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Mertoanueckue ykazaHus pa3padoTaHbl
B cooTBeTcTBUH C TpedoBanussMu @PI'OC BO no HanpapiIeHHIO TOATOTOBKU
13.03.02 «DneKTpOoIHEPTETUKA U DIIEKTPOTEXHUKA))

ABTOop MuxeeB ['eopruii  MuxailJloBUY, JTOKTOp TEXHHYECKHX HAYK,
npodeccop kadenpsl TPaHCHOPTHO-IHEPTETUYECKUX CUCTEM

@UO, yuenasn cmenennv, yuenoe 36anue uiy 00IICHOCMb, HAUMEHOBAHUE KAGeopbl

Mertonuueckrne yka3aHus OAOOpPEHBI Ha 3acedaHuy Kadeapbl TPaHCIOPTHO-
sHepreTuyeckux cucteM (mporokon Ne 9 ot 22.05.2026 r.).

B Metoauueckux yKa3aHMSIX HU3JI0KEHBI METOJNOJIOTHS U METOJIMKA MOATOTOBKH
KYPCOBBIX IIPOEKTOB, a TakXke TpeOOBaHUS K MX O()OPMIIEHHUIO; JaHbl PEKOMEHIALUU
CTYJIEHTaM I10 UX 3alluTe.

Meronnueckue yKa3zaHHs IPEJHA3HAYEHBl JUII PYKOBOJWUTENEH KyPCOBBIX
MPOEKTOB, a TaKXKe I CTYJIEHTOB Bcex (opM oOydeHus, OOydaronuxcs I10
HanpaByieHu0 noarotoBku 13.03.02 «DOnexTpod’HEpreTnka M JJIEKTPOTEXHUKA» B
YebokcapckoMm UHCTUTYTE (purane) MoCKOBCKOTO MOJIMTEXHUYECKOTO YHUBEPCUTETA.
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BBEJAEHHUE

MeTtoauueckue yka3aHusi IpeHa3HauCHBI sl CTYI€HTOB, 00YYaIOIINXCs 1O
JUCHUIUIMHE «DJEKTPUUECKUE CTAHIIMK U MOJICTAHIIMMY BBIMOJIHSAIOMNUX KYpPCOBOU
poeKT B pazzeine “IIpoekTupoBaHue SIEKTPUUECKON YaCTH MOACTAHIUN .

[IpoekTupoBaHUe 3JIEKTPUUECKON YaCTH MOACTAHLMK MPEACTABISIET COOOM
CIIO’KHBIN, KOMIUIEKCHBIN MPOLIECC BHIPAOOTKU U MPUHATHUS PEIICHUHN MO CXeMaM
ANEKTPUUECKUX COCIMHEHHM, COCTAaBY 3JIEKTPOOOOPYOBAHUS U €0 Pa3MEUICHUIO,
CBSI3aHHBIN C BBIITOJIHEHUEM PACUYETOB, TOMCKOM IIPOCTPAHCTBEHHBIX KOMIIOHOBOK,
ontuMu3zanuenn ¢parMeHToB U o0bekTa B 1enoM. M3ydyenuwe mporiecca
MPOEKTUPOBAHUS TPEOYET 3HAHUS OCHOB U METOJIOB MPOEKTUPOBAHUS C IPUMEPAMU
Y CChUIKaMU Ha CIICIMAJIBHBIE U CIIPABOYHBIC U3/IaHUS [0 BCEM OCHOBHBIM pa3ieiaaM
IIPOEKTA.

L{enp KypcOBOIrO MPOEKTUPOBAHMS:

" CHCTEMaTU3MpPOBATh, 3aKPENHUTh W PACIIMPUTH TEOPETUYECKHE U
MPAKTUYECKHUE 3HAHUS U IPUBUTH YMEHUS IPUMEHATD 3TU 3HAHUS TIPH
pELIEHMN KOHKPETHBIX HAYYHBIX TEXHUYECKUX M SKOHOMHUYECKHX
3a/1ad4;

" pPa3BUTh HABBIKM CAMOCTOSATEIBHON padOTHI CTY/IEHTOB.

3amauell MPOEKTUPOBAHUS DJIEKTPUYECKOM YacTU MOJCTAHUUHN SIBISIETCS
CO3/IaHME HSKOHOMMYECKH 1IE€JIECOOOpa3HbIX BApUAHTOB CXEM IOJACTAHLUH,
o0ecrnieunBaroIIel He0OX0AMMOE KaUYeCTBO U HAJIEAKHOCTh JJIEKTPOCHAOKEHUSI BCEX
NOTpeOUTENECH.

KypcoBoii mpoekT ‘“OnekTpuyeckas 4YacTh MOJACTaHLUMMN — SBJSETCS
CaMOCTOATENbHOM  paboTOl  CTy/EHTa, BBIIOJHIEMOM TIOJI PYKOBOJACTBOM
npenojasareisi. B npouecce npoekTHpoBaHUs CTYNEHT MPOSIBISIET UHUIUATUBY B
PELICHUHN TEXHUYECKUX 3aJ]1a4, MOJYUYEHHBIX U3 PA3JIUYHbIX YUEOHBIX JAUCLMILIMH.
Kpome Toro, mpu BBIIIOJIHEHHH KYPCOBOT'O MPOEKTA CTYJEHT YCBAMBAET METOJUKY
MIPOEKTUPOBAHUS, YUUTCS pabOTaTh C TEXHUYECKOM M CIIPABOYHOM JIUTEPATYPOIl.

Jist oOnerdyeHuss pabOThl CTYJAEHTOB MpPH MPOECKTUPOBAHMHM B IMOCOOHH
NPUBEAEHBI HEOOXOAUMBIE CIIPABOYHbIE MaTepHasibl. B mpuoxxeHuu naH oOpaszer
3aJlaHus Ha KypCOBOE MPOEKTUPOBAHHE.

Meroanueckoe nmocoOue MpU3BaHO MPEAOCTABUTh CTYJAEHTaM BO3MOXHOCTb
CaMOCTOATEJIBHOTO BBINIOJHEHUSI KYPCOBOT'O IIPOEKTA, COAECPHKUT PEKOMEHIALNH T10
BBIMIOJIHEHUIO  pa3fesioB U OQOpMIIEHUIO paboThl, 3aJaHUid U  CIHCOK
ounbnuorpaduueCKrX NCTOYHUKOB.



1 OBIIUE YKA3AHUA

1.1 O6beM KYpCOBOIO NMPOEKTA

KypcoBoli MpoeKT BKIIIOYAET:

— BBIOOpP BapUAHTOB CTPYKTYPHOM CXEMBbI TIOJICTAHIIUA;

— BBIOOp  YHMClla, TUNA W  MOUIHOCTH  TpaHCPOPMATOPOB WU
aBTOTpaHCPOpMATOPOB MO TpaduKaM Harpy3Kd €3 YCIOBHM Harpy304HON
CIOCOOHOCTH TpaHCPOPMATOPOB;

— TEXHUKO-DKOHOMHUYECKUI pacyer BAPUAHTOB, CpaBHEHHE
paccMaTpUBaeMbIX BAPUAHTOB M0 TEXHUKO-3KOHOMUYECKUM MTOKA3aTENsAM;

— BBIOOp YMCJIAa OTXOMSIIMX JIMHWMA, BHIOOP CEUEHUS W MapKd MPOBOJIOB,
KaOeNbHBIX JJUHUHN, MPOBEPKY CEUCHUS MPOBOJIOB B aBAPUITHOM PEKUME;

— pacuet TokoB K3;

— 000CHOBaHHME HEOOXOJMMOCTH YCTAaHOBKH JIMHEHHBIX PEAKTOPOB, BBHIOOP
CEKLIMOHHBIX U TPYNIIOBBIX PEAKTOPOB, pacdyeT TOKOB K3 ¢ y4eToM CEKLIMOHHOIO
peakTopa, MpoBepKa BEIOPAHHBIX PEAKTOPOB;

— pacuerT KaOelnbHOM CETHM HM3KOIO HAaNpsyKEHUS M MPOBEPKY paboThI
Ka0eJIbHOM CETH B YCIIOBUSAX aBApUHHOTO PEXKUMA COTJIACHO 3aJJaHUIO;

— BBIOOp CXEMBbl DJJIGKTPOCHAOXKEHUST M MOIIHOCTH TpaHcpopmaTopa
COOCTBEHHBIX HYX];

— Be10OOp cxembl PY BH, PY CH u PY HH;

— BBIOOp MTPOBOJTHUKOB U alllapaToB: BBIKIIIOUATENEH; pa3beIMHUTEIICH; ITUH
PY BH, PY CH u PY HH; tpanchopmaTopoB Toka 1 Haps>KEHUS.

1.2. Ilopsimok opopMieHUsI KypPCOBOIO MPOEKTA

KypcoBoii mpoeKT BBIMOIHAETCS HA KOMIIBIOTEPE HA CTAHAAPTHBIX JTUCTax A4.
TekcT nmeyaraeTcs Ha OAHOM CTOpoHE JincTa. Ha cTpanuiie TOIKHO pacnosiaraTtbCs
28-30 cTpoK, Ka:Kkaast U3 KOTOPBIX coAep:KUT 60-65 3HaKO0B, BK/II0Yasi IPOOeEJIbI.
MexaycTpounbiii uaTepBata — 1,5, mpudt tekcra — 14 (Times New Roman), B
Tabannax - 12, B moacTtpounbix cHockax -10. Texct neyataercs CTPOYHBIMU
OykBamMH (KpOMeE 3arjiaBHBIX), BBIPDABHUBACTCS MO MIMPUHE C HCIOJIb30BAaHUEM
NIEPEHOCOB ¢0B. Ha TUTYJIBHOM JIMCTE HAIIUCh: KypCOBOM IIPOEKT revararoTes 18
mpugTom. IloguepkruBanue coB U BbIACTIEHUE UX KypPCUBOM BHYTPU caMOil pabOThI
He nonyckaercs. OIHAKO 3aroJIOBKM W MOJ3AaroJIOBKM IpPU I€YaTaHWU TEKCTa
MUCbMEHHOM palOThl BBIACISAIOTCS TMOJMY>KUPHBIM MIPUPTOM. AO3alHBIA OTCTYI
JIOJKEH COOTBETCTBOBATH 1,25 ¢M 1 ObITH OIMHAKOBBIM 1O BCel padoTe.

OpHueHTHUPOBOYHBIA 00BEM KYpCOBOTO MPOEKTA COCTaBIsAET 25-35 cTpaHuu.
B nanHbIil 00beM HE BXOAST NPUIOKEHHUS U CITUCOK MCTOJIb30BAHHBIX HICTOYHUKOB.
[To cornacoBanmio ¢ npenogaBaTenaeM 00bEM pabOThl MOKET ObITh YBEJIUYEH.

CtpaHulibl, Ha KOTOPBIX U3JIaraeTcs TEKCT, JOJKHBI UMETh 10JIs: JieBoe -30
MM, npasoe - 10 mm, BepxHee - 20 MM, HuKHee - 20 MM.

B tekcte pabotel «BBenenue», Ha3BaHue riaB, «3akimoueHue» U «Crnmcok



UCII0JIb30BAHHOM JIUTEPATYphD) NeyaTaroTcsl (HAUMHAIOTCS) C HOBOW CTPAHUIIBI.
PaccrosiHnue MexIy 3aroJloBKOM ¢ T0J3arojOBKOM, 3aroJIOBKOM H
MOCJIEYIOUUM TEKCTOM, MOJ3arojOBKOM W MPEABIAYIIUM TEKCTOM OTIENSIOT
JBYMS TTOJYTOPHBIMU MEXCTPOUYHBIMUA MHTEpPBAJIAMU, a MEX]y MOA3arojJOBKOM U
MOCJIETYIOUTUM TEKCTOM - OJJHUM MOy TOPHBIM MEXCTPOYHBIM UHTEPBAJIOM.

['aBbl MUCHMEHHBIX Pa0OT HYMEpYIOTCS apaOCKMMU LU(paMU U JOJKHBI
HAYMHATHCS C HOBOM cTpaHullsl (ucta). Homep rimaBwl cocTouT 3 uucna: 1, 2 u T.4.

3arosioBku (1MOJ3aroJIOBKM) pacroiaraloTcs EHTPUPOBAHHBIM (TMOCEPEANHE
TEKCTa) CIIOCOOOM.

CTpaHulbl MUCbMEHHBIX PAa0O0T J0JKHBI HMETh CKBO3HYI0O HYMepaluio
apadckumu mudpammu no Bcemy Tekcry. Homep cTpaHuubl mMpocTaB/siliOT B
BHHU3Y MOJIS CTPAHUIbI MO LHEHTPY 0e3 TOYKH B KOHme. IlepBoil crpanule
MHUCbMEHHON paboTHI SBJISIETCS TUTYJIBHBIN JUCT. OH He HyMepyeTca. B pabote
BTOPOM CTPAHULEH SBIIETCS COAEPKAHUE.

TUTYNBHBIN THCT TOJDKEH COAEpPKaTh HAUMEHOBAHHE YYEOHOTO 3aBE/ICHUS,
dbopmbl  00yueHus, 00O3HAUEHHE XapakTepa paboThl (KypcoBas), €€ Temy,
dbaMmnio, UMs, OTYECTBO BBIMOJHUBIIETO €€ CTYJIEHTa, HOMEP Kypca W TPYIIIIHI,
YUYEHYIO CTENEHb, JOJIKHOCTh MJIM YYEHOE 3BAHME HAYYHOTO PYKOBOJAMTENS, €ro
dbamunuio u uHunManel, rpadel «lara cmauny, «JlomyctuTh k 3ammre», «Jlara
3amuTh, «OIeHKa», MECTO U TOJ HAalTMCaHUs PabOTHI.

OrunaBiieHue pabOThI, KOTOPOE CIEAYET MOCIE TUTYJIBHOIO JIUCTA, JOJKHO
coJiep>KaTh HA3BaHUS AJIIEMEHTOB CTPYKTYPbl paOOThI U HOMEPA JIUCTOB, C KOTOPBIX
OHM HAUMHAIOTCA.

[Ipu MCMOTB30BAHUM JIUTEPATYPbl M IUTUPOBAHUM OTACIBHBIX HAyYHBIX
MOJIOKEHUN CTYIEHT 00513aH OCYUIECTBJISTh B CHOCKAaxX CChUIKM Ha aBTOPOB U
HMCTOYHUKH, OTKYyJa OH 3aMMCTBYeT MaTepuan ((pamMuiauss W WHULMAIBI aBTOPA,
Ha3BaHuEe pabOThl, MECTO W TOJ W3JaHMs, KOHKpPETHas CTpaHHIla, OTKyJa
3aMMCTBOBaHa wnMrTara). [Ipm 3TOM LMUTHpOBaHHWE [OIMYCKAaeTCAd TOJbKO B
OTPAaHUYECHHOM O0BEME, OMpPaBAAHHOM IIEIbI0 LHUTUPOBaHUA (111 0OOOCHOBAaHMS
aKTyaJbHOCTH PaccMaTpUBAEMOr0 BOMPOCA; AEMOHCTPALMU PA3IMYHbIX B3IJIAI0B,
CYILIECTBYIOIIMX B HAYKeE MO MPOo0OIeMaM TEMbI, MOATBEPKACHUS WIIH OTIPOBEPKEHHUS
BBIJIBUTAEMBIX CTYJICHTOM TE€3UCOB U T.I1.).

[IpssiMoe 1UTUpOBaHHE B TEKCTE 005S3aTETbHO OPOPMIISIETCS C TMOMOIIBIO
KaBbIueK. B ciryyae OyKBaJIbHOTO BOCIIPOU3BECHUS MOJOKEHUM HAYYHBIX TPYIOB
0e3 yka3zaHWsS Ha WX Ha3BaHUS M aBTOPOB KYpPCOBOTO NPOEKTa K 3allUTe HE
JOITY CKaeTCsl.

B cnucke ucnosib30BaHHBIX UCTOYHUKOB JIOJKHBI OBITh YKa3aHbl TOJIBKO TE
MaTepualibl, Ha KOTOPbIe UMEETCs CChUIKa (CHOCKA) B paboTe.

Ecim B KypcoBoil paboTe HMEIOTCA MNPUIOKEHUs, HX Heo0X0AUMO
pOHyMepoBaTh. Bce MMCThl KypcOBOro MpOEKTa JOJIKHBI ObITh MPOHYMEPOBAHBI.

Hywmepatus ctpanuil B KypcoBoid paboTe J0JIKHA ObITh CIUIOMIHONW. CTyIEHT
OTBEYAET 3a TPAMOTHOCTb U aKKYpPaTHOCTh OPOPMIIEHUSI KYpCOBOTO MPOEKTA.

Hanuune rpammarnyeckux, opporpaguieckux U MyHKTYaIIMOHHBIX OIMTHOO0K
6o HeOpexxHoe odopmiieHHe pabOThl  MOXKET TMOCIYXUTh NPUIHUHOU



HEYI0BJIETBOPUTEILHOMN OLICHKU PAOOTHI.

ITopsinok npeacTaBieHUs1 KYpCOBOI'0 IPOEKTA HA 3aILUTY

KypcoBoil npoekT, moAroToBjieHHasi CTYJEHTOM B OKOHYAaTEJIBbHOH (opme,
JOJDKHA OBITh IMpeAcTaBieHa JEJONPOU3BOAUTENI0 Kadeapsl B CIEAYIOLIEM
KOMILJIEKTE:

B MHCbMEHHON (hOpME B MPOLIUTOM, COPOIIIOPOBAHHOM MM CKPEIJICHHOM
BHzE — | dK3eMILIAp;

B JIEKTPOHHOI ¢opMe NMOCPeICTBOM HAINPABJIEHHS HA 3JIEKTPOHHbIM
NMOYTOBBI  aapec  KadeApbl  TPAHCHOPTHO-3HEPreTHYECKHX  CHCTEM
ttm@chebpolytech.ru— 1 3x3emmnisp.

Jlenonpous3BoAUTENb Kaeapbl MOCIE pEerucTpanuu (pakta ¥ JIaThl clayu
KYPCOBOI'O MPOEKTA MEPEAAET €€ ISl IPOBEPKH HAYUHBIM PYKOBOJIUTEIIEM.

Ilepenaya KypcoBOro IIpO€KTa B JJIEKTPOHHOH (opMe MOXKET ObITh
OCYLIECTBJIEHA ITyTEM HAIIPaBJIECHUS €€ CTYJEHTOM HENOCPEICTBEHHO HAYYHOMY
PYKOBOJMTEIIIO 10 MJIEKTPOHHOM MOYTE.

[locne mocTymiieHuss KypcOBOrO IIpoekTa Ha Kadeapy HayuyHBIN
PYKOBOJMTENb TPOBEPSIET €€ B TeueHWe |4 KaneHJapHbIX OHEH € MOMEHTa
NOCTYIJIEHUSI Ha Kadeapy, Mocie Yero BO3BPAIAET €€ ACIONPOU3BOJUTEIO CO
CBOMM OT3bIBOM. B OT3bIBE yKa3bIBAIOTCA CIEAYIOIINE MOJTOKEHUS:

— HaMMEHOBaHHE y4eOHOTo 3aBe/ieHus, kKadeapsl, Gopmbl 00yUEeHHUS;

— o003HaUeHUE XapakTepa paboThl (KypcoBas), €€ TEMY;

— (haMHIIMIO, UM, OTYECTBO BBIMOJHUBILETO €€ CTYJI€HTa, HOMEp Kypca U
TpYTIIbI,

— YUYEHYIO CTENEHb, JOJDKHOCTD WM YUYEHOE 3BAaHNE HAYYHOI'O PYKOBOJIUTEII,
ero (pamMIwInIo U UHUIUAIIBI;

— COOTBETCTBHUE IPE/ICTABICHHON KypCOBOTO POEKTa OOLIUM TPpeOOBAHUSM,
yKa3aHHBIM B HACTOAIIMX METOOUYECKUX YKa3aHHUS,

- yKa3aHHUE Ha MMEIOIIHECS B KYpCOBOM paboTe HelnocTaTKu (Kak 1o (opme,
TaK ¥ 10 COJIEPKAHUIO pabOThI), HE MPEMATCTBYIONIUE AOMYCKY pabOThI K 3aIIUTE;

— BBIBOJI O BO3MOKHOCTH JOIyCKa KYpCOBOI'0O MPOEKTA K 3allUTE.

B cnyuae ecnu nmocTaBieHHbIE HAyYHBIM PYKOBOAMTENIEM BOIPOCHI HE SICHBI
CTYJIEHTY, OH BIIPABE€ YTOUHUTh UX y HAYYHOTO PYKOBOJUTENS JINYHO BO BPEMSI €TI0
€KEHEISTTbHBIX KOHCYJIbTAIuK (IeXXYypCTB Ha Kadeape) uiu AUCTAaHIIMOHHO Yepes
AJIEKTPOHHYIO TOYTY.

B caywae QopmynaupoBaHus HaydHBIM ~pPYKOBOJMTEIEM BBIBOJA O
HEBO3MOKHOCTH JIOIyCKa KypCOBOIO NPOEKTa K 3allUTe, KypCOBOW MPOEKT
NOJJIEKUT IOATOTOBKE 3aHOBO C Y4YETOM 3aME4YaHUil, YKa3aHHBIX Hay4HbIM
PYKOBOJIMTENEM, W IOBTOPHOMY MPEACTABICHUID HAa 3alluTy B IMOPSJKE,
IPELYCMOTPEHHOM pazfenamu 3-5, TOMy K€ HAyYHOMY PYKOBOJUTEIIO.

IHopsinok 3a1MTHI KYPCOBOIO NMPOEKTA
3ammTa KypCOBOTO TMPOEKTa MOXKET MPOBOJUTHCS TOJBKO HAYYHOMY



PYKOBOJIUTEIIO.

3aiuTa KypcoBOro MpOeKTa MPOBOAUTCS B opMe, YCTAaHOBICHHOW HAYYHBIM
pykoBoaureneM. [Ipu ycTHoM (hopme 3auThl KypCcOBOTO MPOEKTA CTYAEHT JTO0HKEH
MOJATOTOBHUTH OTBETHI HA BOIPOCHI, [IOCTABJIEHHBIE €EMY HayYHBIM PYKOBOJIHUTEIEM B
PELEH3UH.

Hay4uHblil pyKOBOJUTEND BIIPABE MO CBOEMY YCMOTPEHHIO 331aBaTh CTYICHTY
JOTIOJTHUTENbHBIE BOIIPOCHI JIJ1s1 IPOBEPKU YPOBHS M KAYECTBA OCBOCHHUSI UM 3HAHUM
M0 TEeME KypCOBOrO TMPOEKTa, a TakkKe s JOMOJHUTEIBHOM MPOBEPKU
CaMOCTOSATENbHOCTH BBIMIOJHEHUSI KYPCOBOTO MPOEKTA.

[To uroram 3amUTHl HAYYHBIH PYKOBOJMUTENb OIPEACIISIECT, MOXKET JIU ObITh
3aIllMTa 3a4TEHa, WIH TpeOyeTcs MOBTOPHAS 3aLUTa.

[To utoram nepBoHavaIbHOM UK (B CITydae €€ Hey/1auu) MOBTOPHOU 3aIIUTHI
KYpPCOBOT'O MPOEKTA HAYYHBIM pyKOBOAUTENb CTABUT OTMETKY O 3aIIUTE KypCOBOIO
IIPOEKTa B 3aUYE€THON KHM)KKE CTYJEHTa, B BEIOMOCTH M Ha THUTYJHHOM JIHCTE
paboTHI.

Ilocuse 3amUTHI peneH3usi U KYPCOBO# NMPOEKT MOJJIeKUT CKAHUPOBAHUIO
CaMHMM CTYA€HTOM MW 3aJlJUBKe B JJIEKTPOHHYW HHG(OPMAIMOHHO-
oOpasoBareibHYyI0 cpeay (DuekTpoHHoe moprdoamno) UYedokcapckoro
HHCTUTYTA (puauana) MOCKOBCKOr0 MNOJMTEXHHUYECKOT0 YHHUBEPCHTETA IO
aapecy http://students.polytech21.ru/login.php, mocie dyero pabora B
NUCHbMEHHOU (hopMe NEPENAOTCS CTYACHTOM JIEJIONPOU3BOIUTEINIO JIJIsl XpPAaHEHHUS B
apxuse Ounmana.

1.3 TpeGoBanus k opopmiaenuro PII3 u rpadpuyeckoii yactu

Kypcosoii npoekT nomxeH umetb PI13 u rpaduueckyro yacts. PII3 nomxkna
MMETH CIEAYIOIIYIO CTPYKTYPY:

— TUTYJIbHBIN JIACT;

— WHIMBUAYAJbHOE 33JaHUE HA IIPOEKT;

— BBEJICHHUE;

— 8-10 ryaB ¢ U310KEHUEM OCHOBHBIX PE3YyJbTAaTOB padOTHI;

— 3aKJIFOYCHUE;

— CIHCOK COKpAIIICHUM;

— CIIHMCOK JINTEpaTyphl;

— OrJIaBJICHHE.

TuryabHbIi JucT. YKa3biBaeTcs kadeapa, Ha3BaHUE MPOEKTa, haMUIus U
WHULMAJBI CTYICHTa, TpyNna, pamMuins 1 THUIUAIbl PYKOBOJIUTEINS MPOEKTA, J1aTa.

Beenenue. Bo BBeieHUN JOMKHBI ObITH OTPAXKEHBI COBPEMEHHOE COCTOSIHHE
U aKTyaJIbHOCTh BHIOPAHHOM T€MBbI; HEOOXOAMMO KPaTKO AaTh OCTAHOBKY 3a/1a4H U
METO/IbI UX pellIeHus, CPOPMYIUPOBATH 1Ie)Ib TPOEKTUPOBaHUA. OOBbEM BBEICHUS —
He Ooiree 1-2 cTpaHwMIIL.

OcHOBHbIE _pe3yJibTaThl _padorbl. Bo Bcex rnaBax JOKHBI OBITh
IPEJICTaBICHbI Pe3yibTaThl padOThl COTJIACHO UCXOAHOrO 3ananus. Kaxgas rimasa
JOJDKHA 3aKaHYMBAThCS BBIBOJAAMM, B KOTOpPBIX B KpaTKoil ¢opme narorcs



http://students.polytech21.ru/login.php

pe3yabTaThl JAHHOTO 3Tana paboThl U KOHKPETU3UPYIOTCS 3a7aud U METOJbI MX
pelIeHns B OCJIEAYIOINX IT1aBax.

3akaouyenue. B 3akmioueHnn (QOpMynHpYIOTCS TJIaBHBIE BBIBOJBI TI0
pe3yibTaraM IpPOEKTUPOBAHUA. [IOpANOK KaKIOTrO NPEIIIOKEHUS 3aKIHOYEHUS
CJIEIIOLIMI: OCHOBHBIE PE3YyJbTaThl — OTJaya JJIs1 00yYarolerocs - Mojp3a s
DHEPIeTUKH,

Cnncok cokpameHuil. B 1aHHBIA CHUCOK BXOJAT T€ COKpALICHUS H
ab0peBUaTypbl, KOTOPHIE BCTPEUAIOTCS B IOSICHUTEIBHON 3aICKe.

