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INPEJUCJIOBUE

Hacrosias xHura npeiHasHavyeHa ISl CTYIEHTOB CPEAHUX CITEIH-
aMbHBIX Y4eOHBIX 3aBEIEHUM, IS KOTOPBIX AMCUMIUIMHA «DJIEKTPO-
060pyIOBaHKE 3JIEKTPOCTAHIIMI U TOACTAHLIUI» SBISETCS OCHOBHOM
IVCUMIUTUHOM CIeHaJIbHOTO LUKIIA.

B xHure paccMoTpeHO OCHOBHOE 000PYIOBaHUE 3NEKTPOCTAHLIMMA 1
MOACTAHLIMI: CHHXPOHHBIE T€HEPAaTOPBl ¥ KOMITEHCATOPHl, CHJIOBHIE
TpaHcOpMaTOphl U aBTOTpaHCGOPMATOPEI, KOMMYTALIMOHHBIE arma-
paThl, M3MepUTeNbHBIE TpaHchopMaTophl. M3oxXeHa MeToaMKa pac-
YyeTa TOKOB KOPOTKOTO 3aMBIKaHUs, PaCCMOTPEHHBI UX TUHAMUYECKOE
¥ TEPMHYECKOE JEHCTBHSI, MPUBEAEH BHIOOP TOKOBENYIUMX YacTeil M
3JIEKTPMYECKMX anmapatoB. boJblioe BHUMaHMe YIEIEHO aHAIH3Y CXEM
3JIEKTPUYECKUX COEAMHEHUH MEKTPOCTAHIUI M MOACTAHLIMH C TOYKH
3pEeHUs UX HaEXHOCTU U SKOHOMUYHOCTH.

B xHure npuBeaeHbl THIOBBIE KOHCTPYKLIIMU pacIlpeacIUTENbHBIX
YCTPOMCTB OTKPHITOTO, 3aKPHITOTO ¥ KOMIUIEKTHOTO THIIA.

W3narass MaTtepual, aBTOPHl CTapaJUCh IPUBECTH €T0 B COOTBET-
CTBHME C HOBBIMHM pElIEHUSIMM, UHCTPYKUUSIMHU, PYKOBOOAUIMMH yKa-
3aHMSAMH U JPYTUM JUPEKTHUBHBIM MaTepUaioM. TeopETHYECKHUI MaTe-
pHan COMPOBOXIAETCSA PELICHUEM IIPUMEPOB U BOIIPOCAMH VISl CaMO-
TIPOBEPKHU.

ABTOpPBI BHIPAXalOT 6J1arogqapHOCTb PEAAKIIMOHHO-U3NATEILCKOMY
otneny BcepocCHIICKOTO 3a04HOrO 3HEPreTMYECKOro KOJUTEmXa, py-
koBoaumoro H.JI. YTKuHOM, 3a rmoMollb B 0(pOPMJIIEHUM PYKOIIUCH.



BBEJIEHUE

OCHOBOIT 5KOHOMMKH BCEX MHIYCTPUAIBHBIX CTPAaH MUpa SIBISETCSA
3JIEKTpO3HEPreTHKA. XX BEK CTaI IEPUOIOM HHTEHCHUBHOTO Pa3BUTHUSA
9TOM BaXHEMIIEN! OTpaciy MPOMBILUIEHHOCTH.

Bckope nocne o6paszoBaHusi CCCP B OCHOBY €ro 3KOHOMMYE-
CKOM MOJUTHKHU OBLIO MOJIOXEHO CO3JaHWE MOIIHOW 3HepreThuye-
cKo# 6a3sl HOBOTO rocyaapctsa. B 1920 r. 66U1 MPUHSAT roCy1apCTBEH-
HBIi nnaH snekTpudukaunu Poccun — I'OBJIPO, npenycmaTpu-
BalOLIUI CTPOUTENBCTBO 30 HOBBIX PAHOHHBIX 3JIEKTPUYECKUX CTAH-
uuit o6ueit MourHocThio 1750 MBT 8 Teuenue 10— 15 neT ¢ moBe-
JI€HUEM BbIpabOTKHU 3N1eKTpo3Hepruu 1o 8,8 TBT-4 B rog. DTOT muiaH
65T peanu3oBad 3a 10 net. B 1930 r. ycTaHOBIEHHAst MOLIIHOCTD 3JIEK-
TPUYECKHMX CTaHLUI coctaBmwia 2875 MBT ¢ BbIpabOTKOI 371€KTPO-
sHepruu 8,4 TBt-u.

OcHoBoOIf MOCHERYIOILUX TUIAHOB Pa3BUTHUS HAPOTHOIO XO3sSHCTBa
SIBWJIKCH NMPUHLMIEL, 3AI0XeHHBIE B TiaHe TODJIPO. Temnel pa3Bu-
U 3neKTpo3HepreTdeckoif 6a3el B CCCP ObUTH BRICOYAHIIIMMU B MU-
pE€ ¥ CHIXaIHMCh TOJBKO BO BpeMsi Benukoit OTeyecTBEHHON BOMHBI
(1941 —1945). Eciu B nepBble TOABI CBOETO cyliecTBOBaHUS COBET-
ckast Poccust o BeIpaboOTKE 3JIEKTPO3HEPTUM 3aHUMaJla OXHO U3 NOC-
JNleqHUX MecT B Mupe, To K 1980-Mm rr. CoBerckuit Coro3 ycTyTian TONb-
Ko CoennHeHHBIM IlITatamM AMepuKH.

JIvHaMuKa pocTa YCTAaHOBJICHHOHW MOIIHOCTH M BHIPAaOOTKH 3J€K-
Tpo3Hepruu snmeKrpoctraHuusamMu CCCP xapakTepu3yeTcst Cleayouu-
MM TaHHBIMU.

MolHocTs BripaGoTka

Ton 3NIEKTPOCTAHLMIA, 3IEKTPO3IHEPIiH,

I'Br TBr-4
1945 11 43
1950 20 91
1955 37 170
1960 67 292
1965 115 507
1970 166 740
1975 217 1038
1980 284 1294
1985 315 1545
1990 320 1674

OcHoBoii pa3Butusi 3HepreTuku CCCP cTano coopyXeHHe 3JeK-
TpocTaHuui Gosbioit MowHocTH. K 1990 r. B CoBerckom Corose pabo-
Tany 80 37IEKTPOCTAaHLIMI C YCTAHOBJIEHHOM MOIIHOCThIO Gonee 1 I'Br
KaxJasi, Ha KOTOPhIX O6BUIO COCPEOTOYEHO OoJee MOJOBUHBI BCEH re-
Hepupylolleii MolrHocTH. Ha TeruioBbIx aekTpryeckux cTaHmsx (TOC)
pabotayio 6onee 400 3Hepro6I0KOB EAMHUYHON MOIIHOCTHIO OT 150 mo
1200 MBT, Ha aTOMHBIX 3NeKTpocTaHIUAX (ADC) — 3HeprobiIoKu
MolHocThio 440, 1000 1 1500 M BT, Ha runpoasnekTpocTanmsx (IDC) —
600 1 640 MBt. Co3naHue ¥ OCBOEHHE 3HEPTOGJOKOB MOIIHOCTHIO
500 MBT Ha yrie 1 800 MBT Ha rase mo3BOMJIM CO30aTh MOIIHBIE
Dxkubactysckyo 'POC (4000 MBt) u Cypryrckyio 'POC-2 (4800 MBT).

BricTprIMM TeMIIaMU pa3BHBajach aToMHasi 3Hepretuka. OT mep-
Boit, O6HMHCKOI, ADC MOIHOCTBIO 5 MBT aTOMHast 3HepreTKa Inpo-
LIUT1a MyTh OO 3NEKTpOoCTaHUuUi MolHOCThIO 4000 MBT. B akcrutyara-
nMio ObLTH BBeleHBI 3amnopoxckasi, bamakoBckasi, JleHuHrpanckas,
Kypckast, YepHoObIbckass, CMoneHckas, FOXxHo-YkpauHcKas U apy-
rie MourHele ADC.

Bosnbliioe BHUMaHKE B CTPaHE YIENISUIOCh THIPO3HepreTHke. B eBpo-
TECKOi1 YaCTH 3aBEPILIMIIOCH CTPOUTENBCTBO Kackana 'SC Ha Bonre u
Kame. UnreHcuBHO coopyxamchk 'DC Ha MHorux pekax Kaskasza. B Cu-
OMpH NpPOMOJIKANIOCh OCBOeHHe AHrapo-EHHcelickoro kackama, Ha
KOTOpOM ObUTH coopyxeHbl YcTh-Unumckasi u CasiHo-Illyienckast
I'DC mourHocTsO 3,8 1 6,4 I'BT cooTBeTCTBEHHO, B Cb6HpH paboTaroT
takue ['DC, kak Bparckas (4,5 I'Br) u KpacHosipckas (6 I'Br).

BBICOKMMM TEMITAMH Pa3BHUBAJIOCH 3JIEKTPOCETEBOE X03siicTBO. Dop-
MHPOBaHHE TAKHUX KPYITHBIX SHEPreTHYECKUX 00BeIMHEHHI, KaK 3HEp-
rooosenuuennss CeBepo-3anana, Ilentpa, CpenHeit Boaru, IOra,
KazaxcraHa, 3akaBka3bsi, Ypana, CeBepHoro Kaska3za, CpenHeit
Asun, Cubupu 1 BocTroka, mO3BOJISIIIO YCIEUIHO pellaTh 3a1a4yy co-
3nauusa EpuHo# sHepreruyeckoit cuctemnl ctpaHbel (EBC CCCP).
K 1990 r. B coctaB EDC Bxomunu 9 u3 11 sHeprooobeIMHEHH i, OXBa-
THIBasl MOYTH 2/3 TEPPUTOPUM CTPaHBI, TIe Mpoxupano Gonee 80%
HaceJIeHU .

MeXCHUCTEMHBIE CBSI3M OCYILIECTBIISUIMCH IO IMHUSM 3JIEKTpOIlepe-
nayu HanpspkeHueM 500 kB (30348 kM), ObUTH BBeIEHB! B 9KCILTyaTa-
IIUIO JIMHKUM HanpsixkeHueM 750 kB (2811 xm) u 1150 kB (958 km).

B cTpaHe mIaHMpOBaNIUCh MHTEHCUBHOE Pa3BUTHE U KCITOJb30Ba-
HHUE BO30OHOBJISIEMBIX HICTOUYHUKOB 3HEPTHU: COJIHEYHOI, reoTeEpMalib-
HOM, BETPOBOW, NPWIXBHOWA U Op.

BaxHoi1 cocTaBisiiolieil 3HepreTH4ecKo nmouTuKu CoBETCKOTO
rocynapcrsa sipnsuiace HHTerpauuss EDC CCCP ¢ s3HeprocucreMaMu
3apyOexXHBIX CTpaH. COTpyAIHMYECTBO C €BpPOINEMCKMMM CTpaHaMH B
3JIEKTPO3HEPreTUKE HayaJio pa3BUBaThCs mociae Bropoit MUpoBOii BOii-
Hbl o JuHUM CoBeTa DKOHOMUYECKO! B3auMonoMollu, B COCTaBe
KoToporo 6su1a coznaHa [TocTostHHAst KOMUCCHS 110 3JIEKTPOSHEPTHH.
B urone 1962 r. 6bUT0 MOANMCAHO COMTallleHHe O co3maHuu B IIpare
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IenrpanbHoro aucnerdepckoro ynpasnenust (LULY) oGbeIrHEHHbIX
sHeprocucteM Bonrapuu, Benrpun, IIP, Monsimu, Pymeinuu, CCCP
¥ YeX0CJI0BaKHM. DTO colIallieHHe MpeIyCMaTPUBAJIO 3KCILUTyaTalluIo
HAIIMOHATHHBIX SHEPIOCUCTEM I10 COIJIACOBAHHOMY IUIaHy C ONTUMallb-
HBIM MCITONIE30BaHMEM BCeX MPEMMYILIECTB NTapaJUTeNbHOM paboTHI B UH-
Tepecax KaxIoi CTpaHbl PH MIOJIHON CaMOCTOSITENIBHOCTH B PEIIEHHUHU
BHYTPUCHCTEMHBIX BOIIPOCOB.

B COOTBETCTBHMHU C COIVIALIEHMEM SHEPTOCUCTEMBI CTPaH — WIECHOB
COB 6butd 06BeIMHEHBI MexXay coboit. CoBetckuit Coio3 6buUT coen-
HEH JTUHUSAMH 3NeKTpoInepenayn HanpsokeHueM 220 KB ¢ Benrpueit 1
TMonbiueit u MuHMsAME HanpspkeaneM 400 kB — ¢ Pymbiaueii 1 Yexo-
cioBakueit. CyMMapHasi BeJIMYMHA IOCTaBOK ¥ 0OMeHa 3JIEKTPO3HEP-
rueit yxe B 1967 r. coctauna 8,5 TBT- 4, a 9KCIOPT 3I€KTPOIHEPTUH
u3 Coserckoro Coio3a — 1,8 TBTy. DKOHOMMS Ha KalMTAJIOBJIOXE-
HUSIX Y 3KCIUTyaTallMOHHBIX M3IEPXKKaX B OTAENBHBIX CTPaHaxX 3a CYeT
PEUMYIIECTB O6BEMMHEHHS] SHEProcUCTeM Goee yeM B 2 pasa rpe-
BBICIUTA CYMMY 3aTpPaT Ha COOPYXXEHHE MEXCUCTEMHBIX JINHHM 3JIEKTPO-
nepenayu. I1oydeHHbIE BHITObI OT MHTETPALIMK SHEPTOCHCTEM CTPaH —
yregoB COB B 1970-X IT. 06yC/IOBIIU MPUHATHE PELIEHHI O COOpYXe-
HUH JOTOJHUTENBHBIX MeXcucTeMHBIX BJI. B 1973 r. 66110 3aBEpLIEHO
CTPOMTENILCTBO MEXTOCYAPCTBEHHOM CBSI3M HAaNpPsDKEHUEM 400 xB Mon-
nasckast TPOC — Bynkanewrtst — Jo6pymxka. B 1978 r. 6bina BBeeHa
nepaasi BJI 750 kB CCCP — Benrpus. B nocnenyionem GbUTHA BBEICHDI
ewe ase BJI 750 kB CCCP — ITonsma u CCCP — Bosnrapus.

B 1981 . ¢ BBOOM B 3KCIUTyaTalyio IpeoOpa3oBaTeIbHOM MOACTaH-
uuu B Bei6opre EDC CCCP crana pa6oTaTh COBMECTHO C 9HEProoos-
ennnenreM CkanauHaBckux ctpaH NORDEL.

K koHuy 1980-X IT. cO30a70Ch YHUKATBHOE MEXTOCYIapCTBEHHOE
3HeproobLeNUHEHHE CTpaH — wieHoB COB — sHeprocucreMa «Mup»
C CyMMapHO# YCTaHOBJIEHHOW MOIIHOCTBIO Gonee 400 miH KBT, Ko-
TOpoe GBUIO KPYMHEUIIUM Ha 3€MJI€ M OXBaThIBAJIO IPOMAaJHYIO TEP-
puropuio Espasuu ot Bepiuna 1o YnaH-baropa. [TocTaBku 31€KTpO-
sHepruu u3 CCCP B crpansl COB nocturamy noytu 40 TBT 4 B rox.
Ot cereit EDC CCCP 3KcropTHpOBaIach 3J1eKTpO3HEPTHs B GUHIISAH-
oo, Hopseruio, Typuuio, A¢raHucTaH.

1991 r. okasajcs NocJAeAHUM rofoM, KOra 3JIeKTpO3HEPreTHKa CTpa-
HBI 6BUTa €IMHBIM LIEHTPATM30BaHHO YIIPaBIseMbIM KoMILIeKcoM. O6-
pasoBaHHe He3aBMCHMBIX rocynapcTs Ha Tepputopun CCCP 1 pasnen
3JIEKTPO3HEPIETHYECKOM COOCTBEHHOCTH MEXIY HUMH NPUBENH K KO-
PEHHOMY M3MEHEHHMIO CTPYKTYpPhl YIIPABIEHHs 3JIEKTPOIHEPIeTUKOH
Ha TeppuTopun 6e1BIero CCCP. B HE3aBUCHMBIX TOCYapCTBax ObUTH
06pa3oBaHbl COGCTBEHHBIE OPTaHbl YIPABIEHUsSI U CaMOCTOSTEIbHEIE
CYOBEKTHL XO3UCTBOBAHUSA B IJIEKTPOIHEPreTHKE.

B 1991 r. nocraBk# anekTpo3Hepriu U3 EDC B coceIHUE CTPaHbI CHU-
3wimch 10 21,5 TBT 4. 310 OBUIO OOYCIOBIEHO NMEPEXONOM Ha OIUIaTy
NIOCTABOK 3MIEKTPOSHEPTUM B cTpanbl BocrouHoit Espomnsi B cBoboxHO
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KOHBEPTHPYEMOIi BATIOTE, B CBA3M C YEM COKPATWICA OObEM KOHTPaKT-
HBIX ITIOCTaBOK, a TaKXK€ HEJOCTATKOM TOILUTMBHBIX PECYPCOB B YKpauHeE U
BBIHY>KIICHHBIM CHIDKEHHEM 3KCITOpPTa 3JIEKTPOSHEPTHH U3 3TOH pecItyo-
Juku B O9C cTpaH — y4aCTHMI{ SHEProoGbeqMHEHH «MHUD» .

B Hoa6pe 1993 r. u3-3a Gonbloro aeduimra MOLIHOCTY B YKpanHe
651{1 BBIHYXJIEHHO OCYIIECTBIIEH NEPEXON Ha pa3fiesibHy10 paboty Enu-
Hoit sHeprocucteMbl Poccun 1 O9C YKpauHBl, 4TO NMPUBENO BIOC-
JIEICTBUM K pa3fe/IbHOH paboTe C OCTATBHBIMM 3HEProCHCTEMaMH
crpaH — y4yactHull IIJ1Y B Ilpare. DHeproo6rennHenue «Mup» pas-
JENUIIOCh HAa HECKONBKO YacTeil. B nanbHeifieM ne3nHTerpaliuOHHbIE
MPOLIECCH B paMKaX 3HEProoObeNWHEHUs1 «MHp» NPHUBENIH K TOMY,
YTO BHavaJie sHeprocucreMa Bocrounoit yactu I'epmanuu VEAG B ceH-
T6pe 1995 r. npucoenMHMIach Ha MapaUIENBHYIO paboTy K 3HEPro-
obwenuHenuto crpaH 3anagHoit Esponst UCTE, a B okTsa6pe 1995 .
K UCTE npucoenununocs 3neproo6senuuenie CENTREL, B koTo-
poe BXOIAT 3HeprocucteMbl Benrpuu, Ionpinm, Cnoakuu u Yexumu.

Cosanue M pa3BUTHE HE3aBUCHUMBIX TOCYJApCTB Ha TEPPUTOPUHU
6uiBrero CCCP B nocnenHee necsriiete XX B. COMPOBOXIAIOCH DIy-
60KHMM 3KOHOMUYECKMM KPH3MCOM TIPAKTMYECKH BO BCEX OTPACIAX
3KOHOMHMKM. Peskuil crajg nMpOMBIILIIEHHOTO NPOM3BOACTBA BO BCEX
rocyJapCTBax-y4acTHHKax BHOBb co3diHHoro CompyxectBa He3sasu-
cumelx [ocynapcTB oTpaswicst ¥ Ha 3JIEKTPOIHEPTETHKE.

JIMHaMMKa NPOU3BOICTBA 3IEKTPOIHEPIHM B SHEPTOCHCTEMAX CTPaH
CHI B 1990—2001 rr. (TBT-4) npuseneHa B Tabn. B.1.

Iepexon OT LEHTPaNM30BAHHOTO YNPABIEHUS 3JIEKTPO3HEPIETH-
YeCKOM OTPaciIbio K GYHKLIMOHUPOBAHHUIO B PAMKaX CYBEPEHHBIX IrOCY-
JapCTB MOKa3al, YTO U30JIMPOBaHHAsK paboTa SHEPrOCHCTEM HE MOXET
MOJTHOLIEHHO U C JOCTATOYHOM CTENEHBIO HAIEXHOCTH YIOBJIETBOPSTh
MOTPEGHOCTAM 3KOHOMMKH M HaCeJIEHUS B 3JIEKTPUYECKON SHEPTHH.

YuuteiBas 3710, yxe B peBpare 1992 r. riaBaMu MPaBUTENLCTB FOCY-
napctB ConpyxecTBa GbUI0 MmoamucaHo «CornalmeHue o KOOpIUHa-
LIMM MEXTOCYAAPCTBEHHBIX OTHOILIEHUII B OGJIACTH 3JIEKTPO3HEPIETH-
Kk# ConpyxectBa Hesasucumeix I'ocynapcrs» . OcHOBHOI Henbio Co-
TJIaLIEHUs CTaNO MPOBENCHUE COBMECTHBIX CKOOPAMHMPOBAHHBIX A€M -
CTBMI, HalpaBIEHHBIX Ha oOecrieyeHHE YCTOMYMBOTO M HaNEXHOTO
SHEProcHabXeHUsI HapOTHOTO XO3SICTBA M HACeJIEHHs TOCyNapcTB Ha
OCHOBE 3(HEKTUBHOrO (PYHKIIMOHUPOBAHUS OOBEAUHEHHS IJIEKTPO-
SHEPreTUYECKUX CUCTEM.

IMocnennue rogsr XX 1 Hayana XXI BB. MOXHO OXapaKTepH30BaTh
KaK rofisl ONpeneIeHHON CTabMIU3aLMK paboThI 3JIEKTPOSHEPreTHYeC-
Kux cucteM crpad CHI', HaMeTHBILIETOCS POCTa KOTUYECTBEHHBIX U YITy4-
IIEHUSA KAYECTBEHHBIX MoKa3arteneil paborsl. Ocoboe 3HAYEHUE UMEET
TMIOHUMaHWe HEOOXOAMMOCTH MHTETpanvy HallMOHAIbHBIX SHEPTrOCUC-
TEM B paMKax Ux oobeanHeHms B mpocrpaHcTBe CHI. Ha cerogusuHmit
IeHb 11 u3 12 HaUMOHANBHBIX 3HEPTOCHCTEM rocynapcTB ConpyxecTBa
(KpoMe 3HEprocucTeEMBl APMEHUM) OCYILECTBIISIOT COBMECTHYIO Mapal-
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Ta6auua B.1

2001

18,5

5,7
24,7

7,5
55,2

13,6

4.9
888,4

14,3

10,5
48,1
172,2

1263,6

2000

18,7

6,0
26,1

7.4
51,4

14,9

3,6
876,0

14,3

9,8
46,8

169,0
1244,0

1999

18,2

5,7
26,5

8,1
47,5

13,2

4,1
846,2

15,8

8,8
45,3

172,1
1211,5

1998
18,0

6,2
23,5

8,1
49,1

11,6

4.8

827,2
14,4

9,3
45,9

172,8
1190,9

1997
16,8

6,0
26,1

7,2
52,0

12,6

5,4
834,1

14,0

9,5

46,0

178,0
1207,7

1996
17,0

6,2
23,7

7,2
59,0

13,8

6,2

847,2

15,0

10,1

45,4

183,0
1233,8

1995
17,0

5,6
249

7,1

66,7

12,3

6,2
860,0

14,8

9,9
474

194,0
1265,9

1994
17,6

5,7
31,4

7,0
66,4

12,9

8,2
875,9

17,0

10,5
47,8
202,9

1303,3

1993
19,0

6,3

334

10,2

77,4

11,1

10,4
956,6

17,7

12,6
49,1

229,9
1433,7

1992

19,8

9,0
37,6

11,5
82,7

11,9

11,2

1008,5

16,8
13,2

50,9

252,5

1991
235

9,6
38,7

13,4

86,0

14,2

13,2

1068,2

17,6

15,0

54,2

278,7

1632,3| 1525,6

1990
23,2

10,4

39,5

14,2

87,4

13,4

15,7

1082,2

18,1

14,6

56,3

298,5
1673,5

lon
AsepbaitnxaH

ApMeHus

Benapych
I'py3us

KasaxctaH
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Bcero nmo CHI

JENbHYI0 paboTy. Takoi peXuM CyleCTBEHHO MOBBICKIT HaJeXHOCTD
(yHKUMOHUpPOBaHMS SHEPrOCUCTEM, CO3JAT YCJIOBUS VIS B3aUMOBHI-
TOIHBIX OTHOIIEHUM MeXny cTpaHamu. Haubotee HaISIHO 3TO MpPOsIB-
JHAETCSA B IEPHUOML NNPOXOXAEHMST OCEHHE-3MMHUX MAKCHMATBHEIX Harpy-
30K U B CJTy4asiX IMKBUAAUMH aBAPHIAHBIX CHTYALIMIA.

BaxnHeim Bonpocom Ha CETOMHAIIHUN NEHB SIBJISETCS BOTIPOC
MHTETpallny, sekTposHepreTuku CHT ¢ eBpomeiickoii u a3UaTCKOM
SJIEKTPOSHEPTETUKON. YUMTBIBAs, YTO MAapaUIebHO C 0OBETMHEHNEM
SHeprocucreM CHI paGoraioT sHeprocucTeMbr cTpaH bBantuu u Mex-
TOCYNapCTBEHHBIE CBSI3U COEAMHSIOT 3HeprocucremMl CHTI c psimoM
cTpaH BoctoyHoit EBpomnsl u A3WH, 3an1a4a BUAWTCS B peau3aluy
CTPaTerNYECKUX IUIAHOB Pa3BUTHUS II06GATLHOMN 3JIEKTPOCETH Ha BCEM
Espasuiickom npocTpancTse.

B EBpone k HaCTOSIEMY BPEMEHH CJIOXWINCH CIIEAYIOLIHE MEXTO-
CYAapCTBEHHBIE SHEPTOOOBENMHEHHS: TOCYAPCTB 3ananHoii u Llenr-
panbHoit Espornisl — UCTE, BocToyHoix Esponsl — CENTREL, Ckan-
AMHABCKMX cTpaH — NORDEL. Iocne nonxHoro o6beanHe s UCTE
¢ CENTREL ¥ npucoenvHeHHs K HuM 3Heprocucrem Bonrapum u
PyMbIHMM HOBOE 06BeIMHEHE nonyaut Hasanue TESIS. Cymectsy-
IOILIMMH NPOEKTaMHU NPEAYCMATPUBAETCS €T0 PaCIIMPEHHE 32 CYET MPU-
COCIMHEHUS SHEPTOCUCTEM EIlEe HEKOTOPHIX TroCynapcTB 10ro-BOCTO-
YHOM yactu EBpomnsr u Typuuu, a Taxke 9HEProCUcTeM, oOLEAUHSE -
MBIX B paMKaX BCETO TaK Ha3bIBAEMOTO Cpenu3eMHOMOPCKOTO KOJIbLIA.

Jist opraHuM3aLMY MapaUIeNbHOMN PaboTHl O6BEAMHEHUS SHEPTOCH-
creM ctpaH CHI ¢ sHeproo6bennnenuem TESIS MOTYT OBITh MCIIONb-
30BaHbI cywecTsylowue 11 BJI HanpsoxeHuem 220 — 750 kB. Ipu co-
BMECTHOH CHHXPOHHO# PabOoTe 10 MEXCHUCTEMHBIM CBSI35IM MOXET OBbITh
TIOMYYCH CYIECTBEHHBI SKOHOMHYECKMHT 3hdeXT 3a cyeT 3KOHOMUU
TOIUIMBA U YMEHBIUEHUS 3aTPaT Ha MUKOBYIO TeHEPUPYIOLLYI0 MOIII-
Hoctb. [IpenBaputensHbie onenku MTOKa3bIBAIOT, YTO MPOITYCKHAs CITO-
COOGHOCTB 3THX CBSI3€if MOXET OKa3aThes JOCTaTOYHOM I peaiu3a-
ILIMA MEXCUCTEMHBIX 3(()EKTOB B MHTErPUPOBAHHOM OOBETUHEHUU.

Snpom co30aHHOTO OGbEeIMHEHHS 3HEprocucreMm rocynapcrs Co-
APYXECTBa SIBNSICTCS HALIMOHANbHAS SHEPrOCHCTEMA Poccuiickoit ®e-
Aepauvu — Enunas sHepretuyeckas cuctema Pocouy — caMast KpyII-
Had B CHI. Dnektpuueckue cetn oxBathisaoT OTPOMHYIO TEPPUTOPUIO
CTPaHBI — 1IECTb YaCOBBIX TOSICOB C BOCTOKA Ha 3aral.

Texuuueckyio ocnoBy EBC Poccun COCTaBJIAIOT:

440 snexTpocTaHLmit cyMMapHOi YCTaHOBJIEHHOI MOIIHOCTBIO OKO-
J0o 200 I'Br;

JISIT obuteii mpoTsDKeHHOCTBIO 3018 THIC. KM;

CANHAA CHCTEMA IUCTIETYEPCKOTO PEryIMPOBAHHS, 06beAMHSIOIAs
TPaKTHYECKH BCE 3HEPrETHYECKHE OOBLEKTHI B paboty ¢ emuHOIt Yya-
CTOTOH 3JIeKTpHYecKOro Toka 50 I,

B 1a6n. B.2 npuBenen NIEpEeYEHDb KPYIHENILNX 3IEKTpOCTaHIMii Poc-
CUM.



Ta6auna B.2

Kpynueiimne 3nexrpocranuun Poccuiickoii ®enepauun

YcraHoBneHHas
Ne n/n DJeKTPOCTAHLIUSA MolHocTs, MBT
Tennogvie anexkmpocmanyuu
1 |Cypryrckas 'POC-2 4800
2  |Pedrunckas I'POC 3800
3 |[Koctpomckas 'POC 3600
4 |Cypryrckas 'POC-1 3324
5 |Pasanckas I'POC 2800
6 |Tpouuxkas 'POC 2455
7 |Craspononbsckas FPOC 2400
8 |3aunckas 'POC 2400
9 |Konakosckas 'POC 2400
10 |HoBouepkacckas T'POC 2400
11 |Hpuxknunckas 'POC 2400
12 |Iepmckas TPOC 2400
13 |Kupuuickas 'POC 2102
Tudpaeauueckue snexmpocmanyuu
1 [CasHo-Ilymenckas 'DC 6400
2 |KpacHosipckas 'C 6000
3 |Bparckasg 'BC 4500
4 | Ycrb-Unumckas I'OC 3840
5 |Bomxckas I'SC um. XX cre3na KIICC 2541
6 |Bonxckas F'DC um. JlennHa 2300
7 |Ye6okcapckasi [3C 1370
8 |Caparosckas 'DC 1360
9 |3eiickas ['DC 1330
10 |Huxuexamckas ['9C 1205
11 |Borkunckas 'DC 1020
12 |Ywupkeiickas ['DC 1000
13 |3aropckas TASC 1000
AmomHble 2neKmpocmanyuu

1 |BPanakoBckas ADC 4000
2 | Jlenunrpaackas ASC 4000
3 |Kypckas ABC 4000
4 |Cmonenckas ADC 3000
5 |KanuHuHckas ADC 2000
6 |HosoBoponexckas ADC 1834
7 |Konbckas ADC 1760
8 |PocroBckas ASC 1000
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OpranusanmoHHyio ocHoBy EDC Poccuu coCTaBisiioT:

PAO «EBC Poccum», BhNONHSIONIEE DYHKIMKA OBLIETO KOOpIH-
HUDYIOLIETY LEHTPA, PEATU3YIOLIETO ONpENEICHHBIE TOCYIapCTBOM
ob1ue ycnoBust GYHKLMOHUPOBAHUS U pa3BuTis EDC Poccun, ucxo-
Jst U3 obuiecucreMHoro 3ddekra, U obecrneynBamolee B olepaTuB-
HOM IUTaHE €IUHOE THCIIETYEPCKOE YIIPABIEHHE ISl MTOBBIILIEHUS 3KO-
HoMuyeckoi apdexruBHocT EBC Poccum;

74 3HEProcHCTEMBI, OCYILECTRISIOIINE TTOCTABKH 3JIEKTPHUYECKOM
¥ TEIUIOBOM SHEPTUH MOTPEGUTENIO Ha BCEH TePPUTOPUH PoccuiicKoi
®Denepanyy;

34 KpynHBIE 3JIEKTPMYECKHE CTAHLMHU B KAYECTBE CAMOCTOSTENh-
HBIX CyOBeKTOB DeNepanbHOro (06IIEPOCCHICKOr0) OIITOBOrO pBIHKa
3NIEKTPUYECKON IHEPTUU (MOLIHOCTH);

Gonee 300 opraHu3aLMii, OGCTY>XHBAIOIMX OCHOBHOI TEXHOJIOTH-
YecKuit npoiecc ¥ passutie B EDC Poccuu.

Ha 6anance PAO «<EQC Poccun» Haxomures 121 noacraHums Ha-
npsokeHneM 330 kB U BhIlIe, B TOM YHCIIE MO KJIACCaM HAIPSIKEHHS:
750 xB — 7 wt., 500 kB — 79 ., 400 kB — 1 mT., 330 kB — 34 mrT.,
C YCTaHOBJIEHHON MOLIHOCTBIO TpaHC(opmaTopoB 130 Teic. MB- A,
LWIYHTUPYIOLIMX peakTopoB 17,3 Teic. MBap ¥ CHHXPOHHEBIX KOMITEHCA-
TOpoB 1,3 ThIC. MBap.

ESC Poccuu sBnsercss KpymHe#duM B MMpE LEHTPAIU30BaAHHO
YIPaBJIsEMBbIM 3HEPTOOOBETUHEHHUEM.

Jl¥cneryepckoe (TEXHONMOrUYECKOoe U KOMMepyeckoe) yripasieune E9C
Poccuy, B OCHOBHBIX 3JIEKTPHYECKHUX CETSX HanpspkeHueM 330 — 1150 kB
KoTopo# ¢yHKioHupyeT DenepaabHblii ONTOBbIA PBIHOK 3JIEKTpHUYE-
CKo¥l 3Hepruu U MouHoctH (POPDM), ocyliecTrisieTcs JByXypOBHE-
BOM CHCTEMOIL:

LleHTpanbHOE MHMCHETYEPCKOE YIpaBIEHHE 1ay) EBC Poccun,
pacnonoxeHHoe B Mockse;

CEMb PETUOHAIBHBIX OObeMHEHHBIX yrpaBneHuit (OIY) o6wenu-
HEHHbIX 3HeprocucreM (ODC): Ilentpa (Mocksa), CeBepo-3amnana
(Cankr-Tlerep6ypr), Cpenneit Bonrn (Camapa), CesepHoro Kaskasa
(Maruropck), Ypana (Ekatepun6ypr), Cubupu (Kemeposo), Bocto-
Ka (XabapoBck).

LenrpansHoe mucneryepckoe ympasienne EDC Poccuu u ony
00€eCneYNBAIOT BECh LMKJI AMCIIETIEPCKOTO YIIPABNEHHS, BKITIOYAST:

AOJITOCPOYHOE TUIAHUPOBAHME PEXMMOB Ha IO M MECSI BIEPEN
(omrrumu3anmio pexumo EDC u ODC no akTHBHOIM U PEaKTUBHOI
MOLIHOCTH, PacYeThl CTaTUYECKOW W JAMHAMHYECKON YCTOIYUBOCTH,
BBIOOp COCTaBa M YCTAaBOK CPENCTB PeJIEHHOM 3allUThI (P3) u nporn-
BoaBapuiHOM aBToMaTUKu (ITA) u T.1.);

3aKIIOYEHHUE NOJITOCPOYHBIX, Ha TOA ¥ GoJiee, KOHTPAKTOB MEXIY
cyobekraMu POPOM Ha OCTaBKy 3NeKTPUYECKOi SHEPIMU ¥ MOILHOCTH;

KpaTKOCPOYHOE IUIAHUPOBAHUE PEXMMOB Ha CYTKH M Heleo (OI-
TUMHU3aLHI0 pexxuMoB EDC 1 OBC 1o aKTMBHO#M MOILHOCTH, Onpeie-
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JIeHHe TEKYIIEH MPOITYCKHOM CIIOCOOHOCTH OCHOBHOM 3JIEKTPHYECKOM
ceTH, GopMHUpOBaHKe rpaMKOB HArpy3Ku € y4€TOM TpeGOBaHMI1 Ha-
JEXHOCTH ¥ SKOHOMHUYHOCTH), GOpMUpPOBaHHE KPAaTKOCPOYHBIX KOH-
TpakToB Ha POPOM;

oneparusHoe ynpasieHue E9C u OBC B pealbHOM BpEMEHH (Bene-
HHe OITTUMAIBHOTO ¥ HAEXHOTO pexuma), obecriedeHie (PyHKLHOHHU-
POBaHMs1 ONEPATUBHOTO PBIHKA JIEKTPHYECKOH SHEPrMU U MOLIHOCTH,

aBTOMAaTUYECKOE YIpaBJIeHHE HOPMAJIbHBIM PEXUMOM I10 JacTOTe U
HanpsDKEHMsIM, IMKBMAALMIo ¢ nomolpio P3 u TTA Bo3MOXHBIX aBa-
PHIHBIX PEXVUMOB, NPENOTBPALLEHNE KaCKaIHOrO pa3sBUTHA aBapuil.

OCHOBOI aBTOMaTU3HMPOBaHHON CUCTEMBI TUCIIETYEPCKOrO YNIpaB-
nenus (ACILY) EBC Poccuu asisercs oIepaTMBHO-UHGOPMALHOH-
Hblt ynpassiionmit komruieke (OMYK) st pelieHus 3anay ruiaHu-
posanus pexuma EDC B pearbHOM BPEMEHH, U1 KPATKOCPOYHOTO U
JOJITOCPOYHOTO IUTAaHKMPOBaHHUS PEXUMOB. B HacToslIee BpeMs Ha HC-
neryepckux nynkrax LIY, OOY u sHeprocucTeM (QYHKIMOHH-
pyiot 77 OUYK.

B 1990-x rT. Bce 3anauu AC/TY, pemiaemble Ha EC OBM, Gputn me-
peBeEHbl Ha KaYeCTBEHHO HOBBIH YPOBEHb — NMEPCOHATbHBIE KOMITb-
1otephl. ITosBunucs okanbHble ceTH T1K, BHEAPEHB! TEXHUYECKUE U
IIPOrpPaMMHBIE CPEICTBA TeJeKOMMYHHKALUH C COBPEMEHHOM CHCTe-
Moii muanora ¥ oTobpaxeHus. B nociaegHue roasl Ha4yaTo OCBOCHHUE
COBPEMEHHBIX IPOrPaMMHO-TEXHMYECKUX CPEACTB. €AUHBIX 6a3 nmaH-
HbiX (ORACLE); pa3IMyHbIX NPUIOXEHUH Ha OCHOBE 3KCIIEPTHBIX CH-
CTEM; KOMIBIOTEPHOM TeNe(OHUH; COBEPIUEHCTBYIOLIMXCS CUCTEM c6o-
pa ¥ mepeaayy OrnepaTuBHO-TUCIIETYEPCKON UHGOPMALIKH.

JleiicTByIolllass CUCTEMa QUCIIETYEPCKOTO U aBTOMAaTUYECKOro YII-
pasieHuss EDC Poccuu 1 OOC mokasana BBICOKYIO 3¢ HeKTUBHOCTD,
YTO MOATBEPXKAAETCA CedylolIMMH (dakTtamu. B TeyeHHE MOCIEIHUX
50 steT B Poccuy He 6bUT0 TIOBATBHBIX CUCTEMHBIX aBapHii, TOTOOHBIX
Tem, kotopble npousouutd B CIIIA u Kanane (14 ciyyaeB 3a nocien-
Hue 33 roma), a Taioke SInonnu, ®panuuy, [lIseunu ¥ Apyrux CTpa-
Hax EBpomnbl.

CortacHO pa3pabaTsIBaeMOit SHEPreTHYECKOMN CTPATETHH ITPOU3BOA-
CTBO 3/1eKTpOo3Hepruu B 2005 I. JOJDKHO COCTaBUTh 1020 Mmapa kBTt 4, a
YCTAaHOBJIEHHAs! MOIIHOCTb — 229 MJIH KBT.

JUtst OCYILECTBIIEHHUS 3TUX 3a1ay MoTpebyeTcsi BBOA HOBbIX T€HEpU-
PYIOLIMX MOIIHOCTEN U TEXHUYECKOE TTEPEBOOPYKEHHUE INEKTPUIECKUX
CTaHILMIA ¥ ceTeil, YTO MNpeIyCMaTpPUBAaET MAKCHMAIbHBIM JEMOHTaX
BBIpaGOTABILIETO CBOI peCcypc 00OpYIOBaHMS U 3aMEHY €ro HOBBIM.

I'nasa 1

OBIIIME CBEJEHUS OB DJEKTPOYCTAHOBKAX

1.1. IToTpe6uTe M 3JIEKTPHYECKOIH IHEPIHHA

Inexmpoycmarnoéka — 3TO COBOKYITHOCTb MalllMH, arnaparos, JU-
HUM 3JIEKTpOIIEpeNayd ¥ BCIIOMOTATENIbHBIX YCTPOMCTB, IMpefHa3Ha-
YEHHBIX [UTS IIPOM3BOACTBA, Ipeobpa3oBaHMs, TpaHCchOpMaLMH, Ie-
penavu, pacnpenesIeHus 31EKTPUYECKOi SHEPTUM U NMpeobpa3oBaHUS
€€ B Apyroii Bun sHepruu [1.12].

[MoTpebuTeIsIMU 3/IEKTPOSHEPTUH SIBJISIIOTCS IIPOMBILUIEHHBIE TTPEJI-
MPUATHSA, INEKTPUGULIMPOBAHHBIN TPAHCIIOPT, OGBEKTHI CTPOUTENb-
CTBa, GBITOBBEIE MOTpPeOUTENH, chepa OGCITYyKMBaHUS T'OPONOB M IO-
CEJIKOB, a TAKXE NMOTPEOUTENM COOCTBEHHBIX HYXKII 3JIEKTPOCTAHLIMI —
MEXaHM3MBI, OOCITYXXKHUBaIOILUE TEXHOJIOTHYECKHI IIPOLIECC MPOU3BOI-
CTBa 3JIEKTPO3HEPTUH.

PexuM 1oTpe6eHusT 37IEKTPOSHEPTHH OTIPEIENISIETCS XapaKTepPOM
Harpy3Kky, BpEMEHEM CYTOK M roja ¥ MOXeT OBbIThb NpelCTaBJIeH Tpa-
(HKOM Harpy3Kku — 3aBUCHMOCTBIO aKTUBHOM, PEAKTUBHOM ¥ MOTHOM
MOIIHOCTH OT BpeMeHHU. Ha puc. 1.1, a— ¢ npencTaBiaeHbl CyTOYHbIE
rpaduKM aKTMBHOW Harpy3ku paGo4MX CYTOK TpeX LIEXOB NpERIpHU-
ATUA. B Tex Xe ocsgX KOOpPAMHAT MO MOKa3aHUSAM BapMETPOB MOXHO
MOCTPOMUTH CYTOYHBIE IpadMKH peaKTUBHOM Harpy3ku 1exoB. CyMMHu-
PYysl HaIpy3KH B COOTBETCTBYIOILNE OTPE3KH BPEMEHH, CTPOSIT CYTOY-
HBI# rpaduk npennpusTus (puc. 1.1, 2). Kak BugHO U3 rpaduka, P,y
MMEET MECTO B nepuon ot 16 mo 19 u:

Pmax=P2+Pl+P9'

OmnpenenuB 1o rpayKy peaKTUBHBIX HArpy30K NPEANPUATHS Opay
(mocTpoeHue aHaJIOTMYHO pHC. 1.1), MOXHO HaITH MOJHYIO MOTPE6IS-

€MYIO MOILIIHOCTh
Smax =V Pnzxax + Qx%\ax s

10 KOTOPOM OMNpeENENAETCs] COOTBETCTBUE MOIIHOCTH TpaHCcGOpMaTo-
POB, YCTAHOBJIEHHBIX Ha MTONCTAHLIMM MPEATIPUATHS.

I'paduku Harpy3ok 3MMHHX CYTOK OTIMYAIOTCH OT rpadpMKOB JIET-
HMX CYTOK U rpah¥KOB BHIXOOHBIX U MPa3sIHUYHBIX JHEH.
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Puc. 1.1. CyrouHsie rpa¢pMKH aKTUBHBIX Harpy3oK:

a — JUTelHBI LeX; 6 — MeXaHUYeCKUN LeX; 6 — PeMOHTHO-COOpOYHBIN Lex; & —
CyMMapHbIit rpacMK aKTUBHBIX Harpy3ok NpeanpuUsTus

TIpM NpoeKTHPOBAaHUHU MOJNB3YIOTCS TUMOBHIMM IpadUKaMH IS
pa3IMYHBIX OTpacyeil MPOMBILIUIEHHOCTH, OPAMHATBI KOTOPHIX BbIpa-
XeHBI B IPOLEHTAX MAKCUMAJIbHOMN Harpy3ku P, Ilocnennss onpe-
JensieTcs caeayloluM oopa3oM. 3Hask HOMMHAIbHYIO MOLITHOCTD 3JI€K-
TPONPUEMHHUKOB ZPHOM , OMpENENAIOT YCTAHOBJIEHHYIO MOLIIHOCTD

P =Y Piou- (1.1)
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IMpucoenHeHHass MOIHOCTD Ha IIMHAX MOACTAHIIUH
Py = -———-Z Fron s (1.2)
ncp.nncp.c
TA€ Mep.ny, Nep.c — Cpeanue KII snektpoycraHoBok norpe6uteeit u
MECTHOM CETH MPU HOMHHAILHON Harpy3Ke, YYUTHIBAIOLLHE NnoTepu
AKTHUBHOM MOIIHOCTH.

He#cTBUTENIbHAS HArpy3Ka MEHbLiE Py, Tak Kak 3arpyska notpe-
Gureneit MeHsieTCs1, a paGOTAIOT OHM He BCe OIHOBPEMEHHO. DTO YyH-
THIBACTCSl BBEIEHHEM K, — K03 duumeHTa 3arpy3ku u k, — K03 du-
LIMEHTa ONHOBPEMEHHOCTH:

k,
0k3 ZPHOM =kCZPH0M’ (1.3)
Nep.nMep.c

Tae k. — KoaduLMeHT cripoca, OnpenenseTcs mo CIpaBOYHOM NTUTE-
paType IUIst KOHKPETHOM Ipynmnsl norpeGureneit [1.3).

Onpenenus P, NepeCYUTHIBAIOT OPAMHATHI TUNOBOTO rpadvka B
MMCHOBAHHBIC EIMHULIbI M MOJB3YIOTCA MM B NaIbHEMIIMX pacderax
NP BHIOOpE MOIUMHOCTH MUTAIOLIMX TPaHC(OPMATOPOB WIN CeYeHHS
MUTAIOUIUX JTIMHHIA.

Pmax =

1.2. TonoBoii rpaduK NMpoxO/DKHTENLHOCTH Harpy3ok

HUcnone3yst popmyny (1.3) u TMnoBsie rpaduKu, MOXHO MOCTpO-
UTb Haubolee xapakTepHbie IrpadUKu Harpy3o0kK UIsi 3MMHMX U JIETHUX
CYTOK. B 3aBMCHMOCTH OT reorpaduyeckoit LIHPOTHI KOJTMYECTBO JIET-
HHUX M 3UMHMX CYTOK Pa3NU4HO. [IIsl HEHTPATBHBIX PAafOHOB MOXHO
NPUHATE NEACTBUE 3UMHero rpaduka 183 cyr, neTHero — 182 cyt. Ha
puC. 1.2, a IOCTPOEHBI IBa XapaKTEPHBIX CYTOYHBIX rpaduka (3MMHUI
M JIETHHIA). JUist TOCTpoeHus ronoBoro rpacduka no MPONOIXXUTENIBHO-
CTH (pHUcC. 1.2, 6) MO OCH OPAMHAT OTKJIANBIBAIOT 3HAYEHME Harpysok,
Ha4YMHas C Pryy, 2 O OCH aGCUUCC — MPONOIIKUTENBHOCTD NEHCTBAS
3TOH Harpysku B rogy. Hampumep, P, = P IENCTBYET B TeyeHue
Ty= 1183 (#, — BpeMs meiicTBUS B CYTOYHOM 3UMHEM rpacduke; 183 —
UMCIO TaKUX rpaduKoB B roxay). Harpyska P, IEACTBYET B TEUEHUE
T)=16183 u T.1. ‘

ITo rpadmky NMpomOIKHUTENLHOCTH Harpy3skd MOXHO BBIYMCIIUTD
HEKOTOPBIE TEXHMKO-3KOHOMHYECKHE NMOKA3aTeNN YCTAHOBKH. Iljo-
liankb, OrpaHU4EHHasl CTYNMEeHYaToi KPHUBOM rpad)MKa aKTMBHOMN Ha-
TPY3KM, YHCJICHHO paBHA 3HEPTHH, NPOU3BENEHHOM MM MOTpe6eH-
HOM 33 pacCMaTpUBaeMblii epHox;

W, =2 BT, (1.4)
e P; — MowHocTs i-# ctynenu; T, — MPOXOJIXUTENBHOCTh CTYIIEHHU.
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Puc. 1.2. ITocTpoenue ronoBoro rpadmka nNpoao/DKUTEIbHOCTA HAarpy30K

CpenHsas Harpy3ka 3a pacCMaTpHUBaeMBIi mepuos (CYTKH, TOX)
Wa

T b
rae W, — npousBeneHHas WK IOTpe6IeHHAs 3JIEKTPOIHEPIUs 33 3TOT
nepuon; T — [UIMTEIBHOCTh PACCMAaTPUBAEMOTO MePHONA.

HepaBHomepHoCTh rpacuKa pabOThl YCTAHOBKM OLIEHUBAETCSI KO-
3¢ GHULIMEHTOM 3aMOTHEHUSA

P,= (1.5)

k — Wn —- PCD

< -7 - (16)
Yem paBHOMepHee rpaduK, TeM Oinke K eTUHULIE K,,. XapaKTepHa

UIS rpacuKa MpONOIKUTENBHOCTh MCIONB30BaHUS MaKCHUMAaJIbHOMN

Harpy3Kku

Thoax = 57— =——=kyT. (1.7)

DTa BeJIMYMHA TOKA3bIBAaET, CKOJILKO YacOB 3a pacCMaTpUBacMbIii
nepuon T (06BIYHO rol) yCTAaHOBKa NOJDKHA ObUTa 6Bl paboTaTh C He-
HM3MEHHOM MaKCUMaJIBHOM Harpy3Koif, YyToObl BEIpabOoTaTh (IIOTPEOUTD)
IENACTBUTEILHOE KOJMYECTBO IJIEKTPOSHEPTUH W,

B npakTHKe NMPUMEHSIOT TaKkKe KO3 P DU ILUEHT UCNONb30-
BAaHM S YCTAaHOBJIEHHONH MOLUIHOCTH

We R
ky, =2 ="22
TP Prr (1.8)

WIM MTPONOJNXUTENBHOCTh HUCHOJNB30BAaHUA YCTaHOB-
JEHHON MOLUIHOCTH

Tyer= Wa/ Pyer=ky T. (1.9)
16

B ¢opmynax (1.8) u (1.9) nmon Py, cienyer MOHUMATh CyMMapHYIO
YCTAHOBJIEHHYIO MOILI[HOCTh BCEX arperaToB, BKJIIOYasl pE3€PBHEIE.

KoadpduimeHT ncnos30BaHus k, XapaKTepHU3yeT CTENEHb HCIIOJb-
30BaHMA YCTAHOBJIEHHOM MOIIHOCTH arperatoB. O4eBHAHO, YTO K, < 1,
a Ty;< T. C yyeToM COOTHOWIEHUS Py > Proo MMEEM K, < Ky,

B cpenngm ms sHeprocucreM Poccuy nMpoaosKUTENBHOCTD MCTIONb-
30BaHMs YCTAaHORJIEHHOI MOIIIHOCTH 3JIEKTPOCTAHIINI COCTARIISIET OKOJIO
5000 4 B rog.

1.3. CyroyHble rpadp¥Kkn Harpy3kd paiOHHbIX NOACTAHIMMH
H 3NeKTPOCTAHIMKA

PaHee pacCMOTpEHO ITOCTpoeHHE TpadMKOB HArpy3Ku norpedure-
JIel 371eKTpOo3Hepruu (cM. puc. 1.1). 3Has rpacuKu aKTUBHOH U peak-
THBHOM Harpy3ok Ha muHax 6 — 10 kB 3aBoackux noncranuuii (INC A,
I1C B), MOXHO OMpeAeNuTh MOTEPU B TpaHCHOpMaTOopax M JIMHHUSIX
JUTSL KaXIoi cTyrieHyu rpaduka. Jig HanissmHOCTH Ha puc. 1.3 mokasaHa
cxeMa 3JIEKTpocHabXxeHus npennpuaTtuii A, B: 3aBoackue [IC A u B
TOJTy4aloT 3JIEKTpO3Hepruio ot paifonHoi I1C (PIIC), Kotopast TUHH-
sMu 220 kB cBsi3aHa C 31€KTPOCTaHIIMEH.

I'pacpuky akTHBHOM Harpy3ku Ha lMHax 6 — 10 kB P,, Pg roka3sa-
HBbI Ha puc. 1.3, 6. [ToacunTriBas notepu B TpaHcopmaropax 1’1, 72 u

T3 v nuuusx W1, W2, noctpoum rpadpuk (Ps + P;) Ha mmHax 35 kB
paitonHoit TIC

PA, = PA +APTI +APW]; PB’ = PB +APT],T3+APpy2.

Ha umnax 35 kB paitonHoit I1C nMmeeTcs Harpyska Pe (rpaduk nmoka-
3aH Ha puc. 1.3, 6), cymMupys ero opaMHathl ¢ rpadukamu P u Fg,
nony4yuM rpaux Harpysku paiionHoi I1C Ha umnax 35 kB: Py + Pg + F-.
Ilo maHHBIM Harpy3kaM HaxoHIsT ITOTepU B TpaHchopMaTopax T4, TS5 u
JHUSIX W3 U cTposT rpaduK MOUIHOCTH, OTITyCKaeMoii ¢ ummH 220 KB
JNEKTPOCTAHIMU Py .

ITotepu MOIIHOCTH B TpaHChoOpMaTOpax ¥ JUHUSIX HaXomAT 1o ¢op-
MyJ1aM, U3BECTHBIM U3 Kypca «[IpoeKTHpOBaHME 3JIEKTPHUECKHX CETEM » ©

2
AP, = S AB™ + T AR [ 2| ;
Simax
) (1.10)
AQ, = 3,807 + 3 a0 | S|
Si max
rae S; — Harpy3kKa i-ro 3JIeMeHTa CETH, COOTBETCTBYIOIIIAs] paCCMaTpH-
BaeMoM n-i CTyneHHU rpacuka CyMMapHO#M Harpy3KH; S; max — Harpys-
Ka 3JIeMeHTa (JJMHUM, TpaHChOpMaTopa), IpU KOTOPOil oIpeaesieHb
AP, AQRE.
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0 8 ’
Pa P 16 24
a 7]

Puc. 1.3. IToctpoeHue rpaMKOB aKTUBHO#M Harpy3KM Ha LIMHAX paitoHHoit [1C
U 3EKTPOCTAHIIMH:

a — cxema ceTH; 6 — rpadHKH Harpy3oK ¥ NoTepb MOMIHOCTH

I'padmk Harpysku reHepaTopoOB MOYYAIOT, CyMMHpYs rpaduK Py
¢ rpad@HKOM pacxona 3JIeKTpOIHEPTHH Ha COGCTBEHHBIE HYXIBI U 1O-
TepsIMU B TpaHcopmMaropax 716, T7:

2. =(o,4+ 0,6-

P yer
rae P; — Harpyska i-it cTynenu rpaguka Ha mmHax 10 KB; Py, —
YCTaHOBJICHHas1 MOLUHOCTb I'€HEPATOPOB; P, ,; may — MAKCHMAJIBHBII pac-
XOZ Ha COGCTBEHHBIE HYXIBI (CM. Tabu. 5.1); koapduuments 0,4 u 0,6
XapaKTepU3yIOT MOCTOSHHYIO U NepeMEeHHYIO YaCTh pacxona Ha cob-
CTBEHHBIE HYXIBI P may. [IpUOABIIAS K OpAMHAaTaM rpadMKa Harpy3Ku
Ha mmHax 220 kB anekrpoctaHumu B,y MoTepu B TpaHchOPMaTopax
T6, T7 v pacxol Ha COGCTBEHHBIE HYXJBI, TONTy4aeM rpaduK Harpys-
KU Ha reHeparopsl Pg.
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]Pc.mx, (1.11)

Ta6nunal.l

CranjapTHble HANPSUKEHHs] NEPeMEHHOr0 TOKA

Yemanoexu 0o 1 kB (I'OCT 21128 — 83)

CeTH ¥ IPUEMHMKH NIEKTPHYECKOI 220 | 380 | 660
3Hepruu, B
Yemanoexu eviwe 1 kB (FOCT 721 — 77*)

CeTH ¥ IPUEMHMKH IJTEKTPUYECKOM 3) | )] 10]20] 35| 110
3Hepruu, KB
Hawu6onsuiee pabouee Hanpsaxenue, kKB | (3,6) | (7,2)| 12 | 24 140,5| 126

CeTH ¥ IPUEMHHUKH 3JIEKTPHYECKOM (150)f 220 { 330|500 750 | 1150
3Hepruu, kB

Hau6oneiuee pabouee Hanpskenue, KB | (172)| 252 | 363 525] 787 | 1200

IMpuMevyaHue. YKasaHHbIe B CKOOKaX HAMpsKEHUsI HA BHOBb MPOEKTUPYEMBIX
YCTaHOBKaX HE PEKOMEHAYIOTCSI.

OnHoilt U3 BaXXHEHIIINX XapaKTEPUCTHK 3JIEKTPOYCTaHOBOK SIBJISIET-
Csl X HOMHUHAJIbBHOE HaIpsiKEHMUE.

HoMuHalbHHM HampsaXeHHEM reHeparopoB, TpaHcGop-
MaToOpOB, CeTei M TIPUEMHUKOB 3JIEKTPOIHEPTUM Ha3BIBA€TCS TO Ha-
TIpsXeHME, IPU KOTOPOM OHM TIpeAHAa3Ha4YeHbI Ui HOPMAJIBHOM pa-
60Thl. CTaHIApPTHHIE HATIPSDKEHUS TIPUBENEHH B Tab. 1.1.

HoMuHanbHBEIE HanpsDKEHUSI TeHEpaTOPOB, CHHXPOHHBIX KOMITEH-
CaTopOB, BTOPMYHEBIX 0OMOTOK TpaHCcHOpMaToOpoB MPUHATHI Ha 5— 10 %
BHIILIE HOMUHAIBLHOTO HAaNpSDKEHMs COOTBETCTBYIOLIMX ceTeit (6,3; 10,5;
36,75; 38,5; 121 u 1.1.).

HoMuHansHbBIE HaNpsDKEHUST MOLITHBIX T€HEPAaTOPOB M CHHXPOHHBIX
KOMITIEHCATOpOB, BKIIOYaeMEIX B 6JI0K ¢ TpaHcdopmaropamu: 13,8;
15,75; (18); 20; 24 xB.

1.4. DHeprocucremnl

JIIg MOBBILLIEHUST HANEXHOCTH 3JIEKTPO- M TEIUIOCHAOXEHHUS I10-
TpeOuTeneit 3JEKTPOCTAHIIUHA OOBEIUHSIIOTCS Ha MapaJUIeIbHY10 pabo-
Ty B 3HEPrOCUCTEMBEL.

DHEepProcUcTeMa — 3TO COBOKYMHOCTb 3JIEKTPOCTAaHUUIA,
3JIEKTPHUYECKUX M TEIUIOBBIX CETei, COEAMHEHHBIX MEXIY COOOii U CBsI-
3aHHBIX OOIIHOCTBIO pEeXHMa B HENMpPEPHIBHOM Ipoliecce MPOU3BOI-
CTBa, NpeoOpa30BaHUS U pacrIpeic/ICHUs 3NIEKTPUYECKOM U TETUTOBOM
9HEPIruM MpH OOLIEM YITPABJIEHUU 3TUM PEXUMOM.

DNEeKTPUUYECKONH YacCThI0O DHEPTOCHUCTEM Bl Ha3blBaeT-
CSI COBOKYITHOCTD 3JIEKTPOYCTAHOBOK JIEKTPOCTAHLIMN U 3JIEKTpUYEC-
KHUX ceTeil aHeprocucTeMs [1.12].
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Ha puc. 1.4 nsobpaxeHa anekTpuueckas cxema 9HEPrOCUCTEMBI C
YCTBIPbMS] TCHEPUPYIOIIUMHK UCTOYHUKAMU: aByMs TOLI, TDC u TPAC,
ABYMSI PaiOHHBIMM (CHCTEMHBIMU) TIOACTAHLUSIMH (IIC) Aubu
HECKOJIbKUMH TIOTPEOUTENBCKUMU TTONCTAHIMAMH, 00beIMHEHHBIMU
Ha NMapajuiesibHy1o paboty nuHusIMH 35, 110, 220 xB. MexXcucTeMHbIE
CBSI3M OCYLICCTBISIOTCA IMHUAMU W 500 xB. MecTHbie pactipeneiu-
TEJIbHBIC CCTH BBIMTOJIHEHH Ha HanpspkeHuu 6 — 10 kB. IMoxcranuus b
€ AByMsI CHHXPDOHHBIMU KOMIIEHCaTopaMu G'C sIBjIsIeTCS Y3JI0BOM MOJ-
craHuue# cuctemsl. IMoacranums A ¢ AByMst aBTOTpaHCc¢hOpMaTopaMu
1 muHUIME 500 KB siBisieTcst cucTeMHO# moacTaHumeit. [ToacTaHmms
B — npoxonnas, yepes mmner 110 KB ocymecTrasiorcs TPaH3UT MOLI-
HOCTH ¥ cBs13b TBII 1 ¢ TPBC. IMoncranuus [ npucoearHeHa oTnaii-
KaMU K TPaH3UTHOI iuHuu W11. OpHotpancdopmaropHas ITC X Brmo-

T31I 1 31 2
10 xB 6 xB
110 xB 35kB 35xB
- wi2
UZK] 6 xB
KIICT - w10 10 xB IC X
9 nc Wwi4
bl 35kB
we Wil f
110 xB
110 kB 110 xB wis
10 xB cr
CE ~)GC 35xB
nce IICE
10 kB 220 kB 26 -
10 xB
w7 W5 w6
110 xB 220xB |W3 220 kB
w2 w4
@ 10 xB
e PO OO
CucreMHas
IP3C / IC A rac
500 xB 35xB
Wi
Wi6 w17
KICK KIICJI
Puc. 1.4. MpuauunuansHas cxema 3HEProCUCTEMBbI
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yeHa B KosbLo JUHUH 35 KB. Oco6eHHOCTH 3/IEKTPHYECKUX CXEM pac-
CMOTPEHHBIX TOICTAHIUIA U 3JIeKTPOCTaHIMii JaHHI B I'l. 5.

