 1o (hopMyIie
iy =ig0e VT2, (6.16)
rae t - Bpems, C;
T, - mOCTOSIHHAs: BPEMEHH 3aTyXaHHs allepuoANdecKoi cocTapistomeit Toka K3, ¢, paBHas
T, :ﬁ, (6.17)
(DcRZ
rie Xz u Ry - pe3ybTHPYIOIINE HHAYKTUBHOE U aKTHBHOE conpoTusieHus nenu K3, MOwm;
®. - CHHXPOHHAs yIJIOBas 4YacTOTa HaIIPSHKEHUS CETH, paji/c.

I[Ipu onpenenennn Xy ©W Ry CHHXPOHHBIE T'€HEPATOpPbl, CHUHXPOHHBIE W ACHHXPOHHbBIE
3JIEKTPOJBUTaTENN IOJKHBI OBITH BBEJCHBI B CXEMY 3aMELICHUS B COOTBETCTBUU C TPeOOBaHUAIMHU
m. 6.7.

KomrutekcHass Harpyska Jgo/DKHa OBITH BBEJEHAa B CXEMY 3aMENICHHS B COOTBETCTBHH C
TpeOOBaHUAMH 1I. 6.8.

6.4.3. Anepuoandeckyio COCTaBIsIONIyI0 Toka K3 OT aBTOHOMHOIO CHHXPOHHOTO TeHepaTopa B
KHJIOaMIlepax B CiIydae HEOOXOAMMOCTH ydeTa TOKa IeHepaTopa B MOMEHT, mpeamecTByromunii K3,
CIIeIyeT ONpenesiTh, Kak B 1. 5.3.4.

6.4.4. Ecin Touka K3 nmenur pacueTHyro cxeMy Ha paJualibHble, HE3aBHCHMBIE JIpyr OT Apyra
BETBH, TO aIEpPHOJUUYECKYI0 COCTaBJIONIyI0 Toka K3 B IpOM3BOJIEHBIII MOMEHT BPEMEHH CIEIyeT
ONIPEETATh KaK CyMMY aIllepHOANYECKHX COCTABIIAIONIMX TOKOB OTHAEJNBHBIX BETBEH, HCIIONB3YS
dbopmymy (5.15).

6.5. Pacuer y1apHOro Toka KOPpOTKOIr0 3aMbIKAHUS

6.5.1. Ynaapusiii Tok Tpexdaznoro K3 B a/eKkTpoycTaHOBKax C OJHUM HMCTOYHHUKOM JSHEPTHH
(3HeprocucTeMa WM aBTOHOMHBINA UCTOYHUK) PACCUUTHIBAIOT IO (hopmyiie

—t
yA

igg=V2Up|1+e T |=V200K,,, (6.18)

rae Ky, =|1+e Ta | _ ynapHblii KO3(Q(UIUEHT, KOTOPbIA MOXET OBITH ONpPEIEIEH 10 KPUBBIM

Ha puc. 6.1;
T, - mOCTOSTHHASI BpEMEHH 3aTyXaHHs alleproInieckoii cocrapisromeit Toka K3 (cm. . 6.4.2):
tyy - BpeMs oT Hauana K3 10 nossnenus ypapHoro Toka, ¢, paBHOE

ty; =0,0012——:

¢ =arctg X153 / Ry .

6.5.2. Ilpy HEoOXOAMMOCTH Yy4YeTa CHHXPOHHBIX M ACHHXPOHHBIX OJJIEKTPOIBHIATENICH WIH
KOMIUICKCHOH Harpy3kd yzaapHbiii Tok K3 ciemyer omnpenensarte Kak CyMMy YAApHBIX TOKOB OT
AQBTOHOMHBIX HCTOYHUKOB M OT JJIEKTpoIBHrareneid (cM. m. 6.7) WIM OT KOMIUIEKCHOH Harpys3ku
(cm. 1. 6.8).

6.5.3. Ecmn Touka K3 menut pacueTHyro cXeMy Ha paaualibHBIC, HE3aBHCHMBIC NPYT OT Apyra
BETBH, TO yOapHBIA Tok K3 momycTumo onpenensars Kak CyMMy yAapHBIX TOKOB OTJEIBHBIX BETBEH 110
bopmyne

. “tyii
ign = N2 | 1+e Tl |, (6.19)
i=1

TJI€ M - YHUCJIO He3aBUCHUMBIX BETBEH CXEMEI;

10 - HauanbHOE ACHMCTBYIOLIEE 3HAUCHHE NIEPUOANUEcKOo cocTaisitolelt Toka K3 B i-it BeTBH, KA;
tyni - BPEMS MOSIBJIEHHS yJAPHOT'O TOKA B i-i BETBH, C;

T, - mOCTOSIHHAS BPEMEHH 3aTyXaHUs alleproInIecKoii coctapisromeii Toka K3 B i-if BeTBH, c.
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Puc. 6.1. Kpusble 3aBUCUMOCTH yaapHOTro ko3¢ duuuenra Ky, ot oTHomenni R/X u X/R

6.6. Pacuer nepuonnyeckoii cocrapiasiomeii Toka K3
JJIsl MPOU3BOJILHOTO MOMEHTA BpeMeHHn

6.6.1. Meroanka pacyera NEpHOAMYECKONW cocraBisiiomedl Toka Tpexdasnoro K3 s
NPOU3BOJIEHOTO MOMEHTa BPEMEHH B JJEKTPOyCTaHOBKax 10 1 kB 3aBucur oT cmocoba
3IIEKTPOCHAOKEHUS - OT SHEPTOCHCTEMBI WIIM OT aBTOHOMHOT'O HCTOYHUKA.

6.6.2. Ilpu »syekTpocHaOXXEHHH DJEKTPOYCTAHOBKM OT JSHEPrOCHUCTEMBI Yepe3 IMOHMIKAIOIIUHA
TpaHchopMaTOp AEUCTBYIOIIee 3HAUEHHE MEPHOIMYECKON cocTaBisfomeil Toka Tpexdaznoro K3 B
IPOU3BOJIGHBIM MOMEHT BPEMEHH B KHJIOaMIIepax 0e3 y4eTa IMOMIHUTKH OT JIEKTPOABUTATENeH ClieryeT
OIIpesieNATh 1o hopmyIie

Ucp.HH

ot —

ﬁ\/xfz +(Rys + Ry + Rygg )’

rae U, pn - CpeiHee HOMUHAJILHOE HANPSKEHUE CETH, B KOTOpoii mpousouuio K3, B;

Xisz, Riz - COOTBETCTBEHHO CyMMapHOE€ MHIYKTHBHOE M CYMMAapHOE aKTHBHOE COIPOTHBICHUS
npsiMoit mocienoBarenbHOCTH menu K3, MOwM, (cm. m. 6.2.4) Ge3 ydeTa akTHBHOTO
CONPOTHUBIICHHSI DIIEKTPHUYECKOM AyTH 1 KabenbHOH (BO3/IyIIHOI) INHNY;

R, - akTHBHOE conpoTuBIeHHUE IyrH B MecTe K3 B MpoU3BOIBHBII MOMEHT BpeMeHu, MOM,
KOTOPOE PacCUYUTHIBAIOT B COOTBETCTBHH C II. 6.9;
Rist - aKTHBHOE CONPOTHBICHUE MPSIMOW I10CIE0BATEILHOCTH KaOEIbHOM JIMHUK K
MOMEHTY ¢ ¢ y4eToM Harpesa ero TokoM K3, MOM. DT0 conpoTUBIEHNE PACCUUTHIBAIOT
B COOTBETCTBHH C 1I. 6.10.

6.6.3. Eciau 31ekTpocHAOXKEHHUE DIICKTPOYCTAHOBKH OCYIIECTBIIETCS OT 3HEPrOCHUCTEMBI uepes
MOHIDKAIOMMKA TpaHchopMarop u BOmm3M Mecra K3 HMEIOTCS CHHXPOHHBIE W ACHHXPOHHBIE
JIEKTPOBUTATENN WIN KOMIUIEKCHas Harpyska, CBsi3aHHBIE ¢ Toukoil K3 mo pammanbpHON cxeme, TO
JefcTByIOIIee 3HAYCHNE NTEPHOANYECKON cocTaBisitomeil Toka K3 B mpou3BOIBHBIIT MOMEHT BpEMEHU
CleyeT ONpeAeNsaTh Kak CYMMY TOKOB OT SHEPIOCHCTEMBI U OT 3JIEKTPOJABUTaTeNe! WM KOMIIJIEKCHON
Harpy3ku (cM. o 6.7 u 6.8).

6.6.4. B snexTpoycTaHOBKaxX ¢ aBTOHOMHBIMH HCTOYHUKAMM 3JIEKTPO3HEPTUH YTOUYHEHHBIH pacuer
NepuoIuIecKoil coctapisromeit Toka K3 0T HCTOUHMKOB 31€KTPOIHEPTUH (CHHXPOHHBIX T€HEPaTOPOB)
B IPOM3BOJBHBIII MOMEHT BPEMEHH CIIEAYET BBIIOJIHATh IyTEM PEIIEHHUS COOTBETCTBYIOLIEH CHCTEMBI
muddepeHInaNpHBIX yYpaBHEHWH TEPEXOAHBIX IPOIIECCOB C HCMONB30BaHHEM OBM n BbIAEIEHUS

1

) (6.20)




MEPUOTUYECKOM COCTaBIsioNIeH. B mpUOMIDKEHHBIX pacueTax i ONPEACICHUS JCHCTBYOIIETO
3HAa4eHUs NEepHOANYecKoll cocraBisomei Toka K3 mpu paauanbHOM cxeme cleayeT NPUMEHSTh
TUTIOBEIE KPUBBIC, IPUBEICHHBIE HA pHC. 6.2.

TumoBele KpuBble pa3paboTaHel Ha 0a3e MapaMeTPOB CXEMBI 3aMEUICHHS SKBHBAJICHTHOTO
reHepaTropa, IOJIY4YEHHBIX B pe3yJbTaTe SKBHUBAJICHTUPOBAHMS CHHXPOHHBIX TI'€HEpaTOpOB
HarnpspkerneM 230/400 B pasznmnunsix cepuii, a nmenno: MCK-1500 (400 B); MCK-1500 (230 B); MC-
1500 (400 B); MC-1500 (230 B); MC-1000 (400 B); MC-1000 (230 B); CI'ZIC (400 B); ECC, ECC5
(230 B); ECC, ECCS (400 B); I'C®S5; IT'M; CBI; CI' u nip.

JlelicTByromiee 3HaueHHE MEPUOIUYECKO cocTaBisomeld Toka K3 B MpOM3BOJBHBIA MOMEHT
BpPEMEHH OT CHHXPOHHOTO TeHepaTopa (MM HECKOJIBKUX OJHOTHITHBIX CHHXPOHHBIX T€HEPaTOpPOB,
HaXOJAIINXCS B OAMHAKOBBIX YCIIOBHSIX TI0 OTHOIIeHMIO K Touke K3) criexyer ompenensts mo hopmyie

Tt =74 £ HO(HOM)]HOM > (6.21)

IPUYEM TIPH HECKOJBbKHX TI'€HepaTropax MOJ HOMHHAIBHBIM TOKOM CIEIyeT IOHMMAaTh CyMMY
HOMHHAJIBHBIX TOKOB BCEX T'€HEPATOPOB.

[Tpn HEOOXOIUMOCTH yueTa CHHXPOHHBIX M aCHHXPOHHBIX JJIEKTPOJBHUraTeNei WM KOMIUIEKCHOW
Harpy3kl B aBTOHOMHOM DJJIEKTPHUYECKOM CHUCTEME JEHCTBYIOIIEE 3HAUYEHHE MNEPHOANYECKON
cocrapistromnieii Toka K3 B mpon3BoEHBI MOMEHT BPEMEHH TIPH PATUATBHON CXEME CBSI3H IBUTATEICH
¢ Toukoi K3 cmemyer ompeneniatp Kak CyMMy TOKOB OT AaBTOHOMHBIX HCTOYHHKOB H OT
3JIEKTPOJBUTATENEH WM KOMIUIEKCHON Harpy3ku (cMm. mi. 6.7 u 6.8).

VYuer BnusiHMS Ha TOK K3 CONpOTHBIEHHS 3JIEKTPUYECKOH JyrM M YBEIWYECHUs AKTUBHOTO
COIIPOTHUBIICHUS MPOBOJHHUKOB HOA JeiicTBHEM Toka K3 pekomMeHmyeTcs! BBIOIHATh B COOTBETCTBHUH C

mm. 6.9 u 6.10.
Y
—-—""'—J
 comf=2 ]
1,0 /
0,9
0.8 ]
\ 4
——
0’7 \ \\
0,6 N \5\
% 6 | —T—
0,5 v —
0,4
8\,7\
0,3
iy, U

0 02 04 06 08 1c

Puc. 6.2. TunoBsle KpUBbIE I CHHXPOHHOTO 'eHepaTOpa aBTOHOMHBIX CHCTEM
anekTpocHabxeHus Harpspkernem 400/230 B

6.7. YueT CMHXPOHHBIX M ACHHXPOHHBIX 3JIEKTPOABUraTeeil npu pacyere TokoB K3
6.7.1. Ilpu pacuere Ha4aIbLHOrO 3HAUYECHUS MEPUOJIUYECKON cocTamistoniei Toka K3 cuHxpoHHbIE

SJIEKTPOJBUTATENN CIEAyeT YYUTHIBATH CBEPXIIEPEXOIHBIM COIMPOTHBICHHEM II0 TPOIOIBHONH OCH
portopa ( X7 ), a Ipu ONpeelIeHHH HOCTOSHHOM BPEMEHH 3aTyXaHHs allepuoJHIYecKOil COCTABISIONICH



Toka K3 — WHAYKTUBHBIM CONPOTHUBJICHUEM [JIsI TOKOB 06paTHOI>i noCJICA0OBATCIIbHOCTH X2 u
AKTUBHBIM CONPOTHBICHUEM 00OMOTKH c¢raTtopa RCII~ HpI/I HpI/I6J'II/I)KeHHLIX pacyeTrax HAOIyCTUMO
NIPpUHUMATH
v — . _ "o, _ "
X dnon=0.15; X2 = X[ Rey = 015X

6.7.2. B pagmanpHO# cxeMe HadalbHOE NEHCTBYIOIIECE 3HAUCHHE MMEPHOANICCKON COCTABIAIOMICH
ToKa K3 0T CHHXpOHHBIX 3JIEKTPOABUIATEICH CIIEAYyET OMPEAEIATh Mo hopMyiie
”n
Eg.cn
XU+ X2 )2 +(Reyg + Ris )
(X§+X12)" +(Reg +Riz)

riae E&).C 7 - csepxnepexoanast OJIC cHHXpOHHOTO snekTpoasurarens (pasHoe sHaueHune), B;

Ihocn = (6.22)

X3 ¥u Rcy - COOTBETCTBEHHO CBEPXIEPEXOJHOE HMHIYKTHBHOE M aKTHBHOE CONPOTHBICHHS

anekTpoasuraress, MOwm;

Ry n Xz - cyMMapHOoe HHIYKTMBHOE W CYMMapHO€ AaKTHUBHOE COIPOTHUBIIEHUS MNPSMOI
MIOCJIEI0BATENILHOCTH LIENH, BKIIOYEHHON MEXy 3JeKTPOJBUTATENIEM U PACUETHOM
toukoii K3, MOwM.

Jis  CHHXpOHHBIX JJIEKTpoJBUTATeNeH, KoTopele g0 K3 pabotamm ¢ mepeBo30yKICHHEM,

cBepxnepexonnyro D/IC B BOIbTax CIeAyeT pacCUUTHIBATE IO GOpPMyIIe

" _ 2 : "2
Egcn _\/(Ucb‘O‘COS(P‘O‘ +I‘0‘RCI[) +(U‘0‘Sln(p‘0‘ +I‘0‘Xd) . (6.23)

Jns  CHHXpOHHBIX  OJJEKTpoaBHTaTened, paboraBmux g0 K3 ¢ HemoBo3OyxkIeHHEM,
ceepxnepexonuyo DJC (£ &S.C 71 )» B BOIIBTAX, CIEyeT ONPEeIeIATh 110 hopmyIie

" _ 2 : _ "2
E@-CH —\/(U(b‘o‘cosq)‘o‘ +1‘0‘RCI[) +(U‘0‘Sln(p‘0‘ I‘O‘Xd) . (6.24)

6.7.3. Ilpum pacuerax HayaJIbHOTO 3HAYEHMsI MEPUOJUYECKON cocTapistomeld Toka K3 ot
ACHXPOHHBIX  JJIGKTPOJBHUTATENCH  IOCIEAHWE CIIEAyeT BBOJUTH B CXEMY  3aMEIICHUS
CBEPXIIEPEXOTHBIM MHAYKTHBHBIM CONPOTUBICHHEM. [IpH HEOOXOIMMOCTH MPOBEACHHS YTOUHEHHBIX
pacyd€ToB CICAYCT TAKIKE YUUTHIBATH AKTUBHOC COIMMPOTUBJICHUC ACUHXPOHHOI'O DJICKTPOABUTATEIIA.

CyMMapHOE aKTHBHOE COIPOTUBIICHUC, XapPaKTCPU3YIONIECC ACHHXPOHHBIA 3JCKTPOJBUTATEIH B
HadalbHEIH MOMEHT K3 B MIIITHOMAX, TOMyCTUMO PacCYUTHIBATE IO (hopMyIie

Ray =R, +096R2, (6.25)

rzie R, - akTHBHOE CONPOTHBIEHHUE cTaTopa, MOM;

o

R> - axTHBHOE CONpPOTHUBICHHE POTOpA, MPUBEAEHHOE K cTaTopy, MOM. DTO CONPOTHBIICHHUE
JIOITYCTHMO OIIPEAEISTH 110 opmyite

0’364{ n( Puon + Pux ) 6
2= 22 107, (6.26)
i 1L iom (1 — Suom )
rae M I - KpaTHOCTb IIYCKOBOTO MOMCHTA DOJICKTPOABUTATCIA 1O OTHOWICHUIO K €TI0

%

HOMHHAIEHOMY MOMECHTY;
P on - HOMMHAJIbHASL MOILHOCTb 3JIEKTpOABUTaTeNs, KBT;

P,x - MExaHWYECKHE MTOTEPHU B AJIEKTPOABHUTraTene (BKItouas 100aBOYHbIE MOTepH), KBT;

i 1 - KpaTHOCTb ITyCKOBOT'O TOKAa 3JIEKTPOABUTATENSI IO OTHOLIEHUIO K €70 HOMUHAJIBHOMY

TOKY;
1 10p - HOMUHAIIBHBIN TOK AJIEKTPOABUTATENS, A;
Suon -~ HOMMHAJIBHOE CKOJIBYKEHUE, OTH.E]I.
AKTHBHOE CONPOTHBIICHHE CTAaTOpa OJIIEKTPOABHUTATENS, B MIUUIMOMAX, €CIM OHO HE 3aJaHo
M3TOTOBUTENEM, IOIYCKAETCS ONPENEeNATh 0 hopMyIIe

2
— SHOM . UHOMCOS(pT]HOM
100 P
€ Syow - HOMUHAIIBHOE CKOJIbKEHUE ACHHXPOHHOI'O JJIEKTPOABUrarTels, %.

CBepxnepexoaHoe HHAYKTUBHOE CONPOTHBICHNUE aCUHXPOHHOTO JIEKTPOJBUIATENsl B MUJUIMOMaX
paBHO

R , (6.27)

HOM



Ucb.HOM

103 | —R%y, (6.28)
iH]HOM I[

Xy =

rae Ug uon - HOMUHATIBHOE (Da3HOE HAMPsUKEHUE IEKTpoaBurarens, B.
6.7.4. HawanpHOoe [nelCcTByIOIIEEe 3HAU€HHE NEPUOJUUECKOM cocTaBisaoomed Toka K3 ot
ACHHXPOHHBIX AJIEKTPOJBHUIaTeNel B KHIIOAMIIEpax CIEAYeT PacCUUTHIBATh O Gopmyie

_ Epan
moALL ™ , 2 2’
JOXAn+Xis )P +(Rag + Ris )

rac X;&Il u RAII - COOTBETCTBEHHO CBEPXIEPEXOAHOC MHAYKTUBHOEC WU AKTHUBHOE COIPOTHUBJICHUA

I (6.29)

anekTpoaBurateis, MOM;

Rz m Xiy - cyMMapHOe HHIYKTHBHOE M CyMMapHOE€ aKTHBHOE CONPOTHUBICHMS MNPSIMOM
MOCTICIOBATEIPHOCTA  IICMH, BKIIOUCHHOH MEXIY JJICKTPOJBUTATEIIEM U
pacdeTHOi1 Toukoit K3, MOwMm;

E&]Aﬂ - cBepxmnepexoanas DJIC acCHHXPOHHOIO 3JEKTPOABUIATENS, KOTOPYH) MOXKHO

paccunTath 10 opmyite (6.24), 3ameHuB B Heit Rcy 1 X ] COOTBETCTBEHHO Ha
”
R AL M X AL~
6.7.5. Y napusrii Tok Tpexdaznoro K3 oT CHHXPOHHOTO 3JIEKTPOABHUIraTEss CICIYeT PACCUUTHIBATH
TaK e, KaK ¥ OT aBTOHOMHOT'O MCTOYHUKA (CM. TI. 6.4).
6.7.6. YmapHBII TOK OT AaCHHXPOHHOTO JJIEKTPOIBUTATENS CIEAyeT PacCUUTHIBATh C YIETOM
3aTyXaHUs aMIUTUTY bl IEPUOIUECKOi cocTaBisoner Toka K3 mo popmyie
—0,01 -0,01
i —./ Tp Ta
yaAl = ZIHOAII e +e , (630)

rae T, - pacyeTHas IIOCTOSHHAs BPEMEHM 3aTyXaHMsl IIEPUOAMYECKOM COCTABIAIOIIEH TOKA
cTaTopa, c;
T, - mOCTOSIHHAsI BPEMEHH 3aTyXaHUsl allepUOANYECKON COCTABISIOIIEH TOKA CTaTopa, C.
[Mocrostanbie Ty u T, 10MyCKaeTcst pacCUUTBIBATEL IO HopMyIaMm

X:& +X16
p:—ﬂ —© (6.31)
o, -R2
Xan + X
A £ (6.32)

oc(Ry +Riyg )

TZie ®, - CAHXPOHHAs YTJI0Bas 4acToTa, paj/c;

o
R, u R> - COOTBETCTBEHHO AaKTHBHOE CONPOTUBIEHHE CTaTOpa M AaKTHBHOE CONPOTHUBIICHHE
poTopa, MPUBEAECHHOE K CTaTOpy, KOTOPbIE JOMYCKAeTCsl paCCUUTHIBATh, KAK YKa3aHO B

m. 6.7.3.

6.7.7. Tounblii pacueT NEHCTBYIOIIETO 3HAYEHHUs MEPUOJIUYECKON cocTamistonieit Toka K3 ot
CUHXPOHHBIX M ACHHXPOHHBIX 3JIEKTPOJABUTATENEN B NMPOU3BOJIBHBIA MOMEHT BPEMEHU BBINOJHSIOT
MyTEM pEIIeHWs COOTBETCTBYIOMIEH cHCTeMbl IU(QepeHINaNnbHBIX YPaBHEHHH IEPeXOIHBIX
MPOIIECCOB M BBIIEIICHHS] EPHUOANYECKON COCTaBIsIomel Toka. [Ipy mpuOIMKeHHBIX pacderax 3TOH
cocraBisironieil Toka K3 B paguanpHON cxeMe HCIONB3YIOT TUIIOBBIE KPUBEIE, IPUBEICHHbBIE Ha PHUC.
6.3n6.4.
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Puc. 6.3. TUNoBbIE KPUBBIE IS ACHHXPOHHOTO Puc. 6.4. Tunossle KpUBbIE U1 CHHXPOHHOIO
3JNEKTPOABUTaTENs HanpshkeHueM 10 1 kB 3JIEKTPOABUTATENS HanpshkeHueM 10 1 kB

TurnoBble KpUBBIE aCHHXPOHHOTO JBHUrarens (puc. 6.3) pa3paboTaHbl Ha 0a3e MapamMeTpoB CXEMBI
3aMEIeHNs] SKBUBAJICHTHOTO ACHHXPOHHOTO JBHTAaTeNs, IIOJyYEHHBIX IIPH 3KBHBAICHTHPOBAHUH
CIIEIYIOMINX CepUil aCHHXPOHHBIX ABuTarenei: A2 6 - 9-ro rabaputos; AOJI2; 4A u 4AH; BAO; A3-
315; A 3 - 9-ro rabapuroB; AO u AOJI 2 - 9-ro rabaputos; A 3ammumenssie 10 - 13-ro rabaputos; AO
8 1 9-ro rabapuToB u 1p.

TunoBble KpuBBIE CHHXPOHHOTO aBUTatens (puc. 06.4) pa3paboTaHbl TakXe B pe3yjbTaTe
SKBUBAJICHTUPOBAHMSI CHHXPOHHBIX JBUraTesel HanpsbkeHueM a0 1 kB.

JeiicTBytomee 3HaueHHE NEPUOIMUECKON cocTapistoniei Toka K3 B IpoW3BOIBHBIII MOMEHT
BPEMEHH OT CHUHXPOHHOIO WJIM ACHHXPOHHOTrO 3IeKTpoiaBUraTenst (Iycp, Inan) WIM HECKOJIBKUX
9JIEKTPOJIBUTaTENeH, HaXOJIIUXCSl B OJMHAKOBBIX YCJIIOBHSX IO OTHOIIEHHWIO K Touke K3, cinemyer
paccUnTHIBATh COOTBETCTBEHHO 1O (hopMynam

I mtCIT = YtCJI £ HO(HOM)I HOMCJI > (6.33)

Tntag =Y L nogom L nomast » (6.34)

Mpu4eM Npr HECKOJIBKUX JJICKTPOABUTAaTCIIAX IO HOMUHAJIBHBIM TOKOM CJIEAYET IOHUMATh CYMMY
HOMHHAJIBHBIX TOKOB BCEX BHCKTPOHBHFaTeHeﬁ.

6.8. Yuer KOMILIEKCHOI HATPY3KH NIPH PacueTaX TOKOB KOPOTKOI'0 3AMbIKAHMS

6.8.1. B cocraB KOMIUIEKCHOM Harpy3kd MOTYT BXOJUTb ACHUHXPOHHBIE M CHHXPOHHbBIE
3JIEKTPOJIBUraTeN!, IMpeoOpa3oBaTey, MEKTPOTEPMUUECKHUE YCTaHOBKH, KOHJEGHCATOpHbIE Oarapew,
JIaMITbl HaKaJIMBaHUS U ra30pa3psIHble HICTOUHUKH CBETA.

6.8.2. [lpm ompeneneHUN HAYANBHOTO 3HAYEHHUS MEPUONWYECKON cocraBmaromeil Toka K3
KOMIUIEKCHYI0 Harpy3ky B CXEMy 3aMELICHUs MpsAMOH IIOCIEeI0BAaTEIbHOCTH CJIEAYeT BBOIUTH
SKBUBAJIEHTHOH cBepxnepexonnoit DJIC £ u conpoTUBICHUEM MPSIMOM MOCIE0BATENbHOCTH Z1yyr, 4 B
cxeMy oOpaTHOW M HYJCBOU MOCIEAOBATEILHOCTEH - COMPOTUBICHUSAMH Zoyr U Zoyr. PEKOMEHIyEMBIE
3HayeHnst cBepxnepexomHoit OJIC (Ej.), compoTuBieHuil mnpsmoi (Z;) u obpaTHOil (Z,)
MOCJIEI0BATEILHOCTEH OT/IENIBHBIX 3JIEMEHTOB KOMIIIEKCHOW Harpy3Ky IpHUBEIEHBI B Ta0. 5.1.

6.8.3. 3raueHHns MOmyNel MONHBIX CONPOTHBICHUH Ziur, Zyyr U Loy, @ TAKXKE IKBUBAICHTHOH
cepxmnepexonnoit DJIC KOMIUIEKCHOM Harpy3ku Ej. B OTHOCHTEIBHBIX €IMHHUIAX IIPU OTCYTCTBUH
JpyTHX, 00Jee MOJHBIX JaHHBIX, MOTYT OBITH OIpE/EIICHBI IT0 KPUBBIM, ITPUBEACHHBIM Ha puc. 6.5, a-2
u 6.6, a-6 B 3aBUCUMOCTH OT OTHOCHTEJILHOTO COCTaBa MoTpeduTeseil y3na Harpysku P;i/Py, rne Py -
CyMMapHasi HOMHHaJbHas aKTMBHAs MOIIHOCTh Harpys3ku, KBT; P; - ycTaHOBJIEHHAas MOIIHOCTh i-T'O
noTpeduTens Harpysku, kKBt (1:’ AJl - ACHMHXDOHHBIC JIBUTaTelIN, 1: CJ| - CHHXPOHHbIE JBHMraTel,

P jy - mamnbl HakanMBaHMA, P 5y - DJIEKTPOTEPMHYECKUE YCTAaHOBKH, P j - Ta30HAIOJHEHHBIC
* * *
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Puc. 6.6. 3aBUCUMOCTb TAPAMETPOB KOMIUTEKCHON HATPY3KHU Z 141y Zowrs Zour, Eur OT €€ COCTABA

6.8.4. Merop ydyeTra KOMIUICKCHON HArpy3KH 3aBUCHT OT XapakTepa MCXOTHON CXEMBI 3aMEICHHS
KOMIUIEKCHOM Harpy3ku (puc. 6.7) U MOJIOKESHHsI pacueTHOH Touku K3.