Cuncok _gureparypbl. B choucok, ¢ ykazanuem OubOnnorpaduueckux
JAHHBIX, BKJIIOYAETCA JINTEPATYpa, HCIOJb3yeMasi IMPU PEIICHUH KOHKPETHBIX
3amay. Pexomenpyemas nuTeparypa MpeAcTaBlieHa B MHAMBUAYaJIbHOM OJaHKe-
3aIaHUU.

[TosicnuTenpHast 3amucka OGOPMIISIETCS B COOTBETCTBUU HOPMATHUBHBIM
nokymeHTam u tpedoBanusim ['OCT.

I'paduueckas 4acTh BHIMOJHSIETCS B COOTBETCTBUM ¢ TpeboBanusmu ['OCT,
ECK]/] na ognom sucte dopmata Al u AopKHa coaepkaTh OJHOJUHEUHYIO
ANEKTPUYECKYIO CXEMY MOJCTAHIUN.




2 BAPUAHTBI CTPYKTYPHOM CXEMbI IOACTAHIIUU

2.1 OOmme TpedGOBaHMA K CcXeMaM JJIEKTPHUYECKUX COeJIMHEeHUil
MOACTAHLMH

CxeMbl 3JIEKTPUYECKUX COCAUHEHUMN MOJCTAHIUN JOHKHBI YJIOBIETBOPSTH
CJIETyIOLIUM OCHOBHBIM TPEOOBAHUSIM:

- o0ecreyuTh HEOOXOJUMYIO MOIIHOCTh JJIEKTPOCHAOXKEHUS MOTpeduTteneit B
COOTBETCTBHUH CO CXEMaMU UX CETEH;

- obecrneunBaTh MPOCTOTY U  HAJEKHOCTh TPOU3BOJCTBA  OINEPATUBHBIX
MEPEKITIOYEHUH W BO3MOXKHOCTH MPOBEACHUS PEMOHTAa 3JIEKTPOOOOPYAOBAHUS B
0e30macHBIX IS TEpCOHANIa YCIOBHUSX, C TEPEepPhIBOM WM 03 TMepephiBa
AJIEKTPOCHAOKEHUSI TIOTPEOUTENICH, B 3aBUCUMOCTH OT CXEMbl WX CETeH u
TpeboBaHU K OecriepeOOMHOCTH JIEKTPOCHAOKEHUS;

- YIOBJIETBOPSATH TPEOOBAHUSIM YKOHOMUYHOCTH;

- HEOOXOANMO MPEAYCMATPUBATH BO3MOKHOCTh PACIIMPEHUSI YCTAHOBKHU.

Pa3paboTka cxeMbl SIEKTPUUECKUX COCAMHEHUN MOCTAHIIMN TPOU3BOIUTCS
Ha OCHOBAaHUU YTBEPKICHHOW CXEMbl pPa3BUTHA HHEPrOCHUCTEMBI M Yy4acTKa
MOCJEAHEN, K KOTOPOMY NMPUCOEAUHSETCS TaHHAs MOJICTAHIIUS, a TAKXKE C YUETOM
oOmelt U eIMHUYHON MOIIHOCTH YCTaHaBIIMBaeMbIX arperatoB. BwriOop Toi wiu
MHOM CXEMbl YCTAHOBKM HPOU3BOJUTCA IIYTEM TEXHUKO-3KOHOMHYECKOIO
CpaBHEHUSI BAPUAHTOB C YYETOM BBIIIECKA3aHHBIX U CIEAYIOMIUX TpeOOBaHUM.

a) HaNpsDKEHUs, HA KOTOPBIX BBLAACTCS DJEKTPOIHEPTHUsl CTAaHIUU, rpaduKu
Harpy3ku B pa0bouyuMe M BBIXOJIHBbIC JTHU Ha KaXKJIOM W3 HaNpsKEHUN (JICTHUH,
3UMHUNA, YUCJIO YaCOB MCMOJIb30BaHUSI MAaKCUMyMa, MaBOJIKOBBIN MEPUOJT); CXEMBbI
ceTel Y YUCJIO JIMHUM, OTXOISIINX OT MOACTAHIIUM HAa KaXXIOM HaNPSKEHUH,

0) TOKM KOPOTKUX 3aMbIKaHUM JIJIs1 K&XXA0r0 PY MOBBIINIEHHBIX HANIPSHKEHUH;
CIelUaJIbHbIE TPEOOBaHUSA K CXEME COCIMHEHUW B OTHOUIEHUM YCTOMYMBOCTH
napajieIbHOM paboThl; HEOOXOAMMOCTh CEKIIMOHUPOBAHMS CXEMbl U yCTAaHOBKHU
IIYHTUPYIOIIUX PEAKTOPOB, IPYTUX KOMIICHCUPYIOIMIUX YCTPOMCTB; TpeOOBaHUS K
peryJupoBaHuM HanpsbkeHuid Ha PY, TpeOoBaHus, BBITEKAIOIIUE W3 CHCTEMBI
IIPOTUBOABAPUMHON aBTOMATHKHU;

B) 3HaUC€HHUE HAUOOJbIIIEH MOITHOCTHU, KOTOPAsi MOKET ObITh MOTEpsIHA MPHU
OTKa3e B OTKJIIOYCHUHU WJIM TOBPEKIECHUHU JIOOOTO BBIKIIOUATess (B TOM YHUCIE
ITMHOCOEUHUTENBHOTO WU CEKIIMOHHOTO), JOMYCTUMOM 10 HAIMYUIO PE3EPBHOM
MOIITHOCTH B SHEPTOCHUCTEME U TI0 TPOIMTyCKaeMON CITOCOOHOCTH KaK JIMHUW BHYTPH
CHUCTEMbI, TaK U MEXKCHUCTEMHBIX CBS3€H, a TaKXe IO YCJIOBHUSM OOECTCUCHUS
O0ecnepeOOMHOCTH TETUIOCHA0KEHUS TTOTPEOUTEIICH;

r) cxema coenudeHus noxactaniuu (IIC) momxHa paspabarbiBaThCS IS
Ka)XJIOTO M3 ATAroOB Pa3BUTHUS I HOPMAJIbHBIX PEXKUMOB SKCIUTyaTalluud W s
PEXKUMOB IIPH BBIBOJIE OCHOBHOTO 000pynoBanus [1C B peMOHT uUiu pe3eps.

Bce BrllenepeuncieHHble HICXOHBIE TAHHBIE TAI0TCS pa3paboTUNKaMU CXEM
JIEKTPO- M TEIUIOCHAOXKEHMsI Il Kaxzaoro wu3 dtamnoB pasutus [IC u
HSHEPrOCUCTEMBI.
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[Tonnzurensubie 11C B 3aBUCUMOCTH OT MX Ha3HAYCHMS PA3ACIAIOTCS HA JBE
OCHOBHBIE T'PYNIbI: pallOHHBIE © MECTHOI'O 3HAYEHHS.

Paiionnbimu [1IC cumtatorca mowmnble [IC Hanpsbxkenuem 35 kB u Bbiie,
IIpeIHa3HAaYCHHbIE I HECKOJIBKMX IOTPEOUTENEeH pa3HOro XapakTepa, Ha OJHOM
WIN HECKOJIbKMX HanpsbkeHusX. [IC MecTHOro 3HauyeHus NnpeaHa3HayaroTcs Ui
AIIEKTPOCHAOKEHUSI B OCHOBHOM OJHOW WJIM HECKOJBbKUX OJHOPOJHBIX
NOTPEOUTENEH.

B 3aBucuMocTH OT nonoxeHus B anekrpuueckoit cucreme I[1C obeux rpynmn
MOTYT OBITh BBINOJIHEHBl KakK Y3JI0Bble, NpOXOoaHble, TynukoBele IIC Ha
OTBETBJIICHUAX. [IpM HaIW4YMM HECKOJIBKUX BAPUAHTOB CXEM, YJIOBIETBOPSIOLIUX
TpeOOBaHUSIM  HAJEKHOCTH, B TOM  4YMCIE  [EPEUMCICHHBIM  BBIIIE,
IIPEANIOYTUTENBHEN OTAACTCS:

- OoJsiee MPOCTOMY U SKOHOMMYHOMY BApUAHTY Kak [0 KOHEUHOM cXeMme, Tak
U TI0 dTalaM €€ pa3BUTHUS;

- BapUaHTYy, [0 KOTOPOMY TpeOyeTCss HauMEHbIIEe KOJIMYECTBO ONEpalui C
BBIKJTIOUATESIMU W pa3beIUHUTENSIMU PY MOBBIIEHHOr0 HaNpsOKEHUs MpU
OINEPATUBHBIX MEPEKIIIOUCHHUSIX.

2.2. CTpYKTYpHBbIE CXeMbI OACTAHIM A

['maBubie cxembl [IC BbIOMpalOTCS HAa OCHOBAaHUM CXEMBI Pa3BUTHS
HYHEPTrOCUCTEMBI UITU CXEMBI AJIEKTPOCHAOKEHUSI.

Crpykrypubie cxembl [IC m3o6paxensr Ha puc.3.1. Ha TIC 35 - 750 kB
O0OBIYHO YCTAaHABIMBAIOTCS OJWH WJIU JABa TpaHchopMaropa.

[Ipy mOCTEMEHHOM pOCTE€ HArpy3kKH JOMYCKaeTcsl YCTAHOBKA OJIHOTO
TpaHchopMaTopa Ha HAYaJIbHBIA TMEPHOJI IKCIUTyaTalluu, €CIM O00ecredrnBaeTCs
pe3epBUPOBAHUE TMUTAHUS TOTPEOUTENEH MO CETSIM CPEAHEro W HU3IIErOo
HanpspbkeHuil. YcraHoBka ojHoro tpancdopmaropa Ha IIC nmomyckaercs, ecnu
obecrnieunBaeTcsi  TpeOyemass  CTyleHb  HAJEXKHOCTH  DJIEKTPOCHAOXKEHUS
NOTpeOuTENEH.

AnmapaTel ¥ NpOBOAHUKU B 1ensx TpancopmaropoB IIC gomxHbl ObITH
paccuuTaHbl 0 HOMUHAJIBLHOMY TOKY, TOKY Meperpy3ku u Toky K3 Ha ycTaHOBKY
Oojiee MONIHBIX TpaHchHOPMATOPOB CIEAYyIOMEH MO CTaHJAPTHOM IIIKaje
HOMHUHAJIBHOU MOITHOCTH. BriO0op anmaparoB u npoBoaHukoB [1C mpousBoautcs ¢
Y4E€TOM Harpy304HOM ClIOCOOHOCTH OCHOBHOTO 00OPY/I0BAHMUS.

VYcranaBnuBaroTcs  TpaHcGopMaTopel M aBTOTpaHCcPoOpMaTopsl  CO
BCTPOCHHBIM PETYJHUPOBAHUEM HAMPSKEHUSI O] Harpy3koil. [lomonHuTenbHas
YCTAaHOBKA JIMHEHHBIX PETYJIMPOBOYHBIX TpaHCHOPMATOPOB MJII HE3aBUCHMOTO
PETYIMPOBAHUS HAMPSHKEHUS B PA3IMYHBIX CETAX TpeOyeT 000CHOBAHUM.
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Puc.2.1 CtpykTypHBIE CXEMBbI HOJICTAHIINI
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OTkJtOYeHHE JUHUK JOJDKHO TIPOM3BOJAUTCA He Oornee 4YeM JABYMs
BBIKJTIOUATENsiMU, TpaHcpopmaTopoB 10 500 xB He Oonee dem dYeThpbMs, a
tpanchopmaropoB 750 kB He Gonee yem Tpems BHIKIIOYATENsIMH B PY omHOTO
HaNpSHKEHUS.

[1C pensiTcst Ha TYNUKOBBIE, OTBETBUTEIIbHBIC, TPOXOIHBIE U Y3JIOBBIE:

- tynukoBas [IC »sto IIC mnomyuwaromass 3JEKTPOIHEPTHUIO OT OJHOU
AJIEKTPOYCTAHOBKH IO OJHOM WJIM HECKOJIBKAM MapaJjICIbHbIM JIMHUSAM.

- mpoxogHas I[IC BkiroyaeTcs B pacceyky OJHOM WM JBYX JIMHHM C
JBYCTOPOHHUM WJIM OJJHOCTOPOHHUM IHTAHUEM.

- otBeTBUTENbHA [IC mpucoeaMHAECTCS TIyXOMl OTHAMKOW K OJHOW WU
JBYMSI IPOXOSIIINM JIMHUSIM.

- y3noBas [1C ato I[1C, k KoTOpOi1 nprcoeaArHsIETCS O0ee ABYX JIMHHMA
MUTAIOIINE CETH, MPUXOISIIUX OT JBYX UK O0JIee JIEKTPOYCTAHOBOK.
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3 BLIGOP TPAHC®OPMATOPOB
3.1 IlepeBox CyTOYHBIX rPaPUKOB NOTPeOJIeHUA MOITHOCTH

[1pu U3BECTHOM aKTUBHOM MaKCHUMaIbHON MOIITHOCTH HArpy3ku ( P, ) MOYKHO

ax
NEepPEeBECTU TUMIOBOM TpauK B rpaduk HArpy3KH JAaHHOTO MOTPEOUTEINS, UCTIOIb3YS
COOTHOIICHHMSI JIJIsl KAXKJI0M CTyrneHu rpaduka:
_ n%
“100% ™
rae n% — opauHaTa COOTBETCTBYIOIICH CTYNEeHU TUIIOBOTO Tpaduka, P

cm

3.1)

aKTUBHAsl MOIIIHOCTh COOTBETCTBYIOLIEH cTynieHu, MBm; P — akTUBHas

% 7 max

MaKcUMaJibHasi MOIIHOCTh Harpy3ku MBm.
JHanee mpeoOpasyem rpaduku MOTpeOJICHUSI aKTUBHONM MOITHOCTH IO CETH
HH u CH B rpaduku nogHOM MOITHOCTH.
Se . , (3.2)
CoS @
rae S, — MOoJHas MOIIHOCTh COOTBETCTBYIOIIEW crtyneHu, MB-A; cos@ —

KO3 UIIMEHT MOIITHOCTH. t,4
Hanpumep 3anansl rpaduku:

” %
100 100 1T
20 50 |
SHhE I
40 40
neTo
2I:I . N EIEE S - - = . . E— 20
4 3 12 16 20 24 tu 4 8 1216 20 24 44
a) cetb HH 0) cetb CH
Puc. 3.1 Cyrounsle rpaduku noTpeOdIeHUus] aKkTUBHON MOIIHOCTH (B % OT
Fo)

JlonycTuMm 3a1aHbI:

P.. ., =100MBm, cos¢p =0,85
P ... =45MBm, cosp=0,87
Cornacuao ¢opmysr (3.1):
7utst 3uMHero rpaguka Puc. 3.1 a): mutst 3uMHero rpaduka Puc. 3.1 6):
6 = >0% -45=22,5 MBm; P. = 70% -100=70 MBm;
100% 100%
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0o V]
6+18 70% +45=31,5 MBm; 6+12 0% -100=90 MBm;
100% 100%
0 V]
P =w-45:45 MBm; ta =%-100=100 MBm;
100% 100%
V] V]
P, :M-45:31,5 MBm; P, :M-IOO:% MBm;
100% 100%
0
P...= % -100=100 MBm;
V]
0
P, = —I’Z)(Z)j; -100=70 MBm,;
0
1uist ietHero rpaduka Puc. 3.1 a): st netHero rpaduka Puc. 3.1 6):
0 V]
2 oa = 30% -45=13,5 MBm; P, = 00% -100=60 MBm;
100% 100%
(V)
P .= % -100=90 MBm;
0
0
P, = 00% 100=60 MBm.
100%

Ha ocHOBaHMM pacueToB nOCTpOMM TrpaduKu MOTpeOJICHUs aKTHBHOU
MOIIIHOCTH:

F_oweT 45 5

£ 100
45 100 o
31,5 80 =3 i
25 - R R R rE—
=] -5 B0
40
135
I ol b e 20
4 8 1216 20 24tm 4 & 1216 20 24tu
a) cetb HH 0) cetb CH

Puc. 3.2 Cyrounsie rpaduku noTpedieHs] aKTUBHON MOIITHOCTH

Jlanee mnepeBoauMm rpaduKud aKTUBHOM B TpaduKH TMOJTHOW MOIIHOCTH.
Cornacuo ¢opmyisi (3.2):

7utst 3uMHero rpaguka Puc. 3.1 a): mutst 3uMHero rpaduka Puc. 3.1 0):
22
Soee = 0 D _ 25,86 MB- 4; A\ -0 =82,35 MB- 4;

M b
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S —31’5=36,2 MB - 4; S :9—::105,88 MB - 4;

6+12

6+18 0,87 0, 5
1800 = ﬁ =51,72 MB- A, S = m =117,65 MB - 4;
, 0,85
31,5 90
0 = - =362 MB - 4 Sie =——=10588 MB - 4;
, 0,85
100

16+18

S =——=117,65 MB - 4;
0,85

:ﬂ=82,35 MB - 4;
0,85

b

18+24

1uist ietHero rpaduka Puc. 3.1 a): st netHero rpaduka Puc. 3.1 6):
ias = 13—’5 =15,52 MB - 4; A ﬂ =70,6 MB- A4;
' ; 0,85
Sag = 20 _ 105,88 MB - 4;
60

18+24

=——="70,6 MB- A.
0,85

b

Ha ocHoBanuu pacdeToB mOCTpouM TrpaduKu MOTPEeOJCHUs aKTUBHOU
MOIIHOCTH:

S, | MB-A 51,7 S, | ME-A 117 B5
4 10588 [ |
36,2 i i

25 — ED NN BN - — | R —

T " 708

40
1551
il el b s sl sl 20
4 & 12 16 20 24tu 4 8 12 16 20 24ty
a) cetb HH 0) cetp CH

Puc. 3.3 Cyrtounsbie rpaduku noTpeOICHUS MOTHOW MOIITHOCTH

3.2 Bb10op cWI0BBIX TPAHC(POPMATOPOB NMOACTAHIUI

Br16op uncia tpanchopmaTopon
Bricokas HameXHOCTh TpaHC(HOPMATOPOB MO3BOJSET OOXOAUTCS WX

MHUHUMAJIBHBIM PE3CPBUPOBAHUCM U IIO3TOMY A 3aJdHHBIX YCJ'IOBI/II\/JI
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BBIOMPAIOT TpaHC(hHOPMATOPhI MpeAebHON MOILIHOCTH. B mepByto ouepenb
paccMaTpHUBAIOT BO3MOXKHOCTh YCTAaHOBKH TpeX(a3HbIX TPaHCHOPMATOPOB H
TOJABKO TMpPHU TPAHCIOPTHBIX OTPAaHUYEHUAX WIM TPU OTCYTCTBUH

HEOOXOJMMBIX TIO0 MapaMeTpaM TpexX(aszHbIX THUIIOPa3MEPOB JOIYCKACTCS

YCTaHOBKA TPYMIIOBBIX TpaHC(HOPMATOPOB WU ApOOJIEHWE MOIIHOCTH Ha

HECKOJIbKO TPAaHC(OPMATOPOB.

3HaYuTENbHbIE SKOHOMUYECKHE TPEUMYIIIECTBA Ial0T aBTOTPAaHC(HOPMATOPHI,
HO TpPU HMX HCIOJIB30BAHUU CIEIYyEeT IMOMHUTh, YTO aBTOTpaHC(HOpPMATOpPHBIE
OOMOTKM HE JOJDKHBI TIPUMEHSTHCA B CETAX C M3OJUPOBAHHOM WM
KOMIICHCUPOBAHHOW HEUTPAIBIO.

JI1s1 He3aBUCUMOTO PETYJIMPOBAHMS HAIPSKEHUS HA BBICOKOM CTOPOHE KaK
TpaHchOpPMAaTOPhl CBSI3M CTAaHIUMN Tak M TpaHCHOPMATOPHI MOJCTAHIUN JOJHKHBI
nmeThb PITH.

Br100p MOIIHOCTHY ¥ THHIA TPaHCHOPMATOPOB.

Ota npoleypa COCTOUT U3 TPEX OINepalui:

- ompeferneHre HauboJiee 3arpy:KeHHOro MNPOAODKUTENIBHOIO peKuMa
paboThI TpaHC(HOPMATOPOB;

- BEIOOp HOMUHAJILHOM MOITHOCTH TPaHC(HOPMATOPOB;

- MPOBEPKa X HOMUHAJIBHOM MOIITHOCTH HA CUCTEMATHYECKYIO U aBApUNHYIO
neperpysky o I'OCT 14209-85.

Onpenenenue Haubosiee  3arpy»KEHHOTO  MPOJIOJDKUTENBHOIO  pexuMa
paboThL.

3HaueHne MOLIHOCTU MEPEeTOKa yepe3 TpaHCcPopMaTOphl U €€ HalpaBleHUE
ONpeNeNnsieTcss B KaXJOM KOHKPETHOM Clly4ae [0 CTPYKTYPHOM cXeme
AJIEKTPOYCTAaHOBKH.

JJ1st 3TOTO CTPOSITCS CYTOUHBIE TPAPUKH JIJIs1 3MMHETO U JIETHETO CE30HOB T10
oTpacisM npoMebliuieHHOCTH. [locie yero crpoutcs rpa@uk nepeToka MOLUTHOCTH
yepe3 TpaHcPopMaTOphl (CaMbIH TAKEIBIA PEKUM).

W nns rpaduka neperoka paccuMTHIBAETCS 3HAYEHHE CPEIHEKBAAPATUYHOM
MOIIHOCTH:

S*t, +S2t, +...+S°t
Scp,KB — 1" 272 n-n , (33)
t,+t, +.+t,

rae:  Si, Sy, ..., Sy —3HaUYEHUS HArpy3KHU HAa Pa3JIMYHBIX CTYIEHAX 3aJaHHOTO
rpaduka;
t1, to, ..., tn — JIIUTEIBHOCTH DTUX HArpy30K.

I'paduku Harpy30k npeacTaBieHbl B MHIUBUAYAIbHOM OJIaHKE-3aIaHUH.

Bp100p HOMHHAJILHOM MOIIIHOCTH TPAaHC(HOPMATOPOB.

HomunanbpHast MOITHOCTH TPaHCHOPMATOPOB  Syowr. BBIOHpAETCS MO
CIIPABOYHOM JIMTEPATYPE U3 YCIOBUSA:

SCp.KB
Sonr. 2 N (3.4)

rae: N — 4uciio ycTaHaBIMBAaeMbIX TPaHC(POPMATOPOB;
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Ecnu npu oTKIII04eHNN 0JHOr0 TpaHchopmaTopa, OCTaBIINECS HArPY>KaIOTCs
CBBIIIE 2S;0m 1., MOITHOCTH BEIOPAaHHBIX TPAHC(HOPMATOPOB CIEAYET YBEIUUUTb.

[IpoBepka HOMHUHATBHOU MOIITHOCTH TparcdopmatopoB mo 'OCT 14209-85.

Meroanueckoe mocoOue HU3JI0KEHO B YKA3aHHOM CTaHAAPTE M UCIOJIb3YET
CJIEIYIOIIUE TTOHSTHS.

Lonycmumas nepecpysku. PeXUM BBI3BIBAIOIINI YCKOPEHHOE CTapeHHE U
W3HOC M30JISI1MM, Ha3bIBaeTCs neperpy3koil. Eciau mpu meperpyske Temieparypa
HamOoJiee HarpeTod TOYKM B TpaHCHOpMATOpe HE MPEBOCXOJIUT OMACHOTO
3HAUEHHUSA, TO TMEperpy3ka CUUTAETCS AOMyCTUMOM. JlomycTUMBbIE Meperpy3Ku
MOJIPA3/IECTSIOTCS HA CUCTEMATHUECKUE U aBapUilHbIE.

Cucmemamuueckue nepezpysxku. CO3HATENBHO 3aKIJIQJBIBAIOTCS B PEXKUM
SKCIUTyaTali TpaHcdopmaropa, HO JeNaeTrcss 3TO TaK, YTO B COYETAHHH C
OCTaJIbHOM HAarpy3KoW M3HOC M3OJSIMU 32 YCTAHOBIIEHHOE BpeMs (CyTKH, MECHII],
roj) OCTaeTCsd HOMHUHAJIBHBIM. [IpM TpaBUIBHO BBIOPAHHBIX CHUCTEMATHYECKHUX
neperpy3kax  MOBBILIEHHBIA HW3HOC HM30MSUMM B  MEpUOi  MEpPerpys3Ku
KOMIICHCUPYETCSl €€ HEJOWCIOIb30BAHUEM B MEpHOJ Henorpysku. llpu stom
MaKcUMalibHasi Harpy3ka TpanchopmaTopa He J0JKHA MPEeBbIaTh 1,5 Syou.

Asapuiinvle nepecpy3ku. BBI3BIBAIOT YCKOPEHHBIA HM3HOC W3OJSIIAM U
JIOMYCKAIOTCA Ha KOPOTKOE BpEMsl B MCKIIIOUUTENBHBIX Clydasx. MakcuMmalnbHas
Harpy3ka TpaHcopMaTopa He JoJbKHAa mpeBblmath 2,0 Sy Jomyctumas
MPOJOJKUTEIPHOCTh ABAPUMHOM TMEpPErpy3KH OMNPEACISIETCS MO MPEIeTbHON
JIOTyCKaeMoOil TemrmepaType Haubosiee Harperodl TOYKM B TpaHchopmarope
(meperpy3ky CHHMalOT, Korga odTa Temneparypa gocruraer 160°C s
TpaHc(hOpPMAaTOPOB C HOMUHAIBHBIM Hampspkenuem 110 110 kB BximtouuTenbHO U
140°C nnsa manpsoxenus soime 110 xB).

OKeusaneHmuas memnepamypa okpyxicaioujeli cpedul. Temneparypa Bo3ayxa
HEIPEPHIBHO M3MEHSAETCS, COOTBETCTBEHHO M3MEHSETCS M TeMIlepaTypa 0OMOTOK
TpaHcpopMaropa Aaxke MPU MNOCTOSSHHOM Harpy3ke. UToObl 3TO BJIUSHHE Ha
M30JISIUI0 YYECTh, BBOJIAT B pacyeT IMOHSTHE HKBHBAJICHTHOM TEMIIEPATypHhI.
DOKBUBAJICHTHAs TeMIeparypa — 3TO HEKOTOpas MOCTOSHHAs TeMIeparypa Mpu
KOTOPOM M3HOC M30JIALIMH MOJMYyYaeTCs TAKOM ke KaK B JICHCTBUTENIbHBIX YCIOBUIX
MpY U3MEHSIOLIEHUCS TEMIIEPATyPE.