Co3naHue 3HeprocucTeM UMeeT OoJpLIoe 3HaUYEHHE U JaeT Pl TeX-
HHUYECKUX U S3KOHOMHYECKUX TIPEUMYILECTR;

MO3BOJISIET YBEJIMYUBATD TEMITBI PAa3BUTHUS SHEPIrETUKH U OCYLIECT-
BJISITb 3TO pa3BUTHE Haubosiee IKOHOMUYHO IS COBPEMEHHEIX YCIO-
BUIA, T. €. 3a cueT npeobrasarouiero BBoaa KpynHex TOC u ADC ¢ 604-
HBEIMH arperataMu 601bLION MOILIHOCTY;

TOBBILIAET HAIEXHOCTD IJIEKTPOCHAGXEHUS NOTPEOUTEIeH;

obecreynBaeT NMOBHIIEHNE 9KOHOMUYHOCTH MPOM3BOACTBA M pac-
NpeAENeHMs JIEKTPOIHEPIUH B LIEJIOM ITO 3HEPrOCHUCTEME 3a CYET HaM-
6osee pallMOHABHOIO PaCIPEAEICHUS Harpy3Ky MEXIY 3JIEKTPOCTaH-
UMSIMH TIPU HaWiIydylleM HCIIONb30BaHUM SHEpPropecypcos (TOIUIMBA,
BOJHOI 3HEPrUH M T.[I.);

yAyYlIaeT KayeCTBO JJIEKTPOIHEPTHH, T.€. OGECTIEYNBAET MOMAEP-
>KaHUE HaMpsDKEHUS U 4acTOTH B Npedenax, HopmuposaHHux TOCT,
TaK KaK Kojie6aHUsI Harpy3Kul BOCIIPHHUMAIOTCS OGOJIBIINM YHCJIOM
arperarTos;

MO3BOJISIET CHU3UTh CYMMapHBIM pe3epB MOLIHOCTH 10 3HEPTOCH-
cTeMe, KOTOPHI JOJDKEeH COCTaBIATh 12 — 20 % o6leil MOLUHOCTH ar-
peraToB 3HeprocucteMs [1.8].

Harpy3ka HeprocucTeMBl B TEYEHHE CYTOK MEHSETCS B 3aBUCUMO-
CTH OT Harpy3ky NpUCOeAMHEHHBIX NToTpebuTeneit (puc. 1.5). Pacnpe-
JeJIeHNe Harpy3oK MeXIy 3JIeKT-
POCTaHLIMSIMM, BXONSALIMMHU B CH-
cTeMy, JOJDKHO OOecre4YuTh Hau- i

P
6onee addexTuBHyI0 paboTy CTaH- or max N FA3IC~
UM 1 HAaUMEHBILNE TIOTEPH OT Tie- ™c |
PETOKOB B ceTsiX. Ba3oByio yacTe 0,8

rpauka (P< Py min) TOKPHIBAIOT:

I'SC B COOTBETCTBHH C MPOITYCKOM RAIG K3C N
BOIbI, HEOGXOMMMBIM TIO YCIOBH- 0,6
M CYIOXOACTBAa M CaHMTApPHBHIM ~

TpeGoBaHUSM (BO BpeMsi MaBOAKA
yyactre I'DC B 6a30B0ii 4aCTH yBe- 0,4 oL
JIMYUBAIOT, YTOOBI He cOpachIBaTh
6ecmrone3Ho Boay); ADC, peryim-

POBaHME MOLIHOCTH KOTODBIX 3a- 0,2 IsC
TpyauurensHo; TOLI, paboraio-
LI[HAE TIO TEIUIOBOMY IpaduKy. A3C

IIlukoBas vacTh rpaduka 0 4 8 12 16 20 24tu

(P> P, min) OKpBiBaeTcst TADC n

I'SC cpemneit MoiHOCTU. B 1poBa-  Puc. 1.5. CyTouHblit rpaduK Harpys-
ne rpadpuka (ot 0 mo 7 4) TADC «ku saneprocucTeMsl ¥ rpadmKH M€K~
paboTaeT B HAaCOCHOM peXHMe, Ha- TPOCTaHLMi, yYacTBYIOIUMX B BbIpa-
KaruiuBasi BOXY B HAIIOPHOM BO- 60TKE 3NEKTPOIHEPTHH

21



JIOXpaHUJHILE, a B MaKCUMyM Harpy3ku (ot 8 no 22 y) TADC pabora-
€T B FTeHEPaTOPHOM pPeXMME, MOKPHIBasl MUK Harpy3ku. BoIpoBHEHHas
T'ASC Harpyska nokpriBaetcss KDC, pa6oTta KOTOpBIX Hanboiee 3Ko-
HOMHUYHA IIPY PaBHOMEPHOI Harpyske.

PacnipeneneHue Harpy3kd CHCTEMBI PaCCUMTBIBAETCS IPYINOIA pe-
>KAMOB TUCIIETYEPCKOro YIIpaBIEHM.

Cosnanue o0benHeHHBIX 3HeprocucteM (ODC), B KOTOPBIX CUHX-
POHHO paboTaer OOIBIIOE KOTUYECTBO 3IEKTPOCTAHIIMIA, OBGecrieunBacT
ewle 66mpIIMe TEXHUYECKHE U 9KOHOMHYECKHE MpenMynecTsa. OxHoit
u3 nepsbIx co3naHa OBC Ilentpa, 3ateM ODC IOra, Cpenneit Boiru u
Ypana. Caenyromum 1aroM 6su10 06beauHenne 3tux O9C B Enxunyio
sHeprocucteMy esponeiickoit yactu CCCP, koTopast oXBaTHIa TaKxKe
sHeprocucteMbl CeBepo-3amnana, CepepHoro Kaskasa u 3akaBka3sbs.

BaxHeiliunM HanpaBlIeHUEM Pa3BUTHS 3HEPreTUKU CTPaHBI SBJIS-
eTca ¢opMupoBanue ExuHoit sHeprocucremel (EBC) Poccuu, B Ko-
TOPYIO B HAacCTOSIIECE BPEMSI BXOOAT OObEAMHEHHBIE 3HEPrOCHCTEMBI
Lentpa, Cesepo-3anana, CpexHeit Bonru, Ceseproro Kaskasa, Ypa-
na, Cubupu u Bocroka. EBC Poccun gBisgeTcss OMHUM M3 KpYITHEH-
uX 3HeproodowenuHeHuit crpad CHI.

B Hacrosee BpeMst 11 3 12 HAUMOHATBHEIX 3HEPTOCUCTEM rOCY-
JapctB CoapyxecTBa OCYHIECTBISIOT COBMECTHYIO NMapaUIENbHYIO pa-
6oty. ITapamnensHo ¢ o6venuHeHNeM 3HeprocucteM CHI pa6Goraior
3HEProcUCTeMBI cTpaH barrin. MexrocymapcrseHnsie cssa3u (BJI 500 kB
1 750 xB) coenunsior ESC Poccum ¢ aHeprocucteMaMM psifia CTpaH
BocrouHoit EBponiel 1 A3uu.

OnepaTUBHOE PYKOBOACTBO PabOTOil 3HEPrOCHUCTEM OCYIIECTBIIS-
erca LeHtpanbHeiM Jucneryepckum Ympasinenuem (LIY), ocHos-
HBIMM 331ayaMH KOTOPOTrO SBJISTIOTCS:

PETYJIMPOBAaHUE YACTOTHI NMEKTPUYECKOrO TOKa, obecrieyeHue 3d-
$eKTUBHOTO GYHKUMOHUPOBAHUS CUCTEMBI aBTOMATHUYECKOIO peryu-
pPOBaHMUA 4YacTOTHI U MEPETOKOB aKTUBHOI MOIIHOCTH;

MPOTHO3UPOBAaHUE U ONTUMM3ALMS JOJTOCPOYHBIX ¥ KpaTKOCPOY-
HBIX 6aJ1aHCOB 3J1EKTPO3HEPrHH U MoltHocT EDC n 03C;

pa3paboTKa ONTUMAIBHBIX CYTOYHBIX rpadMKOB pabOTH OCHOBHBIX
anekrpoctanumit E9C Poccuu;

pa3paboTka pexXxuMoB paboTsl Kackamos I'DC;

nycnieryepckoe ynpasneHue ESC B peaslbHOM BpeMEHH ¢ co6ITIO-
JeHUeM TpeOGoBaHUI HAIEeXHOCTH M CTAHIAPTOB KayeCcTBa SHEPIUU;

OpraHu3alMs ¥ YIIpaBJIeHUE PeXUMaMU NapauienbHo paboter EDC
Poccuu ¢ sHeprocucteMaMu IPYTUX rocynapcTs;

pa3paboTKa yCIOBUN ONTHUMAIBHOIO MCIOJIL30BAHUS MCTOYHUKOB
PEaKTUBHO! MOLIHOCTH M CPEACTB PEryJIMPOBAaHUS HAIPSDKEHUS IS
CHIDXEHHMS TIOTEPD 3JIEKTPOIHEPTHH;

KOOpAWHALMS HaCTPOMKM peNeHHBIX 3alIUT B OCHOBHOI ceTt EDC;

pa3paboTKa MPOTUBOABAPUNHBIX MEPOTIPUATHIA ¥ APYTHE ONEPATUB-
HO-TEXHOJIOTHYECKHUE 3a1a4H;
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BHEIPEHME B 3KCILTyaTaLlUI0 aBTOMAaTH3UPOBAHHBIX CUCTEM IHCIIECT-
yepckoro yrpasinenus (ACN1Y), pasBUTHE U MOAECPHHU3ALIUS €TI0 TEX-
HWYECKHX CPEICTB;

opraHu3alus GYHKIMOHUPOBAHWS B OTPACJIM CHCTEMBI cOopa U me-
pelayy oNepaTMBHO-TEXHONOTMYECKON M KOMMEPYECKOH MHpOPMaLMH.

Iucneryepckoe ynpasiteHrne EQC Poccun, B 31EKTPUYECKUX CETAX
KoTopoii pyHKuMOHUpYeT DeneparTbHbBIA ONTOBBIA PHIHOK 3JIEKTPH-
yeckoit sHepruu ¥ MoiHoctd (POPOM), ocyliecTBAsAETCS CIENYIO-
LIEH MepapXUUYeCKOM CTPYKTYypOM:

LITY EBC Poccum, pacnonoXeHHbBIM B MOCKBE;

CEMBIO PErMOHAIBHBIMU OObeTUHEHHBIMH IUCIIETYEPCKIUMHU YTIpaB-
nenusmu (OY Llentpa, OY Cepepo-3anana, O/1Y Cpenxeit Bonru
U T.0.);

LEHTPATBHBIMU JUCHIETYEPCKMMH ITYHKTAMH 3HEPrOCUCTEM;

IUCTIETYEPCKUMM TYHKTAaMH YTIpaBJIEHUs] 3NE€KTPOCTAHUMH, TMOA-
CTaHLMUi, NPEATIPUATUI JIEKTPUUECKUX PaCTIpele/IUTENBHBIX CETEH.

1.5. Pexumbl paboThl HeliTpajiei B 3JI€KTPOYCTAHOBKAX

Heiimpanamu 31eKkmpoycmaHo60K Ha3biéalom obujue mouku mpexgas-
HbIX 06MOMOK 2eHEPamopos unu MparchopMamopos, CoeOUHEHHbIX 6 36e30Y.

B 3aBHCHMOCTH OT peXHUMa HEWTpaIU 3JIEeKTPUYECKUE CETH pas-
IENSIOT Ha YeThipe TPyNMbl: 1) ceTu ¢ He3a3eMJIEHHBIMHU (M30JMpO-
BaHHBIMH) HEWUTpaldsIMH; 2) CETU C PEe30HAHCHO-3a3eMJIEHHBIMH
(KXOMIIEHCUPOBaHHBIMH) HEUTpansMH; 3) CETH C 3(D(1)CKTP[BHO§3-
3eMJICHHBIMHM HEWTpaIsIMU; 4) CETH C IJIyX03a3eMJIEHHBIMH HEMT-
PATSIMHU.

CornacHo TpeGoBaHusM IIpaBuy yCTpOHCTBAa 3JIEKTPOYCTaHOBOK
(I1Y3, . 1.2).

1. CeTH c HOMUHATBHBIM HanpsoxkeHueM go 1 kB, nuraronmecs or
MOHMXAKIIMX TpaHc¢hOpPMAaTOpOB, NMPUCOEAUHEHHBIX K CETSAM
¢ U,on> 1 KB, BHIMOMHAIOTCS C MIYXHM 3a3eMJICHHEM HEHTpaIH.

2. Cetu ¢ U, mo 1 kB, nuraouuecs: OT aBTOHOMHOTO UCTOYHHKA
WIN pa3leiMTeNbHOro TpaHcdopmaropa (Mo YCIOBHIO OOecTieYeHHUs
MaKCHMATBHOM 31€KTpo6e30MacHOCTH NPU 3aMbIKaHUAX Ha 3€MIIIO),
BEITTOJTHAIOTCS ¢ He3a3eMJIEHHOH HEHTPAJIbIO.

3. Cetu ¢ U, =110 KB u BBIlLIE BHIMONHSIOTCA € 3((eKTHBHBIM
3a3eMJeHHeM HelTpanu (HeiTpasb 3a3eMIISIETCS HEMOCPEICTBEHHO WIN
Yyepe3 HEGONBIIOE CONIPOTHRIEHHUE).

4. Cetu 3—35 kB, BLINOJIHEHHEBIE KaOelssMH, TIPU JTIOOBIX TOKax
3aMBIKaHMS Ha 3eMJIIO BBIMOJHSIOTCS € 3a3eMJIEeHHEM HEHTpaau depes
pe3ucTop.

5. Cetu 3— 35 kB, uMelolue BO3AYIIHEIE JIMHUH, IIPH TOKE 3aMBbi-
KaHUA He 6onee 30 A BHITOMHSIOTCS € 3a3eMJCHHEM HEATpaad Yepes
pe3ucTop.
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6. KomMnencauus eMKOCTHOTO TOKa Ha 3eMJII0 HEOGXOAMMA MPY 3Ha-
YEHUSAX 3TOTO TOKA B HOPMAJIbHBIX YCIIOBUSX:

B ceTax 3— 20 xB ¢ xene306eTOHHBIMU ¥ METaJUIMYECKUMM OTIOpa-
MU BJI 1 Bo Bcex ceTsix 35 kB — Gonee 10 A;

B CETSX, HE UMEIOLLMUX XKETE300ETOHHBIX UM METAJUIMYECKUX OTNOP
BJI: npu Hanpsixenun 3—6 kB — Gonee 30 A; npu 10 kB — 6Gonee
20 A; nipu 15—20 xB — 6onee 15 A;

B cxeMax 6 — 20 kB 6;10k0B reHepaTop — TpancgopmaTop — Gonee
5A [1.2, 1.12].

ITpu Tokax 3amMbIKaHUs Ha 3eMilio Gonee 50 A pekoMeHayeTcs ycTa-
HOBKA HE MEHEE IBYX 3a3€MJIIOLLMX AYTOracsliux peakTopoB.

1.5.1. Cern ¢ He3a3eMJIeHHO HEATPABIO

B HOopManibHOM pexuMe B Kaxnoii ¢ase npoTeKaeT HeGONbILOM eM-
KOCTHBIN TOK, 06YCJIOBJIEHHBII paBHOMEPHO paclpeieIeHHO! EMKOC-
ThiO (ha3z C

Ioy=0CUj,,. (1.12)

Cymma ToKOB Iy Tpex ¢a3 paBHa HyJlIO, T.€. HIKAKOTO TOKA B 3eM-
Jie HE MpOTEKaeT.

B cnyyae 3aMbpIkaHMs Ha 3eMJIIO OfHOM (a3bl, Hanpumep C, eM-
KOCTb 3TOM (ha3bl LWIYHTUPYETCS, NPU 3TOM HampsiKeHHE B MOBpPEX-
AeHHOM (paze yMEHbILAETCS 10 HyJsl, a B HEMOBPEXAEHHbIX BO3pacTa-
€T 10 JIMHEHHOTO, T. €. YBEJIUYUBAETCA B NE) _pa3 (puc. 1.6). Onpenenum
TeOMETPUYECKYIO CYMMY BEKTOpOB Uy u Uy; U, n U,,:

[7; =(75 +ﬁ0; (74’1 =[7A+(709 T.€. U; =\/§UB, U,'q =\/—3.UA,

rae U, — HanpsDKEHUE HyJIeBOM IOCNEN0BaTeIbHOCTH.

Puc. 1.6. 3ambikaHKe Ha 3eMI0 B TpexGa3HOl CETH C U30IMPOBAHHOM
HEUTpaIbIO:

a — 3aMpIKaHKue Ha 3emimio (asel C; 6 — BeKTOpHas AMarpaMma
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EMKOCTHBIT TOK B HETMOBpeXAEHHBIX (a3ax

Iey = \/-3-Ico; Icp = \/glco-
Tok ogHO(da3HOro 3aMbIKaHUS Ha 3eMJIIO
Ic = —(ic,q + ics)-
Toxn TCA u Icp CABMHYTHI IpyT OTHOCHUTEJBHO JApyra Ha 60°, mo-
3TOMY

IC =‘/§[CA =‘/§ICB =\/§'\/§Ico =30)CU¢. (113)

N3 dopmynsi 1.13 BUAHO, YTO EMKOCTHBIHA TOK B pEXHMME 3aMbIKa-
HHUS Ha 3eMJiI0 B 3 pa3a Gojbllle eMKOCTHOIO TOKa B HOPMaJIbHOM
pexXume.

VYnenvHast eMKoCTh Cy 3aBUCUT OT KOHCTPYKTUBHOI'O BBINOTHEHUS
ceTH (BO3MYyIIHEIE ¥ KabebHbIe TUHUH). ECJIM IPUHSTHL yCpEIHEHHBIE
3HayeHus1 C,, TO0 I GydeT 3aBUCETh OT HANPSDKEHUS M IUIMHEL JIMHUU:

IUTS BO3AYIUHBIX IMHUAMN

Ic = 3[;—{); (1.14)
pinji- KaOebHBIX JUHUHA
=2 (1.15)
10

rae Ic — TOK, A; U — MmexnydasHoe HanpsxeHue, kB; / — mimHa
9NIEKTPUYECKH CBSI3aHHOM CETH, KM.

Kax BUIHO U3 BEKTOpPHOIA AuarpaMMsI (CM. puc. 1.6), B peXxuMe 3a-
MBIKaHHUSA ¢a3bl Ha 3eMJII0 JuHeilHBle HanpsxeHus Ucg, = Uy,
Uyp= Upc= Uz He U3MEHWIUCH, CJIEIOBATENIbHO, TIOTPEOUTENDL B 3TOM
pexuMe MoxeT paboTtats. OnHaKo HanpspkeHue ¢a3 A u B oTHocuTeb-
HO 3eMJIM YBEJIMYWIOCH B +/3 pa3, 3T0 MOXET IpPUBECTH K NMPo6oio
M30JIALIMM Ha JIPYToii IMHUM, U TOrIa BO3HUKHET AByxdasHoe K3 yepe3
3eMJII0, YTO TIPHUBEIET K aBapUIHOMY OTKIIIOUEHUIO 3THX IBYX JIMHUM.
CornacHo ITTD paspelaercst paboTaTh C 3aMBIKAHUEM Ha 3EMJIIO B CETH
C U30JIMPOBaHHOM HelTpabio He Gojnee 2 4. B TeyeHHe aToro BpeMeHu
TIEPCOHAJT AOJDKEH OOHAPYXXUTh MECTO 3aMBIKAHUS U YCTPAHUTD ITOBPEX-
neHue. s mpeaymnpexXneHus TepcoHaia O BO3HUKHOBEHUM 3aMbIKa-
HUsI Ha 3eMJIIO TIPUMEHSIOT KOHTPOJIb U30JIAILIUY C TIOMOLIBIO U3MEpE-
Hus TpexdasHbx HanpsokeHu#. Ha mospexneHHoi ¢ase Uy=0, a Ha
IBYX JPYTHX TIpUGMIDKaeTcs K JIMHEHHOMY /3 Up- Kpome Toro, ycra-
HAaBJIMBAaeTCS peIEHHOE YCTPONUCTBO 3BYKOBOW CUTHATA3ALIVIU.

B ceTsix, paGoTaoIMUX ¢ U30JTMPOBAaHHON HEHTpaibio, BO3MOXHO
3aMBbIKaHHME Ha 3eMJTI0 Yepe3 BO3HUKIIYIO OYTY, KOTOpasl IoNnepeMeH-
HO 3aXWraeTcd U racHeT, YTO BBI3BIBACT PE30HAHCHBIE SIBJICHUS U TO-
BBILLUEHHUE HanpspkeHUs 10 (2,5 —3) Uy. IIpyn ocnabneHHOM u3omsauuu
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3TO MOXET NPHUBECTH K Mpoboro usonsumu u Mexnydasnomy K3. Be-
POSITHOCTb BO3HUKHOBEHMS TIEpeMeXaloLieiics IyTy TeM GoJbliIe, 4yeM
Gonplle EMKOCTHBIM TOK B pacCMaTpUBaeMoii ceTH. Bo3HMKaeT Heo6-
XOIMMOCTb YMEHBIIUTb, KOMIIEHCHPOBAaTh EMKOCTHBIA TOK IyTEM yC-
TaHOBKM MHIYKTUBHOTO COTIDOTHBJIEHMS] — JYTOTACSIIETO PeaKTopa
B HEUTpAJIb.

1.5.2. CeTn ¢ KoMNeHCHPOBaHHBIMH (PE30HAHCHO-323eMIEHHBIMH)
HeHTpANAMH

Jis KOMIEHCau eMKOCTHOTO TOKa Ha 3eMJTio /¢ B HeHTpab re-
HEpaTopOB WIX TPaHCGHOPMATOPOB BKIIIOYAIOT AYTOTaCSAIIME PEAKTOPHI
(AT'P), MHIYKTUBHOE COMPOTUBJIEHHE KOTOPHIX COOTBETCTBYET EMKOC-
THOMY COINPOTHUBJIEHHUIO ceTH: WL = 1/3wC. IIpu 3aMbikaHuU (a3sl Ha
3EMJTIO B MECTE NOBPEXACHUS IPOTEKAIOT TOKHU I U I, CABUHYTHIE Ha
180° npyr oTHOCHTENBHO Apyra (puc. 1.7), clefoBaTeNbHO, Pe3yabTH-
pytowwmit ToK (I - I¢) 6yneT HeOCTAaTOYEH ISl TTOMAEPXAHUS JyTH, U
OHa He BO3HUKHET. M30nauus He GyIeT moaBepraThcsl ONacHLIM Mepe-
HanpsKeHUAM, npuBoaiuM K K3 u oTkIoueHHIO TUHMIL.

Hactpouts ITP MoxHO B pe3oHaHc (korna ;= I), B peXuM He-
AoxkommeHcaumu (korna I; < I) ¥ B pexuM nepeKoMIeHcauuu (Koraa
I > I). XenatenbHa HacTpoiiKa B pe30HaHC.

B npouecce 3KcIutyatauuu CeTH 4acTh JIMHHUI MOXET 6BITh OTKITIO-
4E€Ha, TOra eMKOCTb CETH YMEHBLIAETCS, U TIEpBOHaYaIbHAasl HACTPOiiKa
AI'P Hapymaerca. YToGbl COXpaHUTB HACTPOIKY, HEOGXOXHUMO pery/u-
poBaTh UHIYKTUBHOE conpoTunieHue ITP.

Ic I

Puc. 1.7. 3ambIkaHHe Ha 3eMJI0 B Tpex(a3HOMN CETH C PE3OHAHCHO-3a3eM-
JIEHHOI HEHUTpabio:

a — 3aMblKaHHe Ha 3eMiio ¢a3bl C; 6 — BEKTOpHas AuarpaMma (YrpolueHHas) st
nospexaeHHo# ¢asum C
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KoucrpyktusHo JAI'P HanomuHaeT TpaHcdopMarop: B 6ak, 3anoi-
HEHHBIIT MacJIoM, TIOMENIAEeTC MarHUTHasg CUCTeMa ¢ 0OMOTKo#. Pe-
I'yJIMpOBaHUE MHIYKTUBHOIO CONMPOTUBJIEHUS OCYLUECTBRIISETCA:

U3MEHEHHUEM 4MCia BUTKOB oOMotku, Tun P3JICOM — peaktop
3a3eMJISIIOILMIA, Oyroracsuidii, cO CTYNeHYaThIM PEryJMpOBaHHUEM,
onHo¢a3HbIi, MacisSHBIN (MTOC/E OTKJIIOYEHMS OT CETH);

A3MEHEHMEM MarHUTHOTO CONPOTHUBJICHHS IyTeM MU3MEHEHMS Be-
JIMYUHBI BO3OYUIHBIX 3a30pOB B MarHUTOIPOBOAE (PEaKTOp IUIYHXEp-
HOTO THIIA);

MpUMEHEHHEM TOAMAarHUYUBAHUS MarHUTONPOBOAA NMOCTOSHHBIM
tokoM, i P3JIITOM — peakTop 3a3eMISIOLINMA, Ayroracsiiui,
C IUIaBHBIM pETyJIMPOBaHUEM, OOHOMA3HBIA, MaCISHBIN.

OmnwITH, MpoBeaeHHbIe ¢ peakropoM P3JATIIOM [1.2], mokasanu,
YTO TIPH 3aMBIKAHUSAX Ha 3eMJIIO B CETH BO3HUKAIOT PE30HAHCHBIE AB-
JIEHUS, KOTOPBIE CO3MAI0T CKaYKM HaNpsDKeHWsI, OMaCHbIE ISl U301 -
K. Bonee coBepleHHass KOHCTPYKLUMS M CXEMa PeryJMpoBaHUs Y pe-
aktopa PYOM, pa3spa6oranHoro OAO «PaMeHCKUi 371€KTpPOMEXaHHU-
YeCcKMi 3aBOJ “DHeprus”». YNpasjeHUE PeaKTOPOM OCYLIECTBIISIETCS
cucreMoii apromaruyeckoit Hactpoiiku CAHK (puc. 1.8), xoropas
onpenenseT OXUAaeMyIo BEIMYMHY EMKOCTHOIO TOKa 3aMBIKaHHUS Ha
3eMJIIO0 M BBIpabaTHIBAET KOMaHOHBIN CUTHa, MMOCTYNAIOUUA B MOJy-
NMPOBOIHHUKOBEIH npeobpasosarenb PYOM. Ilpouecc HacTpoiKu mos-
HOCTBIO aBTOMaTHUYECKMiA, M IIpU BO3HUKHOBEHNH 3aMbIKaHUI{ Ha 3eM-
JII0 peaKkTop TEPEKIIOYAETCs] B PEXUM KOMITeHcaluu 6e3 yJyacTHs 3K-
CIUIyaTHPYIOLIEro NepCOoHaa.

B HopMaJIbHBIX peXuMax ceTH peaktop PYOM HeHachlleH, 4YTo Uc-
KJTI0YaeT BO3MOXHOCTb PE30HAHCHBIX MEPEHATPSDKEHU B HEATPAU.

y
B
o —
] el Lt
A
W Amh |||
®M30 — i 13
OHH'HJ PYOM HAMHA
— " 2201—31808 o

Puc. 1.8. ABTOMaTMY€ECKM peryJIupyeMslit nyroracsuuii peakrop PYOM
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PeakTop MOAKIIOYAETCS K ceTH 4yepe3 GUIBTD NMPUCOEIMHEHUS
DOM30, K HEHTpaJIH KOTOPOTO MPUCOEAMHEH OTPaHHUYHUTEND ITEPEHATI-
psokennii OITH.

Peaktopsi PYOM Bmimyckaiorcss MolHocTbio 190, 300, 480,
840 xB- A Ha HOMMHAIBHOE HanpsokeHue 11/ J3; 6,6 /ﬁ , TOK B pe-
XHMe ABYyX4acoBoi koMmmeHcauuu ot 30 go 220 A.

BbiOop Ayroracsmux PeakTOpOB NPOH3BOIHTCSH B CJEAYIOMEM HO-
panke:

1) onpenensoT CyMMapHYIO MOIITHOCTb PEAKTOPOB U3 YCJIOBUS TTOJI-
HOM KOMIIEHCAUWH:

Q=nlcUy, ‘ (1.16)

rae n — Ko3hGULMEHT, YYUTHIBAIOUINI pa3BUTUE CETH; MOXHO TIpH-
HATb n=1,25; I — TONHBI! TOK 3aMBIKaHUS Ha 3emio, A; Uy, —
da3Hoe HampssKkeHHE ceTH, KB;

2) omnpenensior yucno peakropos. Ecnu Ic>50 A, To mis Hamex-
HOCTH NPUMEHSIOT He MEHEee IBYX PeaKTOPOB;

3) BLIOMpAIOT MECTO TTONKITIOYEHHS peaKTOpOB. PekoMeHmyeTcs yc-
TaHaBIMBAaTh PEAKTOPHI Ha Y3JIOBHIX MOACTAHUUAX. B ceTsx reHepaTop-
Horo HanpsxeHusa JI'P yctaHasiauBaloT, KaK MpaBUIO, Ha CTAaHLMSAX;

4) BpIOMPAIOT MOLIHOCTU TPaHCHOPMATOPOB A MOACOECAUHEHUSA
JTP.

HoMuHabHasgs MOUIHOCTh TpaHcgopMaTopa JO/DKHa ObITh HE MEHEe
pacyeTHOM MOIIHOCTU peakTopa S;2> Qnrp. EcIM MCIONB3yeTCA TpaHc-
¢(opmaTop COOCTBEHHBIX HYXI CTAaHLINM WY MOICTaHLIMY, TO HAZIO YYECTh
MaKCHMATbHYIO0 MOUIHOCTb HAarpy3KH Sy, ¥ AOITYyCTUMOCTD NEPErpy3Ku
TpaHcgopMaTopa Ha BpeMs paboTEI ceTH C 3a3eMJIEHHOM (a3oii:

Onre = V(e Shiow )2 = Sax - (1.17)

s npucoenuHeHus TP pekoMeHIyeTcs MUCIONB30BaTh TPaHC-
¢opMaTopsl, OGMOTKHM KOTOPHIX COEIMHEHBI 110 CXEME 3B€311a — TPEY-
TOJIBHUK, TaK KaK IpU CXeMe 3Be3na — 3Be3/la MHAYKTUBHOE COMNpO-
THBJIEHHE TpaHCHOPMATOPOB IpU OMHOGMA3HBIX 3aMBIKaHUSIX Ha 3EM-
mo B 10 pa3 Gonbllie, YeM NMPH MeXnydas3HBIX, YTO 3aTpyAHSAET Ha-
crpoiiky AT'P.

JIOCTOMHCTBO KOMIIEHCUPOBAHHEIX CETEN COCTOMT B TOM, YTO II€-
peHanpsKeHMs!, BOZHUKAIOIKE TP AYTOBBIX 3aMBIKaHMSIX Ha 3€MITIO,
orpanuuuBaiTcs 10 2,6 Uy (B ceTsix ¢ M301MPOBaHHOM HEWTPAIBIO —
1o 3,2U,). Pabota B pexuMe 3a3eMIeHHO# (a3bl OrpaHUYMBAETCH TaK
XK€, KaK B CETAX C U30JMPOBAHHONH HEUTPAIBIO.

1.5.3. CerH ¢ 3¢peKTHBHO 3a3eMJICHHBIMH HeHTPaIAMH

Cetu ¢ U= 110 KB ¥ BbIllle BHIOTHAIOTCA C 3G (EKTUBHBIM 3a-
3eMJIEHHEM HEUTpasu No COOOpaXeHUsIM CTOMMOCTH HM3OJISILUHU, TaK
KaK B TaKMX CETSX MPU 3aMBIKAHMM Ha 3eMJIIO ONHOM ¢a3bl HanpsoKe-
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HME Ha ABYX ApYrux He npessiiaet 0,8 MexmydasHOro HanpsKeHUs.
3T0 03HAYaeT, YTO MU3OJMALMIO PACCYMTHIBAIOT HAa 3TO HANPSXEHHE, a
He Ha mojJHoe MexXay(da3Hoe HalpsDKeHHE B CIydae M30JIMpOBaHHOM
WA KOMIIEHCUPOBAaHHON HEUTpaIH.

HenocratkoM pexuMa 3a3eMJIEHHOW HEWTpaM SIBISETCS TO, YTO
3aMBIKaHUe (a3bl Ha 3EMJIIIO SBISIETCS KOPOTKHUM 3aMBIKaHUEM M Tpe-
OyeT HeMeUTEHHOTO OTKJTIOYEeHUS.

3HauMnTesbHAS YacTh OofHOGA3HBIX 3aMbiKaHUil B cersx 110 kB u
BBHILLE TIPU CHATUHU HATIPSDKEHUST CaMOYCTpaHSAETCs, TTO3TOMY aBTOMa-
TUYECKoe MoBTOpHOE BKMoueHue (AIIB) BoccTaHaBiIuBaeT NMHUTaHHE
norpeodureneii.

s yMeHbILIEHNsT BeJIMYMHB ToKa ogHoda3Horo K3 mpuMeHSIorT
YacTHYHOE pa33emiieHue HelTpaneil. HanpuMep, U3 IByX yCTaHOBJIEH-
HBIX Ha MMOACTAHLIMM TPaHC(HOPMAaTOPOB HEUTPAITH 3a3eMJISETCST TONBKO
y OIHOrO.

Elre omfHMM HEIOCTAaTKOM peXUMa SBJISETCS YCIOXHEHUE KOHCT-
PYKLMM 3a3¢MJISTIOLLETO YCTPOMCTBa, KOTOPOE JOJIKHO OBITh pacCyu-
TaHO Ha Gonburoit Tok K3.

1.5.4. CeTH c riayxo3a3eMjIeHHLIMH HEeHTPANsIMH

B ycranoBkax 10 1 KB 19 omHOBpeMEHHOTr0 MUTaHUS TpeXda3HbIX
1 onHO(}a3HBIX HAarpy30K MPUMEHSIOTCS YETHIPEXTIPOBOIHBIE CETH C
DJIYXUM 3a3eMJIEHHEM HeHTpan. B TaKuX ceTaX IPUMEHSIOT HyJIeBOit
MPOBOIHMK, CBSI3aHHBIN C HelTpanbio TpaHcdopMaropa (puc. 1.9),
KOTOPBIH CITy>KUT TaKKe JJIS1 3aLlIUTHOrO 3aHYJIeHHS, T. €. VISl IPUCO-
€IUHEHHUS BCeX METAUTMYECKHUX YacTeil 3JIEKTPOYCTAHOBKH, HOPMAJTh-
HO He HaXxomsluMXxcs oy HanpsokeHueM. Ilpu npo6Goe n3onsguuu Ha
KOpmnyc BO3HUKaeT ogHodasHoe K3, mpuBomsiee K OTKIIOYEHHIO
COOTBETCTBYIOLIETO aBTOMATMYECKOro BhiKiIIoyaTensi. Hynesoit npo-

— A
— B
KO
— T c
L &agj
fo
Puc. 1.9. TpexcdasHas yeTblpeXnpoBOAHAs CETh C MIYyX03a3eMJIEHHOI
HEHTpanbio
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BOIHMK M30JUpYeTCs, KaK U ¢a3Hble MPOBOXHUKHU, CEUEHUE €ro HE
menee 0,5 ¢pa3HOro, OT €ro LHEJOCTHOCTH 3aBUCHUT HaIEXHOCTb U Ge-
30MacHOCTb paboTH 3NEKTPOYCTaHOBKH. HyneBoi MpoBOIHHUK MOBTOP-
HO 3a3eMJISIETCA B MECTaxX pa3BeTBJICHHS U Ha IIMHHBIX yyacTkax (6o-
see 200 M).

Ipumep 1.1. BeiGpaTh Qyroracsuuii peakTop Ui KOMIECHCAUMH
eMKOCTHOro Toka cety 10 kB, mpHcoeIMHEHHOH K IIMHaM TOICTaH-
uH (puc. 1.10). EMKOCTHBIi TOK KaGenbHOM CeTH, MPUCOECAUHEHHOMN
k cexiuu K1, paseH 19 A, x cexuun K2 — 18 A. HopmaibHO ceKuu-
oHHbIi BeIKTouatens QK otmoyeH. K cexumsam K1, K2 npucoennHe-
HBI TpaHChOPMATOphl cO6CTBEHHBIX HYXH TM-160. '

Pe e Hue. ComtacHo Tpe6oBaHusIM ITYD KoMmeHcauus eMKOCT-
Horo Toka HeobxoxuMa npu I->20 A, Takoil peXXuM BO3HMKAET MpH
BKJTIOUEHUH CEKIIMOHHOrO BeIKMoyatens QK (HarpuMep, IIpH BHIBOAE
B peMoHT 11w T2):

[C}:'_‘ ICl+ IC2= 19 + 18 = 37 A
MoutHocTs peaktopa no ¢opmyse (1.16)
Q = nlcU, =1,25-37-10 /3 = 267,34 xB-A.
BuibupaeM 110 cripaBoyHuUKY [1.3] peaxtop PYOM-300/10, Quonp=
=300 xB-A.
Takoii peakTop HeJb3s1 IPUCOENUHUTD K HEHTpaIH TpaHchopMaro-
pa coBCTBEHHBIX HyXI MoLIHOCThIO 160 KB~ A, TaK Kak Sr< Quomp-

Bri6upaeM Uit MPUCOEAMHEHHUS peakTopa cneuyaibHBIN TpaHchOop-
martop TM-400/10 (S,=400 kB-A > Qyoup=300 KB A).

TI T2
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Puc. 1.10. Cxema noacraHuuu (x npumepy 1.1)
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KOHT[)OJIBHHC BONPOCH

1. B yem cocrouT mpHHLMIT
. HAJIbHOE Pa3jInyue B TEXHOJOTHYECKO -
necce K9C u TOII? M pe

Tafquaxoao NpUHUMITMATIBHOE Pa3M4Me B 3JeKTpuyeckoil yactu KBC u

3. Cpamjme pugane KOC, TOL, I'SC u ADBC Ha 3KOJIOTUYECKYIO 0OCTa-
HOBKY B pailOHE COOPYXEHHSI 3TUX CTAHLIMIA.

4. Kakue TEXHNUKO-9KOHOMHMYECKME NPEUMYILECTBA aeT OOBEANHEHUE
3JIEKTPOCTaHLMIA B 3HEPrOCUCTEMBI?

5. Kakue 3ne3<rpn“qecxne CeTH paboTaloT C HE3a3eMJIEHHOW M PE30HaH-
cnoéaa}:;emeuﬂou He#tpaibio? HazoBHTe 0COGEHHOCTH 3THX PEXHMOB.

. Iloyemy B cetsax 110 kB u Bblle He NpuUMeH
SIIOTCA JIyrora -

vt Iy cAume Ka

7. Yro Takoe Ko3a)PHLMEHT crpoca U KaK OH yYMTbIBAETCS T1pU onpeaee-
HHUHM MaKCHMAaJbHOM Harpy3sku?

8. Kak onpenenutsb ronoBoit koabduumesTt Harpy3ku? Kakoe Makcumas-
HO€ 3HaYE€HHE OH MOXET UMEThH?

9. Kax onpenenuts T, 1O rofoBoMy rpaduky MpoAOKUTEILHOCTU Ha-
TPY30K WJIM aHATUTUYECKUM IyTeM?



IF'nasa 2

OCHOBHOE SJIEKTPOOFOPYJIOBAHI/IE )
SJIEKTPUUECKUX CTAHIIUA U IMOACTAHIUA

2.1. CHHXPOHHBIE reHepaTopbl

2.1.1. O0mue cBeneHus

Ha cOBpeMEHHBIX 3JIEKTPOCTAHLMAX NPUMEHAIOT CHHXDOHHBIC It~
HepaTophl Tpex¢a3HOro MepeMEeHHOro TOKa. ITepBUYHBIMY IBUTATENIS -
MM UIsl HUX SIBJISIOTCS MapoBble TYPOMHBI WK rugpoTypouHsel. B nep-
BOM CiIydyae 3T0 TypGOreHepaTop, a BO BTOpOM — I'MApore-
HepaTop.

TTapoBbie TYpOUHBI, SBISIOIIMECS MEPBUYHBIMU NBUraTe/IAIMHU, HaH-

6oJ1ee SKOHOMHUYHBI ITPU BHICOKMX CKOPOCTSIX, HO 3I€Ch KOHCTPYK[:(ECOB

OrpaHMYMBAET CTPOrasi CBA3b VISl CHHXPOHHBIX [EHEPATOpOB: /1 = —5—,
re f — 4acToTa CeTH, p — YMCIIO Tap MOJIICOB TeHEpaTopa. IIpu npu-
HSITOM cTanapTHo# yacrore 50 'l 1 HAaMMEHbIIIEM BO3MOXHOM YMCIIC
nap nomocoB p = 1 HanGobILee YUCIO 060POTOB OMPENCIACTCS TaK:

n= @1—5—9 = 3000 0o6/MHH.

BoJIBIIMHCTBO TYypGOreHepaTopoB GBICTPOXOAHBIE, T. €. UMEIOT MakK-
cumanbHoe yucio oboporos 3000. Ecay Gbl HalllY 37IEKTPOYCTAaHOBKU
6BUTH paccyuTaHbl Ha yactoty 60 I'il, TO HOMMHATBHOE YHCIIO o6opo-
TOB COOTBETCTBEHHO YBEIMYMIOCH 651 10 3600.

TeHepaTopsl HEGOMBIIMX MOLIHOCTEH, COEAUHEHHBIE C IU3CIAMH
¥ IPYrMMH TODIIHEBBIMM MalUMHaMH, M3rOTOBIAIOTCA Ha 750—
1500 06/MuH. Bosbluxe CKOPOCTH BpaLlEHHs pOTOpa OTPAXAloTCA Ha
ero KOHCTPYKIMH — 3TO LWJIMHApUYECKas, lieTbHOKOBaHasl IIOKOBKa
W3 CIIeLMaIbHOM JIETMpOBaHHOW cTanu. Booab MOBEPXHOCTH pOTOPA
(bpe3epyioT pafuaIbHBIE Ma3bl, B KOTOPHIE YKIaABIBACTCA 06MOTKa BO3-
6yxneHus. [1a3pl 3aKpbIBAIOTCS KIIMHBAMY, a B 11060B0OI1 YacT O6MOT-
Ka yKperuisieTcsl 6aHIaXXHbBIMHU KOJIbLIAMH. Potop 'rypﬁoreHe;iaTopa IIam-
Kuii, HeSIBHOIIOMIOCHBIi, T1aMeTpoM 1,1 — 1,2 M, JIHHOM 6—§,5 M.
CeplleYHHK CTaTopa IIMXTYETCS U3 JIMCTOB JIEKTPOTEXHUYECKOH CTa-
JIM B MAKETHI, MEXAY KOTOPBIMU 06pa3yloTCsl BEHTWIALIMOHHBIC KaHa-~
7Bl B masbl cTaTopa yKjiaablBaeTcsi 0OMOTKa, 3aKperuisieMast ICpeBAH-
HBIMM WM TEKCTOMHTOBBIMU KJIMHBSIMM, @ JIOOOBbIE YaCTH TLIATEJIBHO
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TIPUKPETUISIIOTCS K KOHCTPYKTUBHBIM 4YacTaM craropa. Kopmyc craropa
U3TOTOBJISIETCS CBapHBIM U C TOPLIOB 3aKPBIBAETCS IIUTAMH C TepMe-
TUYECKHUMHM YTUTOTHEHUSIMH.

Hnst ADC BBUIY HU3KHMX NTapaMeTpPOB Tapa LieJiecoo0pa3Ho NMPUMEHSTh
YETBIPEXTIONIOCHBIE FEHEPATOPH! ¢ YacToToi BpauueHust 1500 o06/MuH.

IF'maporeHepaTopsl OONBHION U CpeTHEN MOIIHOCTH BBHITTOJN-
HSIIOTCSI C BEPTUKAIBHBIM BaJIOM, B BepXHel YacTH KOTOPOTO pacro-
Jlaraercsi FeHepaTop, a B HXKHei — rupoTypbuHa. MolHOCTh THIPO-
TYPOUHBI ¥ €€ CKOPOCTb ONPEACIAIOTCS BEJIMYNHOM HAIopa ¥ pacxona
Boxbl. I'maporeHepaTopsl Mpy GOJIBIIMX MOLIHOCTSIX U3TOTOB/ISIIOTCS Ha
60— 125 06/MuH, NpH CPeAHUX U MATHIX — Ha 125 — 750 06/MuH, T.e€.
OHM SBJISIIOTCS TUXOXOTHBIMU MalllMHAMH.

BepTukansHble THIPOreHepaTOphI MTOABECHOro THMa (puc. 2.1) nme-
10T OIUH MONNATHUK 15, 16, 17, pacTiolIOXEHHBIH B BEPXHE KPECTO-
BHUHE, K KOTOPO# «IIOABEIIEH» POTOp reHeparopa 7, § ¥ KOJeco Typ-
6uHbl. HioxHuit /2 v BepxHUit 13 HanpaBisSioLe MOMIUNITHUKY 06ec-
[eYNUBAIOT BEPTUKAIBHOE TMOJIOXKEHUE BaJia.

B ruaporeHepaTopax 30HTUYHOrO THIIA MOISATHUK HAXOMUTCS O
POTOPOM, B HIDKHEH KPECTOBUHE, YTO MO3BOJISIET CHU3UTE BBLICOTY BCErO
arperara, a cienoBarenbHo, U 30aHus I'DC. Takoe UCIOJHEHHUE NTPH-
MEHSIETCS UIS1 MOIIHBIX arperaToB.

Cratop ruIporeHepaTopa BBITOJHIETCS NPUHIUITHAILHO TaK Xe,
KaK y TypboreHeparopa. POTop TMXOXOOHBIX T'MIPOArperaroB UMeEET
6oJBLIOE KOMMYECTBO NMOMocoB. Tak, mpu yuciae o6oporos 200

_60f _60-50
200

a nipu n=68,2 06/MuH p=44 naphl, T. €. Ha 060I€e poTOpa HafO pa3Mec-
TUTH 88 MOMIOCOB. DTO NMPUBOAUT K HEOGXOOUMOCTH YBEJIMYUTD HHa-
MeTp portopa o 16— 22 M. ITomockl poTopa ¢ 06MOTKOI BO30YKICHHS
Kpensitcs Ha ob6one poropa 7. KpoMe ocHOBHOM 0OMOTKH BO3GYXIe-
HUS, TIOMIOCH CHAaOXEHBI YCIIOKOMTENBbHOM OOMOTKOM M3 MEIHBIX
CTEPXXHEH, YIOXKEHHBIX B MTa3ax Mojioca y nepudepuu.

HaxonaT npuMeHeHue KarcyabHble THAPOreHEPaTOphl C FOPU30H-
TJIbHBIM BAJIOM, 3aKJIIOYEHHBIE B BOJOHENIPOHMIIAEMYIO OBGOIOUYKY,
KOTOpasi 06TeKaeTcs OTOKOM BOIBI, IPUBOAIIIUM B ABICKEHUE KOJIE-
CO TMAPOTYPOUHEIL.

=15 map nomocos,

2.1.2. HomunanbHble NapaMeTpsl H YCJIOBHSA PaboOTH reHepaTopos

Homunanvhvii (Hopmanbhbiil) pexcum pabomb: — 3T0 IJIUTEIBHO JOIMY-
CTMMBIf peXVM C NapaMeTpaMH, YKa3aHHbBIMH B ITaCTIOpTe TeHepaTopa.

HoMuHanbHOE HanpsaxXeHHUe — 3T0 MexaydasHoe Hamnps-
XeHHe OOMOTKHU cTaTopa B HOMHHaJNbHOM pexume. CoriacHo
I'OCT 533—85 ycraHoBiieHa ciemyromas IKaia CTaHIapTHBIX Hanps-
xeHuit: 3,15; 6,3; 10,5; (13,8); (15,75); (18); 20 u 24 kB.

2 Poxkona 3 3
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Puc. 2.1. TuaporeHeparop NogBECHOrO UCIOJI-
HeHust (353 MB-A, 200 06/MuH):

1 — xopmyc cratopa; 2 — CepleYyHHK CTaTopa;
3 — obMoTKa craropa; 4 — ¢yHAAMEHTHas TUTUTA,
5 — KosblIo TOpMO3HOE; 6 — mojoc; 7 — obox
potopa; & — ocToB poropa; 9 — Ban; 10 — Top-
MO3-IOMKpaT; I/ — KpecTOBMHA HUXHsAA, [2 —
HWXHHUI HanpassOLMii MONIIMUITHUK; /3 — Bepx-
HUI HaNpaBIAOIUUN MOMUMUIHUK; /4 — KpecTo-
BUHA BEpXHssl; /5 — CErMeHT MOAMATHHUKA, 16 —
JUCK MOANMSATHUKA; /7 — BTYJIKa MOANMSATHHUKA
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JormyckaeTcss paboTa reHepaTopa ¢ HOMHHAIBHOM MOLIHOCTBIO TP
OTKJIOHEHNH HaNpspKeHUs *5 %. JIHTeNbHO JOMyCTUMOE B 3KCIUTyaTa-
LIMM HaTIPSDKEHHUE He JOJDKHO TNpeBbimath 110 % HOMHHAIBHOTO, HO MpH
3TOM TOK POTOpa He JOJDKEH TIPEeBhILIaTh HOMUHATBHOTO 3HAYEHUSI.

HomMuHanbpHas akTUBHast MOLIHOCTb reHeparopa, MBT,

PHOM = \/EUHOMIHOM Cos @, (2 1)
TOJIHasE MOLIHOCTh, MB-A,
SHOM = ‘/§UH0M IHOM ’ (22)

rne U,ou, liou — HOMHHAIBHBIE HATIPSDKEHUE U TOK; COSQ — HOMH-
HAJIBHBIN KO3 UITMEHT MOLITHOCTH.

CormacHo 'OCT 533—85E mpuHsATa HIKaTa HOMUHAIBHBIX MOLI-
HoCTeit TypGoreHepatopos: 2,5; 4; 6; 12; 32; 63; 110; 160; 220; 320;
500; 800; 1000; 1200; 1600; 2000 MBr.

IITkana HOMUHAJIBLHBIX MOLIHOCTEM KPYITHBIX THAPOr€eHEpaTopoB He-
CTaHJIapTU30BaHa.

HoMuHanbHBIA cOS@ NpuHAT paBHBIM: 0,8 — 19 reHepaTopoB IO
100 MBT; 0,85 — mng Typboreneparopos xo 500 MBT u runporeHepa-
Topos 10 300 MBT; 0,9 — nnsa 6oyee MOIIHBIX FeHEPATOPOB.

HoMuHaNbHON MOIITHOCTH T€HEPATOpa COOTBETCTBYET ONpENC/ICH-
Hasl TeMIIepaTypa OXJIaXIalolero BO3ayXa, BOAOPOAa MIY BOIbI M IJTH -
TEJIBLHO JOMYCTHUMasl TeMITepaTypa HarpeBa o6MOTOK cTaTopa U poOTO-
pa, a TaKKe aKTHUBHON CTaJIM MarHUTOIpPOBOA.

JOIyCTUMBIi HarpeB YacTeil reHepaTopa 3aBUCHUT OT TETUIOCTOMKO-
CTH TIPUMEHSIEMBIX H30JISTIMOHHBIX MaTepUaioB (Tabm. 2.1).

B Hacrosiee BpeMsa OAO «DynekTpocuyia» BHEAPSET U3OISIIHIO
«MoHonuT-2» W11 0OMOTOK CTaTOpa C U30JIMPOBKOM CTEpXHEH 006-
MOTKH CYXHMH CTEKJIOCJIONOHHUTOBBIMU JIEHTAMH C TOCJIeayIouiei
BaKyyMHO-HarHeTaTeJIbHOM MPOMMUTKOM U 3ane4ykoi oOMOTKH, yJIO-
XXEHHOM B ma3bl cTaTopa. Takasi U30JsA11s MTO3BOJSIET YBEJIUUUTD €U -
HUYHYIO MOII[HOCTb TYpOOr€HEPaTOPOB U UX TEXHUYECKHUE XapaKTe-
PUCTHUKHU.

H3onupyrolme MaTepuaibl B MpoOLIECCe SKCIUTyaTalld TOJBEPra-
JOTCS CTapeHUI0 M TEPSIOT CBOM W30JMPYIOLIHE CBOICTBA, MO3TOMY
CHCTeMaTHYeCKHe meperpy3kKn reHepaTopos HexomycTuMbl. OIHAKO B aBa-

Ta6nuua 2.1

JlomycTHMbIE TeMnepaTyphl Harpesa Typ6oreseparopos, ‘C

Kinacc usonsuuu
YacTb reHeparopa
B F H
O6MoTKa cTaTopa 105 120 140
M aKTUBHas CTalb
O6MoTKa poTopa 130 135 160
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Ta6nauua 2.2

JlomycTHMas KpPaTHOCTb NePerpy3kH reHepaTopoB H CHHXPOHHBIX
KOMIIEHCATOPOB N0 TOKY CTaTOpa

T1pononXHUTELHOCTD KOCBeHHOE OWIaXICHHE HenocpencteeHHOe ox1axaeHne
neperpy3ku, MHH, 0O6MOTKHM cTaTopa
He Gosee 0bmoTK cTatopa BOJOI BOJOPOJIOM
60 1,1 1,1 —
15 1,15 1,15 —
6 1,2 1,2 1,15
4 1,3 1,3 1,2
3 1,4 1,35 1,25
2 1,5 1,4 1,3
1 2,0 1,5 1,5
Ta6nuua 2.3

JlomycTHMas KpaTHOCTb Neperpy3ks TypOoreHepaTopos no ToKy poropa

TponomXHTENLHOCT Mepe- Typﬁore*_':?;m;’;B Yy
IPY3KH, MUH, He Goree | TB®, kpome TBD-120 | L' > Tng?é . Br),
60 1 ’06 1 ,06
4 1,2 1,2
1 1,7 1,5
0,5 2,0 -
033 - 20

PHIfHBIX YCJIOBHSX IOITYCKAeTCsI KpaTKOBPEMEHHad Meperpy3Ka Imo TOKyY
craropa u poropa [1.13], npuBeneHHas B Ta61. 2.2 u 2.3.

2.1.3. CucreMbl OXNaXKAEHHA reHEPATOPOB

IIpu paboTe reHepaTopa MPOUCXOAAT MOTEPU 3IHEPIUHU, NIpEBpaillia-
IolMeECS B TEIUIOTY, KOTOpasl HarpeBaeT OOMOTKH, CTaJlb CTaTOpa U
portopa. s ynaneHus 3TOM TEIUIoTHl HEOOXOMMMa CUCTEMa MCKYCCT-
BEHHOT'O OXJIaXICHMS.

OxytaxngeHue MOXHO TPOU3BOOUTE BO3MYXOM, BOXOPOIOM, BOIOIA,
MacnoMm (puc. 2.2). OTBOI TEIUIOTEI MOXET OCYILLECTBIATHCS HE T O C-
pEACTBEHH O OT IPOBOAHMUKOB OOMOTKH 110 KaHajJIaM, PaCIIOJIOXEH-
HBIM BHYTPU 1a30B, WJIK KOCBEHHO OT IIOBEPXHOCTH POTOpA U CTa-
TOpa. T CUCTEMBI OXJIAXIEHUS UMEIOT YCIOBHOE OYKBEHHOE 0603Ha-
YeHHe, NIPUMEHSIEeMOe B MACMOPTHBIX JaHHBIX reHepaTtopos. Hampu-
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CucreMsl

OXJIAXNCHHA

HBP

Puc. 2.2. CucreMnl OXJIaXIEHHUSI TEHEPATOPOB:

KB3 — koceeHHoe Bo3nyxoM; HB3 — HenocpencreeHHoe Bo3gyxoM; KBP — kocseH-
Hoe pomoponoM; HBP — HenocpenctsenHoe BomoponoM; HB — nemocpenctsenHoe
pozmoit; HM — HemocpeacTBeHHoe MacioM

Mep: KBP — xocBeHHOe oxnmaxneHue BomopoaoM; HB — Henocpen-
CTBEHHOE OXJIAXIEHHE BOIOM.

PaccMOTpHM OCHOBHBIE 0COOEHHOCTU CUCTEM OXJIAXIEHHUS FeHepa-
TOPOB.

BosayimHoe oxJaXIeHUE KOCBEHHOE pOTopa U CTaro-
pa IIpUMEHSIETCA B TypOOreHepaTopax MOLUIHOCTRIO 10 25 MBT 1 B rua-
poreHeparopax a0 250 MBT. IT p o To 4 H a g cucTeMa OXJIaXIEHM NpH-
MEHSeTCs Ul TeHEPaTOpOB HeGObIION MolHOCTH (10 2—4 MB-A).
B 310if cucTeMe BO3AyX 3a0MpaeTCs M3 MOMELICHUS U C IOMOLUBIO
BEHTWISTOPOB, HacaXEHHBIX Ha BaJ reHepaTopa, IIPOrOHsETCs Yepe3
3a30p MEXIY CTaTOpPOM ¥ POTOPOM IO BEHTWISILMOHHBIM KaHaaM. [1pn
3TOM H30JSLMSA 0OMOTOK GBICTPO 3arpsi3HSIETCSI U CPOK CIIYXOBI reHe-
patopa yMeHbIIaeTcst. 3aM K HY T a s CUCTeMa OXJIaXAEHHUs IpexycMar-
pHUBaET LUPKYJISAIIHIO OMHOTO U TOTO Xe 00beMa Bo3ayXa o 3aMKHYTO-
MY KOHTYpY: U3 KaMephl XOJIOMHOTO BO3AyXa C MTOMOLUBIO BEHTWISITO-
pPOB Ha Bajly TeHepaTopa BO3IyX HarHetaeTcs B MallMHY, OXJIaXIaeT
MOBEPXHOCTh CTATOpa M POTOpa, MOMaJaeT B KAMEPY ropsi4ero Bo3ny-
Xa, MMPOXOIUT Y€Pe3 BO3MYyXOOXIaNUTENb M BHOBb ITOCTYIIAET B reHEpa-
Top. JIJish BOCIIOJIHEHHUS TTOTEPh BO3[yXa 3a CUET yTeuek MpeaycMaTpu-
BaeTcs 3a6op Bo3nyxa dyepe3 MacisHble ¢pwibTpel. COBEpIIEHCTBOBA-
HUE CHUCTEMHI BO3OYUIHOIO OXJIaXXIECHUsSI, IPUMEHEHUE MHOIOCTPYW-
HOTO OXJIaXIECHUS TTO3BOJIMIIN CO30aTh cepuio TypboreHepaTtopoB TP
MoOIIHOCTEIO OoT 3 1o 180 MBT. B 3T0#i cepun npMeHEHa TepMOpEaK-
THUBHasl M3ogLMg Ki1acca F B 06MOTKax craropa M poTopa, Ipenyc-
MaTpHBaeTcd HAIIyB BO3AyXa B ITOJIOCTb reHepaTopa i Co3AaHus 1o-
BBHILLIEHHOTO AAaBJIEHUS, UTO NPENATCTBYeT MPOHUKHOBEHUIO BHELITHEN
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MbUIA. B 3THUX TypboreHepaTopax npeaycCMaTpuBaeTCsl HEIMOCPEACTBCH -
Hoe oxJIaXIeHue 06MOTOK pOTOpa BO34YXOM, MIPOXOASIIMM B KaHajIax
06MOTKM BHYTpH Ma3a. (B 0603HaueHMM THMa TypOboreHeparopa OyK-
Ba @ 0603HauaeT «pOPCUPOBAHHOE» OXJIAXIEHUE.) DTa CEpHA BbI-
nyckaercsa ¢ 1991 r. OAO «DnexTpocHia» B OCHOBHOM ISt 3aMCHbI
ycTapeBLIMX, BHPAbOTaBIIMX CBOW CPOK IeHEpaTopoOB TBD-63-2,
TB-60-2 ¥ 1p. ¢ YCTAaHOBKO# Ha TeX Xe (yHAaMeHTax [2.71.

Typ6orenepatopsl cepun T3® MMEIOT YIy4IICHHbIE XapaKTepHC-
THKH 110 cpaBHeHMIO ¢ T®, TaK KaK B HUX pa3fie/IeHbl MIOTOKHU BO3NY-
Xa, OXJIXJAIOLIETO CTAaTOP M POTOP, MPHUMEHEHa TPEXKOHTYpHAst CH-
cTeMma, TIO3TOMY MCKJII0YEHO B3aHMHOE OTpUUATEIbHOE JEHCTBHUE 110~
TOKOB, YTO TIO3BOJWIO CHU3UTh HarpeB OOMOTOK M KOHCTPYKTUBHBIX
yacTeik reHepartopa. OXIaXIAOILMWIA BO3IYX LUPKYIUPYET NON JIEVCTBUEM
IBYX LIEHTPOGEXHBIX BEeHTWIATOPOB, YCTAHOBICHHBIX Ha Bajly pOTOpa,
1 OXJIAXKIAETC B BONOBO3MYIIHBIX oxanuTensix. TypGoreHepaTophl 3TOHU
CepyM TNPUMEHSIOTCS Ha TapoTYPONHHBIX, ra3oTypOMHHBIX U Mapora-
30TypOUMHHBIX YCTAaHOBKaX.

TuaporeHepaTopsl UMEIOT 3HAYUTENHHO GOMBIIYIO MOBEPXHOCTH
OXJIAXIEHMSI, YeM TypOOreHepaTophl, TaK KakK IHaMeTp poTopa y HUX
B HECKOJIbKO pa3 6oiblie. DTO NO3BONAET NPUMEHSTE BO3NYIIHOE OX-~
JIAXIEHME VIS MOLIHBIX THAPOr€HEPaTOPOB.