B pammanbHOW cxeMe JOMycKaeTcs HE YYHWTBHIBATh BIMSHHUE CTaTHYECKUX MOTpeduTenei
(mpeoOpazoBarenel, >IEKTPOTEPMHUYECKUX YCTAaHOBOK, 3JEKTPUYECKOro oOcBelleHus). HaganbHoe
3HAYCHHE NEePUOTUYECKON cocTapistomeld Toka K3, ymapHbBII TOK, a TaKkKe MEPUOTUICCKYIO
cocraBoNnyl0 Toka K3 B IpoOW3BOIBHBIII MOMEHT BpPEMEHH OT AaCHHXPOHHBIX M CHHXPOHHBIX
UIEKTPOABHUraTesel B pajuanbHBIX CXeMaX CIeQyeT PacCUUTBhIBaTh B COOTBETCTBUM C yKa3aHHUSIMH,
W3JI0’KEHHBIMH B 1I. 6.7.
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Puc. 6.7. TunoBas pacueTHas cxeMa y3jla KOMIUIEKCHOM Harpy3Ku

AJl — acHMHXpPOHHEIC AJIEKTPOIBUTATEIIH;

CJ] — cHHXpOHHBIE 3JIEKTPOIBUTATEIIH;

JIH — nmamnel HaKaTMBaHUS,

JII' — nammnsl razopa3spsiiHble;

[T — mpeobpazoBareny;

JY — 3MeKTpOTepMUIECKHE YCTAHOBKH;

K — xonnencaTopHbie 6aTapeu;

KJI — kabenbHas TUHYS,

AT — aBTOHOMHBIM UCTOYHUK BJIEKTPOIHEPTUH;
T — Ttpancopmarop;

K1, K2, K3 — Touku K3

6.8.5. TIpu K3 3a oOmmmM mns y3ga HArpy3Kd COINpPOTHBICHHEM HAdaIbHOE 3HAYCHUE
MepUOINIecKoil cocTapisromeil Toka TpexdasHoro K3 (/;oyr) B KHWIIOAMIIEpaX CIEIYET OMPENeNiTh C
YUETOM BJIMSHUSI IBUTaTEIbHOM U CTAaTHYECKOW HAarpy30K, UCTIONIB3Ys (OpMYITy

E: HFUCp.HH
Lour = , (6.35)
Ul ? Ul ?
cp.HH cp.HH .
‘/5 Z lar o C0SQyr +R12 + Z lar o SNQyp +X12
* SZ * SZ

rae E" .. u Z . - dxBuBanenTHas DJIC U conmpoTHUBIEHUE NPAMOIl MOCIEIO0BATEIBHOCTH y3/1a
* *

HarpyskKu; X 3Ha4YC€HHUA B OTHOCHUTCIIbHBLIX CIAMHHUIAX CJICAYCT OIPCIAC/IATH
IO KpWBBIM, IPUBEACHHBIM Ha puc. 6.5 U 6.6, B 3aBHUCUMOCTH OT
OTHOCHUTEIBHOTO COCTaBa IOTPEOHTENeH;
Ris u Xz - COOTBETCTBEHHO CyMMapHOE€ aKTHMBHOE€ M CyMMapHO€ HHIYKTUBHOE
COIIPOTHBIIEHHS LIETTH KOPOTKOT'O 3aMBIKaHMsI, MOM;
Sy - cyMMapHasi HOMMHAJIBbHAS! MOIITHOCTH Harpy3kd, KB-A;
Ucun - cpelHee HOMHMHANBHOE HANpsDKEHHE CETH, COOTBETCTBYIOLIEH 0OMOTKe
HU3ILIETO HanpspKeHus TpancopmaTopa, B.
3HaYeHHsT yIApHOTO TOKA W TMEPHOIMYECKON cocTaBirsttomie Toka K3 B MpOM3BONBHBIA MOMEHT
BPEMEHH OT 3JICKTPOJIBUTATENEH CIIeAyeT ONPEeNesITh B COOTBETCTBHUH C MIL. 6.5 1 6.7.
6.8.6. ITpu KOPOTKOM 3aMBIKaHUH 32 OOLIMM /ISl HArpy3KH U CHCTEMBI CONIPOTHUBIICHHEM (puc. 5.14,
2) U OIMHAKOBBIX OTHOIICHHAX X/R BeTBEeW pacueTHOH CXeMBI Ha4aJbHOE 3HAUYCHUE TEPHOIIMIECKON
cocTapysironel Toka Tpexdasznoro K3 pomyckaercs paccuuThiBaTh 1Mo hopmylie

Ucp.HH I’T Zl ar T § ! Hr(HOM)Ucp.HH Zc

1.0 = L , 6.36
oK Zc'ZlHr+Zc'ZK+ZlHr'ZK ( )

rae E" yigom) - AC y3ina Harpysku B OTHOCHTEIBHBIX €IMHALAX;
*

n; - KoO3QPUIreHT TpaHchopMauu TpaHCPOPMATOPa;
Zius Zey Zy — MOIYJNH CONPOTHBICHHH BETBEW HCXOTHOW CXEMBI 3amemieHus (puc. 5.14, 2),
npuyeM
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Zigr = % lHr(HOM)S— >
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Z, = 1IR122 +X 122 - paccUMTHIBAETCA, KaK yKa3aHo B II. 6.2;
Z, =

1/R122 +X122; Risx u Xisx - COOTBETCTBEHHO CyMMapHOE€ aKTHBHOE W CyMMapHOE

WHAYKTUBHOE conmpoTuBieHus rerm K3.
3HaueHus1 yIapHOro TOKa U MEepUOAUYECKOH cocTaBisitonie Toka K3 B mpou3BONbHBIA MOMEHT
BPEMEHU CIIEAYET ONPENENITh B COOTBETCTBUH € MIL. 6.5 1 6.7.

6.9. YueTt conpoTHBJIeHHUS 3JIEeKTPUYECKON Tyru

6.9.1. Yuer snekrpuueckodl ayru B Mecre K3 pexomeHayercss HMpOU3BOAUTH BBEJECHHUEM B
pacueTHyl0 CXeMy aKTHBHOTO CONpOTHBIEGHHS IyrH R,, KOTOpoe ompepemnsercss Ha 0ase
BEPOSATHOCTHBIX XapaKTePUCTUK BIISIHUS yCTOWYHBOH (Hemoracatorieiics) 1yru Ha Tok K3.

6.9.2. CpenHee 3HaueHHE aKTHBHOTO CONPOTHUBIICHHS AYTM B HadaJdbHBIH MoMeHT K3 nmomycrumo
OTIpeNeNsITh o (hopMyiie

(6.37)

rae I, - HadallbHOE 3HaUYEHUE MEePUOIUYECKON COCTaBISIONIEH TOKa B MecTe MeTayutnueckoro K3,
KA, onpeJensieMoe B COOTBETCTBUU C M. 6.2;
Ris m Xz - COOTBETCTBEHHO CyMMapHOE WHAYKTHBHOE M CyMMapHOE aKTHBHOE CONPOTHBIICHHUS
nerm K3, MOwm;
K. - cpemHecTaTMCTHYECKOE 3HAYCHHE IMOMPABOYHOTO KOI(PQHIMEHTA, YYUTHIBAIOIICTO
CHIDKEHHE TOKa B HA4YalbHBIH MOMEHT ayroBoro K3 10 CpaBHEHHIO C TOKOM
Metadeckoro K3, KoTopblit MOYKHO ONpeNeNuTh o GopMyIe

K. =06-00025Z, +0114,/Z, —0133/Z, | (6.38)

rne Z, - conporusienue enu K3, 3aBucsmee ot suaa K3:
npu Tpexdazaom K3 ZI(<3 ) = \lRlzz +X 122 ;
npu 1Byxdaznom K3 Z,ﬁz) =2 /\/EWIRIZZ + Xlzz ;

npu oxHodaszHoM K3 ZI((I) :1/3\/(2R12 +R02)2 +(2X 3 + on)z .

6.9.3. CpenHee 3Hau€HNE aKTUBHOTO CONPOTUBIICHUS IYTH B IPOU3BOJIBHBIII MOMEHT BPEMEHH NPU
ycroiunBoM ayrosom K3 nomyctrmo ompenersts mo gopmyie

2
Ucp.HH
312,K2

ct

~ X{y —(Ris + Rigst ) » (6.39)

rae I - IOeiicTByIoIlee 3HAa4YCHHE MEpHOIUYEcKOil cocTaBisonie Toka Mertamumdeckoro K3 B
MPOU3BOJILHBIA MOMEHT BPEMEHH, OIpENeNsieMOe B COOTBETCTBHHM C M. 6.6 C yd4eToMm
YBEJIMYEHUS aKTUBHOT'O cONpoTuBieHus emu K3;

R s - cyMMapHOe aKTHBHOE COTPOTHBIICHHE MPsIMO mocienoBarenbHocTH enu K3, MOM, 6e3
yueTa akKTUBHOTO CONPOTHUBIICHHSI KaOETbHOW WM BO3YIIHOW JIMHUHM M COIPOTHBIECHUS
JNEKTPUIECKON JTyTH;

Rist - AKTUBHOE CONPOTHBIICHHE MNPSMOHN IOCIEIOBATEIHFHOCTH KaOEIhHON WM BO3IYIIHOU
JUHUKM K MoMeHTy ¢, MOM, ¢ ydyerom HarpeBa ee TokoM K3. OTo compoTuBieHHE
PacCcUUTHIBAIOT B COOTBETCTBUM C II. 6.10;

K. - cpemHecTaTHCTHYECKOE 3HAYCHHE IIONPAaBOYHOTO KO3(G(HUINECHTa, YYUTHIBAOIIETO
CHIDKeHHe Toka ayroBoro K3 mo cpaBHeHuio ¢ Tokom Metamumdeckoro K3, KoTopsIit
MOXHO OIPEIENHTh 10 popmyrie

Ky =055-0002Z, +01Z —0123/Z, , (6.40)
rae Z, - conpotusienue uenu K3, 3aBucsmiee ot suaa K3:

npu Tpexdaznom K3 Zr(j) = \/(Rlz + Rix65t )+ Xlzz ;




npu nByxdazaom K3 Zl((%) =2 /ﬁ\/(Rlz + Rixo9t )2 + X122 ;

npu oxmodasrom K3 Z{) =1 /3J [2(Ris + Ryxgoc )+ Ros * +(2X 15 +X o)

6.9.4. Pacuer MakCHUMaibHBIX M MHHUMAIBHBIX 3HaueHHH Toka ayroBoro K3 pexomeHmyeTcs
BBINIOJIHAT Ha OCHOBE TPEACNbHBIX 3HAYEHHH CONpPOTUBICHHS JyIH, ONpEAeNsIeMbIX MO
CTaTHCTHYECKMM  XapaKTePUCTHKaM pa30poca IONPaBOYHOrO KOI(PQPHIMEHTA, YYHUTHIBAIOLIETO
CHIDKeHHe Toka qyroBoro K3 mo cpaBHEHHIO ¢ TOKOM MeTainmmdeckoro K3.

6.9.5. Ilpu onpeneneHun BepOSITHOTO 3HaUeHUs Toka K3 B HauagbHBI MOMEHT BPEMEHH C YUETOM
CONPOTHBIICHHUS JYyI'M TIIOCIEeTHEE PEKOMEHAYETCS pacCuuThiBaTh NO (opmyrne, B KOTOpOWH
KodpdunueHT K. CIeayeT ONpeneIsTh B COOTBETCTBHH C BBRIPAKCHHEM:

IUTST MaKCUMaJIbHOTO 3HaueHus Toka K3

K¢ max =0,788+0,353-102Z, 021107422 +045-107 23 ; (6.41)
JUIA MUHUMAJIBHOI'O 3HAYCHHUA TOKaA K3
K¢ min =0458+0,557-1072Z, —0247-107% 22 +039-1077 2. (6.42)

6.9.6. Ilpu ompeneneHWH BEpOSTHOTO 3HadeHHS Toka K3 B MPOM3BONBHBI MOMEHT BPEMEHH
CONPOTHUBIICHHE AYTH PEKOMEHYETCsl PACCUUTHIBATH 10 (popmysie (6.39), B koTopoit koaddurmeHt K
CJIE/TyeT ONPENENSATh B COOTBETCTBUH C BEIPAKEHHEM:

JUISl MAKCUMaJIbHOTO 3HadeHus Toka K3

Kt max =0,661+0319:1072 7, —0,127-10422 +013-1077 23 ; (6.43)
JUIST MUHAMAJIBHOTO 3HaueHus Toka K3
Kot min =0339+0,745-102 7, —0,484-107*22 +013-107 Z2,. (6.44)

6.10. Y4yer u3MeHeHUsi AaKTHBHOI'0 CONIPOTHBJICHUS NPOBOIHUKOB
NMPU KOPOTKOM 3aMbIKAHHH

6.10.1. Ilpu pacuere MUHHUMAaIBHOTO 3HaueHHs Toka K3 111 mpoOM3BOIBFHOTO MOMEHTa BPEMEHH
HEOOXOAMMO YYHTHIBATh YBEJIMYEHHE AKTUBHOTO COINPOTUBIICHHS NPOBOJHHUKOB BCJIEICTBUE WX
Harpesa TokoM K3.

B 3aBucuMmocTH OT 1enel pacdera YBENIMYEHHE AKTUBHOTO COMNPOTHUBICHHS IPOBOAHUKOB
PEKOMEHYeTCsl ONpeessTh C YYeTOM WM 0e3 ydeTa TeIIOOTIauH B OKPYXKAIOILYIO Cpely, a TAKKe C
yueToM mim 0e3 ydeTa anieKTprueckoit nyru B mecte K3.

6.10.2. YBenmueHWe AaKTHBHOTO COIPOTHBIICHHS IPOBOJHUKOB PEKOMEHIYETCS YYHUTHIBATH C
nomouipo ko3¢ punnenra Kg, 3aBUCSILIETO OT MaTeprala U TeMIIEPaTypbl IPOBOAHUKA

Ryt = Ry K gt
rae R, - aKTHBHOE CONPOTHUBJIECHHE NPOBOJHMKA MpPU HauyalbHOM Temmeparype, MOM, KOTOpoe
MOJKET OBITh OmpeesieHo o dhopmyie (5.46);
Ky - Xo3hduIMEHT yBEIWYECHUS] AKTHBHOTO CONPOTHBICHUS IPOBOAHUKA, KOTOPBIi
ompenensiercs mo ¢popmyue (5.49).

6.10.3. I1pu meranmmmyeckom K3 3nauenne koadduimenta Ky ¢ yueToM TEIUIOOTauH (MMEIOTCS B
BUY KaOeNbHbIC JIMHUM) WK 0e3 ydeTa TeIUIooTAaul (MMEIOTCS B BULY BO3AYIIHBIC JIMHUN) CIEIyeT
OTIpEeNIEIISITh B COOTBETCTBUH C peKOMeHIawsMu 1. 5.10.

6.10.4. TIpu nyroBom K3 crnenyer yuyuThIBaThb B3aUMHOE BIMSIHUE WM3MEHEHMsI AKTHBHOIO
COIPOTHBIICHHS MIPOBOAHMKA BCIIEICTBHE HAarpeBa TOKoM K3 1 compoTHBICHNS 3NEKTPHUECKON IyTH B
mecre K3.

3nauenus koodunmenra Ky juist kabened ¢ allOMHHHEBBIMH JXMJIaMH TIPH HarpeBe MX TOKOM
nyroBoro ycroiumBoro K3 ¢ y4eToMm TEemIoOTAaYH OMPEAEIAIOT B 3aBUCHMOCTH OT CEUEHHS JKMIIBI
kabess, Toka B Mmecte K3 (/;9) 1 mponomxurensHoct K3 1Mo KpUBBIM, IPUBEAEHHBIM Ha pHC. 6.8 WK
6.9, a 1 xabenelt ¢ MEAHBIMU KUJIAMH - 110 KPUBBIM, IPUBEACHHBIM Ha pHc. 6.10 unu 6.11.

Kpussle, npuBeeHHbIe HA pUC. 6.8-6.11, MOITy4eHBI IPH CHAETYIOMUX PACUETHBIX ycioBusx: K3
MPOUCXOUT B PAIHAIEHON CXEMe, CoJleprKalleil HCTOYHUK Hen3MeHHOH 1o amrummtyne DC;
Temrepatypa kabes uzmensiercs or 3, = 20 °C 10 9 4on = 200 °C; conpoTHBIICHNE IEKTPUIECKON
JIYTH YIUTBIBAETCSI B COOTBETCTBHH C I1. 6.9; BIMSIHUE TEIJIOOTAAYH B M30JISILIMIO YUUTHIBACTCS B
COOTBETCTBHH ¢ pekoMeHaanusamu 1. 5.10; npogomkutenbHOCTh K3 (Z4,) cocTaBmser 0,2; 0,6; 1-1,5
c.
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Puc. 6.8. 3aBucumocTr ko3¢ dunneHrTa Puc. 6.9. 3aBucumoctr k03¢ punreHra
YBEJIMYECHHUS] aKTUBHOTO CONIPOTUBIICHHS Kabenel  yBEeIMUSHHSI aKTUBHOTO COTIPOTHUBIIEHUS Kabeen
Pa3IMYHBIX CEUCHUH C aIFOMUHUEBBIMH JKIJIAMHA  Pa3JIMYHBIX CEUYCHUH C alFOMHHHEBBIMU JKIJIaMA

L5

1,4

1,3

1,2

L1

1,0

OT TOKa IyroBoro ycroitunsoro K3 ¢ yaerom 0T TOKa AyroBoro ycroitunBoro K3 ¢ yuetom
TEIUIO0TAAYH IpH mpoaosnkuTenasHocTsx K3 0,2 ¢ TEIUIO0TAA4YU IPU IPOAOLKUTEIbHOCTAX
(crumomnble kpusbie) 1 0,6 ¢ (MyHKTHPHBIE K31-1,5¢
KpHUBBIC)

6.11. IIpumepsI pacueToB TOKOB KOPOTKOI0 3aMbIKAHUS

6.11.1. TpeOyercsi ompenenuTh BEPOSATHBIC MAKCHMaIbHOE W MHHHMAIBHOC 3HAUCHHS TOKa B
HavanbHbIH MoMeHT K3 B Touke K1 (cM. cxemy Ha puc. 6./2) m K MOMeHTy orkimodeHus K3
(torxn = 0,6 ¢). lcxonHbIe MaHHBIC TPUBECHBI HIXKE.

Cucrema C: S = 150 MB-A; U, gn = 6,0 kB.

Tpaucdopmarop tuma TC3C-1000/6,0: u, = 8 %; Upy = 6,3 kB; Uyy = 0,4 kB; P, = 11,2 kBT.

ABTOMaTHYECKHE BBIKITIOYATEIH:

QF1 "Onextpon": [0y = 1000 A; R = 0,25 MOM; X1 = 0,1 MOm;

QF2-A3794C: o =400 A; Rpp = 0,65 MOM; X = 0,17 MOwm;

QF3-AE2056: [0 = 100 A; Ri3 = 2,15 MOM; Xi3 = 1,2 MOM.

[Munomposox III1: MIMA-4-1600; [, = 15 M; Ry = 0,03 MOm/™M; Xy = 0,014 MOwm/m;
Rop1 = 0,037 MOM/M; Xgy1 = 0,042 MOM/M.

KabenpHble TUHUH:

KB1: ABBI'-3x185+1x70; [, = 50 m; R; = 0,208 MmOm/M; X; = 0,063 MOM/M; Ry = 0,989 MOM/M;
Xy = 0,244 MOm/M;

KB2: ABBI'-3x35+1x16; /3 = 20 m; R; = 1,1 MOm/Mm; X; = 0,068 MOm/M; Ry = 2,63 MOm/M;
Xy = 0,647 MOm/M.

bontoBrie koHTakTHBIE coeauueHust: R, = 0,003 MmOwMm; n = 10.

6.11.2. 3HaueHNs mMapaMeTPOB CXEMBI 3aMELICHHS MPSMON MOCIEI0BATENBHOCTU: CONPOTHUBIICHHUE
cucteMsl (X ), paccuntanHoe 1o gopmye (6.1), cocraBuser

2
X, = (400)7 153 — 1,066 MO
150

aKTHBHOE W WHAYKTHBHOE CONpPOTHBIEHUS TpaHchopmaTtopa (R,;) u (X;), paccuuTaHHBIE MO
hopmymnam (6.4) u (6.5), cocTaBisOT

112042
(1000)?

2 .2
X, = 82—[100 “’2j 047 1604 12,67 wow:
1000 1000

R, 10® =1,79 MOw;




aKTUBHOE ¥ MHAYKTUBHOE COMPOTHBIICHHS IIIMHOPOBOA:

Ry =0,03-15=0,45 MOMm; X1y = 0,014-15=0,21 MmOwm;
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Puc. 6.10. 3aBucumocty KO3PPUIIEHTA YBEITUICHHS
AKTHBHOT'O CONPOTHBIICHHUS KaOenei pa3nuuHbIX CeUeHHUH
C MEITHBIMH XKIJIaMH OT TOKa JyroBoro ycroiumsoro K3

C y4eTOM TEMIO0TAaqH HPH MPOAOIKHTEIbHOCTAX K3 %\ QF 2
0,2 ¢ (cimomHblie kpuBbie) U 0,6 ¢ (MyHKTUPHBIE KPUBBIE)
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Puc. 6.11. 3aBucumoctu k03¢ puiineHTa yBeamaeHus
AKTHBHOT'O CONPOTUBIICHNUS KaOesel pa3InuHbIX CeUeHUH

C MEJIHBIMH JKUJIaMu 1pH 1yrosoM K3 ¢ yueTom TeriooTaadu Al
nipu ipoposnkuTenbHOCTAX K3 1,0 ¢ (crutonHbie KpuBbIe)
¥ 1,5 ¢ (IlyHKTHpHBIE KPHBBIE) Puc. 6.12. PacueTnas cxema
Ko = f(Ino, Sis) K mpumepy 6.11.1

AKTUBHOE COITPOTUBIICHUE 0OJTOBBIX KOHTAaKTHBIX COCﬂHHCHHﬁ:

R, =0,003-10 = 0,03 MOwm;

AKTUBHOC U MHAYKTUBHOC COIMPOTUBJICHUS KaOeIbHBIX JTUHUN:

KB1: Ry = 0,208:50 = 10,4 MOM; X 51 = 0,063-50 = 3,15 MOwm;

KB2: R1K62 = 1,120 =22 MOM, X1K62 = 0,06820 = 1,36 MOM.

3HaueHus mapaMeTpoOB CXEMBI 3aMEIICHUSA HyﬂeBOﬁ IIOCJICAOBATCIIbHOCTH
Ry = 154 MOM; Xy = 59 MOwm;



Rou1 = 0,037-15 = 0,555 MOwm; Xy = 0,042-15 = 0,63 mOwm;

Ry = 0,989-50 = 49,45 MOwMm; Xoi1 = 0,244-50 = 12,2 MOwm;

Ry =2,63-20 = 52,6 MOM; Xeo = 0,647-20 = 12,94 MmOm.

CyMMapHBIe CONPOTHBIICHHUS OTHOCHTENBbHO Touku K3 K1

RIZ = RT + lel + R1K61 + R1K62 + RKB] + RKB2 + RKB3 + RK = 1,79 + 0,45 + 10,4 + 22 + 0,25 + 0,65 +
+2,15+0,03 =37,72 MmOwm;

X]z :XT + Xllul + X1K61 +X1K62 + XKBI +XK52 +XKB3 = 12,67 +0,21 + 3,15 + 1,36 + 0,1 + 0,17 +
+1,2=18,86 MOM.

HayanbHoe 3HaueHre NepUOANYECKON COCTABISIONIEH TOKA MpH MeTayunyeckoMm K3:

S 400 — 548 KA.

0 max
V3437722 + 18862

HauvanpHoe 3HaueHHe MepUOANYECKOM cocTaBistomeil Toka ayroBoro K3 ompenensercs ¢ ydeTom
COIIPOTHBIICHHS AyTH.

AKTHBHOE COTNPOTHBIICHWE AYyTW B HadalbHBIN MOMeHT K3, ompemensemoe mo ¢dopmymne (6.37),
COCTaBJISIET:

2
~Rjs = % ~1886% —37,72=129MOm,
3.548%.0,78

rzie ko duimeHT K. B cOoTBEeTCTBUH ¢ GopMmyIoii (6.38) cocrasmser:
K. =0,6-0,0025-42,17+0,1144/42,17 —0,133/42,17 =0,78..
Cpennee (BeposATHOE) HaYaIbHOE 3HaUCHHE TOKa AyroBoro K3 cocrapmset:

o= 400 =428 KA.
\/EJ(37,72+12,9)2 +18,862

o o 3
MakcumanbHbId U MHUHHUMAJbHBIA TOKH [lgo)ﬂ OIMPCACIIAIOTCA C Y4YE€TOM COOTBCTCTBYIOLIUX

3HaueHnd Kodddurmenta K, (cMm. popmyst (6.41) u (6.42)):

& 4.9 KA:
L), e = 0,896:5,48 = 4.9 KA;
® _
L), in = 0,64:5.48 =35 KA

Koadpunuenr yBenandenust aktuBHoro conpotusienus kabens Kbl npu merammnueckom K3 6e3
ydera TeIIOOTaYl COCTaBIIACT:

Tp +9xx6la 236+ 26
Tp +%uxe1  236+20

K9K61a = =1,024,

rle g x61a - KOHEUHAS TEMIepaTypa rpu aguabarnieckoM Harpese. OHa coCTaBIsieT
5,482 .10% .06
148% -185% -1,016>

e=1+F AL+ F2. 5 L] = 1+0,7-0,574J%+0,72-0,165% =1,016.
S S 185 185

Koneunas temnepatypa >xui kabenbHoit auaun Kb1 ¢ yueTom terooraayn:
SKAKGI = 81-[,1(614_ (91(‘1(61 - SH,Kﬁl)'n =20+ (26 - 20) ) 03968 = 25:8 OCa
rie kodumeHT N HalJeH 110 KPUBBIM pHC. 5.22.
Koa¢ppuunent ysennueHus akTHBHOro compotuBieHus kabenst KBl ¢ yderom Temnooraaum
K9K61 = 1,022
CootBercTBeHHO 1yt Kabens Kb2

12 -1
Yicxsla = (B +BJexp —1— |~ =(20+228 Jexp ~228=26°C,
K~S~7¢e

rae

5.48%.10°.06
148% 352 .1,03752

Sz =20 +(234,8 - 20) - 0,92 =217,6 °C u Kgysp = 1,77.
[TosTOMYy 3Ha4YeHHE NEPUOAMYECKOHW cocTaBisonied Toka Tpexdasnoro K3 k MomeHTy
otkiroueHnst K3 ¢ yuerom HarpeBa kabenei

S w622 =(20 + 228)exp{ } —228=2348°C;



&= 400 =398 KA.

V(1041022422177 +532)°

COHpOTI/IBJ'ICHI/IC BHGKTpH‘ICCKOﬁ AYTH K MOMCHTY OTKJIFOUCHUA K3 cocrapnser:

2
= 2007 18862 ~549=212mOwm,

3.3982.0,742

e Ko =0,55—0,002-58+0,14/58 — 0,123/58 = 0,74 , Tak kax

Zy = J(10,4 1,022 +22-177+532) +1886% =58 MOMm.

CpenHee 3HaYeHHE NMEPHOAMUYECKON cocTaBistomied Toka K3 Kk MOMEHTY OTKIIOUEHHs C Yy4eTOM
BIIUSIHMS HArpeBa U 3JIEKTPUYIECKOHN TyTH PaBHO:

iep = il ~30xA.

V310410142217 +212+532)2 +1886

3HaueHuss Kgig U Ko ONpENENeHbl € yYeTOM BIMSHHUS TEIJIOOTAAYd W aKTUBHOTO
CONPOTHUBJICHUS JYTU MO KPUBBIM pUC. 6.8 IS torer = 0,6 C.

(3)

MakcuManpHOE W MHHHUMAIIBHOS BEPOSATHBIC 3HAYCHUA TOKa Int,ﬂ

KOS(I)?%I;IHI/IeHTa K (cm. dhopmyist (6.43) u (6.44)):
Int;[ max =398 -0,81 =3,22 kA;

OTIPEIICTICHBI C Yy4YETOM

e
ntamin = 3,98 - 0,65= 2,59 KA.

7. PACUET DJIEKTPOJIMHAMMUYECKOI'O JIEUCTBUS TOKOB
KOPOTKOI'O 3AMBIKAHUSI U TIPOBEPKA 3JIEKTPOOBOPY JOBAHUS
HA 3JIEKTPOAMHAMMNYECKYIO CTOUKOCTbD ITP KOPOTKHUX 3AMBIKAHUSX

7.1. O0uMe moI0KeHust

7.1.1. BpiOop pacyeTHOH MeXaHHYeCKOHl cXeMbl IIMHHBIX KOHCTPYKIMH M THOKHX
TOKOIIPOBO/IOB

7.1.1.1. MeToauKy pacdera 3JICKTPOJMHAMUYCCKON CTOWKOCTH IIUHHBIX KOHCTPYKIIUA U THOKUX
TOKOTIPOBOJIOB CIIEAyeT BHIOMpaTh, UCXOIS W3 pacdeTHOW MEXaHMYECKOW CXEMBI, YUMTHIBAIOUNIEH HX
ocoberHocTH. [IpH 3TOM cienyeT pa3inndarh:

- CTAaTMYECKUE CUCTEMBI, 00J1a/Iat0IIIe BHICOKON )KECTKOCTBIO, Y KOTOPBIX IIUHBI M U30JSTOPHI IIPH
K3 ocraroTcs HEenmoABUKHBIMU;

- JIMHAMHYECKHE CHUCTEMBI C XXECTKUMH OMNOpaMH, y KOTOpblx mpu K3 mmHBI KomebmioTes, a
N30JISITOPEI MOXKHO CUNTATh HEOABHXHBIMU;

- JUHAMHUYECKHE CHCTEMbI C YNpPYroNoJaTIMBBIMU OIOpaMH, Y KoTopbix mpu K3 konebmrores u
LIVHBI, U OIIOPHI;

- TMHAMHYECKHE CUCTEMBI C THOKMMH ITPOBOJIAMH.

7.1.1.2. PacueTHpIe MEXaHMYECKHE CXEMbI ITMHHBIX KOHCTPYKLUH pa3IHIHBIX TUIIOB, 0014 Jar0IINX
BBICOKOH JKECTKOCTBIO, IPEACTaBIEHbI B TaOi. 7.1. DTH cXeMbl UMEIOT BUJ PaBHOINPOJIETHOH Oaiky,
JeXalied WM 3aKperuieHHOM Ha JKECTKUX OIOpax M I0JIBEPrarolieicst BO3JCHCTBHIO PaBHOMEPHO
pacrpeneneHHON Harpy3Ky.

PaznuyaroT ciepyrompMe TUMBl INWHHBIX KOHCTPYKLIMM M COOTBETCTBYIOIIMX pacYETHBIX
MEXaHUYECKUX CXEM:

- IIMHHBIE KOHCTPYKIMH C pa3pe3HbIMH LIMHAMH, JUIMHA KOTOPHIX paBHA JUIMHE OJHOTO IpOJeTa.
Jlnis HUX pacdyeTHOH cXeMOoM sBisieTcsl Oajka C MIApHUPHBIM OMHMPAaHHEM Ha OOEHWX OMOpax Mpojera
(Tabmn. 7.1, cxema 1);

- IIMHHBIC KOHCTPYKIUHU C pa3p€3HbIMHU IIIMHAMU, JIJIMHA KOTOPLIX paBHA NJIMHE JIBYX IPOJICTOB, U C
JKECTKUM KpEIUICHHEM Ha cpefaHel omope. [ HUX pacyeTHOW CXeMOH sIBiseTcst OalKa ¢ YKECTKUM
ONMpaHreM (3aleMIICHIEeM) Ha OJHOW M MIApHHUPHBIM - Ha JPYroi omope mpoiera (tabm. 7.1, cxema
2);

- MHOTONpOJIETHAs. IIMHHAs KOHCTPYKLHMS C Hepa3pe3HbIMH IMHaMH. PacdeTHON cxeMoil s
CpEe/IHUX NPOJIETOB SIBIISIETCS OalIKa C )KECTKUM ONHMpaHueM (3alieMiIeHneM) Ha 00erx onopax rmpoJieTa
(Tabm. 7.1, cxema 3);



- IIMHHBIC KOHCTPYKIIMU C Pa3pe3HbIMH ITUHAMH, JJIUHA KOTOPBIX PaBHA JIBYM, TPeM W OoJjee
mposeraMm, 0e3 KECTKOTO KPEIUICHHS Ha MPOMEXYTOYHBIX Omopax. PacdeTHBIMU cxeMamu U HUX
SIBJISIFOTCSI COOTBETCTBEHHO cXeMbI 4 11 5 B Tadi. 7.1.