Ecnu Tpancdopmatop nporyckaeT NoCTOSHHO HOMUHAIBHY0 MOUTHOCTb ITPH
HOMUHAJIBHBIX YCJIOBUSAX (HOMUHAJIBHOE HaNpsDKEHUE, 4acToTa, TeMIleparypa
OKpYy’XKarolllel cpeabpl) TO CPOK €ro CiyXObl COOTBETCTBYET AIKOHOMUYECKU
nenecoodbpasnomy. Ho B geiicTBuTenpbHOCTH TpaHChOpPMATOpPhl pabOTalOT B
YCJIOBUSX OTIMYHBIX OT HOMUHAJIBHBIX, UX HAarpy3Ka U3MEHSETCS B TEUCHUU CyTOK
U TOJla, TAaKXKE€ HE IOCTOSIHHA WU TEMIepaTypa OKpYKarolled cpeabl, BCE 3TO
MPUBOJUT K HEPABHOMEPHOW BBIpabOTKE pecypca TpaHchopmartopa. Ecimm mpu
BbIOOpE TpaHchopMaTopa pyKOBOJICTBOBATHCS TOJBKO HOMUHAJIBHONW MOIIHOCTBIO,
TO OHM OKAa3bIBAIOTCS  HEJOUCIIONB30BAHBI M  T03TOMY HOPMATHUBHBIMU
JIOKyMEHTaMU pa3pelleHbl CUCTEMAaTUYECKUE NIEPETPYy3KH.

Meronuka mpoBepku TpaHchopmaropoB 1o ['OCT 14209 - 85
pacmpocTpaHsieTcss Ha CUJIOBBIE MAcCHsSHbIE TPaHCPOPMATOPHI C CUCTEMaMHU
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oxnaxaenus M, JI, JAIl, II mommuocthto g0 100 MBA BKIIOUMTEIBHO |
UCIIOJIB3YyeTCSl KAk TMpPU  MPOSKTUPOBAHWUM, TaK MW TPU  OKCIUTyaTaIluu
AIEKTPOYCTAHOBOK.

B KypcoBOM MpPOEKTHPOBAHWM 3Ta METOJHMKA MPUMEHSETCS IS MPOBEPKH
BBIOpaHHBIX TPaHC(HOPMATOPOB U JISI HEE MCIOJIB3YIOTCS CIEIYIONIUE UCXOJIHbIC
JTAHHBIC:

- HOMHUHAJIbHAS MOIIHOCTH TPAHCHOPMATOPOB M THI CHCTEMBI HX
OXJIQXKICHUS;

- rpaduK Harpy3Kku (epeToka MOITHOCTH );

- HKBUBAJICHTHAs TEMIIEPATypa OXJIAKIAIONIEH CPEIbl.

[IpoBepka HOMHHAIBHOW MONIIHOCTH TpaHCc()OpMaTOpOB OCHOBaHa Ha
npeo0pa3oBaHUU peabHOrO rpadrka Harpy3ku B SKBUBAJICHTHBINA MO TEIUIOBOMY
JEUCTBUIO IBYXCTyTNeHuYaThlil rpaduk (puc 3.4). B mpeoOpazoBaHuM UCTIONB3YIOTCA
cieayronme Ko3OPuIrueHTsl:

K = Soxs1/Skon — K0P PUIIUEHT HAUAIBHOU HATPY3KHU;

K> = Soxs2/Skon — KOIDPULIHEHT HEpETPy3KH;

Kimax = Smax/Suom — KO3QPUIMEHT MaKCUMaTbHOW HArpy3KH,

OKBHUBAJICHTHBIE MOIIMHOCTH Su1 U Saxsr ONpenenstoTes no dopmyiie (3.3)
COOTBETCTBCHHO ISl YYAaCTKOB HayaJdbHOW HArpy3Kd W Teperpysku. Ecmu s
BBIOpaHHOTO TpaHchopMaTopa 3aJaHHbIA TpaduK CO31a€T HECKOIBKO YYaCTKOB
neperpy3ku, TO MPHU ONPEACICHUH Y4acTKa CHUCTEMAaTHYeCKOW IMeperpysku t; Ha
TOM Tpaduke BBHIOMpPAETCS YYACTOK HAWOOJNbIIEH MEepPErpy3Kd, a €Clu Ha 3TOM
y4acTKE BCTPEYAIOTCS MHTEPBAJIBI HATPY3KU MEHBIIE Syoy OHU BCE PaBHO HIYT B
pacuer kodddurnmenta K,. Ilo Bceil ocrambHOM uYacTu rpaduka ompenemnsercs
koaddurmenT HavanpHOM Harpy3ku K;. [locne pacuera xosddummentor K, K
MPOU3BOIUTCS TIPOBEpPKA MPEOOpa3oBaHUS U TMPU HEOOXOIUMOCTH KOPPEKIIHS
nByxcrynenyatoro rpaduka. Cuwurtaercd, uyto npu K,>0,9Kn.« obecrneuena
YAOBJIETBOPUTEIbHAS TOYHOCTH MpeoOpa3zoBanus, a npu K,<0,9K .« TpousBoauTes
KOPPEKTUPOBKA, TO €CTh BMECTO pacueTHOTO 3HaueHus K, mnpuHUMaercs
K»=0,9K nax IEpECUUTHIBAETCSA BPEMS ITEPETPY3KH.

3aTeM, To mapamMerpaM TpaHcpopMaTopa U 3HAYEHUIO IKBUBAJICHTHOMU
TOJIOBOM TeMITepaTyphl U3 TaOIHI] CHCTEMAaTHYECKHX TIEPETPY30K OIMyOIMKOBAHHBIX
B [9] BbIOMpaeTcs HeoOXoaumas TabiMila W3 KOTOpod Mo 3HaueHusM K, t;
HAXOJIUTCS MPEIETbHO JOMYCTUMBINA KOI(P(PUIIUEHT CUCTEMATUIECKOMN MEeperpy3Ku
Konp. Ha 0OCHOBaHMM 3THX JAHHBIX JENIAI0T CIIEIYIOIINE BHIBOIBI.

I[Ipu Ky<Ky,, TpanchopMaTopsl MNPUHUMAIOTCS K  YCTaHOBKE B
MPOCKTUPYEMYIO CTAHIIMIO, & TIPH HECOOJIIOJCHUHM JTOTO YCIOBUS BBIOMPAIOTCS
OOJBITICH MOIITHOCTH.

Ecnu okazanocs 1,5 <Kyyp < 2,0 1 ipu 3ToM Ko<Kopp, Tpanchopmatop Oyaer
MIpU 3aJlaHHOM rpaduke padoTaTh B pKUME CUCTEMATHUECKON NIEPErpy3KHu, HO JIJIst
€ro OJKCcIulyatanuu  TpeOyeTcss  pas3pelieHue 3aBojia  M3roTroBuTeNs. B
MIPOCKTUPOBAHUH 3TOT PEKUM HUCKITFOUACTCH.
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Puc.3.4. [IpeoOpa3zoBaHue 3a1aHHOTO IpaduKa HArPy3KH (a) B SKBUBAJICHTHBIM
JBYyXCTyTeH4YaThi (0).
, kXt

Y= 09K ) (3-5)

Ecnu npu oTKIII04eHH 0AHOTO TpaHchopMaTopa CBsI3H (aBAPUNHBIN PEXKUM)
okazanock K,>2,0 skcrunyaranus TpancopmaTopa He A0MyCKAETCS.

[Ipu BBIOOpE TUIIA CUIIOBOTO TpaHCPOpPMATOpa HEOOXOIUMO YUUTHIBATh, YTO
ecni  Tpaduk  Harpy3ku TpaHchopMaropa HEpaBHOMEPHBIA, HEOOXOIUMO
MPEIyCMOTPETh YCTAaHOBKY PETYJMpPOBaHUs HampsbkeHus noj Harpyskoi (PITH).
[Tpu paBHOMEpPHOM rpaduKe HArpy3KH 3TO YCIOBHUE HE 0053aTEIBHO.

Taxkxe mpeoOpa3oBaHue 3aJaHHOTO rpaduka Harpy3kd B SKBUBAJICHTHBIN
JBYXCTYIIEHYAThId MOXHO BBITIOJIHSTH B CJIEYIOIIEH NTOCIEN0BATEIBHOCTH:

1. mpoBecTH Ha 3aJaHHOM TpapuKe TOPU3OHTATIBHYIO JTUHUIO C OPAMHATON
k=1 (Suom ), T.€. TMHUIO HOMUHAIILHOMN HArpy3KH;

2. MepeceyeHueM ITOM JIMHUU C MCXOAHBIM I'pa(UKOM BBIACIUTH Y4aCTOK
HauOOJIbIIEH IEPErpy3KU MPOAOJIKUTEIBHOCTHIO h’.

3. OCTaBIIyIOCS YacThb UCXOJHOTO Tpaduka pa3OuTh HA M HUHTEPBAIOB Atj,
UCXO/Is U3 BO3MOXKHOCTHU MPOBECTHU JIMHUIO CPEAHEN HATPY3KHU B KAKJIOM UHTEpBaJIe
¥ onpenenuts 3uaueHue S|, S, u S .

4. ompenenuTh HayaldbHYI0 HArpy3Ky K; DSKBHUBAJICHTHOIO TIpaduka u3
BBIPAXKECHUS:

1 [S’At, +S At
) At + At

HOM
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Puc. 3.5. JIByXcTyneHuYaTblil CyTOUHBIA TpadUK HArpy3KH.
5. yyacTok neperpy3ku h’ Ha ucxoqHoM rpaduke pa3oUTh HA p UHTEPBAJIOB
Ah;, ucxonsd U3 BO3MOXKHOCTH IMPOBECTH JIMHUIO CPEJIHEW HArpy3KH B KaXXIOM
MHTEpBaJle, 1 ONPEeeuTh 3Hadenue S, S, u S .

6. OIpeeuTh MPEIBAPUTEIILHOEC 3HAYCHUE HArpy3Kd K, SKBHUBAJEHTHOTO
rpaduka Harpy3Ku U3 BEIPAKECHUS:

L [(s)An +(S ) an,
* S Ah, + Ak,

HOM

7. 3aTeM CIIeAyeT CPaBHUTH IPEIBAPUTEIBLHOTO 3HAYEeHHs Harpy3ku K. C
K ucxomHoro rpaduka, re [K, =S /S .
ecmn K. >09K_,mo= K,/K,
ecrn K, <09K__,mo=K,=09K__
8. IPOJOIKUTEIIBHOCTD IIEPErpy3KH CIEAYET CKOPPEKTHUPOBATH IO (hopMyJIe
K2h
(09K, )

max ?

3.3 IIpumep BbIOOpPa TPAHCHOPMATOPOB

BpiOparh HOMHHAJIBHYIO MOIIMHOCTh W THUIl TpaHcopmaTopa st
onHotpancopmaropuoit nmonmxkarorieit [IC 110/10 kB npeanaznadennoit myst 3C
notpebuteneit Il kareropum (leHTpaM30BaHHBIN TpaHCHOPMATOPHBIA pPE3EpB
NpeaycCMOTpEeH) ¢ MakcuMmaiabHOoM Harpy3kod P =10MBm npu cosep=0.8.

OKBUBaJIEHTHas Temnepartypa Bo3ayxa 0=—10 °C 3umoii u =20 °C neTom.
Pemenne: MakcumanbHOE 3HAYEHUE MOJHOM MOIIHOCTH II€peaaBacMoOu

yepes Tpanchopmarop.

S =P _/cosp=10/0.8=12,5MB-A

m
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Puc 3.6. /IBycTyneH4YaTblii CyTOUHBIN
rpaduk Harpy3Ku
3uMa: (Harpy3Kka Ha Ka>KJ0i CTYIIeHH)

0
0-6:S =75 _625MB-A
100

6-10: S, =8,75MB A

10-14: S, =6,25MB A
14-22: S, =12,5MB-A
22-24: S, =625MB A

Jleto:

0-6: S| =5MB-A
6-10: S, =6,25 MB A
10-14: S; =5MB-A
14-22: S, =7,5MB A
22-24: S!=5MB-A
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[IpenBapuTenbHass MOIIHOCTH TpaHChopMaTopa:

S S JK,=125/1,4=89 MB A,

rae K,— koadduiueHt neperpy3ku Tpanchopmaropa.
Bri6upaem tpanchopmarop tuna TAH-10000/110 S, =10MB-A

HOM

1 [6,25°-6+8,75 -4+6,25 -4+6,25 -2
= =0,696

m.nped

' 10 6+4+4+2
k=L P38 sk, =5 s, =125
K!=125>09-K_ =1125=K, =K! =125
po KW 1288 o o

(09k_) (09-1,25)
JI1sl JOIMyCTHMBIX CHUCTEMATHYECKUX HEPErpy3oK IO TaOIULE MPU CUCTEME
oxnaxnaenns [, 0, =-10"C, K, =0,096, h =84 naxomum K,,, =139
K, =139>K,6 =125
HauanbHas Harpy3ka S5KBUBAJICHTHOTO CyTOYHOTO JIETHETo rpaduka
1 \/52 6+625"-4+5-4+5 .2

= =0,534
10 6+4+4+2
KpPaTHOCTDb MaKCHUMaJIbHOU Harpy3Ku JICTOM
, 1 758
K =— =0,75
10 8

Jlnst momycTUMBIX cucTemMarndeckux mneperpysku npu 0 =20"C, K, =0,534 h =8y

cucTema oxJjaxjeHus Tpanchopmaropa J Haxonum K,, =117
K, =0,75<K,, =117

Takum  oOpazom, TpaHchopMaTop  YIOBIETBOPSET PACUYETHBIM  YCIIOBUSIM,
CJIEIOBATEILHO BHIOPAH BEPHO.
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4 BBIBOP CXEM PACIIPEJIEJIUTEJILHBIX YCTPOUCTB

4.1. Cxembl coequnenuii Ha PYBH u PYCH

!
!

HO

Puc. 4.1. bnox “nuHusi-
TpaHchopmarop”

1. biok “auHusg-TpancpopmaTtop” Cc
pazbenunutenem (puc. 4.1). Ilpumenstorcs Ha
HanpsoxkeHnu 35-330 kB. Cxema s3koHOMHYHA, TTPOCTA,
He rubka. CylIHOCTh CXEeMBbI 3aKJII0YaeTCs B OTKA3€ OT
YCTaHOBKM Ha CTOPOHE MOBBIIICHHOTO HAMPSHKEHUS
OTKJIIOUaromierd anmaparypbl. Ilo »ToM cxeme

BBITIOJTHAIOTCS TYNIUKOBBIE OJHOTPaHC(OPMATOPHBIC
I1C.

2. bnok “nunus-tpanchopmartop” ¢ npegoxpanurenem (puc.4.2). [lpumensercs

é

Puc. 4.2. bnoxk “nuHusi-
Tpanchopmarop”

$)

1
ééj
1

Puc. 4.3. bnok “nunusi-
TpaHnchopmarop”

Ha HanpspkeHuss 10 35 kB. CymHocTe cxemsbl
3aKJIFOYAeTCsl B OTKAa3€ OT YCTAaHOBKM HA CTOPOHE
MOBBIIIIEHHOT'O HaINPSHKECHUS OTKJTFOYAIOIIeH
anmnaparypbl. JlOCTOMHCTBO: CXeMa HKOHOMHYHA,
nmpocTa, Ho He rubka. [To 3Tol cxeme BBITTOTHSAIOTCS
TYIHKOBBIC OJHOTpaHC(OPMATOPHBIC IIC.
IIpenoxpaHuTeNb BHIMOJHSAET POJIb 3AlIUIIAIONIETO U
KOMMYTAllMOHHOTO 3jieMeHTa. HemocTtaTkoM cxembl
SIBJISIETCS HEOOXOIUMOCTD 3aMEHBI TIPEAOXPAHUTEIIS B
CIIy4ae €ro MeperopaHusi U CBA3aHHbIN 3TUM NIEPEPHIB
AIEKTPOCHAOKEHUS.

3. brnox  “nuHus-tpancopmarop”’ ¢
OTJICJIUTENIEM U KOpOTKO3ambikaTeneM (puc. 4.3).
[Ipumenstor Ha Hampsbkennn 35 - 220 kB.

CylHOCTh CX€MBbI 3aKJIIOYaeTCd B OTKa3e OT
YCTAaHOBKHM Ha CTOPOHE MOBBIIICHHOTO HAMPSIKEHUS
OTKJIFOHaronien anmnaparypbl. CxeMa 3KOHOMHYHA,
npocTa (XOTs CI0KHEE OCTaJbHBIX), HO HE ruOKa.
I[To »oTOif cxeMe BBINOIHSIOTCS  TYNHKOBBIE
onnotpancpopmaropusie [IC. He pekomenmyercs
UCIIOJIb30BaTh TAKYI0 CXEMY Ha KOPOTKUX JIMHHS
BOJIM3H JICKTPUICCKON CTAHITUH.
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Puc. 9.4. bnoxk “auHus-
Tpa"chopmaTtop”

4. Jla Onoka C OTACHUTCIEIMH U
HEABTOMATUYECKOW MEPEMBIUKON CO CTOPOHBI

(puc.4.4). Cxema MIPUMEHSIETCA Ha
Hanpsokenun  35-220 kB. Ilo asron cxeme
BBITIOJTHSIOTCS OTBETBUTEIbHBIC I1C,

MPUCOEUHEHHbIE K JIMHUSAM. J]OCTOMHCTBO:
ruOkas, sxkoHoMuyHas. Hemoctatox - kak B
npeablIyIeh cxeme.

5. MOCTHK C BBIKJIFOUYATEJIEM B IICPCMBIUKC

}/ '——""‘—} OTHAEIUTENAMUA B LEMAX TPaHCHOPMATOPOB

(puc.4.5). [IpumenstoT Ha HanpspkeHuu 35 — 220
kB. CxeMa 3k0OHOMUYHA, MPOCTa, HO HE THOKA.
OtximroueHue TpaHchopMaropa 3aTpayuBacT
oecniepeOoMHOCTh paboThI Lienu JUHUU. [1o 3TOi

— =  cxeme BeINOoJIHATCA npoxoansie [1C.

Puc.4.5. Moctuk ¢
BBIKJTIOYATEJIEM

f
KkB. 1

I1C

J

L

6. MOCTHK CIBOEHHBIN C
OTHEIIUTENIIMH B LETAX

j Tpanchopmatopos (puc.4.6).
— H F— [TpumensiroT Ha HanpspkeHuu 110

1 ITo 3TOM cxeMe BBIIOJIHSIOTCS
¢ TYIUKOBBIE U OTBETBUTEIIHLHBIC
— (ecnu BO3HMKJIA HEOOXOIUMOCTD
J?_ MIPUCOETUHEHUS OJTHON
JOTIOJTHUTEIIbHOM JINHUM ).

Puc. 4.6. MocTuK CIBOCHHBII
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Puc. 4.7. UeTblpexXyroJbHHUK

e

Puc.4.8. PaciupenHsbiit
YEeTBIPEXYTOJIbHUK

26

7. YetslpexyroabHuk (puc.4.7).
[IpumensitoT Ha HanpsbkeHus 220 kB
BBIIIIC. Cxema SKOHOMUYHA,
MO3BOJISIET TPOU3BOJIUTH PEBU3UIO
1100010 BBIKJTIOYATETIS oe3
HapylieHus paboTel 3nemMeHToB. [1o
3TOMU CXeMe BBINOJIHSFOTCS
npoxoansle [IC ecnmu B JuHUAX
npeanycmorpena  AIIB. Moxer
UCIIOJIb30BaThCSA MPU YCTAHOBKE Ha
[IC d4etbipex TpaHCHOPMATOPOB H
MPU IBYX MUTAIOUIUX JTUHUSX.

8. PacinpeHHbIN YETBIPEXYTOJIBHUK
(puc. 4.8). [IpuMeHAIOT Ha HANPSKEHUU
220, 330 xB. Cxema »KOHOMHYHA,
MO3BOJIIET  NPOU3BOAUTH  PEBU3HIO
TH000T0 BBIKIIIOYATENSE 0€3 HapyIICHHS
pabotbl snemeHToB. [lo 9TOMl cxeme
BBIIONHAIOTCSL  Tipoxoanbie  [IC, mpwu
yerbipex JuHuAX 220-330 kB. u aByx
TpaHC(HOPMATOPOB.



Puc. 4.9. CekunonupoBaHHast
CUCTEMa IINH

I

9. Onna CEeKLIMOHUPOBaHHAas
cucrema muH (puc. 4.9), B KoTOpOH
NPUMEHSETCS HE Oonee 10
npucoeauHeHni.  Mcmone3yercss  Ha
HanpspkeHue He Bbime 35 kB. OcHoBHOM
HEJOCTaTOK:  MOTeps  TeHepaTOpHOU
MOIIHOCTH ¥ YacTH JMHHUHA Ha BCE BPEMS
pEMOHTAa  CEKIUMM  COOpPHBIX  LIMH.
Bo3moxHa Oonee HIMpOKast
aBTOMAaTU3ALUA yIpaBIEHUS
BBIKJTIOYATEIISIMU.

10. OnHa
CEKI[TMOHUPOBAHHAs CUCTEMa IIUH

9

]
Vi

)
T
)

) )

L

—

(puc.4.10) ¢ o6xogHOM cucTeMoit
IIMH, C OTACIIMTEISIMH B IIEIISIX
TpaHchopMaTopoB u
COBMEIICHHBIMHA CEKIIHOHHBIM U
00XOJIHBIM BBIKJTFOUATEIISIMU (10
IIECTHU MPUCOEAUHEHUN ).

—ﬁr—/r«’_/ﬂ_/

Puc.4.10. CekunoHnpoBaHHasi CUCTEMA LIMH

¢ 00XOIHOU CUCTEMOM IINH

Cxema ucrionessyercs B y31oBbIx [1C.

ISP agla s s

27

[IpumenstoT Ha HanpskeHun 110
kB. [Ilo3Bossier nOpPOU3BOAUTH
3aMEHYy JIMHENHBIX
BBIKJTIOUaTeell 0e3 OTKII0UYeHUs
caMO¥W JIMHUM. PeMOHT cekuuu
CBSI3aH C OTKIIOYEHHEM BCEX
JTMHUHN u OZHOTO
TpaHchopmaropa, Mo3TOMy Takue
CXEMbl MOXXHO MPHUMEHATH MPU
MapHbIX JIMHUSAX WIA JIAHUSIX
pesepBupyembix ot apyrux IIC.
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Puc. 4.11. CekumoHpoBaHHas CUCTEMA IINH
C 00XOJIHOM CUCTEMOM IINH

npyrux IIC. Cxema ncnonbe3yercs B y31m0Bbix [1C.

1) 1)
pae pae

Puc. 4.12. CexiinonnpoBaHHasi CUCTeMa IIUH
C 00XOIHOU CUCTEMOM IINH

y3noBbIx [IC.
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11. OnHa ceKmoHUpOBaHHAS
CUCTEMA IIHH ¢ 00XOTHOU
CHCTEMOM IIHH, U
COBMEILIEHHBIMU CEKIIMOHHBIM U
00XOJTHBIM BBIKITIOUATEISIMHU
(puc.4.11). [IpumensaroT Ha
Hanpsokenun 110, 220 xB.
[To3BomsieT MPOU3BOIUTD
3aMeHY JIMHEHHBIX
BBIKJIIOUaTesnei 6e3
OTKJIFOYEHUS CaMOM JIMHUU.
PeMOHT cexunu cBs3aH ¢
OTKJIFOYEHHEM BCEX JINHUU U
OJIHOTO TpaHcdopmaTopa,
MOATOMY TaKHE€ CXEMbI MOKHO
MPUMEHSTH TIPH MAPHBIX JTUHUIX
WJIU JIMHUSX PE3EPBUPYEMBIX OT

12. Onna
CEKIIMOHUPOBaHHAs CUCTEMA
IIMH C 00XO0IHOM cHUCTeMOM
IIIMH, U COBMEIIIEHHBIMHU
CEKIIMOHHBIM M 00XOIHBIM
BhIKJIFOUaTesiMu (puc.4.12).

[IpuMeHSI0T HA HANPSIKEHUN
110, 220 xB.

BBIKJTIOUATEICH O0e3
OTKJIFOUCHHS CaMOU JIMHUM.
PeMOHT cekiLum cBsI3aH ¢
OTKJIFOUYCHHUEM BCEX JTUHUM U
OJIHOTO TpaHchopMarTopa,
MOATOMY TAKHE CXEMBI MOXKHO
MIPUMEHATH TP TTAPHBIX
JIMHUSAX WIH JIMHUSX
PE3EPBUPYEMBIX OT APYTHX
I1C. Cxema ucnosp3yeTcs B

1 - 1
] ] l }L ] ] [To3BOMAET MPOU3BOAUTH
\ pling \ 3aMEHY JIMHENHBIX



13. JIBe paboune CHUCTEMBI
muH  (puc.4.13) ¢ o0xomgHOM
CUCTEeMON IIHMH (OT CeMH [0
MATHAIIATA  TPUCOSAUHEHUH).
[IpuMeHSIOT Ha HANPSDKCHUH
110, 220 kB. Cucrema
peayCMaTpPUBACTCS Koraa
MUTaHUE HEKOTOPBIX
\L noTpeduTenel wiM CBS3b C

CUCTEMOM BBITIOJIHEHBI

\ \ \ \l OJIMHOYHBIMU JIMHUSAMH WIH K€
JIMHUY BBIMIOJTHSIOTCS TBOMHBIMH,

T:j ﬁ SBJISIFOTCS 0c000
\_ \_ OTBETCTBEHHbIMU. OTKa3 NEPBOTO
BEIKITIOUATEIsT  TIPH  aBapHH

MNPpUBOAUT K OTKIHOYCHHIO BCEX

VCTOYHUKOB IUTaHWS U JIMHHH.
Puc. 4.13. JIBe paboune cucTeMsl LIUH € [oBpexeHue

00XOHOI CUCTEMOI IINH MHOCOEIUHUTEILHOTO

BBIKJItOUatenss paBHoleHHO K3, Ha obOoux cucremax MuWH. Bomiblioe KoauyecTBO

olnepauuii pa3beIVHUTEISIMA TPHU BBIBOJE B PEBHU3UI0 M PEMOHT BBIKIKOYATEIICH

yCIIOXKHSIET 3kciutyaTanuio PY. Heo0XxoqumMocTh yCTaHOBKM HIMHOCOEIMHUTENBHOTO,

00XOJHOTO BBIKJIOUATENEed U OOJIBIIOT0 KOJIWYECTBA Pa3beIUHUTENECH YBEIMUNBAET
3aTparsl Ha coopykeHne PY. Cxembl nucnonb3yrores B y310Bbix [1C.

14. IBe

CEKIIMOHUPOBAHHBIE  CHUCTEMBI

T T T‘ muH (puc.4.14) ¢ 06xoaHOM

T 111 T 111 [ cuCTeMOH ITUH (6oree
MATHAIIATH  TPUCOSTUHEHUN).
i [IpuMeHAIOT Ha HaNPsSIKECHUU

)
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110, 220 «B. Cucrema
peIyCcMaTPUBACTCS Koraa
[IATaHHE HEKOTOPBIX
1 1 noTpeOHuTEeIe WM CBI3b C
R ) CUCTEMOM BBITTIOJTHCHBI
ﬁ @ OIMHOYHBIMH JIMHUSMHU WU K€
JIAHUA BBIIOJIHSAIOTCS
IBOMHBIMH, SIBISIFOTCSI 0CO00

OTBETCTBCHHBIMHU. OTkas
Puc. 4.14. JIBe CEKIIMOHUPOBAHHBIC CUCTEMbBI  [IepBOr0  BBIKJIIOYATENS  IPH

IIHH ¢ 00XOJHOW CHCTEMOM IITHH aBapuu MPUBOAUT K

OTK/IIFOYCHHUIO BCEX HCTOYHHKOB
IIUTaHUs U JINHUH. HOBpe)KJIeHI/Ie IMMHOCOCAMHUTCIIbHOI'O BBIKJIIOYATCI PABHOIICHHO
K3, Ha 000MX cHCTeMax IIKH. bobIoe KoJIrm4ecTBo onepaunﬁ Pa3bEANMHUTCIIIMU IIPU
BbIBOJAC B PEBHU3UIO M PEMOHT BBIKJIIOUATEICH YCIIOXKHACT OKCILTyaTallHuio PY.
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Heo0xoauMocTh yCTaHOBKM HIMHOCOEIMHUTENIBHOTO, O0XOJHOIO BBIKJIIOUATENEH U
OO0JIBIIOrO KOJIMYECTBA pa3beIUHUTEICH yBEIMUMBAET 3aTPaThl HA cOoOopyxkeHue PY.