Ha puc. 2.3 mokasaH pa3pe3 IO I'MIPOreHepaTopy MOLIHOCTHIO
225 MBT, HMeIOILEMY PaIUATIbHYIO CUCTEMY BO3IYIIHON BEHTUIISILIH.
Bo3nyx mocTynaeT CBEpXy U CHU3Y M IO IeicTBUEM H3OBITOYHOTO
[aBJEHUsI, CO3MAaHHOTO BPALIAIOIMMCS POTOPOM, MPOXOAMT Yepe3s
KaHansl B 00ofe poTopa, TIPOMEXYTKM MeXIy MOJNI0CaMH, BO3AYILI-
HBI#A 3a30p, KaHalbl MarHMTOMPOBOAA CTATOPa, BBLIXOAUT B KOPIMYC
CTaToOpa ! uepe3 OTBEPCTUS B KOPITyce — B OXJIANUTENH. IMTpoiins oxna-
IUTETH, BO3AYX MO KaHanaM B GQyHAaMEHTe U MEXIY JlarnaMu BEpXHE
KpeCTOBUHBI BHOBB ITOCTYTIAET B TEHEPATOP.

BomopOoaHOE OXJaXKeHHMe KOCBEHHOE TypboreHeparo-
POB YCTPOEHO IO TAKO#H X€ CxeMe, KaK ¥ BO3AYIIHOE. Ha puc. 2.4 noka-
3aHa CXeMa MHOTOCTPYIHOTO BOIOpOIHOro oxnaxneHus. Ipenmyiie-
CTBaM¥ TIPUMEHEHUS BOIOPOJA SIBNIAIOTCA: B 7 pas3 6Ab1Iast TETUIONPO-
BOJHOCTB, B 14 pa3 MeHblLIasi IUIOTHOCTS, B 1,44 pasa 64BN KO3bh-
(PULIMEHT TETUI00TAAYH C TIOBEPXHOCTH. Bonee apdexTuBHOE OXIAXOC-
HHe T03BONIAET NPH TeX Xe Pa3Mepax yBEIMYUTh MOILIHOCTD TypOOreHe-
partopos Ha 15—20 %, a CMHXPOHHBIX KOMIIEHCATOPOB — Ha 30%.

Bnarogapsi MeHblIIel TUIOTHOCTH BOAOPOAa YMEHBIIAIOTCS BEHTH-
JISLMOHHBIE TOTEPH, B PE3YJIbTaTe YET0 BO3PaCTacT KM Ha 0,8—1 %.
Wzonauus B cpele BOAOPOIa He OKMCIAETCS, MOJTOMY MOBBILIACTCS
CPOK CJIYXOBI M30JILIMM OOMOTOK.

OnHaKo MpUMEHEHKE BOIOPOA VI OXJIaXIECHUs CBA3aHO C onac-
HOCTBIO B3phIBA CMECH BOZOpoJa ¢ Bo3ayxoM (ot 4,1 1o 74 % H,).

MalMHBI ¢ BOTOPOXHBIM OXJIaXIECHUEM JOJIKHBI UMETh ra3orioT-
HBI# KOpIYC, MacjsiHble YTUIOTHEHUs Bajla, YIUIOTHEHUS TOKOIPOBO-
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Puc. 2.3. BosayuHoe oxiaxaeHue rugporedeparopa Bparckoit I'9C MoiHo-
cThio 225 MBT:

I — potop; 2 — ctaTop; 3 — BO3AYXOOXJIAAUTEND
JIOB K 00MOTKaM pOTOpa W CTaTopa, YIUIOTHEHMs KPBILIEK ra3ooxia-
JUTEJIEN, TIOYKOB U Chb€MHbBIX TOPLEBHIX LIIUTOB. CYTO‘{HaH yT€yKa BO-

Jopojia U3 KopIyca nokHa ObTh He Gonee 5% [1.13]. B mpouecce
SKCIUTyaTallH JOJDXKHBI IOIIEPXUBATHCS YACTOTA BOAOPOAA B KOPITY-
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Puc. 2.4. MHorocTpyiiHasi CUCTEMa BOJXOPOXHOIO OXJIaXIeHHUsl TypOoreHepa-
TOpa:
1 — BeHTHNATOp; 2 — KaMepa XOJIOAHOTO rasa; 3 — rasooxiaaurenu; 4 — xamepa
ropsiyero rasa

caX reHepaTopoB C KOCBEHHBIM oxJaxneHueM — 97 %, ¢ Hemocpen-
CTBEHHBIM OXJIaXIeHNEM — 98 % U HEKOTOpOe M3OLITOUHOE JaBJIeHUE
Bogopoga 0,3—0,6 MIla, 4ToOBl He INMPOMCXOOWI TOACOC BO3IYyXa
B Kopnyc. TakuM 06pa3oM, UCITOJIL30BaHME TOCTOMHCTB BOXOPOIHOTO
OXJIAXIEHMS CBSA3aHO C YCIOXHEHHEM KOHCTPYKIIMM Y IKCIUTyaTaluKl
TeHePaToOpOB.

Ha puc. 2.5 nokasana npuHIKMNNANBHAsA CXeMa ra30BOro X03sicTBa
CHCTEMBI BOIOPOJHOTO oxIaxneHus. ITpu 3amonmHeHnM KopIyca reHe-
paTopa BOIOPOIOM BO3IyX CHAayajla BHITECHSETCS YIVIEKMCIIBIM Ira3oM
BO u3bexaHue 00pa3oBaHUA rpeMydeil cMecH. 3aTeM YTJIEKMCIIBIi ra3
MoJ, JaBJEeHHEM nonaercd u3 O0ajutoHoB 10 B HUXHMII KOJUIeKTOp 9,
BO3JYX BEITECHSIETCS Yepe3 BEPXHUI KOJUIEKTOP 6 M BBINMYCKAETCH Ha-
pyxy. Korma Bech 06beM Kopryca reHepaTopa OyIeT 3arojiHeH yriie-
KHUCJIOTOM ¢ KOHLEHTpauueit okono 90 %, 3akpbeiBaeTcs BEHTHIb «BbI-
MyCK ra3a» ¥ B BEpXHMI KOJUIEKTOpP IMojaaeTcsi u3 GayutoHOB I BOIO-
pOJ, KOTOPHIi BHITECHSIET YIVIEKHUCIIOTY Yepe3 HIDKHUI KOJUIEKTOP U
OTKPBbIBaEMbI BEHTHIIb «BBIIMYyCK yIIEKUCTOTH» . KaK TONbKO YUCTOTa
BOIOpOJia JOCTUTHET 3aJaHHOTO YPOBHS, 3aKPHIBAETCSI BEHTUIb «BBI-
MYCK YIJIEKHUCJIOTBI» , U JaBJIEHHE BOAOPOAA JXOBOIAUTCS IO HOPMAJIb-
Horo. IIpu octaHOBe reHepaTopa IJIsi peBU3MH WIM PEMOHTa CHayasna
M3 KOpITyca BBITECHSETCA BOXOPOX C TMOMOILIBIO YIJIEKHCIOTHI, KOTO-
past 3aTeM BBITECHSAETCS BO3XYXOM. Bo BpeMst paGoTHI OCYIECTBIISETCS
aBTOMAaTHYECKHIT KOHTPOJIb YHCTOTH BOIOPOIA ra30aHAIU3aTOPOM 4;
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Puc. 2.5. [IpyHUMNIHaNbHAs CXeMa ra30BOro X03sMCTBa CUCTEMBI BOZAOPOAHOTO
OXJIAXIECHMS:

1 — 6annoHbl ¢ BOXOPONOM; 2 — peAyKTOp; 3 — MaHOMETp; 4 — rasoaHaiu3arop; 5 —

pene paBieHus; 6, 9 — BEpXHUI M HUXHHUIA KOJUIEKTOPH; 7 — pOTOp; & — KOpnyc

reHeparopa; 10 — GaIOHBI C YIJIEKUCIBIM ra3oM; /1 — Ga/UTOHBI CXAaTOTo BO3NYXa;

A — Tpybonposox B obiacTd 3a BeHTWIsiTopoM; b — TpyGomnpoBson B ob6mactu xo
BEHTWISITOPA

JaBJICHUE B KOPIyce IO BEHTWISATOpA A U 32 BEHTWIATOpOM b — Ma-
HoMeTpoM 3 U pene napiieHust 5. IToCTOSSHHO KOHTPOJIMPYETCS JaBJe-
HHE Macja B YIUIOTHEHUSIX TTOMIIMITHHKOB.

HenmocpeancTBeHHOEe BOXOPOAHOE OXJaXIeEHHE Typ-
6GoreHepaTopoB NPUMEHSIETCS VIS MAIIMH MolTHOCTRIO 60 MBT U Goree.
B reHeparopax cepun TBD craTop HMeeT KOCBEHHOE BOIOPOIHOE OX-
JIAXIEHHUE, a pOTOP — HETOCPEACTBEHHOE BOIOPOIHOE, KOTIa BOXOPOL,
MOJAETCSI BHYTPh MOJIBIX MPOBOXHMKOB CO CTOPOHBI TOPIIEBOM YacTH
potopa (pa3pe3 B— B Ha puc. 2.6). IIpoBonHHKY 06MOTKH poTOpa B Ma-
30BOH 4acTH CIUIOLIHEIE, TIPSIMOYTOJIBHOTO CeYeHMsI, Ha OOKOBBIX Yac-
TAX KOTOPBIX Ppe3epyloTcst KOchle KaHANIbI, HAYIINE JUATOHAIBHO IT0-
BEPXHOCTH POTOpA K JIHY Ma3a ¥ 06paTHO. CxeMa BHIIIOJIHEHA MHOTOXO-
JOBOH, M OXJIAXIEHNEM OXBaueHBl BCe MPOBOMHUKHM. ITa30Bble KIMHBS
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Puc. 2.6. CxeMa oxyiaxaeHH1s poTopoB Typ6oreHepaTopos cepuit TBD u TBB:

a — ob1uas cxeMa oXJaXAeHHUs; 6 — 3JIeMEHTAPHBIN NYTh OXJ1aXAaloLIero rasa; A—A,
F— F — pa3pe3nl na3oB poropa; B— B — pa3pe3 no nasy poropa B TOpLEBOH 4acTH

CcHaGXeHHI JeduieKTopaMu Takoro npoguis, 61aronapss KOTOpoMY IIpH
BPALEHUN POTOpa Ha BXOIEe BOJOPOAA CO3JaeTcsi Hamop (cedeHue
A—A), a Ha BeIxone — pa3pexeHue (b— b), 310 obecrieunBaeT caMo-
BEHTWIALMIO BomoponoM. JlaBjieHre BoIopola B KOPIyCE COCTaBIAET
0,2—0,4 MITa, uupKyisius Bogopona obecrieynBaeTcsi BEHTWIATOPa-
MM, HaCAXXEHHBIMH Ha BaJl MallIMHbBI ¢ 06EMX CTOPOH.
Typ6orenepatopsl TI'B-300 uMeoT HenmocpencTBeEH-
HOe BOINOpPOIHOE OXJIaXJIeHue OoOMOTOK cTaTtopa H
p oTo pa. IupKyIsiius BoIOpoaa Co3naeTcsi KOMIIPECCOPOM, YCTaHOB-
JIEHHBIM Ha BaJly TeHepaTopa CO CTOPOHBI KOHTaKTHBIX Kojel. Crep-
XeHb OOMOTKM CTaropa COCTOMT M3 IBYX PSANOB 3JIEMEHTapHBIX IPO-
BOJIHHKOB ITPSIMOYTOJIBHOTO CEYEHHUS], MEXIY KOTOPHIMM YJIOXEHBI
CTalbHBIE TPYOKH, B KOTOPBIX LIUPKYIUPYeT Bonopox. OOMOTKH pOTO-
pa MMEIOT TaKXe HETOCPEINCTBEHHOE OXJIAXIeHUE ITPOBOIHUKOB. ['a3o-
OXJIAIUTENN BCTPAHBAIOTCA B KOPITYC CO CTOPOHBI TYpOMHBI WIM BBI-
HOCATCA B CIIENUATBHYIO KaMepy B HIDKHEHN YacTH.
HenocpencTBeHHOE OXJaXJIeHUE BOLOI 0OMOTOK CcTa-
TOpa Typ6OreHepaTOpOB IMO3BOJISIET YBEJIUYUTh EAMHUYHYIO MOLIIHOCTh
MpH Tex Xe rabapuTax, Tak KakK TEIUIOOTBOAALIAS. CIIOCOOHOCTh BOIBI
B 12,5 pa3 Gosnplie, yeM y Bomopoaa. JucTwuimpoBaHHas Boja, MpH-

)

MeHsieMasi UIsl OXJIaXOEHUs, TIONAETCsl B TOJBbIE MENHbIE NMPOBOLHM-
KM, 3aJJ0XEHHbIE B Ma3bl CTATOpa € MOMOILBI0 T'MOKMX (hTOpOIUIacTO-
BBIX LIJTaHToB. OxJIaXXaeHue 0OMOTOK pOTOpa W aKTUBHOM CTalM MpPO-
HM3BOJUTCSI BOIOPOIOM TaK Xe€, Kak y TypboreHeparopoB cepuu TI'B.
BonoponHo-BoasiHoe oxytaxneHue UMeIoT TypboreHepaTopsl TBB-500,
TBB-800, TBB-1000 u TBB-1200. BoasiHoe oxi1axaeHHe O0OMOTKH
cTraropa NPUMEHsIETCs] B MOLUHBIX ruaporeHeparopax tumna CBP. O6-
MOTKa pOTOpPa U aKTUBHasi CTATb MMEIOT HEMOCPEACTBEHHOE OXJIaX-
HeHne Bo3nyxoM. BomoponHoe oxnaxmeHue B TUOPOTeHEpPATOpax He
NPUMEHSETCS BBUAY OOJBIIMX pa3MEPOB POTOpa M TPYIHOCTEN rep-
METHU3alMH KOpITyca reHeparopa.

C uenblo fabHEHIIETO YIYYIIEHUS CUCTEMbI OXJTAXIEHHUS U COKPa-
IEeHUA pa3MepoB TypOoreHepaTopoB pa3paboTaHO BOLSHOE
oXJIaxXJgeHue ctatopa u potopa (puc. 2.7). Oxaxnamomas
BOJa INOAAETCS B MOJIbIE CTEPXXHU CTATOPHOM OOGMOTKH OT HAaIlOPHOIo
KoJUIeKTOpa 12, a ropsiyast Bola OTBOZUTCS 4Yepe3 CIMBHOM KOJJIEK-
Top 13. B poTOp X00IHasi BOIA MOCTYMAET 10 NaTpyoKy B uepes cKomb-
3si1I€e YIUIOTHSIOLIEE COEAMHEHUE B TOpLE Bajla 17 1 Yepe3 LeHTpallb-
HOe OTBepCTHE B 6oUKe poTopa MmomagaeT B KaHaibsl 4 MPOBOIHUKOB
poTopa ¥ oxJaxaaeT nNpoBogHUKU. Harpetas Boga uepes caMBHbBIE Ka-
Halbl /4, 15 nonamaet B pagMalbHBIE OTBEPCTUA Bajia potopa 16 M
CJIMBAE€TCs1 BO BHEILIHIOW CUCTEMY 4yepe3 narpyook I'.
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Puc. 2.7. Cxema oxnaxnenus typ6oreHeparopa TT'B-500:

1 — potop; 2 — moJiocTH, BICBepieHHbIE B 604YKe poTopa; 3 — BEHTHWIATOD;, 4 —

OXJIaXIaIOLMe KaHaJIbl BAOJIb Ma30B POTOpPa; 5 — MarHMTONPOBOJ CTaTopa; 6 — palu-

IbHbIE KaHAJIbl MAarHUTONMPOBO/IA;, 7 — 3a30p MeXAY POTOPOM U CTAaTOpoM; & — Myc-

TOTEJIble CTEPXHM B OOMOTKe cTatopa; 9 — BOHOra3oBbie OXIaauTeNu; /0 — roJjoBKH

CTepXHei; 1] — M30aMpyIOLINE LUIAHTH; ]2 — HaNOPHbIN KOJUIEKTOP XOJIOAHOM BOIbI;

13 — cnuBHo# KomnexTop; 14, 15 — cnuBHBIE KaHaIbI; /6 — panMaTbHble OTBEPCTHUS
Bala poTtopa; /7 — CKOJIb3sillee YIUIOTHSIIOLIEE COeIMHEHHME B TOpLIe Baja
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Bo BHelIHeN CUCTeME ropsyasi Bona nonajgaeT B OXJIagUTeNH, a 3a-
TeM HacocaM# ToaeTcs K narpyokam A u B.

MarHMTONpPOBOL ¥ KOHCTPYKTHBHBIE YaCTH CTaTOPa OXJIAXIAIOTCS
BOJOPOJIOM 10 3aMKHYTOMY LIMKJTy C BOLOTa30BBIMHM OXJIafTEIIMU 9,
BCTPOEHHEBIMU B KOPIIyC.

T'enepatop TI'B-500 6aronapsi BOOSIHOMY OXJIAXHCHHIO 00MOTOK
CTaTopa U poTopa MMeeT Maccy ¥ raGapuThl HECKOJIBKO MEHBILINE, 1eM
TI'B-300.

Hanuyue BOIOpOIAa B CUCTEME OXJIAXIECHUS He M30aBiseT OT OC-
HOBHOTIO HEJIOCTATKAa — B3PBIBOOMACHOCTH, MTO3TOMY JaIbHe11Iee CO-
BepILLIEHCTBOBAHME CUCTEM OXJIaXIEHHs TypOOreHepaTopoB IMPUBENO
K CHCTEMe, KOTOPYIO YCIOBHO Ha3bIBAIOT «TPH BOABI» . B aT0M cucreMe
0OGMOTKH CTaTopa, poTopa, MarHUTONPOBOA U KOHCTPYKTHUBHbIE YaCTH
OXJIAXXIAIOTCS BOAOH.

Cepust Typ6oreHepatopoB T3B ¢ moTHBIM BOXSHBIM OXJIaX-
Il e H ¥ € M B3phIBO- M ITOXapobe3omnacHa, TakK Kak He COIEPXHUT Macsia
M BOIOpONa. BHYTpeHHMI 06beM reHepaTopa 3alloIHEH Mo/l He0ob-
LIMM N30BITOYHBIM JABIIEHUEM BO3IYXOM, LIMPKY/IMPYIOLUUM YEPE3 OCY-
IIUTEbHYIO YCTaHOBKY. JIJIst OXJTaXAEHUs ¥ CMa3KH MOAIUMUITHAKA MO-
XeT MPUMEHAThcs Heropiodee Macio OMTH. OcHOBHO#M 0COGEHHO-
CTBIO 3TOUl CEPUHU SIBISAETCS «CaMOHAIlOpHasg» CHUCTEMa OXJIAXICHUS
pOTOpa, KOTopast MO3BOJISIET CYLIECTBEHHO CHU3UTD NABICHUE LIMPKY-
JIMpYIOLIeil B pOTOPE BOABL. DTO MCKIIOYACT PAa3repMETH3aLMIO pOTO-
pa, a CJefOBATEbHO, MOBHIIIAET HANEXHOCTh PAabOTHI. T'eHepaTopbl
T3B wuarotoBnsiorcsi OAQ «DJIeKTpocHIa» MOIIHOCTBIO OT 63 1o
800 MBr [2.7].

O6MOTKa CTaTopa 3THX reHepaTtopoB (pHc. 2.8) CTepXHeBas, IBYX-
CJIOITHAS U3 TOJBIX ¥ CIUIOIIHBIX MPOBOXHUKOB. 10 MOIBIM TPOBOIHH-
KaM MpOTeKaeT OXIaXAAIOIMI TUCTULIAT. [L1s TOBOMA M C/TMBA AUC-
TWUISITA UMEIOTCST KOJIBLIEBbIE KOJUIEKTOPHI ¢ 0OEMX CTOPOH CTaTopa,
KOTOpBIE COEIMHSIOTCS C TIOJBIMU CTEPXHAMHM OOMOTKH (hToporuiac-
TOBBIMHM TPYOKaMH.

O6MOTKH POTOpPa BHIOJTHEHBI U3 MEAHBIX TOJIBIX ITPOBONOB NPSIMO-
yropHO# (OpMBI ¢ KPYIVIBIM KaHaJloM BHYTpU. B Toplie poropa 3a-
KpETUIEHBI HallOPHOE ¥ CTMBHOE KOJBLO, K KOTOPHIM MPUCOEINHECHEI
BCe TPYOKM BXOIHBIX M BHIXOZHBIX KOHIIOB KaTyluek. OXIaxneHue 00-
MOTOK pOTOpa OCYIIECTBISETCA AUCTHUISTOM, MOCTYNMAIOLWUM IOJ
IaBJIcHHEM B HallOpHOE KOJIBLIO.

B xauecTBe BO36ynuTens Typ6oreneparopa T3B-800 ucmons3syercs
CUHXPOHHBII TpexdasHblii reHepaTop BT-6000 ¢ BO3XYLIHBIM OXJIaX-
JIIEHUEM 3aKPBITOTO HUCIIONHEHHS.

Cepust T3B HaxOAUT LIMPOKOE NPUMEHEHHE IS 3AMEHBI YyCTapeB-
IIKX TypOOTeHEePaTOPOB, a TAKXKE Ha BHOBb CTPOAILIMXCS T3C.

Ha 6ase cepun Typ6oreneparopoB T3B pa3paboTaHbl M BIIyCKa-
JOTCSI aCHHXPOHU3NPOBaHHBIE TYPOOTreHEepaATOPH T3BA.
Ha poTope Takoro reHepaTopa MMEIOTCs ABe OOMOTKM BO30YXIEeHHS,
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Puc. 2.8. Typ6oreHeparop T3B-800-2Y3 u Bo36yaurennr BT-6000-2Y3:

1 — Mydra coenuHUTENbHasA; 2 — KOPMYC CTaTopa; 3 — MOALIMITHUK reHepaTopa; 4 —
KOHTaKTHBIE KOJIbLIA pOTOpa M WETKH; 5 — MOAIUIMUITHUKU Bo36yauTesi; 6 — Bo3Oynu-
TeNb, 7 — BBIBOABI FeHEpaTOpa

MHUTaeMBble OT pa3esIbHBIX KAHAJIOB CUCTEMBI CTATHYECKOTO PEBEPCUB-
HOT'O TUPHCTOPHOTO BO30YXIEHHUS U YIIpaBjisieMble OOIIIUM aBTOMAaTH-
YeCKHM peryaaTopoM Bo3byxneHus. Takue TypboreHepaTopsl O3BO-
JISTIOT KOMITEHCHPOBATh PEAaKTHBHYIO MOIIHOCTh B 3HEPTOCHCTEME H
NpeAOTBpalliaTh BO3MOXHOCTh TOBBILIEHUS HAIPSDKEHUS B CETAX JIO
YPOBHE#, TOMYCTUMBIX UISl U30JSIUMH 3JIeKTpoobopynoBaHus. bonee
BBICOKasi CTOUMOCTb aCHHXPOHU3UPOBaHHBIX TYPOOreHEpPaTopoOB OKY-
MAaeTCsd OTKa30M OT YCTAHOBKM IIYHTUPYIOLIUX PeaKTOpOB, IpelHa-
3HAYEHHBIX IUTS YIYYIIeHUS PeXUMa CUHXPOHHBIX T€HEpaToOpOB IO pe-
aKTMBHOM MOILIIHOCTH ¥ HOPMATU3ALIMH HANPSDKEHUST B IPUMBIKAOLIUX
K 3JIEKTPOCTAHIUAM 3JIEKTPUYECKHUX CETAX.

3aMeHa BbrIpaboTaBILIMX CBOM pecypc CHHXPOHHBIX TypOoreHepaTo-
POB HOBOI1 cepHeit aCHHXPOHU3MPOBAHHEIX TYpOOreHepaTopoB BeChbMa
aKTyaibHa [2.8].

HemocpencTBeHHOEe oXJlaXIAeHHUEe OOMOTKH CTaTo-
pa MacJioM InpuMeHeHo B TypboreHepaTtope TBM. OxnaxneHue or-
HECTOMKOM IUIJIEKTPUUECKOMN XUAKOCTHIO TMO3BOJISIET NMPUMEHHUTD LIS
M30JSIUMKM OOMOTOK CTaTOpa CPaBHUTENBHO AEIEBYI0 GYMaXXHO-Mac)is-
HyI0 M3ojsiLMio. Pacxonpl Ha M30SIUI0 06MOTOK reHeparopa TBM-300
B 4 pa3a MeHbllle, yeM B reHeparopax TBB u TI'B Taxoii XXe MOILHOCTH.

BymaxHo-MacissHass M30JGUMA CTAaTOPHONM OOMOTKM MO3BOJISAET
TIOBBICUTB HamnpspkeHue 10 35— 110 kB, T. e. BKITIOYaTh reHEpaTop B CETh
6e3 NoBhIIaIIMX TpaHC(HOPMAaTOPOB. B 3Toi cHcTeMe OXJTAXIEHUS He
TOJIBKO OOMOTKA CTaTopa, HO M MarHUTOINPOBOJ OXJIAXIAIOTCSI Mac-
JIOM, MO3TOMY CTaTOp OTHENSETCS OT pOTOpa M30JALIMOHHBIM Ta30-
HENPOHMUIAEMBIM LIMJIMHIPOM, paCCUMTAHHBIM Ha BBICOKOE JaBJIEHHE
M PAcHOJIOXEHHBIM B 3a30pe MeXIY POTOPOM M CTaTOPOM.
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JL1st poTopa MPUMEHEHO HEIOCPEICTBEHHOE BOXOPOIHOE MM BO-
ISTHOE OXJIAXACHHE.

JanpHe MM HanpaBlIeHHEM pa3BUTHS CHUCTEM oxyaxaeHus TI
SIBJISIETCSI IPUMEHEHHE KPUOTEHHOM CHUCTEMBI — OXJIAXAEHHE OOMOT-
KM POTOpa XUIKHM TeJIHEM.

B Kurae co3nansl rugporeHepaTopbl MOIITHOCTHIO 10 400 MBT ¢ uc-
MapUTENbHON CHCTEMOM oxyaxneHus. [T oXJIaXIeHUsT UCTIONb3YeTCs
XJIa[lareHT C TeMIepaTypoii kuneHus 47,6 °C npu nasneHuu 1 Kkrc/cm2.

B AnoHuu aKTUBHO PaGoOTalOT Hal CO3MaHHEM TypOOreHepaTopoB
C MICTIOJIb30BAaHUEM SIBJIEHUSI CBEPXITPOBOIUMOCTH B OOMOTKaX poTOpa.

2.1.4. Bo30yxkaeHne CHHXPOHHBIX FeHEpaTOPOB

O6MOTKa poTOpa CHHXPOHHOTO FeHepaTopa IMUTAETCS MOCTOSTHHBIM
TOKOM, KOTOPBII CO3aeT MarHUTHBII MTOTOK BO30yXneHusi. O6GMOTKa
pOTOpa, UCTOYHHK TOCTOSTHHOTO TOKa, YCTPOMCTBA PETYJIUPOBAHUA U
KOMMYTALIMH COCTABJISIOT CUCTEMY 6030yxcdeHus eenepamopa.

CucreMbl Bo30YXIEeHHS TOJKHBI:

obecrieynBaTh HalIeXXHOE IMUTaHUEe OOMOTKH POTOpa B HOPMATTbHBIX
W aBapUMHBIX PEXUMaXx;

IOMYCKAaTh PErYJIMPOBaHUE HAMIPSKEHUS BO30YXAEHHUS B JOCTATOY-
HBIX TIpeJenax;

obecrieunBaTh OBICTPONEHCTBYIOIIEE PETYIMPOBaHUE BO3OYXACHUS
C BBICOKMMH KPaTHOCTAMM (OPCHPOBAaHUA B aBapUITHBIX PEXUMaX;

OCYILECTBJISATh OBICTPOE pa3Bo30yXIeHHE H B CIy4ae HeOOXOIUMO-
CTU MPOU3BOIUTH rallieHHe ITOJISl B aBapUITHBIX peXHUMaXx.

BaxxHeH UMM XapaKTepUCTHKAMU CUCTEM BO30YXXICHUS SBIISIOTCS:
ObpICTpOLEICTBIE, OTpeneNsieMOoe CKOPOCThIO HapacTaHUs HANPSDKCHUS
Ha obMoTke portopa npu popcupoBke V'=0,632(U; nor— Ur wow)/ Us woutis
W OTHOLIEHHE ITOTOJIOYHOIO HAMNpPsDKEHUS] K HOMUHAJIBHOMY HallpsDKe-
HUI0 BO3OYXIEHUSA Uy 1or/ Uy wou= kg — Tak HasbIBaeMast KpaTHOCTb (pop-
CHPOBKH.

Cornacto I'OCT Typ6GoreHepaTopsl IOJIXHBI UMETh ky,> 2, a CKO-
pOCTh HapacTaHMs Bo36yxneHus — He MeHee 2 ¢”!. KpaTHocTs dhopcu-
POBKHM JUISI THAPOreHEPaTopoB MOIXHA OHITh He MeHee 1,8 i koi-
JIEKTOPHBIX BO30ynuTesei, COeMUHEHHBIX C BAJIOM reHepaTropa, ¥ He
MeHee 2 JUIS IPYTHX CUCTEM Bo30yxXneHHus. CKOpOCTh HapacTaHHS Ha-
NPSXXEHUA BO3OYXIEHHUS JO/DKHA ObITh He MeHee 1,3 ¢! g rinpore-
HEPATOPOB MOIIHOCTBIO 10 4 MB-A BKIIOYUTEIbHO M HE MEHee
1,5 ¢! wa rugporeHepaTopoB 60BIINX MOIIHOCTEH [2.3].

J1s MOIIIHBIX THAPOTEHEPATOPOB, PabOTAIOIMX HA JATbHHE K-
TpONepenayn, K CUCTEMaM BO30YXIEeHUS TNpEeXbSBIAIOTCS OoJiee BbI-
cokue Tpe6oBaHuUS: k=3 —4, CKOPOCTb HapaCTaHUA BO3OYXIECHUS 10
10Uy ;o B CEKYHAY.

OO6MOTKa poTOpa M CHCTEMBI BO3OYXXKIEHHUS TeHEPATOPOB C KOCBEH-
HBIM OXJIaXIECHUEM JOJDKHBI BbLOEPXHUBATh ABYKPATHHIA MO OTHOLLE-
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HUIO K HOMMHAIBHOMY TOK B TeueHue 50 c. [Ins reHepaToOpoB ¢ HETo-
CPEINCTBEHHBIM OXJIaXIEHHEM OOMOTOK pOTOpa 3TO BpeMsl coKpalla-
ercs 1o 20 ¢, Wwist reHepaTopoB MOIIHOCTHIO 800 — 1000 MBT npunsito
Bpems 15 ¢, 1200 MBt — 10 ¢ (TOCT 533—85E).

B 3aBCMMOCTH OT MCTOYHHUKA ITUTAHUS CUCTEMBI BO30YXXIEeHHUS pa3-
JEJISIIOTCSI HA CICTEMBl HE3aBUCHUMOTO BO30OYXIAEHUSA U Ca-
MOBO3OYyXIEHHUS.

B cucreMe He3aBUCUMOro BO30YXIEeHHs Ha OXHOM BaJly C reHepa-
TOPOM HaxOAUTCS BO3OYIUTENb — r€HEPAaTOp MOCTOSHHOTO WIH Tepe-
MEHHOTO TOKa. B cucteMe caMoOBO30YXIeHHs MUTAaHHE OOMOTKH BO3-
OYy>XXIEHHS OCYILIECTBIISIETCS. OT BHIBOIOB FeHEPATOPA Yepe3 CrielHalb-
HbIE MTOHIDKAIOIIME TPaHCGOPMATOPHI ¥ BEIIPSIMUTEIBHBIE YCTPONCTBA.

s reHepaTopoB MolHOCTBIO 1o 100 MBT B KauecTBe Bo30yauTeNs
MPUMEHSIETCS] TEHEpaTop IIOCTOSHHOrO ToKa GE, coeqyHEeHHBI! ¢ Ba-
JIoM reHeparopa (puc. 2.9, a). O6MoTtka Bo30yxneHus Bo3oynurenss LGE
MUTAETCA OT SIKOPSl BO3OYyOUTENS, TOK B HEW PETYIUPYETCS PeOCTATOM
RR vy aBTOMaTH4eCKUM PETyasaTopoM Bo3oyxneHuss APB. Tok, mona-
BaeMbIil B 0OMOTKY Bo30yxneHus1 LG CMHXpOHHOTO reHepartopa G, orn-
penensieTcsl BeIMYUHON HampsDKeHWst Ha Bo3Oymurene. Hemocratkom
TaKoW CHCTeMBbI BO30YKACHUS SBJISIETCA HEBBICOKAS HAIEXHOCTh pabo-
ThI F€HEPATOPa MOCTOSTHHOTO TOKa GE M3-3a BUOpALIMK U TSDKEJTBIX YC-
JIOBUIf KOMMYTAlLIMM TIPU BBICOKOU 4acTtore BpamieHusi 3000 o6/MuH.
JApyruM HeIOCTaTKOM SIBJISIETCS HEBBICOKAsi CKOPOCTb HapacTaHUs BO3-
OyXIeHHUsA, 0OCOOEHHO Yy THAPOreHepaTopoB (V=1—2 cY).
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Puc. 2.9. [IpyHUMNMaNbHEIE CXeMBI BO30YXIEHMS reHePaTOpOB:

a — He3aBHUCHMOeE 3JIEKTPpOMalllMHHOe BO30OyXleHHe; 6 — TIOJyPOBOXHMKOBOE
caMoBo030yxaeHue
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B cucreMe caMoB030yxneHus (puc. 2.9, 6) 06MoTKa BO36YXIEHUS
reHeparopa LG mony4daetr nmutaHue oT TpaHcdopmaropa TE, npuco-
€IMHEHHOrO K BHIBOJIaM IeHepaTopa, yepe3 yrpasisieMbie oT APB BeH-
WK VS u ot TpaHchopMaTtopoB Toka TA yepe3 HeynpasisseMble BEH-
twiu VD. Tok BeHTWneit VD npornopuroHaieH TOKy CTaTopa, O3TOMY
oHu obecreunBaloT GOPCHPOBKY BO3OYXIEeHUS U paboTy reHepaTopa
TMpY Harpyske. YopasisieMble BEHTWIH VS MOIaloT TOK, MPOMOPLMO-
HaJIbHBII HAaNIPSDKEHUIO TeHepaTopa, X 00eCIIeYMBaIOT PEryAHPOBaHHE
HalpsXeHUs B HOPMAJIbHOM peXuMme. Takas cucTeMa MpUMeHSeTCs
IUTST MOLIHBIX CHHXPOHHBIX MAalLIMH.

IIInpokoe pacnpocTpaHeHHE MMOYYHIA CHCTEMA BO3OYXIEHHS C Ma-
LUMHHBIM Bo30yaureneM S50 Il ¥ CTATHYECKUMH BBITPIMUTEIAMM (C T a-
THYeCKass TUPUCTOpPHASA CHUCTeMa HE3aBHUCHUMOTO
B0o36yxaeHus — puc. 2.10). Ha oqHoM Baity ¢ reHepatropoM G Ha-
XOIUTCS BCIOMOTATeNbHBI CHHXPOHHBIN reHepatop GE, KOTOpBIif UMe-
€T Ha cTarope Tpexda3Hyio 0OMOTKY C OTMaiKaMH, K KOTOPBIM MpH-
COEIMHEHBI IBE TPYMITB TUPUCTOPOB: paboyast rpynna VDI — Ha HU3-
KO€ HanpsbDkeHue Bo30ynuresiss U ¢opcupoBoyHast rpynna VD2 — Ha
MoJIHOe HanpspkeHue. [IpyuMeHeHHe ABYX IPYIII THPHUCTOPOB obecre-
YKBaET MOTOJIOK BO36yXaeHus 10 4 Uy .\, 1 BEICOKOE GBICTpONEHCTBHE
(V=50 c!). O6e rpynmbl COEAUHSIOTCS Napa/UIEBHO 10 TpexdasHoi
MocToBoii cxeme. Ha puc. 2.10 mis1 ynipoleHust YTeHUsI CXEMBI TTOKa3a-
Hbl TUPUCTOPBI TOJILKO B OHOM (hase.

CucreMa ympariieHUs1 TUpucTopaMu AVD2 u AVDI nuraercss OT
TpancopmaTtopa TAI1 u cBsg3aHa ¢ APB (aBToMatnueckoe peryimpo-
BaHUe Bo30yxneHUs1). Bo3oynurens GE nMeeT 06MOTKY BO30YXIeHUs
LGE, nonyyalolyio nmutaHue ot TpaHcopmaropa TA2 Yyepe3 BEeHTH-
1 VD. B pacCMOTpEHHOM CXeMe TakXXe MOKa3aHbl 3JIEMEHThI CXEMBI
aBTOMAaTHYeCcKOro raireHus MarHutHoro nojs (AI'TI): astomar AITI,
pe3ucrop R, paspsaauuk FV u konrakrop KM.
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Puc. 2.10. Ctatnyeckasi TUPMCTOPHAs CUCTEMA HE3aBUCHMOTO BO30YXAEHUS
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K HemocTaTkam cxeMEHI clieayeT
OTHECTH HAJIMYME BO3OYIMUTEIS e~ L—-@
PEMEHHOTr0 TOKAa, KOTOPHIH YCIOX-
HseT IKCIUIyaTalyIo, a TakkKe Ha-
JINYHEe CKOJBb3SIUMX KOHTAKTOB
MEXIy HEMOABDKHBIMM LIIETKAMH,
K KOTOPBIM IPHCOEIMHEHA CHCTe-
Ma HETIOIBMXXHBIX TUPHCTOPOB, U
TIONBIDKHBIMU KOHTAKTHBIMH KOJThb-
mamn KK, Bpamarommumucs Ha
BaJly pOTOpAa.

TMocyeHuit HEMOCTATOK MIPUBEN Py, 2.11. BecmeTodHas CHCTeMa
K pa3paboTke GecmeTOYHOM BOIGYXIEHUS
CHMCTEMBl BO36GYyXIEeHHUS
(puc. 2.11). B xkauecrBe Bo3GymUTENS
GE B 310i1 cuUcTeMe HCIIONb3yeTCsl CHHXPOHHEIN reHeparop S50 Iy, o06-
MOTKa BO30YXIeHus KoToporo LE pacroiioxeHa Ha HETTOIBIDKHOM CTa-
TOpe, a TpexdasHasg 06MOTKa — Ha BpalaloiieMcsa porope. O6Motka LE
MOJy4aeT IutaHue ot noaBo3oynutenss GEA yepe3 Boinpsimutesib VDE.

Ha omHoM Baity ¢ Bo30yIUTENIEM Ha CIIELMATBHBIX JUCKAX YKperUie-
HBI TUPUCTOPHI VD, KOTOpHIE BBIMPAMIIAIOT ITIEPEMEHHBIN TOK BO30Yy-
IUTeNI U TONAIOT ero B POTOP reHeparopa MO XEeCTKUM IIMHAM 6e3
KOJIeIl M 1LETOK, TaK KaK pOTOp TeHepaTropa, THPUCTOPHI VD u poTop
BO30YIUTENS BpalaloTcd Ha OMHOM BaJly ¢ OMHHAKOBOI CKOPOCTHIO.

PerynupoBaHue ToKa BO30YXAeHMS ocyluecTBiIsgeTcs: oT APB myrem
BO3/ICCTBHSI HA THPUCTOPHI UEPE3 UMITYJIBCHOE YCTPOHCTBO A M Bpa-
waroimiics Tpancopmarop 7A4.

JIOCTOMHCTBOM 3TOM CHCTEMBI SIBJISIETCS OTCYTCTBME KOHTAKTHBIX
KOJIEIl M IIIETOK, HEJOCTATKOM — HEOOXOMMUMOCTh OCTAHOBA I'eHepaTo-
pa uIsl IepeKIIOYeHHs Ha pe3epBHOE BO30YXIEHHWE WIM JUIST 3aMEHBI
THPHUCTOPOB.

BecuieroyHasi cucteMa IpUMEHSETCS JUTSI CHAHXPOHHBIX KOMIIEHCa-
TOpPOB MOIIHOCTHIO 50 MB: A u 605ee u Typ6oreHepaTOpOB MOLIHOC-
ThI0 800 MBT M Gonee.

2.1.5. ABTOMaTHYECKOE TralMeHHe MAarHUTHOTO MOJs
CHHXPOHHBIX reHePaTopPOB H KOMIIEHCATOPOB

IIpy BHE3amHOM OTKIIIOYEHHMH TeHepaTopa WIM KOMIIEHCaTopa He-
06XonMMO OBICTPO YMEHBIIUTH MAarHUTHEIN TOTOK, YTO TPHUBENET K
ymeHblieHMI0 DJIC reHepatopa. Yem OnicTpee OymeT MorameHo mar-
HUTHOE TOJIE, TEM MEHBLIE TOCIENCTBUS KOPOTKOTO 3aMbIKAaHHS B re-
Heparope. JIJ1s raiieHnss MarHUTHOTO TIOJS NPUMEHSIOT TPY METOZA:
3aMBbIKaHUEe OOMOTKM pOTOpa Ha FaCUTENBHOE COIPOTHUBJIEHHE; BKIIIO-
YeHHe B 1IeTITb OOMOTKM POTOPa DYTOTaCUTENBbHOM pelieTKy aBTOMATa;
MPOTUBOBKIIIOYEHHE BO3OYIUTESIS.
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B nepBoM MeTOmE 0OMOTKAa pOTOpa 3aMBIKAETCSI Ha aKTMBHOE CO-
MPOTUBJIEHUE, A 3aTEM OTKJIIOYAETCS OT UCTOYHMUKA MUTAHUS. DIeKT-
POMAarHMUTHast SHEPTHUs, 3aK/IIOUYEHHas B OOMOTKe BO30YXIEHUs, BbI-
JensieTcsl B pa3psAAHOM pE3UCTOpE, BHI3BIBAsH MOCTENEHHOE 3aTyXaHUe
MarHUTHOTO TOJA. Bpemsi rauieHHs] COCTaBJISIET HECKOJIBKO CEKYHIL.
B MOLUHBIX TeHepaTopax Takas MIMTEIbHOCTh TalIEHMS TTOJIST MOXET
MPUBECTH K 3HAYUTEJBHBIM MOBPEXIEHUSIM B OOMOTKAX reHepaTopa,
n03TOMYy DoJjiee LIMPOKOE PaCpOCTpaHEHHE MOJTYYMIM aBTOMATHI C Y-
roracUTENIbHOM PELIEeTKOI (cM. puc. 4.22). AI'TI Bkiouaercd B Liemns 00-
MOTKH pOTOpA.

Ha puc. 2.12 noka3saHa cxeMa 3JIeKTpPHUECKHUX LIETIEei MPH ralieHUK
MOJIS. TeHEpaTopa aBTOMATUYECKUM BBIKJTIOYATENIEM C NYrOracUTesb-
HOM pELIETKOM.

I1pu xoporkoM 3ameikanuy (K3) B reHepaTope cpabaThiBaeT peJie
3alUThl KL 1 OTKJIIOYAeT Te€HEpaTop OT BHELIHENH CETH, BO3LEHCTBYS
Ha 3JIEKTPOMarHUT OTKIIOUEeHUsI YAT BBIK/TIOUATENSA, a TAICKE MONAET
umnynsc Ha oTkioueHue AI'TI. TIpu oTKII04eHUH BHIKITIOYATEIS] CHA-
yajia pa3MbIKalOTCsl pabouuie KOHTAKTHI 2, a 3aTeM IYyTroracUTebHble 1.
Bo3snukias nyra 3aTATMBaeTCs MarHUTHBIM IYThEM B JYTOracUTENlb-
HYIO pelIeTKy ¥ pa3buBaeTcsl Ha psl MoC/e0BaTebHBIX KOPOTKUX AYT,
CYLIECTBOBAaHHE KOTOPHIX MOIEPXHUBAETCS MMEIOUIMMCS 3a[1aCOM IHEP-
MU MarHUTHOTO TOJIS 0OMOTKM BO30YXIeHHUs poTopa. OTKITIOYHBILMMCS
KOHTaKTOM J BBIKJIIOYATEJISl BBOOUTCS COIPOTHBIIEHHE R, B i€ BO3-
OyxxneHus: BO3OYAMUTENS, YTO CHIDKAET TOK ITOCJEIHErO, a 3TO BIeYET
YMEHbILUEHHE HAlIPSXKEHUS, I01aBaeMOro Ha OGMOTKY poTopa, U, clie-
IOBaTeJIbHO, YMEHBIIEHUE TOKa B
poTOpe U 3HEPruyd MarHUTHOTO

Q YT nionisi. Bpemst raueHust noss B 31O
“\- cxeme pasHo 0,5—1 c.

_ KL + Ipy rameHnn HeGOMBILIOTO TOKA

- 1 Jlyra B IIPOMEXYTKaX MeXIy IUTac-

G THHaMH TOPUT HEYCTOMYMBO M MO-

4\ 5 XeT MOracHyTb B OTHOM U3 [TPOME-

=) KYTKOB, BBI3bIBas Pa3pbiB LEMU

D 550, ==]|| TepeHanpskeHHe B OGMOTKe BO3-

= 6yxneHus. [ Toro 4yToOb!I OAXON

S == TOKAa K HYJIEBOMY 3HAa4eHUIO OBUI

~_____-! TUIaBHBIM, pelLIETKAa aBTOMAaTHYEC-

AITI KOro BBIKJIIOYATeNS LUIYHTHpPYETCS

CIICIMAJIbHBIM HaGOPOM COIIpOTUB-

Puc. 2.12. CxeMa rawueHUs nojs re-
HepaTopa aBTOMAaTOM C AYroracu-
TEeJIbHOM PELIETKOM:

1, 2, 3 — xouTtakthl AI'Tl; 4 — pemerka
U3 MEIHBIX IUIACTHH; 5 — LWYHTHpYIOLIEe
CONpPOTHUBJICHUE
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JieHwit 5 (cM. puc. 2.12).

st reHepaToOpOB ¢ THPUCTOD-
HBIM BO30yXneHueM (cMm. puc. 2.10)
BO3MOXHO TallleHHe MOJs IyTEM
IlepeBosia THPUCTOPOB B UHBEPTOP-
HBIN pexxuM. B 310M citydae 3HeD-

TUSI MATHUTHOTO TOJI OOMOTKM BO36yxzeHUs LG oTnaeTcs Bo30ynu-
temo GE. OObIYHO McToib3yeTcsl GOpCUpPOBOYHAS IPYIINIa THPUCTOPOB
VD2, TaKk Kak 6oJiee BHICOKOE HATIpSIKEHHWE STOM TPYIILI MO3BOJISET
OBICTpEE IMOracUTh MArHUTHOE MOJIE.

B mensix Bo36yXIEHUS TeHepaTopoB MOLIHOCTBIO 60siee 100 MBT
MpUMEHSETCS ABYXITOMIOCHAs. CXeMa aBTOMaTHYECKOro ralleHUs Mar-
HUTHOTO TOJS, MPH KOTOpOM B KaXIblil IOMIOC LENU BO30YXAEHUSA
BKmouaeTes oTaenapHbi AT

2.1.6. ABToMaTHYeCKOe peryiupoBanue Bo30yxnenus (APB).
®opcupoBKa BO30YKICHHS

ITpocTeHIIUM yCTPOMCTBOM DETYIMPOBAHUS HANPAXEHUS SBJIS-
ercsi cxeMa QOPCUPOBKH BO30OyXA€HUS, KOTOpas LIMPOKO
MPUMEHSJIACh B CBOE BpeMsI Ha TreHepaTopax, UMEIOILIHX 3JIEKTpOMa-
IIMHHOE BO36GYXIEeHNEe. DIeMEHTHI 3TOro YCTpoiicTBa (CM. puc. 2.9, a):
peJie MUHMMAJBHOro HanpsaxeHus KV, koHtakrop KM u perynupo-
BOYHBII peocTaT B LiEMM OOMOTKM Bo30OYXneHus: Bo3Oymutens GE.
IIpu pe3Koii mocanke HaMpsKEHUsI, YTO MTPOUCXOMMT MPU HEYJaJIeH-
HoM K3, cpaGarteiBaeT pene KV, 3aMbIKa€T LeNb MUTAHUS KaTyILKH
koHTakTopa KM, KOTOpHIit, 3aMbIKasi CBOil KOHTAKT, IIYHTHUPYET CO-
npotusieHue RR. Tok B uenu Bo36yaurenss GE Bo3pacraer 10 Mak-
CHUMAaJILHOTO 3HAueHUs, HanpsXeHHe Ha BeiBojax GE Takxke Bo3pac-
TaeT O MaKCMMaJIbHOTO 3HAueHHMs, YBENUUYMBAs TOK BO30YXAECHUA
B 06MOTKE poTopa LG, cnenosaTenbHo, yBennunbaeTcst BJ]C reHepa-
TOpa M HANpsKEHHeE Ha BeIBoxax reHeparopa. IMomnepxaHue Hamps-
EHUS Ha BBIBOZAX reHepaTopa MO3BOJISIET COXPAaHUTh B paboTe Mmo-
tpebureneit. [Tocie OTKITIOUEHUS TTIOBPEXKIEHHOIO y4acTKa peJIieiHon
32UUTON BOCCTAHABIUBACTCA HOPMANBHBIN PeXuM paboTHI: OTKIIIO-
yaercss KOHTAKT KV, obecroumBasi KaTylIKy KOHTaKTOpa, KOTOPBIH
pa3MBIKAaeT CBOM KOHTaKT, M DEryJMpOBOYHBIH peocTtaT RR cHoBa
BBITIOJIHSIET CBOIO (PYHKI[HIO.

ABTOMaTHYeCKOEe peryaiumpoBaHHueEe BO3OYyXIeHUA
(APB) ycraHaBiIMBaeTCs Ha BCeX TeHeparopax MoIMHOCTbIo 3 MBT u 6o-
nee. B cxeMax Bo30yXIeHMsI, PACCMOTPEHHBIX paHee, YCIOBHO NT0Ka3a-
Ho ycTpoiictso APB. Ha puc. 2.9, 6 BuaHo, uto APB Bo3zneicTByeT Ha
BEHTWJIBHYIO Ipynmny VS, KOTopast BHIIPSIMIISIET NMEPEMEHHBINA TOK H
MOZAeT MOCTOSIHHBII TOK B 0OMOTKY BO30YXXIeHMs reHeparopa. Benn-
YMHa 3TOr0 TOKa 3aBMCHUT OT HampsDKeHUs Ha BHIBOJAX TEHEPaTopa,
yT1O aHanMu3upyercs B cxeme APB. B cucteMe THPUCTOPHOTO BO30yXe-
HuA (cM. puc. 2.10) ycrpoitctBo APB KOHTPOJTUPYET HE TOJIBKO HAMpsi-
XEHME, HO M TOK reHepaTopa, a TaKXKe IMOChUIAET MMITYJIbCHI UTS YII-
paBJIeHUS THUPUCTOpaMH paboueit 1 GOPCHPOBOYHON TPYIIIH.
Ha puc. 2.13 noka3aHa ctpykTypHasa cxeMa APB cuipHOro necrsus.

HanpsixeHue cratopa reHepatopa U; MOXBOAMTCS OT TpaHcdoOp-
MaTtopa TV x 61oky nuranus BH uepe3 610K KOMNayHAMPOBaHUS
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Puc. 2.13. CtpykrypHas cxema APB cuibHOro aeiicteus

BKT, KoTOphIif HEOOGXOmMMM IS pacrpele/leHUs PeakTHBHOM Ha-
IPY3KH MEXIY NapajuieibHO paboTaomnMu reHepaTopamMu. K 610Ky
BKT nonBoIuTCs TakXe TOK CTaTopa reHeparopa OT TpaHcdopma-
TOpOB ToKa TA.

Or 610ka BH nepenatotcst curHaibl M3MeHeHUsT BEJIMYMHBI HATIPS -
XeHust AU;, ckopocTs u3MeHeHus: HanpsikeHuss U v GOpcUpoBKM Ha-
npsokeHust @B B cyMMupyrommii MarHUTHBIA ycuInTeNs V1.

Or 6710Ka yactotsl BY3 B ycwturens V1 nepenaiorcs CUrHaibi Afu £

JI1s1 orpaHMYeHUs TOKa pOTOpa reHepaTopa IpH GOPCHPOBKE B CXeEME
npeaycMoTpeH 6110k BOP, KoTophIit aHAIM3UPYET TOK POTOpa M Tepe-
naet curHan «Orpaunuyenue neperpysku» (OIT) B yewurens V1.

OrpaHHYHTENI> MUHUMAJILHOTO Bo30yXaeHus (OMB) obecneunBa-
€T YCTOHYHBYIO paboTy reHepaTopa B peXHME HERZOBOIOYXIACHHA.

Br16op KaHaI0B 1 K03(DGHUIMEHTOB YCHIIEHHS IO KAXIOMY M3 HUX
SBJISETCS CJIOXHOM 3amayei.

Jns crabunM3auuu mpouecca peryJMpoBaHUs BO30YXIEHUS TeHe-
paropa B cxeMe APB cuibHOrO neiicTsus npuMeHsieTcs 00paTHasi CBA3b
10 CKOPOCTH M3MEHEHUs HANIPSDKEHMST pOoTOopa reHeparopa. Hampsoke-
HHME poTopa noABoauTcs K 610Ky obparHoit cBs3u (BOC), KoTopslit
BO3IECHCTBYET Ha yCuuTenb V1.

CyMMUPpYIOIIMI MarHUTHBIN YCWIHTED Y1 CYMMHUpPYET M yCHIMBA-
€T BCe MOCTYIHBIIME CUTHAIBI M TEpeNaeT CYMMAapHBI CHTHAT Ha
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OIN€palMOHHbIE YCUINUTENU Y2 U Y3, KOTOphIe BO3NEHCTBYIOT Ha CH-
CTeMBI yripaBiieHHst paboueit CYTP u popcupoBounoit CYT® rpynmsl
TUPHUCTOPOB [2.6].

Crnenyloumm stanom passutust APB sBiisieTcs NpUMeHeHHe MHKPO-
TIPOLIECCOPHBIX PETYNSATOPOB BO3OYXIEHUSI, CXEMBI KOTOPHIX 3IECh HE
TIPUBENEHBI, TAK KaK U3YYeHHe X BBIXOOHUT 32 PAMKH JUCLIMIUTHHEL.

2.1.7. Pexumsl paboThl reHEPATOPOB

ITapannenbHas pa6Gora reHepaTtopoB. Kak mpaswro,
[€HEPAaTOpHl BKIIOYAIOTCS B CETh CIIOCOOOM TOYHONH CHUHXDOH HU-
32l MU MPHU BBEIEHHOU GJIOKMPOBKE OT HECUHXPOHHOIO BKIIOYEHUS
[1.13, mompasn. 5.1.19].

ITpu nuKBUIALMK aBapHii B 3HEPIOCHCTEME TYpOOreHepaTOPHI MOLII-
HOCTBI0 10 220 MBT BKIIIOUHTENHHO M BCE THAPOTEHEPATOPHI pa3pe-
LIAETCA BKIIIOYATh Ha MapajuleJIbHYI0 paboTy crocoboM caM o CH H-
XPpOHMU3auMu. ['eHepaTops! 6GMbIIEH MOLIHOCTH pa3pelliaeTCs BKIIO-
4aTh 3TUM cniocoboM, ecnu I/l < 3,0, toe I, — mepuomuyeckast
COCTaRJIFIOIIAs TOKA IPU BKIIOYeHMH, ¢opmyna (2.3).

ITpy TOYHON CHUHXPOHM3aL UM COOMONAIOTCS YCTIOBHUS:

HanpsXeHHe Ha BBIBOZaX reHepaTopa JODKHO ObITh PaBHO Harpsi-
xeHuio cetn U= U;

4acToTa BKJIIOYaEMOr'0o FeHepaTopa JOJDKHA OBITh paBHA YacTOTE CETH
fe=rs

BKJIIOYEHHE JNOJDKHO MPOU3OUTH B MOMEHT COBIafieHHs (a3 reHe-
paTopa M CeTH.

JU1st COBMIONEHNST 3THX YCIOBUI Ha DEryISTOPHI HANpPSDKEHHUS U
CKOPOCTH I'€HEepaTOpPOB BO3IEHCTBYIOT BPYYHYIO WM aBTOMaTHYECKH.

Henocrarkom aToro MeTona gBysieTcs CIOXHOCTb MPOLECCa BKITIO-
YEHHS U €r0 JUTUTEIbHOCTD.

IIpn caMOCHMHXPOHM3alL MM CHHXPOHHEIA FeHEpaTOp pas-
BOPaYMBaIOT J0 YacCTOTHI BpallleHUs, OJIM3KOM K CHHXPOHHOM, U He-
BO30YXIEHHBIM BKJIIOYAIOT B CETh. IIpM 3TOM O6MOTKA BO3GYXIEHMS
3aMBIKaeTCs Ha pa3psAaHblil pesuctop R (cM. puc. 2.10), Hcrons3yeMblit
JUTSL TauIeHU S TOJIsA, JTMOO0 Ha CeHAIbHO MTPEeAYCMOTPEHHBIHA [UIST 3TOM
uesu pesucrop. Iocne BKIIOYEeHHs reHepaTopa B CETh MOIAETCSI MM-
nysbe Ha pmoyeHue AITI, ¥ reHepaTop BO3byXAaeTcs.

ITpu BKIMIOYUEHHH reHepaTopa B HEM BO3HMKAET TOK

U,

7’ b
Xd t Xeuc
roe Uc — HAIIPpSIKCHUE CETH, x,', — MEPEXOIHOEC COIIPOTHUBJICHUE I'€HE-
paropa; X, — COIPOTUBJICHUE CUCTEMBHI.

3ToT TOK MeHbllIe Toka K3 Ha BBIBOZIAX r€HEpaTopa, TEM HE MEHEE,

BO3HUKAIOLIME 3JIEKTPOAMHAMIYECKUE CHIBI BO3NEUCTBYIOT Ha OGMOTKHU
TeHeparopa ¥ ero KOHCTPYKTHBHBIE YacTH. Bo3HMKaOIMil aCHHXPOH-

Iy = (2.3)
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HBIi MOMEHT BO3JIEUCTBYET Ha pOTOp, U MAalllMHA BTATUBAETCS B CUH-
XpOHHU3M 32 2— 3 c.

[TpeuMyliecTBa METOa CAMOCUHXPOHU3ALIMM:

3HAYUTEJILHOE YIIPOUIEHWE OTepalyid BKIIOUCHUS;

OGBICTpOE BKJIIOYEHME reHepaTopa B CEThb, UTO OYEHb BAXHO NpHU
aBapyM B CHCTEME;

BO3MOXHOCTb BKJIIOUEHHUS BO BPEMST CHUXKCHUS HANPSIXKCHUS U Ya-
CTOTHI CEeTH;

OTCYTCTBHE OMAaCHOCTH TTOBPEXICHUS MaIlIHNHBI.

HenmocTtaTkoM MeToia CaMOCHMHXPOHHM3ALMU SIBNISIETCS 3HAYUTEIIb-
Hasl TTocaKa HamnpsDKeHUs Ha IIMHAX FeHepaTOPHOTO HaMpsDKEHUS B MO-
MEHT BKJIIOUEHHS, TO3TOMY 3TOT CIIOCOO0 CHHXPOHM3AIMU HE pPEeKOo-
MEHIOyeTcsl IS 3JeKTPOCTAaHIUK ¢ OOIMMU COOPHBIMU IUMHAMU Te-
HEepAaTOPHOIO HaIpSKEHUS.

HoMuHanbHbBI#f peXUM paboThsl reHepaTopa XapakTepH3y-
€TCSl HOMHHAIBHBIMHU TapaMeTpaMU: aKTUBHOM Harpy3koil P, Ha-
npsokeHneM U, K03(DOUIIMEHTOM MOLIHOCTH COS @, 0, YACTOTOH fiion,
TeMIIepaTypoil oxaxnmaroleit cpenbl Ha Bxoxae 8. Pabota ¢ HOMUHaIBb-
HBIMM TTapaMEeTPaMK MOXET MPOAOJDKATHCA KaK YTOIHO JUTUTEIBHO.

B peanbHBIX YCIOBUSX Harpy3ka reHepaTopa MeHsIeTCsI, a 3TO Bie-
YyeT 3a co00if M3MEHEHMNE YACTOThHI, HAINPSXKEHUS U APYTUX TapaMeT-
poB. Ecnu 3TH OTKIIOHEHUST He MPEBBIILAIOT JOITyCTUMBIX TPeOOBaHUI
no IlpaBunam texHuueckoit akcruryarauuu (INTD), To pexuM cuuta-
€TCSI HOPMAIbHBIM.

Ileperpy3ka reHepaTopoOB IO TOKY CTaTOpa HOITYyCKaeTC
KpaTKOBPEMEHHO (CM. TabJ1. 2.2) Npu aBapHsIX B 3HeprocucreMe. Besu-
YHHA JOMYCTUMOI MEeperpy3Ky 3aBHUCHUT OT JUTUTEIBHOCTH M THIIA OX-
naxneHus craropa [1.13].

Jlonyctumasi meperpy3ka IO TOKY BO30OYXIEHHMsI T€HEpaTOPOB U
CHHXPOHHBIX KOMIIEHCATOPOB C KOCBEHHBIM OXJIAXIEHHEM OOMOTOK
omnpenenseTcs JONYCTUMOI neperpy3Koit cratopa. s typboreHepa-
TOPOB C HEMOCPEACTBEHHBIM BOJOPOIHBIM WM BOASHBIM OXJIAXIECHU-
eM OOMOTKH poTopa JOMYCTUMAs Ieperpy3ka Mo TOKY BO3OYXIEHMS
ompenensiercs mo taon. 2.3.

ACHHXPOHHBIN peXHUM MOXET BOSBHUKHYTb TP HECUHXPOH -
HOM BpAaLIEHUM OJHOTO WJIM HECKOJIBKUX T€HEPATOPOB, MOSBJISIOLIEM-
Cs TIpH TTOTepe BO3OYXIEHUA WM HApYLIEHHH YCTOMUYMBOCTH PabOTHI
TeHepaTopoB.