Tabmuua 7.1
PacueTHble cXeMbl IIMHHBIX KOHCTPY KM
Cxewma, Pacuernas cxema Tur Gamku ¥ OTOpPHI KoaddummenTs
Ne A p 7
1 yA OnnonporneTHas 8 1 3,14

A 1 B - U301 TOPHI-ONOPHI
A % ; B

2 OpaHomposieTHas 8 1,25 | 3,93
A - 3ameMIIeHHast IIIHA
B - uzonsarop-onopa
4 B

3 a E A u B - 3amemieHHas IInHa 12 1 4,73
a E Ha )KECTKHUX omopax
4l J:
4 A yA Banka ¢ qByMs nponetaMu 8 1,25 | 3,93

5 ? % ? banka c Tpems u 6omnee *10 1,13
TpoJieTaMu **12 1 4,73
A B B A

* ISl KpaifHUX TPOJICTOB
** U1 CpeTHUX IPOJIETOB

7.1.1.3. PacdyeTHOM cXeMON HIMHHOM KOHCTPYKUHUM C YHIPYTOHNOAATIAMBBIMH ONOpPaMU CIEHAYET
CYNTATh CXEMy, B KOTOPOW Macca IIMHBI PaBHOMEPHO pacIlpeefieHa IO JJIMHE IMPOJIETa, a OIOPHI
TIPECTABIICHBI TEIaMHU C SKBUBAJICHTHON Maccoi M., M Py KUHAMH C 5KeCTKOCTBIO Cy.

7.1.1.4. JIna TuOKNX TOKONIPOBOJOB B KAaUECTBE PAacUETHOH CXEMBI CIIEAYET NMPHUMEHSATh CXeMy C
XKECTKHUM CTEpP)KHEM, OCh KOTOPOTO OYepUCHA 110 IEMHON JWHUH. | UpISHABI H30JIATOPOB BBOAATCS B
MEXaHNYECKYI0 CXEMY B BHJIE )KECTKHUX CTEP)KHEH, IAPHUPHO COEANHEHHBIX C MMPOBOJIAMH U OIOPaMH.
Pa3mepsl crepxHEld pacueTHON CXeMbl ONpEIENsSIOT M3 CTaTMYECKOro pacueTa Ha JeicTBHE CHII
TSKECTU.

7.1.2. lonycTHMBble MeXaHUYeCKHe HANIPS’KEHUs] B MaTepuaJie IPOBOJHUKOB U MeXaHHYeCKHe
HArpy3KH HA ONOPbI IPU KOPOTKHUX 3aMbIKAHUSAX

7.1.2.1. [lomyctuMmoe HamnpsOKeHHE B MaTepualie KECTKUX IIHH (O,,;) B MAacKamix CledyeT
NpUHUMATE paBHBIM 70 % OT BPEMEHHOIO CONPOTUBIICHUS Pa3PhIBY MATEPHANA IIHMH G

G pon = 0,7 Gp- (71)

BpemeHHBIe CONPOTHUBIIEHUS pa3phIBY U AOIMyCKaeMble HANPSHKEHUS B MaTepHase IUH IPUBEACHBI
B Ta0m. 7.2.

B cimywae cBapHBIX MIMH WX BPEMEHHOE COINPOTHUBICHHE pPa3pbhlBy CHIKACTCA. 3HAYCHUS
BPEMECHHOTO  CONPOTHBIICHHS DPa3pblBy B  0OJIACTH  CBAPHBIX  COCIUHEHHH  ONPEICISIOT
SKCIEPUMEHTAJIbHO; MPH OTCYTCTBHM JKCIEPHUMEHTAIBHBIX JAHHBIX ATH 3HAYEHUS M 3HAYCHUSA
JIOIIYCTHMBIX HalpsDKeHUH clieayeT IPUHUMATh, UCTIONB3Ys JaHHbIe Tabu. 7.2.

7.1.2.2. JJormycTMyI0 Harpy3Ky Ha H30JATOpP (M30JILIHUOHHYIO OTMOPY) (F ;) B HBIOTOHAX CIIEAYET
NPUHUMATE PaBHOH 60 % OT MMHMMAaIbHON Pa3pyLIAIOIEH HATPY3KH [y, IPUIIOKEHHOM K BEPLIMHE
n30JIsITOpa (OTOPHI) MPU M3THOE WK pa3phIBe, T.€.

Fron = 0,6 Fpasp. (7.2)



OcHOBHBIE XapaKTePUCTUKH MATePHAJIOB LIHH

Tabnuna 7.2

Bpemennoe Honycrumoe HanpspkeHue, | Monyib
CONPOTHUBJIEHUE Pa3pbIBY, MIla YOpPYTOCTH,
MIla
Martepuan muHbl | Mapka | MaTepuana | B oOjacTh | Marepuana B oOyactu 10" ITa
CBapHOTO CBapHOTO
COEIMHEHUSs COCIMHEHUS

AnroMuHHR AO, A 118 118 82 82 7
AJIO 59-69 59-69 41-48 41-48 7
ANIOMUHHEBBIH AJI31T 127 120 89 84 7
CcIIaB AJI31TI 196 120 137 84 7
ABT1 304 152 213 106 7
1915T 353 318 247 223 7
Menp MI'M | 345-255 - 171,5-178 — 10
MI'T 245 - 294 - 171,5-206 — 10

7.1.2.3. B 3aBHCHUMOCTH OT B3aUMHOIO pAaclOJIOXKEHUS IIMH ¥ H30JIATOPOB IMOCIEIHUE
TIOJIBEPTAIOTCS BO3JCHCTBHIO JJIEKTPOJMHAMHYECKUX CHJI, padoTas Ha W3rHO WM pacTshKEHHe
(cxaTre) M OTHOBPEMEHHO Ha W3rH0 U pacTshkeHue (cxarne). JlomycTUMBIe Harpy3KH Ha H30JISTOPEI
npu U3ruOe (Fuonusr) UM PACTSKEHMH (Fponp) B HBIOTOHAX B 3TUX CllydasX CJedyeT NPHHMMATh
COOTBETCTBEHHO PaBHBIMU:

Fz[on.mr = 0)6Fpa3p.143r 5 (7.3)
Fz{on.p = O’6Fpa3p.p

i€ Fpapusr ¥ Fpapp - 3aJaBaeMble 3aBOJOM-M3IOTOBUTENEM MHHUMAJbHBIE DPa3pylIaroLIne
HAarpy3Kd COOTBETCTBEHHO TNPU H3rHOe U PACTSDKEHUU (COKATHH)
n3osaropa, H.
JomycTuMyro Harpy3Ky Ha CHapeHHBIC H30JISITOPHI (OMOPKI) CIIeAyeT MpUHUMATE paBHO# 50 % oT
CYMMapHOTO pa3pyIIAIOIIET0 YCHIIHS U30JIATOPOB (OTI0D):
Fuon = 075 Fp33p29
1€ Fpasps - CYMMapHOE paspylIalollee yCUIINE CIapeHHBIX H3014TOpoB (onop), H.
7.1.2.4. JlonycTUMyI0 Harpy3ky npH H3ru0e omopHoro uzoinsitopa (F ;) B HBIOTOHaX CleayeT
OTIPEIETIATH TI0 hopMyIie

(7.4)

h
FHOH =NFpa3pEa

(7.5)

rzie N - Ko3QPUITEHT JOMyCTUMON Harpy3KH, paBHbIN 0,5;

h m H - pacCTOSIHUS OT OIACHOTO CEUCHMS M30JATOPa COOTBETCTBEHHO JI0 €r0 BEPIIMHBI U EHTPA

TSHKECTH TIONEPETHOTO CEYEHUS IUHBI (CM. puc. 7.1, a-0).

OnacHoe cedeHHe OINOPHO-CTEP)KHEBBIX M30JIITOPOB C BHYTPEHHHM KpPEIUICHHEM apMaTyphbl
(puc. 7.1, a) cnenyer NpUHUMATh Y ONOPHOTO (JIaHIa, OMOPHO-CTEP’KHEBBIX M30JIITOPOB C BHEITHUM
KperieHneM apmartypel (puc. 7.1, 6, 6) - y KPOMKH HIDKHETO (pIaHma, a OIOPHO-IITHIPEBBIX
M30JSITOpOB (puc. 7.1, 2) - Ha rpaHUIe KOHTaKTa TIPS ¢ (papdopoBbIM TEIOM H30JIATOPA.

7.1.2.5. lonmycTuMyIo Harpy3Ky HpH M3rHOe MHOTOSIPYCHBIX M3OJISILIMOHHBIX omop (puc. 7.1, 8, 2)
CllelyeT NPUHAMATh PaBHON JOIYCTUMOM Harpy3ke HanMEHee NMPOYHOTO Spyca, OMPENeICHHOW MO
thopmyme (7.5).

7.1.2.6. Ilpu pacnonoxxeHnn (a3 Mo BepIIMHAM TpeyrojbHUKa (puc. 7.2, 6, 6, 2) N3OIATOPHI
OJHOBPEMEHHO HCIBITHIBAIOT KaK pPACTATHBAIONINE (CKMUMAIOIINE), TaK W H3THOAONINE yCHIINS.
Jomyctumble Harpy3Ke TpH U3THOE Fg;,,e CIEAyeT ONpenensiTh B COOTBETCTBUH C M. 7.2,
JOTTYCTUMYIO HArPy3Ky MPH PACTSIKEHUH F yon pacr CAEAYET ONpeReNsaTs mo dopmyine (7.5), B KOTOpoH
F s PaBHA pa3spylIalOIIEN Harpy3Ke NPH PacTSKEHHH.

7.1.2.7. JlomycTuMoe HaIpsDKEHHE B MaTepHalle MPOBOAHUKOB (G,;) B METamacKaysix CledyeT
NPUHUMATh PaBHBIM

Gron = N G, (7.6)
T1IE Gy, - IpeJie IPOYHOCTH MPH pacTskeHnH, H;
N - K03 GULIMEHT IOITyCTUMOW HAarpy3KH, paBHbIH 35 % OT npezena mpoyHOCTH.
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Puc. 7.1. K onpeneneHuro AOMyCTUMBIX Harpy30K Ha U30JIATOPHI U IIUHHBIE OTIOPEI

7.1.2.8. [lomycTnMyIo Harpys3Ky Ha IOJBECHBIE M3OJTOPHI ClieAyeT MpuHNMaTth paBHOH 30 % ot
paspyLIarolei HarpysKu, T.e.
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Puc. 7.2. CxeMbl B3aMHOTO PacIIOIOKEHHsI ITHH

Fron = 0,3 Fasp. (7.7)

7.1.2.9. PaccrostHus Mexmy NpoBogHuKamu a3 (A4.g), a Takke MEXIy MPOBOAHMKAMH H

3a36MJIEHHBIMH 4acTAMH (A44,) MIMHHBIX KOHCTPYKUMH HampsbkeHueM 35 KB M BbIle M MPOBOJOB

OLIMHOBKH PACIPEICIUTENbHBIX YCTPOHCTB, BO3AYIIHBIX JIMHUA W TOKOIPOBOJIOB K MOMEHTY

orkmoueHnss K3  nomkHBI  ocTaBaThCst OOJbIIE  AOMYCTHMBIX —H3OJSLMOHHBIX — PACCTOSHUIA,
OIpEeJIeTISIEMBIX MPU PaOOUMX HANPSHKEHHIX

Ap-¢ = Ap—g.z0n
Acb—3 2 A(.’p—3.z[on >
e Apgmon A Agagon - MHHAMAIBHO JIONYCTHMBIE PACCTOSHMA IO YCIOBHAM HpoOos

COOTBETCTBEHHO MEXIy IpPOBOIHHKAMH (a3 U IPOBOJHHKAMU H
3a3eMJICHHBIMHU YacTsIMH NpU paboyeM HaIpsHKeHUH.

(7.8)

7.2. JNeKTPOAUHAMHYECKHE CHJIbI B 3JIEKTPOYCTAHOBKAX

7.2.1. DneKTpoAMHAMUYECKHE CHIIbI B3aUMOJCHCTBHA [BYX MapaUIeIbHBIX MPOBOJHUKOB
KOHEYHOTO CEYCHUSI B HBIOTOHAX CIIE/IyeT ONpeNelsiTh o hopmyie

F=2-10""iiy éK(b, (7.9)

rae 2-107 - mocTosHHEI mapamerp, H/A?;
a - pacCcTOSTHUE MEXTy OCSIMH ITPOBOIHUKOB, M;
i1, i - TOKH TIPOBOTHUKOB. A;
[ - nMHA TPOBOJHUKOB, M;
K - xo3¢pdunment Gopmsr.
Jlist IPOBOIHMKOB TPSIMOYTONBHOTO CeUeHHsT KOA(PQUIMEHT (OPMBI CIEeIyeT ONPEAeisITh II0
KPHBBIM, IPUBEACHHBIM Ha puc. 7.3.
JIng KpyTIIbIX IPOBOJHUKOB CIUIOIIHOTO CE€YEHUs, TPOBOHUKOB KOJIBIIEBOIO CEUSHMS, a TAKKE IS
MPOBOJHUKOB (IIMH) KOPBITHOTO ce4yeHus! ¢ BbicoTod cedeHus 0,1 M u Oosiee ciemyer NpUHHMATh
Kq, = 1,0
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Puc. 7.3. lnarpamma aiist onpenenenus: KodgduipeHTa GopMbI MIMH MPSIMOYTOJIBHOTO CEUSHUS

7.2.2. Haunbospiee 3Ha4eHNE 3JEKTPOINHAMUYECKON CHIIBI IMEET MECTO IpH yaapHoM Toke K3.

MakcumanbHyl0 CHIIy B HBIOTOHaX (9KBUBAICHTHYIO PaBHOMEPHO DPACHpENEICHHOW IO JUIMHE
NpoJieTa Harpy3ku), IEHCTBYIOIIYIO B Tpex(a3HOi cucTeMe NMPOBOJHUKOB Ha pacueTHyo ¢asy Npu
tpexdaznom K3, cienyer onpenensats mo Gopmyie

V31077
FS) —Tuz;i’)qu,Kpacn : (7.10)

rae ig,il) - ynapHslii Tok TpexdazHoro K3, A;
Kopacn - K03QOHUIMERT, 3aBUCAIIMI OT B3aMMHOTO PACIOJIOKEHHUS IIPOBOJHUKOB;
@ - pacCTOSTHUE MEXILy OCSMH POBOJHUKOB, M;
[ - nnuHAa IponeTa, M.
3HadyeHnst KO3QPUIMEHTA K oo U1 HEKOTOPBIX TUIIOB HIMHHBIX KOHCTPYKLMH (pHc. 7.2) yKa3aHbl
B Tabx1. 7.3.

Tabmuna 7.3
3nauennst kodppuumenta K, o,
Pacnonoxenne muH | PacuerHas 3nauyenns kodpdunmenta K., A5 HATpy30K

¢aza pe3yIpTUPYIONIEH | m3rubdaromeii | pacTaruBaromiel |cxuMaromei
B oxnoii miockocTu B 1,0 1,0 0 0
(puc. 7.2, a)
[To BepmmHaM A 1,0 0,94 0,25 0,75
PaBHOCTOPOHHETO B 1,0 0,50 1,0 0
TpEYroJIbHUKA C 1,0 0,94 0,25 0,75
(puc. 7.2, 6)
[To BepmmHAM A 0,87 0,87 0,29 0,87




MPSIMOYTOJBHOTO
paBHOOEIPEeHHOTO
TpEyTOIbHUKA
(puc. 7.2, 8)

ITo BepmmHaM

0,95
0,95

1,0

0,43
0,93

0,50

0,83
0,14

1,0

0,07
0,43

PaBHOCTOPOHHETO
TPEyroJbHUKA
(puc. 7.2, 2)

[Tpu nByxdaznom K3

2:107
F2) =Tl(z§,?)2K¢)K (7.11)

max paci »

rze i%) - ynapHblit Tok aByx(azHoro K3, A.

7.3. IlpoBepKka IIHHHBIX KOHCTPYKIHUA HA JJIEKTPOAHHAMUYECKYIO CTOIKOCTH

7.3.1. O6mue coodpaskeHHus

7.3.1.1. TlpoBepka IIMHHBIX KOHCTPYKLIMH Ha »3JIEKTPOAMHAMHMUYECKYI0 cToikocTh npu K3
3aKIII0YAEeTCsl B pacyeTe MAaKCHMAJIbHOTO MEXAaHWYECKOTO HANpsDKEHHS B Marepuane (Gpa) H
MaKCHMalIbHOM Harpy3ku Ha H30JATOPBI (Fa) U B CPAaBHEHUH IOJMYYEHHBIX 3HAYECHUH yKa3aHHBIX
BEJIMYMH C IOMYCTUMBIMH 3HAaYEHUSAMH.

[IluaHast KOHCTPYKIMsA 0O0NamaeT 3JIeKTPOJMHAMHUYECKOH CTOWKOCTBIO, €CJIM  BBIIOJHSIOTCS
YCIIOBUSL:

Gmax < cs,ElOl'[;

F,

max < JI011 >

(7.12)

TJIE O 4o - AOIIyCTUMOE MEXaHHYECKOE HaIllpsDKEHUE B MaTepualie INH;
F 1on - DOTyCTHMast MEXaHUYECKas HAarpy3Ka Ha H30JITOPEL.

7.3.2. [IpoBepka HIMHHBIX KOHCTPYKIHUI HA JJIEKTPOAHHAMHYECKYIO CTOHKOCTH

7.3.2.1. Ilpu nipoBepke Ha IEKTPOTUHAMUICCKYIO CTOMKOCTh IMUHHON KOHCTPYKIIMH, 00JIaTaroIIei
BBICOKOH JKECTKOCTBbIO, IIMHY B JIOOOM TMpOJeTe MEXIYy H30JATOPaMH, KpOMe KpalHUX, CIeIyeT
paccMaTpuBaTh Kak CTepikeHb (0anKy) ¢ 3ameMiIeHHBIMA KoHIlamu (Tabmn. 7.1). Hanmaue oTBeTBIeHUH
JIOITYCKAaeTCs] HE yYHTBIBAaTh, NOCKOJIbKY OHM CHIDKAIOT PAacueTHBIE HANPSDKEHHS B MaTepuale IIWH U
Harpy3KH B U30JIATOpaXx.

7.3.2.2. MakcumanpHOE HaNpsHKCHWE B MaTephaje INWHBI W HArpy3Ky Ha H30JATOp IIMHHOMN
KOHCTPYKIUH BBICOKOH XKECTKOCTH IpH TpexdazHoMm K3 crenyer onpenensars no ¢popmynam

M F®
Omax = V;3r = }1:1;;_; (7.13)
FS =BES), (7.14)

rae Frgsa)x - MaKCHMaJlbHas CHJia, BO3HUKAIOIAsl B MHOTOIIPOJIETHOH Oaske npu Tpexdaznom K3, H,

u onpezensiemMast mo Gopmyie (7.10);
[ - nnvHA TIpoJIeTa MKuH, M;
W - MOMEHT CONPOTHBIIEHHS MOTIEPEUHOr0 CEUEHHs MUHBL, M ; (POPMYIBI IS €T0 pacyera
TIPUBECHHI B Ta01. 7.4;
A U B - KO3QPHUIUEHTBI, 3aBUCSIINE OT YCIOBHS ONUpPaHKs (3aKPEIUICHHMs) IINH, a TAKXKE JKcia
MPOJIETOB KOHCTPYKIMH C HEpa3pe3HbIMH MIMHaMH. VX 3Ha4eHHs aHbl B Tabu. 7.1.
ITpu aByxdaznom K3

F
Omax = }1:1;;_’ (7.15)
FP =Br, (7.16)

rae Fr%)x - MaKCHMaJibHas CWJIa, BOSHHMKAONIAs B MHOTOIPOJICTHOHN Oanke mpu nByxdasznom K3,

H, n onpenensemas o gpopmyse (7.11).
[Ipu pacdere HampspKEHUH B 007aCTH CBApHBIX COCTUHEHHUH, HAXOAIINXCS HA PACCTOSIHUU Z OT
OnopHoro ceueHus, B popmyisi (7.13) u (7.15) cnenyer noncrasists 3HadeHus 1/A (Z), BeIYUCICHHbIC



C y4eToM JaHHbIX Tabum. 7.1.
7.3.2.3. DneKkTpoauHAMUYeCKAe Harpy3Kd Ha OTACIbHBIC MPOBOJHUKH COCTABHBIX MIHH (pHUC. 7.4)
npu K3 o0ycnoBneHsl B3auMOAEHCTBHEM TOKOB B IPOBOAHHMKAX Pa3HBIX ()a3 M TOKOB OTHAEIBHBIX
MPOBOJIHUKOB OJHOW (ha3bl. MakcuManbHOE HalpsHKEHHWE B MaTephajle COCTaBHBIX IIUH CIEAyeT
OTIPEIETIATh 10 popMyIie
O max = O ¢.max + Osmmaxs (717)
IJIE G ¢max - MAKCUMAIILHOE HAMpSIKEHHE B MaTepualie IIHHBI, 00yCIOBIEHHOE B3aUMOJEHCTBUEM
TOKa TAHHOTO ITPOBOJHMKA C TOKAaMH IPOBOJHHUKOB Apyrux ¢as, [1a, koTopoe cinemyer
ompenersITh B 3aBucuMocTH oT Buaa K3 mo dpopmymne (7.13) nmm (7.15);
Gonmax - MAKCHMaJIbHOE HANpPSDKEHHE B MaTepHale LIMHBI, 00YCIIOBJICHHOE B3aUMO/ICHCTBHEM
TOKOB OTJENBbHBIX MPOBOAHUKOB ONHOH (ha3bl. Ila, KoTOpoe ciemyeT OompenemsaTh o
bopmyne
210713, Ky iy
Osmmax = — | > (7.18)
Ay, Wy n
rie /,, - A7IMHA [IPoJIeTa 3JIEMEHTa IIMHbBI MEKAY MIPOKJIAAKaMU, M;
5, - PACCTOSIHUE MEXY OCSIMU 3JIEMEHTOB COCTaBHBIX LIHMH (pHC. 7.4), M;
W, - MOMEHT CONPOTHBIICHHS TIOTIEPEYHOTO CEUCHHS SEMEHTA LIMHBI, M°;
iyn - YAApHBIN TOK TpexdasHoro umu aAByxdaszHoro K3, A;
1 - 9UCII0 COCTABHBIX IIPOBOIHUKOB (DA3bI.
7.3.3. IlpoBepka MIMHHBIX KOHCTPYKIMIi € ’KECTKHMH ONMOPAMHU Ha 3JIEKTPOAUHAMHYECKYIO
CTONKOCTH
7.3.3.1. IlluHHY!0 KOHCTPYKIIHIO, H30JIATOPHI KOTOPOW 0O0JamalOT BBICOKOW IKECTKOCTBIO H
HermoABWXHBI ipu K3, nipu pacueTte crnemyeT NpeAcTaBisTh Kak CTEP)KEHb C 3aIlleMJICHHBIMU KOHIIAMH,
MMEIOMNN OCHOBHYIO YAaCTOTY COOCTBEHHBIX KOJICOaHHIA.
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Tabnuna 7.4

H MOMEHTA COIMPOTUBJICHUA Wnonepe'mblx cevyeHHUil UuH

Ceyenns UH

PacuerHbie popMyItbl

J, M W, M
!y =} bh> bh?
J, = w,o=22
r———t— X Y12 Y76
L
h
Yy
L/ hb3 hb?
J, =— W, =—
=| 4—x YT 2 Y6
[
b
Yy
5 bh3 bh?
3 J, =— W.o="
Y6 Y3
h
y
1 | b 3* 2*
hb hb
J, =2 W=
g Y6 Y3
=l o3
A
v
a,
34
// H4—h4 H4 h4
< 1 f X 12 6H
TcD4 7tD3
64 32
n(D* —a*) n(D* —d*)
64 32D




H* H
12 6
HY ,
12 0,118H
HY —pt HY —pt
12 6H

I[J'IH OJHOTI'O 3JICMECHTA
_6h% - [(b —A)(h-2A)° ]|

W
* bh
_ he® —(h—2A)e—A)> +2A(b —e)’
Y 3(b-e)
Y W, =—| B -t -y |
6H 4al
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OTHOCUTCIBHO HeHTpaJILHOﬁ ocu:
JUIA CIIOILITHOT'O CI/IMMCTpI/I‘IHOFO CCUCHUA
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JJIs T1I0JIOTO CI/IMMeTpI/IKIHOI"O CCUCHU

3b bh

Sh[, S(b-h)
Jo=—|l+=—2|A;
v 6b{ bh }

rze S - IIomaas cedeHus; A, b - BRICOTa U IMIUPHHA
CEYCHUS COOTBETCTBEHHO; / - [UIMHA IEPUMETPA;
A - TONIIUHA CTEHKH (IS TIOJIOTO CCYCHUS)

>

* Ecnm TpoOKNaAKM NpHBAapeHbl K 00eMM IIoJlocaM IaKeTa, MOMEHTHl WHEPLUHH W MOMEHT

hb(ap +b?
COMPOTHBIICHHS MPUHUMAIOTCS PAaBHBIMH: J ), = h—6b(3a,% + bz) uW,= ;(a"—b)) .
a, +

7.3.3.2. MakcumanpHOE HalpsDKeHHE B MaTepuajie IIMH U Harpy3Ky Ha H30JITOPBl IIMHHOM
KOHCTPYKIIWH, B KOTOPOH IIMHBI PacIioj0KeHbI B OJTHOHM INIOCKOCTH, a U30JSITOPBI 00JIaal0T BBICOKOH
KECTKOCTBIO, CIIEIYET ONPENeNiTh N0 Gopmynam:

pu Tpexdasnom K3

F&)
O max = }in;; 3 (7.19)
"
FY =pFS)n, (7.20)
npu nByxdaznom K3
F2 1
O max = in;‘; 3 (7.21)
u
i) =BFm, (722)

rae M - Ko3pQUIMEHT TUHAMHYCCKOW HArpy3KH, 3aBUCSIIUANA OT PACYCTHOW OCHOBHOW YaCTOTHI
COOCTBEHHBIX KoJyieOaHMi MMHBI f1. 3HaueHus KoddduirenTa 1t AByx¢dasHoro u tpexdasnoro K3 B
3aBHCHMOCTH OT oTHomIeHus f1/f. (f. = 50 I'm) cnmemyer onpenenats mo rpaduky Ha puc. 7.5.

3HaveHHs pPacUeTHOW 4YacTOThl COOCTBEHHBIX KOJeOaHWil (fj) B repuax cieiyeT ONpeieNsiTh B
COOTBETCTBUHU C 1. 7.3.3.4.

7.3.3.3. MakcuManbHBIe HAarpy3KH Ha MPOXOIHBIE H30JIATOPHI CIEAYET ONpPeAesaTh Mo Gopmyie

V3107
Py =Ly () K g K g (7.23)
rac lnp - pacCTosIHUC OT TOpla NPOXOAHOTO HU30JIATOpa A0 OmmKaiIero OIIOPHOI'0 HM30JIATOpPA

(haswr, M.
7.3.3.4. PacyeTHyl0 4acToTy COOCTBEHHBIX KOJIeOAHHMH LIMHBI B I'epliaX CIEAYET ONpEeNeNsiTh MO

bopmyne
2
7 EJ
fi= 5 112 f? , (7.24)
T

rae E - Moaynp ynpyrocTu MaTepuana muHsl, [1a;




J - MOMEHT HWHEPpUUU MMOTIEPEYHOT'O CEYCHU S INHBI, M4;

m - Macca MIMHBI Ha €AUHUILY JUTUHBL, KI/M;
| - TapaMeTp OCHOBHOHN COOCTBEHHOMN YaCTOTHI IIWHBL.
3HaueHHs TMapaMeTpa 4YacTOThl 3aBUCAT OT THUMA IIMHHOM KOHCTPYKIMM U IPENCTABICHBI
B Tabm. 7.1.
7.3.3.5. MakcuMallbHOE€ HallpsDKEHHE B MaTepuajie COCTaBHBIX ILIMH CIEAYET OINpPEAeNsATh IO
thopmyme
G max = O ¢.max + G 51.max» (725)
I1€ Cyma - MAKCHMAJIbHOE HANPSKEHHE B Marepuale IIHMH, KOTOPOE CJIEAYyeT ONPEeNelATh B
3aBucumMoctH ot Buaa K3 mo dopmyse (7.19) nm (7.21);
Gonmax - MAaKCHMallbHOE HAMpPSHKEHHE B MaTepuaie INUHBI, KOTOPOE CIEXyeT OIpPEAETsTh MO
thopmyme
210712, Ky (i )
—| | M (7.26)

c
3J1 °
Ay Wy n

Lmax —

TIE M, - KO3 UIMEHT AWHAMUYECKOW HArpy3KH, 3aBUCSIIMHA OT OCHOBHOW 4acTOTHI (fi,;)
COOCTBEHHBIX KOJIEOAHHH 3JIEMEHTOB COCTABHOM IIMHBI, KOTOPBIH CIEAYET ONPEAENSTh 10 pacCYETHOMY
rpaduKy, IpUBEJCHHOMY Ha pucC. 7.5.

n

TepxdasHoe K3

2,0 //
npyxdasnog K3
./’l
L1
/I;// N
/r
1.0 ,/i / ///// N
’ Lo // / / |
:/’ .3 ///4/
LA~ 2 d
0,02 0,05 0,1 0,2 0,5 1 2 5 fl/fc

Puc. 7.5. 3aBECUMOCTh TUHAMHYIECKOTO K0 (DUITMEHTA IS H30JIATOPOB U MIMH OT YaCTOTHI

coOCcTBeHHBIX Konebanuit muHsl, rae 1 npu Ky, > 1,60; 2 npu Ky, = 1,40;
3 mpu Ky, =1,25; 4 npu K, = 1,10; 5 mpu Ky, = 1,00

PacueTHY!0 OCHOBHYIO 9aCTOTY COOCTBEHHBIX KOJIEOAaHHMH 3JIEMEHTOB COCTABHOHM HIMHBEI (ha3bl B
repLax cieayeT onpeaesaTh no Gopmyie



4,732 [EJpn
Jion =75~
2nls, \ Moy
rne /,, - JJIMHA TIpoJIieTa dJIEMEHTa IINHBI MEXy POKIaIKaMH, M;
J,z - MOMEHT HHEDIHH MOTIEPEIHOTO CEUeHHs HIeMEHTa IIHH, M*;
M., - Macca 3JIeMEHTa Ha AUHUILY UIMHBI, KI/M;
5, - PACCTOSIHUE MEXY OCSIMH 3JIEMEHTOB COCTaBHBIX IIHH (pHC. 7.4), M.
7.3.3.6. MakcuManbHbIC HATIPSDKEHAUS B MaTepraie IIMH U MaKCUMaJIbHbIE HATPY3KH Ha OMOPHBIE 1
MIPOXO/HBIE HM30JATOPHI MPU PACIONIOKEHUH IIWH IO BEpIIMHAM TpeyroyibHuKa (puc. 7.2, 0, 6, 2)
CJIE/IyeT ONPENIENSATh C YYeTOM MX ITPOCTPAHCTBEHHBIX KOJIeOaHUH o popMyiam

(7.27)

Fo I

O max =—;‘;‘V" NGy (7.28)
FY =FQnCe: (7.29)
FY =FRnCe, (7.30)

rae W - MeHbLIMH M3 JBYX MOMEHTOB COIMpPOTHUBIICHHH TOIEPEYHOTO CEUCHHUs IIMHBI (MOMEHTa
COTPOTHUBIICHUS Wy TpH M3THOE B TUIOCKOCTH 3 M MOMEHTa CONPOTUBICHUS W,
MIPH U3rHOE MIMHBI B ITIOCKOCTH T) (puc. 7.2), M

FO F@ AJIEKTPOIMHAMUYECKUE CHIIBI, ONIPEIe/IIeMbIe COOTBETCTBEHHO 110 hopMmyiam (7.10)

max » max
u(7.11);
Co, Cr - xKOO(pPUIMEHTHI, 3HAYEHWS KOTOPBIX UIA HamOoJiee pPacCIpOCTPAaHCHHBIX THUIIOB
IIMHHBIX KOHCTPYKIWH (puc. 7.2, 6, 8, 2) IpUBECHHI B Ta0I. 7.5.

