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YTBEPXJIEHBI JlemapraMeHTOM CTpaTerud pa3BUTUS M HAYYHO-TEXHUUECKON IOJUTHUKU
23.03.1998 r.

HNPEIUCJIOBHUE

PykoBomsiye ykasaHusi HpeJHa3HA4YEHbI ISl HCIONB30BAHUSI MHKEHEPAMM-3HEPIeTHKAMU IpPHU
BBITMIOJTHEHUH HUMH PAacyeToB TOKOB KOpoTKoro 3ambikauusa (K3) m mpoBepke 37eKTpooOOpyrIOoBaHUS
(TIpOBOTHUKOB U JICKTPUUECKHUX amllaparoB) mo pexumy K3.

PykoBomsme ykasaHHMsA BKJIIOYAIOT B ceOf METOObl pacuera TOKOB CHMMETPHYHBIX H
HecuMMeTpuuHBIX K3 B anexTpoycTanoBkax HampspkeHueM cBbiie | kB u no 1 kB, MeToms! mpoBepku
MIPOBOJTHUKOB U JIEKTPUUECKUX aNlapaToB Ha 3JIEKTPOAWHAMUYECKYIO M TEPMHUUECKYIO CTOMKOCTh U
METOABI IPOBEPKHU 3JIEKTPHIECKHX allllapaToB HA KOMMYTAIIHOHHYIO CIIOCOOHOCTb.

PykoBopsiiye ykazaHus He IpeJHA3HAUYEHbI [UIs HCIIONIb30BaHMs IIPU pacyeTax TokoB K3 amst neneit
peneiiHON 3aIUThl M aBTOMATHUKM B CHEIU(HUUYECKHX YCIOBHAX (HAIWYME IIMHHBIX JIMHHUA
3JIEKTpoIepeayl, NPOJOIbHON U MOMEPEYHON KOMIICHCALMH, HEIMHEHHBIX 3JIEMEHTOB B IICIIH;
JBOWHBIE, IOBTOPHBIE, BUION3MEHSIOMNECS U cI0xHbIe BUAB K3 1 T.11.).

Jannbple PykoBomsiue yka3aHUs CYLIECTBEHHO OTJIMYAIOTCA OT paHee JeWCTBOBABLIMX
aHAJIOTMYHBIX HOPMATHBHO-TEXHIMYECKUX JTOKYyMEHTOB, TAKHUX KakK:

a) PykoBomsmme yka3aHHs IO pacyeTy TOKOB KOPOTKOTO 3aMBIKAHUS M BBIOOPY MO PEXHUMY
KOPOTKOTO 3aMBIKaHHA almapaTypsl M TPOBOAHHUKOB B JJIEKTPUYECKHX YCTAHOBKaX BBICOKOTO
Hanpspkerus (M.: I'OU, 1944. - 51 c.);

0) PykoBomsmme yka3zaHUsS IO pacdeTy KOPOTKHX 3aMBIKaHHUH, BBIOOPY M MPOBEPKE allapaToB H
MIPOBOJHHUKOB TI0 YCIOBUAM KOPOTKOTo 3ambIkaHus (1-s pen. M.: MOU, 1975. - 331 c.).

B Hactosmem, TperbeM H3JaHUM PyKOBOIALIMX YKa3aHWM, YYTEHBbI MOKEJIAHUS IMOJb30BATEIECH:
M3MEHEHa CTPYKTypa JOKyMEHTa, pa3paboTaHbl MeToAbl pacdera TokoB K3 ¢ yderoMm cnenmpuaeckix
MapaMETPOB COBPEMEHHBIX HICKTPUIECKUX MAIIMH M MX CHCTEM BO30YKACHHMS, AaHBI PEKOMCHIAINH
10 Y4eTy JJIEKTPHUUYECKOW IyrH, HarpeBa M IEpeMEIIeHHs T'MOKMX MpOBOAHMKOB mpu K3, BamsHuA
KOMIUIEKCHOM Harpy3ku Ha Toku K3.

[IpuBoasTCST HOBBIE KpUBBIC M3MEHEHHMSI BO BpeMeHH TOKOB K3 reHepaTtopoB pa3iWdHBIX cepuil C
pa3IUYHBIMU CHCTEMaMH BO30YX/IeHus. BKIIroueH maTtepruasl 0 TEpPMHUHAX W OMPEENeHUsIX B 00JIacTi
KOPOTKHX 3aMBIKaHHH B 3JIEKTPOYCTAHOBKAX, O OYKBEHHBIX 0003HAUEHHSX BENWYHH, a TAK)KE MaTepHal
o nmpuMeHeHun DBM mpu pacderax TokoB K3.

Bce ocHOBHBIE pa3zzensl PyKoBomAmMX YKa3aHUM WITIOCTPUPYIOTCS TPHMEPaMH  PElICHHS



XapaKTEePHBIX 3a/1ad.

PykoBopsimue ykazanus pa3pa0OOTaHBl aBTOPCKHM KOJUIGKTHBOM B CJCIYIOIIEM COCTaBe: J.T.H.,
mpod. Hexnemaer b.H. (pykoBomutens pabotel), k.T.H., mpod. Kproukos W.II. (oTBeTCTBEHHBIH
HCTIOJHUTENG), I.T.H., pod. XKykoB B.B., a1.1.1., pod. Kynpssues E.I1. (mm. 7.4; 7.6.4), X.T.H., J01I.
Kysnenos 10.I1.

1. BBEJIEHHUE
1.1. O01mmMe MOJI0KEHNSA

1.1.1. JIns 51€KTpOyCTaHOBOK XapaKTepHBI 4 pexknMa: HOPMaJIbHBIN, aBapUIHBIHA, TIOCIeaBapUHHBINA
U PEMOHTHBIN, NMPUYEM aBapUHHBIA PEXUM SIBISIETCS KPaTKOBPEMEHHBIM DPEXHMOM, a OCTajbHBIE -
NPOJOJKUTEIBHBIMU PEKUMAMHU.

1.1.2. DnektpoobopynoBaHHe BBIOMpAETCS MO MapamMerpaM IPOJIODKUTENBHBIX PEXKUMOB U
TIpOBEpsIETCSl 0 MapaMeTpaM KpPaTKOBPEMEHHBIX PEXHUMOB, ONPENENSIONMM M3 KOTOPBIX SIBIISETCS
PEKUM KOPOTKOTO 3aMBIKaHHS.

1.1.3. Tlo pexumy K3 siekrtpoobopynoBaHue TMpoOBepsieTCS Ha JIIEKTPOJANHAMHUYECKYIO U
TEPMHYECKYIO CTOHKOCTh, 2 KOMMYTAILIMOHHBIE aIapaThl - TAK)KE Ha KOMMYTAIMOHHYIO CITIOCOOHOCTB.

1.1.4. YuutbiBas ITUCKPETHBIA XapakTep W3MEHEHHs! IapaMeTpoOB 3JIEKTPOOOOPYIOBaHMS, pacyer
TokoB K3 s ero npoBepku JI0mycKaeTcsi MpOU3BOANTD IPUOIMKEHHO, C IPUHITHEM psiia AOMYIICHNH,
TIPU 3TOM IOTPELIHOCTh pacueToB TokoB K3 He momkHa npesbimate S—10 %.

1.1.5. PykoBonsiye ykazaHus COIJIacOBaHbI C ISHCTBYIOUIMMU [ 0Cy1apCTBEHHBIMU CTaHIapTaMu B
00J1acTH KOPOTKHX 3aMbIKaHui, a Takxke ¢ [IpaBunamu ycTpoiicTBa 31€KTpOyCTaHOBOK:

- I'OCT 26522-85. KopoTkue 3aMBIKaHUS B 3JEKTPOYCTaHOBKaX. TepMUHBI U onpeaeneHus. — M.:
W3n-Bo cranmapToB, 1985. — 17 c.

- T'OCT 27514-87. KopoTkue 3aMbIKaHMS B 3JIEKTPOYCTaHOBKax. MeToasl pacuera B
3JIEKTPOYCTAHOBKAX MEPEMEHHOro ToKa HampsbkeHueM cBbime 1 kB. - M.: U3na-Bo crannapros, 1988.-
40 c.

- TOCT P 50270-92. Koporkue 3aMBIKaHHS B DJIEKTPOYyCTaHOBKaxX. MeToApl pacdera B
3JIEKTPOYCTAaHOBKAX MEPEMEHHOro Toka HampsbkenueM 1o 1 kB. - M.: M3xa-Bo crangaptos, 1993.- 60 c.

- TOCT 29176-91. KopoTkme 3aMBIKaHHS B DJJIEKTPOYCTaHOBKaxXx. MeToaWka pacueTa B
3JIEKTPOYCTAHOBKAX MOCTOSHHOrO Toka. — M.: M3a-Bo crannapros, 1992. - 40 c.

- TOCT P 50254-92. Koporkue 3aMbIKaHHS B 3JEKTPOyCTaHOBKax. MeTomasl pacuera
3JIEKTPOANHAMUYECKOTO M TEPMUYECKOIO IEUCTBUS TOKOB KOPOTKOrO 3aMblkaHus. — M.: UH3n-Bo
cTaHmapToB, 1993. - 57 c.

- [IpaBuna ycTpoiicTBa 2NIEKTPOYCTAHOBOK. - 6-¢ u3a. - M.: DHeproaromusar, 1985. - 640 c.

1.2. TepMuHbI U onpeaeaeHHs

1.2.1. B PykoBomsuux yKa3aHUAX UCHONB3YIOTCS CIEAYIOIINE TEPMHUHBI U ONIPEASIESHHS:

1.2.1.1. 3ambIkaHue - BCAKOE CIydaifHOE WK MpeHaAMEPEHHOE, He MPEIyCMOTPEHHOE HOPMaTbHBIM
PEeXHUMOM pabOTHI HIEKTPUUECKOE COSTMHEHHE Pa3INUHbIX TOYEK AIEKTPOYCTAHOBOK MEXIy cOOOH T
C 3eMIIEH.

1.2.1.2. KopoTKkoe 3aMbIKaHHE — 3aMbIKaHHE, PH KOTOPOM TOKH B BETBSIX JJIEKTPOYCTAHOBKH,
MIPUMBIKAIOIMX K MECTYy €ro BO3HMKHOBEHHS, pE3KO BO3pACTalOT, IPEBbIMIAas HauOOIBIINH
JIOIyCTUMBIH TOK MPOJOKUTEIBHOTO PEXIMA.

1.2.1.3. Koporkoe 3aMblKaHHE€ Ha 3E€MIII0 — KOPOTKOE 3aMBIKAaHHE B 3JEKTPOYCTaHOBKE,
00YCIIOBJICHHOE COeTMHEHNEM C 3eMJIeH KaKOro-JIN0Oo ee 3JIEMEHTa.
1.2.1.4. OmHoda3Hoe KOPOTKOE 3aMBIKAaHHE — KOPOTKOE 3aMBIKAHME HAa 3€MIII0 B Tpex(asHou

JJIEKTPOIHEPTETHYECKON CHCTEME C TIyXo- WM 3((EKTUBHO 3a3eMIICHHBIMH HEHTPAISIMHA CHIIOBBIX
3JIEMEHTOB, ITPX KOTOPOM C 3eMJIEH COeMHSETCS TOIBKO OfiHa (haza.

1.2.1.5. JIsyx¢a3zHoe KOPOTKOE 3aMbIKaHHE — KOPOTKOE 3aMbIKaHHE MEXIy IByMs (azamu B
Tpex(azHOU AEKTPOIHEPTETHUECKOI CUCTEME.
1.2.1.6. [IByx(a3Hoe KOpPOTKOE 3aMBbIKAHHE HAa 3EMIII0 — KOPOTKOE 3aMbIKAHHE HAa 3EMIII0 B

Tpex(a3HoH SIIEKTPOIHEPTETUUECKON CUCTEME C TIIYXO- WIH d(P(YEKTUBHO 3a3eMIICHHBIMH HEUTPAISIMHU
CHJIOBBIX BJIEMEHTOB, IIPH KOTOPOM C 3eMJICH COSIMHAIOTCS IBE (ha3bl.
1.2.1.7. JIBoiiHOEe KOPOTKOE 3aMbIKaHHE Ha 3€MJII0 — COBOKYITHOCTb JBYX OTHO(A3HBIX KOPOTKHUX



3aMbIKaHUH Ha 3€MJIIO B PA3JIMYHBIX, HO AJIEKTPHUECKU CBA3aHHBIX YACTSAX JIEKTPOYCTAHOBKH.

1.2.1.8. Tpex¢a3zHoe KOPOTKOE 3aMBIKAaHHE - KOPOTKOE 3aMBIKaHHWE MeXay Tpems ¢a3zaMu B
Tpex(}a3HOH 3IEKTPOIHEPTETHIECKON CUCTEME.

1.2.1.9. Tpexda3Hoe KOpOTKOE 3aMBIKaHHE Ha 3eMJII0 — KOPOTKOE 3aMbIKaHHE Ha 3eMIII0 B
Tpex(}a3HOH AIIEKTPOIHEPTETHIECKON CHCTEME C TIIyX0- WK 3()(HEKTHBHO 3a3eMIIEHHBIMU HEUTpaJIsIMU
CUJIOBBIX JJIEMEHTOB, IIPU KOTOPOM € 3eMJIel COeqUHSIOTCS TpU (a3bl.

1.2.1.10. TloBTOpHOE KOPOTKOE 3aMBIKAaHWE — KOPOTKOE 3aMBIKAHHWE B 3JIEKTPOYCTAHOBKE IPH
ABTOMAaTHYECKOM  IIOBTOPHOM  BKJIIOYEHHH  KOMMYTAI[IOHHOTO  JJIEKTPHYECKOrO  armapara
TIOBPEXICHHOH LIeTH.

1.2.1.11. V3mensromeecsi KOPOTKOE 3aMbIKAHHE — KOPOTKOE 3aMBIKAHHWE B 3JICKTPOYCTAHOBKE C
TIEPEX0I0M OJJHOTO BH/Ia KOPOTKOTO 3aMBIKaHUsI B IPYTOM.
1.2.1.12. VYcroiiunBoe KOPOTKOE 3aMBIKAHUE — KOPOTKOE 3aMBIKAHHE B 3JCKTPOYCTAHOBKE,

YCIIOBUSI BO3HUKHOBEHHS KOTOPOTO COXPAHSIOTCSI BO BpeMs OECTOKOBOH May3bl KOMMYTaI[IOHHOTO
AJIEKTPUYECKOTO arapara.

1.2.1.13. HeycroiiunBoe KOPOTKOE 3aMBIKAHHE — KOPOTKOE 3aMBIKAHHE B 3JICKTPOYCTAHOBKE,
YCIIOBUSI ~ BOSHMKHOBEHHSI KOTOPOTO  CaMOJMKBUIUPYIOTCS BO BpeMsl OECTOKOBOW  May3bl
KOMMYTAIIMOHHOT'O AJIEKTPHYECKOTO arapara.

1.2.1.14. CumMeTpU4HOE KOPOTKOE 3aMbIKAHUE — KOPOTKOE 3aMBbIKaHUE B DJIEKTPOYCTAHOBKE, MPH
KOTOpOM Bce ee (ha3bl HaXOJSTCS B OJMTHAKOBBIX YCIIOBHSIX.

1.2.1.15. HecuMMeTpUYHOE KOPOTKOE 3aMBIKAHUE — KOPOTKOE 3aMBIKAHHE B 3JICKTPOYCTAHOBKE,
NPU KOTOPOM OJIHA U3 e€ (a3 HaXOAUTCS B YCIOBHSX, OTIUYHBIX OT YCIOBUH npyrux ¢as.

1.2.1.16. YjaneHHOe KOPOTKOE 3aMbIKaHHE — KOPOTKOE 3aMbIKaHHE B JJIEKTPOYCTAHOBKE, MPH
KOTOPOM aMIUTUTY/Ibl TIEPHOIUUECKON COCTABIISIONICH TOKA JaHHOTO UCTOYHMKA YHEPTHU B HAYaIbHBIH
Y TIPOU3BOJILHBII MOMEHTBI BPEMEHH ITPAKTHUECKH OIMHAKOBBI.

1.2.1.17. bnu3koe KOPOTKOE 3aMbIKaHHE — KOPOTKOE 3aMBIKAHHWE B DJIEKTPOYCTAHOBKE, IPU
KOTOPOM aMIUTUTY/Ibl TIEPHOIUUECKON COCTABIISIONICH TOKa JaHHOTO UCTOYHUKA YHEPTHU B HAYAIbHBIH
Y TIPOU3BOJILHBI MOMEHTBI BPEMEHH CYILIECTBEHHO OTJIMYAIOTCS.

1.2.1.18. PexxuM KOPOTKOTO 3aMBIKaHUsI — PEXKUM PaOOThI JIEKTPOYCTAHOBKHU IPU HAJMYHMU B Hel
KOPOTKOT'O 3aMbIKAHHS.

1.2.1.19. TlpenuecTByOmMHA pPEXUM — PEXKHUM pPaOOThI DIIEKTPOYCTAHOBKH HENOCPEICTBEHHO
nepes MOMEHTOM BO3SHUKHOBEHHUS KOPOTKOTO 3aMbIKAHHS.
1.2.1.20. YCTaHOBUBIIMHCS PEXHM KOPOTKOIO 3aMBIKAHUSI — PEXKHUM KOPOTKOTO 3aMBIKAaHHS

9JIEKTPOYCTAaHOBKH, HACTYMAIOIIMH IOCIIE 3aTyXaHHs BO BCEX LIETISAX CBOOOAHBIX TOKOB M IPEKPAILICHU
U3MEHEHMSI HalpsDKeHUs Bo30ymuTeNnell CHHXPOHHBIX MAalIMH IOA JeHCTBHEM aBTOMATHYECKUX
PETYISTOPOB BO3OYKICHHSI.

1.2.1.21. TlepexonHslii TmpolleCC B JIIEKTPOYCTAHOBKE — TPOIECC IIepexola OT OJHOTO
YCTaHOBUBILETOCS PEXMUMA IIEKTPOYCTAHOBKHU K JPYTOMY.

1.2.1.22. DnekTpoMarHUTHbIH MepexoHbIN MPOIECC B JEKTPOYCTAHOBKE — MEPEXOJHBIN TPOIIece,
XapaKTepU3yeMblii I3MEHEHNEM 3HAUEHUH TOJIBKO AJIEKTPOMAarHUTHBIX BEJIHYHH HJIEKTPOYCTAaHOBKH.

1.2.1.23. DnektpoMexaHHYECKHI MEPEXOAHBIN IMPOIEecC B 3JIEKTPOYCTAHOBKE — IEPEXOHBIN
NPOLIECC, XapaKTepH3YeMbId ONHOBPEMEHHBIM H3MEHEHHEM 3HAYeHHH JJISKTPOMarHUTHBIX |
MEXaHHYECKHX BEJIMYHH, ONPEACIIAIOIIX COCTOSHUE HIIEKTPOYCTAHOBKH.

1.2.1.24. CpoOomHasi COCTaBJAIONIAS TOKA KOPOTKOrO 3aMbIKaHHs — COCTABJISIIOIIAs TOKa
KOPOTKOTO 3aMBIKAaHHMS, OIpeiensieMasl TOJIBKO HAdallbHBIMH YCIOBHSMH KOPOTKOTO 3aMBIKaHUS,
CTPYKTYpPOU 3JIEKTPUYECKOM CETU U IIapaMeTpaMu €€ 3JIEMEHTOB.

1.2.1.25. TlpunyxIeHHas COCTABJSIONIAs TOKA KOPOTKOI'O 3aMbIKAHHUS — COCTABISIFOIIAsl TOKA
KOPOTKOTO 3aMBIKaHUs, paBHAS PAa3HOCTH MEXKTY TOKOM KOPOTKOIO 3aMBIKAHHS M €ro CBOOOIHOM
COCTaBJISIOIEH.

1.2.1.26. Anepuoauyeckasi COCTaBJISIIOIIAS TOKA KOPOTKOTO 3aMbIKaHUSI — CBOOOJHAsS
COCTABJIAIOIIAs TOKA KOPOTKOT'O 3aMBIKaHUS, H3MEHSIOIIASACS BO BpeMeHHU Oe3 MepeMeHbl 3HaKa.

1.2.1.27. Tlepuomuueckasi COCTABJISIONIAas TOKA KOPOTKOrO 3aMblKaHHs pabodyell 4acToThl —
COCTABJIAIOIIAs TOKAa KOPOTKOTO 3aMBIKAHMS, M3MEHSIOMIASACS 0 MEPHOANISCKOMY 3aKOHY C padoueit
YaCTOTOM.

1.2.1.28. MrHoBeHHOE 3HAYC€HHE TOKA KOPOTKOrO 3aMbIKaHHs — 3HAYCHHE TOKa KOPOTKOTO
3aMBIKaHUS B PACCMATPUBAEMBIIl MOMEHT BPEMEHIL
1.2.1.29. J[leiicTBytoliee 3HAYEHHE TOKA KOPOTKOTO 3aMbIKAHHS — CpEIHEE KBaJPATHUECKOES

3HAUYCHUC TOKAa KOPOTKOI'O 3aMbIKAHHSA 3a MCPHUOL pa60qel71 HacCTOThbl, CEpEAnHA KOTOPOIro ¢CCTb



paccMaTpuBaeMblii MOMEHT BPEMCHHU.

1.2.1.30. [eiicTByromee 3Ha4CHUE TIEPHOIUICCKON COCTABJISIONICH TOKA KOPOTKOTO 3aMBIKAHUSI —
CpelHee KBAJpaTHUYCCKOS 3HAUCHWE IEPUOJMYCCKON COCTABIISIONICH TOKAa KOPOTKOTO 3aMBIKAHHS 3a
repro;] paboueii 9aCTOTHI, CepeInHa KOTOPOTO €CTh PacCMaTPHUBAEMBIH MOMEHT BPEMEHH.

1.2.1.31. HavanbHOe aAeicTByoIlee 3HAUYEHHWE NEPHUOAWIECKON COCTABIIONIEH TOKa KOPOTKOTO
3aMBIKaHUSI — YCJIOBHAS BEJIMYHMHA, PABHAS TBOWHON aMILTUTY/IC TICPHOINICCKON COCTABIISIONICH TOKa

KOPOTKOT'O 3aMbIKaHHs B HAYaJIbHbIH MOMEHT BPEMEHH, YMEHbBIIICHHOH B 22 pas.

1.2.1.32. HavanpHoe 3HAa4YEeHHE alepUOANYECKOH COCTABIIAIONIEH TOKa KOPOTKOTO 3aMBIKAHUS —
3HA4YEHHE AalepUOANYECKOH COCTABIISIONIEH TOKAa KOPOTKOrO 3aMBIKaHHMS B Ha4aJbHBIH MOMEHT
BpEMEHH.

1.2.1.33. YcraHOBUBIIMHCS TOK KOPOTKOI'O 3aMBIKaHHS — 3Ha4E€HHE TOKa KOPOTKOTO 3aMBIKAHHS
TOC/Ie  OKOHYAaHWSI IIEPEXOJHOr0 TIpOIecca, XapaKTepU3yeMOoro 3aTyXaHHeM BCEX CBOOOHBIX
COCTaBJISIIOIIMX OJTOr0 TOKa M TPEKpallleHHeM M3MEHEHUs] TOKa OT BO3JCHCTBUS YCTPOWCTB
ABTOMATHUYECKOIO PETYIIMPOBaHMS BO30Y)KIEHHSI UCTOYHHKOB SHEPTUH.

1.2.1.34. YnapHslii TOK KOPOTKOT'O 3aMbIKaHUsI — HaMOOJbIIIee BO3MOXXHOE MTHOBEHHOE 3HAUECHHE
TOKa KOPOTKOT'O 3aMbIKaHHUSI.

1.2.1.35. VYnapusiii ko3 duUIMEHT TOKa KOPOTKOTO 3aMBIKaHHS — OTHOLICHHE Y/IapHOrO TOKa
KOPOTKOTO 3aMBIKaHUsI K aMIUIATYJE TEePUOANYECKOH COCTaBJISIONIEH TOKa KOPOTKOTO 3aMBIKAaHHS
paboyeli yacTOThl B HAYaJIbHBIH MOMEHT BPEMEHHU.

1.2.1.36. OTKITI0YaeMBIil TOK KOPOTKOTO 3aMbIKAHHS — TOK KOPOTKOTO 3aMbIKAHHUS AJICKTPUICCKON
Hermd B MOMEHT Hayaja pacXOXJIEHHUS JIyroracHUTENbHBIX KOHTAKTOB €€ KOMMYTallMOHHOTO
JIEKTPUYECKOTO amapara.

1.2.1.37. [leiicTByroliee 3Ha4YEHHUE MEPHOIUUECKON COCTABIISIIONIECH OTKIFOYAEMOI'0 TOKa KOPOTKOTO
3aMbIKaHUsI — YCJIOBHAs BEJIMYHMHA, paBHAs JIBOMHON aMIUIUTYJIE MEPUOANYECKON COCTABIISIONIEH TOKa
KOPOTKOTO ~ 3aMbIKaHMs B  MOMEHT HauyaJa pPAcXOXJIEHHS  JIyrOracUTENbHBIX  KOHTAKTOB

KOMMYTAIHOHHOTO 3JIEKTPUIECKOT0 anmnapara, yMEHBIICHHO! B 22 pas.

1.2.1.38. Amnepuospuueckasi COCTaBISIOIIAS OTKIIOYAEMOrO TOKAa KOPOTKOTO 3aMBbIKAHUS —
3HQUCHHE AalepUOJMYECKOH COCTAaBIAIOIIEH TOKAa KOPOTKOTO 3aMBIKaHMS B MOMEHT Hadaja
PacXOXKIECHHS LyroracCUTENbHBIX KOHTAKTOB KOMMYTAIIMOHHOT'O 3JIEKTPHYECKOrO aIllapaTa.

1.2.1.39. AMmnuTyaHOe 3HAYEHHE OTKIIOYAaEeMOr0 TOKAa KOPOTKOrO 3aMbIKaHUS — YCJIIOBHAs
BEJIMUMHA, paBHAs apU(PMETHYECKON CyMMeE JISHCTBYIOIIEro 3HAUSHHUS NIEPUOIUUECKON COCTABIISIOMICH

OTKJIIOYaEMOT0 TOKAa KOPOTKOTO 3aMBIKaHHUS, YBEIHYCHHOTO B J2 pa3, ¥ anepuomUYECKOH
COCTABJIAIOIIECH OTKIII0YaEeMOr0 TOKa KOPOTKOT'O 3aMBIKaHHSL.

1.2.1.40. CumMeTpUYHBIC COCTaBJISIONINE HECUMMETPHUYHOW Tpex(a3HOW CHUCTEMBbI TOKOB
KOPOTKOTO 3aMBIKaHUSI — TPH CHMMETPHYHBIE Tpex(as3Hble CHCTEMbl TOKOB KOPOTKOTO 3aMBIKAHUS
paboyeil 4acTOThl IPSAMOM, OOpAaTHOM M HYJIEBOM IOCIENOBATENLHOCTEH, HAa KOTOpBIE JAaHHAs
HEeCUMMeTpHYHas Tpex(a3Has cucTeMa TOKOB KOPOTKOTO 3aMBIKaHUSI MOXKET OBITh Pa3JIoKeHa.

1.2.1.41. Tok KOpPOTKOrO 3aMbIKaHHs IPSIMOHM TIOCIEJOBATEILHOCTH — OJWH K3 TOKOB
CHMMETPHYHOH TpeX(pa3HOH CHCTEMbI TOKOB KOPOTKOI'O 3aMBIKaHUS MPSMOTO ClIeoBaHus (as3.

1.2.1.42. Tok KOpPOTKOr0 3aMbIKaHHs OOpAaTHOM MOCIEIOBATEIBHOCTH — OJMH M3 TOKOB
CUMMETPHYHON TpeX(a3HOl CHCTEMbI TOKOB KOPOTKOTO 3aMbIKaHHUsI 00paTHOTO ciefoBaHus (a3.

1.2.1.43. Tok KOpPOTKOrO 3aMbIKaHHs HYJICBOW MOCIEIOBATEIbHOCTH — OJMH U3 TOKOB
CHMMETPHYHON HEypaBHOBEIICHHOW TpeXx(}a3HOH CHCTEMBI TOKOB KOPOTKOTO 3aMBIKaHHS HYJIEBOTO
crnenoBanus ¢as.

1.2.1.44. OxxuaeMblii TOK KOPOTKOTO 3aMbIKaHHUSI — TOK KOPOTKOT'O 3aMbIKaHUSI, KOTOPBIi ObLIT ObI
B DJIEKTPUYECKOH LEeMd DJIEKTPOYCTAaHOBKH NPH OTCYTCTBUHM MAEHCTBUS YCTAHOBJIEHHOTO B HEH
TOKOOTPAHMYHBAIONIEr0 KOMMYTalIMOHHOT'O 3JIEKTPHYECKOT0 anapaTa.

1.2.1.45. TIpomyckaemblii TOK KOPOTKOTO 3aMbIKaHHs — HAUOOJbIIIee MTHOBEHHOE 3HAUCHUE TOKA
KOPOTKOTO  3aMBIKaHHSi B  DJICKTPUYECKOH IIeMU  DJIEKTPOYCTAHOBKM C  Y4eTOM JICHCTBUS
TOKOOTPAHMYHBAIONIEr0 KOMMYTaIIHOHHOTO JIEKTPHYECKOr0 anmapara.

1.2.1.46. CxBO3HOH TOK KOPOTKOIO 3aMBIKAHUSI - TOK, HPOXOMSIIUIA Yepe3 BKIIOYCHHBIN
KOMMYTaIIMOHHBIH SJIEKTPUUYECKHUH alapaT NPy BHELIHEM KOPOTKOM 3aMBIKaHHH.

1.2.1.47. ConepxaHue amnepuoOAMYECKON COCTABISIONICH B OTKIOYAEMOM TOKE KOPOTKOTO
3aMBIKaHUSI — OTHOIICHHE AalepHONMYECKO COCTAaBIIOMICH OTKIIOYaeMOro TOKAa KOPOTKOTO

3aMbIKaHUS B 33JaHHBIH MOMEHT BPEMEHM K yBEITHUCHHOMY B J2 pa3 JmeicTByIONIEMY 3HAUYCHUIO
MEPUOJMYECKOM COCTABIAIOMIEH OTKIIOYaeMOr0 TOKa KOPOTKOTO 3aMBIKAHHS B TOT K€ MOMEHT



BpPEMCHU.

1.2.1.48. TapMOHMYECKHIT COCTaB TOKAa KOPOTKOTO 3aMBIKAHUS — COBOKYITHOCTh CHHYCOWIAThHBIX
TOKOB Pa3JIMYHBIX YACTOT, HA KOTOPBIC MOXKET OBITh Pa3JIOKCH TOK KOPOTKOTO 3aMBIKAHHS.

1.2.1.49. ®a3a BO3HNKHOBEHUsI KOPOTKOTO 3aMBIKaHHS B AJIEKTPOYCTAHOBKE — (ha3a HANPSHKEHUS
AJIEKTPOYCTAHOBKH K MOMEHTY BOSHUKHOBEHUS KOPOTKOTO 3aMBIKaHUS, BEIPAXKCHHAS B 3JCKTPHUCCKIX
rpajycax.

1.2.1.50. TlepexomHas COCTaBJISFOIAsS TOKA KOPOTKOTO 3aMBIKAHWA — [EpUOJMYCCKas
COCTABIISIONIAS TOKA KOPOTKOTO 3aMBIKAHHS, PaBHAs CyMMeE MPHHYXICHHOW B CBOOOTHOM TIepeXOTHOM
COCTABIISIONINX TOKa KOPOTKOTO 3aMBIKAHUS.

1.2.1.51. CsepxmnepexoHas COCTAaBJIIONIAs TOKA KOPOTKOTO 3aMBIKAHHS — TEpUOIMYCCKas
COCTaBIIAIONIAsE TOKAa KOPOTKOTO 3aMBIKaHWsA, paBHAs CyMME TIEPEXOJHOHM ©  CBOOOTHOM
CBEPXIIEPEXOHON COCTABIIAIONINX TOKa KOPOTKOTO 3aMBIKaHHS.

1.2.1.52. MomHOCTh KOPOTKOTO 3aMBIKAHHS — YCJIOBHAs BEJTUUMHA, PaBHAS YBEIUYCHHOMY B V3
pa3 MPOM3BEACHUIO TOKA TPEX(a3HOro KOPOTKOTO 3aMbIKaHWs B HAayalbHBIA MOMEHT BPEMEHHU Ha
HOMUHAJILHOE HANPSHKCHUE COOTBETCTBYIOIICH CETH.

1.2.1.53. TlpomonbHas HECUMMETPUS B JJICKTPOYCTAHOBKE — HECHMMETpPHUS TpexdasHo
3JIEKTPOYCTAHOBKH, OOYCJIOBJICHHAS TIOCJEIOBATEIBHO BKJIIOUCHHBIM B €€ IElb HECHMMETPHYHBIM
Tpex(}a3HBIM 3JIEMEHTOM.

1.2.1.54. TlonepeuHas HECUMMETpPHS B JJICKTPOYCTAHOBKE — HECHUMMETPHUS Tpex(da3Hoi
YCTaHOBKH, OOYCJIOBJIEHHAs KOPOTKHM 3aMbIKaHHEM OJIHOM Wi IBYX (a3 Ha 3emuto wiau ABYX (a3
MEXTy COOOH.

1.2.1.55. OpHOKpaTHasi HECUMMETPHUsS B JJIEKTPOYCTAHOBKE — TMPOJOJIbHAS WIIM IOINepeyHast
HECUMMETPHS, BO3HHUKIIIAS B OJTHOH TOUKe TpeX(a3HOU 3JEKTPOYCTaAHOBKH.
1.2.1.56. CnoxHas HECUMMETpUs B DJIEKTPOYCTAaHOBKE — HECHMMETpHs TpexQa3Hoi

AJIEKTPOYCTAHOBKH, TPEICTaBISAONIAs CO00H KOMOMHAIMIO M3 TPOJONBHBIX M  TIONEPeYHbIX
HECUMMETPUIL.

1.2.1.57. Ocobas da3a 31eKTpoycTaHOBKH — (ha3a Tpex(pa3HOi AJNEKTPOYCTAHOBKH, KOTOpast MpU
BO3HMKHOBEHHHU MPOJOJIBHON WM MOMEPEeYHOH HECUMMETPUH OKA3bIBACTCS B YCIOBHUSX, OTIMYHBIX OT
YCIIOBHH [UIsl IBYX IpYyrux ¢as.

1.2.1.58. KomruiekcHasi cxema 3aMelleHUs] — 3JIeKTPUIecKas CXeMa, B KOTOPOH CXEMbI 3aMelICHHs
OpsIMOI, OOpaTHOM W HYJIEBOM NOCJENOBATENLHOCTEH (MIIM APYTUX COCTABJISIONINX) OObEAWHEHBI
COOTBETCTBYIOLIIMM 00pa30M C y4eTOM COOTHOIIECHHH MEXIy COCTAaBIIIOIIMMHU TOKOB M HAIPSDKCHHUH B
MeCTe MOBPEKACHUSL.

1.2.1.59. I'paHuuHble YCIOBHUS NP HECUMMETPUHM — XapaKTEPHbIE COOTHOLICHHS JUIS TOKOB W
HaNpsDKEHUH B MECTe MOBPEXKACHUS IIPH JAHHOM BHE HECUMMETPUH B 3JIEKTPOYCTAHOBKE.

1.2.1.60. TlocrosiHHas BpeMeHH 3aTyXaHUs alepPUOJMYECKON COCTABISIONIEH TOKa KOPOTKOTO
3aMBIKaHUSI — OJIEKTPOMArHUTHAs MOCTOSHHAs BPEMEHH, XapaKTEpHU3YIoLlas CKOPOCTb 3aTyXaHUs
arepUoINYEeCKON COCTABIIAIOIIEH TOKa KOPOTKOIO 3aMbIKAHMSL.

1.2.1.61. PacuerHble ycCIIOBHSI KOPOTKOTO 3aMBIKaHHUs 3JIEMEHTa 3JIEKTPOYCTAHOBKU HamOojee
TSDKeJIble, HO JIOCTaTOYHO BEPOSTHBIE YCIOBHUS, B KOTOPBIX MOXKET OKa3aThCsl paccMaTpUBAaEMBbIH
9JIEMEHT JJIEKTPOYCTAHOBKHU IIPU KOPOTKUX 3aMBIKAHHSX.

1.2.1.62. PacuerHasi cxema DIIEKTPOYCTAHOBKH — JJICKTPHUYECKAsi CXeMa DIIEKTPOYCTAHOBKH, IMPU
KOTOpOH HMMEIOT MECTO pacyeTHBIE YCIOBHS KOPOTKOTO 3aMBIKaHUS JUIS PaccMaTpUBaeMOro ee
JJIEMEHTA.

1.2.1.63. PacuerHblii BUJI KOPOTKOTO 3aMbIKAHUSI — BHJ] KOPOTKOTO 3aMBIKaHHS, MPU KOTOPOM
HUMEIOT MECTO pAcyUeTHBIE YCIOBHS KOPOTKOTO 3aMbIKaHHs [UIi PAacCMaTPHBAEMOro 3JEMEHTa
3JIEKTPOYCTAaHOBKH.

1.2.1.64. PacuerHasi TOuKa KOPOTKOTO 3aMBIKAHUS — TOUYKA JIIEKTPOYCTAHOBKH, MPU KOPOTKOM
3aMBIKaHUH B KOTOPOW ULl pacCMaTPUBAEMOTO HJIEMEHTA JJIEKTPOYCTAHOBKH MMEIOT MECTO pacueTHbIE
YCIIOBUSI KOPOTKOT'O 3aMBIKAHHSI.

1.2.1.65. PacuerHas MPOIOIDKUTEIBHOCTh KOPOTKOIO 3aMBIKAHHS — MPOAODKUTEIBHOCTh
KOPOTKOT'O 3aMbIKaHHs, SBISIOIIASCS PACUSTHON ISl pPAcCMaTpUBAEMOr0 3JIEMEHTa JIEKTPOYCTaHOBKH
TIPH ONpeIeTIeHHH BO3JICHCTBHS Ha HEr0 TOKOB KOPOTKOTO 3aMbBIKaHHSI.

1.2.1.66. BeposSTHOCTHBbIE  XapaKTEPUCTHKKA  KOPOTKOIO  3aMbIKaHHS —  COBOKYITHOCTh
XapaKTEPHUCTUK, OIMMCHIBAIONIMX BEPOSTHOCTHBIH XapakTep pas3iM4HBIX apaMeTpoB W  YCIOBHUI
KOPOTKOTO 3aMBIKaHHSL.

1.2.1.67. Tepmudeckoe IeHCTBHE TOKAa KOPOTKOTO 3aMBIKAHWS — TEIUIOBOE ACHCTBHE TOKa



KOPOTKOT'O 3aMBIKaHHs, BBI3BIBAIONIEE H3MEHEHUE TEMIIEPATYPHI HJIEMEHTOB 3JIEKTPOYCTAHOBKH.

1.2.1.68. DnexTpoaMHaMHUYECKOEe JEHCTBME TOKAa KOPOTKOTO 3aMBIKAHUS — MEXaHHYECKOe
JIEHCTBUE DIIEKTPOANHAMUYECKUX CHJI, OOYCIIOBIEHHBIX TOKOM KOPOTKOTO 3aMBIKaHUSI, Ha 3JIEMEHTHI
IJIEKTPOYCTAaHOBKH.

1.2.1.69. Nnrerpan [Ixoyns — ycloBHasl BEIMYMHA, XapaKTEpU3YIOIas TEIJIOBOE JEHCTBUE TOKa
KOPOTKOTO 3aMbIKaHMSl Ha pPacCMaTpUBAEMBIH DJIEMEHT JJIEKTPOYCTAHOBKH, YHCIEHHO paBHas
MHTETpajy OT KBaJIpaTa TOKa KOPOTKOTO 3aMbIKaHHs 10 BPEMEHH B IIpeeNnax OT Ha4aJbHOrO MOMEHTa
KOPOTKOT'0 3aMBIKaHHs 0 MOMEHTA €TI0 OTKJIFOUSHUS.

1.2.1.70. Cto#KOCTb 3JI€MEHTa JIEKTPOYCTAHOBKU K TOKY KOPOTKOTO 3aMBIKaHHSI — CIIOCOOHOCTH
9JIEMEHTA DJIEKTPOYCTAHOBKH BBIJIEP)KUBATh TEPMHUYECKOE U DJIEKTPOIUHAMHYECKOE JICHCTBHS TOKa
KOPOTKOT'0 3aMBIKaHHs 0€3 MOBPEXICHUI, TIPETSTCTBYIONINX €ro JalbHeHIel HcnpaBHOH padoTe.

1.2.1.71. Tok TepMHUYECKOH CTOWKOCTH 3JIEKTPUYECKOrO amapara Npud KOPOTKOM 3aMBIKaHHU —
HOPMHUPOBAHHBIN TOK, TEPMUYECKOE JIEHCTBUE KOTOPOr'o AJIEKTPHUYECKHI armapaT ClocOOeH BhIAECPKATh
IPU KOPOTKOM 3aMBbIKaHUH B TEYEHHE HOPMUPOBAHHOI'O BPEMEHH TEPMHYECKON CTOMKOCTH.

1.2.1.72. Tok »3NEKTPOAMHAMHYECKOH CTOHKOCTH 3JICKTPUYECKOrO armapara IpH KOPOTKOM
3aMbIKAHUM — HOPMHPOBAHHBIN TOK, J3JIEKTPOJMHAMHYECKOE IEHCTBHE KOTOPOTO AIIEKTPHUYECKHUI
anmapaTt CcrocoOeH BbIIEpKaTh NMPU KOPOTKOM 3aMbIKaHWU 0€3 MOBPEXKIEHUH, MPENSTCTBYIOUIUX €T
JAJTbHEHIIeH ucnpaBHO# padore.

1.3. BykBeHHbIe 0003HAYEHHUS BeJIHYMH

| — TOK, JIeiicTBYyIOIIEee 3HAUCHHE;
i — TOK, MTHOBEHHO€E 3HAYEHHUE,

i — TOK KOMIUIEKCHBIH, IEMCTBYIOIIEE 3HAUEHHE;

I — TOK, aMIUTUTYIHOE 3HAUCHUE;

Liom — HOMMHAJIBHBIN TOK;

[ — ynapHslii Tox K3;

([ — TOK 2JICKTPOAMHAMUYECKON CTOMKOCTH;

Ly Tien — TOK BKJIIOYEHHS, JEUCTBYIOIEE U MTHOBEHHOE 3HAUYCHUS;

losy loxs — CKBO3HOM TOK, JIEHCTBYIOLIEE U MTHOBEHHOE 3HAUEHMUS,

Lip.cxms bp.cxo — IIpEleNbHbII CKBO3HOM TOK, JEMCTBYIOIIEE U MTHOBEHHOE 3HAUCHHUS;
lowens lomen — OTKJIOYAEMBIil TOK, IECHUCTBYIOLEE U MTHOBEHHOE 3HAUEHMUS,;

lorions lorxmmom — HOMHHAIIBHBINA TOK OTKITFOYEHHUS JIEKTPUUECKOTO arlapara;

Iy, it — TOK B MOMEHT t;
— TOK B MOMEHT T,

I, i;

Liep — TOK TePMHYECKOH CTONKOCTH;

I — TOK YCTaHOBHBIIETOCS PEXUMa;

I — Tok K3, ob01miee o0o3HaueHue

Iy iy — TIepHOIUYecKas cocTaBiisromas Toka K3;

L iy — amepuoamieckas cocrapisomnias Toka K3 (I, = i,);

Io — HayaJlbHOE JEHCTBYIOIee 3HAUCHHE MEePUOANUYECKOil cocTaBitromeil Toka K3
(t=0);

i20 — HavaibHOE 3HAYEHHE allepUoaNUeCcKoi coctasistorei Toka K3 (t = 0);

Licy Hac — MepHOIUYecKas U aneproudeckas cocrapisiomue Toka K3 B MoMeHr t = 1

Ia, Ig, Ic — TOKH COOTBETCTBEHHO (a3 A, B, C;

In — TOK B HEUTpPAIHHOM IIPOBOE;

Iy, 1o, 1o — TOK COOTBETCTBEHHO IPSMOW, 0OpaTHOH U HyJIEBOU MOCIIEIOBATEIBHOCTEH;

Loser Toe — TOK, O)KM/IAEMBIii B I[ETIH C TOKOOTPAaHHYMBAIOIINM arapaToM;

Iy — TOK CyMMAapHBIii;

[ — — TOK MPOAODKUTENBHOTO PeXKUMA, TOMYCTUMBIN;

I — TOK HOpMAJILHOTO PEXUMa, PACUCTHBIN;

lpon pacu — TOK TMPOAOKUTENBHOIO PeXKKUMA, PACUCTHBI;

la, Ig — TOKH COOTBETCTBEHHO 110 ocsiM d 1

I' — TIePEXOIHBINA TOK;

" — CBEpXIIEPEXOIHBIN TOK;

(. — TOK IUIaBJICHHS BCTABKH IPEIOXPAHUTEILS;

U, u — HamnpspKeHue, AeHCTBYIOIee 1 MTHOBEHHOE 3HAYCHUS;
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HauOosblIee pabodee HaNPSHKEHNUE;

HOMHHAJIBHOE HaNpPSDKEHNE;

HaNpsDKEHUS COOTBETCTBEHHO  IIPSIMOW, oOpaTHOM u HYJIEBOH
TIOCIIETIOBATEILHOCTEH;

TIOTEPsI HATIPSDKEHUS;

yroi casura (az Mexay HarpspKeHHEM U TOKOM;

K03()(PUIUEHT MOIITHOCTH;

AJIEKTPOABIKYIIAS CHJIa, AEHCTBYIOIIEe 1 MTHOBEHHOE 3HAYCHUS;
MOIIHOCTb aKTHBHAs;

MOIIHOCTh PEeaKTHBHAs;

MOIIHOCTb TOJIHASI, MOAYJIb;

MOIIHOCTb MOJIHASI, KOMIUIEKCHAS;

4acToTa KOJeOAHMIA IICKTPUICCKON BEITMYHHBI,

yacToTa KojeOaHH IICKTPUICCKON BEIMYHMHBI, YII0OBas;
COIPOTHUBJIEHUE AKTUBHOE;

COIPOTHUBJICHUE PEAKTHUBHOE;

COIPOTHUBJIEHHE TIOJTHOE, MOYJIb;

COIPOTHUBJIEHHE TIOJTHOE, KOMITJIEKCHOE;

COIIPOTUBJICHUE PEAKTUBHOE, UHyKTUBHOE;
COIIPOTUBJICHHUE PEAKTUBHOE, EMKOCTHOE;

COIIPOTHUBJICHHE BOJIHOBOE;

BOCCTAHABJIMBAIOILIEECS]  HANPSYKEHUE HA  KOHTAKTaX  KOMMYTALlMOHHOIO
arnmnapara;

CKOPOCTb BOCCTAHOBJICHUS HaIPSKEHUS,

BO3BpallalONIeecs] HAIPSKEHUE Ha KOHTAaKTaX KOMMYTALlMOHHOIO alIapara;
COMPOTHBJIEHHS  COOTBETCTBEHHO  IpPAMOM, OOpaTHOM M HYyJEBOH
MOCJIEIOBATEILHOCTE;

POBOAUMOCTD JIEKTPUUYECKAS], MOYIIb;

POBOAMMOCTB JIEKTPUUYECKAsi, KOMILIEKCHAS;

HPOBOAUMOCTb aKTHUBHAS;
HPOBOAUMOCTb PEaKTHBHAS;

UHIYKTHBHOCTH COOCTBEHHAS;

HUHIYKTUBHOCTH B3aUMHAs;

KO3 PUILIEHT CBSI3Y;

K03 HULUECHT pacCesHus;

YAGIBHOE CONPOTUBIICHUE;

yAeNbHas IPOBOJUMOCTH;

TeMIiepaTypHbId KOO (UIIMEHT COMPOTUBIICHHUS;
TeMIlepaTypHbId KO (UIIMEHT TEeII0eMKOCTH;
9HEPIHUs AIEKTPUIECKas;

9HEPrHUs HIEKTPOMarHUTHAS;

HaINpsHKEHHOCTh MATHUTHOTO TOJIS, MOMYJIB;
HaIpsHDKEHHOCTh MarHUTHOT'O TIOJISL, BEKTOD;
HAIpPsHKEHHOCTH JIEKTPUYECKOTO MOJIS, MOMYIIb;
HaIpsDKEHHOCTD JIEKTPUYECKOTO TOJIS, BEKTOD;
MPOHHIIAEMOCTh AUDJIEKTpHUYecKas aOCOMOTHAS;
MIPOHHIIAEMOCTh AUDJIEKTPHUYECKass OTHOCUTENbHAS;
TIOCTOSIHHASI 3JIEKTPHIECKast;

MPOHHIIAEMOCTh MarHuTHast aOCOFOTHAS;
MPOHHIIAEMOCTh MarHUTHasE OTHOCHUTENbHAS;
MOCTOSIHHASI MarHUTHAS;

TeMIeparypa B mkaie Llenscus;

Temreparypa B mkaie KenbBuHa;

NPEBBILICHHE TEMIIEPaTYpPBbI;

MIOCTOSIHHASI BPEMEHH JJIEKTPHYECKON LTy
MepHOA KOMEeOAHUH AIIEKTPUYECKOM BENTMYHHEI;



Ta — TIOCTOSIHHAsl BpEMEHH 3aTyXaHHsl allepHOINYEcKOi cocTasisttoeii Toka K3;

Kyx — ynapHbli KO3 dHUIUEHT;

Briopm — HOPMHPOBAHHOE IPOIEHTHOE CO/IEPXKAHUE AIlePUOANYECKON COCTaBIIIOIIEH B
OTKIIIOYaEMOM TOKE;

n — xodddurnmenHT Tpanchopmayy;

n — OTHOIIECHHE YHCIIa BUTKOB;

N — YHCJIO BUTKOB OOMOTKH;

C — EeMKOCTb;

c — yIenbHas TETUIOEMKOCTB;

A — IUIOTHOCTh MaTepuala,

S

— CKOIIb)XEHHE;

Sxp — CKOJIb)KE€HHE KPUTHYECKOE;

S — CCUCHHE TPOBOJIHUKA;

M — MOMEHT BpalllaloIIMNXCcs Macc;

T; — TIOCTOSIHHAsl UHepUMH (MEXaHUUEeCKasl TIOCTOsTHHAS);

F — TOBEPXHOCTE;

P — cuIa, BeKTop;

F — cuja, MOJIyJb;

q — ylenbHas TEIUIOOT/aya;

D — TEIUIOBOM TMOTOK;

E — MOZYJIb YIIPYIOCTH;

J — MOMEHT UHEPLUH;

w — MOMCHT COIIPOTUBJICHUA MONEPEUYHOI0 CEUECHUA IMTPOBOIHUKA,

m — Macca;

o — HanpsbKeHHe B MaTepHale;

lo — TIpenes MpOYHOCTH;

Om — TIpenes MpornopluOHATLHOCTH;

o; — TIpenen TEeKy4ecTH;

Ko — xodddunmeHt Gpopmsr;

Ky — kodddunmeHT 106aBOUHBIX OTEPB;

Ky — ko3 durmeHT TMHaAMUYECKOW HAarpy3KH;

Kx — kodddunment nopepxHoctHoro 3 dexra;

Kir — kodddunmeHt neperpyskuy;

By — wunTterpan hxoyns npu K3;

Biep — HOPMMpPOBAaHHBIA MHTEerpan J[KOymsl 3JIEKTPUYECKOro amnmapara JUlsl yCIOBUH
K3;

trep — BpEMsI TEPMHUUECKOM CTOMKOCTH 3JIEKTPUYECKOI0 amapara;

torn — Bpems otkioueHust K3, pacuernas npogomxurensHocTh K3;

te 5o — COOCTBEHHOE BpEMs OTKJIFOYEHHS BBIKIIOUATEINS;

ts.omn — TIOJTHOE BPEMsI OTKJIFOUCHUSI BBIKIIFOUATELS;

to.5 min — MHHHMAaJbHOE pacyeTHOe BpeMsl cpabaThIBaHHs PECeHHON 3aIlUThI;

T — MOMEHT HaJaja pPacXoxXJCHUs JTyroracCUTENbHBIX KOHTAKTOB KOMMYTaI[HOHHOTO
anmapara;

n —  K03(UIMeHT TMHAMUYECKOH HATPY3KU;

c — Ko3(unmeHT pacueTHOro SKBUBAJICHTHOTO HANPSDKEHUS CETH;

a — paccrosiHHE MeXOy (azamu;

) — Jorapu()MuUUEcKuil JEKPEMEHT 3aTyXaHNUs;

tor — OecrokoBas may3a B mukie AlIB.

2. PACUETHBIE YCJIOBUS KOPOTKUX 3AMBIKAHUI
2.1. O0mme ykazanus

2.1.1. Koporkue 3aMbIKaHHs €CTh Ciy4aiiHble COObITHS. COBOKYITHOCTh MapaMEeTpoOB PEeKHMa
KOPOTKOT'O 3aMBIKaHHUs 00pa3yeT MHOXKECTBO BEPOSATHOCTHBIX ITapaMETPOB.

2.1.2. TlapaMmeTpsl 3JIEKTPOOOOPYIOBaHHS JIUCKPETHBL. VX COBOKYIHOCTH 00pa3yeT MHOKECTBO
JIETepMUHUPOBAHHBIX ITAPAMETPOB.



2.1.3. Jlns mpoBepkH 3JIEKTPOOOOPYIOBaHUS IO PEKUMY KOPOTKOTO 3aMBIKaHHS TpeOyercs
COIIOCTaBUTh BEPOATHOCTHBIE HapaMeTpsl pexuma K3 ¢ neTepMHUHUPOBaHHBIMM IIapaMeTpamMu
3JIeKTpo0OOpyIoBaHU. J{J1s1 BOSMOKHOCTH TAaKOTO COIIOCTaBIICHHSI BEPOSITHOCTHBIE TTApaMeTPhl peKIMa
K3 npeobpa3zyroTcest B yCI0BHO JeTepMUHHPOBAHHBIE TTAPaMETPHI PeKUMa pacdeTHhIX ycinoBuid K3.

2.1.4. Pacuernsie ycnmoBus K3, T.e. HamOonee TsDKeNble, HO JOCTATOYHO BEpOSATHBIC ycimoBus K3,
(dopMHUpYIOTCSI Ha  OCHOBE OIBITA OSKCIUTyaTalldud  JJIEKTPOYCTAHOBOK, aHAJM3a  OTKa30B
3JIeKTpooOOpynoBaHus U mocienctBuii K3, mcronp30BaHusI COOTHOIIEHUH MapameTpoB pekuma K3,
BBITEKAIOIIUX U3 TEOPUH NEPEXOAHBIX MPOLECCOB B ANEKTPOYCTAHOBKAX.

2.1.5. Pacuerneie ycnmoBusi K3 onpenensrorcs WHAMBUIYaJbHO JUIS KaXJOTO 3JeMEHTa
SNEKTPOYCTAaHOBKU. JII1 OMHOTMIIHBIX IO MapaMerpaM M CXeMe€ BKJIIOUEHHsS JJIEMEHTOB
3JIEKTPOYCTAaHOBKH JOIYCKA€TCsI CTIOJIb30BaTh AaHAJIOTUYHbIE PACUETHBIE YCIOBUS.

2.1.6. B cootBerctBum ¢ [1YD nomyckaercst He poBepsATh N0 pexkxumy K3 HekoTOpbIe MPOBOIHUKA
U DJIEKTPUYECKUE ammnapathl, 3aIlMIIeHHbIE IUIABKUMHU IPEAOXPAHUTENSIMH, a TakkKe MPOBOJHHUKU U
anmapaTthl B IEMsSX MaJOMOIIHBIX, HEOTBETCTBEHHBIX IOTpeOMTEeH, UMEIOIINX pe3epBHpPOBaHKE B
AJIEKTPUYECKONW WIIM TEXHOJOTMYecKoi uacTu. IIpy 3TOM JOIKHBI OBITH MCKIIIOYEHBI BO3MOXKHOCTH
B3phIBa WJIH MOXKapa.

2.2. PacueTHasi cxema

2.2.1. PacuerHas cxema, KaK NpaBWIO, BKIIOYaeT B ceOs BCE 3JIEMEHTHI 3JIEKTPOYCTAHOBKH H
NPUMBIKAIOMIEH YacTH JHEPrOCUCTEMBI, UCXOMs M3 YCIOBHUM, MPELyCMOTPEHHBIX IPOJOKHTEIHLHON
paboToli 3MEeKTPOYCTaHOBKH C IIEPCIEKTUBOM He MEeHee YeM B 5 JIeT [ocje BBOJA €€ B AKCILTYaTalHIo.

2.2.2. B OTHenbHBIX, YaCTHBIX CITy4asX, pacueTHas CXeMa MOXET COJEpP)KaTh HE BCE DJIEMEHTBI
JIEKTPOYCTAaHOBKH, €CIIU TIPU STOM PACUeTOM JOKa3aHa BO3MOXKHOCTb CYIIECTBOBAaHHA 0oJiee THKEIbIX
pacyeTHBIX YCIOBHH, YTO MOXXET UMETh MECTO, HAaIlpUMep, MPH BBOJIEe B pabOTy T0OCiIe PEMOHTA OJIHOM
U3 MapauIeNIbHBIX LeTel 31eKTPOYCTaHOBKH.

2.3. PacueTHbIii BHJ KOPOTKOr0 3aMbIKAHUS

2.3.1. Ilpu npoBepKe IEKTPUUECKUX aNapaToB M KECTKUX MPOBOJHUKOB BMECTE C OTHOCSIIIUMHUCS
K HUM MOJACPKUBAIOIIMMHA M ONOPHBIMHM KOHCTPYKIMSMH Ha 3IIEKTPOIMHAMHYECKYIO CTOMKOCTBH
pacuerHeiM BupoM K3 smisercs tpexdaznoe K3. Ilpu stom B o0lmem ciydae Jomyckaercs He
YUUTBHIBATh MEXaHHMYECKHE KOJIeOaHHs IMHHBIX KOHCTPYKIIUH.

2.3.2. Tlpu npoBepke THOKMX NPOBOJHUKOB HA DJIEKTPOJUHAMHUYECKYIO CTOMKOCTh (TSDKEHHE,
ornacHoe COJIMKEHHE U CXJIECThIBAaHHE MPOBOTHHUKOB) pacueTHhIM BuIoM K3 siBisiercst nByxdaznoe K3.
Pacyer Ha cxuecTbIBaHME MOJDKEH IIPOM3BOAUTHCA C YYETOM KOHCTPYKLHH CHCTEMbI THOKHX
MIPOBOJHUKOB, 3HaueHHs Toka K3 u pacueTHolt mpogomkuTenpbHocTH pesknma K3.

2.3.3. Tlpu mpoBepke MPOBOJHUKOB M 3JEKTPUYECKHX allllapaToB HA TEPMHUUYECKYIO CTOMKOCTh
pacuerHbiM BujioM K3 B o0miem ciyuae siBisiercst TpexdazHoe K3. [Ipu mpoBepke Ha TepMHYECKYIO
CTOMKOCTh IPOBOJHMKOB M alllapaToB B IENAX TI'CHEPATOPHOTO HAMNPSDKEHUS BIIEKTPOCTAHLIUH
pacyeTHbIM MOXeT ObITh Takke aByxdasHoe K3, ecim oHO o00yciaBiuBaeT OOJbIIMK HArpeB
MIPOBOJTHUKOB U ammnapaToB, 4eM pH tpexdaznom K3.

2.3.4. Ilpu mpoBepKe SJIEKTPUYECKUX arlapaToB Ha KOMMYTalMOHHYIO CIIOCOOHOCTH PacueTHBIM
Buzgiom K3 Moxker ObITh Tpexdasznoe min oguodaznoe K3 B 3aBrcUMOCTH OT TOro, npu kakoM Bune K3
tok K3 mmeer namGonbmiee 3HaueHue. Eciu 11 BeIKIIOUaTeNel 3agaeTcs pa3Has KOMMYTalldOHHAS
criocoGHOCTh TpH Tpex(dasHbIX U oxHodaszHbIX K3, To mpoBepKy ciemyeT MPOU3BOMUTH OTIENBHO IO
Kaxxgomy Buxy K3.

2.4. PacueTHas TOUKA KOPOTKOI'o 3aMbIKaHUA

2.4.1. PacuerHas Touka K3 HaxomuTCs HEMOCPEJCTBEHHO C OJHOW WJIM C APYrOod CTOPOHBI OT
paccMaTpuBaeMoro 3JIEMEHTa DIIEKTPOYCTAHOBKH B 3aBUCHMOCTH OT TOTO, KOTJA Ui HErO CO3JAr0TCs
Haubonee Tsokesbie ycinoBus B pexkunme K3. Cnyuan JBOWHBIX KOPOTKHMX 3aMBIKAHUI Ha 3EMITIO
JIOITYCKAaeTCsI B OOIIEM CITydae HE YIUTHIBATb.

2.4.2. B 3aKpbITBhIX PaCIpeCIUTEIbHBIX YCTPOUCTBAX MPOBOJHUKK M JIIEKTPHUYCCKUE armapaThl,
PACIIONIOXKEHHbBIE JI0 PEaKTopa Ha PEaKTUPOBAHHBIX JIMHHSX, MPOBEPSIOTCS, WUCXOAS W3 TOTrO, YTO
pacuerHas Touka K3 HaXOmuTCs 32 peakTOpPOM, €CITH OHH OTJIETICHBI OT COOPHBIX IIMH Pa3/esIFOIMMU



TIOJIKAMH, & PEaKTOp HAaXOMUTCS B TOM JK€ 3JaHHM M BCE COEIMHEHMS OT peaKTopa 10 COOpHBIX MINH
BBITIOJIHEHBI [TUHAMU.

2.4.3. Tlpu npoBepke kabemnell Ha TEPMUIECKYIO CTOMKOCTh pacdeTHOH Toukoi K3 sBisercs:

— JUTS OMUHOYHBIX Kabelrell OTHOM CTPOUTENBHON JITHHE — Touka K3 B Hauaie xaberns;

— JUIsl OJJMHOYHBIX KaOeJell CO CTyHNeHYaThIM COEAWHEHHEM Mo jiunHe — Touku K3 B Hauame
Ka)KIOT0 y4acTKa HOBOTO CEUEHHUS;

— Ui ABYX ¥ OoJee mapasuiesbHO BKIIIOYEHHBIX KabOenei onHOi KaOelabHOW JIMHUM — B Hadaie
Kaxxoro kadesst. OTCTYIUIEHHS OT STHX TPpeOOBaHH JTOKHBI OBITH 0OOCHOBAHBI.

2.5. PacyeTHasi NPOAOIKATEIBHOCTH KOPOTKOI0 3aMbIKAHMSA

2.5.1. Tlpu npoBepke NMPOBOAHUKOB M JIIEKTPHUYECKUX alllapaToB Ha TEPMUYECKYIO CTOMKOCTH B
KayecTBe pacuyeTHOH mpopomxurensHocT K3 cnenyer npuHUMaTh CyMMYy BpeMEH AEHCTBHSA TOKOBOI
3anmThl (¢ yaeroM neiictBusi AIIB) Omwkaiimero x mecty K3 BbIKIOUaTesnst ¥ MOJHOIO BPEMEHH
OTKJIFOUEHMS 3TOro BhIKIIoUaTesns. [Ipu HaauMuuu 30HBI HEUYBCTBUTEIBHOCTH Y OCHOBHOM 3aIIIUTHI - MO
CyMMe BpeMEH JAeHCTBUA 3allMThl, pearupyromeil Ha K3 B yka3aHHOW 30HE, M NOJIHOTO BPEMEHHU
OTKJIFOUEHHS BBIKITIOUATENs IPUCOSTUHEHHS.

2.5.2. ToxkonpoBozbl ¥ TpaHC(HOPMATOPHI TOKA B IIETSIX reHepaTopoB MomHocThio 60 MBT 1 Gonee
CllelyeT MpOBEpPATh HAa TEPMUYECKYIO CTOMKOCTb, ONpENeNsAs PacueTHYI0 NpOJOKUTENbHOCTh K3
MyTeM CIIO)KEHHsI BpPEMEH JICHCTBHS OCHOBHOM 3aIIUTHI (IIPU YCTAHOBKE JIByX OCHOBHBIX 3aIlMT) WU
pe3epBHOI 3anuThl (IPU YCTAaHOBKE OJHOM OCHOBHOM 3allMTh) W IOJIHOTO BPEMEHU OTKIIFOUEHUS
TeHepaTOPHOro BhIKIIOYaTeNs. KoMMyTallMOHHBIE 3JIEKTPUYECKHE ammapaThl B LEMSIX TI'€HEpaTOpOB
MotHocTeI0 60 MBT 1 Oosee MOKHBI MPOBEPSITHCST HA TEPMHUUECKYIO CTOWKOCTh KakK IO BPEMEHH
Bo3JielicTBHs Toka K3, onpenensieMoMy nelicTBUEM OCHOBHOM OBICTPOACHCTBYIOIIEH 3allUThI, TAK H 10
BPEMEHH, OIpeeieMOMY JEHCTBUEM PE3EPBHOM 3aIllUTHI, €CIU 3TO BpeMsl IIPEBHIIIAET HOPMHUPYEMOE
3aBOJOM-M3TOTOBUTEIEM.

2.5.3. Tlpu npoBepke 3JIEKTPUUECKHUX alliaparoB Ha KOMMYTAIMOHHYIO CIIOCOOHOCTh B KauyecTBE
pacueTHOI nponokurensHocT K3 cieyeT npuHUMAaTh CyMMY MMHHMAJIbHO BO3MOXKHOTO BPEMEHHU
JedcTBUS penelHONH 3aIUThl JAHHOTO IPUCOCAMHEHUS U COOCTBEHHOTO BPEMEHH OTKJIIOUCHUS
KOMMYTAIMOHHOT'0 amnmapara (Bpems 7).

254. Tlpu nposepke kabeneli Ha HeBo3ropaeMocTb mnpu K3 B KauecTBe pacyeTHOM
npoznomkuTenbHocT K3 cneayer npuHuMaTh cymMMy BpeMEH JEHCTBUSI Pe3EpBHOI 3aILUThI M MTOJIHOTO
BPEMEHU OTKIIFOUEHHUS BBIKJIIOYATENS IPUCOCTUHEHNUSI.

3. OFINME METOAJUYECKHUE YKA3AHUSA
3.1. CocTaBiieHHE pacUYeTHOI cXeMbl

3.1.1. YtoOsl ompenenuTh pacueTHbi TOk K3 ¢ 1enbio BHIOOpa MIIM MPOBEPKH AIIEKTPHUYECKUX
annapaToB M TPOBOJHUKOB IO YCIOBUSIM KOPOTKOTO 3aMBIKaHHsA, HEOOXOAMMO IpEIBapUTENbHO
BBIOpAaTh pacyeTHBIE YCIOBHSA, OTBedaromue TpeOoBaHusAM I[IYD, B 4YacTHOCTH pacdeTHYIO CXeMy
3JIEKTPOYCTaHOBKH.

Beibop 3TOH cXeMBI ClieyeT TPOM3BOAUTH C YYETOM BO3MOXHBIX DJIEKTPHUECKHX CXEM
COOTBETCTBYIOIIEH 3JEKTPOYCTAHOBKM IPH PA3IWIHBIX IPOAODKUTENBHBIX PEXHMax €€ padoTsl,
BKJIIOYasi PEMOHTHBIE M ITIOCIIE€aBapUIHBIE PEXHUMBI, a TaKKE C YIETOM IEKTPHUECKON yHaIeHHOCTH
Pa3NUYHBIX UCTOYHUKOB SHEPTUM (T€HEPATOPOB, CHHXPOHHBIX KOMIIEHCATOPOB M JIEKTPOABHUIATEINCH)
oT pacueTHo# Touku K3.

3.1.2. B cootBerctBuu ¢ I'OCT 26522-85 Bce KOpOTKHE 3aMBIKAHHs MOJPA3JCISIOTCS Ha
ynanenHele u Onmuskue. K3 cumraercst yqaaeHHBIM, €CIIN aMIDIMTYABI MEPHOIMYECKON COCTaBIISIOIIEH
TOKa CTaTopa JaHHOM OJIEKTPUYECKOM MAIMHBI B HAYaJdbHBIM W TPOM3BONBHBIN MOMEHTH K3
MIPAaKTHYECKH OIMHAKOBBI, W OJM3KNAM, €CIIH 3TH aMIUTUTYAbI CYIIECTBEHHO OTIMYatoTcss. OOBIYHO MOA
JIEKTPUUECKON YAAIEHHOCThIO pacdeTHOW Toukn K3 oT Kakoro-imbo MCTOYHMKA 3HEPTUH NMOHMMAIOT
MIPUBEICHHOE K HOMHMHAJIBHOW MOIIHOCTHM W HOMUHAJIHHOMY HANpsDKEHWIO WCTOYHHKA BHEIIHEE
COTPOTHBIIEHHE, KOTOPOE OKAa3BIBACTCSI BKIIOYEHHBIM MEXTy HCTOYHMKOM M Toukod K3 B MomeHT
Bo3HHKHOBeHMsI K3. OpHako Tako cmoco0d ONEHKH yAaJleHHOCTH MPUMEHHM JIMIIb B TE€X CIydasx,
KOT/1a pa3NYHble NCTOYHHWKH SHEPTHH CBSI3aHbI ¢ pacueTHOi Toukoi K3 He3zaBHCHMMO Ipyr OT apyra.
bBonee yHuBepcanbHON BEIWYMHOM, KOTOpas B IOJHOW MEpE XapaKTEPU3YET SJIEKTPUUYECKYIO



yIOaJeHHOCTh pacyeTHOM Toukd K3 0T TpOM3BOJIBHOIO HCTOYHMKA JSHEPTUM M MOXET OBITh
CPaBHHTEJIHHO JIETKO ONpeNesieHa B CXeMe JII000H KOH(QHIypanuu U IpU JIF0OOM YHCIIEe NCTOYHHUKOB
SHEPTHH, SIBJISIETCS OTHOIICHHE [EWCTBYIOIIEr0 3HA4YEHHsS IEPHOIUYECKOM COCTaBIIAIONIEH TOKa
WCTOYHMKA JHEPrHy (TE€HepaTopa, CHHXPOHHOIO KOMIIEHCATOPA, J3JIEKTPOJBHIATENS) B HadaJIbHBIA
MoMeHT K3 k ero HoOMHHaJIbHOMY TOKY.

B oreuyecTBeHHOW W MeXIyHapomHOW mpakthke K3 TpHHATO cunTaTh OJNW3KHUM, €CIH 3TO
OTHOIIICHHE PAaBHO JBYM wmiu Ooibmie ABYX. [IpM MeHBIIMX 3HaueHWSX yKa3aHHOTroO oTHomeHus K3
CIIEITyeT CUMTATh yAaJeHHbBIM.

3.1.3. B tex ciydasix, Korja pemaemas 3ajia4a orpaHHdiBaeTCs MPUOIKEHHON OIIEHKON 3HaYEeHHS
Toka B Mecte K3, 1ms reHeparopa WM CHHXPOHHOro KomreHcatopa K3 momyctumo cuwrath
yIaJIeHHBIM, €CIIM pacueTHasi Touka K3 HaXoIuTCs 1Mo OTHOIIEHUIO K CHHXPOHHOH MallvHE 33 IBYMS 1
Ooiee TpaHchopMaTOpaMH WIM 3a PEAKTOpOM (KaOeIbHOH JHHHEH), CONMPOTHUBIICHHUE KOTOPOTO
NPEBBIIIAET CBEPXIIEPEXOJHOE COINPOTUBIICHWE T'€HEpaTopa WM CHHXPOHHOIO KOMIIEHcaTtopa Oolee
yeM B 2 pa3za. s CHHXPOHHOTO WJIM aCHHXPOHHOrO 3jektponsurarens K3 gomyctumo cuurath
yIaJeHHBIM, €CIM pacueTHass Touka K3 HaxomuTcs Ha JOpyrod CTyNEHW HampsHKeHHs ceTd (T.e. 3a
TpaHcOpMaTOPOM) MIIM 33 PEaKTopoM, KabeleMm U T.JI., COMPOTHBIEHUE KOTOPOro B 2 pasa u Ooiee
NPEBBIIIAET CBEPXIEPEXOTHOE COMPOTHUBIIEHHE 3JICKTPOIBUTATEIS.