IIpu notepe BO30YXNEHHUS reHEPaTOP MEPEXONUT U3 CUHXPOHHOIO
B YCTOMYMBBIA aCUHXPOHHBIN PEXUM C ITOCTOSIHHBIM CKOJIBXEHUEM H
oTHayeii HEKOTOPOil aKTUBHOM MOIIIHOCTH B cucteMy. IIpu 3TOM BO3-
OYyXIEHHE OCYILIECTBISETCS 3a CYET MOTpeONIeHUs PeakKTUBHOM MOII-
HOCTH U3 CHCTEMEI. B 3TOM cryyae HEOOXOMUMO BOCCTAHOBHUTH BO30YXK-
JeHMe reHepaTopa WM NepeiTH Ha pe3epBHoe Bo30yxkneHue. Cornac-
Ho IIT3 nonyckaercss Takoi pexXuM IUISE TypOOreHEpaTOPOB C KOCBEH-
HBIM OXJIaXIeHUEM B TeueHHe 30 MUH cO CHIXXEeHHOIt 10 60 % Harpys-
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Koit. JIig Ipyrux TUIOB TypOOre HepaTopoOB JOMYCTUMAS AJTUTENBHOCTD
paboThI 63 BO3OYXIEHMS OTNIPENEIIeTCS 3aBOACKMMU MHCTPYKIIMSIMMU.

Jns rumporeHepaTopoB paboTa B aCMHXPOHHOM peXHme 6e3 BO3-
oyxneHus 3anpemaercs [1.13, nonpasn. 5.1.27].

Bo BTOpOM Ciy4yae mpu HapyllleHHH YCTOMYHMBOCTH MapayielbHOM
paboThl OJHOTO WM HECKOJIBKUX I'€HEPATOPOB BO30YXIEHNE COXpaHS -
€TCs, HO HapyllIaeTCs] CUMHXPOHU3M PabOThI, BOZHUKAET MMepPEMEHHOE
CKOJIbXEHHEe, MallMHBl paboTaloT TO B ABMraTeJIbHOM, TO B reHepa-
TOPHOM DPEXHUME. DTO SIBJSETCS TSKENOM aBapueil U MOXET NMPUBECTH
K MOJIHOMY pacrnany CUCTeMBbl. TaKoH pPeXWM COIIACHO TPeOOBAaHMUSIM
IITS 3anperaercs.

HecuMMeTpUudYHBIE PEXUMB paboThH reHEepaTOpoOB
MOTYT OBbITh BBI3BaHBI OOPHIBOM MJIM OTKJIIOYEHUEM ONHOI (ha3bl, of-
Ho(a3HOM Harpy3kol (3JIEKTpOTATa, TUIAaBHJIbHBIE Neud U ap.). [lpu
HECUMMETPHYHOIN Harpy3ke BO3HHKAIOT TOKM OOpPaTHOII MocjienoBa-
TEILHOCTH, KOTOPHIE CO3HAIOT MOMOJHHUTEIbHBIA HarpeB 0OMOTOK M
BUOpanuio MatiH. Takoil peXuM IOMyCKaeTCst IIUTEIbHO, eCIIH He-
CHMMMETPUYHBIE HAarpy3ku no ¢asaM He npeBbiaior 15—20 % mwist
TMIPOTEHEPATOPOB C KOCBEHHBIM oXJaxneHueM, 10% Juia rumpore-
HEPaTOPOB C HEMOCPEACTBEHHOM CUCTEMOM OXJIAXICHUS U IS Typ6O-
reHepaTopoB Bcex Tumos [1.13].

2.2. CunoBble TpaHc(OpMaTOPbl M ABTOTPaAHCHOPMATOPH

2.2.1. Tunst TpancOpMATOPOB M HX MApaMETPLI

Cunosbeie TpaHchopMaTOpPB* NpegHa3HaYeHBl IS Npeobpaso-
BaHMS 3JIEKTPOIHEPTHH MEPEMEHHOIO TOKAa C OMHOTO HAIPSIXEHUS
Ha apyroe. HaunGospluee pacrpocTpaHeHHe MOJYYIIIH Tpexda3Hbie
TpaHchOpPMaTOpHl, TaK KaK MOTepH B HUX Ha 12— 15 % Huxe, a
pacxoll aKTUBHBIX MaTepHaJiOB U CTOMMOCTh Ha 20— 25 % MeHblie,
YeM B IpyIIie Tpex ogHodasHbIX TpaHC(GHOPMATOPOB TaKOM Xe CyM-
MapHOM MOIIIHOCTH.

IpenenbHast eAMHUYHAS MOIMHOCTD TPaHC(HOPMATOPOB OrpaHUYH-
BaeTCsl Maccoif, pasMepaMH, YCIOBUSIMH TPaHCIIOPTHPOBKH.

Tpexdasubie Tpanchopmaropsl Ha HanpsokeHue 220 KB U3roTosis-
10T Mo1THOCThIO 10 1000 MB- A, Ha 330 kB — 1250 MB- A, Ha 500 kB —
1000 MB-A.

OnHodasHble TpaHChOpPMaTOpbl TPUMEHSIOTCS, €CJIM HEBO3MOXHO
HU3rOTOBJIEHHE TpeX(a3HbIX TpaHC(HOPMATOPOB HEOOXOAUMOIT MOIIHO-
CTH WIH 3aTpyIHEHA MX TpaHCHOpTHpoBKa. HamGosbliasg MOIIHOCTH
rpymnmsl onHoda3HbIX TpaHchopMaTopoB HanpsckeHneM 500 kB cocras-

* ITon TepMUHOM «TpaHchopMaTop» B JajIbHeHlleM NOOpa3yMeBaeTcs TaAKXe «aB-
ToTpaicGopMaTop», €CJIM HET OCOBEIX OrOBOPOK.
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nsieT 3% 533 MB- A, HanpspkeHueM 750 kB — 3x417 MB- A, Hanpsixe-
uueMm 1150 xB — 3x667 MB-A.

Mo KoMMYecTBY 0OMOTOK Pa3IMYHOTO HATPSDKEHMsT Ha Kaxylo a3y
TpaHcdOpPMaTOpbl Pa3AeNsiioTcst HA IBYXOOMOTOYHbBIE U TpeX-
obMoTouHbie (puc. 2.14, a, 6). Kpome TOro, 06MOTKH OAHOTO ¥
TOTO X€ HaNpsKEeHWUs, 0ObIYHO HU3LUEro, MOryT COCTOSATb M3 IBYX M
GoJsiee MapaliebHbIX BETBE#, M30JIMPOBAHHBIX APYr OT Apyra M OT 3a-
3eMJIeHHBIX yacTteit. Takue TpaHchOpPMaTOphl Ha3biBaIOT TpaHchopma-
TOpaMM C paclieNJEHHBMU 06MOTKaMHu (puc. 2.14, 6). O6-
MOTKH BBICLLETO, CPEAHETO M HU3LLETO HAMPSXKEHUSI IIPUHATO COKpa-
HieHHO obo3HauaTh cooTBerctBenHo BH, CH, HH.

TpaHchopmatopsl ¢ pacuieruieHHbMM oomMoTkamu HH oGecre-
YWBAIOT BO3MOXHOCTb ITPUCOEAMHEHUS HECKOJIbKUX TEHEPATOPOB K Of1-
HOMY noBbILIalolIeMy TpaHchopMmaTopy. Takue yKpyImHEHHBIE 3HEP-
ro6JI0KM MO3BOJSIOT YIIPOCTUTL CXEMY PAcTpeie/IMTeIbHOTO YCTPOii-
crBa (PY) 330— 500 kB (monpoGHee u3noxeHo B noapasi. 5.6). Tpakc-
dopmaTopsl ¢ pacuernieHHo# obMorkoit HH monyymnu wmpokoe
paclpocTpaHeHHE B CXeMaxX MUTaHHUSI COOCTBEHHBIX HYXI KPYMHBIX
TAC ¢ 6nokamu 200— 1200 MBT, a Takke Ha MOHMXAIOUMUX MOM-
CTaHLMSX C 1eJIbI0 orpaHuyeHHs TokoB K3.

K oCcHOBHBIM napaMeTpaM TpaHchopMaTopa OTHOCSITCS: HOMUHAJIb-
Hble MOLIHOCTb, HaNpsXXeHUE, TOK; HanpspkeHUe K3; ToK xomocToro
X0J1a; rmorepu xojocTtoro xoma u K3.

Homunanvholi mowHocmbvio mpancgopmamopa Ha3bieaemcs yKa3a-
Hoe 6 3a600cKOM nacnopme 3Ha4eHue NOAHOU MOWHOCMU, HA KOMOpPYIo
HenpepuigHo Mmodcem Gbimb HA2PYHCEH MPAHCHOpMamop 8 HOMUHANbHBIX
yCA08UAX Mecma YCMaHo8KU U oxaaxcoaioueli cpedbl npu HOMUHANBHBIX
yacmome U HanPANCEHUU.

Ins tpaHchopMaTopoB 0O01LEr0 Ha3HAuYEHHs, YCTAHOBJIEHHBIX Ha
OTKPBITOM BO3JIyXe M MMEIOLLMX €CTECTBEHHOE MAC/ITHOE OXJIaXICHHNE

A B G ? BH A B, G0 - A B, G
1 &l & 1
$ ‘ HH HH CH HH, HH, B HH
ST 1] 1117

4B G HB3C A4 B GO A BC A3BG

a 6 6

Puc. 2.14. TIpyHUMNHATLHBIE CXEMBI COETUHEHUS1 0GMOTOK TpaHC(HOPMAaTOpPOB:

a — IBYXOGMOTOYHOTO; 6 — TPEXOOMOTOYHOrO; 8 — C PaclUeNIEHHON OOMOTKOM HHU3-
KOro HanpspKeHHst
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6e3 o0myBa 1 ¢ 06MYBOM, 32 HOMHHAJIBHBIE YCIIOBHA OXJTAXKICHHUS TIPH-
HHUMaAIOT €CTECTBEHHO MEHSIOIIYIOCS TEMIIEPATYPY Hapy>XKHOI'O BO3IyXa
(IU1sT KITMMaTHYECKOIO UCTIOJIHEHHUA Y: cpenHecyTouHas He 6onee 30 °C,
cpenHeronoBas He 6onee 20 °C), a s TpaHCPOPMATOPOB C MACIISTHO-
BOISIHBIM OXJIAXXIECHHEM TeMIIepaTypa BOABI Y BXOJa B OXJITUTENIb IPH-
HuMaercs He 6onee 25 °C (I'OCT 11677—85). HoMuHanbHast MOIHOCTh
U1 IByXOOMOTOYHOIO TpaHchopMaTopa — 3TO MOIMHOCTb KAXIOU M3
ero o6MoTokK. TpexoOMOTOUHBIE TpaHCHOPMATOPhI MOTYT OBITH BBITION -
HEHbI ¢ 0OMOTKaMH KaK OIMHAKOBOI, TaK ¥ pa3HOil MOIITHOCTH. B moc-
JIEMHEM CITy4yae 32 HOMMHAJIBHYIO TPUHUMAETCS] HauboIb1lasi U3 HOMH-
HaJIBHBIX MOIIIHOCTEN OTIENbHBIX 0OMOTOK TpaHcgopMaropa.

3a HOMHHAJIBHYI0O MOLIHOCTB aBTOTpaHC(hOpMaTopa IPUHUMAETCS
HOMHMHAJIbHAsI MOIIHOCTh KaXIOM U3 CTOPOH, MMEIOLLIUX MEXIY CO0O0M
aBTOTPaHC(OPMATOPHYIO CBS3b («IIPOXOJHASI MOIIHOCTD» ).

TpaHchopMaTophl yCTaHaBIMBAIOT HE TOJIBKO Ha OTKPBITOM BO3IY-
X€, HO U B 3aKPBITHIX HEOTAIUTUBAEMBIX [TIOMEILIEHHSIX C ECTECTBEHHOM
BeHTWIsALMEN. B 3TOM citydae TpaHc¢oOpMaTopsl MOTYT OBITh HENpe-
PBIBHO HarpyXeHbl Ha HOMHMHAIBHYIO MOIIHOCTb, HO TIPH 3TOM CPOK
cIIyX6b1 TpPaHC(HOPMATOPa HECKOIBKO CHIXAETCS U3-3a XYIIINX YCIIO-
BUHA OXJIaXACHMUS.

Homunanvnble Hanpaxcenus 06Momok — 3mo HANPANXCEHUS NEPEUYHOL
U 6mopuyHol 06Momok npu xoa0cmom xode mparcgopmamopa. 1ns Tpex-
dazHoro Tpanchopmaropa — 3To ero JMHeEHHoe (MexXnydasHoe) Ha-
npsxkeHue. [na omHodasHoro tpaHchopMaropa, npeJHa3HaueHHOro
IUIL BKJIIOYEHMS B Tpex(as3Hylo Ipymily, COEMMHEHHYIO B 3BE3Ay, —
3TO U/J§ . Ilpu pa6ote TpaHchopMaTopa mox Harpy3Koil ¥ MoaBene-
HHUH K 32XMMaM €ro MepBHYHON OOMOTKM HOMHHAIBHOIO Harpsxe-
HUS Ha BTOPHYHOM 0OMOTKE HamNpsDKEHUE MEHbIIIe HOMUHAJIBHOIO Ha
BEJIMYMHY TIOTEpH HampskeHWs B TpaHchopmarope. KosdpduumeHnr
TpaHcopMalMu TpaHchOopMaTopa 1 OTIPENEISIETCS OTHOIEHHEM HO-
MUHAIBHBIX HAMIPSIXKEHU 0OMOTOK BBICILIETO U HU3ILETO HaNpsSKEHUH

U
n = —HoM BH

UHOM HH

B tpexobMoTouHbIX TpaHchopMaropax onpenensercsa Ko3houim-
€HT TpaHchopmManum Kaxnaoit mapsl oomorox: BH u HH; BH n CH;
CH u HH.

Homunanvhvimu mokamu mpancghopmamopa Haswiearomes yKa3anHvle
6 3a600CKOM nacnopme 3HA4eHUss MOK08 8 0OMOMKAX, npU KOMopbix 00-
nyckaemcs 0aumenvHas HOpMansHas paboma mpancghopmamopa.

HoMuHanbHBIM TOK M060i1 06MOTKM TpaHC(OpMaTopa OInpenessa-
10T MO €€ HOMMHAJIBHOM MOIIIHOCTH M HOMHHAJIBHOMY HamNpsXEHUIO.

Hanpsaoxcenue xopomkozo 3ambikaHus u, — 3mo Hanpsxcexue, npu
nodeederuu Komopozo Kk 00HOU U3 06Momox mpaHcgopmamopa npu 3am-
KHymot Hakopomio Opyzoli o6Momke 8 Helf npoxooum MoK, PAGHbLi HO-
MUHAAbHOMY.
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Hanpsixenue K3 onpeaensior Mo NafeHUIO HaNpsKeHUs B TpaHC-
dopMaTope, OHO XapaKTepU3yeT MOJHOE CONPOTHBIEHHE OOMOTOK
TpaHcgopmaTopa.

B Tpexo6MOTOYHBIX TpaHchopMaTopax U aBTOTpaHCopMaTOpax Ha-
npsikenve K3 ornpenensiercss wisi 1060 mapel €ro 0OMOTOK IPH pa-
30MKHYTOl TpeTheil oOMoTKe. TakuM 06pa3oM, B Karajorax IpHuBoO-
JSITCS TpH 3HaueHUs1 HanpskeHUs K3: uy py—py, Uk Bu-cHs Ux CH-HH-

TTocKoAbKY MHAYKTHBHOE COMPOTHUBIEHNE OOMOTOK 3HAYUTENLHO
BbIIE aKTUBHOTO (Y HEGOJIBIIUX TpaHchopMaTopoB B 2—3 pa3a, a y
KpyMHBIX B 15— 20 pa3), TO u, B OCHOBHOM 3aBUCHUT OT PEaKTUBHOTO
COIPOTHUBIIEHUS, T.€. B3aUMHOTO PACITOJIOXEHUsI OOMOTOK, IIMPHUHBI
KaHaIa MeXIy HAMH, BBICOTHl OOMOTOK. BennuuHa u, peraMeHTupy-
etca TOCT B 3aBMCUMOCTH OT HaIpSIKEHUS M MOLIHOCTU TpaHcdop-
MaTtopoB. UeM Gosbllie BhicLee HAMPSXKEHNUE U MOIIHOCTh TpaHCHOp-
Matopa, TeM 6omblie HanpsokeHue K3. Tak, TpaHchopMaTop MOIIHO-
cTbio 630 XKB-A ¢ BeICIUMM HanpsikeHueMm 10 kB umeer u,=5,5%,
¢ BBICIUMM HanpsokeHueM 35 KB — u, = 6,5 %; TpaHchopMaTop MOIHO-
cTio 80000 KB- A ¢ BeICIUMM HanpsixeHueM 35 kB umeert u,=9%, a
¢ BeIcIIUM HanpsixkeHueMm 110 kB — u,=10,5%.

YBenmu4uBasi 3HaYEHUE U, MOXHO YMeHBILUTb ToKU K3 Ha BTOpHY-
HOIi cTOpoHe TpaHchopMaTopa, HO TIPY 3TOM 3HAYMTEJILHO YBEIUYHU-
BaeTcsl oTpebyisieMasi peaKTUBHAsE MOILHOCTb U YBEJIMYMBAETCA CTO-
uMocTh TpaHcdopMaropoB. Eciu tpancdopmarop 110 kB MoLIHOCTbIO
25 MB " A BuInonHUTE € #, =20 % BMecTo 10 %, TO pacyeTHbIE 3aTpaThl
Ha Hero Bo3pacTyT Ha 15,7 %, a moTpebisieMas peaKTUBHas MOIIIHOCTD
Bo3pacteT BaBoe (¢ 2,5 no 5,0 Maap).

Tpexo6MOoTOYHBIE TPaHCHOPMATOPBI MOTYT UMETD JIBA UCITOJTHEHUS
710 3HAYEHHIO U, B 3aBUCUMOCTH OT B3aMMHOTO PacCIoIOXeHUsT OOMO-
tok. Ecnu oomotrka HH pacrionoxeHa y cTepxHsi MarHMUTOIPOBOAA,
oomotka BH — cHapyxu, a ooMorka CH — Mexmy HUMH, TO Hau-
6oJbliiee 3HaYyeHUE UMEET Uy, pH-HH, @ MEHDILIEE 3HAYEHUE — Uy B—CH-
B 3TOM clyyae MOTEpH HaMpsXeHMs Mo oTHoureHuio K BeiBogam CH
ymeHbluarcs, a Tok K3 B cetn HH 6yner orpanuyex 6arogapsi NoBbI-
[IEHHOMY 3HAYEHWIO U, pH—HH-

Ecnu oomotrka CH pacmojioxeHa y cTepXHsSI MarHUTOIIpOBOJa,
oomorka BH — cHapyxu, a ooMotka HH — Mexny HMMH, TO Hau-
GoJIbllIee 3HAYEHHE UMEET U, gy—cH, @ MEHBILIEE — Uy -y SHAYEHHE
Uy cH-HH OCTAHETCS! OAMHAKOBBIM B OOOMX MCITOJIHEHUSIX.

Tox xonocmozo xoda I, XapakTepu3yeT aKTUBHbIE U DEaKTHBHBIC
NIOTEPH B CTaNy M 3aBHCUT OT MarHUTHBIX CBOMCTB CTaH, KOHCTPYK-
MM U KayecTBa COOPKH MarHMTOITPOBOAA U OT MAaTHUTHOM MHIYKLIUH.
TOK XOJIOCTOTrO XOIa BBIpaXaeTcsl B IPOLIEHTaX HOMUHAJIBHOTO TOKA
tpaHcdopMmaropa. B coBpeMeHHBIX TpaHC(OpMaTOpax ¢ XOJIOIHOKATa-
HOM CTaJIblO TOKM XOJIOCTOTO XOa UMEIOT HeOOJIbIIME 3HAYEHU.

ITomepu xonocmoeo xo0a P, v kopomkoz2o 3ambikanus P, ONIpeeNsiioT
3KOHOMHUYHOCTb paboTel TpaHchopMartopa. [loTepu xonocroro xona
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COCTOSIT U3 MOTEPh CTAIM Ha MepeMarHUYMBaHWE U BUXPEBBIE TOKH.
JIns ¥X yMeHbLIEHUS! TPUMEHSIOTCS NIEKTPOTEXHUYECKAs CTATh C Ma-
JIBIM COJlepXaHHWEM yIJIepoJa U CIeLHaJbHBIMU MPUCATKaMH, XOJIOI-
HOKaTaHas cTainb tonmuHoi 0,3 MM Mapok 3405, 3406 u nopyrux c
XapOCTOIKHUM U30ISILIMOHHBIM MOKPBITHEM. B cnipaBoYHMKax M KaTta-
Jiorax NpuBOAATCS 3HaueHus1 P, Juist ypoBHeit A u B. YpoBeHs A oTHO-
CUTCA K TpaHchOpMaTopaM, U3TOTOBJIEHHBIM U3 3JIEKTPOTEXHUYECKOM
CTaM € yHOeAbHBIMM TioTepsiMu He Gonee 0,9 Br/kr, yposeHp b —
C yaeJIbHBIMM ITOTepsIMU He 6onee 1,1 Br/kr (npu B=1,5 T, f= 50 I'w).

Ilomepu Kopomkoeo 3ambikanus COCTOAT U3 TIOTEPL B 0GMOTKAX MPU
TIPOTEKAaHUHM 110 HUM TOKOB Harpy3Ku M 100aBOYHEIX ITOTEPH B OOMOT-
Kax ¥ KOHCTPYKLMsIX TpaHchopMaropa. JloGaBOYHEIE ITOTEPH BbI3BAHEL
MarHUTHBIMHU TIOJISIMM DACCESTHUS, CO3JAIIMMU BUXPEBBIE TOKU B
KpailHMX BUTKaX OOMOTKHU M KOHCTPYKLIHMSIX TpaHchopMaTopa (CTeHKU
6aka, sspMOBbIe GayKu U ap.). [Uia uX CHUXEHUs] OOMOTKH BBITIONHS-
I0TCSI MHOTOXXWJIBHBIM TPaHCIIOHUPOBAHHBIM TPOBOIOM, a CTEHKHU 6aka
S5KPaHUPYIOTCSI MATHUTHBIMH IUYHTaMH.

B coBpeMeHHBIX KOHCTPYKLUAX TpaHCHOPMATOPOB MOTEPH 3HAYM-
TeJbHO CHUXeHBl. HampuMep, B TpaHchOpMaTOpe MOIIHOCTBHIO
250000 kB-A mpn U=110kB (P,=200 kBt, P,=790 kBr), pa6ora-
1o1eM Kpyriblid 101 (7. = 6300 4), moTepu 31€KTPOSHEPTUU COCTa-
BAT 0,43% 3nMeKTpO3HEepruyu, NpOMyIIeHHON Yepe3 TpaHchopMaTop.
YeM MeHblLE MOIIHOCTH TpaHC(OpMaTOopa, TeM GOJbIIE OTHOCUTEb-
HbIE ITIOTEPU B HEM.

B cersix 3HeprocucTeM ycTaHOBNIEHO GONBILOE KOJTMYECTBO TPAHC-
($opMaTopoB MaIoif M CpeHEN MOLUHOCTH, MMOITOMY OBILKE MOTEPU
3JIEKTPO3HEPTUU BO BCeX TpaHCGhOpPMaTopaxX CTpPaHbI 3HAYMTENbHBI U
OYEHb BaXXHO IJIs1 3KOHOMMH 3JIEKTPOSHEPTUH COBEPILIEHCTBOBATH KOH-
CTPYKIIMK TPaHCHOPMATOPOBR C HENBIO HATHHEUIET0 YMEHbUICHUS
3HayeHuit P, u P,.

2.2.2. CxeMbl M Ipynnbl cOeqUHEHHii 00MOTOK TpanchopMaTopoB

O6MOTKM TpaHCHOPMATOPOB UMEIOT OOBIYHO COENUHEHUS: 3BE3/Ia —
Y, 3Be3fia C BBIBEIEHHON HEWTPAIbI0 — Y M TPEYTOJbHUK — A\.

Caur ¢a3 mexay 3JIC nepBUYHOI ¥ BTOPHYHOI 06MOTOK (E; 1
E;) npuHATO BHIpaXaTrh YCJIOBHO IPYMIIO COEIMHEHMIA.

B tpexdasHOM TpaHchopMaTope ITpUMEHEHMEM pa3HBIX CIIOCOGOB
COeTMHEHU OOMOTOK MOXHO 06pa30BaTh IBEHAALIATh PA3TMYHBIX IPYITI
COEeIMHEHMIA, ITPUYEM NP CXEMaX CoeTMHeHHST 0OOMOTOK 3Be3/1a — 3Be3/1a
MBI MOXEM IIOJy4MTh JII00YIO YeTHYI0 rpyrmy (2, 4, 6, 8, 10, 0), a npu
cxeMe 3Be3jla — TPEYrobHUK WIHM TPeyroJibHUK — 3Be3la — JIIo0YIo He-
yeTHylo rpynmy (1, 3, 5, 7, 9, 11).

I'pymnnbl coeanHeHUI YKa3bIBAIOTCS CITPABa OT 3HAKOB CXEM COEIM-
HeHus 06MoToK. TpaHchopMaTopsl No puc. 2.14 UMEIOT CXEMEI U IPYIT-
bl COEIUHEHUs oOMoTOK: Y/A-11; ¥/ /A-0-11; Y/A/A-11-11.
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CoeauHenye B 3Be3ny 06MoTKM BH 1mo3BonsieT BBIIOTHUTL BHYT-
PEHHIO M30JSILIMIO U3 pacyeTa dasHoit DJIC, T.e. B /3 pa3 MeHblue
nuHeitHoit. O6Motkn HH mpeuMyliiecTBEeHHO COEAVHSIIOTCS B Tpe-
YTOJIBHUK, YTO ITO3BOJIIET YMEHBIIMTh ceYeHHe OOMOTKHM, pacCYMTaB
ee Ha (pa3HBIA TOK [ /\/5 . Kpome Ttoro, npu COEMHEHNH 0OMOTKM
TpaHcopMaTopa B TPEYTONbHUK CO3AAETCS 3aMKHYTBIA KOHTYD LIS
TOKOB BBICILIMX TAPMOHMK, KPaTHBIX TPEM, KOTOPBIE IIPYA 3TOM HE BhHI-
XOOST BO BHELIHIOIO CEThb, BCJEACTBHE YEro YIy4IaeTcs CUMMETPHA

€HUs Ha Harpyske. 3
Hargg;lz(mﬂeﬂue 06Mrgzox B 3BE3Iy C BHIBEIEHHON HYJIEBOM TOYKOM IIPU-
MeHsIeTCS B TOM CJIy4ae, KOrja HeidTpaab OOMOTKHU J0JDKHA OBITh 3a3eM-
nieHa. DddexTHBHOE 3a3eMiIeHHe HeTpam ooMoToK BH 0bsi3atenbHO B
TpaHcdopMaropax 330 KB u Bblllle ¥ BO BCeX aBTOTpaHCGhopMaropax (rmox-
po6uee Hxe). Cuctemsl 110, 150 u 220 kB Taxke paboTaioT ¢ addex-
THUBHO 3a3eMJIEHHOM HENTPAJTbIO, OHAKO JUISI YMEHBLIIEHHS TOKOB OfHO-
(asznoro K3 HeifTparmu yacTi TpaHC(OpMaTOPOB MOTYT OBITb pa33eMJIEHHI.
Taxk Kax M30JSALIMs HYJIEBBIX BHIBOJOB OOBIYHO HE PaccUHMTEIBAeTCA Ha
TIOJIHOE HAIIPSDKEHME, TO B PEXMME pa33eMJICHHUS HEMTpai HeO6XOMMMO
CHU3WUTDb BO3MOXHBIE TIepEHATIPSDKEHUS ITyTEM TIPUCOEAMHEHHS] OIPaHM-
yuTesel NiepeHanpsDKEHMIA K HyJieBoii Touke TpaHcdopmMaropa (puc. 2.15).

OITHH-110
OITHH-150

a 6
330 xB
500 xB
1| @ il @
o (&)

e

2

Puc. 2.15. Crioco6bl 3a3eMJIeHUS HEUTpasieit TpaHCGHOPMaTOPOB U aBTOTPAHC-
¢opmMaTopoB:
;6 — 330—750 xB
— TpaHcdopmaropos 110—220 kB 6e3 PITH; 6 — tpancdopmatopos
ges I:.I%H;(g -p— tpaHcdopmaropos 110 kB ¢ PITH; & — ax}a";mpancd)opmg)mpoa B;§§
HUi; 0 — TpaHcdopmartopos 150—220 kB ¢ PITH; e — tpaHcdopmato
Hanpe s 330—500 xB c PITH

60

Heiitpans 3azemnsiercs Taxoke Ha BTOPUYHBIX OOMOTKax TpaHchopMaTo-
POB, IMTAIOLMX YEThIPEXNPOBOAHBIE ceTu 3807220 u 220/127 B. Heiirpa-
1 0OMOTOK NpH HanpsikeHuu 10— 35 kB He 3a3eMIsI0TCS WIM 3a3eMJIs-
T0TCA 4€PE3 AyroracsliMi peakTop isi KOMIEHCALIMM eMKOCTHBIX TOKOB.

Texunyeckue maHHBIE CHITOBBIX TPaHC(HOPMATOPOB U aBTOTPAHC-
($OpMaToOpOB, MX CXeMbl M IPYNMbI COEAMHEHMUI ONpenensoTcs aei-

creyouMu I'OCT u npuBonsiTcs B Kataiorax u CIIpaBOYHMKaXx [5.7,
1.2, 3.5].

2.2.3. DaemeHTsI KOHCprKixnu CHJIOBBIX TPaHC(HOPMATOPOB

Mounelit TpaHchopmatop Bhicokoro HanpsXKeHUs NpeICTaBiIseT
OO0t CIIOXHOE YCTPOHCTBO, CocTosiLIee U3 GOJBLIOTO YHCTa KOHCT-
DYKTUBHBIX 3JIEMEHTOB, OCHOBHBIMH U3 KOTODPbIX SIBISIIOTCS: MATHUT-
Hast cncreMa (MarHMTONpPOBOX), OGMOTKHM, M30JISILMS, BBIBOAbI, Gax,
OXTaXnaioulee yCTpOHCTBO, MEXaHU3M DEryJINpOBaHMS HANPSDKEHHUS,
SalUMTHBIE ¥ U3MEPUTEIbHbIE YCTPOMCTBA, TENEXKA.

B MarHuTHOM CHCTeM e NPOXOAUT MATHUTHBII TOTOK TpaHC-
¢dopMaropa (oTciona Ha3BaHUe «MarHMTONpoBOI» ). MarHuTONpOBOX
ABIISCTCS KOHCTPYKTMBHOM M MeXaHHYECKON OCHOBOM TpaHcgopMa-
Topa. OH BBHIMOJIHAETCA U3 OTAENbHBIX JIHCTOB 9JIEKTPOTEXHUYECKOI
CTaI1, M30JIMPOBAHHBIX APYTr OT Apyra. KauecTBo aneKTpoTexHMyec-
KOH CTalM BIMSIET HA JOINYCTUMYIO MATHUTHYIO MHIYKUHIO ¥ NOTEPH
B MarHUTONPOBOJE.

YMeHblueHHe yaenbHbIX OTeph B CTATH, TIMATEbHAS cbopka Mar-
HUTONPOBOJA, NPUMEHEHHE GECLINMICYHBIX KOHCTPYKLMIA, COeaMHe-
HUE CTEPXHEH C SIPMOM C MOMOLUILIO KOCOM IUMXTOBKM MO3BOJNSIOT
YMEHBLUMTL NMOTEPH XOJIOCTOTO XOAa M TOK HaMarHMYMBAHMs TpaHC-
¢dopmatopa. B coOBpeMEHHBIX MOLLIHBIX TpaHcopMaTopax TOK HaMarHu-
inBaHusa cocrasiuser 0,5—0,6 % I, Toroa kak B TpaHcgopMaTope
C rOps1eKaTaHOM CTAIbIO TOK JOCTHTal 3 %; MOTepH XOJOCTOTO XOmna
YMEHBLUWINCH BIBOE.

JIucThl TpaHC(hOPMATOPHOIM CTATH AOMKHB! GbITH TLIATENLHO M30-
JMpOBaHbI IpYT OT Apyra. [TepBoHayanbHO NpuMeHsIach GyMaxHas H30-
JALUMS. — JIMCTBI OKJIEMBAIMCh C ONHOW CTOPOHBI TOHKMM CJIOEM CIle-
LanbHOi Gymaru. Bymara cosmaer mosnmnyio 3JIEKTPUYECKYIO U30IsI-
LHIO MEXIy JINCTaMH, HO JIETKO MOBPEXAAETCS NPH COOPKE M yBeJH-
‘MBaeT pasMepbl MarHUTONpoBona. IIIMpoko NpuMeHsIeTCS H30ALUS
JIMCTOB JIaKOM € TONMMHOM cnost 0,01 mm. JIakoBas mieHka cosmaer
AOCTaTOYHO HaNEXHYIO H3OJALMIO MEXIy JTMCTaMM, oGecreyuBaer
XOpolliee OXyIaXAeH!e MarHUTONPOBO/Ia, 061a1aeT BLICOKOI HAarpeBo-
CTOMKOCTBIO M He MOBpexmaeTcsi npu cGopke. [Tocnentee BpeMs Bce
LMpPE NPUMEHSETCS NBYCTOPOHHEE XAaPOCTOMKOE MOKPBITHE JIHCTOB
CTav, HAHOCUMOE Ha MEeTJLTYPrHYeCKOM 3aBojie Moce npokata. Toj-
IWMHA MOKpbITHs MeHblue 0,01 MM, yTo oGecneynBaeT Jyylure CBOIi-
CTBa MarHWTHOM CUCTeMbl. CTSIKKA CTEpXHEH OCYIECTBISAETCS CTeK-
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no6aHgaXaMH, sSpMa CTATMBAIOT-
cs CTAIbHBIMH TOJy0aHOaXaMu
Wi 6aHOaXaMH.

MarHuToIpoBOJ ¥ €r0 KOHCT-
DYKTHBHBIE AETaJM COCTABJISIOT
ocToB TpaHchopmaTopa. Ha ocro-
Be YCTAHaBIUBAalOT OOMOTKH H
KpEMAT MPOBOTHUKH, COCOUHS-
jolliie OOMOTKH C BBOJAMH, CO-
CTaBJIgs aKTUBHYIO 4acTh.

O6MOTKM TpaHchopMa-
TOPOB MOIYT OBITb KOHUEHTPHU-
YyeCKMMM M depeayroliuMucd.
B nepsom ciyyae ooMoTku HH u
BH BBLITTOJIHAIOT B BUNE LIWIMHI-
Puc. 2.16. O6MoTKM TpaHcdopmaTtopa: pOB M pacriojlaraloT Ha CTep)KHt_B

a — KOHLEHTpMYecKasi; 6 — uyepenyio- KOHHCHTpH‘lEf:KH oJHa 60THO%H-

asics TenbHO Apyroit (puc. 2.16, a). Ta
KO€ BBIITOJTHEHHE TIPUHSTO B 6OJIb-
LIMHCTBE CWIOBHIX TpaHcdopmaTopoB. Bo BTOpoM CiTydae 0OMOTKH BI;I/I
u HH BBINOJHAIOTCA B BUIE HEBBICOKUX LIUJIMHIPOB C OHHHaKOBbl{hgﬁ
AuMaMeTpaMM W pacIioylaraloTcsi Ha CTEpXHE OIHa Hanﬂgi);me
(puc. 2.16, 6). B Takoit 06MOTKe 3HAYMTEILHOE YUCIIO ITAeK, O ctice
KOMITaKTHa Y NpUMeHsIeTCs Ul CIIeHaibHBIX 3nelcrponeléﬂmx $ e
¢bopMaTOpOB WX VTS CYXHX TpaHc(OpMaTOpPOB, TaK Kak obecre
eHue OOMOTOK. )
nyq(l)ug;(%xg);(gaﬂabopmampos IOJDKHBI 00J1a8aTh L[OCTagO‘{HOI/I :;neoli:
TPUYECKON U MEXaHUYECKON TPOYHOCTBIO. H3onsauus o MOTO: 1 or-
BOJIOB OT Hee JO/IKHa Ge3 IMOBPEXIEHU ! BbIIEPXKHUBATE KOMMYT. lel (OH-
Hble ¥ aTMochepHBIe TepeHanpspkeHus. OOMOTKM NOJDKHDI Bbmnlil a-
BATh ANEKTPOAMHAMUYECKHE YCUIIHMSL, KOTOPbIE TIOSABIAIOTCS 1P 'rgM
tekanuu TokoB K3. Heo6xoauMo mpeaycMOTPETh HafekKHYIO CHC ez
oxJTaXIeHus: 06GMOTOK, 4TOOB! HE BO3HMKAJ HEIONMyCTMMbIM Neperp
moﬁﬁ: I;?goaonﬂuxoa 0OMOTKH MUCIIONB3YeTCHd Meb U amomummj; gixg
M3BECTHO, M€Jb UMEET Majloe INEKTPHUECKOE COI'[pO‘Tl/lBIleHPIs,mH o
roanaeTcs Naiike, MEXaHUYECKM MPOYHA, YTO U o6ecnelxmzajioM“ }?uﬁ
KO€ MpUMeHeHUe Meau Ui 0OMOTOK TpaHc(HOpMaTOPOB. A
felesye, obnagaeT MeHblen TUIOTHOCTHIO, HO GOJTBUINM yn6morox
COTIPOTHBJIEHUEM, TpeOyeT HOBOW TEXHOJIOTHH BBINIOTHEHMSA % Mon(oﬁ
B Hacrosiiee BpeMs TpchcbopM'g;ggm Bc Xn}omnﬂneson o
TCS Ha MOLHOCTb 10 kB-A.

mrgnc):?)):s?)}gmeﬂﬂux TpaHcdopMaropax Uil OOMOTKH npnmzm:{e;:;
TPaHCIIOHUPOBAHHBIA MPOBOJ, B KOTOPOM OTAENIbHBIC npor}s{ 1ﬁ3 -
B NTapa/UIe/IbHOM ITy4YKe NEPHOINYECKU U3MEHSIOT CBOE IIOJIO)K; .ejm—
BBIPaBHMBAET CONPOTHBJIEHHE 3JIEMEHTAapHBIX NPOBOAHUKOB, YB

B/H HH

(@

a 7]
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IMBACT MEXaHWYECKYIO NPOYHOCTh, YMEHBLUAET TOJILUMHY U30JSILUH 1
pa3Mepbl MarHUTONPOBOA.

U3onsuus tpancdhopmaropa siBIsIeTCss OTBETCTBEHHOM YacTblo,
TaK KaK HalleXXHOCTb paboThl TpaHChOpPMaTopa OrpenesseTcss B Oc-
HOBHOM HaJIeXXHOCTBIO €r0 U3OJSIIINH.

B MacnanbIX TpaHChOpMaTOpax OCHOBHOM M3OMNSALMel SIBISETCS
MacJio B COYCTAaHNM C TBEPABIMU AMBJIEKTPHKAMU: GyMaroi, 3J1eKTpo-
KapTOHOM, reTMHAKCOM, NEPEBOM (MacnobGapbepHast U30IALUS).

3HauuTeNbHBINA 3(dEKT TaeT mpuMeHeHHe HU30JIILMM U3 CIEeLH-
aJIbHO 06paboTaHHOI GyMaru (cTabMIM3MPOBaHHOI), KOTOpas MeHee
TMTPOCKONMYHA, NMeeT GoJiee BBICOKYIO JIEKTPHYECKYIO TIPOYHOCTD U
AomycKaeT 60O Harpes. B cyxux TpaHCc(hopMaTOpax IKUPOKO MPH-
MCHAIOTCA HOBBIE BBl H30JIMPYIOILIMX MAaTEPHAJIOB NMOBBIIUEHHO Ha-
IPEBOCTOMKOCTH Ha OCHOBE KPEMHHUITOPraHNYECKUX MaTepHaJIoB.

AKTHBHYIO 4aCTh TpaHc(hOPMaTOpa BMECTe C OTBOZAMU U MepeKIIo-
HaOLMMHU YCTPOHCTBAMM [UISl PETYTUPOBAHUS HANPSDKEHHS MOMella-
10T B 6aK. OCHOBHBIE YacTh 6aka — CTeHKH, JHO U Kpbika. Kpbiky
MCIOJIB3YIOT A7 YCTAHOBKH BBOJOB, BBIXJIOMHOM TPYOBI, KpeIUTeHUS
PaclUMpUTEIIs, TEPMOMETPOB U Ipyrux aetaneir. Ha crenke Gaka yk-
PETUIAIOT OXJTaMTENbHbIE YCTPOUCTBA — PaAMaTOPHI.

B TpaHcdopMaTopax HeGOMBIIOI MOIHOCTH 6aK BHITIONHSIETCS C Bep-
XHUM pa3beMOM: NPH PEMOHTaX HEOOXOIMMO CHATb KPBIIIKY TpaHC-
¢opmaropa, a 3aTeM NOAHATL AKTUBHYIO 4acTh U3 6aKa.

Ecnu mMacca akTuBHO# yactu 6onee 25 T, TO OHa YCTaHABIIUBAETCSI
Ha IOHHYIO YacThb 6aKa, a 3aTeM HAaKpbIBAeTCS KOJIOKOJIOOOpa3HOM Bep-
XHE! YacThlo Gaka M 3anuBaeTcss MacioM. Takue TpaHchOpMaTOpsI
C HIXXHUM Pa3beMOM He HYXIAIOTCA B TSKENBIX IPY30NOIBEMHbIX yC-
TPONCTBAX JUIsl BBIEMKH aKTUBHOM YacCTH, TaK KaK NpYU PeMOHTaX Ioc-
Jie CiBa Macyia MOAHMMAETCsT BEPXHASA 4acTb 6aka, OTKPhIBAsk JOCTYI
K OOMOTKaM U MarHUTOIpPOBOLY.

JIns yMeHbIIEHMST TIOTEPD OT MOTOKOB paccesiHUs CTaJibHbiEe Gaku
SKPaHUPYIOTCS C BHYTPEHHEH CTOPOHbBI TIAKETAMM M3 3NIEKTPOTEXHM-
YECKOW CTaJI WIM TUIACTUHAMM M3 HEMaTHUTHBIX MaTepuaoB (Melp,
ATIOMMHUHN).

Pacuwupurens tpancdopmaropa MpeACTaBISIET COOOM LIMIUHA-
PUYECKUIT COCYH, COeNMHEHHEINH ¢ GaKoM TPYOOINpPOBOAOM M CiyXKa-
WA VIS YMEHBLICHUS TUIOIIANH COTIPUKOCHOBEHMSI MACia C BO31y-
XoM. bak TpaHcthopmaTopa MOMHOCTBIO 3aJTUT MacjoM, HU3MEHEHUE
obbeMa Macya MPH HarpeBe M OXJIAXICHUU MPUBOAUT K KOJIEOAHUIO
YPOBHA MacJia B paCIIMpPHTEJIe; NIPU 3TOM BO3YX BHITECHSIETCS U3 pac-
LIIMPUTEISt NI BCAChIBAETCS B HEro. Macio o4eHb TMHIpOCKONMYHO, 1
€CIIM paCIIMPUTENh HEMOCPEACTBEHHO CBSI3aH C aTMOCHEpOii, TO Bia-

Ta M3 BO3[yXa NIOCTyNaeT B Macyo, pe3KO CHUXAasi ero U30SAHOHHbIE
CBOMCTBA. [IJIs1 NpeNOTBpaIleHHs 3TOTO PACLIMPUTENDb CBI3aH C OKpY-
XaloWER cpenoit Yepes CUIMKOTeIeBbIii Bo3ayxoocymnTenns. CUinKa-
TEJIb TIOITIOLIAET BJIaTy M3 BCachlBaEMOro Bodmyxa. I1pu peskux koneda-
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HUAX HArpy3Ky CHJIMKareJeBblif (GUIBTP MOJHOCTHIO HE OCYIIaeT BO3-
JIyX, TO3TOMY TOCTENEHHO BIAXXHOCTb BO3JyXa B pacIlIMpUTeIie MOBbI-
maercsa. YToObl u30eXaTb 3T0, MPUMEHSIIOTCS TepMETUYHBIE OaKd C
ra3oBoii MOAYIUKON M3 MHEPTHOTO ra3a Wiu CBOOOIHOE MIPOCTPAHCTBO
B pacClIMpUTeNie 3allOJHSIeTCS MHEPTHBIM ra3oM (a3oTOM), IOCTyMa-
IOIMM U3 CIIELIUATBLHBIX 3JITaCTUYHBIX eMKOocTei. BO3MOXHO npuMeHe-
HMe CrelMaTbHOM IUIeHKU-MeMOpaHbl Ha rpaHulie Macia0o—Bo3ayX. Ocy-
LIEHHEe BO3IyXa B PaCHIMPHUTENIE OCYIECTBISIOT TEPMOBLIMOPAXXKHBATE -
JIIMU. 3

K 06aky TpaHcpopMmaTopa KpENmUTCI TEPMOCHUPOHHBHBH
b uabTP, 3aNOTHEHHBIN CHIMKATeJIeM WJIH APYTMM BEIIECTBOM, ITO-
[JIOLUAIOLIMM TIPORYKTHI OKHCIEHUST Maca. IIpyH HMUpKyISuMy Macna
4yepe3 QWILTP IMTPOMCXOAUT €ro HenpepbiBHAS pereHepanusi.
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Puc. 2.17. TpaHchopMaTop TpexdasHbIil TPeXOOMOTOYHBIH
TATH-16000/110-80VY1:

1 — 6ak; 2 — wKad aBTOMaTH4YECKOro yrpaBjieHUs OyTbeM; 3 — TepMocuOHHBIH

dunerp; 4 — BBOX BH; 5 — BBOX HH; 6 — BBOX CH; 7 — ycTraHOBKa TpaHcgopMaro-

poB Toka 110 kB; & — ycraHoBka TpaHcdopMaTopos Toka 35 kB; 9 — sBon 0 BH; 10—

Beox 0 CH; /] — pacwupurens, 12 — MacioykasaTelb CTpelIO4HbIt; I3 — KianaH

MpeNOXpPaHHUTENbHBINA; [4 — NMPUBOA PEryNsATOpa HAaNpsKEHUs; 15 — BEHTUNSATOP CH-
cTeMbl oxJIaxaeHus; 16 — panuaTtop; /7 — KapeTKa ¢ KaTKaMu
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st KOHTpoJA 3a paGoToi TpaHc(hopMaTopa NpeaycMaTpUBAIOTCS
KOHTPOJILHO-NU3MEPHTENLHBIC Y 3ALLMTHBIE YCTPOHCTBA. K KOHTPOIbHEIM
YCTPOWCTBAM OTHOCSIT MAcJIOyKa3aTellb U TepMOMeTpsl. Macoykasa-
TCJIb yCTAHABINBAETCA HAa PaCUIMPUTENE, TEPMOMETD — Ha KpBIILKe
6aka. K 3allMTHBIM yCTpOifCTBAM OTHOCSTCS peJie MOHMXEHHUS YPOBHS
Macjia ¥ ra3oBoe peie.

Ha MomHbIX Tpancdopmaropax 330 — 750 kB JOTIOIHUTENILHO IpH-
MCHSIOTCSl YCTPOMCTBA KOHTPOJIST M30JSILMM BBOJAOB (KUB) u MaHo-
METPBI, KOHTPOJIMPYIOLME JaBIeHHe Maclla B TepMETUYHBIX BBojax BH.

OCHOBHBIE KOHCTPYKTUBHBIE Y3IIBI TpaHcHOPMaTOpOB NMOKa3aHBI Ha
puc. 2.17.

2.2.4. CucTeMbl OXJKIEHHUA CHIOBBIX TpancgopmaTopos

IIpu pabote TpaHCchOpPMaTOpa MPOKCXOAUT HarpeB 0OMOTOK U Mar-
HHTOIIPOBOAA 3a CYET MOTePh SHEPIUHU B HUX. [IpenenbHbIN Harpes
JacTed TpaHcopMaropa orpaHMYHUBAETCS HU30JILIMEHN, CPOK CITYKOBI
KOTOPO¥ 3aBUCHT OT TeMIlepaTyphl Harpesa. Yem GoJblire MOIIHOCTD
TpaHC(hOPMaTopa, TeM MHTEHCHUBHEE HOJIKHA GBITh CHCTEMA OXIAXK-
JNEHHSA.

Huxe nmpuBoguTca Kpatkoe omicanue cicreM OXJIAXIEHUS TPaHC-
(opmaropos.

EcTecTBeHHOE BO3AYIWIHOEe OXTaXAeHMeE TpaHchopMa-
TOPOB OCYIIECTBIIAETCS MYTEM €CTECTBEHHON KOHBEKLMM BO3AYXa M
HaCTUIHO — JIYYEUCTIyCKaHHs B Bo3lyxe. Takue TpaHcdopMaTops! ro-
JIYYUJTH Ha3BaHUE «CYyXHX». YCIIOBHO ITPUHATO 0603HAYATh €CTECTBEH -
HOE BO3AYLIHOE OXJIAXNEHHE NPH OTKPLITOM HcTionHeHuu C, mpy 3a-
IMMINEHHOM ucnonHeHuu C3, NMpy repMeTU3NPOBAHHOM MCIIOTHEHUH
CT, ¢ NpuHYAUTENLHON LHUPKYISALMEi Bosmayxa CJI.

HomyctuMoe mpeBbllleHWe TeMIIepaTypsl 06MOTKH CyXOro TpaHc-
dopmatopa Hax TeMniepaTypoit oxaxaaomei Cpelbl 3aBUCHUT OT KJIacca
HarpeBOCTOMKOCTH U30JALMU U cornacHo TOCT 11677—85 momkHo
ObITh He Gonbiue: 60 °C (kmacce A); 75 °C (xnacc E); 80 °C (xnacc B);
100 °C (xnacc F); 125 °C (xnacc H).

JlaHHas cucTeMa oXTaXIeHus MaJi03¢p(eKTUBHA, TTOITOMY IIpUMe-
HACTCA TSI TPAHC(HOPMATOPOB MOILHOCTBIO 10 1600 KB-A Mpu Ha-
NpsiXeHuu 1o 15 xB.

EcTtecTBeHHOe MacisiHOe oxnaxneHue (M) Bomon-
HSIeTCA IJIs1 TPaHC(OPMATOPOB MOIHOCTBIO 10 16000 KB A BKITIOYM-
TeJIbHO (puc. 2.18, a). B Takux TpaHC(OpMaTopax TeIUIOTa, BbIIeIeHHAas
B OOMOTKax ¥ MarHUTOINpPOBOLE 2 (BbIEMHasl 4acThb), nepeaaeTcs OKpY-
KaIOLIEMy Macily, KOTOpoe, UMPKYIUpys Mo 6aky ¥ paquaTopHbIM
Tpy6am 3 (oxyaxnaronas TIOBEPXHOCT), IIEPENAET ET0 OKPYXAIOILIEMY
Bo31yxy. [Ipy HOMHHATLHOM Harpyske TpaHChOopMaTopa TeMIiepaTypa

Macia B BEDXHMX, HalOOJIee HATPETBIX CIIOSIX HE MOJKHA MPEeBHILIATH
95 °C (IIT3, 1. 5.3.12).
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Jlna nydireil oToayM TEIUIOTHI B OKPYXalolLylo cpexy 6aK TpaHC-
(dopMartopa cHaGxaeTcst peGpaMu, OXJIaXIAOIUMHU TpyOaMu WM panu-
aropaMy B 3aBUCHMOCTHA OT MOLUHOCTH.

MacnssHoe oXJMaXIOeHUE C AYTbeM M €CTECTBEH-
HOM nuMpkynsuued macina ([I) npumeHsercs ais Goiee Mol -
HBIX TpaHcopMaTopoB. B 3TOM cilyyae B HaBECHBIX OXJIANUTENIAX U3
paIMaTOPHBIX TPYO 5 moMelnaloTcsi BEeHTWISITOPHI & (puc. 2.18, 6). Ben-
TWISTOp 3acacChbiBaeT BO3AYX CHU3Y M OOIyBaeT HarpeTyio BEPXHIOIO
yacTb TpyO. ITycK ¥ 0CTaHOB BEHTWISITOPOB MOTYT OCYILIECTBIATHCS aB-
TOMaTMYeCKH B 3aBUCMMOCTH OT HAarpy3kKM M TeMIlepaTyphl Harpesa
Mmacna. TpancdopMaTopsl C TAKMM OXJIaXIEHHEM MOTYT paboTarh Ipu
TIOJTHOCTBIO OTKTIOUEHHOM JIyThe, €CJIM Harpy3ka He npessiiuaeT 100 %
HOMMHAJBHOM, a TEeMIIEpPaTypa BEPXHUX CJIoeB Macia He Goinee 55 °C,
a TaKoKe TP MUHYCOBBIX TEMITEpaTypax OKPYXXalolLEro BO3Ayxa ¥ TeM-
nepaTtype mMacia He Bbile 45 °C He3aBMCHMO OT Harpy3ku. Makcu-
MaJIbHO JOMyCTUMasi TEMITepaTypa Macjia B BEpXHHUX CJIOsIX IIpH paboTe
C HOMMHAJIbHOM Harpy3koii coctasiset 95 °C (IIT9, m. 5.3.12).
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Puc. 2.18. Cucremsl oxy1axaeHus TpaHcHOpMaTOpOB:

a — ™ina M; 6 — tuna JI; ¢ — tana JLl; 1 — 6ak; 2 — BbleMHas 4acTh; 3 —
OXJIAXIAIOLIAA MOBEPXHOCTh; 4 — KOJUIEKTOp; 5 — TpyGuaThlit panuaTop; 6 — 3JMeKT-
poHacoc; 7 — OXJIaAMTENH; & — BEHTUJISATOPhI
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®opcupoBaHHBIM 001YB PATHATOPHBIX TPYO YIy4illaeT YCIOBUS OX-
JIAXICHUS Macia, a CJIeIOoBaTeJlbHO, OOMOTOK M MarHUTOIpPOBOIA
TpaHC(hopMaTopa, YTO MO3BOJISIET U3TOTOBIATH TaKKe TpaHChOpMaTo-
pbl MowHOCTBIO 70 80000 KB-A.

MacnsiHoe OXJaXO€HHE C AYThbeM M MNPpHUHYIMU-
TENbHON LUUPKYNSALUMUEH Macia yepe3 BO3AYUIHBIE OX-
nagutenu (L) npumeHsieTcsa mia TpaHcHOPMaTOPOB MOILHOCTBIO
63000 xB- A u Gonee.

Oxragutenu 7 COCTOSIT U3 CUCTEMbI TOHKMX peOpPHCTHIX TPYyOOK,
00yBaeMbIX CHapY>X¥ BEHTUISATOPOM &. DIIEKTPOHACOCH! 6, BCTPOEH-
HBIE B MaCJIONPOBObI, CO3JAIOT HENPEPBIBHYIO MPUHYAUTENLHYIO LIMp-
KYJISILIMIO Maciia yepe3 oxyiagurenu (puc. 2.18, 6).

Brarogapst 601b1110# CKOPOCTH IIMPKYJISALIMU Maciia, pa3BUTOM Io-
BEPXHOCTH OXJIAXACHUS M MHTCHCUBHOMY IYThIO OXJIAAUTEIN 001ana-
10T OOJIBLION TeIUIOOTAAYeH M KOMITAKTHOCTBIO. [Tepexon K Takoit cu-
CTEME OXJIAXIEHHUS TIO3BOJISIET 3HAYMTEJBHO YMEHBLINTL rabapuThl
TpaHC(HOpPMAaTOPOB.

Oxutamuresd MOTYT YCTaHaBJIMBATBCSA BMeCTe C TpaHCGHOpMaTopoM
Ha oIHOM (yHIAMEHTE WJIM Ha OTAENbHBIX (GPyHIAMEHTaX pAAoM ¢ 6a-
KOM TpaHchopMaTopa.

B TpaHchopmMaropax ¢ HanlpaBJIeHHBM MOTOKOM Macla
(HOL) MHTEHCHBHOCTb OXJIAXAEHHUS IMOBBILIAETCS, YTO ITO3BOJISET
YBEJIMYUTD JONYCTUMBIC TeMITEpaTypbl 0OMOTOK.

MacnssHO-BOASIHOE OXJNaXIEHHWE C NIPUHYIUTEIbHOMR
uupkynsindeit macaa (L) npMHIMIHAILHO YCTPOEHO TaK Xe, KaK
cuctema JILl, HO B OTJIMYME OT MOCJIEAHETO OXJIAAUTENIA COCTOAT U3 TPY-
60K, 110 KOTOPBIM LIMPKY/IMPYET BOJA, a MEXAY TPYOKaMH ABIDKETCS MaclIo.

TeMmmnepaTypa Macia Ha BXOJ€ B MacCJIO0XJIaAUTeNb He JOJIXXHa Tipe-
Bbimrars 70 °C.

Yrto6bl Mpe1oTBPaTUTh NOMNAJaHNE BOIBI B MACJISIHYIO CUCTEMY TPaHC-
dopmaTopa, AaBieHHE Macja B MacIOOXJIANUTENAX HOJKHO MpEBbI-
LIaTh AABJIEHWEe LUPKYIMpPYIOLIe# B HUX BOABLI HEe MEHee 4eM Ha
0,01 MITa (1 H/cm?). Ota cucteMa oxnaxaeHus 3¢ deKTUBHA, HO UIMEET
6oJiee CIOXHOE KOHCTPYKTHMBHOE BBINOJHEHHE M TIPUMEHSIETCS Ha
MOLUHKIX TpaHcdopMaTopax (160 MB- A u Gonee).

MacnsHo-BOoAsTHOE OXJIaXAE€HHE C HamnpaBJIEHHBLIM
notokom Macua (HII) npumeHsaercs wist TpaHCHOpPMAaTOPOB MOIII-
HocTbIO 630 MB-A u Goree.

Ha tpaHcdopmaTopax ¢ cucreMamu oxiaxaeHusa J1I u I ycrpoii-
CTBa NMPUHYIUTEIBHOM LMPKYISLMM Macja HOJIXHBI aBTOMaTHYECKH
BKJIIOYAThCS OMHOBPEMEHHO C BKJIIOYEHUEM TpaHC(opMaTopa U pabo-
TaThb HENpephLIBHO HE3aBUCUMO OT HAarpy3KH TpaHcdopmaropos. B to
K€ BpeMsI YMCJIO BKJTIOYAaeMBIX B paGoTy OXJIamuTeNIei OINpeneisercs
Harpyskoii Tpancopmartopa. Takue TpaHchOpMaTOphl JOJIKHBEI UMETh
CUTHATM3ALUIO O MpeKpallleHUW LUPKYIALMM Macia, OXJIaXIarouei
BOJbI WJIM 06 OCTaHOBE BEHTWISTOpA.
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Cremyer OoTMETUTB, YTO B HACTOSIIIIEe BpeMs BeNyTcsl Pa3pabGOTKU
HOBBIX KOHCTPYKUUI TPaHC(HOPMATOPOB ¢ OGMOTKAMHU, OXJIAXKHAEMBI-
MH JI0 OYEHb HU3KMX TeMrepaTyp. MeTaur mpy HU3KUX TeMIlepaTypax
o6JyiaaeT CBepXIIPOBOAMMOCTBIO, YTO TO3BOJIAET PE3KO YMEHBLIHUTH Ce-
4yeHue 0OMOToK. TpaHcopMaTophl ¢ UCTIONB30BAHUEM ITPHUHIIUTIA CBEPX-
TIPOBOAMMOCTH (KPHOTeHHBbIe TpaHchopMmaTopsl) OYAYT UMETh MATYIO
TPaHCIOPTUPOBOYHYIO Maccy Npu MolHocTsx 1000 MB- A u Bolne.

Kaxnrrit TpaHchopmaTop MMeeT yciaoBHOe GYKBeHHOE 00O3Haye-
HHE, KOTOPOE COIEPXMWT CIEAYIOLIUE NaHHLIE B TOM ITOpAOKE, KaK
yKa3aHO HUXe:

1) uncio a3 (ans oqHodasHbX — O; wis TpexdasHux — T);

2) BUI OXJIaXIEHUSI — B COOTBETCTBUM C IMOSICHEHUSIMH, ITPUBE-
IEeHHBIMH BBILLE;

3) 4yKucno oOMOTOK, paboTaIOIIMX HAa PA3NUYHbBIE CeTH (€CTU OHO
Gosplle ABYX), ISl TPEXOOMOTOYHOTO TpaHcgopmaTopa T; UIst TpaHC-
dopmaropa ¢ paclienyieHHbIMA 06MOTKaMu P (mocne yucna ¢as);

4) 6yxBa H B 0603HaueHUHU TIpH BBITOJHEHUH OZHOI U3 0OMOTOK
¢ ycrpoiictsoM PITH;

5) GykBa A Ha nepBoM MecTe [UIsl 0603HaYeH s aBToTpaHcdopMaTopa.

3a OyKBeHHBIM 00O3HaYeHHEM YKa3bIBaeTCSI HOMUHAJIBHAS MOLI-
HOCTb, KB-A; wiacc HanpsckeHuss oomorku (BH); xnmmarudeckoe
HUCIIOJTHEHMEe M Kateropus pasmeuieHust no I'OCT 15150—69* u
T'OCT 15543—70*.

Hanpumep, TATH-16000/110-Y1 — tpexdasHslit TpaHcdopMaTop
C CHUCTEMOIi oxyaxaeHus [, TpexoOMOTOYHBIM, C peryIMpoBaHUEM
HanpsDKEHUS 0, Harpy3Koi, HOMMHAJIbHOM MOIIHOCTEIO 16000 KB- A,
HanpsixkeHueM BH 110 kB, xiuMatudeckoe ucrojiHeHue Y (yMepeH-
HBIA KJIMMAT), KaTeropusi pa3MeleHus: 1 (Ha OTKPHITOM BO3AYXE).