Tabnuna 7.5
3HauyeHus kK03QPpuunenToB {, U {p MMHHBIX KOHCTPYKIMIA
Pacnonoxenne Ocku3 3HaueHHA 3nauenus kod3ppuunenra £,
IIIHH KOHCTPYKIMH | Koaddurmenta Cr | UL LIMH KPYIJIOro U | UL IIMH KBaJPaTHOTO
Ha puc. 7.2 KOJIBIIEBOTO CEUCHUS CEUCHUS
ITo BepmmHAM B 0,95 0,95 1,16
MPSIMOYTOJIBHOTO
paBHOOEIpEHHOTO
TPEYTOJIbHUKA
[To BepmmHAM §) 1,0 1,0 1,39
PaBHOCTOPOHHETO
TpPEyroJbHUKA r 1,0 1,0 1,21

7.3.4. IlpoBepka TMOABECHOT0 CAMOHECYIIero TOKONMPOBOAA HA 3JIEKTPOANHAMHYECKYIO
CTOMKOCTB
7.3.4.1. PacueTHple MaKCHUMalbHBIC HANPSHKCHHWS B MaTepHalie IIMH IOABECHOTO CaMOHECYIIETO
TOKOIIPOBOJIA CJIEYeT ONPENeNsATh ¢ Yy4eTOM COOCTBEHHOIO Beca, Beca H3OJALMOHHBIX PAacHOpPOK H
Beca JIb/1a, a TaKXKe JeHCTBUS Hallopa BeTpa, T.€.
GPHC‘LI’H&X = Gmax +GB’
TJI€ O pax - MAKCUMAIBHOE HAINPSsDKEHHE B MaTepHalIe MIMHBI IPU AJIEKTPOJUHAMHYECKOM JISHCTBIH
Toka K3;
G, - HalpshKEHHEe B MaTepHale IIUHbI OT COOCTBEHHOTO Beca, M3OJIALMOHHBIX PAacIOpPOK U
Beca JIbJa, a TakXkKe JeHCTBUA Hallopa BeTpa.
Harpy3ky Ha H30/14TOp IOJBECHOTO CAMOHECYIIEro TOKONPOBOJAA CIENYET OMNpENessTh 10
tbopmyne (7.14).
7.3.5. IIpoBepka WIHMHHBIX KOHCTPYKUIMIl ¢ YHOPYromogaT/IMBbBIMH ONOPAMH Ha
3JIEKTPOAMHAMMYECKYIO CTOIKOCTH
7.3.5.1. Pacuer MakcMMaibHBIX HaNpsDKEHHH B MaTepHaie IIMH W Harpy3oK Ha H30JSTOPHI
IIMHHBIX KOHCTPYKIHMH C YNPYTONOJATIMBBEIMU ONOPAMHU CJEAyeT HPOBOAWUTH COOTBETCTBEHHO MO
dhopmynam (7.19) u (7.20), a wacToTy COOCTBEHHBIX Koyebanuit — 1o dopmyne (7.24), Toe mapamerp
4acTOThI 7| SBJsIeTCsl (PyHKIMEH Oe3pa3MepHBIX BEHYUH Conl3/(EJ) u M/(ml), tne C,, - KEeCTKOCTh
omop, a M - TmpuBeJeHHas Macca. 3HA4YeHUS IKECTKOCTH OIOp CleAyeT ONpenensiTh [0



9KCIEPUMEHTAILHBIM JIaHHBIM, a MPUBEIECHHOW Macchl - B COOTBETCTBUM ¢ M. 7.3.5.2. Kpusbie mis
OTIpeZIeTICHUs] 7| IIMH C JKECTKUM 3aKpeIUICHHEM Ha OIlopax NpHBENCHBI Ha pHUC. 7.6, a IIUH C
LIapHUPHBIM 3aKpeIUieHueM Ha puc. 7.7. I DIMH ¢ YepenyIoIMMUCS JKECTKUMH M MIAPHUPHBIMH
3aKpeIVICHUsIMI Ha Omopax 3HAUYCHHE IapaMerpa 7| IOMYCTUMO HPHOJIM3HTEIBHO OLEHHBATh Kak
cpefiHee MEX[y €ro 3HaYe€HHSIMH, HAHICHHBIMH 110 KPUBBIM pHC. 7.6 W 7.7. 3HaYeHus r| JUisl WIUH C
JKECTKHM 3aKpervieHneM Ha onopax npu Conl/(EJ) > 5000 ¥ [ms UIMH ¢ MIAPHAPHBIM 3aKpEIUICHHEM
na onopax npu Co,l*/(EJ) > 3000 npuBenens B Ta6m. 7.1.
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Puc. 7.6. ITapameTpsl OCHOBHOI YaCTOTHI COOCTBEHHBIX KOJICOAHUH IIUHBI TP €€ )KECTKOM
3aKpeIyIeHUH Ha yIpyronoJaTiuBbIX OIopax
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Puc. 7.7. IlapameTpsl OCHOBHOM YaCTOTHI COOCTBEHHBIX KOJIEOaHUH IIUHBI IIPH MAPHUPHOM
3aKpeIUIeHNH €€ Ha YIIPYronoJaTiuBbIX OIOpax

7.3.5.2. TlpuBeneHHyI0 Maccy OINOpPHI B KHJOTpaMMax CJIeIyeT ONpeAessaTh MO NPHOIMKEHHOH
hopmyre
2
M=M, | —221, (7.31)

rae M,, - Macca omopsl, KT;
H,,, m Hy, - paccTOSHUS OT OCHOBAaHHUSI ONOPHI COOTBETCTBEHHO /O LIEHTPA MAacChl OIOPHI
(WM307ATOpA) W IEHTPA MACC TIONEPEIHOTO CEUEHUS MNHEI (puc. 7.8), M.
[Ipu m3BecTHOM COOCTBEHHOH YacTOTe KOJIEOAHWH OMOPHI Ha YIPYTOM OCHOBAHWHU NPUBEACHHYIO
Maccy B KWJIOTpaMMax CJIeIyeT ONpeiesTh 1o ¢hopmylie

m=—Con (7.32)

-2
(27 on)
rne Coy - 5KECTKOCTh ONOPBI, NPAaKTHYECKU paBHast kecTKocTh u3oisitopa Cy,, H/M;
fon - WacTtoTra cOOCTBEHHBIX KoJjieOaHWH omopbl, ['I, paBHas 4yacToTe KOJEOAHUH HM30JIATOpA
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Puc. 7.8. K pacuery npuBeIcHHON Macchl ONMOPbI

7.3.6. IIpoBepka TOKONPOBOAOB Ha 3JJIEKTPOAMHAMHMYECKYI0 CTOWKOCTH NpPH HAJIMYUH
YCTPOHCTB aBTOMATHY€CKOT0 MOBTOPHOTO BKJIIOYEHUS
7.3.6.1. TIlpu Hammuumm ObicTponelcTBytommx AIIB  TOKONPOBOABI  AIIEKTPOYCTAHOBOK
HanpspkeHneM 35 KB W BBIIE ClleAyeT MNpOBEPSITh Ha 3JIEKTPOANHAMUYECKYIO CTOHKOCTH IIpH
nmosropHOM BKItoueHnd Ha K3. Takoii mpoBepku He TpedyeTcs, eci MPOAODKUTEIFHOCTh OECTOKOBON
nay3sl (#5,) B CEKyHIaX COCTABIISET
ton 2 2 (7.33)
f19
TJie f] - pacueTHasi OCHOBHAS YacTOTa COOCTBEHHBIX KOJIEOaHUH ONTMHOBKH, [ 11.
O - IEKPEMEHT 3aTyXaHHsI TOKOIIPOBO/Ia ITPH TOPH30HTAIBHBIX KOJICOAHHSAX.
7.3.6.2. Haunbonpee HanpspkeHWE B MaTepualie IIUH U MakCHMAallbHYIO Harpy3Ky Ha W30JISTOPBI
IIpY TTIOBTOPHOM BKIIIoueHNH Ha K3 crieyer onpenessts mo ¢popmynam

3107712
31071
Finax = Flmaxtt = 6 P 15;13’” ) (7.35)

r1e 61(Z) 1 F . - Hanbonplee HapsDKeHNEe 1 MaKCUMalIbHast Harpy3Ka npu nepsom K3;
6 - K03 PUIMEHT MTPEBBILICHISI HANPSDKEHNS M Harpy3KH pu moBTopHOM K3.

Koaddunuent npebiiienns: @ cienyeT ONpenessiTh M0 KPUBBIM Ha pUC. 7.9, a B 3aBUCHMOCTH OT
Jorapu(pMHYECKOT0 JIeKpeMeHTa 3aTyxanus 6. Homep pacueTHOW KpHBOIl IPMHUMAIOT B 3aBUCHMOCTH
OT TPOAOJDKUTENHFHOCTH OECTOKOBOW MAay3bl fg; W YacTOTHI COOCTBEHHBIX KOJICOAHWH IIMWHBI f)
ucrone3yss puc. 7.9, 6. Ecnum Touka ¢ KOOpAMHATAMH fg; W f; Ha puc. 7.9, 6 NEKUT B 30HE,
OTpaHMYECHHOM OCSIMH KOOpAMHAT M KpHBOii I, To K03 duument 6 ciexyer onpenensiTe o KpuBon 1
puc. 7.9, a. Ecnu e To4Ka JIeKUT B 30HE, orpannueHHor kpuBbiMu I 1 11, To € cnenyer onpeaensrs 1o
KpuBO# 2 Ha puc. 7.9, a u 1.1. Cienyer OTMETUTh, YTO 3HAUCHUSI PAacyeTHOro KoddduiueHta 6
MOJy4YeHBl TPH HanOosiee HEOIArONPHUATHBIX YCIOBHSAX KOMMYTAIMH, KOTOPHIE HPHUBOISAT IIOCIE
neporo K3 u moBropHOro BrmodeHns Ha K3 k HamOospImM HampspKeHUSM B MaTepuaie IIMH U
Harpy3Kam Ha M30JIITOPbI U TAKUM 00pa3oM 00eCeYrBalOT OLIEHKY JIEKTPOJMHAMHYECKOH CTOMKOCTH
OLIIMHOBKH.
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Puc. 7.9. K onpenenenuro ko3 UIIICHTA MPEBBIIICHUS & B 3aBUCUMOCTH OT O, f51, /1
7.4. IIpoBepka ruOKMX TOKONPOBOJOB HA JIEKTPOANHAMUYECKYI0 cTolikocTh npu K3

7.4.1. Tlpn npoBepke I'MOKMX NMPOBOJHHKOB Ha BJIEKTPOJMHAMHYECKYIO CTOHKOCTH pacdeTHBHIMH
BEIMYNHAMH SIBIIAIOTCS MAKCUMAIBHOE TSDKEHHE Fp,x M MAKCUMAIBHOE CONIMKEHNE TIPOBOJHUKOB TIPH
K3.

BHCK’I'pOI[I/IHaMI/I'-IeCKaH CTOMKOCTh FI/IGKI/IX IMPOBOAHUKOB o6ecneqMBaeTca, €CJIX BBIIIOJIHAKOTCA
YCIIOBUSL:

Fmax < F,HOH; (736)
a-2(s+rp)2aﬂonmin,

rae Fon - JOIyCTUMOE TSDKEHUE B poBozax, H;

a - pacCTOsSTHHE MEX]ly IPOBOHUKAaMU (a3, M;
S - pac4eTHOE CMEILICHHE TPOBOJHUKOB, M;
Qnon min - HaMEHBIIEE JOMYCTHMOE PACCTOSIHME MEXIy NPOBOJHHMKAMH (a3 mpHu HauOOIbIIEM
paboueM HaIpsDKEHHH, M;
7p - PAAUyC pacIieruieHus (Gassl, M.

7.4.2. Hike pUBOANTCS METOAMKA pacueTa Ha AIEKTPOIHHAMUIECKYIO CTOHKOCTh TOKOIIPOBOIOB,
y KOTODPBIX MPOBOJHHUKH PACHOJIOKEHBI HAa OJHOM YpPOBHE (IIO BBICOTE), MIPH OTCYTCTBUU rojoyiefa U
BETPOBOI Harpy3ku. IIpu omnpeneneHny cMeNeHnit pacyeTHOM MOJIENbIO ITPOBOJIA B TPOJIETE CITY>KUT
a0COJIFOTHO JKECTKUH CTep)KeHb, KOTOPBIM MIAPHUPHO 3aKPEIUIEH Ha Oropax, a €ro oCh O4YepueHa Io
LEITHON JTUHUU.

3a pacuerHoe npuHHMaercs IByx(asHoe K3. BimsHne rupnsHI y4YHTBIBaeTCS YBEIHYEHHEM
MOTOHHOTO Beca MpoBoja (cM. 1. 7.4.6).

7.4.3. Tlpu mpoBepke THOKHX TOKOIPOBOJOB Ha AIEKTPOJMHAMUYECKYIO CTOiKocTh mpu K3
HEOOXOAMMOCTh pacdeTa CMEIICHHS IIPOBOJHHKOB, Y KOTOPBIX IIPOBEC IPEBBIMIAECT IIOJIOBUHY
pacctosiHuss Mexay (azamu, ycraHaBiuBaercs Bblpakenuem (7.37). Pacuer cmemieHuii cnemyer
BBITIOJHAT, €CIIM MTapaMeTp p PaBeH:

([19) )2 tOTKH 2
——F—  20,4xAc/H, (7.37)

=) 10
aq

2 Y . o
rne 1 1&0) - HavaJubHOE AeicTBYIONIee 3HAYeHHE IIEPUOINIECKOIl COCTABIAIONIEH TOKa IBYX(a3HOro

K3, KA;
tomen - PACUETHAS MPOJOIDKUTENBHOCTE K3, c;

a - paccTosiHEE MeXny (a3zamu, M;

¢ - TIOTOHHBIH BeC MPOBOAA (C y4ETOM BIUSHUS TUpisIHA), H/m;

A - Oe3pasMepHbIi  KOIPQUIMEHT, YUYUTHIBAIOMIMN  BIUSHHE  ANEPUOAMYCCKOM
COCTAaBJISIFOILIEH JIEKTPOIMHAMUUECKON CHIIbL. ['paduk A = f (¢4m/T,) IPUBEAEH Ha PHC.
7.10. TIpH ¢ 40/ Ty > 4 MOXKHO IpUHUMATH A = 1;

T, - moCcTOSIHHAs! BpEMEHH 3aTyXaHHs allepuoIndeckoil cocrapisromeit Toka K3, c.

ITpoBoma MOTyT CONMM3NTHCS 10 KaCaHUS B CEpEIMHE MPOJIETOB MPH



p> 0,8 kKA’c/H. (7.38)
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Puc. 7.10. 3aBucuMocTh Ko3QPHUINEHTA TPUBEICHUS dIIEKTPOANHAMIYECKON HATPY3KH A OT
tOTKJ'I/Ta

7.4.4. Meronuka omnpeneiaeHus cMmeleHuss npoBoaHukoB mnpu K3 B 3aBuUcHUMOCTH  OT
npoponkuTenbHOCTH K3
[Ipu manoit mpogomkutensHOCTH K3, KOT/1a BRIIOTIHSETCS YCIOBHE

; ¢ (7.39)

orkn =1 npex —

TOPU30HTAIIbHOE CMEIIECHHUE S B METPaX ClIEAYET ONpeNesiTh o hopmyIie

@)%
§=0,772), 102 ot [p (7.40)
aq
0} =38 1 (7.41)
21y

2
IJIe g - YCKOPEHHUE CHIIBI TSHKECTH, M/C;
fu - IpOBEC IPOBOAA ITOCEPEIMHE MPOJIETA, M;
Floacq - PAcUETHAs DIIEKTPOAMHAMUYECKAs HArpy3Kka Ha NpOBOAHMK npu asyxdasnom K3, H. Ora
Harpyska onpeensieTcs no gpopmyie

FQ, =F{*\= 0,21(151%} )0, (7.42)
a

pacu

rne [ - niuHa IpoJieTa, M.
[Ipu cpeaneit nponomxutensHocTd K3, Korna BeIMOIHIETCS YCIOBUE

2n
AT, <ty <206, (7.43)
®p
FOPH30HTAIIBLHOE CMEIEHHUE § CIEYET ONPEAENATH TI0 OJHOM U3 POopMyIT
. /4
§ = fsine mpu —= < 1;
MgL
(7.44)
AW,
s=f, 1pu >1
MgL
rjle O - PacyeTHBI yroJ OTKJIOHEHUS NPOBOJHMKA OT DABHOBECHOTO IOJIOKEHHUS, pal.,

orpeziessieMsblii o hopmyiie

_ AW
o= arccos[l -—= j , (7.45)
MgL



rae L = 2f./3, m;
AW - sHeprus, HakoOIUICHHas TNPOBOJHHUKOM 3a pacuetrHoe Bpemst K3, J[x, um paBHas pabote
3NeKTpoauHaMuIeckux crit. OHa ompenensieTcs 1o KpUBEIM Ha puc. 7.77, a-orc.
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Puc. 7.11. Xapaxrepuctuku AW, /MgL npu nsyxdaznom K3
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Puc. 7.11. OxoH"uaHNEe
t ®
Ha 5TOM pUCYHKE T, = —2H1—0
2n
[Tpu Goxpiroii mpomomxuTeTbHOCTH K3, KOTJa BEITIOTHACTCS YCIIOBHE
2
fomer > 06—, (7.46)
@9

TOPU3OHTAIIbHBIE CMEILEHUS BEIYUCIIAIOT 10 popmynam (7.44). [Ipu 3TOM 3HEpruio, HaKOTUICHHYIO
MIPOBOTHUKOM, AW, B IDKOYIISX CIENYeT ONpeAeIsaTh IT0 OJHOHN n3 (opMyI:



ﬂ>2MgL;

AW, =LA@ ccnuam® = F? -aln
2 a (7.47)

AW, = MgH , eccu AW? <2MgL,

rne 4 - MakcHMallbHas BBICOTAa MOJbEMa IIEHTpa Macc MpoBona Bo Bpems K3, ompenmensemas w3
COOTHOIICHUS /1/a, M, C TOMOIIBIO KPUBHIX, IPUBEACHHBIX HA puC. 7.12.

[IpenenpHble 3HAYCHHUA TSOKEHHH B TMpoBOMHHKaX NpH K3 OIEHMBAIOTCS MO 3HEPreTHYECKHM
COOTHOLUCHUAM.

7.4.5. MakcuManbHO BO3MOXKHOE TSDKEHHE B IIPOBOJAHUKE F ) CIIEAYET OMpPEAeTsTh, MoJlaras, 9To
BCS DJHEPrus, HAKOIUICHHAas MPOBOAHMKOM Bo Bpems K3, TpaHchopmupyercs B NOTEHIHMAIBHYIO
SHEepruto JedopMalMy PAaCTSHKCHUS MPH MAJCHUU MPOBOJHHMKA TIOCIIC OTKIOYCHHs Toka K3,
MOJHATOTO 3JEKTPOAMHAMUUYECKUMH CUJIaMU HaJl UCXOJIHBIM PABHOBECHBIM MoyiokeHueM. [lpu 3tom
Fiax1 B IKOYJISIX COCTaBIISIET

2
Frax1 = (AW + WO)E > (7.48)
rae Al - yanvHEeHHe TIPOBOJAHKUKA B MTPOJIETE TIPH YCHIMH B HEM, PABHOM F .y ,M;

W, - moTeHIMalbHas dHEPrus JAcPOpMAaldU MPOBOJHHMKA B MPOJIETE HPU TSHKCHUH, PABHOM
TspkeHuto B Hem 110 K3, JIxk:

2
Fyl
AL L (7.49)
2 2E,S
rne Fy - TshkeHue (pooiibHas cuiia) B mpoBoaHuke no K3, H:
12
Fo=2_, (7.50)
8/u
/, - A7MHA TPOBOJHUKA B NPOJETe, M, KOTOPYIO IOIMYCKaeTcs NMPUHHMMATh PAaBHOHM IJIMHE

npoera /;
E\ - Momynb yIpyrocTy IpOBOJHMKA IIPH TSKEHUU, PABHOM Fy;
¢ - IOTOHHEIH Bec mpoBogHIKa, H/M;
S - IIIOMA/Ib MOTIEPEUHOTO CEUEHHs! POBOIHUKA, M.
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Puc. 7.12. Xapaxrepuctuku h/a npu nsyxdaznom K3

IIpu Bemonaennn ycmoBust (7.39) npubmmkeHHoe 3HadeHHMe AW, B DKOYISAX OIyCTAMO



OIMpCACIIATH 110 (bopMyﬂe
( F (2) t

2
pacu’ otk )

2M
ITpn OTCYTCTBMM XapaKTEpUCTHUKH JKECTKOCTH mpoBoia Al = f(F) npuOmmkeHHOe 3HAYEHHE
MaKCHMaJIbHO BO3MOXXHOT'O TSDKCHHMS B TPOBOJHUKE MOXKHO OIPEACIHTS 110 (opMyIie

AW,
Frax1 ® \/2(ES) / =

rie ES - KeCTKOCTb MOMEPEYHOro ceueHns poBoia MpU pacTsxeHuu, H;
E - mogyns ynpyroctu, H/m?;
S - IWIOIIa/Ib HONEPEUHOr0 CEUEHHUS TIPOBOJIA, M-
Mopayne ynpyrocTs Marepuaia MPOBOJHHKOB, ITOJNyYEHHBIX CKPYYHBAaHHEM IPOBOJIOK, CIEAYET
3aHIKaTh (BJIBOE-BTPOE) MO CPABHEHHIO C MOJYJIEM YIPYTOCTH MaTepuaa OTAeIbHbIX POBOJIOK.
HwxHuil npegen MakCUManabHOTO TSKEHUS Fi,x; B IPOBOJHUKE B Cllydae, €CIU MPOBOAHUK IOCIIE
oTkiroueHns: Toka K3 (Ipy OTHOCHTENHHO MaJIOM TOKE) IDIaBHO BO3BpAIACTCs B HMCXOAHOE
MIOJIOXKEHHE, COBEPIIACT 3aTeM 3aTyXaloIlMe M3-3a a3pOAMHAMUYECKOTO CONPOTHBICHUS aTMOCHEpHI
Kosebanus, BeuucisaeTcs mo gopmyne (7.52, a). TpaekTopus ABMKEHHS LIEHTPa MaccC MPOBOAHUKA IIPU
9TOM OJIN3Ka K KPYTOBOM.

AW, ~ (7.51)

LR, (7.52)

Faxo = Fomax L (7.52, a)

[Mpu Gompmux pa3mUUuUsIX 3HAYCHUH [y U Fl.o YTOYHEHHE ONEHKH TSDKEHHH MOXKET OBITH
CJIeNIaHO C IOMOMUIBIO YHCIIEHHOTO MOAEINPOBAHUS.

7.4.6. I1pnONrKeHHBIA yUYeT BIUSHUS THPISH U30JIATOPOB M OTBETBIICHUI ¢ THOKOW OIMIMHOBKOM
MIPOMU3BOANTCS YBEINIECHHEM IIOTOHHOTO BECca M IIPOBEca MIPOBOAHMUKOB ITyTEM 3aMEHBI B (JOpMyJIax M.
7.4.2-7.4.5 maccel IpoBoJHUKA M TIpUBEIEHHOH Maccoi M, U IpoBeca f IPHBEIEHHBIM IPOBECOM frp.

an :M+Mrupn + Moy =M -y
(7.53)
Jup =1+ Lypy - cosp, }
rze M - Macca mpoBoJia B posiete (6e3 MacChl H30JIATOPOB M MacChl OTBOJIOB);
M yps - CyMMapHas Macca JIByX HATSKHBIX M30JIATOPOB y JIBYX OINOp NPOBOJHMKA B MPOJIETE HIH
Macca OHON THUPIIAHABI, €CIIM Ha ONOpax TUPIIAHAbI IOJBECHBIE;

M, - Macca OTBOJIOB B IIPOJIETE;

Y - Ko3QPHUIMEHT IPUBEICHUS MACcChl, 3HAYEHHUSI KOTOPOTO MIPUBEICHEI B TAOIHUIIE 7.6;

f- mpoBec IpoBOza B cepeuHe NpoieTa (0T YPOBHS KPEIUICHNUS IPOBOJA K THPJITHIE U30JIATOPOB);

l - JUIMHA TUPJIAH/AbI U30JIATOPOB;

B - yros oTkioHeHHs TUPISHA OT BepTHKamy 10 K3.

B Ttex cmywasx, xorma pacderHas mopenb (m. 7.4.2) He MoOXeT OBITh NPHMEHHMA, pacueT
ANEKTPOJMHAMHYECKOM CTOMKOCTH TMOKUX POBOJIHUKOB CIIETyeT BECTH YUCICHHBIMU METOIaMH.

Tab6muma 7.6

3HaveHue k03(ppunMeHTa NPUBEIEHU MACCHI Y IPH Pa3JINYHbIX oTHOmeHusax M,/M

Silfu 3HaueHne Ko PUIIMEHTa NPUBEICHNS] MACCHI Y TPH 3HaYeHUsIX M, /M, paBHBIX

0,01 0,02 0,05 0,10 0,20 0,50 1,0 2,0 3,0 5,0

0,01 1,000 | 1,000 | 1,000 | 1,000 | 1,001 | 1,002 | 1,003 | 1,005 | 1,006 | 1,007

0,02 1,000 | 1,000 | 1,000 | 1,001 | 1,002 | 1,004 | 1,007 | 1,010 | 1,012 | 1,014

0,05 1,000 | 1,000 | 1,001 | 1,002 | 1,004 | 1,010 | 1,016 | 1,024 | 1,029 | 1,035

0,10 1,000 | 1,001 | 1,002 | 1,004 | 1,008 | 1,019 | 1,031 | 1,048 | 1,058 | 1,069

0,20 1,001 | 1,002 | 1,004 | 1,008 | 1,015 | 1,034 | 1,059 | 1,09 1,11 1,14

0,50 1,002 | 1,003 | 1,008 | 1,016 | 1,031 | 1,071 1,13 1,20 1,25 1,31

1,0 1,002 | 1,005 [ 1,012 | 1,024 | 1,048 | 1,11 1,20 1,33 1,43 1,56

2,0 1,003 | 1,007 | 1,017 | 1,033 | 1,065 | 1,15 1,29 1,50 1,67 1,91

3,0 1,004 | 1,007 | 1,019 | 1,037 | 1,073 | 1,18 1,33 1,60 1,82 2,15

5,0 1,004 | 1,008 [ 1,021 | 1,041 | 1,082 | 1,20 1,39 1,71 2,00 2,47




Hpumeuanue. M. - macca rupisiH (CyMMapHasi Macca JIByX HATSOKHBIX THPJISIHIL Y JIBYX OIOP MPOBOJIHUKA B
TIPOJIETE MIIM MAcCa OJIHOW TMPISHIIBI, €CJIM Ha OTOPax THPISHABI MOJBECHBIE); M - Macca MpoBOJa B MPOJIETE;
f+ - IpoBec rHpISHL; f;; - IPOBEC POBOJA.

7.5. IIpoBepka 3JIEKTPHYECKHX ANNAPATOB HA JIEKTPOAUHAMHYECKYI0 CTOHKOCTh
NPH KOPOTKHX 3aMbIKAHHAX

7.5.1. DAeKTpOOAMHAMUYECKAs CTOMKOCTh DJIEKTPUYECKUX alllapaToB B 3aBHCHMOCTH OT THIA H
KOHCTPYKLIUH XapaKTEPU3YEeTCA UX NPEJEIbHBIMH CKBO3HBIMHU TOKAMM Ipyp e U Iy s ¥ HOMMHAJIEHBIMH
TOKAMH 3JIEKTPOANHAMUYECKONH CTOMKOCTH Iy Y Iy WM KPATHOCTBIO TOKA 3JIEKTPOIUHAMHUYECKON
CTOMKOCTH i,y /(«j 2 T houm ): K -

OnexTpoAuHaMHUYecKas CTOMKOCTh 3JIEKTPUUYECKOro ammapara oOeclieyeHa, €CU BBIIOIHAIOTCS
YCIIOBHSL:

Inp.cxs 2 byns

Il'[p.CKB 2 IHO;

Lyun 2 Inos 739
-~ Ziyﬂ;
170031
\/EKMH iyom 2 lyy >

rae [,y - HauanpHOe 3HaUeHUe TIePUOMYECKON cocTaBistonlei pacueTHoro Toka K3;
iyy - ylapHeii Tok K3.

7.6. IIlpuMepbI pacyeToB MO NPOBEPKe 1eKTPOOOOPYI0BAHUS
HA 3JIEKTPOAMHAMMYECKYIO CTOHKOCTH NPH KOPOTKHUX 3aMbIKAHHSAX

7.6.1. TlpoBepuTb DIEKTPOAMHAMHUYECKYIO CTOMKOCTH TpeXx(a3HOW IIMHHOHW KOHCTPYKIIWH,
M30JIITOPBI KOTOPOH 00J1aaf0T BBICOKOH KECTKOCTBIO, €CIIM M3BECTHO, YTO PACUETHBIA yJapHBIH TOK

K3 igl): 180 kA, a MMHBI BHIONHEHH M3 alOMUHHEBOro cruraBa Mapku AJ[31T1, umeror

NPAMOYToJIbHOE ceueHne (60x8) MM, deThIpe MpoJIeTa, PACTIONOKEHBI B OHOMN IIOCKOCTH M HMEIOT
CIIEIYIOIIE TTApaMETPhI:

I1=1,0m;a=0,6 m;m = 0,972 kr/™m;

E=7-10""Tla; 6,0y = 137,2 MITa.