3.1.4. Ecnmu mnapamerpsl TeHEpaTopoB, TpaHCHOPMATOPOB M JPYrMX OSJEMEHTOB HambOomee
yIaJeHHOH OT Touku K3 yacT 35eKTpOIHEPreTHIEeCKO CHCTEMbl HEU3BECTHBI, TO 3Ty YacTh CHCTEMBI
JIOITyCKAaeTCsl TPEJCTABIATh, Ha WCXOIAHOW pacyeTHOW CXeMe B BHJIE OJHOIO MCTOYHHMKA JSHEPTUH C
HemsMeHHOH 1no ammuryne OJC ¥ pe3ynbTHPYIOUMM  SKBUBAJICHTHBIM  MHAYKTHBHBIM
compotuBieHneM (cM. 1. 5.1.2). DnekrtpojBurarenu, sl KOTOpbIX pacuetHoe K3 sBisercs
yIaJeHHBIM, B PAaCUYETHYI0 CXEMy HE BBOJATCS. Y4YeT WM HEydeT B PacueTHOW CXeMe JpYyrux
9JIEMEHTOB SHEPrOCHCTEMbBI 3aBHCUT OT TpeOyeMoll TOYHOCTH pacueToB Toka K3, pacuerHoro BpemMeHH
K3, ucnonezyemoro merona pacuera u Apyrux ¢axrtopoB. [1o3ToMy NOMONHHUTEIBHBIE CBEJICHUS O
COCTaBJICHUU PACUYETHBIX CXEM JaHbl B IPYrHX pa3jielnax.

3.2. CocTaBiieHHE HUCXOIHOM CXeMbI 3aMeleHUs

3.2.1. Tlpu pacuere TokoB K3 aHaIMTHYECKUM METOJOM CIIEAYeT MPEIBAPUTENHHO 0 HCXOIHOM
pacdeTHOM cXeMe COCTaBUTh COOTBETCTBYIOLIYIO CXeMy 3amelleHus. [Ipu 3TOM COmpoTHBIEHHS BCEX
a51eMeHTOB c¢XeMbl 1 DJ]C MCTOYHHKOB SHEPIMH MOTYT OBITh BBIPA)KEHBI KaK B MIMEHOBAHHBIX, TaK U B
OTHOCHUTENBHBIX SANHULIAX.

3.2.2. Ecnu wu3BecTHbl (akTHYECKME TPU MPUHATBIX HCXOIHBIX YCIOBHSX KOI(PQUIMEHTHI
TpaHc(hOpMAaLK BCeX TPaHC(HOPMATOPOB M ABTOTPAHC(HOPMATOPOB PACUETHOH CXEMBI, TO COCTABICHUE
CXEeMBI 3aMelIeHHs CIeIyeT MPOU3BOAUTH C ydeToM 3THX Kodddumumenros. Ecmu xe ¢daxruueckue
k03¢ duMeHTh TpaHchOpMaIK YacTH TPAHCPOPMATOPOB U aBTOTPAHC(HOPMATOPOB HEU3BECTHBI, TO
JOMYyCKAeTCsT TPH COCTaBICHHH CXEMBl 3aMelleHHs yKa3aHHble KO3()(MHLHMEHTH y4YUTHIBATH
MpUOIIMKEHHO, KaK yKa3aHo B 1. 3.2.5.

3.2.3. Ilpu BbIpa)KeHWH TAPAMETPOB O3JEMEHTOB OSKBHUBAJICHTHOM CXEMbl 3aMEIleHUs] B
HMMEHOBAHHBIX €IMHULAX C IPHBEICHUEM I[apaMeTPOB Pa3JIMYHbIX SJIEMEHTOB MCXOAHOH pacdyeTHOM
CXeMBl K BBIODaHHOWH OCHOBHOH (0a3HMCHOI) CTyHeHHM HampsDKEHHS CeTH M C y4eToM (paKkTHdecKux
K03 PUIMEeHTOB TpaHCHOPMALUK CHIOBBIX TPAHC(HOPMATOPOB M aBTOTPAaHC(HOPMATOPOB MPUBEACHHBIE
3HaueHus OJIC MCTOYHMKOB SHEPIMH W CONPOTUBIICHUS PAa3IMYHBIX OSJIEMEHTOB CXEMBI CIIEIyeT
OIIPENeNATh 1Mo hopMynaM

E=Enmn,.n,, (31)

: 2 2 2

Z=Zniny..n, , (32)
rne E m z — wucrtuaable 3HadeHus DJ]C MCTOYHWKA SHEPTMH W CONMPOTHUBICHUS KaKOTO-THOO

3JIEMEHTA UCXOAHON pacueTHOU CXEMBI;

E W Z — UX NIPUBCACHHBIC 3HAYCHUA,

Ny, Ny,...Nm — KodpduImeHTs TpaHchopmalmu TpaHcHOPMATOPOB MM aBTOTPAHC(HOPMATOPOB,
BKJIFOUEHHBIX KAaCKaJHO MEXIy CTYIICHBIO HANpsDKEHUS CETH, T HaXOAATCS
9JIEeMEHTHl ¢ Tojnexamumu npuseaeHnto DJIC E WM CONpOTHBICHHEM Z , H

OCHOBHOM CTYIICHbIO HAIIPSIKCHUS.



Ecmn O/IC wncroyHMKa SHEPTMM M CONPOTHBIIEHHE KaKOro-lMOO 3JIEMEHTa pPacUeTHOM CXEMBbI
BBIP)KEHBI B OTHOCHUTENBHBIX €IMHHIAX NP HOMHUHAJIBHBIX ycioBUsX (T.e. D/1C mpu HOMHUHAIHHOM
HanpspkeHUH Uy, @ CONPOTUBIICHUE - TPYU HOMHUHAIBHOM HAIPSKSHUM U HOMHHAIILHON MOIIHOCTH S),
TOo 3HaueHHs cooTBeTcTByromesl OJIC M COmpOTHBIECHHS, IPHUBEICHHBIE K OCHOBHOM CTYIIEHH
HaIpsDKEHUS CETH, CIIEAYET OIPEACIIAT 1Mo (hopMyiaM
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roc £ (1oM) u 3HAUYCHUA 3I[C HUCTOYHUKA OJHEPrunM M COHNPOTUBJICHUA DJICMCHTA
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g (HOM)
paC‘{eTHOﬁ CXE€Mbl B OTHOCHUTCIIBHBIX €AWHUIIAX IPHU HOMHHAJIBHBIX
YCITOBHUSIX.

Ilpumeuanue  3nmece W jamee  mon  KodpduimieHToM — TpaHchopMmamuu — TpaHchopMmaropa
(aBTOTpaHchopMaTopa) MOHUMAETCS OTHOIICHHE HANPSDKEHUSI XOJNIOCTOr0 XOjAa ero OoOMOTKH, OOpalleHHOH B
CTOpPOHY BEIOpaHHOM OCHOBHOM CTYNEHH HANPSDKEHHS CETH, K HAIPSDKSHUIO XOJIOCTOTO XO/1a IPYroi OOMOTKH.

3.2.4. Tlpu BbIpaXEHHWH MApPaMETPOB O3JEMEHTOB OKBHBAJICHTHOW CXEMbl 3aMENICHHS B
OTHOCUTECJIbHBIX €AMHHUIAX C NPUBCACHUEM IMAapaMETPOB PA3JIMYHBIX 3JIEMEHTOB HCXOHHOﬁ pacquHof/i
CXeMbI K 0a3UCHBIM YCIIOBUSIM M C Y4eToM (pakTHuecknX Kod((HUIMEHTOB TpaHC(HOPMAIMU CHIOBBIX
TpaHcopMaTOpOB U aBTOTpaHC(HOPMATOPOB HEOOXOUMO:

1) 3amarbest 6a3UCHON MOIITHOCTBIO Sg ¥ JUIsl OJJHOW U3 CTYNEHEW HANpPsDKeHUS] HCXOJJHOW pacueTHOMN
CXEeMBI, MPUHUMAEMOH 32 OCHOBHYIO, BEIOpaTh Oa3ucHoe HanpsbkeHue Ug o

2) onpenenuth Oa3WUCHbIE HANPSDKEHHS JPYTUX CTYIEHEH HANpsDKeHUs PacuyeTHOM CXEeMBbl,
UCTIONB3Ys hopMyITy

Uen = ;U&oca ' (3.5)
n 1 n 2 e n m

TIe M1, My, ... Ny — KOd(GGUIUEHTH TpaHchOopManuK TpaHCHOPMATOPOB M aBTOTPaHC(HOPMATOPOB,
BKJIIOYEHHBIX KaCKaJHO MKy OCHOBHOHM 1 N-ii CTyNeHsIMHU HalpsKeHNUS;

3) naiiti uckomble 3Ha4eHU D/IC NCTOUHMKOB SHEPTUH U COMPOTHUBIICHUH BCEX 3JIEMEHTOB CXEMBI

3aMelIeHHs B OTHOCHTEIbHBIX SMHUIAX PU BEIOPAHHBIX Oa3UCHBIX YCIOBHAX, HCTIONB3Ys (GOPMYIIBI
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IIe Ug - 0a3sucHOE HalpsDKEHUE TOM CTyNEeHM HAlpsDKEHUs HMCXOOHOM pacdyeTHOH cXeMbl, Ha

KOTOPOM HaXOAUTCS 3JIEMEHT, MOAJIEKAIUN PUBEACHUIO.

®opmynst (3.6) u (3.8) cmemyer UCIONB30BAaTh B TEX Ciydasx, kornpa 3HaueHwnsa DJ]C mcroynnka
SHEPIUH ¥ IPUBOJMIMOE COMPOTHUBIICHHE 3aJaHbl B UMEHOBAaHHBIX eAnHUNax, a popmymsl (3.7) u (3.9) -
KOTJa 3HAYCHHS ITUX BEITUYNH 33/1aHBI B OTHOCUTEIBHBIX SIMHALIAX ITPH HOMHUHAIBHBIX YCIOBHUSIX.

OObIYHO B WMEHOBAaHHBIX EAWHUIIAX 3aJaHO COMPOTHBIICHWE BO3AYIIHBIX JHHWH, Kabemed wu
PEaKTOpOB, a B OTHOCHTENBHBIX CIUHAIAX IPU HOMUHATBHBIX YCIOBHSX - COPOTHBIICHUE TEHEPATOPOB
¥ CHHXPOHHBIX KOMITEHCaTOpOB. COIPOTHBIICHHE HETOIBIKHOTO JJIEKTPOABUTATENs (COMPOTHBIICHHE
K3) u conporuBnenmne TpaHchopMaTopa B OTHOCHTENBHBIX EIMHUIAX TPU HOMHHAJIHHBIX YCIOBHSIX
OIIPEIETISIOT 10 (hopMyIam

L. (3.10)

K(HOM) 1

1 n
*



LTS (3.11)
100

race 7/ , - KpaTHOCTh ITyCKOBOI'O TOKaA IT0 OTHOIICHHNIO K HOMHUHAJIBHOMY TOKY,
*

(Hom)

U0 - HanpsDKEHUE KOPOTKOTO 3aMBIKaHUS TpaHChOpMaTopa B IPOICHTAX.

3.2.5. B Tex ciyuasx, KOrjJa OTCYTCTBYIOT NAHHBIC O (DaKTUYECKH HCIOJB3YEMBIX B YCIIOBHUAX
SKCIUTyaTalmd  Kod¢g¢uimenTax TtpaHchopMalmu TpaHC(HOPMATOPOB H  aBTOTPAHCHOPMATOPOB,
JIOIyCTAMO WX TNPUHUMATh PAaBHBIMU OTHOILIEHUIO CPEJHUX HOMMHAJIBHBIX HaNpsOKEHUM CeTel,
CBS3aHHBIX OSTHMH TpaHCPOpPMATOpaMH M aBTOTpaHCPopmaropamu. [Ipum >TOM peKOMEHIYyeTCs
UCTOJIb30BaTh CIEIYIOIYI0 KAy CPEJHUX HOMHUHAIBHBIX HampspkeHuH cerelt Ugpuow, 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. Tlpu BBIpOKEHHH IapaMETPOB 3JICMCHTOB JKBUBAJICHTHOM CXEMBI 3aMCIICHUS B
WMEHOBAHHBIX €JUHMIIAX C MPUBEJICHUEM MapaMeTPOB Pa3UYHBIX 3JIEMEHTOB MCXOJHOW pacueTHOH
CXEMBI K BBHIOPAHHOW OCHOBHOWM CTYICHU HATPSIKCHUS, HCIOJIB3Ys MPU 3TOM MPUOIMKESHHBIN CrIocod
yuera ko3duimentoB TpanchopMmamu TpaHCHOPMATOPOB M aBTOTPAHC(HOPMATOPOB, MPHUBCICHHEIC
3HaueHus: DJIC HUCTOYHHUKOB SHEPTrUM U CONPOTHUBJICHUS PA3JIUYHBIX DSJEMEHTOB CXEMBI CIEAyeT
OIPENEIATh Mo (hopMyiIaM

Cp.OCH

E=F—22 . (3.12)
UcpN
2

° U
Cp.OCH

Z=Z—F— (3.13)
UcpN

rae Ugpo — CpelHEe HOMHHAIBHOE HANpsDKEHHE TOH CTYNCHHM HaNpsDKeHHS CeTH, KoTopas

NPHHSTA 38 OCHOBHYIO;
U,n — cpenHee HOMHHAIBHOE HANPSHKCHHME TOH CTYNEHM HAIPSDKEHUsS CETH, Ha KOTOpPOH
HaxXOoJaUTCA DJIEMEHT € MOJICKAIUMUA ITPUBEICHUTIO ITapaMETpaMu.

Ecmn O/IC ucTOYHMKA SHEPTUM M CONPOTUBIICHHE KaKOr0-THOO AJIEMEHTa PACUETHOM CXEMBI
BBIPA)KEHBI B OTHOCUTEJILHBIX €IMHULAX IIPY HOMHHAJIBHBIX YCIOBHAX, TO IPH IPHOIMKEHHOM y4eTe
K03 pUIMEHTOB TpaHchopManuu TpaHcHOpMaTOPOB W aBTOTPAHCHOPMATOPOB WX 3HAYCHHUS,
IpUBECHHbBIE K OCHOBHOH CTYIEHH HAIPSDKEHHS CETH, ClIeAyeT HaXOMUTh 1o (popMysiaMm
(3.14)

cp.ocH !

E :f (HOM) U

U2

Cp.OCH

IN o

:é(
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(3.15)

HOM)
HOM

3.2.7. Tlpu BBIpaXCHHH [APAMETPOB DJEMEHTOB OKBHBAJICHTHOH CXEMBI 3aMCIICHHS B
OTHOCHTENBHBIX €IMHHIAX C MPUBEICHUEM I1apaMETPOB PA3IHYHBIX IEMEHTOB HCXOTHOM PacyeTHOH
CXeMbI K 0a3UCHBIM YCIIOBHUSIM, HCIOJB3Ysl IPU 3TOM HPHOIMKEHHBIN criocod ydera koddduimeHToB
TpaHcopmanuu TpaHCHOPMATOPOB M aBTOTpPAHCHOPMATOPOB, Oa3MCHAS MOIIHOCTH BBIOMpaeTCs
[POM3BONBHO, @ B KAyeCTBE 0a3MCHOrO HANPSDKCHUS JTIO0O0I CTYeHH HANPSDKEHUS CETH CIELyeT
[OPUHUMATH CPeIHee HOMUHAIIBHOE HAIPSDKEHHE COOTBETCTBYIOIICH CTYIeHH. B 3TOM ciiyyae HCKOMBIe
snayeHnst OJIC HCTOYHHKOB OSHEPrUM U CONPOTHBICHHN JICMCHTOB CXEMbI 3aMCLICHUS B
OTHOCHUTENBHBIX SIUHALAX CIIEAYET OMPEAeIATh 10 (GopMyIam

E
E = (3.16)
* v cpN
501058
f ©) :f (HOM) ' (317)
S
Z e =Z 26 (3.18)
* * pN
501058
S©)
Z ®) = Z (HOM) S . (319)

HOM
3.2.8. He3aBucumMoO OT TNPHHATOTO cHocoda COCTABICHUS CXEMbI 3aMEIICHHUS — MPSIMOU
MOCJIEZA0BATENEHOCTH (B MMEHOBAHHBIX WM OTHOCHTEIBHBIX EIMHHLAX, C Y4eTOM (DaKTHYCCKHX



K03((GHUIMEHTOB TpaHCPOpMAIMK TPAHCPOPMATOPOB WM MPU TPHOMIDKEHHOM y4eTe JTHX
K03((HUIMEHTOB) B 3TOH CXeMe JOKHBI OBITh IPECTaBIEHBI BCE DJIEMEHTHI MCXOIAHOW pacyeTHOH
CXEMbI, TpHYEeM KCTOYHWKMA OSHEPTUHM (TCHEepaTopbl, CHHXPOHHBIE KOMIIGHCATOPHI, a TaKXke
anexTpoaBurareny MomHocTbio 100 kBt u Gornee, ecmi OHM HE OTHENEHBI OT pacueTHoW Touku K3
TOKOOT'PaHWYMBAIOIIUM PEAKTOPOM MIIM TpaHC(OpMATOpoM) U 00OOIIEHHbIE HATPY3KH Y3JIOB JOJKHBI
ObiTe  BBemeHbl B cxemy OJIC WM MHIYKTUBHBIMH CONPOTHBIICHHMSMH, COOTBETCTBYIOIIUMH
paccMaTpuBaeMOMY MOMEHTY BpeMeHH. Tak, Ipu pacyeTe HadaJbHOTO 3HAYEHUS INEepHOANYECKON
COCTaBJISIIOIIEH OHM JIOJKHBI OBITH ITPEACTABIICHBI B UCXOMHOM CXeMe 3aMEIeHUs CBEPXIIEPEXOJHBIMU
3J1C u cBepXnepexoaHbIMH HHAYKTUBHBIMU COTPOTUBJIEHHAMU (cM. 11. 5.2). Bce ocTanbHbIE 371EMEHTHI
WCXOJHON pPacueTHOM CXEMBI JOJDKHBI OBITH TPEJCTaBIEHBI B CXEME 3aMEIICHUS! COIPOTUBIICHUSIMH
MpsSMOM  TIOCTIEIOBATENbHOCTH.  TpexoOMOTOuHblE  TpaHc(opMaTopbl,  aBTOTpaHC(HOPMATOPEI,
TpaHc(OpMAaTOpHI U aBTOTPaHC(HOPMATOPHI C PACIIEIIIEHHOH 0OMOTKOW HHU3IIETO HANPSDKEHUS, a TaKkKe
CIIBOGHHBIE PEaKTOPbI JIOJDKHBI OBITH INPEACTAaBICHbI CBOMMH CXEMaMH 3aMElIeHUs. DTH CXEMBbI, a
TaK)Ke pacyeTHbIE BEIPAXKEHUS JUIsl OPEJIENICHHs] UX apaMeTpOB MPUBEJIEHBI B Ta0. 4.1.

3.2.9. Jlns pacuera TOKOB NpH HecuMMerTpuyHbIX K3 1enecooOpa3HO HCMOIB30BaTh METOJ
CUMMETPUYHBIX COCTaBisAtomuX. Ilpu 3TOM KpoMme cXeMbl 3aMelIeHus] NMPsIMOI MOC/IeA0BaTENbHOCTH
st pacuera AByxgasHoro K3  HeoOXomMMO  COCTaBUTH CXeMy 3aMeleHHss O0OpaTHOM
NIOCJIEIOBATENBHOCTH, a Ul pacuera omHodasHoro u nByx(daszHoro K3 Ha 3emiro - Takke cxemy
3aMelleHUs HyJeBOM MOCIIeI0BaTEIbHOCTH.

Cxema 3aMelleHUs] OOpaTHOH IOCIIENOBATENBHOCTH IO KOH(HIYpalMH aHAJIIOTHMYHA CXeMe
3aMeIleHns] NPSMOM TIOCIIE0BATEIbHOCTH, T.€. B HEH JOJKHBI OBITH MPEACTAaBICHBI BCE 3JIEMEHTHI
UCXOIHOW pacueTHOW cxeMbl. lIpu 3TOM syeKTpudecKue MallluHbl C BPaILAIOUIMMCS POTOPOM U
000011IeHHBIE HATPY3KH Y3JIOB JIOJDKHBI OBITh YYTEHBI COOTBETCTBYIOIIUM CONPOTHUBIICHHEM OOPaTHOM
nocnenoBaTenbHocTH, a D/]C mpUHATH paBHBIMU HYITIO.

WHAyKTUBHOE COMPOTHBIIEHHE OOpAaTHOM IOCIIE0BATEIbHOCTH CHHXPOHHBIX W aCHHXPOHHBIX
3JIEKTpO/ABUTaTeNeil JOMyCTUMO IIPUHUMATh UHCIEHHO PAaBHBIM HHAYKTUBHON COCTaBIISIOIIEH HX
CONPOTHBJIEHHS KOPOTKOTrO 3aMbIkaHusl. CONMpOTHBIIEHUE 00OPATHOM MOCIIEN0BATENLHOCTH 0000IEHHOM
Harpy3KH Kakoro-auoo y3jaa B OTHOCHTENIBHBIX €IWHHIAX, OTHECEHHOE K ITOJHOW MOIIHOCTH Harpy3Ku
U CpefHEMY HOMUHAIBHOMY HAIPSIKEHUIO TOW CTYNEHM HANpsHKEHUs CETH, IAe 3Ta Harpyska
NpHUCOEeMHEHA, ClIeNyeT IPUHUMATh PAaBHBIM: IIPH HampsHkeHuH cetd 35 kB u Gonee Xy =045

TPU HATIPSDKCHUH CETH MEHEe X (. 0 = 0,35 .
-

Cxema 3aMellleHHs] HYJIEBOHM IOCIEOBATEIbHOCTH OOBIYHO CYLIECTBEHHO OTJIMYAeTCs OT CXEM
npsMoii 1 oOpaTHOW mocienoBaTenbHocTell. Ee koHdurypauus omnpenesisiercs B OCHOBHOM
MOJIO)KeHHeM  pacueTHod Toukd K3 u cxemamum coeanHeHHS OOMOTOK TpaHC()OPMATOPOB H
aBTOTPAHC(POPMATOPOB HCXOIHOH PAacUYETHON cXeMbl. UTOOBI COCTABHTH CXEMY 3aMelIeHHs HYJICBOM
MIOCTIEAOBATENBEHOCTH, CIIEIyeT AOIMYCTUTb, YTO B TOYKe HecuMMeTpuuHoro K3 Bce (a3bl coeanHEHbI
MEXIy CO0OH HAKOPOTKO M MEXKIy OSTOH TOYKOM M 3eMiiell MPUIOKEHO HaIpsHKeHHE HylIeBOU
MOCNIeOBaTeIFHOCTU. 3aTeM, uasd oT Touku K3 moouepeZHo B pa3HBIE CTOPOHBI, HEOOXOONMO Ha
KaXIOM CTYIICHH HAlpsDKEHUs] MCXOIHOM pacyeTHOM CXEeMBbl BBIIBUTh BO3MOKHBIE ITyTH LUPKYJISILIUAH
TOKOB HYJIEBOW IIOCIEIOBATEIbHOCTU (LMPKYJSIUS 3TUX TOKOB BO3MOXKHA TONBKO B TEX BETBSAX,
KOTOpbIE 00pa3ylOT KOHTYpHI s 3aMbIKaHUS TOKOB 4Yepe3 3eMJII0 M MapajuielbHble € Ienu) U
COOTBETCTBEHHO OIPEACIUTH 3JIEMEHThl 3TOH CXEMbI, KOTOpPBIE MO/DKHBI OBITH BBEICHBI B CXEMY
3aMemerns. Ilpu 3ToM ciemyer MMeTh B BHAY, YTO CONPOTHBIICHHE HYJIEBOH IOCIENOBATEIHLHOCTH
TpaHc(opmaTopa CO CTOPOHBI OOMOTKH, COSIMHEHHOW B TPEYrolbHMK WM 3BE3[y C HE3a3eMJICHHON
HEeUTpajplo, OECKOHEYHO BEIIUKO, MO3TOMY TPaHC(POPMATOPH! C YKa3aHHBIMH CXEMaMH COCIMHEHHS H
BCE HAXOAAIIMECS 33 HUMH 3JIEMEHTHl MCXOJHOW PAacUEeTHOW CXEMBI B CXEMY 3aMEIICHHS HyJIEBOH
IIOCIIEIOBATEIIFHOCTH HE BXOIIT.

[{upKynsaIys TOKOB HYJIEBOM MOCIEIOBATENBHOCTH BO3MOXKHA TOJIBKO B TOM CITydae, €Ci 0OMOTKa
TpaHcdopmaropa, oOparieHHass B CTOPOHY pacueTHoil Toukn K3, coenuHeHa B 3Be31y € 3a3€MJICHHOM
HEUTPAJBIO.

Cxema 3aMeleHrs] HYJIEBOH TOCIEIOBATEIHHOCTH JIByXOOMOTOYHOTO TpaHchopMmaTopa, 0OMOTKH
KOTOpPOro coeAuHeHbl mo cxeme Yo/A, mpeacraieHa Ha puc. 3.1, a. ITOCKONBKY HHIYKTHBHOE
CONPOTHUBJIEHHE X,0 BO MHOTO Pa3 Golblle CONPOTUBIIEHNH paccesHus 0OMOTOK X| U Xjj, TO B HCXOJHOM
CXEMe 3aMeIeHUs] HyJEeBOH ITOCIeOBATeIFHOCTH TpaHc(HOpMaATOp C YKa3aHHOW CXEMOH COeIMHEHHUS
OOMOTOK TIPENCTABISAETCA B BHAEC OTHOTO WHAYKTHBHOTO COMPOTHBICHUSA X0 = X; +X), KOTOpoe ¢
MIPOTUBOIOJIOXKHONH CTOPOHBI (WA OT pacuerHoM Toukn K3) coemmHsSETCS € TOYKOH HYIIEBOTO



TIOTEHIMANa CXeMBbI 3amenieHus (¢ 3emieid). Takum oOpa3oM, eciii B MCXOIHOM pacdeTHOH cxeme 3a
TakUM TpaHC(OPMATOpOM HMEIOTCS Kakue-Tu0o d3JjeMeHTHl (TpaHcdopMarTopbl, TEHEepaTopsbl,
BO3/IyIIHBIE WM KaOelpHbIE JIMHUM U T.J.), TO HE3aBUCHMO OT WX BH/A W CXEMBI COCAWHEHHS WX
OOMOTOK 3TH 3JIEMEHTHl B CXEMy 3aMENICHHUs HYJIEBOH IOCIEIOBATEIBHOCTH HE BBOISTCS. OTO
OOBSICHSICTCSl TEM, YTO HPH COSTMHEHHH OOMOTOK TpaHchopmaropa mo cxeme Yo/A DJC Hyneroit
MOCTEAOBATENbHOCTH, HABOAMMAas B  COCJUHEHHOH  TpPEYrOJbHHUKOM OOMOTKE, IIOJHOCTBIO
KOMIIEHCHPYETCSl TaJeHUEM HaIpsHKEHUS OT TOKa HyJEBOM IOCIEOBAaTEIbHOCTH B HHIYKTUBHOM
CONPOTHUBJIIEHUH  paccesiHUsl  OTOM  OOMOTKHM,  BCIIGACTBHE  YEro  HampsDKEHHE  HYJIEBOU
HOCTIEA0BATENbHOCTH Ha BBIBOZIAX 3TOH OOMOTKH paBHO HYIIIO.

1 I
X, X,
X,
a)
I I
X Xy
X,
6)
I 1 X X,
X,
6

Puc. 3.1. CxeMbl 3aMeIleHNs HyJIeBOH TOCIIEI0BATEIbHOCTH
JIBYXOOMOTOYHBIX TpaHc(opMaTopoB

B ciyuae coeanHeHHs] 0OMOTOK JBYXOOMOTOYHOTO TpaHcdopmaropa mo cxeme Yo/Y IHPKYIAImsI
TOKOB HYJIEBOH IIOC/IENOBATENIHHOCTH B OOMOTKE, COCAMHEHHOH B 3BE3lly, HEBO3MOXHA (CM. CXeMy
3aMeIlIeHUs] HYJIEBOM MOCIeN0BaTeIbHOCTH Takoro TpaHcdopmaropa Ha puc. 3.1, 6). [Tockombky y
TpaHCc(OPMATOPOB C HOMUHAIBHBIM HANpsHKEHHEM 0OMOTOK cBbime 1 kB comporuBienue X0 BecbMa
3HAYUTETBHO, TO B CXEMY 3aMEIICHHs HYJICBOHM ITOCIENOBATEIBHOCTH TakKHe TpaHC(HOPMATOpHl HE
BBOJIAT.

Cxema 3aMeleHrs] HYJIEBOW IOCIEIOBATEIHHOCTH BYXOOMOTOYHOTrO TpaHchopMmaTopa, OOMOTKH
Kotoporo coeauHeHsl o cxeme Yo/Yq, mpemcraBiena Ha puc. 3.1, 6. OueBuaHO, TpaHchOpMaTop
HEOOXOIMMO BBOJIUTH B HCXOJHYIO CXEMY 3aMEICHHUsS HYJIEBOH IIOCIIENIOBATEIHHOCTH TOIBKO B TOM
cilyqae, ecam Ha CTOpoHe oOMoTkm Il mMeeTcs KOHTYp Ui LHPKY/SIMH TOKOB HYJIECBOM
TIOCIIEIOBATEIbHOCTH (MMEIOTCI B BHAY 3JEKTPOYCTAHOBKM HampsDkeHMeM cBbimie 1 kB, xorma
X0 >> Xi+Xy).

CompoTuBiieHHE HYJIEBOH MOCIEIOBATEIHHOCTH TPEeXOOMOTOYHOrO TpaHc(opMaTopa CO CTOPOHBI
OOMOTKHM, COEIMHEHHOW B 3BE3y C 3a3€MJICHHOM HEHWTpaJIbIO, 3aBHCHT OT CXEMBI COCJMHECHHUS IBYX
Ipyrax 0OMoToK. OOBIYHO OfTHA W3 HHUX COSAWHEHA TPEYTOIBHUKOM, a APYyras MOXKeT OBITh COSIMHEHA
WM TPEYroJbHUKOM, WJIM B 3BE€3[y C HM30JUMPOBAHHOW HEUTpanbio, WIM B 3BE3QYy C 3a3€MJICHHOM
HeliTpanmpio. B mepBoM cioydae KOMIEHCAIMS TOKAa HYJICBOH ITOCIENOBATENFHOCTH OOMOTKH,
oOpameHHOl K pacueTHoi Touke K3, ocymiecTBisiercss TOKaMu OOEMX OOMOTOK, COSIWHEHHBIX
TPEYroJbHUKOM, M CXeMa 3aMELICHHs HYJIEBOH MOCIEeIOBATENbHOCTH TaKOro TpaHc(opMaTopa HMeeT
BHJA, KaK TNOKa3aHo Ha puc. 3,2, a. Ilpm 3TOM cONpOTHBICHWE HYJIEBOH IOCIEIOBATEIEHOCTH



tpancopmaropa X, = X; + X // Xj. Bo BTOpOM ciiydyae 1o 0OMOTKE, COSMUHEHHOW B 3BE3IY C
M30JIMPOBAHHON HEUTpaJIbIO, IPOTEKAHHE TOKA HYJIEBOH MOCIIEI0BATEILHOCTH HEBO3MOXKHO (CM. CXEMY
Ha puc. 3.2, 6), MOITOMY COMPOTHUBJICHHE HYJIEBOW IOCIIENOBATEIBHOCTH TAKOro TpaHc(opmaropa
X = X; + Xj. B Tpetbem ciiydae MUPKYISAIMS TOKA HYJIEBOH MMOCIEIOBATEILHOCTH BO3MOXKHA U B
oomotke II (cMm. puc. 3.2, g), ecliil B CETH, DIICKTPUIECKU CBA3aHHOH C 3TOH 0OMOTKOH, 00ECIeUeHEI
YCITOBHUS JUTSL 3aMBIKaHHsI 3TOIO TOKA.

Cxema 3aMeIlieHHs HyJIEBOH ITOCIICIOBATEILHOCTH aBTOTpaHc(hopMaTopa, KOTOPBIA UMEET 0OMOTKY,
COEIMHEHHYIO TPEYrOJIbHUKOM, a €r0 HEWTpalb 3a3eMJIeHa HarilyXo, aHAJIOTHYHa CXeMe 3aMEIleHUs
HYJIEBOHM TOCJIEI0BATENILHOCTH TPEXOOMOTOUYHOIO TpaHchopMaTopa, y KOTOPOro OOMOTKH COETHHEHBI
o cxeme Yo/Yo/A (eMm. puc. 3.2, 6).
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Puc. 3.2. CxeMbl 3aMeIleHNS HyJIeBOW TOCIIEI0BATEIbHOCTH
TPeX0OMOTOUYHBIX TPaHCHOPMATOPOB

—

3.3. CocraBjieHHe HCXOHOI KOMILIEKCHOI cXeMbI 3aMeleHus sl pacuera
HECUMMETPUYHBIX KOPOTKHUX 3aMbIKAHUI

3.3.1. B tex cmyuasix, koraa TpeOyercs OIpENeNUTh TOKA M HAMpPSHKEHHS HE TOIbKO B MECTe
HecumMeTpuyHOro K3, HO W B APYyrMX BETBSIX M TOYKAX PACUYCTHOM CXEMBI, LEIECO0Opa3Ho
HCIOJIb30BaTh KOMIUICKCHBIC CXEMBI 3aMerieHus. VICXOmHbIe KOMIUICKCHBIC CXEMBI 3aMEIICHUS ISt
pacuera gaByx¢pasmoro K3 wu aByxdasmoro K3 Ha 3eMiII0 IMONMy4arOTCs IMyTeM COCAMHCHHS
COOTBETCTBEHHO HAdYall U KOHLIOB MCXOAHBIX CXEM 3aMEIICHHUs Pa3IHYHbBIX MOCIEI0BATEIBHOCTEH, KaK
nokasaHo Ha puc. 3.3 u 3.4.
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NOC/IEA0BATENLHOCTH TIOCIIE0BATENEHOCTH
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MOCICaAOBATCIIBPHOCTH
Puc. 3.3. KoMmmiekcHas cxeMa 3aMeIeHHs IS Puc. 3.4. KommekcHast cxeMa 3aMeIIeHUs IS
nByxdasznoro K3 nByxdaszsoro K3 Ha 3emitto

KomriekcHyro cxemy 3amemieHus it oaHodasHoro K3, B KOTOpOH BBIMOJHSIOTCS BCE
COOTHOUIEHHST HE TOJNBKO i1 CHMMETPHUYHBIX COCTABISIONIMX TOKAa OCO0OH (ha3bl, HO W JUIs
CUMMCTPHUYHBIX COCTABJIAIOUINX HAIIPSXKECHUA, MOXHO HOJ'IyLII/ITI), €CJIN CXEMBI 3aMCIICHUA OTACIIbHBIX
MOCJIC/IOBATENIFHOCTEH  COGAMHUTh MEXKIY CO0OM C TOMOIIBIO HACATBbHBIX MPOMEKYTOUHBIX
TpaHcopmaTopoB (T.e. TpaHCPOPMATOPOB, y KOTOPBIX MOTEPH MOIIHOCTH M TOK HaMarHUYMBaHHs
paBHBI HyJII0) ¢ Kod(duuuenroM Ttpanchopmammu 1:1. Takas KOMIUIEKCHAs cXeMa 3aMeIICHHs
npuBeieHa Ha puc. 3.5, a. [Ipu aHAIMTHYECKHUX pacuerax JOMYCKAeTCs HMCIONb30BaTh YIPOIICHHYIO
KOMIUIEKCHYIO CXEMY 3aMelleHHs Oe3 IPOMEXKYTOYHBIX TPaHCPOPMATOpOB, KOTOpas CIpaBeIIMBa
TOJNBKO JIJIsi CHUMMETPUYHBIX COCTAaBIISIOIIMX TOKa 0co00i ¢a3pl. Takas KOMIUIEKCHAsh cXxema
npescTaBieHa Ha puc. 3.5, 0.

3.4. Y4eTr B3aNMOMHIYKIMH JHHUM dJIeKTponepe adn
IIpn onpenencHuUM  CONPOTHBICHUS  HYIEBOM  IOCIEIOBATENILHOCTH  BO3AYLIHBIX  JIMHUM

3JIeKTpoIepeadyll HEOOXOAUMO YUYUTHIBATh BIIMSHHE B3aUMOMHAYKIMH OT APYTHX JUHUH (1emnei),
MIPOJIOKEHHBIX I10 TOM K€ Tpacce.
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Puc. 3.5. KoMmImiekcHbIe CXeMBI 3aMeIeHus it onHogazaoro K3:
a) — To4dHas; 6) — NPUOIIDKEHHAS



WHayKTHBHOE COMpOTHUBIIEHHE B3aUMOMHIYKIMHM HYJIEBOW IMOCIENOBATEIBHOCTU OOHOW LEMH OT
Ipyrot (T.e. MEXIy IPOBOAOM OJIHOM LEMM M TPEMs MPOBOAAMH JIPYroi IENH) HpH OTCYTCTBHH Y
o0eux 1enet 3a3eMIICHHBIX TpocoB, OM/KM, CIIeIyeT ONpeaessiTh o hopMyse

D
Xy = 0435 lg — 3, (3.20)
I-1I

rae D3 = 935 M — pKBUBaJICHTHAS TITyOMHA BO3BpAaTa TOKA Yepe3 3eMITIO;
Dy — cpenHee reomerpuyeckoe paccrosHue Mexay uemsimu [ m II, xoropoe ompenensercs
PacCTOSIHUSIMH MEXTy KaXKIbIM IpoBonoM (A4, B, C) uenn I n xaxxapimM nposonom (4, B', C') uerm 11:

_9
Dy = \/DAA,DAB,DAC,DBA,DBB,DBC,DCA,DCB,DCC, . (3.21)

HpI/I HaJIninuu 'y merel  3a3eMJICHHBIX TPOCOB COINPOTUBJICHHUC B3aUMOUHIAYKIIUH HyﬂeBOﬁ
MOCJIETIOBATEIbHOCTH OHOW IIETIH OT Z[pyFOﬁ CJICAYCT onpeAC/IATh C YUCTOM 3TUX TPOCOB, UCIIOIB3Ys

(opmyny

M

X 1-110

=Ximo ~Xmo X /X (3.22)
rae Xo U Xyto — WHAYKTUBHBIC COMPOTHBIICHHS B3aUMOWHIYKIIMHA HYJICBOW MOCIICAOBATCIHLHOCTU
MEXIy TpPOBOJAMU COOTBETCTBEHHO NEPBOM W BTOPOW Iiemell M CUCTEMOi
TPOCOB;
X0 — MHIYKTUBHOE COMPOTUBIIEHUE HYJIEBOW MOCIEI0BATEILHOCTH CHCTEMbI TPOCOB.
MeTtouka ornpeieNeHrs: yKa3aHHbIX UHAYKTUBHBIX COMPOTUBIIEHUM U3JIoKeHa B 11. 4.2.5.4.

3.5. [IpeoGpa3oBanue UCXOAHOI cXeMbI 3aMellleHUS
B JKBHBAJIEHTHYIO Pe3yJIbTHPYIOLLYIO

3.5.1. Tlpu ananmuTHYeckux pacuerax TOKOB K3 HCXOMHBIC CXEMBI 3aMCIICHHSA, B KOTOPBIX
NPEJICTABJICHbI Pa3JINYHBIE JIEMEHTHI UCXOAHBIX PACUETHBIX CXEM, CJIEIYeT IMyTeM MOCIeq0BaTeIbHBIX
npeoOpa3oBaHuil MPUBOJANTH K SKBHBAJICHTHBIM PE3YJIBTHPYIOLIMM CXeMaM 3aMeIleHHs], COIepKaIIUM
skBuBajeHTHyI0 OJIC (B cxemax MNpsMOIl MOCIEeNOBAaTEIFHOCTH), SKBHUBAJICHTHOE PE3YJIbTHPYIOIIEe
CONPOTHBJIEHHE COOTBETCTBYIOIIEH IOCIENOBATEIbHOCTH M HCTOYHMK HAMpsDKEHUS OJZHOUMEHHON
NOCJIeIOBATENbHOCTH, a TIpH Tpexdaznom K3 — Touky K3.

3.5.2. Ecnu uncxomHas cxema 3aMEIICHUS HE COICPIKUT 3aMKHYTHIX KOHTYPOB, TO OHA JIETKO
npeoOpasyeTcss B OKBUBAJICHTHYIO pE3YJAbTHUPYIOUIYIO CXeMy IyTeM IIOCICIOBATENbHOIO |
HapaJuIENbHOTO COSMHEHUS 3JIEMEHTOB U ITyTEM 3aMEHbI HECKOIBKUX MCTOUHMKOB, UMEIOIINX Pa3HbIE
OJC u pa3Hble CONPOTUBIEHHS, HO IPUCOCAUHCHHBIX B OJHONW TOYKE, OAHUM 3KBHBAJICHTHBIM
ucTouHuKoM. Ilpu Gosee CIOKHBIX HCXOIHBIX CXEMaxX 3aMeLIeHUs A ONPEAENICHUs SKBUBAJICHTHOTO
PE3YIABTHPYIOIIETO CONPOTHBIICHUS CIEAyeT HCIOIb30BaTh M3BECTHBIE CIIOCOOBI IMpeoOpa3oBaHM,
TaKHe Kak IpeoOpa3oBaHHE TPEYTOJbHUKA CONMPOTHBICHUI B S9KBHBAJICHTHYIO 3BE3/ly CONPOTHBICHUIH,
3BE3/ly CONPOTHBICHUH B JKBUBAJCHTHBIM TPEYrOJbHUK COINPOTHBIECHUM, MHOTOIYYEBYIO 3BE3JY
COIPOTUBJICHUN B IIOJHBIA MHOIOYTOJBHUK CONpPOTHBIEHUH U T.0. DopMmynbl [uisl Takux
npeoOpa3oBaHuii MpuUBeeHHI B Ta0I. 3.1.

Tabmmua 3.1
OcHoBHbIe (OpMYJIbI IPe00Pa30BAHUS CXEM
Bun Hcxonnas cxema IIpeobpazoBanHas cxema | CompoTHBICHHE JIEMEHTOB
mpeoOpa3oBaHuUs peoOpa30BaHHON CXEMBI
IlocnenoBarensHO 7 Z,=Z,+Z,+..+Z,

=1

z, g z,
| +—{ 1+

€ COelMHEHUE
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AHANOTUYHO U IPU
OOJIBIIIEM YHCIIC BETBEH

3.5.3. B Tex cmydasix, KOrja MCXOJHAsi PacueTHAash CXeMa CHMMETPHUYHA OTHOCUTENHHO Touku K3
WA KaKas-TH00 €€ 9YacTh CHMMETPHUYHA OTHOCHUTEIHHO HEKOTOPOH MPOMEXYTOUHOH TOYKH, TO 3a/1ady
OIpEIeTICHNs] AKBUBAJIEHTHOTO PE3YIBTHUPYIOMIETO COMPOTHBIICHHS MOXKHO CYIIECTBEHHO OOJErduTh
IyTeM COSNWHECHUS HA WCXOMHOW pacueTHOW cxeMe (M COOTBETCTBEHHO Ha WCXOJHOW CXeMe
3aMeIeHns) TOYCK, UMEIOIIUX OIMHAKOBBIC MOTCHITUANBI, W MCKIIOYEHUS U3 CXEMBI TeX 3JIEMEHTOB,

koTopsie ipu K3 oka3bBaroTcs 00eCTOYCHHBIMU.

3.5.4. Ecnu B MCXOJHOW cXeMe 3aMEIeHHUS] OJJHAM U3 JIyuel TPeXJydeBOi 3Be3/Ibl COMPOTHUBICHHUN

ABJSIETCA  COIIPOTHUBJICHUE HMCTOYHHKA DOHEPIUU,

TO B psAfe CIydaeB IelecOOOpa3HO 3BE3Iy

CONPOTHBIICHUI 3aMEHUTh Ha TPEYroNFHUK M 3aTeM IOCIIEAHWI pa3pes3aTh MO BEepIIHHE, K KOTOPOH
npuioxkeHa DJ[C, TOAKIIOYNB PU 3TOM Ha KaKJOM M3 OKa3aBIIMNXCS CBOOOJHBIMH KOHIIOB BETBEH Ty

xe DJ1C.




3.6. Onpenesienne B3aMMHBIX CONPOTHBJICHUH MeK1y HCTOUHUKAMHU
H TOYKOI KOPOTKOIr0 3aMbIKAHUS

Ecnu ncxonnas pacueTHas cxeMa COAEPKUT M y3JI0B ¢ HCTOUHUKAMU 3HEPTHH U Y3€Il O, B KOTOPOM
TpebyeTrcs omnpenenuTs Tok K3, To cienyer mpenBapUTEIbHO COCTaBUTh CXEMY 3aMEILEHHsS B BHUIE
nonHoro (M + 1)-yrosnphuka. Mckomsrii Tok K3 B y371e o paBeH

m m pu—
I,=Y EgY, =% Eg¥g, (3.23)
p=1 p=1
rie Eﬁ - OJIC, momkiIroueHHas B y3ie 3;
Y ;, - B3aUMHas IPOBOXMMOCTb MEXIY y3namu 3 1 o
Y4, - TPOBOAMMOCTb BETBH MOJIHOrO (M + 1)-yronbHuKa, HEMOCPEICTBEHHO COCAMHSAIOLIEH

Y3161 3 ¥ L.
U3 ¢opmynsr (3.23) cnemyer, 4To TpH JIFOOOM 4YHCIE Y3JI0B B HCXOAHOW PAaCUETHOH CcXeme
NPOBOJJMMOCTH BETBEH CXEMBI 3aMEIeHUs, TIPEICTABICHHON B BUJIE MOJIHOIO MHOTOYTrOJIbHUKA, MOTYT
OBITH OMpeeNieHbI 0 PopMyJie

T (3.24)

rae /., - TOK B y3JIe 0L IPH YCIOBHH, 4TO B CXeMe JeficTByeT ToibKo oaHa DJC EB , IPAJIOKEHHAS

B y311e f3, a Bce ocranbHble DJ[C paBHBI HYIIO.
Takum 00pa3zoM, B3aUMHOE COITPOTUBIICHHUE MEXY MPOU3BONIbHBIM HcTouHnKoM DJ[C n Toukoi K3

EB
_ e (3.25)
1

Ko

Zy,

3.7. IlpuMeHeHHe IPUHLIUIA HAJIOKEHHS

3.7.1. Inst onpenenenusi TokoB K3 B NMPOM3BOJNBLHOI BETBUM PACUETHOW CXEMbI B PsiJie CIIydacB
11e7IeCO00pa3HO UCIOIb30BaTh MPUHLMUII HAJIOXKEHHS, B COOTBETCTBHU C KOTOPHIM TOK B 3TOH BETBU
MOKHO MOJIyIHUTh ITyTEM CYMMHUPOBaHUsI (HaJI0)KEHUS) TOKOB Pa3HBIX PEKHUMOB, KaxJIblii U3 KOTOPBIX
ompenensercss aedcTBueM omHod win Heckompkux DJIC, xorma Bce octanbubie D/IC mpUHMMAIOTCS
PaBHBIMHU HYJIIO, @ BCE JIEMEHTBI CXEMBbI OCTAIOTCS BKJIFOUEHHBIMU.

3.7.2. Tlpu 3naumrenbHoM umcie DJIC peleHHe MOXXHO YHOPOCTUTh, HCIONB3Yys Teopemy o0
aKTUBHOM IBYXIIOJTIOCHHKE. B cooTBeTcTBHHM C 3TOH Teopemoill TOK B Mecte K3 MOXKHO HallTH Kak
CYMMy NIPEILIECTBYIOLIETO TOKA 7,y H aBapHITHOMN cOCTaBIIsIONIEH ToKa |y, TOTydaeMoii OT JeHCTBU

oxaoit D/IC, mpunoxenHoit B Touke K3 u paBHOl U afo|» TAE U ,|o| HANpsDKEHUE, KOTOpOE ObLT0 10
Bo3HuKHOBeHMA K3 B pacuerHoi Touke K3.
ABapmifHasi cocTaBysromas Toka B Mecte K3 paBHa
: Y|
1y =-— (326)
JX

r7ie Xpx - BXOZHOE CONPOTHBIIEHHE CXEMBI OTHOCHTEIBHO pacdeTHOWH Touku K3 mpu ycrmoBum, 4To
Bce octanbHbie DJ{C paBHBI HYIIO.
TOK B POM3BOJILHON BETBH | pacueTHO# cxeMsl Tipu K3 B ToUke oL paBeH

Ly =1+ 1 (3.27)

rae ij‘o‘ - Harpy304YHas COCTAaBIIAIONIas TOKA B BETBH |, T.e. TOK BETBH | B DPEXKUME,
npemectyromeM K3;

I ., - ABapHiiHas COCTaBJIAIOMIas TOKA B BETBH j mpu K3 B Touke 0. DTa coCTaBIsrOMIas

paBHa

ik, (3.28)



rae Kj, - koaddunuent pacnpeneneHus Toka it BeTsH j pu K3 B Touke o
3.8. Ilpumep cocTaBIeHHA U IPEOOPA30OBAHMS CXEM 3aMeIleHHA

3.8.1. Jlns MCXOmHOM pacdyeTHON CXEMBI, NpeJCTaBIeHHONW Ha puc. 3.6, a, COCTaBUTh HCXOIHBIC
SKBUBAJICHTHBIE CXEMBI 3aMEIIEHHs MIPSIMOM, 0OpaTHOH W HyJeBoi mocnenoBaTenbHocTeil mpu K3 Ha
3emimo B Touke K1 u mpeoOpa3oBaTh MX B OKBHBAJICHTHBIE PE3YJIbTUPYIOIINE CXEMBL. Pacuersl
MIPOBECTH C HCIOJIIB30BAHUEM CHCTEMBl OTHOCHUTENBHBIX EIUHUII M C Y4eToM (aKTHUECKUX
k03 duimeHToB TpaHchopMaIMK CHIIOBBIX TPaHC(HOPMATOPOB M aBTOTpaHcopmartopa. [lapamerpbr
WCXOJHOM pacyeTHOW CXEMBI ITPUBEICHBI HIKE.

I'enepatoper 1 u 2: Py = 63 MBT; Uy, = 10,5 kB; €0S ¢uon = 0,8; {f’"d(nw) = 0,136;

X swow = 0,166; 10 K3 renepatops paboTany B pPEXHME XOJOCTOrO0 XOJa ¢ HOMHHAJIBHBIM
.

HATIPSHKCHUCM.
Peaxtop 9: Uy = 10 kB; o = 2500 A; X = 0,35 Om.
Tpanchopmaropst 3 u 4: S, = 40 MB-A; n=121/10,5 kB; u, = 10,5 %.
Asrorpanchopmarop: Sy = 125 MB-A; n = 230/121/10,5 kB; uwp.c = 11 %; Upy = 32 %;
Uec-n = 20%.
JInanu 10 n 11: 1 = 50 xm; Xy, =0,4 OM/KM; Xoyy =1,2 OM/KM.
Cucrema 8: Sy = 2000 MB-A; X .0y =100 X (0 =11

HcxonHble cxeMbl 3aMelleHus MPsIMOl, 0OpaTHOM U HYJIEBOW IOCIIEI0BATEILHOCTEH MPE/ICTABICHBI
COOTBETCTBEHHO Ha puc. 3.6, 6, 3.6, 6 u 3.6, 2.
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Puc. 3.6. Ilpumep cocTaBieHHs CXeM 3aMeIleHNs PSIMO, 00paTHOM U HyJIeBOU
HIOC/IEI0BATENIBHOCTEH U onpereneHus pe3yabTupyromux 9/1C
Y CONPOTHBIICHUH MPU KOPOTKOM 3aMbIKaHUU B Touke K1

OOMOTKa HHM3IIETO HANpsHKEHUs aBTOTpaHcopMaropa He HarpyxeHa, II03TOMY OHa HE BBOIUTCS B
CXEMBI 3aMelIeHHs IPSIMOH U 00paTHOM TOCIIeA0BATEILHOCTEN.

B xauecTBe 0a3UCHBIX €MHHUI] BHIOUpAEM:

Sg =100 MB-A n Ug = 121 kB. Toraa no gopmysne (3.5)

1
Ugy =—121 =105 KB;
121 /10,5
U : 121 =230 kB
= = KB;
21 /230 ’
u
1 .
Ugy =—121 =10,5 KB;
121 /10,5
ITo popmyne (3.9)
X X 0136 —2 LEN 0,173 ;
1(6) = 206 = 7 ’ =Y '
L 1O 20 63/08 105°
2
v v 10,5 100 10,5 0 2625
3(6) = 40)= T =Y
» PO MO 00 a0 10,52
Jdnst  aBTOTpaHcoOpMaropa INPEABAPUTENIBHO  HAXOOUM X Blrow) X Claom) X Hsos)

(M. 1. 4.2.3.1):
X oy = 000511 +32.-20) = 0,115

X Cpowy = 0005(11 +20 -32) =0

X oy = 0005(32 +20 -11) = 0205 , IOITOMY

)*( 56 =0 H
100 230 °
X 4@ = 0115 —- = 0,092
* 125 239 2
Hns cuctembl 00b19HO NPUHAMAIOT £ = U0y = Ucp yion, TIO3TOMY
100 230 2
X =10 . = 0,05
* 8(6) 2000 230 ?
Io dhopmyme (3.8)
X = = .
¥ o) 0,35 —=0317
10,5

100
X e = X 11@) = 04 50 - ———=0,1366
: * 121

3]1C renepatopos



Ugi 105
OJ1C cucreMsl

Cxema 00paTHON HOC/IEN0BATEILHOCTU OTIMYACTCS OT CXEMBI IPAMOI OCIE€A0BATENbHOCTH TONBKO
TeM, 4TO B Hell oTcyTcTBYtOT D/]C, a CONpOTUBIEHNUS TEHEPATOPOB

100 10,57
63/08 105°

X 16= X 5 = 0,166 =0,2108

B cxemy 3aMemeHns HyJIeBOH IOCIEIOBATEILHOCTH TEHEPATOPEI M PEaKTOp HE BBOIATCS, TaK Kak
OHU HaXOMATCS 32 TpaHCHOPMATOPAMH C COSAMHEHHEM 0OMOTOK 1o cxeMe Yo/A, HO BBOIUTCS OOMOTKA
HU3ILIEr0 HaIpsDKeHHsl aBTOTpaHc(opMaTopa, COCAMHEHHas B TpeyronbHUK. CONPOTHBICHHE 3TOH

00MOTKH
2

0 100 105
X g = 0205 — —"—= 064 .
x 125 19 52
COHpOTI/IBﬂeHI/Iﬂ HyﬂeBOﬁ IIOCJICAOBATCIIBHOCTU CUCTEMbBI U J'H/IHI/Iﬁ COOTBCTCTBECHHO PaBHbI
o 100 230 °
X g =l =0,055 W
* 2000 230 2
O _x 0 _ia2.s0.2% g
10(6) e Y R
L 0E " 1E 212

ITockonbky
Ei@=E20 X 10~ 260 U X 30= X 49
* * * * * *
TO HpI/I K?) IOTCHIIMAJIBI C O6CI/IX CTOpOH peaKTopa OJIMHAKOBBI, H03TOMy OH MOXKCT 6])IT]) 3aK0poqu

WM UCKJIIOUEH. DTO YMpOIaeT 3a1a4y Ipeodpa3oBaHus CXeMbL:
)*( 12(6) = )*( 16) * )*( 36) T )*( 10 (6) — )*( 136) = )*( 20) T )*( 46) )*( 116) = 0,5721

Eio X no+f 20X 2o
Eyo=E16 7 £ 26 = =1,
Eao=F 107 F 26 ¥ ot X ne ;

)*( 14(6):)*( 12 (6) //)*( 136) = 0,286 .

ComnporuBiieHHe
Xis@=X 5@+ X 5o+ X 5@ = 0142 -
IIpu s3TOoM
Xirxe=% 140 X 15(6) = M: 0,095
* * * 0,286 + 0,142

E Z(G):E 3(6)//E 4(6):1'
* * *
AHanoruuHble TMpeoOpa3oBaHUs CXEMbl OOpaTHOW MOCIEIOBATENBHOCTH JAIOT X 1y = 0,097 .
.

OreMeHTapHbIe IPeoOpa3oBaHUs CXEMBI HYJIEBOH MOCIEIOBATEIbHOCTH AT
X 3= 0063 -

OKBHUBAJIICHTHBIC PE3YNbTUPYIOIINE CXEMBl 3aMEIIeHHs NpsSMOW, OOpaTHOH ©  HYJIEBOH
TIOCIIEIOBATEIbHOCTEH, TOMyYCHHBIE B PE3yabTaTe NMpeoOpa30oBaHUN PACCMOTPEHHBIX MCXOTHBIX CXEM
3aMeIleHNs, TPEACTABICHBI COOTBETCTBEHHO Ha puc. 3.6, 9, 3.6, e u 3.6, arc.

4. MAPAMETPBI QJIEMEHTOB PACYUETHBIX CXEM
4.1. IlapamMeTpbl, HEOOXOTUMBIE IS PacyeTa TOKOB KOPOTKOI0 3aMbIKAHUS
[TapaMeTpbl pa3TUYHBIX OJIEMEHTOB HCXOAHBIX PACUETHBIX CXEM, KOTOpble B OOLIEM cirydae

HEOOXOIMMEI [T pacueToB TOKOB K3, ykazaHbI HIKE.
4.1.1. CuHXpOHHBIEe MAIIMHBI (T€HEPATOPbI, KOMIIEHCATOPSI, IJIeKTPOABUIATEIN):



MOJIHAsl HOMMHAIbHAs MOINHOCTh S, WIH HOMHHAJIBHAS aKTUBHAS MOIIHOCTE P, U
HOMUHAITEHBINA KO (OUIIMEHT MOITHOCTH COS Qjon;

HOMUHAIIbHOE HapspKeHUE Uy,

CBEPXIIEPEXOHOC UHIYKTUBHOE COITPOTUBIICHHUE 10 ITPOIOIBHOMN OcH )*( " dom)

CBECPXNEPEXOAHOC NTHAYKTUBHOC COITPOTHUBJIICHUEC 110 MTONIEPEUHOU OCHU é’ " q(Hom) )

NEPEXOAHOC UTHAYKTUBHOC COIIPOTUBJICHUE 10 HpOZ[OHLHOﬁ OoCH X 'd(HoM) ;
*

CUHXPOHHOC MHAYKTHBHOEC COITPOTHUBJICHUEC 11O HpOI[OHBHOﬁ ocn X d@om) ;
*

CUHXPOHHOC MHAYKTHBHOEC COITPOTHUBJICHUEC 11O MMOIIEPEUHOU OCHU )*( q(Hom) ;

OTHOILIEHHE KOpoTKoro 3ambikanus OK3;
UHIyKTUBHOE COMPOTHBIICHUE PACCESHHUS OOMOTKHU CTaTopa X
.

o (HOM)

MH/yKTHBHOE CONPOTUBIICHNE OOMOTKH BO3OYXKACHAS X /(0 )
L

MH/yKTHBHOE CONPOTUBIICHAE MPOJIOIBHOIO JEeMIIPEPHOrO KOHTYPA X |0y

"
MHYKTUBHOE COLPOTHBIICHUE MONEPEYHOrO ACMII(YEPHOro KOHTYPA X | o 5

.
MH/IyKTHBHOE ¥ aKTHBHOE CONPOTUBIICHNs] 0OPAaTHOM MOCIE0BATENBHOCTH X 5. M Ry;

.

AKTHBHOE CONPOTHBIIEHUE OOMOTKHU BO30YKAeHHUs (IIpu paboueli Temneparype) Ry,

AKTHBHOE CONPOTHBIIEHUE OOMOTKHU cTaTopa (npu paboueid Temneparype) Ra;

AKTUBHOE COMPOTHBIICHHE MPOJOIBHOIO U TOMEPEYHOro AeMIIepHBIX KOHTYpOB (TpH padoucit
Temrneparype) Rig 1 Ryg;

HePEeXO/IHbIE TIOCTOSIHHBIE BPEMEHH 10 TPOIOIBHON OCH MPU Pa3OMKHYTOH M 3aMKHYTOW HaKOPOTKO
00MOTKe cTaTopa Ty, U T ;

CBEPXIIEPEXOHbIE IIOCTOSHHBIE BPEMEHU IO IPOAOIBHOM OCU IPU PA30MKHYTOM M 3aMKHYTOH
HaKOPOTKO 00OMOTKE cTaTopa 74y U 7 ;

CBEPXIIEPEXOJHbIC IIOCTOSHHBIE BPEMEHM IO IIONEPEYHOW OCH IPU PA3OMKHYTOM U 3aMKHYTOH
HAaKOPOTKO OOMOTKE CTaTopa Tgo U T,

HIOCTOSIHHbIE BPEMEHH 3aTYXaHHUs allepHOJMYEeCKOH COCTABIIAIONIEH TOKa CTaTopa IpH Tpex(dazHoM
1 .
1

u omHodasHoM K3 Ha BeIBogax Mammuel 7,0 1 T,
TIpeeNbHBIH TOK BO3OYkIeHHs Ity
TOK BO3OYK/IEHHs MPH paboTe MANIMHBI C HOMHHATBHON HATPY3KOH lfyon;
TOK BO30YK/IEHUs TP paboTe MANIMHBI B PEKUME XOIOCTOTO XO/Ia C HOMHHABHBIM HATIPS/KEHHEM
Ifx;
K02 GHUIMEHT TIONIE3HOTO IeHCTBHS (171 CHHXPOHHBIX 2JIeKTpOBUTaTeNei) 77;
HANpsKEHHE Ha BBIBOJAX MAIIMHBI, TOK CTAaTopa M KOX(PQHMIMEHT MOIIHOCTH B MOMEHT,

npenmectByronwii K3: UM, 1‘0‘ , COS o o]

4.1.2. ACHHXPOHHBIE 3J1eKTPOABUIaATEeU:

HOMHUHAJIbHAs MOIIHOCTD Pyoy;

HOMUHAIIbHOE HatpspKkeHne Uy

HOMHUHAIBHBIN KO3(D(QUIHUEHT MOIHOCTH COS Pyyoy;

HOMHHAJIBHOE CKOJIBKEHHE Sy

KPaTHOCTb ITyCKOBOT'O TOKA MO OTHOIIEHUIO K HOMUHAJIBHOMY TOKY 1 _ |
.

KpaTHOCTh MaKCUMaJIbHOI'O MOMEHTA IO OTHOIIEHUIO K HOMUHAJIBHOMY MOMCHTY bHOM;
KpaTHOCTH ITYCKOBOI'O MOMEHTA IO OTHOLICHUIO K HOMUHAJIBHOMY MOMEHTY M
*

m?

aKTUBHOE COIIPOTHUBIICHHE OOMOTKH cTaTopa (mipu padodei Temreparype) R,;

K03 PHUIIHEHT TOJIE3HOTO ACHCTBUSA 77;

HaIPsDKEHHE, TOK CTaTopa M KOA((HUIMEHT MOIIHOCTH B MOMEHT, mpemmectByrommii K3: Ulo|»
1‘0‘ , COS (”‘0‘

4.1.3. CuiioBbie TpaHC(hOPMATOPHI U ABTOTPAHC(HOPMATOPHI:



HOMHHAJIBHASI MOIITHOCTD S0y

HOMHHAJIbHBIE HANPsDKEHUS] 0OMOTOK M (akTrieckune Kod(duimenTs! TpanchopMmaryy;

HaINpsDKEHUS] KOPOTKOTO 3aMBIKaHUS MEXKAYy OOMOTKaMHU Ugp.c, Uxp-H, Uxc-n (ZUT IByXOOMOTOYHBIX
TpaHC(OPMATOPOB U,) M UX 3aBUCUMOCTH OT KO3((HIHUEHTOB TpaHCc(hopMannmy;

JMana3oH PETYJUPOBAHMS HAINPSHKCHUS, ONPENEISIONNA HarpsHKeHHEe KOPOTKOTO 3aMBIKaHUS B
yenoBusix K3;

oTepu KOpoTKoro 3ambikaHusi APp.c, APp.p, APy (A5 IByXOOMOTOYHBIX TpaHC(OPMaTOpOB
AP,).

4.1.4. TokoorpaHUYHMBAIOIINE PEAKTOPHI:

HOMHUHAJIbHOE HanpspkeHue U,y

HOMHUHAIBHBIN TOK |00,

HOMHHAJIbHOE WHIIYKTHBHOE COIPOTHBIICHHUE X,

HOMMHAIIbHBIA K03 GuimeHT cBsi3u K, (TONBKO 1Sl CIBOSHHBIX PEaKTOPOB);

HOTepU MOIIHOCTH (Ha (a3y) pu HOMUHAJIBLHOM TOKe AP.

4.1.5. Bo3aymnble TUHAHU dJ1eKTpONepeIavyu:

HOMHHaJIbHOE HarnpspkeHue U,

JUITMHA JTUHMH |;

cedeHue POoBOzia S U KOJIMUECTBO IPOBOAOB B (ase;

yIENbHOE HHIYKTHBHOE COMPOTHUBIICHUE MPSIMOH MOCIIEI0BATELHOCTH Xy}

yIENbHOE HHIYKTHBHOE CONPOTHBIICHUE HYJIEBOH MOCIIEIOBATEIBHOCTH Xp;

yIenbHOE aKTUBHOE COMpPOTHBIIEHHE (NpU padouelt Temnepatype) R;

yIeNbHbIE HHIYKTHBHBIC COMPOTUBIICHUS B3aMMOWHIYKI[MM HYJIEBOM IOCIIEOBATEIBHOCTH OT
JpYTUX JIUHUHA (TIPU HAJIMYUHM HECKOJNBKHUX BO3IYIIHBIX JIMHUNA Ha OHOU Tpacce) Xyo;

yJeNbHAsS EMKOCTHAS TPOBOUMOCTH b.

4.1.6. KaGean:

HOMUHAJIbHOE HanpspkeHue Uy,

JUTMHA KaOenbHOM JInHuY |

CeYeHHe KMIIbI Ka0enst S M YMCII0 napajuielibHO BKIIIOUYEHHBIX KaOesel;

YAGIBHOE MHIYKTUBHOE CONPOTHUBIICHHE NMPSAMOM MOCIEI0BATEILHOCTH X7;

YAGIBHOE MHIYKTUBHOE CONPOTHUBIICHHE HYJICBOW ITOCIIEIOBATENIBHOCTH Xo;

yIeNbHOE aKTUBHOE COMPOTHBIIeHHE (NpU paboueli TemriepaType) R.

4.1.7. ToxonpoBoabl ¥ IIUHONPOBOABI:

YAGIBHOE MHIYKTUBHOE CONPOTHUBIICHHE MPSAMOM IOCIEI0BATEILHOCTH X;

YAGIBHOE HHIYKTUBHOE CONPOTHUBIICHHE HYJICBOH IIOCIIEIOBATEILHOCTH Xo;

yIeNbHOE aKTUBHOE COMPOTHBIIEHHE (IpU padoueii Temrnepatype) R;

JUTHHA.

4.1.8. KaranoxHple IOaHHbIE HEKOTOPBIX JJIEMEHTOB OJJIEKTPUYECKHX CHUCTEM IIPUBEICHHI B
npunoxenusx I1.1 —I1.12.

4.2. MeToauka ornpeaeJeHus oTaeJbHbIX NMapaMeTpoB

4.2.1. CUHXpOHHBIE TeHePATOPbI, KOMIICHCATOPBI U 3JIEKTPOABUTaTe/H
4.2.1.1. B tex cmydasx, KOrja OTCYTCTBYIOT JIaHHbIE O KaKHUX-THOO MapamMerpax CHHXPOHHBIX
MaIlnH, HeoOXOaUMBbIE IS pacdera TokoB K3 ¢ ydeToM mepexoiHbIX MPOLECCOB B MAIIMHAX, 3HAYCHHA
9THX TTApaMETPOB LENECO00PA3HO ONPEAEIATh, HCIONIB3Ys JaHHBIE O JPYTUX MapaMeTpax U W3BECTHBIE
COOTHOIIEHHSI MEX/Ty COOTBETCTBYIOIIMMH ITapaMeTpaMH CHHXPOHHBIX MAIlHH.
4.2.1.2. Ecnu Hen3BeCTHBI HHIYKTUBHOE CONPOTHBIICHUE paccesHUs] OOMOTKH CTaTOpa CHHXPOHHOM
MAIINHBI, & TAKXKE WHIYKTUBHBIE COIPOTUBIIEHUS OOMOTKH BO30YKAECHHS U MIPOJOJIBHOTO AeMII(pepHOro
KOHTypa, TO B TIIEPBOM IPHOMIDKCHUH HMX MOXHO OINPENCINTh, IOJIOKHB, HYTO HWHIYKTHUBHBIC
COTIPOTHBIIEHHS PAcCEesTHUsI OOMOTKH BO30YKJICHHUS M MIPOJOJIFHOTO AEMI(EPHOr0 KOHTYPa OJHHAKOBBI.
[Ipn 3TOM yCIIOBHHM COMPOTHBIEHHE B3aMMOMHIYKIIMM MEKITy OOMOTKOM cTaTopa M KOHTypaMu poTopa
10 MPOJOIBLHON OCH PABHO
(Xg-Xg ) Xy-X§)

X ad ~ (41)

Xy - X4 Xg-X])
Haiinennoe 3HaueHue Xaq MO3BOJISIET ONPEAETUTh X, U Xf, TaK KaK 3T NapaMeTphl CBA3AHBI C Xaq
TIPOCTHIMHA COOTHOIICHUSMHU:
Xo=Xy4-Xu (4.2)

(e}



Xp=—"". (4.3)
Xg - Xy
4.2.1.3. Ecnu akTHUBHBIE CONPOTHBIIEHHS OOMOTOK CTaTOpa M BO30YXK/ICHUS! CHHXPOHHOHW MAaIlIMHBI
JaHel MPU TeMIlepaTtype, OTIUYHOM OT paboueil, To mpu pacuere TokoB K3 3TH compoTHBIEHHA
TIPEBAPUTENIHLHO CIEAyeT NMPUBECTH K paboueld TemrepaType (OOBIYHO ATy TeMIlepaTypy HMpUHHMAIOT
paBHoii 75 °C), ucronb3ys BeIpaKeHUE

235 + 9,
Ry p Ry, ) (44)
235 + 9,
rae 9, - pabouas TemnepaTypa 0OMOTKY;
9 - TemmepaTypa, Ipu KOTOPOH JaHO COMPOTHBIICHHE 0OMOTKH (00bI4HO 3y = 15 °C).
4.2.1.4. B cydae OTCYTCTBHS JaHHBIX 00 aKTHBHOM COITPOTHBIIEHUH OOMOTKH CTATOpa CHHXPOHHOM
MAalllMHBl 3TO CONPOTHBJIEHHE B OTHOCHTENBHBIX CJUHHUIAX MPU HOMHUHAJIBHBIX YCIOBHSX CIIEIyeT
onpeeNsiTh Mo Gopmyre

X 2 (Hom)
15 a(uom) — T ' (45)
a
e X 2 (som) — COIIPpOTHUBJICHUE 06paTHOI71 ocJICA0OBATCIIBHOCTU CHHXpOHHOﬁ MallIuHbl B
*

OTHOCUTEIIbHBIX €AUHHNIIAX IIPU HOMUHAJIBHBIX YCIIOBUAX]

7® — mHocTosHHAas BpeMeHM 3aTyXaHHsS ANePHOAMYECKON COCTaBIANOMmEH TOKa MpH
tpexdaznom K3 Ha BbIBOIaX MAIUHEL, C.
4.2.1.5. Tlpu pacuyere TokoB K3 ¢ yd4eroM mepexoJHBIX IPOLECCOB B CHHXPOHHOW MallWHE
AKTHBHOE COIPOTHUBIIEHHE OOMOTKH BO30OYXICHHS ClelyeT NpPUBOAUTH K OOMOTKE CTaTopa.
[IpuBeneHHOE COMPOTUBIIEHWE B OTHOCHUTENBHBIX EIUHUIAX TP HOMUHAJIBHBIX YCIOBHSX MAalIHHBI

PEKOMEH/IyeTCsl ONPEeeNsTh 1o (hopMyrie
X 22
1
ad &
R ooy = Re| —— , (4.6)
* oxkz X d S

HOM

rae l - TOK BO3OYXIEHHS MaIlMHBI IPH ee paboTe B PeXHME XOJIOCTOrO XOfa ¢ HOMHMHAJIbHBIM

HaTpsDKEHUEM, KA
Shom - HOMHHAJIbHAS MOIIHOCTD MaIluHbI (mosiHast), MB-A.