2.2.5. Harpy3oyHas cnocoOHOCTb CHJIOBBIX TPaHC(HOPMATOPOB

IIpu BEIGOpE MOIIHOCTH TPaHCGHOPMATOPOB HEJTH3sI PYyKOBOACTBOBATHCS
TOJIbKO MX HOMMHAIBHON MOIIIHOCTBIO, TaK KaK B PEATbHBIX YCIOBHUSX
TeMIIepaTypa OXJIaXIAloled cpelbl, YCIOBUsS YCTAHOBKM TpaHCcGhopMma-
TOpa MOIYT OBIT OTIMYHBIMHU OT NPUHATHIX. Harpy3ka tpaHcgopMaropa
MEHSIETCS B TEYEHHE CYTOK, M €CJIM MOLIHOCTh BEIOpATh 110 MaKCHMaTh-
HO# Harpyske, TO B IEPUOMBI €€ Crafa TpaHchOopMaTop OymeT He 3arpy-
XEH, T. €. HEAOUCITIONB30BaHA €10 MOLIHOCTD. OMBIT SKCIUTyaTalliK ToKa-
3BIBAET, YTO TpaHCGOpPMaTop MOXET paboTaTh YacTb CYTOK C Ieperpys-
KOW, €CJIA B IPYTYIO YaCTh €ro Harpy3ka MeHbllle HOMHHaIbHOM. Kpure-
pHYEM Pa3IMYHBIX PEXMMOB SBJISIETCS U3HOC U30JISILIMK TpaHChOopMaTopa.

Harpy3soyHast cioco6HOCTb TpaHCHOpMaTopa — 3TO COBOKYITHOCTh
JIOIYCTUMBIX Harpy30K U MEperpy3oK.

Jomyctimast Harpy3Ka — 3TO JUIMTeNIbHAs Harpy3Ka, IIp¥ KOTOpOi
pacyeTHBIf U3HOC U30JSILMU OOMOTOK OT HarpeBa He ITPEBOCXOMUT
U3HOC, COOTBETCTBYIOLLMIT HOMUHAIBHOMY peXHMY pabOTHI.
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Ilepezpy3xa mpancghopmamopa — pescum, npu Komopom pacHemHbuili
U3HOC U30A34UU 0OMOMOK NPeaocxodum U3HOC, COOMEemcmeyouiUil Homu-
HaabHoMy pexcumy pabomsr. Takoil peXXuM BO3HUKAET, €CJIM Harpy3ka
oKaxeTcsl OoJyibllle HOMWHAJIbHOW MOIIMHOCTH TpaHC(opMaTopa WK
TeMIiepaTypa oxJiaxXAaloleid cpeAbl OOJNbliie IPUHSATON pacyeTHOI.

JonycTuMble cHCTEMATHYECKHE HArpy3KH TpaHchopmaropa Oosblire
€ro HOMMHAJILHOI MOIITHOCTH BO3MOXHBI 32 CUET HEPaBHOMEPHOCTH
Harpy3k# B TeyeHue cyToK. Ha puc. 2.19 usob6paxeH Cyro4HbIA rpapuk
Harpy3ku, U3 KOTOpOTrO BHIHO, YTO B HOYHBIE, YTPEHHHUE M THEBHBIE
yacel TpaHCHOPMATOp HEAOTPYXEH, a BO BpEMs BEYEPHETO MAKCHUMY-
Ma neperpyxeH. ITpu Helorpy3ke M3HOC HM30JSILIMKA MaJl, a BO BpeMs
neperpy3kKy 3HaYUTEJIbHO YBEJTMYUBAETCA. MaKCUMaJIbHO HOTYCTUMas
CHCTeMaTHYecKasl Harpy3Ka OnpeesIsieTCs IIpHU YCJIOBHUM, YTO HauOOIb-
mast TeMriepatypa ooMotku 140 °C, HanbGosbluas TeMiepaTrypa Macia
B BepXHMX CJ1osIX 95 °C ¥ M3HOC M3OJIALMM 32 BpeMs MaKCUMAaJIbHOI
Harpy3KM Takoi xe, Kak nipu paboTe TpaHchopMaTopa MpH MOCTOSIH-
HOM HOMHMHAaJILHOM Harpy3ke, Korga TeMIieparypa Haubosee HarpeTou
Toyky He mpebiiiaeT 98 °C (F'OCT 14209—85). g moacyeTa I0Iyc-
THUMOM CUCTEMATUYECKON Harpy3ku AeHCTBUTENbHBIN rpaduk mnpeood-
pasyeTrcs B ABYXCTyNEHYaThIi (CM. puc. 2.19).

KoadpduuueHt HavyaapHOM HAarpy3kM 3KBHBaJIEHTHOTO rpaduka
OIpENESAETCS IO BBIPAXEHHUIO

, 2.49)

R \/szt, + 2L + ...+ S2AL,
l =

Shom At + AL +...+ AL,

THE S|, 52, --ey Sy — 3HAUCHUS] HATPY3KH B UHTEPBAJNAX Aly, Aby, ..., Al,,.

K s

Kax Saax
141 —

1,2f
1,0
0,8
0,6
0,4
0,2

0

Atl Atz Ahl Ah_z
h

Puc. 2.19. [TocTpoeHHE ABYXCTYNEHYATOro rpadMKa 1o CyTo4HOMY
rpadMKy Harpysku TpaHcgopmaTopa
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Koadpdunuent MakcuManbpHOl Harpy3ku B MHTepBajie h=Ah;+
+Ahy+ ...+ Ah,

K= 1 [(s)2Ah +(s5)* Al +...+(s,’,)2Ah,,. 2.5)
Shom Al + Ahy + ...+ Ah,

Ecmu K; 20,9K,,,, , To npuHuMaint K3 = K, , ecmun K; <0,9K ., ,
0 npuHuMaT K,=0,9K,,,.

3Has CPEJHIOI TEMIIepaTypy OXJIaXAAKoIel Cpeanbl 3a BpeMs neii-
cTBUs rpaduka (O,), CUCTEMy OXJIaxXaeHUs TpaHCcdopmaTtopa (M,
O, AL, ), no tabmuuam, npuBeaeHHBIM B TOCT 14209—85 (s
TpaHcopmaTopa no 100 MB-A), onpenensiior JOMyCTUMOCTb OTHO-
CUTENbHON Harpy3ku K, U ee TIpOHZOXUTENBHOCTD.

Harpyska 6onee 1,58, X0JKHa GBITH COrIacOBaHa C 3aBOJOM-M3-
roroButesieM. Harpyska 6omee 2.5, HE HOIMyCKaeTcs.

ABapumiiHas meperpy3ka paspelllaeTCsi B aBapMIfHBIX CIIy4asx, Ha-
TIPUMED NPU BBIXOJE U3 CTPOS NapaUIeIbHO BKIIIOUEHHOTO TpaHchop-
Maropa.

HomnycTiMasi aBapuifHas Tieperpy3Ka omnpenesieTcs peaebHo I0-
TyCTUMBIMHU TeMneparypaMu ooMoTkH (140 °C mns TpaHchopMaTopoB
HanpspkeHrdeM Boiie 110 xB u 160 °C mis ocTanbHBIX TpaHC(HOpPMATO-
pPOB) M TeMIlepaTypoii Macia B BepxHHX ciosx (115 °C).

ABapHifHbIE TIEPErpy3KH BBHI3BIBAIOT MOBBILUEHHBIA M3HOC BMTKO-
BOM M3OJIALIMH, YTO MOXET ITPUBECTH K COKpPAIIEHHI0 HOPMUPOBAH-
HOTO CpOKa CIIyXO0bI TpaHC(HOpMaTOpa, €CJTHA MOBLIIIEHHbII U3HOC BIIOC-
JIEACTBUY HE KOMIIEHCHPOBAH Harpy3Koil ¢ MI3HOCOM H3OJISIIIUM HUXE
HOPMAJIBHOTO.

Homyctumasi (KpaTKOBpeMEHHasi) aBapuifHasi TieperpysKka onpene-
nsercs [1.13, m. 5.3.15]:

Macasnvie mpancgpopmamopu
Ileperpyska no ToKy, % ......ccccceeueee.. 30 45 60 75 100
JUTUTENBHOCTD TMeperpy3kKu, MUH ..... 120 80 45 20 10
Cyxue mpancgpopmamopul
Ileperpy3ka no TOKy, % .....ccccceceeennen 20 30 40 50 60
JMTEIbHOCTD MEPErpy3kKM, MHUH ..... 60 45 32 18 5

AHanusupys npuseaeHHble B TOCT 14209—85 TaGnuibl ZOMyCTH-
MBIX TIEPErpy30K, MOXHO CAENIaTh BBIBOM, YTO TPAHC(HOPMATOPEI C CH-
creMamu oxnaxaenus M, JI, I11 u I npu nepBoHaYabHO#N Harpyske
0,9.S,,0n XOTIYCKAIOT Neperpy3Ky Ha 40 % B TeyeHue 6 4 IIpU TEMIIEPATY-
pe oxJlaxnarlero Bo3ayxa He 6onee 20 °C.

DTy neperpy3Ky MMeIOT B BULY, KOTZa ONPENeISIIOT PACYETHRIE TOKH
B LIeTIsIX TpaHCchopMaTopoB (CM. rmoapasn. 4.1).
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2.2.6. Oco0eHHOCTH KOHCTPYKUMH H PEXHMBI PabOTHI
aBsToTpanchopMaTopos

B ycranoBkax 110 KB u BbIlLEe IIMPOKOE IPUMEHEHHE HAXOOAT aBTO-
TpaHcdopmaropsl (AT) GonbIOi MOIHOCTH. OGBACHSAETCS 3TO psi-
JIOM TIPEUMYILECTB, KOTOPbIe OHM UMEIOT MO CPAaBHEHMIO C TPAaHCHOP-
MaToOpaMH.

OnHodasHeli aBTOTPaHCHOPMATOP MMEET IMEKTPUYECKU CBSI3aH-
Hble 06MoTKi OB 1 OC (puc. 2.20). YacTs 06MOTKHM, 3aKTIOYEHHAS MEXIY
BbiBofaMK B u C, HasbiBaeTcss mocnenoBaTenbHO i, a Mexny C u
O —ob6weii.

IIpu pabore aBTOTpaHCpOPMAaTOpa B peXUME MOHIKEHUS HAmpsi-
XKEHMs B IIOCJIENOBATEIbHOM OOMOTKE NMpPOXOAUT TOK I, KOTODBIiA,
CO3/1aBasi MarHUTHBIH MOTOK, HABOAMUT B 001el o6MoTKe TOK I,. Tok
Harpy3Ku BTOPUYHOMK 06MOTKM I cxtansiBaeTcs u3 Toka Iy, IpoXomsi-
1ero 6y1aronapsi TaTbBAaHUYECKON (3IEKTPUYECKOIT) CBA3M OOMOTOK,
¥ TOKa ,, CO31aHHOTO MarHUTHOM CBSI3bIO 3THX 06MOTOK: Jo= I+ 1,
orkyna I,= Ic- Ig.

HOJIHa;I MOIIIHOCTS, NTepejaBaeMas aBTOTpPaHCHOPMATOPOM U3 Tep-
BUYHOM CETH BO BTOPUYHYIO, Ha3bIBA€TCsI IIPOXOXHOIA.

Ecym npene6Gpeyp noTepsiMu B CONPU™MBIIEHUAX 06MOTOK aBTOTpPaHC-
(dopmaropa, MOXHO 3aIMHCaTh CIEAYIOUIEE BHIPAXEHHUE:

S= UBIB= Uclc.
ITpeoGpasys mpaByio YacTh BhIpAXEHUS, oJIyyaeM
S=Uplg=[(Us- Uc) + Uc)lz= (Up— Uc) g+ Uclg, (2.6)

rne (Up— Uc) Ig=S; — TpaHchopMaTopHass MOUIHOCTB, Ile-
penaBaeMasi MarHUTHBIM MYyTEM U3 NEPBUYHON OOGMOTKM BO BTOPHY-
Hyw©; Uclg=S,— snexkTpu-
yecKasd MOLIHOCTS, llepena-
BaeMasi U3 NTEPBUYHOM OOMOTKH BO
BTOPHYHYIO 32 CYET UX raJIbBaHU-
YeCKOM CBsI3U, 06e3 TpaHchopMa-
LIMH.

DTa MOIIHOCTh HE HAarpyXaeT
obuieit 0OMOTKH, ITOTOMY YTO TOK
I u3 nocenoBaTeIbHOI O6MOTKYU
MpOXOAUT Ha BeiBoA C, MUHYS 06-
MotKy OC.

B HOMHHAJIBHOM peXHMe Tpo-
XOIHAast MOLIHOCTB SIRISIETCS HOMU-
HaJIbHOH MOLIHOCTHIO aBTOTpaHC-
dopmaropa S= S, a TpaHchop-
MaTOpHAasl MOIHOCThL — TUMOBo# Puc. 2.20. Cxema onHodasHoro as-
MOILHOCTBIO S,= Sy TOTpaHcdopmaTopa
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Pa3Mepsl MarHUTOIIPOBOMA, @ CJIENOBATEIbHO, €0 Macca onpee-
JISTIOTCS TPAHC(HOPMATOPHOM (THITOBO#) MOILHOCTBIO, KOTOpasi COCTaB-
JISIET JIUIIb YaCTh HOMUHAIBHON MOIIHOCTH:

SHOM UBI B UB hgc
rae npc = Up /Uc — Ko3bduimenT tpaHchopMauuy; K, — koabduim-
€HT BBITOJHOCTH WiIH KO3(GdUIIMEHT TUITIOBOX MOIIHOCTH.

U3 dopMmyasl (2.7) cenyet, uro yeM 6muxe Up K Uc, TeM MeHbILe
K, ¥ MEHBIIYIO HOJII0 HOMUHAIBHOM COCTaBIISIET TUIIOBAsi MOILIHOCTb.
DTo 03HAYaeT, YTO pa3Mephl aBTOTpaHcGopMaTopa, €ro Macca, pac-
XOI aKTUBHBIX MAarepHajloB YMEHBIUAIOTCS IO CPaBHEHHIO C TPAHC-
dopMaTopoM OIMHAKOBOH HOMMHAJIBHOI MOIIHOCTH.

Hanpumep, npu Uz=330 xB u Uc=110 xB K;=0,667, a npu
Uz=550xB u Uc=330xB K;=0,34.

Haubosnee 1iesiecoo6pa3Ho IMpMMeEHEHHE aBTOTPaHC(HOPMATOPOB ITPH
coyeTaHMH Hanpspkenuit 220/110; 330/150; 500/220; 750/330.

U3 cxeMnl (cM. puc. 2.20) BUIHO, YTO MOLIHOCTD ITOCJIENOBaTENb-
HOM OOMOTKH

Swn _ (Us -Uc)lg _Up -Uc =1__1_=KT (2.7)

Sp=(Us = Uc) Iz = Stuns
MOILLIHOCTb 0O01Ief OOMOTKM

So = UCIo =UC(IC - 1Ig) =UCIC(1"%')= SHOMKT = S'mn-
BC

TakuM 06pa3oM, €lle pa3 MOXHO MOXYEPKHYTh, YTO OOMOTKHU H
MarHuTonpoBox aBToTpaHcdopMaTopa pacCYUTHIBa-
IOTCSI Ha TUINOBYIO MOIHOCTbH, KOTODYIO MHOIAA Ha3bIBAIOT
pacyeTHOM MOIHOCTBI0. Kakast 651 MOIIHOCTE HHM MOABOIMIIACH K 3aKH-
mam B win C, nocieqoBaTebHYIo M O6LIyI0 OOMOTKH 3arpyXarh 60JIb-
1Ie 4eM Ha S, HEJIb351. DTOT BBIBOJ, OCOOEHHO BaXEH IPH paccMOTpe-
HMM KOMOMHHPOBAHHBIX PEXUMOB pabGoThl aBToTpaHc(opmaropa. Ta-
KM€ peXHMMBl BO3HMKAIOT, €CJIM UMeeTCsl TPeThsl OOMOTKA, CBSI3aHHAst
€ aBTOTPaHC(HOPMATOPHBIMM OOMOTKaMH TOJIBKO MarHMTHBIM ITyTEM.

Tpetpst 06MoTKa aBTOTpaHC(hopMaropa (o6Motka HH) ucmosns3y-
ercsl IS ITMTAaHUST HArpy3KH, IUIsI TIPMCOEOMHEHMS] UCTOYHMKOB aK-
TUBHOM WIM peaKTUBHOM MOLIHOCTH (T€HEPaTOPOB M CHHXPOHHBIX KOM-
MIEHCATOPOB), @ B HEKOTOPHIX CIIy4asiX CIYXXMT JIMIUL IUIE KOMIeHca-
IIMM TOKOB TPETbUX rapMOHMK. MoirHocTs 06MoTKM HH Sy He MoxeT
GBITh GONbLIE Sy, TAK KAK HHAYE pasMephl aBTOTpaHC(hopMaTopa Oy-
IYT OTIPEENAThCS MOIMHOCTBIO 3TO 00MOoTKM. HoMuHanbHast Mol-
HocTh 06MoTKM HH yKasniBaeTcs B MaCIOPTHBIX JAHHBIX aBTOTPaHC-
¢opmaropa.

B aBToTpaHcdopmaropax ¢ ooMotkoit HH BO3MOXHEI pasnuyHbIe
peXUMBI paboThl: Tepefaya MOIIHOCTH M3 0OMoTku BH B 0GMOTKY
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CH npu oTKIOYEeHHON OGMOTKE ' L 141
HH; nepenaya MOILIHOCTH M3 00-

&—>
motkn HH B CH wiu BH; nepe- H Bl '
naya u3 ooMmotox BH u HH B 06- JI,,

Motky CH u npyrue pexumsl. Bo
BCEX CJIy4yastX HEOOXOMMMO KOHT-

POJIMPOBATh 3arpy3Ky o01neit, moc- __oﬁ__IE, 41
JleoBaTeIbHOW OOMOTOK M BBIBO- C

na CH, s 3Toro ycraHaBiIMBaloT

TpaHchopMaTopsl Toka TAI, TA2 I T

u TAO (puc. 2.21). TpaHchopMa- °

TOpbl TAI u TA2 ycTaHaBIMBAIOT-
cs Ha BeiBomax B u C aBTOTpaHC-

dbopMaropa, a TAO BcTpauBaeTcs T40 E
B OOIIYI0 OOMOTKY.

BriBoabl, mpuBeIXEHHBIE IS 0
onHodasHoro AT, cipaBeyIUBH U _]_——o

Ut TpexcasHoro.

K 0coOeHHOCTSIM KOHCTPYKIIUU
aBTOTpaHC(HOPMATOPOB CIIELYET OT-
HECTH HEOOXOAMMOCTD IITyXOro 3a-
3eMJICHUsI HEeUTpanu, obuei g
obmoTtok BH u CH. O6bscHseTcs
aTo cnepyowuM. Ecnu B cucreMe ¢ 3¢ (PpeKTUBHO 3a3eMJIEHHOM HEMT-
PAIbIO BKIIOYUTDh MOHKWXKAIOLIMIA aBTOTPAaHCHOPMATOp C He3a3eMJIEH-
HOM HEUTpaIblO, TO MPU 3aMBIKAHUU Ha 3eMJTI0 OXHOI (a3hl B CETH
CH Ha nocnenoBaTeIbHYI0 0OMOTKY 3To# (ba3bl 6yAeT BO3NEHCTBOBATD
MIOJIHOE HanpsixkeHue Uy / V3 BMecto U -Uc )/ 3, HanpsXeHHe BbI-
BonoB 06MoTkM CH Bospacter nmpumepHo 10 Up, pe3Ko YBETHUMTCS
HanpsoKeHHeE, IIPUIOKEHHOE K OOMOTKaM HEMOBPEXAEHHBIX (a3. AHa-
JIOTMYHasl KapTHHa Ha0JionaeTcsl B Cayyae IMPUCOEAMHEHUS TTOBHIIIA-
IoIIero aBToTpaHCpopMarTopa ¢ He3a3eMJIEHHOM HENTpaJIbIO K CHCTe-
Me € 3¢dEKTUBHO 3a3eMJIEHHON HEWTpaIbIO.

Takue nepeHanpsokeHUsT HEIOITYCTUMBI, TO3TOMY HEMTpaM BCEX aB-
TOTPaHC(HOPMATOPOB IIYXO 3a3eMJITIOTCS. B 3TOM CiTyyae 3a3eMiIeHHs Ha
JiHUH co ctopoHbl BH wim CH He BBI3BIBAIOT ONAacHBIX MepeHanpsDKe-
HHiA, oqHako B cucteMax BH u CH Bo3spacraror Toku ogHodasHoro K3.

ITonsonsa UTOr BCEMY CKa3aHHOMY, MOXHO OTMETUTb CICAYIOIINE
NpeUMMYyIlIecCTBa aBTOTPaHCHPOPMATOPOB ITO CPABHEHMIO C
TpaHChHOpPMaTOpaMH TOM XK€ MOLIHOCTH:

MEHBIUUA pacXonl Mey, CTATH, U30JIAUMOHHBIX MAaTEPUAIOB;

MEHbIass Macca, a CJIeJ0BaTeJIbHO, MEHbIKE rabapuUThl, YTO IO-
3BOJIAET CO3[laBaTh aBTOTpaHCHOPMATOpbl GONBIUUX HOMUHATBHBIX
MOILIHOCTEMN, YeM TpaHC(HOPMATOPHI;

MeHbluMe moTepu U 66mpmin KIT/;

6oree JieTKNe YCIIOBUS OXIaXIEHHUS.

Puc. 2.21. Cxema BKIII0YEHHS TpaHC-
¢$opmMaTOpoB TOKA st KOHTPOJIA Ha-
I'PY3KH aBTOTpaHcdopMaTopa
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Henmoctarku aBToTpaHchOOpPMAaTOpPOB:

HeOoOXOOMMOCTb IIYXOro 3a3eMJIEHMS HeWTpajld, YTO TNPUBOIUT K
yBEJIMYEHHUIO TOKOB onHo(pa3Horo K3;

CJIIOXHOCTD PeTyJIMPOBAHUS HAINPSIKEHUS;

OITACHOCTDH TIEpexoja aTMochepHbIX NMepeHanpsKeHU BCIIEACTBUE
3JIeKTpUYEcKoii cBsa3u ooMorok BH u CH.

2.2.7. PeryaMpoBaHue HanmpsokeHHs TpaHc(opMaTOpoOB

JInst HopManbHO#M paboTE MOTpeOUTENIe HEOOXOAUMO TOMIEPXKU-
BaTb OIpelesIEHHbIN YPOBEHb HATIPSDKEHUS Ha LIMHAX MOACTaHIIMA.
B 3/1eKTPHYECKUX CETSX MPeLYCMaTPUBAIOTCS CITIOCOOBI PeryIMPOBaHMs
HanpsDKEHMsI, OMHUM M3 KOTOPHIX SIBISAETCS M3MEHeHue Koadhduuu-
eHTa TpaHchopMaluu TpaHCHOpMaTopoB.

H3BecTHO, 4TO KO3(pPuIMeHT TpaHCHOpMaLIMK OIpeleseTCs Kak
OTHOLUEHME TIEPBUYHOTO HAIpsDKEHUS KO BTOPUYHOMY, WU

U] lU_x_

n=s——m=

U, w

b

e w;, w, — YUCIO BUTKOB ITEPBMYHOI ¥ BTOPUYHON OOMOTOK COOT-
BETCTBEHHO.

Orcrona U, = Uyw,/w.

O6MOTKH TpaHCHOPMATOPOB CHAGXKAIOTCS JOMOTHUTETLHBIMHI OTBET-
BJIEHUSIMH, € TIOMOIIBIO KOTOPBIX MOXXHO M3MEHSTb KO3 MUIMEHT TPaHC-
opmainm. [TepexmoyueHue OTBETRIEHHI MOXET MPOMCXOMUTH Ge3 BO30YX-
nenus (ITBEB), T.e. nocse OTKIIOYeHUst BceX 0OOMOTOK OT CETH I O[] Ha-
rpyskoit (PITH).

VYerpoiictBo TTBB mo3BosisieT peryJMpoBaTh HaNPsDKEHKE B ITpeeiax
4+5%, mia 4ero TpaHchopMaTopbl HEOGOJBIION MOIIHOCTH, KPOME OC-

HOBHOTO BBIBOJIA, UMEIOT [1Ba OTBET-
B c BJIEHUSI OT OOMOTKH BBICLIIETO HaIlpsi-
xeHus: +5% v -5% (puc. 2.22). Ecm
TpaHcgopMaTop paboTal Ha OCHOB-
HOM BbIBoge 0 M HEOOXOIMMO IIO-
BBICUTH HaNpsoKeHWe Ha BTOPHYHOI
cropoHe U,, TO, OTKIIIOUMB TpaHC-
¢opmartop, Npou3BOIAT NEpEKTIOUE-
HUE Ha OTBETBICHHE —5%, YMEHb-
11asi TEM CaMBIM YUCJIO BUTKOB w.

Puc. 2.22. CxeMa perynupoBaHus Ha-
npsixeHust [1BB ¢ TtpexdasHbIM ne-
peKJIIoYaTeNeM:

] — HemonBMXHBIA KOHTAKT, 2 — cer-

MEHT KOHTaKTHbI#; 3 — Bal nepexkiio-
qaress

Ycrpoiictso ITBB He no3Bossi-

€T peryJMpoBaTh HampsXeHUe -
B TEYEHHE CYTOK, TaK KaK 3TO I10- S
TpeboBayIo OB YACTOTO OTKIIIOYE-
HHUs TpaHcdopMaTopa Ui Ipo-
M3BOJCTBAa ITE€PEKIIOYEHHU, UYTO
MO YCJIOBHUSM 3KCIUIyaTallUuH
NMpakKTHYECKH HEAOMYCTHMO.
O6riuHO IIBB ucnons3syercs
TOJIBKO JIJIE CE30HHOIO peryJiu-
POBaHMSI HAMPSXKEHUS.

PerynupoBaHue 1o Harpy3Kou
(PITH) mo3BOJIIET TEpPEeKII0YaTh
OTBETBJIEHUSI OOMOTKH TpaHchop-
Matopa Ge3 pa3phiBa L. YCTpoii-
crBo PITH npexycMmarpuBaer pery- Puc. 2.23. Cxema perynMpoBaHusi Ha-
JIMPOBAHUE HANPSDKEHWS B pa3/Iny- npskenust PITH:

HBIX Ipefeax B 3aBUCUMOCTH OT Ab — ocHoBHas O6MOTKa; bc — CTymneHb
MOILIHOCTHA U HaNpsCKEHUs] TpaHC- rpy6oit peryJiupoBkH; de — CTYIMEHH
dopmaropa (ot £10 10 16 % cryme- TUIABHOR perynMpoBKH

HAMM TIPUOJIU3UTENBHO 110 1,5 %).

PerynupoBouHbBIE CTYIIEHM BBINTONHAIOTCA Ha cTopoHe BH, Tak xak
MEHBILIUIA M0 3HAYCHMIO TOK TMO3BOJISIET OOJIErYUTh MEpEKITIoYalolee
ycTpoicTBO. JIJ1s1 paciiMpeHust [uana3oHa peryJIMpoBaHus 6e3 yBesu-
YEHHUs] YUCJIa OTBETBIICHUN IPUMEHSIIOT CTYNIEHH IpyOoi M TOHKOi1
perynupoBku (puc. 2.23). Haubonbluuit KoadduimeHt TpaHchopma-
MM TTOJIyYyaeTcs, eCIu Iepekmoyarenb I HaXomuTcs B MOJIOXKEHUH
11, a usduparenp U — Ha orBeTBiieHun 6. HauMensiuuit Koadouim-
€HT TpaHc(OopMalMHU OYAET NMPH MOJOXEHUH ITepekiioyarend I, a us-
6uparensi — Ha OTBETBIIEHUH 1.

Ilepexon ¢ OMHOTO OTBETRJIEHUS PETYIMPOBOYHOM OOGMOTKH Ha ApY-
roe OCYLLUECTBJISETCSl TaK, YTOOBI HE pa3phiBaTh TOK Harpy3kd U He
3aMbIKaTb HAKOPOTKO BUTKH 3TOM OOMOTKH. DTO JOCTUTAETCS B CIIELIA-
IBHBIX MEPEKITIOYAIOIINX YCTPOUCTBAX C THUPUCTOPHBIMM MEPEKIIIOYa-
TEJSIMM.

Hnsi perynupoBaHUs HANPSIKEHUS MO Harpy3kKoM Ha MOIIHBIX
TpaHchOpMaTopax ¥ aBTOTpaHC(OpMaTopax IMPUMEHSIOTCS TaKKe 10 C-
JleJOBaTEJbHbIE PETYJIUPOBOYHBIE TpaHCPOPMATOPH
(puc. 2.24). OHHU COCTOSIT U3 TOCJEIOBATEILHOIO TpaHCchopMarTopa 2,
KOTOPBIi BBOOUT N06aBoyHyI0 DJIC B OCHOBHYIO OOMOTKY aBTOTpaHC-
¢opMaTopa I, ¥ peryIMpOBOYHOIO aBTOTpaHC(hopMaropa 3, KOTOPHIA
MeHsieT 3Ty DI C. C noMoIlpio TAKUX TpaHCHOPMATOPOB MOXHO MU3Me-
HATDb HE TOJIBKO HalpsXeHue (TIPONOJIbHOE peryJIMpoBaHue), HO ¥ €r0o
a3y (rmomepeyHoe perynrpoBaHue). YCTpOCTBO TaKUX TpaHcdopMa-
TOPOB 3HAYMTENLHO cyioXHee, yeM PITH, mostoMy oHM ZOpOXe U
MPUMEHEHHE HX OrPaHUYEHO.
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Puc. 2.24. CxeMa BKJIIOYEHHA TOCTIEN0-
BaTE€JAbHOr0 pPEryJMpoBOYHOrO TpaHC-
¢dopmMaropa B Lielb aBTOTpaHCHOpMa-
TOpa:
1 — ocHoBHast 06MOTKa aBTOTpaHC(HOpMa-
Topa; 2 — MOC/eNOBATENbHBIIH TpaHCHOP-
MaTop; 3 — pEryJIMpOBOYHBIA aBTOTPaHC-
dopmartop
OgHUM M3 BUIOB IOCIEIOBA-
TEJIbHBIX PETYJIMPOBOYHBIX TpaHC-
(hopMaTOpOB SIBJISIIOTCA JIMHEHHBIE
PEryJIATOpBI, KOTOPbIE BKIIIOYAKOT-
cs MOCJIeIOBATENbHO B JIMHUIO WIH
B Lienb TpaHchopmaropa 6e3 PITH,
- obecrieynBasi peryJMpoBaHUE Ha-
npsokeHMs B nipenenax +(10— 15) %.
lInpokoe nMpYMEHEHHUe JTMHEHHbIE PeryJIsATOPbl HAXOAAT Ha MOA-
CTaHLMsX ¢ aBTOTpaHchopMaTopamu. Ha ctopone CH perynmupoBaHue
HanpspKeHUsT 06eCleYnBaeTCs BCTPOEHHBIM B aBTOTpaH“CCbOpMaTOp
PITH, a Ha cropore HH ycraHaBiuBaeTcs peryJIMpOBOYHbIN TpaHchop-
MaTop, CHaGXeHHbI# aBTOMATHYECKUM PETyJIMPOBAaHNEM HAMNPSKECHHUA.
PerynupoBo4Hble TpaHC(HOPMATOPhI TUIA JITM BBINYCKAIOTCSI MOLLHO-
ctbio0 1,6—6,3 MB- A Ha HanpspkeHue 6 — 10 KB, TMI0B JITMH, JTOH
MOLLHOCTbI0 16— 100 MB- A Ha Hanpspxenue o 35 kB [1.2].

2.3. CHHXPOHHBIE H CTATHIECKHE KOMIIEHCATOPBI

2.3.1. O0mue cBeaeHHs

[Torpe6uTenu 3JMEKTPUYECKON SHEPTUH, KpOME aKTUBHOM MOLHO-
CTH, NOTPEGISAIOT OT T€HEepPaTOpOB CUCTEMBI PEAKTUBHYIO MOUIHOCTb,
KOTOpasl 3aTpayMBaeTCsA Ha CO3JlaHUE MATHUTHLIX MOJICH, He06xom§—
MBIX ISl paboThbl ACHHXPOHHBIX JBUraTeNied, WHAYKUHOHHBIX MeUcH,
TpaHc(OpMaTopoB U APYTUX EKTPONPHUEMHNKOB.

Ha cosmaHne peakTMBHOH MOIIHOCTH TOIUIMBO INMPaKTU4€CKU HE
pacxoayetcs. OnHako nepeaada peakTUBHOM MOLIHOCTH OT T€HEpaTo-
pOB K MOTpeOGUTE/AM CBsI3aHa C JIOMNOJHHUTENbHBIMH NMOTEPAMHU (Mo~
HOCTM M HanpsXeHHUs) B TpaHC(HOpMATOpax U CETAX. [ToTepu akTUB-
HOI 3HEPTMM B CETSAX OIUIaYMBAIOTCA NMOTPeOUTENISIMH, YTO JIOXKHUTCS
Ha HUX HeMaubiM OpemeHeM. [ToTepy HanpsiXKeHHs] IPUBOJAT K CHH-
KEHUIO KayecTBa SHEPTHH, MOJIyYaeEMOM 3JIEKTPONIPUEMHUKAMH. ITo-
3TOMY JUIS TOTY4€HUS PEAaKTUBHOM MOLHOCTH 3KOHOMUYECKH BBbIrOA-
HO YCTAaHABIMBATh MICTOYHMKM PEaKTUBHOH MOLUHOCTH BOJIU3U TOTpPE-
6uTteneit. TAKUMM UCTOYHUKAMMU SIBJISIIOTCSI CHHXPOHHBIE U CTaTH4eC-

KHE KOMIIEHCaTOPhI.
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2.3.2. CuHXpOHHbIE KOMIIEHCATOPBI

CuHxpoHHB# koMmneHcaTop (CK) — 310 cHHXpOHHas Ma-
LIMHA, paboTalolnas B IBUraTeJbHOM peXUMe 6e3 Harpy3ku Ha Baly
MPpU U3MEHSIOLIEMCS TOKe BO30yXIeHus. B mepeBo30yXIeHHOM peXH-
Me DJIC obMoTKH cTaTopa E,, 6onbiue HanpsokeHus cetu U, (puc. 2.25).
Ilon neitctBueM pasHoctu HanpspkeHuit AU= E - U, B cratope CK
BO3HHUKaET TOK I, orctarommii ot Bexropa AU, Ha 90°. KoMmneHcarop
B 3TOM DEXHMME OTAAET PEAaKTUBHYIO MOIIIHOCTD B C€Th. B HexoB0o36YyX-
IeHHOM pexuMe E,< U, B ctatope CK BO3HUKAET TOK I,,, onepexa-
oumit Bektop AU, Ha 90°, T.e. CK OyneT noTpeOssiTb peaKTUBHYIO
MOUIHOCTh U3 ceTH. CUHXPOHHBIE KOMITEHCATOPHI HE HECYT aKTUBHOM
Harpy3ku Ha Bajy, IO3TOMY MX KOHCTPYKLMs obsnerdyeHa. KommeHca-
TOPBI BBIMTOJIHSIOTCA TUXOXOAHBIMU (750 — 1000 06/MUH) ¢ rOpM30H-
TaJIbHBIM BAJIOM M SIBHOITOJIIOCHBIM POTOPOM.

Ha puc. 2.26 noka3san cuHxpoHHBIH koMiieHcatop KCB ¢ Bomopon-
HBIM oxJIaxneHneM. Kopiryc koMIteHcaropa, €ro MOAIMITHUKH, MAacio-
OXJIAIUTEIIA ¥ MacJIOHACOCHI pa3MeIlleHBI B TEPMETUYECKH 3aKPBITOM KO-
Xyxe. Yepes U30JSILIMOHHBIE YIUIOTHEHHS 3, 4 K cTaropy I MOOBOIUTCS
HanpspkeHue 10,5 kB, a K KOHTAaKTHBIM KOJIbLIaM — ITATaHUE OT BO30Y-
Iwresist. B HIDKHEH yacTi KoXyxa pacIoyIoxX€HbI IBa MacjioHacoca &8, Mac-
J106aK ¥ BOASTHOM MacIooXIanuTe b, LIMpKy/ISaLMs Bonopoaa MoaIepxi-
BaeTcs npu gasineHuu 0,1 —0,2 MITa BeHTWIITOPaMH 5, KOTOpBIE 3aca-
CBHIBAIOT BOIOPOJ U3 KOXyXa U ITPOTOHSIOT €r0 Ye€pe3 BHYTPEHHIOIO YacTh
KOpITyca KoMIieHcaTopa. Harpetbrit BomopoZ onagaeT BO BXOIHBIE ITPO-
eMBI /2 BepTUKAIBHBIX ra300XJIamUTesIe, IIe OXJIaXIaeTCs.

CHMHXPOHHBII KOMITEHCATOP XapaKTepU3yeTCsi HOMUHAJIbHOM MOIII-
HOCTBIO, HaIlpSDKEHHEM, TOKOM CTaTopa, YaCTOTOM U HOMMHAJIBbHBIM
ToKkoM portopa. llIkana MourHocTeit onpeaensiercs no 'OCT 609—84.
HoMuHanbHOe HanpspkeHHe CHHXPOHHOIrO KoMreHcaropa Ha S— 10 %
BbIlIIE HOMUHAJIBHOTO HAIIPSDKEHUS CETH.

B 3aBHCHMOCTH OT TOKAa BO36YX-

JEHUS CUHXPOHHBII KOMIIEHCATOP

MO3XET paGoTaTh B pEXXUMax Nepe- Eq
BO30YXIEHUS M HEIOBO30YXIe- Al
HHUs, TeHEepUpOBaTh WIKN IOTPeO- v
JIATh PEaKTUBHYIO MOIIHOCTb. Pe- AUJ U
TYJIMPDOBAaHHUE TOKa BO3OYXIECHUS Ey
OCYLLUECTBIISIETCS] CIIEIMAIbHBIMKA
cxemamu APB.

CHHXpOHHbBIE KOMIIEHCATOPHI I, —

K1

HeOOJIBLION MOLITHOCTH MMEIOT CXe-

MY 3JICKTPOMAILIMHHOTO HE3aBUCH-  Pyc, 2.25. BekTopHas qMarpaMma CHH-
MOTO BO30YXKIEHUS (CM. puc. 2.9, a), XPOHHOTO KOMIIEHCAaTOpa B Mepe-
Ha 60Jiee MOILIHBIX MALUMHAX C BO-  BO3GYXIEHHOM M HENOBO36YXIECHHOM
IoponHsIM oxiaxnaeHneMm (KCB) pexumax
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Puc. 2.26. CurxpoHHbI# koMneHcaTop Tvna KCB:

1 — crarop; 2 — potop; 3, 4 — H3ONALUMOHHEIE YILUIOTHEHUA, 5 — BeHTHAATOD; 6 —

TOAIIMNHKUK; 7 — ONOpHbIe aTdopmbl; & — MaCIOHacoC; 9 — xamepa KOHTa-K;ng

xoneu; 10 — Bam; 11, 12 — BBIXOAHOM M BXOAHOM MPOEMBI B ra300XJIaAUTENb; —
ra3ooxjaaurenb

BO30YXIEHME OCYLIECTBIISIETCS OT CIELMATbHOIO GecILeTOYHOro Bo30y-
JMTEJILHOTO arperara, BCTPOEHHOrO B KOPITYC KOMIICHCATOpA.

Cxema AT'TI CHHXPOHHBIX KOMIIEHCaTOPOB TaKasl Xe, KaK y TreHepa-
TODOB.

Moussie CK (10000 kB- A 1 Bbllle) BKIIOYAIOTCA B CETh HEPE3
peakTop Ml OrpaHWYEHHs IIYCKOBBIX TOKOB M IOCAAKH Harnpsxe-
Hug Ha mmHax (puc. 2.27). [TapaMeTpsl peakropa BBIOMPAIOTCA Tak,
4yTOGHl B MOMEHT ITyCKa HampsKeHMe Ha IMMHAaX MOACTAHLMH HE
nagano Huxe (80—85 %) Uyon, @ HampsAXEHHE HA CK 65110
(30— 65 %) U,on, TIPM 3TOM TOK HE MpPEBBILIACT (2—2,8) Lyou-

[Ipu mycke BIKIoYaTesb Q1 OTKIIOYEH, Q2 sximioyeH. PasBopor
KOMIIEHCATOpa TIPOMCXOIMT 3a CYET aCHHXPOHHOTO MOMEHTA. Korma

4acTOTA BpallleHUsl TPUOIU3UTCS K
CHHXPOHHOIA, ofaeTcsl BO30yxue-
| HHe ¥ KOMIIEHCATOp BTATHBACTCS
B CHHXPOHH3M. Peryimpys TOK BO3-
OyXIeHHs, yCTaHaBIMBAIOT MUHH-
Q1 02 MaJIbHBIM TOK cTaTropa M BKIIOYa-
10T BBIKTIOYaTeNb QI, WIYHTUPYS
peaktop ¥ Bkodas CK B ceTb.
LR CHHXpOHHBIE T€HEPATOPhI MO-
ryT paboraTh B peXHMe CHHXPOH-
GC HOTro KOMITEHCATOpa, €CJIN 3aKPBITh
ZOCTYN mapa (WIM BOABI) B TYp-
Puc. 2.27. CxeMa peaKTOpPHOro IycKa 6uHy. B TakoM peXuMe MepeBo3-
CMHXPOHHOTO KOMIIEHCaTOpa OyXIeHHBI! TypOoreHepaTop Ha-
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YMHAET MOTPeOIATh HEGOMBIIYIO AKTHUBHYIO MOLIHOCTb M3 CETH M OT/a-
€T PEaKTUBHYIO MOILIHOCTb B CETb.

IlepeBon ruapoOreHepaToOpoB B PEXHM CHMHXPOHHBIX KOMIIEHCATO-
POB ITPOU3BOANTCS 6€3 OCTAHOBKM arperaTroB, TOCTATOYHO OCBOOOINUTH
KaMepy THIPOTYPOMHBI OT BOMBI.

2.3.3. CraTHyeckHe KOMIIEHCATOPHI

CrarudyecKkue KOMIIEHCATOpPH — 3To 6arapen KOHIEHCa-
TOPOB U IPYTMe€ UCTOYHUKM peaKTUBHOI MolHocTh (MPM), He uMe-
IOLUKE BpALIAIOLIUXCS YacTei.

Ha moacraHUMsIX NMPOMBILIEHHBIX MPEANPUATHII BOIU3U IIOTpe-
6uTeneil peakTMBHOM MOIIHOCTH YCTaHaBIMBAIOTCS GaTtaped CTaTH-
yeckux KoHaeHcaTopoB (BK). KoHneHcaTopbl MOTYT OGBITH MacCIsTHBI-
MM WIK COBOJIOBHIMU Ha HanpspkeHHe oT 220 B mo 10,5 kB 1 Hapyx-
HOI ¥ BHYTpeHHEHN yCTaHOBKU. ENMMHUYHAS MOLIHOCTh KOHIIEHCATO-
poB ot 10 no 125 kBap, Wis mMoyyeHUs: HeOOXOAMMOM MOLITHOCTH Q¢
KOHIEHCATOPhl COEIUHSIOTCS MapajuiesbHo. B 3Heprocuctemax BK Ha
HanpspxeHue 6 u 10 KB yctaHaB/IMBaKOTCA B y3J1aX CETH, Ha ITOACTaH-
UMSX TOOKIIOYAOTCH (Yepe3 BBIKIOYATeNb) K iHaM 6 u 10 xB.
PeakTnBHasi MOLIHOCTb, BeIpaGaThiBaeMass Garapeeii, CoeIMHEHHOM
o cxeMe 3Be3aa,

Oc =3U;C, (2.8)

rae U, — HanpsDkeHue, Ha Kotopoe BkmodeHa BK; C — emkocts BK.

Ecnu K ceTH MOAKIIIOYEHO OXHO M TO Xe YMCJIO 6aHOK KOHIeHca-
TopoB (Heperynupyemass BK), To B pexkuMe MUHMMAaJIBHBIX Harpy30K
BO3MOXHa ITepeKOMITeHCald PEaKTUBHOM MOII[HOCTH, KOTOpasl BbI-
30BET MOBbILUIEHNE HANPSIXEHUS W IOTIOJTHUTEIbHBIE TIOTEPH B CETH.
DTO NPUBOAUT K HEOOGXOIMMOCTH PETYIMPOBAHUS KOJIHNYECTBA BKIIO-
YeHHBIX 6aHOK KOHAEHcaTopoB. Takoe perylnpoBaHHe MOXET GHITH
OIHO- U MHOTOCTYIIeHYaThIM, Korna BK pasnenena Ha cexuun. Bxmo-
YeHUEe U OTKIIIOYEHHE YaCTH CEKLUi IMpOU3BOMUTCA aBTOMATHYECKH
WV BPYYHYIO.

HocrouncrBamu BK ABISI0TCS MX MpocToTa, a HEOOCTaTKAMH —
3aBUCHMOCTb PEAKTHBHON MOLIIHOCTH OT HaNpsDKeHUsI, HEBO3MOXHOCTh
noTpeGIeHUs] peaKTUBHOI MOIIHOCTH, CTYIIEHYaToe PeryJMpoBaHUeE.

Bosnee coBepllleHHBIMH SIBJISIOTCS YCTAHOBKM CTaTHYECKUX THUPHC-
TOPHBIX KOMIIEHCATOPOB, B KOTOPBIX OCYIIECTBIISIETCA IUIaBHOE pery-
JpoBaHue ToKa (puc. 2.28). B ycTaHOBKe NpMMeHeHBI Heperyiupye-
mbie eMkoct (BK) C1, C2, C3, xotophle BbIpaGaThIBalOT peaKTHB-
HYI0O MOLIHOCTb (€MKOCTHYI0) Qc, U peryimpyeMasi ¢ IIOMOLIBIO TH-
PUCTOPHBIX KJTIo4eit V.S MHAyKTUBHOCTh LR. YnipaBisiolue 3JIeKTpo-
Il TAPUCTOPOB NPUCOEINHEHBI K CXeME aBTOMATUYECKOIO PEryanupo-
BaHUsA. JIOCTOMHCTBAMH 3TOM YCTAHOBKM SIBJIAIOTCS OTCYTCTBHE Bpa-
LIAIOLIMXCS YacTei, GbICTPOIEICTBIE U TUIABHOCTh PETYIMPOBaHMA.
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Puc. 2.28. CxeMa CTaTUYECKUX PETYIMPYEMBIX KOMIIEHCATOPOB

CoBepllIeHCTBOBaHWE THUPUCTOPOB M YMEHbIIEHHE HX CTOMMOCTH
MpUBenEeT K ToMy, yto MPM OyneT 1ieecoobpasHee, Y4eM CHHXPOH-
Hble KOMIIEHCATOPHI.

AcUHXpOHM3UpOBaHHBIe Typboreneparopst TAIT-110, ACTI-200,
T3BA-320 Moryt nmpuMeHSTbCS B KayecTBe yrpasiasemoro MPM nipu
COOTBETCTBYIOLIEM PETYJIMPOBAaHUM TOKA BO3OYXKIEHUS.

Kom'po.nbuue BOIIPOCH

1. Kakoe M36BITOYHOE AaBJIeHHE IPUHMMAETCS B TypboreHepaTopax ¢ BO-
JOpOIHBIM oxnaxneHueM? IToyemy maBieHMe BOOOPOJA AOJKHO OBIThH BbIILIE
atMocdepHoro?

2. KakoBbl KOHCTPYKTUBHBIE OCOOEHHOCTH TypOOreHepaTOpOB C BOASIHBIM
oxJaxaeHueM?

3. YeM BbI3BaHA TEHIEHLIMA 0TKa3a OT BOAOPOAHOTO OXJIAXIEHHUS U Tepe-
XOJ Ha BO3AYLUHOE WJIM BOOSHOE OXJIaxXaeHue?

4. Kakue cUCTeMbI OXJIXACHUS MPUMEHEHBI B HOBBIX CEPHUSIX TypOOTreHe-
patopos T®, T3®D, T3B? \

5. YeM oTamMyaeTcs He3aBUCHMOE BO3OYXXIEHHME OT CaMOBO30YyXIeHMs

6. KakoBo Ha3HaYeHMe aBTOMATUYECKOro ralieHMsi MarHUTHOrO IOJIs Te-
Heparopa?

7. Kakyie KOHCTPYKTHBHBIE MEPOIIPUATHS TTO3BOJISIOT CHU3UTh NTOTEpU P,
u P, B TpaHcdopmaropax? )

8. UeM oTiMyaeTcs cMCTeEMa OXJIaXIEeHHUs TpaHC(hOPMaTOpOB M“n 7

9. YeM OTIMYAIOTCS OONMYCTUMBIE Harpy3Ku CBEPX HOMMHAIBHON MOLLHO-
CTH OT aBapUIHBIX Meperpy3ok?

10. Kak onpenenuts TUMOBYIO, NIPOXOAHYI0 U HOMHHAIBbHYIO MOIIHOCTb
aBToTpaHchopMmaropa?

11. IToyemy Heitrpain AT JOXHBI OBITH 3a3eMJIEHBI?

12. YeM omyiM¥aeTCsi CHHXPOHHBII KOMIIEHCAaTOP OT CHHXPOHHOTO reHepaTopa?

I'maBa 3

KOPOTKHUE 3AMBIKAHUA B DJIEKTPUUYECKHX
YCTAHOBKAX

3.1. Buapl, NpHYMHBI M NOC/IEACTBHS KOPOTKHX 3aMbIKaHHii

Kopomxum 3amvicanuem (K3) nasweaemcs HapyweHue HOpManbHOU
Ppabombi 3neKkmpueckoil ycmaroeKu, bi36aHKHOE 3aMbIKaAHUEM a3z mexcoy
coboli, a maKaice 3amoiKanuem Qa3 Ha 3eMato é cemsx ¢ 21YX03a3eMNCHHbI-
Mu Helimpansamu.

IMpnunnamu K3 o6b19HO sBNSIIOTCS HapylIeH!sl U3OJSALUU, BbI-
SBaHHBIC €€ MEXaHWYECKUMH IOBPEXICHUSIMH, CTapeHHEM, Habpo-
CaMM TIIOCTOPOHHMX TeJl Ha NIPOBOJA JIMHMI 3JIEKTPOTepeNayn, IIpo-
€3[I0M IO TMHUAMU HerabapUTHBIX MEXaHMU3MOB (KPaHOB C TMOIHS-
TOH CTPEJION M T.11.), IPAMBIMH yIapaMu MOJIHUH, NepeHaNpsIXEeHY-
MM, HEYIOBJIETBOPUTEILHBIM YXOII0M 3a 0GopynoBaHueM. Yacto npu-
YMHOM NMOBPEXIEHUH B 3IEKTPOYCTAHOBKAX, COIIPOBOXAAIOIIMUXCH KO-
POTKMMH 3aMBbIKaHUSIMHU, SBJISIOTCS HEIpaBUJIBbHbIE NeilCTBUS
obcmyxuBarouiero nepconana. IpuMepaMu Takux AeHCTBHIA SBISIOT-
Csl OIMGOYHBIE OTKIIIOYEHUS Pa3beTUHUTENIEM LIETTH C TOKOM, BKJIIO-
YCHUS pasbelMHUTENIEH Ha 3aKOPOTKY, OIUMGOYHBbIE HEHCTBUS npu
TIEPEKTTIOYEHUAX B IVIABHBIX CXeMaX M B CXeMax peiefHOM 3allUThl 1
aBTOMAaTHKH.

IIpu K3 ToK1 B noBpexneHHBIX dha3ax YBEJIMYUBAIOTCS B HECKOJIBKO
Pa3 IIo CpPaBHEHMIO C MX HOPMAlbHBIM 3HAYEHWEM, a HATIPSDKEHMS
CHIXAIOTCS, OCOGEHHO BOJIM3M MECTA MOBPEXICHHUS.

IIpotexanue Gonblumx TokoB K3 BEI3bIBAET MOBBIILIEHHBL Harpes
TIPOBONHHMKOB, @ 3TO BENET K YBEIMYEHHUIO NOTEPH 3NIEKTPOIHEPTHH,
YCKODSIET CTapEHHE Y Pa3pyLICHUE U3ONSALMM, MOXET IIPUBECTH K I1O-
TEpPE MEXaHWYECKOH MPOYHOCTH TOKOBEMYILMX YacTeil U 3JIEKTpUYEC-
KUX anmnaparos.

CHuxeHue YpoBHs HanpspkeHus pu K3 B cetn BEIET K YMeHblile-
HHIO BPAI[AIOLIEr0 MOMEHTA 3JIEKTPOIABMIATENEH, HX TOPMOXEHHIO,
CHIDKCHHIO NIPOM3BOAMTENILHOCTH M aXe K IOJTHOMY OCTaHOBY.

Pe3koe cHinkenue Hanpsokenus npu K3 moxer TIPUBECTH K Hapy-
IIEHHUIO YCTOWYHUBOCTH NapaUIeIbHONM paGoThI TeHEePaToOpOB 3JIEKTPO-
CTaHUMHA M YacTedl 3NMEKTPUYECKOH CHCTEMBI, BOSHUKHOBEHMIO CH-
CTEMHBIX aBapHii.
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0
Puc. 3.1. Buzabl KOPOTKMX 3aMBIKaHHUM:

a — tpexdasnoe K3; 6 — nByxdasnoe K3; ¢ — asyxdasnoe K3 Ha 3emiio; e —
onHodasHoe K3

Bunst K3 B Tpex¢asHoit cet U uX 0003HaYyeHUsI NIPUBEIEHBI Ha
puc. 3.1.

Tpexdasubie 1 aByxdasHsie K3 BO3MOXHSI B JII0ObIX TpeX(a3HbIX
CeTsX.

Jlns npoxoxaeHus Toka Npu onHodasHoM wnu apyxdasHoM K3 Ha
3eMJII0 HEOOXOOMMO, YTOOBI Ha y4acTKe CeTH, TIe MPOU30LUIo IIo-
BpeX/IEHKE, ObLTAa XOTS Obl OHA 3a3eMJIEHHAas] HyNeBasl TOYKa (HEWT-
panp) TpaHcdopMaTopa, 3NMEKTPUYECKH CBs3aHHasg ¢ MectoM K3
(cM. puc. 3.1, 6, 2). YeMm Gonplie GyneT 3a3eMJIEHHBIX HEHTpael, TEM
6osble 6yneT Tok K3 npu 3THX BUAAX TOBPEXIEHUH.

Bax#HbIM ()aKTOpOM SIBJISIETCSI OTHOCHTENIbHASI YaCTOTa BOSHUKHOBE-
HUs paznyHbiX BUIOB K3. ITo ycpenHeHHBIM TaHHBIM OHa COCTaBJIsA-
eT, %: TpexdasHble — 5; aByxdasusie — 10; onHoda3Hble — 65; nBYX-
dasusie K3 Ha 3emiio — 20. iHorna onvH BUI 3aMBIKaHUI IIEPEXONUT
B Ipyroii (HampuMep, B KaGenbHbIX TUHUSIX 6 — 10 kB 3aMbikaHue on-
Ho¥i da3bl Ha 3eMJTIO YacTo Tiepexonut B Mexaydasusie K3).

Kak npasuio, B Mecte K3 BO3HUKaeT 3jieKTpuyeckas Aayra, KoTro-
past o6pa3yeT BMECTe C CONPOTHBIEHUSAMH 3JIEMEHTOB MyTH ToKa K3
nepexoaHoe conpotubieHune. Horna BozHukawT MetTauinyeckue K3
6€e3 1epexoqHOro COMPOTHBIICHMS.

g obecrieyeHUsT HaIEXHOU pabOTHI SHEPrOCUCTEM U IIPENOTBpa-
LIEHUA TOoBpeXIeHuit obopynoBaHus npu K3 HeoOxoauMo OBICTPO
OTKJIIOYATh NTOBPEXIEHHBINH YYacTOK, YTO JOCTUTAETCsl IPUMEHEHUEM
YCTPOMCTB peJIeHOM 3alUThl ¢ MUHUMAJIbHBIMA BbIIEPXKAaMH Bpe-
MEHM M OBICTPOAEMUCTBYIOIIMX OTKITIOYAIOLIMX amlapaToB (BBIKIIOYa-
teneit). HemanoBaxHylo poJsib UTpaloT ycTpoiictBa APB u 6nicTponeit-
cTBRyOLLEN (opcHpoBKU Bo30yxXaeHUsT (YB®P) CHMHXpPOHHBIX reHepa-
TOPOB, KOTOpbIE YBEIMYMBAIOT TOK BO3GYXIEHUsI CUHXPOHHBIX I'eHe-
paTopoB NpH KOPOTKHX 3aMBIKaHUsX, Giarofapst yeMy Mexbllie IIOHH-
3KaeTcs HanpsXeHHe B Pa3IMYHBIX 3BEHbSX CETH, a IOC/IE OTKIIOYe-
Hus K3 HanpsxXeHue ObICTpee BOCCTAHABIMBAETCS IC HOPMAJIBHOIG.

K MepaM, yMEeHbIIAIOLIMM OMACHOCTh Pa3BUTUS aBapHil, OTHOCHAT-
cs: BBIOGOp pPallIMOHANIBLHOM CXEMBI CETH, NPaBWIbHEIN BHIOOp ammnapa-
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TOB I10 ycioBuaM K3, nprMeHeHne TOKOOrpaHHYMBAIOLIUX YCTPONHCTB
U T.10.

Hts ocylecTBIeHUsT yKa3aHHBIX MEPOTIPUATHI HEOGXOIUMO YMETh
onpenenarb Toku K3 u yuuThIBaTh XapakTep MX U3MEHEHHUSI BO Bpe-
MEHH.

3.2. BykBeHnble 0003HaYeHns PU3AIECKUX BEJIMIHH

B coorserctBum ¢ [3.3, nompasn. 1.3] B HacTosileM M3TaHUK HC-
TMOJIB3YIOTCA Crienytolye OyKBeHHble 0003HauyeHUs (PU3NYECKUX BEJIH-
YMH, TIPUMEHsIEMBIX B pacyerax TokoB K3, a Taxxke mpu mposepke
NTPOBOOHUKOB M JIEKTPUYECKUX alllapaToB Ha 3JIEKTPOAMHAMUYeC-
KYI0O ¥ TEpPMHYECKYIO CTOHKOCTb mpu K3.

I — TOK, meicTByIOlIEE 3HAYECHHE;
/ — TOK, MTHOBEHHOE 3HAaYEHHUE;
I — TOK KOMIUIEKCHBIA, NeUCTBYIOLIEE 3HAYEHHE;
Iax — TOK, aMIUIMTYIHOE 3HAYEHHUE;
lyon — HOMHHAIBHBIN TOK;
iy, — ynmapHbIi TOK K3;
ipyy — TOK 3JIEKTPOOWHAMHUYECKOM CTOMKOCTH;
Lxn, By — TOK BKIIIOYEHHs, NEHCTBYIOLIEE U MTHOBEHHOE
3HaYeHMUS;
— TOK CKBO3HOM, eHCTBYIOLLIEE U MTHOBEHHOE 3Ha-
YEHUS;
Lip.ckss inp.cxs — TOK TIPEMENBHBIN CKBO3HOIA, IEHCTBYIOLIEE ¥ MTHO-
BEHHOE 3HAYEHMUS;
Lyikns foren — TOK OTKIIIOYAEMBIH, JEHCTBYIOLIEE U MTHOBEHHOE
3HaYEHMS,
Lyrxn.vioms forxn.iow — HOMMHAJIBHBINA TOK OTKTIOYEHHS 3JIEKTPUYECKOTO
amnmnapara;
I,, i, — TOK B MOMEHT ¢;
I, ii — TOK B MOMEHT T;
L., — TOk TepMHUYeCKON CTOMKOCTH;
I. — TOK yCTaHOBHMBILETOCH PEXUMa;
I, — tox K3, o6iiee 0603HaueHue;
I,, i, — nepuonuyeckas cocrasnsomas Toka K3;
I,, i, — anepuonnyeckas cocrasnswouas Toka K3 (I,=i,);
I,y — HavaypHOE AeiCTBYIOLIEE 3HAYEHHE NTEPHOTIYEC-
Kol cocrasisionueit Toka K3 (1=0);
Iy — HavaJbHOE 3HaYEeHME allepUOINYECKOH COCTABIS-
roueii Toka K3 (7= 0);
L., i, — neproanYecKas M anepuoaMYecKast COCTARIISIOLINE
ToKa K3 B MOMeHT =1
U, u — HanpsiXeHue, IeHCTBYIOlEE 1 MTHOBEHHOE 3Ha-
YEeHUs,;

'~

ICKB) iCKB
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U,, U,, Uy — HanpspxeHus NpsAMOii, 06paTHOM U HYJIEBO# Ioc-
JIEOBATEJIbHOCTEH COOTBETCTBEHHO;
AU — morepst HaNpSCKEHU,
¢ — yroia casura a3 MexXIy HanpsKeHUEM M TOKOM;
cos @ — KO3(GUIIMEHT MOIIHOCTH;
E, e — 3nexTpoaBUXYylas CHia, NEHCTBYIOLIEE U MTHO-
BEHHOE 3Ha4YEeHMS,;
R, r — compoTuBiieHNEe aKTHUBHOE;
X,x — COIpOTHUBJIEHHE PeaKTHBHOE;
Z — CONpOTHUBJIEHHE TOJIHOE, MOMAYIIb,
Z,, Z,, Zy — CONpOTHUBJIEHUA NMPSAMOI, 06paTHON M HyJIEBO
[10CJIEA0BATENILHOCTEH COOTBETCTBEHHO,
T, — noCTOSIHHas BpeMEHH 3aTyXaHus aIle pHOINYeCKOM
cocrasisouiei Toka K3;
Buopy — HOPMHMPOBAHHOE NPOLEHTHOE COIEPXKaHHUE are-
PUOINYECKOM COCTABIAIOIIEH B OTKJIIOYaeMOM
TOKE;
B, — wunrerpan Ixoyns npu K3;
B, — HOpPMUpOBaHHBIIi HHTerpai JXoyns eKTpuyec-
KOTO armaparta s ycinosuii K3;
tep — BpEMS TEPMHYECKOM CTOMKOCTH 3JIEKTPHYECKOrO
amnrapara;
Iyxn — BpeMs oTkmodeHusi K3, pacyeTHas NpOmOIIKH-
TenbHOCTh K3;

f. p.orxn — COOCTBEHHOE BpeMsl OTKJIIOYEHMS BBIKJIIOYATEJIA,
Ly.orxn — TIOJIHOE BpeMS OTKJIIOYEHUsI BBIKITIOYATEIS,
ty3min — MUHHMAJIBHOE PaCYETHOE BpeMs CpabaTbIBaHUSA

peNIeifHOM 3aLLMTHI,
T — MOMEHT Hayajia pacXOXAEHMUs XYroraCHTeJIbHBIX
KOHTaKTOB KOMMYTAllMUOHHOTO aIlapara.

