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HPEAUCJIOBHE

JlanHoe ydeOHOe mocoOue MpeaHa3HaueHo AJisi CaMOCTOSATEIbHON pa-
OOTBl CTYJEHTOB OYHOTO OOYUYEHHS HJIEKTPOIHEPTETHUUECKUX CIEIHaTbHO-
CTEH MO AUCHUIIINHE «DJIEKTPUUECKAs YaCTh JICKTPUUYCCKUX CTAHIIUI.

YuebHoe mocodbue COCTOUT U3 TPEX YacTel U BBeJeHUs. Bo BBeaeHUU
JlaHa KpaTKasi XapaKTepUCTHUKAa OOBEKTOB OOBEIUHEHHOW IHEPreTHUYECKOU
cuctembl (ODC) Cubupu. IT0 BBI3BAHO TEM, UYTO IPHU BBHIMOJHEHUH BBITYCK-
HBIX KBaJIM(UKAIMOHHBIX pabOT HCIOJB3yeTCs pealibHas 0aza OOBEKTOB
OOC Cubupu, 1 pacueTbl BBITIOJTHSAIOTCS C HMCIOJIB30BAHUEM  MPOMBIIII-
nennor  mporpammbl « MYCTAHI». B nepBoit wactu mocoOus KparTko,
KOHCIIEKTHUBHO, U3JIOKEH YUEOHBIA MaTepHall M0 JUCHIUILINHE, 3HAHUE KOTO-
pOro HEOOXOAMMO JUTsl BBHITIOJIHEHHSI 33/IaHHsI HA KYPCOBOE TPOECKTHUPOBAHHUE.
BTopas u TpeThs 4acTh NOCBAILIECHBI IPOEKTUPOBAHUIO IIEKTPUUECKON YACTH
ANEKTPOCTAHUIHUMN U TOACTAHIIUH.

B nocoOuu nanbl ykazanusi 0 BBIIIOJHEHUIO 3aJJaHU HA KypCOBOE IPo-
extupoBaHue. OObEM BOIIPOCOB, MOMJIEKAIIMX PELICHUI0, YKa3aH B THIIO-
BOM 3aJ[aHWU HA MPOEKTUPOBAHUE, KOTOPBIM BBIAACTCS MpEINojaBareyieM Ha
OTZIEJIbHOM OJIaHKE BMECTE C MCXOJHBIMU JAHHBIMU Ha KYPCOBOM MPOEKT.
[TocnenoBaTeIbHOCTh M3JIOKEHMSI MaTepuajga BO BTOPOM M TPEThEil 4acTsax
y4eOHOro MocoOusi COOTBETCTBYET MOPSIKY BBIMOIHEHUS Pa3/IEIOB pacyeT-
HO-TIOSICHUTEILHOM 3aMTMCKH KYPCOBOTO ITPOEKTA.

OpHako He cienyeT OTHOCUTBCS K IAaHHOMY y4eOHOMY MOCOOMIO, KaK K
€IMHCTBEHHO HEOOXOJIMMOMY MCTOYHHUKY JIJISl YCHEIIHOTO MPOEKTUPOBAHUSI.
ABTOpPBI HE CTaBWJIH IIEJIBIO TIOJIPOOHO PACCMOTPETH BHITIOJIHEHUE BCEX MyHK-
TOB KypCOBOIO NpPOEKTa. BhIMOJHEHHE MAaHHOWN 3ajlayd B paMKax OJHOTO
y4eOHOr0 TOCOOHS MPAKTHIECCKH HEBO3MOKHO U HE SIBISCTCS HEOOXOIUMBIM.
Takue pazzienbl, Kak pacuyeT TOKOB KOPOTKOI'O 3aMbIKaHUs, BBIOOp 3JIEK-
TPUYECKUX aIapaToB W JApP. MOAPOOHO M3JIOKEHBI B yUEOHOUM TUTEpATypE C
penieHreM nmpuMepoB u 3amad. Ciaegyer oOpaTuTh BHUMaHHWE Ha TO, YTO B
TEKCTE MOCOOMSI JJaHbl MHOTOUMCIICHHBIE CCBUIKM Ha JIUTEpaTypy, KOTOpPOH
HEO0OXOJIUMO PYKOBOJICTBOBATHCS MPH BBIMOIHEHUH STUX Pa3JIeoB.

JUis ycremHoml 3aiuThl MPOeKTa HEOOXOAUMO 3HATh OCHOBBI CIEIYIO-
HMX JUCUMIUIMH: «TeopeTuyeckre OCHOBBI JJIEKTPOTeXHUKH»,  «UMH-
bopMallMOHHO-U3MEpUTEIbHAS TEXHUKA U JJIEKTPOHUKA»,  «DJIEKTPO-
MEXaHuKa», «JNEKTPUUECKHE CETH U CUCTEMBI», «IJEKTPOMArHUTHHIE U
AIEKTPOMEXAHUYECKUE NIEPEXOJIHBIE MTPOIIECCHI B ANEKTPUUECKUX CHCTEMAX).

ABTOpPBI HACIOTCS, YTO y4eOHOE MOCOOME TOMOXKET CTYJEHTaM IOIy-
YUTH HEOOXOAUMBIE 7151 OyayIieil paboThl HABBIKH POSKTHPOBAHUS U COPHU-
E€HTUPOBATHCS B OOJIBIIIOM KOJUYECTBE CIICIUATBHON U CIPABOYHOM JIUTEpa-
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BBenenune

JQHEPITETHUYECKOE OB BEJMHEHUE CUBUPU

O6bequnennas suepretudeckas cucrema (O9C) Cubupu oxBaThIBaeT
TEPPUTOPUIO OKOJIO 4 MIH KM, ¢ HaceJIeHHeM 16 MIIH. 4eIoBeK. DIeKTpude-
ckue cetu ODC NpoTIHYJIUCH B IUPOTHOM HampasiaeHuu 1mouty Ha 3000 km,
B MepuauoHaibHOM — Ha 1000 kM.

B coctaBe sHeprooObenMHEeHUs] B HACTOSIIEE BpeMsi pabOTaIOT JECATh
palloHHBIX DPHEpreTUdeckux cucrtem: Aunraiickas, Omckas, HoBocubupckas,
Kysbacckas, Tomckas, Kpacnosipckas, Upkyrckas, bypsarckas, UntuHckas u
Xakacckasl.

Ha 6a3e cuOUpCcKUX 3HEPreTHUECKUX PECYPCOB CO3JaHbl MOLIHBIE MPO-
MBIILJIEHHbIE KOMILJIEKCHI, COCPEIOTOUYEHHBIE BOJIN3U KPYIIHBIX TOPOJIOB. DTO
NPEANPUATHS YEPHOU MeTaJTypruu B T. HoBoky3Henke, yriexumuu B r. Ke-
MepoBO, MalMHOCTpoeHue B I T. HoBocubupcke, Kpacnosipcke, Hedprexumun
B I T. AHrapcke u OmMcke.

CtpykTypa 37eKTponoTpedieHus SHEProoObeTMHEHHSI ONpeieieHa 00-
IIMM HAaIlpaBJICHUEM pa3BUTHS 3KOHOMUKH. Ha Hy»X bl NPOMBIIUIEHHOCTH
unet 10 80 % snexrposneprun. Okosno 10 % noTpednsieT eKTpuPuIupo-
BaHHBIN JKEJIE3HOJOPOXKHBIA TPAHCIIOPT, B OCHOBHOM YYacTOK TPaHCCUOUP-
CKOW MarucTpajid MpOTsKEHHOCThIO cBhilie 3000 KM, MpOXOAsIIHi IO TEp-
putopuu, oociyxkuaemoit OIC.

Pa3BuTas 31€KTpoeMKas MPOMBIIIIIEHHOCTh C HENPEPBIBHBIM XapaKTe-
pOM IPOU3BOJICTBA, IMPEUMYIIECTBEHHAs TpPeXCMEHHas padoTa OCTalbHBIX
INPOMBIIUICHHBIX MPEANPUATUN (MAIIMHOCTPOUTENBHBIX 3aBOJAOB, LIAXT)
o0ycnaBiIMBalOT BEChMa IIOTHBIN Tpaduk snnekTpudeckoit Harpy3ku ODC.

Koadpdunuent 3anonnenus rpaguka Harpysku cocrasiser 0,92 + 0,93,
a ko3p¢uuuent HepaBuomepHoctu — 0,82 + 0,85. Ce3oHHass HepaBHOMEp-
HOCTb rpaduka 3JeKTpONOTPEOICHHs TAKKE CYLIECTBEHHO HUXe, yeM B EB-
ponerickor yactu Poccuu. I'onoBoe 4ucio 4acoB UCIIOIB30BaHUS MAKCUMY-
Ma Harpy3ku gocturaer 6600 + 6700.

JHepreTuyecKue pecypchbl FHEProodbLeIMHeHU s

OcHoBy TommuBHOro Oamanca OOJC cocraBisoT yraum  Kancko-
AYMHCKOTO yTroNbHOro OacceiiHa, MPOTSKEHHOCTh KOTOPOrO B IIMPOTHOM
HanpasiaeHuu — 10 700 kM, npu mmpune 50 — 300 km.

3amackl TOIBKO OAHOTO MTaTCKOro MECTOpOXKACHUS B KpaliHEel 3ama/l-
HOI yacTu OacceiiHa oneHuBaroTcs B 50 MIIpJ T C BOBMOXHOCTBIO J10OBIYU
200 — 250 mun T exerogHo. Ha yrmsx Kancko-AuuHckoro OacceiiHa pa0o-
TAIOT BCE TEIUIOBBIE JIEKTpOCTaHUUMU KpacHOSApPCKON 3HEProCUCTEMBI U Psif
AJIEKTPOCTAHLUI B APYTUX 3HEpProcucremax, sxoasmux B O9C.
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KpynHeiM yroneHbIM OacceiiHoM sBiisercst VMpKyTCKui, MpOTSHYB-
mmiics B jumHy Ha 500 kM. [Ipu mmpune no 80 km. Hanbonee 3HaunTenbHbIE
MECTOPOXKICHUS SHEPreTUUECKUX yIiiel — A3eiickoe u YepeMxoBcKoe — Ipu-
TOJIHBI JUIsl OTKPBITON pa3paboTku. YTriau u3 Hanbosee ocBOeHHOro YUepem-
XOBCKOI'O MECTOPOXKJEHUS HCIOJB3YIOTCSI B OCHOBHOM 3JIEKTPOCTaHLUSAMU
HpKyTCKOM Y3HEPTOCUCTEMBI.

3HAUYUTENBHYIO 00 B TOINIMBHOM Oanance OOC npoaoKaroT 3aHuU-
MaTh yriu Ky3Henkoro OacceliHa, cxuraeMble Ha anekTpocTtaniusax Kysoac-
ckoii, HoBocubupckoit, Tomckoit u Antaiickoil sHeprocuctemM. OJHaKO, B
CBSI3M C OCBOEHUEM B MOCIEAHUE TOJIbl METO/I0B KOKCOBAHMS KY3HELKHUX yT-
JIEW, paHEeE CUMTABIINXCS YHEPIETUUYECKUMHU, a TAKKE UX BBICOKOU KaJIOpUil-
HOCTBIO M XOPOIIEH TpaHCIOPTAOEIbHOCTHIO (YTO MO3BOJISIET BHIBO3UTH UX B
neduiuTHRIE MO TOIUIMBY pailioHbl Ypana u EBpomneiickoit yactu Poccun)
MIPOBOJSATCS MEPONPHUSITHUS, HANPABJICHHBIE HA BBITECHEHUE ITUX YIJIEU W3
ToruBHOTO Oananca ODC.

B coctaBe sHeprooObeIMHEHUST UMEETCS JIMIIb OJTHA DJIEKTPOCTAHIHS,
UCIoNb3ytomias B kayecTse tornuba MazyT (Omckas TOII-3), ona pacnoiio-
JKE€HA B HEMOCPEICTBEHHON OJIM30CTH K HedTenepepadaThIBAIOMIEMY 3aBOTY.

['uaposHepreTHYecKre pecypchl SIBISIOTCS OJIHUM M3 Ba)KHEHUIIMX
npupoAHbIx 6orarctB Cubupu. IIpoMbIIeHHBI (AOCTYIHBIA K OCBOEHUIO)
TUIPOIHEPreTUUECKUI MOTEHIMAN B IIpe/iesiax TEPPUTOPUH, 00CITYKUBAEMOMN
O3C, cocpenoToueH B OCHOBHOM Ha pekax EHucee m AHrape um COCTaBIsieT
okoJio 150 mupa kBt/u.

B cBs3u ¢ OrpOMHBIMH 3amacaMy TUJPOIHEPTUU U UX BBICOKOH A Pek-
TUBHOCTBIO, dHEprooobenuuenne CuOupu sIBISETCS YHUKAIBHBIM, KakK I10
€AMHUYHON MOIIHOCTH THAPORJIEKTPOCTAaHIIMH, Tak U no poie ['DC B Ganan-
ce mMowmHoctu U 3Heprun. Kpynueimue B mupe CasHo-IIlymenckas, bpar-
ckas u Kpacnosipckas I'9C Bmecre ¢ HoBocubupckoit m Upkyrckoit I'9C
MOKPBIBAIOT 110 45 % cymmapHOro Makcumyma Harpy3ku. OHHM BeIpabaThiBa-
10T 6o1ee 40 % cymmapHOTO Tpon3BoicTBA dekTpodneprun OOC.

Pa3Butne 3Hepreruxkun Cudbupn

Havanom co3nanust sneprerudeckoil 6a3pl B CHOMpPU CUUTAIOT CTPOU-
TEJIBCTBO M BBOJ| B IKCILTyaTaIlMIO TEII03JeKTpolieHTpanu Ky3Herkoro me-
Tajuryprudeckoro komomHata u KemepoBckoil pailOHHOW 3JEKTPOCTAHIIMH.
CoenuHeHne 3THUX 3JIEKTpocTaHUUU B 1936 r. JIuMHUENH »yeKTpomnepeaadu
HanpsbkeHreM 110 kB siBUiiock nepBbIM 3BEHOM B CO3JaHUU SHEPTrEeTUUYECKOM
cucteMbl Ky3bacca.

B noBoennbie 1 BoeHHBIE TO/bI (1941 — 1945 1T.) pOCT 3IEKTPOIHEP-
retikd CHOWMPHU MPOUCXOIUI 32 CUET YBEIWYEHHUS MOIIMHOCTH OTIEIHHBIX
AJIEKTPOCTAHIIUN, CHA0XKABITUX AJICKTPOIHEPTUCH MPEITIPUSTHUS UITH OTPAHU-
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yeHHble paiioHbl. DopmupoBaHre 00bETUHEHHON YHEPreTUYECKON CUCTEMBbI
Havyasiock B 1960 r., Koraa Ha napauiedbHy0 paboTy MO JIMHHSAM 3JIEKTPOTIe-
penaun 110 kB u 220 xB Obutn mepeBesieHsr Tpu sHEeprocuctemsl: OMckas |,
HoBocubupckas u Kyzbacckas. B Tom ke rogy Obu10 OpraHu30BaHO 00beIu-
HEHHOE JIUCIIETYEPCKOE YIIpaBIEHUE C pa3MelieHreM ero B r. Kemeposo.

B 1961 r. Ha napayuienbHyt0 padoOTy ¢ Ha3BaHHBIMU YHEPTOCUCTEMAMU
no auHuu 35ektpornepenayn 110 kB 6puta nonknrouena KpacHosipckas suep-
rocuctema. B 1962 r. k oOuielt cetu nogxmouminck Mpkyrckas, bapHayiib-
ckag U Tomckas sHeprocucteMbl. @opMUpoBaHUE FSHEPTOOOBEIUHEHNUS B CO-
BPEMEHHOM BHJIE 3aKOHYMJIOCH B 1969 1., Korja Ha 00IIYyI0 CeTh Ha4YaJIk pa-
00TaTh ANEKTPOCTAaHUUU BypsATCKON SHEPrOCUCTEMBI.

B navaneneiil nepuoa (1961 — 1964 rr.) napauiensHas pabora 3Hep-
TOCUCTEM OCYILIECTBIISUIACH B OCHOBHOM 110 JInHMAM 110 kB BHemHero siiek-
TPOCHAOXKEHUST ANEKTPUPULIUPYEMON TPAHCCUOMPCKON >KEIE3HOJOPOKHOU
Maructpaiu. MeXCUCTEMHbIE YUacTKU 3TUX JIMHUHN JyiuHOo# 1o 300 — 700 kM
HE MOTJIU B TIOJIHOM Mepe 00eCTIeUHTh nepeaqy 0OMEHHOM MOIITHOCTH.

[lepBass mexcucremHass nuHus HanpsbkeHuem 220 kB benoBckas
I'POC — HoBocubupckas ['2C 6pu1a BrimroueHa B HosiOpe 1960 r.

Hampsoxkenue 500 kB nauano nmpumensteesa B 1963 r., xorma Oblia
MPUBE/ICHA HA 3TO HAIpPSDKEHUE JIBYXLIEMHAs JIUHUS 3JeKTponepeaaun bpar-
ckag 'OC — Upkyrck. K 1972 — 1973 rr. Obu1a co3iana cuOupckas IByXuer-
Has ssekTtpomaructpaib 500 kB Upkyrck — bparck — KpacHosipck — Hoso-
Amnxepckas noacranuus (Kysz0acckas sHeprocucteMa), MpoaoKeHHas O/1-
HOLICITHBIMU yYaCTKaMU 10 DEIIOBCKOM TEIUIOBOW AJEKTPOCTAHLUMU U MOM-
ctaniuu 3aps B r. HoBocubupcke.

[IpomyckHasi ctOCOOHOCTh ATOW ANEKTPOMArUCTpAId — 10 2 MJIH KBT
— obOecreunBaeT B OOJIBIIMHCTBE PEKUMOB BbIJIauy 3JIEKTPO3HEpruu oT bpart-
ckoit u KpacHOSIpCKOM THUAPOIIEKTPOCTAHIIUN B JEeDUIIMTHBIE YHEPTOY3IIbI,
OOMEH MOIIHOCTBIO MPHU aBAPUMHOM OTKJIIOYEHUU TEHEPUPYIOIIETO 000py-
JIOBaHUS U CE30HHBIX U3MeHeHUsX Harpy3ku ['OC.

B 1973 r. O6buta BBe€HA B JKCIUTyaTallMIO IMEpBasi MOLIHAS MEX30-
HanpHas snekrponepenada 500 kB Epmakosckas I'POC — Owmck. Ilo sTon
JIMHUU AJIEKTPOIHEPTHUSI OT JIEKTPOCTAHIMHN, pabOTaIOIIUX HA CPABHUTEIHHO
JIEIIEBOM 3KM0AaCTy3CKOM Yrije, nepeaaBaiach B Je(UIUTHYIO 110 SHEPrope-
cypcaM OMCKYI0 SHEPrOCUCTEMY.

B nactosimiee Bpemss ToMmckasi sHEprocucreMa MUMEET JUHUU CBSI3U
220 xB wu 500 kB uepe3 noacrannmio “Tomkas-500 ¢ KysbaccaHepro u
KpacHosipckanepro u cBsizb no auauu 220 kB ¢ TroMeHCKko# sHeprocucTe-
Moi, Bxoasmiei B coctaB O9C VYpana. TioMeHCKasi SHEprocucTeMa MnpuMbl-
KaeT K CEBEpHOM 4YacTu TOMCKOW BHEProCUCTEMBI, TA€ B TOIUIMBHO-
HHEPreTUYECKU KOMILJIEKC BXOAMUT HedTera3ofo0bIBaOMIas MPOMBIIICH-
HOCTh, Ha 0a3e kotopoit B TromeHckoii DC IOCTPOCHBI M COOPYKAKOTCS
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kpynueimume KOC — Cypryrckas 'POC-1(3324 MBT), Cypryrtckas ['POC-2
(6 x 800 MBTt), Huxne-Baprtosckas I'POC (2 x 800 MBT ¢ nanpHelum
pacmmmpenueM). B ceBepHbIX paitonax ToMckoil 00macTu SABISIETCS aKTyallb-
HBIM COOpY>KeHHe ra3oTypOuHHBIX 3iekTpoctaniuii (I'TOC) nns Termno- u
ANEKTPOCHA0KEHUS He(Tera3o400bIBAIOIINX PaiOHOB.

OcBoeHue THIPOIHEPTreTHIECKUX pecypcoB Cnbupu ObUIO HA4YaTo Co-
opyxenueMm HMpkyrckoit I'DC nHa peke Aunrape (1950 — 1959 rr.). C ee nyc-
KOM ObljIa cOo3JjaHa HaJeKHas SHepreTuyeckas 0aza Jisl pa3BUTUS MPOU3BO-
JTUTENbHBIX cuil 3anagHoi Cubupu.

B konne 1954 r. 6bU10 HAYATO COOPYKEHUE CaMOW KPYIHOW THUIPO-
ANEKTpOCTaHIMU AHrapckoro kackaaa — bparckoit. OHa cTpousnach B cocTa-
B€ MPOMBIIIJICHHOTO KOMIUIEKCa, BKJIIOYAIOIIETO aTlOMUHHUEBBIA 3aBO, TOp-
HO-00OTaTUTEBHBI KOMOWHAT U Apyrue npeanpustus. B 1961 r. nepesie
ruapoarperarsl bparckoit 'DC panmu tok. B 1967 1. rugposniexkTpocTaHius
nocturiia MomiHoctu 4,1 miaH kBT.

XapakTepuCTHKA BaKHEHIIUX YJIEKTPOCTAHIUN 00beIuHEeHUS

Haszaposckasa I'POC. TemnoBasg 3JIEKTPOCTaHLHMS pPacCIOJIOKEHA B
Kpacnosipckom kpae. E€ momnHocts 1400 Thic. KBT (BO3MOXKHO pacliupeHue
10 3400 Teic. kBT). Ha anekTpocTaHiuM yCTaHOBJIEHO 6 SHEProOJIOKOB IO
150 MBT u nepBsIii onbITHBIA 00pa3el sHeprodigoka 500 MBT (1o maHHBIM
PAO EBC - 400 MBT), BriItOUaroImuil 0JTHOBAJIbHBIA TypOoarperatr u JByX-
KOPIYCHBIH KOTJI0Aarperar nmaponpou3BoauteasbHocTbio 1600 1/4. Tormusom
ciyxatr Oypeie yrau HazapoBckoro mecropoxxjaeHusi KaHcko-AdHMHCKOTrO
OacceitHa. CBsI3b C YHEPrOCUCTEMOMN OCYIIECTBISETCS Ha HampspkeHusix 110,
220 u 500 kB.

Tomb-Ycunckas I'PIC. TemnoBas 3MeKTpOCTaHIIUS PACIIONIOKEHA HA
fore Kysb6acca. E€ mommuocts 1300 toIic. KBT: 5 Typ6oarperaros mo 100 MBt
u 4 sueprobioka mo 200 MBT. TomnmuBoM CIyUT Ky3HEUKHH yroib. Bripa-
OaTbIBaeMasi AIEKTPOIHEPTUsI UAET HA KpyIHEHIIINE METaypruiecKre KoM-
ounaTel r. HoBOKy3Helka 1o JuHusAM dektporepenaydu 110 u 220 kB.

benosckass I'PIC. TennoBas 35€KTpOCTaHIMS HAXOAUTCA B LIECH-
TpasibHOU YacTu Ky3HelKoro yrojibHOro OacceiiHa W NpegHa3HayaeTcs s
MOKPBITUST OAa3UCHBIX HArpy3ok sHepreruueckoir cucrembl Kyszbacca. Eé
MontHOCTh 1200 Thic. KBT: 6 3HEpro6mokoB mo 200 MBT. TormmmBom ciyXut
yTOJb, MOJAaBA€MbI THUIPOTPAHCIIOPTOM OT ONIDKAWIINX IIAaXT, a TaKKe
MIPOMEKYTOUHBIN TPOYKT 000TAIICHHS KY3HEIIKOTO yTJIsl, JOCTABISIEMbBIN 110
KEJIC3HOU Jopore. DIIEKTPOIHEPTHs BBIJAETCS B OOIIYI0 CeTh Ha HaIpsKe-
musax 110, 220 u 500 xB.

Hpxyrcekasa TII-10. Temmnosnekrpouentpans — TOL-10 saBmsercs
CaMOM KpYITHOU TEIUIOBOU dJIeKTpocTaHuuen NpKyTckon sHeprocucremsl. Eé
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MontHOCTh — 1140 MBT. Ha anekTpocTaniiuu ycTaHOBJIEHBI SHEPTOOJIOKH 110
150 MBT u onun temnodukanuoHHb TypOoarperar 60 MBT. Tomnusom
ABJseTCS YepEMXOBCKUM YrOJb.

HoBocudupckas I'IC — ruapossiekTpoctannusa Ha pexke O0u. ['uj-
pOYy3el pacroyiokeH B paiioHe T. HoBocuOMpcka M COCTOUT M3 CIEAYIOIINX
OCHOBHBIX coopy>keHuii: 3nanus ['9C coBmemeHHOro Tumna, 6€TOHHON BOJIO-
CIIMBHOM TIJIOTUHBI, JI€BOOEPEIKHON HACHIMTHON M MPaBOOEPEKHON HAMBIBHOU
3€MJISIHBIX IUIOTHUH, OTKPBITBIX pacipeaesuTeNbHbIX yeTpoicTB 110 u 220 kB
u cynoxogHoro mnuiro3a. B 3manum ['DC yctaHoBieHO 7 Truapoarperatros
MOIIHOCTBIO 110 65 MBT ¢ mOBOpPOTHO-10MACTHBIMU TYpOUHAMH (pacuyeTHbBIN
Hamop 14,3 m).

Hpkyrckasa I'IC — ruapodieKTpocTaHIuA HA peke AHrape. ['ua-
poy3en pacnosioxkeH B mpenenax r. Mpkyrcka. B cocraB ero coopy:keHui
BXoAAT: 3aaHue ['DC COBMEIIEHHOTO THIIA, 3€MJIIHAS IJIOTMHA, OTKPBITHIE
pactpenenutenbubie yerpoiictBa 110 u 220 kB. BBuay ucKIIOUUTEIBHON
PaBHOMEPHOCTH CTOKa P. AHrapbl BOJOCIMBHAS IJIOTHHA B COCTaBE T'MIPO-
y37a OTCYTCTBYyeT, a 3manue ['DC coBMEmEHO C BOJIOCOOPHBIMH YCTPOIA-
CTBAMH.

B 3panun ['DOC ycTanoBneHo 8 arperatoB MOIIHOCTBIO 110 82,8 MBT.

Bbparckas I'9C — ruapo3iekTpocTaHIUsA HA peke AHrape. ['uapo-
y3€J1 pacnoyioKeH y I. bparcka. B coctas ero coopyKeHui BXOAAT: pyClI0OBast
O0eToHHas MIOTUHA, 31anue ['DC ¢ BOJOMOABOASIIIMMEU YCTPOIiCTBaMu, Oepe-
roBble OETOHHBIE M 3€MIISIHbIE IUIOTHUHBI, OTKPBITHIE pPACIPEIEITUTEIIbHbIE
ycrporctBa 220 u 500 kB.

PycnoBas mioTvHa — rpaBUTAIMOHHOTO THUIIA C PACIIMPEHHBIMHU IIBa-
MU MaKCHMaJIbHOM BBICOTOM 125 M u juymHOM 1o rpedHio 924 M. OHa umeet
10 BogocOOpHBIX OTBEPCTUH, MEPEKPHIBAEMBIX CETMEHTHBIMU 3aTBOPAMHU.

B 3panuu I'DC, pacnosio’k€HHOM y HU30BOM IT'paHH PyCIOBOM IUIOTUHBI
U NPUMBIKAIOIIEM K JIEBOMY Oepery, ycTaHoBiIeHO 18 rugpoarperatoB moui-
HOCTHIO 220 1 250 MBT ¢ paguanbHO-0CEBEIMU TYpOUHAMMU.

Kpacnosipckasa I'9C — ruapodnexkrpocraHuus Ha pexke Enmucee.
I'mppoysen pacnonoxen B 40 kM Beiue r. Kpacnosipcka. B cocras ero co-
OpY>KCHHI BXOIAT: pycioBas OCTOHHAas TUIOTHHA, 3manue [ DC, OTKPBITHIE
pacnpenenutenbubie yerporictBa 220 u 500 kB, cynoxoaHeie coopyKeHus.

PycnoBas miioTrHa — rpaBUTallMOHHOTO THMA; €€ MAKCHUMaJIbHAsI BBICO-
ta 124 M, niuna no rpedHio 1072 m. [InoTuHa umeeT 7 BOJOCOOPHBIX OTBEP-
CTUH IIMPUHOM 1O 25 M, NEPEKPHIBAEMBIX INIOCKUMU 3aTBOPAMH.

3nanue 'OC pa3memaeTcss HEMOCPEACTBEHHO Y HU30BOM I'paHU IUIO-
TUHBI U IPUMBIKAET K IIpaBoMy Oepery. B Hem ycranoBieHo 12 rumpoarpera-
TOB MOIIHOCTBIO 110 500 MBT ¢ panuanbHO-0CeBbIMU TypOMHAMU U T€HEpa-
TOpaMU 30HTUYHOIO THIA, C OMOPON MOJANATHUKA HA KpbILIKe TypOuHbl. Bo-
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J1a K TypOMHAaM MOJIBOJUTCS 10 OOETOHUPOBAHHBIM TPYyOOIPOBOIaM THAMET-
poM 7,5 M, pa3MEIICHHBIM Ha HU30BOW I'PaHU IJIOTHUHBI.

Casno-lllymenckas I'IC — rugposieKTpocTaHusag HA pexke Enu-
cee. ['mapoysen pacnosoxkeH Ha rore KpacHospckoro kpas. B cocras ero co-
OpY>KEHHI BXOJAAT: O€TOHHAs IUIOTMHA apOYHO-TPABUTALIMOHHOIO THUIA BbI-
cotoit 245 metpos, 31anue I'9C, OTKpBITOE pacnpeaeIuTeIbHOE YCTPOCTBa
500 xB.

B 3panuu I'DC ycranoBneno 10 rumpoarperaToB MOIIHOCTBIO IO
640 MBT ¢ paguanbHO-0CEBBIMU TYpOMHAMU BEPTUKAIBHOT'O UCIIOJIHEHUS U
CUHXPOHHBIMM I'eHepaTopaMu 30HTHYHOro tuna. Casno-Illymenckas ['OC
ABJIAETCS CaMOM MOIIIHOM B Poccun.

1. 2JIEKTPHYECKAS YACTb JJIEKTPOCTAHLUN
A MOACTAHLIMI

1.1. HomuHaJbHBbIC HATIPSIZKEHUS

OnexTposneprerrika B Poccuu, crpanax ommxHero 3apyoOexbs u B EB-
pOIeCKUX cTpaHax Oasupyercs Ha Tpexda3HOM NEPEMEHHOM TOKE C 4acCTo-
toit 50 I'y (B CIIIA u B HEKOTOPBIX Apyrux crpa”ax npunsaTo 60 I'u). [pu-
MEHEHHE Tpex(a3HOro Toka OOBICHSAETCS OOJbIICH YKOHOMUYHOCTBIO CETEH
U YCTaHOBOK TpeX(a3HOTO TOKA [0 CPAaBHEHUIO C YCTAHOBKAMHU OJHO(PA3HOTO
NEPEMEHHOTO TOKa, a TaK)K€ BO3MOXKHOCTHIO NPUMEHEHHsI Haubosee Halex-
HBIX, MPOCTBIX U SKOHOMHYHBIX ACUHXPOHHBIX JIBUTATENIEH 1O CPABHEHUIO C
AIIEKTPOJBUTATEIISIMU IPYTUX TUIIOB.

Hapsany ¢ tpexda3HbIM MepeMEHHBIM TOKOM B HEKOTOPBIX OTpacisix
MPOMBIILICHHOCTH MPUMEHSIIOT U MOCTOSIHHBIA TOK (2JIEKTPOJIU3 B XUMUYE-
CKOM MPOMBIIUIEHHOCTH W LBETHOW METAJUTYPIHH, 3JEKTpUDUIIMPOBAHHBIN
TPaHCHOPT U Jp.).

DNEeKTPUYECKUE CETH MO0 YPOBHIO HAIPSLDKEHHUM MPUHSTO JAEIUTh HA Ce-
™ [1]:

— nuskoro Hanpspkenus (HH) no 1 kB;

— cpeanero Hanpspkenust (CH) 3 — 35 kB;

— BbIcoKkoro HanpspkeHus (BH) 110 — 220 kB;

— cBepxBbicokoro Hanpsbkenus (CBH) 330 — 750 kB;

— yabTpaBbicokoro Hanpsbkenus (YBH) cspime 1000 kB.

HoMuHaNbHBIM HANPSI’KEHUEM CETell, reHepaTopoB, TpaHnchopMaro-
pPOB, IPUEMHHUKOB 3JIEKTPO3HEPTUU U T.[. HA3bIBAECTCS TO HANPSLKEHHE, NPU
KOTOPOM OHHM MPEJHA3HAYEHBI 1711 HOPMaJIbHON paOOTBHI.

B coorBerctBun ¢ I'OCT 2112 —-81 (ycranoBku no 1000 B) wu
I'OCT 721 — 77 (ycranosku Bbiiie 1000 B) npunsteie B Poccun crangapt-
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HbIC HOMUHAJIbHBIC HAPSDKCHHS TpeX(ha3HOro MepeMEHHOT0 TOKa IIPUBE/IC-
HbI B Ta0mure 1.1.

Tabnuua 1.1
HomuHanbHbIe HAaNpsKEHUS Haubonbmiee
Ceru n npuem- I"'eneparopel Tpanchopmaropst pabouee
HUKH DHEPIUU IlepBuunbIe Bropuunsie HaIpsSOKEHUE
00OMOTKH 00OMOTKH
B BOJIbTAX
220 230 220 230
380 400 380 400
660 690 660 690
B KWJIOBOJIbTAaX
3) 3,15 3u3,|ls 3,15u3,3 3,5
(6) 6,3 6163 6,3 16,6 6,9
10 10,5 10m 10,5 10,5u 11 11,5
20 21 20m 21 21u22 23
35 - 35 38,5 40,5
110 - 110 121 126
(150) - 150 165 172
220 - 220 242 252
330 - 330 347 363
500 - 500 525 525
750 - 750 787 787
1150 - 1150 1200 1200

3HaueHUs HANPsDKEHUH, yKa3aHHbIe B CKOOKaX, HA BHOBb IPOEKTHpYe-
MBIX YCTAHOBKaX HE PEKOMEHAYIOTCS [2].
HomuHanpHbIe HalpsKEHUs T€HEPATOPOB NMPUHATHI HA 5 % BBILIE HO-
MUHQJIbHBIX HAIPSDKEHUH COOTBETCTBYIOIIMX JJIEKTPUUYECKUX CETEH, 4eM
YUUTBIBAKOTCS IOTEPU HAIIPSHKEHUS B CETSX.
HomuHanbpHble HanpsKeHUs JU1sl TEHEPATOPOB MOIIHOCTHIO OT

100 MBT u BbIllle, KOTOpPBIE TIPEeIHA3HAYCHBI Il PaOOTHI B OJIOKE C TpaHC-
dbopmaropamu, B 'OCTe He ykaspiBaroTcs. 11 HUX HOMHHAJIbHBIC HAmpS-

KEHHsI pUBeIeHBI B Tabmuie 1.2.

Ta6mmma 1.2
MomHocTs reseparopa, MBt HomunansHOE HanpsbkeHue, kB
100 10,5-13,8
150 18
200 15,75
300 20
500 20; 36,75
800-1200 24

Jlnst muTaHus SJEKTpOJABHUrareseil HeOOJbIION MOIIHOCTH OOBIYHO
npuMensieTcs: Hanpsbkenue 380 B, Ha Hamnpsbkenune 3 kB 00bIYHO mpUMEHS-
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I0TCS JIBUTATENM MOUTHOCTBIO 75 KBT m BbIle (B Hacrosiiee BpeMsi Hamps-
xeHue 3 kB He pekoMeHnayercs), a Ha HanpsbkeHue 6 KB — MOIHOCTBIO
160 kBt u Bbiie. Hanpsikenue 10 kB st snekTpoaBuraresneil noka npume-
HSIETCS PEIKO (ISl CIIEHUANbHBIX LIeJe U yCIOBUM paboThI).

JUist mATaHus 3MEKTPOOCBEIIEHUSI U OBITOBBIX MNPUOOPOB MPUMEHSIOT
4eThIpeXIpoBoAHbIe ceTu HanpspkeHueM 380 / 220 B u pexxe 220/ 127 B.

B roponax, nmocenkax M Ha KPYIHBIX NPEANPHUATHUAX IEKTPUUECKHE
cetu crpostcs Ha 10 kB u pexe Ha 6 kB.

Hanpsxenus Ha 35 u 110 kB npumeHsroTcs s CBSA3M DJIEKTPOCTaH-
Ui Mexay coOOM Mpu HEOOJBIIMX PACCTOSHUSAX U B pacHpeaesuTedbHbIX
CETSIX MPU MUTAHUU NOTPEOUTENEH OT MOIIHBIX CTAHIIMM.

Hanpsoxkenus 220, 330 u 500 kB npuMeHsitoTcs 1J1s1 CBSI3U MOIIHBIX
AIIEKTPOCTAHLIUNA MEXy COOOM, mepeaaun OOJIBIIMX MOIIHOCTEHN Ha JajJbHUE
PAcCCTOSIHUS, a TAKKE JUISI MEKCUCTEMHBIX CBSI3EH.

1.2. O0mue cBeeHns1 00 IEKTPUUECKHUX CXeMax
3JIEKTPOCTAHIMH ¥ JHEPreTHYECKUX CUCTEMAX

1.2.1. Buabl cxeM 1 UX HA3HAYEHHE

DnexkTpudecKas 4acTb KaKJIOM 3JEKTPOCTaHLIMM U IMOACTAaHLUU Xapak-
TEPU3YETCS, NMPEKIE BCETO, CXEMOM DIIEKTPUYECKUX COEAUHEHHUM, Ha KOTO-
pO¥i YCIOBHBIMH 0003HAYCHHUSIMU HAHECEHBI BCE arperarhbl U ammaparthbl JIeK-
TPUYECKOW YaCTH CTAHIMH WJIM NOACTAaHIIUN U COCIUHEHUS MEXKIy HUMU.

CxeMbl 3JIEKTPUYECKUX COEIMHEHHMI pa3/IelisiioTCsl Ha JIBE OCHOBHBIE
IPYIIIBL: TJIaBHBIE CXEMBI, UM CXEMbl IEPBUYHBIX LENEH, U CXEMblI BTOpUY-
HBIX LEIEH.

IlepBUYHBIMH SBIIIOTCA LEMNH, 10 KOTOPBIM JJIEKTPOIHEPTrUs Nepeaa-
€TCsl OT T€HEPATOPOB K JIEKTPONPUEMHHUKAM, T.€. II0 KOTOPBIM IPOXOIAT pa-
O0ouMe TOKM Harpy3ku. B aTux nemnsx noxasplBaroT KOMMYTAllMOHHbIE arlma-
paThl, anmaparsl Uil OTPaHUYEHMS] TOKOB KOPOTKOI'O 3aMBIKAHUsS, U3MEPH-
TeJbHbIE TpaHCHOPMATOPHl TOKA M HANPSHKEHUs, anmaparbl AJis 3allUThI
YCTAHOBOK OT IIEPEHAINPSKEHUSA U T.11.

BTOpHYHBIMHU SBIAIOTCA LENM, NPEIHA3HAYCHHBIC JUIA KOHTPOJS, 3a-
IIUTHI U yIPaBICHUS OCHOBHOTO 000pyAOBaHUs U MepBUYHBIX 1eneil. K BTo-
pPUYHOMY OOOPYZOBAHHUIO OTHOCATCS W3MEPUTENIbHBIE MPUOOPHI, peleitHas
3alIUTa, aBTOMAaTHKa, NPUOOpHI M ammapaThl yHpaBlIEHUS, CUTHAIH3AIUH,
OJIOKUPOBKH U JIp.

CxeMbl 3JIEKTPUYECKHX COEAMHEHUH MOXKHO H300pakaTb B OJHOJIU-
HEHOM U TPeXJMHEeHHOM HCIIOJIHEHUU.

B 0oaHONMHENMHBIX CXeMax YCIOBHO IOKa3bIBAIOT COECIMHEHUS TOJBKO
JUIsL OJTHOM (ha3bl, YTO YNPOIIAET CXeMY. DTH CXEMbl Jal0T 00IIee IpeacTaB-
JeHue 00 3JIEKTPOYCTAHOBKE M IO3BOJISIOT OPUEHTHUPOBOYHO OIPENEIUTH
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KOJIMYECTBO YCTAHOBJIEHHOTO OCHOBHOTO OOOpYJOBaHMS, TaK KaKk BCE TPHU
¢a3pl 0OBIYHO UMEIOT OJIMHAKOBBIC COSAMHEHUS M B HUX BKIIOUAIOTCS OJTHU U
T€ K€ amIaparsl.

TpexyMHeHbIE CXeMBbI COCTABIISIIOT JUIS BCEX TpeX ¢as.

['maBHBIE CXEMBI CTAHIIMK BBINOJHSIOT, KaK MMPABUJIO, B OJHOJIMHENHOM
N300pKCHNH, a TPEXJIMHEHHBIC CXEMbI Pa3pabaThIBAIOTCS IS OTIAEITHHBIX
AJIEMEHTOB CTaHIIUH, HAIPUMEP TS IIENU TeHepaTopa, Tpanchopmaropa, oT-
XOJISIIEeH JTUHUU U T.A. B TpexJIMHEHHBIX cxeMax M300pakaloT TaKKe U BTO-
PHUYHBIE LIETIM CO BCIIOMOTaTEJIbHOU anIapaTypomu.

OIHONMMHENHBIE CXEMBl JJICKTPUUYECKHX COCIUHEHUW  TOTYy4YWIN
HauOosbIlIee pacnpocTpaHeHre. OHM HCHOJIB3YIOTCS TMPU  HCCIETOBAHUU
HOPMAJIBHBIX M aBapUUHBIX PEKHUMOB B IPOLIECCE NMPOCKTUPOBAHUSA U IKC-
IUTyaTallud CTaHIMH, TpU pa3paboTKe MPOTUBOABAPUUHBIX MEPOIPHUATUH,
KOHCTPYKLIMH PaCIpPEIeIIUTENbHBIX YCTPOUCTB U T.J.

B onHOnMHENHOM M300pakKeHUH COCTABIISIOT M ONEPATUBHBIE CXEMbI
AIEKTPUYECKUX COCAUHEHUM, KOTOPBIMU IOJB3YKOTCS B YCIOBHUSAX DJKCIUIya-
TalUuy CTAHLUH.

Pa3HOBUIHOCTBIO TPEXJIMHENHBIX CXEM SIBIISIFOTCS. MOHTAKHbIE CXEMBbI,
pa3pabaTbiBacMble HA OCHOBAaHUU TPEXJIMHEHHBIX CXEM JJisl OTACIbHBIX dJie-
MEHTOB CTaHIMH (IIeTIh TeHepaTopa, TpanchopmaTopa u T.1.). Ha Hux n300-
paxaroT pacrojoXXeHUe anmaparoB, MPUOOPOB U JIPYTUX YCTPOUCTB C HX
MIPUCOCANHEHUSIMH, a TAK)KE YKa3bIBAIOTCSI CEYEHHUS TTPOBOJIOB U Kabeneu, ux
MapKH, MECTO PACIOJIOKEHUS KOHTAKTHBIX YCTPOMCTB, YCIOBHAsA MapKUpPOB-
Ka y3JIOB U 3JIEMEHTOB CXEMbI U T.lI. MOHTaXHbIE CXEMBI SIBJISIIOTCSI OCHOB-
HBIM JTOKYMEHTOM IIPU MOHTa)KE€ DJIEKTPOYCTAHOBKU U UCIOJIb3YIOTCS TAKKE
BO BpeMsI KCILUTyaTally P PEMOHTAX 3JIEKTPOOOOPYAOBaHUS, €0 UCIIBITA-
HUU U T.J.

B rnaBHBIX cxemax BC€ KOMMYTAaIMOHHBIE amnIaparbl MOKAa3bIBAIOTCS B
OTKJIFDYEHHOM MOJIO)KEHUU. Ha onepatuBHBIX cXxeMaxX COCTOSIHUE JIEMEHTOB
JIOJKHO CTPOTO COOTBETCTBOBATH PEKUMY PaOOThI CTaHIIUU (TTOICTAHIINK) Ha
JTAaHHBIT MOMEHT BPEMEHU.

[Ipn wm300pakeHUH CXEM OJICKTPUYECKUX COCTUHEHUN MOJIb3YIOTCS
YCIOBHBIMU rpaduueckuMu 0003HAYEHUAMH, KOTOpble ycTaHoBiaeHb ECK]]
U IeUCTBYIOIIMMU rocynapcTBeHHbiMu ctangaptamu (I'OCT).

1.2.2. DHepreTuyecKkne CHCTEMbI

Ilon sHEprocMCcTEMON MOHUMAIOT COBOKYITHOCTD AJIEKTPOCTAHLIUM, ITOA-
CTaHIMH, AIEKTPUUECKUX U TEIUIOBBIX CETEH, CBSI3aHHBIX B OJHO LIEJI0€ OO~
HOCTBIO PEXMMA U HEIPEPBIBHOCTHIO MPOLECCa IPOU3BOJCTBA U pacIpese-
JICHHS DJIEKTPUYECKON U TEIIoBOM sHepruu [1, 3, 4].

OObenMHEeHNE W30JUPOBAHHBIX CTAHIIMKM U CO3JJaHUE DHEPrOCUCTEM J1a-
€T psIi TEXHUYECKUX U IKOHOMUYECKUX MPEUMYILECTB:
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[ToBbIlIaeT HaIEAKHOCTh U SKOHOMUYHOCTD 3JIEKTPOCHAOKEHUS.

[To3BONs€T MPOU3BOJIUTH TAKOE PACHPEACIICHHE HArpy3Ku MEXIy

CTaHLMSIMH, TIPU KOTOPOM JOCTUTaeTcss HanOosiee SJKOHOMUYHAS BbI-

paboTKa 3JEKTPOIHEPTUH B LIEJIOM IO CUCTEME MPU HAUITYUIIEeM HC-

M0JIb30BAaHUU 3HEPreTHUYECKUX PECYpPCOB pailoHa (TOIUIMBA, BOJHOMN

SHEPrUn).

3. YnydmaeT Ka4ecTBO SJEKTPOIHEPTHH, T.€. OOCCIECYHBAET MOCTOSH-
CTBO YaCTOTbI U HANPSXKEHUS, TaK KaKk KoJeOaHus Harpy3Ku BOCIIPH-
HUMAIOTCs OOJBIIMM KOJIMYECTBOM arperaTos.

4. Tlpu mapamienbHOil paboTe HECKOIBKUX CTAHUUN HET HEOOXOAMMO-

CTH YCTaHABJIMBATh PE3E€PBHBIE arperaTbl Ha KaXKJ0M CTaHLUU, a J10-

CTaTOYHO UMETh OOIILYIO JJIs1 BCEH IHEPTOCUCTEMBI PE3EPBHYIO MOIII-

HOCTb, BEJINYMHA KOTOPOH cocTaBisieT 00bIYHO mopsiaka 10 —

12 % mo1HOCTH arperaToB CUCTEMbI, HO HE MEHEE MOILHOCTH CaMO-

ro KpyImHOro arperara, yCTaHOBJIEHHOI'O Ha CTaHIUAX CUCTEMBbI (Ha

CJly4yaid aBapuilHOTO OTKJIFOUEHUS UJIU TJIAHOBOT'O PEMOHTA).

N =

1.2.3. Oco0eHHOCTH cXeM IEKTPHUYECKHX COeIMHEeHU I
TemaodjaekTpouenTpasaen (TILl) u KOHAeHCAUMOHHBIX
ekTpudeckux crannuii (K9C)

Temmosaexrpouentpanau (TIL) coopyxaroTcs B ropojax, NOCENKax U
IPU KPYNHBIX INPOMBIIUIEHHBIX NPEINPUATHAX, T.€. B LIEHTPE TEIUIOBBIX U
AJIEKTPUYECKUX HArpy30kK, paboTaroT, 00bIYHO, HA MPUBO3HOM ToruuBe. [lo-
3TOMY. YacTh renepatopoB TOL| npucoeauHseTcs HENOCPEACTBEHHO K cOOp-
HBIM IIMHAM T'€HEepaTOpHOro HampspkeHus 6 — 10 kB, oT KOTOPBIX OTXOAST
JUHUMA JJI IUTAHUST MECTHBIX MOTpeOuTeNei, T.€. MPOMBIIUICHHBIX Mpe-
OPUATUN U TOPOJCKUX TPAHCPOPMATOPHBIX MMYHKTOB.

BripabaTbiBaemasi TeHEpaTOpaMH 3JIEKTPOIHEPTHUsl MOCTYMAeT Ha cOop-
HbI€ IIMHBI TEHEPATOPHOIO pacnpeaenuresnbuoro ycrpoiicrsa (I'PY) u 3atem
pacnpenensercs MeKy COOCTBEHHBIMU HYX/aMU (C.H.) U MECTHBIMU MOTpE-
ourensimu Ha HanpspkeHuu 6 — 10 kB. MecTHble nOTpeOUTeN!, pacionokKeH-
Hble BOJM3U OT 3JEKTPOCTAHIMM, MOTYT TaKXe MUTATHCA C MOMOIIBIO OT-
BETBJICHUI OT T'€HEpaTopoB, Oosiee yJaleHHas MECTHAsl Harpy3ka MHUTAaeTcs
gepe3 MoACTaHIuK ri1yookoro BBoja ot muH 110 — 220 kB (m. 2.2.1).

B nacrosimee Bpemst Ha TOLl ycraHaBIMBarOT MOITHBIE TEIIO(MUKAIIN-
OHHBIE arperarsl MOIMHOCTBIO 10 250 MBT. B 3TOM cityyae aieKTpudeckast
cXeMa BBITOJHETCs 1Mo OJ0uyHOMY puHLUITY, Kak 1 KOC.

[Ipu Hanmuuu n30pITOYHOM MolHOCTH Ha TOLl, mocnennss nepenaercs
B JHEPrOCHCTEMY C IOMOIIBIO MOBBILAIINX TPaHC(HOPMATOPOB CBS3H,
COOpHBIX IIKH NOBBIIEHHOTr0 Hanpspkenus (110, 220 kB) u nunuii anexkTpo-
nepesayu.
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TOL paGoTatoT Mo BBIHY>KJIEHHOMY T'paduKy BHIPAOOTKH AJIEKTPOIHEP-
ruu (T.e. rpaduK 3aBUCUT OT TEIUIOBOTO MOTPEOJICHNUs), HU3KOMAaHEBPEHHBI
(tak xe kak 1 KOC) ¥ uMEIOT OTHOCUTENBHO BbICOKMI cymmapHblil KITJ]
60 — 70 %.

Konnencanmonnnie 3iekrpocrannun (KOC) B Hamelr ctpane ucro-
PUYECKHU MOJYYUIIM HA3BAHHE IOCYAAPCTBEHHBIX PAalOHHBIX 3JIEKTPUUYECKHX
cranuuii (I'POC). Momnubsie KOC coopykatorcs 00bIYHO B MeCTax 100bIYM
TOIUIMBA, BJIaJIM OT HEMOCPEACTBEHHBIX NOTpeOUTeNen ekTposHepruu. Ilo-
stomy Ha KOC Bcst BipabaTbiBaeMas 3JIEKTPOIHEPIUsl OTJAETCS B CETh dHEP-
rOCUCTEMBI HA MOBBIIEHHBIX HanpspkeHusx 110 — 750 kB. Dmekrpuueckas
CXeMa BBINOJIHAETCS MO OJIOYHOMY MPUHLMUITY: T€HEPATOPhl Yepe3 MOBBIIIA-
I0IME TPAHC(HOPMATOPHI MPUCOCIUHAIOTCS K IIMHAM MOBBIIICHHBIX HAIMpPS-
xenui (1. 2.2.2).

Jis nutanust coocTBeHHBIX HYXJT KOC BBIMOIHSIOTCS OTIANKK MEXKIY
reHepaTopoM U OJIOYHBIM TpaHC(HOPMATOPOM (aBTOTpaHCHOPMATOPOM) KaxK-
noro O10Ka.

K3C paboraroT mo cBo60ogHOMY (T.e. HE OTPAHUYCHHOMY TEIUIOBBIMU
notpedurensiMu) rpaduKy BHIPAOOTKU 3JEKTPOIHEPTHUH; MOUIHOCTH MOXKET
MEHATHCSI OT PACYETHOTO MAKCUMyMa JI0 TaK Ha3bIBAEMOI'0 TEXHOJIOIMYECKO-
ro MUHUMYyMa.

JlaHHbIE CTaHIIMM HU3KOMAHEBPEHHBI (Pa3BOPOT TYpPOMHBI W HaOOP
Harpy3KkH U3 XOJIOJHOTO COCTOSIHUSI TpeOyIoT mpuMepHo OT 3 10 10 yacoB) u
nmeroT oTHocuTeabHO HU3kui KII1J[ 30 + 40 %.

1.2.4. Texnosoruueckue cxembl TOIl u K9C (I'P9C)

Ha KOC ycranaBnuBaioTcs KOHICHCAIIMOHHBIE TypOUHBI C pereHepaTHB-
HbIMU (7151 COOCTBEHHBIX HYKJ) OTOOpaMH mapa, KOTOpble HE UMEIOT 0TOO-
pOB mapa Juisl BHEIIHUX noTpedureneit Tema (puc. 1.1). B koren Km nopa-
€TCsl TOIUIUBO (Yyrojib, Ma3zyT, Top(, claHubl), MOJOTrPETHIA BO3AYX U MUTA-
TeNbHAsl BoJA (€€ MOTepH KOMIECHCUPYIOTCS XMMHUYECKH OYMILEHHOW BOJOM
(XOB)). Ilogaua Bo3ayxa OCYIIECTBISCTCS TyTheBbIM BEHTHIISITOpOM /[B, a
INUTATEJIbHOM BOJIbI — MUTATEIbHBIM HacocoM /7H. OOpa3zyrouiyecs nIpu cro-
paHMM TOIUIMBA Ta3bl OTCACHIBAIOTCS M3 KOTJIA JBIMOCOCOM /[ U BBIOpachIBa-
I0TCS
yepe3 IbIMOBYI0 TpyOy (Bbicotor 100 — 250 m) B armocdepy. Octpsiii map
U3 KOTJa MOoJaeTcs B NapoBylo TypOuHy 76, The, MPOXOAs 4epe3 psij CTyIe-
HEH, COBEPIIAET MEXaHUYECKYI0 pabOoTy — BpallaeT TYpOUHY U KECTKO CBS-
3aHHBIN ¢ HEH poTop reHeparopa. OTpaOOTaHHBIN Nap MOCTYNAET B KOHJIEH-
catop K (TeriooOMEHHMK); 3[€Ch OH KOHJIEHCUPYETCs Oyaroaaps NpoIycKy
4yepe3 KOHJIEHCATOp 3HAUYUTENIBHOrO KoiudecTBa xojoaHou (5 — 20° C) uup-
KYJISIUMOHHOM BOJIBI (pacxoj HUPKYJIAIHOHHON Boabl B 50 — 80 pa3 Oosnblie
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Puc. 1.1. CrpykrypHas texHosnoruyeckas cxema KOC

pacxoja mapa yepe3 KoHJeHcaTop). VICTOUHHMKOM XOJIOJHOW BOJBI MOKET
OBITh pEKa, 03ep0, MCKYCCTBEHHOE BOAOXPAHWIHILE, a TAKXKE CIEeLHAIbHbIE
YCTAaHOBKHU C OXJIAKJAIOIMMU OalTHAMU (FpaJupHSAMU) WIH C OpbI3rajabHbI-
MU OacceifHaMHu, OTKyJa OXJIaXxAarouas BoJa MOJAAETCs B KOHJIEHCATOP LUP-
KYJSILMOHHBIMU Hacocamu ([{H). Bo3ayx, momaparoniuii B KOHJIEHCATOP Ye-
pe3 HETUIOTHOCTH, YAAJISIETCS C MTOMONIBIO 33)KEeKTOpa J.

Konpnencar, o6pasyromuiicss B KOHAEHCATOPE, € MOMOIIbIO KOH/IEHCAT-
HOro Hacoca KH mopaerca B aea’parop /[p, KOTOpPbIA NMpEeaHA3HAUYEH AJIS
yAaJeHusl U3 MUTaTebHOW BOJBI Fa30B M, B MEPBYIO OYEpEelb, KHUCIOPOJA,
BBI3BIBAIOIIETO YCUJICHHYIO KOppO3ui0 TpyO Kotia. B measpaTtop Takxke mo-
JaeTcs xuMuuecku ouuilieHHas Boga XOB. Tlocne neaspatopa nurareibHas
BOJIa NUTATEIbHBIM HacocoM [/H nomaercss B koren. lIpenBapurensHo BoAa
MOJIOIPEBAETCS, MPUYEM €€ MOJOIPEB OCYIIECTBIISIETCS B MOJOIPEBATENAX
pPa3TUYHOTO JABJCHUS, CHA0XXaeMBbIX MapoM H3 OTOOPOB TYpPOWHBI, TaK
Ha3bIBAEMBbIMU PEreHEPAaTUBHBIMU OTOOpaMH, a TakKe B HKOHOMai3epe
(xBocTOBOM "acTH) KoTia. IIpomyck OCHOBHOM MaccChl mapa uepe3 KOHJIeHca-
TOp OPUBOAUT K TOMY, 4TO 60 — 70 % TernaoBoil sHEpruu, BbIpabaThIBAEMOMN
KOTJIOM, O€CHOJIe3HO YHOCUTCS LHUPKYISIUOHHONU BOJOM [4].