4.2.2. ACHHXPOHHBIE 3JIeKTPOABUTraTe !

4.2.2.1. CepxrepexoJHOe UHIYKTUBHOE COIMPOTHUBIICHHE ¥ WHIYKTUBHOE COIPOTHBIICHUE 00paTHOM
MIOCTIEA0BATENEHOCTH ACHHXPOHHBIX OJIEKTPOIBHIaTeNel HampspkeHueM cBeiie 1 kB nomyckaercs
NPUHAMATh PaBHBIM HHIYKTUBHOM COCTABJIAIOIICH CONPOTUBIICHUS KOPOTKOTO 3aMBIKAHUS |
OTpeieNIsATh Mo GopmyIie

1
X* ! (Hom) ~ )*( 2 (HOM) T (47)

i
s

rac [ , - KpaTHOCTb ITYCKOBOI'O TOKa J3JICKTPOABUIATCNS IO OTHOIICHHIO K €ro HOMHHAJIBHOMY
*

TOKY.
4.2.2.2. Tlpu OTCyTCTBUM JaHHBIX OO0 AaKTUBHOM CONPOTHBICHHUHM CTaTOpa ACHHXPOHHBIX
SIIEKTPOIBUTATEIICH 3TO COMPOTHBIICHUE IOIYCKACTCS OLPEACITE O (hopmyIie

N

R a (Hom) = 112)0(;4 1 (48)

TI€ Syom - HOMHHAJIBHOE CKOJIBXKEHHE 3JIEKTPOBUTATENs, %0.

4.2.2.3. Tlapamerpsi T-00pa3HOl  HSKBUBAJICHTHOW CXEMBI  3aMEIICHUS  ACHMHXPOHHBIX
aNeKTpoaBHUTATENeH ¢ (pa3HBIM POTOPOM U C MPOCTOH OemMubeil KIETKOW Ha POTOpe IOMYyCTUMO
OTPENeIIATh, UCTIONB3YS U3JIOKEHHYIO HIKE METOIHKY.

1. Ompenenute mpuOMMKeHHOe 3HaueHHe Kod(h¢ummenta C) XapaKTepU3YIOIIETO COOTHOIICHUE
MEXIy CONPOTHBIIEHHEM pAacCCesHNS OOMOTKH CTaTOpa X513 M MHIYKTUBHBIM COMPOTHBICHHEM BETBHU
HaMarHu4MBanus X, o gopmyie



, (4.9)

TI€ Syon - HOMMHAJILHOE CKOJIBKCHHUE DJICKTPOJABUTATEIIA,
bHOM - KpaTHOCTb MAaKCUMaJIbHOI'O MOMCHTA I10 OTHOWICHWIO K HOMHUHAJIBbHOMY MOMCHTY
QJICKTPOABUIATCIIA.
2. HpI/IHHTB AKTHUBHOC COITPOTHUBJICHUEC BETBU HAMAarHM4nBaHUA Rp_ PaBHBIM HYIIIO.
3. OHpeI[eJ'II/ITB WHAYKTUBHOEC COITPOTHUBJIICHUEC BETBU HAMAarHM4nBaHUA
1

)*( W (How) = . (4.10)
cos ¢ )
Cy|sin @ o — —_—
2
bllOM + bllOM - 1
4. OnpenenuTh HHAYKTUBHOE COMPOTHUBIICHHE PACCESTHUST OOMOTKH CTaTopa
)*( ol(Hom) — (Cl -1 )5 1 (HOM) (411)
5. HaiiTu MHIYKTHBHOE CONPOTUBIICHUE pacCcesiHUs OOMOTKHU pOTOpPa, UCTIONB3Ys GopMyity
1-% X o 1(nom)
HOM *
X o 2(1oM) B - . (412)
* 2C [ byoy €OS @ o0 Cr

6. OnpeneInTh aKTUBHOE COITPOTHUBJICHHE OOMOTKH POTOpa

2
S Hom (lisnoM )(bHOM + bHOM -1

f 2(mom) . (413)

2
2Cl buom COS D yom

4.2.3. CuiioBble TpaHCc(OPMATOPHI U ABTOTPaHC(HOPMATOPHI

4.2.3.1. Cxema 3aMmelleHHs TPeXOOMOTOUHOro TpaHcopmMaTopa H aBTOTpaHc(opMaTopa,
UMEIOIIEro OOMOTKY HH3IIEro HampsDKEHHUs, MPEJCTaBisieT coOOM TpexiydeByro 3Be3my (Tadm. 4.1).
VHOyKTHBHBIE CONPOTHBIICHUS €€ BETBEH B OTHOCHUTENIBHBIX €JWHMIAX NPH HOMHMHAJBHBIX YCIOBHAX
3TOr0 TpaHC(HOpMaTOpa COOTBETCTBEHHO PaBHBI:

h

kB
X B(Hom) = 0,005 (uKB—H T U _c _uKC—H)’l
100 |
uKB L
X Cuowy = o0 0,005 (u g ¢ + ey — uKB_H);l (4.14)
- |
X Heow) = 100 =0,005 (uyg _y +u_py _“KB—C)’J

1€ Ugp-H, Ugp-c, Uxc-n - HAIPSDKEHHST KOPOTKOTO 3aMBIKAHUS COOTBETCTBYIOIIMX ITap 0OMOTOK, %.
4.2.3.2. CxeMa 3amelleHHsl JIBYXOOMOTOYHOIO TpaHC(opMaropa, y KOTOPOro oOMOTKA HU3IIETO
HATPSDKEHUS pacllielyIeHa Ha JIBe BETBH, TAK)KE MPENCTaBIsIeT cO00M TpexiiydeByro 3Be3y (Tadi. 4.1).
VHOyKTHBHBIE CONPOTHBIIEHUS €€ BETBEH B OTHOCHUTENBHBIX €JWHHIAX NPH HOMHHAJBHBIX YCIOBHSAX
clieZlyeT onpenensiTh o hopMynam
)f Bauow) = 001(u,g g = 0.25u g gy ﬁl

(4.15)
)*( H(uom) — )*( H2(wom) — 0,005 1) _p2 > J

rae Ug.n - HampsokeHHe K3 Mexay OOMOTKOW BBICIIETO HANPSDKEHHS U NApAJUICNIBHO
COEIMHEHHBIMH BETBSIMU OOMOTKH HU3ILIEr0 HANPSKEHUS,
Ugni-n2 - Hampspkerne K3 Mexay BeTBIMH OOMOTKM HH3IIETO HAIPsDKEHHS (M3MepseTcs Ipu
Pa30MKHYTOH 0OMOTKE BBICIIIETO HATIPSKCHUS).
Ilpu orcyrctBuM JgaHHBIX O HanpsokeHUH K3 Uggy  JOmyckaeTcss Ui Tpex(asHbIX
TparchopMaTOpOB MPUHUMATH
=0,00125 u

e

B(rom) B -H >

(4.16)

.

Hl(om) — )*( Hoowy = 00175 u g g J



Ta6mmna 4.1

CxeMbl 3aMenieHHs TPaHCGOPMATOPOB, AaBTOTPAHC(OPMATOPOB
H CABOCHHBIX PEAKTOPOB

HaumenoBanue

Hcxongnas cxema

Cxema 3aMeleHust

PacuetHrie BbIPpAKCHUA

TpexoOMOTOUHBIH
TpaHchopMaTop

XB
Xu

X = 0,005(Ugg-1 + Ugs-c = Uec)
XC = O,OOS(UKB-C + Ukc-H - UKB-H)
Xy = 0,005(Uyp 11+ Ugcpt = Ug-c)

ABTOTpaHC(hOpPMATOp

XB
Xy

X = 0,005(Ugg1 + Ugs-c - Uecs)
XC = O,OOS(UKB»C + UKC-H - UKB-H)
Xy = 0,005(Uyp 11+ Ugcpt = Ug-c)

JIByXO0OMOTOYHBII
TpaHchopmarTop ¢
0OMOTKOM HH3IIIETO

Xg = 0,01(Ug-11 - 0,25U11-112)
Xui = Xz = 0,005U11-m2

XC
XC
Xy
X
&lﬂ
K

HATPSOKSHUS,
paclilenjaeHHoH Ha
IIBE BETBU &n
JIByXO0OMOTOYHBII B B ( T, )
TpanchopmaTop ¢ Xp =001 \” B -H o
0OMOTKOI HH3IIIETO
HANPSKEHNUS, Koot = Xz = o0 = Ko =
. = 0,005U,x1 -Hn
pacILEenIeHHOM X,
Ha N BeTBeH
H H Hn
ABTOTpaHC(hOpMaTOP
¢ 0OMOTKOI1 HU3IIIEro) X = 0,005(Ug-c + Ut = Uec-)
HAIPSDKEHHUS, Xc = 0,005(Ugg-c + Uxcon = Ugs-n)
pacluenienHoi Ha Xu = 0,005(Up-1+ Ugch = U-c)
ZIBE BETBU Xui = Xz = 0,005U441-m2
XH = XH - O,OOZSUKHl.Hz
ABTOTpaHC(hOpMaTOP
¢ 0OMOTKO} HU3IIETO Xg = 0,005(Ugg-1 + Ug-c = Ugc-)
HAIPSDKCHHUS, Xc = 0,005(Ugg-c + Uxcn = Ug-n)
pacluenienHoi Ha J Xi = 0,005(Up-1+ Ugch = Us-c)
BeTBeil Xut = Xz = oo = Xpn =
= O,OOSUKHl.Hn
X = X, - 0,01 sl -t
2n
CIBOGHHEIHN peakTop X = - KXy

Xl = Xz = (1 + KCB)Xp

4.2.3.3. CxeMa 3aMmelleHHsl JIBYXOOMOTOYHOrO TpaHcopMaropa, y KOTOPOro oOMOTKA HHU3IIETO
HANpsUKEHUS pacileruieHa Ha N BeTBeit, mpezactasiser coboit (N + 1)-mydeByro 3Besny (tabm. 4.1).
VHOyKTHBHBIE CONMPOTHBIICHUS €€ BETBEH B OTHOCHUTENBHBIX SJHHHIAX IPH HOMHHAJBHBIX YCIOBHSX




TpaHchopMaTopa CIemyeT ONPeelaTh Mo GpopMyTam
“H1 -H2 ) |
on ) L

Hn(som) — 0,005 U kH1 —Hn >

X B(nom) :O‘Ol(ukaH -
: (4.17)

X
*

Hl(om) — /f H2(wom) — = = /}:

rae Uggpn - HanpsbkeHue K3, msmepenHoe Mexnay BeiBomamu H; m H, oOMOTKM HH3IIETO
HanpspKeHus (TIPU Pa30MKHYTOH 0OMOTKE BBICIIETO HATIPSKECHHS ).

4.2.3.4. Cxema 3amelieHus aBTOTpaHc(opMaropa, y KOTOPOro OOMOTKa HU3IIEr0 HaIpsHKEHHS
paciuerieHa Ha JIBeé BETBH, OTIMYAeTcss OT CXeMbl 3aMelleHHs aBToTpaHchopmaropa ¢
HepacUIeTUIeHHOH OOMOTKOM HHM3IIEro HaNpsDKEHHs TEM, YTO BMECTO CONPOTHBICHUS Xy COAEPKHT
Tpexiy4deByto 3Be31y ¢ BeTBIMU X'y, Xy B Xy (Tabm. 4.1). HIyKTUBHBIE CONPOTHUBIICHHUS DJIEMEHTOB
CXeMBl B OTHOCHTEJBbHBIX E€IUHUIAX NPH HOMHHAIBHBIX YCIOBHSIX aBTOTpaHc(hopMaTopa CieayeT
onpeenaTs no GopMmynam

)*( B(HoM) = 0,005 (uKB—C TUp_-H T Uk -H )’]l
)*( C(1om) ZO’OOS(MKB—C U -H ~UkB-H )’|
| (4.18)
’f Hl(som) — ’f H2gowy = 0,005 4 qqy _pyp 3 |
|
/\: ' H(som) — ‘/}/ H(mom) 0,0025 u kH1 -H2 > J

rae )*( H(rom) =0,005(u g g tue g —Up_c/)-

4.2.3.5. Cxema 3amenieHusi aBTOTpaHc(opMaropa, y KOTOPOro OOMOTKa HU3IIEro HarpsyKEHHs
pacIeryieHa Ha N BETBEH, OTJIMYACTCS OT CXEMbI 3aMEIIICHHsI aBTOTpaHc(hopMaTopa ¢ HepacIIeIUICHHOM
OOMOTKOW HH3IIEr0 HAMPSDKEHUST TEM, YTO BMECTO COMPOTHBICHHS Xy comepkutr (N + 1)-mydeByro
3Be3y C BeTBIMU X'y, Xy ... Xpyn (Ta0n. 4.1). MHAYKTHBHBIE CONPOTHBIICHUS DJIEMEHTOB CXEMBI B
OTHOCHUTEINBHBIX €IMHUIAX P HOMHUHAJIBHBIX YCIOBHSX aBTOTpaHC(hOpMaTOpa CIeayeT ONpeAeNsiTh 1o

dbopmynam

X B(uowm) =0,005(ug_c+tug_ g —Ugc_g ) ]|
)*( Ciowy = 0,005 (uyg ¢ + ey —Ug_pg ) IL
4.19
’}/ Hl(som) = /}/ H2(mom) ~ = = )*( Hn(aom) — 0,005 U kH1 —Hn ;l ( )
|
, “xHI —Hn
X H(uom) ~— X H(mom) — 0,01 > J
* * 2n

rae )*( H(som) =0,005(u g g tue g —Up_c/)-

4.2.3.6. CymmapHOe aKTHBHOE CONPOTHUBIIEHHE 00enX 0OMOTOK JBYXOOMOTOYHOr0 TpaHchopmaropa
B OTHOCHTEJBHBIX CAMHHLAX IPH HOMHHAIBHBIX YCJIOBHSX OTOro TpaHchopmaTopa CIEAyeT
OMpeIeNsATh Mo GopmyIie
AP 10"

If (Hom) — ’

N

HOM

(4.20)

rae APy - ToTepU KOPOTKOrO 3aMbIKaHUs, KBT;
Sion - HOMHHAJIbHASI MOIIHOCTh TpanchopmaTopa, MB-A.
4.2.3.7. AKTHBHBIC CONPOTUBIICHHS OT/ACIHHBIX OOMOTOK TPEXOOMOTOUHBIX TPaHC(HOPMATOPOB U
BETBEH CXeMBbl 3aMElICHUs aBTOTPaHC(HOPMATOPOB, MMEIOMIMX OOMOTKY HH3ILETO HANpsDKEHHS, B

OTHOCUTENBHBIX  €IMHHUIAX T[PU  HOMHUHAIBHBIX  YCIOBHSAX  3TUX  TpaHCHOPMATOPOB U
aBTOTPaHC(POPMATOPOB CIIELYET ONPENEIATH 110 PopMyIaM
0510 |
R Bow) (APg ¢ +APg y — APy )il
* N HOM I
0510 > L
’f C(uom) (APg _c + AP _y —APg _y ) (4.21)
S HOM |
_ |
05107 |

H(unom)

+

HOM

(APg _yg + AP _g — APy _ )

)



Ilpumeuanue. Ecmm mnst TpexoOMOTOUHOro TpaHc(hopMaTopa WIM aBTOTpaHCHOpMATOpa, HMEIOIIETo
O0OMOTKY HM3IIETO HANPSOKEHHs, U3BECTHO TOJBKO 3HaueHune AP, s Kakod-mubo OJHOM mapbl OOMOTOK, TO
nonyctumo 1o Qopmyie (4.20) ompenenuTs CyMMapHOE aKTUBHOE COIMPOTHUBICHHWE COOTBETCTBYIOIICH Maphbl
00MOTOK, HaiiTi oTHOIEHHE X/R 3THX 0OMOTOK M MPUHSATH JUIS BCEX 0OMOTOK OTHOIIEHHE X/R OJIMHAKOBBIM.

4.2.4. TokoorpaHUYMBaKOLIME PEAKTOPHI
4.2.4.1. Cxema 3aMeIleHUS CIBOCHHOI'O TOKOOTPAaHMYHBAIOIIETO PeaKkTopa MpeACTaBisieT cOoOOM
TpexiydeByto 3Be3ay (Tabu. 4.1). MHAyKTHBHOE CONPOTHBIIEHHE JIyda CO CTOPOHBI CPEIHEro 3a’KMMa
(T.€. 3aKMMa, 0OpaNIEHHOTO B CTOPOHY HCTOYHHKA YHEPTHH) CIIEIyeT ONpeneNsiTh N0 Gpopmyrie
X =-KguX,, (4.22)
rre K., - Koo puIeHT CBsI3M MEXIY BETBSIMU PEAKTOPa;
X, - HOMHHAJIbHOE UHIYKTHBHOE CONMPOTUBIIEHNE PEAKTOpa (T.€. CONPOTHBIIEHHE OIHON BETBU
peakTopa npu OTCYTCTBHU TOKA B APYTOM BETBH).
WHIyKTHBHBIE COITPOTUBIICHHUS ABYX JPYIUX JIyded CXeMbl 3aMEIleHHUs] OJTMHAKOBBI U ONPEIEISIOTCS
o opmyiie
X =X, =(1+K, )X, . (4.23)

4.2.4.2. AxtuBHOE compoTHBiicHHE (a3bl OMUHAPHOTO peakTopa, OM, clieayeT OMPEeaeNiiTh IO
bopmye

0’ (4.24)

rae AP - HOMUHAJIBHBIE TOTEPH MOLIHOCTHY Ha (ha3y peakropa, KBT;
lom - HOMUHAJILHBIN TOK peakTopa, A.
AKTHBHOE CONpPOTHBIIEHHE Ka)/I0W BETBU CIBOECHHOIO peakropa, OM, ciexyer omnpenensiTh Mo
bopmyie
AP
R=—10", (4.25)
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HOM

4.2.5. BozayumiHble TUHMH 3JIeKTponepe ayn

4.2.5.1. 3HaveHHs YHENHHOTO WHIYKTUBHOTO COIPOTUBIICHHS NPSMOM MOCIEIOBATEIBHOCTH |
YIENBbHOTO AKTUBHOTO CONPOTHUBJICHHUS BO3AYLIHBIX JIMHUHI CleAyeT NPUHUMAaTh IO CIIPABOYHBIM
TabIMIaM, MCXOAS M3 MaTepualla W CEYEHHS IPOBOAOB M CPEIHEr0 I'eOMETPUYECKOTO PACCTOSHUS
Mexny ¢azamu. Ilpu OTCyTCTBHM CBEIECHHI O CpeIHEM I'€OMETPUUYECKOM PACCTOSHUM Mexay (da3zamu
yACIBHOE HWHAYKTHBHOE CONPOTHUBIICHHE NPSIMON IIOCIENOBATEIBLHOCTH MOXKET OBITh ONPENEIeHO
npubmmkenno no tadn. I1.10 u I1.11, xoTopble COCTAaBIEHBI JUIS YCPEOHEHHBIX 3HAYCHHH CPEIHETO
TeOMETPHYECKOTO PaCCTOSHUSA MEXKAY (pazaMH.

Ecnum  OTCYTCTBYIOT JaHHBIE O CEYEHHAX IIPOBOAOB, JOMYCTUMO YAENbHOE WHIYKTUBHOE
CONPOTHBJIEHHE MPSAMOH II0CIEA0BATENBHOCTH BO3AYLIHBIX JIMHMN HampsbkeHneM 1po0 220 xB
npuHuMaTh paBHbIM 0,4 Om/kmM, nunuit HanpspbkeHueMm 330 kB - paBHeiM 0,325 Om/kM U JTUHUI
HanpsokenueM 500 kB - paBabiM 0,307 Om/kM.

4.2.5.2. VIHAYKTUBHOE COIPOTUBIICHWE HYJIEBOH MOCIENOBATEIBHOCTH BO3AYLIHOW JIHHUH
9JIEKTPOIIEPEeAaUYn 3aBHCHT OT CEYEHHS IPOBOAOB, PACCTOSHHMH Mexnay (azamu, HaIUuusg WIH
OTCYTCTBUSI 3a3€MJICHHBIX TPOCOB U APYTUX JIMHUH, IPOJIOKEHHBIX 10 TOH )K€ Tpacce, 1 MHOTUX APYTUX
¢axTopoB. ITosToMy €ro ciexyer onpenensaTh PaCUETHBIM ITyTEM.

4.253. Jlns oOnmHOIENHOW BO3IYIIHOW JMHAK 0€3 3a3eMJICHHBIX TPOCOB HHIYKTHBHOE
COIIPOTHBJIEHHE HYJEBOH MOCIe0BaTeIbHOCTH, OM/KM, ClIeqyeT OonpeneiaTs no Gopmye

D,
X, =04351g ——, (4.26)
R
rae D, = 935 M - skBuBaneHTHas TIIyOMHA BO3BpATa TOKA Yepe3 3eMITIO;

Rep - cpeHuii reOMETpUHECKHH Paalyc CUCTEMBI TPEX NPOBOOB JIMHUH, ONPEIENIeMbIi

o hopmyie
2
Ry =\ RyDg (4.27)

rae R.c - OSKBUBaJEHTHBIH paauyc NPOBOJAA, YUYMUTHIBAIOIIMK HaJIWYHEe B PEATbHOM IIPOBOJIE
BHYTPEHHEr0o MarHUTHOro noiisi. OH MeHblIe JeHCTBHTENBFHOrO pajuyca mpoBoia R:
JUIsS  CIUIOIIHBIX MPOBOIOB M3 HeMarHuTHoro warepuana R, = 0,779R, mns
CTaJIeaTIOMHUHNEBBIX TIPOBOJIOB € AByMs-TpeMs noBuBamu R, = 0,82R;



Dy, =+/DagDpc Dy - CPEAHEE FEOMETPHIECKOE PACCTOSHHE MEX Iy IpoBosamu pas 4, B, C.

Ecnmu BO3mymiHAas TWHHS WMeEET pachieiuieHHBbIE a3k, To B ¢opmyny (4.27) Bmecto R,
HEOOXOJMIMO BBOJIUTH CPEAHUN TECOMETPUYCCKUA paJMyC CHCTEMBI TPOBOJOB OJHOM  (a3sl,
OIpeIeTIAeMEIH 10 hopMmyIie

e N - 9YUCIIo POBOJOB B da3se;
d¢p - CpelHee reoMeTPUIECKOe PACCTOSHUE MEXTY IIPOBOIAMH OIHOI (a3l
4.2.5.4. VHpyKTMBHOE CONPOTHBIICHUE HYJIEBOW IIOCIIENOBATEIBHOCTA OJHOLEITHON BO3IYIIHOH
JIMHUH C OTHUM WJT HECKOJIBKMMH 3a3€MJICHHBIMHU TPOCAMH MOXKET OBITh OIPEAENIEHO 1o (hopMyIie
2

X oy, Xom (4.28)
X TO
rae Xo - MHAYKTHBHOE COMPOTHUBIICHHE HYJICBON MOCIENIOBATEILHOCTH 3TOM JIMHUK 0e3 ydeTa Tpoca
(cucTeMbl TPOCOR), onpenensemoe 1o Gopmysie (4.26);
X0 - MHIYKTHBHOE COMPOTHBJIEHHE B3aUMOMHIYKI[MU HYJIEBOW IOCIENOBATEILHOCTH MEXIY
TPOCOM (CHCTEMOI TPOCOB) M MPOBOJAAMH JIMHUH;
Xto - MHAYKTUBHOE COMPOTHBIICHHE HYJIEBOI MOCIEA0BATENLHOCTH Tpoca (CHCTEMbI TPOCOB).
WHIyKTUBHOE COMPOTHUBIIEHHE B3aMMOUHIYKIIMK HYJIEBOW IOCIEN0BATEABHOCTH Xprg, OM/KM,
onpezensieTcs mno Gpopmyie

D
X g = 0,435 1g ——, (4.29)

D T
rae Dpr - cpeiHee reoMeTpuyueckoe pacCTOSHUE MEXKAY MPOBOAAMH JIMHUU U TPOCOM (CHUCTEMOM

TPOCOB):
IPY OIHOM TPOCE, HAXOAAIMIEMCs OT (ha3HBIX MPOBOIOB HA PACCTOSHHUSIX COOTBETCTBEHHO Dat, Dpr,

Dcr, 3TO paccrosiHue paBHO
— 3[ .
DHT7 DATDBTDCTY

npu aByx Tpocax (71 u 72)

_6
DHT 7\/DAT1DAT2 DBTIDBTZ DCTI DCTZ

WHIyKTHBHOE COMPOTUBIICHHWE HYJIEBOW MOCIeNOBaTeIbHOCTH X9, OM/KM, TIpH OJHOM TpoOce
onpezensiercs 1o popmyse

D
X =04351g ——, (4.30)
R IK.T
rae Ry, - SKBUBaJICHTHBIN pajiyc Tpoca.
IIpu aByX Tpocax, HAXOMAILIUXCS IPYr OT Ipyra Ha paccTosHuH D,, HHIYKTUBHOE CONPOTHBIICHHE

X0, OM/KM, ompeziensiercst o GpopMyiie

D,
X =0,435 ——, (4.31)
R cp.T
rae R - peaxnii reoMeTpHYecKuii paguyc CHCTEMBI ABYX TPOCOB, OIpeensieMblii o Gopmyie

R =4/R D

cp.T IK.T T

4.2.5.5. VHAyKTUBHOE CONPOTHBICHHE HYJCBOM IIOCIENOBATEIBHOCTH OIHOW M3  JIBYX
TapaJyIeTbHBIX LeTel, COeqMHEHHBIX M0 KOHIAaM, pu BHemHeM K3 coctasisier
Xo=Xo+ X110 (4.32)
rae Xy - WHAYKTHBHOE CONPOTHBIICHWE HYIIEBOW IIOCIENOBATEIFHOCTH OMHOH Iermu 0e3 ydera
Jpyroii, onpesessemoe mo ¢popmyse (4.26);
X0 - MHIYKTUBHOE COIPOTHBIICHWE B3aUMOHMHAYKIIMH HYJIEBOH ITOCIEI0BATEIHHOCTH OJHOU
LIETNH OT APYToi, onpexaersieMoe mo dpopmyne (3.20).
4.2.5.6. IHZyKTHBHOE CONPOTHBIICHUE HYJIEBOM MOCIEIOBATEIFHOCTH OJHON U3 JBYX OAWHAKOBBIX
TapaJIeTbHBIX ETIeH, MMEIONINX 3a3eMJICHHBIE TPOCHI M COSIMHEHHBIX 10 KOHIAM, mpu BHemHeM K3

COCTaBIISET
2
X
(D 1710
X' =Xg+ Xy —2—!, (4.33)
TO
rac XHTO - MHAYKTHBHOC CONPOTHUBJICHUC B3aNMMOWHAYKIINHU HyJ'IeBOﬁ MOCJICAOBATCIIBHOCTH MCKIY



CHCTEMO# TPOCOB M MPOBOJAMHY KXKIOH U3 Iienel, onpeaenseMoe mo dpopmyre (4.29);
X1o - WHIYKTUBHOE COMPOTHBIICHWE HYJEBOH IIOCIEIOBATECIBHOCTH CHUCTEMBI TPOCOB. ITO
CONPOTHUBIICHUE MIPH JABYX TPOCaX ompenesercs mo gpopmyne (4.31).
4.2.5.7. Tlpun mpuOIIMKEHHBIX pacdyeTaX TOKOB HECHMMETpHYHBIX K3 momyckaercs HCHONb30BaTh
JTAHHBIC O CPEIHUX 3HAYCHUSIX OTHOIICHWHA COMPOTHBIICHUHA HYJICBON M MPSIMOU TOCIECIOBATEIIEHOCTEH
BO3JIYIIHBIX JTUHUH 3JICKTpOIIepeiadun, IPUBEACHHEBIC B Ta0. 4.2.

Ta6numa 4.2

Cpennue 3HaYeHUs1 OTHOIEHUsT Xo/X; VISl BO3MYINHBIX JUHUT 3JIeKTponepeadn

XapakTepycTHKa JIUHUU Xo/X1
OnHouenHast TUHUS 0€3 3a3eMJICHHBIX TPOCOB 3,5
To xe, co CTaTbHBIMH 3a3EMJICHHBIMHU TPOCAMH 3,0
To ke, ¢ 3a3eMJIEGHHBIMH TPOCAMU U3 XOPOIIONPOBOISIINX MaTEPHUAJIOB 2,0
JByxuernHas uHus 0€3 3a3eMIJICHHBIX TPOCOB 55
To ke, CO CTAIbHBIMU 3a3€MJIEHHBIMH TPOCaAMU 4,7
To e, ¢ 3a3eMIIEHHBIMU TPOCAMH U3 XOPOIIOMPOBO/IAIINX MATEPUATIOBR 3,0

4.2.6. Kadesmn
CormpoTuBiieHHEe HYJIEBOM TOCIEIOBATEIFHOCTH Kadesied 3aBHCHT OT XapakTepa HMX HPOKIAJIKH,
HaJIMYMsL WA OTCYTCTBUSI MPOBOJSIICH 00O0JIOUKH, COMPOTUBIICHUS 3a3€MIICHUH MTPOBOJISIIEH 000I0UKH
(eciim ona umeercs) 1 Apyrux ¢axropos. [Ipu mpubIMKEHHBIX pacyeTax TOKOB HeCUMMETpUUHbIX K3
JIOIyCTUMO TIPUHUMATH
Xy =(35+45)X, H Ry =10R, .

5. PACYHET TOKOB KOPOTKHX 3AMBIKAHU B DJJEKTPOYCTAHOBKAX
INEPEMEHHOI'O TOKA HAITIPAI’)KEHHUEM CBBIIIE 1 KB

5.1. IlpuanMaeMble 10NyIIEHUSA

5.1.1. IIpu pacyeTax TOKOB KOPOTKOI'0 3aMbIKaHHS OIMyCKAETCS

1) He yuntbiBath caur no ¢aze DJ{C pa3nuyHbIX CUHXPOHHBIX MaIlMH U U3MEHEHHE UX YacCTOThI
BpallleHHs1, ecH npopokurensHocTh K3 He mpebimaert 0,5 c;

2) He y4HTHIBaTh MEXKCHCTEMHBIC CBSI3H, BBIMOJHEHHBIE C ITOMOIIBIO IEKTPOIepeaayn (BCTaBKN)
IIOCTOSIHHOTO TOKa;

3) He yYHUTHIBAaTH MOMEPEYHYIO0 €MKOCTh BO3AYIIHBIX JMHUH 3JIeKTpornepenadn HanpspkeHueMm 110-
220 B, ecou ux mnmuHa He mpeBbimaer 200 kM, u Hampspkenuem 330-500 kB, ecnu ux mimHa He
npesbimaet 150 kum;

4) He y4nTHIBaTh HACBIIIEHUE MAarHUTHBIX CUCTEM DJICKTPUUYECKUX MAIIIVH;

5) He yYUTHIBAaTh TOK HAMAarHMYHMBaHUS TPAaHC(POPMATOPOB M aBTOTPAHCHOPMATOPOB;

6) HEe YyUUTHIBAThH BIMSHHUE AKTHBHBIX CONPOTUBIICHHUI PA3IUYHBIX JIEMEHTOB MCXOIHOW pacueTHON
CXEMbl Ha aMIUIMTYLy INEPUOAMYECKOM cocraBistomeil Toka K3, ecnmu akTWBHas COCTaBIIAIONIAs
PE3YIBTHPYIOLIETO SKBUBAJIEHTHOTO CONPOTHBIIEHUSI PAaCUETHOM CXEMBI OTHOCHTENBHO Touku K3 He
npessimaer 30 % OT HMHAYKTHBHOW  COCTABJLIIOUIEH  PE3YABTUPYIOIIETO  3KBHBAJIEHTHOTO
COTPOTHBIICHHS;

7) npuOIIDKEHHO YIUTHIBATH 3aTyXaHUE allepHOANIECKOi cocTaBistromeit Toka K3, ecnu ncxomsast
pacdeTHas cxeMa COIEPKUT HECKOIBKO He3aBHCUMBIX KOHTYPOB (cM. 1I. 5.3);

8) mpuONMKEHHO YIUTHIBATH JIEKTPOIPUEMHHUKH, COCPEJOTOUCHHBIC B OTJEIBHBIX Y3/1aX HCXOJHON
pacYeTHO cXeMHI (cM. 1. 5.7);

9) mpuHUMATh YUCIECHHO PAaBHBIMH aKTHBHOE CONPOTHBIICHHUE U CONMPOTHUBIICHHE TIOCTOSIHHOMY TOKY
TO00T0 AIIEMEHTa UCXOJHON PaCUeTHON CXEMBI.

5.1.2. HaubGonee ynmaneHHyr0 OT pacyeTHOW Toukd K3 4acTh 3JIEKTPOIHEPreTHYSCKON CHCTEMBI
JIOITYCKAaETCsI MPE/ICTABIITh B BH/E OJHOIO MCTOUYHHMKA 3HEPIHH ¢ Hem3MeHHoH mo ammumuryne D/C u
PE3YIBTHPYIOLIMM SKBUBAJICHTHBIM HHAYKTUBHBIM corpoTuBieHneM. DJ]C 3TOro McToyHMKa ciemsyer
MPUHUMATh PAaBHOM CpeJHeMy HOMHHAJIBHOMY HAMNpSDHKCHWIO ceTH (cM. 1. 3.2.5), cBs3BIBaromiei
YOAJCHHYI0O M OCTAJbHYI0 YacTH 3JEKTPOIHEPIeTHUECKOH CHUCTEMBI, a €ro pe3yJlbTHPYIOIee



SKBUBAJICHTHOE CONPOTHBIICHUE X, OMPENENsTh, NCXO/S U3 U3BECTHOTO TOKA |, OT SKBHBAJICHTHPYEMOI
yacty cucteMbl ipu K3 B Kakoi-HUOYIb Y37I0BOH TOUKE yKa3aHHOM CETH:

U
Cp.HOM
X, =—F—. (5.2)
N2
Ecimu ans aTOi cetw B KayecTBe 0OA3MCHOTO HAMPSHKCHUS MPHHATO COOTBETCTBYIOIEE CPEIHEE
HOMHHAJILHOE HAIPSDKEHUE, TO

1
)*( ¢(6) 1_ ' (5-2)

C

rne lg - 6a3MCHBIN TOK TOH CTYIIEHN HaNpsDKEHHs, Ha KOTOPOH HaXOIUTCS Y3JI0Bast TOUKA.

IIpu orcyrcTtBuM AaHHBIX O Toke K3 OT ymaneHHON yacTu 3J€KTPOIHEPreTHMYECKOM CHCTEMBI
MHUHHUMAJIFHO BO3MO)KHOE 3HAUYEHHE PE3YJIbTUPYIOMIEr0 SKBHBAJIECHTHOTO CONPOTHUBIICHUS X, MOXKHO
OLIEHUTh, WCXOJAS M3 IapaMeTpOB BBIKIIOYATENEH, YCTaHOBJICHHBIX Ha Y3JIOBOM IIOJCTaHLMUH, T.€.
npuaumas B popmynax (5.1) u (5.2) Tok K3 or ynanennoii yactu cucrems! |, paBHBIM HOMHHAJIEHOMY
TOKY OTKITIOUEHHS STHX BBIKIIIOYATEICH.

5.2. PacueT HaYaJBLHOIO 1efiCTBYIOLIET0 3HAYECHHUS NMEPHOAUYECKOI COCTABJIAIONIEH TOKA
KOPOTKOT0 3aMbIKAHHUSA

5.2.1. Tlpu pacyere HayaJbHOTO JIEHCTBYIOLIETO 3HAYECHUs MEPUOANYECKOH COCTaBIISIONICH TOKa
tpex(azHoro K3 B 3JeKTpoycTaHOBKaX HampsDKEHHEM CBbIE |1 KB B MCXOJHYIO pacueTHYIO CXeMy
JOJI?’KHBI 6BITL BBCICHbBI BCE€ CHMHXPOHHBLIC I'€HEPATOPbBI W KOMIICHCATOPLI, a TAKKE CHHXPOHHLIC U
ACHHXPOHHbIE ANeKTpoaBHUraTeny MouHocThio 100 kBT u Gornee, eciin Mexy DJIEKTPOABUTATEISIMU U
Toukoii K3 OTCYTCTBYIOT TOKOOTpaHUYMBAIOLIME PEAKTOPHl WM CHJIOBBIE TpaHcdopmaropsl. B
ABTOHOMHBIX JJIEKTPUYCCKUX CUCTEMAX CICAYET YUYUTBIBATH U JJICKTPOABUTATEIIN MEHBIIIEH MOIIHOCTH,
€CIIM CyMMa MX HOMUHAJIBHBIX TOKOB cOCTaBisieT He MeHee | % or Toka B Mecte K3, onpenenenHoro
0e3 yuera 3TUX 3JIEKTPOABUraTENIeH.

5.2.2. Jlnst pacuera Ha4aNbHOTO JEHCTBYIOLIETO 3HAUCHUS TIEPUOAMIECKOl cocTapisomen Toka K3
AQHAJUTUYECKUM METOIOM IO IPUHITON MCXOIAHONM pacyeTHOM CXeMe MpEeABAPUTENBHO CIEAyeT
COCTaBUTh 3KBHMBAJCHTHYIO CXEMY 3aMEILICHHs, B KOTOPOM CHHXPOHHBIE M ACHHXPOHHBIE MAIMHBI
JOJDKHBI OBITH NPEACTaBIICHBI NIPEIBAPUTEIBHO NPUBEACHHBIMU K 0a3MCHOM CTYIIEHH HANPSDKEHHS WIH
BBIPA)KEHHBIMH B OTHOCUTEJIBHBIX €IMHULAX IIPH BHIOPAHHBIX 0A3UCHBIX YCIOBUAX CBEPXIEPEXOJHBIMH
CONPOTUBICHUSIME U cBepxnepexoansiMu DJ[C. Mcxonusie 3HaueHus ceepxiepexonusix JJC crenyer
NPUHAMATh YUCIICHHO PaBHBIMU UX 3HAYCHUSIM B MOMEHT, npeauiecTsyromuii K3.

J1s CHHXpOHHBIX T€HEPATOPOB U AJIEKTpOoABUTaTeNel cBepxnepexoaayo D/]C B mpeamecTByomeM
pexuMe cleqyeT onpenensiTs o hopmyie

E"

0‘ = \/(U‘O‘ + I‘O‘X”d sin @‘0‘)2 + (I‘O‘X”d COS(P‘O‘)Z , (53)

a JUIs CHHXPOHHBIX KOMIIEHCATOPOB 110 (hopmyIe
E”O‘:U‘O‘ i]‘o‘X"d . (5.4)

B dopmynax (5.3) u (5.4) 3HaK «+» OTHOCHTCSI K CHHXPOHHBIM MalllMHaM, KOTOpbie K MoMeHTy K3
pabotanu B pexxuMe mepeBo30YKICHUS, a 3HAK «-» - K paOOTaBIINM C HEIOBO30OY)KICHUEM.

Ceepxniepexonuyto J/IC acHHXPOHHBIX SJIEKTPOJABUTATENICH B MOMEHT, mpeamecTByrommii K3,
CIIeZlyeT onpeensiTh no Gopmyie

E”O‘ = \/(U‘o‘ - I‘O‘X"Aﬂ sin (p‘o‘)z + (I‘O‘X"Aﬂ cos cp‘o‘)z , (5.5)

rae X''aq — CBEPXIEPEXOIHOE UHIYKTUBHOE COIPOTUBIIEHHE JIEKTPOJBUIATENS.

Ilpumeuanue. Tlpu pacuere Toka K3 ¢ nmprMeHEeHHEM CHCTEMBbl OTHOCHUTENIBHBIX €IMHHI] U MPUBEACHUEM
3HAYEHHUI MapaMeTPOB 3JIEMEHTOB PACUETHON CXEMbI K BHIOPAHHBIM Oa3MCHBIM YCIOBUSIM B (opmyssl (5.3) —
v 1 lo

(5.5) uenecoobpazHo MOACTABIATE U lo , X" B OTHOCHTENBHBIX €AMHHUIAX MPHU HOMHHAIBHBIX YCIOBHSIX

" .
MaIlIuHBI, T.€. COOTBECTCTBCHHO l{ ‘0‘(1{01\4) ’ i ‘0‘(HOM) n )i (Hom) IIpU 5TOM l{ ‘0‘(1{01\4) JOIMYCTUMO NPUHUMATh

PaBHBIM €UHUIIE, & [ o JUIsL TEHEPATOPOB U AJIEKTPOABUraTENIeH PEKOMEHIYETCsl ONPEACIIATH 10 hopMyIie
*

‘(HOM)



P‘O‘cos D hom

I -
. [o]oom) P\ COS ool ’
JUISL CHHXPOHHBIX KOMIICHCATOPOB
L
N ‘0‘(1{01\4) - 0
HOM

Ionyuennyro I]AC E” CIIe/IyeT 3aTeM MPHUBECTH K OA3MCHBIM YCIIOBHSIM:
*

‘0 ‘ (HOM)

HOM

Us

E* Pl = E” loow

5.2.3. Cxemy 3aMellleHus], MOTYYEHHYIO B COOTBETCTBHU C YKa3aHUSMH 1. 5.2.2, clenyer myTeM

npeoOpa3oBaHUi MPUBECTH K MPOCTEHIIIEMY BUIY U ONPENCIHTh PE3YIbTUPYIONYIO 3KBUBAICHTHYIO
" "

SAC E", (nmm E" ) ) U pe3ynbTHpPYIOIee SKBUBAJICHTHOE COMPOTHBICHHE X, (WIH ) )

OTHOCHTENIbHO pacyeTHoM Touku K3.
HavanbHoe neiicTByroniee 3HaueHe MEpUOANIECKON cocTaBisitoniel Toka B mecte K3 cocrammisier

E"
E" - N 9K(6)

I = =— 1, (5.6)
XI)K )*( 2Kk(0)

rae lg - 6a3uCHBIN TOK TOM CTYNEHU HANPSDKEHUS CETH, Ha KOTOPOW HaXxomuTcs pacyeTHas Touka K3.

5.2.4. Meronuka ydera KOMIUIEKCHOIM HArpy3KH IPH pacdyeTe HauyalbHOro JEUCTBYIOIIErO 3HAYCHHS
nepuoandeckoil cocrapisomeid Toka K3 m3noxkena B m. 5.7, a MeToIWMKa pacueTa HadajlbHOTO
JIEUCTBYIOIIET0 3HAUYEHNS IEPUOANIECKON COCTABIIAIONIEH ToKa IpH HecuMMeTpudHbIX K3 - B . 5.9.

5.2.5. Tlpu npuONmKeHHbIX pacyeTax HavajJbHOE JIEWCTBYIOIIEE 3HAUYEHHE IEPUOIUYECKON
cocraBisitoleil Toka B Mecte K3 jomyckaercsi onpesessTh, IPUHSIB B COOTBETCTBHH C TEOPEMOi 00
aKTUBHOM JByXmoiocHUKe (cM. 1. 3.7) DJIC Bcex MCTOYHHMKOB PHEPTUH PABHBIMH HYJIO U HCHONB3YS

(opmymy

PR I o 5.7)
e ‘/3—X3|< \/;XBK
Wi
To :X;IG' (5:8)

*

TAe U |y| - HaNpspKeHHe (nmuHetiHoe) B pacuetHoit Touke K3 x MomMeHTy Bo3HMKHOBEHU: K3;

Uyiov - HOMHHAJIBHOE HaNpsDKEHUE (JIMHEHHOE) ceTH, B KoTopoit mpounzonuto K3;
¢ - kK03 ULUEHT, KOTOPBI PEKOMEHYeTCS IPUHAMAThH PABHBIM:
¢ =1,1 - npu onpeneneHny MaKCUMaJIbHOTO 3HaUeHHs Toka K3;
¢ = 1,0 - npu onpesieNieHN MUHUMAIILHOTO 3HaveHus Toka K3.

5.3. Pacuer anepnozmqecxoﬁ cocTaBJIsIONIEel ToKa KOPOTKOI'0 3aMbIKaHUSA

5.3.1. Moaynb Ha4agbHOIO 3HAYCHUS AalePHOIUYECKON cocraBisitomieii Toka K3 crmemyer
OIIPENEIATh KaK Pa3HOCTb MTHOBEHHBIX 3HAYEHUI MEPUOJUYECKON COCTABISIOLIEN TOKA B HayalbHBIN
MomeHT K3 1 Toka B MoMeHT, peamecTByrommii K3.

5.3.2. HauOonbliee HavyaabHOE 3HAUCHUE AaNEPUOAMYECKON cocraistonieil Toka K3 B obmem
cllydae ClieyeT NMPUHUMATh PABHBIM aMIUIUTY/AE MMEPUOJMYECKON COCTABISIOMICH TOKAa B HAaYaJbHBIIN
moment K3, T.e.

ip =210 . (5.9)

OT0 BEIpaXCHHUE CIIPABEUTUBO MIPH CIICAYIONINX YCIOBHSAX:

1) akTHBHAs COCTABISIONIAS PE3YIBTUPYIOIIETO SKBUBAIICHTHOTO COMMPOTHBIIEHHS PACUETHOM CXEMBI
OTHOCHTEIIEHO pacueTHOW Touku K3 3HAUMTENTFHO MEHBIIE WHIYKTUBHON COCTAaBIISIOIICH, BCICACTBUE
Yero akTUBHOM COCTABIIAIONICH MOXKHO TpeHedpeds (cM. 1. 5.1.1);

2) x momeHnTy K3 BeTBb pacdeTHOH CXeMBI, B KOTOPOH HaxXOAWTCS pacueTHas Touka K3, He
HATpY)KEHa;



3) HampsDKEHHE CeTH K MOMEHTY BO3HUKHOBeHUsI K3 mpoxoauT uepes HyIb.

Ecnmu ykasaHHble yClOBUSL HE BBINOJHAIOTCS, TO HadaJlbHOE 3HAYEHUE AaNEpPHOIMYECKON
cocrapJstonlei Toka K3 cieayer onpenensit B COOTBETCTBUM C 1. 5.3.1.

5.3.3. Jlna ompeneneHus anepuoguyeckod cocrapisiomeid Toka K3 B NpoOM3BONBHBI MOMEHT
BpPEMEHH ITPEABAPHUTEIIHLHO TODKHA OBITH COCTaBIICHA TaKasl HCXOJHASI CXeMa 3aMeIleHHs], YTOOBI B HEH
BCE 3JICMEHTHI HCXOJHOW PACUCTHOW CXEMBl YUUTHIBAIUCh KaK WHIYKTHBHBIMHU, TaK W aKTHBHBIMH
CONPOTUBNEHUSMU. IIpM 3TOM CHHXPOHHBIE TE€HEPAaTOpPbl U KOMIIEHCATOPHI, CHHXPOHHBIE U
ACHHXPOHHBIE 3JIEKTPOJBHUIATENN JIODKHBI OBITh YYTEHBl WHIYKTUBHBIM COIPOTHUBIIEHHEM OOpaTHON
MTOCIIEIOBATEIIFHOCTH (IUII aCHHXPOHHBIX JJIeKTpoaBurateneii X, ~ X") u COmpoTHBICHHEM OOMOTKH
CTaTopa IMOCTOSHHOMY TOKY (cM. 11. 5.1.1) Tipu HOpMUPOBAHHOW paboYeH TeMITepaType ITOH 0OMOTKH.

5.3.4. Ecnu ncxomHas pacyeTHasi cXeMa UMEET TOJIBKO IOCIIEI0BATENLHO BKIIIOUCHHBIE 3JIEMEHTHI,
TO aNepHOIUUECKYI0 COCTABIAIONIYIO ToKa K3 B MpOM3BOIBHBIN MOMEHT BPEMEHU CIIEAYET ONpPEAEATh
o opmyiie

T
iat = iao € @ ' (510)
rae 1, — TOCTOSIHHas BPEMEHHM 3aTyXaHUs amnepuoiudeckoil cocramBismomed Ttoka K3; ona
onpezensercs no popmyie
X
T, =————, (5.11)
® Cc R 2K

rae X,x U R, - COOTBETCTBEHHO WHIYKTUBHAas W aKTUBHAs COCTABIISIOIINE PE3YJIbTHUPYIOIIETO
SKBHUBAJICHTHOT'O CONIPOTUBIICHUS PACYETHOM CXeMbI OTHOCUTEIHHO Touku K3;
(), - CHHXPOHHAs yIJIOBasi 4acTOTa HAIIPSDKEHUS CETH.

IIpumeuanue. B Tex cmydasx, Korja NpH pacdeTe anepHoAuyueckoil cocramisomeil Toka K3 B
MIPON3BOJIEHBII MOMEHT BPEMEHN HEOOXOIMMO YUecTh TOK TeHepaTtopa B MOMEHT, npeamecTByfomuii K3, cnenyer
UCIONBb30BaTh (HOpMYITy

2 t

(1w ] 1 A
iy = \/;1‘0‘ | InO | ~ 2 InO sin y ‘0‘ +1.¢ '@
Sy ol

rae I lo| - TOK reHepaTopa kK MoMeHTy K3;

Vo] yron capura ¢a3 ceepxnepexomnoiit D/IC u Toka reHeparopa k MomeHTy K3;

T, - IOCTOSIHHAsI BPEMEHH 3aTyXaHHs allepuOANYecKol cocrasistonieil Toka K3 B 1eny ¢ CHHXpOHHBIM
I'eHEPATOPOM.

5.3.5. Ecnmum wucxomHas pacderHas cxema (M COOTBETCTBEHHO CXeMa 3aMEILEHUs) SIBISETCS
MHOTOKOHTYPHOH, TO alepHOANYIECKYIO COCTaBJIIIONIyI0 Toka K3 B MpOM3BONBHBIA MOMEHT BPEMEHHU
CIIENlyeT OIMpPEACNATh IyTeM pEeLIeHHs COOTBETCTBYIOIICH cHUCTeMbl AU(QepeHInalbHbIX ypaBHEHHUH,
COCTaBJICHHBIX C YYeTOM KaK HHAYKTUBHBIX, TaK M AaKTUBHBIX COIPOTHUBIICHHUN BCEX 3JEMEHTOB
HUCXOAHOM pacueTHOU CXEMBI.

5.3.6. Meronuka npPUONMKEHHBIX pACcUYETOB alepHOIUYecKol cocraBisitomieii Toka K3 B
MPOU3BOJIbHBI MOMEHT BpPEMEHH 3aBUCUT OT KOH(QHIYpallMK HCXOJHOW pPACUYETHOW CXEMBI H
TTOJIOKEHUs pacueTHon Touku K3.

5.3.7. Ecnu ucxomHasi pacueTHasl CXeMa SIBIISICTCSl MHOTOKOHTYPHOH, HO BCE MCTOYHHMKU SHEPrHU
CBsI3aHBI C¢ pacueTHOW Toukod K3 oOmmMm comporwBieHneM (WIH CXeMa COAEPIKUT TOIBKO OIWH
HCTOYHHUK SHEPTHH), TO NPH NPUOIIDKEHHBIX pacdyerax anepruoamdeckoil cocTtapirtomield Toka K3 B
MIPOU3BOJBHBIII MOMEHT BPEMEHH JIOITYCKAETCSl CYMTATh, YTO 3TA COCTABIISIONIAS 3aTyXaeT BO BPEMEHHU
[0 SKCIIOHEHIIHAIIEHOMY 3aKOHY C HEKOTOpOHW SKBHBAJICHTHON MOCTOSHHOW BpemeHH. CymiecTByer
HECKOJIBKO METOJIOB €€ OIPEIeIICHIS:

1) ¢ wucrmonp30BaHMEM COCTABISIOMIMX KOMIDIEKCHOTO —PE3yIbTHPYIOMIETO SKBHBaJICHTHOTO
CONPOTHBIICHUS] CXEMBI 3aMEIICHHUs OTHOCHTENFHO TOYKM K3, M3MEpeHHOro INpH MPOMBIIIICHHON
4acrTore:

nZ,
T =—————, (5.12)

a.nK
o Re Z
— 9K

rae Z s~ KOMIUICKCHOC PE3YyIbTHPYIOIICC SKBHBAJICHTHOC CONPOTHMBJICHME CXCMbI 3aMCIICHMA,



m3MepeHHoe pu gacrore 50 Hz;

Im Z - - MHHUMas COCTaBJIArOIIAasA KOMIIJICKCHOI'O  PE3YJIbTHPYIOIICIO0  3KBHUBAJICHTHOI'O
COIIPOTUBJICHUAA,

Re Z o HeﬁCTBHTeHLHaﬂ COCTaBJIAIOIIAasA KOMIIJICKCHOT'O PE3YJIbTUPYIOUIECTO 3KBHBAJICHTHOI'O
COIIPOTUBJICHUAA,

2) C HCHOJIb30BAHUEM PE3YJIbTHPYIOIIUX 3SKBUBAJICHTHBIX COHpOTI/IBHeHI/Iﬁ CXCMBI 3aMCIICHUA
OTHOCUTCJIIbHO paC‘IeTHOfI TOYKHU K3, MOJYYCHHBIX IIPpU MNOOYCPCAHOM MCKIIFOUCHUU M3 CXEMbI BCEX
AKTHUBHBIX, a 3aTEM BCCX MHAYKTUBHBIX COHpOTHBHeHHﬁI

X
Taox = ks ’ (513)
O R x=0)

rac Xa]((R:O) - PE3YIBTUPYIONICC SKBUBAJICHTHOC COITPOTHUBIJIICHUEC CXEMBI 3aMCIICHUA TTPU YUIETC B Heil
PAa3JIMYHBIX 3JICMCHTOB pacquHof/'I CXEMBbI TOJIBKO MHAYKTHUBHBIMU COITPOTHUBJICHUAMMU,

T.C. IPU UCKITFOYCHHUU BCCX aKTUBHBIX COHpOTHBHeHI/Iﬁ;
RT)K(XZO) - PE3YIbTUPYIOUICC SKBUBAJICHTHOC COITPOTUBJIICHUE CXEMbI 3aMCHICHUS TP UCKITIOUCHUN

N3 HEC BCCX MHAYKTUBHBIX COHpOTHBHeHHﬁ;
3) C HCHOJIb30BAHUEM  COCTABJIAIOIINX KOMIIJICKCHOI'O PE3YIbTHPYIOMIETO0 J3KBUBAJICHTHOI'O
CONPOTUBJICHUA CXEMBI 3aMCIICHNUA OTHOCUTCIIbHO TOUYKHN K3, HU3MCPCHHOI'O IIPpU 4aCTOTE 20 Hz:

Jm Z
—9K(20)
T =25 ’ (514)
o Re Z 00
TO€ Z .0 - KOMIUICKCHOE PEe3yIbTHPYIOLICEe SKBHBAICHTHOE COMPOTHBICHHE CXEMBI 3aMCIICHUS
OTHOCHUTEINBHO pacueTHoi Touku K3, m3mepentnoe npu yacrore 20 Hz;
Im Z 9 - MHHMas COCTABIIONIAs yKa3aHHOTO KOMILICKCHOIO COPOTUBIICHHS;

Re é?)l((zo) - ﬂeﬁCTBHTeHLHaH COCTaBJIArOIIAA 3TOr0 COIPOTUBJICHUA.

Io oTHOIIEHHIO K TOYHOMY PELICHUIO NPUMEHEHHE NIEPBOr0 METOJA OOBIYHO JAET OTPULIATEIIBHYIO
HOTPEIIHOCTh (3aHM)KAeT 3HA4YEHMs IIOCTOSHHOM BpPEMEHH), NPHUMEHEHHE BTOPOrO MeETojia JiaeT
HOJIOKUTEIBHYIO MOTPEIIHOCTD (3aBBIIIAET 3HAUEHUS [TOCTOSHHON BpeMeHH). [lorpemHocTs, cBs3aHHAsA
C TPHUMEHEHHEM TPETbero MeEToAa, IO AaOCOMIOTHOM BEIMYMHE OOBIYHO MEHbIIE, YeM IpH
UCIIONB30BAHUM TIEPBOIO M BTOPOro MerTonoB. lIpm aHanmuThmueckux pacderax HamOosee MPOCThIM
apnsercss BTopoit Mmeron. Ilpu pacuerax ¢ mpumenenuem OBM mpenmodreHue ciieayeT OTHAaBaTh
HEPBOMY U TPETHEMY METOJAM.

5.3.8. Ecnu pacuernast Touka K3 fenuT MCXOIHYIO pacueTHYIO CXEMY Ha HECKOJIbKO HE3aBHCHUMBIX
JpYT OT JIpyra 4acTei, TO MpH MPUOIMKEHHBIX pacueTax anepuoaudecKkoil cocrassomiel Toka K3 B
MIPOU3BOJIBHBIN MOMEHT BPEMEHH €€ CIIEAyeT ONPEEIsITh KaKk CyMMY allepHOJUIECKIX COCTaBIIAIOMINX
TOKOB OT OTJEIbHBIX YacTEW CXEMbI, HoJjlaras, 4ro Kak[gas U3 3THX COCTaBJIAIOLIMX H3MEHSETCS BO
BPEMEHU C COOTBETCTBYIOLIECH SKBUBAJIEHTHON IIOCTOSIHHOW BPEMEHH, T.€.

m B t
fq =X iggie ™ (5.15)

i=1

rIe M - YKMCI0 HE3aBUCHMBIX YaCTEH CXEMBbI,
ia0i - HAYAIBHOE 3HAYEHHE ATIEPHOINUYECKOM cocTaBJIstoIei Toka K3 ot i-if gacTi cxeMsr;
T, - DKBUBaJICHTHAS TIOCTOSIHHAS BPEMEHH 3aTyXaHH allepHOIIMIEcKoil cocTaBitromnei Toka K3
OT i-# wacTu cxemsl, onpeaensemast 1o (5.12), (5.13) wm (5.14).

5.4. PacueT yqapHOTro TOKa KOPOTKOI0 3aMbIKAHUS

5.4.1. Cnocobd pacuera ymapHoro Toka K3 3aBmcut OT TpeOyeMoHW TOYHOCTH pacyera H
KOH(HUTYpaIH UCXOJHOH PACUETHON CXEMBI.

5.4.2. Ecnu ucxomHas pacdyeTHas cxeMa SIBIISIETCS MHOTOKOHTYPHOM, TO IS MOJyYeHHUs BBICOKOH
TOYHOCTH pacdera ymapHoro Toka K3 cmemyer pemmth cucteMy aud@epeHInalbHBIX YpaBHEHWH,
COCTaBJICHHBIX JJIsI MTHOBCHHBIX 3HAYEHHH TOKOB B y37laX W MAaJCHUH HAaNpsDKCHUS B KOHTYpax
pacyeTHOM CXEMBI, U ONPEAEINTh MAKCHMaJbHOE MTHOBEHHOE 3HAUCHHE TOKA B BETBH, B KOTOPOM
HaxoJuTCs pacuyeTHas Touka K3.

5.4.3. Tlpu pacuere ymapuoro Toka K3 ¢ Iie1bi0 TPOBEPKH IMPOBOIHHKOB U JIIEKTPHYESCKUX
annapaToB 10 yciaoBusaM K3 0IMycTHMO cUHTaTh, 9TO aMITIMTY/IA TIEPUOANIECKON COCTaBIISIONIEH TOKa



K3 B MOMEHT HacTyruieHHsi yOapHOTO TOKa paBHA aMIUTUTYAE ATOM COCTaBIISIONIEH B HayalbHBIN
MoMmeHT K3. HckitoueHHE COCTAaBIIAIOT CIy9ad, Korja BONMW3M pacdeTHOW Toukn K3 BKIFOUEHBI
ACUHXPOHHBIE AJIEKTPOJIBUrATENH.

5.4.4. Ecmu wucxomHas pacyeTHash CXeMa COJACPKUT TOJBKO ITOCIEOBATEIFHO BKITFOUCHHEIC
AJIEMEHTEHI, TO YIAPHBIN TOK CIIEIYET OMPEIEIATh 10 GopMyrie

iyLl = \/;[no Kyu (516)
rie Ky, — ynapueii koad¢uiment. IlocnenHnii pekoMmeHmyeTcs oOmpenensTs MO OJHOH u3
CIIETYIOIINX (POPMYII:
R
Xax / Rox
Ky, =102 +098e "x"7 (5.17)
WA
B 0,5m+¢
Xk / Rog
Ky, =l+e Mx/0ox (5.18)
rie
X
¢, = arctg —x (519)
R

2K
B tex ciydasix, korna X,/R,. = 5, yaapHbiit koapdUIHEHT J0MycTUMO OnmpenessaTh o Gopmysie
0,01

K, =l+e 'a, (5.20)

ya

rae 7, - IOCTOSIHHAsI BpeMeHH, orpeaensemas 1o gpopmyne (5.11).

5.4.5. Ecau ucxomHas pacuyeTHast cxema SIBISIETCd MHOTOKOHTYPHOH, NpHYeM Bce HCTOYHUKH
SHEPTHHU CBSI3aHbI C pacyeTHOH Toukoi K3 o01mM conpoTuBiieHreM, TO Mpy NPUOIMKEHHBIX pacueTax
yaapHoro Toka K3, ucXoms W3 paHee NPUHATOTO [OMYIICHHS O 3KCIOHCHIMAIBHOM XapakTepe
W3MEHEHHUs aneproIueckor cocrassitonied Toka K3, pekomenayercs ucnonb3oBatk Gopmyiy (5.16),
a ynapHblit ko3¢ GuLueHT onpenensrts no ¢popmysam, anatoruudbM (5.17) u (5.18):

3

Ky, =102 +098c “clax (5.17, a)

0,01(0,5+¢, /n)
T

K, =l+e oK , (5.18, a)

ya
rae T,.c - SKBUBAJEHTHAS IIOCTOSHHAs BPEMEHH 3aTyXaHHs alepHOJUYecKOl COCTaBIIAIONIEH TOKa
K3, omnpenensemast o gpopmynam (5.12), (5.13) wnu (5.14).
Ipu X, /R, > 5 AOMyCTHMO TakKe UCIIONB30BaTh GOpMYITy, aHamoruaryro (5.20):
0,01

K, =l+e lax (5.20, a)

yI

5.4.6. B Tex ciywasx, Korna UCXOAHAs pacueTHas cxema SBJIIeTCS MHOIOKOHTYPHOM, HO pacdeTHast
Touka K3 nenur ee Ha HECKONBKO HE3aBHCHUMBIX 4acTel, TO yHapHbBIM TOK JOIMyCTHMO HMPUHHUMATh
PaBHBIM CyMME YIapHBIX TOKOB OT COOTBETCTBYIOLIHNX YaCTEH CXEMBI, T.€.

m
fyn = ‘/;Z Thoi K yni o (521)
i=1
rae |y - HaaneHOe JefCTBYIOIIee 3HAUCHNE TIEPHOTMIECKO cocTaBJstolei Toka K3 ot i-it gactn
CXCMBI,;
Kyui - ymapeblii kosddunuent toka K3 or i-if 4acTu cxeMmsl, onpernelnsemblii no dopMmynam
(5.17, a), (5.18, a) unu (5.20, a).

5.5. PacueT neprnogu4eckoii coCTaBJIAIONICH TOKA KOPOTKOI0 3aMbIKAHUS /151
NMPON3BOJILHOI0 MOMEHTA BPeMeHH

5.5.1. Pacuer mepmoamdeckoil cocraBisomeir Toka K3 B MpOM3BOIBHBEII MOMEHT BPEMEHH B
CIIO)KHOW pa3BETBIICHHOW CXEME C Y4eTOM IIepeXOIHBIX MPOLECCOB B CHHXPOHHBIX MAIIMHAX, IS
kotopeix K3 sBisiercs OMM3KHMM, ClemyeT MPOU3BOAUTH IIYTEM PEIICHUS COOTBETCTBYIOIICH CHCTEMBI
i epeHIaIbHEIX  YpaBHEHHH MEPEXOAHBIX IPOLECCOB, HCIONB3YyS € 3TOH wHenbio OBM, wu



BBIJICTICHUS] U3 HAWJIEHHOTO TOKA €ro MepHOJMYECKON COCTABIISIONIEH.

5.5.2. Ecnm ucxonHas pacueTHasi cxema SBISIETCS PaJiajbHOW M COACPIKUT ONHY CHHXPOHHYIO
MaluHy (WK TPYNIy OXHOTHUIHBIX MallWH), a TpeOyemas TOYHOCTb PAacuyeTOB IO3BOJSET NPHHSTH
JIOMyIIEHNE, YTO TpH (OPCHPOBKE BO3OYKIECHHS HANpPSDKEHWE Ha 0OMOTKE BO30Y)KAEHHS MIHOBEHHO
BO3pacTaeT 10 NpeNelbHOr0 3HAYeHHUs, TO JEHUCTBYIOIIEe 3HAYCHHE MEPHOIMYECKON COCTaBIISIOIICH
Toka K3 B mpom3BOJIBHBIN MOMEHT BpEMEHH NPHOJMIKEHHO, 0e3 ydera IONepedHOr COCTaBIISIOIICH
Toka K3, MOXeT OBITh ONpPEENICHO ¢ UCIIOB30BaHUEM (hOPMYJIBI

r " ’ _ ‘
Eapl [ Ea Fapl ) ry [ Fa| Eapl ) "7
I, = + ; - e + , - ; e
Xg + X LXd(ld)JrXBLu Xd+XBLuJ LXd+XBLLI Xd(ld)+Xst
(5.22)
t t
(Eq" _Eq‘ow( Ty —Toa _E Tq - Tog _T”d )
+ 1= e +———c¢ ls
L’%*Xm JL Ty - T4 Ty -7} J
TA€ E || - CMHXPOHHad OJIC mammHbl 1O monepeyHold ocu kK MomeHTy K3 (nmomyckaercs

npuHUMath 3Ty OJ[C B OTHOCUTEIBHBIX €AMHHUIAX YUCICHHO PaBHOI OTHOILIEHUIO
NPEIIECTBYIOIIEr0 TOKAa BO3OYXIECHHS MallMHBI K €€ TOKY BO3OYXIEHHS Ipu
pabote B pexxuMe X0JIOCTOT0 X0/1a ¢ HOMHHAJIBHBIM HANPSDKEHUEM );

- COOTBETCTBEHHO cBepxmepexofHas u nepexonHas JJIC MamuHbl MO MONEPEUHOM
ocu kK MomeHTy K3 (mepByro M3 HHX MOXHO omnpenenuts no gopmyne (5.3) win
(5.4), Bropyto - mo Toif xe opMmyrne, MpeIBapUTENbHO 3aMEHUB B He X ;| Ha
Xq);

Eqn - mpenienpHOe 3HaueHne cuHXpoHHOH OJ/IC MammHBI 1O TIOMEpeYHOH ocH (B
OTHOCHUTEINIbHBIX €UHHUIIAX €r0 MOKHO CUHUTATh PABHBIM OTHOIICHHIO IPEAETbHOTO
TOKa BO30YXKIEHHUS MalllMHbl K €€ TOKY BO30YXKAEHHs NpU padboTe B peXUMe
XOJIOCTOTO X0J1a C HOMHUHAJIBHBIM HaMpsKEHUEM);

Xpm - BHEIIHEE COIIPOTUBIICHUE;

T, U T] - THOCTOSHHBIC BPEMEHH 3aTyXaHHs COOTBETCTBEHHO MEPEXOMHON U CBEPXIEPEXOIHON

cocTapAomux Toka K3, ¢; 3TM NOCTOSHHBIE BPEMEHM CBA3aHbl C T{ U Ty

E(;O‘ I/IE(’l

0|

COOTHOIIICHUSIM U.
Ty =T¢{ +T/,

u
TS - T,
Ty=o'—L 1
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5.5.3. Tlpu npubnmkeHHbIXx pacuerax TOkOB K3 st ompezeneHus ASHCTBYIOLIErO 3HAYCHHS
MIEPUOIIYECKO cocTaBisitomel Toka K3 OT CHHXpOHHBIX TeHEpPaTOPOB B IPOM3BOIBHBI MOMEHT
BpEMEHH TPH DPAJUAIbHONW pacUeTHOW CXeMe CIIeAyeT NPUMEHSITh METOA THUIOBBIX KpuBBHIX. OH
OCHOBAaH Ha WCIOJIb30BAHHUM KPHBBIX M3MEHEHHS BO BPEMEHH OTHOIICHHS NEHCTBYIOIIMX 3HAYECHWH



nepuoaAnYecKor cocrapisomed Toka K3 or reHeparopa B MPOW3BOJIBHBIA U HayaldbHBIA MOMEHTHI
Bpemenu, T.€. Yy = I/l = f(t), moctpoeHnsix s pasubix ymanenHocteir Touku K3. Ilpu sToM
SJIeKTpUYecKass YAaJeHHOCTb TOUYKM K3 OT CHHXpOHHOM MaIlIMHBI XapaKTepU3YyeTCs OTHOUICHHEM
JIECTBYIOIIETO 3HAUYEHUS MIEPUOINIECKON COCTABIISIONIEH TOKa reHepaTopa B HadaibHbIil MoMeHT K3 k
€ro HOMUHAJIBHOMY TOKY, T.€.

I S

0 6
I n0(som) =1 n0(6) ' (523)
* I * s
HOM HOM
rae [ ,, - HayaubHOE 3HAYEHHME IIEPMOAUYECKOM cocTaBisomed Toka K3 or mammbel B
.

OTHOCHUTENBHBIX €IUHHUIIAX MPU BHIOPAHHBIX 0a3MCHBIX YCIOBUSIX;

Sg - 6a3ncHast MOITHOCTh, MB-A;

Syion - HOMHHAIJIbHAsI MOIIHOCTS (TIOJTHAST) CHHXPOHHON ManuHbl, MB-A.

Ha puc. 5.1-5.4 npuBesens! tunoBbie Kpusbie vy =f(t) mms pasauuHbIX rpymm TypOOreHepaTopoB ¢
Y4ETOM COBPEMEHHON TeHJICHIINM OCHAIIEHHUs TeHEPATOPOB PA3HBIX TUIIOB ONPEAETICHHBIMU CUCTEMaMU
BO30Y)KIEHHSI.