3.3. Tpexda3noe KOPOTKOe 3aMBIKaHHE

JLis TOro 4TOGBEI O3HAKOMMTRCS C CYLIHOCTHIO Mpouecca K3, ocra-
HOBHMMCS Ha HanboJiee IPOCTOM C TOUKH 3pEHHWS TTIOHMMAaHMs IIPOUC-
xomsawux npu K3 npoueccoB nmoBpexnmeHun — tpexdasnom K3
(puc. 3.2).

Tpexdasnoe K3 siBnsercs cummempuynbim, Tak KaK IIpH HEM HE Ha-
pylllaeTcsi CUMMETPHSI TOKOB M HarpsDKeHMI (TpearosaraeTcss paBeH-
CTBO CONPOTURIIEHUH TpeX (a3 Lienu KopoTKoro 3amMbikaHus). ITo cpas-
HEHMIO C peXUMOM Harpy3ku npu K3 toku B ¢ha3ax ysenmuumnBaiorcd, a
dasHbie 1 MexmydasHble HanpsokeHUs YMEHbLIAIOTCS. YeM MeHblue
conporusiienune uenu K3 (r, wlL,), TeM 6onblre ToK K3 u Gosblie
rnocankyl HanpspkeHus B ceTd. IIpu Tpexdasnom K3 cucreMa ocraercst
YpasHoeewerHol, TaK KaK TeOMETPHYECKHE CYMMBI TOKOB W HarmpsoKe-
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HUii B mob6oM Mecte uenu K3 ocraiorcd paBHBIMM HYJIO. YTOJI CIBUTa
¢da3 Mexmy ToKoM u HanpspkeHueM (yron ¢) npu K3 omnpenensercs
COOTHOLLIIEHHEM MHAYKTUBHOIO M aKTUBHOTO CONpOTHBIeHHUH 1iern K3.
IIpu OTHOCHUTEIBHO MaJIOM 3HaY€HUH aKTUBHOT'O COTIPOTUBIIEHUS LIEITH
K3, 4To MMeeT MeCTO B yCTaHOBKax HarnpsokeHueM Beite 1000 B, yron ¢
npubmrkaercs K 90°, 1.e. Tok K3 sapysiercs 1160 YNCTO UHIYKTUBHEBIM,
160 06JamaeT 3HAYMTEIbHOW MHAYKTUBHON COCTaBJISIIOLIEH.

Kopotkoe 3ampikaHue (CM. pHC. 3.2) IeIUT LeMb Ha ABe YacTH: 1pa-
BYIO C COIPOTHBIIEHUSMH r; M WL = X| 4 JIEByIO, COAEPXKAIIyl0O UCTOY-
HMK NIUTaHusA ¥ conporuBieHus uenu K3 r u oL, =x,.

H3BecTHO, YTO B LIENSX, COAEPXKAIIMX HHIYKTUBHOCTb, HE MOXET
OBITH MTHOBEHHOTO U3MEHEHHUS TOKa. Besikoe M3MEHEHUE CONPOTHUBIIE-
HUS LENM BBI3BIBAaET MEPEXOMHBIM MPOLECC, B TeUEHHE KOTOPOro TOK
B eI U3MEHSAETCS IO HEKOTOPOro YCTAHOBUBILIETOCS 3HAYEHHUS.

ITpouecch B 00eMX YacTAX paccMaTpMBaeMON HaMM CXEMBI IPU
tpexgasHoM K3 nporekalor He3aBUCUMO.

IIpaBas yacTh OKa3bIBaeTcs 3alyHTHpoBaHHOM K3, moaroMmy Tok
B Heif OymeT IMOAmepXUBAaThCA JIMLIL IO TeX MOp, NOoKa 3araceHHas
B MHAYKTUBHOCTH L, SHeprusi MarHUTHOTO IIOJISI HE IepedeT B Tell-
JI0, BBIIEJIAIOIIEECS B aKTUBHOM CONIPOTUBJIEHHH Fy. DTOT TOK IIpH aK-
THBHO-MHIYKTUBHOM XapaKTepe COINPOTUBJIEHUS LENU HE IIPEBBIIIACT
TOKa HOPMAJIBHOTO peXuMa M, 3aTyxasi ITIOCTEIIEHHO A0 HyJs, He Mpel-
CTaBJIIET OMAcCHOCTH I 060pyIOBaHHUS.

W3MeHeHMe peXyMa B JIEBOI YaCTH LIENM, COIepXalleil UCTOYHUK
nuTaHus (TreHepaTophl, IBUTaTe I, CHHXPOHHbIE KOMIIEHCATOPBI), IIPH
HATMYUYA WHIYKTUBHOCTHU L, TOX€ CONMPOBOXAAETCS NMEePEXOIHBIM MPO-
LIECCOM, HO XapaKTep €ro M JUIMTEeJIbHOCTD Mepexoaa K YCTaHOBUBILIE-
MycCsl peXUMY OYIyT pasIMYHBIMU B 3aBUCUMOCTH OT TOrO, U3MEHSET-
ca BJAC ucrouynuka Bo Bpems K3 win Her.

B cooTBeTCTBHM C BBIIIECKA3aHHBIM pacCMaTPUBAIOTCA TPU ClIy4yas
tpexdasHoro K3:

a) K3 B nenu, nuraiouieifics oT IMH SHEProcCUCTEMbl HEU3MEHHO-
TO HANpSKEHUS;

Uy= Upax sin(of +a)

C Up= Unaxsin(ot +a - 120°)

S0 \Uc= Upay sin(ot + o —240°%)
z—0

Puc. 3.2. Tpex¢dasHoe K3 B CHMMETPpUYHOMN LIETH, ITMTAEMOH OT LUMH HEU3-
MEHHOTO HaNpsDKEHUS
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Puc. 3.3. Kpusble uaMeHeHus Toka TpexdasHoro K3 npu MakCMMaTbHOM 3Ha-
YeHWUU anepHoOaMYECKON COCTaBISIOLIEH:

a — B LeNU, MUTAEMOl OT LUUH HEUIMEHHOrO HAMPSKEHUs; 6 — B LENU CUHXPOHHO-
ro reHeparopa 6e3 APB; ¢ — B Lenu CUHXpOHHOro reHeparopa ¢ APB
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6) K3 B uenu, nurarouieiica oT reHepaTopa orpaHHYEHHOH MOLL-
HOCTH 6€3 yCTpOICTB aBTOMATHYECKOIO PErYIMPOBAHNS BO36YXKACHUA
(APB);

B) K3 B nemu, nuramoureiicss oT reHepaTopa orpaHUYEHHOM MOLL-
HoctH ¢ APB.

Ha puc. 3.3 nokasaHsr rpadiKi M3MEHEHUS TOKOB TpexdasHoro K3
I BCEX TPEX CJIyyaes.

B nesoit yactu rpacdukoB (cM. puc. 3.3) n3obpaxeHa KpuBas Toka
MpeAIIeCTBYIOLIEro Harpy3o4yHoro pexuma i,. [lepeceueHue ocu To-
KOB I C OCBIO BPEMEHHU ! COOTBETCTBYET MOMEHTY BO3HHMKHOBeHHs K3
(t=0). B npaBo# yacTu rpaduka MOKa3aHbl KPHBBIE TOKOB iy in, iy
Kpubas Toka i, n3o6paxaet Tok K3, ¢hakTHyeCKH npoTeKaloLuii mo
LenH, win ronHslif Tok K3. Kpussie iy 1 i, COOTBETCTBYIOT TNe-
PHOIMNYECKONW M anepUOIUYECKOH COCTABIAKIIUM
TIOJIHOTO TOKa iy. B KauecTBe 0O1IETO MOJOXEHUA NIPU COCTABJIEHUU
rpa@MKOB GBIIO MPUHATO, YTO MHAYKTUBHOE COMPOTUBIICHUE LIEIH
K3 x,= 0L, 3HaunTeNbHO NpeobiafaeT HaX aKTUBHLIM 7, (X >> 1) H
neproanyeckas cocrasisiouias Toka K3 i, orcraer o ¢asze or DJ1C
MpUMepPHO Ha 90°.

YacTe nporecca, KOTopasi XapaKTepu3yeTcss U3MeHEHUEM aMILIM-
TYIHBIX 3HaueHUit Toka K3, Ha3biBaeTcst me pe X o4 H b M (HeyCcTaHo-
BUBILIEMCS) PEXMMOM. B YCTAHOBMBIIEMCS pPEXUME aMILIUTYIbI
ToKa K3 nocTosHHEL.

PaccMmotpumM noapoGHee Bee TpH ciydast tpexdasHoro K3.

Tpexdasnoe K3 B uenun, nuTaomeicsa oT WUH 3HEProOCHCTEMB
HEH3MEHHOro Hamnpsukenus (puc. 3.3, a)

Ton onpeneneHueM «3HEProcUCTEMa HEU3MEHHOTO HAIPSIKEHHSI» ,
KOTOPBIM 4aCTO MOJIb3YIOTCS NPU pacyeTax ToKoB K3, mompasymesa-
€TCA MOIIHBIA WCTOYHMK MUTAHUs, HaNpsDKEHUE Ha IHMHAX KOTOPOro
OCTaeTCs NMPaKTHYECKH IOCTOSTHHBIM TMPH JIIOOBIX U3MEHEHHUAX PEXH-
Ma ceTH — cbpocax Harpy3KH, Ieperpyskax, KOpoTKUX 3aMbIKaHMSIX.
BHyTpeHHee CONPOTHUBIEHUE TAKOTO MCTOYHMKA NPUHUMAETCS paB-
HBIM HYIIO (xc=0; rc=0), a MOWHOCTE — 6ECKOHEYHO GONBLIOH
(Siom €= ), XOTS B JEUCTBUTENILHOCTH MOIIHOCTU SHEPTOCUCTEM M X
COIIPOTUBJIEHUS] UMEIOT KaKUe-TO KOHEYHbIE 3HAYEHUA.

PaccMoTpuM BHavyajle MOMEHT BO3HMKHOBeHMs: K3.

ITockonbKy peys UaeT 0 CHMMETPUYHOI TpexdasHoil cucTeMe, Ui
OLIEHKH ITPOMCXONAIIUX SBJIEHUH NOCTaTOYHO pacCMaTpUBaTh Ipoliece
B OIHOM (ase.

Kak yxe ymomunanocs, npu K3 ToK B 371eKTpU4ecKO# 1LIeTH BO3-
pacraeT. OfHaKO MTHOBEHHOTO YBEMYEHUSI TOKA i, B KODOTKO3AMK-
HyTO# (JleBoH) yacTu Henu (cM. puc. 3.2) MPou30MTH He MOXET, TaK
KaK 0OMOTKa cTaTopa UCTOYHHWKa U uenb K3 061a1aoT MHIYyKTUBHO-
cThio L.
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B HavanpHbIif MOMeHT K3 B MHAYKTHUBHOM COIPOTUBJIEHUH KOPOT-
KO3aMKHYTOH Len# x,=wL, HaBoaurcsd B C caMOMHIYKIINU, BBI3bI-
BAlOLIAs MOABNEHUE TOKA CAMOMHIYKIIMM BCTPEYHOrO HaNpaBJIeHHS,
TaK Ha3bIBaeMbIif CBOOOIHBIH alTepUONUYECKUH TOK (KpUBad iy).
AneproINYeCKMM 3TOT TOK Ha3bIBaeTCs IIOTOMY, YTO HarpaBJieHHE
€ro He U3MeHseTcs ¢ TeyeHHeM BpeMeHH. CreqoBaTesIbHO, C MOMEHTA
Bo3HMKHOBeHMsI K3 monHBI 1 TokK K3 iy MOXHO nIpeIcTaBUTh B BUIIE

I IBYX COCTaBJISTIOLIUX:
cy}f’:di cI:IBo%xom-[oﬂ amepHoOIMYeCKO if cocrapsmioweii Toka K3, 06y.c-
JIOBJIEHHOM 3armacoM 3Heprid MarHUTHOTO 110 B MHIYKTUBHOCTH Ly
iy — BBIHYXIEHHOM ITe p M 0 I M Y € C K O i cocTarisiouteif Toka K3,
06yCIIOBIEHHOH eiiCTBUEM HAIpSKEHUS UCTOYHHUKA. 3

B pesysbraTe B3aMHOTO JEHCTBUS STHX IBYX COCTABJISIIOLLIMX ITOJTHBIA
TOK B Lieri B HayayibHbIH MoMeHT K3 (7= 0) ocTtaercsi paBHEIM MTHOBEH-
HOMY 3HAYEHMIO TOKa Harpy304HOIO PEXUMa iy. TakuM o0pa3oM,

i+ in0= iHOs (31)

rhe ip — HayaJbHOEe 3HAYeHHUe anepnozmqecxogt COCTaBJIHIOLI.[eIEI TOKA
K3; i — HavasbHOE 3HaYeHHE TNepPUOTUIECKON COCTABIAIOLIEH TOKA
K3; i,p — MrHOBEeHHOe 3HaYeHHe TOKa Harpy3K B MOMEHT BO3HUKHO-
BeHmst K3 (1=0).

Ha ocHoBannu dopmynsr (3.1) mis MoMeHTa BpeMeHH =0

Ia0= Iy — Ino- (3.2)

IIpencraBnsioT onpenesieHHbI HHTEPEC YCIOBHSI BOBHUKHOBEHUS
MaKCHMaJIbHO BO3MOXHEIX 3HaYeHHif nmojiHoro Toka K3 u ero anepu-
omuyeckoii cocrapisiowmieii. U3 ¢opmyner (3.2) BUAHO, YTO HaYalb-
HOe 3HayeHHe anepruoIUYEeCKOro TOKa B CETAX C MHIYKTUBHON Ha-
TPY3KOit (x,>> ry; = 90°) OyneT MaKCHUMaJIbHBIM B TOM ClIy4yae, €Ciu
HamnpsoKeHHe B MOMEHT BO3HUKHOBeHHs K3 nmpoxonut yepe3 Hynb (da-
30BBIM YTOJI HANpsDKEHWS UCTOYHMKA B MOMEHT =0 a = 0), ToK B Lie-
I Harpy3Ku OTCYTCTBYeT (iy=0) U nmeproanyeckass COCTaBJISAIOLIAS
“MeeT HauboJbllee 3HAYEHUE ing= I} max, TOTHA

iaOmax =_Inmax- (33)
Kpusast usmeHeHus noixHoro Toka K3 npu ycioBuyM MaKCUMaJIbHO-

rO 3HaYeHHUs allepHOIMYECKOI COCTaBIAIONIeH Moka3aHa Ha puc. 3.3, a

(3mech iyp=—I; may)-
HpOCJIeI[I/lM, KaK U3MEHSAKTCS arniepHoanvyecKass 1 NepuoanyecKkas

COCTaBJIsIOlIME B TeyeHHe mpoiecca K3.

Arneproanyeckasi COCTaBJIsIoON[as, BOHUKIIASA 32 CYET 3araca SHep-
Uy B MHOYKTUBHOCTH L, e K3, OymeT 3aTyxath 10 3KCIIOHEHLHU-
QJIbHOMY 3aKOHY:

iy = e/ T, (3.4)

rae 7, — mocTosTHHasi BpeMeHHU 3aTtyxaHus uenu K3, c, paBHas
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= (3.5)
e o
rae L, ry, X, — COOTBETCTBEHHO MHIYKTUBHOCTb, aKTUBHOE COINpO-
TUBJICHHE U MHIYKTUBHOE COTIPOTUBIIEHHUE IIEMU K3; w=2nf— yrno-
Basl 4acToTa.

Brictpora 3aTyXaHHsI allepUOIUYECKOIT cocTapisionieii Toka K3 3a-
BUCHT OT COOTHOLUCHMSI MEXIY aKTMBHBIM M MHIYKTHMBHBIM cornpo-
TUBJICHUAMU uenu K3: yem Gonplie akTuBHOE COIPOTHUBJIEHUE LIENHU
K3, TeM 3aTyxaHne NMpoUCXOIMT MHTEHCHBHEe.

Cka3aHHOE BhbIllle OTHOCHTEIBHO HaYallbHBIX 3HayeHuil Toka K3 u
3aTyXaHHs1 aniepUOINYECKOM COCTABIISIOLIEN NEHCTBUTENILHO IS BCeX
Tpex ciydaeB K3, npuBeneHHsix Ha puc. 3.3.

OnHako nepuonnyeckas coctasnsiomas Toka K3 H3MEHseTco Mo-
Pa3HOMY B 3aBUCUMOCTH OT MCTOYHMKA [MUTAHMUS.

3HayeHHe NepUOTUIECKOI COCTaBJIAIOLIEH I HAaYaTbHOTO MOMEHTa
K3 (#=0) saBucur or HarpsDKeHWs. MCTOYHMKA MTUTAaHUS (3HEProcu-
CTEMBI) U MOJIHOTO CONMpOTHBIeHMs Lernyu K3. ITepuonnyeckas co-
crasndiontas Toka K3 usmensercss Bo Bpemenu no MEPUOANYECKOMY
3aKOHY C 4aCTOTOM, paBHOM YacTOTe HATPSDKEHMs] UCTOYHMKA (3Hep-
rocucTeMsi). B mo6oit MOMeHT BpeMenu f ot Havana K3 MTHOBEHHOE
3HaYEHHE ee OMpENENAETCS 10 YPaBHEHHIO:

Umax

Ine =

sin(@f + 0 — @y ) = Iy max sin(of + o — @, ), 3.6)
K

tae U, — aMIUIMTyIHOe 3HayeHHe (a3HOro HanpsDKeHUs HMCTOYHHKA;
Z, — TIOTHOE COTIPOTURIICHHE LIEMTH K3; o — ¢asoBbiit yron Hanpsxenus
MCTOYHMKA B MOMEHT /= 0; ¢, — yron casura Toka B nemu K3 oTHOCH-
TEIbHO HANpPSDKEHUS MCTOYHMKA TOi Xe (haswl (OTpesessieTcss COOTHO-
IICHUEM aKTUBHBIX ¥ HHAYKTUBHBIX CONPOTHBRIIEHHUI 1IeTTH K3); Iimax —
AMILTUTYHOE 3HaYCHHUE NEPUONNYECKOI COCTARISTIONIEH Toka K3,

Tak kak B maHHOM ciydyae MbI paccMatpuBaeM K3 B 1ienu, nura-
IOIIEACS OT IMH SHEProCUCTEMBI HEM3MEHHOIO HaIpsDKeHUs, TO He-
M3MEHHOCTb HampsCKeHHMs KICTOYHHUKA OTPENENISIeT U MOCTOSHCTBO aM-
TUTATYABl BHIHYXICHHON (IIEPHOIMYECKOIN) cocraBysonen Toka K3
B TeYeHHe Bcero nporuecca K3.

JJMTENIBHOCTD NIepexoqHoro npouecca K3 npu nuranum uenu or
LUIMH MOLHOTO SHEPreTHYECKOro NCTOYHMKA OTPeNeNseTcs UL Ha-
JITIMEM aTiepUOINYECKOif cocTaBistionieit Toka K3. C 3aTyxaHHUEM 3TO-
TO TOKa HacTymaeT ycraHoBUBILMIiCS pexuM K3, Korna B enu poTe-
KaeT TOK yCTaHOBMBILUErocs pexuMa /.. Bee anextpuueckue anmapa-
Thl, YCTAaHOBJIEHHbIE B LIETH, Ie npousouwto K3, Haxoxarcs mox Bo3-
HNeACTBUEM noanozo moka K3 iy, PABHOTO CYyMMe TNEPHOIMYECKON M
anepUOINYECKOM COCTABIAIONINX B JAHHBIA MOMEHT BpEMEHH.

AHanu3upys Kpusyio Toka K3 (cM. puc. 3.3, a), BugnM, uto npu-
MepHo uepe3 noanepuoda (t= 0,01 c) nocae nauana K3 mznosennoe 3naue-

89



Hue noaHozo moxa K3 docmuzaem makcumanbHozo 3Ha4eHus, Komopoe
Ha3sviearom yoapusim mokom K3 u obosnauarom iy, (mox, RpoU3600aUUL
Haubonbuee MexaHu4eckoe go3deiicmaue Ha 31eKkmpoobopydosarue u an-
napamoi, Haxo0auuecs 6 yenu K3).

CornacHo pMc. 3.3, a yoapuoti mok onpedensemcs KaKk CyMma hepu-
oduyeckoli u anepuoouueckoii cocmaensiouux moka K3 das momernma
epemenu t= 0,01 c.

ITpu onpeneseHAH YIapHOTO TOKA YCIOBHO CYMTAIOT, YTO K 3TOMY
BpEMEHHU ITIepHoanYecKas cocTapisiomas Toka K3 He TpeTepreBact
CYLIECTBEHHBIX H3MEHEHUii ¥ PaBHA, KaK M B HAYAIbHBIH MOMEHT KC},
I max- YUMTBIBAETCS JIMLIB 3aTYXaHKUE alepHOAMYECKOM COCTARIISIOLIEH,
MaKCUMATbHOE HaualibHOE 3HaYeHUEe KOTOPOi TakoKe MPUHUMAETCS paB-
HBIM I may. )

Ha ocHOBaHMHU TPUHATHIX IOMYIIEHUHA YIapHBIA TOK ONpenesaioT
KaK

iyn = In max T la 1=0,01 = In max T In maxe_o’m/n =

= Ly (1+ €001/T) (3.7)

WIN
iy11= kannmax’ (38)

rae ky, — yaapHb# KO3bQHUIHEHT, 3aBUCALIMI OT ITIOCTOSIHHOM Bpe-
MeHH 3aTyxaHud uenu K3

ke = 14+€001/ T, (3.9)

V4YuTHIBasg COOTHOLIEHUE MEXIY aMIUIMTYIHBIM (MaKCHMaJIbHbBIM)
I max ¥ OEUCTBYIOIIUM I ) 3HAYECHUSAMM NMEPUOAUYECKOH COCTaBIAN0-
weit Toka K3

In max =‘/—2-In0a (310)

I10JTy4aeM OKOHYATeJIbHyI0 (GOpMYJTy VI ONpeAeIeHUsI BETMYUHBI yaap-
Horo Toka K3, ucrons3yemylo B IIpaKTMYECKHX pacyeTax:

ign = 2T 0kys. (3.11)

UtaK, nepexodHblii npoyecc 8 cayvae numanus om wiuH sxepeocucme-
Mbl HEU3MEHH020 HANPAXCEeHUs 3aeepulaemcs nocae 3aMmyxXaHus anepu-
oduueckoii cocmaeastowieli moxka K3, u danee noanviii mox K3 pasen e2o
nepuoou4eckoii cocmaeasiowell, HeusMerHol no amnaumyoe.

IIpu 3TOM AeiicTBYIOLIYE 3HAYEHHUs TOKA IS IPOU3BOJIBHOTO MO-
MeHTa K3 7 paBHBI:

MepUOIUYECKOM COCTaBNAIOLIEN

1, .
I,=1Iy,= —':/—l"iﬂ = const; (3.12)
arepruoauYeCKON COCTaBIISIOLIEN
L= by (3.13)
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nonHoro Toka K3

I, =12, +i2,. (3.19)

Tpexdasnoe K3 B uenn, nuraiomeiics oT renepaTopa orpaHHYeHHON
mMomHocTH 6e3 APB (puc. 3.3, 6, 3.4)

B oryMume ot npexbiayLIero B AaHHOM cyyae paccMaTpuBaercs K3
HETIOCPENICTBEHHO Ha BBIBOAaX reHeparopa. KopoTkoe 3aMbiKaHue npes-
noyiaraeTcst B MOMeHT, Korna BJ1C renepartopa paBHa Hymo. Kak u pa-
Hee, NPHUHATO, YTO X, >>r, (MHIYKTHBHOE CONPOTHBJIEHHE KOPOTKO-
3aMKHYTOH LIeNH Npeo6/iafaeT Hall e aKTUBHBIM COIPOTHBJICHUEM).

Ha puc. 3.3, 6 npuBeneHs! KpuBble U3MEHEHUS TOKa TIPH Tpexdas-
HoM K3 B onHoit ¢ase uenn, nuraemoit oT reHepatopa Npu OTKIIO-
4YeHHOM ycTpoiictBe APB. MomeHT Bo3HukHOBeHMs1 K3 (£=0) cooT-
BETCTBYET CJIy4alo, KOIla arepuoandecKkas cocrasisoumas Toka K3 u
TNONHBINA TOK K3 N0CTUraloT MAKCUMAaNTBHOTO 3HAYeHUS (ih0= — I may)-

Tak xax MbI paccMarpuBaeM K3 Ha BbIBomax reHepaTopa npu OTKITIO-
4yeHHOM APB, To TOK BO36YyXIeHUs ir ¥ CBI3aHHBIA C HUM MarHUTHBIA
noTok Bo3byxnenus P, s npouecce K3 ocraiorcss HeM3MeHHbIMH.

Onupasick Ha 3HaHUSA, TTOJNYYEHHbIE IPY U3YYEHUH NPOLIECCa BHE-
3anHoro K3 cMHXpOHHOTO reHepatopa B Kypce «DJIeKTpUYecKHe Ma-
WXHBl U TPaHCHOPMATOPbI» , BCIOMHMM OCHOBHbIE NPHYMHEI, 0GY-
CJIOBJIMBAIOIIME M3MEHEHHE BO BPEMEHHU OTHENBHBIX COCTABJISIOLIUX,
a cJlefoBaTeNbHO, M IOJIHOro Toka K3.

Bce, yTo 6BUIO CKa3aHO paHee B OTHOLUEHNM NMPUYMHBI BO3HUKHO-
BEHMs, XapaKTepa 3aTyXaHWs M YCJIOBUH, ONpelessIOUIMX BeIUYUHY
arnepuonuveckoi cocrapnsoweil Toka K3, ocraercs crnipasemwInBeIM
M I HacTosuiero ciyyas K3.

OcHoBHoOe oTHyMe paccMmarpuBaemoro K3 B 1enu, nuraouieics
oT reHeparopa 6e3 APB, ot K3 npu nuTaHuH OT IIKH 3HEPrOCUCTEMBI
HEU3MEHHOTO HaNpPsIKEHUS 3aKJIIOYAETCS] B HEMTOCTOSIHCTBE aMIUTUTY
NepUoaNYeCcKoii cocrasnsouiei Toka K3, mocreneHHO U3MEeHSIONMXCS

Puc. 3.4. TpexdasHoe K3 B CHMMETpHYHOI} LieNH, MUTaeMOit OT CUHXPOHHOTO
reHepaTopa
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OT HauGoNbLIEro 3HaYEHUS [ max JO HAUMEHBUIETO YCTaHOBUBILIETOCSH
3HayeHus /2]_. DTO yMeHblIEHHE aMIUIUTYA, a CJENOBaTENbHO, U
IeACTBYIOIMX 3HAYEHHIA IIEPHOIMYECKO COCTARISIOIIEN TOKA K3, BbI-
3piBaeTcsl ymeHbleHueM B mpouecce K3 BJIC reHeparopa BCIEACTBUE
MTOCTEIIEHHOTO YBEJIMYEHUsI Pa3sMarHMYMBaIOIIEro AeHCTBHUS peaknu
craTopa, T.€. YMEHbLIEHHS Pe3yJIbTUPYIOLIEro MarHUTHOTO IOTOKAa B
BO3IYLIIHOM 3a30pe reHepatopa. MarHUTHbIE IOTOKHM reHepaTopa InpHu
tpexdasnom K3 nokasaHsl Ha puc. 3.5.

B MomeHT Bo3HukHOBeHMsI K3 (7= 0) B 06MOTKE cTaTOpa reHeparopa
TOK Bo3pacraer. PaccMaTpuBaeMasi HAMH B HAaCTOSILLIMI MOMEHT TEpHO-
JMyeckKas coctaristiolasi Toka K3 i, orcraer or BJIC reHeparopa 110 ¢ase
Ha yroJ ¢, ~ 90° ¥ CO31aeT MarHMTHBIIA TOTOK cTaTopa P, (cM. puc. 3.5, a),
HarpaBJIeHHbI BCTPEYHO IOTOKY Bo30yxXneHus1 O, reHeparopa, Kak Mar-
HMTHBII TIOTOK peaKilMM cTaTopa o npoxoibHoi och. Ho Tak kak o6-
MOTKa BO36YXIEHHUS reHeparopa ob6nanaeT MHIYKTUBHOCTBIO, TO CLIET-
JIEHHBIIA C Heit oToK @, He MOXET MTHOBEHHO U3MEHHMTBCS. DTO MOXET
GbITH TOJILKO B TOM CJIy4ae, €CJIi B 0GMOTKe BO36YXKIEHHUS B TIEPBbIi Xe
moMeHT K3 Bo3HMKHeT m06aBOYHBIINA, TAK Ha3bIBaeMbIii CBOOOIHEIIA arie-
PHOINYECKUI TOK i.;, HAMTPABJIEHHBIH TaK Xe, KaK ¥ TOK BO30YXIEHMs ir
TeHepaTopa, ¥ CO3MAIOLIMiA 100aBOYHBIA CBOGOMHBINA MOTOK D, paB-
HBII TTO BeJTMYKHE U IIPOTHUBOIIONIOXHBIH 10 HalpaBJIeHHIO MPOIOJIbHO-
MY MarHMTHOMy NoToKy craropa (P, = - D). B cuity 3T0r0 CBOGORHBIH
MAarHUTHBII MOTOK @D, BBITECHSAET MOTOK cTaTopa P, Ha ITyTH paccessHUst
POTOpHOI OGMOTKH, B pe3yJIbTaTe YEro MarHWTHBIA ITOTOK, CLEIUICH-
HBI ¢ 0GMOTKOIA BO30YXIEHMsI, OCTAaeTCsl HeM3MeHHbIM. ClienoBaTelb-
Ho, u DJIC reHepartopa B HayanbHbiii MoMeHT K3 (7=0) He MeHsieTcs
CKa4yKoM 1 ocTaercsi paBHoi DJIC npealuecTByIOLIEro pexmnma.

CBOGOIHbIE TOKU HAaBOAATCS TAKXe B YCIIOKOMTENbHBIX OOMOTKAX
(ecyyt TaKOBBIE MMEIOTCS B TEHEPATOPE) U B €r0 CTAILHOM Macce. OHu
TOXe CO3MaloT o6aBOYHble CBOOOIHBIE MAarHUTHBIE ITOTOKM, HallpaB-
JIEHHBbIE NIPOTUB IIOTOKA CTaTopa M BBITECHAIOLINE €r0 COBMECTHO C
®,,, CO3NaHHBIM CBOGOIHBIMM TOKaMU B OOMOTKE BO30YXIEHUS.

ir i
—— ——
+ 0 o> + =
s =L Porop <p< Potop
- [
TT o Vo - @
B f KO (Dc-[ f KO
— -
Crarop é:: Cratop %9
- -
D

(=)

a

Puc. 3.5. MarHuTHbIe TOTOKM reHepaTopa npu TpexdasHom K3:
a — B MOMeHT 1=0; 6 — B YCTAaHOBHBILUEMCSl PEXUMeE
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Tak KaKk 06MOTKa BO36yXIEHHUS, YCIIOKOMTETbHBIE OGMOTKH M CTAb-
Hasl Macca poTopa 06/1a1al0T aKTUBHBIM COIIPOTUBRIEHHEM, TO HaBeAEH-
Hble B HUX B HavaJlbHbIi MOMeHT K3 cBoGonHbIe (ameproanyeckue)
TOKM 3aTyXalOT T10 SKCIIOHEHIMATLHOMY 3aKOHY. ClleoBaTeIbHO, YMEHb-
LIAIOTCA ¥ CO3IaHHBIE UMM CBOGOIHBIE MAaTHUTHBIE TIOTOKH. B pe3ybra-
T€ 3TOr0 MarHUTHBIIA MIOTOK cTatopa P, MOCTENEHHO MPOHUKAET B KOH-
Typbl POTOPHBIX OGMOTOK, Pe3yJIbTUPYIOLUMIA MATHUTHBII IOTOK B BO3-
AYIIHOM 3a30p€ MalllMHbl YMEHBLIAETCS, YTO BJIEYET 3a COBOH YMEHb-
weHue BJIC reHeparopa U yMeHbLIEHHE aMIUTMTYABI [IEPHOINYECKOM
cocrapisioueit i; Toka K3. Iocne 3aryxaHust cBOGOIHBIX TOKOB B 06-
MOTKEe BO3OYXIEHHUS M B YCIIOKOMTENbHBIX OGMOTKAX IpeKpalaeTcs
n3MeHeHne DJIC reHepaTopa U aMIUTMTYIbI IEPUOIMYECKON COCTABIA-
fouteii Toka K3 — Hactynaer ycraHosuBIumiicst pexxuM K3.

Takum obpasoM, daumeavrwocms nepexodnozo npoyecca K3 ¢ dannom
cayuae gnpede/memc;z OAUMeNbHOCMbIO U3MeHeHUs NepUOOUYecKol Cocmag-
astouets moka K3, komopas é ceoro ouepeds 3aeucum om épemenu 3amy-
XaHus c60600HbIX MOK0E 6 POMOPHBIX 0GMOMKAX.

J1s COBpeMEeHHBIX TeHEPAaTOPOB IPOIOIKUTELHOCTD I1IEPEXOIHOro
npouecca K3 cocrasnsier He 6onee 3—5 c.

Crnenyer cka3aTb, YTO MapaMeTphl, KOTOPHIMH XapaKTepHU3yloT Te-
HepaTtop B MOMeHT K3 (7= 0), Ha3bIBaIOT ceepxnepexodnsimu.

K HuM orHocsHATCH:

CBEPXTEPEXONHOE COTPOTUBIICHHE IeHepaTopa 110 IPOAONBHON
OCH XxJ;

ceepxnepexonHasg DIC, meifcTByioliee azHOe 3HAUYEHHE KOTO-
poit o6osnavator Eg .

HavanbHble 3HaueHMs mepuoaMyecKoii cocTapisiomel Toka K3
0003HavYaloT:

@' max — aMILTUTYNA;

Iy — nmeiicTByloLIee 3HaueHue 3a MepBblit epuox K3.

JU1si CHHYCOMAAILHOTO TOKA

Il‘l max

V2
Bennumnna Toka I, onpenensercs Kak
L4 ”
oo B _ By
n = =—,
Xg + Xy Xpes

The Xpe; — pe3yNbTHpYIollee conpoTubieHue uenu K3 npu yciaosuw,
UTO Xpey >> Fpey.

Caepxniepexonnast DJIC reHepaTopa OnpeaeNnseTcs 0 YCIOBHIO

InO =

(3.15)

Ejy = Uy £ Toxi sin 9)? + (Tgx5 cos gg)?, (3.16)
rne Uglrn I}y — COOTBETCTBEHHO (ha3HOe HampsDKEHHE U TOK CTATOpa

TeHeparopa b npenuecTsyiowem K3 pexume; o — yron capura Mex-
Ay BEKTOPaMH TOKa U HAIIPSKEHHUST B TOM XK€ peXUMe.
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ITocite 3aTyxaHMs CBOGOIHBIX MarHUTHBIX IOTOKOB NEPUOANYIECKAs
cocTapisomas Toka K3 ymeHblIaeTcs: ¥ OINpeesgeTcs Mo yCIOBUIO
Ey _ Eg
I, =—2 =% (3.17)
Xg + Xg Xpes
rne Ey, — nedcTByloLIee 3HaUEHHE ¢dasHoit 3JIC B MOMEHT BPEMEHU 1.
ViapHsIif TOK OnpefensieTcs, Kak ¥ B NpeIblIylleM Ciydae, no
dopmyrne (3.11):

iga = N2Inokyy.

Tpexdasnoe K3 B nenu, naraioueiics oT reseparopa orpaHHYeHHOH
momuocTH ¢ APB (puc. 3.3, 6)

Bce reHepaTophl, paboTaloLIye Ha 3EKTPOCTaHIMSAX, CHAbXaloTCA
ycTpoiicTBaMU IUIs1 aBTOMaTHYECKOTO PEryJMpoBaHUs BO30YXIeHUSA
(APB), KoTOpBI€ NMpeIHa3HAYEHBI JUIS MOIIEPXaHHsl 3aJaHHOTO ypOB-
HS1 HaTIpsKEHMsl Ha BBIBOJaX OGMOTKH CTaTOpa reHepaTopa IyTeM aB-
TOMATUUYECKOTO U3MEHEHMS MX TOKA BO3OYXIEHNS MTPU BCEX OTKIIOHE-
HUSIX KOHTPOJIMPYEMOTO HaNpsDKEHUS OT 3alaHHOIO YPOBHS.

PaccMoTpuM, Kak OyIeT IpoTeKaTh IpoLecc K3 Ha BeIBOZAX reHe-
paTopa npu BKmoueHHoM APB.

TTpu K3 HanpsokeHHe Ha 3aKMMax TeHeparopa YMEHbLUAeTCsT ¥ aBTo-
MAaTHYECKUii PEryJsITop yBeJIMYMBaeT TOK Bo3byxnenus. Ho Tak Kak BCe
yerpoiictBa APB o61anaioT HeKOTOpbIM COBCTBEHHBIM BpeMEHEM Heii-
CTBHMS UM 3HAYWTENIbHAS! MHIYKTUBHOCTH OOMOTKH pOTOpa 3alepXHUBAacT
yBe/IMYeHHEe TOKa BO3OyXaeHus, aeiicTeue APB HauMHAeT NpOSIBITHCS
He cpasy, a C HeGOJIBLINM 3aTI0o3aHHeM (Yepe3 0,08 —0,3 c nocine BO3-
aukHoBeHus K3). DTuM o6BbsCHsIETCS TOT GaKT, YTo APB He BIUSIOT Ha
Be;muMHYy TokKa K3 B nepssie nepuons! K3. HayanbHble 3HAYEHUS IEPHO-
JMYECKO# 1 anepHoIMYecKoi cocTarsioumx Toka K3, npoulecc 3atyxa-
HUST aTlepUOIMYECKON COCTABIISIOILEH, YIapHBIA TOK OCTAlOTCSl TAKUMHU
Xe, KaK ¥ B paCCMOTPEHHOM cJlydae pabOoTHI reHepaTropa 6e3 APB.

I'ny61Ha CHUXEHUST HallpsKEHUs Ha BBIBOJAX T€HEpaTopa npH K3
3aBHUCUT OT 3JIEKTPUYECKOI YNaJIEHHOCTH MECTa IIOBPEXIEHHU. Cneno-
BaTeNbHO, OT Hee JKe 3aBUCUT M peakuus cucreMbl APB, 1 xapakTep
M3MEHEHUs TIEpMOINYECKON COCTABIAIOLIEH TOKa K3 noce aeitcteus
APB. TTpu K3, oueHb 611M3KOM OT reHeparopa (x, Majo), mocne nen-
ctBust APB nepuonuueckas coctaisioulas Toka K3 yenrynsaercs,
HO HEe3HAYMTENbHO, 32 CYET YEro B yCTAHOBHMBLIEMCS pexuMe [.< Lo-
Tlpu 66nbUIcM 3HAYEHUHU X, OTHOLIEHHE I./I, Bo3pactaer. Ilpu yna-
nenHocty K3, Koraa COMpOTHUBIEHHUE X, MPEBBILIAET COITPOTUBICHNE
reHeparopa B 4— 6 pa3, TOK yCTaHOBUBILIETOCS peXuUMa I_MoXeT cTaTh
paBHBIM M Jaxe 667bIuM ToKa Ing (1.2 ).

[pu nanbHeiei yrateHHOCTH MecTa K3 OT HCTOYHHMKA TOK K3
YMeHBILAeTCs W B MeHblUel CTENIeHH BIMSAET Ha paboTy reHeparopa,
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T.€. TIPH YIATCHHBIX K3 ycrpoiictBa APB reHepaTopoB He NMpUXOAAT
B ICHCTBME U HE YBEJIMYMBAIOT TOK MX BO3GYXIEHHs, MO3TOMY IpH
ynaneHHbix K3 HampspkeHue Ha BHIBOJAX IeHEPaTOPOB CYMTAETCS He-
M3MEHHBIM U PaBHBIM HOMHUHaJIbHOMY. OYEBHIHO, YTO B JaHHOM CJIy-
Jae XapakTep U3MeHeHMs ToKa B uenu K3 Gyner Takum xe, KaK ¥ IpU
nuTaHuu K3 oT 1MH 3HeprocucTeMsl HEU3MEHHOTO HATIPSIKEHMSI.

3.4. Metoap! pacuera TOKa Tpex(a3HOro KOPOTKOro
3aMbIKAHHSA

3.4.1. HasHayeHHe H NOPANOK BHINOJHEHHS PacYeToB

Pacyets TokoB K3 HEO6XOAUMBT:

IU151 CONOCTAB/EHHS, OLICHKH U BLIGOPA IIABHBIX CXEM 3JIEKTpHYec-
KHX CTaHLUM, CeTeil 1 MOACTaHIINIA;

BBIOOpa ¥ MPOBEPKM 3JIEKTPUYECKHX ANIapaToB M MPOBOXHUKOB;

TPOCKTUPOBAHUS M HACTPOMKM YCTPOWCTB pesIeifHON 3alMThI ’u
aBTOMAaTHKHU;

OTIpENIENIEHUsT BIMSHUS TOKOB HYJIEBOH IOCIeN0OBATENBHOCTH JIH-
HUM 3JIEKTpOIlepeayy Ha JUHUM CBSI3H;

NIPOEKTUPOBAHUS 3a3eMJISIIOIMX YCTPOMCTB;

aHalIi3a aBapuil B 3JIEKTPOYCTAaHOBKAX M 3JIEKTPUYECKUX CUCTEMAX,

OLIEHKY JOMYCTUMOCTH U pa3pabOTKU METOIUKH IPOBENCHUS paa—’
JINYHBIX UCTIBITAHUM B JIEKTPUYECKHUX CHCTEMAX,

aHaJIM3a YCTOWYMBOCTH PabOTHI SHEPIrOCUCTEM.

B HacTosimIe#t KHUre paccMaTpMBaIOTCSl METOIbI pacyeTa TokoB K3
B 37IEKTPOYCTaHOBKAaX I€EPEMEHHOIO TOKA HanpsoKeHueM cBbile 1 KB
HEOOXOXMMBIE Ui BBIGOpA M NMIPOBEPKH 3JIEKTPUYECKHUX aIllapaToB v;
NMPOBOIHMKOB, IIPUMEHSAEMBIX Ha 3JIEKTPUYECKUX CTAHLIMAX U MOJACTAH-
LMAX, a TakKe BHIOOpa yCTaBOK M NMPOBEPKU YYBCTBUTEIHHOCTH YCT-
poiflcria peNedHOM 3allMThI U aBTOMaTHKH, IS BEIGOpA 3a3eMJISIOLMX
YCTPOIACTB.

Pacuyet TokoB K3 B kpymHoO#t a51eKTpryecKoii cuCTeMe — IOCTaToY-
HO CJIOXHas 3aiaya, Tpebyrolas Ui CTpOroro pelieHus MpUMeHEeHUs
9BM BrIcoKoOrO Kiacca.

BMecre ¢ TeM s pelueHyst GOBILMHCTBA 33124, BCTPEYAIOLIMXCS Ha
NpaKTHKe, TPUHUMAIOT Psfl JOMYLIEHUH, KOTOpble 3HAYUTENILHO YIIPO-
IAIOT pacyeThl, He BHOCS IPH 3TOM CYILIECTBEHHBIX IIOrPEIIHOCTEH.

B cootserctBuu ¢ [3.1, 1. 1.1; 3.3, n. 5.1] npu pacuerax Tokos K3
HOITyCKaeTCs He YYUTBIBATD:

casur 1o ¢dase HC M M3MEHEHHE YacTOThl BPALEHHsh POTOPOB
CHHXPOHHBIX I€HEpaTOpOB, KOMIIEHCATOPOB M 3JIEKTPOLBUraTesieit
ecnu npoxoyrkuTeibHOCTh K3 He nipessimaer 0,5 c; ’

TOK HAMarHMYMBaHUSA CUJIOBBIX TPAHC(HOPMATOPOB 1 aBTOTPaHChOP-
MaTopOB;
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HacHIlIEHAE MarHUTHBIX CUCTEM 3JIEKTPHUYECKMX MALIWH;

TIOTIEpeYHYI0 EMKOCTb BO3IYIIHBIX JIMHUM 3NIeKTponepenady Harpsi-
xennem 110—220 xB, ecnu uX AMHA HE npessiaer 200 KM, U Ha-
NpsKEHUEM 330 — 500 kB, ecnu UX JUTMHA He TIPEBHILACT 150 xM;

rpu pacyere NIEpUOINYECKOM cocrasnsiomei Toka K3 — aKTHBHBIC
COTPOTHBJIEHHS JJIEMEHTOB 3JIEKTPOIHEPTeTHYECKOM CUCTEMBI, B 4acT-
HOCTH BO3IYLIHBIX U KaGeJbHBIX JIMHUI 3JIeKTpornepenayy, eciu pe-
3y/IbTUpYIOLIee SKBUBAICHTHOE aKTHUBHOE COTIPOTUBIIEHHE OTHOCUTEIb-
Ho Touku K3 He npeBbIllIacT 30 % pe3y/bTUPYIOLIEr0 SKBUBAICHTHOTO
WHIYKTUBHOTO CONPOTURICHMA. OnHaKO aKTMBHOE COMPOTUBJICHNE HE-
0GXOIMMO YYMTHIBATh NPH ONPEACTICHUU [IOCTOSTHHOM BpeMEHH 3aty-
XaHHUS ariepuOIIeCKON coctapnsitouteit Toka K3 7.

VKa3aHHbIE JOMYLIEHNUs PUBOMAT K HEKOTOPOMY yBEJIMYEHHIO TO-
koB K3 (morpenrHocTs pacieToB HE NpeBHIILIAET 5 — 10 %, uro momyc-
THMO B COOTBETCTBMH C TPeOOBAHMIMH [3.1]).

Pacuer TokoB TpexdaszHoro K3 BemonHseTCA B CIemyIonieM MOpAaKe.

1. CocraBiseTcs pacueTHas CXeMa paccMaTpUBaeMO# 3IEKTPOYyCTa-
HOBKM, HaMeyaloTcsl pacyeTHBIE TOUKU K3.

7. Ha OCHOBaHWM PacyeTHOM CXEMBI coCTaBJIseTcsl SKBUBAICHTHAs
cxeMa 3aMelIeHMsI, BCce COMPOTUBIEHH Ha Hell HyMepyloTCsl.

3. OnpenensiioTCs BeTMYMHBL COTPOTUBJIEHUIT BCEX 3JIEMEHTOB CXE-
MBI 3aMelleHUs] B OTHOCHTENIBHBIX WIH MMEHOBaHHBIX eIHHUIIAX U YKa-
3LIBAIOTCS HA CXEMe 3aMelleHus; 0003Ha4aloTCA pacyerHble ToukH K3.

4. TTyTeM MOCTEINEHHOI0 npeo6pa3oBaHUsA OTHOCUTEIEHO pacyerT-
Hoit Touxky K3 mpuBOmAT cxeMy 3aMEICHMS K Haubojee MpOCTOMY
BHLY, YTOGBI KaXIbli MCTOYHMK IHTAHMA WIM TpyIna UCTOYHHUKOB,
XapaKTepH3ylolascs onpeleneHHHMU 3HAYEHWSAMH SKBHUBAICHTHON
31C Ej, ¥ yiapHOro K03 dUIMEHTA Ky;, ObUTH CBSA3AHBI € TOYKOM
K3 onHUM pe3yIbTUPYIOLIUM COIPOTHUBJIEHUEM.

5. OTipeeNsIoT 10 3aKOHY Oma HayanbHOE JIeiicTByIolIee 3HaYCHUC
NepUOIMYECKOMN cocrapngiomeit Toka K3 I, a 3aTeM yIapHBI# TOK
iy, TIEPHONMYECKYIO 1 arepHOIMYECKYIO COCTABJIAIOIIME TOKA K3 mis
33J]aHHOTO MOMEHTa BPeMEHH ! Iy, Ban)-

Hike paccMaTpUBAIOTCs! STarlbl BHITONHEHMS pacyeToB TOKOB TPEX-
¢asHoro K3 ¢ ucronb30BaHHEM TpeGoBanuit [3.1] 1 pekoMeHIalun
[3.3].

3.4.2. PacueTHas cXeMa 3JIeKTPOYCTAHOBKH

[Mox pacyeTHOIM CXeMon 5JIeKTPOYCTAHOBKY TIOHMMAIOT YIpOLICH-
HYIO OIHOJMHEHHYIO CXeMY YCTaHOBKU C yKa3aHHeM BCeX JJIEMEHTOB
M MX I1apaMeTpoB, KOTOpbIE BIMAIOT Ha tok K3 ¥ nmoaToMy HOJIXHBI
GBITH YYTEHBI IPU BBITIOJTHEHMH pacicTOB.

[puMep pacyeTHOM CXeMbI IIPUBEACH Ha puc. 3.6.

Ha pacyeTHo¥M cxeMe Wil B IIPWIOXEHNH K Heil YKa3bIBaloTCH HO-
MUHAJIbHBIE TapaMeTpsl (HamnpskeHHsd, MOIIIHOCTH, CONPOTHBIICHUA
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SHou c= 3100 MB-A

E =10 -C
c @ X wnou c= 2,9

TPIH-63000/220

_ UcBi—nu =11,5%
b= la=120se 7 |77 ’””'mg‘z 3l kD
"yn=0,4%,xu w3 xm=04%y =

y Uiyt =230 B K-3
1 |r2 7K1

TAL-125000/220
U=11%

Up2=10,5 kB

E.; =113 61 ZE."GZ=1,13
Td-110-2

Suomc1G2 =137,5MB-A
UsouG1(2) =10,5kB
x:dnouGI(GZ) =0,23

Puc. 3.6. PacueTHas cxeMa 3/IeKTPOYCTaHOBKH

;IM;. nﬁ) BCEX 3JIEMEHTOB (CHCTEM, reHepaTopoB, TpaHCGHOPMAaTopoOB,
Uit 3JIEKTpOIepeIauyl, peaKTOPOB), COIPOTUBJICHUST KOTOPBIX Y4YH-
THIBAIOTCSA IPH pacyeTax ToKoB K3, T.e. HEO6XOOIUMO yKa3aTh:
IUISE 9HEPTOCUCTEM — Suoncs MBA; Xa,0m
JUISI TeHepaTOpOB, CHHXPOHHBIX
KOMIIEHCATOPOB
g TpaHcopmaropoB (AT)
IS IMHUIA 3JIeKTpolepeaayu
IUISL peakTOpOB

— ShomGs MB-A; x;‘HOM;
— Suours MB-A; i, %;
— Iy, XM; Xy, OM/KM;
— XuoMLR> Om.

I
OTHOCg:L;Kbi ‘:I?(Hel;ﬁ;“l:ll{nel(c * (3Be3[0YKa) YKa3bIBaeT, YTO BEJIMYMHA BHIpaXeHa B
ax, MHAEKC «HOM» — YTO OHa OTH
€CCHa K
napaMeTpaM JaHHOro 3JIEMEHTa. HOMHRTRHEE

ngMI/IHaJIbeIe napaMeTpHl O6epYTCS M3 KaTATOXHBIX JaHHBIX 3JIEK-
TPOOGOPYNIOBAHMUS, CPENHUE 3HaYeHUs YIeJIbHBIX CONIPOTUBJIEHUH JIU-
HPIPII—I 3JIEKTpOIEpeNayH X,, MOXHO B3SITh M3 TaOJL. 3.1.

a COOpHBIX LIMHAX PAaCYETHOM CXEMBI JJIEKTPOYCTAHOBKH YKa-
;1371(1)3??;5}.3?26!{?;31 c1p5e4aml:x nanpaxcenuti U, XB, cornacHo wkaie:
3,15,' ; ; ; ; 115; 37; 24; 20; 18; 15,75; 13,8; 10,5; 6,3;
. ITpuHAB ISt KAXION CTYIIEHU CpefHee HallpsDkeHue, CYMTAIOT, YTO

MHUHAJIbHbIE HAMpSKEHUS BCEX 3JIEMEHTOB, BKIIOYEHHBIX Ha JaH-

4 Poxxoba
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TaGauuna 3.1

CpennHe 3HAYEHHS yAeNbHBIX HHAYKTHBHBIX CONPOTHBICHHI NHHHI

3JIeKTponepeaayH
JInHus anexTponepenayu Xyn, OM/KM
OnHouenHas Bo3nylLIHas JUHUSA, KB:
6—220 0,4
220—330 (npH pacluerUleHHH Ha [Ba poBoAa B ¢a3e) 0,325
400— 500 (rpy paclLUerUIEHMH Ha TPU NpoBoza B dase) 0,307
750 (npu paclIeIUIEeHUH Ha YeTbipe NpoBoaa B dase) 0,28
TpexxunbHbI Kabesp, KB:
6—10 0,08
35 0,12
OnHOXUIBHBIH MacJOHAIOMHEHHBIH Kabesns 110—220 kB 0,16

HOi CTyTIEHH, PaBHBI ee CpeqHeMy HanpspkeHuio. Kpome Toro, Ha pac-
YEeTHO# cxeMe HEOOXOAMMO yKa3aTh (a3Hbie 3HAUEHHUS CBEPXITEPEXOA-
HbeIX OJIC MCTOYHUKOB IMTUTAHUSA (q‘,") B peXuMme, MpeauIeCTBYIOILEM
KOPOTKOMY 3aMBIKaHMIO.

VCI0BHO CUMTAIOT, YTO BCE CHHXPOHHEBIE MAIMHBI paboTamu no K3
C TOJTHOM HOMMHAIBHOM HArpy3Koif, Tp¥ HOMHHAIBHOM Ko3bduuu-
€HTE MOIIHOCTY ¥ HOMMHAJIBHOM HamnpspkeHuu. KpoMe Toro, Bce OHH
cHabxeHsl ycrpoiictBaMu APB 1 ¢popcupoBKH BO3OYKIEHHS.

JIist CHHXpOHHBIX T€HEPAaTOPOB M JBUrareJteil cepxiepexoanyio S11C
onpenensior o dopmysne (3.16), i CHHXPOHHBIX KOMITEHCAaTOPOB —
o popmye

Eg = Uyq + Topxa. (.13)

B dopmynax (3.16) u (3.18) 3HaK (+) OTHOCHUTCA K CUHXPOHHBIM
MallMHaM, KoTopsle K MoMeHTy K3 paGotanu B pexxuMe 1nepeBo3oyx-
IeHus, a 3HaK (-) — K paboTasiuuM ¢ HexoBo36yxaenuem; Ug, fg —
COOTBETCTBEHHO (ha3HbIe HAMpsDKEHHe U TOK CTaTopa CHMHXPOHHOM
MallMHbI B TipealecTBylomieM K3 pexume; X; — CBEPXIIEPEXORXHOE
CONPOTUBJIEHUE CUHXPOHHON MaLIMHBI.

Jlnsa acMHXpOHHBIX aBurareneit (All)

2 2

Eg = \/(UIOI — Jgx&n sin (po) + (Iqu;a cosq;M) , (3.19)

THE Xsy — CBEPXIIEPEXOAHOE MHAYKTUBHOE COMpoTHBIEeHHE All, o.¢€.

IIpu MpuMeHEHUH CHCTEMBI OTHOCHTEJIBHBIX €IMHULL B HopMyIax
(3.16), (3.18), (3.19) npunumaior Uy =1,0; Iy = 1,0.

B Ta6:1. 3.2 npuBefeHBI CPEAHME 3HAYEHUA CBepXnepexoaHbix DAC

MCTOYHUKOB NMUTAHUSA E., KOTOPHIMH MOXHO BOCIIOJIB30BaThCS NPH
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Tabauna 3.2
Cpennne 3navenns ceepxnepexomunx DIC E.] npH HOMHHANLHBX YCJIOBHSX
Hcrounux E..., oe.
Typ6oreHepaTop MoliHocTsio, MBT:
o 100 1,08
100—1000 1,13
I'npporeHepaTop ¢ yCrIOKOHMTEILHBIMH O6GMOTKAMH 1,13
I'maporeHepatop 6e3 yCrioKOUTEALHEIX 0GMOTOK 1,18
CHHXpOHHBI! KOMIIEHCaTOP 1,2
CHHXPOHHEIH 3NEKTPOABUIATENb 1,1
ACHHXPOHHBIi 3JIEKTPOBHTIaTEND 0,9
DHepreTuyecKas CHCTeMa 1,0

pacyerax TokoB K3. 3mech Xe comepxarcsa ceeneHust 06 DIC npura-
TeJIbHOM Harpy3ku. CliefyeT OTMETHTD, YTO HAarpy3ka, MOAKIIOYeHHAas
HETIOCPEACTBEHHO K IIMHAM I'eHepaTOpHOro HamnpspkeHus (Ha TOII),
coM3MepHUMast 10 BEJIMYMHE C MOUIHOCTBIO F€HEPATOPOB, YUUTHLIBAET-
¢4 npu pacyerax TokoB K3 cHinkeHneM D1 C nociaeqHux A0 BEIMUMHBI
E!=1,0.MomHbIle Harpy3kH, BKIIOYeHHBIE BOMM3M MecTta K3, yyu-
TBIBAIOTCA B BUJE 0O606IIEHHOIO UCTOYHUKA CO CBOMMH ITapaMeTpaMu
Efiom = 0,85 Xupon= 0,35 B ToM cityuae, ecu Tok B Mecte K3 ot 3roit
Harpy3KM COCTaBJIseT He MeHee 5% Toka B Mecte K3, onpeneneHHoro
6e3 Hee.

Meronuka yyeTa BIMSIHMS KOMIUIEKCHON HArpy3KM NpHM pacyere
TokoB K3 uanoxena s [3.1, m. 9 u [3.3, n. 5.7].

Harpysku, otnenexHbie ot Mecta K3 JUIMHHBIMH TMHUSIMH, CTyTIE-
HAMU TpaHcdHOpMaLIMK, HE YUUTHIBAIOTCH.

Bnusanue nBurarensHoit Harpysku npu K3 B cHcTeMe coGCTBEHHBIX
HYXI 3JIEKTPOCTaHIUi OYIET pacCCMOTPEHO HIUXKE.

Ha pacyeTHoIt cxeMe HaMeyaloTcst TOYKH, B KOTOPBIX HEOBXOAMMO
npoBecTH pacyeT TokoB K3, a uMeHHo: Touka K3 Hamevaercst Ha c6op-
HBIX IIMHAX TOTO HANpsDKEHUs, K KOTOPBIM ITOOKIIOYEHO MPUCOETH-
HeHue (JIMHUS, TPaHCHOPMATOP), B LI KOTOPOTO HEOGXOMMMO TIPO-
M3BECTH BBIOOD 3JIEKTPUYECKHUX aNMapaToB ¥ TOKOBEAYIIMX YACTEA.

PaccMOTpUM pacyeTHyIO cxeMy, M306paxeHHYI0 Ha puc. 3.6. 3nech
Ins BbIOOpa anmapaToB B LENsX BO3AYUIHBIX JMHUK W1, W2, W3,
B 11ensX BBOXOB 220 kB 6504HbIX TpaHcdopmatopos 77 (72) Heobxo-
RuMo paccynTath Tok K3 B T. K-1 (Ha c6opHbIx mMHax ¢ Uy, = 230 kB).
Hns BeiGopa anmapaToB B LENH IeHEPaTOPHOIO HAMpPSDKEHHS 610K
paccuuteiBaercst K3 B 1. K-2 Ha U, = 10,5 kB; 151 BBIGOpa anmaparos
B uenu BBoaa HH tpancdopmaropa 73 — K3 B 1. K-3 Ha c6opHBIX
wrHax ¢ U= 6,3 kB.
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3.4.3. DKBHBA/IEHTHAA 3JEKTPHIECKAS CXEMA 3aMEICHHA

B cooTBeTCTBUM C paCYETHOM CXEMOM 3JIEKTPOYCTAHOBKM COCTaBJIA~
eTCs 3KBUBAJIEHTHas JIEKTpUYECKasi CXeMa 3aMeLIeHUs NpSIMOii noc-
JIEIOBATEIbHOCTH.

Cxemoli 3amMelyenus Ha3vleaom 31eKmpu4eckyro CXemy, COOmeemcmey-
H0UYI0 N0 UCXOOHBIM OGHHBIM PACHEMHOU cXeMe, HO 8 KOmopoU éce Mae-
HumHbvie (mpaxcghopmamopHsie) c833U 3aMeHeHbl INEKMPUHECKUMU.

CxeMbl 3aMelUeHUsI TpaHCHOPMATOPOB M CHABOECHHBIX PEaKTOPOB
IaHbI B Ta0. 3.3.

KaxmoMy CONMpPOTHBIIEHUIO CXEMBI 3aMELLIEHUSI IPUCBaUBaeTCs CBOM
HOMED, KOTOpBI COXpaHSETCS 3a HUM IO KoHlia pacueta. Ha cxeme
3aMEILEHHUs NMPOCTABISIOTCSA pacyeTHbie Toukn K3.

IlpuMep cocTarI€HHS UCXOXHOM CXeMbI 3aMELLIEHH UL pacyeTa To-
xoB TpexdasHoro K3 B 1. K-1, K-2, K-3 no pacyeTHoii cxeme, M306pa-
XEHHOI Ha puc. 3.6, npuBeneH Ha puc. 3.7, a, 6, 0 COOTBETCTBEHHO.