CxeMbl ucnodb3yroTes B y310Bbix [1C.

kb
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Puc. 4.15. Tpanchopmartop - MIUHKI C
JIMHUEN

A T ?A

—_—
<

)
T
\
)
T
B
)
T
)
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I

J B

Puc. 4.16. TpaunchopmaTop - mIUHBI
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15. Tpanchopmarop - HIHMHBI C
muauet  (puc.4.15). UYepe3 1Ba
BBIKJIFOUaTeNsl (40 4YeThIpeX JIMHHMA
330-500 xB, u Tpex NpUCOECTNHEHUEM
nmpu 750 «B.) IlpumeHsooT Ha
HanpsHKEHUU 330-750  «kB.
[To3BoNSIET MPOU3BOAUTH PEMOHT H
PEBU3HIO JIFOOOTO BBIKIIIOUaTeNst 0e3
nepepbiBa CHaOXKEHUSI TOTPEOUTENS.
[Ipocta B o6cmyxuBanuu. Cxema
HaJCKHA, THOKA, HO UMECT OOJIbIIIce
KOJINYECTBO pa3beIMHUTENEH,
BBIKJIFOUYATEJIEH, H30JISTOPOB, OoJee
CIOXHAsi KOHCTpykuus PV, dro
MPUBOJUT K YBEIUYEHUIO
KaIllUTAIOBJIOKEHUA HA COOPYKEHUE
I['PY. Cxema npumMeHsIETCS B y3JIOBBIX
II1C.

16. TpauchopmaTop - UIMHBI

(puc.4.16) c MOy TOPHBIM
OPUCOECINHEHNEM JIMHUN (0 MIECTH
auHui). [I[puMeHsIOT Ha HaINpsKEHUU
330-750 kB. IIpu OTKJIFOYEHUH OJHOTO
BBIKJIFOUATENSl BCE APYTHE OCTAIOTCS B
pabore. O6nanaet BBICOKOM
HAJEKHOCTBIO.
Otkmrouenne K3 Ha nuHuMM ¢ aByms
BBIKJIIOYATEISIMU IPUBOJIUT K 0OLIEMY
YBEJIMYEHUIO PEBU3NUN BBIKJIKOYATEIIEH,
yIAOpO)XaHue KOHCTpyKuuii PY mnpu
HEYETHOM IPUCOEINHEHNUU.
YBenuueHue KOJINYECTBA
BBIKJIIOYaTenen B cxemMe. C(Cxema
npumensiercs B y310BbIx [1C.
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Puc. 4.17. IlomyTopHas cxema

{O)—+—

17. IlonmytopHas cxemMa (BOceMb U
oonee mnpucoenuHenuit). Ilpumenstor Ha
HanpsHKEHUU 330-750 xB. Ilpu
OTKJIIOYEHUH OJHOTO BBIKJIIOYATENs (pHC.
4.17) Bce papyrue ocTalTcsi B pabdorte.
Oo6mamaer BBICOKOM HaAEKHOCTBIO.
Otxkmouenne K3 Ha nuHMM ¢ AByms
BBIKJIFOYATEISIMU  TIPUBOAUT K 0OIIEeMy
YBEJIIMUCHUIO PEBU3UN  BBIKIIIOYATENCH,
yAOpOXkaHue  KOHCTpykumid PY  mpm
HEUETHOM TMPHUCOCTUHECHUH. Y BEIUYCHUE
KOJIMYECTBA BBIKJIKOYATEIIEH B  CXEME.
CHmXeHue HaJEKHOCTH €CIIH KOJIWYECTBO
JUHAA ~ HE COOTBETCTBYET  YHCIY
TpaHc(hOpPMaTOPOB. Cxema
npuMeHnsieTcs B y350Bbix [1C.
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18. Cxema ¢ #aByMH
CHUCTEMaMHU IIIMH U C YETHIPHMS
BBIKJIIOYATEISIMA Ha TPU 1E€NHU
(puc.4.18). Ilpumenstor Ha
Hanpsokeaun — 330-500  xB.
Cxema 5SKOHOMUYHEH JBYX

MPEABIAYIINX,
CEKIIMOHUPOBaHUE  COOPHBIX
IIUH Tpedyercs npu
MSATHAIATH IPUCOCTUHEHUN U
Oonmee, cxema  HaJeXKHA.
KoncTpyknus OPY o
PacCMOTPEHHOMN cxeme
JIOCTaTOYHAa JSKOHOMHYHA U
yA0OHa B 00CITy>KBaHUU.

_/'_Dl/'__/'_D_/’JJ'_D_/’T/'_D_/H

Yoy Y

Puc .4.18. Cxema ¢ 1BymMs CUCTEMaMH IIUH U C
YEThIPHMS BBIKJIIOUATEISIMU Ha TPU LIETTU

19. Cxemsl mHOroyrosibHukoB (Puc.4.19 a,0,8.). Uucno yrioB wid BepIIMH
MHOTOYTOJIBHUKA ompeaensercds uuciaoMm 1eneil. Ilpu Tpex wLensX(0aAuH
TpaHchopMaTop U JBe JIMHUK) UMEET MECTO TPEyTroibHUK (puc.4.19 a), npu yeThipex
nensx (1Ba TpanchopMaropa u ABE JIMHUM, UM OJIMH TpaHC(HOPMATOpP U TPU JIMHUM)-
YeTBIPEXYToJbHUK (puc. 4.19 0) unu KBazipaT U Aajiee COOTBETCTBEHHO TsiTH (puc.4.19
B) U IIECTHYTOJIbHUKH.

®Ourypsl 60s1€€ CII0KHBIE HE TPUMEHSIOTCS, TaK KaK HEJJOCTAaTKH, CBOMCTBEHHbIE
CXeMaM MHOTOYTOJIbHUKOB, CTaHOBSATCS OCOOEHHO 3aMETHBIMU IPU YHUCIE CTOPOH
MHOTOYTOJIbHUKA, PABHO IISITH - IIECTH, U TeM OoJjiee IpU AaNbHEHIIEM YCI0KHEHUH
duryp.

JlocTomHCTBa: Kakaas Uenb OOCTY)KHMBAaeTCs JBYMS BBIKIIIOUATEIISIMHU,
MaHEBPEHHOCTh, THOKOCTh cxembl. Hegoctatku: Hen30eKHbIE 3HAUUTEIbHBIC
nepeaesiku B PY B ciiydyae ux pacuimpenusi, yCIOKHEHUE BTOPUYHBIX TOKOBBIX LENEH.
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B)

Puc. 4.19. Cxema MHOTOyTrOJIbHUKOB
a— CXeMa TPeyrojbHUKa; O0— CXeMa YeThIPEXyTOJIbHUKA,
B— CXEMa MSTUYTOJIbHUKA.

4.2 CxeMbl NOACTAHUMH HA HU3LIEM HATIPAKEHUN

Ha wmsmem nanpsbkennn 6-10 kB B IIC mpuMeHsieTcss CEKIIMOHMPOBAHHAs
CHUCTEeMa IIWH C pa3feibHONH paboTON CEKIUA, OCHOBHBIM HEJIOCTATKOM KOTOPOM
SIBJISIETCS TIOTEPS] TeHEePATOPHOM MOITHOCTH M YacTH JIMHUM Ha BCE BpPEMsI PEMOHTA
CEKIIMM COOPHBIX MIMH. Tak ke MOTYT OBITh IPUMEHEHBI KOMILJIEKTHBIE PY, KOTOpBIC
00J1a1at0T MaJIbIMU TabapuTamMu, 6€30MacHOCThIO 00CITYKUBAHUS, MAJIOW CTOMMOCTBIO
u T. 1. [Ipu HeoO6X0uMOCTH TITyOOKOTO OrpaHuyYeHus ypoBHs TOkoB K3 npumeHstoTcs
TpaHcopMaTopbl C paCIICIUICHHOW OOMOTKOM, a TakyKe MPOCThle U CIBOCHHBIC
TPYIIIOBBIE PEAKTOPHI B IIeTH TpaHCHOpMaTOpoB. OTXOAIINE TUHUH, KaK TIPABUIIO HE
peaktupytorcs. Ha I1C ceknmonnbie peakTopbl Manod()PeKTUBHBI i HE MPUMEHSFOTCSI.
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JomyctuMelit ypoBeHb TOKOB K3 3aBUCHUT OT mapaMeTpoB 3JEKTPOOOOPYAOBaHUS a
MapaMeTpoOB paclpeeUTeNIbHON KabenbHOM ceTu. CHMXeHue ypoBHS TOKOB K3
ANEKTPUYECKU OTHAISIET MOTpeOUTENed OT HCTOYHUKOB SHEPrUM U NPU IPOUYUX
PaBHBIX YCIOBHAX YXYAIIAET YCIOBUS palbOThl KOMIUIEKCHOM Harpyske IpH
IIEPEXOIHBIX IIPOLIECCax.

IIpu Hamuuum Ha [IC cuHxpoHHbIX KoMileHcatopoB (CK), mocneanue
BKJIIOUAIOTCS HEMOCPEACTBEHHO mocie TpaHchopmartopoB. [lyck CK B 3aBucHUMOCTH
OT MOIIHOCTH - MPsSMOM WU peakTopHbId. baTapen KOHAEHCATOPOB OOBIYHO
BKiroyaroTcss Ha cekuun PYHH. Jluneitneie peryiaupoBouHbIe TpaHCHOPMATOPEI
BKJIFOUAIOTCSI MEXIY TPAaHC(HOPMATOPOM U PEAKTOPOM.

Tunossie cxemsl [1C na HH npusenenst Ha puc 4.20. Bonpoc 06 yctanoske CK,
OaTaped KOHJIGHCATOPOB WJIM JIMHEHHBIX PETYJIUPOBOYHBIX TPAHCPOPMATOPOB
pelIaeTcss Ha OCHOBaHUHM TEXHUKO-DKOHOMUYECKHX PacueToB C YUYETOM TpeOOBaHUM K
KaueCTBY 3JIEKTPO3HEPIUH y IOTpeduTenei, ypoBHel Hanpsikenus Ha ctopone BH T1C
B Pa3JIMYHBIX pEeKUMax, ypoBHs TOKOB K3 u T.11.

CUCTEMA
p
PY BH
CUCTEMA
¢
PY BH

6-10 kB
<«

a) CeKIIMOHMPOBAHHAsI CUCTEMa l6 l $ I

IIINH Ha OIBC CCKIINU IINH Ha 4Y€TbIPC CCKIUU

O
O

—<«{
«{ >

) CEKIITMOHUPOBaHHAs CUCTEMA

Puc. 4.20. Cxewmsl [IC Ha HU31IEM HANPSKECHUU.
4.3. Bb10op cxembl 4 TPAaHCPOPMATOPOB COOCTBEHHBIX HYK/ MOACTAHIUH

CocraB moTpebuTeneit coocTBeHHBIX HYX/ [IC 3aBUCUT OT THITa MOACTAHIIHM,
MOIIIHOCTA TpaHC(OPMATOPOB, HAIWYMS CHHXPOHHBIX KOMIICHCATOPOB, THIIA
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ANEKTPooOOpynoBaHus. HanMeHblliee KOIMuecTBO NOTpeOuTeNiel COOCTBEHHBIX HYXKT
Ha TOJCTAHIMUSX, BBIIMOJHEHHBIX IO YIPOUIEHHBIM cXeMmaM, 0€3 CHHXPOHHBIX
KOMIICHCATOPOB, 0€3 TOCTOSHHOTO JEXYypCTBAa. DTO— DJIEKTPOABHUTATENH 00TyBa
TpaHchopMaTopoB, 00OTPEB MPUBOJIA OTACTUTEICH M KOPOTKO3aMbIKaTeeH, mKadoB
KPYH, tak:xe ocBelleHUE II0ICTaHIINH.

HawnGosiee 0TBETCTBEHHBIMH MOTPEOUTENIMUA COOCTBEHHBIX HYX]I TTOICTAHITHMA
SBJISIFOTCSI ONIEPATUBHBIC IIENIH, CUCTEMA CBSI3U, TEJIEMEXAHUKHU, CHCTEMA OXJIAXKICHUS
tpanchopmaropoB u CK, aBapuiiHOE OCBEIIEHHE CUCTEMA MOKAPOTYIICHHUS.

MomHocTh TOTpeOuTeNe COOCTBEHHBIX HYXKJ HEBEJIMKA, I[OATOMY OHH
npucoeauHs0TcsA K cetu 380/220 B, xoTopas mojydaeT MATaHHE OT MOHMKAFOIIUX
TpancopmatopoB. Ha Bcex aByx TpaHchopMaTtopHbIX mnojacta”iusx 35—750 kB
ycranaBiuBatorcs 18a TCH. Ha npocTeiimumx ofHOTpaHCPOPMATOPHBIX MOCTAHIUIX
MaJIoll MoIIHOCTH ycTaHaBiuBaeTcs oauH TCH u mpeagycmaTpuBaercsl CKIaICKON
pe3zepB. Eciu Ha omHOTpaHchoOpMaTOpHON TMOACTAHIIMU YCTAHOBJIEH CHUHXPOHHBIN
KOMIIEHCATOP, WJIM BO3AYIIHBIC BBIKIIOUYATENH, WIM TpaHCHOpPMATOp C CHUCTEMOI
oxnaxnaenusa J wm [Ll, to mpemycmarpuBatorcs asa TCH, oaumH U3 KOTOPBIX
IIPUCOEIUHAETCS K MECTHOM ceTH 6-35 kB.

Momnocts TCH BbIOMpaeTcs B COOTBETCTBUU C HArpy3KaMU B pa3HBIX peKUMax
paboThI MoJcTaHIMK, HO He Oosiee 630 kB-A.

p
_ “ max.C.H.
Sien = © oosa’ 4.1)
5 "COSQ
rne P o — MakcUMallbHas MOIIHOCTb Ha COOCTBEHHbIE HYXIbl, K =1,4—

K03 GULIMEHT eperpy3Kku Tpanchopmaropa.

ASKE

Puc. 4.21 Cxema nmutanus cOOCTBEHHBIX
HY/T TIOJICTAHITUH TIOICTAHIIUNA
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5 TEXHUKO-9KOHOMHNYECKOE CPABHEHUE BAPUAHTOB
5.1 TexHMKO-IKOHOMHYECKHI pacyeT

Od4eHb BaXXHO MPUHATH HauOOJiee€ YKOHOMHYHBIA BApUAHT CETU C JIYUIIHUMHU
TEXHUKO-)KOHOMHYECKUMHU  TIOKa3zaTemsiMi. J[JIsT  3TOTO  COBEpIIMM  TEXHUKO-
PKOHOMUYECKUH pacyer.

Kanonnueckass ¢opMyna JAHUCKOHTHPOBAHHBIX 3aTpaT HAa COOPYXKEHUE U
DKCIUIyaTalUI0 Kakoro-1mbo o0ObekTa B TedeHue pacuetHoro nepuoaa (7,=10 ner)
UMeEeT BH/I;

3£l :z(Kcoopt +Hzt _Knmqst) .(1+E)7t’ (51)

rac K Hz . — KaIIMTAJIOBJIOKCHHA Ha COOPYKCHHUC 00BEKTa U CYMMApPHEBIC

coop t?

HU3ACPIKKH €TI0 IKCILIyaTalluu B I'OJ t, TBIC. pY6,
K JIMKBHAAIIMOHHAsA (OCTaTO‘-IHaH) CTOMMOCTh OOBEKTa Ha MOMEHT

OKOHYaHMs pacyeTHoro nepuona (t=Tp), ToIC. pyO.;
E— HOpMaTuB AUCKOHTUpPOBaHMS (MIPUBENIEHUS pa3HOBpeMeHHbIX 3aTtpat) E=0,1
CyMmmapHble U3EPKKH HA IKCIUTyaTal[|I0 ONPEAEIsSIOTCS:
I/IZ =u + U (5.2)

OTUYUCJIEHUS Ha PEMOHT M oOciykuBaHue (0€3 OTUMCICHHHA Ha

JIUKB t

OBCII.t noT.t 2

rone U

obem.t

PEHOBAIIHIO), ThIC. PYO.;

W . — U3IepKKH Ha BO3MEIICHHE TIOTEPh AIEKTPOIHEPTHHU, THIC. PYO.
B cBoro ouepens U ., HaxopaTcs no Gpopmyiie:
W e =@ =200,) Kooy 5 (5.3)
U . =AWy -C, (5.4

roe K ,— cyMMapHasi JUCKOHTHPOBaHHAasi CTOMMOCTb COOPYKEHHUsI 00bEKTa

coop t

Ha MOMEHT Hayaja ero 3KCIUTyaTalluu, T.€. 3a epuo/] cTpoutenbeTna (t=T.), ThIC. pyoO.

2 ey — KOODQHUIMCHT OTYNCIICHU HA PEHOBALIHIO;

a— o0IIMe HOPMbI OTYUCIICHUN OT KAl TaI0BIOKEHHUI.
C— croumocte 1 kBT-u smekTposHepruu, npuHUMaeMm 10 JIaHHbIM AQO
«Mapwusnuepro» Ha 2006 rox paBasiMu 1,24 py6./kBT-4;
JInkBHIaIMOHHAS] CTOMMOCTB ONPENEIISETC:
K :Kcoop.t '(l_apen 'Ta)a (5.5)

rane T, = Tp— Tc,— Bpems 3KcIuTyatanuu 0ObeKTa JO OKOHYAaHMsI PacuyeTHOTO
nepuona, jiet. (T.=2 roga — CpoK CTpOUTENHCTBA 00OMX BapUaHTOB MOACTAHIINN)

B coorBerctBumn (5.1) um (5.2) NIUCKOHTHpPOBAaHHBIE 3aTpaTbl MOTYT OBITh
IIPEACTAIIEHBI B BUIE CYMMBI YETBIPEX COCTABISIOIINX:

3, =3c0p T 306er — S T3

coop obc UKB ot ?

3o =K

coop coop ?

JIUKB.t

(5.6)
(5.7)
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T,

B = 2 (a— 80) Kooy -1+ E)"; (5.8)

t=T.+1
Bme = Kooy - (1= 8,0, - T,) - (14 E) " ; (5.9)
TP
3,0 = ZHM -1+B)"; (5.10)
t=T.+1

[lepBble TpU COCTaBIIAIONIUE ONPEEISIIOTCS CTOUMOCTBIO COOPYKEHHSI 00bEKTA.
[ToaTromy ux 1enecood6pa3sHo OObEIMHUTH B OOLIMIl TMapaMmeTp, MPHUCBOUB EMY
YCIIOBHOE Ha3BaHHUE «KaIlMTAIbHBIC 3aTPAThD)

3¢ =3coop T 3o6er T 3 (5.11)
Torz[a KaIllUTAJIbHBIC 3aTPAaThl MOKHO IIPCACTABUTL B BUC:!
31( :DBKB .Kcoop' (512)

D —_— SKBHBAJICHTHBIN I[I/ICKOHTHPYIOHH(H?I MHOXHTCIIb, OIIPCACIIACTCA KaK
-T,
)-D,, —(-a_, -T,)-(1+E) (5.13)

DP.S._ paC‘-ICTHblf/'I IIPICKOHTHpYIOHII/Iﬁ MHOJKHTCJIb 3a CPOK JKCILTyaTalluHh 0

D,=1l+(a—a

pen

OKOHYAaHHA PACUCTHOTI'O IICpUOaa:

Tl"
D.=>(0+E)". (5.14)
t=T.+1
Torz[a OKOHYATCJIBbHO ITOJIYYHUM:
3,=D.u Koy + 300 (5.15)

TakuMm oOpa3oM, mpu BeIOOpE HAWMIIYUIIETO BapuaHTa CISAyeT HCIIOJIb30BaTh
KpUTEpUH MHHHMyMa CyMMapHBIX JIUCKOHTHPOBAaHHBIX  3aTpaT, KOTOPBIH
3aIACHIBACTCS B BUJIC

3, = min. (5.16)

u  (dopmupyeTcs  CIEAyIOMUM  00pa3oM:  ONTHMAJbHOMY  BapHaHTY
AJIGKTPUICCKOM CETH  COOTBETCTBYET HAWMEHBIEe 3HAYCHHE CYMMAapHBIX
JTMCKOHTHPOBAHHBIX 3aTPaT Ha €€ COOPYKCHUE M AKCILIyaTaI|IO B TCUCHUE 33 JaHHOTO
pacyeTHOro Mepuo/Ia.

CyMMapHbIC KalWTaJdbHBIC BJIOXKCHHUS OINPEISISAIOTCS 10 YKPYITHCHHBIM
CTOMMOCTHBIM TI0Ka3aTeJISIM JICMEHTOB JIEKTPUICCKON CETH.

5.2 KanurtanoB/i0skeHHUs HA COOPYKEHUE MOACTAHIMI

CyMMapHbIe KamUTATIOBIOKEHUS HA COOPYKEHUE TMOHMKAIOIIUX TOACTAHIIHMA
OTIPEJIEISIIOTCS KaK
Ky =K, + Ky, (5.17)
rae K, CTOUMOCTb TpaHchopMaTopoOB; Kpy— CTOMMOCTh
pacnpenenuTeNbHBIX YCTPOMCTB.
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[Ipu ycranoBke Ha IIC n, omHoTHMHHBIX TpaHchopmaropoB (mwin AT)
OJIMHAKOBOM MOIIIHOCTH KTp =n K rae K YKPYITHEHHBIM TOKa3aTelb

Tp.pacy ? Tp.pacy

CTOMMOCTH, BKJIIOYAIOIIMH MOMHMMO CTOMMOCTH camoro TpaHchopmaropa (Kqp)

3aTpaThl Ha CTPOUTENIbHYIO YaCTh, MOHTAX, OLUIMHOBKY, IIIMHOTPOBO/IbI, TPO303aIlIUTY,
3a3eMJICHHE, KOHTpPOJIbHBbIE KalOenu W peneiHyro 3amuTy. s AByXO0OMOTOYHBIX
noHmkaronmx TpancGopmaropos ¢ PITH kiacca 35-220 kB otromenue K / K, B

ot 16 1o 160 MB-A saBiaseTcd NOBOJBHO CTAOWILHBIM U

Tp.pacy

Uana3oHe 3HA4YEeHUU S

T.HOM

u3MeHsieTcs B npexaenax 1,2-1,3, T.e. B cpeHEM pacyeTHasi CTOMMOCTh IMPEBBIIIACT
CTOMMOCTBb COOCTBEHHO TpaHchopmaTtopa Ha 25%. [lnsg ycTaHaBImBaeMbIX Ha
KpPYMHBIX cUCTeMHbIX nofcTanimii B 500-1150 xB Tpexda3Hbix rpynin U3 ogHo(pa3HBIX
AT otHOmenue K / K,, ¥MeeT 3HAaYMTENbHBIA pa3dpoc M  CYHIECTBEHHO

Tp.pacqd

OTJIMYAETCSI OT PACCMOTPEHHOTO BBIIIE B OOJIBIIIYIO CTOPOHY, U3MEHSISICHh B JUAIIA30HE
or 1,4 1o 1,9.

JInst mosydeHusi 3Ha4eHUs] YKPYITHEHHOTO MOKa3aTessl CTOMMOCTH Ha TEKYIIUH

MOMEHT HE00XO0IMMO YMHOKUTH PACYCTHYIO CTOUMOCTh B 0a30BbHIX IleHaX K

Tp.pacy.0a3

Ha COOTBETCTBYIONTUH KO3PIUIIUEHT nedursiiun
=k

Tp.pacu ned ) Tp.pacy.6a3

(5.18)

ba3oBble mokazaTenu CTOMMOCTH TpaHchopMaTopHOro obdopyaoBanus 35-220
kB nipencraBiensl B Ta0m.5.1

Tabmuma - 5.1. ba3zoBble pacdeTHbIE CTOUMOCTH TpaHchopmaTopoB — 35-220
kB ¢ PIIH (B uenax 1991 r.)
Usom, kKB 3uauenust Koy paca.6as, THIC. PYO., IPH Sy om, MB-A
6,3 10 16 25 40 63 80 100 | 125 | 160
35/10 95 100 | 110 | 155 | 220 — — — — —

110/10 136 | 148 | 172 | 222 | 292 | 360 | 408 — 440 —
110/35/10 | 163 | 189 | 219 | 255 | 320 | 407 | 447 — — —
220/10 — — — — 400 | 505 — 635 — 775

Bropou KPYITHOU COCTaBIISIIOIIEH Kmc SIBJISIETCS CTOMMOCTh
pacnpeaeauTeNbHbIX YCTPOUCTB. Ha BHOBb MPOEKTUPYEMBIX MOACTAHIUAX YUCIO PY
OOBIYHO HE TIPEBBINIACT TpeX. B aToM ciydae

Kpy =Kpy gy + Kpy cun + Kpy s (5.19)

rac clijara€MbiC npaBoﬁ YaCThu OTBCYAIOT PaCIpPCACINTCIbHBIM YCTpOﬁCTBaM
BBICIICT'O, CPCAHCTO 1 HU3ICT'O HAIIPAKCHU .

5.3 U3nepKKu HA aMOPTHU3ALMIO U 00CJIYyKMBAHME MOACTAHIIUI

HpI/I TEXHHUKO-OKOHOMHWYCCKOM  COIIOCTABJICHHMHM  BapHWaHTOB HOIICTaHL[I/II\/'I
CXKCIroAHbIC HM3ACPIKKKM Ha aMOPTHU3aAIHUI0 U 06CJIy}KI/IBaHI/I€ OJICMCHTOB CCTHU
OIpCACIIAIOT KaK JOJIIO OT KﬂHHTﬂJ’IOBHO)KGHPIﬁ, T. €.
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Wpc =apce - Ky, (5.20)

rae apc— OOIMMe HOPMBI OTYHCICHHWHA OT KanmutamoBioxkeHud mus IIC,

CKJIQJIBIBAOIIMECS] U3 HOPM aMOPTHU3ALMOHHBIX OTYUCICHUN d,y W OTYUCICHHM HA
TEKYIIUHA PEMOHT U 00CITY)KHBAHUE Aogcr.