% X0
0,9 f_,"°.-‘é-’°-'i’- 2,0 09
’ N——T , A\ sl
N 2,5 N :
0,8 \ 3.0 0,8 \\\
’ ——
\ 4.0 ’ \
3,0
0 6 i \_"_; \ 3
3 \\- 5,0 0,6 V ‘\
0,5 — 6,0 05 & o~
’ \ 4,0
0,4 0,4 N
| \\\ 5,0
0,3
» 0,3 6,0
0,2 0,2
0,1 0,1
0 0,1 012 0’3 0:4 t,e 0 0, 1 0,2 0,3 0,4 tc
Puc. 5.1. TunoBbie KpUBBIE U3MEHEHUS Puc. 5.2. TunoBble KPUBBIE N3MEHEHUS
TIepUOIYEecKOi cocTaBistomiel Toka K3 ot MepUOANYECKO cocTaBistomieil Toka K3 ot
TypOOTreHepaTOPOB C TUPUCTOPHON HE3aBUCUMON TypOOreHepaTOPOB C TUPUCTOPHON CUCTEMOM
CHCTEMO# BO30OYKICHHUS CaMOBO30YKICHUS

Ha puc. 5.1 npencraBneHbl TUIIOBBIE KPUBBIE U TypOOTreHEpaTOPOB C THPUCTOPHONW HE3aBHCHUMOM
cucremoit Bo30Oyxzaenus (CTH)-reneparopoB tumoB TBB-300-2EV3, TBB-500-2EY3, TBB-800-
2EY3, TI'B-300-2VY3, TI'B-800-2Y3; mpu MOCTPOSHWH KPHUBBIX MPUHITHI KPATHOCTh MPEACIBHOIO
HanpspkeHus: Bo3Oyxneans Kys = 2,0 1 mOCTOsIHHAS BpeMEHH HapacTaHUs HANPSHKSHUS BO3OYKICHUS
pu opcupoBke Bo3OyxaeHus T = 0,02 c.

Ha puc. 5.2 mpencraBieHbl TUNOBbIE KPUBBIE U TYpPOOTEHEPATOPOB C TUPUCTOPHOU CHUCTEMOM
napaienasaoro camoBo3oyxenust (CTC)-renepatopos tunos TBD-100-2V3, TBD-110-2EY3, TBD-
120-2¥3, TBB-160-2EY3, TBB-167-2Y3, TBB-200-2AY3, TBB-220-2V3, TBB-220-2EVY3, TI'B-
200-2V3, T3B-220-2EVY3, T3B-320-2EVY3; npu MOCTpOSHUU 3TUX KPUBBIX MpuHATHI Kyf = 2,5 u
Te=0,02 c.

Ha puc. 5.3 mpezcraBiieHbl THUNOBbIE KPUBBIC ISl TYpOOI€HEPATOPOB C JHOJHOW HE3aBUCHMOM
(BbICOKOUACTOTHOM) cuctemoii Bo3oyxaenust (C[IH) - reneparopoB turnos TB®-63-2EV3, TBD-63-
2V3, TB®-110-2EVY3; mpu noctpoernu kpuBbix npuuaThl Kys= 2,0 u T, = 0,2c.

Ha pwuc. 5.4 mpexncraBieHBl THIOBBIE KPWUBBIC IS TypOOT€HEPATOPOB C AMOTHON OeCIIeTOYHOMH
cucremort Bo3Oyxnennst (C/Ib) - reneparopoB TtumoB TBB-1000-2Y3 u TBB-1200-2V3; mnpwm



TOCTpOeHUH KpUBBIX puHATH Kys = 2,0 m T, = 0,15 c.

Bce kpuBBIC TIONYYCHBI C YYETOM HACHIMEHHUS CTAJM CTATOPA, HACHIIICHUS ITyTEH paccestHus
CTaTopa, BHI3BAHHOTO allCPHOJANICCKON COCTABJISIONICH TOKa CTaTopa, d((eKTa BHITCCHEHHS TOKOB B
KOHTYpax poTOpa M PEryIUPOBAHUS YaCTOTHI BPAIICHUS pOoTOpa TypOHHBL. [Ipu 3TOM mpenmonaraiock,
gt0 10 K3 renepaTop paboran B HOMUHAITEHOM PEXIME.
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Puc. 5.3. TunoBsle KpUBbIE H3MEHEHUS Puc. 5.4. TunoBble KpUBbIE N3MEHEHUSI
MEepUOANYECKON cocTapistomei Toka K3 ot MepUOANYECKOM cocTaBistomieit Toka K3 ot
TYpOOreHepaToOpOB C THUOIHON HE3aBUCHMOU typborenepaTopos turoB TBB-1000-2Y3 u TBB-
(BBICOKOYACTOTHOI) CUCTEMOI BO30OYKACHHS 1200-2V¥3 ¢ n11oaHoi OeCIeTOYHON CUCTEMON
BO30YKICHUS

5.5.4. TumoBble KpHBBIC YYUTHIBAIOT HW3MEHEHHE MICHCTBYIOIIETO 3HAYCHUS MEPUOIMYCCKOM
cocrapistomel Toka K3, eciau oTHOImIEHHE AEHCTBYIOMIErO 3HAYEHHS IEPHOIUUECKON COCTaBIISIONMICH
TOKa TeHepaTopa B HayajbHBI MOMeHT K3 K ero HOMHHaNbHOMY TOKY paBHO Wi Oonblie aAByX. [Ipu
MEHBIINX 3HaYEHHAX 3TOr0 OTHOIIEHHUS CIEAYeT CUMTaTh, YTO JEHCTBYIOIEE 3HAUEHHUE IEPUOANIECKOM
cocrapistomieit Toka K3 He u3menseTcsa Bo BpeMeHn, T.e. |y = I = const.

5.5.5. Pacuer neiicTByroIero 3Ha4eHUs IEPUOIUUECKON cocTaBisroneil Toka K3 or cuHxpoHHOTO
reHepaTopa B IPOHM3BOJBHBIN ((UKCHPOBAHHBIN) MOMEHT BPEMEHH C HCIOJIB30BAaHUEM METOla
THUIOBBIX KPUBBIX PEKOMEHYETCS BECTH B CJIEYIOIIEM MOPSIKE:

1) mo ucxoaHON pacyEeTHONH CXEME COCTABUTh SKBUBAJIECHTHYIO CXEMY 3aMEIIEHHUs JJIsl ONpeIeNICHUs
HAYaJIbHOTO 3HAYEHUs IIePHOIUIECKOl cocTaBisatomeii Toka K3 (cM. m. 5.2.2), B KOTOpO# CHHXPOHHYIO
MAIlMHYy CIIeAyeT y4ecTh IPEABAPUTENIFHO NPHUBEACHHBIMH K Oa3MCHOW CTYIEHHM HAIPSOKEHHS WIH
BBIPa)KEHHBIMU B OTHOCHTENIBHBIX €MHHLAX TP BBIOPAHHBIX 0A3MCHBIX YCIOBHSAX CBEPXIIEPEXOIHBIM
conpotuBieHueM u ceepxiepexonHod OJ[C, ¢ momompio TpeoOpa3oBaHUl TMPHBECTH CXEMY K
NpOCTENILIEMY BUAY M OINPENCIUTH ACUCTBYIOLIEE 3HAYEHHE NEPUOAMYECKON COCTABIIIOLIEH TOKA B
HaudalbHBIA MOMeHT K3;

2) wucronb3ys ¢opmyny (5.23), onpenenauTh 3HAYCHUE BEIUYUHBI / , XapakTepusyouien

n0(HoMm)

AIEKTPHUYECKYIO YIAIIEHHOCTh pacueTHOH Toukd K3 0T CHHXpOHHOH MAaIlIuHEI,
3) ucxons U3 THIA TEHEpaTopa M €ro CHCTEMBI BO30YXKACHUS, BHIOPATh COOTBETCTBYIOIINE THITOBEIC
KPHBBIE 1 TIO HAIICHHOMY 3HAYEHHUIO [ BBIOpaTh HEOOXOIUMYIO KPUBYIO (IIPH 3TOM JOIyCTHMa
.

0 (HOM)

JIMHEHHAs SKCTPANoOJSIIUs B 00JIaCTH CMEKHBIX KPUBBIX);

4) mo BEIOpaHHON KPUBOH TS 3aJaHHOTO MOMEHTa BPEMEHH ONPEACTUTh KO PHUIIHEHT i,

5) ompenenuTh HWCKOMOE 3HA4YCHHWE NEPHOANYECKON cocraBisitomell Toka K3 oT cHHXpOHHOI
MAIIMHbI B 33JaHHBIII MOMEHT BPEMEHHU



T =YL woe) 160 (5.24)

rie lg - 6a3uCHBII TOK TOW CTYIIEHH HATIPSHKCHUS CETH, Ha KOTOPOH HAXOMUTCS pacdeTHas Touka K3.

5.5.6. Ecmu wmcxomHas pacdeTHas cXeMa COJACPKUT HECKONBKO OJHOTHUIHBIX CHHXPOHHBIX

TEeHEepaTOpPOB, HAXOSIIMXCS B OAMHAKOBBIX YCJIOBUSAX MO OTHOIIEHHIO K pacueTtHod Touke K3, TO

MOPSAJIOK pacuera MEepUOANUYEcKoi cocTaBisiomed Toka K3 B MNpou3BOJMBHBIE MOMEHT BpPEMEHH

AQHAJIOTHUEH W3JIOKEHHOMY B M. 5.5.5, TONBKO IpHU ONpeNeNIeHUH 3HAYCHUS [ o ¢opmyie
-

n0(HoM)

(5.23) B MOCHETHIOI BMECTO Sy CICIYET MOACTABIATH CYMMY HOMHHAIBHBIX MOIIIHOCTEH BCEX ITHX
TeHepaTopOoB.

5.5.7. B Tex cmydasx, Korja pacdyeTHas nponomkurenbHocTh K3 mpesbimaer 0,5 ¢, ans pacuera
TIEpUOINYECKON COCTaBISIIONICH TOKa B IPOM3BOJIbHBI MOMEHT BpemeHH npu K3 Ha BbIBomax
TypOOTreHepaTopoB JOMYCTUMO HCMONB30BaTh Kpusbie y; = f(t), mpuBenennsie Ha puc. 5.5, a mpu K3 Ha
CTOpOHE BBICHIEr0 HanpshKEHHsl OJIOYHBIX TpaHC(OpMATOPOB - KPUBBIE, MPHUBE/ICHHBIE Ha puc. 5.6. Kak
Ha puc. 5.5, Tak u Ha puc. 5.6 kpuBas 1 oTHocuTCs K TypOOreHepaTtopaM ¢ JHOJHOW OecIIeTOYHON
cHCTeMOH BO30OYKIEHHsI, KpuBas 2 - ¢ THPHCTOPHOI HE3aBUCUMOI cucTeMOi BO30YyXIeHHs, KpuBas 3 -
C JMOJHOW HE3aBUCHUMOM (BBICOKOYACTOTHOM) CHUCTEMOW BO30YXK/IeHMSI U KpuBast 4 - ¢ THPUCTOPHOM
CHUCTEMOH caMOBO30YKAEHUSL.

55.8. [lna npuOImKEeHHOro  ONpenNesieHWs]  JEHCTBYIOLIEro  3HAYCHUs  [EPUOANYECKON
cocraBisitolieii Toka K3 B NpOW3BONBHBI MOMEHT BPEMEHHM OT CHHXPOHHBIX TI'€HEpaTOpOB
HarpspbkeHueM 6-10 kB B aBTOHOMHBIX CHCTEMax 3JIEKTPOCHAOKEHUS CIIe/IyeT HCIONIb30BaTh THUIIOBBIC
KpHBBIE, TIpe/cTaBiIeHHbIe Ha puc. 5.7. [Ipu pa3paboTke KpHBBIX OBUIM HCHOJIB30BAaHBI HapaMeTphI
reHepaTopoB HampsbkeHueM 6-10 kB pazmuunsix cepuif, a umenno: CI'ZIC 15.54.8 - 1000 xBr, 10,5
kB; CI'JIC 15.74.8 - 1600 xBr, 10,5 kB; CI'JIC 15.94.8-2000 kBT, 10,5 kB; CI'JIC 15.74.8-2000 kB,
6,3 xB; CT'ZIC 15.54.8 - 1600 kBT, 6,3 xB; CBI'l 6300 - 6300 kBT, 6,3 xB.
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Puc. 5.5. Tunosble KpUBbIE U3MEHEHUS Puc. 5.6. Tunosbie KpUBBIC M3MEHEHUS
TIepUOIIEeCcKOi cocTaBistomiel Toka K3 ot MepUOANYECKO cocTaBistomieii Toka K3 ot
TypOOreHepaTopoB ¢ Pa3IMIHBIMU CHCTEMaMHU TypOOreHepaToOpOB C Pa3INYHBIMHU CHCTEMaMHU
B030YkIeHus pu Tpex(a3ubix K3 Ha BbIBomax BO30YKAeHuUs npu Tpexda3usix K3 Ha cropone
TeHEepaToOpoB BBICIIIETO HANPSDKEHUST OTOYHBIX

TpaHc(hopMaTopoB



% — | 7 2
| s s 1HOM)
] \__ 3
0’8 \\-_.
- 4
0,7 \\-n__
\ 5
0,6 T~
6,66
0,5
0 o1 02 03 04 05 06 12 13 14 tc

Puc. 5.7. TunoBsie KpuBbIEe U3MEHEHUS MTEPUOIUYECKON cocTaBisitoliel Toka K3 oT cuHXpoHHOro
reHeparopa HampspkeHueM 6-10 kKB aBTOHOMHOM CHCTEMBI 3IEKTPOCHA0KEHHS

5.6. Y4eT CHHXPOHHBIX M ACHHXPOHHBIX JJIeKTPOJABUTaATE e
NP pacyeTe TOKOB KOPOTKOI'0 3aMbIKAHUS

5.6.1. CreneHp BIAMSHKMS CHHXPOHHBIX U aCHHXPOHHBIX AJIeKTpojBHrarteneid Ha Tok K3 3aBucur or
XapaKTepa HCXOTHOM pacueTHOM cxeMbl, MOJIoXKeHNs pacueTHol Touku K3, yraneHHoCTH HociaenHel ot
QNIEKTPOABUTATENe M MHOTHX JpYrux (akropoB. YCIOBHs, MPU KOTOPBIX pacyeT HayalbHOTO
JEHCTBYIOILET0 3HAYECHUs] NEPHOJUUYECKON cocTaBistoiell Toka K3 nomkeH ObITh BBINONHEH C y4E€TOM
CHHXPOHHBIX W AaCHHXPOHHBIX 3JEKTpPOABHUraTeled, M3MoXkeHol B M. 5.2.1. DT ycnoBus ciemyeT
BBITIOJTHATD U TIPH OIPEJeSICHUH MepUOaruUecKoil cocTapistonied Toka K3 B mpou3BonbHBIN MOMEHT
BpPEMEHH.

5.6.2. Pacuer HavaJbHOrO JICHCTBYIOILErO0 3HAUCHUS MEPHOIMUYECKON cocTaBisomeld Toka K3 or
CHUHXPOHHBIX M ACHHXPOHHBIX JJIEKTpOABUTaTeneid (MM € y4eTOM 3JIEKTpOABHUrareneil) ciemyer
BBITIOJTHATD B COOTBETCTBUU C YKAa3aHUSAMU, U3JIOKEHHBIMHU B TIII. 5.2.2 n 5.2.3.

5.6.3. Pacuer amepuoamueckoii cocramBistonieii Toka K3 0T CHHXPOHHBIX M aCHHXPOHHBIX
3JIEKTPO/IBUTATENEH CIIeqyeT MPOM3BOJUTE B COOTBETCTBHHU C M. 5.3, a pacuer ygapHoro Toka K3 - B
COOTBETCTBHH C II. 5.4.

5.6.4. Tlepuoamyeckyro cocTaBisitollyto Toka K3 OT CHHXPOHHBIX WJIM aCHHXPOHHBIX
JIEKTPOABUTATENCH B IPOU3BOJIBHBIA MOMEHT BPEMEHM CIIEIyeT pPacCUMTBHIBATh ITyTEM PpEIICHUs
COOTBETCTBYIOLIEH cucTeMbl AU(depeHIHaIBHBIX YPaBHEHHUH IIePEXOAHbIX IIPOLECCOB U BBIACICHUS U3
HaNIEHHOT0 TOKA €ro MepHUOJHYECKON COCTAaBIIAIONIEH, UCTIONB3ysd DBM.

5.6.5. B npuOmmKeHHbIX pacuerax sl ONpeeSIeHUs! JEHCTBYIONIEro 3HAYCHUs MEePUOANYECKOM
cocraBisifoiel Toka K3 OT CHHXPOHHBIX MM aCHHXPOHHBIX 3JIEKTPOJABUraTeledl B NPOM3BOJIBHBIN
MOMEHT BpPEMEHH IIpH pajualbHOM cXeMe CIeIyeT MPUMEHSATh METOJ THUIIOBBIX KPHBBIX, KOTOPBIH
ocHOBaH (cM. 1. 5.5.3) Ha WUCIONB30BAHWM KpPUBBIX W3MEHEHHS BO BPEMEHH OTHOIICHHUN
Yicn = lnten/lnocn ¥ Yian = lnan/Inoan TpH pasHeIX ypaneHHocTsix Toukd K3. ITpu 3TOM aneKTpuyeckyro
yaaneHHocTh Touku K3 criemyer onpenensth, ucmonb3ys popmyay (5.23).

TunoBble KpuBBIE IS CHHXPOHHOTO OJIEKTPOIABHIATENS IPHUBENEHHI Ha puc. 5.8, a g
ACHHXPOHHOTO 3JIEKTPOBUraTelsi — Ha pHc. 5.9.

[lopsimox pacuera HOeHCTBYIOIIETO 3HAYCHHS IEPUOOMYECKO cocraBistomelr Toka K3 ot
CHHXPOHHOTO M AaCHHXPOHHOTO 3JIEKTPOJABHUraTeieii B IPOM3BOJBHBII MOMEHT BPEMEHH C
WCTIOJIb30BAaHUEM J3THUX KPHUBBIX AHAJOTMYCH H3JIOKEHHOMY B M. 5.5.5. 3HaueHne mnepHOANYIEeCKON
COCTaBJISIOLIEN TOKAa B KWJIOAMIIEpaX B MOMEHT BpeMeHU t paBHO

Twen = Ven 1 wowowy Twowen = Yien 1 wo) 765
u (5.25)
Tyan = 7Yian { noon) L womAZT = Y ALl i 10(6) IG’J

ra€ lwowcy U luoway - HOMHUHAIIBHBIE TOKH COOTBETCTBEHHO CHHXPOHHOTO M ACHHXPOHHOI'O
3JIEKTPO/IBUraTeNEH;

I - Ga3uCHBIN TOK TOM CTYNEHN HANPSDKEHUS CETH, Ha KOTOPOW HaxomsaTcs Touka K3
1 3JIEKTPOJIBUTATENb.



5.6.6. Ecim B kakoM-ImOO y37le MOIIHOCTb ITOJKJIIOYEHHBIX HESBHOIOIIOCHBIX CHHXPOHHBIX
anextpoasurareneid (cepun CTJ[, CTM wu np.) mpesbimaer 30 % cymMMapHOH MOIIHOCTH BCEX
9JIEKTPOABHTATENIEH, TO HMCIOJIb30BAHUE THIIOBBIX KPUBBIX, NPHUBEICHHBIX HA PHC. 5.8, MPUBOIMT K
MOTPEIIHOCTY, MpEeBbIIAIOIIEN JomycTuMmyro. IloaToMy B yKa3aHHOM cIoydae MpH pacyere
NEepUONUECKOM cocTaBisitoniel Toka K3 HeIBHOMOMIOCHBIE CUHXPOHHBIE 3JIEKTPOABUIATENH CIETYeT
YYUTHIBATH MHAUBUYaIbHO, HCIIONB3Ys KPUBBIE 3aBUCUMOCTH Yicy = f(t), mpuBeneHHsIe Ha puc. 5.70.

[Ipn HEOOXOAMMOCTH HMHAMBHUIYaJBHOTO YYeTa aCHHXPOHHBIX DJIEKTPOIBUraTeledl pasHbIX Cepuid
CIIelyeT WCIIONb30BaTh THIIOBHIE KPHBBIE, NpHBEAEHHbIE Ha puc. 5.11 (cepum siekTponBurarenci
yKa3aHbl Y COOTBETCTBYIOIINX KPHUBBIX).
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Puc. 5.8. TunoBsle KpUBbIE I CHHXPOHHOTO Puc. 5.9. TunoBsle KpUBBIE UL ACHHXPOHHOTO
DIIEKTPOBHUIaTENS DIIEKTPOIBUTATEIIS
Yal™T r 2
. A 10(oM /
0,9 R= —— 3
0,8 ' i
) - e g
l-‘___-__
0,7 s e 1
\\\-:‘-" Y
0,6 ~—] —— 16,67
0,5 f——Tnt— Ll 7,37
\
0.4 - 8,22
R

0 01 02 03 04 ¢

Puc. 5.10. TunoBsie KpuBble H3MEeHEHHS TOKa K3 OT CHHXPOHHBIX 3JIEKTPOIBUTATENICH
cepun CJ/IH (cmonrnbie uaum), cepun CJ] ¢ yacroroii Bpatuenus 1500 06/Mun
(wrpuxmysakTapHBe TuHIN) 1 cepurl CT /] (IyHKTHpHBIE IMHUXA CO 3BE3I0YKAMHU)

5.6.7. B Tex cnmyuasix, KOTJa HCXO[IHAs pPAcueTHasl CXeMa COJCPXKUT TPYIIlY CHHXPOHHBIX WA
ACHHXPOHHBIX AJIEKTPOJBHUTATENEH, IPUCOSNNHEHHBIX K OOIMM IIMHAM, W HE SBIISACTCS paguaabHOH, a
BKIIFOYAeT B ce0s Takke yOalleHHbIE OT pacdyeTHOW Toukn K3 HCTOYHWKM SHEPruy, MpHYeM Kak
AJIEKTPOIBUTATENH, TaK W YHNOMSHYTHIE MCTOYHHKH (cHCTeMa) cBsi3aHbl ¢ Toukoii K3 ¢ momorrsio
o0Ieil BeTBH, TO NEHCTBYIOIICE 3HAUEHHUE MEPHOTMYECKOl cocTaBisromeii Toka K3 B mpon3BoIbHBII
MOMEHT BPEMEHH C YIETOM HU3MEHEHHUS BO BPEMEHU aMIUTUTYIbI MIEPHOIUIECKON COCTABIIAIONICH TOKa
OT DIJIEKTPOJBUTATENEH PEKOMEHIYETCS OIpENeisTh C HCIOJb30BAHUEM THUIOBBIX KPHUBBIX,



MIPUBENICHHBIX Ha puc. 5.12 (11l SBHOMOMIOCHBIX CHHXPOHHBIX 3JIEKTpOABHraTesneil) n Ha puc. 5.13
(U AaCHHXPOHHBIX AJIEKTPO/IBUTATENEH ).

Ilpumeuanue. TuroBble KpHUBBIE HW3MEHEHMS NEPHOIWYECKOH cocTapismomedl Toka K3 or rpymms
NIEKTPOABUTATENICH, TIpeICTaBIeHHbIE Ha puc. 5.12 1 5.13, pa3paboTaHbl Ha OCHOBE JAHHBIX, OIYIEHHBIX TPEMS
criocobamu, a MMEHHO: IPH CYMMHPOBAaHHH MTHOBEHHBIX TOKOB OTIEIBHBIX JJIEKTPOIBUTATENed; IpH 3aMeHe
TPYIITBL JJIEKTPOABUTATENCH SKBHBAJIEHTHBIM JIEKTPOBUTATEIeM; IIPH CTAaTUCTUUECKONH 00paboTke pacyeTHHIX
JaHHBIX eIMHUYHBIX 3JIEKTPOABUraTeIeil pa3InuHbIX CEpril 1 MOIIHOCTEH.

5.6.8. Pacuer aelicTByromero 3Ha4eHUsI MEPUOAMICCKON cocTaBisitonieii Toka K3 B mpoU3BONBHEIH
MOMEHT BpPEMEHH OT TpYyMNITbI CHHXPOHHBIX SIBHOIOJIIOCHBIX WIJIM ACHHXPOHHBIX 3JIEKTPOIBHUTraTeseil ¢
Y4ETOM BIIMSIHUSI YNAJIEHHBIX OT pacdeTHOW TOukd K3 MCTOYHMKOB 3HEPTHH, HO CBSI3aHHBIX C TOYKOM
K3 o0muM a1 3THX WCTOYHMKOB M DIIEKTpoABHTaTeneld compoTtuBieHneM X, (BetBp K3)
PEKOMEH/IyeTCs POBOJIUTD B CIIEYIONIEN TTOCIIEA0BATEILHOCTH:

1) rpynmy —[OJNIeKAUMX — y4eTYy — CHHXPOHHBIX — SIBHOIIOJIOCHBIX ~ WJIM  ACHMHXPOHHBIX
AJIEKTPOABUTaTENE 3aMEHNUTh OJHUM JKBUBAJICHTHBIM JJIEKTPOABHMIATENEM, HOMHHAIbHAST MOIIHOCTh
KOTOPOTO paBHa CyMM€ HOMUHAJIbHBIX MOIITHOCTEH 3aMEHSIEMBIX 3JIEKTPOJBHUIaTEleH, T.¢.

i=n

SHOM.BK = 2 Sﬂomi ' (526)

i=1

rzie N - YUCIIo 3IEKTPOABUTATENEH B TpyIIIIE;

Syomi - HOMHHAJIBHAS MOIIHOCTH i-T0 ayieKTpoasuratess, MB-A;

2) 0 HUCXOJHOM pAacyeTHOHM CXEeMe COCTaBUTh COOTBETCTBYIOIIYIO CXEMY 3aMEIIeHHs I
OIIpeJIeNICHNs] HAYaJbHOTO 3HA4YEHUs] Nepuoandeckod cocraBmmomet Toka K3 (em. m. 5.2),
npeoOpa3oBaTh ee B SKBUBAJICHTHYIO T-00pa3Hyto cXxeMy M ONpEeIuTh ITapaMeTpbl BETBEH MmocieaHe
- BETBM JBHraTelIbHOM Harpy3ku (0e3 yuera CONpOTHBIIGHHMs JABUTaTenel) X, BETBH CHCTEMBI X, U
BeTBH K3 00111eii 1711 ABUTaTeNel U CUCTEMBI - X (CM. CXeMBbI B BepxHeil yactu puc. 5.12 u 5.13);

3) BBIYHUCIUTH NEPHUOAWYECKYIO COCTABIAIONIYI0 TOKa OT 3KBHUBAJIEHTHOI'O JJIEKTPOJBUTATENS B
HayaJbHbIA MOMeHT K3 npu npuHATHIX 0a3UCHBIX YCIOBUAX:
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Puc. 5.11. TunoBsle kpuBbIe U3MeHEeHUs Toka K3 0T 35KBUBaJIGHTHBIX aCHHXPOHHBIX
3JIEKTPO/IBUTaTeNeH
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Puc. 5.12. TunoBsie KpuBbIE I onpeeneHns Toka K3 oT SKBHBaJIeHTHOrO CHHXPOHHOTO
ANEKTPOABUIaTeNs HanpspkeHueM 6 kB mipu Tpexdasznom K3 B cetn
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Puc. 5.13. TunoBble KpuBbI€ i onpeaeneHus Toka K3 oT 3KBUBaIEHTHOTO aCMHXPOHHOTO
AJIEKTpOABHTaTENS HAaNpspkeHneM 6 kB nipu Tpexdasznom K3 B cetn

\\
\\h"‘
<

E'e) ~E o) X w0) MX o)+ X o) /
* * * * *

IHO}'[(G) = B y (527)
Yo X w0 (X o)X w0 /7 X 20+ X a0

rae E") - HauanbHOe 3HaveHue cBepxnepexoaHodl DJIC KBUBANECHTHOTO IEKTPOJBHIATENs
.
(cm. 1. 5.2.2);
E g - B/1C ynaneHHBIX UCTOYHUKOB 3HEPTUH (CHCTEMBI);
X", - CBEPXTEPEXOIHOE MHIYKTHBHOE CONPOTHBIICHHE JKBUBATICHTHOIO OICKTPO/IBUTATEIS;

4) ompenenuTh 3HAUCHHE BEIHMYUHBI, XapaKTEPHU3YIOIIEH AIEKTPUUECKYIO yIaJIeHHOCTh PAacYeTHOM
To4ukd K3 0T 3KBUBAJIEHTHOTO ANIEKTPOIBUTATENS
I no_ I SG .
- n0a(6) 1
1 *
HOM HOM.OK

Ha puc. 5.12 wm puc. 5.13 (B 3aBHCHMMOCTH OT THIIa

7 =

0 (HOM)
*

n0(HoM)

5) Hmo HaWJAEHHOMY 3HAYEHHIO [
*

AJIEKTPOJIBUTATENel) BBHIOPATh COOTBETCTBYIONIYIO THIIOBYIO KpHBYIO (BO3MOXHA JIMHEWHas
SKCTPATIONSLNS MEXKIY CMEKHBIMH KPHUBBIMH) M U 3aJaHHOTO MOMEHTa BpeMeHH { ompenenuTh
K03 GULUEHT Yy

6) ompenenuTh ICUCTBYIOIIEE 3HAYEHHE IEPUOJMYECKON COCTaBIIIOMIEH TOKa SKBUBAJIEHTHOTO
3JIEKTPOBUTATENS B MOMEHT BpeMeHH t

I va) =Y ! o)
* *
7) BBIYUCIIUTH UCKOMOE JIEHCTBYIOIIEe 3HAaUeHNE IEPHOANIECKON COCTaBIsIOMIEeH Toka B MecTe K3 B
MOMEHT BpeMeHH t

E c(6) i nta(6) ’:/ c(6)
I, = Is, (5.28)
Yo ¥ X wo)

rre lg - 6a3KCHBIIN TOK TOW CTYIIEHH HAPSHKEHUS CeTH, Ha KOTOpOi HaxonuTces Touka K3.
5.7. Y4eT KOMIIEKCHOI HATPY3KH NPH pacyeTe TOKOB KOPOTKOI0 3aMbIKAHUS

5.7.1. TIpu pacderax TokoB K3 ciemyer yIuThIBaTh BIMAHUE KaKOH KOMIUIEKCHON HArpy3KH, €CITH
Tok B Mecre K3 or Toif Harpy3ku cocraBnser He MeHee 5 % Toka B Mecte K3, ompenenennoro 6e3
y4eTa Harpy3KH.

5.7.2. B oOmem crnydae Tok K3 OT KOMIUICKCHOW HArpy3KH CJEAyeT OMpEIesTh Kak
TeOMETPUYECKYIO CYMMY TOKOB OT OTJCIBHBIX €€ SJIEMEHTOB.

5.7.3. B npuOIKEHHBIX pacderax JOIyCKAaeTCsl YKBHBAJIICHTHPOBAaHHE KOMILUIEKCHOH HArpy3KH C
MIPE/ICTaBIICHUEM ee B BHJIe SKBUBaIeHTHOW D/{C 1 3KBHBaJIEHTHOTO CONMPOTHBIICHUS.



OKBHBAJIEHTHOE CONPOTHUBIICHHE TPSIMO (00paTHOI) MOCIeJ0BaTENEHOCTH Z Luuon)

! f 2Hr(HOM) B

OTHOCHUTCJIBHBIX C€AWHHIaAX B 3aBUCHUMOCTH OT OTHOCHTCJIBHOI'O COCTaBa HOTpC6PIT€J'I€I>i y3Jda I1pu
HOMHWHAJIBHBIX YCJIOBUAX NOIYCKACTCA paCCUUTLIBATD 110 (bOpMyJ'Ie

rne f li(Hom) u )*( li(wom)

Si-

1
=S5 ,
S.

1

(5.29)

Z 1Hr(HOM)
*

M =

2 2

'\/f li(wom) T )*( Li(om)

AKTUBHAs W WHIYKTHBHAS COCTABJIAIONINE COMPOTUBJICHUSA MPSIMOU
(0OpaTHO#)  TOCIENOBATEILHOCTH  I-T0  TOTPEeOUTENs], BKJIFOYAst
COCTaBJIAIONIHE COIPOTHBJICHUS 3JIEMEHTOB, CBSI3BIBAIOIINX
MOTPEOUTENI C IIHHAMHK y3J7a; WX 3HAYCHUSA B OTHOCHUTEIHHBIX
CIVMHUIIAX TPU CYMMAapHOH HOMHUHAJIBHOM MOIIHOCTH Harpyska Sg,
kB-A, ¥ cpenHeM HOMMHAJIbHOM HAIpPSHDKEHUHM TOW  CTYIEHHU
HATPSHKCHUS CETH, TIe OHA MMPUCOCAUHECHA, IPUBEICHBI B Ta0M. 5.1;
TOJTHAs YCTAHOBJIEHHAS MOILITHOCTh i-T'0 MOTPEOUTENTS Harpy3Kku, KB-A.

i

Tabmuna 5.1

HapaMeprl 3JIEMEHTOB KOMILJIEKCHOI Harpy3Ku

[ToTpebuTeny KOMIIEKCHOM 3HayeHue ConpoTHBIIEHHE, OTH. /.
Harpysku DKBUBAJICHTHOM | COS @ psAMOi 00paTHOI
OJIC I10CJIEOBATENLHOCTH | ITOCIEA0BATEILHOCTH

CHUHXPOHHbIE JIBUraTeIn 1,074 0,9 0,04 +j0,15 0,04 +j0,15

HanpsbkeHueMm cBaie 1 kB

CHHXPOHHBIE IBUTaTeIn 1,079 0,9 0,03 +j0,16 0,03 +j0,16

HanpsbkeHueM 1o 1 kB

ACHHXPOHHBIC IIBUTaTeIn 0,93 0,87 0,01 +j0,17 0,01 +j0,17

HanpsbkeHueM cBbie 1 kB

ACHHXPOHHBIC IIBUTaTeIn 0,9 0,8 0,07 +j0,18 0,07 +j0,18

HanpsbkeHueM 1o 1 kB

JlamI1bl HaKaIUBaHUS 0 1,0 1,0 1,33

lazopaspsiiHbie  MCTOYHUKH 0 0,85 0,85 +j0,53 0,382 +j0,24

CBETa

IpeoGpa3zoBarenu 0 0,9 0,9 +j0,45 1,66 +j0,81

DJIEeKTPOTEpPMUIECKIE 0 0,9 1+j0,49 0,4 +j0,2

YCTaHOBKH

3Ha4yeHNs KOMIUIEKCHBIX CONPOTHBICHUH OTJEIBHBIX y3710B 00OOIIEHHON HAarpy3KH MpPUBEICHBI B

Tabm. 5.2.
Tabmuma 5.2
IMapaMeTps! y3/10B 00001ICHHOI HATPY3KH

ITapamMeTpsl y371a Harpy3Ku HanpsbKeHUeM, KB

Vsen, 6-10 35-110

NQ CI[ AZ[ AI[H H 3T O é 1Hr(Hom) E" HF(HOM) g lur(nom)
1 100 - - - - - 0,04 +j0,15 1,11 0,04 +j0,25
2 - 100 - - - - 0,03 +j0,17 0,936 0,03 +j0,27
3 25 10 40 10 11 4 0,3+j0,43 0,865 0,04 +j0,54
4 50 10 15 - - 25 0,1+j0,33 1,03 0,15 +j0,43
5 - - 35 - - 65 0,17 +j0,23 0,788 0,2 +j0,34
6 50 50 - - - - 0,02 +j0,2 1,0 0,02 +j0,31




Ilpumeuanue. B Tabnuie IPUHATHI CIIEAYIONIIE 0003HAUCHNUS:

C/1 - cHHXpOHHBIE IEKTPOABUTATEIH HANpsHKEHUEM cBblmre 1 kB;
AJl - aCHHXpOHHBIE 3JIEKTPOJBUraTeNIU HapsHKEHUEM cBblle 1 kB;
AJTH - acHHXpOHHBIE JIEKTPOABUTATEIN HaNpsbkeHueM 10 1 kB;

IT - npeoGpasoBateny;

OT - aNeKTPOTEPMUIECCKUE YCTAHOBKH;

O - ocBelleHHE.

[Ipu orcyTcTBHM NOCTOBEPHBIX JAaHHBIX 00 OTHOCHTEIHLHOM COCTaBE IOTPEOUTENEH KOMIIEKCHOM
Harpy3Kd MOXXHO HCIIOJIb30BaTh THIIOBOM COCTaB HAarpy3KH OTHENBHBIX OTpaciei, BBIPaKCHHBIH B
MIPOLIEHTaX OT CyMMAapHOW YCTaHOBJICHHOIH MOIIHOCTY y3J1a U MPHUBEIEHHBIN B Tabi. 5.3.

Tab6auna 5.3 Tunooii cocTap KOMIJIEKCHON HATPY3KH

CocraB noTpeOuTeneil y3jia KOMIUICKCHOW Harpy3ku, %
Ne | Otpacnb HapogHOTO CH All AJl | Dnex- | Dnek- | Dnex- | [Ipe- | [Ipo- |HUToro,
o/ X03sHCTBA BBICOKO- | BBICOKO- | HM3KO- | TpU- | Tpo- |TpocBa-|obpa-| uas | %
BOJIBTH. | BOJIBTH. [BOJIBTH.|4Yeckoe| Tep- | pOYH. |30Ba- | Har-
OCBe- | MUY. |yCTaHOB| TeM |py3ka
IIEHHE | ycTa- | Ku
HOBKH
1 2 3 4 5 6 7 8 9 10

1. [Yepnas merayuryprus 25 8 29,5 2,5 22 3 10 - 100
2. |lBerHas MeTayLIyprus 10 5 27,5 1,5 10 - 46 - 100
3. |FopHopynHas 21 21 47 5 - - - 6 100
4. Xumus* 35+7 1546 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

HEpreTUYecKoe

MaIIMHOCTPOSHUE
6. |DnekTporexHUUecKast 7 8,5 36 6,5 36 4 2 - 100
7. |CenbCKOXO3SHCTBEH- 5 4 38 5 42 6 - - 100

HOE MaIIMHOCTPOSHUE
8. |ABroMoOuIECTpOCHNE 9 10 48 5 19 3 6 - 100
9. |MammHocTpoeHue 8 5 52 5 13 14 3 - 100
10. [KommyHasbHO- 50 10 15 25 - - - - 100

ObITOBast  (OOJIBILION

ropoxn)
11. |[HedremoObrua 3 48 30 5 - - - 9 100
12. [Dnexrpotsira - - 5 5 - - 90 - 100
13. |emttoma03H0- 8 12 75 8 1 - - 1 100

OymakHast
14. [Hedremepepaborka 26 18 50 2 - - - 4 100
15. |beiToBas - - 35 65 - - - - 100
16. [l"a3oBast, ac. npuBoA - 98 2 - - - - 100
17. la3oBas, CHHX. 98 - - 2 - - - - 100

IpUBOT
18. |Cenbckoxo3siicTBeH- - - 70 30 - - - - 100

Hast
19. Ulerkast - - 78 12 5 - - - 100
20. |[Yrneno6eiua maxrHas 4 7 67 15 - - 7 - 100
21. |[YrnenoGeiua 60 - 30 5 - - - 5 100

OTKpBITast
22. [[Tumesas - - 91,5 6 1,5 - 1 - 100
23. [[IpubopocTpoeHue - - 61 10 28 - 1 - 100
24. Pueprocucrema 1 7 4 56 20 3 - 3 7 100
25. |[Dueprocucrema 2 22 11 38 9 4 - 12 4 100




|26. |3HepFOCI/ICTeMa3 | 15 | 11 | 32 | 20 | 7 | - |15| - |100|

* CpeIHEeKBaIPaTHIHOE OTKIIOHEHHE (G)

5.7.4. Meton pacuera Toka K3 OT KOMIITIEKCHOM Harpy3KH 3aBHCHT OT XapaKTepa UCXOIHOH CXEMBbI
3aMeleHns y3aa u nonoxeHus Touku K3 (puc. 5.14).

5.7.5. Tlpu pamuaneHON pacuetHol cxeme (puc. 5.14, 6) momyckaeTcs HE YYUTHIBATh BIIMSHUC
CTaTHYECKHUX TOoTpeduTesel (mpeodpa3oBaTeneii, SIeKTPOTEPMUIECKUX YCTAHOBOK U JIp.).

HauvansHoe 3HaueHWe mnepuoauueckod cocrasistomed Toka K3, ynmapsHbelif Tok, a Takxke
TIEPHOIMUECKYIO0 COCTABIIIONIYI0 ToKa K3 B NPOM3BONBHBII MOMEHT BPEMEHH OT CHHXPOHHBIX H
ACHHXPOHHBIX AJIEKTPO/IBUTATENIEH CIIEyeT pacCCUNTHIBATH B COOTBETCTBHHU C II. 5.6.

5.7.6. Tlpu K3 3a o0muM cOmpoTHBICHHEM ISl Pa3IMYHBIX MOTPEOUTENCH y37la Harpy3KH (puc.
5.14, 6) HayaJbHOE 3HAYEHHE MEPHOJMYECKON COCTaBIsiIOlIei Toka TpexdaszHoro K3 pexomenmyercs
OTPEIeIISAITh C YYETOM BIIMSIHUS IBUTATEIBHON M CTATHYECKOM HArpy3KH, UCIIONB3Ys BBIPAYKEHUE

I =E" NZ, +Z,. ) (5.30)

n0ur

rae E! u Z - pesynbrupyromas OJIC u conpoTHBiIeHHe y371a Harpy3ku. VX 3HAYEHHS MOXKHO

HI
ONPENIENTUTD 110 AaHHBIM Tabil. 5.1 win 5.2, B 3aBUCUMOCTH OT OTHOCHTEIILHOTO
cocTaBa MoTpebuTeNeH;

Z .. - BHEIIHEe CONpoTHBJeHHe 10 Touku K3.

3HaueHHs1 amepHoandeckol cocraBisromeil Toka K3 B IpoW3BONBHBIE MOMEHT BpEMEHH H
yaapHoro Toka K3 cnemyer onpenenste B cOOTBETCTBUH ¢ L. 5.3 u 5.4.
JeiicTBytomiee 3Ha4YeHHE NEPHOAMYECKON cocTapistomell Toka K3 B NpOW3BONBHBIM MOMEHT
BPEMEHH C yIETOM AJIEKTPOJIBUTATENEH U CTaTUYECKON Harpy3KH y3/1a PeKOMEHYeTCsl ONpPeAeITh Kak
I =1, —1 (5.31)

ntur ntn cr !
rae I, - TEpHOAMYECKas CoCTapjsomas Toka K3 B NMpOM3BONBHBIA MOMEHT BPEMEHHM OT

anekTponsurateneii. OHa ompenensercs ¢ MCIOJIb30BAHMEM COOTBETCTBYIOIIUX
THIIOBBIX KPUBBIX;
I, - CyMMapHbIi TOK cTaTH4ecKux norpedureneit no K3.

cT
5.7.7. TIpu K3 3a o0umM [y1st y3:1a Harpy3KH U CUCTEMBI conporuBiienneM (puc. 5.14, 2) HauabHOE
3HaUCHHE NEPHOJMYECKON COCTaBIIOLIEH Toka B Touke Tpex¢asHoro K3 ciemyer ompenenars 1o
bopmyie
: (EZy +ELZ,)
Ioox = , (5.32)
Z Z _+2.Z +Z Z
—c —H —c=x

—HI —K

r
rae £, u E!. - DJIC COOTBETCTBEHHO CHCTEMBI U y3Ila HATPY3KU;

Z _ - pe3yNbTHpPYIOLIEE COMPOTUBICHUE CO CTOPOHBI CUCTEMBI JI0 COOPHBIX IIUH Y3J1a

C
(cm. puc. 5.14, 2);
Z . - 9KBHMBAJEHTHOE CONPOTUBIICHHE HAIPY3KH, BKIIOYAs IIEb €€ TOAKTIOUECHHS;

T

A - OKBHUBAJICHTHOEC COIPOTUBJICHUE DJIEMEHTOB, BKIIIOYECHHBIX MEXIY touko K3 u

K
[IMHAMH y3J1a Harpy3KH.

HadanpHoe 3HaUeHNE TIEPHOTUYECKOI cocTaBistromei Toka K3 ot y3ma Harpy3ku
(E 1’1’1‘ -vu M )
nour '

Zwr

j (5.33)

rie U, - HampsbkeHde B Touke M (puc. 5.14, 2):

Uy =1oox Z -

3HaueHHe TEPUOANIECKON cocTaBistomeid Toka K3 B MpOW3BONBHBI MOMEHT BPEMEHH OT y3ia
HATPY3KH CIEyeT PACCUUTHIBATEH C YIETOM BIHSHUS dIIEKTpOIBUTaTeNeH mo Gopmymam (5.25), mpuaem
KO3 HUIUEHTHI Yicy M Yoy PEKOMEHAYETCS ONMPEAEIATH 10 PACUETHBIM KPHUBBIM, NPUBEACHHBIM Ha PHC.

5.15 u 5.16, B 3aBHCUMOCTH OT 3HAYCHUSI HATIPSDKEHUS B TOUKE M. .
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Puc. 5.14. Cxema y371a KOMIUIEKCHOH HATPY3KH U €€ TIpeoOpa3oBaHme
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Puc. 5.15. PacueTHble KpUBBIE Puc. 5.16. PacueTHble KpuBBIE
ISl CHHXPOHHOT'O 2JIEKTPO/IBUIATENs JUIsL aCHHXPOHHOTO JICKTPOIBUT ATEIIs

5.8. Yuer BiausiHMS dJ1eKTPoONEPeIaYd WIN BCTABKH NMOCTOSIHHOIO TOKA
HA TOK KOPOTKOT'0 3aMBbIKAHNS B 00beMHEHHBIX CHCTEMAX NMEPEMEHHOT0 TOKA

5.8.1. Bnusinue snexrponepenayn nocrosHHoro Toka (JI1IIT) wiam BCTaBKM MOCTOSHHOTO TOKAa Ha
Tok K3 B cerm mepeMeHHOro Toka B HauWOONbIEH Mepe MpOSBISAETCS HAa HAYaJbHOM CTaluu
NePEeXOIHOro Tpoliecca, Kak nokasano Ha puc. 5.17. Ilpu K3 Ha cropoHne Bhinpsimurens u npu K3 Ha
cropone uHBepTopa OIIIIT ymensmaer Tok K3, Tak kak M BBIIpAMUTENbHAs, W HHBEPTOpPHAs
YCTaHOBKH MOTPEOISIOT PEAKTUBHYIO MOIIHOCTh M3 MPUMBIKAIOIINX CHCTEM IEPEMEHHOr0 TOKa.

I/I
1.0 6e3 yuera IIIIIT

ol 0,004 0,008 0,0120,016 7c

Puc. 5.17. I3meHeHne OruOarOmuX MEPHOANIECKAX TOKOB B MECTE TTOBPEKICHHS:
Iy - ipu Tpexdazaom K3 Ha TUHUN TIEpEeMEHHOTO TOKa CETH BBIIPSMUTEIS,
lii - mpu Tpexdaznom K3 Ha THHNYU IEpeMEHHOr0 TOKa CETH MHBEPTOpa

KopoTkoe 3aMblkaHHEe B CETH IIEPEMEHHOIO TOKA Ha CTOPOHE BBIIPSAMHUTEIBHON YCTaHOBKH
BeI3bIBaeT pasrpysky OIIIIT mo Toky, mosToMmy BimsHEE mocienneil Ha Tok K3 ¢ TeueHmeM BpeMeHH
ocmabeBaer. Kak BHIHO MO M3MEHEHHIO OTHOAIOMICH MO aMIUTUTYaM TIEPHOINICSCKON COCTABIISIONICH
ToKa |, B MOMEHT HACTYIUIEHHS aMIUIMTYIHOTO 3HA4YeHHWs 3Toi cocraBisromeil (mpu t = 0,01 ¢)
prustHEEM DI T yke MoXxHO TIpeHeOpedb.

Takum 00pa3oM, MOCTOBBIE BBINPSIMUTENH HE MOINMUTHIBAIOT TOKOM MECTO TOBPEXKICHHS B CETH
MepeMeHHOro Toka. [103ToMy MX He CliefyeT yIWTHIBaTh IPH BBHIOOPE M NMPOBEPKE KOMMYTAIIMOHHOM
ammapaTypsl 1o yenmousaM K3.

KopoTkoe 3amblkaHHE B CETH NEPEMEHHOI'O TOKa Ha CTOPOHE WHBEPTOPHOW YCTAHOBKH BBI3BIBAET



nieperpy3ky DIIIT mo Toky, mostomy ee BiusiHEE Ha TOK K3 ¢ TeueHHEeM BPEMEHH YCUIINBAETCSI, TOK |y
B MECTE MOBPEXKIEHUs yMeHbIaercss. OHAKO K MOMEHTY HaCTYIUIEHUS aMIUIUTYJHOIO 3HAYEHUS 3TOr0
TOKa, a Oosxee BeposTHO (rpu Onm3kux K3) - emie paHble, MHBEPTOPHBIE MOCTHI OMPOKUIBIBAIOTCS U
yXK€ He OKa3bIBAIOT BIUSHUS HA PEXKHUM CETH.

Takum ob6pa3om, mocroBble mHBepTOphl OIIIT, Tak ke Kak M MOCTOBBIE BBIIPSIMHUTENH, HE
TIOATTUTHIBAIOT TOKOM MECTO TMOBPEXKICHUS M UX HE CIEIYeT yUWTHIBaTh NPH BHIOOpPE M INIPOBEPKE
KOMMYTALIMOHHOMH anmapaTypbl CETH IEPEMEHHOr0 ToKa 1o yciaoBusam K3.

5.9. PacyeT TOKOB IpH HECHUMMETPHYHBIX KOPOTKHX 3aMbIKAHUAX

5.9.1. Ecmu mapamerpsl Bcex (a3 HCXOAHOH pacyeTHOW CXEeMbl OJMHAKOBBI, a NPUYUHOU
HapyIIEHNs] CUMMETPHH SIBJISIETCS KOPOTKOE 3aMBIKaHHE B OIHOM MM JIBYX MECTax, TO JUIs pacuera
TOKOB TIPH HECUMMETPHYHBIX K3 cienyer npuMeHsITh METOJ CUMMETPUYHBIX COCTaBIISIIOIINX, TaK KaK
NIPU YKa3aHHBIX YCIIOBUSIX 3TOT METO/ UMEET OOJIbIIINE PEUMYIIECTBA: CHMMETPUYHBIE CHCTEMBI TOKOB
npsMOi, 0OpaTHOW W HYJIEBOH IIOCIENOBaTEIbHOCTEH cBs3aHbl 3akoHoM OMa TONBKO C
CUMMETPHYHBIMU CUCTEMaMU HaIPsHKEHHH OJIHOMMEHHOW TI0CIIeIOBATEIbHOCTH:

A Ul = jl 51; ]
AU, =1,Z,: (5.34)
AUy =142, ;J
e Z,, Z,; Z, - CONPOTHBIIEHUS COOTBETCTBEHHO MPAMOH, OOpaTHOH M HyIeBOH
MOCJIEI0BATEIILHOCTEMN.

[TockonbKy TMpH 3TOM pasHble (a3bl CHMMETPUYHOW CHCTEMBI JHO0OW MOCIEI0BATETbHOCTH
HaXOJAATCS B OJMHAKOBBIX YCIOBHSX (B HUX COOJIOJIAETCS CUMMETPHs TOKOB, HANPSDKEHUI M JPYruX
QJICKTPHUUCCKUX BeJ'II/I‘-II/IH), TO METOA CHUMMETPUYHBIX COCTABJIAIOMINX IIO3BOJIACT HCIIOJIB30BAThH
OKBUBAJICHTHBIC CXEMBI 3aMCHICHUSA pa3JINIYHbIX HOCHeHOBaTCHbHOCTeﬁ B OHHOHHHCﬁHOM I/I306pa)KeHI/H/I
Y BECTHU PacueThl sl OJIHOM (ha3bl (OHA OOBIYHO HA3bIBAETCsl OCOOOH ).

Hpumeqanue. HpI/I HECUMMETPUIHBIX K3 Bcneacreue HECUMMETPUU POTOpa CUHXPOHHBIX MallWH IIOMUMO
OCHOBHOM TapMOHHUKHU TOK K3 COACPIKUT BBICIINE FAPMOHNYECKUE COCTABJIAIOLIUE. 310 CYLIECTBEHHO 3aTPYAHSACT
pacyeThbl TOKOB K3. UTo0bI MMETh BO3MOXKHOCTH NPUMEHATh METOA CUMMETPUYHBIX COCTABJIAIONINX B OOBIYHOM
(bopMe KaK [Opyu pacdeTe YCTAHOBUBIIMXCA TOKOB HECHMMMETPUYHBIX K3, TaKk U TOKOB IIpU IMEPEXOAHBIX
Tpoueccax, A0IyCTUMO npeHe6peraTL BBICILIMMU I'apMOHUYECCKUMU COCTABJIAIOIIMMHU TOKA K3.

5.9.2. OOBIYHO TPH KOPOTKHX 3aMBIKAHUSAX B OCHOBHBIX LIEISX DJIEKTPOIHEPTETHUECKHX CHCTEM
pe3yNbTHUpPYIOLIEE 3KBUBAJIEHTHOE HHAYKTUBHOE COMNPOTHUBIECHHE PACUETHOM CXEMBI OTHOCHUTEIHHO
toukn K3 3HaUWTENLHO MpEBBINIACT PE3yNbTHPYIOIee akTHBHOE corpotuBieHue (B 10 u Oonee pa3),
MI0ATOMY pacueT MEepHOJUYECKON COCTABILIONIENH TOKAa MpU HECUMMETpHYHBIX K3 B COOTBETCTBHHM C
m.5.1.1 nomyckaercst MPOM3BOAUTH, HE YUUTHIBAS aKTHBHBIC CONPOTHBIICHUS PA3JIMYHBIX 3JIEMEHTOB
pacuetHoii cxembl. [Ipy 3TOM YCIOBHUHM TOK NpPSIMOW MOCIENOBATENbHOCTH 0c000it (ha3bl B MecTte
moboro HecummerpuuHoro K3 cienyer onpenensrs mo ¢popmyiie

. E 5K
. (5.35)
KA1 . (n)
J(Xs +AXx™)
rae () - Bua HecummeTpraHoro K3;
E, - pesynsrupytomas skBuBaieHTHas DJIC Bcex yUUThIBAEMBIX HCTOYHHKOB SHEPTHH;

X1z - pe3yNbTHpYIOIee SKBHBAJIICHTHOS HHIYKTUBHOE CONPOTHBIICHHE CXEMBI 3aMeElICHHS
TPSIMOM TTOCIIEIOBATENILHOCTH OTHOCHTEIBHO TOYKH HeCUMMeTpuaHoro K3;

AX®™ - OmONHWTENBHOE WHIYKTHBHOE CONPOTHBICHHE, KOTOPOE ONPENCNACTCS BHIOM
HecumMeTpuaHoro K3 (N) m mapaMeTpaMu CXeM 3aMelleHus] 0OpaTHON W HYIIEBOU (IIpH
omHoda3zHoM U nByxda3znoM K3 Ha 3eMITi0) mocie10BaTensHOCTEH.

3HaueHUs TOTOJIHUTEIFHOIO CONMPOTHBIICHHUS Ul HECHMMETPUUYHBIX K3 pa3HBIX BHIOB NMPUBEICHEI
B Tabm. 5.4.



Tabnmma 5.4

3HaveHHs NONOJIHUTEIBHOIO CONPOTHBICHHUS AX" u k03¢ Ppunnenta m®

st
HecumMMeTprU4uHbIX K3 pa3HbIxX BHI0OB
Bun K3 3uayenne AX" 3Hauenne kodduupernta m™”
JByxQazHoe Xox
OnnodaszHoe Xos + Xos
JByxdasznoe K3 na 3emiro X5 X o5

Xos + X g

Toku oOpaTHOI M HyJeBOH HocienoBaTeNnbHOCTEH ocoboi (a3sl B MecTe HecuMMerpuyHoro K3
CBSI3aHBI C TOKOM IIPSIMOH TOCIIEI0BATETLHOCTH COOTHOIICHUSIMHU:

- ipu aByx(aznom K3
I = =T s (5.36)
- ipu opHodazHoM K3
jKA2 :jKAO :ixAl ) (537)
- ipu AByX(aznom K3 Ha 3emiro
. . X
T =T e (5.38)
Xy + Xox
u
Teao =T T . (5.39)

Momyns noaHoro (CyMMapHOTo) TOKa HMOBpPEXICHHOH (a3bl B MecTe HecumMmeTpuaHoro K3 cBsizan
C MOJyJIEM COOTBETCTBYIOIIETO TOKA MPSIMON MOCIEA0BATEILHOCTH CIICAYIOLINM COOTHOIICHUEM:

1 =m ™, (5.40)

1

rne m™

- K03 HULIMEHT, NOKAa3BIBAIOIINMA, BO CKOJBKO Pa3 MOXLYIb IOJHOTO (CyMMapHOI0) TOKa
noBpexxJeHHo (aszpl mpu N-um Buae HecummerpuuHoro K3 B pacderHoii Touke K3
HPEBBIIIACT TOK MPAMOM IOC/IE0BATEILHOCTH HpH 3ToM ke BuAe K3 u B Toli ke Touke.
3nauenns kodddurmenta m™ npu K3 pasHbIX BUIOB NPHBEICHB! B TAONL. 5.4.

5.9.3. Tlpu pacuerax HecumMmeTpuuHbIXx K3 omnpeneneHuro NOMISKUT He Todbko Tok K3, HO M

HanpspkeHue B mecte K3.

Hanpsbkenue npsiMoii mociietoBaTeIbHOCTH 0c000i (a3bl B Touke HecummerpudHoro K3 iroboro

BUJIa COCTaBIISET
Uy = iea; dx ™. (5.41)
Hampsbxkenust oOpatHod u  HysieBod (mpu omHodaszHoM U aByx¢paszHom K3 Ha 3emio)
TocIieIoBaTeIbHOCTEH 0c000ii (ha3bl B Touke K3 paBHBI COOTBETCTBEHHO:

- ipu aByxdazuom K3
U KA2 T U Al (5.42)

- mpu oxHOazHoM K3

Uz =il X5 (5.43)
u

Uno ==l eao Xoz (5.44)
- mpu nByxdazHom K3 Ha 3emiro

Ur =U o =U ;- (5.45)

5.9.4. Crpykrypa dopmynsl (5.35) mokaspiBaeT, 4yTO TOK MPSIMOW MOCIEIOBATEIBHOCTH JHOOOT0
HecuMMeTpuaHOro K3 MoxeT OBITh OnpeesieH KaK TOK AKBUBAIEHTHOTO TpexdaszHoro K3, ynanennoro
OT JeicTBUTENbHONW TOukH K3 Ha MOMOTHHUTENBFHOE CONMpPOTHUBICHUE AX™. ITocnnenHee He 3aBUCUT OT
paccMaTpuBaeMOro MOMEHTa BPEMEHH M ONPEAEISIETCS TOJNBKO PE3yIbTUPYIOIINMH SKBHUBAJICHTHBIMU
CONPOTHBIICHUSIMHI OOpaTHOH W HYJEBOH ITOCIENOBATENFHOCTEH OTHOCHTEIHHO pacueTHOW Touku K3.
OTO TONOXEHWEe, W3BECTHOE KaK IPABMIO SKBHUBAJICHTHOCTH TOKA TPSIMOW IIOCIEOBATEILHOCTH,



TIOKA3bIBAET, YTO JJIS pacyeTa TOKa IPsIMOM MOCIIeJOBaTENbHOCTH JII00oro HecummeTpuaHoro K3 moryr
OBITh WCIONB30BAaHBI BCE METONBI pacuera Toka TpexdaszHoro K3. A s ompeneneHus MOIyIst
pe3ynbpTupyromero Toka K3  mOBpexxaeHHOH a3kl OCTaTOYHO HAHACHHBI TOK MPSIMOM
MTOCIIENIOBATEIFHOCTH YBEITUYUTD B m®™ pas (cM. Tabm. 5.4).

5.9.5. Anamutnueckue pacderbl Toka K3 OT CHHXpPOHHOH MallWHBI B IIPOM3BOJBGHBI MOMEHT
BpeMEHHU Ipu HecuMMeTpudHoM K3 pexoMmeHIyeTcs BBINOIHATH C HCIOIb30BAHUEM METOJAa THUIOBBIX
KpHBBIX. [IpH 3TOM pacuersl Lenecoodpa3HoO BECTH B CIIEIYIOIIEM HOPSIKE:

1) Mo HWCXOAHOM pacyeTHONM CXeMe COCTABUTh JKBHBAJCHTHBIE CXEMBl 3aMEIIeHUS MPSMOH,
o0patHOH 1 HyneBo# (rpu ogHodazHoM U 1BYX(azHoMm K3 Ha 3emitro) mocienoBaTebHOCTEH, BHIPA3UB
BCE IapaMeTpsl B OTHOCUTENBHBIX €IMHHIAX NMPU HPEIBApUTENHEHO BHIOPAHHBIX 0A3HMCHBIX YCIOBHSX,
IIpUYEM B CXEMeE 3aMEIEHHs NpAMON IOCIENOBATENBHOCTH CHHXPOHHYI0 MAllMHY CJIEeAyeT Y4ecThb
ceepxnepexognoir  DJ[C  (mpemBapuUTENBPHO HAWICHHOW W3  MPEANICCTBYIONIETO pPEXHMa) U
CBEPXIIEPEXOAHBIM COIIPOTUBIICHUEM;

2) ¢ MOMOIIBIO MPeobpa3oBAHMIA MPUBECTH CXeMBI K mpocteiimemy By i onpegemuts AX™ (cm.
Tabm. 5.4);

3) onpenenuTs HaYaJIbHOE JISHCTBYIONIEE 3HAUEHHE TOKA MPSMOH MOCIIeI0BATEIBHOCTH

E%)
* .
f me =

(n)
X +AX
. 1% (6) . ©

4) OmpenenUTh 3HAYCHHE BEIMYHHBI [ |, XAPAKTCPH3YIOLICH SIEKTPUICCKYIO yIaICHHOCTh
*

pacuetHoi ToukH K3 0T CHHXPOHHOM MaII1HBI
; _ Ss .
In0(som) 110(6) 1
* * S
HOM

5) B COOTBCTCTBUHM C THUIIOM I'€HEpATOpa, €0 CUCTEMBI BOS6y}K}1€HI/IH u HaﬁﬂeHHbIM 3HAYCHUCM

I |no@mowy  BPIOPAaTh HEOOXOAMMYIO THIIOBYIO KPHBYIO M JUISl 33/IaHHOIO MOMEHTa BPEMEHH OIPE/ETHUTh
.

KOO PUIIMEHT Y;
6) ompenenuTh HMCKOMOE 3HA4YCHHE MEePHOANYEcKod cocTaBisitomeil Toka K3 or cuHXpoHHOI
MalIMHbI B 33JaHHBIII MOMEHT BPEMEHH

(n)
Iy =m th o) L6

rae m™

— xoaddunment, 3aBucsmii ot Buaa K3 (cm. tadm. 5.4).
5.10. Yuer u3MeHeHHsl TAPaMETPOB KOPOTKO3aMKHYTOM IeNH
IPH pacueTe TOKOB KOPOTKOI0 3aMbIKAHUS

5.10.1. Tlpu pacuere MHUHUMAaJIBHOrO 3HaueHUs] Toka K3 s IPOM3BOIBHOrO MOMEHTa BpPEMEHHU
PEKOMEHIYeTCsl YYUTHIBATh CONPOTHBIIEHUE SJIEKTpHYecKod myrn B Mmecte K3, a Taroke yduTHIBATH
yBEIIMYEHHE aKTUBHOI'O COMPOTHBJIEHHS NPOBOAHHMKOB BCIEACTBHE uMX HarpeBa TokoM K3 (addexr
TEIUIOBOrO crajga Toka K3).

5.10.2. VYuer snektpuueckoir ayru B Mecte K3 pexoMeHIyeTcs MNpOU3BOIUTH BBEICHHUEM B
pacUeTHYIO CXeMy aKTHBHOT'O CONPOTHBIICHUS IyrH R

AKTHBHOE COINPOTHBIICHHE IYyI'H B HaYaJbHBIA U NPOM3BOJBHBIA MOMEHTHl BPEMEHHU IIPU TYTOBOM
K3 B snekrpoycTaHoBKax ¢ KaOelbHBIMU JMHUAMH HampspkeHreM 6 u 10 kB mpuOmmkeHHO MOXKHO
OTPEICNTUTh TI0 KPUBBIM, ITPUBEICHHBIM Ha puc. 5.18.

[Ipu K3 na Bo3aymHeix nuHuax 10-500 kB compoTuBiieHre AyrH B HAYAJIBHBIA M MPOU3BOIBHBIN
MOMEHTBI BPEMEHH MOXKET OBITh OMPEEICHO 0 KPUBBIM, MPUBEICHHBIM Ha puc. 5.19-5.21.

5.10.3. Dddekr TemnmoBoro cnaga Toka TpexdaszHoro K3 B mpoBomHHUKE CIEAyeT YUUTHIBATH B TEX
CITydasix, KOT/ia aKTUBHOE COIPOTHBIIEHUE NMPOBOAHKUKA K MoMeHTY K3, R,, cocraBnser ne menee 20 %
OT CyMMapHOT0 HHIYKTHBHOT'O CONpoTHBiIeHMs Leru K3.

5.10.4. AKTHBHOE COIPOTHBIICHUE TPOBOJIHMKA IIPU €r0 HAYaJIbHON TeMIiieparype 3y OIpenesnsieTcs
o hopmye

T, F 9y,
R, =Ry |——), (5.46)
T, Tt SHOPM

rae Ry, - nororHoe (y/1e15HOE) aKTHBHOE CONPOTHBIIEHHE MPOBOHUKA, OM/M, NPH HOPMHUPOBAHHOM



TemInepatype Syopw;
| - nuHa mpoBoxHKKa 10 Mecta K3, M;
Tp - YCIOBHAs TEMIIEPATYPA, PaBHast: Ul Meau T, = 234 °C, s amomunus 1, = 236 °C.
5.10.5. Temmneparypy NHpOBOJHMKA JI0 KOPOTKOI'O 3aMBIKAHHS PEKOMEHIYETCSl OINpPEAENsATh IO
¢dopmyie
2
9 = ( 1H0pM.paC'{ W o

H
L Iuon.npoﬂ J

T€ lyopw.pace - PACUETHBIN TOK HOPMAJILHOTO pEXUMA. A;

| rom.npox = AOMYCTUMBII TOK IIPOJOIKUTENLHOTO PEXKUMA JUTSl IPOBOJHUKA JAHHOTO CEYEHHUS, A;

Srommpor X Foxp.ow -~ COOTBETCTBEHHO JIOMyCTHMas TeMIIEpaTypa MPOBOAHUKA B MPOJOIKHTENBLHOM
pexuMe 1 HOpMUPOBAaHHAS TEMIIEpaTypa okpyxatoiieit cpensl, °C;

Soxp - TEMIIEPATYpPA OKpYXKaromiei cpensl, °C.

8 gomnpoy S OKP.HOM )+ 9‘on(p ’ (547)

R_, R,
o e )G LL/
2,0 \\ 3.0 ]‘10:/12
Vi A7y
1,6 % y 2,6 y
> \/ rV P //
12 22 Vi
N %/ ’
-
Z g’-/
0!4 e | P
(1) = Y 4 Y A B4 pd
’ ? "4 /7 /
S A A b
0,2 A 7 > 20
/ 4 5 /’ ] / 30
01 2 =
I > — ~ =
L f{
I 740 kA
0 0,2 0,4 0,6 08 r_.c
0 0,05 0,1 0,15 ¢ _.c
Puc. 5.18. 3asucumoctb Ry = f (Lo, o) iput K3 Puc. 5.19. 3asucumoctd Ry = f (tor luo) ipu K3
B DJICKTPOYCTAHOBKaX C KaOeIbHBIMH JIMHUSIMHU Ha BO3IYLIHBIX JIMHUSX 35 kB (crutomnsre
HanpspxerneM 6 kB (crorommsie kpusbie) u 10 kB kpuBble) 1 10 kB (IryHKTHpHBIE KPHUBEIE)

(TIyHKTHUpPHBIE KPHUBEIE)

5.10.6. YBenuueHue aKTHBHOTO COMPOTUBIICHHS IPOBOMHHMKOB Tpu K3 creayer y4uThIBaTh C
roMo1sio Kodppurmenta Kg:
Ry, =R,Kg, (5.48)
rae Kg - ko3 GHUIMEeHT yBeTHYeHUs] aKTHBHOTO COMPOTHUBJICHHS TPOBOHUKA, KOTOPBIA 3aBUCUT OT
MaTepHana, a TAKk)Ke HA4albHON U KOHEYHOU TeMIlepaTyp MPOBOJHUKA U OMPEIEIASTCS 110
hopmyre



T, +9
Ky =L (5.49)

‘|:},7+9H

rac SH u SKH - COOTBCTCTBCHHO HaYaJIbHAsA U KOHCUHAA TCMIICPATYPhI IIPOBOJHUKA.

R, 77 R, 7
Y/ /
L3 Y ;{7/‘7 . /’ P
22 AB Z, V77 % 3.2 . 7
1.8 y / LN/ 15=|5 XA // IOV/
8 = 5 // 7N 2.8 A / 4 /
1,4—/ .»/ / -/.(10 /}7 / 20
v ZEnipuny/a )
1,0-’/"5 / 4 3 |/ / L
.__.-é ;,/ —=J0kA| 0l 1L ” V)4
085 00 02 03 04 05 06r_,c — / // 30
R[S 10%A - L7 ] 1.6 7 ///
Ol ST | 2 7 4/ /é
, w4 1,2 — /,.
- ’
— 40 |30 08/1/ /'440
1 ={50xA S //
0 005 01 015 02 ¢_,c - 50

04

3

0 02 04 06 08 10¢ ¢

Puc. 5.20. 3asucumoctb Ry = f (Lo o) mprt K3 Puc. 5.21. 3aBucumocts Ry = f (o, lno) mpu K3
Ha BO3MymHBIX TuHUAX 110 kB (cromHsie Ha Bo3IymHbIX TuHUAX 330 kB (crutommsie
kpuBbie) U 220 kB (IyHKTHpHBIE KPUBHIE) kpuBble) 1 500 kB (myHKTHpHBIE KPUBHIE)

5.10.7. Pacuer HarpeBa M30JMPOBAHHBIX IPOBOJHUKOB IIpU MPOJOIDKUTENbHBIX K3 pexomenayercs
BBITIOJTHATH C YYETOM TEIUIOOTIA4H B M30JLNI0. Heo0X0MMMOCTh ydeTa TeIUIO0TAauH ONpeaessieTcs U3
CONIOCTABNICHHUSI pacyeTHOro BpeMeHH HarpeBa (lyy,) C Tak Ha3plBaA€MOW KPUTHYECKON
npoRoKUTENBHOCTEIO K3 (tyrnxp), MPU KOTOpOH IpeHeOpekeHHE TEIUIooTAaued B H30JLALUIO
MPUBOAUT K TOTPENIHOCTH B pacyerax IMPEBBIIMICHUS TeMIepaTyphl MPOBOAHUKA HAJ HadaJIbHOM,
paBHOH 5 %. Temnooraady ciemyeT yYUTBIBATh, €CIU Loy = torenip. KpUTHUECKAS MPOAOIKUTEIBHOCTD
K3 3aBHCHT OT IJIOMIA/IU TTONIEPEYHOTO CEUEHHs TIPOBOJHUKA S M OpeIesieTcs no GopMyinaMm

- 1y1st Kabeleil ¢ aIfOMUHHEBBIMH YKUITAMH

t 06510 °.5; (5.50)

OTKILKD

- 17151 Kabelnel ¢ MeIHBIMH >KUJIaMU
t =1,22-10 2.5 (5.51)

OTKILKD

5.10.8. Koneunyro TemrepaTypy HarpeBa MpOBOAHHKA 0€3 ydeTa TeIuIooTAadyH (aauadaTHYecKuii
MPOLIECC, ;) TPH MeTaLTHueckoM K3 MOXKHO oIpeaenuTsb no Gopmyiie
[ ot |
I OTKII
Sa =(8, +B)exp| ————1-p, (5.52)
2,2 2
LK 1 S7e J
rrae |y - Tok Metauimaeckoro K3 B MOMEHT OTKIIIOUEHHS, A, BBIYHCICHHBIH B COOTBETCTBHH C II.
5.5;
S - IIOMIA /b TOMEPEUHOrO CeUCHH s IPOBOIHHIKA, MM,
K1 - mocTostHHasA, 3aBUCAIIAs OT MaTepHaia MPOBOJHNUKA M PaBHAS:
g mequ Ky =226 A Cllz/MMz;
s amromuang K; = 148 A Cllz/MMz;



B - BenmnmumHa, oOparHas TemreparypHoMy Kodddummenty conporusienust npu 0 °C, K,
paBHas:
it menu B = 234,5 K;
s amromuaus 3 = 228 K;

€ - Ko PUIMEeHT, YIUTHIBAIOMINI OTBO TeIlIa B u3ossiuio. OH ompenernsercs 1o Gopmyse

(5.53)

rae F - xo3¢d¢uimenT, yYUTHIBAIOIINN HEMONHBIA TEIUIOBOM KOHTAKT MEXKIY IPOBOJHUKOM H
m3oisaueid. OH 00BIYHO MPUHUMAETCS PaBHEIM 0,7

A, B - sMmmnmpuuYecKwe TOCTOSHHBIC (M3MepsSEeMBbIC COOTBETCTBEHHO B (MMZ/C)O’S H B MMZ/C),
OTIPENIEIISIIONINE  TEPMHUYECKHE  XAPAaKTEPUCTUKU  OKPY)KAIOIIUX WM  COCEIHUX
HEMETAJITNYECKUX MaTepUasIoB:

rae Cy = 2464 mm/m; C, = 1,22 K-MMZ/}IH{;
O - yJenbHas 06beMHas TEIIOEMKOCTh TOKOMPOBOAsIIEro snementa, JIi/(Km®), paBuast:
IUISL MEJIU O = 3,45-106 }1)1</(KM3);
uist amomunns o = 2,5-10° Jix/(Kv®);
Gi - yHenbHas OObeMHas TEIIOEMKOCTh OKPYKAIOIIMX WM COCCOHHX HEMETaTHYECKHUX
matepuanos, x/(Km®), papuast:
JUTs1 GyMarKHO# MPONMTAHHON M30MAIHH Kabeneit —o; = 2-10° JIx/(Knm®);
st TIBX msonsiumu kabeneii —o; = 1,7-10° 21>K/(KM3);

Pi - YIETbHOE TEPMHYECKOE COMPOTHBIICHHE OKPYXNKAIOMIMX HIM COCCTHHX HEMETAJUTHIECKHX

matepuanos, Km/Bt, paBHoe:

Jutst OyMasKHOM NponUTaHHON u3ousiimu kabeneit p; = 6,0 Km/Br;
st [IBX usonsiium kabeneii 1o 3 kB BkirouunrensHo pi = 5 Km/Br;
cebiie 3 kB p; = 6 Km/Br.