IMpu cocTaBleHMM CXeMBbI 3aMELIEHUS Ha HeH He YKa3bIBalOTCA Te
3JIEMEHTBI PAaCYETHOM CXEMBI, KOTOpHIE MPU MpoTekaHuu Toka K3 ot
MCTOYHHMKOB MUTAHUA K MeCTy nospexneHust TokoM K3 He o6TekatoTcs.
Hanpumep, pacuer TokoB TpexdasHoro K3 B 1. K-1 u K-2 pacyetHoi
cxeMsl (CM. pHc. 3.6) BeneTcst 63 yyeTa Harpy3Kku, OTIAIEHHOH OT Mec-
Ta K3 nunueit W3 u tpancdopmaropom 73, mostoMy JauHus W3 u

Ta6auma 3.3

CxeMmsl 3aMelieHHs TPaHCHOPMATOPOB, aBTOTPaHCGHOPMATOPOB H CABOEHHBIX
peaktopos. Onpenenenne UX HHAYKTHBHBIX CONPOTHBJICHHI

Oxonuanue maba. 3.3

PacyeTHbie BhpaxeHus

HcxonHas cxema CxeMma PacuerHLie BupaxeHHA
HanMeHoBaHHe ’ NpPH HOMMHAJIBHBIX

HCXONHBIE NaHHbIE 3aMeLIeHUs yCIORMX
JIByxo6Mo- B B X% = Uy gH—_Hu %
TOMYHBIN
Tpatcdop- }"x B-n% X
MarTop

H H
Tpexo6Mo- B B % u% = 0,5(uy pn—nn%+
TOYHBIN ® Uop % +Uy Bu-cH 7 — Uy cH—HH )3
aHchop-
Tpancdop _ T ¢ B X cn% =0,5(uy py—cu+
Marop, aBTO =2 *c % %);
Tpanchop- By U cn® C |+ U cH-HH/0 ~Ux BH—HH/0);
matop X %% = 0,5(ty pr_nu %+
B U % +Uy c—un %6 — Uy pr—cn %)
- H
(Y ¢
i)
3 U c—n%
H

HcxonHas cxema CxeMa
H 3
AUMCHOBAaHHE HCXOIHBIE NaHHBIE 3aMelLEHHS NMpyU HOMHHAJIBHBIX
YCIIOBHSIX
Tpexdasumrit a B B a
TpaHcopmar- U p 1% X Bu% = 0,125u, py_un%;
op ¢ o6MoT- \ X5
KOM HM3ILEro X: 11 % = X % =
HaIpsXeHus, XiH, X, |=1,75uy gy—_un%
pa3nesIeHHO# H H, 6
Ha JIBE BETBH 6 B H; H, %81 % = Uy p—nn% —
\,é{ n% = 0,54 uH1—nH2%;
er'Hl% =X nn2% =
H, H, = U’y HHI-HH2%8;
H%
Uy H;—H, ’
U’y uH1-HH2 % 3anaeTcs
B KaTajorax OTHO-
CHUTEJILHO
SHHI = SHHZ = O!SSHOMT
I'pynna xByx- B B x=0;
06MOTOYHBIX U g u%
OIHOGbA3HBIX \\ Xp [ %enm% =X 2% =
TpaHchopmar- =2u %
OpOB C 06- Xy XH, |= 4Ux BH—HH70
MOTKO# HHU3- H H,
1IEro Hamps- H, H;
XeHHd, pa3-
JEJICHHOM Ha
JBE BETBH
T'pynna B B Xean=0;
OOHOGA3HEIX % =
o = % =
TpaHCHOPMAT- Xt HH1 Xr HH2
OpOB C 06- =X 3% = 3uy pu—nu%
MOTKOM HU3- "
1LIEr0 Hanps- H H; H, E[E [1F
XeHHd, pa3-
JeNIEHHOM Ha H H, H
TPU BETBH ! ? }
CaBoeHHBbIit c c Xc="KepXrr, OM
peakrop xXy=X= (1 +Keg)xrz, OM
XLR, Kes
Xc
X x
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TpaHchopMaTop T3 B cxeMy 3aMELLEHHUsT He BBOAATC (cM. puC. 3.7, a, 6).
Ipu pacyere K3 B 1. K-3 B cXeMy 3aMellEeHNS] HEOOXOMUMO BBECTH M
nuuuio W3 v Tpancgopmarop 73, Tak Kak yepe3 HUX B JAHHOM CITyyae
ToK K3 noxrexkaer k 1. K-3 (cMm. puc. 3.7, d).

Jlanee Heo6XOMMMO OMpENENUTh BENUYMHBI BCEX COMPOTHBICHHIA
cxeMsl 3amelneHus. IIpu 3TOM Halmo UMETH B BHAY, YTO B KAaTaJorax v
3aBOACKMX MH(OPMALIMOHHBIX MaTepHasiax BCEra NMPUBOASTCS HOMHU-
HaJIbHBIE TTapaMETPHl MAIIMH U allaparoB, ONpeNeSIEHHBIE 110 OTHO-
LUCHHUIO K UX HOMUHANbHOU MOWHOCMU U Hanpaxceruro. B 60NbIIMHCTBE
CIIy4yaeB pacyeTHas CXeMa CONEPXXHT OfHY, a Yallle — HECKOJIbKO CTy-
TIEHe! HalpsDKeHHUs!, T03TOMY, YTOGBI MOXHO GBUIO BECTH PACYETHI C
TIOMOLIBIO 3KBUBAJIEHTHON CXEMBI 3aMELLEHHs1, TIPEXIE BCEro BCE CO-
MPOTUBJICHUS CXEMBI 3aMEIUCHUS HAIO NMPUBECTHU K OOHHUM U TEM Xe

C
1
c (C+GI)
K-1 .
2 3 xplia%,cl
g K-1 )
a[1K-11 s o K2m4
Xpe3G1,G2
6 I (61+62) G2
6 2
Gl G2
a 8
(C+Gl1+G2)
K-3
XpeaC,G1,G2
K-3

Gl G2

Puc. 3.7. Cxemn! 3aMelenus i pacyera Toko K3:

a — ucxonHas wis 1. K-1; 6 — urorosas mns 1. K-1; ¢ — ucxonnas mis 1. K-2; 2 —
utorosas wis T. K-2; d — ucxonHaa wis 1. K-3; e — urtorosas mia 1. K-3
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6a30BBIM yCJI0BHSIM. CyIIIECTBYIOT IBa METOJA pacyeTa CONMPOTUBRICHU
CXEMBI 3aMELIEHUS: B OMHOCUMeAbHbIX EAMHUTIAX (T. €. B HOJISIX OT HEKO-
TOpOIt TaK Ha3bIBaeMOil 0a30BOIf BEIMYUHBI) WIN B UMEHOBAHHBIX €A~
HMIIAX (B OMax).

s pacyeTa COMPOTHBIIEHUIA B OTHOCHU TE NI b HBI X €AMHHLIAX HE-
06X0MUMO 3a1aThCsl 6a30BHIMHU YCIIOBUSIMU:

S — 0a30Boif MOIIHOCTBIO, MB-A;

Us — 6a30BbIM HampspkeHHeM, KB.

3a 6a30ByI0 MOIIHOCTh MPHUHIUMHAIBHO MOXHO TPHUHSTH JI00YI0
BeJIMYMHY. YTOOBI MOPSAIOK OTHOCUTENBHEIX BEIMYMH COIIPOTURICHUI
TIpH pacyeTe ObUT yIoOeH, yaile Bcero nmpuHuUMamT Sz= 1000 MB-A.
3a 6a30B0O€ HaIPsSDXEHUE YIOOHO NPHHATD CpenHee HanpsxeHue Us= U,
CTYITEHH, TJIe PACCYUTHIBAIOT KOPOTKOE 3aMbikaHue. Mcronb3ys ¢op-
Myl Tab. 3.4, onpenensioT BeJIMYUHBI COMPOTUBIICHUI BCEX 37IEMEH-
TOB CXeMBI 3aMELIEHUS B OTHOCHTENBHBIX €IUHULAX, TPUBENCHHBIX
K 6a30BBIM YCITOBUSIM.

Ecnmu pacyer CONpOTHBICHHIA CXeMbl 3aMeleHHUs OymeT IpOU3BO-
JUTBCA B UMEHOBAHHEBIX €M HHIaX, HEOOXOOUMO 3a1aThCS Be-
JIMYUHOM 6a3068020 Hanpaxcenus Us, KB. 3a 6a30Boe HanpspKeHHeE NPH-
HUMaIOT cpenHee HanpspkeHue Us, paBHoe Uy, KakoH-IM60 CTyneHH
HanpsKeHUs, UMeloLIeiicss B cxeMe 3avelleHus. Eciu pacyeT TOKOB
K3 npousBoauTCs IJIst BBIOOPA 3/IEKTPUYECKMX anIapaToB, TO 3a 6a30-
BOE HanpsixeHue ynobHee NMpuHATh Us= U, CTyNeHH, rae paccMaTpu-
Baercst K3. PacuerHrie popMynsl i onpeneneHUs: CONMPOTUBICHUI
B OMax MpUBEAEHSI B Ta6. 3.4.

IMony4yeHHBIE BEIMYUHBI COTIPOTHUBIIEHUI 3JIEMEHTOB CXEMBI 3aMe-
IIEHUS YKa3bIBAIOTCS Ha CXeMe 3aMellleHUs B BUAE OpoOH (B YUCITUTE-
Jie — TIOPSAAKOBBIIX HOMEP COTIPOTUBJIEHUS, B 3HAMEHaTe/ie — €ro Be-
JIMYUHA B OTHOCHUTEJILHBIX €IMHHLAX WIM B OMaX B 3aBUCHUMOCTH OT
MPUHATOTO METONA pacyeTa).

Hanpumep: 1

1,53 ,9
C
K3

CrenyeT OTMETHTD, UTO pacyem mokod K3 0aa ewbopa u npogepxu
anexmpuueckux annapamog y0obHee u npouje ecmu C UCHONb308AHUEM
cucmembl OmHoOCUMeNbHbIX e0UHUY, HEKOTOPBIE PacyeThI B 061aCTH pe-
JIeitHOM 3alUTHl yXoOHEee BECTH C MCIIONb30BAHMEM MMEHOBAHHBIX
eXUHMII. R

ITpu pacyeTe CONPOTHBICHHUI CXEMBI 3aMEIIEHUSI B UMEHOBAHHbIX
eAMHULAX (OMax) TpeOyeTcs HOMOJHUTEIbHOE BHUMaHUE, TaK KakK 6ce
CONPOTUBJIEHUS TIPUBOIAT K 00HOoMy 6Ga30BOMY HANPSKEHUIO (HAIpU-
mep, Us = Uyp), @ B pacyeTHOI CXeMe CYLIECTBYET HECKOJBKO pa3-
JIMYHBIX CTYTIEHEi HaNpsDKeHUIt. B rpoliecce pacyeToB 4acTo BO3HUKA-
€T HeoOXOQUMOCTh Tlepecyera CONMPOTUBICHUI CXeMbI 3aMEUIEHHUS U
TokoB K3 c oxHoit crynenu HanpsokeHus (Ug,) Ha apyryio (Ugp).
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Tabnuua 3.4

PacyeTHble BbipaxeHHs IS ONpeje/ieHHs NPUBeJIeHHbIX
3HAYeHHH CONMPOTHBJICHHH

mﬁ(}ff;’: HcxonHbiit HiMeHOBaHHbIE OTHOCHUTeNbHBIE
YCTaHOBKH flapaMeTp eauHuubl, OM eIMHHIIH, O.€.
”, . 2 S
Xdenoms . Us W 6
= Xgo — xoﬁ = Xde -
SHOMG’ MB-A X6 dvHoM SnouG -dvHOM SHOMG
T'enepatop (G)
xz, %; _Xi% v Xog = X% Ss
SHOMG! MB-A 100 ShonG 100 ShonG
U2
SK, MB'A xﬁ = —6 x06=S6/SK
Sy
Bueprocucre- | , KA | x = v g = Ss
ma (C) OTKAL. HOM> B onensonUsco 3lorensnonlUep
XeromCs U52 SG
= X, Xo X
Suonc, MB-A X6 = XanomC Soonc 6 HOMC Soomc
TpaHcpopMa- | x.%=u%; v - x.% U} _x%_S
1op (T) Suours MB-A| %6 =057 ® " 100 Spour
U? S,
Peaxtop (LR) |Xuourrs OM X6 = XuoumLR _: X6 = XuomLR —U%
Ucv cp
JIunusg snex-
» OM/kM; U S,
Tponepenayu ;Cy“KM / Xs = xynl—‘z‘ Xg = xynl_U_%.
(W) ’ Ucv cp

IpuMeyaHH#He. Syu — HOMHHAIBHBIE MOILIHOCTH 3/IEMEHTOB (reHepaTopa, TPaHC-
¢dopMmaTtopa, aHeprocucreMn), MB-A; S; — 6a3oBas MoluHocTh, MB-A; S — moui-
HocTb K3 aHeprocucreMbl, MB- A; I non — HOMMHAIBHBIA TOK OTKIIOYEHHS BHIKITIO-
yarensi, KA; X.wouc — OTHOCHTEIbHOE HOMHHAIBHOE COMPOTHBJICHHE 3HEPrOCHCTEMBI;
X% — OTHOCHMTEJILHOE COMpPOTHBIEHHE TpaHChopMaTopa, ONMpeneNsieMoe Yepe3 Ha-
npsixenne K3 tpaHcdopmatopa uc % (cm. Tabn. 3.3); Js — 6Ga3osblit TOK, KA; Up —
cpelHee HalpsXEHHe B MECTE YCTAHOBKM NaHHOTO 3JIeMEHTa, KB; Xy, — WHAYKTHBHOE
COMNPOTUBJIEHHE JIUHUHU HAa 1 KM uHB, OM/KM; | — [UIMHA JIUHUH, KM.

BTOT mepecyeT NMPOM3BOAMTCH C HCIONBL30BAHMEM KO3hdHLMeH-
TOB TPaHC(HOPMALIMM MEXTY 3TUMM CTYIIEHIMM:
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JUIS CONPOTUBNIEHUH, OM,
2

_ Ucp2
Koy = Xy, U’
cp
IUISI TOKOB, KA,
Iy, =1y Uep
2 = 1 ’
" Uy

rae Xy, Iy, — COOTBETCTBEHHO CONMPOTHBJIECHHE M TOK, IPUBEACH-
Hble K U= ﬁip,; XUyrs lv,, — OHU Xe, HO TpHUBeaeHHBIE K Uy,.

IMTocne Toro Kak cxeMa 3aMelleHUs] COCTAaBJIeHa U ONpeNeieHbl COo-
MPOTHBJIEHUSI BCEX 3JIEMEHTOB, OHA MpeoOpa3syeTca K MpocTeiflemMy
Buny. IIpeoGpa3oBaHKe MAET OT ICTOYHUKOB IMUTAHUS K MECTY KOPOT-
KOro 3aMBIKaHMS TaK, YTOOBI MeXIy UCTOYHHUKOM M Toukoit K3 ocra-
JIOCk OfHO conpotuBieHHe. IIpy 3TOM UCIIOIB3YIOTCA U3BECTHEIE NTpa-
BWJIA TOCJIEXOBATENILHOTO M NMAapajUIEJIbHOTO CJIOXEHUs! COMPOTUBIIE-
HUIA, Tpeo6pa30BaHusl TPEYTOJIbHUKA COMPOTHRIIEHUI B 3BE3y U 00-
patHO 4 T.m. opMyisl U MpeoGpa30oBaHUsA CXEM U OMNpeneeHUS
TOKOpAcTpeneeHUss B UCXOOHOM cxeMe NpUBeNeHE! B Tabi. 3.5.

Ecnu ucxomHast pacyeTHas cxema (WIM KakKas-TO €€ 4acTh) CHM-
METPUYHA OTHOCHUTEILHO HEKOTOPOH TOYKM, TO TIPH OTIpeNeIEHHH 3K-
BUBAIEHTHOIO CONPOTUBJIICHHUS 3TOrO YYACTKA COENUHSIOT TOYKH, UMe-
I0LME ONUHAKOBBIM MOTEHIMAN, ¥ UCKITIOYAIOT U3 CXEMBI TE 3JIEMEH-
Thl, KOTOpBIE IpH K3 0Ka3bIBaroTCss 066CTOYEHHBIMY (CM. TIpeo6paso-
BaHUA CXEMBI 3aMELLIEHUS TIPSIMO#A TTOC/IEAOBATENILHOCTH OTHOCUTEb-
HoO T. K-2 B npumepe 3.3).

B niponiecce npeo6pa3zoBaHUs CXeMBI 3aMeElIEeHHMs] YacTO BO3HUKAET
Heo6XOAMMOCTh 0OBbeIUHEHHST HECKOJIBKMUX UCTOYHUKOB B OHY I'PYIIITY
(ooHy reHepHMpyOILYIO BETBb). DTO 0OBEIUHEHNE NODKHO OCYLIECTB-
JIITBCS C YYETOM YAAJIEHHOCTH MCTOYHMKOB OT Mecta K3. B otnensHyio
Lienb BBIIENSIETCS] TEHEPATOP, Ha MIMHAaX KOToporo mpousouwio K3. Bee
TeHepaTopsl (CMHXPOHHBIE KOMITEHCATOPHI), 3HAYUTEILHO YOAICHHBIE
or Mecta K3, 1 ocrayibHast YacTh SHEPrOCUCTEMBI 3aMEHSAIOTCS OTHUM
HCTOYHUKOM C HOMMHAJIBHOI MOIIHOCTHIO, paBHOM CyMMapHOU MOLI-
HOCTH BCEX UCTOYHHMKOB JAHHOM BETBH, U HEU3MEHHBIM HANPSDKEHUEM.

DJIEKTPUYECKYIO YAAJICHHOCTh pacyeTHO#M Toyku K3 oT UcToYyHMKa
MHATaHUA OLIEHUBAIOT 110 OTHOLIEHUIO IEHCTBYIOLIETO 3HAYEHUA TIEPU-
ONWYECKOM COCTABIAIOLIEN TOKA UCTOYHHUKA I;g B HAYaIbHBI MOMEHT
K3 K ero HOMUHAJIBHOMY TOKY Iy uere K3 cumaemcs 6auskum, ecau
omnowenue Io/lLio yer> 2.

Ecnu uMeeTcs HECKONIBKO OXHOTHITHBIX TeHEPATOPOB, ONMHAKOBO
pacronoxeHHsIx no oTHoweHuo K Mecty K3, ux uemecoo6pasHo
OOBEAMHHTD B ONUH SKBUBAJIEHTHBII UCTOYHUK. PaccCMOTPHM UTOrO-
BbIE CXEMBI 3aMelleHus Wi pacyera TokoB K3 B 1. K-1, K-2 u K-3
Hapuc. 3.7, 6, ¢, e.
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Ha puc. 3.7, 6 BeTBu reneparopos, kak paBHoOyZajleHHble OoT T. K-1,
00beaMHEHbl B OJIHY BETBb C HOMUHAIbLHOM MOLLHOCTbIO UCTOYHHUKA,
paBHOM

Swomucr= nomGI1t+ SHOMGZ-

Ha puc. 3.7, 2 renepatop G2, Ha wmHax KoToporo npou3souuio K3
(1. K-2), BblOENEH B OTAENABLHYIO BeTBb. BeTBb reHepatopa G1, orcro-
sulero ot T. K-2 Ha nBe cTyneHu TpaHcopMmanmm, o6beMHEHA B 06-
UIYI0 BETBb C CHUCTEMOi, MOILHOCTb KOTOPOH COCTaBUT
=Syouc+ Skomar-

Ha puc. 3.7, e Bce MCTOUHMKHU NUTaHUS (cucreMma, renepartopsl GI
¥ G2) OIMHAKOBO 1aJ1EKO yaaleHsl oT T. K-3, MO3TOMY MX OObEAUHS-
10T B OZHY OOL1LYIO BETBb C Shom.ner= HomC + Souc1+ SHoMGZ-

B pesysbrare 06beAMHEHUS] MICTOYHNKOB JOMXHO OKA3aThCS HE 6O~
Jiee NBYX-TPEX I€HEPUPYIOLUMX BETBEH, KOTOpbie GyAyT pa3ivyaThCs
BEIMYMHAMHM ky, U E”.

Ecau B 0611yi0 BeTBb 06bEAMHSIOTCS HCTOYHUKY C Pa3HbIMHU 3Ha-
YeHuAMHU cBepxnepexonHbix JC E’, MoXeT BOZHMKHYTb HEOGXO-
AMMOCTb ONpENE/NCHUS] IKBUBAJICHTHOW E;, OOBEAMHEHHOro UC-
TOYHHKA. PacyeTHble BbIPAXEHHUS Ul ONpENeNeHUs E;. npusexe-
HbI B TaOn. 3.5.

PaccmoTpum npumep o6benunenus npu pacuere K3 msyx BETBEH,
MUTAIOWMXCA OT pa3uyHbIX UCTOYHMKOB (MUIT1 u UII2), umeroumx

pasHbie 3Ha4YeHHs cepxrniepexoaHbix 3JIC E°, B oaHy 3KBUBAIEHTHYIO
BETBb:

SHOM. uer =

HIT1 HI2 (UI11+UIT12)
1

Sugu Hn sxgu Hmn2 su:m HCT
E'vm E Hm E Q X,
Xy P o) KB
K3 K3

IIpu o6beauHenuu onpenensercs:
SKBUBAJICHTHOE (PE3YJNbTUPYIOLLEE) CONPOTUBIEHUE 0 Touku K3

XXy |
Xy +x2 ’

x3KB -

SKBUBaNIEHTHas cBepxriepexoaHas DJIC 06beaMHEHHOTO HCTOYHUKA

1 4 ' 4
E* = Evimix, + Eqnmax
3KB —
X + X

HOMMWHAQJIbHAsA MOLUHOCTh OOBEIUHEHHOrO (SKBMBMCHTHOFO) HC-
TOYHHKa

SHOM.HCT= Hom MM+ SHOM un2-
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3.4.4. IIpakTHyecKHe MeTOAbI pacyera TokoB Tpexdasnoro K3

Tloce 3aBeplieHMs IPeoOpa3oBaHMii CXeMBbl 3aMELIEHUS TPOU3BO-
IUTCA pacyeT TokoB TpexdasHoro K3 B ykazanHoit Touke. 1151 BBIGOpa
M MPOBEPKH 3JIEKTPUYECKUX aIMapaToB U MPOBOOHUKOB Ha 3JIEKTPO-
JMHAMHYECKYIO U TEDMHYECKYIO CTOMKOCTh B pexume K3, a Taicke
IUTSL TIPOBEPKM OTKJTIOYAIOLUEH CITOCOGHOCTH BBIKJIIOYATENIE HEOOXO-
JUMO PacCCYMTATh: 5

I, — HauaavHoe Oeticmayrouiee 3Ha4eHUe nepuoou4ecKoll cocmaenai-
weti moxa K3 (0ns momenma nauana K3 t = 0);

1. — nepuoduueckyto cocmaeasiowyro moka K3 6 momenm apemeru
t=1, roe tT=(0,01 + 7, ; orxs) — MOMEHT BPEMEHH, COOTBETCTBYIOLIMI
HavyaJTy pacXOXIeHHUs JYrOraCUTENbHbIX KOHTAKTOB KOMMYTallMOHHO-
ro anmapata (BBIKJIIOYATENA), C; ! pomn — COOCTBEHHOE BpPEMS OT-
KIIIOYEHHUs BBIKJIIOYATENS, C;

Iy — anepuoduueckylo cocmaeéasiowyro moxa K3 ¢ momenm t=1;

iyy — yOapuviii mox K3.

PacyeT HaYyanbHOTO AEUCTBYIOIWEro 3HAYEHUSA
nepuonguyeckoi cocraBngiomeit Toka K3 ([)

OnpeneneHue 370t cocraBstoniei Toka K3 rmo urorosoii cxeMe 3a-
MEILEHUS He BbI3bIBAET 3aTPYAHEHMIA ¥ MPOM3BOAMTCS 0 dopMynam:

IpH pacyeTe COMPOTHRIICHHIT

B OTHOCHTENBHBIX eAUHMIAX (0.€.) B UMEHOBaHHBIX equHuLax (OM)

» E’I]
Io=LTs ca, (3.20) Ip =—=——, KA, (3.21)
Xxpes(6) \/ix,,e,@
e Is = Ss — 6a30BHIi TOK, KA; | rne U = Uc‘? » KB; Xpes (5) — PE3YJIB-
NE) Us TUpYIOLIEe COMPOTUBIEHUE HO TOYKH

Ss — 6azoBasi MoufHOCTb, MB-A;

K3, OMm

Us =UX — cpennee HanpsixeHue
cryneHu K3, KB; X,pey6) — DE3YIIB-
TUpYIOLlee COIIPOTUBJIEHHE IO TOYKH
K3, o.e.

OnpeneneHue ynapHoro toka K3 (iy)
Ilpu paccMOTpeHHH MPOLIECCOB, MPOMCXOASINMX IMPH TpexdasHoM K3,
OBUIO BBIBIIEHO, YTO yHApHBIM TOK OObMMHO mMMeeT MecTo yepe3 0,01 c
nocite Havyana K3. Ero BenmmunHa onpenensercs mo ¢popmyine (3.11):

iyn = \[ilnokym

e ky, =1+e*%/% — ynapHerit Ko3bdULMEHT, 3aBUCSLIMIA OT IIOCTO-
STHHOM BpPEMEHM 3aTyXaHUs anepuoaudecKoi cocraBumouiei Toka K3
T,, KoTOpasi ONpefieNisieTcs] B 3aBUCUMOCTH OT COOTHOILIEHUS Pe3yIbTH-
PYIOLIMX WHAYKTHBHOIO M aKTUBHOIO COnpoTHRIeHH e K3, c,
T, = 2
a - .
OFppe
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B y4ye6HOM NpPOEKTHPOBAHUN MOXHO BOCIIOJIB30BATLCA CPENHUMMU
3HayeHUsIMH T, U Kk, IPUBENEHHBIMU B TaGN. 3.6 IJIA XapaKTepHBIX
TOYEK 3JIEKTpPOCETEM.

Ecnu K3 npousouuto Ha BeIBOAaxX reHepaTopa, TO IJISl €r0 BETBU
BeM4MHa T, 6epeTcd U3 KaTaJIOXHBIX JaHHBIX 3TOro reHeparopa. s

Heé(OT;)p‘;ﬂX THIIOB T'€HEPATOPOB MOXHO BOCIIOJB30BAaTHCA MAaHHBIMHU
TaoI. 5./.

Ta6nuua.3.6

3HaveHHs NOCTOAHHOI BPeMEHH 3aTYXaHHA anepHOAMYEcKOil CoCTaBIAIOmEi
Toka K3 7, u ynapnoro xoadpuunenra ky, A1s XapakTepHbix BeTseii,
NPHMBIKAIOmMHX K Touke K3

DrIeMEHT WIH 4aCTh IHEPrOCHCTEMBL T,c kya
Typ6oreHeparop MolHOCTEIO, MBT:
12—60 0,16—0,25{ 1,94—1,955
100— 1000 0,4—0,54 | 1,975—1,98

brok, cocroamuit u3 Typ6oreHepaTopa
MotHocTbio 60 M BT 1 TpaHcdopMaTopa, npu
HOMMHAJIbHOM HalpsiXeHUM reHepaTopa, KB:

6,3 1,95
10 0,15 1,935
Brok, cocrosuit u3 Typ6oreHeparopa u

MoBbILIAOLIEro TpaHcdopMaropa, npu
MOLLHOCTU reHepaTtopa, MBT:

100—200 0,26 1,965
300 0,32 1,97
500 0,35 1,973
800 0,3 1,967

CHcreMa, cBsi3aHHas cO COOPHBIMH IIMHAMH,
rae paccMatpusaercsi K3, Bo3xylHbIMH
JIMHUSIMM HamnpsiXeHueM, KB:

35 0,02 1,608

110—150 0,02—0,03 | 1,608—1,717
220—330 0,03—0,04 | 1,717—1,78
500—750 0,06—0,08 | 1,85—1,895

CucTeMa, cB3aHHast cO COOPHBIMM ILIMHAMH,
rae paccmatpuaerca K3, yepes tpancop-
MaTophbl €IMHUYHOI MOIHOCThIO, MB-A:

80 u BbIlLIE 0,06—0,15] 1,85—1,935

32—80 0,05—0,1 | 1,82—1,904

5,6—32 0,02—0,05| 1,6—1,82
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Oxonyanue maba. 3.6

DNneMEHT WIH 4aCTb SHEPIrOCHCTEMBI T, c kyn

Bersu, 3auiMiLEeHHBIE PEAKTOPOM C HOMH-
HaJIbHBIM TOKOM, A:

1000 u BbIILIE 0,23 1,956
630 u HUXeE 0,1 1,904
PacrnipesenuTeNbHbie CETH HAMPAXEHUEM 0,01 1,369
6—10 xB
Ta6auua 3.7

3uauenus 7, u ky, AiA reHEPaTOPOB H CHHXPOHHBLIX KOMIEHCATOPOB

Tun reHepatopa Twun reHepaTopa HIH

wiu cuHxpoHHoro | T, ¢ kyz CHHXPOHHOTO T, c kyn
KOMIIeHcaTopa KOMIIeHcaTopa

TBPD-63-2Y3 0,39 1,975 [|[KC-16-10¥3 0,145 1,933

TB®-63-2Y3 0,24 | 1,959 ||[KCBB-50-11Y¥1 0,187 1,948

TB®-63-2EY3 | 0,247 | 1,96 |[KCBBO-50-11Y1 0,187 1,948

TB®-110-2EY3 | 0,41 1,976 ||[KCB-75-11¥1 0,2 1,95

TB®D-120-2Y3 0,4 1,975 |{KCBB-100-11V¥1 0,248 1,96

TBB-160-2EY3 | 0,408 | 1,976 |[KCBBO-100-11¥1 | 0,248 1,96

TBB-220-2EV3 | 0,307 | 1,968 [|[KCBB-160-15Y1 0,26 1,962

TBB-320-2EY3 | 0,388 | 1,974 |[KCBBO-160-15Y1 0,26 1,962

TBM-300-Y3 0,392 | 1,975 ||I'umporeHeparopst 0,05—

SIBHOIIOJIIOCHBIE C 0,045 1,979
TBB-500-2EY3 | 0,34 1,971 || nemndepHbIMU

TBB-800-2EY3 | 0,33 | 1,97 |[oOMoTKamu

TBB-1000-4¥3 | 0,33 1,97 ||To xe, Ho Ge3 0,1—0,5
IeMrdepHbIX 1,98

TBB-1000-2VY3 0,33 1,97 |lo6moTOK

TBB-1200-2¥3 | 0,38 | 1,973

OnpeneneHue amepuoOnNMYECKOX M MEpUOAHUYEC-
Koit cocTaBasoumux Toka K3 ang niob6oro MOMeHTa
BpPEMEHH

3HayeHHs arlepUOANYECKON U MEPUOANYECKON COCTABIITIOLIMX TOKA
K3 s BpeMeHH 1> (0 HeOOXOOMMO 3HATh [UISl IIPOBEPKH OTKIIOYAIO-
1Iei CIIOCOOHOCTH BHIKITIOYATENEH.
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PacyeTHoe BpeMs, IUIT KOTOPOTO TpeOyeTcst onpenensats Toku K3,
COOTBETCTBYET BpPEMEHHU pa3MbikaHUs Lenmu K3 myroracurelbHBIMH
KOHTaKTaMH BBIKJTIOYATe IS U 0603HavyaeTcs 1. OHO omnpeaensiercs Kak, C,

T= 0’01 + % s.otins

TAE /. , orxn — COOCTBEHHOE BpeMsl OTKITIOYEHUS BBIKIIIOYATENS, ¢ (Ha-
€TCSI B KaTAJIOXHBIX JAHHBIX BHIKITIOYATENEH).

CormnacHo dopmyine (3.4) anepronuyeckasi cocrapisiioniasi Toxa K3
st MomeHTa T= 0,01 + #. ; o1y PaBHA

iar = iaOe-T/n s
a TIpH YCJIIOBUH OIPEACIICHUS €€ MAaKCUMAJIBHOTO 3HAYCHUSA
i =200 "%, (3.22)

CornacHo [3.1, pa3n. 5] mis onpeneneHUs AEHCTBYIONIEro 3Haye-
HUS TIepyoauyecKkoil cocramisioweit I, B mo6oit MomeHT K3 ¢ uc-
TOJIB3YeTCS METOX TUMOBBIX KpUBBIX. OH OCHOBAaH Ha MCIOJIL30BaHUHU
KPMBBLIX MU3MEHEHHS BO BPEMEHHU OTHOLUEHUS NEACTBYIOIUX 3HAYeHH I
MepHOaMYECKOi cocTaBnsmoleit Toka K3 oT reHepaTopa B NpOM3BOJIb-

HbI! ¥ HAYQTbHBIA MOMEHTHI BPEMEHH, T.€. Y+ = 7 = f(f), mocTpo-

n0
€HHBIX I pa3HbIX yaaneHHocTel Toukd K3 M nmpuBeaeHHBIX B [3.3,
1. 5.5]. TIpu 3TOM 3NeKTpHYecKast YIAIeHHOCTb TOUKM K3 oT CHHXPOH-
HOM MAalIMHBI XapaKTepU3YeTCs OTHOLIEHUEM NEHCTBYIOLIETO 3Haye-
HHA TIepHOANYECKOil cocramisoueit Toka K3 reHeparopa B Hayaib-
Hbli MOMeHT K3 K ero HOMHUHaJIbHOMY TOKY, T.€.

InO

Lnouom = T
HOM.MCT

’
th€ Lyop yer — HOMUHAIBHBINA TOK UCTOYHUKA NMHUTAIOLUEH BETBHU.

Ha puc. 3.8 npuBeneHs! TUITOBBIE KPUBKIE Y,,=f (f) Mg pa3INyHbIX
rpyImn TypGOreHepaTopoB C YYETOM COBPEMEHHON TEHIEHLMM OCHa-
LEHHUs] TEHEPATOPOB Pa3HBIX THUIIOB OMNPEAEIEHHBIMU CHCTEMaMH BO3-
oyxnenus (s ¢1<0,5 c).

Bce kpuBbIe MOJYYEHBI C YYETOM HACHIIEHUS CTaIM CTaTopa, Ha-
CHILIEHMS TyTeil pacCesiHUs CTaTopa, BBI3BAHHOTO alepUORMYECKOM
COCTABJIFIOLIEH TOKa cTaTopa, 3ddheKTa BHITECHEHUS TOKOB B KOHTY-
pax poTopa U peryJIHpOBaHMS YacTOTHI BPAILEHHUSI POTOPa TYpOMHEL.
IIpu 3TOM mpeamonaraaock, yto 0o K3 reHeparop pabotas B HOMH-
HAJIbHOM peXuMe.

TumnoBble KPUBBIE YYUTHIBAIOT U3MEHEHHUE NEMCTBYIOLIEro 3Haye-
HUsA niepronuuecKoit cocrapisioweit Toka K3 I,,, ecmv Lo/ Loy uer> 2.

Wcxons M3 BHIIEU3NIOXEHHOrO, Ui JI000ro (Mpou3BOJILHOIO)
MOMEHTa BPEMEHH ! MOXHO OTPeNe/IUTh

L= Yo Ino- (3.23)
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Puc. 3.8. TunoBele KpUBbIE U3MEHEHHUS EPHOXMYECKON COCTABNAIONIEH TOKA
K3 ot reneparopos:
@ — C THPHCTOPHO! HE3aBMCHUMOM cUcTeMoil Bo36GyXaeHHUs; 6 — ¢ THPHCTOPHOM

CUCTEMOI CaMOBO30YXIEHHUS; 6 — C JUOAHOM HE3aBUCUMOMN (BBICOKOYACTOTHOH) CH-
CTeMO# BO3OYXAEHUS; 2 — C AMONHOMN GEeCLIETOYHOM CHCTEMOl BO30OYXaeHUs

Hac unrepecyer BenuunHa I, B MOMEHT 1= 0,01 + £, , o1y, JUI5 €€
HaxoXJIeHUS HEOOXONUMO HAWUTHM HOMHHAIBLHBIA TOK MCTOYHMKA
Liowner = Suowver / 3Uwow ¥ OLEHUTb OTHOLIEHHUE Lo/ Liossicr-

1. Ecnut Lo/ Loy yer> 2, TO TIO KPMBBIM PHC. 3.8, a, 6, 6, 2 [UI MO-
MeHTa BpeMeHH T =0,01 + £ , o1\, ONIPENENAETCS Y., 2 3aTEM NO (HOp-
myne (3.23) Haxomurest .=y, 1.
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2. Ecnut Lo/ Liommer < 2, TO 3TO YOAJIEHHOE OT HCTOYHHKA K3, nosrto-
MY TIPUHUMAETCS Yo, = 1 M Iy,= Ip=const.

JIns THAPOTEHEPATOPOB TP Lo/ Liowncr<3Yer=1 H I = Iyo= cOnSst.

MeTOx THIOBBIX KPUBBIX L[eJIeCO06pa3HO MPUMEHATH B TeX CIIy-
yasx, korna Toyka K3 HaxoauTcst y BBIBOLOB r¢HEpaToOpOB (cuH-
XPOHHBIX KOMIIEHCAaTOPOB) WM Ha HeBOJBILON SJIEKTPUYECKON yaa-
JIEeHHOCTM OT HUX, HanpuMep 3a TpaHchOpMaTOpaMH CBS3M 3JEK-
TPOCTaHIMM C cHCTeMOM. Ecnu Xe MCTOYHMK (3Heprocucrema) CBs-
3aH ¢ Toukoii K3 HenmocpeacTBEHHO, T. €. HE3aBUCHMO OT r€HepaTo-
pOB, PAacHONIOXEHHBIX BOIU3U MECTa K3, To meiicTByloluee 3Haye-
HHUe TIepUOAMYECKOit cocTapisolieif Toka K3 oT CHCTEMBI IIpH TpeX-
dbasnom K3 s 1060ro MOMEHTa BpEMEHHM MOXHO CYHTATh PaBHBIM
I,,= I o= const.

Ecnu pacuer TokoB K3 npou3BoAWICS VIS HUTOTrOBOM CXeMBbI 3aMe-
ILEHHsI, COCTOSIIEN M3 HECKONBKMX BETBEH, TO MOCIE ONMPENCJICHUS
COCTABNAIOIUX TOKOB Ing, Iics far, fyy IO OTACTBHBIM BETBAM CIIEXYET
ONpENETUTL CyMMapHBIE 3HAYEHHsl 3THX COCTABJIAIOLINX TOKOB, MOL-
Tekatolux K Mecty K3, a 3aTeM ¥ pacueTHbIe 3HAYEHUsI TOKOB K3 mnsa
BBIGOPA ANMapaToB B 3aNaHHOH LMK (MOAPa3. 3.10).

CrnenyeT cKa3aTb, YTO pacyeT TOKOB K3 — mpoliecc TpyIOEMKHIA,
TpeGyIoLIMii BHUMAHUs TIPH NIPOM3BEJEHMU PACYeTOB 1 aHATU34 10~
Jy4aeMbIX pe3yJNbTaToB, MO3TOMY PacyeT 3TOT yAOOHO MPOU3BOAUTD
B Tab6nuuHoit dopme (mpumep 3.1).

Yro6bl 3aKpeNIUTh TEOPETHYECKUE 3HAHMUS, pasbepuTe NpuMep 3.1
o pacyeTty TpexdasHoro K3. Tam xe MpHUBEACHbI 06pas3Lbl PaCYETHBIX
ta6auu Tokos K3 (ta6n. 3.12, 3.13) 1 CBOIHO# TaGNULIBI PE3YNLTATOB
pacuera TokoB K3 (1a61. 3.14).

3.5. Oco0eHHOCTH pacieTa TOKOB KOPOTKOTO 3aMbIKaHHA
B CHCTeMe COOCTBEHHbIX HYXK/ JJEKTPHUECKHX CTAHLMMH

IMpu K3 B cucreMe COOCTBEHHBIX HYXN anextpocraHumit (1. K-1
Ha puc. 3.9) CylIeCTBEHHOE BIMSHHME Ha XapaKTep Npouecca U SHaye-
Hue Toka K3 0Ka3biBalOT JBUTATENH, BKIIOYEHHbIE BOIU3M MECTA IO~
BpexaeHus. HauGosee CylIECTBEHHO 3TO NPOSBIAETCS B CETAX co6-
cTBeHHBIX HyXI (c.H.) 6 kB kpynHbix TOC u ASC. JIina nmpuBona
MEXaHM3MOB C. H. IPUMEHSIOT B OCHOBHOM aCHHXPOHHbIE IBUTATE/IH
C KOPOTKO3aMKHYTEIM poTopoM. IIpu Gin3koM K3 nHamnpsxeHHe Ha
BBIBOAAX JBUraTelieil CHIXAETCsl ¥ OKa3bIBaeTCS MEHBLIC MX dAC.
DIeKTPOABUTATENH TIEPEXONAT B PEXUM IreHepaTopa, MOoChUIAIOLIEro
TOK B MECTO MoBpexXaeHUs1. CHHXPOHHBIE ABUTaTENIH TOXE MOAMUTHI-
paioT MecTo K3. TToANMUTKY OT ABUraTeNeil CHCTEMBI C. H. Heo0X0AUMO
yMeTh PacCyMTaTh M YY€CTb Kak IpH BHIOOpE M NMPOBEPKE JICKTPH-
yeckux anmapatoB PY c.H. 6 kB, Tak ¥ npu BeIOOpe yCTaBOK YCT-
poiictB P3, yCTaHOBJIEHHBIX 31€Ch.
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Puc. 3.9. Oco6ennoctu K3 B cucteme cOGCTBEHHBIX HYX 3JIEKTPOCTAHLIMIA

CnenosatensHo, npu K3 Ha wuHax coGCTBEHHBIX HYXI 3JIEKTPO-
CTaHUMH HEOOXOAMMO YMETb ONpENENUT HE TOMBKO TOK CO CTOPOHDI
9HEProCHCTeMBI I c, HO ¥ TOK MOATIUTKHU CO CTOPOHBI ABUTaTeNei /.

C uesbio ynpoieHus B y4e6HOM NPOEKTHPOBAHUH PacyeT TOKOB l"I(;;I
K3 Ha cOOpHBIX HIMHAX COGCTBEHHBIX HYXI 3JIEKTPOCTAHLM A
(8 1. K-1, puc. 3.9) npousBoauTcs B CleRyOWEi MOCIEN0BATEIHOCTH

1. Ha 0CHOBaHMM MCXOQHBIX JAHHBIX COCTARISIETCS PACYETHAS cxe-.
Ma 3JIEKTPOYCTaHOBKH.

2. CocrapnseTcst cxeMa 3aMeILEHHMs ISt ONpeaeneHus Tokos K3 ot
BHELIHUX UCTOYHUKOB (3HEPrOCHCTEMBI, BKIIIOYAsI NIEKTPOCTAHLHIO)
1 OTNIPENEJISIETCA PE3YNbTUPYIOLIEe CONIPOTHUBRIEHHUE uxX o T. K-1, a 3a-
TEM PacCYMTBIBAIOTCA cocTaBisiomme Toka K3 Igc= I ¢, i ; co
CTOPOHBI CHCTEMBI, KaK 3TO ObUIO paCCMOTPEHO B nonS;ah.“E.C& e

3. OnpeneJIﬂeTca CyMMapHasi HOMUHaJIbHasi MOLIHOCTD BC;‘.X. 3JeK-
TponBurareneil ), Biowsss NMOOKTIOUEHHBIX K CHCTEME COOpDHBIX IIHWH

C.H. 6 kB, rne paccmarpusaercs K3. Eciu TouHBIi cOCTaB nBUTaTeNeil
HEM3BECTEH, TO MPUHUMAIOT NIPUGTIDKEHHO

zpnom.zm = OuoMTCH

1
ZR{OM-I[B = 5 HoMTCH

g?cnn ucnonssyercss TCH ¢ pacmereHHoit o6mortkoit HH), rae
wouTCH — HOMMHAITbHAas! MOLIHOCTB TPaHC(hOpMaTopa COBCTBEHHBIX },{y)m
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PaccuMTbhIBaeTCA HAYaJIbHOE 3HAYEHUWE MEPUOAUYECKON COCTaBJIg-
IOLLEH TOKA OT ABUrartenei, KA,
z PHOMAHB

II'IOJ.'LB = ]nycx = I-nycxz IHOMJIB = Icnycx

Tas COS (pns\/gUHou - (3 24
=4 2 Puou.ns =4 SHOMTCH ' )
UHOM Uuou
HUIIN s
=4 HOMTCH , )
InOEB 2U“0M (3 25)

ecnu paccMarpusaercst K3 3a TCH c pacuemienHoi o6morkoit HH.
B dopmynax (3.24) u (3.25) S,outcu NpuHuMaeTcss B MB-A; Uyou —
B KB.

4. Onpenensiercsi mepuoaMyeckas coctapisitoias Toka K3 or asura-

teneit B MOMEHT T=0,01 + 7. 5 orens KA,
)~ InOnae-t/o’m' (3.26)

5. PaccuMThiBaeTCsl amepuoaMyeckasi cocTapisiowas toka K3 or
IBUIraTeNeil B MOMEHT T, KA,

iam = ﬁ]nonne-r/o,mi (327)
6. Haxonutcs ynapHbiii Tok K3 ot aBuratenei, KA,
iyn.an = V2T n01Kyn s (3.28)

rae ky, n = 1,65.

Cnenyer MMeTb B BMAY, YTO BhIOOp 3JIEKTPHYECKHMX aANMNapaToB U
TOKOBEAYLUMX yacTeii B uienyu Beoaa 6 KB TCH (Ha puc. 3.14 3awtpuxo-
BaHO) 6yJeT NPOM3BOANTLCA HE TIO CYMMapHBIM 3HaYeHusM TokoB K3
CO CTOPOHBI BHEIIHUX UCTOYHMKOB M JBUraTelei C. H., a N0 Hanbonb-
LLIMM U3 HUX: MJIM CO CTOPOHBI BHEUIHUX UCTOYHUKOB, MJIU CO CTOpPO-
HbI ABUTaTesei ¢. H. O6opynoBaHue B LIETISIX BBOAOB CaMMX JABUraTesen
BBLIOMPAETCA 10 CyMMapHbIM 3HaueHUsIM TOKOB K3 co cTopoHbI cUCTE-
MbI ¥ CO CTOPOHBI ABUTaTeNel C. H. (moapoGHee — B nmoapasa. 3.10).

C 60J1e€ TOYHOII METOAMKOM YyeTa BIUSHUSA CHHXPOHHBIX U aCUHX-
POHHBIX JBUraTeseil npu pacyere TOKOB K3 MOXHO MO3HaKOMHTLCS
B[3.1, m. 6.7] u [3.3, m. 5.6].

3.6. HecumMMeTpHYHbIe KOPOTKHE 3aMbIKAHHSA

3.6.1. Ilpumenenne MeToJa CHMMETPHYHBIX COCTABJIAIOMMX K pacdeTy
HECHMMETPHYHBIX KOPOTKHX 3aMbIKAHHMA

B Tpexda3Hbix CETIX MOTYT BO3HMKATD CJIENYIOLIME BUABI HECHM-
metpuuHbix K3: npyxdasueie K3; onHo- u nByxdasusie K3 Ha semiio.
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PacueTter HecumMmeTpuyHbIx K3, Tak Xe KaK ¥ pacyeTsl JPYTMX HECHUM-
METPUYHBIX PEXHMOB B 3JIEKTPUYECKHMX CUCTEMaX (OOPBIBBI MPOBOIOB,
paboTa M0 CUCTEME «IBa NMPOBOINA — 3eMJIA» M T.I.), YIOGHO MpPOM3-
BOAMTDH C IMIOMOIIBIO METONA CUMMETPUYHBIX COCTABJISIONUX, OCHOBEI
KOTOPOT'O U3JIaraloTcsi B Kypce TEOPETUYECKOM IJIEKTPOTEXHUKHM. Beriom-
HUM OCHOBHBIE NOJOXEHUSI 3TOro Metona. CyTh €ro COCTOMT B TOM,
4TO JI00YI0 HECUMMETPUYHYIO CUCTEMY TOKOB WIM HaNpsDKEHUit, co-
CTOSLIYIO M3 TPeX BEKTOPOB A, B, C, MOXHO 3aMEHMTb TPEMA CHM-
METPUYHBIMH CUCTEMAMH BEKTOPOB NpsiMoit A, Bi, C, o6paTHOM
Az, Bz, Ci u Hynesoit Ao, Bo, Co TOCHEZOBATENLHOCTEH, T.€.
IUTSL KaXIo# U3 Tpex ¢a3 uMeeM:

A=A+ A» + Ao;

B =B +B;+Bo =a’4 +ad: + Ao, (3.29)

C=Ci+C2+Co = ad +a*4; + Ao.

3necs KoMIUIEKCHOE Yucio a=e/'2%" — oneparop ¢assl, yMHOXEHHE
Ha KOTOpbIi M060r0 BEKTOpa PaBHOCHIILHO MTOBOPOTY 3TOrO BEKTOpa
Ha 120° B mpssMOM HampaB/ieHUH (TIPOTUB YacoBO# cTpeiku). Onepa-
TOp a3kl MO3BOJSIET BHIPA3UTh BEKTOPHI CUMMETPUYHOM CHCTEMEI Ye-
pe3 BEKTOpP KaKou-JIM60 onHOM (a3bl, MpUHATOM 3a OCHOBHYIO (B Ha-
meM cinyyae — (dasa A).

BekTopel cHCTEMBI NPSAMO# MOCIEA0BATEBHOCTH PABHEI MO BEJIU-
YUHE U CABMHYTHI IPYT OTHOCHUTENBHO Apyra Ha 120° B HanpaBieHUH
IPSIMOTO YepenoBaHusa $a3 (06pa3yloT CHMMETPHYHYIO YPABHOBELLIEH-
HYIO cMCTeMY). BekTopsl cucTeMBl 06PaTHO# MOCIeN0BaTEILHOCTH PaB-
HBI IT0 BEJIMYMHE U COBUHYTHI APYT OTHOCUTENLHO Apyra Ha 120° B Ham-
paBieHUM oOpaTHoOro yepenoBaHus a3 (00pa3yloT CUMMETPUYHYIO
YPaBHOBELUEHHYIO CUCTEMY). BEKTOpBI cHCTeMEI HyJsieBO# mocaenosa-
TEJILHOCTHU COBIAJAIOT MO HANPABICHUIO M PaBHHI 110 BEIHYMHE, 06-
pasyloT CUMMETPUYHYIO, HO HEYPaBHOBEUIEHHYIO CUCTEMY.

CrnenoBatenbHO, reOMETPUYECKAs! CyMMa BEKTOPOB

TpSIMOH MOCJIENOBATENILHOCTH PaBHA HYIIIO:

A +Bi+Ci =0
06paTHO MOCINeNOBATEBHOCTH PABHA HYMIO:
A2+ B2 +C2 =0 (3.30)

HYJIEBOiA MOC/IENOBATENLHOCTH HE PaBHa HYJIIO:
Ao+ Bo+Co =340 % 0.
OtnenpHbIE CUMMETPUYHBIE COCTARNAIOLIME a3kl A MOXHO OMpe-
JIenuTh Yyepe3 ¢da3Hble BeTHYNHBI
1

A = §(Z+a§+a25);
Ar = %(Z +a*B +aC); (3.3D)
Zo =§(z+§+6>
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- N o o
Xipes X2pes X0pes

Ua > Ua > Uno >
a 6 8

Puc. 3.10. Pe3ynsTvpyloliMe CXeMbl 3aMeLLeHUs] TTpsAMoit (a), o6paTHo# (6) 1
HyJieBoit (8) IMOCeOBaTEIbHOCTEN

Bce npuBeneHHBIE YpaBHEHHS CIpaBeUIUBbI KakK IJIs1 TOKOB, TaK H
IUISL HATIPSDKEHMI TP HECUMMETPHUYHBIX PeXHMaX TpeX(a3HbIX ycTa-
HOBOK.

Tpu Tpexdaznom meravmyeckoM K3 Hanpspkenue B Mecte K3 paBHO
HYJIIO.

Tpyu HecummerpuyHbIX K3 HanpspkeHue B MecTe K3 He paBHO HYJTIO,
CMMMETpPHYHEIE cocTaBIsiiolMe ero B Mecte K3 onpeznensiorcsi B cooT-
BETCTBUMHM CO BTOPHIM 3akoHOM Kupxroda:

le = EQ) - Txljxlpeg;
Uiz = 0-Tx2jX3pe; (3.32)

ﬁxo =0- 7K0jx0pe3a

roe Ep — pesynsrupyowas DJIC npsiMoii Mocaeq0BaTeIbHOCTH MC-
TOYHUKOB MUTaHUS (PasHOe 3HAYEHUE); Xipes, X2pes, Xopes — PE3YIBTU-
pyIOlLE COMPOTUBIICHUST NPSIMOH, OGPaTHOM M HyJIEBOM MOCJenoBa-
tenpHOCTeH e K3.

JUnst pacyeTa HeCMMMeTpuYHBIX K3 BO3HMKaeT HEOOGXOAMMOCTS CO-
CTaBJIEHUST CXEM 3aMeILEeHMs NpsAMoii, obparHoii, a mpu K3 Ha 3eM-
JII0 — ¥ HyJIEBOI1 MOCJeJOBaTeIbHOCTH. Tak KaK Bce FeHepaTophl Co3-
JIAIOT TOJILKO CUMMETPHUHYIO TpexdasHyto cucteMy BJIC npsiMoii 11o-
CJIEOBaTeILHOCTH, TO B CXeMax 3aMellleHHs yKa3biBaeTcsi TonbKo DJIC
MPSIMO TIOC/IENOBATEIFHOCT MCTOYHMKOB ITUTaHUSA U CUMMETPUY-
HBIe cocTaBisTiole HanpskeHust B Mecte K3 (puc. 3.10).

3.6.2. IpaBuaa cocTaBiaeHUs cXeM 3aMeMEHHs OTAeJNbHBIX
nocJjenoBaTeJbHOCTeH

ITpu pacyetax HecuMMeTpHYHBIX K3 cocTaBiIsioTCs CXeMBI 3aMellle-
HMSA OTHEJIBHBIX MOCEI0BATEIBHOCTEN, B KaXIYI0 U3 KOTOPBIX BXOAST
BCE 3JIEMEHTBI, 110 KOTOPHIM IpY JaHHOM HecMMMeTpuyHOM K3 mpo-
XOISIT TOKM COOTBETCTBYIOLIMX MOC/IEN0BATENLHOCTE.

CxeMa 3aMelLEeHNS NPAMOI ITOCIIEI0BAaTEILHOCTHA COCTABIIAETCS TaK
Xe, KaK g pacyeTa cuMMeTpryHoro TpexdasHoro K3. Ona ceopaun-
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BaeTcs OTHOCUTENbHO TOuKU K3, M omnpenensercss pe3ylbTHpyioLIee
COTPOTUBJIEHHE NPSAMON MOCTIENOBATETBHOCTH Xjpes:

Xy pe3
C"‘:"é‘m

CxeMa 3aMellieHUSI 00paTHO# I1OC/IEXOBATEBHOCTH COCTOMT M3 CO-
MPOTHUBIICHUI1 00paTHO MociexoBaTeIbHOCTH. ITpH 3TOM clienyeT yuecTh,
YTO COINpPOTHUBJIEHUs] OOpaTHOM M INpsIMOI rocienoBaTeabpHocTei JIDI,
peaKTopoB, TpaHC(HOPMAaTOPOB paBHE MeXIy CO00i, T.€. X;=X;, F|= 13,
Z,= Z,. Y BpalllaloIMXCsI MAlIMH TOKM OOpaTHOI 1MOC/Ie10BaTEIEHOCTH
CO3Jal0T MarHUTHHIA MOTOK CTaTopa, Bpallalolniica ¢ IBOMHOM 4Yac-
TOTOH IO OTHOLLEHUIO K POTOPY, U B OGLIEM CITyyae y HHX X, # X,. Ho B
NPUOTIDKEHHBIX pacyeTax IPMHUMAIOT IS CHHXPOHHBIX MAlLMH X, = X .

W3 BBILIEN3TIOKEHHOTO CIEAYET, YTO PE3YIBTUPYIOLINE COMPOTHB-
JIEHUS TIPSIMOM M O6paTHO# MOCIeI0BaTENbHOCTE OTHOCUTEILHO pac-
cMarpuBaeMoil Touku K3 MOXHO MpuHATh paBHEIMM IPYT APYTY, T.€.
X1 pea= X2 pes-

CxeMa 3aMeLICHMS HyJIeBO# MTOC/IEI0BaTeILBHOCTH HEOOX0IMMa IpH
pacyeTax TOKOB KODOTKHUX 3aMbIKaHH# Ha 3eMJTio. B 3Ty cxeMy BBOOATCA
TOJIBKO T€ 3JIEMEHTHI PaCYETHOM CXEMBI, 10 KOTOPBIM MOTYT IPOTEKATh
TOKH HYJIEBOH IOCJIEIOBAaTEILHOCTH, 2 UMEHHO: CUCTEMBI C 3a3eMJIEH-
HBIMU HEHTPAISIMU, CUIIOBHIE aBTOTpaHCHOPMATOPH! U TpaHcdHopMaTo-
pHI C 3a3emaenHbimu HelTpasisimu, JIDIT u Kabenn, coemquHsIOIINE HX.

Cxemsbl 3aMenieHust AT 1 TpaHCcHOPMATOPOB C 3a3eMJIEHHOHN Hei-
TPAJIbIO MTOKa3aHHI B Ta61. 3.8.

Ta6nuua 3.8

CxeMbl 3aMeleHHS HY/IeBOMH MOCJE0BATENBHOCTH TpaHcdopmaTopos u AT

I'padnyeckoe

DJIeMEHT CXeMBI
H3obpaxeHue

Cxema 3aMelLIeHUA

JByxoOMOTOUHBI# TpaHCchopMaTop
X

XTB

XT HI XT H2
XTB
XTH

JByXoOMOTOUHBIIt TpaHCHOpMATOp C pac-
weruieHHoi o6motkoit HH

TpexoO6MoTOYHBI# TpaHchopMaTop
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Oxonvanue maba. 3.8

I'papuueckoe | cyema samewenus

DNIeMEHT CXEMBI
H300paxeHHe

ABTtoTtpaHcdopmaTop

XTC

|

|

1

i
——&

OGparuTe BHUMaHKe, 4To Npu K3 Ha 3eMITI0 TOKM HYJIEBO# ToCe-
JIOBaTENILHOCTH TNomnanaioT B ooMotku BH Tpancdopmartopos, uMme-
IOLIMX 3a3€MJICHHYIO HeTpaib. OHM TpaHCHOPMHUPYIOTCSI Ha CTOPOHY
HH u 3ambIkaltoTcs, nporekas mo oomMmorkamM HH, coefMHEHHBIM B Tpe-
YTOJILHUK, He BBITeKasl 3a ero npenensl. I1o 3Toif npuynHe CONMpOTUB-
nenre oomMorok HH TpaHcdopMaTopoB, CoeIMHEHHBIX IO CXEME Tpe-
YTOJIbHUKA, BBOIUTCA B CXEMY 3aMelIeHUsI HYJIEBOM IMOCIeI0BaTEb-
HOCTH TpaHC(OPMATOPOB C 3a3eMJIEHHBIMU HEUTpAISIMU

Up2110 kB

K3
L 3
310L-5 0

Comnpotusnerus JIOIT B cxeMe 3aMellleHUST HyJE€BOH MOCJEeIOBa-
TEJILHOCTH OTJIMYAIOTCS 1O BEJTMYMHE OT T€X 3HAYEHUH, KOTOPHIE OHU
HUMENH B CXEMe 3aMeEllleHHs] TIPAMOM TOC/IeN0BaTeIbHOCTH.

MHIyKTMBHOE CONPOTHBIIEHHE HYJIEBOH ITOCNEN0BaTEIbHOCTHU IBYX-
LIETTHBIX JIMHUI GOJIbIlIE, YEM ONHOLEMHBIX, 32 CYET HAJIMYMS B3aUM-
HOU MHAYKTUBHOCTH MeXIY LIeMISIMH, KOTOpasi CKa3hIBaeTCs MpH pac-
CTOSTHMH MeXnmy HuMmu 10 400 — 500 M.

CpenHye 3HaYEHUST OTHOLICHUS Xo/X; AJISI BO3AYIHBIX JIMHUN NIpU-
BeJIeHHI B Ta0I. 3.9.

Tab6auua 3.9
Cpeanse 3Ha9eHHs OTHOMEHHA Xg/X; IS BO3AYIMHLIX JHHHAH
3JIeKTponepenadn

XapakTepHCTHKa THHUH Xo/%)
OnHouenHas TMHUA 6e3 3a3eMJIEHHLIX TPOCOB 3,5
To xe, co CTaILHBIMK 3a3eMJIEHHBIMH TPOCaMH 3,0
To xe, ¢ 3a3eMJIECHHBIMH TPOCaMH M3 XOPOLLO MPOBOASLIMX 2,0
MaTepHaIoB
JByxuenHasi IMHUs G6e3 3a3eMJIEHHBIX TPOCOB 5,5
To xe, co CTaILHBIMH 3a3¢MJIEHHBIMHM TPOCAaMM 4,7
To xe, ¢ 3a3eMJIEHHBIMH TPOCAMH U3 XOPOLIO MPOBOASILUX 3,0
MaTepuaIoB
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ConpoTuBneHHs HYNEBOR MOCAEIOBATENLHOCTH Kabeaeil 3aBy-
CAT OT XapakTepa WX NPOKJIAAKH, HATMYHUSA WIH OTCYTCTBHS TIPOBO-
Bsiiueit 060I0YKH, CONPOTHBICHUS 3a3€MJIEHHsI MPOBOASIIEH 060-
JIOYKH (€C/IM OHA UMEETCs) M APYTUX (HaKTOpPOB. HonyctuMo npu-
HUMAaTh 111 KabeJeit

X =(3,5-4,5)x; u Ry = 10R,.

[TonyyeHHyI0 CXEMy 3aMeLIEHMS HYIEBOH MOCTENOBATEIbHOCTH
CBOPa4YMBAIOT OTHOCHTENBHO TOukM K3. Tak Kak Bce 3a3eMJIeHHBIE TOYKU
CXEMEI 3aMELLIEHUST HYJIEBOI I1OCIEN0BAaTENLHOCTH UMEIOT MOTEH A
3EMJIM, TO TPH YIIPOILEHMH CXEMBI MX OOBEAVHSAIOT B 00HY 06Uiyio moyky
¥ OTpPENENSIOT Pe3yIbTHPYIOLIEE CONPOTUBRIECHHE Xopes:

%0 pes
1|
| _j K3

3.6.3. TokH u HaNDPSIKEHHA B MECTE HECHMMETPHIHOIO
KOPOTKOr0 3aMbIKAHMSA

g pacyeToB TOKOB M HanpsixeHMit B Mecte K3 MpeABAPUTENLHO
JO/DXHBI OBITH OMpeENEHbl PE3YIBTUPYIOLIME CONPOTURIEHHUS OTIE/b-
HBIX ITOCNEIOBATEIBHOCTEN OTHOCUTENBLHO TOYKM K3 M IOJIXHA OBITH
uspecTHa DJIC uctoyHuKa nmutanus E,.

PaccMoTpuM aByxdpasnoeK3 (puc. 3.11).