B omnune or KOC, npousBoasiieil TONbKO 3JIEKTPUUECKYO SHEPTHIO,
TOIl BeIpabaThiBaeT W TEIJIOBYIO W D3JIEKTpUYecKyro sHepruto. Ha TOI]
YCTaHABJIMBAIOTCS TEIJIOPUKAIIMOHHBIE TYPOUHBI Pa3IMUHbIX TUIIOB. Typou-
HBI C PETYJIUPYEMBIMU OTOOpaMU MMEIOT 3HAYMUTEIbHBIE OTOOPHI Mapa, da-
CTUYHO OTPaOOTAHHOTO B TypOMHE, Ha MPOU3BOJICTBEHHBIE (00JI€€ BHICOKUX
JABJICHUN) W KOMMYHalbHO-ObITOBBIE HYX1bl (puc. 1.2). KomMmyHanbHO-
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OBITOBBIC MOTPEOUTENIM OOBIYHO MOJYYAIOT TEIUIOBYIO SHEPTHUIO OT CETEBBIX
nonorpesareneit (6ovnepos) CI1.

JbIMOBBIC 4

ra3sl POY
TemoBasg cetb 35-220kB
ﬂ 0,12 - 0,25 MIla
T
TOIIUBO ' % i
m 0,5 — 1,2 MITa
{ D Uctounuk
110 r I XOJIOOHOH!
4 BOJIBI
=D
[ KH
XOB

Puc. 1.2. CrpykrypHas TexHosioruyeckas cxema TOL]

[Ipn cHM>KeHUM dneKTpUYecKOM Harpysku TOLl Hmke MomHOCTH Ha
TEIUIOBOM MOTPeOJIeHUN HE0OXoauMasl JIJIsi oTpeOuTeNeld TerioBas dHep-
rusi MOXKET ObITh mojiydeHa ¢ nomoiibio POY (peayKimoHHO-0XJ1aquTeabHast
YCTAHOBKA), MUTAIOLIEHCS OCTPhIM MapoMm KoTia. Yem Oosbiie oTOOp mapa
U3 TYpOMHBI JIJISl TETIOPUKAIMOHHBIX HYXJ, TEM MEHbIIIEe TEIJIOBOM IHEp-
MW YXOJIUT C UUPKYJISIMOHHON BOJAON U, cieaoBarenbHO, TeMm Bhie KIIJI
anekTpoctanuuu. ClieyeT OTMETUTh, 4YTO BO M30€KaHHUE NeperpeBa XBO-
CTOBOI 4acTH TypOMHBI Yepe3 Hee JIOHKEH OBITh 00E€CIIeYeH BO BCEX PEIKH-
Max MPOMYCK OINPEIEIEHHOro0 KoiudecTBa mapa. Kak BHIHO M3 cXeMbl Ha
puc. 1.2, ocHOBHOM nmapoBosiHOM UK Ha TOL] siBIsieTCsl 3aMKHY ThIM.

1.3. OcHOBHOe 3JIEKTPOOOOPYIOBAHME
TEIVIOBBIX 3JIEKTPOCTAHIIHI

1.3.1. CuHXpOHHbBIE reHePATOPbI

Ha TemioBsIX 3JEKTPOCTAHLIMAX NPUMEHSIOTCS CUHHXPOHHBIE TE€HEpaTO-
pbl Tpex¢a3HOro mepeMeHHoro Toka. OCHOBHBIMM THIIAMU COBPEMEHHBIX
CUHXPOHHBIX T€HEPATOPOB SBISIOTCSA TYpOOr€HEpaTOphl, IEPBUUHBIM JIBUTA-
TEJIEM KOTOPBIX SIBJISIETCS MapoBasi TypOuHa.
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XapakTepHOil 0COOEHHOCTBIO TypOOreHEpPaTOpOB, B OTIMYNE OT T'MIPO-
IeHEepaToOpOB, SBJSETCS OOJbIIAs CKOPOCTh BPAILLECHUS,, OHU OTHOCSTCS K Ka-
TEropuu OBICTPOXOHBIX MAlINH. BBICTPOXO/AHBIE T€HEpaTOPHI ABISAIOTCS 00-
jee 3KOHOMHUYHBIMH B pab0OTe U UMEIOT MEHBILINH PacXoJl aKTUBHBIX MaTepH-
aJIOB HAa €JMHUILy MOILIHOCTH, TaK KaK C YBEJIMYEHUEM CKOPOCTH BpallCHUS
pa3Mepbl U BeC Kak reHepaTopa, Tak U mapoBoil TypOuHbI yMeHbIIatoTcs. Bee
COBPEMEHHbIE TYpOOreHEPATOPBhl UMEIOT OJJMHAKOBYIO CKOPOCTh BpAICHUS —
3000 06/mun nipu yactote 50 ' u yncne nap noaocoB p = 1.

PoTopbl Takux reHepaTOpOB BBIMOJHSIOTCS C HESBHO BBIPAXKEHHBIMU
MOJIFOCAMHU B BHUJE LIEJBHBIX MOKOBOK M3 BBICOKOKAYECTBEHHOM JIErMpOBaH-
HOM cTanu. B poTope BbIQpe3npoBBIBAIOT Ma3bl, B KOTOPHIE YKIIAIbIBAIOT 00-
MOTKY BO30Y>KJI€HUS.

CepneyHuK cTaTOpa BBINOIHSIOT U3 TOHKUX CTaJlbHBIX JINCTOB, KOTOPBIE
HaOMpaIOT NaKeTaMu C KaHaJlaMu JJis BEeHTWISIUKU. Bo BHyTpeHHe# pacTouke
CTaToOpa UMEIOTCS Na3bl, B KOTOPbIE YKIIAAbIBAIOT 0OMOTKY CTaTOpa.

TypOorenepaTops! BBITOIHSAIOT UCKIIOUUTEIBHO ¢ TOPU30HTAIBHBIM Ba-
JIOM, B TO BpeMsl KaK THJPOreHepaTopbl UMEIOT OOBIYHO BEPTUKAIBHOE pac-
II0JIO’KEHUE BaJIa.

HomuHanbHble mapamerpbl TypOoreHeparopoB. Kakaplii CHHXpOH-
HBI r€HepaTop XapaKTEPHU3yeTCs CIECTYyIOUMMU OCHOBHBIMH HOMUHAJIbHBIMU
napamMeTpaMM: HaIpsKEHUEM, MOIIHOCTBIO, TOKOM CTaTOpa, TOKOM pOTOpa,
4acToTOM, K03PPULKHeHTOM MOIIHOCTH — cos ¢ u KIT/I.

HomuHaNbHBIM HANPsiZKeHWEM T€HEepaTopa Ha3bIBAIOT TO HampshKe-
HUE, IPU KOTOPOM OH INpeaHa3HayeH A HopMaibHO# padoTtel. [[OCT ycra-
HaBJIMBAIOT HOMMHAJIbHBIE HAIIPSKEHUsI TEHEPaTOpoB Ha 5 % BBILIE COOTBET-
CTBYIOILIMX HOMHHAJIbHBIX HANPSYKEHUHN AJIEKTPUUYECKUX CETEH Ul KOMIIEH-
calllM MOTEePh HANPSKEHUS B CETSIX IPU UX HOPMAJIbHOM Harpyske.

HomuHanbHasi MOIIHOCTB F€HEpPATOpa ONPENEISIETCS KaK JJIUTENbHO
JIOIyCTUMasi Harpy3ka IpH ONPEIEICHHOM pacdyeTHOW TeMmIepaTrype OxJia-
KJIAIOIIETO BellecTBa (ra3a WM XKUIKOCTH) U JJIUTENBHO AOIYCTUMOM TEM-
nepaTtype HarpeBa OOMOTKH M CTaJId CTaTOpa U OOMOTKH pOTOpa.

s Tpexda3zHoro reHepaTopa HOMHUHAJIbHAS MOIIHOCTH ONPEAEIAETCS
1o gopmyiie

PHOM = \/gUHOMIHOM CoOSp = SHOM COs®p, MBr.

HomunanbHbBII TOK cTaTopa onpeensercs no Gopmyie

I — SHOM A
HOM \/gU , KA.

HOM
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HoMuHanbHBI TOK POTOPAa — 3TO MaKCUMAaJIbHBIN TOK BO30YXKICHUS
re’epaTopa, pu KOTOpOM 00ecredrBaeTcsl OTAauya FeHepaToOpoOM €ro HOMU-
HaJIbHOM MOLIHOCTH IIPY OTKJIOHEHUU HAIIPSKEHMS CTATOPA B IIPEeIIax
+5 % HOMUHAJIBHOTO 3HAYEHUS IIPU HOMUHAIBHOM KO3((ULIMEHTE MOIIHO-
CTH.

HomunanbHblil K03 GUIIMEHT MOIIHOCTH — COS @ y OONBIIMHCTBA
CUHXPOHHBIX reHeparopoB paseH 0,8 m 0,85. ¥V reHeparopoB MOIIHOCTBIO
800 — 1200 MBT oH pasen 0,9.

Ko3ddpuuuent mosiesHoro aeidcTBUs XapaKTEPU3yeT T'EHEPATOP MPH
HOMHUHAJIBHOW HArpy3ke U HOMUHAJIBHOM KO3()PHUIIMEHTE MOIIHOCTU. Y CO-
BpEMEHHBIX TypOorenepaTopoB HoMuHanbHbIi KIIJ[ konebnercs B npegenax
97,5 — 98,9 %. Uem MoutHee reneparop, Tem Bbilie ero KIIJ[. C ymeHbuieHu-
eM Harpy3ku 1 kodpdunnenta mouHoctu KII/] reneparopa ymeHsIaercs.

Texunueckue JAaHHBIC U XaPAKTCPHUCTHUKH I'CHCPATOPOB IIPHUBCICHLI B [5,
6.

Cucrembl oxJ12:x/1eHUsI TYPpOOreHEePaTOPOB

B mpotiecce skcmityaTanuu reHepaTopoB U30ISAIUs 0OMOTOK MOCTETEH-
HO wu3HammBaercsa. [IpuyuHON 3TOTO SIBIsETCA BO3ACHCTBUE IEJIOrO psiaa
(bakTOpoB: 3arps3HEHUE, YBJIAXKHEHUE, OKHCIEHUE KHCIOPOJIOM BO3ayXa,
BO3JICHICTBHE AJIEKTPUYECKOrO I0JsI, JUHAMUYECKHX Harpy3ok u T.4. Ho
IJIABHOW TNPUYMHONW CTapeHus H30JSILHUM SIBISIETCS €€ HArpeB: YeM BbIIIE
TeMIepaTypa HarpeBa H30JIALUH, TeM ObICTpee OHAa H3HAIIUBAETCSA, TEM
MEHBIIIE CPOK €€ CIyKObl. CpOoK CcIy>KObI M30JISIMH 3aBUCUT OT TEMIIEPaTyphI
Harpesa u periiamentupyercs I'OCT [7, 8].

Temneparypa 0OMOTKHM U CTallM CTaTOpa KOHTPOJIUPYETCS C MOMOILBIO
TEMIIEpaTypPHbIX UHAMKATOPOB, B KAYECTBE KOTOPBIX HMCIOIb3YIOTCS TEPMO-
CONMPOTHUBIEHUS (OOBIYHO MeAHbIe KaTyIKH). OHU 3aKiIaJbIBAIOTCS 3aBOJIOM
M3rOTOBUTENIEM Ha JIHO Ma3a (IUIsl U3MEPEHUS TEMIIEPATypPhl CTAlN) U MEXKIY
CTep>KHAMHM (JJ11 U3MEPEHUsl TeMIIEPaTypbl MEAM) B MECTaX IperoiaraeMo-
ro HauOoJIbIlero HarpeBa MaluHbl. [loka3zaHust TeMrepaTypbl B 3TUX MECTax
3aMepAIOTCS ¢ TOMOIIBIO JJOTOMETPa, YCTAaHABIMBAEMOT0 Ha TEIJIOBOM IIUTE
TypOUHBI.

Temnepatypy HarpeBa 0OMOTKH POTOpa U3MEPSAIOT KOCBEHHO — IO Me-
TOJy U3MEHEHHUS] OMUYECKOTO COIPOTUBIICHUSI OOMOTKH MpHU Harpese (c 1mo-
MOIIbIO aMIIEPMETPa U BOJIBTMETPA B LIEMHU BO3OYKICHUS).

[To cmocoOy mogaun OXJ1a)AaroIIero BemecTBa K 0OMOTKaM cTaTopa u
poTOpa CYLIECTBYIOT JBE CHCTEMbI OXJAXICHHSI I€HEpaTOPOB — KOCBEHHOE
(MOBEPXHOCTHOE) U HETIOCPECTBEHHOE (BHYTpEeHHEE) oxnaxaeHue [3, 7, 8].

[Ipy KOCBEHHOM OXJIAKJEHUU OXJIAKIAIOLMK ra3 (BO3AyX WM BOJAO-
pOJl) C MOMOIIBI0 BEHTHJIATOPOB, BCTPOEHHBIX B TOPLBI POTOpa, MOJAETCA
BHYTPb I'€HEpATOpa M MPOTrOHSETCS Yepe3 BO3AYLIHBIM 3a30p M BEHTUJISALIU-
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OHHbIE KaHaJbl. [IpyU 3TOM OXJaXKJIAIOIIUNA ra3 HE COMPUKACAETCS C MPOBO/I-
HUKaMH OOMOTOK CTaTopa U pOTOpa, W TEIUIO, BBIJASISIEMOE UMH, MEPEAacTCs
OXJIKIAIOIIEMy Ta3y 4Yepe3 3HAYUTENIbHBIA «TEIUIOBON Oaphep» (M30JISIus
O0OMOTOK U CTaJib 3yOI1I0B).

[Ipn HEMOCPEACTBEHHOM OXJAXJACHHM OXJIAKIAOIIEe BEIEeCTBO (Ta3
WIN JKUKOCTH) HEMTOCPEACTBEHHO COMPUKACAETCS C MTPOBOAHUKAMHU OOMOTOK
reHepaTopa, MUHYS U30JSLHUIO U CTajlb 3yOII0B.

B HacTosiiiee Bpemsi BBIITYCKAIOTCS TypOOr€HepaTopbl ¢ BO3IYIIHBIM,
BOJIOPOJIHBIM U KHUJKOCTHBIM OXJIKICHUEM.

Bo3znymHoe oxmaaxaenue. CyleCcTBYIOT JBE CHUCTEMbI BO3AYILIHOTO
OXJIQXJIEHUS — IPOTOYHAS U 3aMKHYTasl.

[Ipy pOTOYHOM OXJIAXACHUHM XOJOJHBIN BO3ayX 3a0uUpaeTcsi W3BHE,
MIPOTOHSIETCS Yepe3 reHepaTop M 3aTeM BbIOPACHIBAETCS B MAIIMHHBIN 3all.
OTy CUCTEMY OXJaXJIEHUS MPUMEHSIIOT PEAKO M JIMIb B T€HepaTopax He-
6ombmioi mMomtHOCTH (10 2 MBT), Tak Kak B 9TOM ciydae uepe3 reHepaTrop
MIPOTOHSIETCS BCE BPEMs CBEKUU BO3IYX, KOTOPBIN OBICTPO 3arps3HSET M30-
JSIUI0 OOMOTOK CTaTopa U poTOpa, YTO B KOHEYHOM CUETE COKpAIIaeT CPOK
CIIy 0Bl TEHEpaTopa.

[Ipu 3aMKHYTOM OXJaXXJACHUU OAUH U TOT kK€ 00bEM BO3/yXa LUPKY-
JUpPYET MO0 3aMKHYTOMY KOHTypy. Harperslii Bo3ayX M3 reHeparopa MocTy-
NaeT B KaMmepy ropsyero BO3ayXa, MPOXOJUT YEpe3 BOJSHOM BO3AYyXO0OXJIa-
JUTENb U Yepe3 KaMepy XOJOJHOI0 BO3/lyXa BHOBb BO3BPAILAETCS B TeHEpa-
TOP.

JI71s1 BOCIIOJIHEHMSI TOTEPh BO3/lyXa B pe3yJIbTaTe yTEUEK B KaMEpe XO-
JIOJTHOTO BO3/lyXa YCTAHABIUBAIOTCS IBOMHbBIC MACIISTHBIE (PHIIBTPHI.

VY TreHepaTopoB C BO3AYILIHBIM OXJIAXKIECHUEM IIpeaycMaTpUBaETCS
YCTPOMCTBO AJIA TYIICHHS MOXKapa BOJIOH.

B nHacTosiee Bpems BBIITyCKalOT TypOOTeHEPaTOPhl C 3aMKHYTHIM BO3-
JTyIIHBIM OXJaXJI€HUEM MOIIHOCTBIO 10 12 MBT BKJIIOUUTEIBHO.

B cBsi3u ¢ nepeopreHTaMend 3IEKTPOIHEPTETUKHU HA IJIEKTPOCTAHIUU
MaJIol U CpeaHEH MOIIHOCTH, PabOTAIOIINUX KaK B COCTaBE YHEPTOCHCTEMBI,
Tak U B aBTOHOMHOM pexknme, B 1990 r. OAO «Dnektpocuna» pa3padboTtano
TPU CEpUU TYypOOre€HEepaTOpOB HOBOI'O MOKOJIEHHS C BO3IYIIHBIM OXJIaXJIe-
Huem [9]:

= Cepust TA (1,5 — 23 MBT) — ¢ KOCBEHHBIM BO3IYILLIHBIM OXJIa-
XKICHUEM OOMOTOK pOTOpa M CTaropa U HENOCPEICTBEHHBIM
OXJIQXKJICHUEM CEepCUYHHKA CTaTOpa.

= Cepus TO (18 — 160 MBT) — ¢ HemocpeaCcTBEHHBIM OXJIaX/Ie-
HUEM OOMOTKH pOTOpa M CEpJACYHHKA CTAaTOpa U KOCBEHHBIM
OXJIaXK]IEHHUEeM OOMOTKH CTaTopa.

= Cepus T3P (50 — 165 MBT) — ¢ BO3AYLIHBIM OXJaXIAECHUEM 10
TPEXKOHTYPHOM CXEME.
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['enepatopsl cepun T npenHazHAYEHBI U1 3aMEHbl  YCTapPEBILIUX I'e-
HepatopoB TB, TB® ¢ BOmOpPOIHBIM OXJIaXACHHUEM, BBHIPAOOTABIINX CBOM
cpok [10], a Takxe, B IEPBYIO O4YEPEib, Il PUBOJIA Ta30BBIX TYPOUH.
Typ6orenepatopsl cepun T3D ABIAIOTCS JaTbHEHIIIMM Pa3BUTHEM Ce-
pun TO. IIpuMensemMas B HUX TPEXKOHTYpHasl CXeMa OTINYAETCs MOBBIIICH-
HOM 3 (PEKTUBHOCTHIO. YIIyUIICHHBIC XapaKTEPUCTUKH, TIOBBIIIIEHHOE 3HAYC-
aue KIIJ[, HanéxHOCTh M meperpy30odnas CiocOOHOCTh TypOOTeHepaTOpOB
JIOCTUraeTcs 3a CUET pas/iesieHUsl MOTOKOB BO3/lyXa, OXJIAXIAAIOUIErO CTATOP
u porop. HckitoueHre ux B3aMMHOIO OTPULIATENILHOTO BIIMSIHUS [O3BOJISET
CHU3UTh HAarpeB aKTUBHBIX U KOHCTPYKTUBHBIX yacTeil reHeparopa. [Ipume-
HEHHE BCTPOCHHBIX IIEHTPOOEKHBIX BEHTUIATOPOB CO CHEIUATbHBIMU
HaIPaBJIIOIMMU U COPSIMIISIOIIMMY annapaTaMy MO3BOJUIIO CHU3UThH MOTE-
pu B BeHTUIsITOpax U nossicuth KIIJ[ reneparopos.
KocBennoe BompopoaHoe oxJaskaeHue. ['eHepaTopbl ¢ MOBEPXHOCT-
HBIM BOJIOPOJIHBIM OXJIQXKJICHHUEM HMEIOT TaKylO K€ CHUCTEMY BEHTWIISALINHU,
KaK ¥ MPU BO3AYILIHOM OXJIAXIEHUU, HO BMECTO BO3yXa B T€HEpaTOpe LUp-
KyJIupyeT BojaopoA. BomopoaHoe oxiaxaeHue 3HAUUTENbHO 3 (EeKTUBHEE
BO3JIyIIIHOI'O, MIO3TOMY OHO IPUMEHSETCS B HACTOSILEE BPEMs BO BCEX TYyp-
Ooreneparopax, HaunHas ¢ moiHoctu 30 MBT.
Kak oxnaxparonui ras, BOIOPOJ UMEET IO CPABHEHHIO C BO3LYyXOM
P CYyIIECTBEHHBIX TPEUMYIIIECTB:
® TEIIoeMKOCTh ero B 14,35 pa3 Oomblie TEMI0EMKOCTH BO31yXa,
yTo obecrieunBaeT 6ojiee BHICOKUN KOA(D(PUIIMEHT Teruionepenadn
OT HArperoi MmoBepXHOCTU (OOMOTOK M aKTMBHOW CTallM) K OXJia-
KIAIOIIEMY rasy;

® BOJOPOJ MMEET MEHBIIYIO TUIOTHOCTh O CPAaBHEHHUIO C BO3IYXOM,
YTO IMO3BOJISIET YMEHBIINTh BEHTUISIIMOHHBIE oTepu B 8 — 10 pas,
KIIJI reneparopa npu 3Tom Bo3pactaeT Ha 0,8 — 1,0 %;

® B Ccpele BOJOpOAa OTCYTCTBYET OKHCIICHHE H30JSLUUU OOMOTOK,
YTO YBEIMYHMBAET CPOK €€ CIY>KOBI;

® BOJAOPOJ HE NOJJEPKMBAET FOPEHHUs, CIEIOBATEIBHO B I'€HEPATO-
pax C BOJOPOJHBIM OXJAXIECHUEM MOXHO OTKa3aTbCi OT
YCTPOMCTB ITOKAPOTYIIEHUS.

['1aBHBIM HEJOCTATKOM BOJIOPOJHOTO OXJIAXKIACHUS SBISIETCA TO, YTO
BOJIOPOJI B cMecH ¢ BO3ayXxoM (0T 5 1o 75 %), 0Opa3yeT B3phIBOONACHYIO
CMECH, [TIO3TOMY Yy MAalllMH C BOJOPOJHBIM OXJAXJICHUEM J0JDKHA OBbITH o0ec-
neyeHa BhICOKasl ra30IuIOTHOCTh KOpITyca.

HenocpencrBennoe BoaopoaHoe oxJjaxkaeHue. Eimie Oonbmmii a¢-
(GeKT Mo CpPaBHEHUIO C KOCBEHHBIM BOJOPOJIHBIM OXJIAXKICHUEM JAET HEIo-
CPEIICTBEHHOE WJIM, KaK €ro MHOTI'/Ia Ha3bIBaOT, (POPCUPOBAHHOE BOAOPOIHOE
OXJIQXEHUE, KOTa BOJOPO/ MOAAETCSA BHYTPh MOJIBIX IPOBOJHUKOB pOTOpPA
U cTaropa.
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[lepBoHauanbHO BHYTpPEHHEE BOJIOPOJHOE OXJIAXKACHHE OBLIO MpUMe-
HEHO JJIsi POTOpa, KOTOPHIA B OTHOIIEHWW HArpeBa SIBJISETCS Hambojee
HaMpPsHKEHHOW YacThio reHeparopa. [Ipu sTom mmerores aBa crocoba oxiia-
KJICHHS IPOBOJHUKOB OOMOTKH POTOpA.

B mepBom crniocobe (akcuanbHOE OXJIAXKICHHE) MPOBOAHUKA OOMOTKHU
poTOpa UMEIOT KOPHITOOOpa3Hyo (GopMy U 00pa3yroT MPSMOYTOJIbHBIC BEH-
TUJISLIMOHHBIE KaHAJIbI, B KOTOPbIE U MOCTYNACT OXJIAXKIAIOIIUH Ta3.

Bo BTOopoM cmocobe (MHOrocTpyiHOe paauaibHOE OXJIAXKICHUE)
OXJIaXJIAIOIIMKA Ta3 3a0upaercs U3 3a30pa ¢ MOCIEIYIOUIMM BBIOPOCOM YxkKe
HarpeToro raza oOpaTHO B 3a30p MO MPUHIUITY CAMOBEHTHIIALIMH [7].

HenocpeacrBeHHoe KUAKOCTHOE OXJIaxaeHue. B 3Tom ciyyae B
KAueCTBE OXJIAXKIAIOWIEH XKUJIKOCTH MPUMEHSIOT ITUCTUIIIMPOBAHHYIO BOJY,
KoTopast oOnagaeT OoJjiee BBICOKOW TEIUIOOTBOJAIIECH CHOCOOHOCTBIO 10
CPaBHEHUIO C BOJOPOJOM M, CJIEI0BATEIbHO, MO3BOJISIOT €lle OOJbIle yBe-
JUYUTh €AUHUYHBIE MOILIHOCTU T€HEPATOPOB MPHU COXPAHEHUU MPEAEIIbHBIX
pazmepoB. Taxke HEOOXOAMMO OTMETHTh, YTO TAKOW BUJ OXJIAKIEHUS TIO-
’Kapo- ¥ B3phIBOOE30ITACEH.

B [3] moka3aHa KOHCTPYKITUS THAPABINIECKAX COCTUHCHU OOMOTKH
CTaTOpa C KUIAKOCTHBIM OXJIAXJEHUEM U JaH pa3pe3 0OMOTKU MO OJHOU ma-
payutensHOM BeTBU. Kak BHIHO M3 pa3pe3a, 0OMOTKa CTaTOpa BBHITIOJHEHA U3
CIUIOIIHBIX Y MOJBIX MEAHBIX 2JIEMEHTAPHBIX MPOBOJHUKOB MPSMOYTOJIBHOTO
CEUYEHUs, 110 KOTOPBIM LIUPKYJIUPYET BOJIA.

[luranue OOMOTKM BOJOW OCYIIECTBISICTCS IMyTEeM IOJBOJA €€ K
KaKJI0M MapaieIbHOM BETBH C MOMOIIBIO IIJAHTOB U3 IUIACTMACCHI, 00JIa-
JAIOIIUX BBICOKOM AIEKTPUYECKON MPOYHOCTHIO U HEOOXOAUMOMN 3JTaCTUYHO-
CTBIO.

Bce ruzmpaBinnueckue COEAMHEHUs BBIMOJIHEHBI C OJTHOIO TOpLA — CO
CTOPOHBI TypOUHBI.

BrinonHeHre HENMOCPEICTBEHHOIO (BHYTPEHHET0) OXJIAXKIECHUS PO-
TOpa TypOOreHeparopa CBS3aHO C OOJIBITUMHU TPYJAHOCTSIMH, OCOOCHHO B Ya-
CTH MOJBO/IA BOJIbI K BpallalolIeMyCsl pOTOPY.

Nudopmanus o npuMEHSIEMBbIX CUCTEMaX OXJIaXJACHUsl B TypOOreHe-
paTtopax pa3JIMYHOTro TUIa MpuBeaeHa B Tabnumax 1.3, 1.4.

Tabmuma 1.3
Cucrembl 0XJ1a:K1eHUS
KocBennsie HenocpencrBennsie
(TTOBEpXHOCTHBIE) (BHYTPUIIPOBOIHUKOBEIE)
BosaymHas Boxoponnoe
Bonoponnas Macnsnoe
- Bopasinoe
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Tabmuma 1.4

TypOoreneparopsbl ¢ HeMOCPEACTBEHHBIM OXJIAKICHUEM

T3B

Tprxk bl BOJISHOE OXJIAXKICHUC
OO6moTKa ctaTopa — BOJOM
Cranb cTaTopa — BOJIOMU
OOMoTKa poTopa — BOAOH

TI'B
TIB - 200-2]1

TI'B - 200MT

TI'B - 500-2Y3

BonopoaHoe mim BOZopoIHO-BOASIHOE
O6moTKa cTaTopa — BOAOPOJOM
Crainb cTatopa — BOAOPOAOM
OOMOTKa poTOpa — BOJOPOIOM

OO6moTKa cTaTopa — BOJIOM
Crasib cTaTopa — BOJIOPOJIOM
OOMOTKa poTOpa — BOJOPOIOM

OOMoTKa cTatopa — BOJ10M
Cranb craTopa — BOJOPOAOM
ObMoTKa poTopa — BOJOH

TBM

Bogomacnsaoe oxnaxxaeHnue
OOMoTKa cTaTopa — MaclioMm
Cranb cTaTopa — MacjioM
O6MoTKa poTopa — BOJOH

TBB

BomopoaHo-BoisiHOE OXJIaXKICHHE
O6moTKa ctaTopa — BOJOM
Cranib cTaTopa — BOJIOPOJIOM
OOMOTKa poTOpa — BOJAOPOJOM

TypOorenepaTopsl €0 CMEIIAHHON CHCTEMON OXJIAXKICHUSI

TB® Bonopoanoe popcupoBaHHOE OXJTAXKICHHE
OOMoOTKa cTaTOpa — KOCBEHHOE BOJOPOJHOE
Craib cTatopa — HENOCPEACTBEHHOE BOJIOPOIHOE
OOMOTKa poTopa — HENOCPEACTBEHHOE BOJJOPOTHOE
TBC Bonoponnoe oxiaxaeHue

OOMOTKa cTaTOopa — KOCBEHHOE BOJIOPOTHOE
CraJib cTatopa — HETOCPEACTBEHHOE BOJIOPOTHOE
OOMOTKa poTOopa — KOCBEHHOE BOJIOPOJTHOE

Cucrembl BO30y:KIeHHS T€HEPATOPOB

VY TypborenepaTopoB Bo30yKIECHUE SIBISIETCS HEOTHEMIIEMON YacThIO,
¥ OT HAJIGKHOCTHU €r0 pabOTHI B OOJIBIIION CTENICHHN 3aBUCUT HAJICKHAS U
ycToiunBas pabota Bcero Typooreneparopa [3, 7, 8].

OOmoTKa BO30YXI€HHSI YKJIAJIBIBAETCS B TIA3bl POTOPA TeHEpaTopa, U K
HEH C MOMOIIbI0 KOHTAKTHBIX KOJICIl U IMIETOK, UCKIIFOUEHHUEM SIBIISIETCST Oec-
HIETOYHAsl cUcTeMa BO30yXAeHHs (CM. Jajnee), MOIBOJUTCS IIOCTOSTHHBIN TOK
OT UCTOYHUKA. B KauecTBe NCTOYHMKA SHEPTHH MOXKET MMPUMEHSATHCS TeHepa-
TOP TOCTOSTHHOTO WJIM MEPEMEHHOTO TOKa, KOTOPHIA MPHUHSITO HA3BIBATH BO3-
OymuTeneMm, a CUCTEMY BO30YXKICHHS 3JEKTPOMAIIMHHONW. B Oe3MamuuHon
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cucTeMe BO30YKIEHUSI HMCTOYHHUKOM DHEPIHM SIBJIETCSA caM T'€Heparop, Io-
3TOMYy €€ Ha3bIBAaIOT CUCTEMOM camMoBO30YykJaeHHUs. OCHOBHBIE BEJIMYMHBI,
XapaKTepHU3yIOIIUe CUCTEMbl BO30YXACHUS, U TPEOOBaHUs, MIPEIbABISEMbIC
K HUM, yKa3aHbl B [7].

MomHOCTh UCTOYHUKA BO30OYXKAeHHS cocTaBisieT o0braHo 0,5 — 2 %
MOIIIHOCTU TypOoreHeparopa, a HampsbkeHue Bo3Oyxknmenuss 115 — 575 B.
Yem Oosbllie MOLTHOCTH TypOOTeHepaTopa, TeM BBILIE HAMPSIKEHUE U TeM
MEHBIIIE OTHOCUTENIbHAS MOIIIHOCTH BO3OYAUTETIS.

Cuctembl BO30YXICHUS MOXKHO Pa3leIUTh Ha JIBa THIA: HE3aBUCUMOE
(mpsimoe) BO3OYKIIEHHE U 3aBUCHUMOE (KOCBEHHOE) BO30YKJeHHE (CaMOBO3-
Oy>KJIeHHE).

K nepBoMy Tumy OTHOCSITCSI BCE RJIEKTpPOMAILIMHHBIE BO30YIUTENN MO-
CTOSIHHOTO U IEPEMEHHOI0 TOKa, CONPSIKEHHBIE C BAJIOM TypOoreHeparopa
(puc. 1.3).

Ko BTOpomy THIly OTHOCATCS CHUCTEMBI BO30YKJIEHUS, MOJIyYarOlIne
NUTaHUE HEMOCPEICTBEHHO OT BBIBOJOB T'€HEpATOpa Uepe3 crieluaibHbIe Mo-
HuKatonme tpanchopmartopsl (puc. 1.4, a) U OTIEIBLHO YCTAaHOBIICHHBIE
AIIEKTPOMAIIMHHBIE BO30YIUTENN, BPAIIa€MbIe ABUTATEISIMH TEPEMEHHOTO
TOKa, TUTAIONTUMUCS OT IIIMH COOCTBEHHBIX HYX cTaHiuu (puc. 1.4, 6).

DnexkTpoMallMHHbIE BO30YAUTENN MOCTOSIHHOIO ToKa (puc. 1.3, a) pa-
Hee NMPUMEHSUIUCh Ha TypOoreHeparopax Majoid MOIIHOCTH. B Hacrosiee
BpeMsl Takas cucTeMa BO30YXACHHS MPAKTUYECKH HEe MPUMEHSETCS, TaK Kak
ABJISIETCSI MAJIOMOIIHOW M mpu ckopocTu Bpamienus 3000 o6/MUH JTaHHYIO
cucTeMy BO30Y)KIIEHHUSI TPYAHO BBITIOJHUTH U3-32 TSKENBIX YCIOBHI pabOThI
KOJJIEKTOPA U IIETOYHOT0 anmnaparta (yXyAleHHe YCIOBUNH KOMMYTalUN).

Ha nefictBytoniux TypborenepaTopax NpuMEHSIOT:

® BBICOKOYACTOTHYIO CUCTEMY BO30YKICHUS;

e 0ecHETOYHYIO CUCTEMY BO30YKIEHUS;

® CTaTUYECKYI0 TUPHUCTOPHYIO HE3aBHCHUMYIO CUCTEMY BO30YXk7e-
HUS;

® CTaTUYECKYIO TUPUCTOPHYIO CUCTEMY CAMOBO30Y KICHMUS.

B nepeuncnenHpIx cucteMax Bo30yKAeHHs BO30OYAUTEIEM SBIIAETCS
reHepaTop MEePEMEHHOI0 TOKa Pa3IMYHOI0 MCIOIHEHUS, HE UMEIOUINI orpa-
HUYEHHUS 1O MOIIHOCTH. {151 mpeoOpa3oBaHus MEPEMEHHOTO TOKa B MOCTO-
SIHHBIM PUMEHSIOTCS HEYTIPABJIsIeMbIE U yTIpaBisieMble OTYyTPOBOIHUKOBBIC
BBINPSMUTEIH-BEHTUJIH.

[TpuHun paboThl BBICOKOYACTOTHOIO BO30YykaeHus (puc. 1.3, 6) 3a-
KITIIOYaeTcsi B TOM, YTO Ha OJTHOM BaJly C T€HEPaTOPOM BpaIlaeTcsl BHICOKOYa-
CTOTHBIM TeHeparop TpexdaszHoro Toka 500 I'u, KOTOpbIH Yepe3 MOTyHpo-
BO/IHMKOBBIE BHIMPSMUTENH B 10o1aeT BEINIPSIMIICHHBIA TOK HA KOJIbIIA POTOpPA
TypOoreneparopa. [Ipu Takoil cucteme Bo30ykKA€HUS UCKIIIOYAETCSl BIUSHUE
M3MEHEHUS PEKUMOB paObOThl BHELIHEHN CETH Ha BO30YX/AE€HUE IT'eHepaTopa,
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Puc. 1.3. [IpuHIMNHansHbIe CXEeMBbl HE3aBUCUMOM CHCTEMBI BO30YKIEHUS
TE€HEPATOPOB: @ — MIEKTPOMAILINHHAS C TEHEPATOPOM MOCTOSTHHOTO TOKA;
6 — BBICOKOYACTOTHAI,
CI" — cuHXpOHHBIN reHepaTop; Bl — BO30yAUTENb MOCTOSIHHOTO TOKA;
BYI’ — BBICOKOYACTOTHBIN reneparop; /1B — nonBo30yUTeNb; B — BBITPSIMHUTENb

Cl O IIHHBI C.H.

a 0
Puc. 1.4. TlpuHIMNUaIbHBIC CXEMbI 3aBUCHMON CHCTEMbI BO30Y KICHUSI

TCHEPATOPOB;
BT — BcioMorarenbHbli Tpanchopmartop; 4/ — aACHHXPOHHBIHN IBUTaTEINb

YTO MOBBIIIAET €0 YCTOMUMUBOCTD MTPU KOPOTKHUX 3aMBIKAHUSX B DHEPTOCH-
creme. Ha coBpeMeHHbIX TypOOoreHepaTopax BbICOKOYACTOTHYIO CUCTEMY
BO30Y>KJI€HHSI HE IPUMEHSIOT, KaK YCTapeBIIYIO.

J171st MOLITHBIX TypOOT€HEPATOPOB TOKU BO30YKJICHUS COCTABIISIOT
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5 — 8 KA. D10 co3gaer OoJblIME TPYIHOCTH MOABOJA IOCTOSTHHOIO TOKAa K
00MOTKE BO30YXKJIEHHUS T'€HepaTopa C MOMOIIBI0 CKOJIBb3AIIUX KOHTAaKTOB —
kozier u mETok. IloatoMy B Hacrosimee BpeMs Ui psja F€HEpaToOpoOB MpPH-
MeHsieTcs: OecuETouHas cucTeMa Bo30yKIeHUS, B KOTOPOW BBIIPSIMUTEIbHOE
YCTPOMCTBO BpallaeTcsi C TOW K€ YaCTOTOW BpalEHUs, YTO U OOMOTKA BO3-
OyxnaeHust reaeparopa. [loatoMy anexkTpuueckas CBsi3b MEX1y HUMH BBIIIOJI-
HSIETCA KECTKUM TOKOIPOBOJAOM 0€3 MPUMEHEHHs KOHTAKTHBIX KOJIEI U IIIe-
TOK.

B He3zaBucuMOil cTaTUyecKOM CUCTEME U CUCTEME CAMOBO30YXKIACHUS
MPUMEHSIOTCS yNPaBIII€MblE MOIYNPOBOJAHUKOBBIE KPEMHHUEBBIE BBIPSMHU-
TEIU — TUPUCTOPHI. ITO MO3BOIUIO YBEIUYUTH OBICTPOJAEHCTBUE JAHHBIX CH-
CTEM BO30YXKIEHMsI IO CPABHEHMIO C CHCTEMOM, HalpuMmep, BbICOKOYACTOT-
HOM, Il IPUMEHSIOTCS HEYIPABIsEMbIE BBIIPAMUTENN. Tak Kak B JaHHBIX
cUCTeMax BO30YXJEHHUS NPUMEHSAETCS TpYIa CTATUYECKUX YIPaBIsSEMBbIX
BBINPSMUTENEH, TO JIUIs IOJBO/IA MOCTOSIHHOTO TOKAa K 0OMOTKE BO30YX/I€HUS
reHepaTopa TakKe MPUMEHSIOTCS CKOJIB3SIIME KOHTAKThI, YTO SIBJISIETCS HE-
nocTtaTkoM. THpUCTOpHBIE CUCTEMbI BO30Y KIACHHS HAILJIM IPUMEHEHUE IS
TypOoreneparopoB MouiHoctbto 160 — 500 MBT. Ha puc. 1.4, a npuBenena
NPUHIUIHAIbHAS CXEMa CTATUYECKOI0 TUPUCTOPHOTO CAMOBO30YKICHUS.

Cxembl U IOJIPOOHOE OMHCAHUE CUCTEM BO30YXKICHUSA MPHUBEACHBI B
(3,7, 8].

Ha ciyyail moBpexaeHusi CucTeMbl BO30YKIEHUS MPelyCcMaTpUBAETCS
YCTaHOBKA PE3E€PBHBIX BO30YIUTENEH: IO OJHOMY Ha KaXK/Ible YEeTbIpe I'eHe-
patopa [11, 12].

B kauecTBe pe3epBHOro BO30yAMTENS yCTaHABIUBAIOT FEHEPATOPHI MO-
CTOSIHHOT'O TOKa, IIPUBOAMMBIEC BO BpAIlCHUE ACUHXPOHHBIMU JIBUTaTEISIMU,
MOAKIIOUYCHHBIMM K IIIMHAM COOCTBEHHBIX HYX] cTaHumu (puc. 1.4, 6). Uro-
Obl TpU MocaJike HarpspkeHus, Hanpumep npu K3, pesepBHbI BO30yIuTENb
HE 3aTOPMO3WJICS, Ha €ro BaJly YCTAaHABJIMBAIOT MaXOBHK.

1.3.2. CunoBbie TpancGopMaTOpbl U ABTOTPAHCHOPMATOPHI

OTedecTBEHHOW MPOMBIIIIEHHOCTBIO U3TOTOBIISIIOTCS CHIIOBBIE TPaHC-
dbopMaTopsl MO IIKaJI€ MOIIHOCTEH B KHIIOBOJIBT-aMIIEpaxX, yYTBEPKICHHOMN
['OCT 9680 — 77E [4].

CunoBble TpaHC(OpPMATOPBl U3TOTABIUBAIOTCS MOHMKAIOUIMMH U TIO-
BBIIAIOIIMMU; JIByXOOMOTOUYHBIMH, TPEXOOMOTOUYHBIMH, C PACIICILICHHBIMU
OOMOTKaMHM HU3KOTo HampsbkeHud. [lo xkonuuecTBy ¢a3 pa3iauyaroT OJHO-
¢dazuble u TpexdazHbie TpaHCHOPMATOPHI.

Haubosnpiuee pacrnpocTpaHeHre MOayduiu TpexdasHbie TpaHchop-
MATOPbI BBUJIy UX HKOHOMHYECKUX MNPEUMYIIECTB Mepel OAHO(a3HBIMHU.
Tpexdaznbie TpanchopmaTopbl Ha HOMUHAIBHBIE Hanpspbkenus 110, 150 kB
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M3TOTOBJISIIOTCA MOITHOCTHIO 10 400 MBA BKIIIOUHTENIBHO, @ HA HANPSIHKEHUE
220 - 500 kB go 1000 MBA [3].

OnHoda3zHbie TpaHCHOPMATOPHI IPUMEHSIOTCS TOJIBKO B TEX Cly4a-
X, KOT/Ia HEBO3MOYKHO M3TOTOBJICHHE TpeX(ha3HbIX TPaHCHOPMATOPOB HEOO-
XOJIMMOM MOIIHOCTH WJIM 3aTPyJHEHA UX TPAHCIOPTHUPOBKA.

B noBbimaroneM 1ByXo00MOTOYHOM TPpaHc(opMaTope MOUTHOCTD U3
nepBuYHOM 0OMOTKH HU3Koro Hanpspkenus (HH) snexkTpomMarHuTHBIM IyTemM
nepeaaeTcsa B 00MOTKY BbIcOkoro Hamnpsbkenust (BH), npu sTom npoucxoaut
yBEJIMYEHHE HampspkeHus. Takue TpaHc@opMaTopbl YCTaHABIMBAIOTCS B
0Jiokax reHeparop — Tpancopmarop.

B nmonmxkammmux IByX0OMOTOYHBIX TpaHcpopMaTopax, NMpUMEHS-
€MBIX Ha MOJCTAHIUSAX U B CUCTEME COOCTBEHHBIX HYXKJ CTAHIUN, MPOUCXO-
JIUT TTOHWKEHHUE HATIPSIKEHUS.

TpexoOMoTOUYHBIIT TpaHchoOpMATOP IIpeIHA3HAYEH JJIs1 CBSI3U TPEX
Hanpsbkennit — auszkoro (HH), cpeanero (CH) u Boicokoro (BH). Ilupokoe
pacnpocTpaHeHHE MMEIOT TPeXOOMOTOYHbBIE TpaHC(HOpMATOPHI C HampsHKe-
HueM oomotok 110, 35 u 6 — 10 kB. Hauunas co cpennero HanpsikeHus
110 kB u BbIlIE, NPUMEHAIOT ABTOTPAHCHOPMATOPBI.

Ha cranuusix ¢ kpynueiMu 6sokamu 200, 300, 500, 800 MBT mupoko
IIPUMEHSIIOTCS. TPAHCHOPMATOPHI € pacieNIeHHOH BTOPUYHOM 00MOTKOM
JUIsl IUTaHUSI COOCTBEHHBIX HYX[ Oj0Kka. B Takom TpaHcdopmaTope UMeroT-
Csl IB€ BTOPUYHBIE OOMOTKH C OTACJIBHBIMU BBIBOJIAMH, KOTOPbIE MOTYT CO-
EAMHATHCS TMapauieNIbHO WM padorarh pasznenbHo. Kaxknas oOMoTka pac-
cuntana Ha 50 % HOoMuHanbHOU MomHOCTH. [Ipu pasznenvHoOl paboTe 0OMO-
tok HH Tpancopmaropsl ¢ pacuieruieHHHIMA OOMOTKaMU UMEIOT MOBBIIICH-
HOE€ 3HAYEHUE HANPSHKEHUS KOPOTKOTO 3aMbIKaHUS U, %, UTO IO3BOJISIET
OTPaHUYUTh TOK KOPOTKOTO 3aMbIKaHUS Ha IIMHAX COOCTBEHHBIX HYJ MOIII-
HBIX AJIEKTPOCTAHLUHMA W HA CTOPOHE HU3KOTO HAMPSKEHUS MOLIHBIX MOJ-
CTaHIIUH.

B03M0>XHO M3rOTOBIIEHUE TPAaHCPOPMATOPOB C HECKOJIBKUMHU PaACIIETI-
JeHHbIME OOMOTKamu. Takue TpaHchOpMATOPHI MPUMEHSIOTCS B OJOYHBIX
cxemax ‘“‘/IBa reHepaTopa — OJWH TpaHchopmaTop”, WM “Tpu TeHepaTopa —
OJIMH TpaHc(hopMaTOp”, YTO IKOHOMHYECKH OMNPABJBIBAECTCA IPH MOBBILLIECH-
HbIX HanpspkeHusx 330 — 750 kB Gmaromaps 5KOHOMHMM OTKJIHOYAIOLIEH ari-
napaTypbl BBICOKOTI'O HaIlpsKEHUSI U CUIIOBBIX TpaHc(opmaTopos [3].

KoHcTpykiust cuioBbix TpaHc(hOpMaTOpOB BO MHOIOM OIpeAessieTcs
CUCTEMOM OXJIAXKJIEHUS, KOTOpas, B CBOK OYEpPE/b, 3aBUCUT OT MOILHOCTH
TpaHchopmaropa.

Cyxue Tpancgopmaropsl (C) U3rOTOBISIOTCS MOITHOCTBIO /10
1600 kBA npu nanpsbkenuu 10 15 kB. Ha anekTpocTaHiusax oHU NPUMEHS-
I0TCS B KA4eCTBE TPaHCPOPMATOPOB COOCTBEHHBIX HYX/I.

BonpmmHCTBO TpaHChHOPMATOPOB UMEIOT MACIISTHOE OXJIaXK ICHHUE.
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EcTecTBeHHOE Mac/isiHOe oxJiazkaeHHue (yciIoBHOE oOo3HaueHue M)
BBITIOJIHACTCS JJIS TpaHncPopMaTtopoB MoOmHOCTHI0 0 6300 kBA BkIitOUn-
TEJIbHO. MacjisiHOe OXJIasK/AeHHUEe ¢ IyTheM U eCTeCTBEHHOM LUPKYIsIIHeH
macaa (JI) npumensercs s 6oee MOITHBIX TpaHchopMaTopoB. MaciasiHoe
OXJIaJK/IeHHe ¢ TYyTheM W NPUHYAUTEJbHON LHMPKYJsiiUell Macja 4yepe3
BO3AylIHbIe oxJaguTeau (/1) mo3BoisisieT S5KOHOMHUYHO U MPOCTO OTBECTH
TEIJIO, BBIICIIGHHOE B OOMOTKax TpaHC(hOpMaTOpOB MOIMHOCTHIO Ooiiee
63000 xkBA. MacasiHO-BOAsIHOE OXJIAKICHHME ¢ MPUHYAUTEJIbHOH LHMPKY-
Jauue Maciaa 4depe3 Boasinbie oxyaauteau (L) mpumensiercs ajisi o4eHb
MOIIHBIX TpaHchOpPMaTOPOB U aBTOTpaHcPopmatopoB. bosiee neranbHO ¢ cu-
CTeMaMH OXJIAXKJICHUSI MOKHO O3HAKOMUTHCS B [3].

ITapaMeTpsbI CUIIOBBIX TPAHC(POPMATOPOB

HomuHanbHOe HanpsizkeHMe TEPBUYHON M BTOPUYHON OOMOTOK
TpaHchopMaTopa — 3TO HANPSHKEHUE MEX]y BBIBOJAMU MPHU XOJIOCTOM XOJI€
TpaHc(opmaTropa, yKa3bIBaeTCs B KaTajlorax M Ha IUTKE TpaHcpopmaTopa.

Ecin 0603HaunTh HalpspKeHHE EPBUYHON OOMOTKH TpaHchopMaropa
U,, a Bropuunoiil U, To k03 puuueHT TpanchopMauy onpeaeInTcs Kak

U, M
b
Uu, w,

k, = (1.1)

rae w;, w, —4uCjI0 BUTKOB, COOTBECTCTBCHHO, B HepBI/I‘IHOﬁ H BTOPHY-

HOM 0OMOTKAaX.

Kak Buano u3 (1.1), u3MeHsis1 4UCIO BUTKOB B MEPBUYHON WM BTO-
PUYHON OOMOTKE MOXXHO peryinupoBarh Hampspkenue U,. [loutu Bce Tpanc-
dbopmaTopsl CHAOXKAKOTCS PETYJIUPOBOUYHBIMU OTBETBICHHSIMU U CIECLHAIIb-
HBIMU MEPEKIII0YATESIMU JIJIs1 U3MEHEHHUSI YKclia BATKOB 0OMOTKH [3, 7, 13].

[Tepexitouenre MPOM3BOAUTCS TUOO HA OTKIIOYEHHOM TpaHchopma-
Tope — ycTpoictBo I[IbB (nepexkmtouenue 0e3 Bo30yx aeHus), 11060 Ha pado-
TalIIEM HE OTKIIOYEHHOM TpaHcopmaTtope — yctpoiictBo PITH (perynupo-
BaHME 1Noj Harpyskoil). O6siuHOo B ycrpoiictBe PIIH npenycmarpuBaetcs
Oosbiiee ynciao oTBeTBIeHUM, yeM B [1BB, /i BO3MOXXHOCTH TUIaBHOTO pe-
TyJIUpOBaHUs B 00JIee IMHUPOKOM JAHAMa3oHe.

VYerpoiictBo [IBB obGecneunBaer u3menenue koddduimeHTa TpaHc-
dbopmanmu B npenenax £5 %, a ycrpoiicteo PITH — B npenenax £16 %. B
HacTosiiee BpeMs He meHee 60 % kpymHbIx Tpanchopmaropos umeroT PITH
[3].

[Iepekitoyaroiiee yCTpOMCTBO 4allle BCEro pacrojararoT Ha CTOPOHE
BBICIIIETO HAMPSOKCHUS B HEUTpasii OOMOTKH, YTO TO3BOJSET OOJETYUTh
YCJIOBUSI KOMMYTAIlUU U U30JISIIUIO.
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s tpancdopmaropos ¢ PITH pekomenayeTcst ocymecTBIsTh aBTOMA-
TUYECKOE perynupoBanue kodddummenta rpanchopmaruu |3, 7].
HomuHanbHOM MOIIHOCTBIO TpaHchopMaTopa Ha3bIBACTCS MOII-
HOCTh, Ha KOTOPYIO HETNPEPHIBHO MOXKET OBITh HArpyxeH TpaHchopmaTop
MIPU HOMUHAJIbHBIX TEMIIEPATYPHBIX YCIOBUSAX OKPYKAIOLIEH CPEIBI.
HomuHaabHbI TOK J1F00011 00MOTKH TpaHchopMaTopa ONpeiesaeTcs
10 €€ HOMUHAJIbHOM MOITHOCTH U HOMUHAJIbHOMY HaIPSKEHUIO.
HanpsisxeHne KOPOTKOro 3aMbIKaHUA U, XapaKTEpU3yET PEAKTUBHOE
COMPOTHUBJICHNE OOMOTOK TpaHc(opmMaTopa W 3aBUCUT OT B3aUMHOTO PaCIIo-

JIO’)KeHUsT OOMOTOK Ha cepjcuHHKe. BenwunHa Ui OmNpenenseTcs U3 OmbiTa
KOpPOTKOI'0 3aMblKaHus. B kaTanorax npuBOAsSTCA 3HAYEHUSI Uy, BBIPAKECHHBIE
B [IPOLIEHTAaX U OTHECEHHBIE K MOIHOCTH Han0oJIee MOLIHON 0OMOTKH S0y -
Cxembl W rpynnbl coequHeHH 00MOTOK. OOMOTKH BBICOKOTO
HaIpPsDKEHUS, KaK MPaBUiI0, COSUHSAIOT B 3BE3]ly, YTO MO3BOJIIET OOJErYUTh
U30JISIMI0 OOMOTOK, TaK KaK OHA PACCYMTHIBACTCS B 3TOM ciiydae Ha (a3zHoe
1%
5
O6MoTKM BTOpuyHOTO HanpsbkeHus 0,69 kB u Bblllle COCTUHSIOTCS B
TPEYTOJIbHUK, YTO TO3BOJISIET YMEHBIIUTh CEYCHHE OOMOTKH, TaK Kak OHa

HAIIPAKCHUC

. I G
PACCUMTHIBAETCS B OTOM ciydae Ha (asHbii Tok =L, rae /, — TMHEHHbIA TOK.

3

CxeMbl U TPYIIBI COEUHEHU 00MOTOK TpaHC()OpMATOpPOB MpHUBEC-
HBI B [5].

B tpancdopmaTopax c paciiernieHHo 0OMOTKON BTOPUYHOTO Hampsi-
xenust Tuna TPJIH, npumeHsieMbIX B cUCTEeME COOCTBEHHBIX HYX]I AJIEKTPO-
CTaHIMH, IOMYCKAeTCA COeAMHEHUE OOMOTKH BBICOKOT'O HAIPSIKEHUS B Tpe-
yroiasHuk. B [3, 5] npuBenensl naHHble TpaHCHOPMATOPOB, TPUMEHIEMBIX B
cUCTeME COOCTBEHHBIX HYXK]I DJICKTPOCTAHIIMI M YCTAaHABIMBAEMBIX B OJIOKaX
reHeparop — TpaHchopmartop. Taxke OCHOBHBIE JAaHHBIE CHUJIOBBIX TpPaHC-
dbopmaropos npuBojsaTcs B [6, 14, 15].

ABTOTpanchopmaTopsl. PaccMoTpuM ocoOeHHOCTH pabOTHI M KOH-
cTpyknuu ogHo(dasHoro aBroTpanchopmaropa (puc. 1.5). ABroTpanchopma-
TOp UMEET JIBE IEKTPUUECKH CBsi3aHHBIE 0OMOTKH: OB — 00MOTKa BBICOKOTO
HanpspkeHusi, OC — 00MOTKa CpeIHEro HanpsKEeHUS.

OOMOTKa HU3KOTO HaIpPsKEHUS] UMEET OOBIYHYI0 TPaHCPOPMATOPHYIO
(3nekTpoMaruuTHy0) cBsi3b ¢ oomMotkamu OB u OC. Yacth 0OMOTKH, 3a-
KIIFOUeHHass Mexay BbiBogamu B u C, Ha3plBaeTcsi NOCIENOBATENbHOM, a
Mexay C u O — obmeid.

[Tpu pabore B MOHMXKAIOIIEM PEKUME B MOCIEIOBATEIILHON OOMOTKE
MPOXOIUT TOK /;, KOTOPBIN, CO3/1aBas MarHUTHBIN MOTOK, HABOJUT B OOIIEH
oOMoTKe TOK /). TOK Harpy3ku BTOPUYHOM IETH CKIIAJBIBACTCS U3 TOKA [,
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Puc. 1.5. Pacnipenenenue TokoB B 0 JHO(ha3HOM aBTOTpaHc(hopmaTope

MMpoxXoaAcTo 6J1ar011ap51 BHGKTPHHGCKOfI CBs3HU O6MOTOK, M TOKa ]0, CO31aH-
HOI'O MarHUTHOM CBSA3BIO ITHX K€ 0OMOTOK:

Iy=1,-1,.

Ecnu npenedpeub HaMarHMYMBaOIIUM TOKOM U IOTEPSMHU, TO MOLL-
HOCTb, 3a0upaeMas U3 NEpBUYHON CETH, OyJEeT paBHA MOLIHOCTH, OTAAaBac-
MOU BO BTOPUYHYIO CETh:

SHOM = IIUBH :]ZUCH D
OTKYyda
I, U
fpe =2 =—BH (1.2)
Be ]1 UCH

rae ky. — ko3 dUIKEeHT TpaHCPOPMALUU MEKAY BBICHIAM U CPETHUM

HaNpPSIKECHUEM.
MomiHoCTh ocIe10BaTeIbHOM OOMOTKH OMPEEIIIeTCS TaK:

U
Sy :]1(UBH_UCH)ZIIUBH[I_U—CH]:SHOM[l_kLJ- (1.3)
BH BC
MorHoCcTh 00111eli OOMOTKH

I 1
Sy =1Upy =(L,~1)Upyy = LU, [1 —1—1] = S,on [1—}(—} . (1.4)
2

BC
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Kaxk Buano u3 dhopmyi (1.3) u (1.4), mocnenoBarenbHas U 0011as 00-
MOTKHU PACCUUTHIBAIOTCS HA OJJUHAKOBYIO MOIITHOCTh, Ha3bIBAEMYIO pacyeT-
HOW MJIM TUITOBOW MOIIHOCTHIO aBTOTpaHCcpopmaTopa:

Smun :KGbZZSHOM’ (15)

rne K,,,. — Kk02QdHIEEHT BHIrOHOCTH aBTOTpaHC(HOPMATOPA.