5.10.9. KoneuHyto TemrepaTypy HarpeBa NpoBoJHMKa Oe3 yuera Teroothaadn npu K3 uepes
ANEKTPUUECKYIO IYTY U o, < 0,5 ¢ MOXKHO orpeaenuTsb 1o gopmyne (5.52). 3HaueHHne ToKa AyroBOro
K3 B Moment otxmoueHus (li) ¢ ydeToM BIMSHHUS OYTH CIELyeT OINpPENeNsTh B COOTBETCTBUHU C
n.5.10.2.

5.10.10. Koneunyto temnepatypy HarpeBa kadens npu K3 ¢ yderom Temnootnadd B H3OJSIHIO
PEKOMEHIyeTCsl ONpENeNsTh 1o hopMmyie

9 =9, (8 n —9uim, (5.54)

rae M - Kod(QQUIMEHT, YUUTHIBAIOIMKA TEINI00TAady B H30isiuio. OH 3aBHCHT OT MaTephaia H

CeYeHHs MPOBOJHUKA U IpononkuTensHocT K3; mist kaberneid ¢ aTroOMUHUEBBIME KHITaMH
u [IBX wunu OyMakHOW NpPONMMTAHHOW H3ONAIMEH 3TOT KOA(PQUIMEHT MOXKET OBITh
OIIpeJIeTIeH M0 KPUBBIM Ha puc. 5.22;

Syia - KOHEUHAs TeMIlepaTypa HarpeBa MPOBOAHMKA Ge3 ydeTa TEIUIOOTIAuH, OmpejensemMas Mo
dopmyme (5.52).
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Puc. 5.22. 3aBucumoctb 1 = f (t) qs xkabeneii ¢ Puc. 5.23. 3aBucumoctb Ky = f (1,9, Sis) utst
[IBX n OymakHO# MPOITUTaHHOW M30JISIHEH 1 Kaberel ¢ aTOMIUHUEBBIMH JKUJIAMH C Y4ETOM

AJIIOMHUHHUCBBIMHU JKHUJIaMH TCIJIO0TAAYN U COMIPOTHUBJIICHUA YT

5.10.11. Pacuer ko3¢ duirieHTa yBeIrYeHUsI aKTHBHOTO conpoTtuBiieHus kabeneli (Kg) npu xyrosom
K3 # ty, = 0,5 ¢ pekoMeHayeTcsl BBINONHAT C YYETOM B3aWMHOIO BIIMSIHUSI M3MEHEHUsI aKTUBHOTO
COMPOTHBJICHHS KW KaOelsi U aKTUBHOTO COMPOTUBIICHHUS 3JICKTPUIECKOH TYTH.

Pacuernbie 3Hauyenus kodddumenta Kg mist xaleneil ¢ allOMUHHUEBBIMH KHJIAMH MOTYT OBITh
onpeznenenbl o KpuBbM puc. 5.23. [lpu ux nocrpoenun mnpunsto, uto 4, = 20 °C u ty; = 0,5
(critomHbIe KPUBBIE) U o = 1 ¢ (IIyHKTHPHBIE KPUBBIE).

[Mpu mpomomxutensbHOocTH K3 0,5 ¢ < tyyy < 1 ¢ 3Hauenwe koddduimenta Kg MokeT OBITH
onpe/ieNIeHO MPUOIMKEHHO C TIOMOIIBI0 UHTEPIOJISIIMY KPUBBIX.

[lpy orTnuumu HavyaibHOW TemrepaTypbl kabesst oT ykazaHHoW (9 = 20 °C) koadpduument Ky
MOXKET OBITh MEPECUUTAH C IOMOIIBIO (POPMYIIBI

T, +20°C
Kg =K [ (5.55)
9(9,=20°C) ¢ +9
p H
rae K . -3HaueHue ko3 unmenra mpu I, = 20 °C;
9(9,=20°C)

9y - bakTHyeckoe 3HaYCHUE HAYAIBHOW TEMIIEPATYpHhI.
5.11. IIpuMepbI pacueToB TOKOB KOPOTKOI0 3aMbIKAHMSI

5.11.1. OnpenenuTs 3HaAUYE€HHE NEPHOANIECKON COCTaBIAONIeH Toka depe3 0,2 ¢ mocie MOMEHTa
tpex(aznoro K3 3a Giokom reneparop-tpancdopmarop.
[Mapamerpsl reneparopa tuna TB®-110-2EV3: Py, = 110 MBT; €C0S @yon = 0,8; Uyoy = 10,5 kB;

)*( " dowy = 0,189; no K3 reneparop paboTal ¢ HOMHHAIBHOH Harpy3koi, T.e. | (g lyon = 1.

[Mapametpsl Tparcdopmaropa tuna TJI[-125000/110: U, = 10,5 %; n = 115/10,5 xB.

Pacuersl mpoBeJieM B OTHOCHUTEIBHBIX CIUHHUIAX IPU CIEAYIOIIUX O0a3MCHBIX YCIOBHSIX: Sg =
Puos/COS Pyoyy = 110/0,8 = 137,5 MB-A; 6a3ucHblc HANPSDKEHHUS Ha CTOPOHAX OOMOTOK BBICIIETO M
HU3ILEr0 HaNpsDKEHUH TpaHchopMaTopa IMPUHMMAaeM COOTBETCTBeHHO paBHbiME: U, =115 kB;
Us» = 10,5 xB; 6a3ucHsIif TOK Ha CTOPOHE OOMOTKH BBICIIETO HATIPSHKEHUS

Ss 137 5

" \/;UGB ) NETE

[pu ykazaHHBIX ycrmoBusax 1mo gopmyie (5.3)

I = 0,69 KA.

. \/ 2 > 105 _
Eo(6) =4(1+1-0,18 -0,6)" +(1-0,189 -08)" -—=1,1236 ,

10.5
WHIYKTABHBIE COTIPOTHBIICHHUS T€HEPATOPa U TpaHCPOpMaTOpa COOTBETCTBEHHO PaBHBI
Ss 137 ,5 )
X 1) = X "oy = 0189 =0,189 ;
* * N 137 5

HOM



U, Sg 10,5 1375

X 16 = —— =0,1155 ,
* 100 S, on 100 125
MO3TOMY X 36 =X g + X 15 = 0,189 + 0,1155 = 0,3045
HauanrHoe 3HaueHne HepI/IOI[I/I‘IeCKOﬁ cocrasiistroniel Toka K3
E"
. 9© 11236
I oo =———=—"—"—=3,69,
* X 56 03045
IIO3TOMY
S ,
i n0(HoM) :f n0(6) S_: 3,69 137 5 =3,69 .

HOM
B coorBercTBuM ¢ kpuBbIMH Ha puc. 5.1 npu t = 0,2 ¢ koadduipenr y; = 0,82, mostomy
Tt =V o) Ton =082 -3,69 -0,69 = 2,088 KA.

5.11.2. Jlns cucTeMBl aBTOHOMHOI'O JJICKTPOCHAOXKCHMS ONPEICITUTh Ha4YalbHOS 3HAYCHHUE
NEepHOJMYECKON  cocTaBisifomield  Toka TpexdaszHoro K3 cuHHXpOHHOro reHepaTopa H  €ro
MIEPUOMYCCKYIO COCTABIIAIONIYI0 TOKa K MOMeHTy orkiroueHus 0,5 ¢ mpu K3 B kabenbHOUN JTHHUM,
CBSI3BIBAIOILEH TeHEPAaTOp CO COOPHBIMH LIMHAMU.

IMapamerpsr renepatopa tuna CIAC 15.54.8:Py0 = 1600kBT; C0S @uon = 0,8; Uyow = 6,3 kB;
= 0,159; r = 0,0054; no K3 reneparop paborayl ¢ HOMHUHAJIBHON HArpy3KoH, T.e.

.

cT(HOM)

X"
N d(nom)

Loy Liow = 1.
()HapaMeprl kabenpHOM nuHMEU: THH Kabens AAIIB-3x150; X,, = 0,074 Owm/km; Ry, = 0,206
OMm/kMm; | = 300 M.

Pacuersl mMpoBeleM B OTHOCHTEIBHBIX €IHHUIAX MPH CIEAYIOIIHNX OA3UCHBIX YCIOBHSAX:
S6 =Pon/COS Py = 1600/0,8 = 2000 kB-A; 6asuctHoe Hanpspkerune Us = 6,3 kB; 6a3ucHbIH TOK

s 2000
S —— 183 5A.

i N Bes

[pu yxa3anubix ycnoBusix 1o popmyie (5.3)

Is

, \/ 2 5 63 ,
E" o6 =V(1+0159 0,6)" + (10159 -08) g:l,l,

MHAYKTUBHOE 1 aKTUBHOE COIPOTUBIICHUS T'€HEpaTopa 1 Kabess COOTBETCTBEHHO PaBHBI:

X =X Ss 9 =059 ;
" r(6) — i d(aom) B - - ’

HOM

2000

Ss 2000 _
R 6)= R oy ——=0,0054 ——=10,0054 ;
. . S how 2000

-3

S 2000 -10 _
X o@ = Xy 1= = 0,074 03 —————= 10,0011 ;
Ug 6,3

-3
Ss 2000 -10
R gy = Ryx 1 —57= 0,206 0,3 ——————=10,003
Us 6.3

TI03TOMY
A 2(6):1: 6) T 15 w©G) T /()*( r@) )*( w©) )=

= 10,0054 + 0,003 + (0,159 + 0,0011 )= 10,0084 + j0,16.
HauanpHoe 3HaYeHNE TEPHOIUIECKOI cocTaBsromei Toka K3
E o) 11
= = 6,875 .

f e = = ; ;
N 2 (6) \j0,0084 + 0,16

B coorBercTBHM ¢ KpuBBIMH Ha puc. 5.7 mpu lyy, = 0,5 ¢ xosddumment y; = 0,55, mosTomy
Lo =¥ 1 noe) L5 = 0.55 - 6.875 183 .5 = 693 8 A.

5.11.3. Paccuutath 3Ha4YEHHsS NEPHOJUUYECKON cocTaBisiiomiell Toka K3 B HavalbHBIE MOMEHT U
MIPOM3BOJIBHEINT MOMEHT BPEMEHH B CHCTEME COOCTBEHHBIX HYXZ 6,3 KB mpu Tpexdaznom K3 B korie



KaOeNBHOM JIMHUX C YYETOM TEIUIOBOTO CIa/ia IPU METaTHIeCKoM U tyroBoM K3.

Tpauchopmarop CH: TPIAHC-63000/35, U, prun = 12,7 %; U yurum = 40 %.

Kabensnast munnst: | = 300 M; S = 3x150 Mm% Ryx = 0,206 MOm/M; Xy,= 0,074 MOm/Mm;
HavanpHas Temrneparypa kabens 3, = 35 °C. Bpems cpaGarsiBanus peneiHol 3amuthl t,, = 0,35 c;
nosiHoe BpeMst oTkitoueHus uenu K3ty = 0,35 + 0,12 = 0,47 c.

AKTHUBHOE cONpoTHBIIeHHE Kabers npu Iy, = 35 °C ompexnensercs mo Gopmyse (5.46):

T 9, 236 + 35
Rg =R, =R, l,g —————=0,206 -03 ————=10,065 Om.
T +SHOPM 236 + 20

WHnyKTHBHOE CONPOTHBIICHUE KaOes
X =X, 1 =0074 -03=0022 Om.

Comporusnenne Tpanchopmaropa CH ¢ paciieruieHHOH Ha JBe IIETH OOMOTKOH HH3IIETO
HATPSDKCHUS TIPU KOA(PPHUIUEHTE PACIICIUICHHS, PABHOM

U _ 40 %
K, = KHHI —HH2 ° 35
UK_BH —HH 12.,7%
Uwn —un % U:()M 12,7 637 .
Xy = X = 05K, : =0,5-315 —— = 0,126 Owm;
100 S Ton 100 63
Uspn —mu % U pou 12,7 63’
Xy = —2 = 025k )—" = = (1-025315) =0,017 Om.

100 100

T.HOM
CyMMapHOe HHAYKTUBHOE conpoTuBiIeHHe 1enu K3
Xy =Xpy + Xy + X, =0017 +0126 + 0,022 =0,165 OM.

[Mockonbky Rys/Xsy = 0,065/0,165 = 0,39 > 0,2, He0OXOIMMO YIUTHIBATH TEILIOBOM CIIa] TOKA TPH

K3 B xabebHOM JTHUHUH.

HavanbHoe jeiicTByroliee 3HAa4YeHHE IEPUOAMYECKON COCTAaBISIONIEH TOKa TpexgasHoro

Metayumyeckoro K3 cocrasiser:

U 6.3
I, = = = = 20,57 KA.

\/;\/Rfﬁ X3 \/3—\/0,065 > 100657
JeiicTBytomee 3Ha4Ye€HHE MNEPUOAMYECKON cocTapisiomel Toka K3 K MOMEHTY OTKIIIOYEHUS

toms = 0,47 ¢ (6€3 ydera TerooTauu B N30JISILUI0 KaOess) COCTaBIIsIeT:
U 6.3

\/;\/(RKG Ky )+ X3 \/;\/(0,065 1,48 )% 40,165 °

rae Kod(hQUIHEHT yBEIMYCHHsS aKTHBHOIO COMPOTUBICHMS X ui Kabemst Kg B COOTBETCTBHH ¢
dopmyzoii (5.49) paseH:

=19 ,5 KA,

nt

Tyt Y 236 +165,7

Kg = =1,48
T, Tt 9, 236 + 35
KoneuHast Temriepatypa ®ui Kabesst Oy, pu | = |0 B coorBeTcTBHM ¢ hopmynoit (5.52) paBHa
M2t | 2057 2.047 -10° 1 .
9 a =(9, +BJexp | | =B =(35+ 228 Jexp | | - 228 =165,7 °C,
|k*s5e? | | 1487 150 % .17 |

rze 3HadeHue koddduimenra g onpeaensercs mo popmyse (5.53):

¢ ‘ 0,47 0,47
g= 14 F4 [ L p2p| 2 | _ [110,7.0,574 +0,72~0,l65(—)=1,0,
s s 150 L 150 )
riae
1
2464 , T
= =0,574 (mm /) 2 ;
25-10°

i

6
C, o, 122-1,7-10
z i ——— =065 Mm%/
S. P 2,5-10° -5
Jnst penreHust Bompoca O HEOOXOAMMOCTH ydeTa TeIDIOOTAAYM ONpEAeNseTcss KPUTHYECKas
nponomkutenbHOCTh K3. B cootBercTBum ¢ popmymnoit (5.50)



‘ =0,65-10 2 -150 = 0,975 C.

OTKILKD
Vuureisas, uto o = 0,47 ¢ < tonup = 0,975 ¢, Tennooraavy B H30JIALMIO YYUTHIBATL HE CIIETYET.
IIpu onpenenenyu Toka myroporo K3 compoTuBiieHue AyTH HAXOAUM TI0 KpUBBIM puc. 5.18, rae ams
loo = 20,57 XA # o, = 0,47 ¢c mmeeM Ry = 0,073 Owm.
ITo kpuBbiM puc. 5.23 mpu 9, = 20 °C umeem Ky = 1,56. Ilepecuer koadppuunmenta Ky x

(hakTUYECKOMY 3HAUCHUIO HavallbHOH TemiepaTypsl (3, = 35 °C) BemonnsaeM mo gopmyie (5.55):
T, +20 236 + 20

Kg =K . =156 =147 .
9(8,=20 Cr,+ 9y, 236 + 35

JlelicTBytomiee 3HaYeHUE NEPUOANYECKON COCTaBIIIOIIEH TOKa K MOMEHTY OTKJIIOUEHHS JyrOBOIO
K3 cocrasnser:
U nn 6.3

1 =15,43 KA.

L= -
\/;\/(RK6 Ky +Ry )+ X5 \/;\/(0,065 1,47 + 0,073 )2 + 0,165 >

Takum 00pa3oM, yBeTHMYEHHE aKTUBHOIO CONPOTHBIICHHS Kabens npu MeTauimueckoM K3 cHmkaer
Tok K3 k MoMeHTy oTkitoueHust Ha 6 %, npu ayroBoM K3 - Ha 25 % mo cpaBHEHUIO CO 3HaUE€HHEM
TOKa B HAYaJIbHBIM MoMeHT K3.

5.11.4. Omnpexnenuth Tok npH Tpexdaznom K3 B xoHue BozaymHoi auHun 110 kB mmmHO# 10 KM,
ecin Tok K3 B Havane munnu cocrasiser 1), = 25 kA. Ha nuuanu 3JIEKTpOIepeaayy UCII0Ib30BaHbI
AMOMHHHEBBIE IIPOBOJA CeUCHHEM 95 MM, JUIsi KOTOPBIX Ryx = 0,315 Om/kM n Xy, = 0,434 Om/kmM.
HavanbHas Temneparypa npoBojioB JIMHUU cocTaBisieT 3y = 30 °C. [lonHoe Bpems OTKIIIOUYEHHs LIEMH
K3ty = 0,5 c.

AXTHBHOE CONPOTHUBIIEHUE MPOBOJIOB JIWHKY 1TpH I, = 30 °C onpenensiercs 1o popmyne (5.46):

T+ 9y 236 + 30
Ry =R, =R, |————=0315 .10 ——— =337 Om.
T, +9 236 + 20

HOPM
WHIyKTUBHOE COMTPOTUBIICHNE POBOJIOB
KXo = Xyn 1 = 0,434-10 = 4,34 Om.
CorpoTuBIICHNE TUTAIOIIEH CHCTEMBI

U
X, - cpuow 110 254 O
F1® s
IMockonbky Ry /Xy = 3,27/(4,34+2,54) = 0,475, T.e. akTHBHOEC COMNPOTHBICHHE MPOBOIHUKA

coctasiser 6omnee 20 % cyMMapHOTo HHIYKTUBHOIO CONPOTHBIECHHS nenu K3, HeoOX0IMMO yUHTHIBaTh
TEeTI0BOM cha Toka npu K3 Ha nuHIH.
HauanpHoe neiicTByromnee 3Ha4YeHHE MEPHOANYECKON COCTaBISIOMIEH Toka Mertamtmdeckoro K3
COCTaBJISIET:
110

I = =837 KA.
\/;\/3,37 2 (434 +254)°
Koneunass temmepaTypa HarpeBa IpPOBOAOB JIMHHM K MOMEHTY €€ OTKIIOYeHus mpu |y = Iy
COCTaBJISET
72 toman | 8372 .10 .05 | .
8w = (9, +ﬁ)exp‘ﬁ‘—[3=(30 +228 Jexp | —————— |- 228 =807 C.
| KiSmpe’ | | 1482 057 .17 |
IIpu s3TOoM
236 + 80
g = ————=1]166 .
236 + 35

JeiicTBytommee 3Ha4YeHHE NEPUOAMIECCKON cocTaBisiomed Toka K3 K MOMEHTY OTKITIOYEHUS
COCTaBIISIET:
pu MeTaiumdeckom K3

110
1

= = 8,08 KA;
\/;\/(3,27 1166 )% 4 (434 + 2,54 )7

npu ayroeoM K3 (Ry = 2 Om, ompesienero 1o kpuBsM prc. 5.20)



U

Cp.HOM

1

nt
2 2
\/;\/(RBHKS-#RM) (X + Xy )

110

= 7,064 xA .

\/3—\/(3,27 1166 + 2)% 4 (434 + 2,54 )7

Ymenbiienne Toka K3 mona BIusiHuEM TEIJIOBOTO Cliaja U dJIEKTPUUECKON YTy cocTaBisier 16 %.

6. PACHET TOKOB KOPOTKOI'O 3AMBIKAHUA B 3JIEKTPOYCTAHOBKAX
HNEPEMEHHOI'O TOKA HAIIPSI’)KEHUEM J10 1 KB

6.1. IlpuanMaeMble TOMYIIECHHUS

IIpu pacuerax ToKoB K3 B 3jeKTpoycTaHOBKaxX MEpEMEHHOro TOKa HampsbkeHHeM 1o | kB
JIOIyCKaeTCsl:

1) UCTIONB30BaTh YIIPOIIEHHBIE METO/IBI PACUETOB, €CIIH MX IOrPEIHOCTh He npeBbimaeT 10 %;

2) MaKCHMMAaJIbHO YIPOIIATh U SKBUBAJICHTHPOBATH BCIO BHEUIHIOIO CETh 110 OTHOIIEHUIO K MecTy K3
U MHIUBHUIYaJIbHO YYUTBIBATh TOJIBKO ABTOHOMHBIE MCTOYHHMKH JIEKTPOIHEPIHU U AJIEKTPOJIBUTATENH,
HeToCpeICTBEHHO NpUMBIKatolye Kk Mecty K3;

3) He YUUTHIBATh TOK HAMArHUYMBAHUS TPAHCPOPMATOPOB;

4) He yYHUTHIBATH HACBIIICHHE MATHUTHBIX CUCTEM JJICKTPUYECKUX MAIIINH;

5) npuHuMaTh ko3 duimeHTs TpaHchopMau TpaHCHOPMATOPOB PAaBHBIMH OTHOILIEHUIO CPETHUX
HOMUHAJILHBIX HAIPSDKEHUN TEX CTYIEHEH HANPSHKSHUS CeTeH, KOTOPhIC CBA3BIBAIOT TPAHC(HOPMATOPHI.
IIpu 3TOM crlemyer HCIOIb30BaTh CIEAYIOIIYIO IIKATy CPEIHMX HOMUHAIIBHBIX HampspkeHui: 37; 24;
20; 15,75; 13,8; 10,5; 6,3; 3,15; 0,69; 0,525; 0,4; 0,23;

6) He yYUTHIBaTh BJIUSHHE CHUHXPOHHBIX M ACHHXPOHHBIX 3JIEKTPOABMIaTeNed WM KOMIUICKCHOM
Harpy3Kd, €clIM HMX CyMMapHbII HOMMHANBHBIH TOK He mpeBbimaer 1,0 % HauanbHOTO 3HAYCHUS
NePHOMYECKON cocTaBistomel Toka B Mecte K3, paccuntanHoro 0e3 ydera aieKTpOJBUTATENeH HIIH
KOMIUIEKCHOM Harpy3KkHu.

6.2. PacueT HA4YAJILHOT0 3HAYEHUSA nepnozmqeucoﬁ coCTaBJISIOLIEH TOKA
TpeX(l)ZBHOl"O KOPOTKOI'0 3aMbIKaAHHUSA

6.2.1. Toxu K3 B amekTpoycraHoBKax HampsbkeHueM 10 1 kB pekoMeHzyercs paccuUMTHIBATH B
MMEHOBAHHBIX SIMHHIIAX.

Ipu cocraBneHNH SKBUBAJIEHTHBIX CXEM 3aMEIEHHUs ITapaMeTpPhl SJIEMEHTOB HCXOIHOH pacyeTHOH
CXEeMBI ClefyeT MNPUBOIUTh K CTYNEHH HaNpsHKEHHS CEeTH, Ha KOTOpol Haxomurtcs Touka K3, a
aKTUBHBIE M WHAYKTUBHBIE CONPOTHBIICHUS BCEX O3JEMEHTOB CXEMBl 3aMELICHHS BBIpakaTb B
MHJUTHOMAX.

6.2.2. Meroauka pacuera Ha4aJlbHOTO JICHCTBYIOLIETO 3HAYCHHS MEPHOIMYECKON COCTABISIOIICH
toka K3 B anmekTpoycraHoBkax 1o 1 kB 3aBUCHT OT crocoba 3MeKTPOCHAOKEHHS - OT YHEPTOCUCTEMBI
WM OT aBTOHOMHOT'O HCTOYHHKA.

6.2.3. TIpu pacuere TokoB K3 B 37eKTpOoycTaHOBKaX, MONYYAIONINX MUTAHUE HEMOCPEACTBEHHO OT
CEeTH JHEProCHUCTEMBI, JIOIyCKAETCsl CYUTATh, YTO HOHIKAIOUIME TPaHCHOPMATOPHI MOAKIIOYEHBI K
WUCTOYHHMKY HEM3MEHHOrO0 10 aMIUIMTYAEC HalpsDKeHUs depe3 OKBHBAJICHTHOS WHIYKTHBHOE
COIIPOTHBJICHHE.

3nadyenue 3Toro conpotuBieHus (X.), MOM, MpHUBEIEHHOE K CTYNEHN HHU3IIETO HATIPSHKCHUS CETH,
CIIeZlyeT PAacCUUTHIBATH O (hopMyIie

U U

cp.HH cp.HH -3

X, = - 1077, (6.1)
\/3_[ wH U cp.BH S«
raie Ugpun - cpefHee HOMMHAJIBHOE HANpPSKEHHE CETH, TOAKIIOYEHHOH K OOMOTKE HHM3LIETo
HanpspkeHus Tpancdopmaropa, B;
Ucp.aH - CpeiHEE HOMHHAJILHOE HAMPSKEHUE CETH, K KOTOPOH MOAKIIOYEHa OOMOTKA BBICIIETO
HanpspkeHus Tpancdopmaropa. B;
lisu = lnopn - AEHCTBYIOIIEE 3HAUCHHE TIEPUOJMYECKOI cocTaBiIsromei Toka pu Tpexdazaom K3 y
BBIBOJIOB OOMOTKH BBICIIIETO HATIPSDKCHHUS TpaHc(hopMaTopa, KA;
S¢ - YCIOBHas MOIIHOCTb KOPOTKOI'O 3aMBIKAHUS Y BBIBOJZOB OOMOTKH BBICHIETO
HanpspkeHus Tpancdopmaropa, MB-A.




HpI/I OTCYTCTBUU YKA3aHHBIX OAHHBIX 3KBHUBAJICHTHOC HWHAYKTHUBHOC COIIPOTHBJICHUEC CUCTCMbI B
MUJIJIMOMAX JOITYCKACTCA paCCUNUTHIBATDH IO (bOpMy.]'[e

2
X, - U_cpim , 6.2)
V3
1€ loronion -~ HOMUHAJIBHBIA TOK OTKIFOYEHHS BBIKITIOUATENS, YCTAHOBICHHOTO HA CTOPOHE BBICIIIETO
HAINpPsHKEHHUS! TOHMKAOIIEro TpaHcdopmaTopa.

B ciydasx, Korja MOHIKAIONMH TpaHC(HOPMATOP TMOAKIIOYEH K CETH JHEPrOCHCTEMBI uepes3
peaxkTop, BO3MYIIHYIO WIM KaOCTbHYIO JIMHUIO (IUTMHOH Oonee 1 kM), HEOOXOIMMO YUYHTHIBATH HE
TOJIbKO MHIYKTHUBHBIC, HO U aKTHBHbBIC COITPOTHUBIICHUS 3TUX dJIEMEHTOB.

6.2.4. Tlpu 531MeKTPOCHAOKCHUU DIICKTPOYCTAHOBKHA OT SHEPTOCHCTEMBI Yepe3 ITOHMKAFOIIUHA
TpaHcOpMATOp HAaYaJbHOEC JICHCTBYIOIIEe 3HAYCHHE IEPUOMMYESCKOH  COCTABISIONICH TOKa
tpexpaznoro K3 (l,0) B kmmoammnepax Oe3 ydera NONIMTKH OT 3JIEKTPOJBHIATENIeH CleayeT
paccYnThHIBATH MO (GOpMYJIe

omnmon U cp.BH

U
cp.HH
[ L R— (6.3)
[ 2 2
‘/; Ris + X3
rae Ugmn - cpenHee HOMHMHAIBHOE HAlpsHKEHHE CETH, B KOTOPOH IPOM3OIUIO KOPOTKOE

3aMbIKaHue, B;
Ris, X1z - COOTBETCTBEHHO CYyMMapHOE aKTHBHOC M CYMMAapHOE WHIYKTUBHOE COIPOTHUBIICHUS
npsiMoit ocnenoBaTenbHocTH ey K3, MOM. DT conpoTUBIIEHUS PaBHBI:
Rs :RT+RP+RTA + R + R, + R+ R g + R, +R}1

X]ZZXC+XT+Xp+XTA+XKB+XUJ+X]K6 + X

rie X, - OKBUBWIGHTHOEC WHAYKTUBHOE CONPOTHUBIEHHE CHUCTEMBI O IOHWXAIOIIETo
tpaHchopmaropa, MOM, IPUBEIEHHOE K CTYIIEHH HU3ILETO HANPSHKCHHS;

R:; 1 X; - aKTUBHOE U MHIYKTUBHOE CONPOTUBJICHUS MPSIMOH MOCIEJOBATEIBHOCTH MOHIKAIOLIETO
TpaHcpopmaropa, MOM, NpPUBEAEHHBIE K CTYNCHH HH3LIEr0 HAIPSDKCHUS CETH, HX

paccuuTHIBAIOT 1O hopMyIiam:

p Ul

R .= K.HOM - HHuom 10 6 , (64)
ST.HOM
100 P Pyl
X .= ui _ KHOM HHuom 10 4 , (65)
ST.HOM S L hom

r1ie S; o - HOMHUHAIBHASI MOLIHOCTH TpaHchopMaTopa, KB-A;

Py ;ion - IOTEPU KOPOTKOTO 3aMbIKaHUs B TpaHchopmarope, KBT;

Untzon - HOMHHAJIBHOE HaNpsDKEHHE 0OMOTKH HU3IIEro HallpspKeHUs TpancdopmaTopa, kKB;

Uy - HaTIPsDKEHHE KOPOTKOTO 3aMBIKaHUs TpaHcdopmaTopa, %o;
R:ia U X;a - aKTHBHOE M WHIYKTHBHOE CONPOTHUBIICHHS IEPBUYHBIX OOMOTOK TpaHC(HOPMATOPOB
Toka, MOM, 3Ha4YeHUsI KOTOPBIX MpuBeaeHs! B npuinokenun S TOCT P 50270-92;

Ry ¥ X}, - aKTUBHOE M MHIYKTHBHOE COIIPOTUBIIEHHs peakTopa, MOM.

AKTHBHOE COIPOTUBIICHHE TOKOOIPAHNYHMBAIOIIETO PEAKTOPa CIEAYeT PACCUUTHIBATE 110 (hopMyIe
R, _Af;‘o&lo3 , (6.6)

p.HOM

rae AP; ov - TIOTEPH AKTUBHOW MOIITHOCTH B (ha3e peakTopa MpH HOMUHAIBLHOM TOKe, BT;
Ip.ion - HOMHMHAJIBHBIH TOK peakTopa, A.
WHaykTHBHOE compoTuBieHHe peakropa (Xp) ciemyeT NpUHUMATh, KaK yKa3aHO U3IOTOBHUTEIEM,
WM OMpPENENsITh 1o (opmyre

X, =0 (L-M)-10°, (6.7)

rae o = 27f - yriuoBast 4acToTa HAIPSDKEHHS CETH, pay/c;
L - MHAYKTHBHOCTD KaTYIIKH peakTopa, [ H;
M - B3auMHast HHAYKTUBHOCTh MEXIy (azaMu peakropa, ['H;
Re W X - aKTHBHOE M WHAYKTHBHOE COMPOTHBIEHHS TOKOBBIX KAaTYIIEK M MEPEXOAHBIX
COTNPOTHBJIEHUH TOABIXHBIX KOHTAKTOB aBTOMATHYECKHX BBIKIIOUaTened, MOwm,



3Ha4YeHMsI KOTOPHIX MpuBeeHsl B npuitoxennn 6 TOCT P 50270-92;

Ry ¥ X, - akTUBHOE M MHIYKTUBHOE CONPOTHBIIEHWS IIMHONPOBOAOB, MOM. PexomeHmyemplii
METOJi pacyeTra CONPOTHBJIEHHMHA IIMHONPOBOAOB M IapaMeTphl HEKOTOPBIX
KOMIUTEKTHBIX IIIHOMPOBOOB NpuBeaeHs! B npmwiokennn | TOCT P 50270-92;

R« - cyMMapHOe aKTHBHOE CONPOTHBIICHHE PA3IMYHBIX KOHTAKTOB M KOHTAKTHBIX COEIHHEHUH,
JaHHble O KOTOpbIX mpuBeneHsl B npunoxeHun 4 T'OCT P 50270-92. Ilpu
MPUOIMKEHHOM Yy4eTe CONPOTHBJICHHI KOHTAKTOB ciienyerT mpuHuMath: R, = 0,1
MOM - 711 KOHTaKTHBIX coenHeHni kadeneit; R, = 0,01 MOM - 1 ITMHOTIPOBOIOB;
Rx = 1,0 MOM - 111 KOMMYTAITHOHHBIX alllapaToB;

Rixs 1 Xixs - aKTUBHOE M MHIYKTHBHOE COIPOTHBIIEHHS MPSIMON IMOCIIENOBATEIBHOCTH Kabernei,
3Ha4YeHMs1 KOTOpHIX npuBeaeHsl B npuiioxennn 2 TOCT P 50270-92;

Riax ¥ X4, - aKTHBHOE M HHIYKTHBHOE CONPOTUBIICHHS PSMOH ITOCIIEI0BATEILHOCTH BO3IYIIHBIX
JMHUN WM MPOBOJAOB, NMPOJIOKEHHBIX OTKPHITO HA M30JIATOPAX, 3HAYEHUS KOTOPBIX
npuBenens! B npuioxeHnu 3 TOCT P 50270-92;

R, - akTuBHOe comnporuBienue nyru B Mecte K3, MOM, paccunThiBaeMoe, Kak yKa3aHo B
1.6.8, B 3aBUCUMOCTH 0T ycnoBuii K3.

6.2.5. Ecnu snekTpocHaOXeHHE SJIEKTPOYCTaHOBKU OCYILECTBISIETCSI OT DHEPrOCUCTEMBI depes
NOoHWXKaommi TpaHchopmarop W BOmm3M Mecra K3 HMEIOTCS CHHXPOHHBIE M aCHHXPOHHBIE
SIEKTPOABUraTeNM WM  KOMIUIEKCHas Harpyska, TO HadajbHOE JeiiCTByIolllee 3HadeHHe
HepuoaAnYecKor coctapismoiel Toka K3 ¢ yueTroM MOAMUTKY OT 3JI€KTpOABUraTenel MiIn KOMIUIEKCHOM
HAarpy3KH CIEIyeT OIpeNeNsaTh Kak CyMMy TOKOB OT J3HeprocucreMsl (cM. 1. 6.2.4) u or
ANIEKTPOABUIaTENeH I KOMIUIEKCHOW Harpy3ku (cM mi. 6.6 u 6.7).

6.2.6. B oamexkTpoycTaHOBKax ¢ aBTOHOMHBIMH HWCTOYHHKAMHU 3JEKTPOIHEPTHH HadajbHOE
JeiicTByIOIlee 3HAUYEHUE IIepHOJUYecKod cocTaBisiomeidl Toxka K3 0e3 ydera HOANUTKH OT
AJIEKTPOABUIATENeH B KHUJIOAMIIEpaX CIIEIyeT PaCCUMTHIBATH 10 (hOpMyIie

g
Iy = ———, (6.8)
\/Rlzz +X 122
rae Riz ¥ Xiz - COOTBETCTBEHHO CyMMapHOE aKTUBHOE M CyMMapHOE€ MHAYKTHBHOE COIPOTHBIICHUS
e K3, MOwM.

OTH CONPOTUBIICHUS PABHBI:

Ris =R +R_, +R +Rp +R, + R+ R + R+ R
Xig =X1+X 0 + X FX F XN X e Xy
rae Ej - ceepxnepexoanas DJIC (dpasHoe 3HaueHME) aBTOHOMHOTO MCTOYHNUKA, B. 3Hauenue s1oi

O/1C crnexyer pacCUUTHIBATh KaK | JUI CHHXPOHHBIX 3JEKTpOABHTraTeieh (cM. 1. 6.6);
X § - CBEpXIEpexopHOe COMPOTUBICHHE MO MPOJOIBHOH OCH POTOPA;

R - akTUBHOE CONPOTHUBIIEHHE OOMOTKH CTaTOpa aBTOHOMHOT'O HCTOYHHKA.

6.2.7. Ilpu HEOOXOMUMOCTH y4YeTa CHHXPOHHBIX M aCHHXPOHHBIX JJIEKTPOABHUIaTeNeld WIn
KOMIUIEKCHOM Harpy3kd B aBTOHOMHOM 3JIEKTPUYECKOM CHUCTEME HAdyaJIbHOE JEMCTBYIOILEE 3HAUCHHE
MepUOIIYEecKOil cocTaBisitome Toka K3 ciemyer ompenensrts Kak CyMMy TOKOB OT aBTOHOMHBIX
HCTOYHUKOB (CM. M. 6.2.6) W OT diekrpoaBurareneid (cM. 1. 6.60) WIM KOMIDIEKCHOW Harpy3Kd
(cm. . 6.7).

6.3. MeToanbl pacueTa HeCUMMETPHUYIHBIX KOPOTKHUX 3aMbIKAHHH.
CocTaBiieHHe cXeM 3aMelleHus

6.3.1. Pacuer TOokOB HecuMMeTpuuHbIX K3 ciemyerT BBIIONHATH C HCIIONBb30BAaHHEM METOZA
CUMMETPHUYHBIX COCTaBILIONMX. [Ipn 3TOM mpenBapUTeNbHO ClIEAyeT COCTABHTH CXEMBI 3aMEIICHHS
MIPSIMOH, 00paTHOI W HYJIEBOW MOCIIEA0BATEITHHOCTEH.

B cxemy 3amemnieHus NpsIMOH IIOCIETOBATENLHOCTH JIOJDKHBI OBITH BBEIEHBI BCE JJIEMEHTHI
HCXOAHOM pPACUETHOM CXEMbl, IpUYEM IpPU pacuyeTe HAYaJIbHOIO 3HAYEHHS MEPUOANYECKON
COCTaBJISIOIIEH TOKa HecMMMeTpuuHOro K3 aBTOHOMHBIE WCTOYHMKH, CHHXPOHHBIE M ACHHXPOHHBIE
JIEKTPOABUTATENH, & TAKXKe KOMIUIEKCHAsI Harpy3Ka JOJDKHBI OBITh yUTeHBI cBepxmepexoqabvu DC
1 CBEPXIIEPEXOJHBIMU COTPOTHUBIICHUSIMH.

Cxema 3aMmemieHust OOpaTHOW IOCIEIOBATENFHOCTH TaKKE JODKHA BKIIOYATh BCE OSJIEMEHTHI
HCXOAHON pacdyeTHON cxeMbl. COMpoTHBIIEHNSI 0OpaTHON MOCIIEOBATENbHOCTH CIIEyeT IPUHUMATH T10



JaHHBIM ~KaTaJoroB, a AaCHHXPOHHBIX MAIIMH - [pPUHUMAaTh pPaBHBIMH CBEPXIIEPEXOTHBIM
COTPOTHBIICHHSM.

6.3.2. Pacuer TOKOB 01HO(a3HOTO KOPOTKOTO 3aMBIKAHHS

6.3.2.1. Ecnn anexTpocHaOXeHHe 3JIeKTPOyCTaHOBKM HampspkeHneM 1o 1 kB ocymectsisieTcs: ot
9HEPrOCHCTEMBl Uepe3 TOHIDKAIONMKA TpaHCPOpMaTop, TO HadabHOE 3HAYCHHE IIEPUOJMIECKOMN
cocTaBJstoniel Toka ogHodasHoro K3 ot cucreMsl, KA, clieyeT pacCUUTHIBATh 1Mo (HopMyIie

\/;U cp.HH

\/(2R12 +Rog )D +(2X 5 + X g )’
rae Ris 1 Xis - COOTBETCTBEHHO CyMMapHOE aKTUBHOE M CYMMAapHOE WHIYKTUBHOE COIPOTHUBIICHUS
MIPSAMOM MOCTIeI0BATENILHOCTH PaCYETHOM CXeMbl OTHOCUTENBHO Touku K3, MOwM;
Ros ¥ Xps - COOTBETCTBEHHO CyMMAapHOE aKTHBHOE M CYMMAapHOE HHIYKTHBHOE COIPOTHBIICHUS
HYJIEBOM MOCIIEJIOBATEIHLHOCTH PACUETHON CXeMbl OTHOCUTENbHO Touku K3, MOM. DTH conpoTUBIIEHUS
paBHBIL:

1)
n0

I , (6.9)

R()>::R()T+-RP+RTA + Ry + R+ Ry + Ry + Romn +RH;

(6.10)
Xog =Xgr + X+ X p + X + Xgy + X + X o >
rne Ror W Xp; - aKTMBHOE W WHIYKTHMBHOE COIPOTHUBIICHUS HYJIEBOW I10CIIEA0BATEILHOCTH
NoHWwXKatonlero tpancdopmaropa. i TpaHchopMaTopoB, OOMOTKHM KOTOPBIX
coeaunensl o cxeme A/Yo, mpu pacuere K3 B ceTd HM3IIEr0 HAMPsHKEHUS 3TH
COIIPOTUBJICHUA CJIEAYET TPUHUMATh PaBHBIMU COOTBETCTBEHHO AKTHUBHBIM H
VMHAYKTUBHBIM COIPOTHMBIICHUAM IIPSAMOM IocienoBaTenbHOCTA. [Ipu  apyrux
CXeMax COEJMHEHUS OOMOTOK TPaHC(POPMATOPOB AKTUBHbIE W WHIYKTHBHBIE
COMPOTHBJICHHS HYJIEBOM IOCIIENOBATEIBHOCTH HEOOXOJUMO MpPUHHUMATh B
COOTBETCTBHUH C YKa3aHUIMHU HBFOTOBHTCHCﬁ;
Row ¥ Xow - aKTHBHOE M WHAYKTHBHOE COIPOTHBIICHUS HYJIEBOW IOCIIEIOBATEIBHOCTH
HIMHOIPOBO/AA;
Roxs 1 Xoxs - aKTUBHOE ¥ HHAYKTHBHOE COIPOTHUBIICHUS HYJIEBOH MOCIEI0BATEIBHOCTH KaOes;
Rosn U Xopy - AKTMBHOE W MHAYKTUBHOE COIPOTHBIICHHS HYJIEBOH IOCIEROBATEIHLHOCTH
BO3/yLIIHOM JINHUM:
Ry, =R, +3R; =R, + 0,15 MOM/M;
X Omn ¥ 3X 1B
6.3.2.2. B »snekTpoycTaHOBKax C aBTOHOMHBIMU HMCTOYHMKAMHU SHEPrHMU HavajbHOE 3HAYCHHE
o v 1
MIEPHOANYECKON COCTaBIIAIOMIEeH ToKa ofHodaszHoro K3 (15[0) ) B KIJIOaMIiepax ClieqyeT ONpeAessTh 110
dbopmyie

3E
o b , (6.11)

(] =
2 2
\/(2R12+R02) +(2Xy + X5 )

Ije Ej - OKBUBaJeHTHas cBepxnepexonnas DJ[C aBToHOMHBIX HCTOYHMKOB ((asHas), B, kotopyro

OIPEIETAI0OT B COOTBETCTBUU C II. 6.2.6.

HauanpHoe 3Ha4yeHHe NEPHOJMYECKON cocTaBisomeld Toka oxHodasHoro K3 ¢ yuerom
CHHXPOHHBIX M AaCHHXPOHHBIX OJJIEKTPOABHTATENed B KWJIOAMIIEpPaXx CJIEAyeT pacCUHUTHIBAThH
AHAJIOTUYHO, B COOTBETCTBUU ¢ opmyoii (6.11).

[Ipn HEOOXOAMMOCTH ONpEAETICHUS NEePHOANYECKON COCTaBIsiomel Toka omHodaszHoro K3 B
TIPOM3BOJIBHBIM MOMEHT BPEMEHH CIIEYEeT IPHUMEHATh METO/IBI, H3JIOKEHHbIE B 11.6.6.

KommnekcHas Harpy3ka yIuTHIBA€TCS MapaMeTpaMiy, IPUBEIEHHBIME B Ta0M. 5.1.

6.3.3. Pacuer TOKOB AByX()a3HOIO KOPOTKOTO 3aMbIKAHHUS

6.3.3.1. Tlpu 371eKTpOCHAOKEHNHU SJICKTPOYCTAHOBOK HampspkeHueM 10 1 kKB OT 3HeprocucTeMsl
yepe3 MOHIKAIOMMK TpaHCPOpPMAaTOp HAaYaIbHOE 3HAYCHUE IEPUOJMYECKON COCTABIIONICH TOKa

@
nByxQasuoro K3 (7 ' ) B Kuoamiepax cieyer Onpeiessth o Gpopmyse

;@ _ Yomn (6.12)

0 N ) !
2\,R12 + X5

I‘,I[G:R]Z:RT+RP+RTA +RG + R, + R+ Ry + Ry, +R /2

m



X s :Xc-¢—XT+Xp-¢—XTA T X X+ X + Xy
6332 B OJICKTPOYCTAHOBKAX € ABTOHOMHBIMH HCTOYHUKAMU OSHEPrurM HAYAJIbHOC 3HAYUCHUC
TIEPUOJIITYECKOM COoCTaBIIsAONICH TOKa AByX(azHoro K3 ciemyer paccuuThiBaTh IO hopMyIie

NEYY
JR A S (6.13)

no !
2 2
24/Riy + X3
HavanpHoe 3HaveHHE TEPHOMUYCCKON COCTaBIsroNel Toka nByxdaszHoro K3 ¢  yuerom

)

aCHMHXPOHHBIX DJIEKTPOIBHIaTeNnei (7 Al

) B KAJIOAMITIEpAx CIEAYeT OMPEAeNsTh Mo (GopMysie

VaEg,

@
oAl = - = (6.14)
2R + X5
e Egs - OKBuBaleHTHas csepxnepexonnas JDJIC  (dasHoe 3HAUEHME) ACHHXPOHHBIX

AJIEKTPOABUIATENEH 1 NCTOYHUKA 3JIEKTPOIHEPTrHH, B;
Ris 1 Xi5 - COOTBETCTBEHHO CyMMapHOE aKTHMBHOE M CyMMapHOE HMHAYKTHBHOE COIPOTHBIICHHS
NpsSMOI  MOCIIEIOBATENBHOCTH OTHOCUTENbHO Toukun K3 (¢ ydyetom mnapamerpoB
ACHHXPOHHBIX dJIEKTpoaBUTaTeNeH ), MOM.
HavanpHoe nelcTByrolee 3Ha4yeHHE HEPUOAMYECKO cocraBistomied Toka nsyxdaszHoro K3 c
Y4ETOM CHHXPOHHBIX 3JICKTPOJBUraTeNieil B KIWIoaMIepax onpeessitoT aHaJOruuHO.
[lpu HEoOXOAMMOCTH ONpeNeNieHUs] TMEePUOANYEcKOi cocTaBisonieil Toka aByxdaznoro K3 B
MPOU3BOJIBHBIM MOMEHT BPEMEHU PUMEHSIOT METO/Ibl pacyera, IpuBeIeHHbIE B 11.6.6.

6.4. Pacuer anepuoanyeckoii cocTaBJ/sIIOLIell TOKa KOPOTKOr0 3aMbIKAHHUS

6.4.1. HauOonbillee HayaJbHOE 3HAYCHHE AaICPHOAUYCCKON cocTaBiisitoield Toka K3 B oOmiem
ciyyae CIeJyeT CYWTaTh PABHBIM AMIUIATYIC TEPHOMMYECKOH COCTABISIIOIICH TOKa B HAYaIbHBIN
momeHT K3:

iy =21, . (6.15)

6.4.2. B pasmanbHbBIX CETSIX alepUOANYECKYIO COCTaBIISONIyI0 Toka K3 B MpOM3BOJILHBIII MOMEHT
BPEMEHH CJIeAyeT ONPenessaTh 1o hopMmyie

1

ot = ia()e_t/Ta ) (6.16)

rae t - Bpems, c;

T, - mOCTOSTHHASA BPEMEHH 3aTyXaHHs allepuoqMIecKoi cocTapisitomieit Toka K3, ¢, paBHas

X Py
T, o hy (6.17)
rae Xz u Ry - pe3yipTupyromnie HHAyKTUBHOE U aKTUBHOE coripoTuBiieHus enu K3, MOwm;
@, - CHHXPOHHAs yTJIOBas 4acTOTa HANPsDKEHHs CETH, pajy/c.

IIpn onpenenenmn Xz u Ry CHHXpOHHBIE TeHEpaTOpbl, CHHXPOHHBIE U ACHHXPOHHBIC
9JIEKTPOJBUIATENN JOKHBI OBITH BBEICHBI B CXEMY 3aMEIICHHS B COOTBETCTBHH C TPEOOBAHHMSMHU
m 6.7.

KommnekcHass Harpy3ka JomkHa OBITh BBEAEGHA B CXEMy 3aMEIICHUS] B COOTBETCTBHHM C
TpeOOBaHUAMH II. 6.8.

6.4.3. Anepuoanveckyio COCTaBISIOLIYI0 Toka K3 OT aBTOHOMHOTO CHHXPOHHOTO TeHepaTopa B
KWJIOaMIlepax B CiIydae HEOOXOAMMOCTH ydeTa TOKa IeHepaTopa B MOMEHT, IpenmecTByromui K3,
CIIEyeT ONpeNeNiTh, Kak B 1. 5.3.4.

6.4.4. Ecnu touka K3 nmenur pacyeTHyio cxeMy Ha pajualibHble, HE3aBHCHUMBIC IPYr OT Apyra
BETBH, TO ANEPHOIANIECKYIO COCTaBISIONIyI0 TOka K3 B IpPOM3BONBHBII MOMEHT BPEMEHH CIIEIyeT
ONpEneNATh KaK CyMMY AalepHOJMYECKHX COCTABISIONIMX TOKOB OTHEIBHBIX BETBEH, HCHONB3Ys

¢dopmymy (5.15).
6.5. PacueT y1apHOro Toka KOpPOTKOr0 3aMbIKAHMS

6.5.1. Ypapueiii Tok TpexdazHoro K3 B 3ieKTpOyCTAaHOBKaX C OJHAM HCTOYHHUKOM HSHEPrHU
(?HeprocucTeMa WM aBTOHOMHBIN MCTOYHHK) PaCCUUTHIBAIOT 110 (popMyrie



[ )
iy =x/;1uo\1+e Ta |:\/;I”0Kyu, (6.18)
g
e K, =|1+e ™ | - ynapHbli KOOQGUUMEHT, KOTOPBIA MOXKET OBITh ONPE/IEEH 110 KPUBbIM Ha

puc. 6.1;
T, - mocTOsIHHAsI BpEMEHHM 3aTyXaHUsl allepHOINUecKoi coctasisttomei Toka K3 (cm. . 6.4.2):
ty; - Bpems oT Hauana K3 10 nosiiieHust yIapHOro ToKa, C, paBHOE

¢, =arctg X s /Ry .

6.5.2. Tlpu HEOOXOAMMOCTH ydYeTa CHHXPOHHBIX U AaCHHXPOHHBIX 3JIEKTPOJABUraTeNied WITH
KOMIIJIGKCHON Harpy3kd ymapHeiii Tok K3 crefyer ompenensTh Kak CyMMY YAapHBIX TOKOB OT
ABTOHOMHBIX HCTOYHHMKOB W OT 3JEKTpoaBUratenei (cM. m. 6.7) WM OT KOMIUIGKCHOW HAarpy3Ku
(cMm. m. 6.8).

6.5.3. Eciu touka K3 nmenmur pacyeTHyio cxeMy Ha pajualibHble, HE3aBHCHUMBIE IPYr OT Apyra
BETBHU, TO yaapHbIi Tok K3 nomycTumMo onpenemnsTe Kak CyMMY YIapHBIX TOKOB OTJENBHBIX BETBEH MO
bopmyie

—

iy = X N2 1w e T (6.19)
i=1

TJI€ 71 - YHCJIO HE3aBUCHMBIX BETBEH CXEMBEI,

I0i - HAYAITBHOE CHCTBYIOIIEE 3HAUCHHE MTEPHOMICCKON cocTaBistromnieii Toka K3 B i-if BeTBH, KA;
tyi - BpeMs IOSIBJICHHS! yAPHOTO TOKa B i-it BeTBHY, C;

T,i - MOCTOAHHASI BpEMEHH 3aTyXaHHUs allepuoIUUecKoii cocTanustionieit Toka K3 B i-if BeTBH, C.

1)8 \
1,6

1,0 \-""—:

4
7
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Puc. 6.1. Kpusble 3aBUCHMOCTH ynapHoro koadbduuuenta Ky, or orxomenuit /X u X/R

6.6. PacueT nmepuoguyeckoii cocraBiasiomeii Toka K3



JAJISI IPOU3BOJIBHOI0O MOMEHTA BPEMEHHA

6.6.1. Meroguka pacuera IEpHOIMYECKOW cocTaBisifomed Toka Tpexdasznoro K3 s
MIPOM3BOJILHOTO MOMEHTa BpPEMEHH B OJJIEKTPOycTaHOBKax g0 1 kB 3aBucur or cmocoba
JJIEKTPOCHAOKEHUS - OT SHEPTOCHCTEMBI MJIM OT aBTOHOMHOT'O MCTOYHHKA.

6.6.2. TIpu >1MeKTPOCHAOXKECHUU DIIEKTPOYCTAHOBKKA OT 3JHEPTOCHCTEMBI Yepe3 ITOHMKAFOIIUI
TpaHcopmaTop JEHCTBYIOIIEe 3HAUEHHWE IEPUOANYECKO cocTaBisitomeil Toka Tpexdasznoro K3 B
TIPOU3BOJILHBIA MOMEHT BPEMEHH B KHJIoaMIIepax 0e3 ydera MOANMTKU OT JIEKTPOJBHUIraTelleH cienyer
OnpeseIsiTh Mo GopMyIe

v cp.HH

: (6.20)

nt
‘/;\/sz TRy + Ry + Regg )’

rae Ugp un - CpeliHee HOMUHAIIBHOE HaNpshKEHHe CeTH, B KOTopoil npousoruio K3, B;

Xiz, Riz - COOTBETCTBEHHO CyMMapHOE€ HMHIYKTHMBHOE M CyMMapHOE aKTUBHOE CONPOTHBIICHUS
npsMoii mocnenoBarenbHocTH 1iemd K3, MOM, (cMm. m. 6.2.4) Ge3 ydera aKTUBHOTO
COMPOTHBJICHHS DIIEKTPHUYECKON IyTH U KaOelbHOH (BO3/YIIIHON) JTMHUH;

Ryt - akTHBHOE compoTuBieHHe nyrd B Mecte K3 B Mpou3BONBHBI MOMEHT BpeMeHH, MOM,
KOTOPOE€ PACCYUTHIBAIOT B COOTBETCTBUH C II. 6.9;
Rixs9t - @KTHBHOE CONPOTHBIICHHE NPSIMOI MOCIIEI0BATEILHOCTH KaOENbHOM JIMHUU K MOMEHTY
t ¢ yuerom HarpeBa ero TokoM K3, MOM. DTO CONpOTHBIEHHE PaCCUMTHIBAIOT B
cooTBeTcTBUH ¢ 1. 6.10.

6.6.3. Ecnu snekTpocHaOXeHHE 3JIEKTPOYCTAaHOBKH OCYIECTBISIETCSI OT DHEPrOCUCTEMBI depes
MOHIDKAIONMKA  TpaHchopmaTop u BOMM3M Mecta K3 HMMEIOTCS CHHXPOHHBIE M ACHHXPOHHBIC
AJIEKTPOABUIaTEN WM KOMIUIEKCHAsI Harpyska, cBsi3aHHbIe ¢ Toukoi K3 mo pamuanbHOW cxeme, TO
JeCTBYIOIIee 3HAUYEHHE MepHoJYecKoil cocTaBnsmonied Toka K3 B mpon3BOIbHBIE MOMEHT BPEMEHU
CIIE/lyeT ONpPEeessaTh KAk CyMMY TOKOB OT SHEPTOCHCTEMBI M OT JJIEKTPOJBHUIaTENIeH HIIM KOMIUIEKCHOM
Harpysku (cM. om. 6.7 u 6.8).

6.6.4. B amexTpoycTaHOBKaxX ¢ aBTOHOMHBIMH HCTOYHHMKAMHM 3JIEKTPO3HEPTHU YTOYHEHHBIH pacuer
MEePUOANIECKON cocTaBisitomeil Toka K3 oT MCTOYHMKOB 3JI€KTPO3HEPTHH (CHHXPOHHBIX T€HEPATOPOB)
B MPOU3BOJILHBIH MOMEHT BPEMEHH CJIEYET BBIIONHSITH IIyT€M PELICHHsS COOTBETCTBYIOIEH CHCTEMBI
JudepeHIanbHbIX ypaBHEHUH NEpeXONHbIX MPOLECCOB C HCMonb3oBaHHeM OBM u BhlpeneHus
NEePHOJMYECKON COCTaBIsIOeld. B npuOImKeHHbIX pacyerax Juis ONpENeNieHUs] JEeHCTBYIOIIETro
3HAYCHUS NEePHOANYEcKoN cocTaBistromel Toka K3 mpu paananbHOW cxeMme clenyeT NpPUMEHATh
THUIIOBbIE KPUBBIE, IPUBE/ICHHBIE HA pUC. 6.2.

TumoBsle KpuBBIE pa3zpaboTaHel Ha Oa3e MapaMeTpoB CXEMbl 3aMEIIEeHHs AKBHBAJICHTHOTO
reHepaTropa, TIIOIYYCHHBIX B  pe3ylbTaTeé JKBUBAJCHTHPOBAHMS CHHXPOHHBIX TI'€HEPaTOpOB
HanpsbkeaneM 230/400 B pasnuunbix cepuit, a umenHo: 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,
ECCS (230 B); ECC, ECC5 (400 B); I'C®S5; I'M; CBI; CT' u np.

JeiicTBytomiee 3Ha4YeHHE NEPHOANYECKON cocTapisiomell Toka K3 B IpOM3BONBHBI MOMEHT
BPEMEHHM OT CHHXPOHHOTO TI'eHepaTopa (MM HECKOJIbKMX OJHOTHMIIHBIX CHHXPOHHBIX T'€HEPATOPOB,
HaXOMAIIMXCSA B OJMHAKOBBIX YCIIOBHSAX IO OTHOLICHUIO K Touke K3) cnenyer onpenensts no Gpopmysie

[m :Yti T0(roM) IHOM ) (621)

IIPUYEM IIPH HECKOJNBKUX TICHEpaTopax IO HOMUHAJIBHBIM TOKOM CIIEAyeT IOHUMAaTh CyMMY
HOMHHAJIBHBIX TOKOB BCEX T€HEPATOPOB.

[Ipn HEeoOXOOMMOCTH ydeTa CHHXPOHHBIX M ACHHXPOHHBIX JJIEKTPOABUTATENCH WM KOMIUICKCHOMN
Harpy3kd B aBTOHOMHOM JJIEKTPUYECKOM CHCTEME JEHCTBYIOIIEE 3HAYEHHE MEPUOANYECKON
cocrapisitonied Toka K3 B pon3BOIBHBII MOMEHT BPEMEHH IIPU PaTUalbHON CXeMe CBSI3HM IBUTATENeH
c Toukoi K3 ciemyer ompenmensTe Kak CyMMY TOKOB OT AaBTOHOMHBIX HCTOYHHKOB W OT
AJIEKTPO/IBUTATENEH MITH KOMIUIEKCHOHM Harpy3ku (cM. . 6.7 u 6.8).

Yuer BamsHMA Ha TOK K3 cOmpoTHBIICHHS 3JIEKTPUUYECKOW NOYTH M YBEIHUYEHUS aKTHBHOTO
COTPOTHBIIEHHS NIPOBOJHMKOB TOA AeiicTBHeM Toka K3 pekoMeHIyeTcsl BBINOIHATh B COOTBETCTBUH C
. 6.9 u 6.10.
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Puc. 6.2. Tunosble KpUBbIE Il CHHXPOHHOTO T€HEpaTOpa aBTOHOMHBIX CUCTEM
anekTpocHabxenus Hanpsbkennem 400/230 B

6.7. YueT CHHXPOHHBIX M ACHHXPOHHBIX JIeKTPOIBHIaTe el IpH pacyeTe TokoB K3

6.7.1. Ilpu pacuere HavaJILHOTO 3HAYCHUS IIEPUOIAMYECKOM cocTaBisitoleil Toka K3 cHHXpOHHbIE
JIEKTPOABUTATENN CJIEAYeT YYUTHIBATH CBEPXIIEPEXONHBIM COINPOTUBICHUEM IO IPOJOJIBHOM OCH
potopa ( X /), a IpH ONpeeNCHUH IIOCTOSHHON BPEMEHM 3aTyXaHUs allepHOJUUYECKON COCTaBIIAONIEH
Toka K3 — WHIYKTUBHBIM CONPOTUBIICHHEM ISl TOKOB OOpaTHOH IIOCIENOBAaTENBbHOCTH X, H
aKTUBHBIM CONPOTHUBJIEHHEM OOMOTKU cratopa Rcj. Ilpy mpuOnmkeHHBIX pacderax JOITyCTHMO
MIPUHUMATh

)*(d';HOM) =015, X, =X7; Reyy =015X.

6.7.2. B paguanpHON cxeMe HadallbHOE JICHCTBYOIEE 3HAYCHHE MEPUOANYECKON COCTABIISIOIICH

Toka K3 0T CHHXpOHHBIX 3JIEKTpOABHUraTesnell CemyeT onpenessaTh o Gopmysie

Egcn
InOCLl = - 2 5 !
1l()(dJr)(lz) +(RCH+R12)

THe Ejcq - cBepxnepexonnas IJ1C cunxponHoro snekrpoasurarens (dasxoe snauenue), B;

(6.22)

X7 1 Rgy - COOTBETCTBEHHO CBEPXIEPEXOAHOE MHIYKTUBHOE M AKTHBHOE COIPOTUBIIEHUS

anekTpoaBurarens, MOM;

Ris m Xix - CcyMMapHOe WHAYKTHBHOE M CyMMapHOE AaKTHBHOE CONPOTHBJICHHS HPSMOH
MOCTIE0BATENEHOCTH 1IETH, BKIFOUYEHHON MEX/Iy SJIEKTPOIBHUIATEIEM U PACUSTHOH
toukoi K3, MOm.

Jns cHHXpOHHBIX SJEKTpoABHTraTenei, kotopple m0 K3 paboramm ¢ mepeBO30YyKICHHEM,

cBepxmepexonnayro J/1C B BombTax ClieAyeT pacCUUTHIBATH 10 (hopMyIie

E(Illcz[ = \/(UMO‘COS q)\o‘ + I‘O‘RCZ[ )2 + (U‘O‘sin ‘P‘o‘ + [‘O‘Xé )2 . (6.23)

Jns  CHMHXpOHHBIX  dJeKTpoxBuraTtened, paboraBmmx g0 K3 ¢ HenoBos3OyxkzaeHueM,



ceepxnepexontyo OJIC (E£§ ¢, ), B BONBTaX, CIEYET ONPEIENSTH 10 popmyIie

" 2 . w2
Egcn = \/(U[b‘o‘cos q)‘o‘ + ]‘O‘RCH )7+ (U‘O‘sm (p‘o‘ - I‘o‘Xd) . (6.24)

6.7.3. Ilpm pacyerax Ha4yaJbHOIO 3HAYEHHUS NEPHOAMUYECKON cocTaBisromeld Toka K3 ot
ACHHXPOHHBIX  OJJIEKTPOJBHIATENICH  IOCIEAHHE  CleAyeT BBOAWTH B  CXEMYy  3aMEIICHHS
CBEPXIEPEXONHBIM HHAYKTUBHBIM CONPOTHBIEHUEM. [IpM HEOOXOAMMOCTH NPOBEINECHHUS yTOUYHEHHBIX
pacyeToB CIieyeT TaKXKe YIUTHIBATh aKTUBHOE CONPOTHBJICHHE aCHHXPOHHOT'O AJIEKTPOABUTATEIS.

CymMMapHOe aKTHBHOE CONPOTHBIICHHE, XapaKTEpU3YIOIlee AaCHHXPOHHBIM JIIEKTPO/ABUTATEND B
HavanbHBIH MoMeHT K3 B MUIIHOMaXx, IOMYCTUMO PacCUUTHIBATH 110 (hopMysie

°

Rag =R, +096 R, (6.25)

riae R; - akTuBHOE conpoTuBiieHue craropa, MOM;
R, - aKTHBHOE COMPOTHUBJICHHE POTOpA, MPHUBEICHHOE K CTaTopy, MOM. DTO CONPOTHUBIICHUEC
JIOITYCTUMO OIPEIEIATH 1Mo (hopMyIie
036 M (P + P )
* 6
Ry = 107, (6.26)

2,2
I Tow (15
*

o

“ HOM )
rone M - KpaTHOCTb ITYCKOBOI'O MOMCHTA OJICKTPOABUTATC/IA 110 OTHOWICHUIO K €TI0

HOMMHAJIbHOMY MOMEHTY;

P 0n - HOMUHAJIbHAS. MOIIHOCTD 3JIEKTPOABUrarTens, kBT;

P,ix - MEXaHUYECKHE TIOTEPH B JICKTPOABHUraTese (BKIOUast J00aBOYHbIC OTEpH), KBT;

I, - KPaTHOCTh ITyCKOBOI'O TOKAa JJIEKTPOABUIATENA IO OTHOUIEHHIO K €r0 HOMHUHAILHOMY
B

TOKY;
lom - HOMHUHAJIBHBIN TOK 3JICKTPOABHUTATEIS, A;
Siom -~ HOMUHAJIBHOE CKOJIbKEHHUE, OTH.E/.
AKTHBHOE COIPOTHBJICHHE CTaTopa 3JIEKTPOABHUIATEN, B MWIUIMOMAaX, €CIM OHO HE 3aJaHo
U3TOTOBUTEINEM, JIOIYCKAETCS ONPEAENTh 1Mo (hopMyrie

2
R, = S nom ) U fiom €08 0N oy ’ (627)
100 P

HOM

1€ Syom -~ HOMHHAJIBHOE CKOJBXEHHE aCHHXPOHHOTO AJIEKTpoABUTaTessl, %o.
CaepxrnepexoJHOe MHAYKTHUBHOE COMPOTHUBIEHHE aCHHXPOHHOTO 3JIEKTPOJIBUraTeNs B MUJUIMOMAaX
paBHO

2

( U ¢b.HOM 3 )

Xy = L#m J ~ Ry (6.28)

rae Uy yom - HOMHHATBHOE (Da3HOE HAIpsDKEHHE 3IEKTpoaBUrarTens, B.
6.7.4. HauanpHoe pelicTByIOlIee 3HAa4YeHHE NEPHOJAMYECKON cocTaBisomeld Toka K3 ot
ACHHXPOHHBIX 3JIEKTPOABUraTesiell B KHIoaMIIepax CiIeAyeT pacCUUTHIBATE 110 (hopMyIIe

Egan

Tooan , (6.29)
” 2 2
\/(XAI[+X12) +(RAH+R12)

e X,g H Rax - COOTBETCTBEHHO CBEPXIEPEXOAHOE MHAYKTUBHOE M AKTHMBHOE CONPOTHBIIECHUS

anekTpoaBurarens, MOM;

Rix m X1z - cyMMapHOe HWHAYKTHBHOE W CyMMAapHOE aKTUBHOE CONPOTHBJICHHS HPSIMOH
MOCTICZI0BATENEHOCTH  LIEMM, BKIIOYSHHOH MEXIY OJISKTPOIOBHTATENEeM |
pacdetHoit Toukoit K3, MOwm;

Egan - cBepxnepexonnas DJIC acHMHXPOHHOINO 3JEKTPOJIBUIATENS, KOTOPYHO MOXKHO
paccuntats 1o ¢opmyie (6.24), 3aMeHUB B Hell Rey 4 X ] COOTBETCTBEHHO Ha
R Al X ["\H .

6.7.5. Yapusiii Tok Tpex¢aznoro K3 oT CHHXpOHHOIO 3JIEKTPOJBHUIATENs CIACAYEeT PACCUUTHIBATH
TakK ’k€, KaK 1 OT aBTOHOMHOI'O HCTOYHHKA (cM. TI. 6.4).



6.7.6. YnapHplif TOK OT aCHHXPOHHOTO DJIEKTPOIBHTaTeNsl CIeIyeT pPAcCUUTHIBATH C YYETOM
3aTyXaHHs aMIUIUTY/IbI IEPHOJMYECKOi cocTaBistroniel Toka K3 mo dopmyre
-0,01 ~0,01 j

Tynan :‘/;]nOALL e TP v o, (6.30)

)

rae T, - pacdyeTHast IOCTOSIHHAS BPEMEHH 3aTyXaHHUs IIEPHOIMYECKON COCTABIIONIEH TOKa CTaTopa,
c
T, - TIOCTOSIHHAS] BPEMEHH 3aTyXaHUs allepHOIMIECKOl COCTABIISIOIIEH TOKa CTaTopa, C.
Iocrosnble T, u T, HOMycKaeTcss pacCUUTHIBATE 110 (opMynaM

Xag + X6 i
r, = A (6.31)
o, R2
X X
POA.C S L (6.32)

L
o (R + Ry )

A€ ®. - CHHXpOHHAas yrjioBas 4acToTa, paz[/c;

Ri 1 R, - COOTBETCTBEHHO aKTHBHOE CONPOTHBIICHUE CTATOPA U AKTHBHOE CONPOTUBIICHHE POTODA,
NPUBEAECHHOE K CTaTOpY, KOTOPBIE IOITYyCKAEeTCsl paCCUUTHIBATh, KaK yKa3aHo B 1. 6.7.3.