CornacHo Tabmn. 7.4

3 3
_DhT 0B84 sont 21441078 m?
2 12
2 2
W:%:%zmmﬁ =48-1070 m>.

YacroTa COOCTBEHHBIX KOIEOaHUI

o [E1 473t [7:10°.144-107 3627
o \m o 2.314.102 0972 ’

rae 7 = 4,73 cooTBETCTBYET pacueTHOI cxeme 5 Tabm. 7.1.

B coorBercTBuH € puc. 7.5 koapduueHT quHamMudeckoi Harpysku 77 = 1,0.

MaxkcumansHOe HallpspKeHHe B IWHAX, ompenerseMoe 1o ¢popmyde (7.19), paao

N

FO 1077 .102 1802 -10° . 08810 -
O max = —X_ 5 — 3107 1,02 180 160 088-10-10 =142,7-10% TTa =142,7 MTTa.
AW 12-48-107°-06

rie Frgi)x omnpenenena no ¢opmyne (7.10) mpu Ky = 0,88 (eM. puc. 7.3) u Kpaer = 1,0, a A u3
Tabm. 7.1.

[TOCKONBKY Oax = 142,7 MIla > G4, = 137,2 Mlla, To mHHE HE YAOBIETBOPSIOT YCIOBHIO
INEKTPOIUHAMHUYECKOH CTOMKOCTH. [INsl CHIKEHUSI MaKCHMMAJILHOTO HAINpPSDKEHUS] B Marepuale INuH
HEoOX0AMMO YMEHBUINTH JUIMHY NposieTa. Hanbomnbinas jonyctumast JyIMHa Iposiera



()
Lion =1,|—2"==10 1372 _ 08
O max \/142,7

[Mpumem pnuny nposera [ = 0,9 m.
B atom ciiyuae /1 =447,9 T, n=1,0u
3:1077-.09% 1802 -0,88-1-1-10°
G max :\/_ - - 5 =115,6 MIla < G 4oy.
12-0,6-4,8-10"

MaxkcumanpHas HarpysKa Ha M30JITOpP B COOTBETCTBUH ¢ opmyoii (7.10) cocrasmser

FO x/_ V31077

G = 1( N2 Ky - K paen =To,9-1802 -10%.088-1=7398 H.

Bribupaem m3omstoper  tHma  MOP-10-16,00 VXJI3. OHH  yIOOBIETBOPSIFOT — YCIOBHIO
3neKTponnHaMquCK0171 croiikoctH (7.12), Tak Kak

on =0.6F sy =0,6-16000 = 9600 H > F,5) = 7398 H.

max
Takum o0Opa3oM, MMHHAS KOHCTPYKLMS IIPY YMEHbLIEHWH JUIMHBEI mpojera no 0,9 M oTBewaer
TpeOOBaHUSM ANEKTPOTUHAMHYECKOI CTONKOCTH.
7.6.2. IlpoBepuTh Ha 3JICKTPOOUHAMHUYECKYIO CTOWKOCTh mnpu K3 T1pexdazHyro MHMHHYIO
KOHCTPYKIHIO B IIEIIM TeHepaTopa, IUHEI KOTOPO COCTOAT U3 IBYX JIEMEHTOB KOPBITHOI'O NPOGMIL,

€CJIN pacueTHBIN YAAPHBIN TOK 1(3) =135 kA.

Amomunnenbie muHbl (Mapkn AJIO) ceuenneM 2x3435 MM’ PACIONOXKEHBI B [OPH3OHTANbHOI
IUIOCKOCTH M IMEIOT CIEAYIOIIUE TapaMeTpPhIL:

I1=18m;a=0,75 m; m,; = 9,27 kr/m; E = 7-10" Ma; 6, =41 MIla.

Aoy =02 M; Ly = 1 M; Jyoye = Jop = 254-10° M

Jyy =J=4220-10"° M*; W=422-10° v*; W, = 40-10°° v’

YacToTbl COOCTBEHHBIX KOJEOAHMH IIMHBI M 3JIEMEHTOB IIUHBI, ONpelenseMble 1o GopMynam
(7.24) u (7.27), paBHBI

/  [EJ 4,73 \/7-1010 -4220-107° 439 T
1= = — ;
o2mi? \ My 2314182 2927
2 2 10 -8
EJ 4,73 7-10'%.254-10
Jon=—F 7= \/ =493 4T
2l My 2-314-1 9,27

J1Jist ToNTyYeHHbBIX 3HAYCHUH f] U f1,; KOODPUIUESHTBI 7] U 77, paBHbl 1,0 (puc. 7.5)
MakcumanbHbIe HalpsDKEHHs B MaTepualie IIMH, KOTOpble 00YCIIOBIICHBI B3aUMO/ICHICTBUEM TOKOB
pa3HbIX (a3 1 TOKOB AJIEMEHTOB O/IHOU (a3bl, B cooTBeTCTBHH C hopmynamu (7.19) u (7.26) paBHbI
3 —
Frggxz V31077182

AW 12-0,75.422-10‘6

=72 -
o 2N laKy (i )T 21077121 120%010° 1
I RagWa (n ) 7 120024404107 4
CyMMapHOe HanpsHKEHHE B MaTepHAase [INHBI
Omax = O ¢.max + Oopmax = 2969 + 7,5 = 10,19 MITa.
[TuHbI yIOBIETBOPSIIOT YCIOBHIO JJIEKTPOIMHAMUIECKOM CTOMKOCTH, TaK Kak
Omax = 10,19 MIa < 6, =41 MIla.
MaxkcumanbHas Harpy3ka Ha H30JIITop, onpeensemast mo Gopmyte (7.10), paBHa
o) _V3:107-18

y 2 6
maX—TBS 10 =7567H .

Bribupaem uzonsarop tuma MO-10-20,00 V3.
Paspymiaromas Harpyska JUist 3TOIO H30JIATOPa COCTABIAET Fpy,q, = 20000 H, BBIcOTA H )y = 134 MM.
W3omsTop uMeeT BHyTpeHHEe KpETUIeHHE apMaTypsl (puc. 7.1, a), moatomy hy = a,,/2 = 0,1 m.
Cornacto ¢opmyse (7.5) nonmyctumas Harpy3ka npu u3rube n3oisTopa paBHa
0,134

H
= 0,6Fpgyp ——2—=0,6-20000—"—=6872H .
hy + H 0134+0,1

PacueTHast MakcUMallbHasl Harpy3Ka Ha N30JSITOPBI IIPEBBIIIAET A0y CTUMYIO:

1352 -10° -1=2,69-10° Tla = 2,69 MI1a;

O ¢p.max =

=7,5-10° Ma =7,5 MIla.



FQ) =7567H > Fyy, = 6872H ,

max

mostomy uzonsaTop tuma MO-10-20,00 Y3 He ymOBIETBOPSET YCIOBHIO 3NEKTPOIHHAMUYECKOI
cToiikocTu. Bribupaem nzonarop tuna MOP-10-25,00 ¥X 13. [lns Hero

Fron =0,6- 25000—2130 478
0130+0,1

Tpu otoM Fo) =7567H < Fyo =8478H .

max

BbIOpaHHBIH H30JIATOP yIOBIETBOPSIET YCIOBHIO AJIEKTPOAMHAMUYIECKOW CTOMKOCTH.

7.6.3. IlpoBepuTh Ha HIEKTPOAMHAMHUYECKYIO CTOWKOCTh INWHHYIO KOHCTPYKILHIO HapyKHOI
3IIEKTPOyCTaHOBKHU HanpsbkenueM 110 kB, ecnu pacueTHsIi yapHbIi TOK iy, = 60 KA.

TpyOuaTble MHBI KBaJPAaTHOTO CEYEHUsI BHIIIOJIHEHB! N3 alfoMHuHHEBOro criasa Mapku AJI31T u
PACTIONOKEHBI B OJHOM IIOCKOCTH. BricoTa mmHE H = 125 MM, TommuHa ¢ = § MM, TIOTOHHAS Macca
m = 8,96 kr/m. [nuna nponera [ = 5,0 M, paccrosuue mexnay ¢azamu a = 1,0 m. Jomyctumoe
HATIPSDKCHUE B MATEPHAIE IIHHBI G 5o = 89 MIIa, Moayis ynpyroctu E = 7-10' ITa. M3omsatops! THIa
HNOC-110-600 mmerot BricoTy H,; = 1100 MM, paccTosiHEE OT TOJIOBKH H30JISATOpa IO IEHTpa Macc
wHbl /i, = 80 MM, BBICOTY apMaTrypbl HuxHero (uaHua usonaropa Hy,, = 100 MM, xecTKoCTb
Cy; = 1100 kH/M, 9acToTy COOCTBEHHBIX KOJICOAHUIA f,;, = 28 1.

MoOMEHT MHEpPIMH U MOMEHT COINPOTHBJIECHHS IIMHBI B COOTBETCTBHHU C (opmynamu Tabn. 7.4
COCTAaBIISIIOT:

HY —r* 125% -109*

J= =8582cm”* =8582-107° m*;
12 12
4 .4 4 1no4

o —h 125721097 g s 3 213731076 3,
6H 6-12,5

rneh=H-2t=12,5-1,6=10,9 cm.
JomycTtumas Harpy3ka Ha H30JITOp

1000
F206-600—20Y 333 a1 = 33308,
o 1000 + 80 A

rae H=H,, - Hypy = 1100 - 100 = 1000 Mm.

3HaveHHs KECTKOCTH U YaCTOTHI KOJEOaHUIl OMOPHI JOMYCTHMO MPHUHSITH PABHBIMU JKECTKOCTH H
4acTOTe KOJEOAHUHM M30IIATOPA, TAK KAK M30JISATOPHI IIMHHONW KOHCTPYKI[MH YCTAHOBIICHBI HA BECbMa
KECTKOM OCHOBAHHUH.

[IpuBeneHHast Macca B COOTBETCTBHH ¢ (hopmyioii (7.32) paBHa

= Con __1100:10°

2 2
Cfon)”  (2m-28)
HeoOxomuMbele mnsi  ompemeneHHWs IapaMeTpa OCHOBHOM 9acTOTHI 3HAYCHUS  BEIHYUH
COOTBETCTBEHHO PaBHEI

=35,6kr.

3 £3
Coul® /EJ = “1?)0 1075 - =229;
7-10'0.8582-10"
356

M /ml= =0,795.
6-5

5

ITo xpuBBIM Ha pHC. 7.6 apaMeTp 4acToTHl 7| = 3,3, HOITOMY

332 \/7~1010-858,2~10_8

fi= =18Tw.

.52 8,96

ITo xpuBoii puc. 7.5 1 = 0,90.
MakcumanbHOE HalpsDKeHHE B MaTepHaie IMWHBI M Harpy3Ka Ha HM30JIATOPBl B COOTBETCTBUU C
(7.19) u (7.20) cocraBistoT
V31077 .52

X2 2 60%.10°.09=85MIla;

124141373
. _7 .
Foax =@602 -10%.09=2802H,

T.€. Omax = 8,9 MIla < 5, =89 MIlau
Froax =2802 H< F,,, =3300 H.
[lInHHas KOHCTPYKIUS YIOBICTBOPSET YCIOBUAM JICKTPOTUHAMUYICCKON CTOMKOCTH.



7.6.4. TpeOyeTcs ompenennTh MaKkCHMAJIFHOE CMENICHHE M MaKCHMAJIbHOE TSDKEHHE IPOBOJIOB
BO3IYIIHOHM TUHUK HanpspkeHueM 110 kB.

Ucxonnbie manube: Tok K3 7 r%) = 6 xA; mmHa nponera / = 120 M; mpoBec mocepearHe IpoJeTa
fa = 3,5 M; paccrosaEe Mexay ¢azamu a = 3,1 M; nponomkuTensHOCTh K3 #4; = 0,2 ¢ wmm 2 c;
nposoa mapku AC 150/24; norouHslii Bec npoBoaa g = 5,48 H/m; nocrosiuuas Bpemenu T, = 0,05 c.

[Mapametp P no dpopmyne (7.37) mpu A = 1

3 \/_ 107 3
Frgla)x - ( /¢ )) chKpacn ’

B cootBercTBUE ¢ ycnoBueM (7.37) pvaeT CMEIICHUH POBOJNTH HEOOXOANMO.

Paccrostame L = 2f,/3 =2-3,5/3 =2,33 m;

TIpUMeEM Bec MpoBoja B mpoiere Mg = gl = 658 H;

0 :\/g: /9—2 =2,061/c;

[(2) (2
FP =02 ) _02120-67 _ogom
a 31
e = |2 Mg _ [ 09 68 g
co% F(z) 2062 280

ITocKONBKY fone = 0,2 € < fypey = 0,75 ¢, pacueT MOMKHO BECTH IO YNPOLIEHHBIM 3aBHCHMOCTSIM
(7.40) u (7.51).
CmMmelnienue

71@H2, 2
s:0,772.M / =0,772 6
aq 315,

HammensInee nomyctumoe paccTosHNE MeKAY (azamu o padodemy HampspkeHuro aust BJI 110 kB
cornacHo ITYD paBHO

a;{on min — 0945 M
VYcnosue (7.36) BHITOIHEHO:
a-2s-r,=3,1-2(0,62+0)=1,86 M> ayonmin = 0,45 M.
Ecnu pacyetHas nmpomomxuTenbHOCTh K3 paBHa f4y; = 2 €, TO 6e3pa3MepHas MpOoA0KUTEIHLHOCTD
K3 cocraBur

%0, 206 5 665 06.
271

T
K3 OTKJI
2n

CornacHo (7.47) sueprus AWK@) paBHa

AT D Z R 22 080311 22233 085 i
K 0 a 31
2
:_FO():@: L_233_o76
Mg 658 " a 3l

Ipu ¢y = 0,42 u L/a = 0,76 o xpuBbM Ha puc. 7.12 h/a = 0,12 wm h = 0,12-a = 0,12-3,1 =
=0,375 m.

Iockoneky 2-Mg-L = 2-658-2,33 = 3066 Ix 1
AW = 1085 ik < 2-Mg-L = 3066 JI, o popmynam (7.47) nmeem:
AW, = Mg-h = 658.0,375 = 247 JTx
" AW, 247

MgL " 658- 2, 33
ITo popmyne (7.45)
PR— AW o
o =arccos| 1 -—= |=arccos| 1- i =arccos0,84=0,57 pan=33,5".

MgL 658-2,33
CmMenieHre IpoBoJia NOCEepeanHe MPOJIeTa COCTABUT
s =fysina =3,5sin33,5°=3,5.0,54 = 1,88 m,

T.€. IocJie OTKIIoYeHHs1 K3 MpoBOTHUKH MOTYT CXJIECTHY THCS.
Jnst pacyera TsHKEHHUI B IPOBOAAX JIMHUM MPUMEM JKECTKOCTH MONEPEYHOr0 CEYEeHHs POBOJHUKA

>



paBHoii ES = 6-10° H.
B cootBercTBum ¢ hopmynotii (7.50) Tsoxenune no K3

ql*  548-120°

Fy= =2818 H.
8 fu 8-35
[pu mpomomxurenbHOCTH K3 #01; = 0,2 ¢ IO (7.51) HAXOMUM
2
- (280-0,2) ~ 23 JIx,
2(658/9,81)

a o popmynam (7.52)

Foaxl =\/2~6~106%+28182 =3200 H,

2
Frog =2818-maxd<[1+] 20| s 14222 L 30401,
658 658-233

[Ipu nponomwxutenbHocTH K3 741 = 2 ¢ UMeeM

Finax1 :\/2‘6'106%-1-28182 =5710 H.

8. PACUET TEPMHUYECKOI'O JEMCTBHUA TOKOB KOPOTKOI'O 3AMBIKAHMSI
U IMTPOBEPKA JJIEKTPOOBOPY1OBAHMSI HA TEPMUYECKYIO CTOMKOCTh
TP KOPOTKHUX 3AMBIKAHUAX

8.1. O01mue moJI0KeHus

8.1.1. [l npoBEpKU MPOBOJHUKOB U JIEKTPUUECKUX ANapaToB Ha TEPMUUYECKYIO CTOMKOCTH IpHU
K3 npeaBaputensHO DOKHBI OBITH BBIOpAaHBI HE TOJIBKO MCXOJHAs pacueTHas CXeMa W pacdyeTHas
touka K3, Ho u pacuerHslit Bux K3 1 pacuerHas npogomkutensHocTs K3.

PacuernpiM  BumoM K3  1mpum  mpoBepke MPOBOAHMKOB UM JJIEKTPUYECKHX  aIlllapaToB
AEKTpOyCcTaHOBOK HampspkerneM 110 kB w Beime siBnsiercs Tpex- miu oxgHodaszHoe K3, B
anekTpoycraHoBkax cBbime | kB Bmiote mo 35 kB - tpexdasznoe K3, a B amekrpoycTraHOBKax
TEHEPATOPHOI0 HAIPSHKEHUsI JIEKTPOCTaHLMI - TpexdasHoe win aByxdasnoe K3, B 3aBucUMOCTH OT
TOT0, KaKO€ U3 HUX IIPUBOJUT K OOJIbIIEMY TEPMHUUECKOMY BO3JICHCTBHIO.

Pacuetnyto npopomknTenbHOCcTh K3 Ipu mpoBepke MPOBOJHUKOB M 3JIEKTPHUYECKUX arapaToB Ha
TEpMHUECKYI0 cTOMKOcTh mpu K3 crnemyer ompenensiTh CIIOKEHHEM BPEMEHHU NEHCTBHS OCHOBHOIM
peneiiHOM 3aluThl, B 30HY JEHCTBHA KOTOPOM BXOAAT NpOBEpsieMble MPOBOIHMKHM M ammapatsl, U
MIOJIHOTO BPEMEHH OTKIIOYEeHUs! Ommkaimiero k Mmecty K3 Belkirouarens, a mpu npoBepke kadeneil Ha
HEBO3rOPaeMOCTb - CJI0KEHUEM BPEMEHM JICUCTBUS PE3EPBHOM pENEIHON 3alUMThl U IOJHOTO BPEMEHU
OTKJIFOUCHHUS] COOTBETCTBYIOILETO BBIKIIFOYATEIS.

IIpu Hanmuuu ycTpoiicTBa aBTOMaTHYECKOro MOBTOpHOTro BKItoueHus (AIIB) cnemyer yuuThIBaTh
CyMMapHoOe TepMudeckoe aeiicteue Toka K3.

8.1.2. Tlpu pacuerHo#t mpomomxurenbHocTH K3 1m0 1 ¢ mporecc HarpeBa MpPOBOJHHKOB ITOX
neiictBueM Toka K3 momyctumo cumrarh ajnabaTHYecKuM, a MPH PACUETHOH IMPOTOIKUTEIBHOCTH
6osiee 1 ¢ u npu HeObIcTponeicTBytomnX AIIB ciemyer y4uTsiBaTh TEIUIOOTIAYy B OKPY>KArOLIYIO
cpeny.

8.2. Tepmuueckoe neiicTBHE TOKA KOPOTKOI0 3aMbIKAHHUS.
Onpenenenne naTerpaia [5>koyias u TepMUYECKH IKBUBAJIEHTHOTO TOKA
KOPOTKOT0 3aMbIKAHHS

8.2.1. KonmuecTBeHHYIO OIEHKY CTETIEHN TePMHYECKOTo BO3AeHCTBHsI Toka K3 Ha mMpoBOAHWKH U
3NIEKTPUUECKHE aNapaTbl PEKOMEHAYETCs! IPOU3BOANTH C TIOMOILBIO HHTerpana Jxoys



lotkn 5
Bo= | igadt, (8.1)
0
IZie i - TOK K3 B IpOM3BOJIBHBIN MOMEHT BPEMEHU £, A;
toren - PACUETHAS MPOJOILKUTENBHOCTD K3, .

KonmuecTBeHHYIO OIIEHKY CTENEHHM TEpMHYECKOro Bo3aeicTBmsi Toka K3 momyckaercs Takxe
NPOM3BOJMTE C HNOMOLIBK TEPMHUYECKHM OJKBHBAJIEHTHOTO TOKa K3 [ie,,c, T.€. HEU3MEHHOrO IO
amMIuIMTyJe (CHHYCOUAAIBHOT0) TOKa, KOTOPHIH 3a BpeMsi, paBHOE PacueTHOI mpoxoipkuTenpHocTH K3,
OKa3bIBA€T HA NPOBOJHMK WIM JJIEKTPUUECKUI ammapar Takoe >K€ TEPMUYECKOE BO3ACUCTBUE, KaK U
peanbHbIil TOK K3 3a 3T0 ke BpeMsi. DTOT TOK CBS3aH C HHTETpajoM JPKOyIsl MPOCTBIM COOTHOIIEHUEM

I | B (8.2)

Tep.3K P
OTKII

8.2.2. Unrerpan Jxoyns OOITyCKAaeTCs OIMPENeNsATh MPUOIMIDKEHHO KaK CyMMYy HHTETPajioB OT
MEPUOTNIECKO 1 anepruoanYECcKON COCTaBIAOMMX Toka K3, T.€.

BK:BKJ‘I_‘_BK.a (83)
rae By, - uaTerpain J[xoyis oT Nepuoguueckoi cocrassomei Toka K3;
By, - maTETpan JIKoyig OT anepuoIudecKoi coctaBisromeit Toka K3.

8.2.3. Unrerpan /xoyis (4 TSPMUYECKH SKBUBAICHTHBIN TOK K3) siBIseTCs ClOXKHON (yHKIUEH
rapamMeTpoB UCTOYHHKOB SHEPIHH (T€HEepaTopoB, CHHXPOHHBIX KOMIIEHCATOPOB, JIEKTPOIBUTATENCH),
KOHQUTyparid WCXOJHOH pacdeTHON CXeMBI, ITOJIOKEeHHS pacdeTHOM Toukn K3 oTHocuTensHO
HCTOYHHMKOB SHEPTHUH, €€ yJAJIEHHOCTH OT MOCIETHUX U APYrux (akTopos. [loaToMy pexomenmyemas
METOJMKa aHAJUTUYECKUX pacdyeToB HHTerpana Jlxoyns (TepMHYECKH SKBHBaleHTHoro Toka K3)
3aBHCHUT OT OCOOCHHOCTEH pacYeTHON CXEMBI.

[IpeaBapuTenbHO 1O HMCXOMHOW PAcUETHOHW CXEME CIIEAYEeT COCTaBUTh CXEMy 3aMCEUICHUs, B
KOTOPOH, KaK M MPH pacueTe HA4aJIbHOTO 3HAUCHHS MEePHOANYECKOl cocTapistomend Toka K3 (cMm. m.
5.2.2), CUHXPOHHBIE M ACHHXPOHHBIE MAalIMHBI JIOJDKHBI OBITh INPEICTABICHBI MPHUBEACHHBIMU K
0a3MCHON CTYNEHM HANpSDKEHHS WIM BBIPAKCHHBIMH B OTHOCHTEINIBHBIX €IMHHUIAX IIPU BHIOPAHHBIX
0a3MCHBIX YCIOBHSX CBEPXIEPEXOJHBIMU CONPOTUBICHUAMH M cBepxnepexonnsiMu D/IC. 3arem sty
CXeMy ClleflyeT TpeoOpa3oBaTh B MPOCTEHIIYIO0 CXEMY, BUA KOTOPOH 3aBUCHUT OT MCXOJIHBIX YCIOBHUH
(cm. 1. 8.2.4 - 8.2.7), 1, HAaKOHEIl, B 3aBUCMOCTH OT MOJIyUYCHHOHN MPOCTEUIIICH CXEMbI 110 OJHOU U3
NPUBENICHHBIX HIDKE (opMyn ompenenuts uHTErpan JHKoyss MM TEPMUYECKH SKBUBAJICHTHBIH TOK
K3.

8.2.4. Ecnu ucxoaHas pacyeTHas cxeMa MMeeT POU3BONIBHBIN XapakTep, HO AJIs BCEX T'€HEepaTOpOB
U CUHXPOHHBIX KOMIIEHCATOpPOB pacdyeTHoe K3 sBnsercss ynaneHHbIM, T.€. OTHOILIEHHE EHCTBYIOIIErO
3HA4YEHHs NEePHOANYECKON COCTaBIIIONIEH TOKA JII0O0TO reHepaTopa (CHHXPOHHOTO KOMIIEHCATOPa) B
HavyalbHbIM MOMEHT K3 K ero HoMHHaIbHOMY TOKY HE JOCTHUTAeT JBYX, TO IIyTeM IIpeoO0pa3oBaHUM
SKBHUBAJICHTHONM CXEMbl 3aMEIIEHHs BCE HCTOYHHMKM SHEpruM (TeHepaTophl, CHHXPOHHBIE
KOMITCHCATOPbl ¥ MCTOYHHKH OoJiee YAaIeHHOM YacTH 3JICKTPOIHEPTreTHYEeCKOW CHCTEMBI) CIEAyeT
3aMEHHUTH OJTHMM SKBHBAJICHTHBIM NCTOYHHKOM, DJIC KOTOPOro CUNTaTh HEM3MEHHOH MO aMILTUTY/IE,
a MHIYKTUBHOE COIPOTHUBICHHWE PABHBIM DPE3yJIbTHPYIOIIEMY SKBHBAJICHTHOMY CONPOTHBIICHHIO X
pacdeTHoO# cxeMbl (cM. puc. 8.1, a). [Ipu stom unTerpan JHxoyis cieayer onpeaetirs no Gopmye

—2lorkn

B =12\ tores + Tane| 1—€ 122 ||, (8.4)

rae I, - JelCTByIOIee 3HAaYeHHE MEePHOANUecKor cocTaBisitonieil Toka K3 oT 3KBHBaJeHTHOTO
WCTOYHHKA HEPTHUH (CHCTEMBI), A;
T« - DKBUBJICHTHAsI IOCTOSIHHASI BPEMEHM 3aTyXaHMsI allepuOIMYECKON COCTABIISIIOIIEH TOKA
K3, c.



X X X, X,
a) 6)
X, s

(De. E,
8) 2)

Puc. 8.1. Ilpocreiimune cxeMbl 3aMeIIEeHNs], COOTBETCTBYIOINE
Pa3NUYHBIM HCXOIHBIM PacYeTHBIM CXeMaM

Tepmudeckn skBuBasIeHTHBIN Tok K3 B paccMaTpuBacMoM CIydae COCTaBIIsET

—2torkn

T
1+tai l—e Tasx | (8.5)
OTKJI

1 =1

TEP.OK I.C

B Tex ciywasx, KOTHA oy = 3 Taox, MHTETpAd JKOYNA U TEPMHUUECKH SKBUBaJTEHTHBIA TOk K3
JIOITyCTAMO OTIPENIEIISITH MO 00Jiee MPOCThIM (hopMyam:

2
By = I (toren + Tank)s (8.6)
T
ITep.3K Rl 1+ —aK (8.7)
Lorkn

8.2.5. Ecnu mcxo/Hast pacueTHasi cXeMa COJIEP KT OAWH MM HECKOJIBKO OJJHOTHITHBIX T€HEPaTOPOB
(CHHXpOHHBIX ~KOMIICHCAaTOpPOB), TPHYEM TNOCICOHUE HAXOIATCS B OJMHAKOBBIX  YCIOBHSX
OTHOCHUTENIbHO pacueTHod Touku K3 (Bce MammHBI WM OJIOKH MPHUCOETUHEHBI K OOIIMM IIWHAM), a
pacuetHoe K3 siisiercst Ou3KuM, T.e. ACUCTBYIOIICE 3HAYCHUE MEPHOAMYCCKON COCTABIIAIONICH TOKA
reHepaTopa (CHHXpOHHOTO KOMIIEHCATOpa) B Ha4daJdbHBIH MOMeHT K3 npeBblniaeT ero HOMHHAIBHBIN
TOK B J1Ba M OoJyiee pas3a, TO cxema 3aMEIIeHHs TakKe JOJDKHA OBITh mpeoOpa3oBaHa B MPOCTEHUIIYIO
CXeMy, COJEpIKaIlyIo pe3yJbTHpYIollee dKBUBajeHTHOe conpotuBienne X, u J/AC E, (puc. 8.1, 6),
onHako 3Ta D/IC u3mensercs BO BpeMEHHU.

B stom ciryuae nHTerpan J)oyis ciieyer onpenessiTh o popmyiie

—2torkn

B =120,| B «toren + Tar|1—¢ Tar ], (8.8)

n0r  krtorkn ar

rae I, - HayaJbHOE AEHMCTBYIOIEE 3HAYEHHE NEepUoAMYEecKol cocrtapisitomeli Toka K3 ot
reHeparopa (CHHXpOHHOTO KOMIICHCATOpa). A;

T, - TIOCTOSHHAs BpPEMEHH 3aTyXaHHUs alepuoAndecKod coctapisiomeidr Toka K3 ot
reHeparopa (CHHXpOHHOTO KOMIIEHCcAaTopa), C;

B | . - OTHOCHTENbHBIN HHTErpai JHxoys:
D K.
lorkn
12 dt
ntr
0
§ Kr= " 5 > (8.9
I norforkn

rae [, - IeHCTByIOIllee 3HAYeHUE Nepuoanyeckoil cocrapisitouleil Toka K3 or reneparopa
(CMHXpOHHOTO KOMIICHCATOpa) B IPOM3BOJIBHBIII MOMEHT BPEMEHH, A.