TunoBasi MOIHOCTH — 3TO Ta YaCTh MOILIHOCTU B aBTOTpaHC(OpMaTo-
pe, KoTopas nepenaercs NIEKTPOMarHuTHeIM IyteM. Pasmep, Bec, pacxon
aKTUBHBIX MAaTE€pPUAJIOB OMPEJEISIIOTCS IJIaBHBIM 00pa3oM 3JEKTPOMAarHHT-
HOM MoOUHOCThI0. TakuMm oOpa3om, aBTOTpaHchopMaTop C HOMHUHAIHLHOU
MOIIHOCTBIO S,,,,, OyJET UMETh TAKKE e pa3Mepbl U BeC, Kak TpaHchopma-

TOp MOIHOCTEIO K,y ,08,,,, . UeM MeHbIIE KOIQQUIMEHT BBHINOIHOCTH, TEM
6osee 3 (HeKTUBHO MpUMEHEHUE aBToTpaHchopmaropa. Bennunna k,,,, 3a-

BUCHUT OT Upy 1 Ucy 1 konebnercs ot 0,667 (Uzy = 330 kB u Uy = 110 kB)
10 0,23 (Uzy = 500 kB u Ucy = 330 kB). HaubGosnpiyto npoTsoKeHHOCTD
UMEIOT 3JIeKTpuueckue cetu HampspbkenueM 110-220 kB, B KOoTOpbIX kg, =
0,5.

Cnenyer OTMETUTb, YTO HOMHUHAJIbHAs MOIIHOCTh OOMOTKH HHU3KOTO
HaIPSHKEHUST OOBIYHO BBITTOJTHSIETCS PABHOW WJIM MEHBIIICH TUTIOBOM MOIITHO-
CTH, a €€ 3HAUCHHE YKA3bIBAETCS B CIIPABOYHUKAX:

SHOMHH = ]3UHH < Smun . (1-6)

Bce paccyxzeHus, NpUBEIEHHbIE BBILLIE, JACUCTBUTENbHBI U JJI1 TPEX-
(da3HbIX aBTOTpaHC(HOPMATOPOB.

CxeMbl U rpyninbl COeIUHEHUs OOMOTOK TpeX(a3HbIX TPEXOOMOTOUHBIX
aBTOTpaHC(POpPMATOPOB NMPUBEIEHBI B [5].

[Ipu npuMeHeHUN aBTOTPAaHCHOPMATOPOB B KAUECTBE MOBBIIAIOLINX K
TPETUYHOW OOMOTKE C HampspbkeHueM Upyy MOAKIIIOYaroTCs reHeparopsl. B
3TOM CJIy4ae BCS MOIIHOCTb F€HEPATOpa 3JIEKTPOMArHUTHBIM IIyTEM IEpea-
eTcsi B OOMOTKH BBICILIETO U CpeaHero HamnpspkeHus. [Ipu 6104HOM coeuHe-
HUM TEeHepaTopa M aBTOTpaHCcpoOpMaTopa MOILIHOCTh IOCJIETHETO JO0KHA
OBITh:

Sy =L
HOM K o
6bl2
S HOMHH _
ecliu . K> » B TIPOTUBHOM CITy4ae

HOM
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S Sr

HOM 2 K 9
6ble

(1.7)

rze S, — HOMUHA/IbHAs MOIIHOCTh FeHepaTopa B GJI0Ke.

B nannom ciiyyae HeoO6xouMasi MOIIHOCTh aBTOTpaHchopmaropa Oy-
JIET 3HaYUTEIBHO OO0JIbIIIE MOILIHOCTH COOTBETCTBYIOIIETO TpaHchopMaTopa,
MOATOMY PAacXO]l AKTUBHBIX MaTEpPUAJIOB MOYTH HE ymeHbluaercs. OaHako
IpUMEHEHHE aBTOTpaHC(HOPMATOPOB B OJI0KAX € T€HEpaTOpPaMHU MO3BOJISIET HE
TOJIBKO BBIJATh T€HEPATOPHYIO MOIIHOCTH B ceTh BH mnu CH (Tpancdopma-
TOPHBII PEXUM), HO U OCYLIECTBUTH JIOIIOJIHUTEIBHYIO IIEpeiadyy MOIIHOCTH
u3 cetu CH B cetb BH (koMOMHMpOBaHHBIN pexuM). Pactipenenenrne TOKOB
no 0OMOTKaM U 3HAYEHHE JOMOJHUTEIHHONW MOIIHOCTA B 3TOM KOMOHHHPO-
BaHHOM pPEXHME PAaCCMOTPEHO Ha KOHKPETHOM IpuMepe (mpuiioxkeHue 1).
JlonmycTUMOCTh pa3nu4yHbIX KOMOMHUPOBAHHBIX PEXKUMOB TEpeIavynd MOIIHO-
CTH B aBTOTpaHchopMaTrope AOKHA MOATBEPKIAATHCS COOTBETCTBYOUIUM
pacuerom [3.4].

Pexxumbl padotsl aBToTpancdopmaropos [3,4]. IIpu npoektupona-
Huu KOC u BeIOOpe aBTOTpaHC(HOPMATOPOB CBSA3H, & TAKKE B MPOLIECCE IKC-
wryatauun KOC xapakTepHbIM peXHUMOM SIBIISIETCS — aBTOTpaHcPopMaTop-
HBI. B aBTOTpaHc@opMaTOpHOM peKuMe MOXKET OCYLIECTBIIATHCS Iepeaada
HOMHUHAJIBLHON MOIIHOCTH S,,,,, CO CTOPOHBI BLICOKOTO Ha CPEIHEE HAIPSIKe-

nue (BH — CH) u B oOpatHom HanpaBienuu CH— BH. I1pu BeiOope aBTO-
TpaHchopmatopoB cBsi3u Ha TOLl HeoOXoauMoO paccMaTpuBaTh KOMOMHUPO-
BaHHbBIC peKUMBI niepeaaun moinHoct: a) BH— CH u onnoBpemenno HH—
CH; 6) CH— BH ognoBpemenno HH— BH. B pexxume a) orpannyenuem

SIBJISIETCS 3arpy3Ka o01ieil 0OMOTKHU SO <K,.S..,B pexume 0) — mociie-

JIOBATEILHON OOMOTKHU S n < KgblgS nom - DTU PEKUMBI Ha TIpuMepe BrIOOpa

aBToTpancpopmaTopoB cBsa3u TOL[ paccMoTpeHbl BO BTOPOW 4acTH JAHHOTO
nocobus. Ha monacrannusx Hanbosiee XapaKTepHBIM SIBIIICTCS PEKUM TIEpe-
naun momHocth BH— CH u ognoBpemenno BH— HH. Ilpu nepenaue Ho-
MHMHaJIBbHOW MOIIHOCTU U3 cetu BH u pacnpenenenus €€ nopoBHY MEXIY
oomotrkamu CH u HH Tok B 0611eit oOMoTke Oyner paBeH Hy:mto [13]. Eciu
TOK B 00MoTke BH pgocTur HOMHMHAJIBHOTO 3HAYCHHS, TO JaJIbHEHIIIEe BO3-
pactanue Harpy3ku CH 10MKHO COMpPOBOXKIATHCS COOTBETCTBYIOIMM CHU-
xenuem Harpy3ku HH u Hao6opot[13].

K ocobenHocTn KOHCTpYKIIMHM aBTOTpaHC(HOpPMATOpPOB CieayeT OTHe-
CTH HEOOXOJMMOCTD IJTyXO0ro 3a3emiieHus: Herpanu oomotok BH u CH.

Ecnu npu u301MpOBaHHOM HEUTPAIM NPOU3OUAET 3aMBbIKAHUE OJHOU
u3 (a3 cetu BH Ha 3emutro, To moTeHmansl AByX apyrux ¢ga3 oomorku CH
MOBBICATCA 0 HEAOMYCTUMOW BEJIMYHUHBI, OIMACHOM IS U30JSUMU. Takum
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o0pa3oM, aBTOTpaHCPOPMATOpPHASI CBS3b BO3MOXHA TOJBKO MEXIy OOMOT-
KaMH, IPUCOCTUHEHHBIMU K CETAM C d(PPEKTUBHO 3a3€MIICHHBIMA HEHTpAIIS-
mu 110 kB u BeIe.

HeobxoaumocTh 3a3eMileHHs] HEUTpaieil aBTOTpaHCHOPMATOPOB TMPH-
BOJIUT K YBEJIIMUEHHUIO TOKOB OJTHO()A3HOI0 3aMbIKaHUS HA 3EMIIIO.

Jpyroit 0cOGEHHOCTHIO aBTOTPAHCHOPMATOPOB SABJISIETCS TOHMKEHHOE
3HAUYEHUE Uk, YTO YMEHBIIIAECT MOTEPU HAMPSHKEHUSI B HOPMAJIbHBIX PEXKUMAX,
HO YBEJIMYMBAET TOKH KOPOTKOTO 3aMbIKaHUS B aBAPUMHBIX PEKUMAX.

HecMmoTps Ha HEKOTOpBIE HENOCTATKH, aBTOTPaHC(HOPMATOPhI HAXOISIT
IMPOKOE MPUMEHEHHUE, TaK Kak O0JaJaloT CICAYIONIMMHU MPEUMYIIeCTBAMU
110 CPABHEHUIO C TPEXOOMOTOYHBIMH TpaHChHOpPMATOPAMU:

— YMEHBIIIEHHE PACX0/la AaKTUBHBIX U KOHCTPYKTHUBHBIX MAaTE€pPUAJIOB;

— CHH)KEHHE MOTEPh MOIIIHOCTH;

— BO3MOKHOCTh M3TOTOBJICHUSI aBTOTpaHC(HOPMATOPOB OOJBIINUX €H-

HUYHBIX MOIIIHOCTEM.

IHapanienbHas padora TpaHCPOPMATOPOB ILIMPOKO MPUMEHSETCS
Ut obecrieuenns HeoOxonuMon Harpysku. [Ipu BkitoueHun Tpanchopmaro-
POB Ha MapajuielibHYI0 PadOTy JOJKHBI COOJIIOAATHCS CIEIYIONIUE YCIOBUS:

— TOXKJECTBEHHOCTh TPYII COCTMHEHUSI 0OMOTOK;

— paBeHCTBO KO3(PPHUIHEHTOB TpaHChHOpMALINK;

— PaBEHCTBO HANPSIKEHUU KOPOTKOTO 3aMbIKaHUS,

— COOTHOIILIEHHE MOIIHOCTEH TpaHnchopmaTopoB He Oosee 1: 3.

[TapannensHass paboTta TpaHcPOpMATOPOB MpU HECOONIOJECHUU YKa-
3aHHBIX YCJIOBUU MOKET MPUBECTU K HEAOIMYCTUMOWN meperpyske TpaHcdop-
MaTopa, a B HEKOTOPBIX CIydasX K MPOTEKAHUIO TOKOB, COU3MEPUMBIX C TO-
KaMU KOpPOTKOTo 3ambikanusi. B [3, 5, 6, 14, 15] npuBeaeHbl 1aHHbBIE aBTO-
TpaHcGHOpPMATOPOB, MPUMEHIEMBIX Ha AJECKTPUUYECKUX CTAHIUSAX U MOJCTaH-
USX.

1.4. Toxkn KOPOTKOIo 3aMbIKAHUS
1.4.1. O61mne cBeAeHUS 0 TOKAX KOPOTKOI0 3aMbIKAHUS

Kopotkum 3ambikanrem (K3) HazbiBaeTCsi HE PEAYCMOTPEHHOE HOP-
MaJbHOM KCIUTyaTaluen coeIMHEHUE PA3HOMMEHHBIX (Da3 Mexay coO0U Uu
coenuHeHnue (a3 c 3emieit.

Hpuyunst K3:

® MEXaHUYECKHUE MOBPEKICHUS U30JSIUU (ITPOKOJIBI U pa3pyliie-
HUE Kalesell mpu 3eMIITHBIX padoTax, MOJOMKA H30JSTOPOB U
T.J1.);

® CTapeHHe, TO €CTh U3HOC U3OJSLNU, TPUBOASIINN MTOCTEIIEHHO K
PE3KOMY YXYAIICHUIO SJIEKTPUUECKUX CBOUCTB U30JISIIUM;

® YBIAXKHEHUE U30JISLINH;

34



® pa3MyHbIe HAOPOCHI Ha MPOBOJIA BO3AYIIHBIX JTUHUI;

e mepekpbITHe (a3 )KUBOTHBIMU U MTHIIAMU;

® [EpEeKpBITHE MEXAY (PpazaMu BCIEACTBUE aTMOC(HEPHBIX MEpeHa-
MPSKEHU M

e owmMOOYHBIE JEHCTBUS NEepcoHaIa (HapUMep, NPy OTKIIOYEHUU
Harpy>k€HHOW JIMHUM Pa3bEeIWHUTENIEM, BO3ZHHUKILNAA IIPU 3TOM
JIyTa MepeKpoeT U30JISIIHI0 MEXKTY (a3amu).

Hekoropble KOPOTKUE 3aMBbIKaHUS SIBJISIFOTCS] yCTOWYMBBIMU U HE HCYE-
3aI0T MOCJE CHATUS HAnpsbKeHHs ¢ ycTtaHoBKM (Hanpumep, K3 BcieactBue
MEXaHUYECKUX MOBPEKICHUN U CTAPEHUS U30JIALMH), APYTHE SBISIOTCS HE-
YCTOMYMBBIMHU, TO €CTh MCYE3al0T IOCJIE€ CHATUS HaNpsOKeHUs (Hampumep,
NEPEKPBITUE TUPISHABI M30JSTOPOB BO3AYLIHOW JTMHUM BCIEICTBUE aTMO-
chepHOro mnepeHanpsLKeHHsl MpeKpallaeTrcs, Kak TOJIbKO OyJeT CHATO
HaIpsHKEHUE C JIMHUN).

B cucrteme tpexdazHoro nepeMeHHOro TOKa MOTYT OBITh 3aMbIKaAHUS
Mexay Tpems ¢azamu — Tpexdaszasie K3, Mmexay npyms dazamu — nByxdas-
Heie K3, ogHoda3zHbie 3aMbIKaHus HA 3EMITIO.

Ha nmpaktuke dame Bcero Bctpeuatorcst ogHodazusie K3 (ot 60 % mo
92 %) u 3HaunTenbHO pexe — Tpexdaszubie (0T 1 % mo 7 %). Kak npaswuiio,
tpex(daznoe K3 BbI3bIBaeT NpoX0kIE€HUE B MOBPEKICHHON LIEMM HauOOJIb-
IIEro TOKa, 03TOMY JUIsl BIOOpa annaparypbl OOBIYHO IPOU3BOJUTCS ONpe-
neneHue Toka npu tpexdaznom K3.

HocaeacrBusamu K3 ABISAIOTCS pe3Koe yBEINYEHHE TOKA B KOPOTKO-
3aMKHYTOW 1€MW U CHM)KEHHE HANPSDKEHHUS B OTIEIbHBIX TOYKAaX CHCTEMBI.
VYBenuueHue Toka NPUBOJUT K 3HAUUTEIbHBIM MEXaHUUYECKUM BO3JIEHCTBUIM
Ha TOKOBEIYIIHE YAaCTU U M30JISITOPBL, HA OOMOTKH 3JIEKTPUUYECKUX MAIIKH.
[IpoxokieHne OOJMbIIMX TOKOB BBI3BIBAET MOBBIIIEHHBI HArpeB TOKOBEAY-
IIUMX YacTel B U30JSILUH, YTO MOXKET MPUBECTU K NAJbHEUIIEMY Pa3BUTHUIO
aBapuu.

CHmKeHre HaNpsHKEHUs NMPUBOAUT K HAPYIICHUIO HOpMalibHOM pabo-
Thl MEXaHU3MOB COOCTBEHHBIX HYXI. [Ipu Hanpsoxenun Hmke 70 % ot HoO-
MUHAQJIBHOTO HANpPsDKEHUS JABUTATEIN 3aTOPMaXKMBAIOTCs, paboTa MEXaHM3-
MOB mnpekpainaercs. Eie Oonbliiee BIMSHUE CHUKEHHE HANPSDKEHUS OKa3bl-
BaeT Ha paboTy BJEKTPUUECKON CUCTEMBI, TJI€ MOTYT OBITh HapyIICHBI yCIIO-
BUSI CHHXPOHHOW pabOThl OTAEIbHBIX T'€HEPATOPOB MM CTAHIIMI MEXIY CO-
OOH.

3HaueHust TOkOB K3 3aBUCAT OT MOIIIHOCTH UCTOYHUKA, HANPSIKECHUS U
CONPOTHUBIIEHUS KOpOTKO3amMkHyTOoM Henu. Ha kpynusix TOC tokm K3 no-
CTUTaIOT HECKOJIbKUX JIECATKOB U JIa’K€ COTEH ThICAY amIep.

Bce anexktpuyeckue anmapatbl 1 TOKOBEAYLIUME YACTH JIEKTPUUYECKHUX
CTaHIMI U MOJICTAHUIMNA JTOKHBI ObITh BHIOPAHBI TAKUM 00pa3oM, YTOOKI UC-
KJII0YaJOCh MX pa3pylleHUe MPHU MPOXOXKJIECHUU MO HUM HAMOONBIIMX BO3-
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MOXHBIX TOKOB K3, B CBsI3U ¢ 4eM BO3HHMKAeT HEOOXOJIUMOCTh pacuera 3THX
BenuuuH. B [3, 15, 16] paccmarpuBatoTcst MEeTOAbI omnpeeneHust TokoB K3,
HEOOXOJMMBIX JIJIsi BBIOOpAa OCHOBHOM aImapaTypbl dJIEKTPUYECKUX CTaHIUN
Y MIOACTAaHIUN C YUCITICHHBIMU PUMEPAMU.

1.4.2. Tpex(a3Hoe KOPOTKOe 3aMbIKaHHE B CHMMETPHYHO Henu

Ha puc. 1.6 npencraBnena npocreiimnas TpexdaszHas 1emnb, B KOTOPOH
nMeetr Mecto Tpexdasnoe koporkoe 3ambikanue (K3) [17]. B manHo# nenwm
HE YYUTBIBAIOTCS €MKOCTH (a3 OTHOCHTEIBHO 3eMIIH, MEXAy(pa3Hble eMKO-
CTH, a TaKK€ B3aMMHAasi MHIYKTUBHOCTh MEXIy (pazamu, YTO 3HAYUTEIHHO
YIPOILIAET pacyer.

!/

Uz r Ll;
C ﬁ /
Uc V’ LC

Puc. 1.6. Cxema 3amenieHus TpexdazHoi 1enu

OTcyTcTBHE €MKOCTEH HCKIoYaeT oOpa3oBaHHE KOJIeOATeNbHBIX KOH-
TYpOB, TO €CThb IEPEXOAHBIA MPOIECC B JAHHOU LIEMU MOKET UMETh TOJBKO
anepuoauveckuid xapakrep. [lpumem Taxke JOMyLIEHUE, YTO LIEMb MOAKIIO-
YyeHa K UCTOYHUKY OECKOHEYHON MOIIHOCTH, CUHYCOUJAIbHOE HAIPSKEHUE
KOTOPOT'0 B TEUEHHE MEPEXOJHOI0 MPOLECCa OCTAETCS HEM3MEHHBIM 10 aM-
IUTUTYIE.

Iycte U,, Ug, Ug, 1, I, 1. xapaxrepusyroT mpeamecTByrOLIMNI
YCTAaHOBUBIIMNCS PEKUM JAHHOW LIENW A0 3aMblKaHWs. BexkTtopHas nua-
rpaMMa TOKOB U HamnpspkeHud npu Tpexdaznom K3 nokaszana na puc. 1.7.

[Tocne Bo3nukHoBeHus TpexdasHoro K3 cxema puc. 1.6 pacnagaercs Ha
JBe He3aBUcUMbIe Lenu. O/IHAa U3 CXeM OCTAaeTCsl MPUCOEAMHEHHOM K MCTOY-
HUKY (puc. 1.8), a Bropas npeBpamiaercsi B KOpPOTKO3aMKHYTBIM KOHTYP, TOK
B KOTOPOM MOJIJIEP’KUBAETCS B TE€UEHHUE CPABHUTEIHLHO HEOOJBIIOTO MPOMeE-
KyTKa BPEMEHH, ITOKA 3allaCEHHAs B HEM DJHEPrus MAarHUTHOTO IMOTOKA HE
IEpPENIET B TEIUIO, MOMVIOMAEMOE aKTUBHBIM COIPOTHBIIEHHEM 3TOTO KOHTY-
pa. Jlanmee Oyaem cuHWTaTh, 4TO AKTHBHOE COMPOTUBJICHUE KaXKI0N (a3bl

14 14 14 ! 14 14
r,=1,=r. =1, a uagyktusHocti — L, =L, = L. =L Pacuernas cxema
3aMelneHus Tpex(a3Hoil CHMMETPUYHOM LI  IIPUBeIeHa Ha puc. 1.8.
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Puc. 1.7. BekTopHas nuarpamma TOKOB M HampspkeHu npu Tpexdaznom K3

[ToCckOJIBKY CONPOTHUBIICHUE LIENH, OCTABLICUCS MPUCOCAUHEHHOU K UC-
TOYHUKY, YMEHBIIUJIOCh, TOK B HEW JOJDKEH BO3PACTH, MPU ITOM B 0OIIEM
CJIy4ae €ro CIIBUI OTHOCUTEIBHO HANPSKEHUS TaKKe n3MeHUTcA. IlycTs Bek-

topst 1,45 1,55 I,c (puc. 1.7) oTBeYarOT HOBOMY YCTAHOBMBIIEMYCS pe-

xumy. OTMeTuM, 4To B oOlIeM ciydae aza @, TOKa I n4 B YCTaHOBUB-

memcs pexxume rocie K3 mosxker 66Tk He paBHa (asze @ Toka [ .

Puc. 1.8. PacueTHast cxema 3amelnieHus TpexdazHoil CAMMETPHYHOHN 1IeTTH

Kak u3BecTHO, nepexoa OT OAHOTO PeXUMa K IPYyrOMy HE MOXKET IMpo-
WM30MTH MTHOBEHHO, TaK KAaK B LIENU UMEIOTCA UHAYKTUBHOCTH, TOK B KOTO-
PBIX TpHU JIFOOOM HapYUICHUU PEKUMA B IMEPBBHIA MOMEHT COXPAHSIETCS HEU3-
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MEHHBIM. JTOT (aKkT 0OBSICHIETCS WHEPIIMEH MAarHUTHOTO MOTOKA U U3BECTEH
KaK 3aKOH KOMMYTAaIIUH.

CummeTtpus (a3 menu mo3BOISET pacCMaTPUBATh KXY U3 HUX OT-
JIENbHO, UCXOs U3 (Pa3HOTO HANPSDKEHUS] UCTOYHHMKA. MTHOBEHHBIE 3Haue-
HUS TOKA W MPUIIOKEHHOTO HANPSDKCHUS Kaxaou (a3wl cBs3aHbl quddepeH-
[MaJIbHBIM YPAaBHEHUEM MEPBOTO MOPSAJKA, COCTABICHHBIM Ha OCHOBAaHHUU
BTOpOTo 3aKkoHa Kupxroda,

: di
u=ir+L— (1.8)
dt’

pelIeHne KOTOPOro, Kak M3BECTHO, MPEJICTABISIET COOOH CyMMYy YacTHOTO U

obmiero pemenus. YacTHBIM pelieHueM OyAeT SBIATbCA TOK L,
CTBYIOIIMK MIPUHYKACHHOMY (ycTaHOBUBILIEMYCs) pexumy mnocie K3, a 06-

COOTBCT-

MM pEIIEeHHEM — CBOOOIHAs COCTaBisgomas Toka l. , KoTopas B LEHsIX
MIEPBOrO MOPAIKA U3MEHSETCS M0 SKCIIOHCHIIUAIBHOMY 3aKOHY:

.. .U, .
i =1, +i, =—2sin(wt+a—p,)+Ce” =

: (19)
=1, sin(wt+a-p,)+Ce”,

rac Um — aMIlIIUTyaa (baBHOFO HAIpsOKCHUA, 0 — YIJI0Bas 4acToTa HCTOYHU-
Ka,

2 2
z=4/r" +(®L)" — nonnoe conporusnenne ¢aswl,

@, — YroJl ciBUra Mexay (azHblM HanpsbkeHueM U TokoM K3 B ganHo# da-
3e,

0. — yToJ, ONpeAeoIINi 3HaueHre HanpskeHns B MoMeHT K3 (t = 0),

C — oCTOsIHHAsi UHTETPUPOBaHUS, ONpeeseMas U3 HayalbHbIX YCIOBUH,

r
p= =7 — KODEHb XapaKTEpHCTHIECKOTO ypaBHEHH O0=r+Lp, nomny-

YEHHOTO Ha ocHOBaHMH (1.8).
[TepBblii wiieH mpaBoi yactu BeipaxkeHus (1.9) npeacrapiseT coOoil me-

PHOAHYECKYIO CJIATAIIYI0 TOKAa NIEPEXOAHOr0 mpolecca £, , Kotopas npu

paccMaTpUBAEMBIX YCIIOBUAX (U m = CONSL) [0 aMIUTMTY/IE OCTAETCA HEM3-
MEHHOM.

Bropoii wieH mpeicTaBisieT anepuoaIuvecKy0 cJaramiyrm Toka !, ,

KOTOpasd IMOCTCIICHHO 3aTyXacT CO CKOPOCTLIO, onpeﬂem{eMoﬁ COOTHOIIICHH -
CM MCXKAOY r U L ey, 94€M MCHbIIC AKTHBHBIC ITIOTCPH, YUUTBIBACMBIC I1dpa-
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METpoM 7, TeM MejuieHHee 3aTyxanue (puc. 1.9). Ee HauanbHOe 3HaueHUE
OMpeNeNsaeTcsl YCIOBUEM, YTO MTHOBEHHOE mpeauiecTBytomiee K3 3HaueHue
TOKA paBHO TOKY B MOMEHT BO3HUKHOBeHUA K3, TO ecTh

ZK(O) = Zn(0)+la(0) = In.m Sil’l(a—(DK)-i- C= Im Sin(a—gp) >

orkyma C =1, sin(a—@)—1, , sin(a -, ).

JIMUTEeNbHOCTD MEPEXOIHOTO MpoIecca OIIEHUBAETCS KakK

T 1
byn ®(3=39)T, rne ta = ; — IIOCTOSIHHAsI BPEMEHM allepUOANYECKOM
cnararouie Toka K3. /{ns paccMarpuBaeMoro npumMepa Ta - 7 3anuuIeM

Abi

\

0 008 C
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Puc. 1.9. KpuBbie m3meHeHus TOKOB Tipu Tpexdazaom K3:
a—B (haze A, 6 — B daze B, 6 — B daze C

BBIPAKCHHUC IJIA aﬂepI/IO,ZLI/I‘{CCKOﬁ cllararomieu Toka B BHUJIC

t t

i, = iaoe_a = [(]m sin(« —(pK) -1 . sin(« —(DK)] Q_E . (1.10)

Taxum oOpaszom, BeIpakeHue i Toka K3 nmeer By

*

. . LT,
i.=1, ., s1n(a)t+a—ng)+zaOe _ (1.11)

PaccmaTpuBas MraosenHble 3Hauenus i,(0)u i(0) kax nmpoekiuu Bek-

TOPOB I, v I wua nouawro BpEMEHH, MOKHO HadajbHoe 3Hauyenue i,(0)

TaKKe paccMaTpuBaTh Kak npoekiuio Bekropa (£, —1,,, ) (puc. 1.7).

IIpu TakOoM MpencTaBIEHUU HATJISIAHO BUIHO, YTO B 3aBUCUMOCTH OT
MoMeHTa K3 (T.e. 3HaU€HUS HAYAJIBHOTO YIJIa HAIPSDKEHHUS O) HaYaJIbHOE
sHauenue I,(0) MOKeT M3MEHATHCSI OT CBOETO BO3MOXKHOTO MaKCHUMyMa, KO-

rna sekrop (1, —1,,, ) mapannenen NMHUM BpEMEHH, 0 HyJIsl, KOTJIA BEKTOP
(1, —1,, ) nepnennuxynspen muauu BpeMenu. Ha puc. 1.7 mokasaHsl mpo-

exiun Bexkropos L, — 1, I, — I ,,1.— 1 . nHa ochb BpemeHu. D10 OT-

!/ !/ !
pesku a—a,b—b',c—c" wa ocu t—t'. Jina paccmaTpuBaeMoro mpumepa
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HaYaJIbHOE 3HAYEHUE arepHOJUYECKON COCTABISIONIEH MOJYYHIOCh MAaKCH-
MaJbHBIM Ut (as3el A (oTpe3ok a—a').

B nocnenneM ciyyae anepuoAuydecKasi cliararouas TOKa COBCEM OTCYT-
CTBYET, TaK KaK MTHOBEHHbBIC 3HAUEHUS MPEAIICCTBYIOIIETO TOKA B TOKA, KO-
TOpPBIA YCTaHABIMBAETCS B JAHHOW LEMU MOCJE BHE3AIHOIO MU3MEHEHHUsS €€
napameTpoB, COBNaAar0T. be3yciaoBHO, Takue ycioBHs B Tpex(azHOW Lenu
MOTYT UMETh MECTO TOJBKO B OJIHOM U3 (as.

Jljis ycinoBuiA, IpeICTaBICHHBIX HA pUC. 1.7, KpUBbIE U3MEHEHUSI TOKOB
B KaX10¥ (paze mokazanbl Ha puc. 1.9. PacueT npousBesieH npu Caeayrommx
napameTpax:

U =100e", 7 +r'=50m, L, +L! =0,1TH,7=0,50m, L =0,01Tx.

L +L"
I, = Y. , Q=0 —arctg ol +Ly) ,

J+ ) + (oL, + L)) r+r)

U L
I, = - , @, =0 —arctg et

") + (L) r

[Ipu 3agaHHBIX apaMeTpax TOKU MEPEXOJHOrO Ipolecca B pa3ax pas-
HBI:

i (f)=31,45sin(3141—81")+27,95¢™" A,
i (f)=31,45sin(314¢+159°)+10,12¢™" A,
i (f)=31,45sin(3141+39")—17,83¢" A.

HaunGomnbiiee 3HaueHNE TOKA B TAHHOM CITydae UMEET MecTo Ha (aze A,
/i€ alepuoInYecKas ciararouniasi Toka UMeeT HauOoiplee 3HayeHue. Hanum-
Yyhe anepuoJUYEeCcKO craramolied HckaxaeT KpuByro Toka K3, nemas ee
HECUMMETPUYHOM OTHOCHUTENBHO OCU BpeMeHH. C Ipyroil CTOPOHBI, OHA Ca-
Ma SIBJIIETCA KPUBOJMHENHON OChl0 cuMMeTpuH KpuBoil Toka K3 (puc. 1.9).

[TonkacarenbHass 3KCIIOHEHUHUATIBHOW KPUBOM alepUOAMYECKOU cliara-

IOLLEN MPEACTABIISIET COOOM OTPE30K, PaBHBIN MOCTOSHHON BpeMEHU T; 3TOHU

kpuBoii (puc. 1.9, a).
MakcuManbHO€ MTHOBEHHOE 3HaueHue noiaHoro toka K3 (puc. 1.9, a)

Ha3bIBAlOT YAapHbBIM TOKOM —ly . OH HacTtymaer NpUOJHU3UTEIILHO Yepe3
y
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nonmepuoaa npombinieHHord yactotsl (0,01 ¢) ¢ momenta K3. B coorter-
cTBUU ¢ o01uM BeipakenueM (1.11) nis ynapuoro toka K3 nmeem:

0,01 0,01
io=1 +ie @ =1 (l+e “)=kI
Yy “nm a0 — nm — Mytnm
e
_0.01
T
ky:1+e “ (1.12)

MPEACTABIACT YJIApHBIA KOA(D(UIIMEHT, KOTOPHIM MOKa3bIBa€T, BO CKOJBKO
pa3 yIapHbIi TOK OO0JIbIIEe aMILTUTY Il IEPUOIUYECKOM criaratoieit Toka K3.

Iockonsky I, moxer msmenatsca B npepenax ot 1, =0 (L=0) no

T, =0 (r=0), To ynapHuslii Ko3QPUILHEHT HAXOAUTCS B IPEAEIaX
1<k, <2, (1.13)

Tpexdaznoe K3 Obuio Ha3BaHO cUMMeETpUYHBIM. OJIHAKO, 3TOT TEPMUH
SBIISIETCSI CTPOTUM TOJBKO MPUMEHHUTENBHO K MEPUOAMYECKUM CIIaraloiiuM
TOKOB B (pa3zax. AnepruoJuvecKue ciaralomye TOKOB U, CJIe10BaTeIbHO, MOJ-
HbIE TOKU BO BceX (pa3ax HE MOTYT OBITh OMHAKOBBI.

IleﬁCTBylomee SHAYCHHUEC TOKA KOPOTKOI'0O 3aMbIKaAHUSA

ITox nelcTBYIOIIMM 3HAYEHHEM TOKA KOPOTKOI'O 3aMBIKAHUS ISl KaKO-
ro-1ubo MoMeHTa BpeMeHHu mnpouecca K3 ycnoBHO MOHUMAIOT CpeaHEKBal-
paTUYHOE 3HAYEHUE TOKA 3a OAWH MEPUOJ, B LIEHTPE KOTOPOIrO HAXOJIUTCA
paccMaTpuUBaeMblii MOMEHT BpeMEHH. TakuM 00pa3oM, i OMpeneiCHUS
JeicTByolero 3HaueHus Toka K3 nmeem

, (1.14)

rne I, — MTHOBeHHOE 3HadyeHue Toka K3, 7 — mepuo.
O61ee BeipaxkeHue st Toka K3 BecbMa ClI0KHO, MOATOMY ISl YIIPO-

MCHUA BBIYHMCIICHHSA ,IICﬁCTBYIOHI@FO 3HAa4YCHUA It IMPUHHUMAIOT, YTO 34 pacC-
CManI/IBaeMLIﬁ nepuoag 00e ero cllararomyuc HE U3MCHAIOTCA, TO CCTh aMIIJIN-
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TyJa MEePUOJANYECKON Cararomiel 0cTaeTcs MOCTOSHHOW, a anepuouiecKas
ciararoujasi B TE€YEHUE Mepuoa ocraercsi Hem3MeHHou. OnpeneseHue neu-
CTBYHOILIETO 3HaYeHus Toka K3 1u1si mpon3BOJIbHOTO MOMEHTAa BPEMEHHM TOKa-
3aHo Ha puc. 1.10.

JlelicTByIOIIEE 3HAYEHHE MEPUOAUUYECKON COCTABIISIONIEN 3a OJUH IIe-
pUOJ, B LIEHTPE KOTOPOr0 HAXOAMUTCS pacCcMaTPUBAEMbII MOMEHT BPEMEHH,
OTIPEIEIISIFOT U3 OOBIYHOTO COOTHOIICHUS VISl CHHYCOMATBbHOU KPUBOW:

] [nmt

nZ:\/E,

TaK KaK HepI/IOI[I/I‘-IeCKI/Iﬁ TOK OCTACTCA HCU3MCHHLBIM 110 aMILIMTYAC IIPH

U,, =const 1o so spems nepexoanoro npouecca 1,,=1,,=1, .,
rae 1, — neiictByromee 3uauenne nepuoanueckoii cocrasnsomei Toka K3 B
MOMEHT BPEMEHH ¢ IEPEXOTHOTO MPOIIECCa;

I 0 — HAYAIBHOE JEUCTBYIONIIEE 3HAUYEHUE IEPUOJUUECKON COCTABJISIO-
et Toka K3 (=0);

I n oo — YCTAHOBUBIIIEECS JECUCTBYIOIIEE 3HAUEHUE IEPUOIUIECKOH CO-
crapistonieit Toka K3 (1=).

T

Puc. 1.10. Onpenenenue aeicTBytomiero 3auenus Toka K3 1ist mpousBoIbHOTO
MOMEHTa BPEMECHHU
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COOTBGTCTBCHHO, ,HCIZCTBYI-OHICC 3HA4YCHUC aHepHOHHHGCKOﬁ COCTaBJIA-
IOHIGI;'I 3a OJHH IICPHUOI IIPpU IMPHUHATOM JOIIYINCHHUHN PaBHO €€ MIHOBCHHOMY
3Ha4YCHHUIO B MOMCHT, HaXOI[HIHHﬁCﬂ B IICHTPC JaHHOI'O IICpUOaa:

I

at:l

at -

[Ipu Takom pomyuieHuu Bbipakenue (1.14) mocie MHTErpUpOBaHUSA U
anredpanyeckux rmpeoOpa3oBaHuil MPUHUMAET IPOCTON BUJL:

Ly =Ly +1, (1.15)

ToyHOCTH 3TOr0 MPUOIMKEHHOTO BBIPAXKEHUS YAOBJIETBOPSET LEISAM
IIPAKTHUKHU.

Hawubonwinee neiicTBytomiee 3HaueHne Toka K3 1 y HMeeT MeCTo 3a

nepBbIil iepuos nponecca K3. Dto 3nauenue npu Hanboliee HEOIArONMPHUAT-

HBIX yCJIOBUSX BO3HMKHOBeHusa K3 (T.e. korma ;0 = l,,=~21 no ) MOXHO

onpenenuts 1o (1.15), npusens ero k ciaegyroueMy Buay ¢ yuérom (1.12):

I,= \/1;’0 + [(ky - 1)\/51,1,0]2 = ]n’o\/l +2(k, 1) .

B cooTBeTcTBUM C YKa3aHHBIMU BBIILIE NPEACIAMHU [T k 6 (1.13) umeem:

1
1<I—y<\/§_

HauOombiiece AMIIINTYIHOC MI'HOBCHHOC 3HAYCHHUC TOKaA I HCIIOJIB3Y-

y
IOT JUIsl TIPOBEPKU D3JIEKTPUUECKUX allapaToB Ha 3JIEKTPOJUHAMHYECKYIO
CTOMKOCTb MPU KOPOTKUX 3aMbIKAHUSIX.

B KypcoBOM MpoOeKTUPOBAaHWU OMpPEACICHUE YAAPHOTO TOKA MPOU3BO-
JUTCS 110 popmyIie

i, = \/Elnﬂoky, (1.16)

I[J'ISI IMPAaKTHYCCKUX pPacdYC€TOB C I[OCT&TO‘IHOﬁ TOYHOCTBIO ky ITPpHUHU-

MaeTcsi B COOTBETCTBUU € [3] WK ¢ yueToM TpeOyeMOoi TOYHOCTH pacdeTa 1o
[15,16].

44



ITpu K3 Ha BbIBOJIax reHeparopa (conpoTusienue enu K3 paBHo Hy-
JIF0 WJIM COM3MEPUMO C COMPOTUBIICHHEM I'€HEPATOpa), HE UMEIOIINX aBTOMa-

THYECKOTO PeryIupoBaHus Bo3oOyxaenus (APB), Tok I,(f) mocTtosmHO 3a-
TyXaeT [0 HEKOTOPOro YCTaHOBUBIIErocs (IPUHYKICHHOIO) TOKa:
1 n,yem =4no (puc. 1.11). 3HaUeHNE NEPUOANYIECKOH COCTABIAIOIIEH B IIEp-

BbIi MOMEHT K3 Ha3pIBaeTCsl HadalbHBIM MJIM CBEPXIEPEXOAHBIM TOKOM K3

1,

B HacTosmiee BpeMs MpakTUYSCKH BCE T'€HEPATOPHl CHAOXKAKOTCS aB-
TOMATUKOHN perynupoBaHus Bo30yxaeHus (APB), moaToMy 3akoH u3meHeHus
MEPUOJNYECKON COCTABJIAIOIIEH TOKA JOBOJIBHO CJIOXHBIM, OH 3aBHUCUT Kak
ot tuna APB, Tak u oT yganeHHoctd Touku K3 oT MCTOYHUKOB nuTaHus [3,
17]. B mnepBeie mMomeHThl K3 u3-3a MHEpUMH CHUCTEMBI PEryJUPOBAHUS

HAIIPAIKCHUC 11aAacCT, IIO3TOMY 1 n YMCHBIIACTCA, 3aTCM HAYMHACT CKa3bI-
BaThbCA HGﬁCTBHe APB, YBCIMYNBACTCA HAIIPSIKCHUC, a CJICTOBATCIbHO U TOK

I,, . HpI/I MaKCHUMaJIbHO BO3MOXKHOM BO36y>I(I[eHI/II/I TOK JOCTHUTAaCT 3HAYCHMUA

1, on (puc.1.12).

Ay

a,t [

n,ycm

A A /ﬂ
I, =~2I, VLA\/ \/ \/ \/ \

- -
Lag

HOpMaﬂbHBII/I HepeXO,Z[HBII/I mponecc yCTaHOBHanﬁCH

PEKIM pexUM

Puc. 1.11. KpuBas u3aMeHeHHs TOJTHOTO TOKA M €r0 COCTABIISIFOLINUX
npu K3 6e3 yuera APB
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A .
l l
K.t
A l
a,t

. . A | \/Eln,ycm
ly la O /\

AV /E\ 4

]n’mzx/ilnjo\'/ \V&V \/ \/ \/

[y [
L L L

HOPMaJIbHBIN . i
opMal HEPEXOIHBIN  MPOIECC yCTaHOBHBIINHCA
pexUM pexuM

Puc. 1.12. KpuBas u3mMeHeHUs MOJHOr0 TOKA U €r0 COCTABIISIOIINX
npu K3 ¢ yuetom APB

Jlns mpoBEpKH BBICOKOBOJIBTHBIX BBIKJIIKOYATENIEH MO OTKIIOYAIOLICH
CIIOCOOHOCTH HEOOXOJIUMO OMPEACIIUTh 3HAUCHUE I nns MmomenToB BpeMe-

HU ¢ 10 0,2 ¢. DTO MOKHO OCYILIECTBUTh, UCIOJIb3YysI METOJ TUIOBBIX KPUBBIX
[3, 15 — 18] nnu ¢ nomompio npomeinuieHHOW nporpammel « MYCTAHI
(mputoxeHue 2).

B snexrpuyeckux cersax ¢ 3¢ (HeKTUBHO-3a3eMIICHHOW HEUTPaJIbIO
(110 kB u BbI1I€) TOK OAHO(}A3HOIO 3aMBIKaHUS HA 3€MJIF0 MOXKET 0Ka3aThCsl

Oombiie Toka Tpexdaznoro K3 (1 ,(;) /1 ,((3) <1, 5) , TOT/Ia PAaCYETHBIM PEKUMOM

JUIsL IPOBEPKHU BBIKJIFOUATENIEH MO OTKIIIOYAOIEH ClIOCOOHOCTH OYJeT OAHO-
(da3zHOe 3aMbIKaHUE Ha 3eMJIF0. MeTo/bl pacueTOB HECUMMETPUYHBIX 3aMbl-
KaHWU u3noxeHsl B [3, 16, 17] u np.

PesyabTupyromee conporusienue nenu K3. [Ipu pacuere Tokos K3
HEO0OXOMMO 3HaTh CONPOTHUBIIEHWE KOPOTKO3aMKHYTOH nenu. Jns ompene-
JICHUs COIPOTHUBIICHMS COCTABJIAETCA PAaCUETHAsl CXeMa, B KOTOPOM YUYHTHI-
BAIOTCS BCE MCTOYHMKHU ITUTAHMUS U DJIEMEHTBI CXEMBI, COCIUHSIOMNE NCTOY-
HuKHU ¢ Toukor K3. IIpm aTOM ciienyer ucxoauTs U3 NpEeAyCMOTPEHHBIX IS
JTAHHOM YCTaHOBKH YCJIOBHI IJIUTENBHOU €€ paboThI.

B pacuerHOl cXeMe yKa3blBalOTCS I€HEPATOPBI, CAHXPOHHBIE KOMIICH-
caTopsl, TpaHC(HOPMATOPHL, JIUHUHU BBICOKOT'O HAIPSKEHUS, pEaKTOPhl, aCHUH-
XPOHHBIE U CHHXPOHHBIE JIBUTATENH.

IIpu pacuere TokoB K3 Ha 3IEKTPUUECKUX CTAHUUAX U MOACTAHIMAX B
ycraHoBkax Bbiuie 1000 B yunTsIBatoTCs TOJIBKO MHIYKTUBHBIE COIIPOTHUBIIC-
HUS, TaK KaK aKTHUBHBIE CONIPOTUBIICHUS B TOM CIIy4ac HE3HAYUTEIIbHBI.

ITo pacueTHON CXE€M€e COCTABIISIETCS CXEMa 3aMELIEHUs, B KOTOPOH BCe
COIPOTHUBJICHUS BBIPAKAIOTCSA B OTHOCUTEIIBHBIX MM MMEHOBAHHBIX €IHUHMU-
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nax. BelpaskeHue B OTHOCUTEIBHBIX €MHUIIAX OYEHb PACHpPOCTPAHEHO, TaK,
HanpuMep, B KaTaJlorax CONMPOTHUBIIEHUE MHOTHUX 3JIEMEHTOB 3JIEKTPOYCTaHO-
BOK (TeHepaTopoB, TpaHC(HOPMATOPOB, PEAKTOPOB) AaETCs B MPOLEHTAX WU
OTHOCHUTEJIbHBIX €IUHMIIAX, MPHUBEIECHHBIX K HOMMHAJIBHBIM IapaMeTpam
3JIEMEHTA.

B cxeme 3amemieHusi Bce CONPOTHUBICHUS, BBIPAXKEHHBIE B OTHOCH-
TENbHBIX EAMHMIIAX, MPUBOIATCA K €AMHON — 0a3ucHON MomHocTH. 3a Oa-
3UCHYIO MOIIHOCTh S5 MOKHO MPHUHSATH JHO0YI0 BEJIHMYHHY, HO JJISI TIPOCTOTHI

pacueta ynoonee Opats 100 unu 1000 MBA. 3a 6a3ucnoe Hanpsioxenue (Up)
NPUHUMAETCS CPEAHEE HOMUHANbHOE Hanpsukenue (Ug,) TOH CTymeHw, rae
pacroyioxeH naHHblil 35emeHT. [Ipu onpenenennn TokoB K3 3a U; npunu-

maetcst U, TOR cTynenH, rjae pacrnonoxena touka K3. Bennuuna Uy, nipu-
HUMaeTcs paBHoit: 3,15; 6,3; 10,5; 13,8; 15,75; 18; 20; 24; 37; 115;154; 230;
340; 515; 770 xB.

Pacuetnbsie opmyinbl st onmpeneneHus COMPOTUBICHUN SJIEMEHTOB
CXEMbl B OTHOCUTEJIbHBIX U UMEHOBAHHBIX €MHUIIAX AaHbI B [3].

ITocne cocTaBieHus] CX€Mbl 3aMEIICHUSI U ONPEAEIIEHUs] CONPOTUBIIE-
HUN OTJIEJBbHBIX PJIEMEHTOB MIPOU3BOJIAT YIPOIIEHUE CXEMBI, MOJIB3YSACh Tpa-
BWIAMH TOJICUE€Ta IKBUBAJICHTHBIX COMPOTHUBJICHUU MpPU MapaUICTbHOM H
MOCJIeIOBATEILHOM COeIMHEHUsIX. boliee ciioxkHble TpeoOpa3oBaHusl CXEMBbI
3aMelleHUs] HeOOXOIMMBI B Cy4dae OnpeiesieHus: yCTaHOBUBIIUXCS TokoB K3
C YYETOM PA3JIMYHON yNAJIEHHOCTH MCTOYHUKOB. JTOT METOJ paccMaTpuBa-
€TCsl B CIIEMAJIbHOM JIuTepaType. B HacTosiee BpeMs 3TH 3aJa4i PEIIAOTCS
Ha OBM c ncnosib30BaHHEM Pa3IUYHBIX Mporpamm [16].

1.4.3. JleiicTBHE TOKOB KOPOTKOI'0 3AMBIKAHUA U UX OTPaHUYEHH

Zluuamultecxoe oeiicmeue mokKkoe KOpOmMKO20 3aMblKaHUA

[Ipy KOpPOTKOM 3aMBIKAaHWU MO TOKOBEAYIIMM YacCTSAM MPOXOMST TOKU
MEePEXO0THOTO PEKUMA, BBI3bIBASI CIIOKHBIC YCHIIMS B IITMHHBIX KOHCTPYKITUSIX
W arraparax 3JIeKTPUYECKUX YCTaHOBOK.

CornacHo [3], ycwnusi, I1€MCTBYIOIIUE HA KECTKUE IIMHBI U U30JISITO-
pPbl, PACCUMTHIBAIOTCS TI0 HAWOOJIBIIIEMYy MIHOBEHHOMY 3HAYCHHUIO TOKa
Tpex(}a3HOro KOpOTKOro 3aMbIKaHMs i,. IIpm 3TOM ompenensercs MakcH-
MaJIbHO€ YCHJIME Ha IIMHHYI KOHCTPYKIHIO (3JIEKTPOJMHAMHUYECKAs CUJIa),
3aBUCAIINEE OT PACCTOSHUS MEXAY H30JATOPAMHU IIMHHOW KOHCTPYKIIMHU
(mpomneT) u paccTosHuA Mexay (azamu, HO 0e3 ydeTa MEXaHHUECKHX KOJe-
OaHuil.

Jlanee omnpeaensoT U3ruOaroUMii MOMEHT, paccMaTpuBasl IIMHY Kak
PAaBHOMEPHO HArpy>KeHHYI0 OaJiKy, HanpspDKEHUE B MaTepualie UH OT U3THU-
0a, 3aBUCHIIEE, B YACTHOCTH, OT ()OPMBI U PACIIONOKEHUS IUH (TLJIAIIMS WU
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Ha pebpo). [lomydeHHOEe pacueTHOE HANpsKEHHWE B Marepuaje IIUH He
JIOJKHO TIPEBBINIATH JOMYCTUMOMN BETUUUHBI.

B MHOroOmoJIOCHBIX IIMHAX, KPOME YCHUIIUS MEXKIY (a3zamMu, BOSHHKACT
yCUJINE MEXJIY TojiocaMu. PacdeT B ATOM cilydae yCI0KHSAETCS, OH paccMar-
puBaeTcs B crenuanbHoil nurepatype [3, 15, 16]. B [15, 16] nanbl pekomen-
JalUi 1O MPOBEPKE IIMHHBIX KOHCTPYKIMH Ha 3JIEKTPOJIUHAMUYECKYIO
croukocTs npu K3.

DNEeKTPOJMHAMUYECKUE YCUIIUS B TOKOBEIYIIMX YaCTSIX BBIKIIOUYATE-
Jied, pa3beIUHUTENICH W JAPYruX amnmnapaToB CJIOXKHBI U TPYAHO MOJJIAIOTCS
pacyeTy, MOATOMY 3aBOJbI-U3TOTOBUTENM YKA3bIBAIOT MPEIEIbHbIA CKBO3HOU
tok K3 (ammuTyaHoe 3Hau€HUE) i,,,, KOTOPbIA HE JOJDKEH ObITh MEHBIIE
HaWJICHHOTO B pacyeTe yJapHOro Toka i, npu tpexdasznom K3. Takum obpa-
30M, MPOBEPKA amIapaTroB IO SJCKTPOAUHAMUYECKON CTOMKOCTH MPOU3BO-
JIATCS TI0 YCIIOBUIO

P>tV

max y D)

rne lmax ( Louns lnp_CKg) — MI'HOBEHHO€ 3HAYE€HUE TOKA JIEKTPOANHAMU-
YECKOW CTOMKOCTH, TAPAaHTUPOBAHHOE 3aBOJOM-U3TOTOBUTEIIEM.

Tepmuuecxoe oeiicmeue moKoe KOPOMKOZ20 3AMbIKAHUA

Toxn K3 BBI3BIBAIOT HAarpeB TOKOBEAYIIMX YACTEH, 3HAYUTEIBHO IIpe-
BBIIAIOIINN HOPMAJIbHBIA. Upe3MEpHOE MOBBIIMICHUE TEMIEPATypPbl MOXKET
IPUBECTU K BBDKUTAHUIO HU30JLMH, PA3pyLICHUIO KOHTAaKTOB U JAXeE pac-
IJIABJICHUIO METAJIJIa, HECMOTPS Ha KPaTKOBPEMEHHOCTH npouecca K3.

[Tocne oTKIIFOYEHUST TOBPEXKACHHOTO yYacTKa MpOXoxaeHue Toka K3
IpeKpamaercsi, TOKOBEAYIME YacTu oxyaxaarorcs. Haubonpmme nomyctu-
Mble TeMrnepaTypsl HarpeBa npu K3 onpenensitorea [1YD [1]. Tak, Mmennsie
IIMHBI JIOITyCKalOT HAarpeB J10 300° C, allrOMHHHEBBIC — JI0 200" C, xabenu ¢
OyMa)kKHOM M30JISIIIUeH — 10 200° C.

ITpu BbIOOpE TOKOBEOYLIMX YacTell HEOOXOAMMO HAaWTH KOHEUHYIO
TeMmIneparypy Harpesa Tokamu K3.

N3 kypca ¢pu3nuKu U3BECTHO, YTO MPH MPOXOKIEHUU TOKA B IPOBOJIHU-
K€ BBIJIEJISIETCS. HEKOTOPOE KOJIMYECTBO TEIJia, KOTOPOro OyaeT TeM Ooiblie,
yem Oounbine Tok K3, compoTuBieHHE MPOBOJHUKA U BPEMs MPOXOKACHUS
toka K3. OnHako, mpy KOPOTKOM 3aMBIKaHUH PACYET IO ITOM METOIAUKE 3a-
TPYAHEH, TaK Kak TOK K3 cOCTOUT U3 neproanyecKon U anepuoandecKon co-
CTaBJISIOLIMX, KOTOPbIE HE OCTAIOTCS MOCTOSHHBIMU IO CBOEMY 3HAYEHMIO,
COMPOTHUBJIEHUE MPOBOAHUKA [0 MEPE HArpeBa TAKKE MEHSIETCS.

Ha mpakTuke 4acTto mosib3yroTcs NPUONIMKEHHBIMUA pacyeTamu, KOrja
NIEPUOJNYECKas COCTABIISAIONIAs TOKA NPUHUMAETCs Hesaryxaromei. Torma
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UMITYJIBC KBaJApaTUYHOro Toka K3, mponopuuoHanbHbIl KOJIUMYECTBY TEIUIA,
BBIJIEJICHHOTO B poBoaHKKE TokoM K3 3a Bpems [, , — uaterpan [xoyns
ONpENEeIACTCS TaK:

BK :]z,o(tomk—i_Ta) |:Azc:| ’

n

rie Lo — BpeMs mpoxoxkacHus Toka K3, cocTosiiee u3 BpeMeHHU JeHCTBUS

3aIUThl U BPEMEHU OTKJIKOYEHUS BBIKIHOYATEIS, T, a — TIOCTOSIHHAs 3aTyXa-
HUS allepUOJNYECKON COCTaBIIAIOLICH, 3aBUCAINAS OT COOTHOLIEHUS MEXKIY
WHIYKTUBHBIM M aKTHUBHBIM conpoTusiieHneM enu K3 [15], moxeT onpene-
JSATHCSA MPUOIMKEHHO 10 Ta0IHIaM B 3aBUCUMOCTH OT MECTa PaCIIOIOKEHUS
touku K3 [3].

[Ipu paccmorpenun ocoObix ciydyaeB K3, Hanpumep, BOAM3U TpyIIbl
MOIIHBIX 3JEKTpoABUrarenel (IuHbl c.H. 6 KB snekrpocTaHIuu), a Takxke

MpU IPOBEACHUU 0COO0 TOUHBIX PACUETOB By clenyeT o0pamarbes K crie-

HaJIbHBIM PYKOBOJISAIIKUM yKa3aHusM [ 15].

[Ipu u3BecTHOM (HOPMATUBHOI) TeMIiepaType MPOBOJHUKA B paboyem
pexuMe M JOIMYCTUMOM TemmepaType HarpeBa npu K3 MOXHO omnpenenursb
MUHUMAJIbHOE CEYEHUE MPOBOJIHHUKA, TEPMUUYECKH CTOMKOIO IPH JAHHOM TO-

ke K3:
_ By

qmin - C 9

I'ne C — HekoTOpasi BEJIIMYMHA, 3aBUCAILLAS OT JOIYCTUMOM TeMIepaTypbl
HarpeBa W MaTepHaJIOB IPOBOJHUKA, €€ 3HaueHue npuBoautcs B [1, 3, 15,
16].

IIpoBepka anmapaToB Ha TEPMHUUYECKYIO CTOMKOCTb IPOU3BOAUTCS 10
TOKY TepMMUecKoii cToiikocty [7, 3a1aHHOMY 3aBOJIOM-H3IOTOBUTENEM, EIO
3HAYEHUE yKa3bIBACTCS B KaTaJOrax Ha BBIKIFOYATEIIH.

ArnapaTt TEpMUYECKH YCTONYMB, €CIIN

BK<IT%tT9

rzie I — BpeMs POTEKaHNs TOKa TepMHuUecKoii cToiikocty /7 o karamory (1,
5,10 ¢). B [15, 16] ycnoBue TepMHUUECKON CTOMKOCTH 3aBUCUT OT COOTHOIIIE-

st Lr uf,,, .

B Hacrosiiee BpeMsi MPUMEHSIOTCSL ObICTPOJICHCTBYIOIINE PEJICHHbIE
3aIUThI, IO3TOMY BpEMs NMPOXO0XkKACHMs TOKa K3 HEBEIMKO U IEKTpUYECKUE
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anmnaparbl, BbBIOpaHHBIE MO YCIOBUIO JAMHAMUYECKON CTOMKOCTH, HMEIOT
OOJIBIION 3amac Mo TEPMUIECKON CTOMKOCTH.