Yactp aMOpPTHU3aLMOHHBIX  OTYUCICHHM  HCHOJIB3YETCS U1 3aMEHBI
000pyI0BaHUs MO UCTEYEHUN CPOKA CITY>KObI HA HOBOE U HA3bIBACTCS] OMYUCIEHUAMU
H4 peHoB8ayul0 apey. BTOpas YacThb O00ECIIEYMBAET BO3MOXKHOCTH BBIIOJIHEHHMS
NEPUOANYECKUX KAIUTaJIbHBIX PEMOHTOB a.. T[akuM o0pa3zom, oOm@as HopMa
OTYHCIICHUI UMEET TPU COCTABIISIOIINE

a= apeH + aK.p T o605 (521)

B Ta611.5.2 B KauecTBe WIUTIOCTPAIMH MIPEACTABICHBI 3HAYEHUSI PUTYPUPYIOIIHUX
B (5.21) cocTaBigrONMX U CyMMapHBIX HOPM €XKETOJHBIX OTYHCICHUMN (B MPOIEHTaX
OT KallUTAJIOBIIOKEHUN ).

Tabmuua - 5.2. HopMmbl €XEroJHbIX OTYUCIEHUH Ha aMOpTH3alUI0 U
00cTyKuBaHUE JIeMEHTOB noAcTaHiuu (%/ron)
HanmeHOBaHME 2J1IEMEHTOB Apen Ak p Aoben a

CuioBoe 31eKTpooOopyI0BaHNE
¥ KOMMYTAIIMOHHAs ammapaTypa
NOJCTAaHIIMM  TpU  BBICHIEM

HaIpPsHKCHUU:
1o 150 xB 3,5 2.9 3,0 9,4
220 kB u BBIIIE 3,5 2,9 2,0 8.4

OnpenesieHue NOTEPhb IJIEKTPOIHEPIrUU B TPaHChopMaTOpax.
["otoBBIE TOTEPU PHEPTHUH B JBYXOOMOTOYHOM TpaHchopMaTope, padboTaroliemM
110 MHOTOCTYIIEHYaTOMY IpauKy, ONPEAEIIAIOT CIeTyOIUM 00pa3oM:

2 2

n . m (S
AW =P_-24(N,+ N )+P N >’ 5 At;+P_-N > S = -At (5.22)
i=1 HOM =1 HOM
riae: Py, Px- moTepu Xoa0CcTOro Xoaa 1 KOpOTKOro 3aMbIKaHUs TpaHcpopmaTopa,

KBT;
N, Ny - 9rcio pabounx CyTOK B 3MMHEM M JIETHEM CE30HAX;
Si, Sj - Harpy3Ka i-i, j-i cTyneHel COOTBETCTBEHHO 3UMHEI0 U JIETHETO
rpauKOB HATPY3KH;
At;, At; - IIMTEIBHOCTb CTYIEHEH, 4; N, M-KOJIUYECTBO CTYIICHEU B
3UMHEM U JIETHEM Tpadukax.

Jnst TpexOOMOTOUYHBIX TpaHCHOPMATOPOB ONPEIECHSAIOT CYTOUYHbIE Tpaduku
Harpy3oK sl KakJ0h OOMOTKH M 0 HUM PAaCCUMTHIBAIOT MOTEPH OTACIBHO IS

Ka)KJI0M OOMOTKH:
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2 2
n S . m S .
AW=P -24(N,+N )+P_ - NZ(SJ - At, +NHZ[ B’JJ At |+
i=l

HOM =l HOM
Sc,i

2 2
n m (S .

+P_ - NgZES j - At +NHZ[S°=J] CAt |+
i=1 j=1

HOM HOM

0 (S 2 m(S 2
+P_ - N3z(sﬂ’ij At +NHZ[S“’J) At |, (5.23)
i=l1

HOM

rae: Sg, Sc, Sy - HArpy3KH 0OMOTOK BBICIIETO, CPEAHETO U HU3IIETO HANPSHKEHUH,
KkBrT;
P, Pies Pin - moTepm K3 B 0OMOTKa BBICHIEro, CpEeIHEro, HU3IIETO
HaIpsDKeHUM, KBT:
PKBZO-S(PKB-C+ PKB-H_ PKc-H),
PKCZO-S(PKC-H+ PKB-C_ PKB-H), (524)
PKHZO-S(PKB-H+ PKC-H_ PKB—C),
r1e: Py, Pic-ns Pisc - HOTEPH B OOMOTKAX TPEXOOMOTOUHOTO TpaHchopMaTopa
MOJIyYEHHBIE M3 OIBITOB KOPOTKOTO 3aMbIKAHHS, C MOMApPHBIM Y4acTHEM OOMOTOK
BBICILIETO, CPEJIHETO, U HU3IIETO HAIIPSKEHUS.
Ecnu y 3-x o6MoTouHOr0 aBToTpanchopmaropa Kod(PpQPUIMeHTH MOIIHOCTUA Ha
BCEX 3-X CTOPOHAX HANPSIKEHUS PaBHbI, TO ISl pacyera MOTEPb YHEPIUU MOMKHO
BOCIIOJIb30BaThCs PopMyiaMu TpexoOMoTouHOTO TpaHchopmaropa (5.23) u (5.24).
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6 BbIBOP OTXO/JAIIUX JIUHUNA
6.1 Bb106op oTxoasIIUX JIMHUI HA CTOPOHE BBHICIIET0 HATIPAXKEHUS

Bb160p 0TXOA41IMX JIMHUN HAa CTOPOHE BBICIIETO HANPSKEHUSI pACCMOTPUM Ha
CJIEIYIOLEM IIPUMEPE

MakcumanbsHast MomHOCTh Ha ctopoHe BH: S =179,6 MB-A, uucno
OTXOJAUINX OAHOUENHBIX JUHMA — 2, niuuHa nuauu: 80/130 kM. Breibop cedenus

IMpoBOda IMMPOU3BOJUTCA MCTOAOM AKOHOMHYECKOM IIIOTHOCTH.
HpOI[OJ'DKI/ITCJ'IBHOCTB HCIIOJIB30BaAHUSI MAaKCHUMYyMa HAI'Py3KU:

N,YSt, +N, Y8 t,
o1 =

T, = S , (6.1)

max

rae SI.I/IS]. — TMOJIHBIE MOIIIHOCTU COOTBETCTBYIOIIMX CTyneHeu no cetn BH
~200-(121,7-4+143,6-4+179,6-4+143,6-4+135,7-4+121,7-4) +

o 179,6

+165-(78,8+89,8-14+78,8-4)

T

=5646,9 u

JUIsl allfOMUHUEBBIX TPOBOJOB OMPEIEISIEM SKOHOMUYECKYIO IIOTHOCTD o=
1A/MM2. TIpeArnonokum, 4To Harpy3Ka pacupesesieHa 1o JMHUSIM PaBHOMEPHO, TOT/a
HOPMAaJIbHBIN PACUETHBIA TOK:

S
I — max (6.2)
H.pacu 2\/§UH 5

179.6-10°

n.pacu 2\/5.220
DKOHOMHUYECKOE CEUECHHUE:

=235,6 A

]H.pacq
F;K = j—, (63)

F = 2356 _ 2356 mm?

9K

[IprHKMMaeM IPUOIMKEHHOE CTaHIAPTHOE ceuenne 240 MM? U TIpEABAPUTEILHO
BbIOMpaeM npoBoa AC-240/32, nonyctumasi TOkoBast Harpy3ka l,,,—=605 4.
[IpoBepky oOcCyHIECTBIsIEM MO AOMYCTUMOMY TOKY B PEKHUME OOpbIBA OJHOM
uenu JuHuM. [Ipu 3TOM TOK, IPOTEKAIOIIUM 110 OCTABIIEHCS LIENN JINHUU:
S
I == (6.4)
J3U,
_179,6-10°

Tx. Inax<lpon, TO OKOHYATENHbHO mnpHHUMaeM mnpoBog AC240/32, ¢
CONPOTUBIIEHUEM  TOCTOSTHHOMY  TOKy 10=0,12 Om/km, ¥W HHIYKTUBHBIM
conpotuieHueM xo=0,405 Om/xm.

4713 4
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HpOBOI[a, pacnojiaracMbI€ Ha OTKPBITOM BO34YyXEC, I10 TCpMI/I‘leCKOﬁ CTOMKOCTH
HC ITPOBCPAIOTCA.

6.2 Bb100p OTXOAAIUX JIUHUIA HA CTOPOHE CPeIHEr0 HANPSKEHUS

Be160op oTX0a1MX JIMHUI HAa CTOPOHE BBICOKOTO HAIIPSKEHUSI PACCMOTPUM Ha
CIIE/TyIOIEM IIpUMepe
MaxkcumanpHast nosiHasi MomHocTs Ha cropone CH: S =109,8 MB-A, tpu

muaun amuHOoM 30/15/25 kM. BBIOOp cedeHuss MpoBOJa TPOW3BOIUTCS METOJIOM
SKOHOMMYECKOH TJIIOTHOCTH.

[Ipo10KUTENBEHOCTS UCIIOJBb30BaHUS MAaKCUMyMa Harpy3ku 1o (6.1):

T - 200-(659:12+87,8-8+109.8-4) +165:(43,9:10+549-14) _ g1, o

109,8

JU1s amOMUHUEBBIX TPOBOJIOB OMPEIEIIEM IKOHOMUYECKYIO TUIOTHOCTh
Jox= 1 A/’

HopwmaunbHblii pacdeTHbIi TOK 1O (6.2):

3
109810
34335
DKOHOMHUYECKOE CEUCHUE:
F = 6037 _ 603,7 mm?

9K

[IprHMMaeM IPUOIMKEHHOE cTaHaapTHOE ceueHue 600 v’ U IpeaBapUTEILHO
BeIOMpaeM 1o Tabn. 1-10 [2] mpoBox AC600/72, mormycTthmasi TOKOBas Harpyska
Lr=1050 A. IIpoBepky OCyIIECTBIsEM IO JOMYCTUMOMY TOKY B PEXKHUME OOpbHIBA
OJIHOM 1IN JIMHUU, TIPU 3TOM TOK, TIPOTEKAIOIINI MO OCTaBIIMMCS 1ienu 110 (6.4):

3
1 =108 _g456 4
"™ 243-35
Tk, Imax<lpon, TO oOKOHYaTeNbHO mnpuHUMaeM 1npoBog AC600/72, ¢
COTMPOTUBJICHUEM  MOCTOSIHHOMY TOKYy 19=0,05 Om/km, ¥ HHIYKTHUBHBIM
conportuBiaecHueM xo=0,403 Om/km.
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7 PACUET TOKOB KOPOTKOI'O 3AMBIKAHUA
7.1 Metoauka pacdyera TokoB K3

[Ipy BBINOJHEHHHM KYPCOBBIX M JUILIOMHBIX IPOEKTOB, pacyeTbl TOKOB K3 u
OCTATOYHBIX HANPSHKEHUN MPOBOASTCS ISl BHIOOpA anmapaToB, MPOBOJIHUKOB, YHCIIA
3a3€MJICHHBIX HEUTpAJIEl B CHUCTEME, MPOCKTUPOBAHUS M HACTPOMKHU PEJICUHOMU
3allUTBl W aBTOMATHKH, BBISIBICHHUS  BJIMSIHUS ~ BBICOKOBOJIbTHBIX — JIMHUH
AJIEKTPONEPENAYN HA JIMHUU CBSI3U U APYTUX MPAKTHYECKUX 3a]1a4.

Kopotkum 3ambikanuem (K3) HazbiBatoT 3aMbikanue Mexay (azamu (hasHbIMU
MIPOBOJAHUKAMU JIEKTPOYCTAHOBKH), 3aMblKaHUE (Da3 HaA 3eMITI0 (HYJIEBOU MPOBOJ) B
CeTAX C TIayXxo- U 3(PPeKTUBHO-3a3eMIICHHBIMU HEUTPAISIMU, a TAKKE BHUTKOBBIC
3aMBIKaHUS B 3JIEKTPUYECKUX MAIIMHAX.

JlocTaTouHO yMeTh ompenenath Tok Ttpexdasnoro K3 (K®) B mete
MOBPEXKJCHUS, @ B HEKOTOPBIX CIydasXx — PacCIpEleICHUEe TOKOB B BETBSIX CXEMBI,
HETNOCPEACTBEHHO MPUMBIKAIOMKX K 3TOMy Mecty. lIpu pacudere omnpenenstor
MEepUOJINYECKyI0 cocTaBisitonryto Toka K3 I, 11 Hanbonee TsKEIOro pexuma
paboThI ceTh. YUeT anepuoArndecKoi COCTABISIONICH [,y MPONU3BOIUT MPUOIHIKEHHO,
JOIlyCKasl I[P 3TOM, UYTO OHA UMEET MAaKCUMAJIbHOE 3HAYEHUE B PacCMaTpUBAECMOU
dbaze.

Bo3nuknoBenne TokoB K3 oOycioBieHa: HapylieHHEeM H30JS1UU (CTapeHue
M3OJISLINH, IPOE3]T MO JIMHUSMU Tiepeaad He radapuTHBIX IPY30B, MEpEeHANpPsHKEHUE,
MEXaHUYECKHE TOBPEKIEHHUS AJIEKTPOOOOPYNOBaHUS, HAOPOC MOCTOPOHHUX TN Ha
nposoja JIDII; HenpaBUIbHBIMU AEUCTBUSMU 00CITY>KMBAIOLIETO EPCOHANIA.

Pacuer TokoB npu K©® BEINONHAIOT B clemyomeM nopsike:

1) nns paccmaTpuBaeMoil YyCTAHOBKH COCTABJISIOT PACUETHYIO CXEMY;

2) 1o pacyeTHOM cXeMe COCTABIISIOT JIEKTPUUECKYIO CXeMY 3aMELICHMS;

3) myTeM MOCTENEHHOTO MpeoOpa3oBaHUsl MPUBOIAT CXEMY 3aMEIICHHS K
IPOCTOMY BHJy — TaK, YTOOBI KaXKIbI MCTOYHUK MUTAHUS WA TpPYIIa
UCTOYHUKOB ¢ pesynbrupytomei IJ[C Obina cBsizana ¢ Toukoit K3 ogHum
CONIPOTUBIIECHUEM Xpes;

4) ompenenseM HadaJabHOE 3HAYEHHE TICPHOIUUECKOM cocTaBisromie Toka K3
(Ino), 3aTem yaapuslii Tok K3 (i), unpu He0OX0AUMOCTH — IEPUOUUYECKYIO U
arepuoANYECKy0 CcocTaBisirone Toka K3 mida 3amaHHOro MOMEHTa
BpeMeHH t (Int), (Tar).

Pacuetnas cxema — 3TO OTHOJIMHEWHAS CXEMa JIEKTPOYCTAHOBKHU C YKa3aHUEM

TE€X 3JIEMEHTOB M HMX IMapaMeTpPOB, KOTOpPbIC BIUAIOT Ha 3HaueHue TK3 u mortomy
JIOJKHBI YUUTBHIBATHCA TPU BBINOJHEHUM pacyeToB. PacueTHas cxeMa yCTaHOBKH
JIOJDKHA OTpakaTh HOPMaJbHBIN pexuM paboTel. Ha pacdyeTHO#l cxeMe HaMeudaroT
pacuetHble Touku K3 — Tak, 4ToOBI anmaparsl ¥ MPOBOAHUKY MOl B Haubosee
TSDKETbIe  yCJoBHsSI paboThl. B cxeme 3aMmemieHus] SJIEKTPOMArHUTHBIE CBSI3H
3aMEHSIOTCA AJIEKTpUUeCKUMHU. MIcTouHnKky BBOIAT B cxemy 3amenenus kak DJ(C u
CONPOTHUBJIEHUS, OCTAIIbHBIE JIEMEHTBI — Kak cornpoTuBieHus. Pacuer TK3 moxHO
BECTH KaK B MMEHOBAHHBIX, TAK U B OTHOCUTEJBHBIX €AUHULIAX. B ceTsaX n ycTaHOBKax
10 1 kB 00OBIYHO TPOU3BOAAT pacueT B MMEHHOBAHBIX eIuHUIAX. B ycTaHOBKax
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HanpsbkeHueM Oonee | kB NPUHATO BCE CONPOTHBIEHHS KOPOTKO3AMKHYTOHM LieTH
MIPUBOANUTH K OA3UCHBIM YCJIOBUSM U BBIPAXKATh B 0.€.

[IpeaBapuTelbHO  NPUHUMAEM  Oa3WCHYIO  MOIIHOCTh,  OJM3KYH0 K
YCTAHOBJICHHOM MOIIIHOCTH TE€HEPAaTOPOB B PACUETHOM CXEME€ M OKPYIVICHHYIO 10
uenoro yucna (ynoono 100 wmm 1000 MB-A). 3a 6a3ucHOE NMPUHHUMAIOT CpPEIHEE
AKCIUTYTAallMOHHOE HAINpPSKEHHE TOM CTyNneHW, Ha KOoTopoil mnpeanonaraetcs K3,
COTJIACHO CIIEAYIOLIEH MIKae:

3,15;6,3; 10,5; 13,8; 15,75; 18; 20; 24; 37; 115; 154; 230; 340; 515; 770 xB.

Takum oOpazoM, ais kaxaon Touku K3 OyayT cBou 0a3ucCHbIE HANPSKEHUS U

TOK:
S
[[=—"— (7.1)
0 ’ .
J3-U,
3/1C cMHXpOHHOW MalIMHBI MOYXHO HAUTH 110 (hopMyJIe:
_ " . 2 " . 2
E N \/(UOHOM T IOHOM ) Xd HOM s (p) + (IOHOM ) Xd HOM S (P) ’ (72)
S0
rae Uppou 11 I, = 3 =1 COOTBETCTBEHHO HAIPSKEHUE HA BBIBOJIAX MALIUHBI U TOK

HOM

cTatopa B MOMEHT, npenamectByrommid K3, B 0.e. IpM HOMUHAJIBHBIX YCIOBUSX.

O6br9H0 Ug wov=1, x,,,,— cBepxmepexoaHoe comporusineHue. Ecmu 1o K3 Mammmast

paboTanu B HOPMAJIBHOM PEXHUME, T.€. ¢ NMEePEBO30YKICHUEM B (POpPMYJI€ CTABUTHCS
3HAK «1», €CIIU C HEJOBO30YKIEHUEM 3HAK «—».
CnenoBatenbHO, (opMysa NPUMET BU]L

E - \/(1 i 1 ) x:l Hom Sln ¢)2 + (1 ) x;. nox COS(D)2, (73)
WHOT/Ia UCIIOJIB3YIOT 00Jiee MPOCTyIo hopMyIy:
E=1£1-x,, -sing. (7.4)

B COBpeMEHHBIX 3HEPrOCUCTEMAX UMEIOTCS JOCTaTOYHO MOIIHBIE UCTOYHUKU
(KpyTHBIE 3JIEKTPOCTAHIIMH WJIA SHEPTOCUCTEMBI ), SJIEKTPUUECKH YJAJICHHbIE OT MeCTa
K3 wnm ot BeTBH, B KOTOPOU omnpeaensiercs Tok. HanpskeHnne B MecTe OAKITIOUECHHS
TaKOr0 UCTOYHUKA HEOTPAHUYEHHON MOIIHOCTH MMPAKTHYECKH OCTAETCS HEU3MEHHBIM
nu ero OJIC B OTHOCUTENBHBIX €IWHHUIAX NPUHUMAKOT pPaBHBIMU E€IUHULE, B
MMEHOBAaHHBIX — HOMUHAJIBHOMY HalPsDKEHHIO, @ COIPOTUBIIEHHE — PABHBIM HYJIIO.

Jiist Gosiee OAM3KO PacoIOKEHHBIX HCTOYHUKOB MHOTIa OTCYTCTBYIOT JJAHHbIE
O CONPOTHUBJICHUSX, HO M3BECTHBI TOK I MM MOIIHOCTH S, KOPOTKOTO 3aMbIKaHUS B

cetu. B atom CiIy4dac COIIPOTHUBIICHUC HAXOIAT 110 BEIPAXKCHUAM

7.2 PacyeTHble BbIPA:KeHHUS JISl ONpeNe/ieHUs] NMPUBEJICHHbIX 3HAYEHHUH
CONPOTHUBJICHUH.

—JIro6ast CHHXpOHHAs WM ACHHXPOHHAs MalllMHA, 0000IICHHAs Harpy3Ka:
Hcxoansiit mapamerp: X« ,S

HOM
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2
" UHOM

B nmenoBanHbIX eaquumuax: X = X ,
HOM

" S
B OTHOCHTENIBHBIX CIUHALAX: Xy = Xs —0

HOM

—Tpancdopmarop:
Wcxoaubiid mapametp: Uy o, S yow s
UK% UiOM
B MMeHOBaHHBIX einHULAX: X, =—>  —=,
® 100 S

TP.HOM
UK,% . S6

B oTHOCUTENBLHBIX €IUHAIIAX: XTp* = .
100 STp.HOM

—JIByXO0OMOTOYHBIN TpaHC(HOPMATOP C PACIICTNIEHHBIMA OOMOTKAMM:
Wcxonneiii napamerp: U, , ..,
B nMeHOBaHHBIX €AMHUIIAX:
2
_ UK.B—H% . UHOM
B-H — D
100 STp.HOM

Xpg=0,125X_ ..,

XHl = XH2 = 1975XB—H 5
B OTHOCHUTENBHBIX €IMHALIAX:

U
X .= k.B—H% ,
e 100
Xpe =0,125X .,

X=X, =175X .

—TpexoOMOTOUHBIN TpaHCHOPMATOP WK aBTOTpaHCHopMaTOp:
HCXOHHBIﬁ HapaMeTp' UK.B—H% > UK.B—C% K UK.C—H% > STp.HOM 5

B nMmeHoBaHHBIX CAMHUIax:
2
UHOM

Xpx =0,005- (Ugp_po, + Ugp-co + Ukc-nw) S

TP.HOM
U2
HOM

Xex =0,005- (U g_co, + Ucpo + UK.B—H%)'Si

b
TP.HOM
U2
HOM
9

Xy =0,005- (U p_po, + Ugconoe + Uip_co)-

Tp.HOM

B oTHOCHUTENBHBIX CAMHUIax:
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Xg =0,005- (U g_ioy + U g_cos + Ukcono) o

Se
Xex =0,005-(Uyg_co, + Uxc-no + Ukp-nw) - o
SHOM
S
_ 6
Xy =0,005-(Uy o, + Ugcopo, *Uxpocu) -
HOM
—PeakTop:
Wcxonusrid napamerp: X, , U, L, oy,
Uy
B nMeHoBaHHBIX eqUHHUIAX: X=Xp T
UHOM
S
B oTHOCHUTENBHBIX eqUHUNIAX: X« = Xp -—26 , X =X
U<
—Bo3aymnas win kabeapHast JTMHUS:
Wcxonnbiii mapamerp: Xy, 1
U2
B nMeHOBaHHBIX eqUHHUIIAX: X = Xyﬂl . HZOM ,
Ucp
S
B oTHOCUTENBHBIX €AUHHALIAX: X« = Xyﬂl—62.
Us
—DHeprocucrema:
a) npu u3BecTHOM Toke K3
Hcxonnsiit napamerp: I, .,
2
UHOM
B nMeHOBaHHBIX €AUHHIAX: X = — o0 |
\/g ) I1<.c[jcp
S
B oTHOCUTENBHBIX €UHALIAX: Xy = \/_—6.
3- IK.CU6
0) npu u3BecTHOM MoiHocTH K3
Hcxonnsiil napametp: S,
2
B uMeHOBaHHBIX equHHANAX: X = —°M
K
Se

B oTHOCHUTENIBHBIX CAMHUIIAX: X* =—.

K
B) Ipu M3BECTHOM MOIITHOCTH U COIIPOTHUBJIICHUS CHUCTCMbI

Hcxonneiii napamerp: X ,S, oy
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2
U
B nmenoBaHHBIX eauHUIAX: X =X, — >,

S

HOM

S
B otHOcuTenbHbIX eauHunax: X, = X, —0
S

HOMUHAQJIBHBIE MOIIIHOCTH 3JIEMEHTOB (TeHepaTopa,

HOM

[Ippumevanue: S

HOM

TpaHcopmaTopa, s3Heprocuctemsl), MB-A; S.— 6a3zoBas MOIIHOCTb, S — MOIIHOCTh
K.3. 3Heprocucremsl, MB-A; I — TOK KOpPOTKOrO 3aMbIKaHUs CHCTEMBI, KA; X —
OTHOCUTENBHOE HOMMHAJIBHOE CONPOTHUBIICHUE JHEProcucremsl; U — HampspKeHUe
KOPOTKOI'O 3aMblKaHus Tpanchopmaropa kKB; [, — 6a3oBbiii ToK, KA; U — cpennee

HaIIps’KCHUC B MCCTC JAHHOT'O 3JICMCHTA, KkB.

7.3 IIpeoOpa3oBaHue  JJIEKTPUYECKHX CXeM M  OIpedeieHue
Pe3yJIbTHPYIOIIMX OTHOCUTEIbHBIX CONPOTUBJIEHNH

ConpoTHUBJICHHS] DJIIEMEHTOB CXEMBbl, MPUBEJCHHbIE K OA3UCHBIM YCIOBHUSIM,
HAHOCAT Ha CXeMy 3aMelleHus. JlJis 3TOro KaXKAblii 3JIEMEHT B CXEME 3aMEIlCHUs
0003HayaT JpoObI0: B YHUCIHUTENIC CTaBAT MOPAIKOBBIA HOMEp DJIEMEHTa, a B
3HAMEHaTeJIe — 3HAYEHUE OTHOCUTEIBHOIO WHIYKTUBHOI'O COIpOTMBIECHUsA. [lamee
HEOOXOUMO OIPENEIUTh PE3YyIbTUPYIOIIEE CONMPOTUBICHUE Xpes B LIEMH KOPOTKOTO
3aMBbIKaHUS JJ1s1 TaHHOU Touku K3 myTem mocTeneHHoro npeoopa3oBaHUE CXEMBI.

Bo3MoxHBI crienyrorye npeoOpa3oBaHus CXEMBbI.

3aMeHa HECKOJIbKUX CONPOTUBIICHUH, COEIMHEHHBIX TTOCIEA0BATEIBHO,
SKBHUBAJICHTHBIM:

X, =X, +x,+..+x, (7.5)

3amMeHa HECKOJIbBKHUX COIIPOTUBJICHUC, COCAMHCHHBIX napaujiciibHO,
OKBHUBAJICHTHBIM:

1 1 1 1
—=—t—+..+— (7.6)
X X X X

* %] * *n

CoenuHenue 3B€3/10i ¢ OTHOCUTENIBHBIMU COITPOTUBIICHUSMM JIy4Yed X, ,X,,,X,,

(puc. 7.1) MoxeT OBITh 3aMEHEHO IKBHUBAJICHTHBIM COCAMHEHHEM B TPEYTOJBHUK TIO
dbopmynam

_ x*l ) 'x*2 .
X =X, tX, +——,
Xa
X, "X
— *] *3 .
Xy =Xy + Xy +——; (7.7)

X,
X3

X, -
Xy =X, + X, +—.
X,
[Ipu mnpeoOpa3oBaHWU TPEYTroOJIbHUKA OTHOCHUTENIbHBIX CONPOTUBIECHUN B

HKBUBAJICHTHYIO 3BE3/Y MOIB3YIOTCA (POpMyITOit:
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*]

= )
X, tx,+x,

X, = (7.8)
X, tX,+X,

Puc. 7.1 [IpeoOpa3zoBaHue 3B€3/1bl COPOTUBIICHHUI B TPEYTOJIbHUK
1 00paTHOE MpeoOpa3oBaHUE.