3HauYeHUsI OTHOCUTEIBHOTO HUHTETpaia ﬂmoynﬂ IpU pasHbIX YAAJICHHOCTAX pacquHOﬁ Touku K3

OT reHeparopa (CHHXPOHHOTO KOMICHCATOPA) [ nor(youm), T-C. PA3HBIX OTHOLICHHMSIX ICHCTBYIOLIETO
%

3HaYeHHUs TEePHOIMUYECKOM COCTAaBIAIONIEH TOKAa MalMHBI B HavyaubHBIE MomeHT K3 k ee
HOMHHAJIEHOMY TOKY, MOTYT OBITh OIIpE/IENIEHHI 110 KPUBBIM Ha pHuc. 8.2.
B paccmarpmBaeMoMm ciydae TEepMHUYECKH OSKBHBAJNCHTHBIM ToK K3 ciemyer ompenemars Imo

thopmymne

2tk

T
ar | j_e Tar | (8.10)

OTKJI

1 =1

Tep.oK n0r +

B

K.T

Ipu ¢y = 3 Ty AN onpenenenus uuterpana J[Koyns U TepMHUYECKHd SKBHBaJIEHTHOro Toka K3
JTOITyCTAMO UCTIOIH30BATEH (POPMYITBI

BK zIr%Or(§ xrlomin +Ta.r) 5 (8-11)
(8.12)
B xr
0,9
\
0,8
\§3.
0,7
\‘%
0,6 5
\
6
0,5
\7
0,4 ]
/\""‘““—"L\:T\,“\’

0 01 02 03 04 ¢tc

Puc. 8.2. Kpussle 1715 onpeeneHus g «r OT CHHXPOHHBIX FT€HEPATOPOB

C THPUCTOPHOU CHCTEMOW BO30YKICHUS

8.2.6. Ecnm ncxonHas pacueTHas CXeMa COJEPXKHUT pa3IMyHbe MCTOUHUKH 3HEPTHH, a PacyeTHOEe
K3 nenmut cxemy Ha JBe HE3aBHCHMBIE YacTH, OJHA M3 KOTOPBIX COJEPKUT MCTOUYHUKH SHEPTHH, JUIS
koTopeix K3 siBisieTcss ynaieHHBIM, a JApyras - OJWH WM HECKOJIBKO I'€HEepaTopoB (CHHXPOHHBIX
KOMIIEHCATOPOB), HAXO/IAIIMXCS B OJIMHAKOBBIX YCIOBUSIX OTHOCHTENBHO TOukn K3, mpudem 1ist 3ToH
MaIIUHbl WIX TPYHIbI MamuH pacueTHoe K3 sBisiercst OMM3KuM, TO SKBUBAJIICHTHASI CXEMa 3aMEIICHHS
JIOJDKHA OBITh MPeoOpa3oBaHa B IBYXJIyUEBYIO (puC. 8.1, 6): BCE HCTOYHHUKH SHEPTHH, I KOTOpbix K3
SBISIETCSl YAAJIEHHBIM, W CBS3bIBAIOIIME MX C TO4KoM K3 siemMeHTHI crenyer mpencTaBuTh B BHE
OIHOW BETBHM C HEW3MEHHOH Mo amrumryne H3kBuBaneHTHOH OJIC E. W pe3ylbTHPYIOIINM
SKBUBAJICHTHBIM COIPOTHUBICHHEM X, a MaIllMHa WIM Tpynna MamuH, 11 kotopoil K3 saBmisercs
ONMM3KUM, - B BHJE JpPYrodl BeTBH ¢ M3MeHsrouielicss Bo BpeMeHn DJIC E. M COOTBETCTBYIOLIMM
9KBUBAJICHTHBIM CONTPOTHBIECHUEM X/

B stoMm cirywae mHTerpan JKoyis ciiexyeT onpenessiTh o popMyie



_2grkn

2 2 2 T.
By = (ln.c + 21 Lhor O wrt Lhor B kr }omn g Tanc|1—e 732 |+
*

*

(8.13)
2Morkn torkn (Tak+Tar)
4 [§OrTar l—e Tar n 4In.c1n0rTa.31<Ta.r l—e TaskTar
’ T +T,r

a.oK

rae O . - OTHOCHTENBHBII HMHTErpal OT HMEPHOAMYECKOW cocTaBidmomed Toka B Mecre K3,
*

00yCIOBIIEHHOI NieificTBHEM reHepaTopa (CHHXPOHHOTO KOMIIEHCATOpa):

fotkn

[Iedt
0, =—2. (8.14)
* o IHOFtOTKJ'l

3HaueHWe OTHOCHTEIBHOTO MHTerpana () ., IpH HalAeHHOW ynaneHHOCTH Todkn K3 MoxxHO
*
ompenenuts 1m0 KpuBbIM QO = f(torxy) -TaKue KpUBBIE M1 CHHXPOHHBIX TI'€HEPaTOpoOB C
%

THPUCTOPHON HE3aBHCUMOW CHCTEMOW BO30YKIICHHS MIPUBEJICHEI Ha puC. 8. 3.

Qx.r = 2

» 0O0r (noM}
0,9 —~

NN

N
0,8
N

0,7

/1]
S
//

"~

ndr (Hom) - \

0,6

T . o N

0 0, 02 03 04 1t¢c

Puc. 8.3. Kpussle nist onpeznienieHust 0 . OT CHHXPOHHBIX T€HEPATOPOB
*

C THPUCTOPHOU CHCTEMOW BO30YKICHUS

B tex cayuwasx, xoraa 37,; > town = 3Taq, A ompeneiaeHuss uHTerpana JHKoyms AOMyCTHUMO
WCIOJIb30BATh BBIPAKEHUE

2 2
By =([n.c + 21 eI hor g crt Thor § K.r]tomn +

(8.15)

2to1kn
Tar I A4l oL norTaoc T ar .

Ta.BK + T&.I‘

2 2
+In.cTa.3K +In0rTa.r l-e

Ecnu x&e #yyq = 37, , TO JOMYCTHMO UCTIONB30BaTh (OPMYITy



I5 SRS SN A
+Ir%OrTa.r 4 n.; n0r ank! ar ] (8.16)

2
+15.T
II.C +‘]ﬂaj

OTKJI

2 2
By =| e+ 21 Iyor g wrt Inor B t a.9K

* K.T
a.9K

Tepmudeckn 3kBUBaNeHTHHIH TOK K3 cienyer ompenensats mo ¢opmyne (8.2), moacTaBUB B Hee
IIPEBAPUTEIILHO HAMIEHHOE 3HaUEHUE By.

8.2.7. Ecnu ncxonmHas pacueTHasi cxeMa COJACp)KUT pa3lIndHble NCTOYHUKH SHEPIUH, a PacueTHOe
K3 nenur cxemy Ha ABE HE3aBHCHMBIE YacTH, OAHA M3 KOTOPBIX COJNCPKUT MCTOUYHUKH SHEPTHUH, JUIA
koTopeix K3 sBisercs ynanmeHHsIM, a gApyras — TpyNIy OJHOTHIIHBIX JJIEKTPOABHIATENCH
(CHHXPOHHBIX WJIM aCHHXPOHHBIX), /Ui KOTOpbIX K3 siBiisieTcss ONM3KMM, TO DKBHBAJIEHTHAs CXema
3aMeIeHns] TaKkKe JIOJDKHA OBITh TpeoOpa3oBaHa B JIBYXJydeByIO (puc. 8./, 2): BCe HCTOYHHKH
SHEpTuH, A KOTOpbiX K3 ABmsieTcst yaaneHHbIM, U CBA3BIBAIONINE MX ¢ TOuKoH K3 ameMeHTs! cnenyer
MPENCTaBUTh HEM3MEHHOM 1o amiumTtyne oSKkBuBanmeHTHoH OJO/C E. ©u  pe3ylbTHPYIOIINUM
SKBHUBAJICHTHBIM COIPOTHUBIEHHEM X, a TpyIma 3JeKTpojBurareneii — skBuBaneHtHoit DJIC E; u
9KBUBAJICHTHBIM COIIPOTUBIICHUEM X ;.

B stoMm ciydae mHTerpan JKOyms ciexyeT OompenensaTh 0 OAHOW u3 (OpMyII, TPUBEACHHBIX B II.
8.2.6, mpenBapuTenbHO 3aMEeHHUB B HEH o UM T, COOTBETCTBYIOUIMMH BEIUYMHAMH [no; U T, AT
SKBUBAJICHTHOT'O 3JIEKTPO/ABUTATENS, @ TAKKE é’ «r ¥ O ¢ - OTHOCHTEIbHBIMH HHTEIPATIAMH § xn M

*

O ;i OKBHUBAIEHTHOTO JJEKTpoABHrarens. Kpusble 3aBUCUMOCTH § k1= Corn) 1 O x 1= fEorkn)
* *

JUIL CHHXPOHHBIX M ACHHXPOHHBIX JIEKTPOJBHUTaTeleH NPH Pa3HBIX OTHOIICHMAX JEHCTBYIOIIETO
3Ha4Y€HHUs MEPUOANYECKOH COCTABISIONIEH TOKAa SKBHUBAJICHTHOTO 3JIEKTPOJABUTATENs] B HAYaJIbHBIHN
MoMeHT K3 k ero HoMUHaJIbHOMY TOKY MPHUBEJEHBI Ha puc. §.4—8.7.

Tepmudeckn skBuBasieHTHBIH TOk K3 cienyer ompexnernsts mo ¢opmyne (8.2), MOACTaBUB B Hee
MpeABapUTENbHO HalICHHOE 3HaUeHHue uHTerpana Jhxoyns B,.

8.3. IIpoBepka NPOBOJHMKOB HA TEPMUYECKYIO CTOHKOCTD NPH KOPOTKHUX 3aMbIKAHHSAX

8.3.1. IIpoBepka MPOBOAHUKOB HAa TEPMHUECKYIO CTOWKOCTH Ipu K3 3akimodaercs B onpeneeHun
UX TeMIlepaTyphl HarpeBa K MOMEHTY oTkioueHns K3 u cpaBHEHHH 3TON TeMIepaTypsl ¢ IpeAeIbHO
JnomyctuMoit Temmieparypoir HarpeBa mpu K3. IIpoBOJHUK yHOBIETBOPSET YCIOBHIO TEPMHUYECKOMN
CTOUKOCTH, €CIIi TeMIIepaTypa HarpeBa MPOBOJHHKA K MOMEHTY oTkimodeHus K3 3, He mpeBrwImmaer
Npe/IENbHO JIONMYCTHMYIO TEMIIepaTypy HarpeBa COOTBETCTBYIOIIEro npoBojanuka npu K3 9y ioq, T.c.
€CJIU BBINOJHAETCS yCIOBHUE:!

9« < Yrcson- (8.17)
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Puc. 8.6. Kpussie nyis onpenenenust B
D .

OT aCUHXPOHHOT'O 3JICKTPOABUTaTCIIA

8.3.2. [Jomyckaercsi mpoBEpKY MPOBOJHUKOB Ha TEPMHUUYECKYIO CTOMKOCTh mpu K3 mpousBomuth

OT CHHXPOHHOT'O JJIEKTPOABUTATEIIA
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Puc. 8.7. Kpussie qns onpenenenus @  ; OT
*

ACUHXPOHHOT'O 3JICKTPOABUTATEIIA

TaKkKe IyTeM CPaBHEHHs TEPMHYECKH SKBHUBAJIECHTHOH IIOTHOCTH TOKa K3 Jigp,e € IOMycTHMON B

TEYEHHUE PACUETHOH MPOMOKHTENBHOCTH K3 MIIOTHOCTBIO TOKA Jiep on. [IPOBOIHMK ynOBIETBOpSET

YCI0BUIO TepMquCKOﬁ CTOMKOCTH npu K3, €CJIN BBINIOJIHACTCA COOTHOIICHUC
JTep.aK < ‘]TEP.IIOH .

(8.18)

8.3.3. Ompenenenue Temmneparypbl HarpeBa MPOBOAHUKOB K MOMEHTY oTkiatodeHust K3 criemyer
MIPOM3BOAUTH C KCIOJB30BAHUEM KPHUBBIX 3aBUCHMOCTH TEMIIEPATyphl HAarpeBa MPOBOJHHUKOB & OT
BEIMYMHBI Ag, SBISIONMECS (yHKIMEH yACIbHON TEINIOEMKOCTH MaTepHaja IMPOBOJHHUKA, €ro
VACTHHOTO COTPOTUBIICHUS M TEMIIEPATyphl HarpeBa. Takue KpUBBIC IS KECTKUX IIHMH, Kabened u

MPOBO/IOB HEKOTOPBIX MapOK NPUBEJICHBI Ha pHC. 8.8, a U IPOBOIOB APYTHX MApoK - Ha puc. 8.9.
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Puc. 8.8. Kpusble 15 onpefenaeHNs: TEMIIEPATyphl HAarpeBa MPOBOJHUKOB U3 PA3INYHBIX



MaTepHaoB MPU KOPOTKUX 3aMbIKAHUSIX
Martepuansl npoBogHukoB: 1-MM; 2-MT; 3-AM; 4-AT; 5-A10, ACT; 6-A131T1;
7-AJ131T; 8-Cr13

B,°C 4
200 /// /
1 y 3

100 V//

0,510  1,0-10%4,, A? c/mm*

Puc. 8.9. Kpusble amst onpefienieHns TEMIIEpaTypbl HarpeBa MpoBOJOB IIPH KOPOTKUX 3aMBIKaHUAX
Martepuans! npoBoos: 1 - crmassl AXK u AXKKII; 2 - cimaet AH u AHKIT; 3 - amromunumit Mapox
A, AKII, ApKII u craneamomunuii mapox AC, ACKII, ACKC, ACK, AnC, AnCKC, AnCK

PacueTs! nienecooOpa3Ho BECTH B CIEIYIOIIEH ITOCIEI0BAaTENbHOCTH:

1) ma puc. 8.8 wm puc. 8.9 BeIOpaTh KPHUBYIO, COOTBETCTBYIOIIYI0 MaTepHaly MPOBEPSIEMOTO
MPOBO/IHUKA, U C TIOMOIIBIO 3TOH KPUBOM, NCXO/IS U3 HAUYAJILHOM TEMIIepaTypbl TPOBOAHUKA 3, HAUTH
3HAUYEHUE BEIUUUHBI 4 g, TIPU 3TON TEMIIEPATypE;

2) ucnonb3ys METOAMKY, M3JIOKeHHyIo B mm. 8.2.4 - 8.2.7, ompenenurs 3Ha4YeHHE MHTerpaja
Jxoyns B npu pacueTHbIX ycnoBusix K3;

3) HaliTh 3HaYeHHWE BENWYMHBI Ay = Ag,, COOTBETCTBYIOIlECe KOHEUHOW TeMIIepaType Harpena
MPOBOJIHUKA, UCTIONB3YsT POPMYITY

ASK :ASH +§—§, (819)
rae S — MIIomaAb MONEPEYHOTO CEeYEHHs NMPOBOJHMKA, a ISl CTAICATIOMHHUEBBIX MTPOBOAOB —
IUIONIA (b TTOTIEPEYHOTO CEYECHUS! aTFOMUHUEBON YacTH MPOBOJA;

4) o HalJEeHHOMY 3HAUCHHIO BEJIMUMHBI Ay = Ag,, UCHONB3Ys BHIOPaHHYIO KPUBYIO Ha pHc. 8.8

wim puc. 8.9, onpenenuTh TEMIepaTypy HarpeBa MPOBOJHHMKA K MOMeHTY oTkimodeHus K3 9 u

CPaBHHUTH €€ C MPEIEIBHO JOMYCTUMON TeMOepaTypoi Jy ;. TepMUYecKas CTOHKOCTh MPOBOJHUKA
obecrieynBaeTcs, €CiH BEITIONHACTCS ycmoBue (8.17).

8.3.4. IlpenenbHO JOMYCTHMBIC TEMIIEPATyphl HAarpeBa Pa3IMYHBIX MPOBOIHUKOB TMPHBEICHBI B
Taoi. 8.1.

Ta6muma 8.1

IIpeneabHo goMycTHMBIE TEMIIEPATYPbl HATPEBA NPOBOAHUKOB IIPH KOPOTKHUX 3aMbIKAHUSIX

Bun npoBogHNKOB S o, °C

IuHB! antOMUHUEBBIE 200
InHBl MeqHEBIE 300
[uHEI cTadbpHbIE, HE UMEIOIINE HETIOCPEACTBEHHOTO COSANHEHHS C armapaTaMu 400
[IuHEI cTayBHBIE C HETTOCPEICTBEHHBIM MPHCOEMHEHNEM K arapaTam 300
Kabenn ¢ OymaxkHO# nponuTaHHOI n30Ms1Mell Ha HanpsbkeHne, KB:

1 250

6-10 200

20-35 130

110-220 125
Kabenn u n301upoBaHHBIE TIPOBO/IA ¢ MEJHBIMA M AJIFOMHHUECBBIMH JKUIAMH U
H30JIAIIAEN U3:

MOJMBUHUIXIOPUIHOTO IJIaCTHKATa 160




PEe3UHBI 160
MOJIMATIIIEHa (HOMUHAIIBHOE HalpsbKeHne kadenei 1o 35 kB) 130
BYJIKAHM3UPOBAHHOTO (CIINTOTO) MOIMITHIICHA (HOMUHAIEHOE HANpsDKeHNe Kabemei 250
1o 35 kB)
MetHbIe HEH30IMPOBAHHEIE IPOBOJIA TIPH TKEHHX, H/MM?:
MeHee 20 250
20 u 6osee 200
AJIOMHHHEBbIE HEM30IMPOBAHHBIE TIPOBOJIA MIPH TsDKEHHMsX, H/MM™:
MeHee 10 200
10 u 6onee 160
ATIOMIHHEBAS 9aCTh CTAICATIOMUHUEBBIX TPOBOJIOB 200

8.3.5. Eciu mnpu BbIOOpE CEYCHUS TPOBOIHHMKA OIPEICIISIONIMM YCIOBUEM SIBISICTCS €ro
TepMHuUecKass cToWkocTe mpu K3, To cienyer BhIOpaTh MHUHHUMAJIBHOE CEYEHHE IPOBOJIHHKA, IPH
KOTOPOM €ro TeMIlepaTrypa HarpeBa K MOMEHTY OTKIodeHUs K3 okaspiBaeTCs MEHbBIE IpPEAeThHO
JOMTyCTUMOW TeMIeparypbl Win paBHOH eil. C 3TOH menpl0 HEOOXOAWMO, MCXOMAS W3 PACUETHBIX
ycnoBuit K3, ompenenuth 3HaueHue uHTerpana JKOyms, a HUCXO[s W3 MaTepuaia MpPOBOJHHUKA,
BEIOpaTh HEOOXOAUMYIO KpUBYIO Ha puc. 8.8 wiu puc. 8.9 u 1mo Hell HATH 3HAYCHUS BETUYHHBI A g,
COOTBETCTBYIOIME HAYaJIbHOM U MpelenbHO JOMYyCTUMOMN TeMIepaTypaM, T.e. Agy U A gy on. YICKOMOE
MHHHMaJIbHO BO3MOXKHOE CEYEHHUE MPOBOIHUKA

s (8.20)

Tep min —

Hcnone3ys 3aTeM IIKaly CTaHAAPTHBIX CEUCHHWH NPOBOJOB IIMH WM JKHJI KalOeneH, ciemyer
BBIOpATh CEUCHUE TPOBOAHUKA, yJOBIETBOPSIOIIEE YCIOBHIO
S STep min-+
8.3.6. B Tex cnyyasix, korza Harpy3ka npoBogHuka 10 K3 61m3ka K MpooKUTENTFHO JOMYCTHMOI,
MHHUMaJIbHOE CEYEHHE IPOBOJHMKA, OTBEYAIOIee YCIOBHIO TEpMHUECKOM croiikoctn mpu K3,

CJIeIyeT ONpeAesaTh Mo Gopmyiie
V BK
S = (8.21)

Tep min — c.

rae CT :\[ ASK.IIOH - ASHOM ;

Yi0m 3HaueHHe GYHKIMH Ag TPH TPOAOIDKHTENBHO JIOMYyCTHMOHW TeMIlepaType

MIPOBOJTHUKA 1oy -
3nrauenns napameTpa C; U )KECTKUX IIWH IPUBEACHBI B Ta0M. 8.2, ms kabeneii - B Tabm. 8.3, mis
TIPOBOJIOB - B Ta0I. 8.4.

Tabnuna 8.2
3Hauenne napamerpa C; IJ5 KeCTKUX IINH
Cucrema Marepuan npoBoaHuKa Wi Mapka | 3uadenne C,, A - ¢*/MM>, mpn HaYaTBHOI
JIETUPOBAHUSA CIUTaBa Temneparype, °C

70 90 120

Mens 170

AJ1O 90 81 68

Al AJITH 91 82 69
AJIOM, AJIIM 92 83 70

AJI31TI 85 77 64

AJI31T 82 74 62

Al-Mg-Si AJZI33T1 77 71 59
AJ133T 74 67 57

ABTI 73 66 55

ABT 71 63 53

1911 71 63 53

Al-Zn-Mg 1915, 1915T 66 60 51




Al-Mg-Mn AMTrS 63 57 48
Cranb pa 3 o, = 400 °C 70
Cranb npa 3 o, = 300 °C 60

8.3.7. Ecnu mpoBepka NMpoOBOAHMKA Ha TepMHYeCKylo cToikocTh npu K3 mpousBomutcs myTem
CPAaBHEHHMS] TEPMUYECKH SKBUBATIEHTHON MIIOTHOCTH TOKA Jrep o C JIOMYCTUMON B TEYEHHE PACUETHOTO
BpeMeHH K3 MIIOTHOCTBIO TOKA Jrepqon (CM. 1.8.3.2), TO cleayeT NpeABapHTENbHO OIPEAEIUTH

3HAYEHUsI ATUX BEJIUYHUH, HCTIONB3YS (HOPMYIIBI

3navenue napamerpa C, 1Js kadenei

Tabmuma 8.3

3navenue napamerpa C, 1Jisi IPOBOAOB

XapakrepucTuka kademuei 3nagenne C.,,
A - c"?mm?

Kab6emu 10 10 xB:

C MEIHBIMH KUIIAMA 140

C aJTIOMHHHUEBBIMU KUJIaMHU 90
Kabemu 20-30 kB:

C MEIHBIMH SKUJIAMU 105

C aJTIOMMHHUEBBIMU KUIaMU 70
Kabenu u nzonupoBaHHbBIE TPOBO/IA C MTOJUBUHILIXIIOPUIHON HIIH
PE3UHOBO M30JISIIUEN:

C MEJIHBIMM KUJIaAMU 120

C ATFOMHHUEBBIMU YKUJIAMHI 75
Kabenu u nzonupoBaHHbBIE TPOBO/IA C MTOJMBUHIIXIIOPHIHON U3OIISIIHEH:

¢ MEIHBLIMH >KUJIAMU 103

C ATFOMHHUEBBIMU JKHJIAMHU 65

Taoauna 8.4

Martepuan nposoaa Mapxka mpoBoza 3nauenmne C,, A - ¢"*/MM%, ipn
JIOITyCTUMBIX TeMIepaTypax HarpeBa
nposonos npu K3, °C
160 200 250
Menp M - 142 162
AnroMyuHANA A, AKII, An, AnKII 76 90 -
AJFOMUHUEBBIN CILJIaB AH, AHKII 69 81 -
AX, AXKKII 66 77 -
ATIOMUHHAKR-CTAIb ACK, AnC, ACKC, AuCKC, 76 90 -
AnCK, AC, ACKII
JTep.BK = ITep-3K ; (8.22)
J rep.son = JTep;onl t 1 (8.23)

OTKJI

rzie S - IWIoIab MOMEPEYHOTr0 CEYEHHS IPOBOIHHUKA;
Lrepnon1 - OMHOCEKYHIHBIH TOK TEPMHYECKOH CTOMKOCTH (IOIyCTHMBIA OXHOCEKYyHAHBbIH TOK K3),
YKa3bIBaeMblii B HODMAaTUBHBIX JTOKYMEHTaX.
Tepmudeckast croiikocTh poBoHKKa 1pu K3 obecrieunBaercst, eciu BeoaHsAeTcs ycnosue (8.18).
8.3.8. B Tex ciyuyasix, Korja Harpy3ka npoBogHuka 10 K3 61m3ka K MpogomKUTENTsHO JOMYCTHMOI,
MPOBEPKY ATOr0 MPOBOAHMKA Ha TEPMUYECKYI0 CTOiKocTh npu K3 momyckaercss NMpoOHM3BOAWTD,



HCIO0JIB3Yd COOTHOIICHUE!

Joo< & (8.24)

TEp.IK —
Y Lorkn

8.4. IIpoBepka IEKTPHYECKHX ANMMAPATOB HA TEPMHYECKYI0 CTOHKOCTH
MPH KOPOTKHUX 3aMbIKAHUSAX

8.4.1. IIpoBepka 3MEKTPUIECKOTO ammapaTa Ha TEPMHUYECKYIO0 cToikocTs mpu K3 3axmouaercs B
CpPaBHEHHM HalJIECHHOTO MpH pacyeTHBIX YCJIOBHSAX 3HaueHHs wuHTerpana JDxoyns B, c ero
JOMYCTUMBIM  JUISl  TIPOBEPSEMOr0  ammapaTa 3HAYEHUEM  Brepnon.  DJEKTpHYECKHMil  ammapat
YIIOBIIETBOPSIET YCIOBHIO TEPMUIECKON CTOMKOCTH, €CITH BHITTOIHSETCS yCIOBHUE

BK < BTCpﬂOl‘l‘ (825)

JIyst KOMMYTallMOHHBIX aInaparoB (BBIKJIIOUYATENEH, BBIKIIOUaTeIel Harpy3Ku, pa3beIMHUTENeH 1
T.1.) JOMYCTHMOE 3HaueHWe WHTerpana J[Koyns 3aBUCHT HE TOJIBKO OT YKa3bIBAEMOTO 3aBOJIOM-
M3TOTOBUTENIEM HOPMHUPOBAHHOTO TOKA TEPMHUYECKOM CTOMKOCTH MPOBEPSAEMOTO ammapara liep uopw, HO
U OT COOTHOIIEHHSI MEXIYy PacueTHOH MpONOKHUTENbHOCTBIO K3 74, M MpenenabHO IOMYyCTUMBIM
BpPEMEHEM  BO3/ICHCTBUS  HOPMHUPOBAHHOTO TOKA TEPMHYECKOH CTOMKOCTH  frepuopw  (TAKIKE
YKa3bIBAEMOT'0 3aBOJIOM-H3TOTOBUTENEM). ECIU o 2 frepuopw, TO JOIYCTUMOE 3HAUYEHUE MHTETpaia
Jxoyisa paBHO

B =12 t (8.26)

Tep. 1011 Tep.HOPM " Tep.HOPM >

MMO3TOMY YCJIOBUEM TepMI/I‘IeCKOﬁ CTOMKOCTH KOMMYTAallMOHHOTO arirapara sABJIACTCSA BbIIIOJTHCHUEC
COOTHOLICHUA

2
BK < ITep.HOpM tTep.HOpM . (8-27)
Ecnm e fone 2 Erepiopws TO JOIMYCTUMOE 3HAUEHHE HHTETpana JHKoyst paBHO
2
BTep.aon = ITCp.HothOTKJ'I . (8.28)

U YCIOBHEM TepMI/I‘IeCKOﬁ CTOMKOCTH KOMMYTAallMOHHOI'O amrapara SABJIAE€TCA BBIIIOJIHCHUE
COOTHOIICHUA

B <I2 t (8.29)

Tep.HOpM ' OTKI *

8.4.2. TIpoBepKy dJIEKTpUYECKUX ammapaToOB Ha TEPMHUECKylo CToMKocTh mpu K3 momyckaercs
TaKKe IPOM3BOJUTL IIYTEM CPABHEHHUS TEPMHYECKU JKBUBAIEHTHOrO TOKa K3 [i¢,, € HOMyCcTHMBIM
TOKOM TEPMHYECKOH CTOMKOCTH [ repy zon. DNEKTPUUECKHMH anIapaT 001aaeT TEPMUYECKOH CTOMKOCTEIO,
€CJIM BBIMIOJHSAETCS yCIOBUE

ITep,aK 2 [Tep.z[on- (830)

J71s1 KOMMYTallMOHHBIX alapaTroB AOMYCTHUMBIA TOK TEPMUYECKOW CTOMKOCTU 3aBUCUT HE TOJIBKO
OT UX HOPMHUPOBAHHOI'O TOKa TEPMHYECKOH CTOMKOCTH, HO U OT COOTHOILIEHHUS MEXIY pacyeTHOU
MPOAOJDKUTENBHOCTHIO K3 U MpeenbHo TOMyCTUMBIM BpEMEHEM BO3/IEHCTBHSI HOPMUPOBAHHOIO TOKA
TEPMHUYECKOM CTOMKOCTH. ECIM foi > frepuopws TO YCIOBMEM TEPMHUYECKOM CTOMKOCTH armapara
SIBJISICTCS. BBIITOJTHEHUE COOTHOIICHUS

[Tep.alc < ITCp.HOpM tTep.HopM /toncn : (8.31)
Ecnm ke fong < trepuopws TO YCIIOBUEM TEPMHUYECKON CTOMKOCTH allapara sSBJISETCS BBINOIHEHUE
COOTHOILICHHS

I (8.32)

Tep.3K < [Tep.HOpM .

8.5. IIpuMepsl pacueToB 110 MPOBEpPKe 3JIEKTPOOOOPYAOBAHNS
HA TEPMHYECKYI0 CTOIKOCTH MPH KOPOTKUX 3aMBIKAHHAX

8.5.1. TpeOyercs MpOBEPHUTH HAa TEPMHUUIECKYIO CTOHKOCTh pu K3 BeIKIIOUaTens trma BMIID-10-
630-20Y3, ycTaHOBIEHHBII Ha MOACTAaHIMU B LeNH KaOeTbHOW JTUHWM, W BBIOpAaTh MUHUMAJIBHOE
CEUeHHE COOTBETCTBYIOLIETO Kalels, OTBEYAIOLIEro YCIOBUIO TepMHUUECKOl cToiikocTH npu K3, eciu
u3BecTHO, uTo npu K3 Ha mmuax 10 kB noacranumu Iy, = Iy = 17 KA, Tan = 0,045 ¢ u pacuerHas
TIPOIOIDKUTENBFHOCT K3 cocTaBiser ¢y, = 0,6 c. s Beixmrouarens tuna BMITD-10-630-20Y3 nano:
ITep.HopM =20 KA> tTCp.HOpM =8c.

TTOCKONBKY ?4rin = 3 Taox, TO UIA OTIPEICICHUS MHTETPpaNIA J[MKOYIIST MOXKHO HCIIOIE30BaTh (POpMYITy
(8.6):



B ~ 12 (toren + Tane) =17000% (0,6 +0,045) =186,4 - 10 Ac.
Ipn tos < trpuopw MAOIYCTHMOE JUIS BBEIKIIOYATENS 3HAYeHUE MHTErpana JHxoyns ciemyer
ompenersite o dpopmyie (8.28):
B =12 ouloma =200002 -0,6 =240-10% AZc.

Tep.Jom Tep.HOM " OTKII

OTKJI

CootHomerne (8.29) BHIONHSAETCS, TIO3TOMY TEPMHYECKas CTOMKOCTh  BBIKITFOYATEIS
o0ecrieunBaeTcsl.