Ozpauutteuue MOKO6 KOpOMKO20 3AMbIKAHUA

HeobxoaumocTh BbIOOpa anmapaTtoB M TOKOBEIYIIMX YacTeW AJIEKTPO-
YCTaHOBOK, IMHAMUYECKH U TEPMUUYECKU CTOMKHMX K Tokam K3, nmpuBomur k
3aBBIIICHUIO CEYCHUS IWH, KaOellel M yTSHKEIICHUIO anmapaTypbl B TOM CIIy-
yae, koraa Toku K3 Benuku. Ilocneanee nMeer MeCTO B MOLIHBIX 3HEPIOCH-
CTE€Max, Ha 3JIEKTPOCTAHLMUAX C MOIIHBIMU I'€HEPATOpaMU U KPYIIHBIX NOA-
CTaHIUSAX. YMEHbIICHNE BeTUYnHbI Toka K3 mo3BossieT o01eryuTs ammapa-
TYpy paclpeeauTeIbHbIX YCTPOMCTB U YMEHBIIUTh CEUYCHHUE IIMH U Kade-
JIEW, YTO CHWIKAET KAIUTAJIbHBIE 3aTPaThl HA COOPYKEHUE IJIEKTPOYCTAHOB-
KH.

Ha ctaguu npoekTupoBaHuM JIEKTPOCTAHIIMI IPUMEHSIOTCS CXEMHBIE
pemeHus 1 orpaHudeHus TOKoB K3, KOTOpbIe 3aKII04aroTCs B IEPEXOJE OT
CXeM €O COOpPHBIMU IIMHAMU (MTONEPEYHBIMU CBS3SIMU) K OJOUYHBIM (MOJTYO-
JOYHBIM) cxemaM. Hipke npuBeneHsl — Hanbosiee pacHpoCTpaHEHHBIE CIO-
coObl orpanudeHus TokoB K3, KoTOpble MPUMEHSIIOTCS MPHU SKCILTyaTaluu
AIEKTPOYCTAHOBOK.

IlepBblii ciocod orpannyeHus TokoB K3 3akitouaercss B pasnelib-
HOU paboTe TpaHCcHOPMATOPOB, MUTAOIINX JIMHUA M TE€HEPATOPOB, KOTOpas
o0ecreynBaeTcs 3a CYET CEKIIMOHUPOBAHUS COOPHBIX IIMH (JCJIICHUS CETH) B
anekTpudeckux cetsax [3, 16]. Ha cropone HH 6-10 kB noxacranumii cexiu-
OHHBIM BBIKIIIOYATEb B HOPMAJIBHOM PEXKHUME OTKJIKOYEH, YTO MOBBIIIACT
HaJEXKHOCTh 3JIEKTPOCHAOKEHHSI IOTPEOUTENIE U YMEHbBIIIAET 3HAUEHHUE TO-
koB K3. Takoe neneHne ceTu Ha3bIBaeTCsl cTalnOHApHBIM. CEKIIMOHHBIN BBbI-
KJIFoYaTeab BKJIOYaeTcs oT paboTel ycTpoiictBa ABP (aBTOMaTmueckoe
BKJIIOUEHHUE pe3epBa) MpU OTKIOUeHUU ucTouHuka nutanus. HTII nmoacran-
nuii [18] Takxke peKOMEeHAYyeTCsl pa3/elibHbIM peXuM paboThl ceTed Ha
HanpspkeHun 35 kB, uTo oOecrieunBaeT 3HAYUTENBHOE YIPOLICHUE
YCTPOMCTB PEJIEMHOMN 3alMThl U ABTOMATUKH 3TUX CeTed. B anekrpoycra-
HOBKax 110 kB u Bblllle CEKIMOHHBIE U IIMHOCOEAUHUTEIbHBIEC BBIKIIFOYATE-
JM B HOPMAJIBLHOM pekume padoThl BKItoueHbl. [Ipu K3 Ha ogHo# U3 cexuuii
WM cucTeMe COOPHBIX IIMH pelieiiHas 3aluTa OTKJII0YAeT YKa3aHHBIC BbI-
KJIFOUATENH, TaKOe JIeJIEHHE CeTH Ha3biBaeTcs aBroMarndeckuMm — AJIC wim
ACM (aBTOMAaTH4ECKOE CHUKEHHE MOIIIHOCTH).

PasnenpHast paboTa reHepaTtopoB MPUBOIUT K 3HAUUTEIHLHOMY YMEHbB-
meHuto TokoB K3, HO 3TOT peXuM BO MHOTHX CIIy4asix HE ONPaBJIbIBACTCS 110
TEXHUKO-I)KOHOMUYECKUM COOOpaKeHUsIM (HAACKHOCTh, 3KOHOMHYHOCTD,
BEJIMYMHA PE3EPBHONU MOIIHOCTH).

Bropoii cnnocod orpanuvyenusi TokoB K3 — nmpumenenue tpancdop-
MaTOPOB C PACUICIUIEHHOW 0OMOTKON HU3KOTO HANPSKEHUSI, KOTOPhIE UMEIOT
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conportupieHue B 1,5+1,75 paza Gosblie, yueM TpaHCHOpPMATOPBI TaKOH Ke
MOIITHOCTH, HO 0e3 pacmierienus ooMoTok [3, 16]. Haubomnbinee nmpumene-
HUE 3TOT croco0 Harien A orpanuueHust TokoB K3 B cucreme ¢.H. MOIIHBIX
AJIEKTPOCTAHLUH, I7Ie B KauecTBe pabOuMX W pPEe3epBHBIX MCTOYHUKOB HC-
MOJIB3YIOTCSL TPAaHC(HOPMATOPBI C PACHICTUIEHHOW OOMOTKOW HM3KOIO HAmps-
xeHus. Takke TpanchopmaTopsl ¢ pacHiemIEHHOW 0OMOTKOM ycTaHaBIMBa-
FOTCSl HA MOIIHBIX ITOJCTAHLIMSAX.

Tpernii cnocod orpannyenuss TokoB K3 — nckyccrBeHHOE yBennue-
HUE COIPOTUBIICHUS KOPOTKO3aMKHYTOM Lenu. Uit 9TON 1einy MUpPOKO Ipu-
MEHSIOT TOKOOIPAaHWYMBAIOIIME pEaKToOpbl. PeakTop — 3TO Karymika 0e3
CTaJIbHOTO CEPACYHUKA C U30JUPOBAHHBIMU JIPYT OT IPyra BUTKAMH, YKpEI-
JIEHHBIMU B OETOHHOM Kapkace. Bo3MOXHO NpuMEHEHHE MacCsHBIX pPEeaKkTo-
poB [3]. Peakrop oGiagaeT 3HaYUTENbHBIM UHAYKTUBHBIM U MaJIbIM aKTUB-
HBIM CONpPOTHUBIIEHUEM. [IpUMEHSIOT pa3HOOOpa3HbIE CXEMbI BKIKOUYEHUS pe-
aKTOPOB HA ANEKTPUUYECKUX CTAHLMUAX U MOACTAHLUAX, OJPOOHOE ONMCAHHE
KOTOPBIX J1aHo B [16].

Benuuuny conportuBienust peakropa (0e3 yuera CONpPOTUBIICHUS CHU-
CTEMBbI) BHIOMPAIOT U3 yCIOBHs orpaHndeHus Toka K3 g0 Hekoroporo momy-
CTUMOTI'O 3HAYEHUS:

] _ Usou
K.00n \/?xp , (1.17)

rae X, — compoTHBIeHUE peakTopa B OMax.
ConpoTuBIEHHUE PEAKTOPA C YUYETOM CONPOTUBIICHUSI CUCTEMbBI PABHO:

X

UHOM
Y T T —Xe, 1.18
3 IK.don ( )

rae U won — HOMHHANBbHOE Hampsukenue, I, ,,,— momyctumsiii Tok K3 3a
PEaKTOPOM II0 YCIIOBUIO YCTAHOBKHU OINPEACIICHHOIO TUIIA BBIKJIIOYATEISA WU

10 YCJIOBUIO BbIOOpa cevenust kabenen. [lomyuennoe mo (1.18) 3nauenue X,
OKPYIJISIFOT A0 OJIMKalIlero CTaHJapTHOIO 3HAYEHHUSL.

B nacrosiee BpeMs pa3paOoTaHbl U MPUMEHSIIOTCS TOKOOTPAaHUYMBA-
fomue ycrpoiictBa (TOY) pazHoro tuma ajis orpaHUYEeHHUs] TOKOB Tpexdas-
Horo K3 u onmHodasznoro K3 B anekrpuueckux cersix ¢ dhPpexkTuBHO-
3a3eMJIeHHOM HelTpanbio [3, 7, 16].
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1.5. DuekTpUUYecKue annaparbl ¥ TOKOBeAYIIUE YACTH
pacnpeaeJauTeJIbHbBIX YCTPOUCTB BbICOKOT0 HATIPSIKEHUS

Ha syieKTpHyecKknX CTaHUUSAX M MOACTAHLMAX MPUMEHSIOT 3JIEKTpUYE-
CKHE anmaparbl ¥ TOKOBEIYIINE YacTh (IPOBOJHUKH) pa3IMYHOrO TUMa. Pas-
JMYAIOT anmnapaTbl ¥ TOKOBEAYIINE YaCTU MEPBUYHBIX U BTOPUYHBIX LIETIEH.

DJIeKTPUYecKHe anmapatbl MEPBHYHBIX HemNeill pa3IuyHOro Harps-
YKEHHUSI MOXKHO YCJIIOBHO PA3eIUTh HAa YETHIPE IPYIIIbIL:

1) KoMMyTallMOHHBIE annapathl (BBIKIOYATENH, BBIKIIOUATEIN HArpy3-
KU, Pa3beIUHUTENH, OTACIUTENIN, KOPOTKO3aMBIKATEIIN);

2) 3amuTHBIE anmnaparbl (MPeJOoXpaHUTENd, OTrPAHUYUTENH YIAPHOTO
TOKa, Pa3psAHUKU U OTPAHUYUTENU TIEPEHANPSIKEHUN );

3) TOKOOrpaHMYMBAIOUIUE aNMapaThl (TOKOOIPAHUYHMBAIOIINE PEAKTOPBI
Y PE3UCTOPBI, 1yrOracsiiiue peakTopsl U 1p.);

4) u3mepuTenbHbIe anmapathl (TpaHCchOpPMATOPhl TOKA M HAMPSIKEHUS,
€MKOCTHBIE JIETTUTENIH HAMIPSKEHUS U T.11.).

ToxkoBenynue 4aCcTy NEPBUYHBIX LEIEH:

— Tu0Kre TPOBOJAHUKH U THOKHE TOKOIPOBO/IBI;

— [IMHHBIE JTUHUY, 3aKPBIThIE IIMHHBIE TOKOIPOBO/bI C BO3AYLIHOW WM
ra3o0BOM U30JISIIHUCH;

— cuJIOBbIe Kabenu (¢ OyMakHOW MPONMUTAHHON M30JIALMEH, Ta30HANOJI-
HEHHbIE WJIM MACJIOHATIOJHEHHBIE).

1.5.1. KomMyTannoHHbIe annapaTsbl

BeIkioyareJb — JJEKTPUYECKHN almapar, NPEeIHA3HAYCHHBIA IS
OTKJIIOYEHHMS M BKIIIOUYECHMS LIETIEN BBICOKOTO HAIPSKEHUS B HOPMAJIBHBIX U
aBApUHHBIX PEKUMAX.

Brikitouarenu sSBJISIOTCS OJHUM M3 HanboJiee OTBETCTBEHHBIX arapa-
TOB B AJIEKTPUUECKUX yCTaHOBKaX. OHU JOJIKHBI 00ecreyrBaTh YETKYIO pa-
00Ty B JIOOBIX PEKMMaX, TaK KaK OTKAa3 BBIKIIOUYATENS MOXKET MPUBECTH K
Pa3BUTHIO aBapuu. BeIxirodarenp AOHKEH 3a MUHMMAJIBHOE BPEMS OTKIIIO-
YUTh LENb IPU KOPOTKOM 3aMbIKaHMM, OH JOJDKEH 00JaJaTh JOCTATOYHOU
OTKJIFOYAIOLIEH CIIOCOOHOCTBIO, T.€. HAJIeKHO pa3pbiBaTh TOK K3. Brikitoua-
TeJb JOJDKEH JOIYyCKaTh BO3MOKHO OOJIbILIEE YUCIIO OTKIIOUEHHUH 0e3 peBu-
3UM U PEMOHTOB.

OCHOBHOI XapaKTEpUCTUKOW BBIKJIFOYATENS ABIISIETCS €r0 OTKIIIOYAIO-
11ast CHOCOOHOCTb, KOTOPasi B MACHOPTHBIX JaHHBIX 0003HAYAETCsl KaK HOMHU-
HaJIbHBIM TOK OTKIOYCHUS — 1, T.e. HauOonbui Tok K3, KOTOpHIit

omK.HOM ?
BBIKJIFOYATENIh CIIOCOOCH HAaJACKHO OTKIIIOUUTL IIpU HanOOJIbIIEM pa60qu
HAIIPAKCHUM, IIPU 3aJaHHBIX YCJIIOBHAX BOCCTAHABJIMBAIOHIICTOCA HAIIPAKC-
HUA U 3aJaHHOM ITUKJIC onepaunﬁ.
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B HexoTopbIX Karajnorax, KpoMe€ HOMHUHAJIbHOIO TOKa OTKIIIOUYEHHS
1 siow» YK@3BIBAETCS HOMHHAIBHAS MOIIHOCTD OTKITIOUEHHMS:

SOWIK.HOM - 3 UHOM I

OMK.HOM *

Takke BBIKIIOUATENN AODKHBI 00JIalaTh 3IEKTPOJMHAMUYECKOU U
TEPMHUUYECKON CTOMKOCTHIO IPU IPOTEKaHUH TOKOB K3.

Tun 1 KOHCTPYKILHUS BBIKIIOYATENS ONPEEISIOTCS CIIOCOOOM TallleHus
JIyTH U CPENIO, B KOTOPOM OHA TacUTCS. B COBpEMEHHBIX 3JIEKTPOYCTaHOBKAX
HaIUT IPUMEHEHUE MaclisiHble 0aKoBbIE (B HACTOSIIEE BpeMs, Kak IpaBuilo,
K YCTAaHOBKE HE PEKOMEHIYIOTCS) MAJIOMACIsIHbIE, BO3AYIIHbIE, dJIEKTpOMar-
HUTHBIE, 2JIETA30BbIC U BaKyyMHBbIC BBIKJItO4YaTenu [2, 3, 7, 19].

VYcnoBust BEIOOpA M XapaKTEPUCTUKK BBIKIIFOUATENEH MPUBEAEHBI B [3 — 6,
16].

Boikiroyaressr Harpy3kM — KOMMYTALMOHHBIA amnmapar, MHpeaHa3Ha-
YEHHBIN U1 BKIIIOYEHHS] U OTKJIFOUYEHHS Harpy304HbIX TOKOB LIEMEH, BILIOTH IO
HOMHUHAJIBHBIX TOKOB armaparoB [4]. Bbikiarouarend Harpy3kd He CIIOCOOHBI
otkmoyarh TOkM K3. Dt dyHKImM TiepenaroTcs Ha  MOCIEAO0BATEIILHO
BKJIFOYAEMBIE MPETOXPAHUTEH WM HA BBIKIIFOYATENM TOJIOBHBIX YYAaCTKOB CETH.

KoHCcTpyKiMst CyIIeCTBYIOIIMX BBIKITIOUATENNe Harpy3ku Oazupyercs Ha
KOHCTPYKLIMHM pazbeauHuTenel. OTanuyre COCTOMT B HAJIMYMM MaJOMOLIHOIO
ra30r€HEPUPYIONIETO  AYTOTaCUTENBHOIO  YCTPOMCTBA CO  CMEHHBIMHU
ra30reHEPUPYIONIMMU BKJIAIBIIIAMA M3 OpraHndeckoro crekna [4]. B nemsx
reHepaTopoB OosbItioi MottHocTH 800 — 1200 MBT npuMeHsroTCS BBIKITFOYATETN
Harpy3ku crempanbHod  KoHcTpykimu (KAIT — koMIulekTHbIM — ammapar
reHepaTopHsIi) [3, 19].

Hanvuwme BbIKIrOYarened Harpy3Kv ITO3BOJISIET ITOBBICUTH HAJIECKHOCTH
pPabOTBl U TEXHUYECKYI0 TMOKOCTh IVIABHBIX CXEM 3JIEKTPUYECKUX COEIMHEHUIA
CTaHlMi. B 4acTHOCTH, BBIKIIOYATENM HArpy3Kd MOTYT OBITh A(PQPEKTUBHO
UCIIOJb30BaHbl B IIETISIX TEHEPaTOPOB IMPOCTHIX M YKPYIHEHHBIX OJOKOB, KOrja
TpeOyeTcsl YacToe OTKIIIOUEHHE TeHEPATOPOB B HOPMAJIbHOM PEXKHME.

PazbequuuTe b — 3JEKTPUUYECKUN amnmapar, NpelHa3HAYeHHBIA s
OTKJIFOYEHHS] U BKIIFOUEHHMSI LIETIEel BBICOKOTO HAIPSKEHUS! PU OTCYTCTBUU B
HUX Toka. IIpu peMOHTHBIX paboTax pa3beIUHUTENEM OCYIIECTBISETCS
HAJICKHBIM BUJIUMBIA Pa3pblB MEXKIY YacCTSIMH, OCTABIIMMUCS IOJ HaIpsiKe-
HUEM, U aNnapaToM, BbIBEJEHHBIM B PEMOHT.

KoHTakTHas cucrema pa3beIMHUTENEH HE MMEET AYroraCUTEIbHBIX
YCTPOMCTB, MOSTOMY MPHU OTKJIFOYEHUU OOJIBIIUX TOKOB BO3HUKAET YCTOWYH-
Bas Jyra, KOTOpasi MOXET IPUBECTH K aBapuM B pPacHpeAeUTEIbHOM
ycTporicTtBe. Takum o06pa3zom, HEOOXOAMMO OOECTOUUTH IIEMb C TMOMOIIBIO
BBIKJIIOUYATENS, IPEXKIE YEM IPOU3BOJUTH ONEPALUU C PAZBEAUHUTEIIEM.

Jlnst ynpomienus cxeM cornacHo 11YD u IITOD gomyckaercst ucnonb3o-
BaTh Pa3bEeIMHUTEINb JJISl OTKIIOUYEHHS HEOOJBIIMX TOKOB: 3apsIHBIX TOKOB
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JIMHUM, TOKOB 3aMbIKaHUS Ha 3€MJII0, TOKOB HaMarHMYMUBaHUS TpaHcpopma-
TOPOB.

JIns1 BHyTpEHHUX YCTAHOBOK Ha HampsibkeHue 10 35 kKB BKIIOYUTETBHO
MPUMEHSIOTCS Pa3beAMHUTENN PYOSIIIIEero TUIIA, C IBUKEHUEM HOXKa B BEPTHU-
KasibHOW muiockocTH [3]. KoHTakTHast cucrtema pa3beAUHUTENS JIOJHKHA
HAJIC)KHO TPOIYCKATh JJIUTEIIBHOE BPEMSI HOMUHAJIBHBIN TOK, TO3TOMY IS
YMEHBILICHUS TIEPEXOJHOIO COMPOTHUBJIEHHS B Pa3bEMHOM KOHTAKTE JABYXIIO-
JIOCHBIA MEJHBIA HOX MPUKUMAETCS K HEMOJBUKHOMY KOHTAKTY IMPY>KUHA-
Mmu. [Ipu nipoxoxaeHnn TokoB K3 351eKTpoAuHAMUYECKHE YCUITUSA CTPEMSITCS
OTKJIFOUUTh HOX. J[JIsI CO3JaHMsI TOMOJHUTEILHOTO ABJICHUS B KOHTAKTE B
ATOM PEXKUME MPUMEHEH MarHUTHBIA 3aMOK, COCTOSIIIUN U3 JIBYX OOJIBIITUX
IJIACTHH, KOTOPbIe, HAMAarHMYMUBASICh TIPU MPOXOXKACHUH OOJIBIIUX TOKOB I10
HOXY pa3beOUHUTENSA, NMPUTATUBAIOTCS APYr K Apyry. MexaHusm mpuBoaa
pa3beAMHUTENS NPENATCTBYET CaMOINPOU3BOJIBHOMY OTKIIFOUEHHUIO Pa3beln-
HUTEJIS OT ACUCTBUS JICKTPOAUHAMUYECKUX YCUIIUN.

Jns ynpaBiieHusT pasbeOUHUTENSIMHU IIMPOKO NPUMEHSETCS PYYHOU
IIPUBOJ, COCTOSIILIUMN U3 CUCTEMBI PbIYaroB, KOTOPBIE NMEPEAAIOT ABUKEHUE OT
PYKOSITKHM MPUBOJA K By pazbeauHuTeNd. JJIsI TUCTAaHIMOHHOTO YIIpaBiie-
HUSI BO3MOXHO MTPUMEHECHUE AJIEKTPOIBUTATEIIBHOTO MMPUBOAA.

B OTKpBITBIX pacrpenenuTeNbHbIX YCTPOUCTBAX MPU HAMNPSIKEHUAX OT
35 no 750 kB npuMeHSIOTCA pazbeIUHUTENN C ABYMS KOJOHKAMH U30JISTO-
POB U JABMXKEHUEM HOXKA B TOPU3OHTAJIBHOW WM BEPTUKAIBHOW IJIOCKOCTH
[3]. OnopHbIE N30AATOPBI MOTYT BpallaThCsl BOKPYT CBOEH OCH B MOIIIUITHU-
KaX, MPU 3TOM HOXKM BpPAIIAIOTCS B TOPU3OHTAIBHOMN IUIOCKOCTH, Pa3MbIKas
WJIU 3aMbIKas NalblEBbId KOHTAKT, YKPEIUIEHHBIN B KOHIE OJHOTO U3 HOXKEM.
Jns 3ammThel OT MONAJaHWs BJIard KOHTAKThl 3aKPBIThl KOXKYXOM. Takxke
MPUMEHSIOTCS Pa3beIMHUTENN TaHTOTrPaUIECKOTO U MOJIBECHOTO THUIIOB.

Otaeauresib — AIEKTPUUECCKUN ammapar, MpeaHAa3HAYEHHBIN JJI1 aB-
TOMATUYECKOTO BKJIFOUEHHUS WJIM OTKIFOUeHUs obecToueHHBIX 1eneit. 1o cy-
MIECTBY, ATO Pa3beIUHUTENh C JUCTAHIIMOHHBIM MpUBOAOM. COOCTBEHHOE
BpEMsI OTKJIIOYEHHUsI OTaenuTenen pa3nnunabix Tunos 0,4—0,7 c.

Koporko3zambikaTe b NpeIHA3HAUYEH IS CO3AAHUSI UCKYCCTBEHHOTO
KOPOTKOI0 3aMbIKaHMs B ceTH. B ceTsax 35 kB — nByx¢a3Horo 3aMbIkaHus Ha
3eminto, B cetax 110-220 kB — oxgHodasHoro 3amblkanus Ha 3emito. M-
MyJBbCHI 1J11 paOOThl MPUBOAOB ATUX anlapaToB MOAAIOTCS PEJICUHON 3aIu-
TOW U aBTOMATUKOM.

KopoTko3aMbIKaTenu UCHOJB3YIOTCS Ha MOACTAHIMAX O€3 BBIKIHOYa-
Teseil (Ha CTOPOHE BBICHIETO HAMpPsHKEHMs) C 1eblo yBenuyeHus: Toka K3 B
JUHUU TIpU TOBPEXACHUM TpaHchopmaTopa, a Takxke M 3a3eMIICHUs
HelTpasied cuioBbIX TpaHchopMaTopoB. CoOCTBEHHOE BpEMsl BKIIOYEHUS
KOpPOTKO3aMbIKaTeJIel pa3IMuHbIX TUIIOB JEKUT B nipeaenax 0,15-0,4 c.
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bonee noapobuyro nHGOpMAaLIMIO O TUHAX U KOHCTPYKIIMM KOMMYTaIlH-
OHHBIX aIllapaToB MOXHO HaWTHU B [2, 3, 7, 19]. XapakTepucTuku KOMMyTa-
[MOHHBIX anmnapaToB MPUBEIEHBI B [3, 5, 6].

1.5.2. 3amuTHBIC anAPATHI

IIpenoxpanuTenu nperHa3HAuYCHbl JJIS 3alIUThl YCTAHOBKHU OT Tepe-
IPY3KH M KOPOTKOTO 3aMbIKaHud. [lnaBkue nmpeaoxpaHuTeNn SBISIOTCS arl-
napaTamu OJIHOPa30BOro ACUCTBUS ¢ TOGA3HBIM OTKIIOUEHUEM 3alllUIaeMON
uend. OCHOBHBIM 3JIEMEHTOM HUX SIBJIAETCS IUIaBKas BCTaBKa, BKIIOYAEMas B
pacceyKky 3aluuiaeMoM LENH, CrOpaHue KOTOPOM MPUBOIUT K OTKIHOYEHHUIO
AIIEMEHTA.

KoHcTpyKmu npenoxpaHUTeNed pasiM4YHbIX THUIOB, IOJYYUBLIMX
pacnpocTpaHeHHe B AJIEKTpUYECKHUX Liemnsix Beime 1 kB, u obmactu ux npu-
MEHEHHSI pacCMOTpeHbl B [4]. B 4acTHOCTH, MOKHO OTMETHUTh, UTO BBICOKO-
BOJIbTHBIE TPEIOXPAHUTEIN IIUPOKO MPUMEHSIOTCS IS 3aIUTHI CHJIOBBIX
TpaHcOpPMaTOPOB, CTATHUECKUX KOHACHCATOPOB, JABHraTeNeld U APYTHUX Iie-
ner HanpsbkeHueMm 3, 6, 10 u 35 xB. [Ipenoxpanurenu takxke HaXOOAT IIPU-
MEHEHHUE ISl 3alUThl TPAHC(OPMATOPOB HANPSKEHUS U T.JI.

OrpaHu4yuTe/M yIapHOI0 TOKA

OrpaHuuuTeny yIapHOro TOKa — 3TO CBEPXOBICTPOAECHCTBYIOLINE KOM-
MYTallMOHHBIE anmapaThl B3PHIBHOTO JEWUCTBUS Ha OOJbIIME HOMHHAJIbHBIC
ToKH [4, 16]. OCHOBHbIE KOHCTPYKTHUBHBIE 3JIEMEHTHI OTPAHUYUTENS — KOM-
MyTalMOHHBIN aImapaT ¥ LIYHTHPYIOUIUMH €ro MNpEeAOXPaHUTENb CIIeHHallb-
HOM KOHCTPYKUMH. KOMMyTallMOHHBIN anmapaT COCTOUT U3 MaTPOHA, BHYTPHU
KOTOPOTrO MOMEIIAETCd TOKOHECYIIMHA MIPOBOJHUK OOJBIIOrO CEYEHHUs C
BMOHTHUPOBAHHBIM B HErO MUPONaTpoHOM. [0/ KUT nmuponarpoHa OCyIecTB-
JSIeTCS OT PA3psAHOrO YCTPOMCTBA, KOTOPOE HAXOJUTCS BHE KOMMYTAIMOH-
HOT'O 3JIEMEHTA U CBS3aHO C MUPONATPOHOM YEpe3 pa3AeIuTeIbHbIA UMITYJIb-
CHBII TpaHc(OpMaTOp, CMOHTUPOBAHHBIH B TeJle U30JSTOPA.

VYrpaBieHue paspsaIHbIM YCTPOMCTBOM OCYIIECTBISETCS OT OJloKa
YIIPaBJICHHUS, PEATUPYIOIIETO HA MPOU3BOAHYI0 U3MEHEHUS TOKA B 3al[UIIac-
MOl 1enu. JlaT4uKoM ToKa CIIyKUT TpaHC(HOPMATOpP TOKA CIEUATbHON KOH-
CTPYKLIMH.

[TosHOE BpeMs OTKIFOYEHUS LENU OTPAaHUYMTENIEM HE ITPEBBIIIAET 5 MC.

OrpaHuyuTeNy TPUMEHSIOTCS B CXEMax dJIEKTPOCHAOKEHUS 0C000 OT-
BETCTBEHHBIX MIOTPEOUTEINIEH, HE JOMYCKAIOIINX IEPEPHIBOB MUTAHHUS.

Pa3psaiHUKHU U OTPAHUYMTE/IM NepeHaAnPsKeH Ui

B nocnennue roapl Bce MIMpPE MPAKTUKYETCS 3aMEHa Pa3psAHUKOB Ha
HeJIMHeHble orpaHnunTenu nepeHanpsbkeHuid (OITH), xoTopele sBIsAIOTCS
HanOoJiee COBPEMEHHBIMU CPEACTBAMU 3alllUTHl OT NEPEHANPSKEHUM, 001a-
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JAIOMIMMU JTYYIIUMHU 3alIUTHBIMU XapaKTEPUCTUKAMU U MaccOrabapUTHBIMU
nokazarensiMu [20]. OrpaHuuuTeny npeaHa3HAuYEHbI IS 3alUThl U30JSLUH
AIEKTPOOOOPYIOBaHUS TIEPEMEHHOT0 ToKa dacToTod 50 I'm ajekTpuuecKkux
ceteit HanpspkeHneM ot 0,5 1o 500 kB oT aTMochepHBIX 1 KOMMYTAITMOHHBIX
IIEpEHAIPSIKCHU .

B Hacrosiniee BpeMsi MpOBEAEHBI pa3padOTKH, UCIIBITAHUS U OCBOCHHUE
OIIH Ha knaccsl Hanpsbkenus ot 0,5 go 220 kB (3AO «32TOw, r. Benukue
Jyku; 3A0 «Denukey, r. HoBocubupek u ap.). K 2004 r. O6b1a 3akoHUYEHA
pa3paboTKa U TPOBEIEHBl B TIOJHOM OOBEME HCIBITAHUS OIBITHO-
npomMbinuieHHbIX 00pa3uoB OITH na 330 u 500 kB.

BbonpmmnacTBO KOHCTpYKIMi OITH BbImoHEHBI Ha 0a3€e CyIIECTBYIOIIMNX
HOJMMEPHBIX KOHCTPYKIMOHHBIX MaTepUaIoB (KpEeMHUHOPraHUYECKUE Pe3u-
HOBBIE CMECH, CTEKJIOTKAaHM M CTEKJIOIUIACTUKOBBIE TPYOBbI), MO3BOJIMBIIUX
co3narbh Ha ux ocHoBe OIIH c BBICOKMMU 3KCIUTyaTallMOHHBIMA M TEXHOJIO-
I'MYECKUMU CBOMCTBAMMU:

— BBICOKAsl MEXaHWYeCKas IMPOYHOCTh B JUAIIa30HE TEMIIEpaTyp OT MHU-
nyc 60° C o mmoc 50° C;

— yZ1apONpOYHOCTb;

— B3pBIBOOE30MACHOCTH;

— CEHCMOCTOUKOCTb.

OrpannuuTenu Ha kiacchl HanpsbkeHus oT 3 1o 10 kB (cm. puc. 1.13)
MPEACTABIAIOT COOOM MOHOJIUTHYIO KOHCTPYKIMIO. BOJOKOHHOYCHIIEHHBIN
MaTepHrasl HAaHOCUTCSI HETTOCPEICTBEHHO Ha KOJIOHKY OKCHJIHO-IITMHKOBBIX Ba-
PUCTOPOB € KOHTakTaMu. Ha HM3roTOBIEHHBIM TakuM 00pa3oM OJIOK HEMo-
CPEICTBEHHO HAIIPECCOBBIBAETCS KPEMHUIOpPraHUYeCcKasi pe3rHa, o0ecnedn-
Basl BBICOKYIO CTEIIEHb F€PMETUYHOCTH.

Orpannuuntens Ha 220 kKB KOHCTpYKTHBHO MHpeCTaBIsieT cOOOM BBICO-

KOHEJIMHEWHBIA PE3UCTOP, COCTOAIIMKA M3 COCAUHEHHBIX IMOCJIEA0BATEIBHO
JIMCKOB OKCUIHO-LIMHKOBBIX BapUCTOPOB, 3aKJIFOUEHHBIA B TEPMETHUHYIO T10-
JUMEPHYIO U30JISIHUOHHYIO MOKPBIIIKY (cM. puc. 1.14).

Konctpykius orpannuutens Ha 500 kB (cMm. puc. 1.15) nmpeacrasmuser
co0Ol MATh MOCJIEAOBATENBHO COEIWHEHHBIX ATaxeil. UeTblpe BEpXHUX
MPEACTABIAIOT cCOO0M COOPKY M3 TpeX NapajljielbHO BKIIOUEHHBIX YHHUBEP-
CalbHbIX MOAyJsiel. IlepBbIii 3TaXX COCTOUT W3 IOIOJHUTEIBHBIX MOIYJIEU
OITH/I.

Kaxxnplil 351eMEHT — 3TO MOCIeA0BATENbHbIA HA0Op HEJIMHEHHBIX PE3U-
CTOpOB, 3aKJIIOYEHHBIX B M3OJISLIMOHHYIO MOKPBIIMIKY U3 MOJIUMEPHBIX MaTe-
pHAJIOB.

56



il dd did dd

L

LTI

_E_:q__ﬁ

LARRRRAL

({0

(i

Puc. 1.13. OITH-10/11-10(1IT) YXJI1

il
u
|

g s

Il

(i

CCCCCCFCCCCEREERTRE 2 CTTTURPYFFFFRRNITIN - dFFAAIF

i
_....:__.__—

(AL

T

i

(AL

JACRRCERLRRREAL

K

I

1]

[

I

I )

Puc. 1.15. OIIH 500/333-20(V) IV YXJI1

57

Puc. 1.14. OITH-220/200-10(I) IV
YXII1



1.5.3. TokoorpaHnYMBaKOIIKeE ANNAPATHI

ToxoorpanunyuBamIme peakTopbl IPEACTABISIOT COOOM anmaparsl,
npeaHa3HaueHHbIE sl orpaHndyeHus TokoB K3 B anekrpuueckoii cetu. [Ipu-
MEHEHHE PEaKTOPOB MO3BOJISIET CHU3UThH TPEOOBAHUS K 3JIETPOAUHAMUYECKOM
U TEPMUYECKOW CTOMKOCTH MPOBOJAHMKOB M amlaparoB; OOJETYUTh paboTy
psAla BJIEMEHTOB JJIEKTPOYCTAHOBOK, B TOM YHCJIE T€HEPATOPOB JJIEKTPO-
CTaHLNM, MPU NMEPEXOIHBIX MPOLECCaX, CHU3UTh CTOMMOCTD 3JIEKTPOYCTAaHO-
BOK U PaCHpPENEIUTEIbHBIX CETEN.

Hanbonee mupoko peakTopbl UCMONB3YIOTCA B ceTsix 6—10 kB, rae
NPUMEHSIOTCS CyXUe€ OETOHHBIE PEAKTOPbl PA3IMYHOTO HUCHOJHEHHS IS
BHYTPEHHEW M Hapy>XHOU ycTaHOBOK [3, 4, 16]. Cyxol peakTop — 3TO Ka-
Tylika 0€3 CTaJIbHOTO CepJIeYHUKa C M30JMPOBAHHBIMU JIPYT OT JApyra BHUT-
KaMH, YKPEIJIECHHBIMU B OETOHHOM KapKace.

IIo KOHCTPYKTMBHOMY HCHOJIHEHHUIO PA3INYalOT OJWHAPHBIE U CIBOECH-
HbIE PEAKTOPHI, IO MECTY BKJIFOUECHHS — CEKIIMOHHBIE U JIMHEIHBIE, 10 XapaK-
TEPUCTUKAM — PEAKTOPHI C TUHEWMHON U HEJIMHEMHOU XapaKTEepPUCTUKAMHU, pe-
AKTOPBI YIIPABIISIEMBIC U HEYIIPABIISIEMBIE.

CIBOCHHBIN pEaKTOp MMEET JOMOJHUTENIbHBIM BBIBOJ B CEpeAUHE 00-
MOTKH, TPUYEM MEXK]Y YacTAMU OOMOTKU CYIIECTBYET AJIEKTPOMArHUTHAas
cBs3b. [Ipu OTCYTCTBUUM TOKa B OJHOM U3 4yacTeil 0OMOTOK, Apyrasi 4acTb 00-
JaJJaeT HEKOTOPBIM UHAYKTHUBHBIM COMPOTUBIICHUEM X .

Pe3yabTHpylomee CcONpOTHBJICHHE CABOCHHOIO peaKTopa Cylle-
CTBEHHO HM3MEHSIETCSI B 3aBUCUMOCTH OT peXHMa €ro padoThbl, 3HAUEHUS U
HaIlpaBJICHUS] TOKOB B BETBSIX.

Paznuuator cnegyroniye pexuMbl padoThl CABOCHHOTO peaKkTopa:

— oxHortenHou (puc. 1.16, a);

— IBYXIICTIHOW WM CKBO3HOM (puc. 1.16, 6);

— npoaoabHbId (puc. 1.16, 6);

— KoMOuHUpoBaHHbIN (puc. 1.16, 2).

Ecnu TOK mpoxoAauT TOMBKO MO OJAHOM BETBU, TO PE3YJIBTUPYIOUIEE CO-
npoTuBiieHHE peakropa (puc. 1.16, a, puc. 1.17, a):
=X (1.19)

P

Ecau peaktop paboraer B AByXx1ienmHOM pexume (puc. 1.16, 6, puc. 1.17,
0), TO HalpsHKEHUE HA PEaKTOpPEe C YUYETOM B3aUMHOW MHIYKIIUU PaBHO:

(—]P = L]xL - lzij s
raoe X,, = kCBxL — COINPOTHUBJICHUE B3aUMHOW MHYKTUBHOCTH,

58



k., — xoaddurment cps3m.

[Ipy W3TOTOBICHWM CIABOCHHBIX PEAKTOPOB OOBIYHO TPHHUMAIOT
k., =0,5.

C y4eToM TOTO 4TO BETBH pEaKTOpa, Kak MPaBUIIO, HATPY>KEHbI OJIMHA-

koo u toku 1, =1, = I,  moxHO 3anmcath:

QP = lPxL(l_kCB)-

Us
lloUo |1
lLMU llzuu | 1
——U, —— U, ——U. — U:

+ Uo

N
/=

NaV llz TL

6 o4

Puc. 1.16. Pexxumbl paboTHI CIBOGHHOTO peakTopa
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Puc. 1.17. Cxembl 3aMelIeHUsI CIBOEHHOTO PEAKTOPa

Torna pe3yabTUPYIOIIEE CONPOTUBICHUE PEAKTOPA
Xp = ‘xL(l_ kCB) .
Hpu kCB ~0,5

x, =0,5x, . (1.20)

Taxkum oOpazom, B ABYXIIEITHOM (CKBO3HOM) PEXXHME PE3yIbTHPYIOIISe
COTPOTHUBJICHUE PEAKTOpPA YMEHBIIACTCS OJIaro1apsi MAarHUTHOM CBSI3H MEXKITY
BETBSIMHU, YTO MPUBOJUT K MEHBIITUM IMOTEPSM HAMPSDKCHUS B HOPMAITLHOM
peXHUME.

Ecnu peakTop paboTtaeT B npoaoiasHOM pexume (puc. 1.16, 6, puc. 1.17,
8), TO PE3YIbTUPYIOIIEE COMPOTHBICHUE PEAKTOpPa C YUYETOM B3aUMHOMN WH-
JTYKIUH (COTJIacCHOE BKJIFOUEHHUE KaTYIIIEeK) PaBHO:

x,=2x,+2x,=2x,(1+k_.).

Hpu kCB ~0,5
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X, =3x,. (1.21)

Takum 00pa3om, B MPOJAOIBLHOM PEXHUME, KOTOPHIH MOKET UMETh MECTO
npu K3, pesynprupyromee COnpoTUBIEHUE PEaKTOpa yBEIUMYUBACTCS, UTO
IPUBOAMT K Oosiee 3pPpexkTuBHOMY orpaHudeHuto TokoB K3.

B kOMOMHMpPOBAaHHOM pEXUME PEAKTOp MPEACTABISAETCS TPEXITyueBOU
cxemoit 3amerienus (puc. 1.16, e, puc. 1.17, 2). Takoit Bux cxema npuoope-
TaeT MOCIIe Pa3BsI3KHU.

VYkazanusi K BRIOOPY OJMHAPHOTO PEakTopa U MpuMep BbIOOpa CIBOCH-
HOT'O PEAKTOpa MU3JI0KEHBI B [3].

1.5.4. U3mepuresibHbIC AINIAPATHI

Tpancdopmarop Toka (TA) npeaHazHayeH 11 TOHKEHUS IEPBUYHOTO
TOKa (COTHH W THICSYM amIiep) 10 CTaHAApTHOM BeaMuMHbl 5 A wm 1 A u md
OTAEJTICHUSI LENed W3MEPEHHs U 3alUThl  OT MEPBUYHBIX LIEMEH BBICOKOIO
HanpsHKEHUSL.

KoHcTpykiust 1 Tumbl TpaHchopMaTopoB TOKa paccMOTpeHbI B [2, 3, 7].
Kparko MOXXHO OTMETUTB, YTO BCE TpaHCHOPMATOPHI TOKA UMEIOT CEpICYHUK U
JBe OOMOTKH: TEPBUYHYIO M BTOpUYHYIO. llepBuUuHas OOMOTKa BKIIOYAETCS
MOCJIEIOBATENIbHO B II€MIb  M3MEPSIEeMOro TOKAa, KO BTOPUYHOW OOMOTKE
MPUCOCTUHSIOTCST U3MEPHUTENBHBIE TTPUOOPHI, CYETUMKHU, YCTPOWCTBA peNeHON
3aIlUTHIL.

TpanchopmaTop Toka XapaKTepuszyeTcsi HOMUHAIBHBIM KOA(P(PHUIIMEHTOM
TpaHc(opMalu, KOTOPHI paBeH OTHOIIECHNIO HOMHUHAIILHBIX TOKOB B TIEPBUYHOM
U BTOPUYHOM OOMOTKaxX. JleMCTBUTENbHBIN KOI(DPHUIMEHT TpaHChOpMaLuH
OTJIMYAETCS OT HOMHHAIBHOTO BCIIEICTBUE TNOTEPh B TpaHchOpMaTope, UTO
BBI3bIBAET IMOTPEIIHOCTh B HM3MEPEHHMU TOKa. KpoMe TOKOBOHM MOTpEenIHOCTH,
MMEETCS YIIIOBasi, KOTOpasi ONPENEIIeTCs] KaK yroJl CIBUTa BEKTOpa BTOPUYHOIO
TOKa OTHOCHUTEJIbHO BEKTOpa MEepPBUYHOrO ToKa. OmnpeenieHue MOrpenrHocTe,
CIOCOOBI MX YMEHBITICHHS U3JIOXKEHBI B [7].

[lo BelMMUMHE  MOTPEMIHOCTEHM  Pa3IM4alOT  KJIACChl  TOYHOCTH
TpaHnchopmaTopoB Toka (Tadmuia 1.5).

Tabmuma 1.5
Kaacc TounocTu O0JacTb MpUMEHEHMsI

0,2 Tounble 1a00paTOpHBIE U3MEPEHUSI

0,5 [ TpuGopHI yueTa AIIeKTPOIHEPTUI

1,0 Bce Tumbl 3a1MT U IMTOBbIE IPUOOPHI
3,0u 10,0 TOKOBBIE 3aLUTHI K AMIIEPMETPhI

A Crenpanbhble 1y1s AU PepeHInaTbHbIX 3aIUT

3 Ji1s1 3eMIISTHOM 3aIIUTHI

P JU1s MpoYMX penerHbIX 3alUT

TpancdopmaTopsl Toka pabOTarOT B CBOEM KJIacCe TOYHOCTU TOJIBKO MPU
HOMHUHAIBHOM Harpy3Ke, IpHU YBEIMYEHUH HArpy3KH IOIPEIIHOCTH TaKXKe
YBEJIMYMBAIOTCHL.
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TokoBble 1IeMM M3MEPUTENIBHBIX NPHOOPOB M pelie MMEIT Malloe
CONPOTHUBJICHUE, TO3TOMY TpaHCopMarop TOKa HOPMalIbHO paloTaer
IPAKTUYECKH B PEKUME KOPOTKOrO 3aMblkaHUs. Eciy pa3oMKHYTh BTOPHUUHYIO
OOMOTKY, TO PE3KO YBEJIMUMBACTCSI MATHUTHBIM MOTOK B CEPJICYHUKE, TaK KaK B
HOPMAJILHOM PEXMME BTOPHUYHBIN TOK CO3AET pa3MarHUYMBAOILIMI MTOTOK, a MpU
€ro0 MCYE3HOBEHUH IOTOK B CEPIEYHMKE OIPEAEIAeTCs IEPBUYHBIM TOKOM. B
PEXUME XOJIOCTOTO XOJA CEPACYHMK MOXKET HArpeTbCsl 10 HENOITyCTUMOM
TEMIIEpaTypbl U BO BTOPHUYHON OOMOTKE MOSBUTCS BBICOKOE HAIPSKEHHUE,
JOCTUTAIOLIEE B HEKOTOPBIX CITy4astX HECKOJIBKUX KUJIOBOJIBT.

BBumy yka3aHHBIX SIBICHWH pa3MbIKaTh BTOPUYHYI0 OOMOTKY HeE
pazperaercs. [Ipu HeoOX0MMMOCTH 3aMeHbI U3MEPUTETBHBIX TPHOOPOB WK Pelie
Npe/IBAPUTENIBHO CTaBUTCA 3aKOpOTKa. be3omacHocTh pabOThl BO BTOPUYHBIX
LETISIX TAKKE JOCTUTAECTCS 3a3€MIIEHUEM OJTHOTO U3 BTOPUYHBIX BBIBOJIOB.

KoHCTpyKTHBHO TpaHC()OpMATOPhI TOKA Pa3INYalOTCs IO POy YCTAaHOBKU
— HA BHYTPEHHME W HAPYXKHBIC; 110 KOJIMYECTBY CTYIIEHEH W30JLALUM — C OJHOU
CTYIICHBIO U JABYMS (KacKaJHbIE); 10 KOJIMYECTBY BUTKOB MEPBUYHON OOMOTKU —
Ha OTHOBUTKOBBIE M1 MHOTOBHUTKOBBIE; [0 THITy M30JISIMM ((hapdop, SmoKcHIHas
CMOJIa, TPAaHC(OPMATOPHOE MAaciO); MO CHOCOOY YCTAHOBKM — OIOPHBIE WM
NPOXOJIHBIE; MO KOJIWYECTBY BTOPUYHBIX OOMOTOK (OT omHOM 10 msatH). Bcee
TpanchopMaTopbl TOKa HUMEIOT ofHodaszHoe wucnonHenue. s u3MepeHus
00X 3HaYeHui TokoB (20 — 50 kA) B yctanoBkax 10 — 24 kB u B ycraHOBKax
750 kB u BbIne pa3paboTaHbl NMPUHIUITHAIGHO HOBBIE OITHKO-DJIEKTPOHHBIC
HU3MepHUTENbHBIE TpaHchopMaTopsl [ 3, 8].

Br10op TpanchopmaTtopoB Toka paccMoTpeH B [3, 7].

Tpauncpopmarop Hanpszxkenus (TV) npennasHaueH Ui NOHWKEHUS
BBICOKOT'O HAIPSKEHMSI 0 cTaHaapTHOM BenmmurHbl 100 B u ans otnenenus uenen
V3MEPEHNS] U PEJICMHOW 3aIlMThl OT MEPBUYHBIX LIETIEH BBICOKOIO HAIPSKCHUSL.
TpancdopmaTop HampspkeHHST MO CXeME BKIIOYEHHS HAllOMHHACT CHJIOBOM
TpaHchopmarop, ero nepBUYHas OOMOTKa BKJIIOYEHA Ha Hampsbkenue cetu U, a
KO BTOPUYHOM OOMOTKE C HampspkeHueM U, NMPUCOEIUHSIOTCS MapajuIeNIbHO
KaTyILKA U3MEPUTEILHBIX NPUOOpOB U pene. [ 6e30macHOCTH 00CTyKUBaHUS
OJIH U3 BBIBOJIOB BTOPUYHOM OOMOTKH 3a3€MIISIETCSL.

TpancdopmaTop HanpspkeHus, B OTIMYME OT TpaHchopMaropa TOKa,
paboTaeT ¢ HeOOBIION HATPY3KOU B PEKHIME, OJIM3KOM K XOJIOCTOMY XOJIY.

PaccessHne MarHWTHOrO INOTOKAa M IOTEPU B CEPACYHUKE NPUBOIAT K
HOT'PEIIHOCTU U3MEPEHUsl HanpsbkeHusl. Tak e Kak B TpaHc(opMaTopax TOKa, B
TpaHchopMaTropax HaNpsDKEHUS MMEETCSl YIJIOBas MOTPEIIHOCTh. Broprunas
Harpy3ka W3MEpUTENbHbIX NPUOOPOB M pele He JODKHA IPEBbIIATh
HOMMHAJIBHYIO MOIIHOCTb JUIS 33/IaHHOIO Kjlacca TOYHOCTH TpaHcpopmartopa
HAIpPsDKEHUS, TAK KaK 3TO IIPUBEAET K YBEIMYEHUIO ITOTPELIHOCTEN.

TpanchopmaTop HanpsLKEHUs UMEET O/IHY WM JBE BTOPUYHBIE OOMOTKH —
JUTSl U3MEPEHUS HAIIPSDKEHUSI M A71s1 KOHTPOJIS M30Jsiuy. OOMOTKa /1715l U3MEpEHNs
JIMHENHBIX U (ha3HBIX HAMPSDKEHUN COEMHEHA B 3BE3/y C BBIBEICHHOM HYJIEBOM
Toukol. OOMOTKa, COEMHEHHAs B Pa3OMKHYTBII TPEYTroOJIbHHK, MpeaHa3HaueHa
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JUIS| TIPUCOEIMHEHUS peJie HaNpsHKeHUs. B HopMaTbHOM pexrMe Ha BBIBOJAX ATOM
OOMOTKH HAIIPSHKEHUE PABHO HYIIIO, PH 3aMbIKAHUW HA 3eMJIIO B IEPBUYHOM CETH
CUMMETpHS HaNpsDKEHUH HapyllaeTcs W Ha OOMOTKE MOSBISIETCS HaMpsbKEHHE
JIOCTaTOYHOE IS cpabaThIBaHUs pedie.

KoHcTpykTHBHO TpaHchopMaTtopbl HANpsLKEHHS PasiiMyaroTcss M0 POy
YCTaHOBKHM (BHYTPEHHHE, Hapy>KHBIC); MO KOJMYECTBY (ha3 B OIHOM KOpITyCe
(omHO(a3HbIe WK TpexdaszHbIe); M0 KOTMUYECTBY CTyTEHEH M30JISIMU (O1HA WA
OoJbllle, T.€. KacKaJHbIE); MO THUIy H3OSIIMH (CyXH€ WIM MAacisHbIe); 10
KOJIMYECTBY BTOPUYIHBIX OOMOTOK (O/THA UJIH JIBE).

TpancdhopmaTtopsl HanpsbkeHusi cyxue, ogHodasHble WM Tpex(azHbie ¢
BO3IyLIHBIM OXJIQKJICHUEM M3rOTaBIMBAIOTCS TOIBKO JUIsl BHYTPEHHENW YCTaHOBKU
HanpsbkenueMm 10 6 kB BxmounrtensHo (HOC, HOCK, HTC). OcranbHble uMeroT
MacJITHOE OXJIAKJICHHEe, MoMeraroTes audo B crampHoi Oak (HOM, HTMK,
HTMU — onnodazubie win Tpexdasnsie) wim B dapdopossii kopmyc (HKD —
TOJbKO opHO(a3zHbie). B Hacrosiiiee Bpemsi B ycraHoBkax or 3 g0 35 kB
BKJIIOYUTETIBHO TNPUMEHSIOTCS OJHO(a3Hble Tpac(opMaTopbl HAMpPSHKEHUS C
muroi m3omsiueit — HOJI, 3HOJI.

B ycranoBkax 330 — 500 kB xackamnbie TpaHcopMaTophl HampsiKe-
HHMSI MMCIOT KJIacC TOYHOCTH | M 3, Tak Kak 4eM OOJbIlIe KacKagoB, TEM
Oosbllle UHAYKTUBHBIE M AKTHBHBIE COMPOTHBIEHUS 0OMOTOK. [loaTomy B
yctanoBkax 330 kB u Bblllle TPUMEHSIIOT TpaHCPOPMATOPHBIE YCTPOUCTBA C
eMKocTHBIM oT60opom momuocTu (HIE) [2, 7].

B Tabn. 1.6 yka3aHel OCHOBHbIE (DAKTOpBI, KOTOpPBIE HEOOXOANMO
YUUTBIBATH MPHU BHIOOPE BBIKJIIOYATENIEH, pa3beIUHUTENEH, PEAKTOPOB, U3MeE-
PUTENBHBIX TPAHC(POPMATOPOB TOKA M HAMPSIKEHUS MPU BBITOJIHEHUH Y4eO-
HOT'O KypCOBOI'O IPOEKTA.

B rpade ycrnoBus Beibopa (Tabm. 1.6) cieBa ykazaHbl pac4eTHbIC BEJU-
YUHBI, CIpaBa — TaOJIMUYHbIE (KATAJIOXKHBIE) MapaMEeTPhl ANEKTPUUECKUX all-
napatoB. [Ipu BbIOJHEHNH KYpCOBOr0O MPOEKTA MO AUCLUILUINHE « DIEKTPH-
YyecKas 4acTh CTaHI[MI» MPOBEPKa BHIKIIIOUATENIEH IO BOCCTaHABIIMBAIOIIE-
MyCsl HAaIPSDKEHUIO HE TIPOU3BOIUTCS.

1.5.5. ToxkoBeayumue 4acTH NEPBUYHBIX HeNel

IIIuHabl pacnpegeJuTeJbHbIX YCTPOMCTB. COEIMHEHUE AallapaToB
DIIEKTPUYECKOW YCTAHOBKM MEXAy COOOH OCYIIECTBISETCS HEU30JIMpPOBaH-
HBIMHU NPOBOJHUKAMHU — IIMHAMU U U30JMPOBAHHBIMU IPOBOJHUKAMU — Ka-
Oensimu. B pacrnpenenuTenbHbIX yCTpoilcTBaX HauOOJIbLIEE PACIPOCTpaHe-
HUE TOJYYWIM LIMHBI 0Jaroaaps NpocTOTe MOHTaXKa, HKCIUTyaTal[uH, BbICO-
KOM DKOHOMHUYHOCTH Y HaJIC)KHOCTH.
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Tabmuma 1.6

@axroper, Tun >;1eMenTa
N YUUTHIBAEMBIE V CIOBIS Q |QS |TA |TV |LR
npu BeIOOpE
BBIOOpA
1| HomunansHoe Uycm <U,om + |+ [+ [+ |+
HAIPSHKCHHE
2 | HoMuHaIIBHBII Lons < Lon + |+ |+ +
(ATUTENBHBIIN) TOK P
I max < HOM + |+ |+ +
’ I, < +
OTKIr0Yaroas n,v OMK.HOM
(koMMyTalmMoHHas) | | < _ \/_ +
CIIOCOGHOCTD a,r = tanom 2B, omrc.nom
V2, i, ) SN (1 4) |+
* I,,<I +
DJIeKTpOANHAMH- n0 — " oun
4ecKasi CTOMKOCTb ly <i, + |+ |+ +
c)uH \/_] HOM +
’ B <1 + |+
Tepmuueckas mepalmepy
CTOMKOCTh < (ky IIHOM) tmepM +
° =7,<7Z +
Harpyska BTopud- 2~ "2,HoM
HBIX LENeH S2 < SZHOM +
7 | Horeps mnanpsxe- | AU < AU +
HUSL B HOPMAJILHOM don
pexume
8 | TokoorpaHHYCHHUE X +
9 | OcrarouHoe U > 65-70 % +
HanpsDKEHHE PU
K3 3a peakTopom
101 BoccranasnuBato- +
IIeecst HAIPSDKCHUE
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KecTkue aqMHUHHMeBbIe HIMHBI PUMEHSIOTCS B YCTAaHOBKAaX reHe-
patopHoro Hamnpspkenus (puc. 1.18). Ipu Toke 1o 2000 A npumMeHsIOTCS 01-
HOMoJIocHbIe MHbI (puc. 1.18, a), mpu Tokax 2000 — 3000 A — nByxmo-
Jocuble muHbI (puc. 1.18, 6), npu Tokax 3000 — 10000 A — kopoduaThIie
mmHbI (puc. 1.18, 6). B kopoO4aThIX MmUHAX JydIlle MPOUCXOAUT OXJIaXK/Ie-
HUE, MEHbBIIIEE BIUSHUE OKA3bIBAIOT MOBEPXHOCTHBIN 3P ekt u ap ekt Omau-
30CTH, TO €CTh METaJI UCIOIb3yeTcsa Oosee moyHo. JlomycTumast miI0THOCTD
TOKa IIMH KOpOOYaTOro CEYeHHUsl 3HAYUTEIbHO OOJbIIe, YeM y IIMH IPSIMO-
YroJIbHOTO ceueHus [3].

aA

a o 8 2

Puc. 1.18. KoHCTpyKIIMY KECTKUX IIHH:
@ — OJTHOTIOJIOCHBIE, 6 — IBYXIIOJIOCHBIE, 6 — KOpoOUaTkIe,
2 — KOMILJIEKTHBIN 3KpaHUPOBAHHBIN TOKOIIPOBO/I;
1 —3KkpaH, 2 — TOKOBeAyLIas 4aCTh, 3 — U30JITOP

B 1ByX- U 0COOEHHO TPEXMOJIOCHBIX IIMHAX MaTepHa IIUH UCIO0JIb3Y-
€TCsl HE B MOJIHOM Mepe, TaK KaK TOK pacipenessieTcss HEpaBHOMEPHO 1O ce-
yeHuto Onaroaaps 3gpdexty OJU30CTH U TOBEPXHOCTHOMY (P eKTy, mosToMy
TPEXIOJIOCHBIE IIMHBI B HACTOSALIEE BPEMSI HE MPUMEHSIOTCs. Pa3Mepsl miuH
U COOTBETCTBYIOIIME UM JIOMYCTUMbIE TOKH M3 YCJIOBHS HarpeBa B HOpMalib-
HOM peXXUME MPUBENIEHBI B [3, 5.