[Ipy pa3HOTUITHBIX MCTOYHHMKAX MOYKHO BBIYHCIHTHL pe3ylnbTupyromyr I/C:
JUIsL CXEMBI Ha puc. 7.2.

E, E.
— 'x*l x*z
*pes - i i (7 ¢ 9)
x*l x*2

E

*pes

Puc. 7.2. Cxema nis pacdeta TokoB K3 ¢ ucTouHMKaMu,

CBsi3aHHBIMU ¢ ToukoM K3 HenocpencTBeHHo.
ITocne mpeobOpa3oBaHUS  CXEMBI

U HaxOXJCHHUS  PE3yJbTUPYIOUIETO

CONPOTURJICHUSI OMPEACIISIOT HauyalbHOE 3HAYCHUE MEPUOJAMUYECKON COCTaBIISIONICH
Toka K3:

Sl (7.10)
X
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rae Is — 6asucHsIi TOK, onpeaensiemulii pu Us B Touke K3. Jlanee onpenensem
yaapubii Tok K3:
i, =K 21, (7.11)
-0,01

kK, =l+e™ (7.12)

rae k, — ynapubiii koadduunent; 7, — 3HaYEHHE MOCTOSHHOW BpEMEHH 3aTyXaHMsI
anepuou4Yeckon cocrapisronieil Toka K3.
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8 PACYET KABEJIbHOM CETH HU3IIET O HAITIPSI)KEHU S
8.1 Bvibop mapxu u ceuenus xabens onsa PI1

Kabenu mmpoko npuMeHsIOTCsl B JIeKTpoycTaHoBKax. [lotpedburenu 6-10 kB,
KaK TpaBWIO, MOJYYAlOT NUTAaHUE N0 KaOEJNbHBIM JIMHUSAM, KOTOpbIE CHayalia
IPOKJIAJILIBAIOTCS B KAOETBHBIX TYHHEIISIX B paCIpeIeTUTEIbHOM YCTPONCTBE, a 3aTeM
B TpaHmiesx, B 3emue. g mpucoemuHeHus MoOTpeOuTeneii COOCTBEHHBIX HYXKII
ANEKTPOCTAHIUM M MOACTAHIUNA K COOTBETCTBYIOIIUM IIIMHAM TaKKe HCIOJIb3YIOTCS
kaberu 6 u 0,4 kB. UYrobbl oOecnmeunTh MOXKapHYIO 0€30MacHOCTh B
MIPOU3BOJICTBEHHBIX MOMEIICHUSAX PEKOMEHYETCS MPUMEHATh KalOeln, y KOTOPhIX
M30JIS1MsA, 0007109Ka U TIOKPOBBI BHIMTOTHEHBI U3 HEBOCTUIAMEHSIFOIITXCSI MATEPHAJIOB,
HallpuMep H3 CaMO3aTyXalollero MOJIMATUICHA WM TOJUBHHWIXJIOPUIHOIO
MJIACTUKATA.

KabGenu BwpIOMparoTCs MO HANPSHKEHUIO YCTAHOBKH, MO KOHCTPYKIIMH, IO
AKOHOMMYECKOM TJIOTHOCTH TOKA U IOMYCTUMOMY TOKY.

Jlnst BbIOOpa JIMHEWHBIX PEAKTOPOB HEOOXOAMMO 3HATh TOKH TEPMHUYECKOM
CTOMKOCTH OTXOJIAIIUX KaOese.

[To cyrounomy rpaduky norpedienust momHocTd o cetu HH onpenensiercs
BpEMsSI MAKCUMAaJbHBIX NOTEPD Tmax

N, Sit, +N, D Sit;
i=1 i=1
= ; 8.1
max S ( )

max

T

Hanee Haxogum mno IIYD nmna kabenmelt ¢ OyMakHOM M3OIsAUMEN U
AJIFOMUHUEBBIMU JKUJIAMU SKOHOMHYECKYIO MJIOTHOCTh TOKa J .

[Mutanue PII ocymecTBisercs mo AByM MapajljIeIbHBIM KaOETbHBIM JIMHUSIM
YJIO)KEHHBIM B OJTHOM TpaHiiiee (paccTosiHue B cBeTy Mexay kademsimu 100 mm).

OnpenensieTcs TOK HOPMAJIBHOTO pPEKUMa!

P : (8.2)

|
HOPM )
2\/§-UHOM-coscp
HauGonpmuii pabounii TOK HMMEET MECTO MpU OTKIIOYEHUH OJHOU U3
MapaJlICIbHBIX JIMHUM:

Ipa6.H6 = 2IHopM (83)
DKOHOMHUYECKOE CEUCHHUE:
1
F — HOpM 8.4
w = (8.4)

9K

3ateMm 1o ITYD BeIOMpaem kabeb.
Jliis kabeneit MOMKHO BBITIOIHATHCS CIEAYIOIIEe COOTHOIICHHUE:

(8.5)

JIoT

Low Kooy kg Ky 21

pa6.Ho 2
r11€ Kuep — KO ULIMEHT aBapuHON NEPETPY3KHU;
kg — monpaBo4HbIN KO3PPUIMEHT HA TEMIIEPATYPY OKPYKAIOLIEH Cpeabl:
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9 -9
k. = PO 0TI OKp 8 . 6
e (8.6)

PO, 10T OKp.HOM

kyn — monpaBo4HbBIN K03(OUITMEHT HA YUCIIO Kabesel B TpaHIee
OnpenenieHrue TOKa TEPMUUECKOM CTOMKOCTHU Kabesl.

;o= CF (8.7)

t =t +t (8.8)

rae: t,s —BpeMs cpadaThIBaHMs PEIEHHOM 3aIUUTHI (t,5 =0,7 ¢);
to.5. — BPEMS OTKJIFOUEHUS BBIKTIOUATETIS;
T, — 3Ha4YeHUWE TOCTOSIHHOM BpPEMEHW 3aTyXaHUs allepUOAUYECKOU
cocTasisronie Toka K3;
C — ko3 PUIMEHT TepPMUUECKON CTOMKOCTH (g KaOeneit ¢ OyMaKHOMU
msonsiuert u AC sxunamu pases 90 A-c2/mm?).
Ecmu Tok Ttepmuueckor crouWkocth MeHblie Toka K3 na mmuax HH,
cleoBaTeIbHO, Kabenu OyayT TepMHUEeCKHM HecTOMkM K TokaM K3, 3HauuT, ecth
HEOOXOJIMMOCTh B YCTAHOBKE JINHEHHBIX PEAKTOPOB.

8.2 CnocoObI orpaHn4eHnsl TOKOB KOPOTKOI'0 3aAMbIKAHHUS

B MOIIHBIX 3JEKTPOYCTAaHOBKAX W TUTAEMbIX HMMH DJEKTPOCETSIX TOKH
KOPOTKOTO 3aMBIKAHUSI MOTYT JOCTHTaTh OOJBIIUX BEIWYMH, YTO MPHUBOJHUT K
3aBBIIICHUIO CEUEHUS MPOBOJHUKOB U  YTSDKEICHUIO DJIEKTPOOOOPYAOBAHUS.
[Ipumenenue >MeKTpPOOOOPYAOBaHUS U TMPOBOJHUKOB, PACCUYMTAHHBIX HA OOJIBIIHE
TOKA KOPOTKOTO 3aMbIKaHHS, MPUBOAUT K 3HAYMTEIHHOMY 3aBBIINICHUIO 3aTpar.
[ToaToMy B MOIIHBIX JJIEKTPOYCTAHOBKAX MPUMEHSIOT MCKYCCTBEHHBIE MEpHI
OTPaHUYCHHUS TOKOB KOPOTKOTO 3aMBbIKaHUS, YE€M JIOCTUTAETCS BO3MOYKHOCTH
MpUMEHEHUs1 OoJiee JCHIEBOr0 AJIEKTPOOOOpYyIOBaHUs: 0OoJjiee JIErKUX THUIIOB
3JIEKTPOANIAPaTOB, TOKOBEAYIIMX YACTEH MEHBIINX CCUCHUMN.

OcHOBHBIE CTIOCOOBI OrpaHUYEHHUSI TOKOB KOPOTKOTO 3aMbIKAHMUSI:

- pazgenbHas paboTa TpaHCGHOPMATOPOB U MUTAIOIIUX JTUHUMI;

- TNPUMEHEHHE TPAHCPOPMATOPOB C PACHICTUIEHHBIMU OOMOTKAMH;

- NPUMEHEHHE PEAKTOPOB.

Br16op Toro mim mHOTO crioco0a OrpaHWYEHUs] TOKOB KOPOTKOTO 3aMbIKAHUS
OTIPENIEISETCS MECTHBIMU YCIIOBUSMH KOHKPETHOW 3JIEKTPOYCTAHOBKH U TEXHHKO-
YKOHOMHUYECKHUM COTIOCTABJICHUEM BapUaHTOB.

PazpnenbHast pabota TpaHchOpPMATOPOB M MUTAIOIINX JTUHUH.

PaznenbHast pabota TpaHCHOPMATOPOB U MUTAIOIMINX JIMHUAN, TIPU S=00, X=0,
1o3BoJIsIET CHU3UTH TOK K3 B 2 paza:

Heobxoaumo OTMETHTH, YTO MOIIHOCTH TpaHCHOPMATOPOB U MPOITYCKHAS
CIIOCOOHOCTh KaXJAOW JMHUM, C YUYE€TOM BO3MOXKHOWU TEpEerpy3Kd, JOJKHA OBITh
JIOCTaTOYHO I TUTaHUS TOJHOM Harpy3kd OJJIeKTpoycTaHOBKU. C  IeJbio
oOecrieueHus OecrepeOOMHOro MUTaHUs MOTPeOUTENEe Ha CEKIIMOHHOM BBIKJTIOYATEIIe
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penycMaTpUBAETCsl yCTAaHOBKA aBTOMaTHYECKOTO BBOjIa pe3epna (ABP).

[IpumeneHne TpaHchHOPMATOPOB ¢ PACHICTIICHHEIMU OOMOTKAMH.

[Tpumenenue TpanchopMaTopoB ¢ paclIeITICHHBIMU OOMOTKaMH U pa3eabHON
pabote 00MOTOK Hu3mIero HanpsokeHus. CompoTUBICHHE OOMOTKH HH3IIETO
HampspkeHust (Xy) B 2 pa3a Oojblle  WMHIYKTUBHOCTH  CONPOTHUBIICHHS
IBYX00OMOTOYHOTO TpaHchopmaTopa 6e3 pacmierieHuss ooMoTok. [Tostomy, mpu S.=
0, X~=0 u pacmeruieanr 0OMOTOK ToK K3 Ha CTOpoHE HUBIIETO HAMPSIKEHUS MOKHO
CHM3UTH B 2 pasza.

[IpuMeHeHre peakTopoB.

Bo Bcex anekTpoycTaHOBKax MPU PACCMOTPEHUU BOMPOCA OTPAHUYEHUS TOKOB
K3 u HeynoBIETBOPUTENBHBIX pE3yJIbTaTax pPAacCMOTPEHHBIX BBIIIE CIOCOOOB
BO3HUKAET HEOOXOAMMOCTh  BKIIIOUEHHUE  JIOMOJHUTEIBHBIX  CONPOTHUBIICHUM
(peakTopoB).

Peakrop xapakrepusyercs:

- HOMHHaJIBHBIM TOKOM (I

p4H0M4)

- HOMMHAJIbHBIM HampspkenueM (U .. )

- MHIYKTHBHBIM CONpPOTHUBJICHUEM (X ,%)

AKTHBHOE CONPOTUBIIEHUE PEAKTOPA HE3HAYUTEIBHO, MOTOMY IPHU pacyeTrax
TOKOB K3 ero He y4uThIBaroT.

Br100p peakTopoB.

Bce peakTopbl BBIOMpAIOTCS 1O HOMHHAJIBHOMY  HANpPSKEHHUIO,  TO
HOMHMHAJIbHOMY TOKY U UHIYKTUBHOMY COITPOTHUBJICHUIO.

Homunanvrnoe Hanp:AisiceHue BBI6I/Ipa€M B COOTBCTCTBHMHM C HOMHHAJIBHBIM
HaIlps’)KECHUEM  YCTAaHOBKHU. HpI/I 9TOM IMPCAINOJIaracrcsa, 4YTO PCAKTOPLI JOJIKHBI
HJINTCIBbHO BBIICPKUBATHh MAKCHUMAJIbHBIC pa60qI/Ie HaIIPAKCHUA.

Homunanvueii mox peaktopa (BETBU CIBOSHHOTO PEAKTOpPa) HEIOJDKEH OBITh
MEHbIIIE MAKCUMAJIbHOTO JUIMTEILHOTO TOKA Harpy3KH 1€MHU, B KOTOPYIO OH BKJIFOYEH:

IH()M Z IMaX (8'9)

Jist  mUHHBIX  (CEKIMOHHBIX) PEAKTOPOB HOMMHAJIBHBIA TOK JIOJDKEH
COOTBETCTBOBATh MOIIHOCTH, MEPEAABAEMON OT CEKUHUH K CEKUWH MPU HAPYLICHUU
HOPMAJIBHOTO PEKHUMA.

OOBIYHO MPUHUMAIOT:

L. >(0,6+0,7)1 (8.10)

HOM.T 2

1€ lhonr — HOMUHAJIBHBIA TOK T€HEPATOPA.

Hnoyxmuenoe conpomueénenue peakTopa ONPENEISIIOT, MUCXOIi W3 YCIOBHUU
orpanndenus Toka K3 no 3amaHHOro ypoBHsS. B OOJBIIMHCTBE CIy4aeB ypOBEHb
orpanuueHuss Toka K3 omnpenmensercs N0 KOMMYTAIMOHHOM  CHOCOOHOCTH
BBIKJIIOUATENIeH, HAMEYAEeMbIX K YCTAaHOBKE MJIM YCTAHOBJICHHBIX B JAHHOU TOYKE CETH.
Kak mnpaBuino, nepBoHayalbHO H3BECTHO HAYAJIbHOE 3HAYEHHE MEPUOANYECKOM
cocrasisitonieit Toka K3 I, KOTOpoe ¢ MOMOLIBI0 peakTopa HEOOX0IUMO YMEHBIIUTh
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710 TpeOyeMOro ypOBHSI.

PaccmMoTpuM  MOpSOK — ONpeNeNieHus CONPOTHUBJIECHUS HWHIWBHUIYaJIbHOTO
peaktopa. Tpebyercs orpannuuth ToKk K3 Tak, 4T00BI MOXXHO OBUIO B JAHHOW IIETIH
YCTaHOBUTH BBIKJIFOYATEIh C HOMUHATBHBIM TOKOM OTKITIOUCHHUS jyom or (ACHCTBYIOIICE
3HAYEHUE MEPUOANIYECKON COCTABIISIIONIEH TOKA OTKJIFOUEHUS )

[To 3HaueHUIO lyiom.0r OTIPEAEISIETCSA 3HAYEHUE NEPUOIUYECKON COCTABIAIOIIECH
toka K3, mnpum koropoM obOecnieunBaeTcsi KOMMYTAlMOHHAasi CIHOCOOHOCTb
BBIKITIOUarTens. st ynpomenus 00bI4HO TPUHUMAIOT Lo 1pes =lnom.omx

PesynbpTupyromee conporusienue [OM] B nenu K3 10 ycraHoBkH peakTopa
MO>KHO OTIPEJICIUTH 1O BHIPAKEHUIO:

U
X, =2 (8.11)
N

Tpebyemoe conporusienue uenu K3 nis odecneueHust luopes

U
X - P (8.12)

pe3 \/5 I

Paznocth IMOJIYUYCHHBIX 3HAYCHUH COHpOTHBJ’IGHHﬁ JacT Tpe6yeMoe
COIIPOTHUBJICHUC PCAKTOPA

110.Tpeo.

X =X — X (8.13)

pe3 pe3

Jlanee 1o KaTajaoKHBIM U CIIPABOYHBIM MATEPUATIOM BBIOMPAIOT THIl PEAKTOPA C
OJIM>Kal M OOJIBIITMM UHAYKTUBHBIM COITPOTHUBIICHUEM.

daxTrueckoe 3HaueHre Toka pu K3 3a peakTopoM OmpeaensoT CleayomuM
o0Opazom:

BBIYMCIISIETCS 3HAUEHUE PE3YJIBTUPYIOLIETO conpoTuBiaeHus enu K3 ¢ yuetom
peakropa:

Xpe3 :Xpe3 _Xp: (814)

a 3aTeM, OIIPECACIIACTCA HaYaJIbHOC 3HAUCHHUC HepHOHHqCCKOﬁ cocrasisronieit Toka K3:
U

S (8.15)

no \/ng K

pe3

AHanornyHO BHIOMPAEMOE COMTPOTUBIICHNUE TPYIITIOBBIX U CIOCHHBIX
PEaKTOpOB.

BriOpanHbiii peakTop cleayeT MPOBEPHUTHh HA DIEKTPOJAMHAMHYECKYIO CTOUKOCTH H
TEPMHUUYECKYIO0 CTOMKOCTh IPU NPOTEKAaHUU uepe3 Hero Toka K3.

DNEKTPOAMHAMHUYECKAsI CTOWKOCTh peaKTOpa FapaHTHPYETCs MPU COOJTIOICHUH
CJIEIYIOLLETO YCIOBHSA:

i > (8.16)

Max y?
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-3 ) .
rjie 1, — y/lapHbIi TOK 1py Tpex (asHom K3 3a peakropom;

1, — TOK 3JIEKTPOANHAMHUUECKOM CTONKOCTH PEaKTOpPa, T.€ MAaKCUMAJIbHBIA TOK

M

(aMmIHTYIHOE 3HAYCHHE), IPU KOTOPOM HE HAOJIOJAETCS ocTaTo4Has nedopmarius
00MOTOK:

TepMquCKaﬂ CTOMKOCTh peaKTOopa XapaKTCPU3yCTCA 3aBOAOM HU3IOTOBUTCIICM

1ma

2,54

BEJIUYMHOHU tT BpEMEHEM TEPMHUUECKOM CTOMKOCTU [ =

[ToaTOMY yclioBHE TEPMUUECKOM CTOMKOCTH PEaKkTOpa UMEET BU/L:

B =11t > By e (8.17)

rae B — pacyeTHBIN TEMIOBOM UMITYJIbC TOKa Ipu K3 3a peakTopom.

K.pacu

[Ipu cobmrogeHN yKa3aHHOTO YCJIOBHUSI HarpeB oOMOTKHU peakTopa npu K3 He
OyJeT MpeBBIIATh JOIMYCTUMOTO 3HAUYCHUS.

HCO6XOI[I/IMO TAKIKC OIPCACIIUTDb OCTATOYHOC HAIIPSPKCHHUC HA IMHAX!

V3L,

HOM

U =X

oct% ~ “*p

-100% (8.18)

3nayenue U . 1o ycinoBHAM paOOThI HOTPEOUTENEH JOIKHO OBITh HE MEHee 65
%.

[Torepst HanpspKeHUsT MPU MPOTEKAHUU MAKCUMAJIbHOTO TOKa B HOPMAaJIbHOM
pexume paboThl onpeaesercs o Gopmyie:

. 0
AU, =x,(1-k)- ﬁl“‘g 100% -sin@, (8.19)

HOM

rae k., — koo duumeHT cBs3M (M3 KaTauora ajsi peakTopa).
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9 BbIBOP 3JIEKTPHYECKHX AIIITAPATOB,
TOKOBEAYILINX YACTEHN

9.1 Bvibop u npogepka 8biCOKOBOILIMHBLX BbIKIIOYAMeEel

Breikitouarenb - 3TO0 KOMMYTAlMOHHBIN ammapar, NpeIHA3HAYCHHbIA IS
BKJIFOYEHHUS Y OTKJIFOYEHUS TOKA.

BrIktouaTenp SBIIETCS OCHOBHBIM allapaToM B 3JIEKTPUYECKUX YCTaHOBKAX,
OH CIY>KUT JUIsl OTKJIIOYEHHUS W BKIIIOUEHMS 1IETIH B JIOOBIX PEeXHUMax: JUIUTENbHAs
Harpy3ka, neperpyska, KOpoTkoe 3ambikanue. Hanbosnee TskEI0M U OTBETCTBEHHOU
omepaiuen ABisSeTcs OTKIoYeHHe TOKOB K3 M BKIIOUEHHE Ha CyHIECTBYIOIIEE
KOPOTKO€ 3aMbIKAHUE.

K BbIKIIOYATENIM BBICOKOIO HANPSDKEHUS MPEABSBISIOT  CIEAYIOIINE
TpeOOBaHMUS:

1) HanéxHOE OTKIIOYEHHE JIOOBIX TOKOB (OT JECATKOB ammep [0
HOMHUHAJIBHOTO TOKA OTKIIFOUEHHUSA);

2) OpICTpOTA IEUCTBHUS, T.€. HAMMEHBLIEE BPEMS OTKIFOUECHMUS;

3) OpUroJHOCTH ISl OBICTPOACHCTBYIOLIETO ABTOMATHYECKOTO MOBTOPHOTO
BiitoueHus: (AIIB), T.e. ObICTpoe BKJIIOUEHHE BBIKIIOYATENS Cpa3y XKe IOCie
OTKJIFOUCHHS;

4) BO3MOXHOCTH 110 (ha3HOTO (10 MOJIIOCHOT0) YIPABJICHUS JJI BBIKITIOUATEIeH
110 xB u BhI11IE;

5) n€rkoCcTh PEBU3UU U OCMOTPA KOHTAKTOB,;

6) B3pBIBO- U MOXKaPOOE30MaCHOCTH;

7) ynoOCTBO TPaHCTIOPTUPOBKH U IKCILTyaTaIlUH.

BriktouaTenu BBICOKOTO HANPSDKEHUS JOJKHBI JITUTEIBLHO BBIACPKUBATH
HOMMHAJBHBIN TOK l;0y 1 HOMUHATBHOE HANPSIKEHUE Uop.

Bb100p BbIKITIOUATENEH MPOU3BOJUTCS MO CIAEAYIOIIUM YCIOBUSIM:

Bce BhIKiIIOUaTeNnu xapakTepu3yroTcs HOMUHAIbHBIM HanpskeHUEeM (Ugow) U
HOMUHAIBHBIM PadbouuM TOKOM (lyom), KOTOpBIE OHU BBIIEPKUBAIOT JIUTEIBHOE
BpeMs. [ToaTomy nipu BeIOOpE arrapaTta He0OX0IMMO COOJIOIATh YCIIOBUS:

UHOM.a. 2 UHOM.C. B (9'1)

Ipa6.MaI<c. < IHOM.a. B 92)

rae: Ugoma. A lioma. — HOMHHAIBHOE HANIPSHKEHUE 1 HOMUHAJIBHBIN TOK amIapara;

Usome. A Ipag.maxe. — HOMUHAIBHOE HAMIPSDKEHUE CETU U HAUOOJBIIHNM TOK YTSKEIEHHOTO

pe)XHMa LENU B KOTOPOM yCTaHABIMBAECTCS JAaHHBIMA BBIKIIFOYATENb. BhIKiIrOUaTenu no

HOMUHQJIBHOMY HANPSHDKEHUI0O U HOMHUHAJIBHOMY TOKY, MOJIEKAT IPOBEPKE Ha

TEPMHUUYECKYI0O U JIMHAMUYECKYIO CTOMKOCTh Mpu Tokax K3 W Ha OTKIIOYAIOUIYIO
CIOCOOHOCTb.

[Io TepMuUUYECKOM CTOMKOCTH IMPOBEPKA OCYLIECTBISIETCA IO PAaCUETHOMY
UMITYJIbCY KBaJIpaTMYHOTO TOKAa KOPOTKOTO 3aMbIKaHMs. 3HAuY€HHUE TEIJIOBOTO
MMITYJIECA TOKA K.3. (KA%-C) onpenensercs o Gopmyre:

B =L, (t+T,), (9.3)

rae: t—pacuetHoe Bpems AeiictBusa Toka K3, c;

T, — MOCTOSIHHAsT BPEMEHHU 3aTyXaHUS allepUOAUYECKON COCTABISIOLIEH,
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C;
I,o — HAYaIBbHOE 3HAYECHHE NTEPUOANYECKON COCTABIISIONIEN TOKA K.3., KA.
PacueTHoe Bpems neiictBus Toka K3 onpezensiercst o BEIpaKEHHUIO
t=t,+t, , (9.4)
rae: t, — BpeMs OTKIIFOUEHHUS BBIKJIFOYATES, C;
t; — BpeMsl cpabaThIBaHUE PEJICHHOMN 3alIUTHI, C.
3HaueHHe t; 3aBUCUT OT CTYNEHU CEJIEKTUBHOCTH PEJIECHHON 3alIUThI.
[Tpubamxenno MoxHO MpuHATH 0,3 — 0,5 ¢ (1151 OBICTPOACHCTBYIOMIMX 3AIIHT).
3Ha4YCHHE ITOCTOSIHHON BPEMEHM 3aTyXaHHs allepuOAMYECKON COCTaBIISAIOLIEH
toka K3 3aBUCHT OT MecTa KOPOTKOTO 3aMbIKaHus. [ yueOHOro MpoeKTUPOBaHMSI
3HaueHus T, MOXHO NpuHATH B nipenenax 0,01 — 0,2 c.
3Has 3HaYCHHE TEIUIOBOTO MMITyJibca Toka K3 B 11enu yCTaHOBKM BBHIOpaHHOIO
BBIKJIFOUYATENSI MOKHO 3aIMCATh YCIOBHUE POBEPKHU HA TEPMUUECKYIO CTOMKOCTB

2
BK S IT ) tT ’ (9'5)
rae: I; — Tok TepMUYecKo CTOMKOCTH BHIOPAHHOTO BBIKJIFOYATEINS, KA
ty — JomycTumas JJIMTEIbHOCTh TMPOTEKAHWS TOKAa TEPMUYECKOU

CTOMKOCTH BBIKJIFOUATES, C.
OO0e BeMYMHBI TACTIOPTHBIC TAHHBIE.