6.7.7. TouHblii pacuer NEWCTBYIONIEr0 3HAYCHUS TEPHOAMYECKON cocraBisitomeii Toka K3 or
CUHXPOHHBIX W aCUHXPOHHBIX 3J'IeKT'pOJlBHFaTCJ'ICﬁ B HpOHSBOHbeIﬁ MOMCHT BPEMCHU BBITIOJIHAOT
MyTeM pEIeHUs] COOTBETCTBYIOIEH CUCTEMBI AU(pPepeHIMaIbHBIX YPaBHEHHH NEPEXOIHBIX MPOILIECCOB
U BBICNCHHS TEPUOAMYECKOH cocTaBisitoliedl Toka. [Ipu mpuOMMKEHHBIX —pacdeTax dTol
cocraistomiell Toka K3 B paguanbHOM cxeMme HCIOIb3YIOT TUIIOBBIE KPUBBIE, MPUBEICHHBIE Ha PHC.
6.3 1 6.4.

% "
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Puc. 6.3. TuroBrpie KpUBBIE AT ACHHXPOHHOTO Puc. 6.4. Tumosrsie KPUBBIE IJI1 CHHXPOHHOTO
9JIEKTPOJBHTATENS HanpsDKeHneM 1o 1 kB IEKTPOJBHTATENS HanpsDKeHueM 1o 1 kB

TunoBble KpuBbIe acMHXpOHHOTO JaBuratens (puc. 6.3) pa3paboTaHsl Ha 0a3e MapaMeTPOB CXEMBbI
3aMEIIEHNS] 3KBHBAJIECHTHOTO ACHHXPOHHOTO JIBUTATENs, IOMYYEHHBIX IIPH 3KBHBAJICHTHPOBAHUH
CIIEIYIOINX CEpUil aCHHXPOHHBIX JaBurateneii: A2 6 - 9-ro rabapuros; AOJI2; 4A u 4AH; BAO; A3-
315; A 3 - 9-ro rabapuros; AO u AOJI 2 - 9-ro rabapuros; A 3amuiiensbie 10 - 13-ro rabapuros;
AO 8 u 9-ro rabapuros u ap.

TunoBble KpuBbIE CHHXpPOHHOrO mBurarens (puc. 6.4) paspaboraHbl TaKKe B pe3ylbTaTe
SKBUBAJICHTHPOBAHMS CHHXPOHHBIX ABUTATeNel HanmpshkeHneM Jio 1 kB.

JeiicTBylomee 3HAYCHHE NEPHOANYECKON cocTaBistomeli Toka K3 B TpOM3BONBHBIN MOMEHT
BPEMEHH OT CHUHXPOHHOTO HIM acHHXpPOHHOro snekrpomBuratenst (lucp luay) HIM HECKOIBKHX
9JIEKTPOABHTATENICH, HAXOIAIIMXCS B OAMHAKOBBIX YCIOBHSX IO OTHOIIEHWIO K Touke K3, cremyer



pacCcHUTbIBAThL COOTBETCTBCHHO I10 (bOpMyJ'IaM

1

ntCH thjl i n0(HOM) [HOMCJI ’ (633)

[mA}l = ytAﬂ i n0(HOM) IHOMAJI ' (634)

IpUieM IPU HECKOJIBKUX BJICKTPOABUTATEIIAX IO HOMUHAJIBHBIM TOKOM CJICAYCT IIOHUMATh CyMMY
HOMMHHAJIBHBIX TOKOB BCCX 3J'IeKTpOI[BPIFaTeJ'IeI>i.

6.8. YueT KOMIJIEKCHOI HATPY3KH NMPH PAcyeTaX TOKOB KOPOTKOI0 3aMbIKAHUS

6.8.1. B cocraB KOMIUIEKCHOW HAarpy3kh MOTYT BXOIUTh AaCHHXPOHHbIE W CHHXPOHHBIE
JJIEKTPOABUIATENH, MpeoOpa3oBaTeNy, 3JIEKTPOTEPMHUYECKHE YCTAaHOBKH, KOHJEHCATOpHBIE Oarapew,
JIaMITbl HAKaJIUBAHUS U Ta30pa3psHble HICTOYHUKH CBETA.

6.8.2. Ilpm omnpeneneHnyr Ha4YaabHOIO 3HAYEHHS NEPHOJUYECKON cocraBisitounield Toka K3
KOMIUIEKCHYIO Harpy3Ky B CXEMy 3aMeIleHUs] NPsSMOH TMOCIEeJOBATEIbHOCTH CIIENyeT BBOJAWTH
9KBHUBaJICHTHOH cBepxmepexomanoi DJIC E" ¥ CONPOTHUBIICHHEM MPSIMOM MOCIICAOBATEIBHOCTH Zyyr, @ B
cxeMy 0OpaTHOM W HYJICBOHM IOCIIEIOBATEIBHOCTEH - COMPOTHUBICHUSIMH Zyy U Zoy. PeKOMeHIyeMbIe
3HavyeHnst cepxnepexomuoit OJIC (E” ), compoTMBieHHMil npsMoi (Z;) W obOpaTHOH (Z3)
MIOCJIEIOBATENBbHOCTEH OT/ICNIbHBIX DJIEMEHTOB KOMIUIEKCHOW HAarpy3Ku NpHBEAEHBI B Ta0M. 5.1.

6.8.3. 3HaucHUs MOIYJCH MOJMHBIX CONMPOTHBICHUN Zjy, Zpyr U Zgy, @ TAKKE SKBUBAJCHTHON
cepxnepexonHoil D/IC KOMIUIEKCHOW Harpy3ku E B OTHOCHUTEIBHBIX €JUHHIAX MPH OTCYTCTBUH

JpYyrux, Ooliee MOJHBIX JaHHBIX, MOI'YT OBITh ONpPEJENIeHBI 10 KPUBBIM, TIPUBEICHHBIM Ha pHc. 6.5, a-2

u 6.6, a-6 B 3aBUCHMOCTH OT OTHOCHTEIIBHOTO COCTaBa MmoTpedureneit y3na Harpysku Pi/Ps, roe Ps -

CyMMapHasi HOMHHAJIbHAsI aKTHBHAsh MOIIHOCTh HArpy3kd, KBT; Pj - ycTaHOBJIEHHAs] MOIIHOCTH i-TO

notrpedurenst Harpysku, kBt (P Ay - ACHHXDOHHBIC IBHIATCIM, P ; - CHHXPOHHBIC [BHUIaTCIH,
* *

1: JH JJaMIIlbl HaKaJIJUBaHUA, P A QJICKTPOTEPMUYCCKUE YCTAaHOBKU, P oo Ta30HAIIOJIHCHHBIC
*

5

JaMIbl, P - npeoOpasoBareny). Ha rpadukax yka3aHbl 3HAUEHHUS COS Py
-

Z.1Z
1‘ og Z:"r qos ¢|=0,85
« Onr g Tur 0’ E"w
9,0 Z . 9,0} 1,6
8,015 AJl{JH J 8ol 14 Aty 11
cos @ =0,9 , \
7,01 1,2 7,01 1,2

2ar

6,0t 1,0

é 60} 1,0 \ZZ‘{F

50t 0,8 /'-P 50 0,3\\\ ‘/"L”l/
4,01 0,6 \ £ / 401 0,6 \ A m
3,0t 0,4 / 3,0 /

AR '0’4/ IRt
2,0f 0,2 = 2,0 =

N

- _— 0,2 v —]
| P/P_ 1.0 / /Py
0 0 OI,Z 0,4 0:6 0,8 130_1?@1 ’ 0 02 04 06 08 10 P,
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a) 0)
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Puc. 6.5. 3aBrcUMOCTb TapaMEeTPOB KOMILIEKCHON HATPY3KH Z iy, Zoury Zowr, Eyr OT €€ COCTaBa
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Puc. 6.6. 3aBrcuMOCTb TapaMeTPOB KOMILIEKCHON HATPY3KH Z iy, Zoury Zowr, Eyr OT €€ COCTaBa

Al

6.8.4. Meron yuera KOMIUIEKCHOW HAarpy3KH 3aBHCHT OT XapaKTepa MCXOJHOW CXEMbl 3aMelIeHHs
KOMITJICKCHOW Harpy3ku (puc. 6.7) u monoxeHus pacuetHoi Touku K3.

B pagnanbHOM cXeMe JOIMycKaeTcd HE YYUTHIBAaTh BIMSHHME CTaTUYECKUX MOTpeOuTeneit
(mpeobpazoBaTenei, 3MEKTPOTEPMHYECKUX YCTAHOBOK, 3JIEKTPHUYECKOro ocBelieHus). HauanpHoe
3HaYCHHUE IIEPHOIUYECKON cocTaBiAomed Toka K3, ymapHbelii TOK, a TakkKe MEPHOIUYECKYIO
coctaBysifoIlyl0 Toka K3 B NpOM3BONBHBI MOMEHT BpPEMEHH OT ACHHXPOHHBIX M CHHXPOHHBIX
DJIEKTPOJBHUIATENEl B PAIUANIBHBIX CX€MaX CJIENYeT PACCUMTBIBATE B COOTBETCTBUM C YKAa3aHHMAMH,
U3JI0KEHHBIMU B 11. 6.7.

BH
T -
- §
a |
1Eeiset

K3

Puc. 6.7. TuroBast pacdeTHasi CXeMa y3J1a KOMIUIEKCHOW Harpy3Kd

AJl — acHHXpPOHHBIE HIIEKTPOABUTATENH;

CJl — CHHXpOHHBIE 3JIEKTPOJBHUIATENH;

JIH — nammel HaKaJIMBaHUS;

JII' — nam1iel ra3opas3psiiHbIe;

IT — npeobpazoBaTeny;

OY — 371eKTPOTEPMHUIECKHE YCTAHOBKH;

K — xonnencatopueie Oartapew;

KJI — kaGenbHas THHMS,

AT — aBTOHOMHEII HCTOYHUK IIEKTPOIHEPTUH;
T — tpanchopmatop;

K1, K2, K3 — Touku K3



6.8.5. Ilpu K3 3a oOmmMm 1 y37ma Harpy3Kd COINPOTHBIICHWEM HadyajbHOE 3HA4YCHHE
neproueckoi coctapisironiel Toka Tpexdasznoro K3 (1) B Kuitoammepax cliemyer ONpeaesiTh C
YIETOM BIIMSIHUSI IBUTATEIIFHOM M CTATUYECKOH HArPy30K, UCIIONB3Ys (hOpMYITy

"
E HI U cp.HH

.
Low = - - (6.35)
2 2
\/_ ( U cp.HH W ( U cp.HH X

3 |Z|H‘_7cosq)Hr + Rs | +‘ZlH]‘751nLPHF+XlZ |

o ) : J
rae E” . W Z . - 9kBuBanentHad JJ(C U CONPOTHMBIIEHHE MPAMOMN IMOCIENOBATENLHOCTH Y312

* *

Harpy3KH; UX 3HaYEeHUsI B OTHOCUTEIBHBIX €AMHHIAX CIEIYET ONPEEIISTh 110
KpHUBBIM, TIpHBEJEHHBIM Ha puc. 6.5 wu 6.6, B 3aBUCHMOCTH OT
OTHOCHUTENBFHOT0 COCTaBa MoTpeduTenei;
Ris um Xijs - COOTBETCTBEHHO CyMMapHOE€ aKTHBHOE M CYMMapHOE WHIyKTHBHOE
CONPOTHBIJIEHHS LIETTH KOPOTKOTo 3aMbIkaHusl, MOM;
Sy - cyMMapHasi HOMHHAJIbHAsI MOLTHOCTb HAarpy3kH, KB-A;
Upun - CpelHee HOMMHAIIBHOE HAMpSDKEHHE CETH, COOTBETCTBYOIIEH OOMOTKe
HU3IIETO HanpshKeHHs1 TpaHchopmaTopa, B.
3HaueHHs1 yJapHOTO TOKAa U MEpUOAMYECKOM cocTaBisome Toka K3 B mpon3BONBHBI MOMEHT
BPEMEHH OT 3JIEKTPO/ABUTaTeNel clelyeT OoNpeeaTh B COOTBETCTBHH C mil. 6.5 u 6.7.
6.8.6. IIpu KOPOTKOM 3aMBIKAaHHH 32 OOIINM JUIsl HATPY3KU U CUCTEMBI CONPOTHBIICHUEM (puc. 5.14,
2) ¥ OMMHAKOBBIX OTHOIICHMSIX X/R BeTBell pacueTHOW cXeMbl HaualbHOE 3HAYCHHE MEePUOIANYCCKOM
cocraBisitolei Toka Tpexdasnoro K3 mormyckaercst paccauthiBaTh 10 Gopmyiie

"
v cp.HH ZlHr +E Hr(HOM) v cp.HH Zc
n. *

Lo = - , (6.36)
zZ . -7 +ZC~Z + Z A

c Lur K lur %

- O/IC y3ma Harpy3Ku B OTHOCHTENBHBIX STUHNLIAX;

HIr(HOM)

rae E”
.

nj - Ko3hpuuueHT TpaHchopmanuu TpaHchopMaTopa;
Zyyry Zey, Z — MOIYNH CONPOTUBICHUI BETBEH NCXOMHOM cxeMbl 3amenieHus (puc. 5.14, 2), npuuem

2
Y cp.HH

ZlHr =Z 1Hr(HOM) 1
* SZ

Z.=+R}s + X5 - PacCUMTHIBAETCS, KaK YKa3aHO B II. 6.2;

Z =+Rjy + X5 i Rize W Xz - COOTBETCTBEHHO CyMMAapHOE AKTMBHOE H CyMMAapHOE
WHIyKTUBHOE compoTuBieHus menu K3.
3HaueHHs1 yOApHOTO TOKAa W MEPUOAMYECKO cocTaBitomie Toka K3 B IpoW3BONBHBI MOMEHT
BpPEMEHH CIIEIyeT ONpeeiTh B COOTBETCTBHH C L. 6.5 u 6.7.

6.9. YueT conpoTHBJIEHUS YTeKTPHYECKOil TyrH

6.9.1. VYuer osmekrtpuyeckod nyru B Mecte K3 pekoMeHIyeTcs MpPOU3BOJWTH BBEACHHEM B
pacyeTHyI0 CXeMy aKTUBHOT'O CONPOTHBIEHUS Oyru R, KoTopoe onpenensercst Ha 6a3e BepOATHOCTHBIX
XapaKTepUCTHK BIMSIHUS YCTOMIMBOH (Hermoracaromieics) 1yru Ha Tok K3.

6.9.2. Cpennee 3HaueHHE aKTHBHOTO CONPOTHBJIEHHS Tyr'd B HayaiubHBIH MoMeHT K3 nmomyctumo
OIIPENeNATh 10 hopMmyIe

(6.37)

rae |y - HagampHOEe 3HAYCHHE TEPHOMUIECKON COCTaBJISIONICH TOKa B MecTe MeTayummdeckoro K3,
KA, oIpeensieMoe B COOTBETCTBHU C II. 6.2;
Ris 1 Xi5 - COOTBETCTBEHHO CyMMapHOE MHAYKTHBHOE U CYMMapHOE aKTUBHOE COTIPOTHBIICHHS IIETIH
K3, MmOwm;
K. - cpemHecTaTHCTHYECKOE 3HAYEHHE IIONMPABOYHOrO Kod3(uIlmeHTa, yIUTHIBAIOIIETO



CHIDKEHHE TOKa B HayaJbHbII MOMEHT ayroBoro K3 1o cpaBHEHHIO C TOKOM
Metainmdeckoro K3, KoTopblit MOKHO ONpeenTuTh Mo (hopmyrie

K,=06-00025 7 +011442, -0133/7,, (6.38)

rie Z, - conpotuBieHue 1enu K3, 3apucsmiee ot Buga K3:

npu tpexpasnom K3 2 = \[R + x5 ;
npu gByxdazaom K3 2@ =2/ \/;\/Rlzz X

npu onnodpaznom K3 z Y :1/3\/(213,Z +Rog )S +(2X 5 + Xog )0 .

6.9.3. Cpennee 3HaUCHHE aKTHBHOIO COIIPOTHBIICHUS TYTU B TIPOU3BOJIBHBIA MOMCHT BPEMCHU IMPH
ycroitunBoM ayroBoM K3 momyctumo ompenensaTs mo hopmyiie

2
UC

p.HH 2
5 - Xz ~(Rix + Rig g/ (6.39)

31Ht Kcl

rae |l - AelicTByromiee 3HaueHWE IMEPHOIMYECKON COCTaBISIOIIEH Toka Meramimdeckoro K3 B
IPOM3BOJILHBII MOMEHT BPEMEHH, OIpeleIieMOoe B COOTBETCTBHM C M. 6.6 C ydeToM
YBEJIMYEHUS] aKTUBHOT'O CONPOTHBIIeHHs 1ienu K3;

Ris - cyMMapHOe aKTHBHOE COIIPOTHUBIIEHUE IMPAMOH mocnenoBarenbHocTd nermu K3, MOwm, 6e3
yu€Ta aKTUBHOT'O COIIPOTHUBJICHUS Ka6e_]'II)HOI‘/II nIn BOS}IyLHHOﬁ JIMHUX WU COIPOTUBJICHUA
SIEKTPUYECKON IyTH;

Riksst - AKTUBHOE CONPOTHBIICHUE MPAMOH IOCIENOBATENLHOCTH KaOElIbHOM WM BO3AYLIHOMH
quHUM K MoMeHTy t, MOM, c ydetom HarpeBa ee TokoM K3. Dto comporusieHue
PacCUUTHIBAIOT B COOTBETCTBUHU C II. 6.10;

K& - cpemHecTaTHCTHYECKOe 3HA4YeHHWE IONPAaBOYHOrO Kod((HIMeHTa, YYUTHIBAIOLIETO
CHIKeHHe Toka myroBoro K3 mo cpaBHeHuro ¢ TokoMm Metajuueckoro K3, xoropsrif
MOKHO OHpeNenuThb 1o hopMmyie

K, =055-0002Z, +014z, -012}Z , (6.40)

rae Zy - conporusieHue nenu K3, 3asucamiee ot suna K3:

npu tpexdaznom K3 z ) - \/(R,z +Rygo )+ X3

@)

npu aByxdasuom K3 z & =2 /\/;\/(R]Z +Rigo ) + Xy

npu onHodazuom K3 7 ) =1/3\/[2(R12 +Rig o)+ Rog ) +(2X,5 +X 05)” -

6.9.4. Pacyer MakCHMaJbHBIX M MUHUMAJBHBIX 3HaueHUH Toka xyroBoro K3 pekomeHmyercs
BBHIIIOJIHAT, HAa OCHOBE IMPENETbHBIX 3HAUYCHHH CONPOTUBICHHS IYI'H, OIPENENsIeMBIX IO
CTaTUCTMYECKHM  XapaKTEepUCTHKaM pa30poca IONPaBOYHOIO KOI(PPHIMEHTa, YYUTHIBAIOLIETO
CHIDKEHHE ToKa IyroBoro K3 mo cpaBHeHHIO ¢ TOKOM Metayuimdaeckoro K3.

6.9.5. Ilpu omnpeneneHUy BepoOsTHOrO 3HaUeHUS Toka K3 B HadalbHBIH MOMEHT BPEMEHH C Y4€TOM
COIIPOTHBIIEHHS AYT'U TOCIIEIHEE PEKOMEHIYETCS PACCUUTHIBATh 10 (hopMyIe, B KOTOPOi KoddduuueHt
K¢ crienmyer onpenesnsts B COOTBETCTBUH C BBIPaKEHUEM:

JUTsl MaKCUMAJIBHOTO 3Ha4eHus Toka K3

-2 -4 2 =7 3.
Kome =0788 +0353 10 "z _-021-10 " Z_ +045-10 "Z_; (6.41)
IUISI MUHAMAJIBHOTO 3HadeHusd Toka K3
_2 -4 2 -7.,3
K pin =0458 +0,557 -10 " Z,_-0247 -10 " Z_ +0,39-10 " Z_. (6.42)

6.9.6. Tlpu ompenencHWM BepOSATHOrO 3HaueHUs Toka K3 B MPOM3BONBHBI MOMEHT BpEMEHU
COMPOTHBJICHHE IyTH PEKOMEHYEeTCsl PacCUUThIBaTh 1o hopmyne (6.39), B kotopoit kodhduuueHT K
CIIeZlyeT ONPEENATh B COOTBETCTBHHU C BHIPAKSHUEM:

JUTsl MAaKCUMAJIBHOTO 3Ha4eHus Toka K3

K = 0,661 +0319 -10 °Z, —0,127 -10 *z2 +013.10 "z} ; (6.43)

ct max Kt

U1 MUHAMAaJIBHOr 0 3Ha4YeHus Toka K3

K 0339 +0,745 10 °Z, —048 10 *z2 + 0131072 . (6.44)

ct min Kt Kt



6.10. YueT n3MeHeHUs] AKTUBHOTO CONIPOTHBJICHHS NIPOBOAHUKOB
NPH KOPOTKOM 3aMBbIKAHUHU

6.10.1. Tlpu pacuere MHHMMAaJIBHOrO 3HauyeHWs] Toka K3 IS POM3BOIBHOIO MOMEHTa BPEMEHH
HEoOXOMMO YYUTHIBATh YBEINYEHHE aKTUBHOTO CONPOTHBIICHUSI POBOHUKOB BCIIEACTBHE X HATPEBa
Tokom K3.

B 3aBucumocTH OT meneidl pacdera yBENWYEHHWE AKTUBHOTO CONPOTHBIIEHHS NPOBOJHUKOB
PEKOMEH/IyeTCs ONPEENITh C yIeTOM WiIn Oe3 yueTa TEIUIOOT/AAa4YH B OKPYKAIOIIYI0 CPedy, a TaKKe C
y4eToM WK 0e3 ydeTa 3JIeKTprYecKoi 1yru B Mecte K3.

6.10.2. VYBenuyeHHe AaKTHBHOTO CONPOTHBJIECHHS MPOBOJHUKOB DPEKOMEHIYETCS YUUTHIBATH C
nomoteio kodddurmenra Ky, 3aBucsIEro oT MaTeprata U TEMIIEPATyphl IPOBOAHUKA

Rgr =Ry Kygy»

rae R, - aKkTMBHOE CONPOTHBICHHE NPOBOAHWKA MPU HadalbHOH Temmeparype, MOM, KOTopoe

MOXeET OBITh ompenesieHo 1o Gopmysie (5.46);
KOO((QUIIMEHT YBEIMYEHHS aKTUBHOTO
omnpenensercs o gpopmyie (5.49).

6.10.3. IIpu merammmueckoM K3 3naueHue koddpunmenta Ky ¢ yueTom Teruooraayu (UMErOTCs B
BU/ly KaOeNbHbIe JIMHUKM) WK Oe3 ydera TerIooTnadu (MMEIOTCS B BUILY BO3IYLIHbIC JIMHUH) CIETYeT
ONpeNIeIIsITh B COOTBETCTBUH C peKoMeHmarmsmu 1. 5.10.

6.10.4. Tlpu nyroBom K3 crmemyeT y4uThIBaTh B3aWMHOE BIIMSHHE H3MCHEHHS AKTUBHOI'O
CONPOTHBJICHHS TIPOBOJHUKA BCIIEICTBHE HarpeBa TOKoM K3 M CONpOTHBIICHUS 3JEKTPUUECKOH IyTH B
mecte K3.

3navenus kodduimenta Kg s kabenell ¢ allOMUHUEBBIMH JKHJIAMU MPU HArpeBE UX TOKOM
JQyroBoro ycroduuBoro K3 ¢ y4eToM TEIIOOTHAYM ONPEAENSIOT B 3aBUCUMOCTH OT CEUEHHUS JKUJIBI
kabens, Toka B Mecte K3 (l,,0) 1 npogomkutensHoctn K3 10 KpHUBBIM, ITPUBENEHHBIM Ha puc. 6.8 win
6.9, a 11 Kabenel ¢ MeHBIMHU JKWJIAMU - TI0 KPUBBIM, MPUBEIeHHBIM Ha puc. 6.10 wmu 6.11.

Kpussbie, npuBeeHHbIe Ha puc. 6.8-6.11, monydeHs! Mpy cIeAYIOUMX pacyeTHhIX ycnoBusx: K3
MPOUCXOIUT B paAUaIbHON CXeMe, coaeprKalie HCTOYHUK Heu3MeHHo o ammututyne 2/C;
TemriepaTypa kadeist uamensiercsi ot 3, = 20 °C 10 9y jon = 200 °C; conpoTHUBIIEHHE IEKTPUIECKOI
JyT'H YYUTHIBAETCS B COOTBETCTBUH C M. 6.9; BIMAHUE TEIUIOOTAAYH B HU30JIALMIO YUUTHIBAETCS B
COOTBETCTBHUHM C peKoMeHmanusmHu 1. 5.10; npogomkurenbHOcTs K3 (ton,) cocraBmsier 0,2; 0,6; 1-1,5 c.

Ky - CONPOTUBJICHUS] IPOBOJHUKA, KOTOPBIH

sz 1N VAV,
* H” '10,/ // ,/////]150 1,5 I/L«/ﬁ// 185
WIS 7 A=,
Wi/ 7777 WA A
W 70777 ML LY 2
Wi 7 Wy

n?

Puc. 6.8. 3aBucumoctu ko3 durreHTa
YBEIWYEHHA aKTHBHOTO CONPOTHUBIICHUS Kabemei
Pa3IMYIHBIX CEUYCHUH C aTFOMUHUEBBIMH >KUIIAMHI

OT TOKa JyroBoro ycroiuamsoro K3 ¢ yaerom
TEIUIOOTau TpH mpofomkuTensHocTsX K3 0,2 ¢
(croromabIe KpuBkie) U 0,6 ¢ (IyHKTHPHBIE KPUBEIC)

no?
Puc. 6.9. 3apucumoctn kK03 duIieHTa
YBEIWYEHHSI aKTHUBHOTO COMPOTHBIIEHHA Kabeneit
Pa3IUIHBIX CEUCHUH C aTFOMHHUEBBIMH JKMIIAMHU
0T TOKa JyroBoro ycroiumsoro K3 ¢ yaerom
TEIIO0TauH MPY TPOAOIKUTEIBHOCTIX
K31-1,5¢



6.11. IlpuMepbl pacueTOB TOKOB KOPOTKOI'0 3aMbIKAHHUS

6.11.1. TpeOyercst OIpENCTUTh BEPOATHBIE MAaKCHMAaIbHOC W MHHHMAJIBHOC 3HAUCHHS TOKA B
HavanbHBE MoMeHT K3 B Touke K1 (cMm. cxemy Ha puc. 6.12) m k mMomeHTy oTkimoueHust K3
(torex = 0,6 ¢). icxoaHble HaHHbBIE TIPUBECHBI HUXKE.

Cucrema C: S, = 150 MB-A; U, gu = 6,0 xB.

Tpauchopmarop tuna TC3C-1000/6,0: u, = 8 %; Ugy = 6,3 kB; Upyy = 0,4 kB; P, = 11,2 kBr.

ABTOMAaTUYCCKHUE BBIKITFOUATEIIH:

QF1 "OnektpoH": Iy, = 1000 A; Rz = 0,25 MOM; X1 = 0,1 MOwm;

QF2-A3794C: | =400 A; R = 0,65 MOM; X = 0,17 MOwMm;

QF3-AE2056: I,y = 100 A; Rz = 2,15 MOM; X3 = 1,2 MOM.

Munonposon I1: IIMA-4-1600; 1; = 15 m; Ry = 0,03 MOm/M; Xy = 0,014 MOm/Mm;
ROml = 0,037 MOM/M; XOml = 0,042 MOM/M.

KabenbHble TUHAM:

KB1: ABBI'-3x185+1x70; I, = 50 m; Ry = 0,208 MOm/M; X; = 0,063 MOm/M; Ry = 0,989 MOwm/M;
Xo = 0,244 MOMm/Mm;

KB2: ABBI'-3x35+1x16; I3 = 20 m; R; = 1,1 MmOm/m; X; = 0,068 MOm/M; Rg = 2,63 MOMm/Mm;
Xo = 0,647 MOM/M.

BonroBbie kouTakTHBIE coeaunenus: R, = 0,003 mOwm; n = 10.

6.11.2. 3HayeHUss MapaMeTpOB CXEMBbI 3aMEIIEHHs MIPSIMON MOCIIEeOBATENBHOCTH: CONPOTHBICHHE
cucremsl (X.), paccuuranHoe no gopmyne (6.1), cocraBisier

(400 )*
150

aKTHBHOE W WHAYKTHBHOE CcompoTuBieHus Tpancpopmatopa (R;) u (X;), paccuuTaHHBIC TI0
¢dopmynam (6.4) u (6.5), cocraBisioT

C

10 7% = 1,066 MOM;

2
11,2-0,4
== 10°=1,79 MOM;

(1000 >

2 2
100 -11,2 0.4
b's =\/82—( ) : 10* =12 ,67 MOMm;

' { 1000 ) 1000

aKTUBHOE M MHIYKTUBHOE COIPOTUBIICHUS IIMHOIPOBO/A!
Rym =0,03-15 = 0,45 MOm; Xy = 0,014-15 = 0,21 MOm;
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Puc. 6.10. 3aBucumoctr ko3(duIlueHTa YBETUUCHUS
AKTHBHOT'O CONPOTHBIICHUsI KaOeslel pa3InYHbIX CeUeHUH
C METHBIMH JKMJIaMHU OT TOKa J{yroBoro ycroiunsoro K3

C YUETOM TEIUIOOTJauH MpH MPOAOIKHUTENbHOCTIX K3 § QF 2
0,2 ¢ (crmomnbie kpuBbie) 1 0,6 ¢ (MyHKTUPHBIE KPUBbIE)
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Puc. 6.11. 3aBucumocti KO3PPHUIIHEHTA YBETUICHH
AKTUBHOT'O COIIPOTHUBIICHNUS Kabeel pa3InIHbIX CEUYeHUH AJl
C MEIHBIMH XHJIaMHu 1pu gyroBoM K3 ¢ yuerom Temnoornaun
pu nponopkuTensHOcTAX K3 1,0 ¢ (crmomnHbie KpUBbIE)
u 1,5 ¢ (myHKTHPHBIE KPUBHIE)

Kg = f (luo, Ske)

Puc. 6.12. PacuetHast cxema
K mpumepy 6.11.1

AKTUBHOE COIIPOTUBJICHUE 0O0JITOBBIX KOHTAKTHBIX COGI[PIHGHI/Ifll

R, = 0,003-10 = 0,03 MOM:

AKTUBHOC U THAYKTUBHOEC COIIPOTUBJICHUA KaOEeIbHBIX JTUHNAN:

Kb1: R1K61 = 0,20850 = 10,4 MOM, X1K61 = 0,06350 = 3,15 MOM,

KB2: Rixs = 1,1-20 = 22 MOm; X6, = 0,068-20 = 1,36 MmOwm.

3HaueHNs NapaMeTPOB CXEMBI 3aMEIEHHUS HYJIEBOH MOCIEN0BATENBHOCTH:
Ror = 154 MOM; X, = 59 MOwm;

ROLul = 0,03715 = 0,555 MOM, Xoml = 0,04215 = 0,63 MOM,



Rows1 = 0,989:50 = 49,45 mOm; Xy51 = 0,244-50 = 12,2 MmOwm;

Roxs2 = 2,63-20 = 52,6 MOM; Xoi5» = 0,647-20 = 12,94 MOMm.

CyMMapHBIe COMTPOTHBIICHUST OTHOCUTENHHO Toukn K3 K1:

Ris =R+ Rimi + Rigt + Ricg2 + Rt + Res2 + Rz + R =1,79+ 0,45 + 10,4 + 22 + 0,25 + 0,65 +
+ 2,15+ 0,03 = 37,72 MmOwm;

XlZ = XT + lel + X1K61 + X1K62 + XKBI + XKB2 + XKB3 = 12,67 +O,21 + 3,15 + 1,36 + 0,1 + 0,17 +
+ 1,2 =18,86 MOm.

HavanbHoe 3HaueHHE NEPUOJUUECKOM COCTaBIISIONIEN TOKa Tpu MeTaindeckoM K3:

400
S - 5,48 KA.

1m0 max N )
\/;\j37 727 + 18,86

HauanpHoe 3HaYeHWE MepUOANYECKOH cocTaBisromel Toka ayroBoro K3 ompenernsiercs ¢ ydaeroM
COIPOTHUBJICHUS TyTH.

AKTHUBHOE CONPOTHBJICHUE JYTHM B HadaibHbIi MOMeHT K3, ompenensemoe mo dopmyne (6.37),
COCTaBJISIET:

400 °

~18,86 2 — 37,72 =12,9 MOwM,

3.5487%.0,78°

rae kosd¢urment K, B cooTBeTcTBHM ¢ Popmysoi (6.38) cocTaBiser:

3
K, =0,6-0,0025 -42,17 + 0,114 4/42,17 - 0,135/42,17 = 0,78 .

Cpennee (BeposiTHOE) HaYaIbHOE 3HaUeHUE TOKa JyroBoro K3 cocrasnser:

400
@ = 428 KA.

\/;\/(37 72 +12,9)% +18.86°

n0 1

MaxkcuManbHbIi ¥ MUHHMMAJbHBIA TOKH Ir(j))ﬂ ONpPENENSAIOTCS € YYETOM COOTBETCTBYOLIUX
3HaueHuit ko3 duimenta K. (cm. hopmyisr (6.41) u (6.42)):

19 =0,896:5,48 =49 kA;

15 =0,64:548=35kA

Koappunment ysenuuennsi aktupHoro conpotusienus kabens Kbl npu merammdyeckom K3 6e3
ydera TeIUIOOTAaYH COCTaBIISeT:

Ty + ¥ ela 236 + 26

Tyt 9, 236 +20

K g 61a =1,024 ,

r1ie Oy 612 - KOHEUHAsS TEMIIepaTypa rnpu aauadbaTuyeckoM Harpese. OHa coCTaBisieT

g o] [ 5452 .10° 06 | .
9 wota = (9, +BJexpl ) 22I—B:(20+228)exp| : - 2|,228:26 c,
| K°s7e” | [ 148 185 ° -1,016 ~ |
e
0,6 2 (0,6)
e=.l+F 4 = [1+0,7-0574 |— +0,7° -0165| — | = 1,016 .
(s) 185 (185 )

Koneunas temneparypa ki kabensHo# muann Kb1 ¢ yaerom temmoornayn:
91(4(61 = 91“<61+ (91(41(61 - 91-141(61)'1’] = 20 + (26 - 20) : 0:968 = 25:8 OC,
rie kKo3(GUIKEHT 1) Hali/IeH 10 KPUBBIM puc. 5.22.
Kosdduument yeenmnuenus axtuBHoro comnporusienus kabens Kbl ¢ yweroMm Teruroornaum
KSK61 = 1,022
CootBercTBeHHO Ut Kabensa Kb2
6

[ sa82.10%.06 | .
8 cxo2a = (20 + 228 Jexp | | - 228 =234 8°C;

| 148 2 357 .1,0375 7 |
Sz = 20 +(234,8 - 20) - 0,92 =217,6 °C u Kgyo = 1,77.
[losTOMY 3HaUCHHE TIEPHOAMUECKON COCTABIIIONMIEH Toka TpexdasHoro K3 k MOMEHTY OTKITIOYEHUS
K3 ¢ yaerom HarpeBa xabeneit




3) 400

= 3,98 KA.

mt

\/;\/(10,4 -1,022 + 22 1,77 + 5,32 )2

COHpOTI/IBJ'IeHI/Ie SHCKT‘pI/I‘leCKOﬁ AYTA K MOMCHTY OTKJIFOUCHU L K3 cocraBiser:

2 2
U pnn 2 400
- Xz Ry =

~ 18,862 — 54,9 = 21,2 MOM,
K 3.398%.0,742

rme K, =0,55-0,002 -58 + 0,14/58 — 0,123 58 = 0,74 , TaK KaK

Zy = \/(10,4 1,022 +22 1,77 +532 )% 418,862 =58 MOM.

CpenHee 3HaueHHE NEPUOAMYECKON cocTaBisAouied Toka K3 kK MOMEHTY OTKIIIOYEHHsS C y4eToM
BIIMSIHUS HarpeBa U AJIEKTPUYECKON AYTH paBHO:

400
@) = 3,0 KA.

\/;\/(10,4 101 422 1,7 +21,2+532 )% +18.86°

nt cp

Buavenus Kgg 1 Kgesr OMpeEenensl ¢ y4eToM BIMSHUSA TEIUIOOTAAYM U aKTUBHOTO COIPOTHBIICHUS
JIYTH TI0 KPUBBIM pHC. 6.8 s ty, = 0,6 c.
(3)

g

MaxkcumManpbHoe U MHUHHMMAJbHOE BEPOATHBIC 3HAYCHHA TOKa [

ko3 durrenta K (cM. dhopmyiet (6.43) u (6.44)):
®
T mx = 3,98+ 0,81 = 3,22 KA;
@)
Tox min - = 3,98 - 0,65= 2,59 KA.

OonpeacjeHbl € Y4€TOM

7. PACUET DJIEKTPOJJUHAMUYECKOI'O JEHCTBUS TOKOB
KOPOTKOI'O 3AMBIKAHUSA U ITPOBEPKA 3JIEKTPOOBOPY1OBAHUA
HA DJEKTPOJMHAMHUYECKYIO CTOMKOCTb ITPU KOPOTKHUX 3AMBIKAHUAX

7.1. Oo1mme moJI0KeHust

7.1.1. BpiOOp pacueTHOl MeXaHHYeCKOW cXeMbl INMHHBIX KOHCTPYKUMI M THOKHX
TOKONPOBOJI0B

7.1.1.1. Metomuky pacyera 3JIEKTPOIUHAMHYECKONW CTOWKOCTU INMUHHBIX KOHCTPYKLIMH M THOKUX
TOKOIIPOBOJIOB CJIEAYeT BHIOMpaTh, MCXOAA M3 PACUCTHOM MEXaHHYECKOH CXEMbl, YUUTBHIBAIOLIEH HX
ocobeHHOCTH. [Ipu 3TOM Ccreyer pa3auyars:

- CTaTHYECKUE CHCTEMBI, 00JIaAI0IINE BBICOKON KECTKOCTBIO, Y KOTOPBIX IIUHBI U U30IATOPHI IIPU
K3 ocrarorcst HemOABMKHBIMU,

- IMHAMUYECKHE CHCTEMBI C J>KECTKMMH OIOpaMHM, Y KoTopblx mpu K3 mmHbI KoneOmrorcs, a
H30JISITOPBI MOYKHO CUUTATh HEMO/IBH)KHBIMU;

- JIUHAMHUYECKHE CHUCTEMbI C YNPYTrONOAATIMBBIMHU ONOpaMu, y KoTtopbix npu K3 konmebmrores u
LIMHBI, U OIOPBI;

- TUHAMHYECKHE CHCTEMBI C THOKIMH IIPOBOAAMH.

7.1.1.2. PacyeTHble MEXaHUUYECKUE CXEMbI IIMHHBIX KOHCTPYKIIUMA PA3JIUMYHBIX THIIOB, 00JIaIAI0IINX
BBICOKOH JKECTKOCTBIO, MPEICTaBICHH B Ta0M. 7.1. DTH cXeMbl UMEIOT BUJ PAaBHOIPOIECTHOW OaIKw,
JIeKalled WIM 3aKpEeIUIEHHOM Ha JKECTKUX ONOpax U MOABEPrarollelcss BO3IAEHCTBHUIO PAaBHOMEPHO
pacIpeneeHHON Harpy3Ku.

Paznuyaror cremyrompe THIIBI IIWHHBIX KOHCTPYKIMH M COOTBETCTBYIOIIMX PAacCUeTHBIX
MEXaHUIECKUX CXEM:!

- IIMHHBIE KOHCTPYKLHUH C Pa3pe3HbIMH IIMHAMH, JJIMHA KOTOPBIX paBHA [UIMHE OIHOTO IPOJIETA.
Jii HUX pacyeTHOM CXeMOW sBiIsieTcsl Oajka ¢ HIAPHWPHBIM ONMHpPaHWEM Ha O0eMX Omopax MposieTa
(Tabmn. 7.1, cxema 1);

- IIMHHBIE KOHCTPYKIMH C pa3pe3HbIMH IIMHAMH, JJTHHA KOTOPHIX PaBHA JUIMHE JBYX MPOJIETOB, U C
JKECTKAM KpeIUIeHHeM Ha cpemHell omope. J[1s HUX pacdeTHOH cxeMoW SBiseTcst 0allka C KECTKUM
ormMpaHueM (3alleMIICHHEM ) Ha OHOW U MAapHUPHBIM - Ha Ipyroi onope mponera (tadm. 7.1, cxema 2);

- MHOTONpOJIETHAs] IUMHHASI KOHCTPYKLHMSA C HEpa3pe3HbIMM IIMHAMHU. PacyeTHOil cxeMoil ams
CPEIHUX TIPOJIETOB SBIISIETCS OajKa ¢ KECTKUM OIHMpaHuEeM (3alleMJICHHEM) Ha 00erX ormopax mpoJieTra
(tabn. 7.1, cxema 3);



- IIWHHBIE KOHCTPYKIMU C pa3pe3HBIMHU MIMHAMHY, JJIHHA KOTOPBIX paBHA IIBYM, TpeM H Oolece
mpoiietaMm, 0e3 JKeCTKOro KPeIUICHHs Ha MPOMEXKYTOYHBIX OIMopaxX. PacyeTHBIMH cXeMaMH s HHUX
SIBJISIIOTCSL COOTBETCTBEHHO cXeMbl 4 1 5 B Tabi. 7.1.

Tabmuma 7.1
PacuyeTHbIe cXeMbI INMHHBIX KOHCTPYKIMIA
Cxewma, Pacuernas cxema Twum 6anku 1 onopsl KoapduumenTs
Ne A ﬁ Iy
1 Z OnHomnponeTHas 8 1 3,14
A ¥ B - U3051TOPBI-OIOPHI
A B
2 ! OpHONpoNeTHas 8 1,25 | 3,93
a A - 3amemiieHHas IIMHA
’ B - uzonsrop-onopa
A B
3 a E A u B - 3amemiieHHas mmHa| 12 1 4,73
a E Ha JKECTKHUX OIopax
4l ¥
4 Zl Z2 Baska ¢ qByMst posieTamMu 8 1,25 | 3,93
E B iA
5 ? ? ? banka ¢ Tpems u Gonee *10 1,13
[poJIETAMUA ** 12 1 4,73
A B B 14 |”

* U1 KpallHUX IPOJIETOB
** IUIsl CpeTHUX MPOJIETOB

7.1.1.3. PacuerHOW CXeMOW IIWHHON KOHCTPYKIMH C YIPYTOMOAATIUBBIMH OHNOPAMH CIIEIyeT
CUHTaTh CXEMy, B KOTOpPOH Macca IIMHBl PaBHOMEPHO paclpelielieHa 10 JUIMHE IpoJieTa, a OMOpHI
MIPEJCTaBJICHBI TEJIaMU C SKBUBAJICHTHON Maccoil M, U IPYKUHAMU C KECTKOCTBIO Cop.

7.1.1.4. ]Ins ruOKUX TOKOMPOBOJOB B KAUECTBE PACUETHOW CXEMBI CIEAyeT MPHUMEHSTh CXeMy C
KECTKUM CTEp)KHEM, OCh KOTOPOTO O4YepueHa IO LEMHOHN JMHHUU. [ UpNsHABl U30/ITOPOB BBOASATCS B
MEXaHUYIECKYIO CXEMY B BUJE MKECTKHX CTEpP)KHEH, ITapHUPHO COEIMHEHHBIX C IMPOBOJAMHU U ONOPaMHU.
PasMmepsl cTepaKHEW pacueTHOM CXEMBbl ONPENECIAIOT M3 CTATUYECKOrO pacuera Ha JEMCTBHE CHII
TSDKECTH.

7.1.2. JomycTHMble MeXaHMYeCKHe HANpsKeHHss B MaTepuajle IPOBOTHUKOB M
MeXaHn4YecKHe HArpy3KH Ha OoNopbl NPH KOPOTKHUX 3aMbIKAHHAX

7.1.2.1. JlomycTMOe HAaIlpsHKEHHE B Marepualie KECTKUX IIHH (Gy,) B MACKAIAX CIEAyeT
NpHHUMATh paBHBIM 70 % OT BPEMEHHOTO CONPOTUBIIEHHS Pa3phIBy MaTepHaa IIHH Gy:

Guon = 0,7 G, (7.1)

BpemenHbIe cONMpOTHBICHUS pa3phIBy U JOIyCKAaEMBbIE HAIPSDKEHUS B MaTepualie IIMH MPUBEICHBI
B Tabm. 7.2.

B cmydae cBapHBIX IIMH HMX BPEMEHHOE CONPOTHUBICHHE pa3pbiBy CHIDKACTCA. 3HAUCHUS
BPEMEHHOTO  CONPOTHMBICHHUS  pa3pblBy B  O0JacTH  CBApHBIX  COCIMHEHHWH  ONPENENsIoT
9KCTIEPUMEHTAIBHO; TPH OTCYTCTBUM SKCIIEPUMEHTAIBHBIX NAaHHBIX OSTH 3HAYECHWS M 3HAYCHUS
JOIyCTUMBIX HANPsDKEHUH ClleMyeT NPUHNMATh, HCIIONb3Ys TaHHbIE Ta0m. 7.2.

7.1.2.2. JlomycTUMy0 Harpy3Ky Ha W30IsTOp (M30ISAIHOHHYI0 o1opy) (Fi.;) B HBIOTOHAX CIEIyeT
NPHHUMATh paBHOK 60 % OT MHUHMMAaJLHOH paspymaroumeil Harpy3kH Fpa,p, TPUIOKEHHOH K BEPLINHE
H30IATOpa (OMOPHI) MPH U3rHOE WIIN pa3phIBE, T.C.

Fron = 0,6 Fpasp. (7.2)




OcHOBHBIE XaPAKTEPUCTUKH MATEPHAJIOB IINH

Tabumma 7.2

Bpemennoe conporusnenue | JlomycTiMoe HarpshKeHe, Mopynb
pa3psiBy, MIla MIla YIPYrOCTH,
Marepuan mmasl | Mapka | Mmatepuana | B oOnacth | mMatepuasia | B o0iactu 10" ITa
CBapHOTo CBapHOTo
COEJIMHEHUS COEJTMHEHUS

AnromMuHUH AO, A 118 118 82 82 7
AJ1O 59-69 59-69 41-48 41-48 7
AJIOMUHUEBBIN AIB1T 127 120 89 84 7
CIUIaB AJI31T1 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 3aBUCUMOCTM OT B3aMMHOIO pACIHOJIOKEHHS INUH W HW3O0JSTOPOB TOCIIETHHE
MIO/IBEPTalOTCs BO3/ACHCTBHIO AJEKTPOAMHAMUYECKHUX CHII, paboTasi Ha U3rub WM pacTsbKkeHue (CKaThe)
WM OJIHOBPEMEHHO Ha M3ru0 M pacTsbkeHue (cxatue). JlomycTuMmble Harpy3kd Ha H3O0JSTOPHI MPH
mrn6e (Fuonuwsr) ¥ pacTsokeHHH (Fhonp) B HBIOTOHaX B 3THX CIy4asx CleyeT NPHHUMATh
COOTBETCTBEHHO PABHBIMMU!
=0,6F

JIOTLH3T pazp.usr

(7.3)
F =0,6F

JIOILD pasp.p

rae Fpapuwr ¥ Fpapp - 3alaBacMble 3aBOJOM-H3TOTOBHTENEM MHHHMAIbHBIE Pa3pylIaroIine
HATPy3KH COOTBETCTBEHHO TMpHM U3rHOEe ¥ pacTsDKEHHH (CHKaTHH)
nzonsropa, H.

JomycTumyio Harpy3ky Ha CHapeHHbIE M30JIATOPHI (OMOpPHI) clexyeT MpHHUMAaTh paBHOU 50 % oT
CYMMAapHOT'O pa3pyIIAOLIero YCUIHS H30IATOPOB (0110p):

FHOH = 015 Fpa3p21

rie Fpaps - CyMMapHoOe paspyllaroliee yCUIIue CIapeHHbIX n3011sTopoB (onop), H.

7.1.2.4. JlonyctiMy0 Harpy3ky npu u3rube omopHoro uzossitopa (F.;) B HBIOTOHax ciemyer
OTpeIeIIsATh Mo GopMyIie

(7.4)

Fron = NF pasp ;: (75)

rae N - koadduimeHT gomycTuMoii Harpy3ku, paBHblit 0,5;
h u H - paccTosiHHSI OT OMACHOTO CEYCHMS U30JLITOPA COOTBETCTBEHHO O €r0 BEpIIMHBI U LIEHTpa
TSDKECTH MOTIEPEYHOrO CeUCeHHS IHHBI (CM. puc. 7.1, a-0).

OmacHoe cedyeHHe OIOPHO-CTEP)KHEBBIX H3OIATOPOB C BHYTPEHHHM KpEIUICHHEM apMaTypbl
(puc. 7.1, a) cnemyer MpUHUMATH y OMOPHOro (hIIAaHI[A, ONOPHO-CTEPIKHEBBIX H30JIATOPOB C BHEIITHUM
KperuieHneM apmatypbl (puc. 7.1, 6, 8) - y KPOMKH HIDKHEro (JiaHiia, a OIOPHO-IITHIPEBBIX
H30JATOPOB (pHC. 7.1, 2) - Ha TpaHuIle KOHTAKTa TIPS ¢ (apPOPOBEIM TEIOM H3OIATOPA.

7.1.2.5. JlomycTuMyr0 Harpy3Kky Mpu U3ruOe MHOTOSIPYCHBIX H3OJISIMOHHBIX omop (puc. 7.1, 6, 2)
cleqyeT NMPUHUMAaTh PAaBHOM MOIyCTUMOW Harpy3ke HAauMMEHEe IPOYHOro sIpyca, ONPENENIEHHOM IO
tbopmyme (7.5).

7.1.2.6. Tlpu pacnonoxennu ¢a3 MO BepUIMHAM TPEYroibHUKA (puc. 7.2, 6, 6, &) H3OJIATOPSI
OJHOBPEMEHHO HCIIBITHIBAIOT KaK PACTATHBAIONIME (CKUMAIOIIME), TaK M H3rHOAIOIIHE YCHIIHAL
JormycTiMble Harpy3KH MPH U3THOE Fyon e CICTYET ONPENEIATh B COOTBETCTBHH C 1. 7.2, IOIYCTHMYIO
HarpysKy IpU PacTsKEHUHM Fjoppacr CAEMyeT onpenenars no ¢gopmyne (7.5), B koTopoil Fp.,, paBHa
paspyluaromnieil Harpy3Ke IpH PacTsHKSHHUH.

7.1.2.7. JlomycTMMOE HAIpSHKEHHE B MaTepHaje MPOBOIAHUKOB (Gy;) B MEramackaisx Cleayer
NPUHUMATH PaBHBIM

Gron = N Oy, (7.6)
T7I€ Gy - IPEIEN IPOYHOCTH IPHU pacTsukeHuH, H;
N - k03¢ GHUIHEHT NOITyCTUMOI HArpy3KH, paBHBIN 35 % OT mpeaena IpoYHOCTH.
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Puc. 7.1. K onpeneneHuto JOMYCTUMBIX Harpy30K Ha U30JISATOPHI U IIMHHBIE OTIOPbI

7.1.2.8. JlomycTuMylo Harpy3Ky Ha HOJBECHbIE H3O0JIATOPHI CIedyeT IpUHUMAaTh paBHOH 30 % ot
Ppa3pyluaroLeil Harpys3Ky, T.€.
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Puc. 7.2. Cxembl B3aIMHOTO PAaCHONOKEHHS ITHH

Fron = 0,3 Fpasp. (7.7)
7.1.2.9. PaccrostHus Mexmy NOpoBogHHKaMu (a3 (Ayp), a TaKkkKe MEKAy NPOBOAHMKAMHU U
3a3eMJICHHBIMH 4YacTAMH (Ay-,) IMIHUHHBIX KOHCTPYKIMH HampspkeHneM 35 kB u Bhllle M mpoBonoB
OUIMHOBKH PacCIpe/ICIUTENbHBIX YCTPOMCTB, BO3JAYIIHBIX JIMHUA W TOKOIPOBOJIOB K MOMEHTY
orkmouennss K3 momkHBI  ocTaBaThes  OONbIIE  AOMYCTUMBIX — M3OJSILMOHHBIX — PACCTOSHUM,
onpeenseMbIX PH padounX HANPHKEHUIX
Ad)*ﬂb z Afh*fb-:lon

D (7.8)

—3.q00 °

ra¢ Apgmon B Agpsgon - MHUHAMAIBHO JOMYCTUMBIE PACCTOSHHA 10 YCIOBHAM MPoOos
COOTBETCTBEHHO MEXKIy MPOBOJHUKAMH (a3 M INPOBOJHUKAMH H
3a3eMJICHHBIMH YacTsAMH IIPH paboyeM HalpsDKEHHH.

7.2. 3JICKTPOI[I/[H3MI/I'16CKHC CHJIBI B JJICKTPOYCTAHOBKAX

7.2.1. DneKkTpoAWHAMHYECKHE CHIIBI B3aMMOJACHCTBUS [BYX IapajUICIbHBIX IPOBOIHUKOB
KOHEYHOTO CEUCHHUS B HRIOTOHAX CIIEAYET OMPEAENIATh 0 (hopMyIie
F=2-10’7i1i21—1<q), (7.9)
a
rae 2-107 - mocToSHHbIIA napamerp, H/AZ
@ - PacCTOSTHHE MEXTY OCSIMU TIPOBOHHKOB, M;
i1, iz - TOKM TIPOBOTHUKOB. A;
| - WIMHA TPOBOIHUKOB, M;
Ky - ko3 dunmenT GopMeL.
JInst TIPOBOJHUKOB IPSMOYTONBHOTO CedeHHss KO3(D(OHIMEHT (OPMBI CIIEAyeT OMPEAeNATh TI0
KPHBBIM, TIPUBEICHHBIM Ha puc. 7.3.
JIist KpYTITBIX TIPOBOHHKOB CILTOIIHOTO CEYEHMS, TIPOBOHHKOB KOJNBIIEBOTO CEUEHMS, a TAKKE JIJIst

MIPOBOJHHUKOB (IIMH) KOPBITHOTO CEYeHHs ¢ BBICOTOM ceuenms 0,1 M u Oomee cremyeT NpUHUMATH
K‘b = 1,0
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Puc. 7.3. [lnarpamma juis onpeenenus koddduimenra Gopmbl MIKH TPSIMOYTOIBHOTO CEYCHUS

7.2.2. Haubonbliee 3HaUEHHUE 3JIEKTPOJMHAMHYECKON CHUITBI UMEET MECTO IpH yAapHoM Toke K3.
MaxkcuManpHyl0 CHIy B HBIOTOHAX (JKBHBAJCHTHYIO PAaBHOMEPHO PACIpEeNeCHHOW IO UIMHE
HpojieTa Harpysku), ACiCTBYOLIyl0 B Tpex(a3HOi cucTeMe MPOBOAHHMKOB Ha pacueTHyro a3y mpu

tpexdaznom K3, cnenyer onpenesnsites no Gopmyie
-7
V310

a

.(3)
rae iox

Kpacn - KO3 (GUIUEHT, 3aBUCAIINNA OT B3aUMHOTO PACIIONIOKEHHS IIPOBOTHUKOB;

3)
Frox =

- yaapHslii Tok Tpexdasnoro K3, A;

(3) 2

1) )" K 4K poen »

a - pacCTOSHNE MEXIY OCSIMU TIPOBOJHUKOB, M;
| - mruHa mposeTa, M.
3HaueHns ko3 dunuenta Kqeq 2711 HEKOTOPBIX THIIOB INMHHBIX KOHCTPYKIMIA (pHc. 7.2) yKa3aHbI B

Tabm. 7.3.

3navenus kodppuunenta Kp,en

(7.10)

Tabmuma 7.3

Pacnonoxxenne mmH | PacuerHast 3nauenust Kodpdurmenta K., 17151 HArpy30K
(haza Ppe3yABTUPYIOMIEH | M3rubaromiel | pacTsIruBaromei |CokxuMaronen

B onHol miockoct B 1,0 1,0 0 0

(puc. 7.2, a)

o BepinHam A 1,0 0,94 0,25 0,75
PaBHOCTOPOHHETO B 1,0 0,50 1,0 0
TpeyroabHUKa C 1,0 0,94 0,25 0,75
(puc. 7.2, 6)

ITo BepumHam A 0,87 0,87 0,29 0,87




MPSIMOYTOJILHOTO
paBHOOEIPEHHOTO B 0,95 0,43 0,83 0,07
TPEyroIbHUKA C 0,95 0,93 0,14 0,43
(puc. 7.2, 6)
[To BepmmHaM A, B, C 1,0 0,50 1,0 0
PaBHOCTOPOHHETO
TPEYroJbHUKA
(puc. 7.2, 2)

[pu nByxdaznom K3

-7
2-10 .2 .2

PR - Ky K (7.12)

ya ) Ko K pacn

e i) - ynapHbiii Tok ByxdasHoro K3, A.

7.3. [IpoBepKa MMHHBIX KOHCTPYKIUI HA 3JIEKTPOAMHAMHYECKYIO CTONKOCTH

7.3.1. O0ume coodpa:keHnst

7.3.1.1. TlpoBepka IIMHHBIX KOHCTPYKIIMH Ha JJIEKTPOJAMHAMHUYECKYIO CTOWKOocTh mpu K3
3aKJIIOYaeTcs B pacdyeTe MaKCHMaJbHOTO MEXaHHMYECKOTO HANpsDKEHHs B MaTepualie (Omax) H
MaKCHMAJbHOW HArpy3kd Ha H30IATOPBI (Frax) ¥ B CpaBHEHHH MONYYCHHBIX 3HAYEHUI yKa3aHHBIX
BEJIMYHH C IOITyCTUMBIMH 3HAYCHUSMHU.

[IrHHas KOHCTPYKLUS 00JIaaeT IIEKTPOANHAMUYECKOH CTOWKOCTBIO, €CIIU BBITIOHSIOTCSI YCIIOBUSI:

< .
O mx = O gon >

F <F

max

(7.12)

jom

TJI€ GO0 - OMYCTUMOE MEXaHUYECKOE HAMPSHKEHHE B MAaTepUAIIE IIIHH;

F son - JOMyCTHMasi MEXaHUYECKas Harpy3Ka Ha U30JIATOPBIL.

7.3.2. IIpoBepka MIMHHBIX KOHCTPYKIHUA HA 3JIEKTPOAUHAMHMYECKYIO CTOHKOCTH

7.3.2.1. Ilpu npoBepke Ha DIEKTPOIUHAMHUUYECKYIO CTOMKOCTh IIUHHON KOHCTPYKIMHU, 00JIalaromen
BBICOKOHM IKECTKOCTbIO, LIMHY B JIIOOOM IpoJeTe MEXIy H30IATOpaMH, KpOMe KpaWHHX, CIedyer
paccMaTpuBaTh Kak CTepiKeHb (0anky) ¢ 3aniemieHHbIMU KoHIaMu (tabin. 7.1). Hannume orBeTBiIeHMI
JOIYCKAEeTCsl HE YYUTHIBATh, IIOCKOJIBKY OHM CHIDKAIOT PAacyeTHbIE HAIPSDKEHUS B MaTepHalle IIHH M
Harpy3KH B H30JITOPax.

7.3.2.2. MakcumanbHOE HANpsDKEHHE B MaTepuaie LIMHBl U HArpy3Ky Ha H30JIATOp HIMHHOW
KOHCTPYKIIUH BBICOKOH >kecTKocTH npH TpexdaszHoM K3 cnenyer onpenensats no GopMynam

3)

o = Mmr _ Fnax ! : (713)
w AW

FO -prl) (7.14)

rae F,.0) - MakcuManbHas CHJIA, BOSHHKAIONIAs B MHOTONpPOJIETHOI Oaike mpu Tpexdaznom K3, H,
u omnpenensiemas o ¢popmyie (7.10);
| - wiMHA MposieTa MWuH, M;
W - MOMEHT CONpOTHBIICHHSI TIOTIEPEUHOr0 CEYCHHUs! MUHBL, M°; (OPMYIBI [l €ro pacuera
MIpUBEICHHI B TabI. 7.4;
A u 3 - KO3pPUIHUEHTHI, 3aBUCSIIUE OT YCIOBHS OMUPAHUA (3aKPEIUICHHs) IIIUH, a TAKKe YHCIIa
MIPOJIETOB KOHCTPYKLMH C Hepa3pe3HbIMH IIHMHaMu. VX 3HaueHns naHsl B Tabm. 7.1.
[pu nByxdaznom K3

)
o - F;np;_’ , (7.15)
FD =prS (7.16)

rae £0) - MakcHMasbHas CHIIa, BO3HUKAIOIIAS B MHOTONPONETHOH Ganke mpu aByxdazHom K3, H,

u onpenensiemas o ¢popmyre (7.11).
[Ipu pacdere HampsOKeHHH B OOJACTH CBApHBIX COCOMHEHHN, HAXOMALIMXCS Ha PacCTOSHUU Z OT
ornopHoro ceuenust, B popmyisr (7.13) u (7.15) cnenyer moacrasnsath 3Hadenus 1/A (Z), BBIYHCICHHBIE



C YUETOM JTaHHEIX Tabmd. 7.1.
7.3.2.3. DneKTponMHAMUYECKUE HATPY3KH HA OTACNbHBIC MPOBOTHUKH COCTABHBIX LIMH (puc. 7.4)
npu K3 oOycnoieHsl B3amMOJEHCTBHEM TOKOB B IPOBOJHMKAaX pasHBIX (a3 M TOKOB OTAENBHBIX
MIPOBOHUKOB OJHOW (pa3pl. MakcHMajbHOE HANpsDKEHHE B MaTepualie COCTAaBHBIX INHMH CIIEIyeT
OTpeNeIIsITh 1o opMyIie
Omax = O¢.max T Osmmaxs (717)
T1€ Gymax - MAKCUMalbHOE HalpsHKEHHE B MaTepuase IIHHBI, 00yCIOBIEHHOE B3aHMMOJAEHCTBHEM
TOKa JIAaHHOTO TPOBOJIHMKA C TOKaMH ITPOBOTHHUKOB Apyrux ¢as, Ila, xoTopoe cremyer
onpenensTh B 3aBucuMoctd oT Buaa K3 mo ¢popmymne (7.13) wmm (7.15);
Oonmax - MaKCHMaJbHOE HAIpsDKEHHE B MaTepualie MIMHBI, O0YCIOBJIEHHOE B3aWMOJEHCTBHEM
TOKOB OTZENBHBIX MPOBOJHMKOB OAHOH (a3bl. [la, koTopoe ciemayeT omnpenenirs Io
bopmyie
-7,2 ,
200 Ky (g (7.18)

c. = '
L ha W, n
rae |,, - IMHa nposeTa SIeMeHTa IIMHBI MKy MPOKIIaIKAMH, M;
5y - PACCTOSIHUE MEX/Ty OCSIMH 3JIEMEHTOB COCTaBHBIX IIHH (pHcC. 7.4), M;
W,, - MOMEHT CONPOTHBIICHHS TIOMEPEUHOr0 CEUCHHS HIIEMEHTA IIMHBL, M°;
iys - YAapHBIHA TOK TpexdazHoro miu aAByxaszHoro K3, A;
N - YKCJIO COCTABHBIX POBOJHUKOB (ha3bl.
7.3.3. IIpoBepka INMHHBIX KOHCTPYKLMIi € KECTKUMM ONOPAMH HA 3J1eKTPOAMHAMUYECKYIO
CTOHKOCTH
7.3.3.1. 1lluHHYI0 KOHCTPYKIMIO, H30JIATOPHI KOTOPOH 00JaJaroT BBICOKOH MECTKOCTBIO U
HETIOABWYKHBI TIPpH K3, Ipr pacyueTe CICAYET NMPEACTABIIATL KaK CTEPKCHb C 3allICMJICHHBIMU KOHIIaMHU,
UMEIOIINI OCHOBHYIO 4aCTOTY COOCTBEHHBIX KOJIEOaHUI.
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Ta6umuma 7.4

®opmyJabl 1J5 onpeaeaeHus MOMEHTa HHepIUHU J
W MOMeHTa conpoTuBJeHust W nonepeyHsIx cedeHuii IIMH

CeyeHus MUH PacuetHble hopmysl
J, m? W, M°
- o} bk’ bh*
—p—— X I R
L
h
Yy
5 Lo } . ’
= 5 X Y Y6
L]
b
Y
3 2
bh bh
SN X J, = — W o=

p o b . .
y o’ b2
y 6 y 3
1
r
’
a,
pava at -t A
L ]l x 12 6H
m Y
P,
TED4 ‘rcD3
64 32
4 4
a(D* -d™h) rpt —at

64 32D




i i
12 6
i \
— 0,118H"
12

vt -t vt -t
12 6 H

JI1st ofHOTO AJIeMEHTa

_6h’ - [(b —AYh-2A) .

x ’

NN
N\

bh
. he’ — (h=2A)e-A) +2A(b-e)°
v 3(b - e)
1 1
Y Wx:—’—BH3——(h4—h14)—‘;
6HL 40 J
B 1
W, :—|—B4(H AN A A“)1 :
A . 6BL 4 J
= X 17 3 1 4 a1,
J,o=—BH > ——" =
= ﬁ: ’ 12{ 4o J
1
'/ J‘,=—|—B3(H—h)+h1A3+i(B4—A4)—‘;
. 12{ 4 J
B o~1/6 I cTaHAAPTHBIX ABYTaBPOBBIX Mpoduiei
Yy

CedeHue MpOKaTHBIX Tpodriiel CTaHAapTHBIX
pa3mMepoB
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h+2
)

51
MIBEJIEPOOOpa3HbIid  (KOPBITHBIH) TpoduiIs  Ha
«pedpo»
3
(h+5)
W= —
81
Ceuenue 110001 hopMbI OpueHTHPOBOYHAS OIIEHKa MOMEHTa CONPOTHBIICHUS

OTHOCHUTCIIBHO HeHTpaJ'ILHOﬁ OoCH:

JJIA CIIJIOITHOT0 CUMMCETPHUYHOI'O CEUCHUSA
s? s%n
Wo=W,=—;J, = :

6b 12b
JJIA TOJIOT0 CUMMETPUYHOI'O CEUYCHUSA

s so-mnl .
Wo=W,=—|1+——>A;
3bL bh J
Sh[ Swb-h]
Lol semn)
- 6bt bh J
rae S - wiomaaes ceuenus; h, b - Beicora u mmpuna

CeYeHHsI COOTBETCTBEHHO; | - TuHA nepumeTpa;
A - TOJNIIKHA CTEHKH (15 MOJIOTO CEYECHNs)

J

* Ecmu mpokigankd TpUBapeHbl K O0SMM IIOJOcaM IIaKeTa, MOMEHTBI HHEPUUH W MOMEHT

2 2
b, hb(3a, +b")
COIIPOTUBJICHUA IPUHUMAIOTCI paBHBIMU: J y = _(3an +b7) H Wy = .

Y6 3(a, +b)

7.3.3.2. MakcumalnbHOE HANpsDKEHHE B MaTepHaie IIMH W HArpy3Ky Ha H30JIATOpPbI LIMHHOW
KOHCTPYKLIMH, B KOTOPOH IIMHBI PACIIOIIOKEHBI B OJHOH IIOCKOCTH, a U30JSTOPHI 00J1aJat0T BHICOKOM
KECTKOCTBIO, CIIEZlyeT OIpeeniTh o GopMylaM:

npu tpexdaznom K3
@)
l
o - FK'LV;T] (7.19)
u
FS =prol (7.20)
nipu nByxdaznom K3
@
1
S FA&W“ (7.21)
u
FO =pra (7.22)

rae M - KOd(pQUIHUEHT TUHAMHYECKOM HArpy3KH, 3aBHCAMIAN OT PACUYETHOHM OCHOBHOM YaCTOTHI
coOCTBeHHBIX KoneOanuii mmHbl f;. 3HaueHus kosddunmenra misn qByxdasnoro u tpexdasnoro K3 B
sapucumoct ot otHommenus fi/f, (fo = 50 T'n) cemyer onpenernsts mo rpaduky Ha puc. 7.5.
3HaveHUsT PacUYeTHOW 4acToThl cobcTBeHHBIX Koiebanmii (f;) B reprax ciemyer ompemenste B
COOTBETCTBUH C 1. 7.3.3.4.
7.3.3.3. MakcumainbHble HAarpy3KH Ha MIPOXOAHBIE H30JSITOPHI CISIYET ONPEAEISITh 0 hopMyIe
NER T ®

Fu3 u lup (ly)_l )KdJKpacu s (723)

rae |, - paccrosHHE OT TOpua IPOXOZHOrO H30JATOpa 0 OnrKaifliero OmopHOro H30IATOpa
¢dassl, M.
7.3.3.4. PacyerHyt0 4acTOTy COOCTBEHHBIX KOJECOAHWI IIMHBI B replax CIEAyeT OMpPEACNATh IO
bopmyne

fi = _, (7.24)




rae E - MoJy/b yIpyrocTy MaTepuaa ImuHsl, I1a;
J - MOMEHT HHEPIIMH TONEPEYHOr0 CEUEHHS IIHHbI, M;
m - Macca IUHBI Ha €AUHHUILY [UTHHBI, KI/M;
Iy - mapaMeTp OCHOBHOH COOCTBEHHON YaCTOTHI ILIHHBI.
3HavyeHus TMapaMeTpa 4YacTOThl 3aBHUCSIT OT THUIA I[MHHHOM KOHCTPYKIMM U IIPEICTaBICHbI
B Tabm. 7.1.
7.3.3.5. MakcumasbpHOe HANpsDKEHHE B MaTepHale COCTABHBIX IIHH CIEAYeT ONPEIeNsiTh IO
bopmyie
Omax = O¢.max T Osmmaxs (725)
TI€ Cpmax - MAKCHMaJbHOE HANpsDKEHWE B MaTepHalle INHMH, KOTOpOe CIELYeT ONpENeNiTb B
3aBucuMoctH ot Buaa K3 no ¢popmyne (7.19) wm (7.21);
Goimax - MAKCHMallbHOE HANpPsHKEHHE B MAaTepHalie IIMHBI, KOTOPOE CIIeMYyeT OMNPEIeNsiTh IO
bopmye
200 2Ky (i)
Oonmax  — . | | Mo (726)
ha, W n
rae M,y - KOIQOUIMEHT AWHAMHYECKOW HArpy3KH, 3aBUCAIIMNA OT OCHOBHOH 9acToThl (f,y)
COOCTBEHHBIX KOJNEOAHUH 3JIEMEHTOB COCTABHOW LIMHBI, KOTOPBIN CIEMYET OMPEAENATh [0 PACUCTHOMY
rpa¢uKy, IpUBeJIEHHOMY Ha puc. 7.5.

n

TepxdasHoe K3

/

/
/

2,0 //
npyxdasHog K3
Pe
L1
/’;// N
/’
1,0 ’/i 1 /// ™
, AT - r
___./:‘/’ > 3 ///4/
) r
Lt /z" //1/
:___/5:/
0,02 0,05 0,1 0,2 0,5 1 2 5 Sl

Puc. 7.5. 3aBUCUMOCTD THHAMHYECKOTO KOA(PPHUIMEHTA IS M30JSTOPOB U IIWH OT YaCTOTHI

coOCTBEeHHBIX Konebanwuii muHsl, rae 1 mpu Ky, > 1,60; 2 npn Ky, = 1,40;
3 mpu Ky, =1,25; 4 npu Ky, = 1,10; 5 mpu Ky, = 1,00

PacueTHyro OCHOBHYIO 4YacTOTy COOCTBEHHBIX KOJI€OAHWI 3JIEMEHTOB COCTABHOM IIMHBI (ha3bl B
repuax ClemyeT OnpenessiTh mo Gpopmyne



4732 |EJon
lon = y
211:]3211 m o,y

(7.27)

rae |, - JHa mposeTa 3JeMEHTa IHHBI MEXK/Ty MPOKIIaIKaMHu, M;
J,y - MOMEHT MHEpIIHH TIOTIEPEUHOr0 CeUEHHS HIEMEHTA IIHH, M";
M,y - Macca dJIEMEHTa Ha €ANHHUILY [UTUHBI, KI/M;
5y - PACCTOSIHIE MEXIy OCSIMH 3JIEMEHTOB COCTaBHBIX IHH (pHC. 7.4), M.
7.3.3.6. MakcuManbHbIe HalpsDKEHHUsT B MaTepHaie MIMH 1 MaKCUMAJIbHbIE HATPY3KH Ha ONOpPHbBIE U
MPOXOJIHBIE M30JIATOPBI TPH PACIONOKEHWH IIHH IO BEpIIMHAM TpeyronbHuKa (puc. 7.2, 6, 6, 2)
CIIe[lyeT OIPEeNATh C y4eTOM HX IPOCTPaHCTBEHHBIX KonebaHuil no gopmynam

F l
Cpax =Ml g5 (7.28)
AW
FS = FS s (7.29)
Fl =P g, (7.30)

rne W - MeHpIIMH M3 JBYX MOMEHTOB COIPOTHBIICHUH ITONEPEYHOr0 CEYEHUs IIMHBI (MOMEHTa
conpotusienus Wy npu u3rube B iiockoctd 3 M MoMeHTa corporusiienns: W, npu
M3rube IIMHEI B II0CKOCTH T) (pHc. 7.2), M°;

)

max

- 3JIEKTPOAUHAMUYECKUE CUJIBI, ONPEAEIIieMble COOTBETCTBEHHO 10 hopmynam (7.10)
u(7.11);

Csy CF - xOI(pdUIMEHTHI, 3Ha4YeHHs KOTOPBIX Uil HauOoliee PacHpOCTPAHEHHBIX THIIOB

HIMHHBIX KOHCTPYKIMH (puc. 7.2, 6, 6, 2) NpuUBeeHBI B Ta0I. 7.5.