KomiuiekTHble moga3HO-3KpPaHMPOBaHHbIe TOKONMPoBOAbI (KOT)
TaK)Ke MOJYYWIH IIUPOKOE PACIIPOCTPAHEHUE IS COSMHEHUS TEHEPATOPOB
MOIIHOCTHI0 60 MBT 1 Gonblie ¢ MOBBIMIAIOIIMMU TpaHchopmaTopamMu B
OJIOUHBIX 3JEKTPOCTAHLMSX, a TAKXKE JJII T€HEPAaTOPOB yKa3aHHOW MOIIHO-
CTH, pa0dOTaIOMX Ha COOPHBIE HIMHBI FTEHEPATOPHOTO HAMPSIKEHUS, B TIpejie-
Jax mammHHOTO 3ana. Ha puc. 1.18, 2 mokazana onHa (aza TokonmpoBoja, Co-
CTOSIIIAsl U3 MIUHBI [IWIMHAPUYECKON (HOPMBI, YKPEIIJIEHHON C TTOMOIIbIO Ye-
TBIPEX HU30JSATOPOB BHYTPU METAJUIMYECKOTro 3KpaHa. KOMIIEKTHBIM TOKO-
MPOBOJI 00ECIEYMBAET BBICOKYIO HAJIEKHOCTh pabOThl M TpeOyeT MeHbLIe
BPEMEHU JJII €r0 MOHTaXa, Tak Kak oTAesbHble d5eMeHThl KOT nmoctynator
Ha CTaHIMIO B TOTOBOM BH/IE.

I'n0xue MUHBI TPUMEHSIOTCS HA OTKPBITOM BO3J1yX€ JJIsI COCUHEHUS
CWJIOBBIX TpaHC(opMaTopoB (aBTOTPaHCHOPMATOPOB) CO COOPHBIMU IITMHAMU
OTKPBITBIX pacnpenenurenbHbix yerpoicT (OPY) 35 kB u Beime. B OPY
BCS OIIMHOBKA U COOpPHBIE IMHBI BBITIOJHAIOTCS U3 aJIOMUHHUEBBIX U CTajiea-
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JIOMUHUEBBIX MPoBOAOB. B ycranoBkax 330 kB u Bbilie kaxnasa ¢asza cocro-
UT U3 ABYX-TpeX MPOBOAOB. DTO HEOOXOAMMO JUIsl YCTPAHEHUS 3JEKTpUYe-
CKOTO pa3psiia BOKpYI IPOBOJa (SBJIEHUE KOPOHBI B 3JIEKTPUUECKHUX IOJISIX
BBICOKOW HAMPS>KEHHOCTH).

B 3aBucuMocTH OT 0COOEHHOCTEW KOHCTPYKTHBHOTO PEIIECHHUS pac-
IIPEAECIUTENBHBIX YCTPOUCTB U B3aUMHOI'O PACIIONIOKEHUS MAILIMHHOTO 3aJ1a,
rJIaBHOTO pacnpenenutensHoro ycrporctsa (I'PY) u otkpeiToro pacmpene-
mutenbHoro ycrpoiicrea (OPY), BO3MOXHO mpUMEHEHHE THOKUX IIMHOIPO-
BOJOB B ycTaHoBKax 6 — 10 kB u xecTkux TpyO4aThIX IIMH B YCTAaHOBKAX
110 kB u BbILIIE.

B ycranoBkax 35 kB, Kak 3akpbITOro, Tak U OTKPBITOI'O THIIA, MOTYT
IIPUMEHATHCS KECTKHUE aJFOMUHHUEBBIE NIPSMOYTOJIbHBIE IIUHEI [3, 7].

XecTkue mmMHBI OKpalnBaroTes: ¢aza A — KeNThli 1BeT, Ga3a B — 3e-
neHbld 1BeT, pasa C — kpacHbIl 1BeT. OKpacka IUH O0JIerdyaer HKCIuTyaTa-
LU0 U YJIYYIIAET YCIOBHS OXJIAKICHUS.

Ceuenue mmH B yctaHoBkax Beimie 1000 B BwriOupaeTcs u3 ycinoBus
HaUMEHBIINX €XETOAHBIX IKCIUTyaTallMOHHBIX pacxooB. Takoi BeIOOp mpo-
WU3BOAUTCS U3 IKOHOMUYECKOU INIOTHOCTH TOKA:

I

— T HO
S /4

9 } 1.22
I (122)

rne 1 1op — TOK HOPMAJIbHOTO PEXUMA,;
: 2
J» — HODMHPOBAaHHasi 5KOHOMHMYECKAs IIIOTHOCTh ToKa, A/mm™ [1, 3].

Ceuenue, noxacuutanHoe mno (1.22), okpyrisgercs A0 OiMKalIIero
CTaHJAAPTHOI'O B MEHBIIYIO CTOPOHY, €CJIM OHO HE OTJIMYaeTcs Oojee yeM Ha

15 % ot S,. BpiOpanHOE TakuM 00pa30M ceYeHUE HaI0 MPOBEPUTH MO YCIIO-

BUIO JUIMTEIHHO JOMYyCTHMOIO Harpesa (TemrmepaTypa B HOPMAJIbHOM PexXH-
Me He 10/DkHa npesbimath + 70° C):

1. >1

oon — T H.mMax»

rme [ don — MOIYCTHMBIH TOK C YYETOM IIOIPABOK Ha TEMIIEPATYpy OKpYy»Ka-
IOIIEeH cpesbl Mo TabJMilaM JJIMTENbHO JOMYCTUMBIX HAarpy30K Ha IIWHBI U
MPOBOJIHUKHA CTAHAAPTHOTO ceueHus [3, 5], I n.max — MAaKCHMAJIBHBIM TOK

Harpy3Ky JaHHOW LIETIH.

[IIuHbI TakXe OJKHBI OBITH IMPOBEPEHBI MO YCIOBHUIO MPOXOXKIACHUS
toka K3 Ha quHaMHUYeCKyI0 U TEPMUYECKYIO CTOMKOCTh. Kpome TOro, muHbI
Ha 35 kB u BbIllIEe TPOBEPSIIOTCS MO YCIOBUSAM 00pa30BaHUs KOPOHHI [3].
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Crnenyer OTMETUTh, UTO TI0O SKOHOMUYECKOHN TUIOTHOCTH TOKAa HE BBIOU-
paeTcsi cedeHre COOPHBIX IIMH U OIIMHOBKA B mpesenax PY. 31o oObscHsaeT-
Csl TeM, YTO Harpy3ka COOpHBIX IIMH HEPaBHOMEpPHA, MHOTHE YYaCTKU IIUH

MMEIOT HATPy3Ky, MeHbIyio 1, , 94T0 06yCIOBIMBAET YMEHBIIEHUE HOTEPh

SHEPIUU B IIMHAX W BO3MOXHOCTh NMPUMEHEHHUS MEHBIIETO CEYCHUS, BbI-
OpaHHOTO JIMIIIH MO YCIOBUIO JJIUTEIIBHO IOIMyCTUMOI'O Harpena.

CunoBble ka0ean. /[ coeAMHEHNs OTIEIBHBIX JJIEMEHTOB Ha JJIEK-
TPUYECKUX CTAHLMIX W MOJACTAHIMIX HIUPOKO MpUMEHsIOTCS Kabenu. OHu
MPOKJIAABIBAIOTCS B KaHalaX, TYHHENSX, B MOJY U MO cTeHaMm 3xaHusa. Ka-
OeNbHbIE JIMHUHM HAILIM IIMPOKOE NMPUMEHEHUE B JICEKTPOYCTAaHOBKAxX COO-
CTBEHHBIX HYXkJ (C.H.) 3JeKTpocTaHluil. OHU MPUMEHSIOTCS AJISI COEIHUHE-
HUSA:

— JIBUTaTesied TOIUIMBOMOJIauu, CKJaJa, BCIIOMOTaTEIbHBIX I[EXOB CO
cOOpKaMu C.H.;

— TpaHCPOPMATOPOB COOCTBEHHBIX HYK]I C CEKITHSIMHU;

— JIBUTaTelie COOCTBEHHBIX HYXJ| B KOTEJIbHOM M MAIIIMHHOM 3aJi€ C
nmutanueMm 6 kB u 0,38 kB.

KabenbapiMu nunusiMu 6 — 10 kB BBIMOSHSAIOTCSA TMHUK HArpy3oK, OT-
xoasue oT muH 6 — 10 kB anekTpocTaHUMil U TOPOACKUX MOJACTAHIUN K
MOTPEOUTEIISIM.

HauGomnbiee pacnpocTpaHeHUE MONYUYWIH TPEXHKWIbHBIE U YEThIPEX-
KWIbHBIE Kabenu ¢ OyMakHOM n3ossinuen. Kabenb nMeeT TOKOBEIyIINE JKU-
JIbl, OJIHOTIPOBOJIOYHBIE WM MHOTOIPOBOJIOYHBIE, U3 MEAU WU AIFOMUHMUS,
W30JMPOBAHHBIE OYMaXKHBIMU JICHTAMHU C MPOMUTKOW CIEIHUAIBLHBIM COCTa-
BOM. TPEeX>KUJIbHBIM KaOelnb MOBEPX CKPYUYEHHBIX KUJ UMEET OOIIYIO IMOsic-
HYIO U30JISIUIO, HA KOTOPYIO HAKJIA/IbIBAETCSl CBUHIIOBAsI MM aJIFOMUHUEBAS
crutonTHasi 06oouka. OHa MpeAoXpaHsIeT U30JSAIUI0 OT TOMAIaHus BJIard U
BBICBIXaHUSI MPOMUTOYHOTO cocTaBa. OT MEXaHWYECKOr0 MOBPEKIACHUS Ka-
0eJib 3anuniaeTcs OpoHed U3 CTAIBHBIX JIEHT UJIU CTaIbHBIX MPOBOJIOK.

[[Iupokoe pacpocTpaHeHUE MOTYUUIU KaOeIu ¢ allOMUHUEBBIMU KU-
namMu B amtoMuHueBoi obosnouke — AAb u AABIT (nepBas OykBa A — aito-
MUHHEBBIE KUJIbI, BTOpasi A — altoMuHUEBasi 000JI04ka, b — OpoHUpOBaHHBIM
JIBYMsI CTaJIbHBIMH JICHTaMH, ' — rosiblif, ToO ecTh 0€3 BHEUIHEro 3alllUTHOTO
MOKPOBa BOKPYT OPOHH.

Ceuenue xabeneil BHIOMpAETCS O YKOHOMHYECKOU MIOTHOCTU TOKA C
MOCJIEAYIOIIEH TPOBEPKOM MO JUIATENIBHO JOIYCTUMOW Harpyske U II0 Tep-
MHYECKON cToiKOoCTH [3, 16.]

JlanHble 110 KabemsM MpUBECHHI B [3, 5, 6].

VYcnoBus BeIOOpa U MPOBEPKU MPOBOJHUKOB PA3TUYHBIX TUIIOB MPUBE-
neHsl B Tabnuite 1.7.
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Tabmuma 1.7

2 3
Co0p- | 1.1 1on =1 yaxe s 2- b < bpon; 3. 1,07E < 0,9E,
HbIe
IWMHBL | 1) npoBepsrores mo gonyctumomy Toky: 1 on>1 e (32 pabounii
ruokue

MaKCUMaJIbHBIA TOK NIl COOPHBIX IIIMH MPUHUMAETCS MaKCHUMAaIbHBIH
TOK CaMOTr'0 MOIIIHOTO MPUCOEINHEHUS);

2) mpoBepKa THOKUX IIWH HA CXJIECTHIBAHUE MPOU3BOUTCS, €CITH
1, ,>20KA,

b< bz[on s
re b — otknonenue nposoaa (aktuueckoe, Do — MaKCHUMATBHO J0-
IyCTUMOE OTKJIOHEHHUE MPOBOJA;

3) mpoBepsOTCS 0 YCIOBUSIM KOPOHUPOBaHUS B ycTaHOBKax 110 kB u
BBIIIIC:

1,07E < 0,9E)
rae £y — MakCUMasabHOE 3HAYEHUE HAYAJIBHON KPUTUYECKON HaIIPSIKEH-

HOCTH JJICKTPUUYCCKOTO II0JIA;
E— pacucTHasa HAIMMPSXKCHHOCTD SJICKTPUYCCKOTO IOJIA ITPOBOJHUKA

coop- | 1 L aon =1 make s 2- G S QK’()OH w g . <, ;3. f,>200 I
HBbIC

Oy = o-pacq.
IITNHBI
KECT- 1) 1O JI0MyCTUMOMY TOKY:
KHC
I 1011 21 yaxe s

2) nOpoBepsieTcs Ha TEPMUYECKYI0 CTOUKOCTh

'97< < "gk,don i qmin < q131)16 2

rae 4, — remmeparypa Harpesa muH Tokamu K3;

19’( don — HOIYCTHMasi TEMIICPATypa HarpeBa INPOBOAHNKA B pexume K3
(HopMmupyetcs [1YD);

9y — MUHHMAJIBHOE CEUCHHUE 110 TEPMHUYECKON CTOMKOCTH;

Q6 — BPIOPAHHOE cevcHNE;

3) OpOBEPSIIOTCS HA AIEKTPOJIMHAMHYECKYIO CTOUKOCTD:
a) UCKJIFOUEHUE MEXaHUYECKOTO pe30HaHCa:

£1,>200 I'y,

rae f,—4actora COOCTBEHHBIX KOJIECOAHUI INH;

0) pacuer Ha MEXaHUYECKYIO IIPOYHOCTh:
Onon= Opacu. >
i€ Opp; — JIOIyCTUMOE MEXaHUYECKOE HANPSHKEHUE B MaTEPHAIIE LIUH;

o-pacll.i PACUCTHOC MEXaHUYCCKOC HAIIPAXKCHUC
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ITponomxkenue tabmu. 1.7

1 2 3

3 | Tuokne | 1 Gue™%ois 2 L non 21 maes 3-0<bpom; 4. 1,07E <0,9E,
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r7ie b — OTKIIOHEHHE MPOBOA (PaKTUIECKOE;
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1,07E < 0,9E) .
rae Ey — MaKkCUMalbHOE 3HAaUEHUE HAaYaJIbHOW KPUTUYECKOM
HaIPSKEHHOCTH 3JIEKTPUYECKOTO TMOJIS;
E — pacueTHast HAMPSHKEHHOCTH AJIEKTPUYECKOTO TOJISI TPOBOTHUKA

4 | KaGenu LU ycT <U HOM > 2. qBH(gzan; 3'])10n leaKc ) 4. quI6> Qvu

1) o HanpspkeHuto yCctaHoBKH: U yop <U oy 5

2) 10 SKOHOMMYECKOH [IOTHOCTH TOKA: ¢ o~ (ny;

3) no nonyctumomy ToKY: [ ;on > 1 \raxe s

4) IPOBEPAIOTCA HA TEPMUYCCKYIO CTOMKOCTD: ¢ <> Gyyy

um 9 <8

,0on

CuiioBoii kabelnb BEIOUPAETCSl IO KOHCTPYKIMH, MO CIIOCO0Y MpoKiIaj-
KH. 3aTeM ceueHHe Kalesis BEIOMpAeTCsl MO SKOHOMUYECKON TUIOTHOCTH TOKa
C MOCEayIOEeld MPOBEPKOM MO JUTUTEIBHO JIOMyCTUMON HArpy3Ke H 1o Tep-
MHYECKOM cTolKocTH [3, 16].

JlanHble 110 KabemsM MpUBECHHI B 3, 5, 6].

1.6. CxeMblI 3JIEKTPUYECKUX COCIMHECHUN
JICKTPOCTAHUMUI U MOACTAHIMHA

1.6.1. O0mMe cBeAeHHUA 0 cXeMax

Kak 0b110 ckazaHo B 1. 1.2, cXeMbl 3JEKTPUUYECKUX COCIUHEHHM pa3-
JMYAIOTCS 10 HAa3HAYEHUIO HA NMPUHLMIHAIBHBIE, ONEPATUBHBIE U MOHTAX-
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HBIE; IO CIIOCO0Y M300paKeHUs — Ha OJTHOJIMHEWHbBIC U TpexXJIMHEeHbIe. B 3a-
BHUCHUMOCTHU OT TOT'O, KaKasi 4YacTh AJIEKTPUYECKOM YCTaHOBKU M300pa’keHa Ha
CXEMe, CIeQyeT OTIIMYATh IJIaBHBIE CXEMbI IIEPBUYHBIX COEAMHEHUIN OT BTO-
PUYHBIX CXEM aBTOMATUKH, PEIICHHON 3allIUThI, ONEPATUBHOTO YIPABICHUS.

['maBHOW CXeMOW Ha3bIBAa€TCS OJHOJIMHEWHAsh CXE€Ma, Ha KOTOPOH C
MOMOIIFI0 YCTOBHBIX 0003HaueHui [3] n300pakeHO OCHOBHOE 00OpYa0Ba-
HUe (TeHepaTophl, CUIOBbIE TpaHcPopMaTopsl (aBTOTpaHCHOPMATOPHI), JTH-
HUU TIepeay, TOKOBEAYLIME YAaCTH MU BJEKTPUUYECKUE amlmnapaTbl) CO BCEMU
BBITIOJIHEHHBIMU MEXAY HUMH COEAMHEHUSIMU.

Kpome riaBHOM cXeMbl 3JEKTPUUYECKUX COCAMHEHHUI AJIEKTPUYECKUX
CTaHUMM Y TOJACTAHIMKW CYIIECTBYIOT CXEMBI J3JIEKTPUUYECKUX COCIUHEHUU
COOCTBEHHBIX HY ]I, CXEMbI YCTAHOBOK MOCTOSIHHOTO TOKA, CXEMBbI pesieiHON
3aIIHUTHI, ABTOMATUKHU U T.J.

B pamMkax naHHOTO mocoOusi paccMaTpUBAIOTCS TJIABHBIE CXEMBI, MIPH-
MEHSIEMbIE HA CTAHUMSIX U MMOJCTAHIIHIX.

OcHoBHBIC TPeOOBAHMA K IVIABHBIM CXeMaM. DJIEKTPUYECKUE CTaH-
MU 00eCTeunBarOT MOTPEeOUTENCH TETUIOBOM M DAJIEKTPUYECKON JHepruei
(TOL) wunu Ttonpko snektpudeckod sHeprued (I'POC). becnepeboitHoe
cHaOXeHNE dHEepruei MoKeT ObITh 00ECeUueHO TOJIBKO MPH MPaBUIBHO BbI-
OpaHHOI cXeMe AIEKTPOCTAHIMK WX NoACTaHIUU. OCHOBHBIMU TPeOOBaHM-
MU, IPEABSIBISIEMBIMH K CXEMaM, SIBISIOTCA:

— HaJIC)KHOCTB;

— yZ100CTBO MPOBEAECHUS PEMOHTHBIX PadoT;

— omnepaTUBHAsI THOKOCTh;

— DKOHOMHUYHOCTb.

CreneHb HaJAEKHOCTH CXEMBI JIOJDKHA COOTBETCTBOBATH XAPAKTEPY
noTpeduTeneil, KOTopble MPUCOCAUHEHBI K AJEKTPOCTAHIIMM WM TOJCTaH-
1. Yem BeIlie TpeOOBaHKWE B OTHOIICHUH OecriepeOOMHOCTH AIEKTPOCHAO-
KEHUSI TOTpeOuTeNe, TeM HaJexKHee ToKHA ObITh cxeMa. Bece moTpedure-
JM ¢ TOUYKH 3pEHUS HaJIS)KHOCTH JIEKTPOCHAOXKEHUS pa3esisiioTcs Ha TPU Ka-
teropud [1].

[Ipu BBIOOpE CXEMBI CTAaHLIMU HA TEHEPATOPHOM HampsKeHUU 6 kKB win
10 kB yuuThiBaeTcs XapakTep MOTpeOUTENeH U CXEMBI CETel 3JIEKTPOCHAO-
eHus (MUTaHUEe MO OJMHOYHBIM WJIM NapaJlyIeIbHBIM JIMHUSAM, HAJIMYUE pPe-
3epBHBIX BBOJOB y notpeduteneil u T.4.). Eciu k mmuam 6 — 10 kB npuco-
€MHEHBbI JIMHUM, NUTarolue norpedutens | kateropun (XMMUYECKUA KOM-
OWHAT, MIAXThl, TOPOJICKOW BOJOMPOBOA MU T.1.), TO CTENEHb HAJECKHOCTHU
CXEMBbl JIOJKHA OBITh TaKOBa, YTOOBI IIPH JIFOOOW aBapuM Ha CTAHIUU HE Ipe-
Kpalajaoch nuTanue norpeodureneit. [Ipu Hanumumu morpedutens 11 karero-
puu TpeOOBaHME HANIEKHOCTH CXEMbl HECKOJIBKO CHH)KAeTCs, TaK Kak Mpu
aBapuy Ha CTAaHLIMHU (OTKIIOYEHHE FeHepaTopa, COOPHBIX IIUH, OTKa3 paboThI
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BBIKJIFOYATENS) TOIMYCKAETCsl MPEKPALEHUE MUTAaHUsl OTPEOUTENS Ha BpeMs
OIEPAaTUBHBIX MEPEKIIOUCHHI.

OnHako mpakTudecku TpyaHo BbiaenuTh JuHuu I, 11 unu III katero-
puu. OObr4HO 10 oaHOU JuHUKM 6 — 10 kB muTaroTcs moTpeduTeNnn Kak mep-
BOW, TaK W BTOPOM KaTErOpWH, MO APYrOW — BTOPAsl U TPEThA KATETOPUH.
MoO>KHO JTUIIIb TOBOPUTH O OOJNBIIEH HIIM MEHBIIEH OTBETCTBEHHOCTH JIMHUI.

[Ipun BBIOOpE ANEKTPUUECKOM CXEMbl CTAaHLMA WIA MOJACTAHUMN Ha
cropore 110 — 500 kB Take Henb3si TOBOPUTH O HEOTBETCTBEHHBIX JIMHUSX,
TaK KaK Kak/Jasi JMHUS UMEET BBICOKYIO MPOMYCKHYIO0 CIIOCOOHOCTh — MO OJ1-
HOM JIMHUU MOXHO TiepenaBath 60 — 500 MBT, To ecTh oOecrnieunBaTh MUTAa-
HUE LIEJIOr0 MPEANPUITHS WIN NMPOMBINUIEHHOTO paroHa. Jlunun 110 — 500
KB MOTyT ABJITBCS JTUHUSAMU CBSI3H MEXY OTACIBHBIMU YaCTAMHU dHEPIOCH-
CTEMBI WM MEXKIY Pa3IMYHbIMU dHeprocucreMaMu. OTKIIFOUEHHE TaKUX JIN-
HUI TNPUBEAET K CHWKEHUIO YCTOMYMBOCTH NapauleIbHOW pabOThl WM K
HapYILIEHUIO €€, YTO MOXKET Pa3BUTHCS B KPYITHYIO CUCTEMHYIO aBAPUIO.

Cxemspl craniuid Ha ctopoHe 110 — 500 kB nomxkHbI 00magath 00JIb-
IO HaJEeKHOCTBIO. B mIepByr0 ouepenib 3T0 OTHOCUTCS K KPYIIHBIM 3JIEKTPO-
cranuusam ¢ 6moxamu 300, 500, 800 MBT. Ilpu KOpOTKOM 3aMBIKaHHH B Ka-
KOU-TM00 YacTH 3JIEKTPUYECKOW YCTAHOBKHM TAKOW CTaHIMU U OJHOBPEMEH-
HOM OTKa3e pabOThl BBIKJIIOYATENS JOJKHO OTKIIFOYATHCSI MUHUMAIbHOE KO-
JMYECTBO OOOPYJIOBaHUSI — KakK MpaBWiIo, HE 0osiee OAHOTO OJI0OKa M OJHOU
WJIM HECKOJIBKHX JIMHUM, €CIIU MPU 3TOM COXPAHSAETCS YCTOMYMBOCTh YHEPTO-
cucremsl [12].

Cxema CTaHIIMHU JIOJDKHA 00JafaTh TOCTATOYHON T'MOKOCTBIO, T.€. M03-
BOJISITh OTKJIFOYEHHE allapaToB WM YaCTH YCTAHOBKU JJII PEMOHTOB U PEBHU-
3ui, oOecrieunBasi IpU TOM HOPMaJbHYIO padOTy MOTpeOuTeNel U He CHU-
’ast 0011y HaJIe)KHOCTh CTaHIMK. C TOYKHU 3peHus y100CTBa IKCILTyaTalluu
BBIBOJI B PEMOHT JOJDKEH MPOU3BOJIUTHCA MPU MUHUMAJIBHOM KOJUYECTBE
omnepaunii KOMMYTalMOHHOM almapaTypou.

OnepatuBHasi THOKOCTb ONpENENSIeTCS MPHUCIOCOOIECHHOCTBIO 3JIEK-
TPUYECKON CXEMBI JUIsl CO3/IaHHUsI HEOOXOAMMBIX 3KCIUTYyaTallHOHHBIX PEKH-
MOB ¥ HPOBEICHHS ONEPaTUBHBIX MepekitoueHuil. Hanbonpimmas omnepaTtus-
Hasi THOKOCTh CXEMBI JIOCTUTAETCsl, €CIIM OTepaTHUBHBIC MEPEKIIOYCHHS B HEH
IIPOU3BOJATCS IOCPEICTBOM aBTOMATHKHU.

['MOKOCTh CXEeMBbl BBIPAKAETCA TAaK)K€ B BO3MOXXHOCTH JCJICHHS yCTa-
HOBKH Ha YacCTH, YTO IIUPOKO MPAKTUKYETCS AJI1 CHUKEHUS TOKOB KOPOTKOTO
3aMbIKaHusA. Cxema Takke JOJDKHA IIPEeNyCMaTpUBaTh BO3MOYKHOCTDH PACIIN-
pPEHUS YCTAHOBKHU.

JKOHOMHMYHOCTb CXEMbI B OCHOBHOM OIIPEIEISAETCS KOJIMYECTBOM
AYEEK BBICOKOBOJBTHOTO OOOpPYAOBaHUS B PACIpEAEIUTEIIBHOM yCTPOICTBE
(PY). OGbiuHO MpPUHHUMAIOTCS BO BHUMaHUE SUYEHKW BbIKITIOUYaTeneit. bes-
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YCJIOBHO, YBEJIMYEHNE YKCIIA PA3bEIUHUTENIEH B CXEME MPU OJHOM U TOM XK€
YUCJIE BBIKJIIOYATENEH YBEIIMUUBAET 3aTPAThl HA COOpYKeHue PY.

YMeHbIIEHNE KOJUYECTBA YCTAHOBJIEHHBIX BBIKIIFOYATENIEH B CXEMax
CTaHLIMM Ha CTOPOHE MOBBILICHHOIO HANPSDIKEHUS NAECT CYLIECTBEHHBIM 3KO-
HOMHYECKUN 3(PPEKT, HO 3TO HE JOKHO MPUBOAUTH K CHUKEHHIO HACKHO-
CTH U TUOKOCTH CXeMbl. B MpOTHUBHOM Cilydae SKOHOMHUS OJHOM-IIBYX SYEEK
PVY 330 — 500 kB mMoeT NpuBECTH K BO3MOXKHOCTH aBAPUUHOTO OTKIIOUYCHHUS
3HAYUTEJIbHON T€HEPUPYIOIIEH MOILIHOCTH.

B cucreme mnpenycmartpuBaeTcsi pe3epB Uil MOKPBHITHS JeduuuTta
MOITHOCTH NPHU aBAPUMHBIX OTKIIOYEHHUSX, BETUYMHA KOTOPOTO OIPENENSIET-
Cs CYMMapHOW MOIIIHOCTBIO OJJHOBPEMEHHO OTKJIIOYAKOIIMUXCS arperaros. Ta-
KM 00pa3oM, yeM OOJIbIlIe arperaroB MOKET OTKIIOUUTHCS IMPU aBapuu B
cxeme PV, Tem Oosbliie 101KHA OBITH pe3epBHASI MOIIIHOCTh CUCTEMBI. Y CTa-
HOBKa JIONOJHUTEIBbHON PE3EPBHOM MOIIHOCTH B CHUCTEME IPUBOJHUT K
OOJBIIMM KaNHUTAIBHBIM 3aTpaTaM M CBOJUT Ha HET IKOHOMHIO 32 CYET
YMEHBIICHUS YUCIIa BBIKItOUaTesen B PY.

TpeGoBaHUg K CXeMaM CTaHIIMI JTOCTATOYHO Pa3HOOOPa3HBI, BBHIMOJ-
HEHUE HUX TpeOyeT BCECTOPOHHETO aHalIM3a CXEMbl CTAaHUMU U €€ CBS3H C
sHeprocucTeMoi u norpedutensiMu. OKOHYATENbHBIN BBHIOOP CXEMBI MPOU3-
BOJUTCA HAa OCHOBAHUM TEXHUKO-D)KOHOMHYECKOTO CPAaBHEHHUS BAapUAHTOB
cxeM, 001aJaloIIuX OJMHAKOBOM HaA&KHOCThIO [3, 21, 25].

1.6.2. AHa/1M3 NPUHIUNHUATIBLHOMU cxeMbl MOIIHOM TIII

Ha puc. 1.19 npuBeaena cxema TOI[ ycTaHOBIEHHOW MOIIHOCTBIO. ..
MBT.

Mormrusie TOI] ¢ arperatamu 50, 100, 135, 250 MBT umeroT notpedu-
TeJNel AIEKTPUUECKON SHEPTUU KaK Ha TeHEPaATOPHOM HamnpsikeHun 6 kB munm
10 xB, Tak 1 Ha MOBBIIIEHHOM HAMPSXKEHUU, YTO BBI3BIBAET HEOOXOJIUMOCTh
4acTh reHepaTopoB (0OBIYHO HAMOOJIEe MOIIHBIX) COCUHATD B OJIOKH C TIO-
BBITIIAOIITIMU TPpaHCPOPMATOPAMH.

B nannoii cxeme aBa reneparopa (G1 u G2) momiHoctsio 60-63 MBT
nnu 100—-110 MBT npucoenMHs0TCS K IPHAM T'€HEPATOPHOIO paclpeaeiu-
tenabHOro ycrpoiicrsa (I'PY) 6 kB nnu 10 kB. CymmapHast MOIIHOCTB reHe-
patopoB G1 u G2 gomxHa o0ecneynTs HAarpy3Ky noTpeduTesnei, npucoeam-
HEHHBIX K mHaM ['PY (c yu€tom c.H. renepatopoB G1, G2) u muHam PY
35 kB, B npoTUBHOM ciTy4yae HE UCKJIIOUEHA JABOMHAs TpaHc(opMaIius dJ1eK-
TPOIHEPTUH.

Ha mmnax I'PY noanepxusaercs HalpsKEHUE, paBHOE HOMUHAJIBHO-
My HaIpsDKEHHUIO UCTOYHUKA (reHeparopa) — 6,3—10,5 kB.

Hpyrue nBa renepatopa (G3 u G4), Takoii e MOIIHOCTH WA 0O0JIb-
e, pabotarT B 6J10Ke ¢ oBbIimatomumu Tpanchopmaropamu (T3 u T4) u
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BBIJIAIOT 3JIeKTpodHepruto Ha muHbl BH — 220 xB. Ha TOI] B 6;10ke Mex 1y
reHepaToOpOM U MOBBIIIAIOIIMM TPaHCHOPMATOPOM HEOOXOUMO YCTaHABIIU-
BaTh F'€HEPATOPHBIN BBIKIIIOUATENb [12].

KomnuectBo PY na TOII onpexnensieTcss HAaNpsHKEHUSAMH BbIIAYU AJIEK-
TPOSHEPIUM K MOTPEOUTENIM W HANPSHDKEHUEM CBSI3M 3JEKTPOCTAHLIMM C
HHEProcUcTeMoOil. MecTHbple NMOTPEOUTENHN MONYYarOT 3JEKTPOIHEPTHUIO Ha
Hanpsbkeruu 10 (6) kB ¢ mmn I'PY TOLI. Ha cxeme (puc. 1.19) 12 nunwuii Ha-
npsbkeHneMm 10 kB nurarorcs ot mmH ['PY crannum depes3 nBa CIBOEHHBIX
peaktopa. Takum oOpazom, yucio npucoeanHeHui k muHam ['PY ymensbina-
€TCsl 110 CPAaBHEHUIO CO CXeMOM 0e3 rpynmnoBbIX peakTopoB Ha 10 sueek, 4To
3HAYUTEIBHO YBEJIMYMBAET HAACKHOCTh paboThl ['PY, cHmxkaer 3atparhbl Ha
coopyxenue ['PY 3a cuer yMeHbIIEHUS YUCIIa PEAKTOPOB.

Ot mH ['PY Takke nutaroTcst coOCTBEHHBIE HYX bl reHepaTopoB G1 u
G2. B cinyuae ecniu ['PY umeer nanpspbkenue 6 kB, nmuranme coOCTBEHHBIX
HYKJl OCYLIECTBIIAECTCS YePe3 PEaKTUPOBAHHBIC JINHUM.

[ToTpeOuTenn pailOHHOTO 3HAYCHHS MPUCOCAUHSIIOTCA K muHaMm PY 6o-
jee BeIcOKoro HampspkeHus 35 kB (Ha puc. 1.19 nmokaszano 4 nunumn). Jlanb-
HEe AJIEKTPOCHA0KEHUE U CBS3b C SHEPIOCUCTEMOM OCYLIECTBISETCS C IIUH
220 kB.

Cesasb mexkny I'PY u PY 35 kB u 220 kB ocymecTBisercs asyms
TPeXOOMOTOUHBIMHU TpaHchopmaTopaMu cBsizu. Takas CcBA3b HeoOXoauMa
Il pe3epBupoBanusl Harpy3ok 6—10 kB wu 35 kB npu mianoBoM win aBa-
PUIHOM OTKJIIOUEHMHM OJHOTO M3 T€HEPATOPOB CTAaHLMH, a B HOPMAaJIbHOM
peXUMe — JJI1 BbIJAYU B CHUCTEMY HM30BITOYHOM MOIIHOCTH T'€HEPATOPOB.
TpexobmoTouHbIE TpaHCHOPMATOPHI CBSI3U MOTYT pabOTaTh Kak MOBBIIIAIO-
IIME B PEXKUME BBIIAYM MOILIHOCTU B CUCTEMY M KaK MOHWKAIOIIUE TIPHU Tie-
penaye MOIIHOCTH U3 cucTeMbl Ha mKHBI 10 kB wnm 35 kB nnsa nokpeitus
nepuImUTa MOLTHOCTU MPH PEMOHTE CamMOro MOIIHOIro reHeparopa. Pesep-
CHUBHas paboTa BBI3bIBACT HEOOXOAUMOCTh MMPUMEHEHHUS TPaHC(HOPMATOPOB C
PEryJIMPOBAHUEM HAMPSKECHUS 10 HATPY3KOU.

I'PY 10 kB BbINOJHEHO IO CXEME C OAHOM CEKIMOHUPOBAHHOMN CH-
cremoil mMH. C 1enbplo orpaHnyeHus TokoB K3 Mexay ceKuusMu yCTaHOB-
JIEH CEKIIMOHHBINA PEAKTOP.

CeKkUMOHHBIA peakTop BbIOHMpaeTcs Ha TOK, paBHbIM 50-70 % HOMU-
HaJIBHOTO TOKA I'€HEpaTopa ¢ HAaWOOJIBIIMM PEAKTHUBHBIM CONPOTHUBICHUEM
[0 KaTaJIory Ha COOTBETCTBYIOIIMNA HOMUHAIBHBIA TOK. CEKIIMOHHBIN peak-
TOp MO3BOJIIET OOJETYUTh aNMapaTypy B ILENAX T€HEPaTOpPOB U TpaHCHopMa-
TOPOB CBSA3U.

B Hacrosiee BpeMsi peKOMEHIYETCS YCTAaHOBKA IIYHTUPYIOLIUX pa3b-
€AUHUTENEN ISl CEKIMOHHBIX PEAKTOPOB B3aMEH IIYHTUPYIOLIUX BBIKIIIOYA-
tenel. llyHTHpOBaHNE CEKIIMOHHOTO peakTopa HE0OXOUMO IIPU BBHIBOJIE B
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PEMOHT OJJHOTO U3 reHepatopoB (Hanpumep G2), Ay noaaepKaHUs OuHa-
KOBOI'O YPOBHSI HANPSKEHUS HA COCEAHUX CEKIUAX U UCKIFOYEHUS TIOTEPH B
peaxkTope Ipu OOJBIIMX MEPETOKAX MOLTHOCTH, KOTOPbIE BO3HUKAIOT NP MH-
TaHUW Harpy3KH, MOAKIIOUYEHHON KO BTOPOM ceKluu, OoT reHepartopa Gl.

PY 35 kB Taxxe umeer 0Hy CEKIMOHUPOBAHHYIO CUCTEMY IIMH. B 11e-
N1 CEKIIMOHUPOBAHUA U1l MOBBIIICHHUS HAJAECKHOCTU PEKOMEHIYETCS yCTa-
HAaBJIMBATH JIBA [TOCJIEI0BATEIbHO BKIFOUEHHBIX CEKIIMOHHBIX BBIKIFOYATEIS.

OPY 220 B BbIIOJIHEHO ¢ AByMsI pabOYUMU U OOXOJHOM cucTeMaMu
IIMH C OTAEIbHBIMU OOXOJHBIM U IIMHOCOEIUHUTEIbHBIM BBIKIIOUYATEISIMU.
O6xoaHas cucTemMa UIMH NMpeJHa3HayeHa JJisi BO3MOXKHOCTU PEBU3UN U pe-
MOHTOB BBbIKJIIOUaTesiel 0e3 nepepbiBa NUTaHus. BeIBOAUMBIN B peMOHT (pe-
BU3MIO) BBIKIIIOYATEIb 3aMEHSAETCSE OOXOJHBIM BBIKIIHOYATENIEM, KOTOPHIH B
HOpPMAaJIbHOM peKuMe paboThl oTKI04eH. CienoBaTenbHO, 00X0AHAsI CUCTE-
Ma IIWH HaxoAuTcs Oe3 HampspKeHus, pasbeauHutenu QS, mpuHajuiexkaime
00XOJIHOM CHCTEME IIHH, TaKKe OTKItoueHbl. [Ipu uncne npucoeauHeHuit 12
u OoJjiee CEKIMOHUPYIOT 00e paboune cuctembl muH [12], mpu 3TOM yCTa-
HaBJIMBAIOTCS /IBa CEKI[MOHHBIX, JBa IIMHOCOEIUHUTEIbHBIX U JIBa 00XOAHBIX
BBIKJTIOYATES.

CXeMbl 3JIEKTPUYECKUX cOequHEHUN B PY pa3HbIX HanpspKeHW mpu-

BeJieHbI B [3, 4, 21] ¢ moapoOHBIM OMUCAaHUEM UX PAOOTHI.

1.7. Pe:xkumbl pad0OThl HEUTPAJIM B JICKTPHUYECKHUX
cucremMax

1.7.1. O0une cBeaeHus

PexuM HenTpanu ABiIsSeTCS BAXKHEUIIEN XapaKTEPUCTUKOM dJIEKTpUYE-
CKOM CHUCTEMBI, OTIPEACIISIOIINM:

® YPOBEHb U3O0JISILIUU JIEKTPOYCTAHOBKH;
BBIOOP KOMMYTAIIMOHHOM araparyphl;
BEJIMYMHBI TOKOB IIPU OJHO(A3HBIX 3aMBIKAHUAX Ha 3€MJIIO;
YCJIOBHS paOOTHI PEICHHON 3aIUTHI;
0€30MacHOCTb B 3JIEKTPUUYECKUX CETSX.

B Poccuu, B 3aBUCUMOCTH OT HOMUHAJILHOTO HAIPSHKEHUS], TIPUMEHSI-
I0TCA CIEAYIOIINE PEXUMBI padOThl HEUTPAIIH:
riryxo3azemieHHas (0.4 kB);
He3zazemui€éHHas (n3onupoBanHas) (0,6 — 35 kB);
3a3eMiIeHHas uyepes nyroracsauiuii peakrop (0,6 — 35 kB);
3azemiieHHas yepes pesuctop (0,6 — 35 kB);
s dexTuBHO-3a3emiieHHast (110 kB u Beime).
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B HOpMasibHOM peknMe paboThl HAMpsKEHUs BceX TpeX (a3 ceT OT-
HOCUTEJIBHO 3eMJIM 00pa3yIoT CHMMETPUUYHYIO 3BE3/Y, IO3TOMY HaIpsKEHHE
Ha HEUTpaibHBIX TOYKAX TFEHEpPaTOpoB U TpaHCHOPMATOPOB OTHOCUTEIHHO
3eMJIM, paBHOE CyMMe (ha3HBIX HANpsDKEHUH, paBHO Hymt0. O4YeBUAHO, YTO
croco0 CoeMHEHUs] HEUTpaIl C 3eMJIe B HOPMAJIBbHOM PEXUME HE BIIHSAET
Ha JIMHEHHBbIC HANpsDKEHUS, a, CleOoBaTelbHO, Ha paboTy moTpedurtencil.
OpHako mpu 3aMBIKAHUM OJHOW (pa3bl HA 3EMITI0 CUMMETPHS (Pa3HBIX HATIPSI-
JKEHHUI HapylIaeTcs, MOABISIETCS HANPsHDKEHUE Ha HeWTpanu. B aToMm cityyae
pPEXHUM pabOThl HEMTPAM OKAa3bIBAET CYIIECTBEHHOE BIUSHUE HA PEXUM pa-
OOTBI cHCTEMBI B LI€JIOM (Ha (Da3Hble HAMPSKEHUA, TOK 3aMbIKaHUS U T.11.).

Jlis BeineneHus o0nacTeil pa3iMyYHbIX THUIIOB CETEH B 3aBUCHUMOCTU OT
peXMMa 3a3€MIIEHUSI HEUTpPAJIM PACCMOTPUM DJIEKTPUUECKYIO CETh MPH OJI-
Hodaznom K3 (puc. 1.20), npuHsB psa AOMYLIISHUN 1 0003HAUYCHUI:

— aKTUBHBIE COITPOTHUBJIEHUS PJIEMEHTOB CETH PABHBI HYJIIO;

— COIPOTHUBIICHUS TIPSIMOM M 0OpaTHOM MOCIIEIOBATEILHOCTEH JIEMEH-

TOB BHCKTqueCKOﬁ CCTU IPUHUMAIOTCA OANHAKOBBIMHU (Xl = X2 );

— CTEINEHb 3a3eMIIeHus HelTpamu (O = X, / X, ) ompenensercs COOTHO-

HICHUEM MEXKY PEe3YyJIbTUPYIOIIUMHU COMPOTUBICHUSAMU HYJIEBOW U MPSAMOM
HOCJIENOBATEIHLHOCTEN.

C
B
A
i =i . .
4 U U
B C

Puc. 1.20. OnHodazHoe KOPOTKOE 3aMBIKaHUE B TpeX(pa3zHOU CeTH

3HayeHUEe HAMPSKEHUSI Ha HETTOBPEXKJIEHHBIX (pa3ax MpH 3aMbIKaHUM Ha
3€MJTIO SIBJISIETCSI OJHUM W3 BaXKHEUIINX (PAKTOPOB, ONMPEIEISIONINX TEXHUKO-
HPKOHOMHUYECKHE TOKa3aTelu 3JeKTpuueckux ceteil. [losTomy kimaccuduka-
LHS PEKMMOB HEUTPAIH, KAK paHEe TOBOPUIIOCH, IPOBOJUTCS B 3aBUCUMOCTH
OT 3HayeHUsi 3TOro HamnpspkeHus. OTHolleHHe aOCOTIOTHOTO 3HAYCHUS
HaIpsHKEHUST Ha HEMOBPEXKJIEHHON (pa3e mpu 3aMbIKAaHWHM OJHOW M3 MPOYMX
JIBYX Ha 3eMJII0 K HOMUHAJIbHOMY HANPSKEHUIO CETH HA3bIBAIOT KO3 hUIIN-
€HTOM 3a3EMJICHHUS:
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ng‘((]]—”q”'

HOM

ITpn K, <0,8 zazemnenue HelTpanu Ha3biBaloT 3¢ dekTuBHBIM. B

[1] nns onpenenenust cereid ¢ 3((PEKTUBHBIM 3a3eMIICHUEM HEUTpald HC-
MOJIB3YIOT KOA(PPUIIUEHT 3aMbIKAHHUS:

U,.

3am
U ¢ ’

KOTOPBIH OTIMYACTCS B V3 or K; (K < 0,843 =1,4 ).

Bripazum TOK 3aMBIKaHUs Ha 3€MIII0 U HANIPSDKEHUE HAa HEUTpa-
JI1 B OTHOCUTEJIbHBIX €IMHULIAX:

](1)
k-2
] s

(1)
TIe 1 K — TOK 0JTHO()a3HOI0 3aMbIKaHUS HA 3€MIIIO;

(3)
[K — TOK TpGX(baSHOI‘O KOPOTKOI'O 3aMbIKaHHU .

rae UH — HaIpsDKEHUE HA HEUTPAIIH;

U@ — (hazHOE HaIPSHKEHHUE CETH.

[Ipy OpUHATHIX AOMYIIEHHUSIX M OOO3HAYEHHMSX, MOJb3YSACh METOIOM

CUMMCTPHUYIHBIX COCTABJIAIOIINX MOKHO BbIPA3UTH K3 ) K[ ) KN qucpe3 a:
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Ja? o
a +a+l % 3 K =

K. = = =
2va ' 24a YV 2+a

3

Ha puc. 1.21 mnpencraBiaeHbl KpUBbIE 3aBUCUMOCTEU K37 K ]7K H
or .

VK, K, K,
1.57
K, (o) Ky(a)
-+
0.8 fmmm e {
3 K, (o
0.57 f x()
| o
0 2 4 6 8 0

Puc. 1.21. 3aBucumoctu K39 KI,KN or &

Kak Bunno u3 puc. 1.21, oGnacte cereit ¢ 3PeKTUBHO 3a3eMIICHHON
HEHTpaNpio HaxomuTes mpu O <5 (K3 < 0,8). Yem addexTuBHEE 3a-

semnenue Heittpamu (& —>0), TeM MeHbIIe HanpsKeHHE HA HEMOBPEKICH-
HbIX (a3zax. Ha HeWTpanu OHO CTPEMUTCS K HYJIIO, YTO IMO3BOJSET U30JIs-
LUI0 HEWUTpalil CHUJIOBBIX TpaHcPopMaTopoB (aBTOTpaHCHOpPMATOPOB) B
ycraHoBKkax 110 kB u BblllIe BBITOJHUTH OCIA0NIEHHON (HEIMOJIHOM), YTO
HPKOHOMHUYECKU BBIFOJHO. C Ipyroil CTOpOHBI, 3P(PEKTUBHOE 3a3eMIICHHE

(1)
HENTpaId YBEIMUYMBAECT TOK 3aMbIKaHHA Ha 3emiro, mpu & < 1, 1 K >
](3)
K, 9TO HEXeJIaTelbHO.

Ha mpaktuke 3ddexTuBHOE 3a3eMiieHUE HEHUTpadu CO3JaeTcs Hemo-
CPEICTBEHHBIM 3a3€MJICHHEM HEHUTpalu 4acTh TPaHCPOpPMATOPOB SIEKTPH-

YECKOM CHCTEMBI, YTOOBI OJHOBPEMEHHO BBLIOIHHMTEL YCIOBHUS K, <0,8 y
(1) (3) _
[K < [K ,Toecth 1< & < 5mpu UPAE—UHOM.

78



Opnako umeetcst psi PaKTOpoOB, KOTOPHIE HE MO3BOJIAIOT B AJIEKTpUYE-
CKOM cucCTeMe 3a3eMJISIThb HEHTpajau TpaHCPOpMATOPOB HCXOJS TOJIBKO W3
yCIIOBUSL 00€CIIEUEHMsI JKETIATeNIbHOTO 3JIEKTPUUYECKOr0 peXHMa MPU OJIHO-
(ha3HOM KOPOTKOM 3aMbIKaHHH [22].

Taxumu pakTopaMu SBISIOTCS:

1. V3omsmust HeWTpaiu CUIOBBIX TPaHC(POPMATOPOB MO IKOHOMUYECKUM
COOOpaKeHMSIM  BBITIOJIHSAETCS ~ MOHMWKEHHOW.  Tpanchopmatopsl
HanpspkeHueMm 110 kB, uzroroBnennesie 1o 1968 roga, uMer0T M30IIs-
LU0 HEUTpanu Kkiacca 35 kB, 0THOMHUHYTHOE MCIIBITATENIBHOE HAIPS-
JKEHHE
KoTOpo# paBHO 85 kB. ¥V TpancpopMaTtopoB, BIITyCKaeMbIX MOCIIE
1968 rona, n30a4111s1 HEUTpaIU YCUIIEHA U UMEET OJJTHOMUHYTHBIE
UCIIBITATEIIbHBIC HAMIPSYKEHUS, COOTBETCTBEHHO, JIJI1 HOMUHAJIBHBIX
Hanpspkennit 110, 150 u 220 kB — 100, 130 u 200 B [4, 7].

[TorTomy TpanchopMaTopsl B IEKTpUUecKux ceTsax 1o 220 kB
BKJIFOUHMTENIBHO Pa3pelaeTcs He 3a3€MIITh IPH YCIOBUHM YCTAHOBKHU
MEXK1Yy HEUTPAJIBIO U 3€MJIEH COOTBETCTBYIOILIETO Pa3psAHUKA.

WcnbiTaTenbHble HampsDKeHUsS HEWTpanu TpaHC(hOpMaToOpoB
HanpsbkeHreM 330 kB u Bblie HE HOPMUPYIOTCS, IO3TOMY HEUTpan
3THX TPaHC(HOPMATOPOB AOTKHBI 3a3EMIISITHCS 00513aTENBHO.

2. Heiitpanu aBTOTpaHCHOPMATOPOB AOJKHBI 3a3€MIIATHCS 00s13aTEIBHO
HE3aBHCHMO OT HANPSHKEHUS, TAK KaK B IPOTUBHOM CIIy4ae IpPHU OIAHO-
(a3HOM 3aMBIKAHUM Ha 3€MJII0O B CETH BBICHIETO HANPSHKEHHUS] MOXKET
MMETh MECTO HEJOIyCTUMOE IMOBBIIICHUE HANpsKEeHUs Ha (a3ax B ce-
TH 00Jiee HUZKOTO HANPSIKEHHUS.

3. Ha snexrpocranuusax TpaHchopMaTophl kKelaTelbHO JepkKaTh 3a3eM-
JICHHBIMH BO u30exaHue padoThl C HE3a3eMJICHHON HEUTpalbio B CIIY-
4ae OTAEJICHUs DJIEKTPOCTAHIUU OT CUCTEMBI.

4. Ha moacTaHIMsX MOHU3UTEIbHBIE TpaHCHOPMATOPHI MIPU OTCYTCTBHUU
YKAa3aHHBIX BBIIIE OIPAHUYEHUMN >KEJIATEIbHO HE 3a3€MJISITh, TaK Kak
IPU 3TOM YJIYUIIAIOTCS YCIOBUS paOOTHI 3alIUTHI OT OJHO(A3ZHBIX KO-
POTKHX 3aMBIKaHHM.

B cerax c He3azemyieHHOUW (M30JMPOBAHHOW) HEUTpanblo, & —> O

TOKHM 3aMbIKaHHA Ha 3EMJII0O MMCIOT MAJICHBKUEC 3HAYCHMUA K[ — O . HpaK—
THYCCKH, TOK 3aMbIKaHHA B CCTH B 3TOM PCKUMC B OCHOBHOM OIIPCACIIACTCA

pacnpeieIeHHBIMU €MKOCTSIMU (Da3 OTHOCUTEIHHO 3EMIIH 1 3c = U@a) 3C.
Ha cxeme (puc.1.22) pacrnpenelieHHbIE eMKOCTH M300pa)katoTcsi COCPe0TO-

gennsimu  C 4= CB = CC =C. HampsikeHus: Ha HEMOBPEXKIEHHBIX (hazax

JOCTUTaIOT JIMHEMHOTO 3HAYEHUs ((K3 =1). [Tpn 3ambikanuu ¢a3sl A Ha
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3€MITIO UB = Uc - UHOM = 3U @> HaIPHKEHUE HA HEWTPAIU YBEIH-

aupaercs g0 Uy (K v =1). Bnauenus Mexmy(hasHbIX HANPSKEHHI NpH

ATOM HE M3MEHSIOTCS, YTO IMO3BOJIAET HE OTKIIOYATh MOTPEOUTENH MPHU 3a-
MbIKaHUU Ha 3eminto. ( Peneitnas 3amura paboTaeT Ha CUTHaM).

- :
[Uc U%)UA I ICI
Uy Uy (0 3 T 36

K Harpyske
CclCp Ca
Ei I i 130
cc |lcs
/ I\\‘- __-:;,’:’/'l

\J

\,
S
/

\

=
&

W

Puc. 1.22. DnexTpuyeckas CETb ¢ HE3a3eMJIEHHOW HEUTPAJIBIO

Ecnm B ceTsX ¢ HE3a36MJIIEHHOM HEUTPAJIbIO TOKU 3aMBIKAHUS JIOCTH-
raroT 3HaYeHUH, yKa3aHHBIX B Tabnuie 1.8, To B MecTe 3aMbIKaHHS BO3MOXK-
HO BO3HUKHOBEHHUE IEPEMENKAIOUIEHUCS AYTH, KOTOpasl BBI3BIBACT IIEpEHa-
npsokeHus B ceT 10 3Ug U 0HO(a3HOE 3aMBbIKAHUE MOXKET NIEPEHTH B MEXK-
nyda3zHoe, YTO MPUBENET K OTKIIOUCHUIO TTOBPEKIEHHOTO YUaCTKA CETH.

Taomuna 1.8
6 10 20 35
UHOM [kB]
] 30 20 15 10
3¢ [A]

[ToatoMy [1] peKOMEHIYIOT IpH MPEBBILICHUH YKA3aHHBIX 3HAYEHHUI TOKa B
tabnune 1.8 mpuMeHsTh 3a3eMJICHHE HEUTpaau uepe3 Pe3ucTop Wid uepes
JIyTOTacsuil peakTop.

[Ipy pe3uCTUBHOM 3a3€MJIECHMM BO3MOKHBI J1BA BAPUAHTA!
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l.

COHpOTI/IBJICHI/IG pe3ucCTOpa BBI6I/IpaIOT TaKHM, YTOOBI BBITIOJIHS-

JIOCh YCIIOBHE 1 R — 43¢, mpum 3TOM pemraercs 3aaada nepeHanpsi-

KEHMU IPU AYTOBBIX 3aMbIKaHMUAX. TakoW pekUM YCIOBHO Ha3bl-
BaIOT BBICOKOOMHBIM PE3UCTUBHBIM 3a3€MJICHHEM, U OH Yalle Mpu-
MEHSIETCSI B CETAX C HEOOJIBIIMMHU €MKOCTHBIMH TOKaMH, B 4YaCTHO-
CTH B CETSIX COOCTBEHHBIX HYJ DJICKTPOCTAHIIMN U B BO3IYIIHBIX
cetsax 6 — 35 kB;

B aTux e ceTsX COMpPOTHUBICHHE PE3UCTOpPA BBHIOHMPAIOT TAKUM,
YTOOBI AaKTUBHASI COCTABJISIONIAS] TOKA B MECTE 3aMbIKaHUsI COCTaB-
nsna 30 — 60 A. B 3ToM citydae ype3BbIYaliHO YHPOILAETCS BBITIOJ-
HEHHE CEJIEKTUBHOW 3aIUTHl OT 3aMBIKAHUM Ha 3€MIII0, KOTOpas
IpU TaKWX TOKaX JIOJDKHA JIEWCTBOBATh HAa OTKIIIOUYEHHE C HEOOIb-
LIOM BBIJICPIKKON BPEMEHU.

[Ipu ycTaHOBKE B HEWTpasb AYTOTacsIIEro PeakTopa MpH 3aMbIKAaHUU

Ha 3eMJII0 OJIHO# (ha3bl, HAPSALY C EMKOCTHEIM TOKOM 3aMblkanus ;- uepes

MECTO TOBPEXKJICHUS Takke OyJeT MpoTeKaTh WHIYKTUBHBIA TOK pPeakTopa-

I, . Tak Kax MHIYKTHBHEIA TOK OTCTaeT OT HampsukeHHs Ha 90°, a eMKOCT-

HBII TOK onepexxaeT Ha 90°, To B MecTe 3aMbIKaHHsI OHU KOMIIEHCUPYIOT APYT

Jpyra IpHU YCJIOBHUH 1 3¢ — 4 (pe3oHaHnc, puc. 1.23), mo3TOMY 3TH CETH

Ha3bIBAIOT C pCSOHaHCHO-3a3€MHCHHOI>'I HeﬁTpaJIB}O.

JITP §

S
. Uc | U | Ua
Un (U 0

C _ : .
IL IBC

K Harpyske

o

Puc. 1.23. DnexTpuueckas CETb C pE30HAHCHO-3a3€MJICHHON HEUTpalbio

Jlyroracsimuii peakTop CO3/1aeT MpU 3aMbIKAHMM HA 3€MIIIO JBOMHOE
NeiCTBHE: BO-IIEPBBIX, KAK YKa3bIBAJIOCh BBIIIE, OH CYIIECTBEHHO YMEHbLIAET
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(KOMIIEHCUPYET) TOK B MECTE 3aMbIKaHUS Ha 3€MJIIO M, BO-BTOPbIX, 3aMeIJIs-
€T BOCCTAHOBJICHUE HAMPSKEHUS HA TIOBPEKICHHOM (pa3e mocie oOpbiBa Ay-
ru [22]. O6a 3Tu 006CTOATENHCTBA CIIOCOOCTBYIOT TallIEHUIO JyTH, a TOYHas
HACTPOWKa JIyroracsiiero peakTopa MPUBOJIUT K CHUKEHUIO TEpeHampsiKe-
HUM.

[ToapoOHO ¢ pexkuMamMu 3a3eMJICHUS HEHTpaJid, WX JOCTOMHCTBAMU U
HEJI0CTaTKaMH, a TaKXKe C MPOIECCaMU, MPOUCXOSIINMH TIPH 3aMbIKAaHUH Ha
3eMJTI0O B CETSIX C Pa3HBIMH PEKUMaMU HEUTpad, MOKHO O3HAKOMHTHCS B
[22].