[Io »snekTpoauHamMuyeckod crokocty mpu Tokax K.3. BbIOpaHHBIN
BBIKJIFOUATEIb IPOBEPSAETCA MO OJJHOMY U3 YCIOBUM:
LoD, ama 1y <1, ., (9.6)

H

rae: Iy, — HauajgbHOE 3HAaUYCHUE MEPUOIMUYECKON COCTABIIAIONIECH TOKA K.3., KA.
1y — YJapHBIH TOK K.3., KA.
[ us — HAYAIBHOE JEUCTBYIOIIME 3HAYEHHUE MPENECITBHOTO CKBO3HOTO TOKA
JTAHHOTO BBIKJTIOYATEINS, KA. (CTIpaBOYHBIC JJAHHBIC)
Iyus. — aMIUIMTYJIHOE 3HaueHHWe (HAUOONBINMK IHK) MPEASIbHOTO
CKBO3HOI'O TOKa BBIKIItOUATEIIsl, KA. (CIIpaBOYHbBIE IAaHHBIE)
[Ipu npoBepke BBIKIIOYATENSI HA OTKJIIOYAIOIIYI0 CIIOCOOHOCTH CUMMETPUYHOTO

TOKa K.3. HEOOXOIMMO COOIIOJICHUE CIICTYIOIIETO YCIOBHUS:
I >1 9.7)

oTK.HOM.
rae:  lommow. — HOMHUHAIBHBIA TOK OTKIIIOUEHHUS BBIKITIOYATENs, KA.
(cipaBOYHBIE JTAHHBIE)
[« — meproauyeckas COCTaBIAIONIAs TOKA K.3. B MOMEHT PacXOxXACHUS
BBIKJTIIOUATENS, KA (pacueTHasi BeTUYMHA)
Taxkum oOpazoM, ecii cOONIOAaTh BCE YCIOBUS BBIOOpA U MPOBEPKH, MOKHO
CUMTaTh, YTO BBIKJIIOYATENIb BbIOpAaH BEPHO, B IMPOTHBHOM ClIy4ae HEOOXOIUMO
1no100paTh IPYroi BBIKIIOYATENb.

9.2 BpiOOp ¥ 1npoBepka  pasbeAUHHUTEEH, OTAEJIUTENEd H
KOPOTKO3aMbIKaTe1eH

PazpequHuTeslb —  3TO  KOHTAKTHBIM ~ KOMMYTAalUMOHHBIM  armapar,
npelHa3HAaYeHHBIN 17151 OTKJIFOUEHHMS] U BKIIFOUEHUS JIEKTPUUECKON 1Ienu 0e3 TOKa HIIn
C HE3HAYUTEJIbHBIM TOKOM, KOTOPBIA JjIs1 oOecriedeHus: 6€30MacHOCTH UMEET MEXIY
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KOHTaKTaMM B OTKJIFOUEHHOM ITOJIOKEHUU U30JISILIUOHHBIN TPOMEKYTOK.

[Ipu peMOHTHBIX pabOTax pa3beAUHUTENEM CO3MAETCA BUANMBINA Pa3pbiB MEXITY
YacTsIMH, OCTABIIMMHUCS MO HAIPSLDKEHUEM, U allllapaThbl, BBEAEHHBIMH B PEMOHT.

Pa3benMHUTENN WUIpalOT BaXHYK pOJIb B CXEMAaX JIIEKTPOYCTAHOBOK, OT
HaAE&KHOCTH MX padOThl 3aBUCHT HAAEKHOCTh PabOThl BCEH 3IJIEKTPOYCTAHOBKH,
MIO3TOMY K HUM MPEABSBISIIOTCA CIAEAYOINE TPEOOBAHHUS :

1) co3maHue BUOUMOTO pas3pbiBa B BO3JyX€, S3JEKTpUYECKas NPOYHOCTb
KOTOPOTO COOTBETCTBYET MAaKCUMaIbHOMY UMITYyJIbCHOMY HaIPSHKCHUIO;

2) 3IeKTPOJUHAMHYECKAsE U TEPMHUUECKass CTOMKOCTh MPHU MPOTEKaHUH TOKOB
K3;

3) UCKJIIOYEHHE CaMOINIPOU3BOJIBHBIX OTKIIIOUEHUH;

4) uyérHOE BKIIOYEHHE M OTKIIIOUEHHE INpPH HAUXYALIUX YCIOBHUSX pPabOThI
(obOneneHenue, CHET, BETED).

Pa3benMHUTENN MOTYT BBIIOJHATHCS C OJHMM WIH JIBYMs 3a3€MIISIFOLIUMU
HOXKamH. B ycTaHOBKax co COOpHBIMH IIMHAMU B KQUE€CTBE IIMHHBIX Pa3beIUHUTENEH
BBIOMPAIOT Pa3bEAUHUTENN C OJHUM 3a3€MJISIOIIUM HOKOM, B KaU€CTBE JINHEUHBIX —
C IBYMsI 3a3€MIIIOIIMMH HOKAMHU.

Otpenurenu MpeIHa3HAYEHbI IS aBTOMAaTUYECKOTO OTZIENIEHUs
MOBPEXIEHHOTO ydacTKa 1enu B 0ectokoByto nay3y AlIIB. Otnenutens BHElIHE He
OTJIMYAETCS OT PazbeAUHUTENS, HO Y HEro JUisl OTKIIIOUEHUS] UMEETCS NPy KUHHBINA
npuBoA. OTAETUTENSIMU JOIYCKAETCS OTKIIFOYATh T€ K€ TOKH, YTO U Pa3bEeIUHUTEIHN.
BxiroueHue oTaenurens NpoU3BOAUTCS B pyuyHyr. OTIEIUTENH, Tak K€ KaK H
pa3beIMHUTENN, MOTYT UMEThH 3a3€MJIIOIINE HOXKH C OJHOU MIIM ABYX CTOPOH.

Br16op pazbeauHUTENCH U OTACTUTENCH MPON3BOTUTCS :
I10 HANPSKEHUIO YCTAaHOBKU

UyCT. < UHOM >

10 TOKY

Liopw. < 1 <1
10 KOHCTPYKIIMH, POy YCTAHOBKH;
IO 3JIEKTPOIMHAMHYECKON CTOMKOCTH

HOM.» Imax HOM »

iy < inp.,c; IH,O < Inp.,c;

IA€ inp.c > lup.c — NpedenbHbld ckBO3HOM Tok K3 (ammimryga u aeicTByromiee
3HA4YECHUE);

110 TEPMUYECKON CTOMKOCTH

BK < Ifep ) tTep.
rae B —TennoBoM UMITYJIBC 110 PacyeTy, KA? c; I;ep — IpEnENBHBIN TOK TEPMUYECKOU
CTOMKOCTH; trep — JJIMTENBHOCTh IPOTEKAHUS IPEACIBHOTO TOKA TEPMHUYECKOU
CTOMKOCTH.

[IYD nomyckaer nmpou3BOACTBO HEKOTOPBIX ONEPALMi pa3bEAUHUTEIAMHU IIPU
MPOTEKaHUU HEOONbIINX TOKOB. KopoTKo3aMbIKaTeN W OTACIUTENH - 3TO
CIICIIMATIbHBIE Pa3bCANHUTENIM HWMEIOIINE aBTOMATUYECKH JIEMCTBYIOIINUE IMPUBOJIBI.
IIpu BBIOOpE THMA AITUX amnmapaToB HEOOXOIUMO YUMTHIBaTh POJI YCTAHOBKU U
KOHCTPYKTHUBHOE€ UCIOJHEHUE. Pa3beIUHUTENN, OTACIUTENN U KOPOTKO3aMbIKaTEIN

b
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BBIOMPAIOTCS I0 HOMUHAIBHOMY HANpPsDKEHUIO0 Uyoy 1 HOMUHAIIBHOMY JJIUTEIBHOMY
TOKY lyom, @ B pEXKUME KOPOTKOTO 3aMBIKaHHS TPOBEPSETCS HA TEPMUUYECKYIO U
ANEKTPOAMHAMUYECKYIO CTOMKOCTh (Ta0:.9.1). [l kopoTko3aMbIKaTesneil BEIOOp MO
HOMHUHAIHPHOMY TOKY HE TpeOyeTcsl.

Tabmuma - 9.1. YcnoBue BeIOOpa U MIPOBEPKHU Pa3beAMHUTENICH, OTACIUTEICH U

KOPOTKO3aMBbIKaTEJICH
Pacuernbie Karano>xaslie YcnoBus
MapaMeTphl JTaHHBIC BBIOOpA U POBEPKHU
(1041 arnmapara
UyCT UHOM UycT S UHOM
Ipa6.max. IHOM Ipa6.max. < IHOM
iy Ly o, iy < fy .
Bx It B, < I2t;

[TpuMeuaHue: 1y - TPEIACIIBbHBIN CKBO3HOW TOK ammapara, KA.
[Ipu coOmroieHHH BCEX YCIOBUMU JlaHHbIE KOMMYTAlMOHHOTO —ammapara
BBIOPAHBI BEPHO.

9.3 OcoOGeHHOCTH BBIOOPA M IPOBEPKH TOKONMPOBO/I0B

TokonpoBoAbl MPEACTABISAIOT COO0N OTHOCUTEIHLHO KOPOTKHUE IICKTPUUECCKUE
JUHUM (KaK TMPaBWIO, OT HECKOJbKUX METPOB JI0 HECKOJIBKHX COTEH METPOB) C
KECTKUMU WM THUOKMMM TPOBOJHUKAMHU, YKPEIUICHHBIMU Ha OIOPHBIX WJIN
MOJBECHBIX U30JISATOPaXx, MpeHa3HAYEHHbIE JJIs1 COSTMHEHUS AJICKTPUUECKUX MAaIlIUH,
TpaHCPOPMATOPOB U DJICKTPUUYECKUX aNmapaToB B Mpejesiax CTAHIMH, MOJICTaHIUH,
PV.

Buloop u npogepka sycecmkux uiun
KecTtkuMy  mIMHAMHM  HA3bIBAKOTCS  JKECTKUE  HEU30JUPOBAHHBIE
npoBOJHUKH. B 3akpeIThix PY 6-10 kB ommHOBKa BBITIOTHAECTCS KECTKUMU

ATIOMUHUEBBIMU IIMHAMHU. MeaHble MIMHBI U3-32 WX BBICOKOW CTOMMOCTH

MIPUMEHSIOTCS TOJIBKO B arpeCCUBHBIX cpefax. DopMy U pa3Mepsl MOMEPEYHOTO

CEUYEHUS IIIMH BBIOUPAIOT B COOTBETCTBUH C pA0OYMM TOKOM, YUUTHIBAS SABJICHUE

noBepxHOCTHOTO 3ddekra, a Takke TpeOOBaHHUS TEPMUUYECKOM U

TWHAMUYeCKOM cToiikocTu npu K3.

[Ipocreiimas GopMa monepeyHOro Ce4eHs: MUHBI - TpsMoyrofibHas. [1IuHb
W3TOTOBJIAIOT  C  IIONEPEYHBIM  ceueHmeM 10 1200  wmm?  JomycTuMbli
MPOJIOJDKATENBHBIN TOK TakuxX muH u3 amoMmunus paBeH 2070 A. [lpu OGosbiiem
paboueM TOKE MOXHO MPUMEHHUTh COCTABHBIC MTPOBOIHUKH (TTAKET) U3 IBYX WA TPEX
MOJIOC € 3a30paMU MEK1y HUMH. J[omyCTUMBIN TOK MpU 3TOM yBeanuuBaercs a0 3200
n 4100 A. HemocTtaTku COCTaBHBIX MPOBOJHHMKOB: CIIOHOCTh MOHTaXa,
HEJIOCTATOYHAs MEXaHWYecKasi MPOYHOCTh BCIEJACTBHE B3aUMOJICUCTBUS IMOJIOC MPHU
K3, yBenuueHue morepp MOIIHOCTU BCIEACTBUE MOBEpXHOCTHOro sddekta. Ilpu
OOJBIIMX TOKaX PEKOMEHAYIOTCS IIMHBI KOpOOYAaTOro CEYeHHs, TaK Kak OHHU
obecrneynBaOT MEHbIIIHNE TTOTEPH OT A PeKrTa OJU30CTH U MOBEPXHOCTHOTO 3P deKTa,
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a TaK>Ke JIy4lllhe yCJIoBUs oxyiaxkaeHud. B PY nanpsokenuem 35 kB u Bblllie C LIENIbIO
CHIKEHHUS MOTEPh HA KOPOHY CIIEYET MPUMEHSTh IIMHBI Kpyriioro ceuenus. B OPY
CeAyeT NPUMEHSITh THOKHE IIMHOMPOBOIbI (CTaieaTllOMUHEBBIE TPoBO1a) . [Ipu s3TOM
HAKJIQJ(BIBAETCA JIOMIOJHUTEIBHOE YCIOBAE MPOBEPKHU HIMHOIIPOBOJIOB HA KOPOHY.

Br100p ceyeHus MHUH MPOU3BOJUTCS O S3KOHOMUYECKON MIIOTHOCTH TOKa:

I

q=q., =J—", (9.8)

9K
rae:  ( -CTaHJapTHOE CEUEHUE MIMHbL, MM % ;
q., - YKOHOMHYECKH ILIEJIECO00Pa3HOE CEUEHHE, MM * ;
I, - INIMTENbHBIA pabOUYHii TOK HOPMAIIBHOTO PEKUMA, A,

J,. - DKOHOMHYECKas TUIOTHOCTh TOKa, A/MM”.

[To 5KOHOMHUYECKOM MIIOTHOCTH TOKA HE BBIOMPAIOTCSL:

- cOOpHBIE MIKMHBI JIEKTPOYCTAaHOBOK U olMHOBKA B mipeaenax OPY u 3PV Bcex
HAINPSKECHNM;

- OLIMHOBKA pE3€pBHBIX JIMHUI U pe3epBHbIX TCH, Tak Kak OHU BKJIIOYAKOTCS B
paboTy BPEMEHHO;

- TOKOBEYIIME YACTH BCEX BPEMEHHBIX YCTPOUCTB;

- omMHOBKa B ycTaHoBKax n0 1000 B mpu 4wcne 4acoB MCHOJIb30BAHUS
MakcumyMma Harpysku a0 4000-5000.

BriOpanHble IO 3KOHOMUYECKOM TJIOTHOCTH TOKA IIWHBI TPOBEPSIOTCS:

- 10 JJIUTEIBHO AOIYCTUMOMY TOKY M3 YCJIOBHM HarpeBa;

- HA TEPMUYECKYIO CTOMKOCTb ITPH BO3IEUCTBUU TOKOB K3;

- Ha TMHAMUYECKYI0 CTOMKOCTB IPU BO3AENCTBUM TOKOB K3.

COopHble MIUHBI BBIOUPAIOTCA MO JJIUTEIBHO JOMYCTUMOMY MaKCUMaJIbHOMY
pabodemy TOKY.

Br160op 1 mpoBepka 1o JUIMTENbHO JA0IMyCTUMOMY TOKY.

BriOpanHbie MIMHBI JOJKHBI YIOBJIETBOPSATH YCIOBUIO:

I <] (9.9)

p.max JuL. o 2

rae: 1 - JUIATETLHO JOMYCTUMBIN pabo4uii TOK JIJIsl IUH BHIOPAHHOTO CEYCHUS

JJLOO IT

C YYETOM MOMPaBKU Ha TEMIEPATYPY OKPYKAOIIEH cpelbl. Tak Kak pacueTHas
TeMIeparypa OKpyawomei cpeapl mnpunsta +25°C, To 1ipu Jpyroiu
TEMIIEPATYPE OKPY)KAOUIEH Cpenbl O . CIEAYyET BBIUYHUCIUTH JIUTEIBHO
JIOTTYCTUMBIN pabOYHii TOK:

(9.10)

UL JTOTI. Jion

rae:  6,,, - JOIyCTUMas TEMIIEPATypa IIMHBI ()1 alfOMUHKEBBIX WMH 0, =70°C),
l,,. - JOMYCTUMBIA TOK JJsi IIMH BBHIOPAHHOTO CEUYEHUS NpPU PacuETHOU

011
temriepatype +25 °C (cripaBo4Hasi BeIM4YMHA), A.
MakcumanbHblid pabouuii TOK I ONpenenseTcs Mo CIEeIyIOUUM peXuMam

p.max
paboTHI AIIEKTPOYCTAHOBKHU.
1. Jist neneit nmapasuiebHbIX JIUHUNW MPU OTKIIFOYEHUH OJTHOW U3 HUX:
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[ =21 (9.11)

p.max
2. Jlna uenedt TpaHchOpMaTOpoB - B pexKUME JTONMyCTUMOM meperpys3ku. Ecmu
HEU3BECTHBI JICUCTBUTEIbHBIE BEIUYUHBI MEPETPY30K, UX JIUTEIBHOCTb, YCIOBHS
OXJIQXKIEHUSI, TO MOXKHO TIPUHSITH:

I =1.51

p.max HOM ?

- HOMUHAJIBHBIN TOK TpaHcdopmaTopa.

(9.12)
i (S |

HOM
3. 11 reHepaTtopoB - MpU padoTe ¢ HOMUHAIBHOW MOIIHOCTBIO P, MpU CHUKEHHH
HarpsbkeHus Ha 5%:

Fuon (9.13)

I =
P f3cosg-0.95U

4. Insi COOpHBIX IIMH M OIIMHOBKH CEKIMOHHBIX M IUHOCOEIMHHUTEIbHBIX
BBIKJIIOUATENIEH - MpU HauboJiee HEOIAronprUATHOM HKCILTyaTalIHOHHOM PEKUME.
5.In8 uenu CHBOEHHOTO PEAKTOpa YUYHUTHIBAETCS BO3MOYKHOCTh HEPABHOMEPHOI
Harpy3KH IJIey.
Ilposepka na mepmuueckyro cmouxocmy wiun npu mokax K3

Kpureprem TepMHUYECKOW CTOMKOCTH SIBISETCS KOHEYHas TEMIEpaTypa,
KOTOpasi OTPaHUYMBACTCS MEXAHUYECKOM MPOYHOCTHIO METAIIOB, JAePOopMalUsIMU
yacTel amnmaparoB M MHH. [[IS HEW30JIMpPOBAHHBIX MEIHBIX IPOBOJIHHKOB
yCTaHOBJIeHa MakcumanbHas Temneparypa 300°C, nisa amomunueBsix - 200 °C.

B mnpakthueckux pacueTax i ONPEIEICHUS MUHHUMAIbHOW BEIUYUHBI
JOTTYCTUMOTO CEYEHHUS 10 TEPMHUUECKOM CTOMKOCTH (St), MOJIB3yIOTCS (hOPMYJIION:

S, > VB, , (Mn2) (9.14)
C

tk
<2 (V]
rae: B, = .[ 1, dt — TenmoBoit uMmmybe (uaTerpan Jxoyns), Toka K3, A,
0
C - KO03(p(}UIHMEHT, COOTBETCTBYIOIIMIA PA3HOCTH BBIJEICHHOTO TEIjia B
1

2
nposoanuke mocie K3 u 10 wero, A -© , (cipaBoYHas1 BEMTUYHHA).
MM

Ecnu pacuerHas BelM4YMHA MHUHUMAQIBHOTO CEUEHHS JIOMYCTUMOIO IO
TEPMHUUYECKON CTOMKOCTH St MEHbIIE CEYEHUsS MPOBOJHUKA BBIOPAHHOTO MO
JOMYCTUMOMY TOKY S, TO CUWTAETCs, YTO IIUHBI TEPMUYECKH CTOMKHE, T.C.
coOJII0/1aeTCs YCIOBHE:

S; <S (9.15)

[IpoBepka Ha NEKTPOIUHAMHUYECKYIO CTOMKOCTh IHUH K TokaM K3

[Ipu K3 mo TokoBeayIIMM 4YacTsIM MPOXOIAT TOKU MEPEXOIHOTO PEKHUMA,
BbI3bIBAsI CJIOKHBIE JUHAMUYECKUE YCWIHMS B IIMHHBIX KOHCTPYKUHMSIX. Y CHIIHS,
JICUCTBYIONTUE HA KECTKUE IIMHBI U U30JIATOPHI, PACCYUTHIBAIOTCS 10 HAMOOJBITIEMY
MTHOBEHHOMY 3Ha4eHHI0 Toka Tpexdasnoro K3 (i,). Cuna nelictByromas Ha

KOHCTPYKIIUIO onpenensiercs no (9.16).
N3rubaromuii MOMEHT, IeUCTBYIOMIMI Ha muHYy, H - M,
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rIe:

2
M:%, (9.16)

OI1
f - nauOonpiIee ynenpHoe yeunue npu tpexdaznom K3, H/M,
| - nMHA MpoeTa MEXTy OMOPHBIMU W30S TOPAMH, M,

K, - KOOQQHUIUEHT, 3aBUCIIUN O crocoba KpeIluIeHUs HIMH Ha OIOPHBIX

U30JIATOpaX (1Sl peasIbHbIX KOHCTpyKuui k, =10).

HampsokeHue B Marepuasne IUHBI [IPU BO3ACHCTBUU M3rMOAIOIIEr0 MOMEHTA,

MllIa,

rac:

rac:

rac.

rac.

M f1?
C= _—=—"—,
W kW
W - MOMCHT COIIPOTHBJICHHA IIMHBI OTHOCHUTCJIIBHO OCH, HepHeHI[I/IKyanHOﬁ
,Z[Gf/iCTBI/IIO MOMCHTA, CM3. OH 3aBUCHUT OT pasMCPOB U PACIIOJTOKCHMA IIHNH.

(9.17)

[IInHBI MEXaHUYECKHU IIPO4YHBI, CCJIN

<0, (9.18)
G ,on — 1OITyCTHMOE MEXaHMYECKOE HANIPSHKEHUE B MAaTEpHaIe IUHBL
(cipaBOYHAasl BETMYMHA)
Ilpumepwt pacuema wiun
OIHONOJIOCHBIE ITUHBI
Haubonwiee yaensHoe yeunue, H/m,
22
1
f=+3-10"k, ~, (9.19)
a

1, - ynapHblii ToK Tpexdasuoro K3, A;

a - paccTostHUE MEeXy dazamiu, M;

k, - koodpuuuent popmel (Haxomurcs no kpusbiM [10]). Ecim paccrosnue

MexAy ¢a3zamMu 3HAYUTENbHO Oousbllie nepuMerpa muH a>2(b+h), TO
ko3 purment popmer k, ~ 1.

MHOTOMOJIOCHBIE NINHEI
Heo6xo1uMo yuuThIBaTh yCUIIUS KaKk MEXTy (hazaMu, TaK U MEXKY TOJIOCAMH.
VYnensHoe ycunue Mexay ¢azamu, H/M:

22
Ly

f =+3-107 : (9.20)
Hanpsixenue B Mmatepuaiie oT B3aumozeicteus das, Mlla,
G, = f"’lz (9.21)
"W’ '

W - MOMEHT COIPOTHUBJIEHHS ITAKETA IIMH, CM°.
VY nenpHOE ycunue Mexy nojocamu, H/m:
JUISL IBYTIOJIOCHBIX IITWH:
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107, (9.22)

I TPCXIIOJIOCHBIX IIWH:
2

Lo
f, =29, 3 1077, (9.23)
rae: 3, ,8; — BEIMYUHBI, 3aBUCALINE OT KO3PPHUIIHEHTOB (HOPMBI;

b - TONIIMHA UIUHBIL, M.
Hampspkenne B matepualie OT B3auMOAEUCTBUA moJioc, Mlla,

2
o = fnln
o 9
12W,
rac: ln - PaCCTOSITHUC MCKIAY IMPOKIIaZIKaMH, KOTOPBIC YKIIAABIBAIOTCA MCKAY IIMHAMHU

(9.24)

B IIaKETE, M;
W, - MOMEHT COIPOTUBIIEHHS OIHOM IIOJIOCKI, CM°.

[ITuHBI MEXaHUYECKU TTPOYHBI, €CIIH,

6=0,+0,<0,, (9.25)
MakcumanbHOe pacCTOSHUE MEXy TPOKJIaJIKaMU, M
12(6,,, —0,)- W,
1l = — , (9.26)
. £
MuHUManbHOE YKMCII0 NPOKIIAI0K B IPOJIETE
1
n=——-1, (9.27)

1

II.max
rae: | - nvHa nposnera.
[ITuHBI KOPOOYATOrO CEYESHHUS
[Ipy >XKECTKOM COEAMHEHWM IIBEJUIEPOB pACUET TaKOW IKe, Kak JIs
OJTHOTIOJIOCTHBIX

muH, W =W__

[Ipu OTCYTCTBUHM 3KECTKOTO COEIMHEHHUS IIBEJJIEPOB pACUET TAKOU K€, KaK JJIs
JBYXTONOCTHBIX minH, W =2W, _ (mpu BepTUKanbHOM pacnionokenun W =2W, ).

VYaenbHOE ycwine AeHCTBYIOLee MEXAY (pa3aMu MPU OTCYTCTBUU KECTKOTO

COCANHCHU MIBCIJICPOB:
:2
1

ﬂ:Ojﬁqo”, (9.28)

rae: h - BeicoTa miBewiepa, M.
DopMmyJIbl UCTIONB3YIOTCS ¢ yuetoMm W, =W, .

IInHBI, pacMoNokKEHHbIE 0 BEPIINHAM TPEYTOJIbHHUKA

B »TOM ciywae cuibl, IEHCTBYIOIIME Ha IIMHY OT Apyrux (a3, CABUHYTHI B
npocTpaHcTBe. PesynpTupylomas cuiaa MEHSETCsl IO BEIMYMHE U HAIPaBJICHHUIO,
cosnasas pacrarusarome F , wsrubaromme F, u ckumaromme F, ycunus na

C
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U30JIATOPHI.
B Tabn. 9.2 mpuseneHsl pacdyeTHbIE (HOPMYIIBI JUIS ONPENETCHUS G, W CHJI,

JNEUCTBYIOIIUX HA H30JIATOPBl I KPYIJbIX, MOJBIX K KOPOOYATHIX UIMH,
PACIIOJIOKEHHBIX B BEPIIMHAX TPEYTOJIbHUKA.

Bribpate cOopuble mmHbl 10kB monusurensHoi moncranimu 110/10xB.
HomunanpHass MomiHOCTh TpaHchopmaTopa S =10MBA; ynmapHbeiii TOK

T.HOM

tpexdasnoro K3 mHa mmHax i, =20kA, TEmIoBOW wumIyiabCc B =25-kA’c.

[Ipeamonaraercsi, YTO IIWHBI PACIOJIOKEHBI B TOPU30HTAIBHOW TIUIOCKOCTH,
paccrostHue Mexny dazamu a = 0.5m, niuHa nposeta l =1 m.

COopHble MMHBI BBIOMpPaEM IO JJIUTEIBHO AOMYCTUMOMY TOKY. Tak Kak
pacnpenesieHue Harpy3KkH Mo IMHaM HEU3BECTHO, BHIOOP LIUMH MPOU3BOIUM IO TOKY
TpaHchopmaropa:

6
[o—1s1, =152 _j5 10100 g0

pmx YU T43-10-10°
[IpyHMMaEM aTIOMHHHEBBIE INMHBI MPAMOYTOJNLHOrO cedeHus (60x6)mm? =
360Mmm>.

I = &70A > 866A .

JULOO IT

1
[IpoBepsieM IIMHBI HA TEPMUYECKYK) CTOWKOCTH, NPUHUMAS C=88A-C/ 2,
MM

CIIpaBO4YHAaA BCIWYHHA:

g b _V25-10°
"¢ 88

=1.8mM> < 360MM>.

CornacHo yCIIOBHIO IIMHBI TEPMUYECKHA YCTONYUBEI.

IIpoBepka Ha TMHAMUYECKYIO CTOMKOCTh
VY nenpHOE ycuime nNpuHUMast k, =1

i 10
f:\/§-10‘7—y:\/§-10‘7-%:138.6 H/m
a .

MOMEHT CONPOTUBIIEHUSI CEUEHUS ITPU PACTIOJIOKEHNHN IIWH “TUTAIIMS

2 2
W = % _ 660" _ 3 c00mt® = 3.60m°
HaprDKeHI/Ie B MaTCpI/IaHC IIIUHBI.
f> 138.6-17

=3.85 MIIa

o= =
10W  10-3.6
CornacHo YCJIOBHUIO IIMHBI ANHAMHWYCCKHN YCTOﬁqHBBI.