3
FO L F

Tabnuna 7.5
3Hauyenns k03¢ pumenToB C; M Cr MMHHBIX KOHCTPYKIIHI
Pacnionoxenne Ocku3 3HaueHus 3uaueHust kodpduipenra C;
IIHH KOHCTPYKIUH | koodduuuenta Cp | As MIMH KPYTIIOTO U | IS IIMH KBaJIPAaTHOTO
Ha puc. 7.2 KOJIBLICBOIO CEUCHHSI CEUCHHS
o BepimHam B 0,95 0,95 1,16
HPSIMOYTOJIEHOTO
paBHOOEIPEHHOTO
TPEYroNbHUKA
[o BepimHam §) 1,0 1,0 1,39
PaBHOCTOPOHHETO
TPEYTrOJIbHUKA r 1,0 1,0 1,21

7.3.4. IIpoBepka NOABECHOr0 CaMOHeCYLIero TOKONPOBOAA HA 3J1eKTPOAMHAMHYECKYIO
CTOMKOCTH
7.3.4.1. PacuerHble MaKCUMallbHbIC HAINpPSDKEHUs] B MaTephalie IIMH MOABECHOTO CaMOHECYILETO
TOKOIIPOBO/IA CIIEYET OMPENEIATh C yIeTOM COOCTBEHHOTO BECA, BECA M3OJSIIMOHHBIX PACIIOPOK U Beca
JIb/1A, a TAKKE JICWCTBUS HAIOpa BETPA, T.€.
Opacu.max — Omax T O,
IZI€ Opmax -~ MAKCUMAaJIbHOE HANpPsDKEHHWE B MaTepualie MIMHBI IPU JIEKTPOANHAMUIECKOM JEHCTBUH
Toka K3;
G, - HaIIPsDKCHUE B MaTepHaje IMHBI OT COOCTBEHHOT'O BECA, N3OJSIMOHHBIX PACIIOPOK U Beca
JIB/1A, a TAKOKe JIEWCTBUS HAIOpa BETPA.
Harpy3ky Ha M30/14TOp TOIBECHOTO CAMOHECYIIIEr0 TOKOIPOBO/A CIIEAYET OMPENeNsITh 1Mo Gopmyre
(7.14).
7.3.5. IlpoBepka IIMHHBIX KOHCTPYKLIMIi ¢ YOPYromoAaTJMBHIMH ONOpPaMH Ha
371eKTPOAMHAMMYECKYI0 CTOHKOCTh
7.3.5.1. Pacuer MakCHMaJbHBIX HANPSDKEHUI B MaTepuaie INWH U HArpy30K Ha H30JSTOPHI
IIMHHBIX KOHCTPYKIMH C YIPYromoJaTiWBBIMU OIOPAMH CJIEAYET INPOBOAWTH COOTBETCTBEHHO IIO
dopmymnam (7.19) u (7.20), a gactoTy coOCTBeHHBIX Konebaumii — 10 popmymne (7.24), Toe mapamerp
qacToThl Iy sBysieTcst (yHKimei 6e3pasmepnsix Bemuana Co l*/(EJ) u MI(ml), toe C,y, - %KecTKoCTb



omop, a M - mpuBeAcHHas Macca. 3HAYCHUS IKECTKOCTH OIOp CJICIYeT OMPeNneNsaTh I
SKCIIEPUMEHTAIbHBIM JTAHHBIM, a MPUBEICHHOW Macchl - B COOTBETCTBUM ¢ M. 7.3.5.2. Kpussie amns
OIpeNieTICHNsT [ IIMH C JKECTKUM 3aKpeIUICHHEM Ha OIopax MpHBEICHB Ha puc. 7.6, a mmH c
MIApHUPHBIM 3aKpeIUIeHueM Ha puc. 7.7. JIns MWH ¢ 4epemyronMMUCS JKECTKHMH U IMapHUPHBIMH
3aKpEIUICHUSIMA Ha OIOpaxX 3HAYCHHE MapaMmerpa I; JOMYyCTHMO MPHUOTU3UTEIHHO OICHUBATH Kak
CpelHee MEX/Y €ro 3HAYCHUSIMHU, HaWJICHHBIMU O KPUBBIM pHC. 7.6 u 7.7. 3HaueHUA Iy JUIA IIMH C
JKECTKHM 3aKperuieHneM Ha oropax mpi Copl*/(EJ) > 5000 ¥ u1st IIMH ¢ IAPHAPHBIM 3aKpEIUICHAEM Ha
onopax npu Co,I*/(EJ) > 3000 mpuseners! B Tabr. 7.1.
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Puc. 7.6. TlapameTpbl OCHOBHOM 4aCTOThI COOCTBEHHBIX KOJICOAHHI IIIMHBI MIPU €€ HKECTKOM
3aKpeIuIeH!H Ha YIPYTronoaTIUBBIX OMOpax
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Puc. 7.7. IlapaMeTpsl OCHOBHON 9aCTOTHI COOCTBEHHBIX KOJIEOAHUH IIMHBI IIPU MAPHAPHOM
3aKpeIUIEHNH €€ Ha YyIPYTroNOoAATINBBIX OMOpax

7.3.5.2. TlpuBeneHHYI0 MacCy OMOPHI B KUIIOTPAMMAax CIEAYeT OIPENeNsTh M0 MPUOIMKESHHOU
bopmyne

H
M Mon[ ton ] s (731)

rae M, - Mmacca onopsl, Kr;
Hyon m Hyy - paccTOSHHA OT OCHOBAHHWS OIOPHI COOTBETCTBEHHO 1O IEHTPAa MAacChl OMOPHI
(u301sATOpA) M IIEHTPA MACC MOMEPEYHOro cedeH s muHbI (puc. 7.8), M.
[Ipu u3BecTHOH COOCTBEHHOH YacToTe KoJeOaHWH OMOpHI Ha YIPYrOM OCHOBAaHUH IPHUBEICHHYIO
Maccy B KHJIOTpaMMax CJIEyeT ONMpenessTh no Gpopmyre

Moo —Son (7.32)

2nfo,)’



rac Con - JKECTKOCTbB OIIOPHbI, NPAKTUYCCKU paBHAs JKCCTKOCTU U30JIATOpA Cm, H/M;
fon - YacToTa COOCTBEHHBIX KojeOaHHil OInopkbI, FH, paBHasA 4YaCTOTEC KOJIeOaHuit H30JIATOpa

fo, 1.
4

=,

]
T
.

o ————

.11,

.01

Sw
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|
Puc. 7.8. K pacueTy npuBeIeHHON MacChl ONOPHI

7.3.6. IIpoBepka TOKONPOBOIOB Ha JJIEKTPOAMHAMHYECKYI0 CTOHKOCTH NPH HAJTHYUHU
YCTPOWCTB ABTOMATHYECKOT0 MOBTOPHOI0 BKJIKOYEHUS
7.3.6.1. IIpu Hammumu ObicTponeicTByommx AITB TOKOIPOBOABI 31€KTPOYCTAHOBOK HAIPSKEHUEM
35 xB u BbIIe creqyeT NpoBepATh Ha JIEKTPOAMHAMHUYECKYIO CTOMKOCTD MPU IOBTOPHOM BKJIFOUCHUH
Ha K3. Takoii npoBepku He TpeOyercsi, €ciu MPOIODKUTENLHOCTh 0eCTOKOBOI may3bl (15;) B cekyHmax
COCTaBJIACT
23
> )
f18
rae f; - pacuerHas ocHOBHas 4acTOTa COOCTBEHHBIX KOJIeOaHUI OIMHOBKH, ['11.
O - AeKpeMeHT 3aTyXaHHUs TOKOIIPOBOJA P TOPH3OHTAIBHBIX KOJICOAHMUSX.
7.3.6.2. HanGonbliee HampspKeHHE B MaTepHale IIMH U MaKCHMAJIbHYIO Harpy3Ky Ha H30JISTOPBI
IIpY IOBTOPHOM BKJIIoYeHHH Ha K3 cremyer onpenensts mo Gpopmyiam

(7.33)

L6n

G(Z):GI(Z)0:+in40 : (7.34)
AM(Z)aW
-7
3.10 1
Flmx = Flrmx 0= ﬂ ! i}%ﬂ ’70 ] (735)
a

rie 61(Z) 1 Fimax - HanOoIbIIiee HANIPSUKEHHE U MaKCHMaJIbHAs Harpy3ka mpu nepsoM K3;
6 - K> P PULHEHT TPEBHIIICHNS HATIPSDKEHUA U HATPY3KH MPH MOBTOpHOM K3.

Koaddunment npebimenust € cieayeT onpenenisTs Mo KPUBbIM Ha puc. 7.9, @ B 3aBUCHMOCTH OT
sorapu()MUUECKOro JIeKpeMeHTa 3aTyxanus 0. Homep pacueTHOI KpuBOW MPUHMMAIOT B 3aBUCHMOCTH
OT TPOMODKUTENBHOCTH OECTOKOBOM may3bl lg, M 4acTOThl COOCTBEHHBIX KOMeOaHmii ImuHBI f)
ucrons3yst puc. 7.9, 6. Ecmu Touka ¢ koopauHatamu ts; u f; Ha puc. 7.9, 6 mexur B 30HE,
OTpaHUYEHHOW OCSIMH KOOPAWHAT M KpuBoi I, To koadduimeHT € criemyer onpenemnsaTs 1mo KpuBoi 1
puc. 7.9, a. Ecnu e Touka JIKUT B 30HE, orpaHrdeHHoi kKpuBbiMu | 1 11, TO € cnenyer onpenensiTh mo
kpuBoii 2 Ha puc. 7.9, a u T.n. Cieayer OTMETHTh, 4TO 3HA4YeHHs pacueTHOro koddduimenra 6
MOMydYeHBl TP HauOosee HEOIArONpPHATHBIX YCIOBHAX KOMMYTAIMH, KOTOPHIE MPUBOAAT IOCTE
nepBoro K3 u moBropHOro BkiroueHust Ha K3 K HamOompIMM HampsDKEHWSM B MaTepHale MIMH U
Harpy3kaMm Ha M30JIATOPHI M TAKUM 00pa3oM 00ECIEUHBAIOT OLEHKY IEKTPOANHAMUYECKOH CTOHKOCTH
OIINHOBKH.
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Puc. 7.9. K onpenenenuo ko3 GHIHeHTa TPEBBIIEHNS & B 3aBUCUMOCTH OT O, tg,, f1
7.4. IIpoBepka rudKNX TOKONPOBOAOB HA YJIEKTPOANHAMHYECKYIO cTOMKOCTh npu K3

7.4.1. Tlpum npoBepke TMOKMX MPOBOJHHUKOB Ha 3JEKTPOJUHAMHYECKYIO CTOWKOCTH pacyeTHBIMH
BEJIMUMHAMU SIBIISIFOTCSI MAKCUMAJIBHOE TSDKEHUE Fra 1 MakcuMaibHOE CONMMKEHUE TPOBOIHUKOB MPH
K3.

DJeKTporHaAMHUYecKasl CTOMKOCTh TMOKHMX NPOBOJHUKOB OOECIIEUMBAETCS, €CIU BBIMOJIHSIIOTCS
YCIIOBHS:

F

max S FLlOll ’
: (7.36)

a—2(s+rp)2a}mn min >

rae Fyon - momyctuMoe TskeHue B poBojax, H;
a - pacCTOsSHUE MEX Iy IPOBOAHUKAMH (a3, M;
S - pacyeTHOE CMEIIECHHUE TPOBOAHUKOB, M;
@gon min - HAUMEHbLIEE JOIMYCTUMOE PACCTOSHHE MEXIYy NPOBOIHHMKaMH (a3 mpu HambombLIeM
paboyeM HaIpsHKEHHUH, M;
Iy - paguyc pacieruieHus $assl, M.

7.4.2. Hwke npuBOAMTCSA METOAMKA pacyeTa Ha 3JIEKTPOIMHAMUYECKYIO CTOHKOCTh TOKOIIPOBOIOB,
y KOTOpBIX MPOBOJHUKHU PACIONIOKEHBI HA OJHOM YpOBHE (II0 BBICOTE), MPH OTCYTCTBHM Trojoiena U
BETPOBOM Harpy3ku. IIpu onpeneneHu CMEIIEHUN pacuyeTHOM MOZENbIO MIPOBOAA B IIPOJIETE CIIY)KUT
a0COJIIOTHO KECTKUIM CTEP>KEHb, KOTOPBIM IIAPHUPHO 3aKpPEIUIEH Ha OIOopax, a €ro oCh O4epueHa Mo
LEITHOM JINHUU.

3a pacuerHoe npuHMMaercs aAByx¢asHoe K3. BnusHue THpAsSHI YIHUTHIBACTCS YBEIMYECHHEM
MIOTOHHOT'O Beca MpoBofa (cM. 1. 7.4.6).

7.4.3. Tlpu npoBepke T'MOKMX TOKOIPOBOJOB Ha 3JIEKTPOAMHAMHUYECKYIO CTOMKOcTh mpu K3
HEOOXOIMMOCTh pacyeTa CMEIIEHHWS IIPOBOAHUKOB, y KOTOPBIX TIPOBEC IIPEBBINIAET MOJIOBHHY
paccrosiHusi Mexay ¢asamu, ycTaHaBiuBaercsl BbipaxeHueM (7.37). Pacyer cmerieHuii cuemyer
BBINOJHATb, €CIIM ITApaMeTp P paBeH:

(i)’
p=a—10 504 kKAZC/H, (7.37)
aq

)

roe I

- HavaJIbHOE JEHCTBYIOIEe 3HAYCHUE TIEPUOANIECKOM COCTaBISIONICH TOKa ABYX (ha3HOro
K3, xA;
torkn - PaCUSTHAS IPONOIDKUTENBHOCTE K3, ¢;

a - paccTosHIe MEXIy pazamu, M;

J - IOTOHHBIN BEC MPOBOJA (C YIETOM BIWSHUS THPISIHA), H/M;

A - 6e3pa3MepHbI KOAPPHUINEHT, YIUTHIBAIOIINA BIUSHIE allePHOANISCKON COCTABIISIONICH
snekTpoauHaMudeckoi cuiel. I'padpuk A = T (t,./T.) mpusenen wa puc. 7.10. Ilpm
toral Ta > 4 MOXHO TIpUHUMATE A = 1;

T, - IOCTOSTHHAs! BpEMEHH 3aTyXaHHMs allepruoANIecKor cocTasistiomei Toka K3, c.



(7.38)

HpOBOI[a MOFYI“ C6J'II/I3I/ITBCH J10 KaCaHus B CCpeILI/IHe HpOJ‘IeTOB HpI/I
p > 0,8 kA%/H.

N
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—
h-ﬂ
1
0,1 0,2 0,3 0,5 08 1 2 3 5 t JT.
Puc. 7.10. 3aBucuMoCTh KO3 PUIMEHTA IPUBEACHHUS dIICKTPOANHAMUICCKON HATPY3KH A OT Uopien/ 7
7.4.4. Meroauka omnpejelneHns CMeEIIeHUs MpoBoaHMKOB 1pu K3 B 3aBUCMMOCTH  OT
npoaopkuTenbHocTH K3
ITpu manoii mponomxkutensHocTH K3, KOrja BEINONHSACTCS YCIIOBHE
L oman tnpez( (739)
TOPM30HTAJIBHOE CMEIEHHE S B MeTpax CJIeAyeT ONPEAeIATh 110 (opMmyIe
2) .2
(o)t
s=0772 0 L Jr (7.40)
aq
(7.41)

3
2 g ,1/C2

0, =—"

Jn

r/ie § - YCKOPEHHE CHIIbI TSHKECTH, M/c’;

f, - mpoBec mpoBoaa TOCepearHE MPOIeTa, M;

Fpacu - pacueTHast 371€KTpOIMHAMUYECKAsT HAarpy3Ka Ha MpoBomHMK mpu aByxtasuom K3, H. Ota
(7.42)

Harpyska onpezesnsercs 1no Gpopmyse
@ L (2) @2
Fpact[ = F() A =02 ([n() )k
a
rae | - nvHa npornera, M.
[pu cpenneit mpomomxutensHocTH K3, KOTIa BRITOTHSIETCS YCIOBUE
2mn
4T, <ty <—0.6, (7.43)
@9
TOPU30HTAJIBHOE CMEIIEHHUE S CIEYeT ONPEAEIISTh 10 OTHON U3 GopMyI
— Y/
s = f,sin o npu <1
Mgl
L (7.44)
AW |

MeL >1J

- PpacueTHBI Yrom OTKJIOHEHWS IIPOBOJHWKA OT DPABHOBECHOTO TIOJNOXKEHMS, paf.,
(7.45)

roe o
oIpenensieMblii o Gopmyie
AW ]
i)

o = arccos |1 -
MgL



rae L = 2f./3, m;
AW - osHeprusi, HaKOIUIEHHAs MPOBOJHMKOM 3a pacueTHoe Bpemsi K3, JIx, u paBHas pabore
aneKTpoarHaMuueckux cuii. OHa onpesessieTcs o KPUBBIM Ha puc. 7.77, a-okc.
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Puc. 7.11. Xapaxrepuctuku AW, /MgL tpu nByxdasmom K3
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Puc. 7.11. OxoHuanue

[}
Ha stom pucyske t,, = 24—
2n
[Ipu Gompmoit nmpogomxurensHOocTH K3, KOT/Ia BRITOTHSIETCS YCIIOBUE
2n
Lovn > 0.6 —, (7.46)
@9

TOPHU30HTAJBHBIC CMEIIEHUS BEYUCISIOT 1o dopmynam (7.44). Ilpu 3TOM 3HEPTHIO, HAKOIUICHHYIO
npoBoHUKOM, AW, B IDKOYIISIX CIIEyeT ONpeNessaTh O OXHOH n3 hopMyIL:



1 a+2L
AW, =—aw? e aw® = F® am
2 0 a

A
> 2k (7.47)

AW, = MgH ,ecm AW <2Mgl | J

rae h - mMakcuManbHas BhICOTA MOABEMA IIEHTPAa Macc MPoBoja Bo BpeMms K3, ompenensemas u3
cooTHoureHus h/a, M, ¢ OMOIIBIO KPUBBIX, PUBEICHHBIX Ha puc. 7.12.

[IpenenpHble 3HauUeHHS TSDKCHWHA B TPOBONHUKAX Hpu K3 OIEHMBAIOTCA 1O JHEPTETHUCCKHM
COOTHOIIEHUSM.

7.4.5. MakcuMabHO BO3MOXHOE TSDKCHHE B TMPOBOTHHUKE Fraxi CICIYET ONPENeNATh, mojaras, 94ro
BCS DSHEPrus, HAKOIUICHHAs MPOBOJHMKOM BO Bpemsi K3, TpanHcdopMupyercss B MOTCHIHAIBHYIO
SHEPruro AeopMaIuy PacTsHKSHUS MPU MaACHUH MTPOBOIHUKA TIOCIIE OTKIIF0YeHU Toka K3, moaasaToro
AJIEKTPOJMHAMHYCSCKHUMU CUJIAMH HaJl WCXOMHBIM PABHOBECHBIM TMoiokeHHeM. [Ipu 3toM Frgq B
JOKOYJISIX COCTABIISCT

F

max]

NN (7.48)
Al

rae Al - yauHeHne mpoBOIHKUKA B TIPOJIETE TIPH YCHIHU B HEM, PABHOM Fpaxi,M;
Wy - moreHnmaneHas sHeprus aedopMalyd MPOBOJHUKA B MPOJIETS MPU THKCHHH, PABHOM
TsbKeHUro B HeM J1o K3, JIxk:

Fol
W, =

10 (7.49)
22E,S

rae Fo - Tsokenue (mpomonbHas cuiia) B mpoBoauuke 10 K3, H:
2

ql
Py =L, (7.50)
8 fu
|, - A7MHA TPOBOJHHKA B TMpPOJETe, M, KOTOPYIO IOIMYCKAETCS MPUHUMATh PAaBHOW JIHHE

nposera |;
Eo - MOIy/Ib YIIPYTOCTH TIPOBOHUKA [PH TSHKEHHMH, paBHOM Fo;
Q - TIOrOHHBIN BeC MPOBOAHUKA, H/M;
S - mIowIaIb MOMEPEYHOrO CeYCHHS POBOIHMKA, M-,

//
//, "
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Puc. 7.12. Xapaxrepuctuku h/a mpu npyxdaszuom K3



[Ipn Bemonnennn ycmoBus (7.39) npubmwkenHoe 3HaueHne AW, B JDKOYISX JIOITYyCTUMO
OTpeNeIIsITh 1o opMyIie
@, )2

(F pacu ° oTKI
AW ~ ———————— . (7.51)
2M
Ilpu orcyrcTBuM XapakTepucTuku xkectkoctd mpooma Al = f(F) mpubmmkenHoe 3HaueHue

MaKCUMaJIbHO BO3MOKHOI'O TSPKCHUA B IIPOBOJHUKE MOKHO OIPCACIUTD 110 (1)0pMyne

max1

F ~ \/Z(ES L Fy (7.52)
!

rae ES - jxecTKocTh momepeyHoro cevueHus MpoBojia MpH pacTsukenuu, H;
E - moaynb ynpyrocti, H/m?;
S - TIOMA Ik OMEPEUHOro CeUeH s POBOA, M-,
Monynb yOpyrocTd MaTepuaia MPOBOJHHKOB, MOMYYCHHBIX CKPYYHBAHHEM IPOBOJIOK, CIEIyeT
3aHKaTh (BIBOE-BTPOE) MO CPABHEHMIO C MOAYJIEM YIPYrOCTH MaTepuaia OTACIbHBIX IPOBOJIOK.
HwxkHuil mpemen MakCUMambHOTO TSKEHUS Fraxe B POBOMHMKE B Clydae, €ClH TPOBOMHUK MOCIE
oTkIroueHus Toka K3 (Ipu OTHOCHTENTFHO MajioM TOKE) IUIAaBHO BO3BPAIIACTCS B HCXOIHOE TOJIOKEHHE,
COBEpIIACT 3aTeM 3aTyXaIoIMe M3-3a adPOAMHAMHYECKOTO CONPOTHUBICHHS aTMOC(epsl KoleOaHMs,
BIuKcIseTcs: o ¢dopmyne (7.52, a). Tpaekropusi JABMKEHHs IIEHTpa Macc MPOBOJHUKA MPU ITOM
OJ13Ka K KpYrOBOM.

(7.52, a)

[lpu OonbmMX pa3aMYMAX 3HAYCHUH Frag M Frae YTOUHEHHE OLEHKM TSOHKEHHH MOXET OBITh
CIIENIaHO C TIOMOIIBIO YHCIIEHHOTO MOJICITUPOBAHUSI.

7.4.6. TIpuOMVOKEHHBIN yYeT BIHMSHHS THPIISHII U30JIATOPOB M OTBETBJICHUH C TMOKOW OIIMHOBKOM
HPOM3BOIUTCS yBEIMYEHHEM ITOTOHHOI'O Beca M IPOBEca MPOBOJHUKOB IyTeM 3aMeHbI B (popMynax MilL.
7.4.2-7.4.5 maccel IpoBOHHUKA M NPUBEACHHOH Maccoil My, 1 poBeca f npuBeseHHbIM IPOBECOM fpy,.

M =M + M +Mom:M'Y;}

" o (7.53)
fnp = f+ lmpn - cos B,
rae M - macca mpoBoza B nposiere (0e3 Macchl H30ATOPOB M MacChl OTBOZIOB);
My - CyMMapHasi Macca ABYX HATSDKHBIX M30ISITOPOB y ABYX ONOpP MPOBOJHHKA B MPOJIETE HIIH
Macca OZHOM TMPIISHIIBI, €CIH Ha OMOpax I'MPJISHABI IIOJBECHBIE;

M. - Macca OTBOZIOB B IIPOJIETE;

Y - KO3 GUIUEHT NPUBEICHUS] MACChl, 3HAUYEHUsI KOTOPOTo [IPUBENIeHbI B Tabuiie 7.6;

f - mpoBec mpoBoza B cepequHe mposnera (0T YPOBHsI KPEIUICH s MPOBOJA K THPJISIHIC H30JATOPOB);

| - IIMHA THPIISHOBI H30JSITOPOB;

[ - yron oTknoHeHus rupisiHI OT BepTukanu a0 K3.

B Ttex cmywasx, xorma pacueTHas mopenb (m. 7.4.2) He MOXeT OBITh NPHMEHHMa, pacueT
JNIEKTPOJMHAMUYECKOH CTOMKOCTH THOKHMX MPOBOAHHUKOB CIEAYeT BECTH YUCICHHBIMHA METOJAMHU.

Tabmuma 7.6

3Havyenne k03¢ puureHTa NPUBeIeHNs MACChI Y MPH Pa3JIHMYHBIX oTHOWeHUsX M,/M

f/f, 3HaueHue KO3 PUIMEHTa TPUBEACHHUSI MACChl Y IPH 3HaUeHUsIX 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 | 1,083 | 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 rupisH (CyMMapHas Macca JIBYX HATSDKHBIX THPIISHI Y JBYX OIOp MPOBOIHUKA B
MpOJIETE WM Macca OHON THPJISHIBI, ECIM HA OMOpax THPJISHIBI MOABECHBIE); M - Macca MPOBOJA B MPOJIETE;
f, - nposec rupnsny; f; - mposec mpoBosa.

7.5. IIpoBepka 3JIeKTPUUYECKUX ANMNAPATOB HA JIEKTPOAUHAMUYECKYI0 CTOHKOCTH
TPH KOPOTKUX 3aMBIKAHUSIX

7.5.1. BHGKTpOZ[I/IHaMI/I‘IeCKaH CTOUKOCTh QJICKTPUYCCKUX alllapaToB B 3aBUCUMOCTU OT TUIIA U
KOHCTPYKIHNU XapaKTCPU3YCTCA UX IMPCACIbHBIMU CKBO3HBIMU TOKaAMU invaKB n Il'lp.CKB 1 HOMHHAJIbHBIMH
TOKaMHu SHCKTpOI[HHaMH‘IeCKOﬁ CTOUKOCTH i)mn n I}mH W KPAaTHOCTBIO TOKa 3J'IeKTpO[[PIHaMPI‘IeCKOﬁ

W

DNeKTPOIMHAMUYECKAs] CTOMKOCTh SJIEKTPUYECKOrO armapata oOeCreueHa, €CIH BBITOIHIIOTCS
YCIOBHS:

CTOMKOCTH iﬂhll HOM ): Kﬂml "

i)
1 I
Ip.CKB n0 ° |
L (7.54)
IJJHH = IrlO > |
: |
! pn Z

HJIn
NEYS

rae |y - HauanbHOE 3HAYCHUE MEPUOIMYCCKOM COCTABIISIONICH pacueTHOro Toka K3;
iyx - yrapHbIii Tox K3.

JIMH 'IIHOM 2 ya !

7.6. IlpuMepsbI pacyeToB 110 POBepKe 31eKTPOOGOPYI0BAHUS
HA 3JIEKTPOJAMHAMHYECKYI0 CTOHKOCTH MPH KOPOTKHX 3aMbIKAHHAX

7.6.1. TlpoBepuTh BIIEKTPOAWHAMUYECKYIO CTOMKOCTh Tpex(a3HOi MIMHHOW KOHCTPYKIIUH,
U30JIATOPbI KOTOPOH 00JIaIAl0T BBICOKOM YKECTKOCTBIO, €CIIM U3BECTHO, YTO PACUYETHBIH yIapHBIH TOK

K3 ifﬂ) = 180 KA, a IIMHBI BBLINOJHEHHl U3 AalIOMUHHEBOro cryasa Mapku AJ[31T1, umeror

npsAMOYToNbHOE ceueHne (60x8) MM, deThIpe MpOIeTa, PACIOIOKEHbI B OHOM MIIOCKOCTH H HMEOT

CJIEYIONINE TIApaMETPBI:
1=1,0M;a=0,6 m; m =0,972 xr/™m;
E =7-10" Ila; 6,0, = 137,2 MI1a.
Cormacho Tabmn. 7.4
3 3
g 08 et o440 :
12 12

2

bh>  08-6 .

W= ——=———— =48 =48-10 " n’.
6 6

Yacrora cCOOCTBEHHBIX KOJIEOaHNH

roES 4,737 710" 14.4.107°
fi= — = =362 I,
2nt? Vm 2314102 0,972

rae r; = 4,73 cooTBeTCTBYeT pacyeTHOH cxeme 5 Tadm. 7.1.
B coorBerctBuu ¢ puc. 7.5 ko3hduieHT quHamMudeckoit Harpysku 77 = 1,0.
MaxkcumansHOe HallpsDKeHHE B IMMHAX, onpeaersieMoe 1o ¢popmyre (7.19), paBao

FOU 30077 102180 2 10° 0,88 21,0 - 1,0
max = 6

LW 12-48-10 ° .06

5 =142,7-10° a =1427 MIla.

rae £ onpenenena mo dopmyne (7.10) npu Ky = 0,88 (cM. puc. 7.3) u Kyen = 1,0, @ A u3

max

Tabm. 7.1.
[Mockombky Gmax = 142,7 MIla > oy, = 137,2 Mlla, To mHHBI HE YIOBICTBOPSIOT YCIOBHIO



SHCKTPOZ[PIHaMI/I‘leCKOﬁ CTOMKOCTH. Z[J'IH CHWI)KCHUA MAKCUMAJIbHOI'O HAIIPsDKCHUSA B MATCpHAJIiC HIWH
H606XOZ[I/IMO YMEHBUINTH JJIMHY IIPOJICTA. HawnOonbast JO0IyCTUMas JjinHa 1poJieta

) 137 ,2
zon 0

=0,98 M.

c 142 .7

[pumem amuny mponeta | = 0,9 M.
B atom ciydae f; = 4479 ', 7=1,0u
B V31077 007 180 2088 -1-1-10

max 6

12-0,6-48-10 "
MaxkcumainbHasl Harpy3ka Ha U30JISTOp B COOTBETCTBUH ¢ hopmyoii (7.10) cocrarisier

VAT

-7
V310
Foo) =1 Ky K g =————09-180 .10 - 0,88 -1= 7398 H.
a 0,6

Beioupaem  m3omsropsr  tuma  MOP-10-16,00 VXJI3. OHM  yIOBICTBOPSIOT — YCIOBHUIO
ANIEKTPOANHAMUYECKOH cTolikocTH (7.12), Tak Kak
=0,6-16000 =9600 H > F ) — 7398 H.

6
=115 ,6 MIla < oy,

(o}

F =0,6F

aon pasp
Takum o00pa3om, IIMHHAS KOHCTPYKIMSA NMPH YMEHBIICHUH IUHBI mpoieta a0 0,9 M oTBedaeT
TPEeOOBAHUSIM SJICKTPOAUHAMHYECKOIN CTOHKOCTH.
7.6.2. TIlpoBepuTh Ha OSJEKTPOJUHAMUYECKYIO CTOMKOCTh mpu K3 TpexdazHyro MIMHHYIO

KOHCTPYKLIMIO B LIENM TeHepaTopa, IIMHBI KOTOPOH COCTOSIT U3 JIBYX 3JIEMEHTOB KOPBITHOTO MPOQMIIS,

€CITH PACUCTHBIH yapHbli ToK i) =135 KA.

Amomunnessie nmabl (Mapkn AJIO) cedenneM 2x3435 MM® PAcrONOKEHbI B TOPH3OHTAIIBHOI
IJIOCKOCTU M UIMEIOT CIEAYIOIIHE TapaMeTphl:

I=1,8m; a=0,75m; m,, =927 kr/m; E = 7-10"° ITa; 6,0, = 41 MIIa.

Aoy =02 M; by = 1 M; Jyoya = I, = 254-107° M

Jyy =3 =4220-10° m*; W = 422.107° M*; W, = 40-107° .

YacToThl COOCTBEHHBIX KOJICOAHMIT IIIMHBI U 3JIEMEHTOB IIMHBI, ONpeAesemMble 1o Gpopmynam (7.24)
u (7.27), paBHbI

e E 4,737 7-10" 4220 -10°*
f = - =439 I'm;
2t \myy  2.314 182 2-9,27
2 2 10 -8
p EJ 4.73 7-10'° 254 .10
Frog = — 2 = 493 4 '
2t N\ myy 20304 17 9,27

Jlnst monmydueHHbIx 3HaueHni f; u fi,, koaddunmentsr 77 u 7,, pasus 1,0 (puc. 7.5)
MaxkcumanbHble HAlPsDKEHHs] B MaTepuaie MIHH, KOTOPbIe 00YCIOBIICHBI B3aHMOICHCTBUEM TOKOB

pa3HbIxX (a3 ¥ TOKOB AIIEMEHTOB OJHOMH (ha3bl, B cooTBeTCTBHU ¢ hopmynamu (7.19) u (7.26) paBHbI

FO NIRRT . e .
O pmax = n= 1357 .10° -1=2,69 -10 ° Ma = 2,69 Mlla;
AW 12-.0,75 -422 -10 ¢
-7 .2 ) 2 ~
210 1, Ky (i, 210771710 1207 10° -1 6
O onmax T | Moy T e : =7,5-10 TIla =7,5 MIla.
}‘aanWan n 12 -0,2-40 -10 4

CymMapHOe HanpspKeHHE B MaTepualie IIHHBI
Gmax = Op.max T Ooumax = 2,69 + 7,5 = 10,19 MIla.
IIIvHBI yIOBIETBOPSIIOT YCIOBUIO 3JIEKTPOAMHAMHYECKON CTOMKOCTH, TaK Kak
Omax = 10,19 MIla < 6,,, = 41 MIla.
MaxcumansHasi Harpy3Ka Ha H30JSTOp, omnpenensemas mo ¢popmyie (7.10), paHa

Vo Tas

FO o 135710 = 7567 H .
0,75
Bei6upaem uzonstop tuna M10-10-20,00 V3.
Paspymaromas Harpyska Juisi 3TOro M30J14Topa COCTaBIAET Fpayp = 20000 H, BeIcOTA M\ = 134 MM.
W3onsaTop uMeeT BHyTpeHHee KperuieHue apMaTypsl (puc. 7.1, a), mostomy h, = a,,/2 = 0,1 m.
CormnacHo dopmyre (7.5) mormycTuMast Harpy3ka Impy U3ruOe N30IsTopa paBHa



s 0,134
Fron = 0,6F , —"——=0,6-20000 ——————=6872 H .
hy + H 0134 +0,1
Pacuernas MmakcuMmanbHas Harpys3ka Ha U30JIATOPBI IMPEBLIIIACT JOMYCTUMYIO:
®
Foa =7567 H > F,  =6872 H ,

nosromy um3omsaTop Ttuma M0-10-20,00 V3 He ymoBIeTBOpSIET YCIOBHIO AJIEKTPOAMHAMUYECKOH
croiikoctu. Beioupaem nzonsarop tuna MOP-10-25,00 YX 13. s Hero

0,130
Fron = 0,6-25000 —————=8478 H .
0,130 + 0,1

®)
Ilpu atoM F o, =7567 H < F, =8478 H .

max

BeIOpaHHBIH H30IITOP YIOBIETBOPSET YCIOBUIO 3IEKTPOJMHAMHYIECKON CTOMKOCTH.

7.6.3. TlpoBepuTh Ha DJEKTPOJMHAMHYECKYIO CTOWKOCTh UIMHHYIO KOHCTPYKIHWIO Hapy)XHOU
3IIEKTPOYCTaHOBKY HanpsbkeHueM 110 kB, eciu pacueTHbIH yIapHBIi TOK iy, = 60 KA.

TpyOuatbie IUHBI KBaJPaTHOTO CEUSHHUS BBHINOJIHEHBI U3 alroMuHHEBOro cruiaBa Mapku AJI31T u
pacrosoxeHbl B OTHON TIOCKOCTH. Bbicota mmubl H = 125 MM, TonmmHa t = 8 MM, oroHHasi macca
m = 8,96 xr/m. Jlnuua mponera | = 5,0 M, paccrosuue mexay dazamu a = 1,0 m. Jlomyctumoe
HanpsbKeHUe B MaTepuale IIHHbI Gy, = 89 MIla, moayns ynpyroctu E = 7-10" Ia. W3onsaTops! THna
NOC-110-600 umetor BoicOTy H,;; = 1100 MM, paccTOsiHUE OT TOJIOBKH H30JSTOpA IO LIEHTPa Macc
mwmHbel h, = 80 MM, BBICOTY apMarypbl HIKHero Quianna mzomsaropa H,y = 100 MM, >KeCTKOCTh
Cy; = 1100 xkH/Mm, gactoty cobcTBeHHBIX Konebanwuii f,, = 28 T'm.

MOMEHT WHEpPLUMH W MOMEHT CONPOTHBIICHHs IIHUHBI B COOTBETCTBMU C (opmyrnamu Tabm. 7.4
COCTaBIIAIOT:

Y-t 125% —109! 4 s 4.
J = - =858 2cm ' =858.2-10 "M}
12 12

g -nt 125" —109* R 6 3
W= - =137 3em > =137 310 i’
6H 6-12.5

rneh=H-2t=125-1,6=10,9 cm.
JlomycTuMast Harpy3ka Ha U30JISTOp

1000
Fron =0.6-600 —————— =333 mH = 3330H
1000 + 80

rae H = Hy, - Hypy = 1100 - 100 = 1000 M.
3HAYCHHUsT JKECTKOCTH M YaCTOTHI KOJCOAHHI OIMOPBI JOIMYCTHMO MPHHATH PABHBIMH JKECTKOCTH H

YacToTe KosleOaHWN M30JITOpa, TaK KaK M30JSTOpPBl IIMHHOW KOHCTPYKIIMHU YCTaHOBIIGHBI Ha BEChbMa
KECTKOM OCHOBaHMHU.

[IpuBenennas Mmacca B coorBeTcTBHH ¢ (hopmyaoit (7.32) paBHa

y Con 1100 -10°

= 2 5 = 35,6 KI.
Qnfon) (2m-28)

Heobxonumele [uid  ompenencHusl [apaMeTpa OCHOBHOM — 4YacTOTHl  3HAUCHUS  BEJUYUH
COOTBETCTBEHHO PaBHbI

3 1100 -10° .5°
Co 1’/ E = =229 ;
710" .858 2.10°

35,6
M /ml =———=20,795 .
8,96 -5

[To kpuBbIM Ha puc. 7.6 mapameTp yactotsl 1 = 3,3, moaToMy

337 710" 858 2.10 7®
f1:

=18 'L
on .52 8,96

o kpuBoii puc. 7.5 n=0,90.

MakcuMallbHOE HalpsDKEHHE B MaTepHalie IIMHBI M Harpy3ka Ha HM3OJSTOPHI B COOTBETCTBHH C
(7.19) u (7.20) cocraBusroT
Va0l st

Oy =—————————60 10% .09 = 8,5 MIla;
12 -1-137 3



-7
307 s
Fp =——————60>-10°.09=2802 H,
1
T.€. Omax = 8,5 MIla < G0, = 89 MIla u

I:max =2802H< F:(on =3300 H.

IIuaHas KOHCTPYKIMA YOOBJICTBOPACT YCIIOBUAM BHGKTpOI[I/IHaMI/I‘{CCKOﬁ CTOMKOCTH

7.6.4. TpeOyercs ormpeaenuTh MaKCUMajbHOE CMEIIEHHE M MaKCHMaJIbHOE TSDKEHHE ITPOBOJIOB
BO3/YIIHOM JTUHUK HanpspkeHueM 110 xB.

Ucxonnsle nannbie: Tok K3 1:[20) = 6 xA; mmuna nponera | = 120 M; mpoBec mocepeauHe IposeTa

f. = 3,5 M; paccrosaue Mexay ¢azamu a = 3,1 m; npogomkutenbHocTh K3 to, = 0,2 ¢ mmm 2 ¢
nipoBox Mapku AC 150/24; noronssiii Bec ipoBoza ( = 5,48 H/m; mocrosuuas Bpemenu 7, = 0,05 ¢
[Mapamerp P o popmyne (7.37) mpu A = 1

3) ’\/;10 -7
F[’[‘HX

.(3) |2
Z—l(lyu ) Kd)Kpacu ,
a

B cootBercTBUU ¢ yenoBueM (7.37) pacueT CMEIICHHH POBOAUTH HEOOXOIUMO
Paccrosnue L = 2f,/3 = 2-3,5/3 = 2,33 m;

npuMeM Bec npoBoja B nposiere Mg = gl = 658 H;

\/7_ 981 =206 1/c;
szs

I ) 120 -6°
FP 02— —-02

a 3.1

09 Mg 09 68 o
topex = |75 = —_— =
o F7 2067 280

IMockonbky tope = 0,2 ¢ < typey, = 0,75 ¢, pacyeT MOKHO BECTH IO YHPOILEHHBIM 3aBHCHMOCTIM
(7.40) u (7.51).

CwMeltieHue

=280 H;

2) 2
e 0,2
V3,5 =062 M.

s=0772 . —20 o Lomo Jf=0772
31-5,48

Hawumensliee gomyctumoe paccrosiHue Mexay (azamu no padouemy Hampspxenuto it BJI 110 kB
cornacHo [1YD pasnHo

Aron min = 0,45 M
VYcnosue (7.36) BBITIOTHEHO:

a-2s-1,=31-2(0,62+0)=1,86M> @yonmin = 0,45 M.
Ecnu pacuernas npopomkutensHocTs K3 paBHa tyy,; = 2 ¢, To 6e3pa3MepHas IpoIOKUTEINHHOCTh
K3 cocraBur
@ 2,06
R ©2=0,66 > 0,6 .
2n 2n
CornacHo (7.47) sHeprust Aw ) paBHa
a+2L 31+ 2-2,33
aw® =Fla-in =280 -31-In —— """ =1085 JIK.
a 31
@
F, 280 L 233
X = = =042, —="-076.
Mg 658

a 31
Ilpu y = 0,42 u L/a = 0,76 mo kpussiM Ha puc. 7.12 h/a = 0,12 wm h = 0,12.¢ = 0,12-3,1 =
=0,375 m.

Iockonbky 2-Mg-L = 2-658-2,33 = 3066 [Ix u

w P =1085 JIx < 2-Mg-L = 3066 JIx, 1o opmynam (7.47) umeem:
AW, = Mg-h = 658-0,375 = 247 JIx

AW, 247
" -

= =016 .
Mgl 658 -2.33

Io dpopmyme (7.45)



— [ AW, ] [ 247 ] .
o = arccos |1 - = arccos |1 - ———| = arccos0,84 = 0,57 pax =33,5 .
Mgl 658 - 2,33
CwMerieHre IpoBo/a MOCEpeMHE MPOJIeTa COCTABUT
s=f,sina =3,5sin33,5° = 3,5-0,54 = 1,88 m,

T.e. nocne oTkiroueHus K3 npoBOIHUKN MOTYT CXJIECTHYThCS.

st pacuera TSHKEHHH B MPOBOAAX JIMHUHM MPUMEM KECTKOCTH IONEPEYHOr0 CEYEHHs TPOBOAHUKA
pasHoii ES = 6-10° H.

B cootBerctBun ¢ popmynoii (7.50) Tsoxenue 10 K3

I 5,48 120
Fy = £ 2T R8s H
8 /y 83,5
[pu mpomomxurensHOCTU K3ty = 0,2 ¢ o (7.51) Hax0omum

2

280 - 0,2
AW, = (280 -02) _ 3 JIx,
2(658 /9,81)

a o gopmynam (7.52)

23
6 2
Froa = \/2 16:107 ——+ 2818 * = 3200 H,

2
280 23
1+(—) ;1+2—l:304o H.

| (658 ) 658 »2,33J

Fimo = 2818 »maxJ

ITpu nponomkutensrocty K3 ty,;, = 2 ¢ nmeem

247
6 2
Froa = \/2 16107 ——+ 2818 © = 5710 H.

8. PACYET TEPMHUYECKOTI'O JIEUCTBUA TOKOB KOPOTKOI'O 3AMBIKAHUS
U IIPOBEPKA DJIEKTPOOBOPYJIOBAHUS HA TEPMUYECKYIO CTOMKOCTbD
TP KOPOTKHX 3AMBIKAHUAX

8.1. Oomme nmoso:KeHUs!

8.1.1. JIna mpoBepku MPOBOJHUKOB U HJIEKTPUYECKUX AINapaToOB HA TEPMHUYECKYIO CTOHKOCTb IPH
K3 mpenBaputensHO HOKHBI OBITh BBHIOpPAHBI HE TOJNBKO MCXOIHAs pacuyeTHas cXeMa M pacdeTHas
touka K3, Ho u pacuetnsiif Bug K3 u pacuernas nmponomkutensHocTs K3.

PacuernsiMm  Bumom K3 mpu  mpoBepke TPOBOAHMKOB M 3JEKTPUYECKMX  alllapaToB
AJIEKTPOYCTAaHOBOK HampsbkenneM 110 kB u Bbime siBiusiercst Tpex- win onHodaznoe K3, B
anekTpoycraHoBkax cBbiie 1 kB Bmiote no 35 kB - tpexdaznoe K3, a B a3jekTpoycTaHOBKaxX
TeHEepaTOPHOr0 HAIPSDKEHHS AIIEKTPOCTAHLIMK - TpexdasHoe win aAByx(pasHoe K3, B 3aBHCHMOCTH OT
TOT0, KaKO€ U3 HUX IPUBOIUT K OOJIBIIEMY TEPMUYECKOMY BO3ACHCTBHUIO.

Pacuernyro mponomxurensHocTs K3 npu npoBepke NMPOBOAHUKOB U 3JIEKTPUUIECKHUX alapaToB Ha
TePMHUYECKYIO CTOMKOCTh mpu K3 ciemyer ompenenars CIOKEHHEM BpPEMEHH NEWCTBHUSI OCHOBHOM
peNeHON 3alliuThl, B 30HY HEWCTBUS KOTOPOH BXOAAT IPOBEPSEMbIE NPOBOJHUKU M aIIapartbl, U
TIOJTHOTO BPEMEHH OTKIIFOUeHHMs Onrpkaiimero k mecty K3 BhIKIOUaTess, a pu MpoBepke kabenel Ha
HEBO3IOPAEMOCTb - CIIO)KEHUEM BPEMEHU JEHCTBHS PE3EPBHOM PENIEHHOMN 3aIMThI U MOJIHOTO BPEMEHU
OTKJIFOYEHHS COOTBETCTBYIOIETO BBIKITFOUATEIS.

[Ipu HamUUUU yCTPOHCTBA aBTOMATHYECKOro MOBTOpHOrO BiitoueHus: (AIIB) cinemyer yduThIBaTh
CyMMapHoOe TepMHudecKoe JaercTpre Toka K3.

8.1.2. Tlpu pacuerHoit mpomomkutensHoctd K3 g0 1 ¢ mpomecc HarpeBa MPOBOAHHKOB MO
neiictBueM Toka K3 momyctmMo cumTath aqmabaTHYECKMM, a HPH PAcyeTHOM MPOJOIKHTETBHOCTH
6omee 1 ¢ u mpu HeOBICTpoxaeicTByonmX AIIB crexyeT y4nTHIBaTH TEIDIOOTAAYY B OKPYKAIOIIYIO

cpeny.



8.2. Tepmuueckoe AeiicTBHE TOKA KOPOTKOI0 3aMbIKAHNS.
Onpenesnenne uaTerpana /[5xoyJisi 1 TepMHYECKH IKBHBAJEHTHOTO TOKA
KOPOTKOT0 3aMbIKAHHSI

8.2.1. KOJII/I‘IGCTBGHHY}O OLCHKY CTCIICHU TCPMHUYCCKOI'O BO3I[CI\/’ICTBI/IH Toka K3 Ha MIPOBOJAHUKU U
QJICKTPUYCCKUC amnapaTbl pPECKOMCHAYCTCA NPOU3BOAUTH C IIOMOUIBIO MHTETpaJIa ﬂmoynﬂ

OTKII
B,= | iZdr, (8.1)
0
e i - Tok K3 B IpOM3BONBHBEIN MOMEHT BpEMEHH 1, A;
tomn - PAcUETHAs MPOJOIHKUTENBHOCTD K3, .

KonuuecTBeHHYIO OLIGHKY CTETEHH TEepPMHUYECKOro BO3AeHCTBUS Toka K3 jgomyckaercs Takke
NPOU3BOAUTE C TOMOIIBIO TEPMUUYECKH BKBUBANEHTHOro ToKa K3 |, T.6. HEM3MEHHOro IO
aMIuIUTyne (CHHYCOMIAIBHOT0) TOKA, KOTOPBIA 3a BpeMs, paBHOE PacueTHOH NMpoaobKuTeabHocTH K3,
OKa3bIBAaET Ha MPOBOJHUK WM BJIEKTPUUYECKHUH ammapaT Takoe >K€ TePMHUYECKOe BO3JECTBHE, KaK U
peanbHbIi Tok K3 3a 370 jxe Bpemsi. DTOT TOK CBsI3aH ¢ MHTErpajioM J[»oyssi MpOCTHIM COOTHOILIIEHHEM

TEP.OK - * (82)

8.2.2. Unrerpan J[oyns pomyckaercs ONpEAeisTh NPUOIMKEHHO KaK CyMMY HMHTETPalloB OT
NEPUOANIECKON U allepuoINUecKoil cocTaBisronmx Toka K3, T.e.

BK = BKJ‘I + BKa (83)
rne By, - uaTerpan Jxoyns oT nepuoandeckoi cocrapisiomieit Toka K3;
By, - naTerpan J[>oyss oT anepuoauyeckoi coctapnsmoniei Toka K3.

8.2.3. Unrerpan [[xoyast (1 TepMUYecKH dKBUBaJeHTHbIH Tok K3) sBisiercs cioxHOW (yHKImen
NapamMeTpoB MCTOYHUKOB SHEPrHH (T€HEepaTOpOB, CHHXPOHHBIX KOMIIEHCATOPOB, JJIEKTPOJIBUTATENEH ),
KOH(UTYpallMd MCXOTHOW pacyeTHOW CXEeMbl, IOJOKEeHUs pacueTHOM Touku K3 oOTHOCHTENBbHO
HCTOYHUKOB 3HEPTHH, €€ YAAaJEHHOCTH OT IOCIeNHHMX U Apyrux ¢axropos. IlosToMy pexoMeHmyemas
METOMKA AaHAJUTUYECKUX pacdeToB wuHTerpana J[koyms (TepMudecKkd SKBHBajeHTHoro Toka K3)
3aBHCHT OT OCOOCHHOCTEH pPacyeTHOH CXEMBI.

IIpenBapurenbHO 1O HCXOAHOM pacyETHOW CXeMe CIEAyeT COCTaBUTb CXEMY 3aMEUICHHS, B
KOTOPOH, KaK U IPH pacdeTe Ha4aJbHOIO 3HA4YEHUs NEpUoAnYecKol coctasismomeil Toka K3 (cm. m.
5.2.2), CHHXpOHHbIE M ACHHXPOHHbIE MAIIMHBI JOJDKHBI OBITH IPEICTAaBJCHBI NPUBEICHHBIMH K
0a3MCHOM CTyNEeHHM HAIPSDKCHUS WIN BBIPAKEHHBIMH B OTHOCHTENIBHBIX €IMHHLAX NPU BHIOPaHHBIX
0a3UCHBIX YCIIOBHUSAX CBEPXIIEPEXOJHBIMHU CONPOTHBICHUSAMHU U cBepxmepexomusiMu DJIC. 3atem a1y
CXeMy Clie[lyeT NpeoOpa3oBaTh B MPOCTEHIIYIO CXEMY, BHJ KOTOPOH 3aBHCHT OT HMCXOAHBIX YCIOBHH
(cm. mmm. 8.2.4 - 8.2.7), u, HaAKOHell, B 3aBUCUMOCTH OT IOJIYICHHON MPOCTEHIIeil CXeMbI IO OTHOU W3
NPUBEACHHBIX HIOKE (HOPMYIT ONPEASNTUTh HHTEerpall JKoys Wiin TepMUYeCKU SKBUBaJIEHTHBIH Tok K3.

8.2.4. Ecnu ucxoxHas pacueTHas cxeMa MMeeT NIPOU3BONBHBIA XapakTep, HO Ul BCeX TeHepaTopoB
U CHUHXPOHHBIX KOMIIEHCAaTOpoB pacueTHoe K3 sBisieTcs yaajeHHbIM, T.€. OTHOIIEHHE JIEHCTBYIOIIETO
3HAUCHUs MEPHOJMYECKON COCTABIIAIOIIEH TOKa JII0OOro reHeparopa (CHHXPOHHOTO KOMIICHCATOpa) B
HaydaipHbIE MOMeHT K3 K ero HOMHHaJIBbHOMY TOKY HE JOCTHIAaeT IBYX, TO IyTeM IpeoOpa3oBaHUM
SKBUBAJICHTHOW CXEMBI 3aMEIIEHNS BCE HCTOYHUKH YHEPTHHU (T€HEPATOPbI, CHHXPOHHBIE KOMIIEHCATOPEI
1 MCTOYHMKU OOJee yIalleHHOM YacTH 3JIEKTPO3HEPIeTHUIECKOH CHCTEMBI) CIEAyeT 3aMEHUTH OJHUM
SKBUBAJICHTHBIM HCTOYHUKOM, DJIC KOTOpOro cumraTh HEM3MEHHOHM IO aMIUIUTYIE, a MHIYKTHBHOE
COTPOTHBIIEHHE PaBHBIM PE3YIbTHUPYIOIIEMY SKBUBAJIECHTHOMY CONPOTUBIEHHIO X, PACUETHOM CXEMBI
(cM. puc. 8.1, @). TIpu aTom unrerpan J[oyis clienyer onpeaessTh no Gopmyse
[ ( ~2foma WT
o # T 1€ T ], (8.4)

B e |

K = In.c | tOTKJ'I
rae |, - nmeicTByromiee 3HaYCHHE TEPHOANYECKON cocTaBinsiomel Toka K3 or skBHBaieHTHOTO
HCTOYHHUKA YHEPTHH (CHCTEMBI), A;
T.5x - DKBUBAJIEHTHAsl NOCTOSIHHAs BPEMEHU 3aTyXaHHUsl allepuOJUYECKON COCTABIISIOIIEH TOKa
K3, c.



X, % X, X,
K K % X

a) 6)
X X,

(D= E,
8) 2)

Puc. 8.1. TlpocTeiimue cxeMbl 3aMelleHNs, COOTBETCTBYIOIINE
Ppa3JIMYHbIM UCXOAHBIM paCUY€THBIM CXEMaM

Tepmudecku sxBUBasIeHTHBINH TOK K3 B paccMaTpuBaeMoM ciydae COCTaBIIsSIET

72[0TKJ'I
P | Taox W_ (8.5)

,Tﬂ(‘l_e

)

B Tex cnywasx, koraa tyn, > 3 T,., uHTErpan xoyns ¥ TepMHYECKH DKBHBaJEHTHbIH TOK K3
JIOIYCTHMO ONPENENSTh o OoJiee MpocThiM Gopmyiiam:

ITEpBK = IH.C 1 +

(8.6)

8.7)

8.2.5. Ecnu ncxonHas pacueTHas cxema COIEP)KUT OAWH WM HECKOJIBKO OAHOTUITHBIX T€HEpaToOpOB
(CMHXpPOHHBIX KOMIIEHCATOPOB), IPUUYEM IIOCIIEIHUE HAXOIATCS B OIMHAKOBBIX YCIOBHUSAX OTHOCUTEIBHO
pacuerHoit Touku K3 (Bce MammHbl WM OJOKM HPUCOEAMHEHbI K OOMIMM IIMHaM), a pacueTHoe K3
SIBIISIETCSL OJIM3KHM, T.€. ICHCTBYIOIlee 3HAUCHHE MEPHOJMYECKON COCTaBJISIONICH TOKa reHepaTopa
(CMHXpPOHHOTO KOMIIEHCaTOpa) B Ha4aiNbHBIN MOMeHT K3 mpeBblmaeT ero HOMHHAIBHBIA TOK B J1Ba U
Ooiee pa3a, TO cxeMa 3aMelIeHUs TaKXKe JO0DKHAa OBITh IpeoOpa3oBaHa B IMPOCTEHIIYIO CXEMY,
COZIEpIKAIIYI0 Pe3yabTUpyIoliee dkBuBasieHTHOe conporuBienue X, u JJIC E; (puc. 8.1, 6), onHako 3Ta
3/1C uzMensieTcss BO BpeMEHH.

B atoMm ciydae unTerpan Jkoysist cieyet onpenensiTh no Gpopmyiie
[ ( ~2toma W

B .t + T, |1-e Tar |‘, (88)

|
|L L I

rae |y - HavagpbHOE MAEHCTBYIOIEEe 3HAYEHHE NEePHOAWYECKOW cocTaBistromei Toka K3 or
reHeparopa (CHHXpOHHOTO KOMIIEHCATopa). A;

T,r - TIOCTOSHHAas BPEMEHH 3aTyXaHUs alepHOANYEecKOd coctaBisgomeir Toka K3 or
reHeparopa (CHHXpOHHOTO KOMIICHCATOPa), C;
f < - OTHOCHTENBHBINH MHTErpan JKoyins:
tOTKJ'I
2
J’ I, dt
0
f = (8.9)
1 n0r t()TKJ'l

rae |y - [elicTByrommee 3HaueHHWE MEPUOAMYECKOr cocTaBisiromeii Toka K3 or remeparopa



(CHHXPOHHOTO KOMIIEHCATOPa) B TPOU3BOJILHBI MOMEHT BPEMEHH, A.
3HaueHUs1 OTHOCUTEIBHOrO MHTEerpana J[>koyis Ipu pasHbIX yIAJIEHHOCTSAX pacdyeTHoi Touku K3 ot
reHeparopa (CHHXpOHHOTO KOMIIEHCATopa) I , T.€. Pa3sHBIX OTHOIIEHMAX MAEHUCTBYIOLIETO
*

n0r(HoM)

3HAUEHUSl TEPUOJNYECKOM COCTAaBJISIIONIE TOKa MAalIMHBI B HadalbHeli MoMmeHT K3 k ee
HOMUHAJILHOMY TOKY, MOT'YT OBITh ONpPE/ICNICHBI TI0 KPUBBIM Ha puc. 8.2.
B paccmatpuBaemMoM cilydyae TepMHUYECKH OHKBHUBaJEHTHBbIH ToKk K3 cnemyer ompenensrts o

bopmyre
( _ 2t0TKT[ W
1o |m e La [1—e Tar |, (8.10)

ITepak = Lhor KI

B U

pu to = 3 T, Ui onpesenenust uHTerpana JHKoyns U TEpMUYECKH SKBUBaJIEHTHOro Toka K3
JIOIYCTHMO MCIIOJIB30BaTh ()OPMYIIBI

BK ~ 11301‘ (B KrI to'nm + Ta.r ) 7 (811)

(8.12)

1 Tep.9K

I | =2
0,9 \‘:( )

\‘

0,8 S

0,7 \\\\\
N\

0,6 P

s N
0,5 <

P

O (HOM)

0,4

i T N

T

0 01 02 03 04 1c

Puc. 8.2. Kpusble [ OTIpeeNieHus B

OT CUHXPOHHBIX T€HEPAaTOPOB

KT

C THPUCTOPHOU CHCTEMOI BO30YKICHHUS

8.2.6. Ecnu ucxofHas pacdeTHas CXeMa COJICPIKUT Pa3lIUYHbIe NCTOYHUKU JHEPIUH, a PACUETHOES
K3 menut cxemy Ha OBE HE3aBHUCHUMBIE YacTH, OHA U3 KOTOPBIX COAEPKHUT UCTOYHUKH SHEPTHH, JUIA
kotopbix K3 sABIsieTcs ymaneHHBIM, a JApyras - OAWH WM HECKOJBKO T'€HEpaTOpOB (CHHXPOHHBIX
KOMIICHCATOPOB), HAXOAAIINXCS B OJMHAKOBBIX YCIOBHAX OTHOCHTENBbHO Touku K3, mpuuem mmst 1o
MAIIMHBI WM TPYIB MamyH pacdetHoe K3 sBisiercst OMnM3KnuM, TO SKBUBAJICHTHASI CX€Ma 3aMECHHS
JIOJKHA OBITH Mpeodpa3oBaHa B ABYXJydeByro (puc. 8.1, 6): Bce HCTOUHHMKH dHEPTUH, Ui KOTOpbix K3
SIBIISIETCSI YAJICHHBIM, M CBSI3bIBAIOIINE UX ¢ TOUKOH K3 311eMeHTHI cienyeT NpeacTaBuTh B BUAE OHOM
BETBH C HEM3MEHHOW Mo amrumTyne >kBuBasieHTHOU D/IC E. W pe3yabTHPYIOMIUM SKBHBAJICHTHBIM
COTPOTHBIIEHHEM X, @ MAaIllMHA WIX TPyNNa MamuH, i Kotopoil K3 sBnsercst Onmu3kumMm, - B BHIE
Ipyroii BetBH ¢ wu3MeHsromeiics Bo BpemMeHum OJIC E. M COOTBETCTBYIOIINM SKBHBAJICHTHBIM
COIIPOTUBJIEHHUEM X

B stoMm cimydae nHTerpan Jxoysst ciemyer onpenensTh no Gpopmyie



( _ 2tomin

2 2 2 T,
Bx: [n.c +2[n.c [nOr QK.F+[110]' Bx.r L orien +IH.CT3..3K|]7L) e ‘+
* * L J
(8.13)
_ 2lorin |— _forkn (Tank *Tar) —|
41 .1 T T
T : Taox T
i 1,30,— Ta_r | l—e ar ‘ i nc *n0r © ask * ar I l—e ask ‘Tar i ,
L J T ask T T ar L J
rae Q o OTHOCHTEIIbHBII HUHTErpal oT HepHOZ[H‘-IeCKOﬁ COCTaBHHIOHIeﬁ TOKa B MCCTC K3,
*
O6ycﬂ0BJ'IeHHOﬁ Z[eﬁCTBI/IeM TeHepaTopa (CI/IHXpOHHOFO KOMHeHcaTOpa)Z
tOTKJ'l
J' I dt
0
Q Kr " (814)
* 1 nor £ otk

3Ha4yeHHe OTHOCHUTENBHOTO MHTErpana ¢ ., TpH HalIeHHOH ynaneHHocTH Toukd K3 MoxHO

*

OMpEefieNIUTh MO KPUBBIM QO . = f(f,,, )-1aKHe KpUBBIE Ui CHHXPOHHBIX T€HEpaTopoB C

*

THUPUCTOPHOI HE3aBUCUMOM CHCTEMOM BO30YXK/IEHHs IPUBEACHBI Ha puc. 8.3.

Qx.r I =2

« 0OO0r (oM}

0.2\ ~

=

N
0,8 \ \

0,7

i
[

v~

2
=

F (nom) - \

0,6

T . o N

0 o 02 03 04 1tc

Puc. 8.3. Kpussie mis onpesienieHnst Q . OT CHHXPOHHBIX T€HEPaTOPOB

*

C THPUCTOPHOU CHCTEMOI BO30YKICHHUS

B tex cmyuasx, xorna 37, > toum = 37, A onpeneneHuss uHTerpana JKoyss JOMYCTUMO
HCTIONIE30BATh BBHIPAYKEHUE

2 2
BK = In,c + 21n,c In()r Q kr F ]n()r f KT tOTKJ'l +
*
( ona W (8.15)
41 .1 T T
2 2 T nc “n0r © ask * ar

JrIn.cTa.ax +1n0rTa.rllfe ar ‘Jr

L J Taox * Tar

Ecnu xe tyy, > 37, , TO IOMYCTHMO MCIIOIB30BaTh (HOPMYITy



T T
2 2 2 2 nc " n0r © ask © ar
B, = {1 + 20 Tyor O o+ Tior B t o T +Loor Tap + . (8.16)

IL.C I.c KT OTKII I.c adK n0r ar

* * T + T

ask ar

Tepmudeckn skBuBaseHTHBIH Tok K3 ciemyer ompenensts mo ¢opmyne (8.2), MOACTaBUB B Hee
MIpeJBapUTENIbHO HaIEHHOE 3HaueHue By.

8.2.7. Ecnu ncxomHasi pacueTHasi CXeMa COIEP)KUT pa3lIMNuHble NCTOYHUKU JHEPIUH, a PacueTHOEe
K3 nenut cxeMmy Ha 1Be HE3aBHUCHMBIE YacTH, OJHA M3 KOTOPBIX COJEPKHUT UCTOUHUKH 3HEPTHH, AJSA
koTopeix K3 sBisgercs ynaneHHbIM, a JApyras — TpyHIy OJHOTUIHBIX 3JEKTpOABHraTenen
(CHHXpPOHHBIX WM aCHHXPOHHBIX), /Uil KOTOpbIX K3 sBisiercss O1M3KMM, TO SKBHBAJIEHTHas CXeMa
3aMeIIeHUs] TaKKe IOJDKHA OBITH NpeoOpa3oBaHa B JByXiydeBylo (puc. 8.1, 2): Bce HCTOYHHKH
sHepruu, 1 KoTopbix K3 sBrsercs ynaneHHbIM, U cBs3bIBarolye ux ¢ Toukoi K3 anemeHTsl cieqyer
NIPEeCTaBUTh HEU3MEHHOM 1o aMmuuryae oSkBuBaleHTHOH OJC E. u  pe3ylbTHPYIOIIHUM
SKBUBAJICHTHBIM COIPOTUBJIEHUEM X, a Tpymnma 3jeKkTpoasuratened — skBuBasieHTHOH O/IC E, u
SKBHUBAJICHTHBIM CONPOTUBIEHUEM X

B atoMm ciyuae unTerpan JIkoyis CleAyeT ONmpeiessaTh 1Mo ONHON U3 (OpMyJl, IPUBEICHHBIX B II.
8.2.6, mpeaBapuTeIbHO 3aMeHHUB B HEH |y ¥ 7, COOTBETCTBYIOIIMMHU BeTWYMHAMHU |y, w0 Ty, IS
SKBHUBAJICHTHOT'O AJIEKTPOJBUTATENS, & TAKKE B M Q . - OTHOCHTENbHBIMM MHTETPATAMU B U

x x

*

KT

Q ., OKBHUBAJIECHTHOTO JJIEKTpOABUraTessl. KpuBble 3aBUCHMOCTH B = f(tyn ) U O = [ (Lype )
.

* *

JUISl CUHXPOHHBIX M AaCHHXPOHHBIX JJIEKTPOIBHIATENIed IMPHU pa3HbIX OTHOIIEHUSX JIEWCTBYIOIIETO
3HAYEHHsl TEPUOIMYECKOH COCTABISIIONICH TOKAa SKBUBAJEHTHOIO AJIEKTPOABUIaTeNs B HayallbHbIH
MoMeHT K3 k ero HoMHHanbHOMY TOKY IPHUBEIeHBI Ha puc. 8.4—8.7.

Tepmuuecku skBuBaseHTHbIH Tok K3 crnemyer onpenenste no ¢opmyne (8.2), NOACTaBUB B Hee
IIpEeIBapUTEIILHO HAlJICHHOE 3HaUeHue uHrerpana Jxoyins By.

8.3. IIpoBepka NPOBOJHMKOB HA TEPMHYECKYI0 CTOHKOCTh NPH KOPOTKUX 3aMbIKAHHUAX

8.3.1. TIpoBepka MPOBOAHUKOB Ha TEPMHUYECKYIO CTOMKOCTh mpu K3 3akiodaercsi B omnpezeneHun

UX TEMIIepaTypbl HarpeBa K MOMEHTY OTKJIoueHHs1 K3 u cpaBHEHUH 3TOH TemmepaTypsl ¢ IpeaeIbHO

JomyctuMoi Temmeparypoil HarpeBa npu K3. IlpoBomHUK yIOBIETBOPSET YCIOBHIO TEPMHUYECKON

CTOMKOCTH, €CIM TeMIlepaTypa HarpeBa IPOBOJHHMKAa K MOMEHTy orkioueHust K3 9y He mpeBbiiaer

HpelenbHo OIyCTUMYIO TEeMIlepaTypy HarpeBa COOTBETCTBYOIIEro mpoBomHuka npu K3 Oy on, T.€.
€CJIM BBINIOJIHACTCSI YCIIOBUE:

9 < Bcson- (8.17)
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Puc. 8.7. Kpusble 1i1s OIpeNEneHus Q ., OT

ACUHXPOHHOT'O 3JICKTPOABUTATEIIA

8.3.2. Jlomyckaercsi MPOBEPKY MPOBOJHUKOB HAa TEPMHUYECKYIO CTOWKOCTh mpu K3 mpou3BOAWTH
TaKKe IyTeM CPaBHEHMS TEPMHYECKU SKBHBAJICHTHOH IUIOTHOCTH TOKA K3 Jiep,« € HOIyCTHMOU B
TEUEHHWE PACUETHOH MPOIOKUTENBHOCTH K3 MIOTHOCTBIO TOKA Jiepson. I[IPOBOMHMK ymOBIETBOpSIET



YCIOBHIO TEPMHUYECKON cTOMKOCTH Ipu K3, €Ciiu BBITOIHSIETCS] COOTHOLIEHUE
JTep.aK < JTep.IlOH- (818)
8.3.3. Ompenenennie TemriepaTypbl HarpeBa HMPOBOJHUKOB K MOMEHTY oTkimoueHus K3 crmemyer
MIPOU3BOMUTE C KCIOJIb30BAHUEM KPUBBIX 3aBUCHMOCTH TEMIIEpAaTyphl HarpeBa IPOBOIHHKOB 3 OT
BENWYMHBI Ag, SIBISIOMENCS (QYHKIMEH YIeNbHOW TEIUIOEMKOCTH Marepuajia IPOBOAHHUKA, €ro
YIENBHOTO CONPOTHBIICHUS] U TEMIEpaTyphl HarpeBa. Takue KpHBBIE JUIS JKECTKUX INUH, Kalened u
MIPOBOJIOB HEKOTOPBIX MapOK MpHBEAEHBI Ha puc. 8.8, a ayst MpoBOIOB APYTHX MapoK - Ha puc. 8.9.