1.8. Cucrembl n3MepeHusi, KOHTPOJISl, CATHAJIN3AlNH
U YIIpaBJIeHUsA

1.8.1. DuekTpHUYecKkne U3MePEeHHUs HA JIEKTPOCTAHIM X
U MOACTAHIHUAX

Jlist oGecriedeHusT HAJASKHOW W DYKOHOMUYHOUW pabOTHI AJIEKTPOCTAH-
IIUH ¥ TTOACTAHIINN HEOOXOAMM MOCTOSIHHBIM KOHTPOJIb 32 PEKUMOM PadOTHI
AEKTPOOOOPYNOBAHUSI U KAue€CTBOM DJIEKTPOIHEPruu. B ATHUX 1ensx OHH
000pYyAYIOTCSl Pa3IMYHBIMU KOHTPOJIbHO-U3MEPUTEIILHBIMU MPUOOpaMu, KO-
TOPBIE YCTAHABIMBAIOTCS HA IIUTAX YIPaBICHUS.

st oTUX 1ened MpUMEHSIOT MpUOOPHI: aMIIEpMETPhI, BATTMETPHI aK-
TUBHON M PEaKTUBHOW MOILIHOCTH, CYETYMKH AKTUBHOM M PEAKTUBHOW SHEP-
'Y, BOJBTMETPBI, YACTOTOMEPHI U CUHXPOHOCKOMHBI (Tabnuua 1.9).

B 3aBrucHMOCTH OT BeIMUMH pabOyero HaNpsHKEHUs U TOKa BKIOYEHUE
KOHTPOJIbHO-U3MEPUTENBHBIX TPUOOPOB MOXKET OBITh HEMOCPEICTBEHHBIM
WM Yepe3 U3MEpPUTENIbHbIC TpaHC(HOPMATOPHI TOKA U HATIPSKEHUS, TPHUYEM B
MOCJIEAHEM CTydae, KaK MPaBUIO, IPUMEHSETCA pa3febHOE MUTAHUE TOKO-
BBIX OOMOTOK KOHTPOJIbHO-U3MEPUTEIHHBIX MTPUOOPOB, PEICHHON 3aIUTH U
aBTOMATHKHU.

JIJ1si MOTIIHBIX TEHEPATOPOB W3MEPHUTEIbHBIE TMPHOOPHI YCTAaHABINBA-
totcs Ha raaBHoM (i TOLI) wim 6;ounom mute ynpasnenus (s KOC). B
MaIllMHHOM 3aJI¢ Ha TEIJIOBOM IIUTE TYpOUHBI YCTAaHABIMBAIOTCS BATTMETP U
4aCTOTOMED.

Ha pabouux u pe3epBHBIX TpaHChoOpMaTopax M JIMHUSX, MUATAIOIMIUX
CEKLIMU COOCTBEHHBIX HYK]I CTAHIMHU, YCTAHABIIMBAIOTCS: aMIIepMETpPhI, BaT-
TMETPBI U CYETYMKHA AKTUBHOU SHEPTUHU.

Ha snexrpoasurarensx c.H. HanpsbkeHnem 6 — 10 kB 1 Ha MOnIHbIX
nBurarenax HanpspkeHueM 380 B ycTraHaBiIMBarOT aMIEpMETPbl U CUETUYUKHU
aKTUBHOM HEPryUH, a Ha OCTAJbHBIX JIBUTATENISIX — TOJIBKO MO OJHOMY aM-
IIEPMETPY.

Tun u KonmryecTBO MPUOOPOB, HEOOXOAUMBIX JJISI KOHTPOJIS 32 PEKU-
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MOM PabOTHI JIEKTPOOOOPYIOBAHUS U KAYECTBOM DJICKTPOIHEPTUH B COOT-
BeTcTBUU ¢ [TYD u I1TO, npusenens B [3].

Tabmuma 1.9

IIpuGopsl n3MepuTeIbHbIE (I0KA3BIBAIOIINE)

AMInepMeTpbl YCTaHABIMBAIOTCSA BO BCEX JJIEKTPUUECKUX LEIX,
IIPUYEM B LIETAX C PABHOMEPHOM HArpy3KOM OHH yCTaHABIIMBAIOT-
csi B ogHOM (aze, a B LEMsIX T'€HEPATOPOB, BO3AYIIHBIX JUHUHN
HanpspkeHueMm 330 u 500 kB, B nensix ¢ HEpaBHOMEPHOU Harpys-
KO WJIM YETBIPEXIPOBOJHBIX CETAX AMIIEPMETPhl YCTaHABIMBA-
I0TCS BO Beex (hazax

BarTmeTp u BapMeTp — U3MEPSIET, COOTBETCTBEHHO, AKTUBHYIO U
PEaKTUBHYIO MOIIHOCTh. VICTIONB3YIOTCS AJI1 KOHTPOJIS 32 pabo-
TOW TEeHEepaTOpoOB MO TpaduKy W ydeTa pacrpesesieHHs] TOTOKOB
MOIIHOCTH MO OCHOBHBIM 3JIEMEHTaM 3JIEKTPOYCTAHOBKH (TpaHC-
dbopMaTOpHI U TMHUU CBSI3H)

BoabT™MeTpbI UCIONB3YIOTCA I KOHTPOJS KayecTBa JJIEKTPO-
PHEPruM No HampspkeHuro. OHU yCTaHABIMBAIOTCA Ha COOPHBIX
IIMHAaX U B LENH CTaTOpa TypOOreHEepaTopoB

YacToToMepsbl HCIOJIB3YIOTCS JUISI KOHTPOJS KauyecTBa AJIEKTPO-
SHEPrUH IO YaCTOTE, YCTAHABIMBAIOTCS Ha COOPHBIX IIMHAX U B
IIeTH CTaTopa TypOOreHepaTopoB

CHHXPOHOCKONBI — HCIOJB3YIOTCS [JIi CUHXPOHU3ALMMU TPHU
BKJIFOUEHHH T'€HEPaTOPOB Ha MapajljIesIbHYI0 padoTy

IIpubopsbl perucTpupyonme (caMONMIIyIue)

HOIOIC OIC O

Perucrpupyroimmii BAaTTMEeTpP — YCTAHABIIUBACTCS B LIENU T'€HE-
patopoB. Ha cranmusax cpemHei 1 O0JIbIION MOITHOCTEH YCTaHAB-
JIMBAIOTCS. CYMMMPYIOIIAE BAaTTMETPBI, MOKA3bIBAIOIIUE CyMMap-
HYI0O MOIIHOCTh CTAHIIMM B JIaHHBIMK MOMEHT. Takue mpuOOopbI
YCTAHABIMUBAIOTCA M HA JUCIETYEPCKUX MYHKTaX SHEPTOCUCTEM

4 Perucrpupyroumue BOJbTMETPbI — YCTAHABIMBAIOTCA HAa IIMHAX
CTaHIUU
H Perucrpupymommue 4acToTOMepbl — YCTaHABIUBAIOTCS Ha IIMHAX
CTaHLMU
IIpubopsbl MHTETrPpUPYIOIIIHE
CyeTYHKH AKTHMBHOW M PEAKTHUBHOM JHEPIHMM HCIOJB3YIOTCS
Wh JUISl ydeTa BbIpadaThIBAEMOM, OTITYCKa€MOM MOTPEOUTENSIM H pac-
XOJlyeMOI Ha COOCTBEHHBIE HYKJIbI 3JIEKTPO3HEPTUU. Y CTaHABIIN-
varh| |BaloTca B LemsX TreHepaTopa, TPaHC(OPMATOPOB COOCTBEHHBIX

HYKJl U TOTPEOUTENBCKUX JIMHUM
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Ha puc. 1.24 npuBegeHa cxema BKIIOYEHUS U3MEPUTETBHBIX TPUOOPOB
CO CTOpOHBI HU3KOTO HamnpsikeHus: (6 — 10 kB) moacranuuu. K tpancdopma-
Topy Toka TA1 monakiro4eHsl MpuOOpsI, ycTaHoBIeHHBIE B rien HH cuioBo-
ro tpancopmaropa T1. K tpanchopmaropy Toka TA2 moxakimouarotcs us-
MEpUTENbHbIC MPUOOPHI MOTPEOUTENHCKOM JTUHUM (CXEMa BKJIIIOUCHUS TPU-
6opoB Ha puc. 1.24 ne nokazana). K tpanchopmaropy nanpsokenus TV moa-
KJIFOUEHBI MPUOOPHI BCEX MPUCOCTUHEHUN ceKIuu 1.

Tl@
TAI {‘ 8 a;
Il

@ W Wh varh var

1
LI

cexmus 1 6 —10xB cexuus 2

1S

TA2

(&) fvark]

n=4

Puc. 1.24. Cxema BKIIIOYEHUS U3MEPUTEIBHBIX TPUOOPOB CO CTOPOHBI HU3KOTO
HanpstkeHust (6 — 10 kB) moacranuun

1.8.2. OcHOBHBIC CBeIeHHUS 0 JMCTAHIUOHHOM YIIPABJICHHH
BBIKJIIOYATEJISIMU H CUTHAJIN3AIUH

JIMCTaHIIMOHHOE YNPABICHUE BBICOKOBOJIBTHBIMU BBIKIHOYATEISIMHU
OCYIIECTBIISIFOTCS C MIOMOIIBIO TPUBOAOB [7]. Amnmapat, ¢ TOMOIIbIO KOTOPO-
ro MoJlaeTcsi KOMaH/1a Ha BKIIFOYEHUE WM OTKIIFOYEHUE MPUBO/JIA, Ha3bIBACTCS
KJIIFOYOM YIIPABJICHHS, & CXE€Ma DJJIEKTPUYECKUX COCIMHEHHM — CXEMOW
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yIIpaBJEHUs BbIKItOUaresneM. Ha 3JIeKTpuyeckux CTaHIUSAX U MOUIHBIX MOJI-
CTaHLUSAX CXEMBI YIPABJICHHS BBIITOIHAKOTCS HA IMOCTOSIHHOM OIEPaTUBHOM
TOKE.

OO6cnyXUBaIOIIUNA IEPCOHAN, KaK MPaBUIIO, HE BUIAUT BBIKIIOUATENS U
€ro MpUBOJA, TOITOMY CXeMa YIpaBJICHUS MPEAyCMaTPUBAET Tepenady 00-
PaTHOTO CUTHaja OT MPUBOJA HA IIWT YIPABJIECHUS, YKa3bIBAIOIIETO MOJIOXKE-
HUE BBIKJIIOYATENS U €r0 U3MEHEHUE (BKJIFOYEH UJIU OTKJIIOUECH).

B Hacrosimiee BpeMsi HauOojbllee NPUMEHEHUE TOJYUYUIIU CXEMBbI
VIIPaBJIEHUS C JIByMSI CHTHAIBHBIMH JIAMIIAMHU CO CBETOBBIM KOHTPOJIEM IIE-
nen ynpasieHus [7].

JInsi MECTHBIX IIMTOB YNPABICHUS HALJIM MPUMEHEHHUE KIIOYM YIIPAB-
nenus tuna [IMO®, IIMOB®. J{51s 07109HBIX U TJIABHBIX IIUTOB YIIPABICHUS
npUMEHsI0T MasioradbapuTHeie kitoun MK ¢ pesne moBTopuTensiMu KOMaHI.

[Togaua kKOMaHIbl Ha OTKIIFOYEHUE BBIKIIOYATENSI MPOU3BOAUTCS 3a-
MBIKAHUEM LEMNH OTKJIIOYAIOLIET0 3JICKTPOMArHUTA HEIMOCPEICTBEHHO KOH-
TaKTaMU KJI04a yIpaBJ€HUs, TaK KaK TOK B 3TOM 1ienu He npeBbimaer 10 A.
ITomaya KOMaHABl HAa BKJIFOYEHHWE BBIKJIKOUYATEIIEH HE MOXKET MPOU3BOJAUTHCA
3aMBIKAaHMEM 1€MW BKIIOYEHUS HEMOCPEACTBEHHO KOHTAaKTaMU KIIF04a
YIIPaBJIEHUs, TaK KAaK BEJIWYHWHA TOKA B 3TOM LIENMU y HEKOTOPBIX MPUBOJOB
nocturaet 400 A u BbIIIE, OITOMY YNPABJIECHUE BKIIOYAKOIIUMH 3JIEKTPO-
MarHUTaMH IPOU3BOAUTCS YEPE3 MPOMEKYTOUHBIE KOHTAKTOPHI.

B ycTraHoBKax cOOCTBEHHBIX HYXJ CTAHIIUU JJI YIIPABJICHUS BBICOKO-
BOJITHBIMU BBIKJTIOUATEJISIMU HAOOJIbIlIee TPUMEHEHHE TTOTYUUIIN TTOBOPOT-
Hble kioun tuna KB®, koTtopeie Bpe3aroTcs, KaKk MpaBUiIO, B MHEMOHHUYE-
CKYIO CXEMY YIIPaBIIIEMOTO 3JIEMEHTa. B 1ensx ynpaBieHuss HU3KOBOJIbTHBI-
MU JBUTATENIIMH, TJ€ YCTAHABIMBAIOTCS OOBIYHO MAarHUTHBIE MyCKATENU U
KOHTAKTOPBI, BKIIFOUEHUE U OTKJIIOUECHHE JBUraTeNIeld OCYIIECTBIISIETCS KHO-
IMOYHBIMH TIOCTaMHU U TOJBKO JJISI OTBETCTBEHHBIX JABUTATEIIEN — KIIFOYaMHU
KB® nin nmakeTHbIMH BBIKITIOYATEIISIMH.

CurnanbHble ycTpoiicTBa. /{15 obecrieueHrs KOHTPOJIS 32 COCTOSTHU-
eM 000pyIOoBaHMS W OOJIETYEHUsT pabOTHI JIEKYPHOTO TIEPCOHANA Ha IIUTaX
YIIPaBJIEHUS YCTAHABIMBAIOTCS Pa3IMYHbIE CUTHAIbHBIEC YCTPOUCTBA. B 3aBu-
CUMOCTH OT HA3HAYCHUS Pa3IMYalOT CUTHAIM3ALMIO TOJIOKECHUS, aBapUii-
HYI0, IPEAYTPEXTAONIYI0 U KOMAaHIHYIO.

Curnanu3anus MOJIOKEHHMsI MMOKA3bIBACT BKIIOYEHHOE WIIM OTKIIIO-
YEHHOE T0JIOKEHUE BBIKIIOYATENIEH, Pa3beAUHUTENEH, aBTOMATOB U 1p. [lo-
JI0’KEHUE BBIKJIIOYATENEH CUTHAIM3UPYIOT, KaK MPABUIIO, IPYU OMOILHN JIaMIl,
HalpuMep: 3€J€Has JaMIla — BBIKJIIOYAaTeNb OTKJIIOYEH, KpacHas JamIia —
BKIIOYEH. llonokeHne pa3beAUHUTENEH W aBTOMATOB CUTHAJU3UPYIOT
OOBIYHO TIPH MOMOIIM CTIEIHAIBHBIX CUTHAIBHBIX Tprbopos tumna [1C (mpu-
OOp CUTHAJIbHBIN), KOTOPBIE BPE3AIOTCI B MHEMOHHYECKYIO CXEMY TOTO WJIU
WHOTO TIPUCOCIUHEHUS (LIETIHN).
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ABapuiiHasi CUTHAJM3ALUA IIPEIHA3HAYCHA ISl U3BEIICHUS NEPCO-
Haja 00 aBapuWHOM OTKIIFOUEHHMH BBIKITIOUATENs, MPUYEM Ha IIUTE yIpaBlie-
HUS TIPEeIyCMaTPUBAETCS OJUH OOIIWN JJiS BCEW yCTAaHOBKM 3BYKOBOW aBa-
puiiHbIl curHal (0OBIYHO TYJIOK) U HHAWUBUIYaIbHbBIE CBETOBBIC CUTHAIIBI IS
Ka)XJIOr0 BBIKJIIOUaTeNs (MHUTarolUMid CBET CUTHAIBHBIX Jamil). [IpuHimn
JICVCTBHSI aBApUMHOW CUTHAJIM3AlMM OCHOBAaH HA HECOOTBETCTBUU MEKIY
MOJIOKEHHEM KJIt0Ya YIpaBJICHUS (OCTACTCsl MPEkKHEe MOJI0KEHUE) U HOBBIM
MOJIOKEHUEM aBapPUNHO OTKJIFOUMUBIIETOCS BBIKIHOYATES.

ABapuiiHas 3BYKOBas CHTHAJIM3allMs BBIMOJHSETCS HA CTAaHIMHU, KaK
MPaBUIIO, C LIEHTPAJIbHBIM CheMOM curHaja. CUrHaJI CHUMAETCSI HEMEIJICHHO
1ocJie ero MosiBeHus. MecTHbIN ke CBETOBOM CHUTHai (MUTAIOIIUE JaMIIbl)
CHHUMAIOTCSl KJIFOYOM YIIPABJICHHUS IYTEM IPUBEICHUS KItO4a YIIPaBJICHUS B
COOTBETCTBHE C MOJIOKEHUEM BBIKIItOUaTeNs (KBUTHPOBAHUE).

Hpenynpexaamomas CUrHAJIU3ANUA W3BEIIACT IIEPCOHAT O HACTYI-
JICHUU HEHOPMAJIbHBIX DPEXKHUMOB palOoThl (Meperpy3ka TeHEepaTopoB WIIU
TpaHchOpMaTopoB, paboTa ra30BOM 3alIUTHl TPAHC(HOPMATOPOB HA CUTHAII,
MOBBILICHUE TEMIIEPATYPHI Macjaa B MOJUIUIIHUKAX TEHEPATOPOB WIM Macia B
TpaHchopMaTopax CBEpPX IOMYCTUMOTO 3HAYEHUS U T.J.), KOTOPHIE MOTYT
MIPUBECTH K aBAPHH, €CIIM UX HE JIMKBUIUPOBaTh. JaHHAs CUTHAIM3aLMs, KaK
Y aBapuiiHas, UMeeT OOIINIA 3BYKOBOW CUTHAN U MHAUBUAYAJIbHBIE CBETOBBIE
CUTHAJIbI, KOTOPbIE UMEIOT HAAMMUCH, ONPEACISAIONIME BUJ U MECTO HapyIlle-
HUSI HOPMAJIBHOTO PEXUMA.

Komananas curnajm3zanusi o0ecreurnBaeT CBsI3b MEXY JCKYPHBIMU
[JIABHOT'O IIHATA YIIPABJICHUsS M MAIIWHHOTO 3ajla Ul B3aUMHOW Ileperaydu
OCHOBHBIX pacnopsokeHuii — komana. Ha rmaBHoM murte (myJsibTe yrpasie-
HUS) Y KaXIO0ro reHepaTropa U Ha TEIJIOBOM LIUTE Yy KaXJA0W TYpOUHBI ycTa-
HABJIMBAIOT TaK HA3bIBa€MbIC KOMAaHIOAIIAPaThl, KOTOPbIE UMEIKOT KHOIKHU
JUTS TIOIa4U M CheéMa CUTHaJla, CaMU 3BYKOBBIE CUTHAJIBI U CBETOBBIE TA0JIO C
HaJIIUCSIMU OCHOBHBIX KOMaH/l (Hanpumep «I'eHeparop BkiItouen», «I'enepa-
TOP OTKJIIOYEH», «MalirHa B ONacHOCTU» U T.J1.).

1.9. PacnpenesuresbHble YCTPOHCTBA
U IIUTHI yIIPABJIEHUS

1.9.1. Buabl pacnipene/inTe/IbHbIX YCTPOMCTB

PacnpenenurensasiM  ycTpoiictTBoM (PY) HazbiBaeTcsi coopykeHHeE,
MpeAHA3HAYCHHOE [JIs MIPUEMa U paclpelle]ICHUs SJIEKTPUUYECKON IHEPTUH U
coZieprKalllee IEKTPUUYECKHUE annaparsl, IIUHBI U BCIIOMOTaTEIbHBIE YCTPOl-
cTBa. Pa3nuyaroT OTKphITHIE U 3aKpbIThIE PY.
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3akpeiToe pacnpenenutenbHoe ycrpoiictBo (3PY) pacnonaraercs
BHYTpH 31aHus. 3PY coopyxkaroT mig Hanpsokenuit g0 1000 B, a takxe ans
YCTAHOBOK I'€HEpaTOPHOTO HanpsukeHus 6 — 20 kB.

OTtkpsbiTOE pacnpenenurenbHoe ycrporctBo (OPY) pacnonaraercs Ha
OTKphITON Muiomanake. Takoi Tun PY oObl4HO mpumeHsieTcs sl yCTaHOBOK
35 kB u BbI1IIE.

Pacnipenenurensubie ycrporcrsa 35, 110, 150 u 220 kB moryT BbI-
MOJIHATHCS 3aKPBITBIMU 110 YCIIOBHIO 3arpsi3HEHUsT aTMOc(hepbl YHOCAMHU
NpeANpUsSTANA, BPEAHO ACHCTBYIOIIMMHU Ha almaparypy, B cllydae OrpaHu-
YEHHOCTH TUIOMIAJIKU (B TOPOACKUX YCJIOBHUSIX) M CYPOBBIX KIUMATHUUYECKUX
ycnoBuit (Ha Kpaitnem Cesepe). PY 330, 500 u 750 kB Bcerga BBITIONTHSIOTCS
OTKPBITBIMH [ 1].

K PV npenbsBistoTcsi MHOTOYHUCIICHHBIE TPeOOBaHUSI, KOTOPBIE U3JI0-
xeHbl B [1, 23]. OcHOBHBIC U3 HUX — 0€30MaCHOCTh M YJ00CTBO OOCITY>KHUBa-
Hus PY, HaaekHOCTh pabOTHl 1 DKOHOMHUYHOCTH COOPY KCHHUS.

3akpbIThie pacnpeaeuTelbHbIe YyCTpolicTBa. B ycraHoBkax 1o
1000 B 3akpeiToe PY coopyxkaercss B BUlI€ paclpeaeIUTENbHbBIX IIUTOB, Y
KOTOPBIX Ha TIEPEIHEH CTEHKE yCTAHOBIICHBI MU3MEPUTEIhHBIC TPUOOPHI, PY-
KOSITKU YTPABJICHUSI pyOMIIbHUKAMU M aBTOMATaMU, CBETOBAsl CUTHATU3ALIUSL.
C 3aqHel CTOPOHBI IIUTa CMOHTUPOBAHbBI COOPHBIE IIMHBI, KOHTAKTHASI YaCTh
pyOMIIBHUKOB, aBTOMAThbl, U3MEPUTEIbHBIE TpaHC(HOPMATOPHI, MPEAOXPaHU-
TEJIM U JPYTHE armapatbl, IpeaycMOTpeHHble cxemon PY. Bce ammapatsl
KpEISITCS. Ha METAJJIMYECKOM CBApHOM KapKace, OIIMHOBKA KpPEMUTCS Ha
OTIOPHBIX U30JISTOPAX.

B ycranoBkax 6 — 10 kB 3akpsiThie PY coopyskaroTcs ¢ MamoMacis-
HBIMU BBIKJIFOYATEIISIMH.

B otnuuune ot PY no 1000 kB Bce o6opyaoBaHue OJHOTO MPUCOECIU-
HEHUs — BBIKJIIOYATENb, Pa3beIUHUTENHN, TPAHCHOPMATOPHI TOKA, COCIUHS-
IOIKME [IWHBI, MIPUBOJABI — PACIIOJIAralOTCAd B CAMOCTOSTENIbHOU suelKe (Ka-
Mepe), OTACICHHON OT COCEIHUX SUYEEK CIUIOIIHOW MEepPEeropoaKor U3 Keje-
300€TOHa, KHpIU4a, acOOIEMEHTHBIX IUIUT WM CTAIbHBIX JIUCTOB. Takoe
pasmMenienrue odopyaoBanusi PY mo3BossieT 6€30MacHO MpOu3BOIUTE pabOTHI
B OJTHOM U3 A4€EK, KOrJa APYrue OCTAlOTCS MO/l HAMPSKEHUEM.

s yMeHbIIEeHUs OCIIEACTBUM aBapuii KaMepa MOXKET UMETh Psif I1e-
PEropoJOK MJis OT/ACJICHUS COOPHBIX IIMH OT IIMHHBIX pa3beAUHUTENCH,
WHAHHBIX PA3bEAUHUTEIICH OT BBIKJIFOYATEJEH, BBIKIOYATEIIEN OT JIMHEUHBIX
pa3beIMHUTENEH.

B 3aBHCHMOCTH OT KOHCTPYKTHBHOTO BBITIOIHEHUS Kamep 3PY paznu-
4aroT cOOpHBIC U KOMILIEKTHBIE PY.

CoOopHble pacnpeaeJuTe/bHbIe YCTPOMCTBA COCTOST U3 KaMmep, U3-
TOTOBJICHHBIX HA 3aBOJIE€ M YCTAHOBJICHHBIX B 3/IaHUH 3aJIbHOTO TUMa. CTpou-
TeJIbHAsl YaCTh BBIMOJHSAETCA M3 COOPHOrO XKeyne300eToHa, YTO COKpallaer
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CPOKHM CTPOUTEIBCTBA U YMEHBIIAET €r0 CTOUMOCTh. [I[pUMEHEHUE TOTOBBIX
SYEEeK WM OTIENIbHBIX 3JIEMEHTOB, U3TOTOBJICHHBIX HA 3aBOjie, 00ecreunBaeT
Oojiee TIIATENBHBI MOHTaXX M YMEHbIIAeT BpeMs MoHTaxa PY. Sueiiku
coopHoro PY umeroT Metamindeckuii kKapkac, Ha KOTOPOM YKpETUICHBI arma-
paTtypa U OIIMHOBKA, MEPEropoJku U3 acOOIEMEHTHBIX IUIUT, CIUIOUIHBIC U
ceTyaThle OrpakJACHUs C JUIEBOM CTOPOHHI [3, 21].

KommuiekTHoe pacnpeneaurtenbHoe yerpoicrtso (KPY) — sasmsercs
HanOoJiee COBEPIICHHONW KOHCTPYKIUEeH. OHO COCTOUT U3 3aKPBITHIX IKa(oB
C BCTPOEHHBIMHM B HUX allapaTamMi, U3MEPUTEIbHBIMU U 3aIUTHBIMU MPU-
Oopamu U BCIIOMOraTeIbHbIMU ycTpoiicTBamu [21, 24, 34].

KPVY obnanaer cneayomuyMu 0COOEHHOCTAMMU:

— CPaBHUTEJILHO HEOOJbIINE pa3Mephl Oiarofapsi IPUMEHEHUIO MaJlo-
rabapuTHBIX MIKapOB;

— pa3MelleHue BBIKJIIOYATENsl Ha BBIKATHOM TelIeKKe, YTO obJierdaer
€ro PEMOHT U 3aMEHYy.

[xadsr KPY moryT ObITh paccUuTaHbl JJI pa3MeIeHus BhIKIIOUaTe-
jeil ¢ HomuHAIBHBIM TOKOM 70 4000 A, TpaHchOpMaTOpOB HAaINpsIKEHUS,
Pa3psAIHUKOB U IPYTOM aIIaparypsl.

KPVY mupoko npuMeHSoTCs ISl YCTAaHOBOK COOCTBEHHBIX HYXJI TEIl-
JIOBBIX JIEKTPOCTAHIIUM.

KPVY MoOkeT nmpuMeHSATbCS M I BBICOKMX HampsbkeHud, 10 35 kB.
Bo3moxkna ycranoBka KPY Ha oTkpbITON Tuiomiaake, Torga mkadbl sUeex
JIOJKHBI UMETh 3aIlIUTY OT aTMOC(EPHBIX OCAAKOB U MPOHUKHOBEHHUS MBUIH.
3aBoJaMy M3rOTaBIMBAKOTCS KOMIUIEKTHBIE PAaCIPEIEIUTEIbHbIE YCTPONCTBA
HapyxHoi yctanoBku (KPYH) nns nanpspkennit 6 — 35 kB [21, 24, 34].

OTkpbIThIE pacnpeaeaureabHbie yerpoiictBa (OPY) npuMeHstoTcs
JU1s1 ycTaHOBOK 35 KB u Bhie. OHU UMEIOT psAl NPEUMYIIECTB MEPE]T 3aKphl-
TeIMU PY: MeHbIIMIT 00BEM CTPOUTENBHBIX paboT, CIE0BATEIILHO, MEHBIIIUN
CPOK COOpPYXEHHsI; XOpollas 0003peBaeMOCTbh BCEW ammnaparypbl; MEHbILas
OMAaCHOCTh PACIpPOCTPAaHEHUs] aBapuil BCIEACTBHE OOJBIIMX PACCTOSHUN
MEXKy anmnapaTaMu.

Opnako OPY uMeroT U HeIOCTaTKU: anmnapaTthl MOABEPraroTCs BO3AEH-
CTBHUIO OKPY’KAIOIICH Cpebl; MeHee yI00HOe 00CTyKUBaHHE; 3HAYNTEIbHASL
3aHUMaeMasi IJI0IA lb.

Anmnapatel OPY 00bIYHO yCTaHABIMBAIOTCS HA HEBBICOKUX OCHOBAHMU-
X, 4TOOBI 00ECIEUUTh HArJISTHOCThL U 0€30MacHOCTh oOchykuBaHus. Bce
HECYIIHe KOHCTPYKIUHU BBITIOJIHSIOTCS U3 CTAU U JKeJle300eToHa.

ITpumepsl mianoB pazpesoB siueek OPY npusenensi B [3, 21, 26].
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1.9.2. Coequnenue reneparopos ¢ Tpancpopmaropamu u I'PY

I'enepaTopsbl, pacrnonoKeHHbIE B TJIABHOM KOPITyCE 3JIEKTPOCTAaHIUH,
JIOJKHBI UMETH 3JIeKTpuueckoe coearHenue ¢ I'PY (na cranuusax tuna TOLI)
WK ¢ OJIOYHBIMH TMOBBIIAIOIIMMHI TpaHchopMaTopaMu (Ha CTaHLMSIX TUIA
K3C). D10 coenrHeHre MOKET OBITh BBIIIOJIHEHO OTKPBITHIM WM 3aKPBITHIM
TOKOIIPOBOIOM.

OTKpBITBbIE TOKONPOBOJABI MOTYT OBITh KECTKUMU M THOKUMH [3, 7,
16]. XKectkuit ToKOpoBO (IMMHHBIA MOCT) CMOHTHPOBAaH M3 IIIMH, YKpET-
JIEHHBIX C TOMOILBIO U30JISITOPOB HA CTAIBHON KOHCTPYKIMH. J[JI1 yCTaHOBOK
6—10 xB paccrosuue mexnay dazamu npunumaerca 0,6-0,8 M, a mexmy
OTOpHBIMH H30JsiTOpamu 1,5-2 M. Takum oOpa3om, Mpu 3HAYUTENBHONU TIPO-
TSKEHHOCTU COETUHEHMs TpeOyeTcst Ooblliee KOIMYECTBO U30JSTOPOB, UTO
YAOPOKAET YCTAHOBKY U YCIOXKHSET HKCILTyaTalHIo.

Bonee coBeplIEHHBIM OTKPBITHIM TOKOIPOBOJAOM SIBISIETCA TMOKAasi
CBfI3b, OCYILIECTBIsIEMas IIy4YKOM IPOBOJOB, MOJABEIIEHHBIX MEXIY CTEHOMN
mMarmuHHOTO 3a7a u ['PY nmm mexny I'PY u tpanchopmaropom cBs3m.

KonudecTBO mpoOBOJOB B MyYKE W MX CEUECHHE ONMPEIEISIIOTCA pacye-
TOM B 3aBUCMMOCTH OT TOKa Harpy3ku [3]. OObIYHO B My4yKe MpeaycMaTpu-
BAIOTCS JIBa MPOBOJA, HECYIIMX MEXaHMYECKYIO HAarpy3Ky (cTajeantoMUHUE-
BbIE), U HECKOJIBKO aJTIOMUHHUEBBIX TOKOBEAYIIUX MPOBOIOB.

Bce mpoBoaa 3akperuisitorcss B KoJiblieoOpa3Hbix oOoiimax. Hecymue
MIPOBOJA TOKOIIPOBOJA NPUKPEIUIAIOTCA K CTEHAM MaIllMHHOTO 3aia u ['PY ¢
MOMOIIBIO TIOJIBECHBIX M30JISTOPOB. ECiM MPOTSHKEHHOCTh TOKOMPOBOIa 00-
aee 35 M, TO CTaBAT POMEKYTOUHYIO OIIOPY.

['nOkue TOKOMPOBOABI 00IANAIOT PSIIOM MPEUMYIIECTB: JTydllle OXJia-
KAAIOTCSI, TPEOYIOT MEHBIIE H30JISITOPOB, HE 3arpOMOKIAIOT TEPPUTOPUIO
CTaHLUU.

i coenuHeHus: reHepaTopoB ¢ OJOYHBIMU TpaHCHOpPMATOpPAMU TPH-
MEHSIIOTCSI KOMIUIEKTHBIE 3KpaHupoBaHHbie TokompoBoabl (KOT) [3, 7] c
pasneneHHsiMu (pazamu. Tokoeayume yactu KOT HaxomsTcs BHyTpH Me-
TAJUTMYECKOr0 KOXKyXa (9KpaHa) U U30JIMPOBAHBI OT HETO ONMOpHBIMU (apdo-
poBbIMU u30sTOpamu (puc. 1. 25). Kaxnas ¢asza BbIIOIHEHAa COBEPIIECHHO
CaMOCTOSATENILHO, YTO HCKIIIOYAeT BO3MOKHOCTh MEXAY(}a3HBIX KOPOTKUX
3aMbIKaHUH Ha y4acTKe COCAMHEHHS TeHepaTopa ¢ TPAaHCPOPMATOPOM.

KOT wuzroroBnsieTcs OTAEIbHBIMA CTAHIAPTHBIMU CEKIIUSAMHU, KOTOPHIE
COCIIMHAIOTCS MEXIy cO0O0¥ mpu MOHTa)xe. BHyTpH KOXKyXa yCTaHOBIJICHBI
tpaHchopmaropsl Toka mmuHHOTO Tma (THIJI). JIBa xomruiekTa ogHOda3-
HBIX TpaHchopMaTopa HAMPSKEHUST TPUCOCAUHSIIOTCS C TIOMOIIIBIO BTHIYHBIX
KOHTAaKTOB [5].
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[Ipumenenue KOT pexomenayercst ais BceX OJOYHBIX CTAHIIMM C Te-
HepaTopamu 60 MBT u Bbllle, a Takke B Mpeliesiax MAlIMHHOIO 3ajia JJis
typooreneparopos 60 u 100 MBTt, paboratomux Ha mmnbl [PY.

1.9.3. llluts! ynpaBiaennst

VYrpaBieHrue OCHOBHBIMH JJIEMEHTAMH CXEMbI JJIEKTPUUECKHX COEIU-
HEHUH MPOU3BOJIUTCS LIEHTPAJIM30BAaHHO CO IIUTOB yrpaBiieHus [3, 7, 25]. Ha
anekTpocTaHuusax Ttuna TOLl coopyxkaercs TJaBHBIA INUT yIPaBICHUS
(I'I1Y), Ha KOTOpPBIN BBIHOCATCSA MPUOOPHI YIPABICHUS W KOHTPOJS BCEMH
reHepaTopaMu, MOBBIMIAIOIIMMU TpaHChOpMaTOpaMu, JUHUSIMU, TpaHCchOp-
MaTOpaMH COOCTBEHHBIX HYXK]I, a TAKXKE CPEJICTBA CBSA3H C LI€XaMU U JIUCTICT-
4epcKkuM ympasieHueMm. Kpome Toro, B KOTEIbHOM, TYPOMHHOM M APYTHX
[eXax DJIEKTPOCTAHIMU COOPYKAIOTCA MECTHBIE IIHUTBI, C KOTOPBIX OCY-
HIECTBIIACTCS YNPABICHUE MEXaHU3MaMH COOCTBEHHBIX HYXK]I.

Ha Omounsix anektpoctaniusax (I'POC) umerorcs OmodYHBIE WIMTHI
ynpasnenus (BIY) u uentpanpupiii mmt ynpasaenus (LIY). C 6nounbix
IIUTOB MPOU3BOJUTCS YIPABJIEHUE T€HEpaTOpamMu, TpaHCPOpMaTOpaMHu C.H.,
AIEKTPOJBUTATENSIMU C.H. OJOKOB, & TAKXE OCYILECTBISAIOTCS KOHTPOJb U
yIpaBieHUE KOTEIbHBIMU arperaTaMu U TYpOUHAMH.

BIIY coopyxkaroTcs B TNIABHOM KOPIIyCE€ MEXIY KOTEIbHBIM U TYp-
OMHHBIM arperaTaMy U PacCUUTHIBAIOTCS Ha OOCITYKMBAaHHE JIBYX OJIOKOB.

HIIY npenHa3sHayeH A yOpaBJeHUsS JIMHUSMH BBICOKOTO HaIlpsiKe-
HUS, aBTOTpaHc(hopMaTOpaMu CBSI3U M JIPYTUMHU 3JIEMEHTAMH OOIECTaHIIN-
oHHOro HazHaueHus. L{II[Y moxer pa3memarscs B IIIaBHOM KOPILYyCE WJIU B
OTZIEJIbHOM 3JJaHUH, COCIMHEHHOM C TJIaBHBIM KOPITYCOM MEPEXOJHOM Traje-
peeil.

[[uTe! ynpaBieHus 000PYAYIOTCS TAHEISIMHU U TTyJIbTAMH YIIpaBJICHUS,
Ha KOTOPBIX CMOHTHUPOBAHBI N3MEPUTEIHHBIC TPUOOPHI, KIIOUN YIPABICHUS,
npuOOpbl CUTHANTM3ALMN 1 MHEMOHHMYECKasl cXeMa, OToOpaskaronasi OHOIH-
HEHHYIO0 CXeMy YCTaHOBKH. IlyJbT ynpaBieHUs MOXKET ObITh OTAEIBHO CTO-
AIIUM WM COMKHYTBIM C TaHesbio. KoMImoHOBKA MIMTOB yIpaBieHUS 3aBU-
CUT OT KOJIMYECTBA yCTaHABIMBAEMBIX IMaHEJEH, €ro Ha3HAYEHUS U XapakTe-
pa o0opyAoBaHUs.
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2. IPOEKTUPOBAHUE DJIEKTPHYECKOI YACTH
CTAHIINIA

2.1. O0mmii 0aj1aHC aKTHBHBIX MOIITHOCTEH

1. YcraHoBieHHas MOIIHOCTh 3JIEKTPOCTAHLMHU, paBHAs CyMMapHOH
MOIIIHOCTH T€HEPAaTOPOB, MPEIHA3HAYEHHBIX K YCTAHOBKE, ONPEEIISIeTCS:

Bem :Z,PGZ-, @.1)

rae i =1, 2, ... — HOMEp reHeparopa MOIIHOCTHIO F Gi , N — KOJ-BO r'eHepa-
TOPOB.

2. Harpy3ka notpeOutesneii, MPUCOSIUHEHHBIX K IIMHAM C HaIpsiKe-
Huem U;:

P, =K., > P, (2.2)
=1

1

rae K cu, — KOO(Q(QHUIUEHT CUCTEMBI JUIS TOTpeOUTENeH Ha HanpshkeHuu U,
i=1,2,...— HOMep MOTPeOUTENSI MOIIHOCTH P;,
M — KOJIMYECTBO MOTpeduTenel Ha HanpspkeHuu U;.

3. Harpy3ka norpeOureneii, MpUCOSAUHEHHBIX K IITMHAM C HaIpsiKe-
HueMm U:

[
By, =K, 2.1 2.3)
=1

cu,
i

rae K cu, — KO3(Q(QHUIUEHT CUCTEMBI JUIs TOTpeOHTENel Ha HanpshkeHuu U,

i=1,2,...— HOMep NOTpPeOUTENSI MOITHOCTH P},
[ — KonuuecTBO MoTpeduTeneil Ha HanpsokeHuu Us.

4, CYMMapHaH MOIDHOCTH, OTAaBaCMas BHCIIHUM HOTp€6I/IT€J'I$IM:

Y P=PF, +h, 2.4)

5. banaHc akKTMBHON MOIIHOCTH B HOPMAJIbHOM DPEXHUME COCTABIISIET
pE3epB MOIIHOCTHU JIEKTPOCTAHIINHN:

AP =P _ZP_PC.H., (2.5)

yem
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rac PC_H. = 09 lpycm — pacxoa MOIMHOCTH Ha COOCTBEHHEIC HYXIbI 3JICK-

TPOCTAHIMH, COTJIACHO JIOIOJHUTEIbHBIM YCIOBUSAM 3aJaHUS.
6. [TorpeGHOCTH B aBapHilHOM pe3epBe OIMpenessieTCs] MPU BBIXOAE U3

paboThI HanboIee MOIITHOTO TeHEpaTOpa (P Gmax ):

ABZG :(}}cm _})Gmax)_[zp+091(}§/cm _PGmax)+0904%max:|, (2.6)

rae 0,04 P Gmax — PACX0Jl MOITHOCTH Ha COOCTBEHHBIC HYX bl OTKJIFOYHUBIIIEC-
rocsi reHeparopa (mpuauMaercs 4 % oT MOIIIHOCTH FeHepaTopa).

3HaUueHHE BEIUUYMHBI AI)ag MOJKET OBITh ITOJIOKUTCIBHBIM HIIN oTpHu-

HaTeIbHBIM. 3HAK IUIIOC CBHUJIETEIBCTBYET O TOM, YTO PE3EPB MOUIHOCTH 3a-
JIO’)KEH Ha CTAHIIMU U JlaXKe MPU OTKJIIOYEHHUHU CaMOTO MOIIHOIO reHeparopa
Ha DJIEKTPOCTAHIIMM UMEETCS] U30BITOK MOIIHOCTH, OTJaBa€MbIi B DHEPIro-
CUCTEMY. 3HAK MHHYC CBHJIETEILCTBYET O TOM, YTO HaIpaBJIECHUE MOIIHO-
CTH B aBapUUHOM pPEKUME MEHSETCA U e(PUIIUT MOUTHOCTH MOKPHIBACTCS 3a
CUET pe3epBa CUCTEMBI.

2.2. Bp10op cxeM 3J1eKTPHYECKHUX COeIUHEHUMN
JIEKTPOCTAHUUMI

[Ipu BBIOOpPE BapuMaHTOB CTPYKTYPHOH CXEMblI CTAHIIMK HEOOXOIUMO
o3HakoMuThes ¢ ocobeHHocTs MU cxeM TOIl m KOC (I'POC) u pykoBoa-
CTBOBATbCS HOPMAaTUBHBIMU Matepuaiamu [3, 4, 7, 21, 25].

[To ncxoAHBIM JaHHBIM HEOOXOJIUMO ONPEAEIUTh, KAKOM THUIT 3JIEKTPO-
cranuun (TOL wnmu KOC) 3agaH, U HaMeTUTh [Ba-TPU KOHKYPEHTO-
CIIOCOOHBIX BapHUaHTa CTPYKTYPHOUM CXEMBI IPOSKTHPYEMOU CTAHIIHH.

Heob6xonumMo OoTMETUTh, YTO BHIOOP BapHaHTa CTPYKTYPHOU CXEMBI —
ATO HamOoJiee TBOpUYECKasi U CaMOCTOSATENIbHAS 4acTh MpoeKkTa. ['0ToBBIX pe-
IIEHUMN JIJ711 KOHKPETHBIX YCJIOBUH 3a/1aHUSI B METOAUYECKUX YKa3aHUSIX OBITh
He MOXKeT. [loaToMy 3/1€Ch MPUBOAATCS THUIIOBBIE CTPYKTYpPHBIE cXembl TOL]
K3C u paccmarpuBaroTcs oOiiue TpeOOBaHHUS, KOTOpPble HEOOXOIUMO CO-
OJIfoaTh TIPU COCTABJICHUU BapUAHTOB CTPYKTYPHBIX CXEM AJIEKTPOCTAHIIMM.

2.2.1. Cxembl dj1eKTpUYecKuX coeauHenni TILL

OCHOBHOI OCOOEHHOCTBIO TJIABHOM CXEMBI AJIEKTPUUYECKUX COEIUHE-
Huil TOIl sBisieTcst HaJlM4YMe BO MHOTUX CIIy4asiX COOpHBIX LIMH I'€HepaTop-
HOT'O HaIIPSDKEHUS, K KOTOPBIM NPUCOEANHSAIOTCA reHepaTopbl TOL[ n peak-
TUPOBaHHbIE KabenbHble TUHUU 6 — 10 kB, nuTaroniye MecTHbIX NOTpeduTe-
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newt [21, 25]. Dta ocobeHHOCTh 00BsicHAeTCS TeM, uTo TOL] 0ObruHO pacrio-
JararoT B LIEHTpE TEIJIOBOW HArpy3ku, KOTOPOM COMYTCTBYET OOJIBILIOE IO-
TpeOseHue 3aeKTpuyeckoil sHepruu. Ilo3TomMy BCIO 3JE€KTPOIHEPTUIO WIIH
3HAYUTENIbHYI0 €€ 4acTh, BbIpaOaTeiBaeMylo reneparopamu TOLI, BbIrogHO
nepeaaBaTh MECTHBIM MOTPEOUTENSIM Ha reHepaTopHOM HanpsbkeHun 10 kB.
Hns sroro nHa TOIL[ coopyxkaeTcs TeHEepaTOPHOE paclpeaeIuTeIbHOe
ycrpoiictBo (I'PVY) 3akpeiToro Tuma.

B nocnennee Bpemsa TOLI coopyxkaroT ¢ arperataMu OOJIBIIION MOIIIHO-
ctu 100 — 250 MBT. B takux ciaydasx rinaBHas cxema TOL] BeIonHsAETCSA MO
omounoMy npuHIMny (kak 1 Ha KOC) u Heobxoaumocth coopyxenust [ PY
ornanaer. Ha TOLl B Onoke Mexay reHepaTopoM M JIBYXOOMOTOYHBIM MO-
BBIIIAIONIMM TpaHC(HOPMATOPOM JIOJDKEH YCTAHABJIMBATHCS TE€HEPATOPHBIN
BBIKJIFOYATEIh B COOTBETCTBUU C [12]. MecTHas Harpy3ka ot Og0o4HbIX TOI]
MATAETCS IMyTEM OTBETBJIEHUN OT T€HEPATOPOB C YCTAHOBKOW TOKOOTPaHUYU-
BAIOIIMX PEAKTOPOB (CM. puc. 2.5) WM MOHWXKAIONMX TpaHCHOPMATOPOB
[25]. [IuTanHue MecTHOW HArpy3Kh MOKET OCYUIECTBIATHCS TaKXe OT MOJ-
ctaniuit rryookoro Beoja (III'B) 110 — 220 kB, no BozayuraeiM JISII, npu-
coennHeHHBIM K mmHaM PY 110 — 220 kB 6nounoit TOLI,.

Ha puc. 2.1 — 2.4 npuBeneHsl HEKOTOPBIE NMPUHLMIIHUAIBHBIE CXEMBbI
TOL ¢ mMHaMU reHepaTOPHOTO HANpsKeHHsl, Ha puc. 2.5 — TOLl 61oyHoro

THIIA.
C
ZJ%HT

| PY BH (110 — 220) kB

T1 T2 T

I'Py 6 —10xB

\
Gl G2 G3 ~

Puc. 2.1. IlpunuunuansHas cxema TOL[ ¢ I'PY 6 — 10 kB ¢ AByMs cexuusimu
U PY BBICOKOIO HalpsKeHUs
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ZI%HT

PY BH (110 — 220) xB

P
Tl T2 YN T3
\ /
T
PY6—10kB i .l
Cexkuusil | CeKu{m 2 Ceknus 3
|_/ L l
L Bt B, BBy 3

@HH C.H.1
GI G2 G3

Puc. 2.2. Ilpuanunuansuas cxema TOL ¢ ['PY 6 — 10 kB ¢ Tpemst cexuusamu
u PY BbICOKOrO HanpsixeHust

C - 10 kB

>, >2,!

|PyBﬁ(11o —220)kB]  [PY CH(35-110) B]

........

m T2

I'PY 6-10xB

Cexkmus 1 Cexius 2
|
+P C.H.
BB HE2C..2 ,J\\
(\/\/ )
Gl G2 G3 ~-7

Puc. 2.3. ITpunuunuansHas cxema TOL[ c I'PY 6 — 10 kB
¢ PV cpennero Hanpsxkenust u PY BbICOKOro HanpsKeHUst
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C
ZBHT

Z@H[
YCH(35 - llO)KB|

PY BH (110 — 220) kB

T4
I'PY 6 —10xB
CeKI_II/Iﬂ 1 D_/B_D Cexkiust 2

l % +
H1+ CH T B‘[HZ }C?.H.Z
G2

Puc. 2.4. [lpunnunuaneHas cxema TOL[ ¢ I'PY 6 — 10 kB
¢ PV cpennero nanpspbxkenust 1 PY BbICOKOTO HanpsiKEHUS

Z%H] -

PY BH (110 — 220) kB

| KPYI10kB | N
Gl v v G2 G3

Puc. 2.5. IlpunanunuansHas cxema TOL] 6ounoro Tuna
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KomuectBo PY na TOIL onpenensiercss 3aAaHHBIMU HANPSIKECHUSIMHU
(U;,U,) notpebuteneil u HanpsikeHUueM cBsizu ¢ cuctemond (U,). Eciu U; #
U, #Uc, To na TOII, kak npaBuino, coopyxkaercs PY HH (I'PY), PY CH u
PY BH (puc. 2.3). MoxeT ObITh, U Apyroe codetanue Hanpsoxenuii: U; u U,
= Uc, toraa Ha TOII coopyxkaercs asa PV ( puc. 2.1, 2.2).

Ces3p Mexay PY pasHbIX HampsokeHHM OCYIIECTBIISIETCS JIBYXOOMO-
TOYHBIMHU, TPEXOOMOTOYHBIMH TpaHCcPopMaTOpaMu M aBTOTpaHcPopMaTopa-
mu. Bribop TpanchopmaropoB (aBTOTpaHCPOPMATOPOB) CBA3H MPUBOAUTCA
HIKE.

[Tpu BbIOOpe raaBHOI cxembl TOILl ¢ mMHAMH reHepaTOPHOroO
HANPSIZKEHUsST HEOOXOMMO ONPEACIIUTh KOJTUYECTBO T€HEPATOPOB, KOTOPHIC
JKEJIATEJIbHO MTPUCOCIUHUTD K STUM IIIMHAM.

KonnuecTBo reHepatopoB ONMpENENSIETCS MECTHOM HAarpy3Kou, IPHUCO-
eauHeHHoM K muHaM ['PY, u coOCTBEHHBIMU HYXIaMU:

ZPGZ' 2 ZPHH + Pc.u. , (2.7)

rae ZP Gi — CyMMapHasi MOITHOCTb T€HEPATOPOB, IMPUCOCIUHEHHBIX K IIU-
Ham [ PY,

E P uy — CyMMapHas Harpyska NmoTpeOuTesie, NPUCOCIUHEHHBIX K IIH-
Ham [ PY,

PC.H. = 0,12 P Gi — pacxoJl MOIIHOCTH Ha COOCTBEHHBIC HYXJbl T€HEPATO-

poB, TpucoeauHEeHHbIX K muHaMm ['PY (c.H. o603HauaeM ManeHbKUMH OyK-
BaMH C TOUKOM, B OTIWYHE OT cpeanero Hanpspkenus CH).

Ecnu narpyska norpebureneii 00bIlie MOIIIHOCTH OJJHOTO reHepaTopa
(puc. 2.1, 2.3, 2.4) wiu aByx reHepaTtopoB (puc. 2.2), Toraa npu BhIBOJE B
PEBU3HIO WM PEMOHT OJHOTO M3 TEeHEPATOPOB MOITHOCTH OCTABIIMXCS TCHE-
paTOpOB HE XBATAET JIJIsi 00ECIICUEHUS MECTHON HATrPy3KH:

(2P = Pomas ) < 2 P + Po (2.8)

rae P Gmax — SIMHUYHAs MOILIHOCTh CaMOr0 MOIIHOTO FeHepaTopa, eCiu

OHM Pa3HOM MOIIHOCTH, BBIBOJMMOIO B pEMOHT Ha muHax [ PY.

B sToM ciydae HenocTaToOK MOIIHOCTH mepenaercs ¢ muH PY moBel-
HIEHHOT'0 HAaNpsKEHUs OT Apyrux reHeparopo TOLl wim u3 cuctemsl B 3a-
BHUCUMOCTH OT TOTO, [JI€ UMEETCS PE3EPB MOIIHOCTHU: HA CTAHLIMU WJIU B CHU-
CTEME.
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Paccmotpum apyroit citydail, KOrja npyu BBIBOJE B PEBHU3UIO WJIU pe-
MOHT OJIHOTO U3 TE€HEPaTOPOB, NMpucoeMHeHHBIX K [ PY, He Tpebyercs momy-
4aTh AJIEKTPOIHEPTHIO ¢ UH PY nosiieHHOro HanpsikeHus TOL:

(2P =Pons )2 2 Py + P\ (2.9)

OT0 Mmo3BONIAET U30EXKATh ABOMHON TpaHC(HOPMAIIUU SIEKTPOIHEPTHUH,
BbIpaOaTbiBaeMoi qpyrumu reaeparopamu TOLl. B atom ciyuyae cymmapHas
MOIIIHOCTh OCTAaBUIMXCS B pabOTe reHepaTOPOB COOTBETCTBYET HArpy3Ke Io-
TpeOurtenel, MNPUCOEIUHEHHbIX K muHaM [PY, ¢ ydeToM cOOCTBEHHBIX
HYX]I.

Takum 00pa3oM, B HOpMaJIbHOM PEXHUME MpU paboOTe BCEX F€HEPATO-
POB UMeeTCsl U30BITOUHAS MOIIHOCTh B pa3Mepe HE MEHEE MOIIHOCTH OJTHOTO
reHeparopa. OHa BbIaeTca 4epe3 TPaHCHOPMATOPHI B CETh MOBBIIIEHHOTO
HaIpsHKEHUS.

Boe16op TO# wiM MHOM cXembl OyJeT ONmpeaensiTbCcsl UCXOIHBIMU JIaH-
HBIMH: KOJJMYECTBOM U HOMUHAJIBHOW MOIIHOCTBIO T€HEPATOPOB, a TAKXKE 3a-
JTAaHHOM Harpy3kou Ha muHax [ PY.

[Tpu GpopmupoBanuu cxembl PY renepaTopHOro HampspKeHHS HEO0XO-
MO YUYUTBIBATh CIIETYIOLIEE:

1. Cxemsbl mpuHHUMarOTCa TUNOBLIE [3, 7, 12, 21, 25].

2. MuHHMaJIBHOE YHCIIO TEHEPATOPOB, NPHUCOECAMHEHHOE K IIMHAM
I'PY paBHO ABYM.

Yucno cekiuii 00bIYHO PaBHO YUCITY FeHepaTopoB [7].

4. Tlo ycrnoBUsM 3IEKTPOAMHAMUUECKON CTOMKOCTH AJIEKTPOOOOPYI0-
BaHUS Ha KaXIYI0 CEKLHIO MOAKIOYAIOT I'€HEepaToOpbl CyMMapHOM
MOIIIHOCTBIO HE CBbIlIe 60—63 MBT npu reHepaTopHOM HampshKe-
Huu 6 kB u He Boime 100—-110 MBT — nipu 10 kB.

5. Harpy3ka morpebuteneid (4UCIIO JIMHHUI) C y4eTOM COOCTBEHHBIX
HY’KJ] OT TeHepaTopa paclpeieseTcs] MeXy CEKIUSIMH TaK, YTOObI
NIEPETOK MOIIHOCTH Y€pe3 CEKIMOHHBIE PEAKTOPhl B HOPMAJIbHOM
pexkuMe ObLT HAMMEHBITUM (CTPEMIIICS K HYJI0) BO M30€KaHue To-
TEPb JIEKTPOIHEPTUU.

6. Insa wanmexHoctn [12] pexomenayercs Mexay cexkuusamu [PY
YCTaHAaBJIMBATh JBa CEKI[MOHHBIX BBIKIKOYATENS, 110 00€ CTOPOHBI
CEKIIMOHHOTO peakTopa (puc. 2.1 —2.4).

W
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2.2.2. CxeMbl JJIEKTPUUYECKUX COeTMHEHUM
K2C ('P3C)

Kak yxe oTMeuanoch, cxembl Bblaauu 3JiekTpodHepruu Ha KOC xa-
paKTepU3yIOTCs OJIOYHBIM COCTMHEHUEM T€HEPaTOPOB C TpaHC(hopMaTopaMHu.

B cootBerctBuu ¢ HTII, B Gii0ke MeXay T€HEpaTOpOM M JBYXOOMO-
TOYHBIM MOBBIMIAIOIIUM TpaHC(HOPMATOPOM, KaK MPABUIIO, JOJDKEH YCTaHAB-
JIUBAThCSl T€HEPATOPHBIN BHIKIIIOYATENb. [IpU OTCYTCTBUM BBIKJIIOYATENST Ha
COOTBETCTBYIOIIMI TOK OTKJIFOUEHUS JOMYCKAETCS MPUMEHEHUE BBIKIIIOYATe-
JIs Harpy3KH, 4To XapakTepHo s 61okoB 800 — 1200 MBT.

Ha coBpemenHbix momubix KOC Bblaua 3J€KTPOIHEPTUU MPOU3BO-
nutcst Ha HanpsbkeHuu 220 kB u Bblile (B KypcOBOM IMPOEKTE MOXKET OBITh
110-35 kB).

[lpuHiun, mnpeUIoKEHHBIN IS BbIOOpa YHClIa TEHEepaTOpOB, TO/I-
KJIFOUEHHBIX K muHaM ['PY TOIl, M0XHO MCTHOJIb30BaTh U JJIsl ONPEACICHUS
ONTUMAJIBHOTO YHCJIa OJIOKOB “Te€HEpaTop — ABYXOOMOTOUYHBIN TpaHchopma-
TOp”, mpHcoeauHeHHbIX K mrHaM PY CH, He uMeronmx cBs3U ¢ CUCTEMOM.