B cootBercTBUH ¢ Tabu. 8.3 s KaGeneii ¢ amomurmeBbiME kuiamu C; = 90 A-c'?/mm?, mosTomy
MHHHMAaJIbHOE CEYEHHE JKHMJIbI KaOens, OTBedalollee YCIOBHIO TepMHUECKOW croiikoctn mpu K3, B
cootBeTcTBUH ¢ popmyoii (8.21) cocraBisier

JB. o 108
V'K _ 186,4-10 =151,7 mm>.
C, 90

S

Tep min —

Taxum 0Gpa3oM, Heo6X0aUM Kabenb ceueHneM 185 My,

8.5.2. TpebyeTcsa mpoBepUTh Ha TePMUUECKYI0 cTOWKOCTh pu K3 Brikmogarens Tuna BMT-1105-
20/1000Y1, y KOTOPOTO Irepnopw = 20 KA M frepuopw = 3 C, YCTAHOBJIEHHBIH B paclpeaeNuTeIbHOM
ycrpoiictee 110 kB KOC. Ha KOC ycranoneHo 3 6moka c¢ renepatopamu thmna TB®-110-2EY3,
KOTOPBIE WMEIOT CIEAyIomme mapaMmerpel: Py, =110 MBT; cos @y = 0,8; Uym = 10,5 kB;
X d(uom)= 0189 X 20 =023 ; 7% = 0,41 ¢; mo K3 reneparopsl paboTamy ¢ HOMMHAIBHOM

Harpy3kom, MO3TOMY E('I’{OM):I,IB. IMapametrpbl TpanchopmaTopa Onoka: S,y = 125 MB-A;

u, = 10,5 %; AP, = 400 xkBt; n = 115/10,5 kB. Tox K3 or cucremsr I, = 7 kA; T, = 0,045 c.
Pacuernas npogomxutensHOCTE K3 cocTaBiseT o, = 0,2 C.

PacueTbl NpOBEICHBI C HCIOJIb30BAHUEM CHCTEMbl OTHOCHTENBHBIX EIUHHUI] IIPU CIEOYIOIINX
6azucHbIx ycnoBusax: Sg = 110/0,8 = 137,5 MB-A; 6a3ucHble HanpspKeHUS Ha CTOPOHAX BBICIIETO H
HU3IIET0 HampspkeHnid TpancdopmatopoB Ugg = 115 kB u Ugy = 10,5 kB; 6a3ucHBI TOK Ha CTOPOHE

137,5

V3115

COIIPOTUBJICHHUSA KaXA0T'0 TpchtbopMaTopa COOTBETCTBECHHO PAaBHBI:
u % Ss 105 1375

BBICIIIETO HAaNpsDKEHHUS [sp = =0,69 xA. Ilpu 3THX YyCHOBUSIX HHIYKTMBHOE M aKTHBHOE
6B

X =X =—. =0,1155;
« ©% 00 s, 100 125
-3
R - AP Sg _400-107° 1375 oo
A Siom Swow 125 125
AXTHBHOE CONPOTHBIIEHHE 0OMOTKH CTATOPa FeHeparopa
X 26
R )=~ = 0235 _ 400179,
) or® 314041
[Tpu yka3zaHHBIX yCIOBUIX
S 1113 1375
1 0 =7 or(6 = d . ’ :3,65;
i 10r(o) =, m0r®)g T 0189 40,1155 137.5
Luor = 3:3,65:0,69 = 7,56 kA;
BEECIEEC) 023+01155 o

a.r =
314(0,00179 + 0,00352)
0’({3 et R T(@)

o kpuBbIM Ha pUC. 8.2 IPH [ 11p(som) = 3,05 H lon = 0,2 ¢ B . = 0,75, a 110 KpUBEIM Ha puC. 8.3
O «r=0287.
*

[Mockonbky 3T, > tomn > 37T ax, TO AN onpeneneHust uaTerpaina JKoyis MOKHO MCIOJIb30BaTh
BEIpakeHue (8.15):

B, =(7000% +2-7000 - 7560 - 0,87 + 75602 - 0,75) - 0,2 + 70002 - 0,045 +
20,2

475602 0,207 1 0207 | A-7000-7560-0,045-0,207

0,045-0,207

=56,745-10% A°c.



Ipu  torn < trepmopw MAOMYCTHMOE [JIsl BBIKNIOUATeNs 3HAadeHWe HHTerpana Jxoyns
Birepon = 20000%-0,2 = 80-10° A’c.
CootHomerue (8.29) BBIIOIHACTCS, TOITOMY BEIKIIOYATEh 00J1a1aeT TEPMUIECKON CTOMKOCTHIO.

9. TIPOBEPKA JJIEKTPUYECKHUX AIIIIAPATOB
HA KOMMYTAIIMOHHYIO CITIOCOBHOCTbD

9.1. Od1Me MoJI0KeHus

9.1.1. KomMyTaMoHHBIE anmapaTbl JOJDKHBI OBITH CHOCOOHBI BKIIOYaTh W OTKJIOYATh
COOTBETCTBYIOUIME LENH B NMPOAOJDKUTEIBHBIX U B KPaTKOBPEMEHHBIX aBAPHHHBIX PEXHUMax, B TOM
gucne B pexknme K3. OHE MOTYT Takke MCHOIb30BaThes M paboTsl B mukinax AIIB, OAIIB, ABP.
CriemnpuuecKuMH  pPeKUMaMH  SIBISIIOTCS  PEXUM  BKIIOUeHHsT Ha K3, peXuM HECHHXPOHHOTO
BKJIFOUCHHSI B YCJOBUSAX IPOTHBO(A3bl M PEXUM BKIIOUEHHS INPH paccoriacoBaHuu ¢as. Bo
BKJIFOUCHHOM TIOJIOKCHHM KOMMYTALMOHHBIE alapaTbl JOJDKHBI OBITh CHOCOOHBI IIPOIYCKaTh
CKBO3HOM TOK K3.

9.1.2. [lnaBKue NpeOXpaHUTENN JOKHBI OBITH CHOCOOHBI OTKJIFOYATh COOTBETCTBYIOIINE LIETH
IIPY KOPOTKHX 3aMBIKaHUIX M HEJIOMYCTUMBIX Meperpy3Kax.

9.2. [IpoBepka BbIKJIIOYATEJICH

BrikmrogaTenn 10KHBI BBI6I/IpaTI>CH TI0 YCJIOBUAM!
Unom 2 Ucern noms
IHOM 2 IuopM.pacq;
Knrlnom 2 Inpon.pacq-
HpOBepKy BBIKJIIOYATEIICH CJIEAYET MPOU3BOAUTH 11O YCIOBUAM:
{ BKJI 21 10>
i BKJI 2 iyn;
[rlpm(B 2 ]HO;

Lup.cks 2 lyu;

npu Lorn 2 tTep
t
OTKJI

2 2
Lioptrep 2B = | it
0

A TIPH foreq < trep CNEAYET NPHHUMATD Lot = Irepp, OTKYZA
t

B Tep’ OTKI

2 .
ITepttOTKn > B, umm 2By;

t Tep

IOTKJ’LHOM > 1

 V2Bopu

ioo= >i
a.HOM OTKJII.HOM at
100 ¢

nt

B Tex ciyuasx, korga

IOTKJ'LHOM > [rn:
a ia.HOM < ia’[
ClegyeT NPOBEPSTH yCIOBHE

BHOpM
100

HopmupoBaHHOE NPOLIEHTHOE COAEPKAHUE ANEPUOAMUYECKON COCTABIAIOLIEN HOMHHAIBLHOTO TOKA
OTKIIFOYEHHS Pyopy ONpenensercss mo rpa@uky PBuopy = f(T) WIM NPUHMMAETCS, UCXOMSA W3 JIAHHBIX
3aBOJIa-M3TOTOBHUTEIS BBIKITIOYATEII.

ITpoBepstoTcs mapaMeTpbl BOCCTaHABIMBAIOIIETOCS HANIPSHKEHUS:

BOCCTaHABJIMBAIOLIEECS] HANPSHKEHHE

lotknmom = \/EIOTKH.HOM 1+ 2 iK(b = in) + ia(.’p = \/EI“CD + Iad)'

UBAHOPM 2 UB;
CKOPOCTH BOCCTAHOBJICHHUS HAIIPSYKECHUA
8B.nopM 2 83-

9.3. IIpoBepka NIABKUX NpeAoXpaHuTe el



ILmaBkue MMpESAOXPAHUTEIIN JOJIKHbBI BI)I6I/IpaTBC$I IO yCJIOBUSIM:
UHOM = Ucem HOM >

1H0M 2 IHopM.pacq;
KHI'IHOM Z npoa.pacd -
HpOBepKy IIJIAaBKHUX npeﬂoxpaHnTeneﬁ CJIIEAYET NPOU3BOAUTH 10 YCIOBUAM:
[omn.nom ZII'I.O)K ~ Il‘IO)
a TaKX€ COOTBETCTBHUSA TapaHTUPOBAHHBIX BPEMIATOKOBBIX XapaKTEPUCTUK TOKOOTPAHUYICHUA
3aJaHHBIM YCJIOBUSIM 3alUIIAeMOM IIETIH.

9.4. IIpoBepka aBTOMATHYECKHX BBIKJIIOUYATENEH

ABTOMATHYCCKHE BBIKIIOYATCIN JOJIXKHBI BBI6I/IpaTLC§I 110 YCIIOBUAM!

UHOM 2 ceTH HOM >
IHOM 2 HopM,pacq;
Kl‘Ir[HOM 2 npoJI.pacy +
HpOBepKy aBTOMATHYECKHMX BEIKIIFOUATEIICH CJICAYCT MPOU3BOAUTD IO YCIIOBUAM:
IOTKJ'LHOM 2 In.r R 1nos

iBKJ'I 2 iyn; Ta.nopM 2 Ta-
10. MIPUMEHEHME 95BM JIJISI PACUETA TOKOB KOPOTKOI'O 3AMBIKAHUS

10.1. B Tex cmywasx, korma TpeOyeTcs TIIOBBIIIEHHAs TOYHOCTh pacueToB TokoB K3 B
TIPOM3BOJIGHBIT MOMEHT BPEMEHH C YUETOM MEPEXOJHBIX IPOIECCOB B 3IEKTPUUCCKUX MAIIMHAX HIH
MCXOJIHAsl PaCUETHAs CXeMa SIBIIICTCS MHOTOKOHTYPHOM, A7t pacdyera TokoB K3 ciienyer ucnosiabp30BaTh
OBM.

10.2. Compemennsle DBM, uxX omepanMoHHBIE CHCTEMBI IIO3BOJIIOT PEaNN30BaTh CIIOKHBIC
IPOrpaMMHBIE Pa3pabOTKH, HCIOJIB30BaTh IpadUueckue CHCTEMbl OTOOpakeHHs HH(OPMAINH,
AaBTOMAaTU3UpOBAaTh W TEM CaMbIM CYIIECTBEHHO YCKOPHUTBH IPOIECC IOJy4eHHs, o0paboTKu u
JOKYMEHTAIlMM PACYeTHBIX JaHHBIX. [l TOJlydeHWs BBICOKOW TOYHOCTH pacyeToB, TOYHOCTH
BOCIIPOM3BEJICHNSI HATYPHBIX IPOIECCOB M IMHAMHYECKHMX DPEXKHMOB CHCTEM HEOOXOANMO, YTOOBI
MIPUHIMAaEMbIe METOJMUECKHE TOMYLICHUS HE IPUBOIMIIN K CYLIECTBEHHBIM ITOTPEIITHOCTSIM.

10.3. MaremaTiueckre MOJEIH JIOJDKHBI BOCIIPOM3BOANTH BO3MOXKHOE Pa3BUTHE aBAPHH, JIOTHKY
JIEHCTBUS MPOTUBOABAPUIHON aBTOMATUKH M PENIEHHON 3alUThl MOAEIMPYEMOM JIEKTPOYCTAaHOBKH, a
TaKkKe TpeOyeMyl0 MOCIEAOBATENbHOCTh TEXHOJIOTHYECKHX oOmepanuii. MaTeMaTudecKHe MOJEIH
JAUHAMHUYECKUX CUCTEM JOJDKHBI IMO3BOJIATH BAPbUPOBATH PACUCTHBIC YCJIOBHA, a TAKKC IapaMeETpbl
CeTH, MAllMH U PETYJUPYIONIUX YCTPOWCTB C II€IbI0 OLCHKU CTEIICHHW WX BIMSHUS Ha T€ WIN WHBIC
XapaKTEPUCTHKM,  MCHONB3yeMble TP NPOCKTUPOBAHWM,  HANAAKE W IKCIUTyaTaluu
3JIEKTPOOOOPYIOBAHHUS.

10.4. MaremaTuyeckue MOJENM MAaIIMH IIEPEMEHHOTO TOKA JOJDKHBI YYHTHIBaTh 3ddekt
BBITECHEHHSI TOKOB B KOHTypax pOTOpa, MPEACTABIAS POTOP JHOO MHOTOKOHTYPHOW CHCTEMOH Ha
OCHOBE CHHTE3a €€ IIOCTOSIHHBIX I1apaMeTpOB, JHUOO IBYXKOHTYPHOH CHCTEMOWH C IE€pEeMEHHBIMH
napaMeTpaMu 3SKBUBAJICHTHOI'O L[eMn(bepﬂoro KOHTYpa. MaremaTtuuyeckue MOJACJIN BCHTHJIBHBIX
crcTeM BO30YXK/IEHHs CHHXPOHHBIX T€HEPAaTOPOB JIOJDKHBI YUUTHIBATE KOMMYTAllMOHHBIE MPOLIECCH B
CTaTHYECKHX MIPEe00pa30BaTENIX, OAHOMOSIPHYIO MPOBOJMMOCTS BEHTHIIBHBIX LIETICH.

10.5. JI;1s1 MOBBINIEHUS] TOYHOCTH PAcUeTOB MEPEXOIHBIX MPOLIECCOB B CHHXPOHHBIX T'eHepaTopax,
0COOCHHO IPONOJDKUTENBHBIX, CIIEAYET YYHUTHIBATh THIAPOMEXAHWYECKHE PETYIATOPHl YacTOTHI
BpAaIIEHUsI POTOPOB THJPABINYECKUX W MApPOBBIX TYpPOMH, a TaKkkKe JAWHAMHYECKHE CBOWCTBA
MapOCHJIOBOTO TpakTa TypOoOJIOKOB. [yl MOBBIMICHUS ONEPATUBHOCTH B paboOTE € MporpaMMamu
crexyer IpeycCMaTpHBaTh UCIIOJIb30BaHKE JIOKaJIbHBIX 6a3 JIAHHBIX OCHOBHOTO
3JIEKTPOOOOPYJOBAHHSI.

10.6. MaremaTudecKkoe ONMHUCAHUE CIOXKHOM AIEKTPUYECKON CEeTH PEeKOMEHIYeTCsI MPOU3BOIUTD C
UCIIOJIb30BaHUEM WJIM METOJa Y3JIOBBIX HAIPsDKEHUH, WM METO/a KOHTYpPHBIX TOKOB. Bo3moxHa u
KOMOMHAIHS 3THX METOJIOB.

Cucrtema ypaBHEHHI Y3JOBBIX HAlpsHDKEHWH B MaTpUYHON (OpME 3alMCBIBACTCS CIIEAYFOLINM
obpazom:

Yy Uys =y, (10.1)

rae Y, - KBaJpaTHas MaTpHIA COOCTBEHHBIX 1 B3aMMHBIX y3JIOBBIX TPOBOAMMOCTEH;



U

Iy,
[Ipu ncronp30BaHNM METOAA KOHTYPHBIX TOKOB COCTaBIISICTCSI MATPUYHOE YPaBHEHHUE B BUJIE

E =2, (102)

y3 ~ CTOJ'I6IIOBEI$I MaTpula y3J0BbIX HaHpH)KeHPIﬁ;

- CTOHGHOBaH MaTpula y3JIOBbIX TOKOB.

rae EK - ctonbuoBast marpuna J/1C;

Z,. - KBaJgpaTHas MaTpHIa COOCTBEHHBIX H B3aMMHBIX COIIPOTHBICHHN HE3aBHCHMBIX

KOHTYPOB;
I, - cTonbuoBast MaTpyLia KOHTYPHBIX TOKOB.

OCHOBHOE TPEUMYIIECTBO METOAa KOHTYPHBIX TOKOB 3aKJIIOYaeTCsl B MPOCTOTE ydeTa B3aMMHOM
WHAYKIIMM BO3AYIIHBIX JIMHUHM DIIEKTpONeEpesaud B cXeMax HyJEeBOU mocienoBaTenbHOCTH. OIHAKO
mpu  HEOOXOAMMOCTH pacdyeTa MHOTOBAPHAHTHBIX 33]lad C COOTBETCTBYIOIIUMH HM3MCHCHUSIMHU
HCXOJHOM pacueTHOM CXeMbI 0oJiee MPEAIOYTUTEIFHBIM SBIISIETCS METOJT Y3JIOBBIX HAIPSIKCHUH.

Crnemyer OTMETHTD, YTO yKa3aHHAS JIMHEHHAs MOJENb MO3BOJISIET ONPEACIUTh HCKOMBIE 3HAUCHHS
TIEPUONYECKON COCTABJISIIONIEH TOKOB TOJBKO B HadalbHbIi MomeHT K3. [[ns pacuera TokoB B
MPOU3BOJIGHBIA MOMEHT BpPEMEHH HEOOXOIUMO HCIONB30BaTh OONiee CIIOKHBIE MAaTeMaTUICCKHE
MOJIETIH.



HNPUJIOKEHUA

Tao6muna I1.1
TpanchopmaTopsl ¢ BbICIIUM HanpsikenueMm 35 kB
Tun Hanpspxerane o6motkn, KB [Totepu Uy, Y0
BH CH HH P, xBr | BH-CH [BH-HH| CH-
HH
TM-2500/35 35 — 3,15;6,3; 10,5 23,5 — 6,5 —
TMH-2500/35 35 — 0,69; 6,3; 11 23,5 — 6,5 —
TM-4000/35 35 — 3,15;6,3; 10,5 33,5 — 7,5 —
TMH-4000/35 35 — 6,3; 11 33,5 — 7,5 —
TM-6300/35 35 — 3,15;6,3; 10,5 — — 7,5 —
TMH-6300/35 35 — 6,3; 11 46,5 — 7,5 —
TJAHC-10000/35 36,75 | — 6,3; 10,5 60 — 8 —
TAHC-16000/35 36,75 | — 6,3; 10,5 85 — 10 —
TPAHC-25000/30 | 36,75 | — | 6,3-6,3;6,3-10,5; 10,5-10,5 115 — 10,5 30
TPIHC-32000/35 | 36,75 | — | 6,3-6,3; 6,3-10,5; 10,5-10,5 145 — 12,7 40
TPIHC-40000/35 | 36,75 | — | 6,3-6,3; 6,3-10,5; 10,5-10,5 170 — 12,7 40
TPAHC-63000/35 | 36,75 | — | 6,3-6,3;6,3-10,5; 10,5-10,5 250 — 12,7 40
TMTH-6300/35 35 10,5; 6,3 55 7,5 7,5 16
13,8;
15,75
TATH-10000/35 36,75 | 10,5; 6,3 75 8 16,5 7
13,8;
15,75
TATH-16000/35 36,75 | 10,5; 6,3 115 8 16,5 7
13,8;
15,75
Tabmauma I1.2
TpancdopmaTopsl ¢ BeicluuM Hanpsixxkenuem 110 kB
Hanpsoxenne oomMoTku, kKB IToTep U, %
u
Tun BH CH HH P, xBr| BH-CH |BH-HH| CH-
HH
1 2 3 4 5 6 7 8
TJLI-80000/100 121 — 3,15;6,3; 10,5; 13,8 310 — 11 —
TAL-125000/110 121 — 10,5; 13,8 400 — 10,5 —
TAL-200000/110 121 — 13,8; 15,75 550 — 10,5 —
TJL-250000/110 121 — 15,75 640 — 10,5 —
TL-400000/110 121 — 20 900 — 10,5 —
TMH-2500/110 110 — 6,6; 11 22 — 10,5 —
TMH-6300/110 115 — 6,6; 11; 16,5 44 — 10,5 —
TJIH-10000/110 115 — 6,6; 11; 16,5; 22; 34,5 58 — 10,5 —
TIAH-16000/110 115 — 6,6; 11; 16,5; 22; 34,5 85 — 10,5 —
TAH-25000/110 115 — 38,5 120 — 10,5 —
TAH-40000/110 115 — 38,5 170 — 10,5 —
TJIH-63000/110 115 — 38,5 245 — 10,5 —
TJAH-80000/110 115 — 38,5 310 — 10,5 —
TPIH-25000/110 115 — 6,3-6,3; 6,3-10,5; 10,5- 120 — 10,5 30
10,5
TPJIH-40000/110 115 — 6,3-6,3; 6,3-10,5; 10,5- 170 — 10,5 30
10,5
TPIH-63000/110 115 — 6,3-6,3; 6,3-10,5; 10,5- | 245 — 10,5 30
10,5




TPIH-80000/110 115 — 6,3-6,3; 6,3-10,5; 10,5- | 310 — 10,5 30
10,5
TPALH- 115 — 10,5-10,5 400 — 11 30
125000/110
TMTH-6300/110 115 | 16,5; 22; 6,6; 11 52 10,5 17 6
38,5
TATH-10000/110 115 | 16,5; 22; 6,6; 11 76 10,5 17,5 6,5
34,5; 38,5
TATH-16000/110 115 | 22;34,5; 6,6; 11 100 10,5 17,5 6,5
38,5
TATH-25000/110 115 11 6,6 140 10,5 17,5 6,5
22;34,5; 6,6; 11
38,5
TATH-40000/110 115 11 6,6 200 10,5 17,5 6,5
22;34,0; 6,6; 11
38,5
TATH-63000/110 115 11 6,6 290 10,5 18 7
38,5 6,6; 11
TATH(TALTH)- 115 11 6,6 365 11 18,5 7
80000/110 38,5 6,6; 11
Tabmuma I1.3
TpancdopmaTopsl ¢ BeiciiuM Hanpsizkenuem 150 kB
Ty Hanpsokenne ooMoTtku, kB Iotep Uy, %
u
BH CH HH P, xBr|BH-CH| BH-HH | CH-
HH
TMH-4000/150 158 — 6,6; 11 35 — 10,5 —
TJIH-16000/150-70Y1 158 — 6,6; 11 88 — 11 —
TPJIH-32000/150 158 — 6,3-6,3; 6,3-10,5; 145 — 10,5 16,5
10,5-10,5
TPAH-63000/150 158 — 6,3-6,3; 6,3-10,5; 235 — 10,5 16,5
10,5-10,5
TAL-125000/150 165 — 10,5; 13,8 380 — 11 —
TL-250000/150 165 — 10,5; 13,8; 15,75 640 — 11 —
TAL-400000/150 165 — 20 930 — 11 —
TATH-16000/150-70Y1 158 38,5 6,6; 11 96 10,5 18 6
TATH-25000/150-70VY1 158 38,5 6,6; 11 145 10,5 18 6
TATH-40000/150-70Y1 158 38,5 6,6; 11 185 10,5 18 6
11 6,6
TJATH-63000/150-70V1 158 38,5 6,6; 11 285 10,5 18 6
Tabmnuma I1.4
TpanchopMaTopsl U aBTOTPaHC(HOPMATOPHI ¢ BhICIIUM HanpsizkenueM 220 kB
Hanpspxerne oomotku, kB | Iorepu P, kBT U, Yo S
Tum BH | CH HH BH-CH|BH-HH| BH- | BH- | CH- [MB-A
CH | HH | HH
T-80000/220 242 | — | 6,3;10,5; 13,8 — 315 — 11 — —
TAL-125000/220 242 | — 10,5; 13,8 — 380 — 11 — —
TJLI(TLL)-200000/220 242 | — | 13,8;15,75; 18 | — 660 — 11 — —
TAL(TIT)-250000/220 242 | — 13,8; 15,75 — 600 — 11 — —
TAL(TLI)-400000/220- 242 | — | 13,8;15,75;20 | — 880 — 11 — —
73(71H)VY1
TI-630000/220-74Y 1 242 | — 15,75; 20 — 1200 [ — 11 — —
THII-630000/220 242 | — | 15,75;20; 24 — 1200 | — [ 125 — —




THII-1000000/220 242 — 24 — 2200 | — |115] — | —
TPJTH-32000/220 230 | — [6,3-6,3;6,6-6,6;| — 150 | — |15 — | —
11-6,6; 11-11
TPJIHC-40000/220 230 | — [6,3-6,3;6,6-6,6;| — 170 | — | 11,5 — | —
11-6,6; 11-11
TPH-63000/220 230 6,3-63:6,6-6,6;| — | 265 | — |115] — | —

(TPJILIH) 11-6,6; 11-11
TPJILIH-100000/220 230 | — 11-11 — | 340 | — 125 — | —
TPJILIH-160000/220 230 | — 11-11 — | 500 | — |125] — | —
TJITH-25000/220 230 | 38,5 6,6; 11 130 | — |125)20|65]| —
TJITH-40000/220 230 | 38,5 6,6; 11 220 | — [125] 22 | 95| —
AT/LTH-63000/220/110 | 230 | 121 | 6,6;11;38,5 | 200 | — | 11 | 35 | 22 | 32
AT/LTH- 230|121 | 63:6,6;10,5; | 315 | — | 11 | 45 | 28 | 63
125000/220/110 11; 38,5
AT/LTH- 230|121 | 6,3;6,6;385 | 430 | — | 11 | 32| 20 | 80
200000/220/110 10,5; 11 100
TILITH-250000/220/110 | 230 | 121 10,5; 11 500 | — | 11| 32 ] 20 | 125
38,5 100
TIILITH-250000/220/110- | 230 | T21 | 11;13,8;15,75| 520 | — | 11 | 32 | 20 | 125
75V1 38,5 100

Tabmuna I1.5

Tpancgopmaropbl 4 aBTOTpaHchOpPMATOPHI ¢ BhIcIINM Hanpsixkennem 330 kB

Tun Hanpsoxerne oomoTku, kKB [otepu Py, U, %
kBT S
BH CH HH BH- | BH- | BH- | BH- | CH- | MB-A
CH | HH | CH | HH | HH
1 2 3 4 5 0 7 8 9 10
TLI-125000/330 347 — 10,5; 13,81 — [ 380 | — 11 — —
TAL(TIT)-200000/330 347 — 13.8; — | 520 | — 11 — —
15,75; 18
TAI1-250000/330 347 — 13.8; — | 605 | — 11 — —
15,75
TII-250000/330 347 — 13,8 — | 605 | — 11 — —
T11-400000/330 347 — 20 — 790 | — 1,5 | — —
TI{-400000/330 347 — 15,75;20 | — | 790 | — 11,5 | — —
TII-630000/330-71VY1 347 — 15,75;20; | — [1300| — 11 — —
24
THII-630000/330 347 — 15,75;20; | — [1300| — 11,5 | — —
24
TII-1000000/330- 347 — 24 — 2200 — 11,5 | — —
69V1
TIIH-1000000/330 347 — 24 — 2200 — 11,5 | — —
THII-1250000/330 347 — 24 — 2200 — 14,5 [ — —
TPIHC-40000/330 330 — 6,3-6,3; — 180 | — 11 28 —
6,3-10,5;
10,5-10,5
TPAITH-63000/330 330 — 6,3-6,3; — | 230 | — 11 28 —
10,5-6,5;
10,5-10,5
ATIOLTH- 330 115 6,3;6,6; | 345 | — 10 35 24 63
125000/330/110 10,5; 11;
38,5
ATILTH- 330 115 6,3;6,6; | 560 | — | 10,5 38 25 80
200000/330/110 10,5; 11;
38,5
ATIIITH- 330 158 10,5; 38,5 620 | — | 10,5 54 42 100




250000/330/150

ATIIH- 330 — 165 720 | — — 11 — 400
400000/330/150
AO/ILITH- 330/ﬁ 230/\/5 10,5;38,5| 250 | — 9 60 48 33
133000/330/220
Ta6muma I1.6
TpanchopmaTopsl U aBTOTPaHCHOPMATOPHI ¢ BhICIINM HanpsizkeHueM 500 kB
Hanpsoxerne o6moTku, kKB Ilotepu Py, Uy, %
Tun kBT S
BH CH HH BH- | BH- | BH- | BH- | CH- | MB-A
CH |HH | CH HH | HH
1 2 3 4 5 6 7 8 9 10
TA11-250000/500 525 — 13,8; — |59 | — 13 — —
15,75; 20
TII-250000/500 525 — 13,8; 15,75 — | 590 | — 13 — —
T/L1-400000/500 525 — 13,8; — | 790 | — 13 — —
15,75; 20
TLI-400000/500 525 — 15,75;20 | — | 790 | — 13 — —
TII-630000/500 525 — 15,75;20; | — 1210 — 14 — —
24; 36,75
THII-1000000/500 525 — 24 — | 1800 — 145 | — —
OPHII-533000/500 525/\/5 — 15,75- — [1260| — 13,5 | 44 —
15,75;
24-24
OPHII-533000/500 525/\/5 — 24_24/\/5 — 1260 — 13,5 | 44 —
AOPIIT- 525/\/5 242/\/5 13,8-13,8; | 320 | — 9,5 31 20 90
135000/500/220-78VY1 18-18
AOPLT- 525/\/5 242/\/5 13,8-13,8; | 360 | — 9,5 31 20 80
135000/500/220-78Y1 18-18
ATIITH- 500 121 10,5;38,5| 690 | — 13 33 | 18,5 100
250000/500/110
ATIIH- 500 — 230 1050 | — — 12 — 500
500000/500/220
AOMITH- 500/\/5 330/\/5 10,5; 38,5 | 300 | — 9,5 67 61 33
167000/500/330-76Y 1
AOJILITH- 500/\/5 230/\/5 10,5; 11; | 315 | — 11 35 | 21,5 50
167000/500/220 38,5
13,8 67
15,75; 20 &3
267000/500/220 38,5
15,75 &3
20 120
Ta6muua I1.7