0
L] /4 s
s | P
300 / 6 /Y, 2 //
200 7 P 6
/ 3 =

100

1-10* 2-10* 3-10¢ 4-10* 5-10%4,, A? c/mm*
Puc. 8.8. KpuBsle a5 onpeseneHus TeMIepaTypsl HarpeBa IpoOBOJHUKOB U3 Pa3IUYHBIX
MaTepHaJIOB MPU KOPOTKUX 3aMBIKAHHSX
Marepuais! npoBoauukos: 1-MM; 2-MT; 3-AM; 4-AT; 5-AJ10, ACT; 6-A/131T1;
7-AJ131T; 8-C13

9,°C 4
200 /// 4
I y 3

100 V//

0,5-10*  1,0-10%4,, A? c/mm*

Puc. 8.9. Kpusnle 11 onpeeneHus TeMIepaTypbl Harpea IpOBOJIOB IIPU KOPOTKUX 3aMBIKaHHSIX
Martepuanst mpoBoaoB: 1 - crmmaser AXK u AXKKIL; 2 - cimaBer AH u AHKII; 3 - amoMuHMi Mapok
A, AKII, ApKII u craneamomunanii Mmapok AC, ACKII, ACKC, ACK, AuC, AnCKC, AnCK

Pacuetsl nienecoobpa3Ho BECTH B CIEAYIOLIEH MOCIEI0BATETHHOCTH:

1) Ha puc. 8.8 wnu puc. 8.9 BbIOpaTh KPHBYIO, COOTBETCTBYIOIIYIO MaTepually MPOBEPIeMOro
MIPOBOJHHKA, W C TIOMOIIBIO 3TOW KPUBOW, MCXO/S U3 HAYAIBHOU TEMIEepaTyphl IPOBOTHAUKA 3y, HAUTH
3HAYEHHE BEJIMYHMHBI A g, IPU 3TOM TeMIlepaType;

2) WCIonb3ys METOAWKY, W3JIOKEeHHYI0 B min. 8.2.4 - 8.2.7, ompenenuth 3HAYCHHWE HMHTETpaja
JIxoyns B, ipu pacdeTHBIX ycrmoBuax K3;

3) HaliTH 3HaYeHWe BeIWYMHBI Ay = Ag,, COOTBETCTBYIOIICE KOHEYHON TeMIlepaType HarpeBa
TIPOBOTHHKA, UCHONB3Ys (POpMYITy

P (8.19)
S2

rac S — Iomazab NonepeyHoOro CCUCHUs IMPOBOJAHHMKA, a UIA CTAJICAITIOMUHHUCBBIX MNPOBOAOB —

Ag

K



IUIOMIA (b TOMIEPEYHOTO CEUEHHUS ATFOMHUHUEBON YACTH MPOBOJIA;

4) o HaWJIeHHOMY 3HAYEHHIO BEMUYUHBI Ag = Ag,, UCIONB3Ys BRIOPAHHYIO KPHBYIO Ha puc. 8.8 uiu
puc. 8.9, onpenenuTs TEMIEpaTypy HarpeBa MPOBOJHUKA K MOMEHTY oTKtoueHus K3 3, u cpaBHUTH ee
C TMPEEIbHO JOMyCTUMOMN TEMITEPATYPOi 3y yon. TEPMHUUECKast CTOMKOCTh MPOBOJHUKA 00ECIIEUNBACTCS,
€CITH BBITIONHSACTCS yeinoBue (8.17).

8.3.4. TlpenenbHO MONMYyCTHMbIE TEMIIEPATYPhl HArpeBa pPasIUUYHBIX MPOBOJAHUKOB MPHUBEICHBI B
Tabm. 8.1.

Tabmuma 8.1

IIpenesbHO JONMyCTHMBIE TEMIIEPATYPbl HATPEBA MPOBOAHUKOB IIPH KOPOTKHUX 3aMbIKAHUAX

Bun npoBonHUKOB Ssom °C

[TuHbI aJTFOMUHHEBBIC 200
[Tunb MeTHBIC 300
[TuHbI cTaNbHBIC, HE UMEIOIINE HEMOCPEACTBCHHOTO COSTUHEHHS C amapaTaMu 400
[TuHBI cTaNbHBIC ¢ HETIOCPEACTBEHHBIM MPUCOSAMHECHUEM K amlapaTaM 300
Kabenu ¢ Oyma)kHOW TPONUTAHHON H30JISIMCH Ha HanpspkeHue, KB:

1 250

6-10 200

20-35 130

110-220 125

Ka6eJm u I/IBOHI/IpOBaHHBIC HpOBO}]a C MEOHBIMHU U AJITFOMUHHUECBBIMU XKHUJIaMU U
HU30JISIIIUEN U3:

MOJIMBUHUITXJIOPU/IHOTO TUIACTHKATA 160
PE3HHBI 160
TIOJIMATUIIEHA (HOMUHAJIBHOE HaNpsbKkeHue kadesei o 35 kB) 130
BYJIKAHU3UPOBAHHOTO (CIIMTOr0) MOJUITHICHA (HOMHUHAIBHOE HANpPsDKeHUe Kaderneit 250
1o 35 kB)
MeiHble HEM30TMPOBAHHBIE TPOBOA MPH TsKEHHUsX, H/MM?:
MmeHee 20 250
20 u Gonee 200
AJTIOMHHHEBbIE HEH30IMPOBAHHbIE IPOBOJIA MPH TsDKeHHsX, H/MM:
Mmenee 10 200
10 u Gonee 160
AJTIOMUHHUEBAsI YaCTh CTAJICATIOMUHHUEBBIX IPOBOJIOB 200

8.3.5. Ecimu mnpu BbIOOpE CceYeHUs] NPOBOJHUKA ONPECISIIONIMM YCIOBHEM SIBISIETCS €ro
TepMuueckas croikocts mpu K3, To criexyer BbIOpaThb MHHHMAQJIBHOE CEYEHHE IPOBOIHUKA, HPH
KOTOpOM €ro TeMIlepaTypa HarpeBa K MOMEHTY OTKiIodeHHs K3 okaspIBaeTcsi MeHbIE NpeAesbHO
JOMYCTUMON TeMIeparypbl WM paBHOiM eil. C 3ToH Lenbi0 HEOOXOAMMO, MCXOIS W3 PaCueTHBIX
yenoBuii K3, ompenennts 3Hauenwe wuHTerpana JDkoyns, a MCXOOsd M3 MarTepHaja IPOBOIHHKA,
BBIOpaTh HEOOXOAMMYIO KpUBYIO Ha puc. 8.8 mnm puc. 8.9 u 1o Heil HaliTM 3HAYEHUST BEUYUHBI Ag,
COOTBETCTBYIOIINE HAYAIBFHON U IPEAENbHO IOIyCTUMON TeMIeparypam, T.€. Agy U Agyon. VICKOMOE
MHHHMAJIEHO BO3MOXKHOE CEUEHHE MIPOBOIHHKA

s (8.20)

Tep min

Hcnonp3yst 3aTeM IMIKady CTaHAAPTHBIX CEUEHUI IPOBOJOB IIMH MM JKWI KaOeneW, ciemyer
BBIOpATh CEUCHUE MPOBOIHUKA, YIOBIETBOPSIOIIEE YCIOBUIO
S> STep min-
8.3.6. B Tex cimywasx, korga Harpyska npoBogHuka 10 K3 Oiu3Ka K IpOAOIKHTENBEHO JOITyCTHMOM,
MUHHMAJIFHOE CEeYeHHe TPOBOJHNKA, OTBEYAIOIIEE YCIOBHIO TEPMUIECKOH cTorikocTH mpu K3, ciexyer
OIIPEETATH 10 (hopMyIe

s = , (8.21)

Tep min

rae C, = |4, ~ Ay

K.jomn HOM



- 3HA4YCHHC (l)yHKIII/II/I Ag npu MOpOaAOCLKUTCIIBHO HOHYCTHMOfI TEMIIEPATYypC

HOM
TIPOBOJTHHUKA Jyioy-
3HaueHus mapamerpa C; s KECTKUX IIHH MPUBEACHBI B Ta0. 8.2, 11 kabenei - B Tabmn. 8.3, mus
MIPOBOJIOB - B Ta0J. 8.4.

Tabmuma 8.2
3HaveHue mapamerpa C, ISl JKeCTKUX IIUH
Cucrema Marepuan NpoBoIHEKA MM Mapka | 3nauenne Cy, A - ¢H2/mm?, IIPU HayaabHOU
JIETUPOBAHUSA CIiaBa temneparype, °C
70 90 120
Menb 170
AJlIO 90 81 68
Al AJlTH 91 82 69
AJIOM, AIIM 92 83 70
AZI31T1 85 77 64
A31T 82 74 62
Al-Mg-Si AZ133T1 77 71 59
A33T 74 67 57
ABT1 73 66 55
ABT 71 63 53
1911 71 63 53
Al-Zn-Mg 1915, 1915T 66 60 51
Al-Mg-Mn AMrS5 63 57 48
Crans npu 9y, = 400 °C 70
Craib mpu 3,0, = 300 °C 60

8.3.7. Ecnu mpoBepka NpOBOJHMKA Ha TEPMHYECKYIO CTOiKocTh mpu K3 mpousBomurcs myrem
CPaBHEHUS] TEPMHUUECKH SKBUBAJICHTHON IUIOTHOCTU TOKA Jyep o C JOIMYCTHMON B TEYEHUE PACUETHOTO
BpeMeHH K3 IUIOTHOCTBIO TOKA Jyepnon (CM. 11.8.3.2), TO ciemyeT NpeABapUTENIbHO OIPENEIUTh
3HAYEHHs ITUX BEUYUH, UCHIONIB3Ys (POPMYIIBI

Ta6numa 8.3
3nauenue napamerpa C, s kadenaei
XapakrepucTrka Kaoeneit 3unayenue C,,
A - M/vm?
Kab6emu mo 10 xB:
C MEAHBIMU XWIAMUA 140
C IFOMUHUEBBIMU YKHUITAMH 90
Kab6emn 20-30 kB:
C MEAHBIMU XWIAMUA 105
C aJTIOMUHHUCBBIMU KUJIAMHU 70
Kabenu n n3onupoBaHHbIE MTPOBOAA € TIOIUBUHILTXIOPHTHON HITH
PE3MHOBOW M3OJISILIUEN:
C MEAHBIMU XWIAMUA 120
C aJTIOMHUHHUECBBIMU JKUJIaMHU 75
Kabenu n n3onupoBaHHEIE TTPOBOJA ¢ IOMMBUHIITXIIOPHIHON H30JAIINCH:
C MEAHBIMU XWIAMHA 103
C aJTIOMUHHUCBBIMU JKUJIAMHU 65




Taoauna 8.4

3Havyenue napamerpa C, 1yt NIPOBOJAOB

Marepuan npoBoja Mapka npoBoaa 3nauenue C,, A - Cllz/MMz, pu
JIOITYCTUMBIX TeMIIepaTypax Harpena
nposozoB npu K3, °C
160 200 250
Menb M - 142 162
AnromuHuH A, AKTI, An, AuKII 76 90 -
AJIFOMUHUEBBIH CILIaB AH, AHKII 69 81 -
AX, AXKKII 66 77 -
AJIOMHHUI-CTAITb ACK, AnC, ACKC, AnCKC, 76 90 -
AnCK, AC, ACKII
I
J TepoK - ; (822)

J Tep.aomnl 1

J - -
Tep.aom
P s t

: (8.23)

rae S - IOk MONEPEeYHOro CeYeH s MPOBOTHUKA;
lrep.ion1 - OMHOCEKYHIHBI TOK TEPMHYECKOH CTOMKOCTH (JIOMyCTHMBIH OJHOCEKYyHIHBIH TOok K3),
yKa3bIBaeMbI B HODMATHUBHBIX JIOKyMEHTAX.
Tepmuueckas croiikocTs npoBoaHKKa pu K3 obecrieunBaercs, eciu BeinonHsiercs ycinosue (8.18).
8.3.8. B tex ciyuasix, koryia Harpy3ka npoBojaHuka 10 K3 Gin3ka K NpoJo/KUTENBHO I0IMYCTUMOM,
NPOBEPKY 3TOr0 MPOBOJHMKA Ha TEPMHUUYECKylo croiikocTh mnpu K3 gomyckaercs NpoM3BOAWT,
HCHOJIb3YS COOTHOLIEHHE:

< S (8.24)

tOTKJ'l

Tep.IK

8.4. IIpoBepka 3JIEKTPUYECKHX ANNAPATOB HA TEPMUYECKYI0 CTOHKOCTD
MPH KOPOTKMX 3aMbIKAHMSAX

8.4.1. TlpoBepka >IEKTPUYECKOro ammapara Ha TEPMHYECKYI0 CTOWKoCTh mpu K3 3akimodaercs B
CpaBHEHHHU HaWIEHHOTO IPH pacyeTHBIX YCIOBUIX 3HaueHUs MHTerpana Jxoymst By ¢ ero JOmycTUMbIM
JJIsl NPOBEPSIEMOrO aIIapara 3HAYEHUEM Biep non. DJIEKTPUUECKUH anmapaT YAOBJIETBOPSAET YCIOBUIO
TEPMHUUYECKON CTOMKOCTH, €CJIN BBIIOIHSETCS YCIOBUE

BK < BTepﬂon- (825)

J1g KOMMYTallMOHHBIX ammapaToB (BBIKIIOUATENCH, BBIKIIOYATEIed HATrpy3KU, pa3beIUHUTEICH U
T.I.) JOIYCTUMOE 3HaueHHe HHTerpanga J[KOyisi 3aBHCHT HE TOJNBKO OT YKa3bIBAEMOI'O 3aBOJOM-
U3TOTOBUTEIEM HOPMHUPOBAHHOTO TOKA TEPMUYECKOH CTOMKOCTH IPOBEPAEMOrO annapara lyep uopw, HO U
OT COOTHOIIEHHS MEXAYy PACUETHOW NPOIOKUTENbHOCTBIO K3 1o, M MpEenenpHO OMyCTHMBIM
BPEMEHEM BO3/ICHCTBHSA HOPMHUPOBAHHOIO TOKA TEPMUYECKON CTOMKOCTH trep opw (TAKIKE YKA3BIBAEMOTO
3aBOJIOM-M3TOTOBHTENEM). ECIH torer 2 tiep siopw> TO JOMYCTHMOE 3HAYEHHE MHTErpana J[oyns paBHO

B =12 t , (8.26)

Tep.ao1 TEp.HOPM  * Tep.HOPM

TI03TOMY YCJIOBUEM TepMI/I‘IeCKOfI CTOHMKOCTH KOMMYTAallUOHHOT'O anmaparta SABJIACTCSA BBIIIOJIHCHHE
COOTHOILICHUA

2
BK < ITep.HopM Z"rep.x-iopM ) (827)
Ecnm e tore 2 Liep.nopws TO JOIYCTUMOE 3HAYEHUE UHTETPana J[koyms paBHO
2
BTep.non = [Tep.HopM tOTK_ﬂ ) (828)

n YCIIOBHEM TepMH‘ICCKOfI CTOHMKOCTH KOMMYTallUOHHOT'O ammapara sABJIIETCA BBIIIOJHCHHE
COOTHOLICHUA

B <1’ forer - (8.29)

K TEP.HOPM  ~ OTKI



8.4.2. TIpoBepKy 3JCKTPUUYCCKHUX alllapaToB Ha TEPMHUYCCKYIO CTOHKOCTh mpu K3 momyckaercs
TaKKe MPOM3BOAUTH ITYTEM CPABHEHMS TEPMHUYECKH SKBHUBAJIEHTHOrO TOKa K3 i, € JOMycTUMBIM
TOKOM TEPMHYECKON CTOMKOCTH lrep on. DMEKTpUUECKHUIT anmapaT o0OnasaeT TEPMUYECKON CTOHKOCTHIO,
€CJIM BBITIOIHSIETCS YCIOBUE

ITep.BK 2 ITep.IlOH- (830)

J71s1 KOMMYTallMOHHBIX amMapaToB JOMYCTUMbBIA TOK TEPMUYECKONM CTOMKOCTH 3aBHUCUT HE TOJIBKO
OT UX HOPMHUPOBAHHOI'O TOKa TEPMHUYECKOW CTOHKOCTH, HO M OT COOTHOIICHHS MEXKIy pacueTHOH
MPOJOIKUTENBHOCTEIO K3 U mpeienbHO OMyCTUMBIM BPEMEHEM BO3JIEHCTBHS HOPMUPOBAHHOTO TOKA
TepMUUYECKOH CcTOMKOCTH. Ecim ty > tiepuopws TO YCIOBMEM TEPMHMYECKOW CTOMKOCTH amnmapaTa
SIBJISICTCS BBIIIOJIHEHHME COOTHOIIICHUS

S (8.31)

vepox <1 t
ep.IK Tep.HOPM Tep.HOPM OTKI

Ecim e tong < tiepuopws TO YCTOBHEM TEPMHMYECKONW CTOMKOCTH ammapara SIBJISETCS BBIOJHEHUE
COOTHOIIICHHS

(8.32)

<17
Tep.oK Tep.HOPM

8.5. Ilpumepsl pacdyeToB 1O NPOBEPKe 31EeKTPO0OOPYI0BAHUS
HA TEPMHYECKYIO CTOHKOCTH NMPH KOPOTKUX 3aMBIKAHUSIX

8.5.1. Tpebyercst MpoBepUTh Ha TEPMUYECKYIO CTOWKOCTh Npu K3 BeIKiIrOuaTens tuna BMII3-10-
630-20Y3, ycTaHOBIICHHBIH Ha IOJCTAHLIMH B LM KaOeNbHOH JIMHWU, W BBIOpaTh MUHHUMAILHOE
CeYeHHEe COOTBETCTBYIOIIEro Kalessi, OTBEYAIoUIero YCJIOBHIO TepMHUUEcKoi croiikoctu npu K3, ecnu
u3BecTHO, yTo npu K3 Ha mmuax 10 kB noacranmuu |y, = |y = 17 kA, T, = 0,045 ¢ 1 pacueTHas
nponopKuTenbHOCTh K3 coctaBiseT oy, = 0,6 c. st Beikmouarens tuna BMIT9-10-630-20Y3 mano:
ITep.HopM =20 KA, tTep.HOpM =8c.

[TockoNbKY torn = 3 Tyox, TO VIS ONIPEAENEHHsT HHTErpaa J[MOoyisi MOXKHO MCIONIb30BaTh (OpPMYITy
(8.6):

B ~1° T )=17000 2(0,6 + 0,045 ) =186 ,4 -10 ® A%c.

K II.C (tOTKJ'l a.nK
IIpr toren < trepuopw AOIMYCTHMOE IUI BBIKIIOYATENd 3HAueHWe uHTerpana JIxoynsa cuemyer
onpeneinsaTh no Gopmyie (8.28):

12 ‘ — 20000 2 -0,6 =240 -10 ° A%C.

TEp.Aomn = TEP.HOM OTKIT
CootHomienne  (8.29)  BBINONHSAETCSA, MOITOMY TEpPMUYECKas CTOMKOCTh  BBIKIIOYATENS
obecrieunBaeTcs.
B coorBercTBuH ¢ Tab. 8.3 mia kabeneil ¢ anroMHUHUEBBIMH XunaMu C; = 90 A'Cllz/MMz, MOATOMY
MHHHMAJIFHOE CeYEeHHEe XHIIBI Kaless, OTBedarollee YCIOBUIO TepMHYecKod croiikoctu mpu K3, B
cootBercTBUH ¢ popmyroii (8.21) cocransier

VB 1186 ,4.10° )

S rep min = = =151,7 MM".
c 90

T

Takum obpa3om, HeoOxoauM Kabenb ceuenneM 185 MM,

8.5.2. TpeOyercsi npoBepUTh Ha TEPMUUECKYIO CTOWKOCTh mpu K3 Beikimodatens Tuna BMT-110b-
20/1000Y1, y KOTOPOTO liepuopy = 20 KA H tiepuopw = 3 C, YCTAHOBIICHHBIA B pacCIpeeTHTEIBHOM
yerpoiictee 110 kB KOC. Ha KOC ycranoBneno 3 Onoka ¢ reHeparopamu tumna TB®-110-2EV3,
KOTOpbIE HMEIOT CIeAylolue mapamerpbl: Py, =110 MBT; €0S ¢uoy = 0,8; Uy = 10,5 kB;
X oy = 0189 5 X 50 =023 ] ¢ = 0,41 c; mo K3 remepatopbl paboTann ¢ HOMHHAJIHHOM

HAarpyskod, mosTomy E [, =1113 . Ilapamerpsr Tpancdopmaropa Onmoxa: Sy = 125 MB-A;

u. = 10,5 %; AP, = 400 xBt; n = 115/10,5 xB. Tox K3 ot cucrems! l,. = 7 xkA; T, = 0,045 c.
Pacuernas nmpomomxkurensHOCTh K3 cocraBmser ty,, = 0,2 c.

Pacuersl MpoBEJCHBI C HCHONB30BAHUEM CHCTEMbI OTHOCHTEIbHBIX CIUHUII MPU CICAYIOLIUX
6asucHbIx ycnmoBusix: Sg = 110/0,8 = 137,5 MB-A; 6a3ucHble HANpsHKEHHs HA CTOPOHAX BBICHIETO U
HU3IIero HanpspkeHuid TpancgopmatopoB Ugg = 115 kB 1 Ugy = 10,5 xB; 0a3ucHBII TOK Ha CTOpPOHE

137 5

\/;~115

CONPOTUBJICHUSA KaKA0I'0O Ipchq)opMaTopa COOTBCTCTBCHHO PABHBI:

BBICIIETO HAIPSDKEHUA [gp = = 0,69 KA. HpI/I OTHUX YCJIOBUAX HWHAYKTUBHOE W AKTHBHOC



u % Sg 105 1375

X 6 = : - =0,1155 ;
100 S, 100 125
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9. MPOBEPKA 3JIEKTPUYECKHUX AIIITAPATOB
HA KOMMYTAIMOHHYIO CIIOCOBHOCTbD

9.1. OomMe MoI0KEeHUs

9.1.1. KoMMyranuOHHBIE ammapaTbl JODKHBL OBITh CHOCOOHBI BKJIIOYaTh M OTKIIOYATh
COOTBETCTBYIOIIME LIENH B IPOJOIDKHUTENBHBIX M B KPaTKOBPEMEHHBIX aBAPHHHBIX PEXHUMAax, B TOM
gmciae B pexume K3. OHE MOryT Takke MCIOIb30BaThes s paboTsl B mukiax AIIB, OAIIB, ABP.
CrenupuyecKUMH pPESKUMaMH  SBIISIOTCS DPEXUM BKIMOYeHHMs Ha K3, pexuM HECHHXPOHHOrO
BKJIIOYEHHS B YCIOBHMSAX NPOTUBO(A3bl M PEXKUM BKIIOYEHHS IIpU paccoryiacoBaHud ¢a3. Bo
BKJIFOYEHHOM ITOJIOKEHHH KOMMYTAIIMOHHBIE alllapaThl JOKHBI OBITH CIIOCOOHBI MPOIYCKAaTh CKBO3HOM
Tok K3.

9.1.2. [InaBKue NpeJOXPaHUTENHN JOJDKHBI OBITH CHOCOOHBI OTKITIOYATh COOTBETCTBYIOLIHE LIETTH PH
KOPOTKHUX 3aMBIKaHHSAX M HEHOIYCTHMBIX ITeperpy3Kax.

9.2. IIpoBepka BhIKJIIOUATEJI€l

BeiximrouaTeny JOMKHBI BBIONPATHCS IO YCIOBUSIM:
UHOM 2 UCeTI/l HOM;
IHOM 2 Iﬂopmpacu;
KHI'IHOM 2 Inpoupacu-
IIpoBepky BBIKITIOUATENEH CIEAYET TPOU3BOAUTS 110 YCIOBUIM:
>
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lpkn 2 Iya;

Inpch 2 InO;
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HopmupoBaHHOE MPOLEHTHOE COfepIKaHHE AICPHOANYECCKON COCTABILIONICH HOMHMHAIBHOIO TOKA

OTKIIFOYEHUS Pyopy OHpesensiercss 1mo rpaduky Propw = f(T) MM npuHMMaercs, HCXOAS M3 JaHHBIX
3aBOJIa-U3TOTOBHUTEINS BBIKITIOUATEI.

ITpoBepstoTcst mapaMeTpbl BOCCTaHABIUBAIOIIETOCS HAMIPSHKSHUS
BOCCTaHABJIMBAIOIIIEECs HApsHKEHUE

UB}IOpM 2 UB;

CKOPOCTb BOCCTAHOBJICHUS HAIIPSXKCHUA

\gnHopM 2 SB'

9.3. IIpoBepka IJIaBKUX NpeAOXpaHHuTeJ el

[TnaBkue nperoXpaHUTEIN JOIKHBI BBIOMPATHCS 110 YCIOBUAM:

UHOM = Ucem HOM)
o =

HOM = IHOpMpaC‘{;
KHI'IHOM 2 Inponpacq-
HpOBepKy IJIaBKHUX npez[oxpaHI/ITeneﬁ CJIIEAYET IPOMU3BOAUTD I10 YCIIOBUAM:
ZII'LO)K = IHO!
a TarK)K€ COOTBETCTBUA TapaHTUPOBAHHBIX BPEMATOKOBBIX XapaKTEPUCTUK
3aJaHHBIM YCJIOBUAM 3aIUIIAEMO LICTIH.

IOTKILHOM

TOKOOT'paHUYICHUSL

9.4. IIpoBepka aBTOMAaTHYECKUX BBIK/II0YATe e

ABTOMaTHYECKHE BBIKIIOUATEIN JOJIKHBI BBI6I/IpaTBC}I T10 YCJIOBHUAM:

UHOM 2 Ucem HOM)
o =

HOM = IﬂopMpacu;
KHI'IHOM 2 Inponpacu-
IIpoBepKy aBTOMAaTUYECKUX BBIKIIIOYATENEH CIEyeT IPOU3BOIUTD MO YCIIOBHAM:

IOTKJ‘LHOM 2 Irm = InO;

IBKJ'I 2 Iyﬂ,; TZNHOPM Z Ta-

10. MTIPUMEHEHHUE 3BM /UISI PACYETA TOKOB KOPOTKOI'O 3AMBIKAHUSA

10.1. B tex ciny4asx, Korja TpeOyeTcs MOBBIMICHHAst TOYHOCTh pacueToB TOKOB K3 B mpon3BOIbHBIN
MOMEHT BpPEMEHH C Yy9YEeTOM NEPEXOMHBIX IPOIECCOB B JIIEKTPHUECKUX MAIIMHAX WM HCXOAHAs
pacdeTHas cxeMma SBJISIeTCSl MHOTOKOHTYPHOH, sl pacueTa TokoB K3 cienyer ucrons3zoBate OBM.

10.2. CoBpemennbie OBM, wuX OIepalMOHHbIE CHUCTEMbI IO3BONISIOT PEATN30BATH CIIOMKHBIC
MPOrpaMMHEIE  pa3pabOTKH, WCIIONB30BaTh TIpadHuyeckne CHCTEMBI OTOOpakeHUS WH(OpMAIH,
aBTOMATHU3UPOBAaTh M TEM CaMBIM CYIIECTBEHHO YCKOPHUTH MPOLECC IOMydeHus, 0OpabOTKH W



JOKYMEHTALlMM PAcUeTHBIX MJaHHbBIX. [l IONydeHWs BBICOKOH TOYHOCTH pAacyueToB, TOYHOCTH
BOCIIPOM3BE/ICHNSI HATYpPHBIX IPOIECCOB M AWHAMUYECKHX DPEKHMOB CHCTEM HEOOXOAWMO, UYTOOBI
MIPUHUMAaEeMbIe METOANIECKHE TOIYIIEHHUS HEe IPUBOIMIN K CYIIECTBEHHBIM TOTPEIITHOCTSIM.

10.3. MaremaTnyeckue MOJAENHU JIOJDKHBI BOCHPOU3BOINTH BOZMOXKHOE Pa3BUTHE aBapHH, JIOTHUKY
JIEUCTBHSI IPOTUBOABAPUIHON aBTOMATUKU M PENEHHON 3alUThl MOJAECITUPYEMON 3JIEKTPOYCTaHOBKH, a
TaKke TPeOYeMyIO IIOCIEA0BATENFHOCTh TEXHOJNIOTMYECKHX Orepanuid. MaTremMaTniyeckue MOJEIH
JMHAMHYECKUX CHCTEM JOJDKHBI MO3BOJSITH BapbHpPOBATh PACUETHBIC YCIOBHS, a TaKXKe IMapaMeTphl
CETH, MAlllMH M PETYIUPYIOMINX YCTPOWUCTB C IIEBI0 OLEHKH CTENEHH WX BIMSHUS Ha Te WIM WHBIE
XapaKTepPUCTUKH,  HCHONb3yeMble  TPH  IPOEKTHPOBAaHMWH,  HANAJIKe W JKCIUTyaTalluH
IJIEKTPOOOOPYIOBAHUSL.

10.4. MaremaTH4yecKkie MOJEIH MAIIMH IIEPEMEHHOTO0 TOKa JMOJDKHBI YYHTHIBAThH A(PdeKT
BBITECHEHUSI TOKOB B KOHTypax pOTOpa, NPENCTaBIsAs POTOp JIMOO MHOTOKOHTYPHOW CHUCTEMOH Ha
OCHOBE CHHTE3a €€ IMOCTOSHHBIX ITapaMeTpoB, JIMOO JBYXKOHTYPHOH CHUCTEMOHW C TepeMEHHBIMU
napameTpaMH SKBUBAJIEHTHOTO NeMII(epHOro KOHTypa. MaremaTuueckue MOJIENTH BEHTHIBHBIX CHCTEM
BO30Y)XJIEHHSI CHHXPOHHBIX TI'€HEpaTOpOB JIOJDKHBI YYHTHIBATH KOMMYTAIMOHHBIE IPOLECCH B
CTaTHYECKUX TPeo0pa3oBaTessiX, OAHOMONISPHYIO POBOANMOCTh BEHTHIIBHBIX LIETICH.

10.5. /It TIOBBIILIEHUS] TOYHOCTH PAcUeTOB IEPEXOJHBIX MPOIECCOB B CHHXPOHHBIX I'eHEpaTopax,
0COOEHHO TPOJOJDKUTEIBHBIX, CIENyeT YYUTHIBATH TI'HIPOMEXAaHUYECKHE PETYISTOPbl YacTOTHI
BpallleHHs pPOTOPOB THJPABIMYECKHX MW TMapOBBIX TYpOMH, a TakXke IMHAMHYECKHE CBOWCTBa
MapOCHJIOBOTO TpakTa TypOOOsoKoB. Iyt TOBBIIICHHS ONEPATUBHOCTH B paboTe ¢ IMporpaMMmaMu
ClIeNlyeT TpeycMaTpUBATh HUCIOB30BaHHE JIOKAJIBHBIX 0a3 TaHHBIX OCHOBHOT'O 3JIEKTPOOOOPYI0BaHHSI.

10.6. MaremaTuueckoe ONHMCAHUE CIOKHOH DIIEKTPHYECKONW CETH PEKOMEHIYeTCsl MPOW3BOJHTH C
UCTIONb30BAHUEM MJIM METOJa Y3JIOBBIX HAMpSDKEHHWH, WIM METOJa KOHTYPHBIX TOKOB. Bo3mMoxHa u
KOMOMHAIINS 3THX METOJIOB.

Cucrema ypaBHEHWH Y3JIOBBIX HAaNpsHDKEHHH B MaTpu4YHOW (opme 3ammchIBaeTcs CICAYHOLIMM
o0pazom:

Y Uy =1y, (10.1)
Tae Y, - KBaJpaTHas MaTpHIa COOCTBEHHBIX M B3aHUMHBIX Y3JIOBBIX IIPOBOJMMOCTEH;
U y» - CTOJOLIOBas MaTPHIIA Y3JIOBBIX HANPSIKECHUIA;
fy3 - CTOJIOLIOBAsI MAaTPHUIIA Y3JIOBBIX TOKOB.

HpI/I HCTIOJIb30BAaHUU METOAAa KOHTYPHBIX TOKOB COCTaBJISIETCA MAaTPpUIHOC YPAaBHEHUE B BUIIC
E.=2Z 1, (10.2)

rae £, - cron6uosas marpuna JJC;
Z . - KBaJpaTHAs MATPHUIA COOCTBEHHBIX H B3AaHMHBIX CONpPOTHBICHHII HE3aBHCHMBIX
KOHTYDOB;
I, - cTONOIOBas MATPUIIA KOHTYPHBIX TOKOB.

OCHOBHOE TIPEUMYIIECTBO METOAA KOHTYPHBIX TOKOB 3aKITIOYAeTCs B IMPOCTOTE ydeTa B3aHMMHOU
HMHAYKIWAU BO3AYIIHBIX JIMHUH 3JIEKTpoIiepeiadll B CXeMaxX HyJIeBOH mocienoBaTeasHocTd. OMHaKo mpu
HEOOXOIMMOCTH pacueTa MHOTOBAapPHAHTHBIX 3a7ad C COOTBETCTBYIOUIMMH H3MEHEHISIMH HCXOIHON
pacUeTHOM cXeMBI Ooiee MPEANOYTUTENHFHBIM SBISETCS METO Y3JIOBBIX HAIPSIKCHUI.

Crnemyer OTMETHTH, YTO yKa3aHHAS JIMHEHHAs MOJENb MO3BOJSET ONMPENeTUTh MCKOMBIE 3HAUYCHHS
MIEPUOJIYECKON COCTABIISIOMICH TOKOB TOJIBKO B HadaimbHBIH MomeHT K3. [lms pacuera TOKOB B
MPOM3BOJBHBII MOMEHT BPEMEHH HEOOXOOMMO HCIOIh30BAaTh OO0Jiee CIIOKHBIE MaTeMaTHYeCKHe
MOJICIIH.



NNPHJIOKEHUA

Tabmmma I1.1
TpancdopmaTopsl ¢ BeIcIIMM HanpskeHueM 35 kB
Tun Hanpsbkenne odOMotku, kB ITorepn Ug, %
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 —
TJHC-10000/35 |36,75| — 6,3; 10,5 60 — 8 —
TJHC-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
TPAHC-32000/35 | 36,75| — |6,3-6,3;6,3-10,5; 10,5-10,5 | 145 — 12,7 40
TPAHC-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
TJATH-10000/35 | 36,75 | 10,5; 6,3 75 8 16,5 7
13,8;
15,75
TJATH-16000/35 | 36,75 | 10,5; 6,3 115 8 16,5 7
13,8;
15,75
Tabmuua 1.2
TpancdopmaTops! ¢ BriciiuM HanpsixeHueM 110 kB
Hanpsbkenue ooMotku, kB [Morepu U, %
Tun BH CH HH P, xBr| BH-CH | BH-HH |CH-HH
1 2 3 4 5 6 7 8
T/11-80000/100 121 — 3,15; 6,3; 10,5; 13,8 310 — 11 —
TI11-125000/110 121 — 10,5; 13,8 400 — 10,5 —
T11-200000/110 121 — 13,8; 15,75 550 — 10,5 —
TI11-250000/110 121 — 15,75 640 — 10,5 —
T11-400000/110 121 — 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 —
TJIH-16000/110 115 — 6,6; 11; 16,5; 22; 34,5 85 — 10,5 —
TJIH-25000/110 115 — 38,5 120 — 10,5 —
TJIH-40000/110 115 — 38,5 170 — 10,5 —
TJIH-63000/110 115 — 38,5 245 — 10,5 —
TJIH-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
TPIH-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
TPIIIH- 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
Ta6muma I1.3
TpancdopmaTopsl ¢ BbicIIUM HanpsikeHuem 150 kB
Tun Hamnpspkenne oOMOTKH, KB [Torepu Uy, %
BH CH HH P, xBr|BH-CH| BH-HH |CH-HH
TMH-4000/150 158 — 6,6; 11 35 — 10,5 —
T/H-16000/150-70Y1 158 — 6,6; 11 88 — 11 —
TPJH-32000/150 158 — 6,3-6,3; 6,3-10,5; 145 — 10,5 16,5
10,5-10,5
TPJIH-63000/150 158 — 6,3-6,3; 6,3-10,5; 235 — 10,5 16,5
10,5-10,5
T/11-125000/150 165 — 10,5; 13,8 380 — 11 —
T11-250000/150 165 — 10,5; 13,8; 15,75 640 — 11 —
TL{-400000/150 165 — 20 930 — 11 —
TJATH-16000/150-70V1 158 38,5 6,6; 11 96 10,5 18 6
TJATH-25000/150-70V1 158 38,5 6,6; 11 145 10,5 18 6
TJATH-40000/150-70V1 158 38,5 6,6; 11 185 10,5 18 6
11 6,6
TJITH-63000/150-70V1 158 38,5 6,6; 11 285 10,5 18 6
Tabmuma 1.4
TpancdopmaTopsl 4 aBTOTPaHC(HOPMATOPHI ¢ BhICIIUM HanpsikeHueMm 220 kB
Hanpspxerne oomotku, kB | [Torepu Py, kBT Uy, % S
Tun BH | CH HH BH-CH|BH-HH| BH- | BH- | CH- |MB-A
CH | HH | HH
TJ1-80000/220 242 | — | 6,3; 10,5; 13,8 — 315 — 11 — —
TL{-125000/220 242 | — 10,5; 13,8 — 380 — 11 — —
TJILI(TIT)-200000/220 242 | — |13,8;15,75;18| — 660 — 11 — —
TJILI(TIT)-250000/220 242 | — 13,8; 15,75 — 600 — 11 — —
TJILI(TIY)-400000/220- 242 | — 113,8;15,75;20| — 880 — 11 — —
73(71) VY1
TII-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 — —




TP/IH-32000/220 230| — 16,3-63;6666;] — | 150 | — [115] — | —
11-6,6; 11-11
TPJIHC-40000/220 230| — [6,3-63;6666;| — | 170 | — [115| — | —
11-6,6; 11-11
TP/IH-63000/220 230 6,3-6,3,6,666;| — | 265 | — |115]| — | —
(TPJILIH) 11-6,6; 11-11
TP/IL{H-100000/220 230 | — 11-11 — | 340 | — |125| — | —
TP/ILH-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 | —
ATJILITH-63000/220/110 | 230 | 121 | 6,6;11;38,5 | 200 | — | 11 | 35 | 22 | 32
AT/ILITH- 230|121 | 6,3;6,6;105 | 315 | — | 11 | 45 | 28 | 63
125000/220/110 11; 38,5
AT/ILITH- 230|121 | 6,3;6,6:385 | 430 | — | 11 | 32 | 20 | 80
200000/220/110 10,5; 11 100
TJILITH-250000/220/110 | 230 | 121 10,5; 11 500 | — | 11 | 32 | 20 | 125
38,5 100
TJILITH-250000/220/110- | 230 | T21 | 11;138;15,75| 520 | — | 11 | 32 | 20 | 125
75Y1 38,5 100

Tabmuua I1.5

TpancdopmaTopsl U aBTOTpPaHCPOpPMATOPHI ¢ BHICIIMM HanpsixeHueM 330 kB

Tun HamnpspkeHune oOMOTKH, KB [Totepu Py, Uy, %
kBt SHH'l
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
T11-125000/330 347 — 10,5; 13,8 | — 380 — 11 — —
TL(TLL)-200000/330 347 — 13,8; — 520 — 11 — —
15,75; 18
T11-250000/330 347 — 13,8; — 605 — 11 — —
15,75
TII-250000/330 347 — 13,8 — 605 — 11 — —
TJL{-400000/330 347 — 20 — 790 — 11,5 — —
TII-400000/330 347 — 15,75;20 | — 790 — 11,5 — —
TII-630000/330-71Y1 347 — 15,75;20;| — (1300 — 11 — —
24
THII-630000/330 347 — 15,75;20;| — (1300 — 11,5 — —
24
TII-1000000/330- 347 — 24 — 12200 — 11,5 — —
69V1
TIIH-1000000/330 347 — 24 — 12200 — 11,5 — —
THII-1250000/330 347 — 24 — 12200 — 14,5 — —
TPJIHC-40000/330 330 — 6,3-6,3; — 180 — 11 28 —
6,3-10,5;
10,5-10,5
TPJILIH-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
ATIOLTH- 330 115 6,3; 6,6; 560 — | 10,5 38 25 80
200000/330/110 10,5; 11;
38,5




ATJIITH- 330 158 10,5;38,5| 620 | — | 10,5 | 54 42 100
250000/330/150
ATJIIH- 330 — 165 720 | — — 11 — 400
400000/330/150
AOJIITH- 330/+/3 | 230/+/3 10,5;38,5| 250 | — 9 60 48 33
133000/330/220

Ta6nuna I1.6

TpanchopmaTopsl U aBTOTPaHC(HOPMATOPHI ¢ BhICIIMM HanpskeHneM 500 kB

Hanpsoxenue ooMotku, kKB [Torepu P, 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
TI11-250000/500 525 — 13,8; — [ 590 | — 13 — —
15,75; 20
TILI-250000/500 525 — 13,8; — [ 590 | — 13 — —
15,75
TI11-400000/500 525 — 13,8; — [ 790 | — 13 — —
15,75; 20
TILI-400000/500 525 — 15,75;20 | — | 790 | — 13 — —
TLI[-630000/500 525 — 15,75; 20; | — (1210 — 14 — —
24; 36,75
THII-1000000/500 525 — 24 — [1800| — 145 | — —
OPHII-533000/500 525/ \/; — 15,75- — [1260| — 135 | 44 —
15,75;
24-24
OPHII-533000/500 525/ \/; — 24-24/ \/; — [1260| — 135 | 44 —
AOPIIT- 525/\/; 242/\/; 13,8-13,8; | 320 | — 9,5 31 20 90
135000/500/220-78VY1 18-18
AOPJILIT- 525/\/; 242/\/; 13,8-13,8; | 360 | — 9,5 31 20 80
135000/500/220-78VY1 18-18
ATJIITH- 500 121 10,5;38,5| 690 | — 13 33 | 18,5 | 100
250000/500/110
ATJIIIH- 500 — 230 1050 | — — 12 — 500
500000/500/220
AOJILITH- 500/\/; 330/\/; 10,5; 38,5 300 | — 9,5 67 61 33
167000/500/330-76VY1
AOJIITH- 500/\/; 230/\/; 10,5; 11; | 315 | — 11 35 | 215 50
167000/500/220 38,5
13,8 67
15,75; 20 83
AOJIITH- 500/\/; 230/\/; 10,5; 13,8;| 470 11,5 37 23 67
267000/500/220 38,5
15,75 83
20 120




Ta6muna I1.7

TpancdopmaTtopsl 1 aBTOTpaHC(HOPMATOPSI ¢ BhICIIMM HanpsikenueM 750 n 1150 kB

Hanpsoxerue ooMotku, kKB Iotepu Py, Uy, % S
Tun kBT
BH CH HH BH- | BH- | BH- | BH- | CH- | MB-A
CH | HH | CH | HH | HH
OPILI-417000/750 78713 — 20-20; 24-| — | 800 | — 14 45 —
24
AOIITH- 750/+/3 | 230/ 10,5 600 | — 13 31 17 80
267000/750/220
AOHHTH- 750/\/; 330/\/; 15,75; 10,5 580 — 10 28 17 120
333000/750/330
AOIITH- 750/+/3 | 500/ /3 10,5 670 | — | 115 | 81 68 33,7
417000/750/500 15,75 50
AOIIT- 1150/~/3 | 500/ /3 20 1250 — | 11,5 | 35 22 180
667000/1150/500
Ta6muua I1.8
PacyeTHbIe XapakTepuCTHKH KadeJieil ¢ OyMakHOil u30suei
Ceue- AKTHBHOE WMHIyKTUBHOE CONPOTHUBIIEHUE IPAMOM MOCIEA0BATENEHOCTH Xy, U
HHE CONPOTHBJICHUE €MKOCTHasI IPOBOANMOCTD Dy, kabens HanpsokeHuem, kKB
sxuiel, [ipu +20 °C, Om/kM 6 10 20 35
Mm® | Menb | Amomumnit | Xiys, [0y,0107% | Xiyw |bye07 | Xiyw |byrrd07 | Xiys [by,r107%,
OM/xkMm | Cm-xkm | OM/KM [ Cmkm | OM/EM | Cvexkm | OM/KM | CM-kM
10 | 1,84 3,1 0,11 62,8 — — — — — —
16 | 1,15 1,94 0,102 | 72,2 | 0,113 — — — — —
25 |[0,74 1,24 0,091 88 0,09 [ 72,2 | 0135 | 535 — —
35 (0,52 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 | 975 |0116 | 755 | 0,137 | 56,5
95 (0,194 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 (0,077 0,129 0,071 | 185 | 0,075 144 — — — —
300 (0,061 0,103 — — — — 0,095 — 0,097 —
400 (0,046 0,077 — — — — 0,092 — — —
Tabauma I1.9
PacueTHble XapaKTepUCTUKHU BO3AYMIHBIX JuHmii 35 - 150 kB
€0 cTa/1eaIIOMHHUEBBIMH NIPOBOAAMH
AxTHBHOE WHayKTUBHOE CONPOTHBIICHUE MIPAMOMN MOCIIEI0BATENBHOCTH Xy U
HomuHaipHOE | COMPOTUBICHHE | €MKOCTHAs MpoBOIMMOCTb by, Ha 100 KM JvHHM HanpshKeHHEM, KB
CeUCHUE mpu +20 °C Ha 35 110 150
MpoBO/JIa, mm? | 100 kM IvHAH, | Xiy,, OM Xiyn OM byﬂ-10_4, Cm| Xy OM byﬂ-10_4, CMm
Om
70/11 42,8 43,2 44,4 2,55 46 2,46
95/16 30,6 42,1 43,4 2,61 45 2,52
120/19 24,9 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




PacueTHble XapaKTepHUCTHKHU BO3XyIIHBIX JHHUI 220 - 1150 kB co cTaneajoMuHuEeBBIMH NIPOBOAAMH

Ta6umma I1.10

I/IH}_'[yKTI/IBHOB COIIPOTUBJICHUC HpHMOﬁ nocCJICA0OBATCIIBHOCTHU lezl 1 €MKOCTHas IMpoOBOJANMOCTb byﬂ

Homunanenoe | Komugecto AKTUBHOE Ha 100 xM 1MHUM HanpskeHueM, kKB
CeucHHe TIPOBOJIOB CONPOTHUBJICHUE 220 330 500 750 1150
npoBosa, MM B ase npu +20 °C Xiyo | 0yr107 | Xiyw | bye107% | Xiyw | by 107 | Xiys | bye1077, Dy=15m Dy =242 M
Ha 100 kM, Om Om Cm Om Cm Om Cm Om Cm Xiys, OM | 0y,-107, CM | 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 2,4 — — — — — — 30,8 3,76 — — — —
300/39 1 9,8 42,9 2,64 — — — — — — — — — —
2 4,8 — — 32,8 3,41 — — — — — — — —
300/48 8 1,25 — — — — — — — — — — 26,6 4,43
300/66 3 3,4 — — — — 31,0 3,97
5 2,1 — — — — — — 28,8 4,11 — — — —
330/43 3 2,9 — — — — 30,8 3,60 — — — — — —
8 11 — — — — — — — — — — 27,0 4,38
400/51 1 7,5 42,0 2,70 — — — — — — — — — —
2 3,75 — — 32,3 3,46 — — — — — — — —
3 2,5 — — — — 30,6 3,62 — — — — — —
5 15 — — — — — — 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. CpenHereoMeTpuiecKe paccTosHus Mexay (azamu npu Hanpspkenusx 220, 330, 500 u 750 kB npunsiTel paBHbIME cOOTBeTCTBeHHO 8, 11, 14 1 19,5 M.




I/IH}IyKTl/IBHbIe COINMPOTUBJICHUSA BO3AYIIHBIX JIMHHIA ¢ MEAHBIMH
1 AJJTIOMUHHEBBIMH MMPOBOAAMMU

Ta6mmma I1.11

Cpennereo- Y nenpHOE WHIYKTUBHOE COMPOTHBIICHHUE TPSAMOU MOCIENOBATEIBHOCTH, OM/KM,
METPUIECKOE TIPY TIPOBOJIAX MapOK
paccrosaue | M-6 |M-10 (M-16,|M-25,(M-35,|M-50,|M-70,(M-95,| M- | M- | M- | M- | M-
MEXIy A-16 | A-25| A-35| A-50 | A-70 [ A-95| 120, | 150, | 185, | 240, | 300,
MIPOBOIAMH, M A-120|A-150]A-185[A-240(A-300
0,4 0,371(0,335|0,333(0,319|0,308(0,297(0,283|0,274| — | — | — | — | —
0,6 0,397(0,381|0,358(0,345|0,336(0,325(0,309|0,300(0,292|0,287(0,280| — | —
0,8 0,415(0,399|0,377(0,363|0,352(0,341(0,327|0,318(0,310|0,305(0,298| — | —
1,0 0,429(0,413|0,391(0,377|0,366|0,355(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|0,346(0,338|0,333(0,327|0,319 0,311
15 — 10,438/0,416|0,402(0,391|0,380{0,3660,357|0,349(0,344)0,338(0,330 (0,323
2,0 — 10,4570,435|0,421(0,410|0,398|0,385(0,376|0,368 |0,363|0,357(0,349 (0,342
2,5 — | — 0,449]0,435(0,424)0,413|0,399(0,390|0,382(0,377]0,371(0,363 (0,363
3,0 — | — 0,460|0,446(0,435|0,423|0,410(0,401|0,393(0,388|0,382(0,374 (0,374
3,5 — | — 0,470|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(0,419|0,411(0,4060,400(0,392 (0,385
45 — | — | — 10,471{0,460|0,448|0,435(0,426|0,418(0,413|0,407(0,399 (0,392
5,0 — | — | — | — 0,467|0,456|0,442|0,433|0,425(0,420|0,414 (0,406 (0,399
55 — | — | — |1 — | — |0,462|0,448(0,439|0,431(0,426)0,420(0,412 (0,405
6,0 — | — | — | — | — 10,468|0,454|0,445|0,437(0,432]0,426(0,418 (0,411
Hpumelmnue. AJTFOMHHHEBEIE NpoBoOJa NPUMEHSAIOT Ha JIMHUAX IPHU CPEAHETCOMETPUICCKOM PACCTOAHUU 10O
3 M.

Tabmuua I1.12

I/IHZ[yKTl/IBHLle COIIPOTUBJICHUA BO3AYIIHBIX JIMHHUM €O cTaJTeaTIOMUHNEBBIMH nmpoBoaaMu

Cpennereo- | YzaenbHOE HHIYKTHMBHOE CONMPOTHBIICHUE NPSMOI mociieioBaTeabHocT. OM/KM, IPU
METpHYECKOe IIPOBOJAX MapoK
paccrosare |AC-35|AC-50|AC-70|AC-95|AC-120|AC-150|AC-185|AC-240 |AC-300| AC-400
MEXIY
IIPOBOJAMHU, 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 — —
35 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 — — 0/433(0,422| 0,416 | 0,409 | 0,402 | 0,394 — —
50 — — 0,440 (0,429 | 0,423 | 0,416 | 0,409 | 0,401 — —
55 — — — — | 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
75 — — — — — — — — 0,418 | 0,409
8,0 - — — — — — — — 0,422 | 0,414
8,5 — — — — — — — — 0,425 | 0,418




ITpunoxenue I1.13
1. MATEMATHYECKHUE MOJEJIM 1 ITPOTPAMMBI
1.1. CocTaB pa3pa0oTaHHBIX MATEeMATHYECKHX MOJeJIei

Jis  TONMydeHUs CTATHYEeCKUX W JUHAMHYCCKHX XapaKTEPUCTUK OCHOBHOTO O0OPYIOBaHUS
AIEKTPUYCCKUX CTAHIUN W TIOACTAHIIUM, a TaKKe CeTel C JIBUraTeIbHOW Harpy3Kod pa3paboTaHbl U
HCTIOJIb30BaHBl MATEMATHIECKUE MOJICITH, TIO3BOJISIOIINE BHITIOTHUTH:

1) pacueT mapamMeTpoB CXeM 3aMEHICHUS U AaCHHXPOHHBIX MOMEHTHBIX XapaKTEPUCTUK CHHXPOHHBIX
TeHEepaTopOB;

2) pacueT mapaMeTpoB CXEeM 3aMEIICHUS U CTATUYCCKIX MOMEHTHBIX XapaKTEPUCTUK AaCHHXPOHHBIX
JIBUTaTeseH;

3) pacuer mapaMeTpoOB CXEM 3aMEIICHUS ¥ aCHHXPOHHBIX MOMEHTHBIX XapaKTEPUCTUK CHHXPOHHBIX
JIBUTaTeseH;

4) pacuer mapaMETPOB CXEMBI 3aMCIICHUS W MOMEHTHBIX XapaKTEPUCTUK SKBHBAJCHTHOI'O
ACHHXPOHHOT'O JIBUTATEIISA, @ TAKIKE €0 MapaMeTPOB, UCXOSI U3 KaTaJ0KHBIX JTaHHBIX;

5) pacuer mapaMeTpoB CXEMbl 3aMEIICHHS W MOMEHTHBIX XapaKTCPUCTHK OSKBUBAJICHTHOTO
CHUHXPOHHOT'O IBUTATEIIS, 4 TAK)KE €ro MapaMeTPOB, UCXO/IS M3 KaTaJIOKHBIX JaHHBIX;

6) pacuer TokoB K3 OT rpymmbl aCHHXPOHHBIX JBHTaTeNeH, paOoTaromMX Ha OOINWE IIHMHBI, C
UHIUBUIYaTIbHBIM Y4eTOM Kaxkaoro asuratens (B 4, B, C - koopauHaTax);

7) pacuer TokoB K3 OT Tpymmbl CHHXPOHHBIX JABUTaTenel, paboTarolMx Ha OOLIME LIMHBI, C
UHIUBUIYaIbHBIM YYETOM Kaxkaoro asuratens (B 4, B, C - koopauHaTax);

8) pacyeT HOpMAaJBHBIX U aBAPUMHBIX PEKUMOB CHHXPOHHBIX T€HEpaTOPOB (IHUCIUICHHAS MOJIENIb —
TpeHaxkep ¢ 6a30i JaHHBIX JUIsl TYpOOreHEepaTOPOB, THAPOreHEPATOPOB U CHHXPOHHBIX JBHraTesnei B d,
J -KOOpJMHATAaX);

9) pacyer KpUBBIX H3MEHEHHS BO BPEMEHH IMEPUOIMYCCKON COCTABJISIOIICH TOKA CHHXPOHHOTO
reHeparopa ¢ CUCTeMOH MapajuielIbHOr0 caMoBO30YkaAeHHs pu Tpexdasupix K3 B cetn nepemeHHOro
Toka (1o Meroauke AO «DIeKTpocuiay);

10) pacder HOpPMaNbHBIX M aBAaPHUHMHBIX PEKUMOB CHCTEMBI, COAEpIKaIlel 3JIeKTponepenady
MOCTOSIHHOTO TOKA.

1.2. O0mas xapakTepucTUKA Pac4eTHBIX NPOrpamMm

1.2.1. TIporpamMma pacuera IMHAMHYECKUX PEKHMMOB CHHXPOHHOT'O T'€HepaTopa

OTa mporpaMMa — MaTeMaTHdeckas MOZIeNb Tpexdas3Hoi cucreMsl B O, (—KoopauMHATaX
CHHXPOHHOW MAallIVHbI, TPEACTABICHHOMN MONHON cucTeMol audQepeHuanbHbiX ypaBHenuid [lapka—
I'opeBa. B ee cocTaB BKIIIOUEHBI YpaBHEHHs 3JIEKTPOMEXaHWYECKOTO JBIKEHHUsI POTOpa MAIIMHBI U
MIEPBUYHOTO JBUTATENs, a TAaKXKe ypaBHEHHS BO3OYIOMTENs W PETYIATOPOB. YPaBHEHHUS YYUTHIBAIOT
MHEPLUMOHHOCTh JUHAMMYECKUX PEKUMOB, OTPaHUYIEHHS 10 HEKOTOPBIM ITapaMeTpaM, OJHOCTOPOHHIOO
MPOBOANMOCTH AUOAHBIX M TUPUCTOPHBIX BO3OYIHUTENEH, JTIOTHKY pabOThl aBTOMAaTHKH.

[Iporpamma mo3BOJIIET paccUUTaTh HOPMAJIbHBIE M aBapUIHBIE PEKUMBI CHHXPOHHOM MAaIllUHBL, B
TOM 4YHCIE€ TpPH W3MEHEHHAX Harpy3KM Ha Bajly, HANpPsOHKEHWS M YacTOTBl B CHUCTEME, IpH
CUMMETPUYHBIX W HECUMMETPHYHBIX KOPOTKUX 3aMBIKAHHSAX B CETH, NPH TAIlICHUH IOJS CHHXPOHHON
MAIWHbI, PU HAPYIIEHNN CHHXPOHU3MAa W ACHHXPOHHOM XOJ€, IPH CAaMOCHHXPOHHM3ALNH MAaIIHMHBI C
CEThHIO.

1.2.2. TlporpamMma pacuera THHAMHYECKUX PEKHIMOB CHHXPOHHOT'O HJIH aCHHXPOHHOTO JIBHTATENIS

Ora mporpaMma - Marematudeckas Mojeib Tpexdasuoii cuctembl B A, B, C-KoopauHaTax
AJIEKTPOABUIATENS], TPEJCTABICHHOIO TOMHOW cucTeMoi nuddepeHnmansHpix ypaBHenui [lapka-
I'opeBa ¢ BHyTpeHHHMM IpeoOpa30BaHHEM KOOpAMHAT. B ee cocTaB BKIIOYEHBI YpaBHEHHSA CETH
JIEKTPOCHAOKEHUS, YPABHEHUSI IIEKTPOMEXAHNYECKOTO JIBIKEHNSI POTOPOB JIBUTATENS M IPHUBOIHOTO
MEXaHW3Ma, a TaKKe YPAaBHEHMS MOMEHTHOM XapaKTepHCTHKH mpuBona. [Iporpamma mo3Boisier
paccunTaTh ITyCKOBBIE PEXHMBI JBUTATEIsI W PEKUMBI TP KOPOTKHX 3aMBIKAHMSAX B CETH
AJIEKTPOCHAOKEHHS.

1.2.3. Ilporpamma pacyera NapaMeTpOB M TOKOBOH XapaKTEPHCTHKH SKBUBAJCHTHOIO
ACHHXPOHHOTO MJIM CHHXPOHHOTO JIBUTATEIIS

[lo xaTamoXHBIM IAaHHBIM TPYIIIBI ABUTATENEH (000N IO COCTaBy) OMPENENAIOTCS HMapaMeTps
CXEeM 3aMEIICHNs U TOKOBBIE XapaKTePUCTHKHU aABuTaTenel mpu tpexdasnsix K3 B pannanbHBIX BETBSX.



dopmupyroTcsi He0OXOIMMbIE MaCCHBBI IAHHBIX ITPU OIMHAKOBBIX PACUETHBIX YCIIOBHSX.

[o pacdyeTHbIM TaHHBIM JUIS BCEX JABUTATENIEH ONMpENeNsieTcsi cyMMapHasi TOKOBasl XapaKTEepUCTHKA,
a To ee TMapaMeTpaM - THIOBas KpWBas M3MEHEHUs MEePHOIMYECKON COCTABIISIONICH TOKA OT TPYIIIBI
JBUTATENICl W TapaMeTpbl SKBHBAJIEHTHOTO JIBUTATENs, COOTBETCTBYIOIIME KaTaJIOKHOMY CIHCKY
apaMeTpoB.

[lo mapameTpaM 3KBHBAJIEHTHOI'O ABHTraTess ONPEAENISIOTCS MapaMeTphl €ro CXeMbl 3aMELeHUs 1
TUTOBasl KpHUBass M3MEHEHUs TOKa IPHU KOPOTKOM 3aMBbIKaHMH, KOTOpas CPaBHMBAETCS C THUIIOBOM
KpUBOM M3MEHEHHUs TOKa OT Trpymmsl asurareneil. Kakx mnpaBuimo, KpuBbIE H3MEHEHHS TOKOB
MIPAaKTHYECKH COBIIAJAIOT, IO3TOMY HE TpeOyeTcs KOPPEKTUPOBKA IMapamMeTpOB CXEMBbl 3aMeleHHs
SKBHUBAJICHTHOT'O IBUTATEIS.

1.2.4. Tlporpammbl pacueTa IMapaMeTpoB CXEM 3aMelICHHS W CTaTHYECKUX XapaKTEePUCTHK
CHHXPOHHBIX W aCHHXPOHHBIX MAalllMH

[TapameTpbl cxeM 3aMeNIeHUss CHHXPOHHBIX T'€HEPAaTOPOB ONPENENSIOTCS 10 pa3pabOTaHHOM
Meroauke (¢ yueroM pexoMeHmanuii AO «DIeKTpocHia») NpH MUHHMAIBHOM CITHCKE KaTaJOXKHBIX
JIAHHBIX.

[TapameTpbl cxeM 3aMelleHHs CHUHXPOHHBIX M ACHHXPOHHBIX JBUTATeNell, MX CTaTUYeCKue
MOMEHTHBIE M TOKOBBIE XapaKTEPUCTUKU ONPENENAIOTCS B OCHOBHOM II0 MeToAuke JloHerkoro
TEXHHYECKOTO YHHMBEPCUTETAa C YUYETOM OINbITa, HAKOIUIEGHHOT0 B MOCKOBCKOM 3HEpPIreTHYECKOM
WUHCTHUTYTE U JAPYTHX OpraHU3alusX.

B cxemax 3ameleHus SBHOIOJIOCHBIX CHHXPOHHBIX JBUraTeliedl C HIMXTOBaHHBIM POTOPOM
YIHUTHIBAIOTCS JIBA KOHTYpa Ha POTOpe — OOMOTKA BO30YXK/IEHHS M ITyCKOBasi OOMOTKA.

B cxemax 3aMCIICHUSA HEABHOIIOJIIOCHBIX CHMHXPOHHBIX HBHFaTeJ’ICﬁ C IICJIbHOKOBAHHBIM POTOPOM
YIUTHIBAIOTCS TPH KOHTYpa Ha pOTOpe: OOMOTKAa BO30YXKIeHUs, nemrndepHas oOMOTKa (CTEpKHH) U
00uka poTopa.

B cxemax 3amelleHHs aCHHXPOHHBIX JBUTaTeled C IIIyOOKHMMHU Ta3aMu Ha potope 3¢dekt
BBITCCHCHHS TOKOB B IIA30BBIX CTCPIKHAX YUYUTBIBACTCS YHPOLICHHO C IMOMOLIBIO ABYX KOHTYPOB Ha
potope.

1.2.5. TIporpaMma pacuera IMHAMHUYECKUX PEXHUMOB JIEKTPONepeadt IIOCTOSHHOTO TOKA

[TapameTpbl cxeMBbl 3aMELIEHUS M PEXHUMOB ONPEAENAIOTCS € Y4eTOM KOd(DPHUIMEHTOB
TpaHchopmanuu npeodpa3oBaTeNbHbIX TPaHC(HOPMATOPOB, HAWACHHBIX PH HOPMAILHOM PEXKHME.

Pacuer pexxuMOB NPOU3BOJUTCS C YYETOM KOMIICHCHPYIOIIETO JACHCTBUSI KOHJICHCATOPHBIX Oarapeit
(GUIBTPOB BBHICIINX TAPMOHHK.

Pacyer  peXMMOB  NpPOM3BOAUTCA  NPU  33JaHHBIX  KOI(Q(UUIMEHTAX  PEryJIupOBaHUSL
npeoOpaszoBareneii ¢ KOHTPOJIEM YCTOWYMBOCTH PEryIMPOBAHUs, alepHOIMYECKON M KoedaTenbHOU
YCTOWYHMBOCTH 3JIEKTPOIEPEaun IIOCTOSIHHOTO TOKA.

VYuer perynupoBaHHs YIJIOB BKJIIOYEHHS THPHCTOPOB IpeoOpa3oBaTtenell MPOU3BOLUTCS METOIOM
MaJIBIX OTKJIOHEHHH Ha KaXIOM IIare YHCICHHOTO MHTErpUpPOBaHUA cUcTeMbl IuddepeHnnanbHbIX
YpaBHEHUIL.

KomMmyranmoHHble mporeccsl B IpeoOpa3oBaTeNsiX  YYUTBHIBAIOTCA HMX  HHTErPAJbHBIMH
XapaKTEePUCTUKAMH.

Ilepexoanble mpolecchl NMPHU KOPOTKHX 3aMBIKAHUSAX PACCUUTHIBAIOTCS C YYETOM B3aHMHOIO
BIMSHUS CETH IIEPEeMEHHOr0 TOKa M IpeoOpa3oBaTels, a Takke C Y4eTOM B3aMMOJACHCTBUA
9HEPrOCHCTEM, O0BEINHEHHBIX 3JIEKTPOINEpeiaueii TOCTOSHHOTO TOKA.
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3aMbIKaHUS

3.7. IlpuMeHeHne NpUHIKIIA HAJIOXKEHUS

3.8. [Ipumep cocraBicHUS U MPEOOPa3OBAHMSI CXEM 3aMEIICHUS

4. TlapaMeTphl 3JIEMEHTOB PACYETHBIX CXEM

4.1. Tlapamerpbl, HEOOXOIUMBIE JJIsl pacyeTa TOKOB KOPOTKOTO 3aMBIKaHHS

4.2. Meroauka onpenesieHus OTAEIbHBIX TapaMeTpOB

5. Pacuer TOKOB KOPOTKHMX 3aMBbIKaHHH B 3JEKTPOYCTAHOBKAX MEPEMEHHOrO TOKa HaIpsHKEHUEM
ceeie 1 kB

5.1. IlpuHUMaeMble AOMYIICHUS

5.2. PacueT HauajIbHOTO JIEHCTBYIOIIErO 3HAYCHUS IEPUOJUMUECKON COCTaBIAIONMIEH TOKa KOPOTKOro
3aMbIKaHUs

5.3. Pacuer aneproan4eckoi COCTaBIAIOMIEH TOKa KOPOTKOTO 3aMbIKaHUS

5.4. Pacder ymapHOro TOKa KOPOTKOT'O 3aMbIKaHUS

5.5. Pacder mnepHOAMYECKOM COCTABIISIIOIICH TOKAa KOPOTKOIO 3aMBbIKAaHUS Ul IPOU3BOJIBHOIO
MOMCHTAa BPEMEHU

5.6. Yuer CHUHXpOHHBIX M ACHHXPOHHBIX 3JEKTPOABHUraTeleld MpHU pacdere TOKOB KOPOTKOIO
3aMbIKAHUA

5.7. Y4er KOMIUIEKCHOU Harpy3Ku IIPU pacueTe TOKOB KOPOTKOI'O 3aMbIKaHUs

5.8. Yder BIMSHUS OSJIEKTpOIEpeNaydl WIM BCTABKM IIOCTOSIHHOIO TOKAa HA TOK KOPOTKOTO
3aMBIKaHUS B OOBEMHEHHBIX CHCTEMaX IepEMEHHOT0 TOKa

5.9. PacueT TOKOB IIpY HECUMMETPHYHBIX KOPOTKUX 3aMBIKaHHAX

5.10. Yder u3MeHeHHMA NapaMeTpOB KOPOTKO3aMKHYTOM IENM NpH pacdere TOKOB KOPOTKOTO
3aMbIKaHUS

5.11. IIpumepsl pacueToB TOKOB KOPOTKOTO 3aMbIKaHHS

6. PacueT TOKOB KOPOTKOTO 3aMBIKaHHs B 3JIEKTPOYCTAHOBKAaX MEPEMEHHOI0 TOKA HAMPsLKEHUEM JI0
1 xB

6.1. IlpuHMMaemMbIe TOMYIICHUS

6.2. Pacyer Ha4albHOrO 3HAYCHUS TIEPHOJMUYECKON COCTABIISIONICH TOKa TpeX(]a3HOro KOPOTKOro
3aMbIKAHUS

6.3. Merozpl pacueTa HECUMMETPUYHBIX KOPOTKUX 3aMblkaHUNA. COCTaBIEHHE CXEM 3aMEIICHHS

6.4. Pacuer aneprnoan9IecKkor COCTABIISAIOMIEH TOKa KOPOTKOTO 3aMBIKAaHUS

6.5. Pacuer ygapHOro Toka KOpOTKOTO 3aMbIKaHHS

6.6. Pacuer nepuoandeckoii cocrapistomeii Toka K3 11 npon3BoiapHOr0 MOMEHTa BpEMEHU

6.7. Yuer CHHXpOHHBIX M aCHHXPOHHBIX 3JIEKTpOABHUraTesel mpu pacuere TokoB K3

6.8. YdeTr KOMIUIEKCHOI Harpy3Ku IPH PacdeTax TOKOB KOPOTKOTO 3aMBIKaHHA

6.9. Yuer conpoTHUBICHUS dIEKTPHUUECKOMN Tyru

6.10. Yder n3MeHeHHs aKTUBHOT'O COIPOTHBIIEHUS IPOBOIHUKOB MIPU KOPOTKOM 3aMBIKAaHUU

6.11. IIpumepsl pacueToB TOKOB KOPOTKOTO 3aMBIKAHHS

7. Pacuer 5IEKTPOOMHAMMYECKOTO JEHCTBUSI TOKOB KOPOTKOTO 3aMBIKAHHMA M IPOBEpKa
JIEKTPOOOOPYIOBAHHS Ha HIEKTPOANHAMUYECKYIO CTOMKOCTD MPU KOPOTKUX 3aMBIKaHHAX

7.1. Obmmue nojaoKeHns

7.2. DNeKTponMnHAMHYECKHE CHIBI B JIEKTPOYCTAHOBKAX

7.3. TIpoBepka MIMHHBIX KOHCTPYKIMHA HA 3JEKTPOIMHAMUIECKYIO CTOMKOCTh

7.4. TIpoBepka THOKHX TOKOIPOBOIOB HA AIIEKTPOIMHAMHIECCKYIO CTOMKOCTH mipu K3

7.5. IlpoBepka 3JEKTPUYECKUX AallapaToB HA 3JIEKTPOAMHAMHUYECKYIO CTOMKOCTh NMPHU KOPOTKUX
3aMBIKaHUSIX

7.6. IlpuMepsl pacueToB MO MPOBEPKE AIIEKTPOOOOPYIOBAHUS HA IIIEKTPOTUHAMIIECKYIO CTOMKOCTD
TIPY KOPOTKUX 3aMBIKAHHAX

8. Pacuer Tepmmueckoro AEHCTBHS ~ TOKOB  KOPOTKOIO  3aMBIKAaHMS W  IPOBEpKa
3JIEKTPOOOOPYIOBAHHS HA TEPMHUYECKYIO CTOMKOCTB PH KOPOTKHUX 3aMBIKaHHUIX



8.1. O0mue monoKeHUS

8.2. Tepmmyeckoe AEHCTBHE TOKa KOPOTKOro 3amblkaHws. OmpenerneHuwe wHTerpana Jxoyms u
TEPMUYECKU SKBUBAJIICHTHOT'O TOKA KOPOTKOTO 3aMBIKaHUS

8.3. [IpoBepka MPOBOJHUKOB Ha TEPMUIECKYIO CTOMKOCTE TIPH KOPOTKHX 3aMBIKAHUSIX

8.4. [IpoBepka AIEKTPUYECKUX aIMMapaToB HA TEPMIUYECKYIO CTOHKOCTH MPH KOPOTKHUX 3aMBIKAaHUSIX

8.5. IlpuMepbl pacueToB IO IMPOBEPKE IJICKTPOOOOPYIOBAHHUS HA TEPMHUYCCKYI CTOHKOCTh TPH
KOPOTKHX 3aMBIKaHHUSX

9. [IpoBepka MEKTPUICCKUX AIMAPaTOB HA KOMMYTAIIHOHHYIO CIIOCOOHOCTh

9.1. O0mue noIoKeHns

9.2. IIpoBepka BHIKITIOYATENEH

9.3. IIpoBepka IUIaBKUX MpeAoXpaHuTeneit

9.4. IIpoBepka aBTOMaTHUECKUX BBIKIIIOUATENEH

10. ITpumenenne IBM 151 pacyeTa TOKOB KOPOTKOTO 3aMBIKaHHSI

[Ipunoxenus