Tabnuna - 9.2. Pacuernsie hopMyIibl
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i
F, =v/3-2:10
a
Bl
212 F, =161---10
G, =25—"—":10" a
a Yo~Yo i21 -7
F, =129--10
a
2212
il
6, =163>—-10"
a
-2
;1
F =152-10"

Yo~—Yo

i
F, =161-2-10""

i2
F. =21.10"

9.4 Bp10Op n3MepUTEIbHBIX TPAHC(HOPMATOPOB TOKA M HANPSKEHUS

N3meputenbHble TpaHcQoOpMaTOpbl MpeJHA3HAUYECHBI JJISI YMEHBIICHUS MEPBUYHBIX
TOKOB M HaNpsDKEHUH [0 3HA4YeHUH, HauOosiee YIOOHBIX MJisi MOJKIIOYSHHS
W3MEPUTENbHBIX MPUOOPOB, peie 3alluThl, YCTPOWCTB aBTOMAaTHKU. [Ipumenenue
M3MEPUTENBbHBIX TpaHCPOpMaTOpoB olOecreynBaeT 0€30MacHOCTh PadOTAIOIUX, TaK
KaK IeNy BBICIIETO W HUBIIETO HAIMpPsDKCHUS pa3JesieHBI,

YHUDUIIUPOBATH KOHCTPYKITUIO MPUOOPOB U perie.
e Bri6op TpaHchopMaTOpOB HAPSIKCHUS
TpanchopmaTopsl HAMPSHKEHUST BEIOUPAIOTCS TIO CIACAYIOIINM YCIOBHUSIM:

IO HAITPSKCHUIO YCTAHOBKH

HOM°

Uy <U

IO KOHCTPYKIHNH U CXEMC COCANHCHU A O0OMOTOK.

110 KJIaCCY TOYHOCTH,

10 MOIIHOCTH BTOPUYHOW HATPY3KHU:

S,5 <8

HOM °

a TaKX€ IIO3BOJJIAIOT

rae S,,, - HOMUHaJIbHAs MOIIHOCTh B BBIOPAaHHOM KJIacce€ TOUHOCTHU

S,s - Harpy3ka BCeX H3MEPHUTENbHBIX MPUOOPOB U pelie, MPUCOCIUHEHHBIX K
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TpaHchopMaTopy HAMPSKEHU, ONPENIeseTCs o popMyIie:

SZZ = \/Pipn6 + Q121p1/16 (6 1)
1€ Prpus 1 Qupus — AKTUBHAS M pEaKTUBHAs Harpy3Kka npruOopos.
e Bribop TpanchopMaTopoB TOKa.
Tpancpopmatopbl Toka BEIOUPAIOT M0 CJIETYIOUUM YCIOBUSIM:

I10 HAIIPAKCHUIO YCTAHOBKHU
Uy <U

10 TOKY B IIEPBUYHOM LIETIN:
I I

HomuHaneHbIi TOK AOKEH OBITH KaKk MOXKHO OJIMKe K paboyemMy TOKY
YCTaHOBKH, TaK KaK HEJJOTPYy3Ka NEPBUUHONM OOMOTKH PUBOJIUT K YBEJIUUEHUIO
ITOTPEIIHOCTEN;

10 KOHCTPYKIMH U KJIACCy TOYHOCTH;
110 TEPMUYECKOU CTOMKOCTH:

B, <I? -t

Tep

HOM >

HOPM < IlHOM; max < IIHOM )

ep
rae B, - TenminoBon UMITyJIbC IO pacuery;

ITep
trep - BPEMSI TEPMHIECKOM CTOMKOCTH IO CIPABOYHHKY;

- TOK TGpMH‘IGCKOﬁ CTOMKOCTH I10 CIIpaBOYHHKY,

I10 BTOpI/I‘IHOfI Harpyske:
ZZ < ZHOM

rae Z,- BTOpUYHAS Harpy3ka TpaHcopmaTopa TOKa;
Z..v- HOMHUHaJbHas JOMyCTUMas Harpy3ka TpaHcdopMaTopa TOKa B

BBIOPAHHOM KJIACCE TOUHOCTH.

CornpoTuBIIeHHE BTOPUYHOMN IEMU OTMPEEISIETCS CIETYIONUM 00pa3oM:
NHIyKTUBHOE COMPOTUBJICHUE TOKOBBIX IIETIEH HEBEIMKO, MOATOMY MOXKHO
npuHATh Z, *1,. BrOopuuHas Harpy3ka I,COCTOMT U3 COINpPOTUBIICHUS

npuOOPOB  TIipus , COCOUHUTENBHBIX IPOBOJAOB Ipy M IEPEXOIHOTO
CONPOTUBIIEHUSI KOHTAKTOB I :
2 = Inpue + Tnp + Ik
Comnportusienne KoHTakToB npuHuMaercsa 0,05 Om npu AByX-Tpex nmpudbopax u
0,1 Om npu OobIIEM YUCIIE TPUOOPOB.
ConpoTuBieHus mpruOOpPOB ONPEAEIISETCS MO BIPAXKEHHIO:
SHpI/I6
I
r7ie Snpus — MOIIHOCTb, TOTpebIIieMas mpuOopamus;
[, — BTOpUuHBIN HOMUHANIBHBIN TOK Tipudopa ([,=5 A).
ConpoTuBIIEHHS COETUHUTEIBHBIX MPOBOJOB 3aBUCUT OT UX JIJTUHBI U CEUCHMUSI.
UtoOwsl TpanchopMaTop TOKa paboTay B BBHIOPAHHOM KJacCe€ TOYHOCTH,
HE00XOJMMO BBIJIEP/KATH YCIOBHE:
Tnpus + Inp + I < Z2HOM

I.1'1p1/16 =
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OTKy 14
Inp = Zy0m — Tnpue — Tk
3Haﬂ rnp ,» MOJKHO OIIPCACIINTD CCUHCHNC COCAMHUTCIIbHBIX IIPOBOAOB:

q= p- 1pa0q

rnp

I71I€ p — YACIbHOE CONPOTUBIIEHUS TPOBOJA
lpacy — IJIMHA COEAMHUTEIBHBIX NPOBOJOB OT TpaHCHOpMaTopa TOKA JO
puOOpOB (B OJIMH KOHEIT ).
e Bribop TpanchopmaropoB Toka Ha cropore BH 110 kB:
MakcuManbHbIi pabounii TOk 524 A; yaapsbiid Tok 8,51 KA; TEIJIOBOH UMITYJIbC
2,93kA%.
[Mpunumaem TT: TOH/I-110 M (Homunansabie napametpsl: ko, = 100; k= 34,6; t;
=3; 11 5o = 400800 A; I you =5 A; x1macc TouHocTH 0,5; Z5 you= 1,2 OM).

TT ycTanaBnuBaroTcs B 1IN CUJIOBBIX TPaHC(HOPMATOPOB H B IIEH
BBIKJIFOUATEJIEH.

[IpoBepka o TMHAMUYECKOW CTOMKOCTH:
=k, 21, =100-+2-800 =124 kA >8 51 A
[IpoBepka mo TepMUUYECKON CTOUKOCTH:

(k,-I,,..) -t, =(34,6-800)" -3=2298-10° A” -c.>2,93xAc.

T 1.HOM

Jiist mpoBepku TpaHchopMaTopa ToKa Mo BTOPUYHON HArpy3Ke, OnpeaeseM
Harpy3ky 1o (azam st Haubosiee 3arpy>KeHHoro Tpanchopmaropa Toka (TadJ.
9.3).

OOGmiee conpoTUBICHUE

1.HOM
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Taomuma 9.3

Harpyska, B-A, da3zbl

[TpuGop Tun A B C
BartmeTp J-335 0,5 - 0,5
Bapmetp J-335 0,5 - 0,5
CYeTYnK aKTHBHOM N-680 2,5 - 2,5
SHEPIUHU
Barrmetp J1-305 0,5 - 0,5
Htoro 4,0 - 4,0

Bropuunas HoMuHaIbHAsI Harpy3ka TpaHcgopmMaTopa Toka B kiacce TogyHoctH 0,5
cocrasisieT 1,2 Om. ConpoTuBieHue KoHTakToB npuHuMaeM 0,1 Om, Torga
CONPOTHUBJIEHUE MPOBOOB

Tnp = I2.mom - Tnpus. - I = 1,2 - 0,16 - 0,1 = 0,94 Om.

HpI/IHI/IMaH AJIMHY COCAMHUTCIIBHBIX IIPOBOAOB C AJIIOMUHHUCBLIMH JKUJIAMHU 40 M,
OIIpCACIIsIEM CCUCHUC

-/ .
q=P e 00283905 70 e,
r 0,94

mp

[IprarMaeM KOHTPOIbHEIH Kabens AKBPI ¢ sxunamu ceuenuem 4 Mm2,
e Bribop Tpanchopmaropon Hanp;DKeHH;I Ha ctopone BH 110 kB:
TH: HK®-110-57 (U _ 10 / J . SHOM=400 BA.

Ha cropone BH ycranaBinuBaeTcs OJJMH BOJIBTMETP C NEPEKIIOUCHUEM IS
u3MepeHus (pazHoTro HANPSHKEHUS U TPU BOJIBTMETPA JIJIST M3MEPEHUS
Mex Ay (hazHOTO HAPSHKEHHUS.

[IprHMMaEM K yCTaHOBKE BOJIBTMETPBI MApKH 3-379, SHOM=2BA.

CeueHure COeTMHUTENbHBIX POBO/IOB BHIOUPAEM U3 YCIOBUS MEXaHUYECKON
IPOYHOCTH MUHUMAJILHOTO CEYEHHMS: 2,5 MM

¢ Bribop Tpanchopmaropor Toka Ha cropone CH 35 xB:
MakcumanbHbii pabounii Tok 970 A; ymapusiil Tok 15,34 KA; TETIOBOW UMITYJIBC
8,6 KA’C.
[Tpuaumaem TT: TOH/I-35 M (Homunansabie mapametpsl: ko, = 50; k,=32.5; t,=
4; I son= 1000 A; Iryon =5 A; xiacc TouHoCTH 0,5; Z2 yon = 1,2 OMm).

TT ycranaBnuBarOTCs B B IIEH CUJIOBBIX TPAaHC(POPMATOPOB U B IETH
BBIKJIFOUATEJIEH.

[IpoBepka o TMHAMUYECKOW CTOMKOCTH:
i =k, V21, =50-2-1000 = 70 KA >15 34 kA

[IpoBepka 1o TEpMUYECKON CTOMKOCTH:

1.HOM
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(k, -1

T 1.HOM

) -t, =(32,5-1000)° -4 = 4225-k A* -c.>228 kA’c.

Jiist mpoBepku TpaHchopMaTopa ToKa Mo BTOPUYHON HArpy3Ke, orpeaesseM

Harpy3ky 1o (azam Juist HanOoJiee 3arpyKeHHOro TpaHchopMaTopa TOKa
(Ta611.9.4).

OO0mu1ee conpoTUBIICHUE

Ly = S“f’;ﬁ' _36_ 0,22 Om.
I3 25
Tabmura 9.4
Harpyska, B-A, da3b1

[Tpubop Tun A B C
Barrmerp J-335 0,5 - 0,5
AmImiepMeTp 2-377 0,1 0,1 0,1
C4YeTynK aKTUBHOM N-675 2,5 - 2,5
SHEPTUU
CdeTunk peakTUBHOMN N-673M 2,5 - 2,5
SHEPTUU
Hroro 5,6 - 5,6

Bropuunas HoMHuHaNbHAs Harpy3Kka TpancdopMaropa Toka B kiacce TouHoctu 0,5
coctaBisieT 1,2 Om. Conpotusiienre KoHTakToB npuHUMaeM 0,1 OMm, Toraa
CONIPOTHUBJIEHUE MTPOBOJIOB

Tnp = I2.mom - Tnpus. - I = 1,2 - 0,22 - 0,1 = 0,88 Om.

HpI/IHI/IMaH AJIMHY COCAMHUTCIIbHBIX ITPOBOAOB C AJIIOMUHHUCBBIMU JXUJIaMHU 40 M,
OompcACIIsIEM CCUCHUC

Pl e, 0,0283-40
r 0,88

mp

=18 MMm°.

q:

[TpuarMaeM KOHTPOJIbHEIH Kabens AKBPI ¢ sxunamu ceuenuem 2,5 Mm>.
(MUHUMAJIBHO JIOMTyCTUMOE CEUCHUE).

¢ Bribop tpanchopmaTopoB Hanpspkerus Ha ctopone CH 35 kB:

TH: 3HOM-35-65 [U =35/O’1 0.1

=B/
Ha cropone BH ycranaBnuBaeTcs OOWH BOJIBTMETP C MEPEKIIOYEHUEM IS
u3MepeHusi (a3HOrO HAMPsHKEHUST W TPU  BOJBTMETpa IS M3MEpEHUs
mexaydasznoro HanpspkeHus, TAKIKE IMOAK/IIOYAKOTCA KATYHIKUA
HAINIPSTKEHUSI BATTMETPOB, CYETYMKOB AKTHUBHOW H
PEAKTUBHOM JHEPI'NN. HNEPEYEHb N3MEPUTEJIBHBIX
MMPUBOPOB INTPUBOAUTCS B TABJI. 9.5.

KB) . SHom=65 BA.
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Tabmura 9.5

= & OOmas
% © 5 o
Sz ;E = & | morpebusemas
= 2 ) E‘ ‘S MOIITHOCTh
[Tpubop Tun e 5 ¥ > =)
2828 | gl ¢ Q
S5 || & |PB BaA
= S -
BoaeTmerp 2-335 2,0 1 4 8,0 -
BatTtmeTp J-335 1,5 2 1 3,0 -
Bapmerp J-335 1,5 2 1 3,0 -
CyeTunK aKTUBHOM M-680 2 Bt 2 1 4,0 9,7
SHEPTUU
CueTtunk peaktuBHOU | M-673 2,0 2 1 4,0 9,7
SHEPrUU
Htoro 22,0 19,4

Bropuunas narpyska

S,y =/P? +Q* =/222 +19,4> =29,1B-A.

MomHocTh TpanchopmMaTopa HanpskeHus 65 BA, T.e. OH IPUT0JIeH K YCTaHOBKE.

CeueHune COeTMHUTENIbHBIX POBOIOB BHIOMPAEM U3 YCIIOBUS MEXaHUUYECKOU
IPOYHOCTH MUHUMAJILHOTO CEYEHHS: 2,5 MM

e Bribop Tpanchopmaropos Toka Ha cropone HH 10 kB:
MakcumanbHbili pabounii Tok 2880 A; ynapHsiii Tok 42,8 KA; TEMIOBOM UMITYJIBC

228 kA’c.
[Mpunumaem TT: THIJI-10K (HomunansHbie TapaMeTpsl: 15, = 81kA; [;=354; t,=
3; Linon=3000 A; I uon=5 A; xiacc Tounoctu 0,5; Zs 5on = 0,8 OM).

TT ycTaHaBIMBarOTCS B B IIEMH CHJIOBBIX TPaHC(HOPMATOPOB U B IIEMH
BBIKJTFOUATEIIEH.

IIpoBepka o TMHAMUYECKOW CTOMKOCTH:
1. =81KkA >422 kA
[IpoBepka mo TepMUYECKON CTOUKOCTH:
(1 f -t =(35) -3=3675-kA% -¢.2228 KA.

VYcranaBnuaem B uens 1T amnepmerp tuna 3-377, S=0,1 BA.

Jliist mpoBepku TpaHchopMaTopa TOKa 0 BTOPUYHON Harpy3Ke, orpeaesseM
Harpy3ky 1o ¢azam st HauboJiee 3arpy>KeHHOro TpancdopmaTopa Toka (Tad.
9.6).

OOGriee conpoTUBIICHUE
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Tws, = S“";@ _36_ 0,22 Om.
I3 25
Tabmuma 9.6
Harpyska, B-A, da3b1

[Tpubop Tun A B C
Barrmetp J1-335 0,5 - 0,5
AmImiepMeTp 2-377 0,1 0,1 0,1
CYeTunK aKTHBHOM H-675 2,5 - 2,5
SHEPIUu
CdeTyuk peakTUBHOU N-673M 2,5 - 2,5
SHEPTrUU
Hroro 5,6 - 5,6

Bropuunas HomMuHaIbHas Harpy3ka TpancdopmaTopa Toka B Kiiacce TouHoctu 0,5
coctapisier 0,8 Om. ConpoTuBiieHrne KOHTakTOB npuHuMaeM 0,1 Om, Toraa
COIIPOTHUBJICHUE MPOBOJIOB

Tnp = I2.mom - Tnpus. - I = 0,8 - 0,22 - 0,1 = 0,48 Om.

HpI/IHI/IMa}I JJINHY COCOAUHHUTCIIBbHBIX ITPOBOAOB C AJIIOMHMHHUCBBIMHU KUJIaMH 40 M,
OoIIpCcaAciIACM CCUCHHUC

Pl s 0,0283-40
r 0,48

p

q= =0.65MM".

[IprarMaeM KOHTPOJIbHEIH Kabens AKBPI ¢ sxunamu ceueHueM 2,5 M2,
(MUHUMAJBHO JIOITyCTUMOE CEYEHUE).

Br16op Tpanchopmaropo Hanpspkenust Ha cropone HH 10 kB:
0,1 /0

TH: HOM-10-75 (U —10/ !
. HOM \/§ \/§ 1

Ha cropone BH ycrtanaBnuBaeTcs OAWH BOJIBTMETP C MEPEKIFOYEHUEM IS
u3MepeHus (Ga3HOro HANpsDKEHWsT W TPU  BOJBTMETpAa I U3MEPEHUs
mexaydasznoro Hanpspkerus, TAKKE IMOAK/IIOYAIOTCSA KATYHIKH
HAINIPSIKEHUSI BATTMETPOB, CYETYMKOB AKTHUBHOW M
PEAKTUBHOM SHEPI'NN. IHNEPEYEHb N3MEPUTEJIBHbIX
NMPUBOPOB INTIPUBOAUTCS B TABJLI.7.

KB}. Saom=75 BA.
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Tabmura 9.7

= - /m Oo6ias
§ % ;E 05) % notpeodsemas
% 2 < c%‘ b= MOIIHOCTh
[Tpubop Tun 8 5 = > =)
222 g ¢ Q
5§ | 2| g |BBr| g
=g |57 5
BoaeTmerp 2-335 2,0 1 4 8,0 -
BatTtmeTp J-335 1,5 2 1 3,0 -
Bapmerp J-335 1,5 2 1 3,0 -
CyeTunK aKTUBHOM M-680 2 Bt 2 1 4,0 9,7
SHEPTUU
CueTtunk peaktuBHOU | M-673 2,0 2 1 4,0 9,7
SHEPrUU
Htoro 22,0 19.4

Bropuunas narpyska

S,y =/P? +Q* =/222 +19,4> =29,1B-A.

MomHocTh TpanchopmMaropa HanpskeHus 75 BA, T.e. OH IPUT0JIeH K YCTaHOBKE.

Ceuenue COCAMHUTCIIbHBIX ITPOBOJOB BBI6I/IpaCM H3 yCJIOBUSA MEXaHUYECKOM
IMPOYHOCTHU MUHHUMAJIbBHOI'O CCUCHUA: 2,5 MM2.

Ha  nuHUAX  BBICOKOTO  HANpsDKCHHS  YCTAaHABIMBAIOTCS — MPHUOOPHI,
(buKCcUpyIOIIKe TapaMeTpbl, HEOOXOIUMBIE JIJIsI OTIPEICTICHUSI MECTa TTOBPEKICHUS.

Tpancgpopmamop moxa nipeAHaA3HAYEH JIJIT YMEHbBIIICHUS TIEPBUYHOTO TOKA JI0
3HAUYCHU, HanboJiee yA00HBIX JJIsI U3MEPHUTEIBHBIX MPUOOPOB U pEie, a TAKXKEe IS
OTJICTICHUS 1IETIeH N3MEPEHUS U 3aIUThI OT IEPBUYHBIX I[ETIeH BHICOKOTO HAPSKCHHUS.

HauGomnbiee KOJIMYECTBO HU3MEPHUTENBHBIX MPUOOPOB HEOOXOAMMO B IIENU
MOIIIHBIX TEHEPATOPOB, T/I€ OCYIIECTBISETCS KOHTPOJIb 32 Harpy3Kou BO Bcex (aszax,
32 AaKTUBHOM M PEAKTUBHOW MOUIIHOCTHIO, BEACTCS Yy4deT BbIpaOOTAHHOMU
AIIEKTPOIHEPTHH, a TaK )K€ KOHTPOJIUPYETCS TOK B IIETIH pOTOPA U B LIETIA BO30YAUTEIIS.

TpancpopmaTopsl TOKa BEIOMPAIOTCS:

- 110 HANPSDKCHHUIO YCTAaHOBKHU:

Uver <Uous (9.29)

- TI0 TOKY:
I <I

max HOM

(9.30)

HomuHanpHBI TOK AOMKEH OBITh KaKk MOXHO OJKe K paboueMy TOKY
YCTAHOBKH, TaK KaK HEIOTPy3Ka TEPBUYHOW OOMOTKH TMPUBOIUT K YBEIMYCHUIO
MOTPELIHOCTEM.

- 10 KOHCTPYKITMH ¥ KJIaCCy TOYHOCTH;

- 110 JEKTPOJMHAMHYECKON CTOHKOCTH,
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- TI0 TEPMUYECKOU CTOUKOCTH:
1 max :kaz[ '\/E'II.HOM; (9.31)

Tpancghopmamop nanpsidcenus TpeAHA3HAUCH I TOHWKEHUS BBICOKOTO

HaIpspDKeHUs 10 cTanaapTHou BeauduHbl 100 umu 100/ V3 Bu JUTST OTJIEICHUS 1Ienei
U3MEPEHUS U PEICHHOMN 3aIUThl OT MEPBUYHBIX LIETICH BHICOKOTO HAMPSHKCHUS.
TpanchopMaTtopsl HapsHKEHUST BBIOUPAIOTCS:

- 110 HAIIPAKCHUIO YCTAHOBKH:
UyCT < UHOM ) (932)

- 10 KOHCTPYKITMH B CXEME COSTMHECHHSI OOMOTOK;
- 110 KJIaCCy TOYHOCTH;
- IO BTOPUYHOM HATPYy3KE:

S, <S80 (9.33)
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[Tpunoxenue 1

3aBenyrouieMy kadeapoi TpaHCIOPTHO-
JHepreTudeckux cucreM YeGokcapckoro
uHCTUTYTA (prnuana) MocKoBCKOTo
MOJIMTEXHUYECKOTO YHUBEPCUTETA

CTyJICHTa
rpymnmna
TeN.

3asBJICHUC.

[Ipoury 3aKkpenuTs 3a MHOW TEMY KYpPCOBOT'O MPOEKTa

«

»

110 JUCHUIIIINHC
«

».

N HASHAYUTHh PYKOBOAUTCIICM

CryneHt / /
(moanuce) (®UO crynenra) (mara)

PykoBonuTens / /
(moanuck) (®UO crynenra) (mata)

3aBenyrommii kaheapon / /
(monuch) (®UO 3aB. kapeapoii) (mata)
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[Tpunoxenue 2
MHWHUCTEPCTBO HAYKH U BBICIIETO OBPA30BAHUSI POCCUIICKOM ®EJEPALIAMA
®EJEPAJIBHOE TOCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIbHOE YUPEKJIEHUE
BBICILET'O OBPA30BAHMSI «MOCKOBCKU A MOJUTEXHUYECKU YHUBEPCUTET»
YEBOKCAPCKUI MHCTUTYT (PUJIUAJT) MOCKOBCKOTO OJUTEXHUYECKOTO
VHUBEPCUTETA

Kadenpa TpaHCIOPTHO-)HEPreTHYECKNE CHCTEMbI

KYPCOBOMU ITPOEKT

no JTMCIUIIJIMHE «3.)1eKTpnqec1me CTAaHIOMHU 1 MOACTAHIIMHN»

HaunmenoBanue TeMbI

Per.Homep Boinonnun:

CTYIEHT __ Kypca, TPYIIIIbI
dbopMbI 00yUSHUS
110 HaIpaBJICHUIO NOoAroToBKH 13.03.02
«IJEKTPOIHEPIEeTHKA U DJICKTPOTEXHUKA

O.N1.0.

Hayunsb1i1 pykoBoauTens:
JlonymieHa K 3amure

« » 202_r' JOJDKHOCTB, 3BAHUEC
o — ®.1.0.
3amura KypcoBOro MpoeKTa:
Ouenka
JaTta « » 202 T

[Toanuce Hay4YHOTO PYKOBOJIUTENS

Yebokcapsr 202 r.
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[Tpunoxenue 3
OT3bIB PYKOBOJIUTEJIA
HA KYPCOBOii POEKT

Crynent
Kadenpa TpaHcOpTHO-?HEPTE€TUYECKUE CHCTEMBI
HampaBnenue noaroToBku (CeMUAIBHOCTE) ¥ POGUITH (CTICTIHATH3AITHIS )

HanmeHoBaHUE TEMBI:

PykoBogurens:

JIOJDKHOCTB, 3BaHue, ©.1.0.

1. AKTyanpHOCTb TEMBI KypCOBOT'O POEKTA

2. CoOoTBETCTBHE IMMOJIYYCHHBIX PC3YJIbTATOB 3as4BJICHHBIM LCJISAM U 3a/la4aM

3. XapakTepHucTHKa UCIIOIb30BaHUs B pabOTe UCCIEN0BATEILCKOIO HHCTPYMEHTAPUS
(amanmu3za, CcuHTE3a, CTAaTUCTUKO-MAaTEMaTUYECKOM  METOAOJIOTHMH,  MAKETOB
MPUKIAAHBIX TPOrPAMM H T.I1.)

4. CreneHb CaMOCTOSATEIBHOCTH TMPU pabOTe HaJg KypCOBBIM  IPOECKTOM
(caMOCTOSATENTFHOCTh H3JI0KEHHUS U O0000IIEeHUsT MaTepuaia, CaMOCTOSITEIIbHAS
MHTEPIPETALUS TOTYYEHHBIX PE3YJIbTaTOB, 000CHOBAHHOCTH BHIBOJIOB)

5. Ornenka oopmIIeHUS TPOEKTA B COOTBETCTBUU C TPEOOBAHUSIMU, COACPKAIIIMMUCS
B MeToanuecKux yKa3zaHUsX MO BBIMOJIHEHUIO KYPCOBOTO IPOEKTA, pa3padOTAHHBIX U
YTBEPKICHHBIX Kadeapon

6.3aMedaHus IO MOJATOTOBKE U BBIINIOJHEHHUIO KYPCOBOTO IMPOEKTA

7. KypcoBoii MpOeKT COOTBETCTBYET MPEABSIBISIEMBIM TPEOOBAHUSIM M MOXKET OBITh
PEKOMEHJOBAH K 3alIUTE

8. Ouenka

« » 202 T. /

(moMCch pyKOBOAUTEIIS) pacuppoBKa NOANUCH
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