Tunoseie cxembl KOC npuBenens! Ha puc. 2.6-2.8. B ciyuae korjaa
CeTh CPEJHEro HaNpsKEHUs HE 3a3€MJICHa WIM 3a3eMJIeHa yepe3 Jyroracs-
i peaktop win pe3uctop (Ucy = 35 kB), BMecTo aBTOTpanchopmMaTopoB
MPUMEHSIIOT TPEXOOMOTOUYHBIE TPAaHC(HOPMATOPHI.

Jnst uckitodeHust ABOMHOM TpaHCPOpMalUM JJIEKTPOIHEPTUU TpU
komnoHoBke cxeM KOC mo puc. 2.7 ¢ aBToTpancpopmMaTopaMu CBSI3U CyM-
MapHasi MOLTHOCTh OJIOKOB, TpucoenuuenHas k PY CH, nomkna npumepHO
COOTBETCTBOBATh MOIITHOCTH, BbIIaBaeMou B ceTb CH:

Y P Z(Z}%n—O,IZP@I), (2.10)

rae E ,P cy — Harpyska norpeoutesnei, npucoeanHeHHbIX K mmHaM CH;

2 l,}%n — CyMMapHas MOIIHOCTb OJIOKOB I'€HEPATOp — JABYXOOMOTOYHBIN
TpaHcopmarop, npucoeaUHEeHHbIX K mrHaM CH;

0,1 E :I%H — pacxoJl MOIITHOCTH Ha COOCTBEHHBIE HY kbl OJIOKOB.
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, C
ZféH[ SRy

[PYCH (110 —220)xB| [ PYBH (220—750) B |

71 T4

C.H.

Gl G2 G3 G4

Puc. 2.6. [IpunuunuansHas cxema KOC ¢ aByms aBTOTpaHc(hOpMaTOpHbIMU

OJ0KaMu
C
A
ZPCH ZPBH
|PYCH(110 2200xB|] [ PYBH (220— 750) kB
l
r~-
|
g
|
-
Ve AN
[~y
v X
Tn{\ —/’\
l
|
|
.
C.H. C.H. rt- CH.
pe3epB C.H. Lo
l_l_l
/L\
. (’\,;
\\’/
Gl G2 Gn

Puc. 2.7. lpunnunuansHas cxema KOC ¢ n1Byms aBTOTpaHcpopMaTOpamu CBSI3U
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Zfz{

| PY BH (220 — 750) kB

| T
| -

/7 N\
{ \
T1 T2 T3 (<X = =T
\ /
|
|
|
Ly
C.H. C.H. C.H. I-J--. C.H.
|
.
’L\
- - - ( r\_’ \l
\ /
Gl G2 G3 Gn ="

Puc. 2.8. ITpunuunuansHag cxema KOC ¢ onnum PY BH

CxeMy ¢ MOBBIIAIOIMKMMU OJOYHBIMU aBTOTpaHchopmaTropamu (puc.
2.6) cocTaBusOT TakuM oo6pa3om, utoOwl B PY CH nMen mecTto HEKOTOPHIN
U30BITOK TEHEPUPYIOIIEH MOIIHOCTH. DTa PEeKOMEHJAIusl 00yCIOBIeHa TeEM
0OCTOATEIBCTBOM, YTO MOBBIIAIOIIMM aBTOTpaHCPOPMATOP MO YCIOBHIO 3a-
rpy3Ku 001eld 0OMOTKY (IIPM HOMUHAJIBHOM HArpy3Ke TPETUYHOM OOMOTKHU
(HH)) nomyckaet nepegavy JTOMOJIHUTEIBLHON MOITHOCTH co cTopoHbl CH Ha
ctropony BH, Ho He B 0OpaTHOM HampasiieHuu [25].

[Ipn xomnoHoBke cxeMbl KOC mo puc. 2.7 HEBO3MOXHO H30€kKaTh
JIBOMHOI TpaHcopMaluu 3JIEKTPOIHEPruu. B 3TOM ciydae cxema cocTaB-
JSIeTCS TaKUM 00pa3oM, 4YTOObI JOCTUTHYTh HAaWMEHBILErO0 MEPETOKAa MOIII-
HOCTHU 4epe3 aBToTpaHchopMaTopsl cBsi3u T2 u T3 B HOpMaJIbBHOM pexuMe.

[Tocne cocraBneHust ABYX-TPeX BAapHAHTOB CXEM JJIEKTPUUECKHUX CO-
€IMHEHUHN CTaHLUMN, YIOBJIETBOPSIOLUIMX OCHOBHBIM TPeOOBaHUSAM, CIEIYET
neperTH K BeIOOpY TpaHchopMaTopoB (aBTOTpaHC(HOPMATOPOB).
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2.3. Bei0op TpanchopmMaTopoB U aBTOTPaHCHOPMATOPOB

2.3.1. Bbi0op n1Byx00MoTO4YHBIX TPpaHcPopMmaTopoB cBsizu TIL]

[TostHas MOLTHOCTH ABYXOOMOTOUYHBIX TpaHC(hHOpMaTopoB cBsizu T1,
T2 (puc. 2.9) BeiOHMpaercs 1o HaI/I6OJ'IBIJ_ICMy neperoky momuocta AS,,

C
Z%H

PY BH (110 — 220) KB |

APHH T l() (-)l
I'PY 6 —10 kB

H o]

+

N
+
X

Puc. 2.9. Cxema TOLI k BbIOOpY TpaHC(hOPMATOPOB CBSI3U

Bemmunaa AS,,, onpemensercs mocpeicTBOM COCTABICHUS GalaHCOB

Harpy3Ku AP, HH H AQHH Ha mmHax ['PY B pa3nuuHbIX pexxumax padoThbl

ANEKTPOYCTAaHOBKHU MO BhIpakeHUsM (2.11) — (2.13), npuBeIEHHBIX HUXKE.
bamaHc akTHBHOM MOIIHOCTH B HOPMAJbHOM PEXUME COCTABIISIETCS IS
MAaKCUMAJIbBHOW 1 MUHUMAJIBHOW HArpy3ku Ha muHax [ PY.

a) baslanc akTHBHOM MOLIIHOCTH B HOPMAJILHOM peKuMe
NpH MaKCUMAJbHOM Harpy3ke Ha muHax I'PY

Ha mmmnax nuzkoro Hanpsixxenus (I'PY)

ZPGIZ OIZPGIZ Z HH (2.11)

re Z Gl2 — T P ) — CyMMapHasi MOIITHOCTb reHepaTopoB G; u Gy;
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ZP uy — MAaKCUMallbHas Harpyska Ha mmHax ['PY ¢ ydetom cucteMHOro
Kod(uIueHTa, onpeaenseMas o BeIpaxkeHuto (2.2);

0,12 P G612 = L¢cu.G12 — pacxoa MOIIHOCTH Ha COOCTBEHHBIE HY Kbl TeHe-
paropoB G; u G,.

0) bajanc aKTHBHOM MOIIIHOCTH B HOPMAJILHOM Pe:KUMeE
P4 MUHUMAJIBHON HArpy3Kke Ha mmHax ['PY

Ha mmnax nuszkoro Hanpsokenus (I'PY)

APHH = ZPc;l,z -0,1F, _Kmin PHH , (2.12)

G1,2
rae K min = 0,7+ 0,8 — KO3QPULUMEHT CHUKEHUS HATPY3KHU.

B) bajlaHC aKTHBHOM MOIIHOCTH B ABAPUIHOM peKuMe
NPU MAKCUMAJILHOM Harpyske Ha muHax ['PY

3a aBapuHBIN PEXXUM MIPUHUMAETCS OTKIIIOUEHHE HAauOoJee MOITHOTO
reseparopa ot mwuH [ PY

APHH.CI@ = (PG1,2 o PGmax) N 0’ l(z PG1,2 _PGmax) N

(2.13)
0,04P. — ZPHH ,

rac O, O4PGmax — pacxon 3JICKTPOSHCPTIUU Ha COOCTBCHHEIC HYXIbI OTKJIIO-

YEHHOT'O T€HepaTopa.
B 3aBHCHMOCTH OT pexuMa pabotsl AP, . MokeT MeHATh 3HaK, TO

€CTh Ha IIMHAX HU3KOIO HANPSDKEHUS MPU OTKIIOYEHUH HAHOOJBILIETO reHe-
paTopa MOXeT ObITh M30BITOK (+) win aeguuut (—) MouHocTU. I[loaTomy
TpaHchopmartop cBszu noswkeH umets PITH (em. puc. 2.9).

Onpejenenne IePEeTOKOB peakTHBHOM MomHocty AQ,,, aHAIOTMYHO

dbopmynam (2.11-2.13). Hanpumep, mnepeTok peakTUBHONW MOIIHOCTH B HOP-
MaJIbHOM PEXHUME IIPYU MAKCUMAJIBHON Harpy3ke Ha muHax ['PY

AQHH = ZQGI,Z _O’lQGl,Z - ZQHH ) (2.14)

rie ) Og1 =(Qg +0ps) — cyMMapHas peakTHBHAS MOIIHOCTh IeHepa-

TOPOB, Z O, — MakcuManbHast peaKkTuBHAs Harpyska Ha muHax ['PY.
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PeakTBHass MOIIHOCTH OIPEACTSETCS IO AaKTHBHOW MOITHOCTH H
tq(¢) cooTBeTCTBYyIOIIETO dNIeMeHTa. Hampumep,

O = F.t8(9,,) . 2.15)
MorHocTh BeIOMpaeMoro TpancopmMaropa CBs3u OyAeT OnpeaessiTh-

Ccsl IO HauOoJbIIeMy a0CONMIOTHOMY 3HAUYEHHUIO MEPeTOKa MOIIHOCTH C yde-
TOM Meperpy3ku Tpancdopmaropa [3, 21, 25]:

VAP +AQ;, [AS,,

HH

T2 <= (n—l)KH K (2.16)

S, =8

T1
n

rae |ASHH | — Haubosnblee 3HAYUEHKE TIEPETOKA MOIIHOCTU B COOTBETCTBUH
C peXuMamu a), 0), B);

N — 4ucno TpaHchopmMaToOpoB CBA3H;

K7 — nomyctumelii K03 GUIMEHT meperpy3Ku TpaHchopmaropa.

Ecin B cmpaBouHON JUTEepaType OTCYTCTBYET JABYXOOMOTOYHBIN
TpaHcopmarop TpeOyromencs HOMEHKJIATypHOM MOIHOCTH, TOI/Ia BBIOU-
paeTcs K yCTaHOBKE TpaHC()OPMATOp C pacIIENJICHHOH OOMOTKOW HH3LIETO
HaNpsOKEHUS COOTBETCTBYIOLIEH MOIIHOCTH, KOTOpBIM CHaOXEeH yCTpOil-
ctBoM PITH. OOMOTKHM HU3KOTO HANPSHKEHUS MPU 9TOM COSAUHSIOTCS Tapall-
JeNIbHO, T.€. paclIelyIeHWe HE HCIOJIb3yeTcs, U TpaHchopmaTop paboTaer
KaK JABYXOOMOTOYHBIA. Takke NOMycKaeTcs MpUMEHEHHE IpyHnbl U3 JIBYX
Tpex(da3HbIX TpaHCHOPMATOPOB WU TPYHIBI U3 0JHOGA3HBIX TpaHChOpMa-
TopoB [12].

Ecnu na mpoektupyemoit TOL] ecTs renepatopsl, padotaromue B 0110-
Kax C JByXOOMOTOUHBIMH TpaHC(OpMATOpaMH, TO MOIIHOCTb TpaHCc(opma-
Topa OJI0Ka OTpeeeTCs 0 BRIPAKCHHIO

Sopn. = \/ (P Gron ~ Fon. )2 + (QGHOM 0. )2 , 2.17)

rac PGHOM ) QGHOM — COOTBCTCTBCHHO, HOMHWHAJIbHAA AaKTHBHAasA M pCak-

TUBHAsI MOITHOCTh T'€HEPATOPA;

PC,H_ , QC,H_ — COOTBETCTBEHHO, PAcXo]i aKTUBHOW M PEAKTUBHOW MOIIHOCTH

Ha COOCTBEHHBIC HYXJIbl T€HEpaTOpa.
OT60p MOIIHOCTH Ha COOCTBEHHBIE HYKIbl MOXET HE YYUTHIBAThCS,
TaK Kak BO3MOXXEH PEKUM paboThl OJIOKA MpU MUTAHUU MOTpedureneit cod-
CTBEHHBIX HYJ OT pe3epBHOr0 TpaHc(hopmaTopa COOCTBEHHBIX HYX/I.
Mmuorue n1Byxo0OMOTOUYHBIE TpaHChHOpPMATOpPhI, paboTaroiiue B O6JI0Ke ¢
reHeparopamu, He umerotr PITH u naxe I1bB, B aTOM citydae perynnpoBaHue
HaIpsHKEHUS ocyllecTBIsieTcs nocpeactsoM APB reneparopa.
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2.3.2. Boi0op Tpexo0MOTOYHBIX TPaHCHOPMATOPOB
u aBpToTpancopmaropos cBszu TILL

Kak yka3pIBajnoch BbIIIE, B KayeCTBE JJIEMEHTOB CBS3M MEXIY pac-
MPEACIUTENBHBIMU YCTPOUCTBAMU PA3JIMYHBIX HANPSIKEHUN MPUMEHSIOTCS
TpaHchopmatopsl M aBTOTpaHchopmaropsl. OOIACTh NMPUMEHEHHs] TpaHC-
dhopmaTopoB orpaHuduBaeTcs HanpspkeHuem 220 kB.

OOBIYHO COOTHOIIICHHE HAMPSIKEHUM Ha 0OOMOTKax TpaHChOpMaToOpoOB
220/35/10,5; 220/35/6,3; 110/35/10,5; 110/35/6,3.

ABTOTpaHc(hOpMaTOpbl NPUMEHSAIOTCS 711 00Jiee BBICOKOIO YpPOBHS
HanpsokeHud. VX 0OMOTKH BBICOKOTO M CPEIHEro HampsbKeHWH MOTYT CBS-
3bIBaTh JIMIIb JJIEKTPUYECKUE CETH, pabGotaromue ¢ 3¢p¢HEeKTUBHO-
3a3€MJICHHBIMY HEUTPAJSIMHU, TO €CTh CETH ¢ HamnpsbkeHueM 110 kB u Beime.

[Ipu BbIOOpE MOIITHOCTH TPEXOOMOTOUYHBIX TpPaHCHPOPMATOPOB CBSI3U
CHayvaJjla COCTaBJIsAeTCA OallaHC aKTUBHBIX M PEAKTUBHBIX MOIIHOCTEW Ha IIU-
Hax HH u onpeznensarorcs nepetoku moiHocTeil yepe3 oomorku HH Tpanc-
dhopMaTOpOB B pa3IMYHBIX PEKUMaX B COOTBETCTBUU C IyHKTaMu a), 0) U B).
3arem cocrtaBisieTcsi Oananc moimHocTed Ha mumHax CH B HOpMaibHOM U
aBapuUtHOM pEXUMax pabOThI MPU MaKCUMalbHOW Harpy3ke Ha mmHax CH.
3a aBapuiinblii pexkuM Ha muHax CH npuHMMaercs OTKIIOYEHHUE CaMoro
MOIIIHOTO OJI0Ka, MpHUCcOoeAUHEHHOTOo K muHaM CH.

PexxuM MUHUMANIBHOW Harpy3kd pacCMaTpHUBAETCS TOJIBKO Ha IIMHAX
HH, B sTOM pexkume Harpy3ka Ha mmHax CH npuHuMaeTcs MakCMMaibHOM.
C y4eTom BCEro H3JI0KEHHOTO ONPENEISIOTCS MEPETOKM MOILIHOCTEN 4epe3
oomotku CH TpancdhopmaropoB cBsizu. Ecnu Ha mmHax CH oTcyTcTBYrOT
omoku (puc. 2.3, Omoka G3-T3 HET), TO MEPETOKH MOIIHOCTEH depe3 00-
Motk CH tpanchopmatopos cBsizu (T1 u T2) Bo Bcex pexumax OyayT co-

OTBETCTBOBaTh MaKCUMalIbHOM Harpy3ke Ha mumHax CH (AR, = ZP cH )-

3arpy3ka oomotrok BH ompenenutcs kak cymma (Wi pasHOCTh, B 3aBHUCH-
MOCTH OT IPHUHSATOrO MOJOKUTEIBHOTO HAIPABJICHUSI MOIHOCTH) IEpPEeTOKa
motHocteld yepe3 oomorku HH u CH. Hampumep, nepeTok akTUBHON
MoIHocTy yepe3 ooMoTku BH tpancdopmaTopos cBszu (AT)

APy = (AP, +AP). (2.18)

MoIHOCTh TPEXOOMOTOYHOTO TpaHC(hOpMAaTOpa CBSI3M TaKKe BHIOMpA-
eTCsI 110 HanOOJIBIIIEMY 3HAUEHUIO TIEPETOKA MOIITHOCTH Yepe3 KaKyr-Tuoo u3
oomotoxk HH, CH unu BH o (2.16).

Pacuer mepeTokoB MoOITHOCTEH yA0OHO CBECTH K TaOJHIEC, COJAepIKa-
el HeoOxonuMbie U(POBBIE TaHHBIC, YCIOBHBIE 0003HaUYeHUS U (HOPMY-
JIBL.
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B kauecTtBe mpumepa npousBesieH BeIOOp aBToTpaHchopmaropor (AT)
cBsi3u (T3 u T4) B cxeme TOL, puc. 2.10 (tabauma 2.1).

Z%T T

PY CH 110 kB

AR, I
2

g
<
o]
an)
)
)
=}
=

o]

71 T2 73

B—IH1+ PHH2+BH.2
Gl G2 G G5

Puc. 2.10. Cxema TOL ¢ aBTOTpaHchopMaTopaMu CBS3H

JUIst JaHHOTO ITPUMeEpPa MIPUHATHI CIIEAYIOIIIe 0003HAUECHHS:
> B, =B, +B,,, — narpyska na munax Husimero sanpsokenus (IPY) ¢

Y4E€TOM CUCTEMHOT0 KoadduinenTa (2.2);
ZPCH — Harpy3Kka Ha IIMHAaX CPEJHEr0 HAIpPSHKEHUS ¢ YI4ETOM CUCTEMHOIO

kod(pdunmenta (2.3);

PC-H, HH — PAcXo JIEKTPOIHEPTrUM Ha COOCTBEHHBIC HYXKIbI T€HEPATOPOB
G3 u G4, NOJKIIIOYEHHBIX HA IIUHBI TEHEPATOPHOTO HAIIPSIKEHNUS;

PC.H.GLZ — pacxo/l AIEKTPOIHEPTUH Ha COOCTBEHHBIE HY X1l 0JI0KOB 1 1 2.

Koaddunmrent montnocty Harpy3ok Ha mmHax HH npunst — 0,92, Ha
murHax CH — 0,85. HomuHasibHBIE MOIIIHOCTH T€HEPATOPOB PABHBI:

P(;3: P(;4:60 MBrT, PG]:PGZ :PG5 = 100 MBT.
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Tabmuna 2.1

PacuerHble IMapamerpsbl peskuMa HopmanbHblii ABapuitHbIii
PEIHMEL P [MBT]; Q [MBap]; MachIIiemmll\/Ian— OTKJ‘IIO?;;KHB(;KH}O‘I.
S [MBA] MaJIbHAsl | MaJIbHas G3 ot o1 ot
Harpyska | Harpyska LIUH mmH CH
I'py
1 2 3 4 5 6
1.CymmapHras
MOH}_[/HOCTI; re- ZPGHH = })Gs +})G4 120 120 60 120
HEPATOPOB Ha
wuHax I'PY ZQGHH = PG_Jg(DG3 + ])G4tg¢G4 90 90 45 90
2.Harpyska Ha
ey | Y Py 59,8 4485 598 59,8
2.0 =2 Putgo,, 2546 | 19,1 |2546 |2546
3.Pacxon L.
ik P 12 2 84 |12
oy O, 9 9 63 |9
34&1?%251 ge- APHH = Z PGHH - Z PHH - Pc.H.HH 48’2 63’15 _8’2 48’2
pe3  oOMOTKH
AT eonn | MO = D, Qo = 2O = Qe | 5554 619 | 1324 | 55,54
Rt ) O 148 | 148 148 | 148
> Oy 91,76 | 91,76 | 91,76 | 91,76
6.Pacxo L.
3ngr1/n/1[l Ha ])C.H.CH 20 20 20 14
COOCTB. HYX/IbI
CH O, .cn 15 15 15 10,5
Z/I.(I)Iuiizf:(::l e- APCH :(Z%u.aq _PC.H.CH )_ZPCH 32 32 32 -62
pe3  OOMOTKH _
et AT o | M0y =Q = Oonc) 20 | 4324 |4324 | 4324 | 2726
i?{;ﬁfﬁ‘; e | DBy =AB, +AR, 80,2 95,15 | 23,8 -13,8
pe3  oOMOTKH A =A +A
B AT comn Oy =+ N 98,78 | 105,14 | 56,48 | 28,28
9.  Pacuernsle
HeEeTOKH 10JI-
HOM MOIIHOCTH
yepe3 0OMOTKHU:
- AS,, = JAPL + AQL, 73,5 |884 |1557 |73.5
- AS,., = AP, +AQ?, 53,79 53,79 |53,79 | 67,72
_ 2 2
B | ASa =AP;, +AQ;, 12724 [ 1418 |56 | 31,46
T3uT4
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[MTPUMEYAHMUE. bamanc momHuocti Ha mwmHax BH Ha BeIOOp MomIHOCTH
AT- cBsi3m He BIMAET, IMOATOMY OJIOK, TpHUCOSTWHECHHBIM K mmHam BH, B
Tabnuiry 2.1 HEe BHOCUM.

BenuuuHbl 1epeTOKOB aKTUBHOM MOIIHOCTA B MBT, monydeHHbIE B
cron6Ormax (3 — 6) tabxn. 2.1, ais aydine HarsIAHOCTA MOYKHO PA3HECTH 10
oOMoTKaM aBToTpancpopmaTopoB (puc. 2.11).

[Tpu BBIOOpE aBTOTpaHCHOPMATOPOB HEOOXOIUMO YUECTh OCOOEHHO-
CTH UX KOHCTPYKLHMH U peKUMbI paboThl [2 — 4]. CnemyeTr yyecTb, 4TO 00-
MOTKA HU3IIET0 HANPSIKEHUS MOXKET OBITh 3arpy>keHa MOIIHOCThIO, PaBHOM:

SHH = Smun = k S (219)

8ble ~ HOM »

rne Spp U Sy — COOTBETCTBEHHO, TUIIOBAs M HOMMHAJIbHAS MOIIHOCTH
AT;

b

K _U,-Uc _1_L
bie = — KOA(PULIMEHT BBITOJTHOCTH;
UB nT

n, — xoadpunuent Tpancpopmaliuu aBTorpancpopmaropa.
HauGompiree pacnpocTpaHeHHE TOIYYHIH aBTOTpPaHCHOPMATOPHI C
K,,.. =0,5. D10 cooTBETCTBYET OTHOMEHUAM Hanpsokenuit Uz / Ue:

220/110; 330/150; 500/220; 750/330.
[lepeTox MOIIHOCTH yepe3 OOMOTKY HHM3LIErO HAINpPSIKEHUs JI0JDKEH
OBITh PaBEH WJIM MEHbIIIE TUIIOBON MOIIHOCTH aBTOTpaHc(opmaTopa:

A'S'HH < SHOMKeblz' (220)

AP, 9515

107



ARy 32 s AR, _62
2 =7 2
Al _ 82 AP,y
2 2
6 2
Puc. 2.11

a — HOPMAJIbHBIN PEKUM, MAKCUMaJIbHAs Harpy3ka Ha muHax ['PY,

0 — HOpMAJIBHBIN PEXKUM, MUHUMaJIbHAsI Harpy3ka Ha muHax [PV,

6 — aBapUMHBIN peXUM, OTKII0YeHHE reHepaTopa G3 ot muH ['PY,
2 — aBapUHBIA peXuM, oTKIItoYeHne 6moka ot mmH CH

Jlanee cinemyeT BBISICHUTH, B KaKOM pexuMe padoTaeT aBToTpaHcop-
MaTop: TpaHC(HPOPMATOPHOM, aBTOTPaHCHOPMATOPHOM WIM KOMOMHUPOBAH-
HOM [3, 4].

[Teperpy3ka oOMoTok AT BO3MOXXHa B KOMOMHUPOBAHHBIX PEKUMAX
IpHU Nepeilaye MOIIHOCTU 3a CYeT TpaHc(hopmMaTOpHON M aBTOTpaHChOpMa-
TOpHOM cBszelt (puc. 2.12, a, 6).

B cinyuae, nokazanHoM Ha puc. 2.12, @ nmeperpy>K€HHON MOXXET OKa-
3aThbCsl TIOCHeOBaTENbHAsT OOMOTKA. JTOT PEKHUM OIPAaHUYMBAETCS €€ 3a-
IPY3KOH, ONpPEAENsieMON BbIPAKEHUEM

K\/ Py +Py) +(0u +0um) . (2.21)

Puc. 2.12. Pabota aBToTpanchopmaTopa B KOMOMHUPOBAHHBIX PEKUMAX
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KOM6HHHpOBaHHBIﬁ PEXKUM OOITYyCTUM IIPpU S KgbleSHOM

B cnydae puc. 2.12, 6 neperpy>XeHHOW MOXET OKazaTbcsl oOuias 00-
MoTka AT. JlomyCTUMBIN NEPETOK S ONPEAEHAETCA MO BBIPAKEHHUIO

Sy = \/ (KB + Py) +(K oD + O ) (2.22)

ITOT KOMOUHMUPOBaHHbIT pexum gomyctum mpu So < K.S,,., .

Omnpenenenne AOMYCTUMBIX MEPETOKOB MOIIHOCTH MO oOmoTkam AT
JlaHo B [3, 4].

C ydeToM HM3I0KEHHOTO BBIIIE MpousBeaeM BoIOOp AT — cBsi3u yis
TOII (puc. 2.10) mo monxydeHHbIM AaHHBIM (Tabma. 2.1). CHavana omnpenaens-
€M MOIIHOCTh aBTOTPaHC(POPMATOPOB CBSI3U MO MAKCUMAJILHOMY IEPETOKY

yepes oomotku HH (AS,,, =88,4 MBA) B HOpMaIbHOM pEXHMME TIPU MU-
HUMaJIbHOM Harpy3ke Ha muHax HH, cormacuo (2.20) u (2.16):

AS

SHOMT3 = SHOMT4 2 ( _I)HH D (223)

IJI€ Ny — YUCJIO aBTOTPAHC(POPMATOPOB CBSI3H.
[ToxctraBuB B (2.23) yuciaoBbIC 3HAUCHUS, TOIYIUM

88.4
S =5 >—=126,2
HomT3 HomT 4 O, 1’4 MBA.
K —Us=Uc_220-110_ o

bl UB - ) O

3areM omnpezenseM HauOOJbIINI MEPETOK B APYIUX pexumMax padoThl
(tabm. 2.1, ASy, =141,8 MBA — HOpManbHBIA PEXHUM IPH MHUHUMAJIbHOU

Harpy3ke Ha mmHax HH). Ha puc. 2.11, 6 moka3zaHbl mepeToKH aKTUBHOM
MOIIIHOCTH.

OTOT peXUM COOTBETCTBYET KOMOMHHUPOBAHHOMY PEKUMY paOOTHI aB-
ToTpancopmaropa (puc. 2.12, a).

S > & — KGblZ\/(})CH + P )2 + (QCH + QHH )2
HOMAT K K % K ’ (2.24)

6ble 8ble

rac \/(PCH +PHH )2 +(QCH +QHH )2 = ASBH - 14198 MBA.
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141,8
Torna SHOMAT Zﬁ: 10,3 MBA.

CrnenoBatelbHO, paCueTHOM MOIIHOCTBIO JUIsl BbIOOpa aBTOTpaHc(op-
MaTopa CBS3M SBJISIETCSI MOIIHOCTb, OMpenessieMas U3 YCIOBHUS 3arpy3Ku
oomorkun HH (S47r 2126,2 MBA). Ilo [5] BeiOupaeM aBTOTpaHcGoOpMaTOphI
ces3u 2 xATJLTH — 125 000/230/121/10,5.

B aBapuiinom pexume npu otkirodeHuun o6ioka 100 MBT ot mmua CH
(puc. 2.11, 2) nomyyaeTcss KOMOMHUPOBAHHBIN PEKUM B COOTBETCTBHUH C
puc.2.12, 6. IIpoBepum 3arpy3Kky o011eii 0OMOTKH 10 BhIpaKkeHHIO (2.22)

S, =/(0,5-6,9+24,1)° +(0,5-14,14+27,77)" = 44,4 MBA_

Sy < 8,un = KpoSyon =0,5-125 2 63 MBA | crienoBatensHo, peskum 10-

6ble~ HOM
IyCTHUM.
MormHoCTh TpancpopMaTopoB OJIOKOB ompeneaum 0e3 ydéra oTdOopa
MOIIHOCTH Ha COOCTBEHHBIC HYK/IBI.

P 100
Grov = =125
coseg,,., 0,8 MBA.

ITo [5] BeiOupaem tpanchopmarop TLL — 125 000/121/10,5.

P 100
> HOM  — =125
coso,,, 0,8 MBA.

1o [5] BeiOupaem tpancdopmarop THLL — 125 000/242/10,5.

B cnyuae BBIMOTHEHHS CBSI3U MEXKIY PACIIPEIyCTPONCTBAMH BBICIIETO,
CPEIHETO M HU3IIETO (T€HEPATOPHOTO) HAMPSKESHHSI TIPU MTOMOIITH TPEX0OMO-
TOYHBIX TPAaHC(HOPMATOPOB, HMX MOIIHOCTH CIIEAYET TMOJCUYUTHIBAThH IO BHI-
pPaKEHHIO

mp.6n.1 = mp.6n.2 —

S

mp.oas

AS

max

S, >—max
rE oK, (2.25)

rIe ASmaX — HauOOJIBIINKA TEPETOK MOIIHOCTH 4Yepe3 KaKyo-Tu0o u3 00-
MOTOK TPaHC(OPMATOPOB CBSI3H;

K, — xo>ddurment neperpysku tpanchopmaTopa;

71 — 9UCIIO0 TPAHC(POPMATOPOB CBSI3H.

110



2.3.3. Boi0op Tpancopmaropos u aprorpancpopmaropos KIC

Kak 6sp110 ckazano Beie, Ha KOC reneparopsl paboTaroT B G10Kax ¢
TpaHchopMaTopamMu U aBTOTpaHc(hopmMaTopaMu.

Br16op Tpanchopmaropos (aBToTpaHCHOPMATOPOB) CBSI3U MTPOU3BO-
JUTCSI 110 HaOOJIbILIEMY MIEPETOKY MOIIHOCTH, KakK MOKa3aHO B MPEAbIIY-
meM pasaene (1. 2.3.2).

Ecimn wHa KOC cBsa3p mexay PY CH m BH ocymectBisiercs aBTo-
TpaHncpopmaTopHbIMU Ookamu (puc. 2.6), TO MOIIHOCTh aBTOTpaHCcopMma-
topoB T2 u T3 cuauana Ber6uparot no 3arpy3ke oomorkun HH, Tak kax

S =S

HomG HH AT

- Smun — aSHOMAT ) (2-26)

SHHAT
o =

DIS S , Kak npasuiio & = Kgblg ;
HOM AT

SHHAT — HOMHHAJIbHas1 MOIITHOCTb oomMorkn HH aBTOTpaHC(i)OpMaTOpa Impu-

BOJUTCS B CIIPAaBOYHBIX Marepuainax [3, 5].

S

S > HOMG
HOMAT K 5 (2.27)

8ble

rae SHOMAT = SHOMTZ = SHOMT3 .

3aTeM paccMaTpUBaeTCs, B KaKux pekuMax paboTaeT aBTOTpaHCGOp-
MaTOpPHBIN OJIOK, U €CJIM UMEIOTCS KOMOMHUPOBaHHBIE pexXUMBI (puc. 2.12, a,
0), TO, COOTBETCTBEHHO, MPOBEPSIOTCS IOMyCTUMbIE MEPETOKU Yepe3 Mocie-
noBateNbHY0 (2.21) unu oburyro (2.22) ooMoTku (nipuioxxeHue 1).

Otkmrouenue 610koB G2 u G3 (puc. 2.6) He paccMaTpuBaeTcs, Tak
KaK TpaHc(opMaTOphl BBIXOMAST U3 CTPOsI, COTJAcHO cTaTUcCTuke, 1 pa3 B 15
net [1], a npu oTKJIIOYEHUH TeHepaTtopa O010ka TpaHchopMaTop CBSI3U OCTa-
eTcs B pabore.

bamaHnchl MOITHOCTEW Ha IMIMHAX CPEIHETO HAIPSIKEHUS TO3BOJISIIOT
OIIPENIENINTh 3arpy3Ky OOMOTOK cpenHero HanpsikeHus (AS., ) B HOpMallb-

HOM W aBapUHOM pEXHMMax. 3arpy3ka OOMOTKH BBICOKOTO HaIpPsDKCHUS
Tpancopmaropa (aBroTpaHchopmaropa) nmojacuuTeiBaeTcs mo (2.18).
OTkiroueHne AByXOOMOTOYHOro OJIOKAa OT IIMH BBICOKOTO Hampsixke-
HUS HE paccMaTpUBAETCs, TaK KaK HE BIMSET HA BEIMYUHY NIEPETOKOB MOIII-
HOCTH 4epe3 00MOTKH TpaHchopmaTopoB (aBTOTpaHCHOPMATOPOB) CBS3H .
TpanchopmaTopsl 1ByXOOMOTOUYHBIX OJOKOB BBIOMPAIOTCS COTJIACHO
BbIpaxkeHuto (2.17).
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ITpu BeimosniHeHuu cBsizu Mexay PY BH u CH no puc.2.7 AT — cBs3u
paboratoT B aBToTpanchopmaTopHoM pexkume. B atom ciayuae momHocTh AT
cBs3u T2 u T3 onpenensieTcss mo HAaMOOIBIIEMY MEPETOKY MEXIY IIMHAMU
CH u BH B paznuunbix pexumax paOoThl dJEKTPOYCTaHOBKH (cMm. 1. 2.3.1, a,
0, B). [ls1 aTOTO COCcTaBIIsIeTCS OalaHC MOIMHOCTEH TOJbKO Ha mmHax CH.

ASmax
ST2 = ST3 2 PN )
(n-DK,

rIe ASmaX — HaMOOJBIINNA TIEPETOK MOIIHOCTH Yepe3 aBToTpaHc(opMarTo-
pbl cBsizu T2 u T3;
K, — xosddunmenT neperpyskn aproTpanchopMaTopa;

1l — 9HUCII0 aBTOTPAaHC(HOPMATOPOB CBS3H.

IIpu ycranoBke Ha KOC MOIIHBIX T€HEPATOPOB HEPEIKO BO3HUKAIOT
TPYJIHOCTH € BBIOOpOM TpaHchHOpMaTOpoB U aBTOTpaHchopMaTopoB. B aTom
cllydae BO3MOXKHBI TaKvWe€ BapUaHThI OJIOKOB, Kak reHepartop, — rpymnmna u3
TpeX 0JHO(A3HBIX aBTOTPAHCPOPMATOPOB WK TPEX OJTHO(DA3HBIX TPEXOOMO-
TOYHBIX TpaHC(HOPMATOPOB.

Hanpumep, Upy = 500 kB; Ucy = 230 xB; Pg = 320 MBT, Ugon =
20 kB, cos ¢g o = 0,85;

_U,-U. 500-230

K, B = =0,54
8ble UB 500 .
CornacHo BeIpaxkeHuto (2.27)
20-10°
Guoy__ 320-10 = 697,2MBA_

S > =
rowdl = K . cos@, 0,54-0,85

6ble

[To cripaBouHO# nuTepaType [3] BbIOMpaeM rpynmny oaHO(]a3HBIX aB-
Torpanchopmaropos 3xAOLITH — 267000/500/N3/ 230N3/20 ;S . =3 %

120 = 360 MBA; S, 7= 3 x 267 = 800 MBA; & =S, /S, . .=

360/801=0,45; K, ,.>C .

CrnenmyeT y4ectb, YTO MPHU NPUBEICHUU PEAKTHBHBIX COIPOTHUBICHUM
BeTBel oaHO(a3HBIX TpaHchopMaTopoB (aBTOTpaHchOpMaATOpOB) K Oas3uc-
HBIM YCIIOBHUSM JJIsI pacueTa TOKOB KOPOTKOTO 3aMbIKaHUsI T10]T HOMHUHAJIBHOU
MOIIIHOCTHIO TpaHcPopMaTopoB (aBTOTpaHC(HOPMATOPOB) TTOHUMAETCSI MOIII-

HOCTh BceX Tpex (a3. B paccmarpuBaemom ciydae S, = 3x267000 =
800 MBA, torna
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X, %S

0

Xppr =—————
01008

CymMmapHasi MOIIHOCTb TPYNIbl OJHO(A3HBIX TpaHCPOPMATOPOB WIIH
aBTOTPaHC(POPMATOPOB TAKKE YUUTHIBAETCS MPH OMPECIICHUN MOTEPH HIIEK-
TPOIHEPTHH.

2.4. TexHMKO0-IKOHOMHYECKOE CPABHEHUE BADUAHTOB

TexHUKO-3KOHOMUYECKOE CpPAaBHEHHE BApUAHTOB MPOU3BOJAUTCS IO
MUHHMYMY TpHBEJIEHHBIX 3aTpar [3, 25]. B y4eOHOM mpOoeKTUpOBaHUU JI0-
MyCKAeTCs MpPU CPAaBHEHUH BAPUAHTOB YUYHUTHIBATh KAaMHUTAJIbHBIE 3aTPAThI
TOJILKO Ha oOopynoBaHue. J[laHHBIE IO CTOMMOCTH 3JIEKTPOOOOPYI0BaHMUS
MpUBEJEHHI B [3, 5, 27].

[Togcuer kanuTaNbHBIX 3aTpaT yAOOHO MPOU3BECTH B dopme TabuIl,
KaK 3TO Moka3aHo B [3]. IloTepu 31€KTpO3HEPIrUM 1 MUHUMYM IPUBEIEHHBIX
3aTpar Mo BapuaHTaM TaKXKe CIEAyeT MPEICTaBUTh B TaOnHIe i OOJbIIeH
HarJISTHOCTH.

K pacuery mpuHUMaeTCsi BApUaHT ¢ HAMMEHBIIIUMHU 3aTPaTaMH.

2.5. Pacyer TOKOB KOPOTKOI'0 3aMbIKAHUA

[lepen TeM Kak NpUCTYNUTH K pacueTy TokoB K3, HeoOXoIuMO BbI-
OpaTh O/IHO pacueTHOE MPUCOEAMHEHNUE: 1Ienb reHepaTopa (cxema TOL) win
osoka renepatop — tpancgopmarop (cxema KOC). COopHbIe MIMHBI BHIOH-
patot g PY, kK KOTOpoMy NMOAKIIOYEHO PACYETHOE ITPUCOEINHEHHUE.

Ha cxeme 3amMenienusi, B LIEH pacYeTHOIO MPUCOECTUHEHUSI U COOPHBIX
IIMH, HaMmedaroTcs Touku K3, B KOTOpPBIX ONpenenstoT 3HaueHus: Tokos K3
JUIS BBIOOpA U MPOBEPKH SIEKTPHUUECKUX allllapaToB U TOKOBEAYIINX YaCTEH.
HeoOxomumoe konnuecTBo Touek K3 m ux MecTo pacmonoxeHus onpeneis-
€TCS COTJIACHO PACUYETHBIM YCIIOBUSM [3].

B snextpoycranoBkax 110 kB u Bbimie (3¢dekTuBHOE 3a3eMiieHUE
HEUTpaJii) TOK OAHO(PA3HOTO 3aMbIKAHUS Ha 3€MJIF0 MOXKET MPEBBIIIATH TOK
tpexdaznoro K3. [IpoBepka BhIKIIOYATENEH B 3TOM CIIy4yae MPOU3BOAUTCS 110
OonpieMy 3HaueHHI0 Toka K3, ecinu He MpPUHATHI MEphl MO OTPaHUYCHHIO
TOKa 0IHO()A3HOTO 3aMbIKaHUSI HA 3EMITIO.

Mertonpl pacdera TokoB TpexdasHoro u oanodasnoro K3 s Bei6opa u
MIPOBEPKH JIEKTPUUECKHUX aIlllapaToB U3JI0KEHBI B [3, 15, 16].

B nactosimiee Bpems pacuer TokoB K3 moxker npousBoautscsi Ha OBM
C MPUMEHEHHEM MPOMBIIUICHHBIX MporpaMMm. Ha kadenpe s7aeKTpuIecKux
cranuuid TIIY g pacuera ToxoB Tpexdaznoro K3 u qpyrux BenuyuH, He-
O00XOIUMBIX AJIs1 BBIOOpA M MPOBEPKHU SIEKTPUUYECKUX amapaToB U TOKOBE-
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JTyIIUX 3JEMEHTOB B LEMSAX D3JEKTPOCTAHIIMM, MCTIOJb3YIOTCS MPOTPAMMBI:
«GTCURR», «Myctanr», TK3-3000 u apyrue.

2.6. Bb10Op 2J1IeKTPHYECKHMX ANNIAPATOB

Brei6op BbikIIOUaTenei, pa3beauHUTENEH, HW3MEPUTENbHBIX TpaHC-
(dhopMaTOpPOB TOKA U HAIPSHKEHUS, JIMHEHHBIX PEaKTOPOB C PELICHUEM MpH-
MepoB paccMmaTtpuBaercs B [3, 16]. YcnoBus BeiOOpa, XapaKTEPUCTUKU DJICK-
TpoarnmnapaToB U Jpyrue JaHHbIE NpUBEAEeHBI B [3 — 5, 7, 16].

DNEeKTpUUECKUE ammapaThl B JPYTrUX IMEMNsAX pacueTHOW CXEMbI BbIOU-
paroTcs TOJBKO M3 YCJIOBHM HOPMAaJbHOTO pekUMa Oe3 MPOBEPKH HA JIEH-
cTBue TOkoB K3.

YcnoBus BbIOOpa U MPOBEPKU OCHOBHBIX JJIEKTPUUECKHUX alapaToB
NpuBeIeHBI B TabuIe 1.6.

2.7. Bb100p cOOpPHBIX LIMH, TOKONIPOBO/A0OB U KadeJiel

Tunel NpOBOJIHUKOB, TPUMEHSIEMBIX B OCHOBHBIX IIETISIX 3JIEKTPOCTaH-
UM, onmMcaHbl B [3].

Br10op 1mi1H, TOKOMPOBOAOB U Kabeliel ¢ pereHueM NpuMepoB IpUBe-
nen B [3,7, 15, 16].

XapakTepuCTUKH IIWH, TPOBOJIOB, Ka0eIe U TOKOIIPOBOIOB BHIOMpA-
FOTCSI COTJIACHO CIPABOYHBIM JJaHHBIM, TPUBEAEHHBIM B [3, 5, 6].

VYcnoBust BBIOOpA MPOBOJTHUKOB PA3JIMUHBIX THIIOB TAKXKE NMPUBEIACHBI
B Tabimie 1.7.

2.8. OcHOBHBIC KOHCTPYKTHBHbIE pellleHH s

[Tocne BwrIOOpa COOpPHBIX MIMH OOOCHOBAHHO MPUHHUMAETCS CXeMa
AIEKTPUYECKUX COCTMHEHUN HA JAaHHOM HaINpSHKEHUM. 3aTeM MPUCTYNAIOT K
paspadotke koHcTpykumu PY. Kpartko omuceiBaercs tun PY, ocHoBHBIE
KOHCTPYKTUBHBIC PEILICHUS, MPUHSTHIC B IPOCKTE.

Marepuaisl o 3TUM BOIpocaM U3JI0KeHHI B [3, 21, 25, 26].

2.9. lIpyHOMNHATIBLHAA CXeMa yIIPABJICHUSA
BBIKJII0YATEJIeM

B pacueTHO-MOSCHUTENBHON 3alKCKe MPUBOAUTCS MPUHUUNHAIbHAS
CXeMa YIPaBIICHUS BBIKIIOUATENIEM PACUETHOTO MPUCOCTUHEHUSI U ONTMCAHUE
ee paboTel. Cxema ympaBJICHHs 3aBHCHUT OT THITA BRIKITFOYATEINS (MACIISTHBIH,
BO3YIIHBIN U T.JA.), €ro MPUBOJIA U THUIA KJII0Ya YIIPABICHUS.

CxeMbl yIpaBlIeHHs BBIKJIFOYATEISIMUA M OMUCAHUE UX paOOThl IIPUBE-
JeHsl B [3, 7, 21].
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2.10. TpeGoBaHus MO IKOJIOTUU

B sTroM paszmene mpoekTa paccMaTpPUBAIOTCS BOIPOCHI, CBS3aHHBIE C
BIIMSTHUEM TEIUJIOBBIX AJICKTPOCTAHIIMM Ha OKpYsKarolryro cpenay. Heobxomau-
MO TEPEYUCITUTh OCHOBHBIC TPEOOBAHUS TIO 3AIMUTE OKPYKAIOIICH CpEabl
MIPU MPOEKTUPOBAHUU M COOPYKEHUH TEIUIOBBIX AJIEKTPOCTAHIMA. Martepu-
ajbl 110 ’TUM BOIpocaM u3nararoTcs B [28 — 31].

3. NPOEKTUPOBAHUE SJIEKTPUYECKOM YACTHU
MMOJCTAHIIUI
3.1. OnpenesieHne CyMMapHBIX MOIIHOCTEM
HA Ka)KJI0M HANPsI>KEeHNH NMOACTAHIIUU

CYMMapHaH AKTHBHAasd MOIIHOCTb Ha CTOPOHC CPCAHCIO HAIIPSIKCHHA
(CH)

P, = ZnCHPCHKMH ) (3.1)

rae N, E.,,K,,, —napamerpsl notpebureneii Ha cropone CH mojacranimy,

COOTBETCTBCHHO YHCJIO YW MOITHOCTH JIMHHH, KO3(DOHUIIMEHT HECOBHAACHUS
MaKCHMYMOB Harpy3Ku IOTpeOUTENeH.
[Tonnast MmontHOCTh HA cTopoHe CH

P

Sen =—— (3.2)

cosQ’

rae cos@ — koddunueHT momuoctn norpedurens CH.
PeaktuBHas MoiHOCTh Ha ctopoHe CH

Ocyy =Scy Sing. (3.3)

Ananoruydo 1o dopmynam (3.1) u (3.3) ompeaenstoTcss cyMMapHbIe
MOIIHOCTH Ha CTOpoHe HU3Koro Hamnpsbkenus (HH) noacrannuu.
CymMmapHas MOIITHOCTh Ha ctopoHe BH

By =Fy+bB,, Qu=00+0u, Su= VPBZH +Q1§H : (3.4)

Bbi0op Tuna moacranumu. Ilocne onpenenenus cymMMapHOW MOIIHO-
CTHU TIOACTAHIIUU BHIOMpAETCS] TUI MOACTAHIIMU, COTVIACHO CXEME MUTAIOIIEH
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CETH, PYKOBOJICTBYSChH TJIABHBIMHU MPH3HAKAMHU, ONPEACIAIONMMA THUII MOA-
cranuuu [4, 13, 32].

3aTeM HaME4aroTCsl JBa BapUaHTa 3JIEKTPUYECKHX CXEM COEIUHEHUMN
MOJICTAHILIMM, IPOU3BOJIUTCA BHIOOP YUCIIA U MOLUIHOCTH TPAHC(OPMATOPOB U
Ha OCHOBAaHMM TEXHHKO-DKOHOMHUYECKOTO CpPaBHEHHS BBIOMpPAETCS OMNTH-
MaJIbHBIM BAPUAHT.

B kadecTBe cpaBHMBAaEMbIX BAPUAHTOB MOT'YT OBITh:

1) onHO- M IBYXTpaHCchOpMaTOpHas MOJICTAHIIUU;

2) nBe AByXTpaHC(HOPMATOPHBIE MOJCTAHIMU C 3aBBIIMIEHHOW TpaHC-
dbopMaTOpHOI MOIIHOCTHIO Ha OJHOM M3 HUX (C y4eTOM MEPCHEKTHUBBI pac-
HIUPEHUS, T.€. YBEINUEHUSI MAKCUMAIIBHON HArpy3Ku yepes3 5 — 7 JeT);

3) AByX- U 4YeThIpexTpaHchopMaTOpHAas MOJACTAHIINH.

Tak)ke MOTYT CpaBHUBAThCS BAPUAHTHI C PA3HBIMU CXEMaMU 3JIEKTPHU-
YECKUX COECIMHEHUI pacipeyCTPOMCTB BBICOKOTO (CPETHEr0) HANIPSIKEHUS U
T.J.

3.2. Bbi0op uncia 1 MOIHOCTH CHJIOBBIX TPaHcdopMaTopoB

Ha moHmxkaromux moAcTaHIMsIX BO3MOXHA YCTaHOBKA OJIHOTO, JIBYX U
6onee Tparnchopmaropos [33]. Haubosee yacTo Ha MOACTAHIMSIX YCTAaHABIIH-
BalOT JBa TpaHchopmaTopa WM aBToTpaHchopmaTopa. BapuaHThl CTpyK-
TYpPHBIX cXeM TnojacTtaHuui [3, 21, 24| npuBenensl Ha puc. 3.1.

PY BH PY BH PY CH
35-750 kB 220-750 kB 110-500 kB
1
PY HH PY HH
6-10 kB 6-35 kB
a O
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PY BH
220-750 kB

Py CH
110-500 kB

19

PY HH1

PY HH2

PY BH
35-750 kB

99 96

PY HH1 PY HH 2
35-6 kKB 35-6 kKB 6-35 KB 6-35 KB
2
PY BH PY CH 1
220- 750 kB .
110-500 «B PY BH PY CH
: T 110-220 KB 35 kB
|
PY HH 1 $ %
PY CH 2 10 4B
35 kB [
PY HH
6-10 kB
PY HH 2
6 kB
0 e

Puc. 3.1. BapuaHTbl CTPYKTYPHBIX CXEM MOJCTAHLIHI

[Tocne cocrtaBiieHHs] JBYX BAPUAHTOB CTPYKTYPHBIX CXE€M MPOEKTUPY-
€MOW TOJCTAHIIUU OIPEILISIETCS MOIIHOCTh CHJIOBBIX TpaHCHOPMATOPOB
(aBTOTpaHC(OPMATOPOB) B KaXKJIOM HaMEYEeHHOM BapuaHTe. BriOop HOMU-
HaJbHOM MOITHOCTH TpaHC()OPMATOPOB U aBTOTpaHC(HOpPMATOPOB HaA MOJ-
CTAHIIUAX W3JI0XKEH B [3, 21, 25].

3.3. OnpeneneHue TOKOB HOPMAJIBbHOTO
U YTHKEJIEHHOI0 Pe:KUMOB

[TpoaomKUTETLHBIMUA PeKUMaMHU PAOOTHI TTOJACTAHITUN SBIISIOTCS:
1) HOpMAJILHBIH peKMM, KOTrJa IEeMH CHJIOBBIX TpaHCHOPMATOPOB

(aBTOTPaHC(HOPMATOPOB) TIOACTAHIIMH XAPAKTEPH3YIOTCS TOKOM 1,1,
2) yTs:KeJIeHHbIH PesKUM, KOT/a OJIMH U3 CHJIOBBIX TPaHCPOPMATOPOB
OTKJIFOYEH, a IO MEeMsIM APYTroro (Ipyrux) mpoTekaeT pabounii MaKCUMalb-
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upi ok 1 pab.max -

Omnpenenenre TOKOB HOPMAIBHOTO M YTSHXKEJICHHOTO PEKUMOB B TIETISX
HH (6 — 10 kB) cunoBbsix TpanchopMaTtopoB (aBTOoTpaHchHOpPMATOPOB) TOJI-
CTaHITUH Ja€T BO3MOXKHOCTh HAMETUTD THUIT PACIIPEICTUTEIHHOTO YCTPOMCTBA
(PY) na cropone HH noacranmumu.

Ecmu [ pa6.max < 3200 A, T0 PY MOKeT ObITh BBIIOJHEHO KOM-

IUJIEKTHBIM JUIsl BHYTpeHHEW win HapykHoi ycraHoBku KPY(H) ¢ ycraHos-
KOM BaKyyMHBIX WJIH 3JIETa30BbIX BBIKJIIOYATENEH ¢ HOMUHAJIBbHBIM TOKOM OT-
karouenus 20 kA nium 31,5 KA.

Xapaxkrepuctuku mkapoB KPY(H) npusenensi B [5, 24, 34].

Ecm 3200 < 1 pa6.max < 5000 A, 1o B nensx HH cuinoBbIx Tpamc-
(GbopMaTOpOB M CEKIIMOHHOTO BBIKITIOYATENs ycTaHAaBIUBaOT mkadger KP10-

J10 [5, 34, 35] ¢ Beikimouarenem MIT-10 ¢ IHOM = 5000 A, a B ensx ot-

XOJAUIUX JTUHUM 1IKa(bl ¢ BAKYYMHBIMHU WJIU 3J1€Ta30BbIMU BBIKITIOUATEISIMU
Ha COOTBETCTBYIOIINE HOMUHAIIbHbIE TOKU. B 3TOM cityyae Hameuaetcst PY —
KOMIUIEKTHOE BHyTpeHHer ycraHoBkU (KPY).

Ecnu 1 pa6.max > 5000 A, TO B LENAX CHUIOBBIX TPaHC(HOPMATOPOB U

CEKIIMOHHOTO BBIKJIFOYATEII YCTAHABIMBAIOT BBIKIIOUaTEnu cepuun MI'Y-20
wiu apyroro tuma. B atom ciiygae PY nHameuaercs 3akpeiToro tuna (3PY) ¢
YCTAHOBKOM B IEMSIX OTX0AsmuX JuHui mkapos KPY.

3.4. Bbi0op cpeacTB orpaHu4YeHusi TOKOB
KOPOTKOI'0 3aMbIKAHUSA

B nensax orxoagmux auHuil oT muH HH moxacrannmnm HoOMUHAJILHBIE
TOKHU, B OOJBIIMHCTBE ciydaeB, He npeBbimaoT 630 A u B mkadax KPY(H)
YCTaHABJIMBAIOTCSl BBIKJIFOYATEIM C HOMHHAJIBHBIM TOKOM OTKJIIFOUCHHSI HE
oonee 20 kA wu 31,5 KA. [ToaToMy HEOOXOIMMO PACCUUTATh 3HAYEHUS TO-
koB K3 Ha cropone HH (6 — 10 kB) moacranuuu B 000MX BapuaHTax U pe-
HIUTH BOMPOC 00 UX OrPaHUYEHUU.

[Ipu orpannuennu TokoB K3 HCXOIAT U3 ABYX YCIOBUNA:

* [10 YCJIOBHUIO OTKJIIOYAIOLIEH CIIOCOOHOCTH BBIKIIIOUATENEH, YCTaHOB-
JICHHBIX B IENIX oTXoAammXx auanii 6 — 10 kB,

* TI0 YCIIOBHUIO 0OECTIeUCHHUs TEPMHUECKON CTOMKOCTH Kabemel OTXo-
nsamux auHu 6 — 10 xB.

[To BTOpOMY YCITIOBHIO HEOOXOAMMO BHIOpATh CEYCHHS KaOess B Ienu
OTXOJSIIEN JTMHUM MEHBIIEH MOIIHOCTA U MPOBEPUTH €r0 Ha TEPMHUYECKYIO
cToiikocTh [3, 16]. Ilpu pacuere MUHUMAaNIBHOTO CEYeHUsI Kabels Mo ycio-
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BUIO TEPMUYECKON CTOMKOCTH TpeOyeTcsl oNpeesieHne BPEMEHU MPOXO0XKIe-
Hus (oTkirodeHus1) Toka K3. B [36] yka3biBaeTcsi, YTO BpeMsl MPOXOKICHUS

Toka K3 (Zyrx;) ONpEneseTcsl YCTaBKOW 3alIUuThl, UMEIONICH HanOOJBIIYIO
BBIICPKKY BpeMeHHu. st kabenbHbIix uHuil 6 — 10 kB Bpemst oTkiItoueHus
OyIeT onpenensThCsl BBIAEPKKON BpeMEHU MaKCUMaIbHOW TOKOBOM 3aIlIUTHI,
Ipy 3TOM BpeMs oTkItoueHus Toka K3 cocrtasur 1,2 +2,2 c.

Ecnu npu pacuetHbix 3HaueHusx TokoB K3 B o0oux BapuaHTax obec-
NeYUBAETCAd OTKIIOYAONIas CHOCOOHOCTh BBIKIIOYATENEH MU TepMHUEcKas
CTOMKOCTh Kabeinel, To B orpaHudeHnn TokoB K3 Het Heooxomumoctu. [Ipu
HEBBIIIOJIHEHUH 3THX YCJIOBUH CIIEyET BBIACHUTH, KAKOE M3 HUX SIBISIETCS
ONpEENSIIOUINM, U BBIOpaTh cpelicTBa orpannyenust TokoB K3 [3, 16].

INPUMEP 3.1. PaccmoTpuM npumep IPOBEPKU CEUECHUS Kaless 1o
TepPMUUYECKOI cTOMKOCTH B Lienu JiuHuu 2 MBT, cos¢ = 0,9, oTxomsuei ot
mH HH (10 xB) moacrannuu. Pacuetnoe 3nadenue toka Tpexdasznoro K3
na mmHax HH /;;0= 19 KA.

OmnpenenumM HOMUHAIBHBIN TOK B LeNH JIMHUH:
i o= P, _2-10°
"N J3eospU,,,,  N3-0,9-10

=128,454

IKOHOMHYECKOE CeYeHHE KA0eJbHOM JUHUA

1, 128,45

q3K. . 1’

Jox

=107 Mmm° .