TpancdopmaTopsl U aBTOTpaHC(HOPMATOPHI ¢ BhICIIUM HanpsikeHnueM 750 n 1150 xB




Hanpsoxenue oo6MoTku, KB [Totepu Py, Ue, % S
Tun kBT
BH CH HH BH- | BH- | BH- | BH- | CH- | MB-A
CH | HH | CH | HH | HH
OPI11-417000/750 787/3 — 20-20;24-| — | 800 | — 14 45 —
24
AOJILITH- 750/+/3 | 230/4/3 10,5 600 | — 13 31 17 80
267000/750/220
AOJLTH- 750/+3 | 330743 [15:75:10,5] 580 | — 10 28 17 120
333000/750/330
AOJILITH- 750/+/3 | 500/4/3 10,5 670 | — | 11,5 | 81 68 33,7
417000/750/500 15,75 50
AOJLT- 1150/+/3 | 500//3 20 1250 — | 11,5 | 35 22 180
667000/1150/500
Ta6muma I1.8
PacuerHble xapakTepucTHKH Kaleseil ¢ OyMaxHOl n30aa1ueiH
Ceue- AKTHBHOE WHaykTHBHOE CONPOTHUBIIEHHE NPAMOM IOCIEN0BATENBHOCTU X |y U
HUE COIIPOTHUBJICHUE €MKOCTHAsI POBOJMMOCTh b, KaOelsi HanpspkeHneM, KB
el [ mpu +20 °C, OM/kM 6 10 20 35
MM® | Mens | AmomuHuit Xiyn byH01074, Xy byu«lO"‘, Xy byn-104, Xiyas byu«lO"‘,
OM/kM | Cm-km | OM/EM [ Cvekm | OM/KM | Cvekm | OM/EM | Cm-kM
10 1,84 3,1 0,11 62,8 — — — — — —
16 1,15 1,94 0,102 | 72,2 | 0,113 — — — — —
25 10,74 1,24 0,091 88 0,099 | 72,2 | 0,135 | 53,5 — —
35 10,52 0,89 0,087 | 97,2 | 0,095 85 0,129 60 — —
50 | 0,37 0,62 0,083 114 0,09 91 0,119 66 — —
70 | 0,26 0,443 0,08 127 | 0,086 | 97,5 |[O0,116 | 755 | 0,137 | 56,5
95 10,194 0,326 0,078 134 | 0,083 110 0,110 | 81,5 | 0,126 63
120 0,153 0,258 0,076 146 | 0,081 116 0,107 100 0,120 | 75,5
150 (0,122 0,206 0,074 162 | 0,079 138 0,104 110 0,116 | 81,5
185 10,099 0,167 0,073 169 | 0,077 141 0,101 119 0,113 88
240 10,077 0,129 0,071 185 | 0,075 144 — — — —
300 0,061 0,103 — — — — 0,095 — 0,097 —
400 10,046 0,077 — — — — 0,092 — — —
Ta6muma I1.9
PacueTHble XapakTepuCTHKH BO3AYIIHBIX JuHUI 35 - 150 kB
€O CTaJIeaJIOMUHIEBBIMH MTPOBOIAMH
AKTHBHOE NHyKTHBHOE CONPOTUBIIEHUE NPSAMOM NOCIEN0BATENBHOCTU X |y U
HomunanbHOE | conpoTHBIIEHNE | €MKOCTHAsI TPOBOAUMOCTH by, Ha 100 KM JIMHMHM HanpsbkeHHeM, KB
CeYeHUe mpu +20 °C Ha 35 110 150
npoBoza, Mm” | 100 KM THHHH, Xiyr, OM Xiyr, OM byn~1074, Cm| Xiyr, OM byﬂ-10’4, Cm
OM
70/11 42,8 43,2 44,4 2,55 46 2,46
95/16 30,6 42,1 434 2,61 45 2,52
120/19 249 41,4 42,7 2,66 44,1 2,56
150/24 19,8 40,6 42 2,70 43,4 2,61
185/29 16,2 — 41,3 2,75 42,9 2,64
240/32 12 — 40,5 2,81 42 2,70




PacueTnsble XxapakTepucTUKH BO3AYIIHBIX JuHUil 220 - 1150 kB co cTaneaTioMiuHHEeBHIMH MPOBOAAMUI

Tabmuma I1.10

I/IHHyKTI/IBHOG COITPOTUBJICHUE HpHMOﬁ OCJICA0BATCIIBHOCTH leﬂ 1 EMKOCTHAad NpOBOJAUMOCTD byll

Homunansnoe |Konuuectso AKTHUBHOE Ha 100 KM JIMHIH HaIpsDKeHHEM, KB
CEUeHUe MIPOBOJIOB CONPOTHUBJICHHE 220 330 500 750 1150
IpoBOA, MM’ B (aze npu +20 °C Xigs | by 1078 | Xign, | bype 107 | Xigs | by 1078 | Xiga, | by 1077, D,=15m Dy, =242 ™
Ha 100 kM, OM OMm CM OMm Cm OMm Cm OMm CM Xiys, OM | by, -107*, Cv | Xiys, OM | b,-107 Cm
240/32 1 12,1 43,5 2,6 — — — — — — — — — —
2 6,0 — — 33,1 3,38 — — — — — — — —
240/39 11 1,1 11 1,1 — — — — — — 19,3 5,95 — —
240/56 5 24 — — — — — — 30,8 3,76 — — — —
300/39 1 9,8 429 2,64 — — — — — — — — — —
2 4,8 — — 32,8 3,41 — — — — — — — —
300/48 8 1,25 — — — — — — — — — — 26,6 4,43
300/66 3 34 — — — — 31,0 3,97

5 2,1 — — — — — — 28,8 4,11 — — — —
330/43 3 2,9 — — — — 30,8 3,60 — — — — — —
8 1,1 — — — — — — — — — — 27,0 4,38
400/51 1 7,5 42,0 2,70 — — — — — — — — — —
2 3,75 — — 323 3,46 — — — — — — — —
3 2,5 — — — — 30,6 3,62 — — — — — —
5 1,5 — — — — — — 28,6 4,13 — — — —
400/93 4 1,9 — — — — — — 28,9 4,13 — — — —
500/64 1 6,0 41,3 2,74 — — — — — — — — — —
2 3,0 — — 32,0 3,5 — — — — — — — —
3 2,0 — — — — 30,4 3,64 — — — — — —
4 1,5 — — — — — — 30,3 3,9 — — — —

Ilpumeuanue. CpeTHET€OMETPUYUCCKHE PACCTOSHUSA My (azamu npu Hanpsbkerusx 220, 330, 500 u 750 kB npuHSATH paBHBIMU COOTBETCTBEHHO 8, 11, 14 1 19,5 M.




I/IHIIyKTHBHLle CONMPOTUBJ/ICHUS BO3AYIIHBIX JIUHMH ¢ MeTHBIMH
1 AJIIOMUHMEBBIMMU IIPOBOAAMHU

Tabmuma I1.11

Cpennereo- Y ensHOE MHIYKTUBHOE COTPOTUBIICHHUE MIPSIMOH ITOCIIEA0BATENFHOCTH, OM/KM,
METPUYECKOE TIPH IPOBOJIAX MApOK
paccrosare | M-6 |M-10 [M-16,|M-25,|M-35,(M-50,|M-70,(M-95,| M- | M- | M- | M- | M-
MEXAY A-16 | A-25| A-35| A-50 | A-70 | A-95] 120, | 150, | 185, | 240, | 300,
NpOBOAAMH, M A-120|A-150|A-185|A-240|A-300
0.4 0,371{0,335(0,333(0,319(0,3080,297]0,28310,274| — — — — —
0,6 0,397[0,3810,358(0,345]0,336(0,325]0,309]0,300(0,29210,287(0,280( — —
0,8 0,415(0,399(0,377(0,36310,35210,341]0,327]0,318]0,310{0,305(0,298 | — —
1,0 0,429(0,413(0,391(0,37710,3660,355]0,341]0,332]0,324]0,319{0,313{0,305{0,298
1,25 0,443(0,427(0,405(0,391(0,380(0,369]0,355]0,3460,33810,333]0,327|0,319]0,311
1,5 — 10,438(0,416(0,402(0,391(0,380(0,366|0,357]|0,34910,34410,338|0,330]0,323
2,0 — 10,457(0,435(0,421(0,410(0,398]0,385|0,376]10,36810,363|0,357|0,349 {0,342
2,5 — | — 10,449(0,435(0,424(0,413(0,399|0,390/0,382]0,377]0,371]0,363 10,363
3,0 — | — 10,460(0,446(0,435(0,423|0,410|0,401]0,39310,388|0,382(0,374|0,374
3,5 — | — 10,470(0,456(0,455(0,433|0,420|0,411]0,403]0,398{0,392|0,384 {0,377
4,0 — | — (0,478(0,464(0,453(0,441(0,428]0,41910,411]0,406]0,400|0,39210,385
4.5 — | — — 10,471(0,460(0,448(0,435]0,426|0,418]0,41310,407|0,39910,392
5,0 — | — — — 10,467|0,456]0,44210,43310,425]0,420|0,41410,406 0,399
5,5 — | — — — | — 10,462]0,44810,43910,431]0,426]0,420]0,41210,405
6,0 — | — — — — 10,4680,45410,44510,437]0,43210,426]0,418 10,411
Ipumeuanue. AMOMUHUEBBIC TIPOBOJA TIPUMEHSIOT HA JIMHHUSX TPU CPEIHETCOMETPHUECKOM PACCTOSHUH JI0
3 M.

Ta6muma I1.12

I/IH)IyKTl/IBHI)Ie COIMPOTHUBJICHUS BO3AYIIHBIX JIMHHH €O CTAJIeaJTIOMUHHEBBIMH mpoBOAaMHA

Cpennereo- | YaenpHOe HHIYKTUBHOE CONMPOTHUBIICHUE MPSIMOM MOCIeA0BaTeIbHOCTH. OM/KM, TIPH
METPUYECKOE MPOBOJIAX MapOK
paccrostHue [AC-35[AC-50(AC-70|AC-95|AC-120|AC-150|AC-185|AC-240|AC-300( AC-400
MEXAY
MIPOBOJIAMH, M
2,0 0,403 | 0,392 | 0,382 | 0,371 | 0,365 | 0,358 — — — —
2,5 0,417 | 0,406 | 0,396 | 0,385 | 0,379 | 0,372 — — — —
3,0 0,429 | 0,418 | 0,408 | 0,397 | 0,391 | 0,384 | 0,377 | 0,369 — —
3,5 0,438 | 0,427 | 0,417 | 0,406 | 0,400 | 0,398 | 0,386 | 0,378 — —
4,0 0,446 | 0,435 | 0,425 | 0,414 | 0,408 | 0,401 | 0,394 | 0,386 — —
4,5 — — 10,433 10,422 | 0,416 | 0,409 | 0,402 | 0,394 — —
5,0 — — 10,4401 0,429 | 0,423 | 0,416 | 0,409 | 0,401 — —
5,5 — — — — 0,430 | 0,422 | 0,415 | 0,407 — —
6,0 — — — — — — — 0,413 | 0,404 | 0,396
6,5 — — — — — — — — 0,409 | 0,400
7,0 — — — — — — — 0,414 | 0,406
7,5 — — — — — — — — 0,418 | 0,409
8,0 _ — — — — — — — 0,422 | 0,414
8,5 — — — — — — — — 0,425 | 0,418

[punoxenne I1.13



1. MATEMATUYECKHE MOJIEJIN U ITPOTI'PAMMBbI
1.1. CocTaB pa3paboTaHHBIX MATEMATHYECKHX MO/IeJIel

Jnis monmydeHWs CTAaTHYECKUX W AWHAMHYECKHX XapaKTEPUCTHK OCHOBHOTO OOOpPYIOBAaHUS
SIEKTPUYECKUX CTAHIMHA M TOACTAHIMK, a TAaKXKe CETeH ¢ MBUTATEIIbHOW Harpy3Koi pa3paboTaHBI U
HCIIOJIb30BaHbl MATEMATUYCCKUEC MOJICIIN, ITO3BOJIAOIINEC BBIIIOJIHUTH:

1) pacuer napamMeTpoB CXEM 3aMEIICHHS M ACHHXPOHHBIX MOMEHTHBIX XapaKTePUCTHK CHHXPOHHBIX
TEHEPaTOPOB;

2) pacueT mapamMeTpoB CXEM 3aMEIIECHHS U CTATUIECKUX MOMEHTHBIX XapaKTEPHCTHK aCHHXPOHHBIX
JIBUTATEIICH;

3) pacuer mapamMeTpoB CXEM 3aMeIICHHs M ACHHXPOHHBIX MOMEHTHBIX XapaKTePUCTHK CHHXPOHHBIX
JIBUTATCIICH;

4) pacder mapaMeTPOB CXEMbl 3aMEIICHHS M MOMEHTHBIX XapaKTEPUCTHK 3KBHUBAJICHTHOTO
ACHHXPOHHOTO JBHIaTells], @ TAKXKE ero NapaMeTpoB, UCXO/Is U3 KaTallOKHBIX JIAHHBIX;

5) pacuer napaMeTpoB CXEMBI 3aMEUICHUS M MOMEHTHBIX XapaKTEepUCTHUK 3KBHBAJIECHTHOI'O
CHHXPOHHOTO JBUTATEIs, a TAKXKE €ro MapaMeTPOB, NCXOSI N3 KaTAJIOXKHBIX JAHHBIX;

6) pacuer TokoB K3 OT rpymmsl acHHXpPOHHBIX JABHrareieid, paboTarommx Ha OOIIHME LIMHEI, C
VHIMBHIYAJIbHBIM yYETOM Kaxkaoro jasurarens (B 4, B, C - KoopJuHaTax);

7) pacuer TokoB K3 OT rpynmbl CHHXPOHHBIX ABMIaTeliel, paboTarolMx Ha OOLIME MIMHBI, C
WHAWBHUIYATBHBIM yUETOM Kakaoro apuratens (B A, B, C - KoopauHaTax);

8) pacueT HOpPMaJIbHBIX U ABAPHHHBIX PEKUMOB CHHXPOHHBIX T'€HEPATOpPOB (AMCILICHHAsT MOJENIb
— TpeHaxep ¢ 0a30il JaHHBIX JJIsl TypOOTeHEepaTopoOB, THAPOTEHEPATOPOB U CHHXPOHHBIX JIBUraTeIeH
B d, ¢ -KOOpJMHATAX);

9) pacdeT KpUBBIX M3MEHEHHsS BO BPEMEHH IEPHOJUYECKON COCTABIISIONICH TOKa CHHXPOHHOTO
reHepaTopa ¢ CUCTEMO#l mapaienbHOro caMoBo30yxkaeHus mpu tpexdasubix K3 B cetn nepeMeHHOT0
ToKa (o MeToauke AO «DICKTpoCHIay);

10) pacuer HOPMAJBHBIX M aBAPUHHBIX PEKHUMOB CHCTEMBI, COJEpIKallleil 3JeKTporepenady
MOCTOSTHHOTO TOKA.

1.2. O0mas XapaKTepUCTHKA PACYETHBIX IPOrPaMM

1.2.1. [Tporpamma pacdera THHAMHYECKIX PEKIMOB CHHXPOHHOTO TeHEpaTopa

Ora mporpamMma — MareMartudeckas Mojenb Tpex($a3HOW cucteMbl B d, g—KOOpAWHATAX
CHHXPOHHOH MalllMHBI, PE/ICTaBICHHON MOJIHOW cucTeMol anddepeHnuanbHbIX ypaBHeHni [lapka—
T'opeBa. B ee cocraB BKJIIOUEHBI YpaBHEHHs JEKTPOMEXAaHUUECKOIO JBMKEHHSI pOTOpa MAILUHBI U
MIEPBUYHOTO ABHUTATENs, a TAKXKE YpaBHEHHS BO3OYIUTEIS M PETYISATOPOB. YPaBHEHHS YYHATHIBAIOT
WHEPUUOHHOCT  JUHAMHUYECKHX  PEKUMOB, OTPAaHWYCHHS IO  HEKOTOPBIM  IIapaMeTpam,
OJTHOCTOPOHHIOIO TMPOBOAMMOCTh JUOMHBIX M THPHCTOPHBIX BO30YIUTENCH, JIOTHKY paOOTHI
aBTOMATHKHU.

[Iporpamma O3BOJISET paccUMTAaTh HOPMAaJIbHBIC W aBapUHHBIC PEXKUMBI CHHXPOHHON MAIITUHEI, B
TOM 4YHCJIE€ TPH HW3MEHEHHWAX HArpy3KH Ha Bally, HAlpsDKEHHSI M YacTOTHI B CHUCTEMe, MpH
CUMMETPHUYHBIX U HECUMMETPHUUHBIX KOPOTKUX 3aMBIKAHHUSIX B CETH, MPU TalICHUH TMOJII CUHXPOHHON
MallIUHbI, PU HAPYLIIEHUU CUHXPOHU3MA U aCHHXPOHHOM XOJI€, IPU CAMOCHHXPOHU3ALUN MAIlIUHbI C
CEThIO.

1.2.2. IlporpamMma pacueTa TMHAMHUYECKUX PEXXUMOB CHHXPOHHOT'O WM aCHHXPOHHOTO JIBUTATENS

Dra mporpaMma - MareMaTthdeckas MoAenb Tpexdas3Hoi cucteMsl B A, B, C-koopauHatax
SJIEKTPOJBUTATEIS, TPEICTABICHHOTO TIOJHOW cHcTeMOd nudQepeHnanbHbpIX ypaBHeHni [lapka-
l'opeBa ¢ BHYTpeHHHM IpeoOpa3oBaHHEM KOOpAMHAT. B ee cocTaB BKIIIOYEHBI ypaBHEHHS CETH
AJIEKTPOCHA0KCHHUS, YPABHEHUS DJICKTPOMEXaHHUCCKOTO JIBH)KCHHUS POTOPOB JABUraTE/s M MPUBOIHOIO
MEXaHu3Ma, a TaKXe YpaBHEHUS] MOMEHTHON XapaKTepUCTUKH mpuBojaa. [Iporpamma mo3BossieT
paccuMTaTh IYCKOBBIE DEXHMBI [BHTATENS W PEXKUMBI TIPH KOPOTKHX 3aMBIKAHUSIX B CETH
3JIEKTPOCHAOKECHHSI.

1.2.3. TIlporpamMMa pacueTra napaMeTpoOB M TOKOBOM XapaKTEpPUCTUKU SKBUBAJICHTHOTO
ACHHXPOHHOTO HWJIF CHHXPOHHOTO ABHUTATEIS

[To kaTanoXHBIM TaHHBIM TPYNIBI JBUTATeNel (JTr000i MO COCTaBy) OMPEAETSIOTCS MapaMeTphl
CXEM 3aMEIIICHUS ¥ TOKOBBIC XapaKTEPUCTHKH aBUrareneil mpu Tpexdasubix K3 B pagnanbHbIX BETBSX.
DopMHPYIOTCS HEOOXOTUMBIC MACCUBBI JJAHHBIX IIPH OJIMHAKOBBIX PACYCTHBIX YCIIOBHSIX.

ITo pacdeTHBIM JaHHBIM IJISl BCEX ABHUTATEINICH OMpeAesIeTCs CyMMapHas TOKOBAsI XapaKTePUCTHKA,



a 110 ee IapaMeTpaM - THIOBasi KpUBas M3MEHEHUs! MEPUOJMYECKON COCTABISIONIEH TOKA OT TPYIIIBI
JIBUTAaTeNed W TapaMeTpbl SKBUBAJCHTHOTO IBHIATEIsl, COOTBETCTBYIOUIME KaTAIOKHOMY CITHCKY
apamMeTpoB.

ITo mapameTpam SKBUBAJIEHTHOTO JBHUTATEJNsl ONPEACIAIOTCS MapaMeTpPhl €r0 CXEMbI 3aMEICHUS U
TUIIOBasl KpHBasi M3MEHEHHs TOKa IPHU KOPOTKOM 3aMbIKaHWM, KOTOpas CPaBHHBAETCS C THIIOBOM
KPMBOM WM3MEHEHMs TOKa OT TIpynmnbel jasurareneid. Kak mnpaBuio, KpUBbIE H3MEHEHHS TOKOB
MPAaKTHYECKH COBIIAAAIOT, MOATOMY HE TpeOyeTcs KOPPEeKTHpPOBKA IAapaMETPOB CXEMBI 3aMEIICHHS
SKBUBAJICHTHOT'O JIBUTaTEIs.

1.2.4. TlporpamMMbl pacyera IIapaMeTPOB CXEM 3aMEUICHUs] M CTaTHYECKHX XapaKTepHUCTHK
CHHXPOHHBIX ¥ aCHHXPOHHBIX MaIlINH

[TapameTpel cXeM 3aMEIIEHHS CHHXPOHHBIX T'€HEPaToOpOB OIPEAEIAIOTCS MO pa3paboTaHHOU
meronuke (¢ yderom pexomenpanuii AO «DneKTpocuia») NP MHUHUMAIBHOM CITUCKE KaTaloKHBIX
JIaHHBIX.

[TapameTpsl cXeM 3aMEIIEHHS CHHXPOHHBIX W AaCHHXPOHHBIX JIBUTATENEH, WX CTaTHYECKHE
MOMEHTHBIE M TOKOBBIE XapPAKTEPUCTHKU OMNPEAENAIOTCS B OCHOBHOM IO MeToauke JloHenkoro
TEXHHUYECKOTO YHHMBEPCUTETa C Y4YETOM OIIbITa, HAKOIUIEHHOTO B MOCKOBCKOM 3HEpPreTHYECKOM
WHCTUTYTE U APYTUX OPTaHU3ALMSIX.

B cxemax 3aMmemieHusi SBHOIONIOCHBIX CHHXPOHHBIX [BUraTeled C IIMXTOBAaHHBIM POTOPOM
YUHUTBIBAIOTCS ABA KOHTYpa Ha POTOpe — 0OMOTKa BO30YKIICHHUS U ITyCKOBast OOMOTKA.

B cxemax 3amMelneHHs] HESIBHOIOJIIOCHBIX CHHXPOHHBIX JBHUTrateieil ¢ 11eJIbHOKOBAaHHBIM POTOPOM
YUUTHIBAIOTCSl TPU KOHTYpa Ha poTOpe: 0OMOTKa BO30YykaeHHs, aeMiipepHas 0OMOTKa (CTEpKHH) U
Oouka poropa.

B cxemax 3amemieHuWs aCHHXPOHHBIX [BUTaTelel C TIIyOOKMMH Ia3aMH Ha potope 3PQexT
BBITECHEHHSI TOKOB B ITa30BBIX CTEPIKHSAX YUHUTHIBACTCS YIPOILIEHHO C IIOMOIIBIO JIByX KOHTYPOB Ha
porope.

1.2.5. TIporpaMma pacdera JUHAMHYIECKUX PEKHUMOB 3JIEKTPOIEpEIau TOCTOSHHOTO TOKa

[TapameTpbl cXeMBI 3aMEUICHUS M PEXHMOB ONPENENSIOTCI C Y4eTOM KOI(pPHIUEHTOB
TpaHcdopMmanuu npeodpazoBaTeNbHBIX TPAaHC(HOPMATOPOB, HAMJEHHBIX TP HOPMAJILHOM PEXHME.

Pacuer peXMMOB NPOW3BOIUTCS C YUYETOM KOMIICHCHUPYIOIIETO JEHCTBHS KOHJIEHCATOPHBIX
OaTtapeil GUIBTPOB BHICIIMX F'APMOHHUK.

Pacuer  peKMMOB  NPOM3BOAMTCS  TPH  3aJaHHBIX  KOA(QQUIHMEHTaX  peryJrupoBaHHs
rpeoOpa3oBaTeieil ¢ KOHTPOJIEM yCTOWYHMBOCTH PETYJIMPOBAHMS, allepHOIMUECcKON M KoiebaTebHOM
YCTOWYIHMBOCTH IEKTPOINIEPEAAYH TIOCTOSIHHOTO TOKA.

Y4eT peryiaupoBaHUs YTJIOB BKJIIOUEHHs TUPUCTOPOB IIpeoOpa3zoBaTeNieil MPOU3BOAUTCS METOAOM
MaJIbIX OTKJIOHEHHH Ha KaXIOM Iare YUCIEHHOTO MHTErPUpPOBaHMs cUcTeMbl TuddepeHmanbsHbx
YpaBHEHHH.

KoMMyTannoHHBIE TpOIECCHl B IPeoOpa3oBaTEsIX  YYUTHIBAIOTCS WX  HMHTETPATBHBIMH
XapaKTEPUCTHKAMH.

[lepexoaHple TMpoIECCHl NPH KOPOTKHX 3aMBIKAHUSIX DPACCUMTHIBAIOTCS C YYETOM B3aUMHOTO
BIMSHHUS CETH IIEPEMEHHOIO TOKa W IpeoOpa3oBarelns, a TaKkke C Yy4eTOM B3aMMOJCHUCTBHS
9HEProcucTeM, OObEIMHEHHBIX IEKTPOIIEpeiadeii MOCTOSHHOTO TOKA.
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3aMBIKaHHS

3.7. IlpuMeHeHre NpUHLUIIA HAJIOKEHUS

3.8. [Ipumep cocTaBieHUS U IPEOOPA3OBAHUA CXEM 3aMEIICHUS

4. [TapaMeTpbl 371€MEHTOB PACYETHBIX CXEM

4.1. ITapameTpsl, HEOOXOIUMBIE JJISl pacdeTa TOKOB KOPOTKOT'O 3aMBIKaHHS

4.2. Meroanka onpeaeNeHus OTASTBHBIX TapaMeTPOB

5. Pacder TOKOB KOPOTKHMX 3aMBIKaHHH B 3JIEKTPOYCTAaHOBKAaX NEPEMEHHOTO TOKA HAIPSKECHUEM
cBoire 1 kB

5.1. IlpuHumMaembie JONMYIIEHUS

5.2. Pacyer HayaJbHOTO JEUCTBYIOLIErO 3HAYEHUS NEPUOAMYECKOM COCTABISAIOIIECH TOKa
KOPOTKOT'O 3aMBIKaHHUS

5.3. Pacder anepuoan4ecKoif COCTaBIAIONIEH TOKa KOPOTKOT'O 3aMBIKaHUS

5.4. Pacuet yaapHOro Toka KOPOTKOI'O 3aMbIKaHUS

5.5. Pacyer mepuoAMYECKON COCTaBISIOLIEH TOKAa KOPOTKOIO 3aMbIKaHHs Ji MPOU3BOJIBHOIO
MOMEHTa BPEMEHH

5.6. YueT CHHXPOHHBIX M ACHHXPOHHBIX VIEKTPOABHUTraTeled HpU pacdyeTe TOKOB KOPOTKOIO
3aMBIKaHUS

5.7. YyeT KOMIUIEKCHON HAarpy3Ku Mpu pacyeTe TOKOB KOPOTKOIO 3aMbIKaHUs

5.8. Yder BIMAHMSA D3JEKTPONEpENadd WJIM BCTABKH IIOCTOSHHOTO TOKAa Ha TOK KOPOTKOTO
3aMbIKaHUs B O6])€I[I/IHCHHIJIX CUCTEMAaX NEPEMCHHOI'O TOKa

5.9. Pacuer TOKOB IpH HECUMMETPUYHBIX KOPOTKUX 3aMBIKAaHHAX

5.10. Yuer u3MeHeHHsS NapaMeTPOB KOPOTKO3aMKHYTOM LENU MpH pacyeTe TOKOB KOPOTKOIO
3aMBIKaHUS

5.11. IIpumepbl pacyeToB TOKOB KOPOTKOTO 3aMBIKaHHSI

6. PacueT TOKOB KOPOTKOT'0 3aMbIKaHMS B 2JIEKTPOYCTAHOBKAX IEPEMEHHOIO TOKA HANPSXKEHUEM J10
1 kB

6.1. [IpuHIMaeMble TOMyIIEHHUS

6.2. Pacuer HayaybHOTO 3HAYEHHS MEPHOANYECKON COCTaBISAIOUICH TOKa TPeX(a3HOro KOPOTKOTO
3aMBIKaHUS

6.3. Metozpl pacuera HSCCHMMETPHUYHBIX KOPOTKUX 3aMbIKaHWH. COCTaBIICHHE CXEM 3aMEIICHH

6.4. Pacuer aneproqueCcKor COCTABIIIONICH TOKa KOPOTKOTO 3aMBIKAHUS

6.5. Pacdet ynapHOTO TOKa KOPOTKOTO 3aMbIKaHUS

6.6. Pacuer nepuoanueckoi cocrasismomeil Toka K3 ams npon3BonbHOro MOMEHTa BpEMEHH

6.7. Y4er CHHXpOHHBIX ¥ aCHHXPOHHBIX JIEKTPOJABUTaTeNe mpu pacyere TOkoB K3

6.8. YueT KOMIUIEKCHOM Harpy3KH IIpy pacyeTax TOKOB KOPOTKOTO 3aMbIKaHHS

6.9. Y4er conmpoTUBICHUS NEKTPHUUECKON AyTH

6.10. YueT n3MeHeHHs aKTUBHOT'O COIIPOTHUBIIEHHSI TPOBOJHUKOB NIPH KOPOTKOM 3aMBbIKAHUU

6.11. IIpumeps! pacyeTOB TOKOB KOPOTKOTO 3aMBIKaHHS

7. Pacuer 53JIEKTPOAMHAMUYECKOTO JEHUCTBUS TOKOB KOPOTKOIO 3aMBIKaHUS U IPOBEpKa
9JIEKTPOOOOPYJOBAHHS HA DIIEKTPOANHAMUYECKYIO CTOMKOCTD IIPH KOPOTKUX 3aMbIKaHUSX

7.1. O0mmue moIoXeHus

7.2. DNEeKTpOAMHAMHUIECKUE CHIIBI B 3IEKTPOYCTaHOBKAX

7.3. IIpoBepKa IIMHHBIX KOHCTPYKIMHA Ha 3JIEKTPOIUHAMUIECKYIO CTOMKOCTh

7.4. TIpoBepka THOKKUX TOKOIIPOBOJIOB Ha AJIEKTPOJMHAMHUYECKYIO CTOMKOCTh pu K3

7.5. TIpoBepka 3JIEKTpUYECKHX amlapaTroB Ha JIEKTPOAMHAMHUYECKYHO CTOMKOCTh NMPHU KOPOTKUX
3aMBIKAHUIX

7.6. Ilpumepsl pacdyeToB IO TIPOBEPKE JIIEKTPOOOOPYJIOBAaHHMS Ha 3IEKTPOANHAMUYECKYIO
CTOMKOCTbh MPU KOPOTKHX 3aMBIKaHUSIX

8. Pacuer Tepmuueckoro - AEHCTBHS  TOKOB  KOPOTKOIO  3aMbIKaHUS U IPOBEpKa
3JIEKTPOO0OOPYIOBAaHHS HA TEPMUUIECKYIO CTOMKOCTD IIPH KOPOTKHUX 3aMBIKAaHHUAX

8.1. OO0mMe moI0KEHUS

8.2. Tepmuueckoe neiicTBHE TOKa KOPOTKOro 3amblkaHus. OmpeneneHue uHTerpaia Jxoyns u
TEPMHUYECKH SKBHBAIEHTHOTO TOKA KOPOTKOT'O 3aMBIKaHHS

8.3. IIpoBepka MPOBOIHUKOB Ha TEPMUYECKYIO CTOMKOCTB IIPH KOPOTKUX 3aMBIKaHUAX



8.4. IIpoBepka 3MEeKTPUUECKUX alapaToB HA TEPMUUECKYIO0 CTOMKOCTh MPH KOPOTKUX 3aMBIKAHHUAX

8.5. Ilpumepsl pacyeToB IO MPOBEPKE 3JIEKTPOOOOPYNOBAHUS HA TEPMUYECKYIO CTOMKOCTH NpH
KOPOTKHX 3aMBIKaHHAX

9. IlpoBepka 3NMEKTPHUUECKUX AlNapaTOB HA KOMMYTAIIMOHHYIO CIIOCOOHOCTb

9.1. O6mue nonoxxeHust

9.2. IIpoBepka BBIKIOUATENEH

9.3. IIpoBepka IIIaBKUX NPEAOXPAHUTENEH

9.4. IIpoBepka aBTOMAaTHIECKUX BBIKITIOUATENEH

10. IIpumenenue DBM 1is pacdera TOKOB KOPOTKOTO 3aMbIKAHHS

ITpunoxenus