2 . 2
BriOupaem kabenb ceuenuem 120 mm~ B kaxkaou ¢aze (3 x 120) mm™ ¢
Lo =240 A [5].
OrnpenenM MUHUMAJILHOE CEUCHHE KaOells 10 YCIIOBHIO TEPMHUUECKOMN
CTOUKOCTH:

VB o tomen 1941012
Do = C 100 '

YcnoBue TEPMUYECKON CTOMKOCTH (G suigp = qm,-n) HE BBIIIOJIHSICTCS,
TaK KaK ({gpi5p=120 MM2)<(qm,-n=2O9 MM).
OnpenenuM, 10 KaKOTO 3HAYEHUS HEOOXOAMMO OrpaHuduTh TOK K3,

4TOOBI ¢ v1bp — Ymun

I :q6b15p'C:120'100
110,1pe0 \/tom;c/z. 1’ 2

=10,9 xA.
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Kak BuaHO 13 npuMepa, OMpenesstonIiM YCIOBHEM ISl OTpaHUYEHUS
toka K3 sBisercs obecnieuenne tepmuueckoil croikoct kabdemns. [lo ycino-
BUIO OTKJIIOYAIOMIEH CIIOCOOHOCTH BBIKIIIOYATENsI HET HEOOXOJUMOCTH B

orpanndennu Toka K3, tak kak 1, < Lo nom. (19 KA < 20 kA).

OpnuM u3 croco6oB orpannyeHusi TokoB K3 sBisiercs ycTaHOBKa TO-
KOOTPaHWYMBAIOIINUX PEAKTOPOB.

[Ipumep BbIOOpaA CONPOTUBIIEHUS PEAKTOPA, U3 YCIOBUS OTrpaHUYEHUS
toka K3, uznoxen B [3].

3.5. TexHMK0-3KOHOMHYECKOE CPABHEHNE BADMAHTOB

Br1i6op onTtuManbHOTO BapWaHTa MPOW3BOAMUTCS MO (hopmyrie mpuBe-
JICHHBIX pacueTHbIX 3arpart [33]:

3,=K(E, +E,)+C,——>min (3.5)

rae E u = 0,125 — "HopMmaTuBHbIN KOdhUIHEHT 3P PEKTUBHOCTH,

E, =0,09 — orancienus Ha aMOPTHU3AIUIO U 00CTYKUBaHHE,

K — xanuTalbHbIE BIIOKEHHS Ha COOPYKEHHE DIEKTPOYCTAHOBKH
(mojcTaHIum), THIC. P,
C,, — CTOMMOCTb I'0JIOBBIX ITOTEPH IEKTPOIHEPTUH B TpaHchopmaTopax

(TOKOOTpaHWYHUBAIOLIUX PEAKTOPAX), ThIC. P.

[Ipu cpaBHEeHHHM BapHaHTOB HEOOXOAMMO BBHIOpATh MPUHIUNMHAIBHYIO
CXEeMY MEPBUYHBIX COCAMHEHUN C YUeTOM YHCJa YCTaHOBJICHHBIX TpaHChOp-
MaTopoB (aBTOTpaHC(POPMATOPOB), HATMUUS OTXOJAIIUX JIMHUN Ha TEPBUY-
HOM HalpsDKEHUH U KaTerOpUU NOTpeOUTeIei.

Jlnst onpeneneHusi KamuTalIOBIOXXEHU B CTPOUTENBCTBO MOJICTAHLIUU
B 00IIEM BHUJE HEOOXOJUMO MPOCYMMHPOBATH 3aTPaThl HA COOPYKEHUE pac-
npeaenuTenbHbIX yeTpoiicTB (PY), pacueTHble CTOMMOCTU CUJIOBBIX TpaHC-
dbopMaTopoB, KOMIEHCUPYIOIINX YCTPOWUCTB, PEAKTOPOB U IOCTOSHHYIO
4acTh 3aTpar.

CyMMapHbI€e KalluTalbHbIE 3aTPAThl ISl KAKI0T0 U3 BAPUAHTOB:

K=K, +> K, +> K, , (3.6)

rne ZK py — CYMMAapHBIE 3aTpaTbl HA COOPYKEHUE PACHPELYCTPOMCTB IOA-
CTaHILINH;

ZKT — CyMMapHasi pacdeTHasi CTOMMOCTb CHJIOBBIX TpaHc(opmaro-
POB, aBTOTpaHC(HOPMATOPOB, YCTAHOBJIEHHBIX Ha MOJICTAHLIUU;
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ZKY — CyMMapHas pacyeTHasi CTOMMOCTb KOMIIEHCUPYIOIIUX U TOKO-

OTrpaHUYMBAIOLIUX YCTPOUCTB, €CIIM OHU UMEIOTCS Ha MOICTAHIIMH.
3arpatel s kaxzaoro PY onpenensitorcsi yMHOKEHHEM 4uMcia ycTa-

HOBJICHHBIX B HEM BBIKJItOUatTeseil (sueek) /g Ha yKpyIHEHHYI0 CTOMMOCTh

sueriku. B [3, 5, 27] npuBeaeHbl yKpyITHEHHbIE IOKA3aTE€INU CTOMMOCTH 3JIEK-
TPOOOOPYAOBAHMS, BKIIIOUYAIOIIKE B ce0sl, HApUMEp, AJIA STUEUKHU C BBIKIIIO-
yaTesieM 3aTpaTbl Ha BBIKJIIOYATENb (OTAEIUTENb), pa3beIUHUTENN, U3MEPHU-
TeJIbHBbIE TpaHC(HOPMATOPBI, PA3PSIAHUKYU, HIMHBI, CUJIOBBIE U KOHTPOJbHBIE
Ka0eJn, MOHTaX U CTPOUTENBbHYIO 4acTb.

CyMMapHasi pacueTHas CTOMMOCTbh CHJIOBBIX TPaHC(HOPMATOPOB ZKT

BKJIIOYAET B ce0s 3aBOJICKYI0 CTOUMOCTh CaMUX TPaHC()OPMATOPOB, a TaKKe
3aTpaThl, CBSI3aHHBIE C UX JOCTABKOM, MOHTA>KOM U CTPOUTEIBbHON YaCThIO.

[TocTosiHHAsE 4acTh 3aTpaT HE 3aBUCHUT OT BapUaHTa CXEMbl (IIOCTOSIH-
HA) ¥ IOATOMY HE YUUTHIBAETCA MPU CPABHEHUU BaPUAHTOB.

B anexrpuueckux cetsix 35 — 110 kB mmpokoe pacnpocTpaHeHHUE T10-
JTy4uau ogHoTpaHchopmaTopHbie moacTaHuu. O0IacTh MPUMEHEHHS OTHO-
TpaHC(HOPMATOPHBIX MOJICTAHIIMKA OMpPEAEIeTCS KaTeropuei moTrpeduTenei
u pernaMmentupyercs [1YD. Jlnsg npuHATHS OKOHYATEIBHOIO PELICHHSI IO CO-
OPY>XKCHHIO OJHO- WM JBYXTpaHC(HOPMATOPHOW MOACTAHIIMN KPUTEPUEM
JOJIKHO CIY’KUTh TEXHUKO-3KOHOMHUYECKOE CPAaBHEHHUE C YUETOM ylepda oT
HEJI0O0TITyCKa 3JEKTPOIHEPTHUH NOTPEOUTENIO MPHU YCTAHOBKE OJHOTO TpPaHC-
dbopmartopa Ha mojcraHiuuu. [Ipu cpaBHEHHWU BapUAHTOB C OJHO- U JBYX-
TpaHchHOPMATOPHOM MOJICTAHIIUENH TEXHUKO-IKOHOMUYECKUE PACUEThI MPOU3-
BOJISITCS TIO CPABHEHUIO BEIMYMHBI A3 ¢ BeIMUUHOM yiiep6a M(Y). Benuuu-
Ha A3 ompenensieT pa3HUIly B COOTBETCTBYIOIIMX PACUETHBIX 3aTpaTax Io
(3.5) npu coopyXeHUH ABYX- WM OJHOTPAHC(HOPMATOPHOW IOJCTAHIUU.
Br16op ogHOTpanchopMaTOpHOI MOACTAHIIMK C YUYETOM yIepoa IKOHOMHUYE-
CKH 11eJIeco00pa3eH mpH YCIOBUU:

M(Y)<A3. (3.7)

HapoaHo-xo3siiicTBeHHbIN yIIep0 OT HEIOOTITyCKa 3JIEKTPOIHEPTUU
OTIpeeTSeTCs U3 BBIPAXKEHUS, P./TONI:

M(Y)= Pcﬂ“Tta(s'YO ) (3.8)
rne B - CPEIHEro0Basi MaKCUMallbHasl Harpys3Ka:

P T

P — max— max
€T 78760 (3.9)
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e 1, max — YHMCJIO YACOB MCMOJIb30BAHUS MAKCUMAIBHOW HAIPY3KH,

A, — ynenbHas moBpexkaaeMocTh Tpanchopmatopa (1mT./rox),

{46 — CpemHss IIHTEIbHOCTh aBAPHITHOTO IEpPepbiBa, BBI3BAHHOIO ITO-
TpeOHBIM BpEMEHEM Ha PEMOHT WJIM 3aMEHy MOBPEKICHHOTO TpaHchopma-
TOpa, 4/Toj,

Yo — cpenHee 3HaUeHME YAEIBHOIO HAPOIHO-XO3IHCTBEHHOTO yIepOa
oT Henootiycka 1 kB1-u anektposnepruu — p. / kBT-u.

Cornacno [33] 4, = 0,01 115 Tpanchopmaropos 35 kB;

/1T = 0,02 nns TpanchopmaropoB 110 kB;
tag =247,

3.6. PacueT TOKOB KOPOTKOI0 3aMbIKAHUS

PacueTtnbie 3081 Mo TOkaMm K3 1151 TOHU3UTENBHON MOACTAHIIMN YKa-
3aHbl B [3].

Ha cxeme 3ameniennsi HamedaroTcs Touku K3, B KOTOPBIX ONpEAestoT
3HaueHus TokoB K3 st BbIOOpa M MPOBEPKU DIIEKTPUUYECKUX amnmnapaTtoB U
TOKOBeaymux yactei. Heooxoaumoe xommuectBo Touek K3 u ux mecto pac-
MOJIOXKEHUSI ONPENEISAETCA COIVIACHO PacYETHBIM YCJIOBUAM [3] 1 Mo corua-
COBAHMIO C MIPEMOAABATEIEM.

Heo6xonumo ompenenuth HadajdbHOE 3HAUYEHHUE MEPHOIUYECKOM CO-

craBysronierd Toka K3 ([ n,0 ), YAAPHBIA TOK (iy())’ 3HAUYEHUsI anepHoInye-

CKOM U MEepUOIUYECKON cocTaBiisironux Toka K3 (lar vy nt) :

Pacuernpie Toukn K3 B LEsX MOJCTaHIMK HAXOIATCA HA 3HAYUTEIb-
HOM D3JEKTPUYECKON YIAJIEHHOCTH OT HCTOYHHKA (CHCTEMBI), IO3TOMY

[n,l‘ :[n,o.

[Tpumepsl pacuera Toka 3-¢paznoro K3 npexacrasnenst B [3].
[Ipu BBIOOpE ANEKTPUUECKUX amnmnapaTtoB B pacnpenycTporcTBax (PY)

(1)
110 kB u BbIllIe HEOOXOAMMO pacCCUUTHIBATh TOK oHOGa3zHoro K3 1 x . Ecimm
1(1) > ](3)
K x , TO HEOOXOIUMO TPHHSATH MEPHI MO €ro OrpaHUYEHUIO, YTOOBI

70 < 1(3
BBITIOJTHSJIOCH yenoBue 4y = 1y" . Pacyer HecummeTpuuHbix K3 u310keH B
[3, 16].

Kak ykazano B rnase 2.5, pacueT TokoB K3 MOXeT Mpou3BOAUTHCS HA
OBM ¢ npuMeHEHHEM NPOMBIIUIEHHBIX MPOrpaMM, KOTOPbIE MMEIOTCA Ha
Kadeape AMeKTPUUECKUX CTaHIIUMN.
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3.7. BbIOOp 2JIEeKTPHYECKHMX ANNIAPATOB

[Ipu mpoeKkTUPOBAHUY NOACTAHIIMHA HEOOXOIUMO BHIOPATH:

o prixirouarenu B PY BH, (CH), HH [3, 5, 7, 27];

e pazpenuHutenu [3, 5, 7];

® TOKOOIPaHMYMBAIOIIUE PEAKTOPHI (€ciii OHU ecTh) [3, 5, 7];

® u3MepuUTeIbHbIE TpaHC(HOPMATOPhI TOKA U HanpsbkeHus [3, S, 7].
[TonmpobGHee ycmoBus BBIOOPA AIIEKTpOAIIapaToB MPUBEICHHI B [16].
OCHOBHBIE YCIIOBUSI BBIOOpA AIIEKTPUUECKUX AarlapaToB IPEACTABICHHI B

tabmuue 1.6.

N3 tabnuiipl 1.6 BUIHO, 4TO BCE SIEKTPUYECKHUE anlapaThl XapakTepU3YIOTCS

U HOM,I nom (32 HCKIIOUEHHMEM  TpaHcopMaTopa  HaNpsDKEHHs,  OH
XapaKTEPU3yEeTCs  TOJILKO U nom ). CrenoBaresibHO, OHM BBIOMPAIOTCS IO

YCJIOBHSAM HOPMAJIbHOTO JUIMTENILHOIO PEXKUMA U ons 1 pa6.max ¥ TIPOBEPSIOTCS

Ha niefictBre TokoB K3 B cootBercTBru ¢ [TY 3 [1]. 3areM anekTpuyeckuii anmapar
JIONIOJTHUTENBHO TPOBEPSIETC B COOTBETCTBUM CO CBOMM HA3HAuUEHHEM H
ycoBUsiIMUA paboThl. Hanmpumep, BHICOKOBOJIBTHBIN BBIKITHOUATEN b MPEIHA3HAYECH
Ul OTKIIIoueHHuss TokoB K3, mosTtoMy HEOOXOAMMO IPOBEPUTH  €rO0
OTKJTIOYAIOIITYI0 CIOCOOHOCTh. M3meputenbHbie Tpanchopmaropsl Toka (TA) u
Hanpspkerust (TV) o0nanaroT NOrpenIHOCThIO, HA KOTOPYHO OKa3bIBA€T BIIMSHHUE
Harpy3ka BTOPMYHOW OOMOTKHM, MO3TOMY HEOOXOJMMO pacCUuUTaTh JaHHbIE
MOTPEIIHOCTU U YOSTUTHCS, YTO OHU HE MPEBBIIIAIOT IOMTYCTUMOTO YPOBHS U T.1I.
[Ipu BBIOOpE BBIKIIIOUATEIEH HA MOACTAHIIMAX MPOBEPKA OTHOCUTENBHO-
ro COJEpKaHMs anepHOIUYecKo cocTamistomel Toka K3 tpebyercs: Tombko

na noacranmusax ¢ Tokom K3 L5 > 0,71, 0, [32].

[IpoBepka U3MEpUTENBbHBIX TPAaHCHOPMATOPOB TOKA U HAMPSIKEHUS T10
BTOPUYHOI HAarpy3Ke MPOU3BOAUTCS TOJIbKO B PY Hu3koro Hampsikenus (6 —
10) kB. Jlns 3TOro Heo6XoAMMO BbIOpaTh KOHTPOIBHO-U3MEPUTENIbHBIE MPU-
oopbl Bo Bcex nensx PY HH moacranumm cormacHo tabmuie 4.11 B [3].
CxeMa BKJIIOYCHHUS W3MEPUTEIBHBIX MPUOOPOB CO CTOPOHBI HU3KOTO
Hanpspkenust (6 — 10) kB npusenena Ha puc. 1.24.

[lo cripaBo4HOl JUTEpaType BHIOUPAIOT TUM MPUOOpPA U OMPEIEISIOT
BTOPHYHYIO HArpy3Ky JJi TpaHC(HOpMATOPOB TOKA U HampsikeHus. [Ipoepke
MOJJIEKAT CaMble Harpy»KE€HHbIE TpaHC(HOPMATOPHI TOKA U HAMPSHKEHUs (WU

dbaza).

3.8. Bb10Op cOOpPHBIX HIMH, TOKONMPOBOA0B M KadeJsie

Tunsl NpOBOAHMKOB, MPUMEHAEMbIE B OCHOBHBIX LIETISIX MOJCTaHIUH,
omnucaHsl B [3].

Br10op 1mmH, TOKOMPOBOAOB U Kabeliel ¢ perieHueM NpuMepoB IIpUBe-
JneH B [3, 7, 16].
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XapakTepuCTUKH IIHMH, TTPOBOJIOB, Kabeseil U TOKOIPOBOIOB BHIOMpA-
FOTCSI COTJIACHO CIIPABOYHBIM JaHHBIM, IPUBEICHHBIM B [3, 5, 6].

VYcnoBust BbIOOpa MPOBOJIHUKOB PA3IMUHBIX TUIIOB TAKXKE MPHUBEACHBI
B Tabmuie 1.7.

3.9. Boi0op pacnpeneuTeIbHbIX YCTPOICTB
U OCHOBHbI€ KOHCTPYKTHBHbIE PellIeHus]

CHauasia He0OXOUMO MPUHSTH CXEMY BJIEKTPUUECKUX COCTUHEHUI Ha
KQKJIOM HampspKeHWH TojcTanmu B cootBeTcTBuu ¢ [18]. [Tocie pazpabot-
KU KOHCTPYKIIMM PY mojcTaHiiMM KpaTKO OIMUCHIBAIOTCS OCHOBHBIE KOH-
CTPYKTHBHBIC pEIICHUs, TPUHATHIE B MpoekTe. C TUMaMU pacipeayCTpONCTB
(PY) moxHo o3nakomuthes 1o [3, 7, 21, 24, 34]. BapuaHTbl KOMIIOHOBOK
PV co cTopoHBI HU3KOTO HANPSKEHUS MOJCTAHIIMN NPUBEAEHBI Ha puc. 3.2.
B cxemax e, 3,k pu Bropuunom (CH) nanpspkenun 110 kB ycranaBnuBaroTcs
aBTOTpaHCPOPMATOPHI.

) 4
5 & G
L] L]
gL ?
[ ] [ ] )
LI . t —
—
6-1OKB —  6-10«B L 6-10 kB
a o 8
=
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|
B
|/
q —
L 6 kB
[ ] [ ]
6-10 B — 108
2 0
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35 kB(110 kB)

6 kKB

10-35«B

[ 1
S
(| 6-10 kB
L
J

110-220 kB

10 kB

[10]
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6-10kB

s [JLILI0]

Puc. 3.2. Bapuantsl KOMIOHOBOK PY mojcTaHIuii CO CTOPOHBI HU3KOTO
HAPSKEHUS

PacnipenenurenbHOE yCTPOMCTBO CO CTOPOHBI HU3KOIO HaIPSKEHUS
MOJCTAHIIVH, KaK IPaBWIO, CKOMIIOHOBAaHO B BHJE KOMIUIEKTHOTO
pacrnipenenuTenbHoro ycrporcrtsa BHyTpeHHed (KPY) wunum  HapyxHOU
(KPYH) ycraHoBkH.

KoMIuiekTHOE  yCTpOMCTBO — 3TO YCTPOMCTBO,  BCE OCHOBHBIE
3JIEMEHTHI KOTOPOTr'O0 M3TOTOBJIEHBI M UCIBITAHbI HA 3aBOJIE M MOCTABISIOTCA
KOMIUIEKTHO BMECT€ C OOOpYyJOBaHHMEM W ammaparypoidl B TOTOBOM WJIH
MOATOTOBJIEHHOM J1JIs1 COOPKH BUJIE.

Tun koMmIuiekTHOTO pachpeaenutenbHoro ycrpoictea (KPY wmm
KPYH) omnpenensiercss B 3aBUCUMOCTH OT TOKa YTSKEICHHOTO PEXKUMA,
pPacCMOTPEHHOTIO BBIIIE B pazzene 3.3.

Jlanee o cupaBouHBIM Matepuanam [5, 21, 24, 34, 35] mo Tabmuam
«OcHoBHble TexHudeckne naHHble KPY miam KPYH)» BbeiOupaerca tun
mkapoB. Ilo Ttumy BbIOpanHOoro mikadga mnoadupaercs «CeTka cxeM
NEePBUYHBIX coeaqnHenuin» [21, 24, 35].

Jlo HacTosIIIIero BpeMEHU MIMPOKOE PACIpOCTPaHEHUE UMETH HIKa(bl
KPY(H) c¢ wmanomacnsasiMu BbikTtouaTensimu tunma BMII u BK. B
HACTOSIIIIEe BpeMsi pa3padoTaHbl HOBBIE cepur IMKa(OB C BaKyyMHBIMHU
BbIKtOUarensiMu tuna BBII mis 3aMeHbl ManoMaciisiHbIX BBIKJIHOUYATEINEH,
otciyx)uBIIKX cBoil cpok B sueiikax KPY(H): K-XII, K-XIII, K-XXVI, K-37,
KB3, KBC u KCO Bcex tunos [19].
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Hanpumep, Ha Hu3koMm HamnpsbkeHun 6 — 10 kB mnoacranuuwm
MPUMEHSIETCS OJMHOYHASI CEKIIMOHUPOBAHHAsI CHCTeMa IIMH C pa3/IelibHON
pabotoit ceknuii (puc. 3.2, a). Torma kaxmas CEKIHMS KOMILIEKTYETCS
CIIeIyIOIIM 00pa3om:

— mkad BBOJA;

— mkadbl OTXOASIINX JIMHUH (KaK MPaBUiIo, KaOeIbHBIX);

— mkad TpaHchopmaTopa HapsHKCHHUS,

— mkad TpaHnchopmaropa COOCTBEHHBIX HYXK/I;

— mKag CEeKIIMOHUPOBAHUA.

B [6] mnpuBeneHa cxema 3anonHeHuss onHOW cekiuu KPY ¢
MEePEUNCIICHHBIMU TIKadaMHU.

KonuuectBo  cekmuit  3aBUCUT  OT  KOJIMYECTBA U THIIA
TpaHcdopmaropoB. Ecinu BbIOpaHbl TpaHCGOPMATOPhl € pacUICIUICHHOU
OOMOTKOM HHU3KOT'O HAMPSKEHUsI, JTMOO YCTAHOBJIEHBI CIBOCHHBIE PEAKTOPHI,
TO KOJUYECTBO CEKIui yBeauuuBaercs (puc. 3.2, 0, o, m).

3.10. Bb10Op HCTOYHHUKA ONIEPATUBHOT0 TOKA U CXEMBI
TUCTAHIUOHHOTO YIIPABJIEHUSI BBIKJIIOYATEIEM

VCTOYHMKM OIEpaTUBHOIO TOKAa, NPHUMEHSEMbIE Ha IOJCTAHLHUSAX,
onucansl B [3, 4, 13, 22, 37]. B npunuune, TpancopMaTopbl COOCTBEHHBIX
HY>KJl MOTYT TOJKJIIOYAThCs K AMHUAM 35 KB (1151 moACTaHIMi Ha MepeMeH-
HOM OIIEpaTUBHOM TOKE) U K OLUMHOBKE BbIBOJIOB 6 — 10 KB cuioBbIX TpaHc-
(dopMaTOpOB (U1l MUTAHUS 1IENEH ONEPaTUBHOTO TOKA).

B pacdeTHO-IIOSICHUTENBHONW 3alMCKe IPUBOAMUTCS NPUHLUIUAIbHASL
CXeMa YNpaBJICHHUs U CUTHAJIM3alMK BbIKItouaTesneMm 1o HoBbIM ['OCTam un
0003HAUYECHHUSM.

Cxema ynpaBlIeHHs] 3aBUCUT OT MCTOYHHMKA M POJA ONEPATUBHOIO TO-
Ka, a TAKXKE OT TUIA BBIKJIIOYATENs], IPUBOJIA U KJII0Ya yIpaBieHus. MaTtepu-
aJ 1o 3TUM BOIIPOcaM MOKHO HauTu B [3, 21, 37].
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Ipuioxkenue 1

Pacnpenenenue TOKOB 10 00MOTKaM
aBTOTpaHcdopmaropa

PaccMmoTpum pacnpeneneHrue TOKOB o 0OMOTKaM aBTOTpaHchOpMaTo-
pa U BO3MOXHOCTH INepefadyu JOMOJTHUTEIbHOW MOIIHOCTH Ha KOHKPETHOM
npumepe. Cesazp mexay PY BH 220 kB u PY CH 110 kB BbinnonHeHa aBTo-
TpaHnchopmatopHbiM OsiokoM (puc. 2.6 — G2-T2 u G3-T3). K oobmotrke HH
aBTOTpancpopMaTopa NpPUCOEAUHEH TeHeparop MomHocThio 100 MBT

(SHOM :125MBA). Cornacuo (1.7) HOMHHaANIBHAs MOIIHOCTH aBTOTPaHCHOP-

Maropa
S
Son =—1—= 125 _»s0mBa ,
K6b12 0’5
re K =| 1— 1 |_Up—Ugy _220-110 _0s.
ke U, 220

Bei6upaem no [5] aBroTpancdopmarop ATLTH-125000/220/110.
HomuHanbHas MOIIHOCTH

S, om =250MBA ;

HOMMHAJIbHAs MOIIHOCTL oOMoTku HH

S oy =125MBA;
ko3¢ pureHT Tpanchopmanun
k = UBC = E =/
B¢ vy, 110 7
CH

TUIIOBAs MOIIHOCTH
Sin = K gioSuom =0,5-250=125MBA;

JIMHEHMHBIC HOMUHAJIbHBIC TOKH

I S,on 250000
BH

- = = 656,84 ;
U, V3220
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250000
=2 1313,74;
CH 3110

125000
=22 _6881,34
HH— [3.10,5

B HOpManbHOM pexuMe paboThl T€HEPATOP BBIAAET MOIIHOCTH B CETh
BH - tpancdopmaropnsiii pexum (HH—BH). Pacnpenenenue TokoB mno

OoOMOTKaM aBTOTpaHcpopMaTropa B TpaHCHOPMATOPHOM PEXKUME IMOKA3aHO
Ha puc. II1.1.

HH — BH I = 3284 4
‘ KebleoSHOM
Ly =6681.4 4
T KGbZZ'SHOM

Puc. I11.1. Pactipenenenne TOkOB B 00MOTKaxX aBToTpanchopmaTopa
B TpaHchopmaropuom pexxume — HH—BH

B stom TpanchopmaropHom pexume co croponsl HH na BH aBro-

TpaHcopmaropa nepenaeTcsi TUMoBasi MOIHOCTh. JIMHEelHbIe HOMUHATIbHBIE
TOKH PABHBI:

_ 125000 _ 1o .
BH 3220 T

TOK B ITOCJIEJIOBATSIHLHON OOMOTKE

1, =1, =32844;

TOK B 0OIIIell 0OMOTKE

I -1, -3844.
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Ornpeaenum MOITHOCTh OOIIEH U MOCIeI0BaTeIbHOM OOMOTKU:

Sy =31,U - =/3-328,4-110 = 62,5 MBA ;
S, =31;(Ugy —Ugpy)=~/3-328,4(220-110) = 62,5 MBA .

Cornacuo ¢opmynam (1.3) u (1.4), mocnenoBarenbHas u oOmas 00-
MOTKH aBTOTpaHCc(OpMaTopa pacCUUTHIBAIOTCS HA TUIIOBYIO MOIIHOCTh, KO-
Topas paBHa /25 MBA. CnenoBaTenbHO, OHU HEAOTPY>KEHBI, U IO3TOMY BO3-
MO>KHO JOTOJIHUTENBHO MepeaaTb MOIHOCTh co cTopoHbl CH Ha BH. B atom
ciydae aBToTpanchopmartop Oyaer paboTaTh B KOMOMHUPOBAHHOM PEKUME
nepenaun MomHoctd — HH— BH (TpancdopmatopHslil pexxum) U OJHOBpE-
MeHHo CH— BH (aBToTpancdopmaTopHsblii pexxuM). Pactipeenenrue TOKOB
IIPY ATOM MOKa3aHo Ha puc. [11.2. DTOT pexxuM orpaHMUMBaETCA 3arpy3KOon
MOCJIEIOBATEIBHON OOMOTKHU:

2 2
SH = Keble (PCH +PHH) +(QCH +QHH) < Smun - kebleHOM .
CrenoBarenbHO, CyMMapHash MOIIHOCTb, IE€pelaBacMas CO CTOPOHBI
HH u CH, He MOXeT NpeBbIlIaTh HOMUHAJIBHOW MOIIHOCTH aBTOTpaHcdOp-
Maropa.

Lsui

HH— BH

CH — BH ‘ o
KGbZZ.SHOM
Jn = 6681.4 4
Q
Kebze'SHOM

<

Puc.I11.2. Pacnipenenenre TOKOB B 0OMOTKaxX aBTOTpaHCchopMaTopa
nipu nepeaade momnHoct — HH— BH u ognoBpemenno CH— BH

OnpenenuM TOKH B 0OMOTKax aBTOTpaHC(HOpMaTopa Mpu nepemaade

CyMMapHOM MOIIHOCTH Ha cTOpoHy BH, paBHyr0 S nom - ECIU TIPUHSTH COS @
OJIMHAKOBBIM JIJIs1 ICTOYHUKOB IMUTAHUS U MIOTPEOUTENEH, TO TOTOTHUTEb-
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Hasi MOIITHOCTb, nepeaaBaemas co croponsl CH, cocrasur: 0,5 SHOM = S,mm )
[Ipy 5TOM NTMHENHBIE TOKHA PABHBI:

L, =6s684; 1., =65684; 1, -6s8134;

TOK B IIOCJIEIOBATEIILHON OOMOTKE
I =1, =658 4;
TOK B 00IIIel 0OMOTKE
I =1, -1, =6568-6568=0.
MOIIHOCTB ITOCIEN0BATEILHON OOMOTKHA

S, =31;(Ugy —Ugpy)=~3-656,8(220-110) =125 MBA ;

SH:Smun .

Ecnu B HOpMaIbHOM WIHM aBapUitHOM peXruMe paboThl Te€HEpaTop BhI-
naet MomrHocTh B cetb CH — tpancdopmaropubiit pexxum (HH—CH), To

MPOUCXOJUT TpaHCchopMaIus TUITOBON MOITHOCTH (Smun) co croponsl HH
Ha ctopony CH. OOmas oOMOTKa 3arpy’eHa Takol >X€ MOIIHOCTBIO

(Smun ) Y JOTIOJIHUTEIIbHAS Tlepeaya MOIIHOCTH co cTopoHbl BH Ha cTopony
CH HeBO3MOHa, XOTA MOC/Ien0BaTeIbHAs 00OMOTKA HE 3arpykena [3].
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IIpuioxenue 2

Pacuer nepuoanyecKkux cCOCTABJISIOMIUX TOKOB TpPex(ha3zHOro KOPOTKOro
3aMbIKaHUS ¢ HCMOJIb30BaHUEM NMporpaMmmbl «MycTaHr»

IIporpamma «MycTaHr» NPHUMEHSIETCS CTYJIEHTAaMH IIPU BBIIOJHEHUU
KYPCOBBIX IIPOEKTOB U BBIITYCKHBIX KBAJIM(UKALMOHHBIX pabOT JUIsl pacyETOB
YCTAHOBUBIIMXCS U MEPEXOAHBIX PEKMMOB B JIEKTPUUYECKUX cUCTeMax. B
TOM YHUCJIE U JUIsl pacuyeTa MepHOJNUYECKUX COCTABISAIOIIMX TOKOB Tpex(a3zHo-
ro KOPOTKOT'O 3aMbIKaHUs MpU BbIOOpE M MPOBEPKE KOMMYTALMOHHBIX ama-
patoB. [Iporpamma 1o3BoJisieT JOCTaTOYHO TOYHO PACCUUTHIBATH IIEPUONYE-
CKYIO COCTaBJISIOIIYIO0 TOKa K3, ¢ yueToM KOHKPETHON CHUCTEMBI BO30YKIe-
HUs TeHepaTopa.

[Tpu npubnmxeHHbIX pacuerax TokoB K3 g onpeneneHus IeHCTBYIO-
LIEr0 3HAYEHMS IEPUOINYECKON cocTaBisromied Toka K3 oT cMHXpOHHBIX
TE€HEPATOPOB B MPOU3BOJIBHBI MOMEHT BPEMEHU IPUMEHSIOT METOJ THUIIO-
BbIX KpUBBIX [16]. OH OCHOBaH Ha MCIIOJb30BAHWUU KPUBBIX U3MEHEHUS BO
BPEMEHHU OTHOILICHHS JACUCTBYIOIIMX 3HAYCHUN NEPUOIUYECKON COCTaBIISAIO-

meii Toka K3 ot reneparopa B npoussonbHbiii (1, ) v HavansHbi (1,,) Mo-

[
MeHTHI Bpemenu: V(1) = I—m :

n0

Ha puc. I12.1, a npencraBnena TunoBas KpuBasi U3MEHEHUS IIEPUONYE-
CKOM cocTaBJsitonieit Toka npu Tpexdasusix K3 Ha BeIBogax TypOoreHepaTo-
POB C HE3aBUCHUMOW THUPUCTOPHOM cucTeMoit Bo30OyxieHus [16]. Ha puc.
[12.1, 6 — pacueTHasi KpuBas, MOJIYUYECHHAs] C UCIOJIb30BAaHUEM IMPOTPAMMEBI
«Mycranry, npu Tpexdaznom K3 Ha BeiBojax renepatopa G3 (touka Ky,
puc. [12.2). Kak Bus1HO, 3aBUCUMOCTH IPAKTUYECKU UCHTUYHBI.

Pacuer toxoB K3 mpoumsBenen mis TOLl ycTaHOBIEHHONW MOIIHOCTH
346 MBT (puc. 1.19), cxema 3amernieHuss KOTOpOH TpejcTaBiieHa Ha (pucC.
[12.2).

JlanHbIe 110 TeHEepaTopam, TpaHchopMaTopaM U Harpy3Kkam MpUBEICHbBI B
tabmme [12.1.

Tabmuma [12.1

['eneparopsl
Gl, G2 TB®-63-2EY3
G3, G4 TB®-110-2EVY3
Tpancdopmaropsl
11,72 TATH 63000 /230 /38,5
73, T4 THLL 125000 /242 /10,5
Harpy3ku (¢ yuetom ko3¢ duimeHTa CuCTeMbl)
mvHbel I'PY: cexnusg 1; cexmus 2 51+ 332 MBT

musbl CH 35 kB 36 +j22 MBT
muasl BH 220 kB 148,8 +792,3 MBT
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N
I

]n()
1
0.9
0.8
0.7
0.6
05
0.4
03
02
0.1
% 0.5 1 15 2 25
a
(k4]
401
361
321
281 I,
241
201
161
121
o
i
‘ 03 0% 03 12 15 13 21 Y 27 30
[c]
o

Puc. I12.1. KpuBas u3aMeHeHUs IEPUOIMUECKON COCTABIIAIOIIECH TOKa
pu Tpexdaszapix K3 Ha BeIBoaX TypOOreHepaTopoOB ¢ THPUCTOPHOM
HE3aBUCHUMO CHUCTEMOM BO30OYKICHUS:

a — TATIOBasi KpUBasi, 6 — pacyeTHas KpuBas
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Gl G2

Puc. I12.2. Cxema 3amenienus TOL]

Jlns reneparopoB G1, G2 npuHATa BBICOKOYACTOTHASI CHCTEMa BO30YXK-
neHust 6e3 0J1oka cuiibHOU cTabunu3anuu, st G3, G4 — He3aBUCUMOE THPH-
CTOpHOE BO30Y>KIEHHUE.

Pacuet TokoB Tpexdaznoro K3 mpousBoauics B Tpex Toukax (puc.
[12.2):

K1 — na mmuax I'PY 10 kB (ceknus 2),
K2 — na mmmuax CH 35 kB,
K3 — na mmuax BH 220 B.

Ha rpaduxkax (puc. [12.3, I112.4, [12.5) noka3aHo u3MeHeHue nepuoanye-
CKHMX COCTaBJISIFOITUX TOKOB K3 BO BpeMeHU OT pa3TuyHbIX UCTOYHUKOB, a
TaKkKe X CyMMapHO€ 3HaYeHue ¢ y4yeToM (Ha30BOTO CIBUTA.

[IpaBuiia cocTaBieHus: CXEMbI 3aMEIICHUs, pacyeTa apaMeTpPOB CXEMBbI
3aMeIleHUs] U MOJIb30BaHUs MporpaMmmMoi « MycTaHr» paccMaTpUBaIOTCS B
nucuuiuinHe «PacuetHble Ucciie1oBaTeIbCKUE MPOTPAMMHBIE KOMIUIEKCHI.
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[kAa]

541
MOJHBIN TOK 3-(aznoro K3
45T /
421 HOPMaJIbHBHA PEXUM pexum K3
361
0 TOK oT G2
/
241
187 TOK OT cuctemsl, G3 u G4
121 /
67 Tok oT Gl
D 0.05 0.10 0.1s 0.20 0.25 0.50 0.55 040 045 0.50
[c]
Puc. I12.3. Tpexdaznoe K3 na cexuuu 2 ['PY
[ka]
161 TIOJTHEIH TOK 3=(ha3noro K3
141
121
101
o Tok BBeTBU T'1(T2)
6
4
2
0 0.05 0.10 015 0.20 0.25 0.30 0.35 040 045 05
[c]
Puc. I12.4. Tpexdaznoe K3 na mmnax 35 kB
[kA]
5.0 TONHBIH TOK 3-¢azHoro K3
4.5
4.0
3.57
3.07
2.57
TOK OT CUCTEMBI
2.07
1.57 TOK 0T G3(G4)
1.07
ToK 0T G1(G2)
0.57
o.o 0.05 .10 0.15 0.20 0.5 0.30 0,55 040 045 0.50
[c]

Puc. I12.5. Tpexdaznoe K3 na mmuax 220 kB
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Ipuiaoxenue 3
TpeOoBanus K 0()OPMICHHUI0 PACYETHO-TOSICHUTEJIbHOM 3alIUCKU

U rpapuyecKoi YacTH MPOEKTAa

Kypcosoii npoext (KII) coctout u3 TeKCTOBOM U Trpaduyeckoit (dep-
TEXU, PUCYHKH, TaOJIHUIIbI) YaCTEH.
PexomenyeMbiit 06beM nosicautenbHoi 3amucku (I13) 30 — 40 crpa-
HUI[ MaIIMHOMKMCHOTO TEKCTa, OTMEYaTaHHOIO0 Ha JHCTax Oeyod Oymaru
dbopmarta A4. Pazmepsl moJiei ucTa: JeBoe — He MEeHee 25 MM, MpaBoe — HE
MeHee 15 MM, BepxHee U HIKHEe — He MeHee 25 MM. MeXaycTpOYHbIil UH-
TepBaj — moyyTopHbIi. Beicora mpudta 14, Times New Roman Cyr.
TexcroBas yactsb I3 cocTaBiasieTcs: B 10CJIe10BATEJIbHOCTH:
® TUTYJIbHBIN JIUCT;
3a/laHie Ha KYpCOBOM MPOEKT;
COZIEp’KaHUE C YKA3aHUEM CTPAHMUI] U Pa3ENOB;
BBEJICHUE;
OCHOBHAs 4acTh (pacyeT EKTPUUYECKON YacTH CTaHIMUH (TI0]I-
CTaHIIUHN));
® 3aKIIIOUYCHUE;
® CIHCOK UCIOJIb30BaHHBIX HICTOUHHUKOB;
® TPUIIOKECHUS.
Conepxxkanue
B coxepkaHuu nmepedyucisioT 3aroJIOBKU paszielioB, MOJIPa3iesioB, CIH-
COK HCIIOJBb30BAaHHBIX MCTOYHHUKOB, KAXKJIO€ MPUIOKEHUE U yKa3bIBAIOT HO-
Mepa JINCTOB (CTPaHHUIL), HA KOTOPBIX OHU HAYMHAKOTCSI.

Beenenune
B paznene "BBenenue" yka3pIBaroT 1eyib paOOThI, 001aCTh MPUMEHEHUS
pa3pabaTeiBaeMON TPOOJIEMBI, €€ HayYHOe, TEXHHYECKOE U MPAKTHUYECKOEe
3Ha4YCHHE, YKOHOMUYECKYIO 11eJIeCO00Pa3HOCTb.
PekomeHnayeMblii 00beM BBEJCHHS YCTAaHABIMBACTCS BBIMYCKAIOIIEH Ka-
denpoii, ucxoas U3 cnenuPuku 061aCTH TPOBOJAUMBIX PadOT.

Pacyer 2j1eKTPHUYECKON YACTH CTAHIMH (TOJICTAHIIMH)

[13 compoBoXkIaeTcss WIITIOCTPAUAMU: rpaduKaMu, YepTeKaMU, CXe-
mamu u T.1. B [13 ciaexyer nate mosicHeHne M 000CHOBAaHWE MPUHSATHIX pe-
IIEHUW B COOTBETCTBUU C PE3YJIbTaTaMH BHIIIOJIHEHHBIX PACUETOB.

B ocHOBHOIM HacTH TEKCTa 3aroJ0BKU Pa3/IeNIOB U MOAPA3IAECIOB pPa3-
JenaroTes — pasznenst 1, 2, u T.4. ; nogpasaenst 1.1, 1.2, 1.3 ...... 2.1,
2.2, A T.1.
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VYKa3bpIBalOTCS CCHUIKU Ha UCIIONB3YEMYIO JTUTEPATYPY B KBAPATHBIX
ckoOkax [1], [2] u T.A. B COOTBETCTBHH C MPUTIATAEMBIM B KOHIIE 3aIHC-
KU CIIUCKOM HMCIOJIb3yEMOM JTUTEPaTYPHI.

CokpailieHe TepMUHOB (CJIOB) HE JIOMYCKAeTCs, 3a HUCKIIOUYCHHEM
oomenpunaTeIX. Bee muctsl 113 Hymepyrores. Homep nucra npocrtais-
€TCS B HUKHEM MPaBOM Yriay. TUTYJIbHBIA JIUCT BKIIOYAIOT B OOIIYIO
HyMEpAIHIo, HO HOMEP Ha HEM HE CTaBST.

3akJao4eHue

3aKiIr0YeHue JOJKHO COJAEPKATh KPaTKUE BBIBOJBI MO pe3yJbTaTaM Bbl-
MOJIHEHHOW paboThl, OLIEHKY MOJIHOTHI PEIICHUs MOCTaBICHHBIX 3aj1a4, peKo-
MEHJAllMU MO0 KOHKPETHOMY HCIIOJIb30BAHUIO PE3YJbTATOB PabOTHI, €€ KO-
HOMHUYECKYI0, HAy4YHYIO, COIMAJIbHYIO 3HAYMMOCTh. 3aroJIoBOK '3akiroye-
Hue" pa3MelalT NOCepeIMHE CTPAHULIE U BBIOJIHSIOT MPONUCHBIMU OyKBa-
MHU.

Ipujaoxenus. B npunoxxeHus peKOMEHAYETCS BKIIFOYAaTh MaTEPUAIIBI
WJUTIOCTPALIMOHHOTO M BCIIOMOTAaTENIbHOIO XapakTepa. B mpunoxeHus MoryT
OBITh IOMEIICHBI:

— TaOJIULBI U pUCYHKH OoJiblIoro hopmara;

— JIOTIOJTHUTENIBHBIE PACUETHI;

— ONMKCaHUs NPUMEHSIEMOT0 B paboTe HECTAaHAAPTHOTO 000PYIOBAHUS;

— pacnieuatku ¢ OBM;

— IPOTOKOJIbI UCTIBITAHUIA.

Ha Bce npuioxeHus B TEKCTE JOJIKHBI OBITh 1aHbI CCHUIKH.

[Ipunoxenus: pacnoyiaratoT 1 0003HA4YaIOT B MOPSAJKE CCHUJIOK HA HUX B
TEKCTE.

Kaxxnoe npuinoxeHne IOJKHO HAYMHAThCS C HOBOT'O JINCTA MU MMETh
TEMaTHYECKHl 3aroloBok M oOo3HadeHwe. HaBepxy mocepeauHe mucta
(cTpaHuLIbl) MeyaTaroT MPONUCHBIMU OykBaMu cioBo "llpunoxxkenue" u ero
OykBeHHOE 0003HaUeHHE (3arjaBHble OYKBBI PyCCKOro andaBuTa, HAYMHAs C
A, 3a nckmouenuem 6yks E, 3, N, 0,4, b, bl b).

NamocTpanun (PUCYHKHM) MOTYT HMMETh, MHpU HEOOXOIUMOCTH,
HAaMEHOBAHUE U MOSICHUTEIbHbBIEC JaHHbIE (MOAPUCYHOUHBINH TeKCT). CI0BO
“pHCYHOK”, €ro HOMEp W HaMMEHOBAaHHE MOMEMIAIOT HIDKE M300paKeHUS U
MOSICHUTEIIbHBIX JAHHBIX CUMMETPUYHO UJLTFOCTPAIUU.

IHocTpoeHue TAOJIMII

Tabnuua nomenaercsi B TEKCTE Cpasy ke 3a MEePBbIM YIIOMUHAHUEM O
Hell. Tabnulibl, 32 HCKIIFOUEHUEM NPUBECHHBIX B IPUIIOKEHUH, HYyMEPYIOTCS
CKBO3HOW HyMepaiuei apaObckumu udpamu.

Ecnu Tabnuna uMeer Ha3BaHUe, TO €ro IOMEUIAIOT OcjIe HoMepa Tab-
JIMIBI YEpe3 TUPE, C TPONMUCHON OYKBBI (OCTaNIbHBIE CTPOUYHBIE), TPU 3TOM
Haanuch "Tabnuna..." mumeTcs Hajl JICBBIM BEPXHUM YIJIOM TaOJIUIIbI U BbI-
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MIOJIHSETCS] CTPOYHBIMU OyKBaMu (KpOMe MEpBOM MPOMUCHOM), 6e3 mogdep-
KHBaHUSI.

B I13 pexomenayercs TpeacTaBiiATh B TAOJUYHON opMe CIIeayIOIIe
UTOTOBBIE PE3YJIbTATHI:
e pacuera TokoB K3;
e BbIOOpa TpaHC(HOPMATOPOB, PEAKTOPOB, BBIKIIOYATENICH, pa3beIUHUTE-
Jel u T.4 (pacueTHbIE U KaTaJIOKHbBIE JaHHBIC);
® BTOPHUYHBIC HATPY3KH TPaHCHOPMATOPOB TOKA U HATIPSHKCHUS;
® KamWTaJIbHbBIC 3aTPAThI U T.1.

Tabnuua 2 — CocTaBnsaoLwme TOKOB KOPOTKOro 3aMblKaHUSA

Touka UcTouHuK I,
K3

A n,r? a,r?

G2

K1
G1+G3+Cucrema

CymmapHoe

3Ha4YeHue

G1

K2
G2+G3+Cucrema

CymmapHoe

3Ha4vYeHue

Puc. N3.1. OdbopmneHne Tabnumuybl

Dopmy.abl

@opMyIbl  CAEAyET BBIACIATh U3 TEKCTa B OTACJIBHYIO CTPOKY. 3Haue-
HUS TOSICHEHUI CUMBOJIOB U YHMCJIOBBIX KO3()PHUIMEHTOB, BXOIALIUX B (Pop-
MyJy JOJDKHBI OBITH MPUBENIEHBI HEMOCPEACTBEHHO MoAa GopMyIoil. 3Haue-
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HUE KaXJIOTO CHMBOJIa JalOT OT HOBOM CTPOKH B TOM MOCJIEAOBATEILHOCTH, B
Kakol oHM mpuBeaeHbl B (popmyre. IlepBas cTpoka pacmmdppoBKH T0KHA
HA4YMHATHCA CO cjioBa "'rae" 0e3 IBOETOYHS IT0CIIE HETO.

B KII He nonyckaercs:

— NPUMEHATH JUI OJHOTO M TOrO K€ IOHATHS pa3jJu4Hble HAy4HO-
TEXHUYECKHUE TEPMHUHBI, ONM3KHE MO CMBICTY (CHMHOHMMBI), a TakXe HHO-
CTpaHHBIE CIIOBA U TEPMHHBI IPH HAJUYUHU PABHO3HAYHBIX CJIOB U TEPMUHOB
B PYCCKOM SI3BIKE;

— IPUMEHSATH IPOU3BOJIBHBIE CIIOBOOOPA30BaHMS;

— npumenaTh uHjaekcsl ctangapros (I'OCT, 'OCT P, OCT wu t.11.), Tex-
Hu4eckux ycioBuid (TY) u Apyrux JOKyMEHTOB 0€3 perucTpamoOHHOTO HO-
Mepa;

— UCTIOJIb30BaTh B TEKCTE MaTeMaTHYECKUE 3HAKU U 3HaK & (quamerp), a
Takke 3Haku N (Homep) u % (mpolieHT) 0e3 YuciIoBbIX 3HadeHuil. Cieayer
nucath: "temmneparypa munyc 20 °C"; "3HaueHue mnapamerpa OOJbIIE WU
paBHO 35" (HO He "Temreparypa — 20 °C"” unu "3HaueHUe mapameTpa > 36");
"cTepxkeHb quameTpoMm 25 mMm" (a He "ctepxkenb J25"); "uzgenue N 325",
"Homep ombiTa" (HO He " N ombita"); "BiaxkHocTh 98 %", "mpoieHT BhixoAa"
(10 HEe " % BBIXOMA").

IIpasuia obopwieHuda rpadpudeckoro Mmarepmuaaa

I'paduueckuit MaTepualn J0JKEH OTBEYaTh TPEOOBAHUSM JACHCTBYIOIINX
CTaHJAPTOB IO COOTBETCTBYIOIIEMY HANPaBJICHUIO HAYKU, TEXHUKU WA TEX-
HOJIOTHHU U JIOJDKEH BBIMOJIHATHCS: aBTOMATU3UPOBAHHBIM METOJIOM — C TIPH-
MEHEHHEM IrpapUUeCKUX U TeUYaTaoluX YCTPOUCTB BhiBo1a DBM.

[[BeT m300pakeHuii — yepHbli Ha Oenom (one. Ha nemoHcTpannoH-
HBIX JIUCTax (TIaKaTax) JAOMYCKaeTCs MPUMEHEHUE IBETHBIX U300paKeHUH 1
HaI1ceH.

B odopmienun Bcex nHCTOB Tpaduueckoro Marepuaia paboThl clie-
JyEeT IPUACPKUBATHCS €AMHOOOpa3Hsl.

UepTe:k U CXEMbl, IPEACTABICHHBIE HA TEXHUYECKHX HOCHUTENISX,
JIOJDKHBI OBITH MpUBeeHbI B KOHIE [13 Ha Oymare ¢ ymeHblieHreM 10 dop-
Mata A4 unu A3, 0 4eM JIoJbKHA OBITH CJlIefIaHa 3aIliCh B COJICPyKaHHH.
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10.

11.

12.

13.

14.

BUBJINOTPA®UYECKUIN CITMCOK

[IpaBuiia ycTpolicTBa 3J€KTPOYyCTaHOBOK.- B. 2-ii (c U3M. U JI011., 1O
coctrosauio Ha 1 HosiOps 2005 r.) — mecto uza. Cub. yHUBED. U3]I-BO,
2005. - 854 c.
CrpaBoUHHMK HMH)KEHEpa MO HaJaJKe, COBEPIICHCTBOBAHHUIO TEXHO-
JIOTHUM M JKCIUTYaTalluy JJEKTPUYECKUX CTaHIMM U cerei. LleHTpa-
JIM30BaHHOE M aBTOHOMHOE JJIEKTPOCHAOXKEHHUE OOBEKTOB, 1IEXOB,
MPOMBICIIOB, TPEANPUSATAN U MPOMBIIUICHHBIX KOMIUIEKCOB / O]
pen. A.H. HazapsiueBa. — M.: Undpa-Unxenepus, 2006. — 928 c.
Poxxkosa JI.[I. , Ko3zynun B.C. DnexTpoobopynoBaHue CTaHUUNA U
MOJCTAHIMI. — 2-€ 3. — M.: DHeproaromusnar, 1987. — 648 c.
Hexknenaes b.H. Dnekrpudeckas 4acTh 3JIEKTPOCTAHIIMNA U MOI-
CTaHIMM: y4eOHUK JIJISl BY30B. — 2-€ U3/1., nepepad. u gom. — M.:
Oueproaromuzaar, 1986. — 640 c.

Kproukos M.I1., KyBumnckuit H.H., Hexnenaes b.H. Dnexkrpu-
YeCcKasi 4acTh 3JEKTPOCTAHIMMI U nojactanuuii: CripaBoYHbIE MaTe-
pHUabl 1711 KypCOBOTO U JUILNIOMHOTO MPOEKTUPOBAHUA. — 3-€ U3/
— M.: DHeproatomuzaat, 1989. — 608 c.

CrnpaBoYHHMK MO DJIEKTPOTEXHUYECKUM YCTAHOBKAM BBICOKOTO
HanpspkeHus / noj penakuuedt U.A. baymmreiina u B.M. Xowmsiko-
Ba. — 2-e m3a. — M.: Dueprus, 1981.—656 c.

BacunbeB A.A. Dnexkrpudeckas 4acThb CTAHIUWA U MOACTAHIUNA. —
M.: Dueproaromusaar, 1990. — 576 c.

DnekTpuyeckas yactb syekTpoctaniuil / nox pen. C.B. Ycosa. —
JI.: Dneproaromusnar, 1987.—616 c.

[Munuyk H.JI., HerycapoB FO.A. HoBble pazpadotkun OAO «Diek-
TPOCHUJIA» AJIEKTPOOOOPYIOBaHUS JIA DJIEKTPOCTaHIUN // Dnek-
tpuyeckue ctanuuu. — 2000. — Ne 10.

Hpymanosuu JI.LU., Kpadt B.IL., Haukun A.fl. Homenknatypa u
texanueckue Bo3MoxHOocTH OAQO «HoBas cuma» // Dnexrpude-
ckue cranuuu. —2001. — Ne 5.

Mortsirnna C.A. DkcrutyaTauus 3J€KTPUYECKOM 4YacTH TEIIOBBIX
ANEKTPOCTAaHUUUA. — 2-€ u3d., nepepadb. u non. — M.: DHeprus,
1979. - 568 c.

HopMmbl TEXHOJIOTHYECKOTO MPOCKTUPOBAHUS TEILJIOBBIX JJICKTPU-
yeckux cTtaHnui u termnoBbix cerei: BHTII-T—88 Munsnepro
CCCP. — M.: HIHTHU Undopmauepro, 1988. — 252 c.

®dunaroB A.A. OO6ciy)KMBaHUE JIEKTPUUECKUX MOACTAHIIMKN oOre-
paTUBHBIM NepcoHanoM. — M.: DHeproaromusaar, 1987. — 648 c.
CrnpaBoUHHMK MO MPOEKTUPOBAHUIO SJIEKTPOIHEPTETUUECKUX CH-
cteM / B.B. Epmesuu u np.; mox pen. C.C. Pokotsna u .M. Illa-
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

nupo. — M.: Dueproaromusaar, 1985. — 352 c.
PykoBoasiye ykazaHusi 0 pacyeTy TOKOB KOPOTKOI'O 3aMbIKaHHS
U BBIOOpPY anekTpoodopyaoBanus / moa pena. b. H. Heknenaea. —
M.: U3n-so HII DHAC, 2006. — 144 c.
Pac4yér KOpOTKHMX 3aMBIKaHMH M BBIOOP 3JIEKTPOOOOPYAOBAHUS:
yue0. mocobue jyist cTy. Beicir. yuel. 3aBeaenwuii / 1.I1. Kproukos,
b.H. Heknenaes u ap. — M.: Akagemus, 2005. — 416 c.
VYapsHoB C.A. DIEKTpOMArHUTHBIE IEPEXOJHBIE IPOLECCH B
sHEepreTudeckux cucremax. — M: Hayka, 1970.
HopMbl TEXHOJIOTMYECKOr0 MPOEKTUPOBAHUS TMOACTAHIUN Iepe-
MEHHOTO TOKa ¢ BblcluMM HanpsbkeHuem 35-750 xkB. CO 153-
34.20.122-2006.
Poxkosa JI.JI. DnekTpooOopy10BaHUE AJIEKTPUUECKUX CTAHIIUA U
MOACTaHIIUN: yueOHUK a1 cpen. mpod. obpazoanus / JI.J[. Pox-
koBa, JL.LK. Kapneesa, T.B.HUupkoBa. — M.: M3garenbckuili NEeHTp
«Axanemus», 2004. — 448 c.
bo6orynos I1.M., IlpoxopoB A.B. OnbeiT mpou3BOJCTBa U KOH-
CTPYKTHBHBIE OCOOCHHOCTH OTpaHUYHTENICH TTepeHATPSKCHIH /
Tpynsr Beepoccuiickoit HayuyHO-TeX. KoH(pepeHIHn «OrpaHudyeHne
IIEPEHAIIPSKEHUN M PEKUMBI 3a3€MJICHUSL HEUTpAJIeH ceTeu 6 —
35 kB». — HoBocubupck: M3n-s8o HI'TY, 2004. — C. 126 — 128.
DnekTpoTexHnueckuil cnpaBoyHuk: B 4 1. T.3. IIpousBoacTtso u
pacripeiesieHue dIeKTpruueckoi suepruu / moxa obmr. pen. B.I'. T'e-
pacumoBa U Jp. — 8-€ u3a., ucnp. u gon. — M.: M3narenscTBo
MDBU, 2002. —-964 c.
Baiinmreitn P.A. PexxuMbl 3a3eMJI€HHS HEUTpaM B DJICKTpUYE-
CKHMX cucTtemax: yueoHoe mocooue / P.A. Baitnmreiin, H.B. Koio-
muelr, B.B. IllecrakoBa. — Tomck: U3xa-Bo TITY, 2006. — 118 c.
[IpaBuna TEXHUYECKOW SKCIUTyaTalMy SJEKTPUUYECKUX CTaHIUU U
cerert Poccuiickoit @enepaunn. YTB. [Ipukazom Munsnepro
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