I'pannyHEIe ycnosust ipu aByxdastom K3 Mexny ¢pazamu Bu C:

@) o =) =2 =@ =®)
IKA =0s IKB =_IKC; UKB =UKC-
Tak Kak cyMMa (pa3HBEIX TOKOB 31€Ch paBHa HYMIO, TO CHCTEMA SIB-
. (2
JISIeTCA YpaBHOBELIEHHOM, MOTOMY | f(o) =0.

Torna
=12 =@ =(2) —=(2) =2
Tt =Teni + Ty =0, otkyma Tem = —T%0,. (3.33)
c )5
B 2 13
/” "~
B .
4 R & = 13
— — — '~ -
&) | B3| 2 ; o
x4 i xC 1&}1 l(xzﬂ)l
K® 5%
a 6

Puc. 3.11. JIByxdasnoe K3 (a) u BekropHas JxarpaMma TOKOB B MecCTe ITo-
BpexaeHus (6)
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Ianee u3 dopmynsl (3.29) nony‘{z:eM
Ten = U, (3.34)

a ¢ yuetoM ¢opmynsl (3.32) ©MeeM paBEHCTBO:
- = .5(2) 5(2)
Ed) - ij(AZ)lxlpes = '_jlezpreJ = JIxAlepea-

OTKyZa pacyeTHOe BBIPaXEHHE Ul ONpENeIeHNs TOKa NPH ABYX-
dasHom K3 B koMIuiekcHo# dopMe

T - Lo (3.35)
./(xlpes + x2pe3)

KommuiekcHas ¢opma BeipaxeHust (3.35) O3HAYaeT, YTO TOK OT-
craet o dase or DJIC Ha yron 90° (zeneHue Ha j). Mcnonb3ys popmy-
ay (3.29), MOXHO OINpeNeTuTh TOKU B MOBPEXIEHHBIX dazax:

-2 =(2 —(2) =(2) . 7502
Tes = T +aly = (% - )T = -jB3Tar
=2 ., 502
M aHAJIOTMYHO [ (¢ = js/§l.<,ﬂ.

TakuM o6pa3oM, aGCOMIOTHAsT BeIMYMHA TOKA KOPOTKOTIO 3aMbIKa-

HHA B ITOBpEXIEHHBIX (a3ax

I® =312 = _BE, (3.36)
) kal Xipes t X2pes
BekTopHasi [MarpaMMa TokoB npu nByxdasHom K3 mpezacrasieHa

" gp;c(.: gnilérdpnm onHodasHoe K3 (puc. 3.12).
['pannyHble ycnoBus wist oxHobasHoro K3 dassl 4:
T =0, Ter =0; Uyt =0.
Tak KaK TOKM B IBYX (pa3ax OTCYTCTBYIOT, TO CHMMETPUIHbBIC CO-
CTaBJAIOLINE TIOBPEXIEHHOM a3kl A B COOTBETCTBMM C GopMynon
(3.31) paBHHI:

= - - 1=
1531 =I$2 =I§<l,:o =§IKA.

=
Bripaxas HanpspkeHue U i} yepe3 CUMMETPUYHEIE COCTABJISIOIINE
Y MTOICTaBUB UX 3HaYeHMs B ¢opmyny (3.32), noryunm

= = =(1) =(1)
US,L +U$2+U1Ao =Ux =0
. )
Ed’ - IxAlj(xlpea + Xopes + xOpes) =0.
To Eq (3.37)
I = .
OTC‘Oﬂa Kl j(xlpea + x2pe3 + xOpca)
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X®
I_&{"J," .:‘4 Iﬁ?z\,,ii\/ o

a 6

Puc. 3.12. Onnodasnoe K3 (a) u BekTopHas IHarpaMma TOKOB B MECTE I10-
BpexXneHus (6)

AGCOMOTHOE 3HaYEHHE TOJHOTO TOKA B MOBpPEXAECHHOU ha3e npu
onHodasHoMm K3

3E,

xlpes + x2pc3 + xOpea

BekropHast quarpaMma TokoB npu onHoda3HoM K3 npencrapnena
Ha puc. 3.12, 6.

AHaJIOTUYHO MOXHO MPOaHATM3UPOBATh MIPOLIECC aByxdasHoro K3
Ha 3eMJII0 U MOJIyYUTb PACUETHBIE BBIPAXEHUS IA OTNpENENeHUs TO-
KOB M HaNpsDXEHUM MPH 3TOM BUIE MOBPeXaeHus (cM. Tabu. 3.11).

IIpoananus3npoBaB Bce BUABI HECUMMETPHYHBIX K3, MoxHoO caenathb
BBIBOLI, YTO N0 A6COANOMHOMY 3HAHEHUI0 MOK Hecummempuyunozo K3 npo-
nopyuoHanen moxy npamoi nocredoéamenshocmu npu oannom eude K3:

I =m0, (3.39)

rae n — uHaekc Buaa K3; m™ — koadduument nponopumoHaisHo-
CTH, 3HAYEHHE KOTOPOro 3aBUCHUT OT Buza K3 (ta6. 3.10); Ilﬁ'l') — TOK
TPSMOii TIOC/IeN0BaTENBHOCTH JUTS JaHHOTO Buaa K3, KoTopblit B 06-
€M BUIE ONpENENSeTCs MO BHIPaXKEHUIO

I =318 = (3.38)

E, E,
Ip=—t -t (3.40)
xlpe3 + Ax xpea
3neck Ax" — nomnoNHUTENBHOE WHIYKTUBHOE COIPOTUBJIICHUE,

KOTOpoOE onpenensercs BUIoM HecumMerpuuHoro K3 (n) u mapamer-
paMi cXeM 3aMellleHuss oOpaTHOH u HyneBoit (npu K3 Ha 3emio)
noceoBaTenbHOCTEH (cM. Tab. 3.10).
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Ta6auua 3.10 Tab6auua 3.11

Pacuernnie BhpakeHns 11 onpeleaeHns TOKOB HecHMMeTpHuHbIX K3

3HaueHHs AONOJHHTENbHOr0 HHAYKTHBHOIO CONPOTHBJICHHSA Ax™ u xoapdu-
B HaYanbHbii MoMeHT K3 (1=0)

uuenTa m™ pns necummerpHunbix K3

B :
Bun K3 3nayenme AX” | 3Hauenue Ko3dboduuneHta m™ KM:’? Tﬁgﬂ . Tl'}l(gléuucnonbaoaauuu Ipu ucnonb3oBaHumM
JByxdazHoe Xapes \/5 TEJIBHBIX €AWHUL MMEHOBaHHBIX €IMHHL
m~| ™ .
OnHodaszHoe Xapest Xopes 3 f 2 f I® = _ﬁi = 9 = \/EUGE.' _
<] I X + X -
JiByxda3Hoe Ha 3eMJIIO XapesXopes 23| 8 pes T “2pes V3, + X3pe3)
X+ Xo €7 i = \/EIGE" 1) U E”
X2pes + Xopes 52| w =—-—— =087, kA =——=0" -0,877/9, kA
29 o 2x., \/_ ’ no s
ISl IS pes 2 3xlpc:
HauanvHoe 3Hauenue nepuodudeckoil cocmasasioujeli moxa 1% npu 5 | 70 5
at06om eude K3 onpedensemces X no =35 = 1O =370 = 3UGE:
w© . - - =
M3 BHIpaXeHMUS pe3yJbTUPYIOLIEro CONMPOTHBICHUS: § - 3IE. KA " 0 3(2%;pey + Xppes)
z ’
B OTHOCHTENbHBIX €IMHHLAX, O.€. B HMEHOBAaHHBIX eAMHHLAX, OM ) a 2Xe1pey + Xegpes _ L73UE? A
” E: E: g g 2xlpc1 + x()pc: ’
I = ™ = I IO =y 28 = o e LE
() n ) P b
. X, 3x
pe3 pe3 \/— pe3 Q gg Il(l) = [51) = Iél) = Il(l) = 12(1) = Iél) -
(] -
Ipu Tpexdasnom K3 m™ = 1. B P N /) A _ UsE!
[ 3 -
g E :':; 2Xt[pc3 + Xegpea ﬁ(lem . Xopﬂ) s
3.6.4. IIpakTHYecKHe METOABI pacyeTa HeCHMMETPHIHBIX ¢ |eg
KOPOTKHX 3aMBIKaHHi S |gg
Z3
=
MeTonuKa pacueta HecuMMeTpUYHBIX K3 cBOAMTCS K CIENYIOLUEMY. Og
1. CocTaBisieTcsl pacyeTHasi CXeMa CETH.
2. Ha OCHOBaHMH PAacyeTHOI CXeMBI COCTABJISETCS CXeMa 3aMelle- o | I§Y =31 = . E”
¥4 no 0 I(l,l)_31(l,l)_ GE-
HUs TIPSIMO# MTOCJIENOBATENbHOCTH, OHA YIIPOLIAETCS ¥ ONpEAENseTCs ® 3L E* e T
pe3y/IBTHPYIOLEe CONMPOTUBJIEHHE TIPAMOIA MOCIEI0BATENBHOCTH OT- g | =——2—=— kA (Kipes + 2X0pes)
HOCHTENBHO 3aaHHOM TOYKM K3 — Xjpe;. g | = Xetpes + 2Xog ey __LT73UsE;
3. Peay/bTHpYIOlIIee CONPOTHBICHNE CXEMBI 3aMelLeHHs 06paTHOH 3 % Xipes + 2Xopes
MoCJeN0BaTeIbHOCTA NPUHUMAETCS] PaBHBIM DE3YJIBTUDPYIOLIEMY CO- s | F
TIPOTHBJIEHHIO TIPSIMOI MOCTENOBATENBHOCTH: Xppe;=Xipes- ™ R
4. Tpu pacuete onHO- U AByxdasHbix K3 Ha 3eMiTio cocTaBsercs X 39 | 10= L5 (Xerpes + Xegpes ) EL Al 70— _UsQhipes + Xopes)EX
cXeMa 3aMelleHHs HyJIeBO MMOCIeN0BaTeIbHOCTH, OHA YIIPOIIAETCS U Z S's Xetpes (Xetpes + 2Xegpes) U T s 25 )’
oIpeeNsieTcsl pe3yIbTHPYIOLIEe COMPOTHBIIEHNE HYJIEBOU MTOCIIEN0Ba- S |ze I % E* Tpeatipes Opes
TeJIbHOCTM OTHOCHUTENBHO 3afaHHOM Touku K3 — Xgpes. £l Ee|/ = S 0pes 7+ ,KA| yan _ UsXope EY
5. Ucrionb3yst GopMyabl, IpuBeeHHbIE B Tab. 3.11, paccynTHIBa- < | BE Xegpes (Xetpes + 2Xogpes ) L Bxg (i, + 2% )’ KA
JOT TOKM HecUMMeTpHYHBIX K3 B HauanbHEI# MoMeHT K3. Ecin HeoG- el IE pe> Vlipes + EXoges
XOIMMO, TO MOXHO OIpPENETUTD ¥ OTAETbHbIE CHMMETPUYHBIE COCTaB- 5 ?é O e + 2% KA I = _ Ul KA
. » ’
JNSIOIIME STUX TOKOB. per 0P V3(Xypes + 2%000,)

YT106HI 3aKPETUTh N3y4EeHHDII TEOPETHYECKHIT MaTepHal, pacCMOT-
pute mnpumephl 3.2 1 3.3, rae NpUBENCHBl pacyeThl nByxdasHoro u Mpumeyanne. PacyerHie GopMynbl, NpuBeneHHbIe B Tabn. 3.11, cnpasewt
’ . . N "-

onHo®asHoro K3 1isi KOHKPETHOM pacyeTHON CXEMBI. BBI, €CITH Xipes=Xapes.
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C Suuc = 2500 MB-A
'll—@ Xenou C = 2,3
lwr=1lwz= Uept = 10,5xB
=lWJ=60KM Wi w2 w3 lw4=45m T4
=0,4 QM | ap
X =% K w4
TIH-16000/110
- u = 10,5%
Uspz = 115%B K 2? ,
T3
1| Tl 1| T2 THL-125000/110
TPAH-63000/110 (Al ug = 10,5%
Uy phi—nn = 10,5% TH LR L
K-1
Usps = 10,5 kB = é’ D '
PBOI-10- |G2 G3 (39
Gl & TCH
-4000-0,18 &)
Uc 3= 6,3 kB
H Ka p.
AT re-63-2 Harpyska' (1 110-2
Suon = 78,75 MB-A Suon = 137,5MB-A
Uiore = 10,5 B Uiore = 10,5xB
GI, G2 x:dnou =0,2 G3 x:duou =0,23

Puc. 3.13. PacyeTHas cXeMa 3/1eKTPOYCTaHOBKH (K npumepam 3.1; 3.2; 3.3)

Ipumep 3.1. IMpoBecTu B 06LIEM BHIE pacyeT COCTABNIAIOLIMX TO-
Ko Tpexdassoro K3 19, 19, i® i) B 1. K-1 pacueTHOi cxeMsl,
npeacTaBieHHOM Ha puc. 3.13. McxonHbie JaHHbIE IPUBEAEHEI Ha pac-
YETHOM cXeMme.

Pemenwue. 1. Ing pacuera TokoB TpexdasHoro K3 B T. K-1 Ha
OCHOBaHMM PACYETHOM CXEMBI COCTaBJISIETCA CXeMa 3aMElIeHUs Ips-
Moii rocienoBaTeabHOCTH (puc. 3.14, a).

B cxeMy 3aMellleHHs] BBOIATCS COIPOTUBJIEHUS TOJIBKO TEX 1€~
MEHTOB PacyeTHOM CXeMBI, KOTOpHIE CBS3bIBaIOT T. K-1 ¢ MCTOYHH-
Kamu nutanusa. Kaxnoe conpoTHBIeHHE MOTYYaeT CBOM HOMED, KO-
TOpBIif YKa3bIBAae€TCS PANOM C HUM B YMCIMTENE ApOGH, a B 3HAMe-
Hatese GyleT yKasaHa BelTMYMHA 3TOTO CONPOTUBIEHMS B OTHOCH-
TeJBbHBIX €IMHULIAX WJIM OMaX B 3aBUCUMOCTH OT MPUHSTON CHUCTE-
MBI pacueTa.

3HayeHus cepxnepexogHbeix DC MCTOYHMKOB MPUHSTHL B COOT-
BETCTBUM C PEKOMEHAALUAMHU Tabm. 3.2:

nns cuctembl Ef- = 1,0;

st rerepatopa G3 Ex; = 1,13, Tak KaK Pyougy > 100 MBT.

Harpyska, noxkioyeHHas K c6opubsM mHam I'PY 10,5 KB, yun-
TeiBaeTcst yMeHblenneM DJIC reHepatopoB GI u G2 10 BETHYUHHI

E%i62 =1,0.
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2. ITpon3BooMTCS pacyeT CONMPOTUBIEHUI CXEMbI 3aMELLIEHUS C HC-
noib3oBaHneM ¢GopMyJ, NpUBedeHHBIX B TabN. 3.4, ¢ enibpannoii samu

cucmeme eOuHuy;

B OTHOCUTENBHBIX eAMHHULIaX (0.¢€.)

B HMEHOBaHHBIX eAMHHLAX (OM)

Ss
Xep = Xeyomc
SnouC
Ss
X = X3 = X = Xydyy e
Ucpl
_ _ Ugn % Se
R0 Swury
SHOMTI
y
]
X = Xiom 'R 112
Ucpl
S
- — " (i]
Xeg = X9 = XgupomG1 E‘”_
HOMG ]
— u% S
«10 — R
100 SnouTJ
" Sﬁ
Xa1l = XdunouG3
SnouGJ

Us
S, HoMC

Us
Xy =X3 = X4 =Xply, 3
cp2

X = Xuyomc

ny 'S
Un-gy7o U¢

xS = xo = —
100 Sours
vs
X7 = XyomLR 2
Ucpl
o Ué
Xg = X9 = XguuouG1
SHnuGl
. u % U2
10 = P
100 SHOMTJ
Us

—

‘W
X1 = XdenouG3
HOMG 3

B kayectBe 6a30BOit MOIIHOCTH

B kauecTBe 62a30BOro HanpsDKeHMST
yIO6HO NpUHATL Sg= 1000 MB-A

yno6Ho npuusate U = Ugg-l =

=10,5 kB

Tak kak TpaHchopmaropsl T1 u T2 cornacHo pacyeTHoOI cxeMe
paboTaloT ¢ 3aKOPOYEHHBIMU BLIBOJAMH pacLIENIEHHON OGMOTKH
HHM3LIEro HANpPsXEHHS, TO UX CONPOTHBICHHS X5, Xg PACCYUMTHIBA-
I0TCA KaK COMpPOTUBIEHHUS OOBLIYHOTO ABYXOGMOTOYHOTrO TpaHCHOp-
Maropa.

3. CxeMa 3aMelLEeHHS YIIpoLIaeTcs (CBOpauMBaeTCs) OTHOCHUTENILHO
pacyeTHo# ToukH K-1 ¢ yyeToM BO3MOXHBIX MyTeil POTEKAHHMS TOKOB
OT MCTOYHMKOB K MecTy K3. ®Dopmyinsl npeoGpa3oBaHms cxeM 3aMme-
LIEHHUS YKa3aHbI B Tab. 3.5.

OrnpenensieTcst pesynbTUpyIOllee COMPOTUBIEHHE OT CHCTEMBI o
cOopHbix wuH 110 kB

1
X2 =X +'§Xz (puc. 3.14, 6).

PesynbsTHpyloLiee conpoTUBIeHHe BETBH reHeparopa G3 no c6op-
HBIX uH 110 kB cocraBut

X13 = Xjo+Xy; (CM. puc. 3.14, 6).
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G3
EG1=1,0 EG,=1,0 Eg;=1,13

Gl G2 G
E%;=1,0 Eg,=1,0 Eg;=1,13 6
a
(C+G3); Bt

EG; =10 EG, =10

EG1=1,0 EG; =10

8 2
” (C+G2+G3) (C"+ G2+ G3)
(C +G3); By Efin Edye2
18 2 2
16 16
f K-1 8
k21 [I8 19 K-1 {]8 8
Gl G2 "GI "GI
Egi =10 Eéz =10 Eg; =10 Egi =10
/] e o

Puc. 3.14. DKBUBAICHTHAs CXeMa 3aMellieHUs I pacyeTa Tpex¢asHoro K3
B 1. K-1 u myth ee npeobpa3osaHus (a, 6, 6, 2, 0, e, ) (xk npumepy 3.1)
(cM. TaKkxke c. 134)
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I'eneparop G3 ynaneH ot Touku K3 K-1 Ha nBe cTyneHu TpaHc-
dopmauuu, MO3TOMY €ro MOXHO OOBEAMHUTH B OJHY BETBb C CUC-
TEMOM:

X12X1
xyq = —28 (puc. 3.14, ).

X12 + Xj4
Tak kak cBepxmnepexonHbsie DIIC o6beIMHAEMBIX ICTOYHUKOB pas-

”
Hule no Bennuune ( Exc =1,0; E5; =1,13), onpenenuM 3KBUBAJIEHT-

Hyio OJIC
’ Elcxis + Elgsxi

«3kBl =
X2 + X3

TpeyrolbHUK COMPOTUBIEHUH X5, X ¢, X7 IpeOGpa3syeM B 3BE3AY X;s,
X165 X17-
X5Xe Xs5X7 X6X7

Xfs=—————, Xg=————— X\p=—"T——"—
X5 + Xg + X7

’ ’ (DHC. 314, 2).
X5 + Xg + X7 X5 + Xg + X7

IIponomkaeM yrpouark CXeMy:

Xig = X4 + Xp55

X9 = X17 + X9
I'eHeparop G2 siBnsieTcsl TaKKe yIAJIEHHBIM UCTOYHMKOM IO OTHO-
ureHuo K T. K-1 (ot Hero Toku K3 nmoarekaior K T. K-1 yacTu4HO yepes

peakTop, YaCTHYHO — uepe3 TpaHchopmatopn 72 u T1), mosToMy
€ro BKJIIOYAIOT B BETBb SHEProCUCTEMEI M reHepaTopa G3:

(puc. 3.14, 0).

_ _Xi18%19
X0 = ——— (puc. 3.14, e).
Xig + X9

PaccunteiBaeM 3KBHBaJIEHTHYI0 DI C:

v _ EsmXio + EloXi8
*3KB2 — .
X8 + Xj9

OrnpenensieM X;; = Xy + X6 ¥ NOJy4aeM OKOHYATEJILHYIO CXEMY 3a-
MeleHust oTHocutesbHO T. K-1 (puc. 3.14, xc), roe reHeparop G1 Hero-
CPeACTBEHHO CBs3aH ¢ T. K-1 uepe3 cOnpoTHBIIEHHUE X3, @ BCE OCTAIb-
Hbl€ UICTOYHUKH OOBETUHEHBI B ONUH 3KBUBaIeHTHEIH (C + G2+ G3),
KOTOpHIi cBf3aH ¢ T. K-1 yepe3 cOpoTHBIIEHUE X .

Cnenyer OTMETUTh, YTO €CJIM B OOHY 3KBUBAJEHTHYIO BETBb O00b-
eIUHSIOT CUCTEMY Y 3HAYUTENBHO yOaleHHBIe OT Touku K3 HcTOuYHH-
KH, TO MOXHO He PacCUMThIBaTh Ely\y, a puHuMate E;, . = 1,0 . B nan-
HOM TMpHUMEPE MOXHO OBUIO NMpU OOBEAMHEHWH B OOHY BETBb CHCTe-
MBI, reHepatopoB G2 u G3 npuHars E,,, = 1,0.

4. TIpousBonurcs pacueT TokoB TpexdasHoro K3 B T. K-1. Pacuer
yno6Ho npoBecTH B TaGi. 3.12 win 3.13 (B 3aBUCMMOCTH OT IIPHHATOM
CHUCTEMBI pacyeTa CONPOTUBJIEHUIA CXeMBl 3aMelleHHUs ).
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Ta6nuua 3.12

Pacuernas ta6auua Tokos Tpexdasnoro K3 npu pacuere conpornaiieHHil
CXeMbl 3AMEIIEHHs] B OTHOCHTE/IbHBIX eJWHHLUAX

Ta6nuua 3.13

Pacyernas ta6anna Toxos Tpexgasnoro K3 npr pacuere conpoTHBieHH#l
CcXeMB! 3aMelleHHs B HMEHOBAaHHBIX eaunnuax (Om)

Touka K3 K-1
BazoBas mourHocTh S5, MB-A 1000
CpenHee HanpsixeHue U, KB 10,5
HcToyHUKH (Cucrema+ G2+ G3) |GI
HomuHanbHast MOLIHOCTh 2500+78,75+137,5= |78,75
HCTOYHHUKOB S,on, MB-A =2716,25
Pe3y/ILTUPYIOLLIEE COMPOTHBIIE- | Xegy =..., O.€. Xeg =..., O.€.
HHUE X,pe;, O.€.
Ba3oBslit TOK I = 5 , KA 1000 = 55,05
N J310,5
E! (cM.Tabn. 3.2) E =1,.. E; =10
PR Y [ TE
X,m x.u x‘g
S, 2716,25 78,75

1 OM.| = ’ KA —_—= —’—‘ =..

e B, V3.10,5 V3105

1(%)

7 - TMoka3aTh pacyeThl

Touka K3 K-1
Ba3oBoe (cpenHee) Hampsixke- 10,5
Hue Us, kKB
HcTouHukun (Cucrema+ G2+ G3) |GI
HomunanbHasg MoOWHOCTb Mc- [2500+78,75+137,5={78,75
TOYHMKOB S0, MB-A =2716,25
PesynsTHpyiouiee conpoTusie- | x;; = ..., OM Xg= .., OM
HHE Xpe;, OM
E! (cM.Ta61. 3.2) Eler =1, E; =10
EU 1,..10,5 ,0-10,5
IO = —=2 gA o Rt ki LA
‘ﬁxpc: \/ile ‘[3-)‘8
S 2716,25 78,75
I = —22T KA —_—=.. —_—=.
o VU, J3-10,5 J3-10,5

JlanbHeiillive pacyeThl MOJHOCTLIO COBMANAIOT C TEMH, YTO [MOKA3aHBI
B Tabn. 3.12

0,01+0,1=0,11 (mpeamnonarasi yCTaHOBKY

1=(0,01 + % 5.0mn) C BbIKIIOYaTenst MIT-10-63)

Y. (cM. puc. 3.8) CM. NIpUMeYaHus K JaHHOI Tabauue

I® =y, IQ, kA Tloka3aTh pacyeThi

ky, (cM. Tabn. 3.6, 3.7) 1,9 1,959

T,, ¢ (cM. Ta6n. 3.6, 3.7) 0,1 0,24

i® = 2k, I, kA Toka3aTb pacueThl

e /T e 011/01 - e 0117024 —

i9 = 219 /% kA IMokasaTh pacueTsl

Mpumeuanus: 1. Ecnu nonyyeHo otHowenne 1 / 1, e < 2, TO IPUHUMAIOT
=1 o IO = [,
Yer nt no

2. Ecnv otHowtenne [ / 1,y wr 2 2, TO BEIUYHHY Y., ONpPERENSIOT Mo pyc. 3.8 U
Haxogar IQ =y, IS, KA.
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Mpumeyanue. Kak oTMeyanock paHee, 3a 6a3oBoe HanpspkeHue Us Npu pacye-
Te ToxoB K3 ans BriGopa ¥ NpoBepKM 3/1EKTPUYECKUX annapaToB yaoGHee MpUHHUMATh
CpellHee HanpsXeHHe CTYNeHH, Iie npou3BoauTcs pacyer K3 (B naHHOM cnyyae 6bU10
nputsto Ug = UX™ =10,5 xB).

Ecnu pacyeT CONMpOTHBIEHHH CXeMBI 3aMELIEHUS NPOU3BOIWICS
B MMEHOBaHHBIX enuHuax (OM), To pacyeTHas Tabiula TOKOB TpeX-
¢dasnoro K3 cocrarnsercst aHanornyHo tabn. 3.13.

5. Pe3yneraThl pacyeToB ToKOB TpexdasHoro K3 ceonsites B Tabu. 3.14.
B nmanwHelilieM B 3TOi Xe Tabnuue yaIoOHO INoOKa3aTh U pacyeTHBIE
3HayeHMs ToKoB K3 s ueneit, B KOTopbIX OyneT MpOU3BOAUTHCS BBI-
60p 3JIEKTPUYECKHUX aIapaToB.

B KayecTBe JOMAILIHETO 3alaHUsi MOXXHO PEKOMEHIOBATh CTYEHTaM
IIPOBECTH pacyeThl TOKOB Tpexda3Horo K3 B T. K-1 Ha ocHOBaHHMM UC-
XOMHBIX JAHHBIX, YKA3aHHBIX Ha pacueTHOM cxeMe (cM. puc. 3.13) ¢ uc-
NMOJIb30BaHMEM 0D0OMX METOIOB pacyeTa COIPOTUBIIEHUN CXEMBI 3aMe-
1eHUA (B OTHOCUTENIBHEIX U MMEHOBaHHBIX eauHuLax). ITonyyeHHbIE
pe3yabTaThl JOJDKHBI COBIANaTh, U 3TO OYyHET MOATBEPXIEHUEM IIpa-
BWIBHOCTH IIPOBEAEHHBIX pACYETOB.
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Ta6auna 3.14

CsoaHas Tabauua pesyabTaToB pacuera Tokos K3

. Toxu TpexdasHoro K3, kA
T(l)(q;a %ﬁ Herogauxu O (IO FON NDY (€ BN
Ino In-r laz lyn 21m' +’at
K-1 10,5 (C+ G2+ G3)
Gl

CyMMapHoOe 3HayeHHe

PacyeTHbIe 3HaYEHUS LIS
BbIOOpa arnmnapaTroB B LIEMH
reHeparopa G1 (3oHa III)

PacyeTHble 3HAYEHUS IS
BLIOOpA anmnaparToB B LEMH
TpaHcdopmaTopa cBsi3u T
(3oHa II)

ITpuMeyaHue. B xayecTBe pacueTHuIX 3HaYeHHIt ToKoB K3 11 BrIGOpa anmnapa-
TOB B 30He II Gepyrcs cymmapanie Toku K3 oT Bcex HCTOYHMKOB, a B 30He I pacuer-
HbIMHM SIBJISIIOTCSI HAHGONBIMIAE TOKH: WIM CO CTOPOHHI reHeparopa GI, WiH CO CTOPO-
Hbl BHEIUHUX HCTOYHUKOB (C + G2+ G3). IogpoGHee — B noapasa. 3.10.

ITpumep 3.2. TIpoBecTy B 061IeM BHIE pacyeT HAYyaJIbHOTO Neii-
CTBYIOLLIETO 3HAYEHUS NTEPUOJUYECKOM COCTABIAIONLIEH ToOKa ABYX(Da3-
Horo K3 B 1. K-1 (1)) pacueTHo# cXeMbl, NpeACTaBNEHHON Ha
puc. 3.13.

PemeHue. [JaHHBIA NpuUMep SIBJIAETCS MPOJOJDKEHHEM IpUMeE-
pa 3.1, rae onpenensiuck Toku TpexdasHoro K3 B T. K-1.

HOByxdasHnoe K3 saBnseTcst HecummempuyuHsiM, TIO3TOMY IUISL ONIpe-
JeNeHUSI HAaYaIbHOTO AEMCTBYIONIEr0 3HAYEHUS MEPUOIUYECKON CO-
crapsioeit Toka /2 npu nByxdassom K3 B T. K-1 Heob6xoauMo
3HaTh HE TOJBKO CONMPOTHUBJICHUS NpAMOU, HO Y CONPOTUBJIEHUS 006-
pamHoli IOCJIEIOBaTEIbHOCTU 3JIEMEHTOB pacueTHoi cxeMmbl. Ho, kak
6BLIO M3JIOXKEHO B TEOPUH Bompoca (cM. noapasi. 3.6), B LieIsX yIpo-
LLIEHUST pacueTOB CONIPOTUBJIEHUS 3JIEMEHTOB CXEMBI 3aMelleHUs 00-
paTHOM MOCJIeOBAaTENbHOCTH MPUHUMAIOTCS PaBHBIMH COIPOTHUBIIE-
HUSIM CXEMBI 3aMeLIEHUS IIPSIMOI MOCIe10BaTEIbHOCTH, TOTAA WIS T.
K-1: xff,;’, = xfp'; . IIpu aToM, Kak ObLIO BBIBEEHO B Tabu. 3.11, cooT-
HOILIEHNE MeXIy HaYaJIbHBIMU JEHCTBYIOIIMMU 3HAYEHUSIMH TTEPUO-
IUYECKUX COCTABJIAIONIMX TOKOB NMpu AByX- U TpexdasHoM K3 co-
CTaBJIsIET:

19 =0,871I%), kA.

CxeMa 3aMellleHUsT IPSIMO# mocenoBaTebHOCTH LISt T. K-1 Gputa
cocTtapiieHa B mpumMepe 3.1 (cM. puc. 3.14, a) u B utore npeobpa3oBaHa
OTHOCHTEJILHO 3TO Xe ToukHu (cM. puc. 3.14, xc). Bocnonb3yeMcs ero:
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(C+G2+G3);
E‘axnl
21

K-1
8

GI, EGr=1,0

YyuThIBas BHILIEU3NTOXEHHOE, ONPENETUM JUISl KOO BETBU UTO-
roBoi cxeMnl 3aMelleHHMs1 TOKM IByxdasHoro K3, moarekarouue
KT K-1:

ToK OT reneparopa GI, kA, I®. =0,871S).;

TOK OT 3KBHBaJIeHTHOro McToyHHuKa (C+ G2+ G3), KA,

@ - ®
II'IO(C+GZ+GJ) - 0’ 87IHO(C+GZ+GJ)'

Benuuuubl ToKoB I, M I 62,65 PaccumTaHsl B mpumepe 3.1
(cM. Ta6n. 3.12).

CyMMapHOe HavyalbHOEe AEHCTBYIOLIEe 3HAYEHHE MEePHONNYECKOR
cocrasnsouleit Toka asyxdasHoro K3 B T. K-1 cocraBur, KA,

2 _ g2 (2)
Itok = Inogr + InO(C+GZ+G.?)‘
Hcnons3ys HU3JOXEHHYIO BBHIlIE METONHUKY pacyeTa IBYX(da3HOro
K3 u onpeneneHHble TpH pelleHUMH npuMepa 3.1 BEIUYHMHBI TOKOB

tpexdastoro K3 B 1. K-1, onpenenure abCcoMoOTHYIO BETHYMHY TOKA
I®., B xunoamnepax.

ITpumep 3.3. TlpoBecT B 0OleM BMIE pacyeT HayajabHOro Heif-
CTBYIOLLIETO 3HAYEHHUS TIEPUONMYECKOM COCTaBIAIOLIEH TOKa OTHOda3-
Horo K3 I,‘I'O) B T. K-2 (Ha c6opHbix mrHax 110 kB) pacueTHOIt cxeMBl,
MpeAcTaBlIeHHOM Ha puc. 3.13.

JonoMHUTeIbHEBIE TaHHBIE UIS pacyera:

JIMHUM 3JeKTponiepenaun W1, W2, W3 — nByxuEeINHBIE CO CTalb-
HBIM 3a3€MJIECHHBIM TPOCOM;

HOMMHAJIBHOE CONPOTHBJIEHUE HYJIEBOM IOCIENOBAaTEILHOCTH CHU-
CTEMBI — X,guomc = J,0.

CnenyeT oOpaTUTh BHUMaHME Ha TO, yTo T. K-2 Haxonmurcst Ha c6op-
Heix wuHax ¢ UX?2 =115 kB, a B npumepe 3.1 npu pacyeTe comnpo-
THUBJICHUH B UMeHo8aHHbix edunuyax (omax) 3a 6a3oBoe HaIpsXeHHE
6suto npunsto Us = UX! = 10,5 kB u x HeMy NpuBeeHBI BCe COMpO-
THBJIEHUS cXeMBI 3ameLieHus1. IIpofomkaeM pacyeThl, He MEHsIs paHee
NMPUHATON BETUYMHBI 6a30BOro HAIpPSXEHHUS.

PeweHnue. Ina pacyera onHodasnoro K3 B 1. K-2 Heobxopumo
COCTaBUTD CXEMbI 3aMELLICHUS npsAmoi, o6pamHoli N Hyaeeoli nocaedosa-
meabHocmeli N ONIPENENTUTD UX PE3YILTUPYIOLLME COITPOTHBICHHUSA xl‘g‘eﬁ ,
X s Xdpes-
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1. CxeMa 3aMelLEHHs hpAMoli nocaedogamenbHocmu He OTIINYAETCA OT
CXeMBI 3aMeLLIeHHs1, COCTaBIEHHOM Uist pacyeTa TpexdasHoro K3 B rpu-
mepe 3.1 (cM. puc. 3.14, a), koTopasi TaM Xe GbL1a YNPOLIEHa 10 COCTO-
SIHMS1, TIPEACTAaBJICHHOro Ha puc. 3.14, 6. U306pa3nuM 3TH CXEMBI elle pa3
Y TIPONOJIXUM MX IPe0oOpa3OBaHUS OMHOCUMENLHO T. K-2 (puc. 3.14°).

HyMepauuio COnpoTHBJIEHHH MPOAOXKAEM B COOTBETCTBUM C NMpPH-
mepoM 3.1.

Bersu renepatopos GI ¥ G2 CMUMMETPUUHbBI OTHOCHTENLHO T. K-2
(xs= Xg; X3 = Xg), IO3TOMY COTPOTHBJIEHHE PEAKTOPA X7 HAXOAUTCA MEXIY
y3/laMM PaBHBIX ITOTEHLHMAJIOB, CJI€JOBaTeJIbHO, NPH K3 B 1. K-2 TOK
yepe3 x; He TIOMAET M €r0 MOXHO MCKJIIOYMTH U3 CXEMBI 3aMELUCHHS
(cM. puc. 3.147, 3).

Hanee umeeM:

X2 = X5 + Xg;
Xy3 = Xg + X9 (CM. pucC. 3.14, u),

Gl G2
Eg1=1,0 EG2=1,0 Eg1=1,0 Eg;=1,0
EG1=1,0 EG2=1,0 Eg;=1,13 6 3
a
(C+G3) (C'+ G3) (C+Gl1 + G2 + G3)
Eo Eeypnt Eo
14
K-2
Xlpes
23 24 K2
Gl G2 (GI + G2) Y/
EG;=1,0 Eg2=1,0 EGi162=1,0
u K

Puc. 3.14° OxkoHuaHue. CxeMa 3aMelleHUs: MPIMOM NoCIeI0BaTeIbHOCTH IUIA
pacuera Toka ogHodasnoro K3 B 1. K-2 u nyrtu ee npeoGpa3oBaHHUsA
(a, 6, 3, u, k, 1) (x npuMmepy 3.3)
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l ’
X7 = X,3, TO3TOMY 3aMEHSIEM UX Ha X4 = = X3 (cM. puc. 3.14°, k).
22= X3 2

Ol’IpeJlCJ'IHCM PE3YNBTUPYIOIICEC CONTPOTUBJICHUE CXEMBI 3aMELLICHUST
MPSIMOM TT0CJIEIOBATEILHOCTH OTHOCUTENBHO T. K-2:

K-2 _ X14X24

Xipes = T — (puc. 3.14°, a).
1pe: X4 + X4 (p ’ )
OxsuBasieHTHass DJIC npu 3ToM 06BENUHEHUH
” ”
” _ E*:ncalx24 + E*GIxM
*3KB2 — .
Xy4 + X4

2. PesynsTUpylolllee CONPOTHBIEHWE CXEMBI 3aMELLEHUS 06pamHoii
nocredogamenvHocmu TIPUHUMAETCSI PABHBIM Pe3yJIETHPYIOLLEMY COIIPO-
THBJIEHHIO CXEMbI 3AME1LIEHNS IPSIMOH NOCNIENIOBATENLHOCTH: X5o2 = xK.2 .

3. CocraBisieTcsl cxeMa 3aMEIIEHUS HYAe8ol nocaedoeamenvHocmu,
B KOTOpYIO BOMAYT TOJBKO TE€ 3JIEMEHTHI PACYETHOM CXEMEBI, KOTOpHIE
HMEIOT CBA3b C 3eMJIeil, ¥ JIMHUM CBS3M MEXIY HUMM, a UMEHHO: CH-
CcTeMa C 3a3eMJICHHOM HeWTpayibio, cuioBbie TpaHcdopmatopsl 11 u
T2, Tak xaKk HeWTpaIH UX 3a3eMiieHsl, 1 JISIT W1, W2, W3 (puc. 3.15, a).

HeobxonumMo nMeTh B BULY, YTO BETUYMHBI COTIPOTUBJIEHMIA TPaHC-
dopmaropoB T1 u T2 (xs, Xg) B cXeMe raMellieHUs HYJIEBOM IOCIEeNO0-
BaTEJIbHOCTH HE MU3MEHWINCH U COOTBETCTBYIOT TEM, YTO OBUIM B CXe-
Me 3aMelLIeHHs PSIMOii ocnenoBaTeTbHOCTH. COMPOTHRIIEHHE CHCTE-
MBI HEOOXOAMMO NEpPECYUTaTh, OHO U3MEHUTCH:

S U2

0 — 6 0 _ 6

Xyl = Xu0uomC , 0.€., (W X; = Xuonomc 5 » OMm).
SHOMC HoMC

Conpomusnenns JISII W1, W2, W3 (aByXuUemHble CO CTaJIbHBIM
TPOCOM) B CXeMe 3aMELIeHHs] HYJIEBOi IOCIeOBaTeIbHOCTH BO3pac-

TYT U B COOTBETCTBUM C Ta6i1. 3.9 cocraBar: x = x% = x% =4,7x,,,
o.e. (W xJ = xJ = xJ =4,7x,, Om).

Puc. 3.15. CxeMa 3aMellleHUs HY/IEBOIA MTOC/IEXOBATEILHOCTH Y MYTH €€ Ipeod-
pa3oBaHUs OTHOCUTENBHO T. K-2
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CxeMa 3aMellleHHs1 CBOPaYMBaeTCa OTHOCUTENLHO T. K-2, rie nmpo-
n3onwio K3 Ha 3eMJtI0, IO IMyTSAM NMPOTEKAHUS TOKOB HYJIEBOI TMOCIe-
JoBaTeIbHOCTH OT T. K-2 yepe3 3eMimio u 3a3eMieHHbIe HedTpanu, JIDTT
obparHo B T. K-2:

X26 = -2—x5 (pHC.3.15,6)

Xy = X0 + x5 (pHc. 3.15, 6).
PaccunthiBaeTcst pe3ybTUpYIOLee CONIPOTUBIICHUE Hynegol TTOCe-
JIOBAaTeJILHOCTH OTHOCUTENBHO T. K-2:

K-2 — _*21%%
X7 + X6

(puc. 3.15, o).

- - 2
3Hast BENMYUHBL Xpas Xjoas X M MCNONB3YS (QOPMYIBI

Tabxn. 3.11, onpenensieM HaYaILHOE 3HAYEHUE NMEPHUOANYECKO COCTaB-
nsmoleit Toxka ogHodasHoro K3 B 1. K-2:

MPH pacyeTe CONPOTHBRIEHHM!

MpHU pacyeTe CONPOTHBICHUM
B MMEHOBaHHBIX eauHULax (OM)

B OTHOCHTENBHBIX eqMHHLAX (0.€.)

” - - K-1
I(I) _ 311;(-2 *3KB2 KA I(IO) = 3Ut§( lE:auz Uc:; }
= — { -
" 2x'KI_p2e: + xtlf).pzez «/5(2x.'§,;2, + xé(p;f, Ucp
3nechb B npumMepe 3.1 pacyeT cOnpoTHBIEHHUIA
pra__Ss 1000 oo a. | Obtn mpoussenen mpulst = UG =
6 T AT ’ ’

= 10,5 kB, a 1. K-2 HaxoauTCs Ha K-

Hax ¢ HampskenueM UX? =115 kB,
MO3TOMY, YTOOLI MOJYYUTb UCMUHHOE
3Hauenue moka, nodmexawuezo
Kk m. K-2, ocyliecTB/IEH repepacyeT ero
c UX' =10,5 xB Ha UX? =115 kB

UK? =115 kB

Hcnonb3ysi UCXOOHBIE NAHHBEIE pacuyeTHOM cxeMbl (cM. puc. 3.13),
paccuuraiite BenmmunHy Toka /%) B 1. K-2, mpumeHuB o6a crocoba
pacyeTa CONPOTHBIIEHMI CXEM 3aMelleHMs, ¥ CpaBHUTE MOJTyYEHHBIE
pe3yabTaThl (OHH JOJDKHBI COBIANATh).

3.7. DnexkTpoaHHAMHYECKOE AeiCTBHE
TOKOB KODOTKOI0 3aMBIKAHHSA

ITpoxoxaeHne TOKOB B MPOBOAHUKAX MIPUBOIUT K BOSHUKHOBEHHUIO
MeXIy HUMH 3JIeKTPOXMHAMHUYECKUX (MEXaHUYECKMX) ycuid. Onu-
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HaKOBOE HalpaB/ICHHE TOKOB B MapaJUIeNbHBIX TPOBOIHUKAX BbI3bIBa-
€T ¥X IPUTSDKEHHUE, TPOTUBOIOIOXHOE — MX OTTIKMBaHUe. B pexaiMe
HOPMAJIbHOM HAarpy3KM MEeXaHW4eCKWe CWIHI B3aMMOIEICTBHSI He3Ha-
YUTENBHBI, HO Npu K3 oHM MOryT mOCTHraTh 3Ha4eHMIt, OMAaCHBIX I
SMEKTPUYECKUX amNapaToB ¥ OLIMHOBOK, BHI3BIBaTh MX He(hOpMALIUIO
U Jaxe paspylLicHHe.

W3 TeopeTHyeckoll 31eKTPOTEXHUKHM M3BECTHO, YTO CIJIA B3AMMO-
ACUCTBUSL MEXJY NBYMsI MIPOBOAHMKAMM TIPU MPOXOXIEHUH MO HUM
TOKOB i) ¥ i, onpeensieTcs 1o GopMyile

F=2:10"ii Lk, H, (3.41)

ThE iy, i, — MTHOBEHHBIE 3HaYEHUS TOKOB B MPOBOIHMKAX, A; /| — IyMHa
TIPOBOIHHKOB, M; @ — PaCCTOAHHE MEXIY OCSIMM NIPOBOTHHMKOB, M; kg —
K03 OHIIMEHT (POPMBI, YUUTHIBAIOLIHI GOPMY CEYEHHS ¥ B3aMMHOE pac-
TIOJI0XKEHNE TIPOBOAHUKOB (IUI1 KPYIJIBIX TIPOBOXHMKOB CIVIOLIHOTO ceye-
HHf, KOJNBLIEBOIO CEYEHM, LIIMH KOpOOYATOro CeYEeHUs ¢ BBICOTOIl ceye-
Hud 0,1 M u Gostee IpyHUMaeTcst ky=1; 11 IPOBOTHMKOB MPSMOYTOTh-
HOTO CEYCHMS ky, OTIPEENSETCS TI0 KPUBBIM, NPUBEIEHHBIM Ha PHUC. 44).

Hau6onpume MexaHWYECKUE YCWINS MEXIY TIPOBOOHUKAMHU BO3-
HUKaIOT B PEXUME KOPOTKOIO 3aMBIKAHMS B MOMEHT, Korma Tok K3
JOCTHTaeT yIapHOTO 3HAYEHHH.

MakcHMabHYIO CHTY, I€HCTBYIOMIYIO B TpexdasHoii cucTeMe mpo-
BOJHMKOB Ha pacyeTHYIO a3y, ciefyeT onpenensiTs no dhopmynam, H:

npu tpexdasHoMm K3

Fnae = 310710 Ly (3.42)

npu nByxcdasHom K3

Fou = 210782 Lppe (3.43)
IIe Kpaen — K03 DUUMEHT, 3aBUCALIMIA OT B3aUMHOTO pacnoioXeHus
NpOBOIHMKOB ([3.2, Tabm. 1] u [3.3, Tabn. 7.3]); B y4e6GHOM MPOEKTH-
POBaHHH MNPH PaCMONOXEHUH WHH B OXHOM TUIOCKOCTH MJIM IO Bep-
WIMHAaM PaBHOCTOPOHHETO TPEYTONBHUKA TIPUHUMAETCS Kiger = 1,0; mIpH
PacroIOXEHMH MO BEPIUMHAM INPSMOYTOJNBHOIO TPEYrONbHUKA —
kpacn = 0195 .

st IpenoTBpaleHNs MEXaHMYECKUX TIOBPEXAEHMIA IO NelCTBH -
€M YCHJIVIA, BO3HHKAIOIIHUX B IPOBOAHUKAX NPH MPOTEKAHUM 110 HUM
TokoB K3, 6ce anemenmor moxosedywseii koncmpyxyuu doaxcn o6aa-
Oamb 34eKmpodunamunecxoii cmoiixocmusio, m. e. dorNcHbl evidepxcu-
6amb MeXaHu4ecKue yCUUs, 603HUKaOUUe npu npomexanuu moxoe K3,
be3 depopmayuii, npenamemeylowux ux danvretiuesi HOpMANbHOU 3KC-
nayamayuu.
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B 3aBucuMOCTH OT BHA 3JIEKTPOOOOPYAOBAHMS YCIIOBHSA ITPOBEPKHU
€ro Ha 3JIeKTPOIMHAMHYECKYIO CTOMKOCTh pa3nnyHbl. Haripumep, 3a-
BOZBI-M3TOTOBUTENH YKa3bIBAIOT rapaHTUpoBaHHBIN TOK K3 iy, (win
imaxs WIH Igp cxs), TP KOTOPOM OGECTIEYMBAETCS EKTPOAMHAMMUYEC-
Kasi CTOMKOCTb aImnaparoB (BbIK/IIOYaTeeii, pazbequuutencit). Ipyu Boi-
6Ope KX MOJKHO BBITIONHATHCS YCIOBHME: iy < Iy, KA.

IIIuHHas KOHCTPYKUHS 061anaeT 3NeKTpOAMHAMUYECKON CTOMKO-
CTBIO, €C/IY BBHINOJTHSIOTCS YCJIOBUS:

Omax< Ogom>

Fmax S nom»

M€ Opay, Onon — COOTBETCTBEHHO MAaKCMMAJIbHOE PacYe€THOE U IOTyC-
THMOE HanpsDKeHUsi B Matepuaie wuH, MIla (cM. Ta6n. 4.2); F,,
Fon — COOTBETCTBEHHO MaKCHMMaJIbHasl pacyeTHas ¥ HOMYyCTUMas Me-
XaHHMYecKHe Harpy3KM Ha u3ojstopbl, H (3amaeTcst B KaTajorax).

B coorBerctBuM ¢ ITYD npoBepka 31eKTpOXMHAMHUYECKOM CTONKO-
CTU TMOKMX TOKONPOBOAOB HAa MaKCHMAJIbHOE COMMKEHHE U TSKCHHE
NPOBONHHMKOB Np¥ K3 NpOM3BOAMTCS TONBKO MpH iy > 50 KA [1.12,
m. 1.4.2].

MeTonp! IPOBEAEHUS pacyeTOB IO ONPEAEIEHMIO IEKTPOIUHAMH -
4ecKOil CTOMKOCTH 1LIMH U arnaparoB pacCMaTPHBAIOTCS B II. 4.

YacTHBIE CIyyad, KOrja JONMYCTUMO He NpOBEpATh anmaparsl ¥
MIPOBOXHUKM Ha 3JEKTPOAMHAMUYECKYIO CTOMKOCTh, OTOBODEHHI B
[1.12, n. 1.4.3].

HanpuMep, He MPOBePSIIOTCS Ha 3JIEKTPONMHAMHUYECKYIO CTOM-
KOCTb anmapaTsl M IDHHBI Lenei TpaHchOopMaToOpOB HANpPSIXEHUS
MpH PacloJOXEHUH UX B OTACILHOM KaMepe; anmnapaThl ¥ NPOBOA-
HUKM, 3alIULIEHHBbIE MpeAOXPAaHUTENSIMU C IMJIABKMMHU BCTaBKaMu
Ha ToK J0 60 A.

3.8. Tepmuyeckoe JeiiCTBHE TOKOB KOPOTKOrO 3aMbIKAHHS

TIpu npoTeKaHMM MO MPOBOTHUKAM 3JIEKTPHYECKOTO TOKA MPOBON-
HUKMU HarpeBalorcsd. IIpu HarpeBe MpOBOJHKUKA TOKOM Harpy3kH 4acTb
BBIIEIEHHOM TEIUIOTHI pacCEMBAETCS B OKPYXAIOLLYIO CpeRy, MpUYEM
CTENEHDb PaCCEMBAHMS 3aBUCHUT OT YCIOBUM OXITAXICHUS.

TIpu nporexanmu Toka K3 Temneparypa npOBOMHUKOB 3HAYUTEIBHO
BO3pacTaeT, Tak Kak Tokd mpu K3 pe3ko yBeTUYMBAIOTCS, a JUIM-
tenpHOcTh K3 Mana, mo3ToMy TEIUIoTa, BRIACASIOWASACS B TPOBOAHH-
Ke, HE YCIIeBaeT IMepelaTscsl B OKPYXAIOWIYIO CPelly U MPaKTHYECKU
BCE MIET Ha Harpes nposoaHuKa. Harpes npoBoaHuka npu K3 Moxer
OCTHTATh OMACHBIX 3HAYE€HMI, IPHBOISA K IUIaBJICHHIO M ObYIIH-
BaHUIO M3OJSLMM, K TeOpMaALIMM U TUIABJICHUIO TOKOBENYIIUX Yac-
TEH U T.II.
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KpurepreM TepMHYECKOM CTONKOCTH IPOBOOHUKOB SIBJIAIOTCS HO-
ITyCTHMBIe TeMIlepaTyphl HarpeBa ux TokaMu K3 (8,4, "C), xoTOpHIE
npuBeleHH B [3.2, Tabm. 6; 3.3, Ta6. 8.1] u Tabn. 3.15.

IIpoeodnux uau annapam cuumaemcs mepmuvecKu CMOUKUM, eCau
e20 memnepamypa Hazpesa & npoyecce K3 ne npesviuuaem oonycmumbix
eéeauqun. YcaoBue TEpPMHUYECKOM CTOMKOCTH B 001eEM ciiydae BBITJISI-
IuT Tak, °C:

‘B;(OH S ;IOI'I 3 (3 '44)

rae Oy — KOHEYHOE 3HAYEHME TEMIEPATyphl IPOBOAHMKA B PEXH-
me K3.

Ta6nuua 3.15

Ipenensno AOMYCTHMBIE TEMNEPATYPH HATPEBA NPOBOJAHMUKOB
NPH KOPOTKHX 3aMbIKAHHAX

Bun npoBofiHUKa Bgon, 'C
ILIuHBI 2TIOMMHMEBBIE 200
IIInHel MenHBIE 300

IIuHb! cTaNbHBIE, HE UMEIOILHE HEMOCPEACTBEHHOIO COEIUHEHUSA 400
C anmnaparaMmu

IIMHBI CTAIbHBIE C HEMOCPEACTBEHHBIM MPHCOEIUHEHHEM K 300

anmnaparam

KaGenu ¢ 6yMaxHoit MpONMUTaHHOMK M30NSALIMEN HA HATIpS-

XeHue, kB:
1 250
6—10 200
20—35 130
110—220 125

Kabenu u u301MpoBaHHLIE TPOBOJA C MEIHBIMU
M TIOMMHHUEBbIMY XWIAMM U U30JIALMEN U3:

MONTM BUHWIXJIOPUIHOIO IUIaCTHKATa 160
PE3UHBI 160
MONU3THICHa (HOMUHANIBHOE HamnpskeHue Kabeneil no 35 kB) 130
BYJIKAHU3MPOBAHHOTIO (CUIMTOrO) MOJNUITWIEHA (HOMUHAILHOE 250

HanpsikeHHe Kabeneit 10 35 kB)
MenHbie HEU30JMPOBAHHELIE [IPOBO/A NPH TAXeHUsAX, H/MM2:

meHee 20 250
20 u 6onee 200

AJIIOMMHMEBBIE HEU30MPOBAHHbIE NPOBOAA MK
TAXeHusx, H/Mm%:

MeHee 10 200

10 u Gonee 160

AMOMHHHEBAsA YaCTb CTANICATIOMUHHMEBbBIX ITPOBOLOB 200
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B cootBercTBuM C [3.2, pa3a. 3] KOTNYECTBEHHYIO OLIEHKY CTENICHH
TEpMHYECKOTOo BoszeitcTBUs Toka K3 Ha NMpOBONHHUKH U JIEKTpHYEC-
KUe amnmnaparsl peKOMEHIYETCSI TIPOU3BOIUTH C TIOMOILBIO MHTErpaia

JIxoyns

I’
B = Ti.%,dt, (3.45)
0
e i, — nonHbeli Tok K3 B IpOHM3BONBHEI MOMEHT BDEMEHH /, A;
fomen — DAcYeTHast MpomoKUTENBHOCTE K3, C.

Wnterpan JXoyns SBISETCA CIOXHON QyHKUMEH, 3aBUCALIEH OT
[apaMeTPOB UCTOYHUKOB 3HEPTHH, KOHGUIypaUMM UCXOTHON pacyeT-
HOIf CXeMBI, 37eKTPUYECKOM yaaneHHOCcTH Mecta K3 OT HCTOYHHKOB K
apyrux daxropos. [onpoGHO METOIBI OLIEHKH M ONPENENEHUs B, NaHbI
B [3.2, m. 3.1] u [3.3, . 8.2]. /Il OpMEHTHPOBOYHBIX PACYETOB MHTET-
pana JIxoynsa B, B Lensax, UMEIOLIMX 3HAUYUTEIBHYIO YIAJICHHOCTb OT
MCTOYHMKOB TUTaHUS, MOXHO MCIOJNB30BaTh HopMyiy, KA?-cC,

Bx = go(tom + Ta.axn)’ (346)

rae I, — neicTByrollee 3HaYEHHE TIEPUOIMYECKOH COCTARIIIOLIEH ToKa
K3 B MOMEHT =0 OT 3KBUBAJIEHTHOTO MCTOYHHUKA, KA; T, 5, — IKBH-
BaJICHTHAS MMOCTOSIHHAs] BpDEMEHH 3aTyXaHHS allepPUOANYECKOM COCTaB-
ssnowet Toka K3, ¢; fy, — pacueTHast mpomoDkutenbHocTh K3, c.

Hau6onee cnoXHBIM SIBISETCS Cly4ail onpenesieHHs HMHTerpaia
IIxoynsa npu K3 B6M3u reHepaTOpoB WIIH CUHXPOHHBIX KOMIIEHCATO-
poB ([3.2, m. 3.1 u 3.3, . 8.2]). Ho B y4eGHOM NPOEKTUPOBAHUH U 3/IECh
MOXHO BOCIIONIB30BaThcs (popMyiioit (3.46), Tak KaK MOMYYEHHOE TPH
5TOM 3HayeHue B, 6yleT HECKOJIBKO 3aBBILICHO, a IPOBOAHUKHM U ari-
NapaThl, BEIGPAHHBIE B MOLIHBIX IPHCOEAMHEHHSX (TEHEPATOP, TPAHC-
dopmaTop CBA3M M Op.) MO YCIOBUAM UIUTEIBHOIO peXUMa U JJIEK-
TPONMHAMHUYECKON CTOMKOCTH, MMEIOT 3HAYUTENBHEIE 3aMachl 110 Tep-
MHYeCKOil cToiikocTH. Vicxold U3 BHILEHIIOXEHHBIX COOOpaXeHHIA,
B dopMyiie (3.46) B xauectBe T, 5, MOXHO NMPHUHATH HaHOOJIbILIEE U3
3HaueHu# T, TeX MICTOYHMKOB, KOTOpbIe oanuThiBaloT MecTo K3, ecu
TAKOBBIX UMEJIOCHh HECKOJIBKO, TaK KaK 3TO BeJET K YBEJIMYCHHMIO pac-
yeTHOro MHTerpaia J[Xoyias U He JaeT MOrpelllHOCTH MpH MPOBEpPKe
afnmnapaToB Ha TEPMHYECKYIO CTOMKOCTb.

IIpu ompeneneHUH MHTerpaita JIxXoynas HeEOOXOOMMO HOCTAaTOYHO
TOYHO OMNPENEHTD Lyp,. CormacHo ITYS [1.12, 1. 1.4.8] pacyeTHas npo-
noKUTENbHOCTb K3 7,1, CKIIAIBIBAETCA U3 BpEMEHH JIEHCTBUA OCHOB-
HOIt peJeiHO 3aIUTHI NaHHOM Len¥ (1,,) ¢ yueroM neiictaus AIIB u
TIOJIHOTO BPEMEHM OTKIIOYEHHS BBIKIIOYATENS (foren.s), KOTOPOE YKa-
3bIBaeTCs B KaTAJIOXHBIX JaHHBIX BRIKIIOYaTene, C,

forxn= tp,a + lorene-

Jlns ueneit reHepaTopoB C Pyoc2 60 MBT IIVD pexomeHmyercs
NPHHUMATS fop, =4 C, T. €. IO BDEMEHH JeHCTBHS PE3ePBHOM 3aILHUTHL.
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3aBOIBI-M3rOTOBUTENM B KaTalorax NMpUBOAAT 3HAYEHHUsI rapaHTU-
POBAaHHOIO CPENHEKBaAPATUYHOTO TOKAa TEPMHUYECKOIl CTOKOCTU
(Irep; KA) ¥ IOMTYCTUMOTO BPEMEHH €0 NMPOTEKAHUS (fep, C) WIS IJEK-
TPHYECKHX anaparoB (BeIKJIIOYaTeNeH, pa3beAMHUTENEH, TpaHCGHOp-
MAaToOpOB TOKA M Ip.).

B 3TOM Cilyyae ycloBHEe TepMHYECKON CTOMKOCTH anmaparoB B pe-
xume K3 BrisauT Tak, kA2-c,

2
B, < 2oty (3.47)
Hpn TIPOBEPKE TCpMH'{CCKOff'[ CTOMKOCTU NpOBOAHHUKA, UMEIOLLIETO
CTaHZIAPTHOE CEYCHUE Qeranns MM2, JOJDKHO OBITH BBHITIOJIHEHO yciaosue
qt:-rzum2 mins (348)

TOE Gmin = \/—I}: /C; — MUHMMAJIbHOE CeYeHHe MTPOBOJHMKA, KOTOPOE
1pu 3a1aHHOM Toke K3 o6ycnoBnuBaeT HarpeB IMPOBOIHMKA JO Kpart-
KOBPEMEHHO AOIMYyCTUMOM Temmepatypsl; C, — GYHKUMS, 3HAYECHUS
KOTOpO NpHUBEAEHH! B [3.2, Tabn. 7, 8, 9], [3.3, Tabn. 8.2, 8.3, 8.4] u
Tabn. 3.16, 3.17, 3.18 maHHOIM KHUTH.

Ta6auua 3.16

3unavenwe napamerpa C, AJs XKECTKHX IIHH

3Hauenue C,, A-c'2/mM%, npu
negdmm Mampr:{a:p::gnn?:;:m i Haqanbuoﬂ? TeMnepg'lype, 'lé
70 90 120
— Menp 170
Al AIO 90 81 68
AIlH 91 82 69
AIIOM, AIIM 92 83 70
Al-Mg-Si AI31T1 85 77 64
AT 82 74 62
AI33T1 77 71 59
AI33T 74 67 57
ABT1 73 66 55
ABT 71 63 53
Al-Zn-Mg 1911 71 63 53
1915, 1915T 66 60 51
Al-Mg-Mn |AMr5 63 57 48
- Cranb npu 8,,,=400 °C 70
Cranb npy 8,,,=300 °C 60
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Ta6auua 3.17

3uauenun napamerpa C, aas kabGened

Xapakrepuctika Kabeneit 3*2:?};7;}49’
Ka6enu o 10 kB:
C MEIHBIMH XWJIaMHU 140
C aJIOMMHHMEBBLIMU XHWIaMHU 90
Ka6enu 20— 30 kB:
€ MEIHBIMU XWJIAMH A 105
C ATIOMUHHUEBBIMM XWIAMH 70
KaGenu 1 H301MpOBaHHBIE MPOBOAA C MOJIMBUHWI-
XJIOPUAHOMN WU PE3MHOBOM U30NSILIUEIA:
C MEIHBIMM XWJIAMH 120
C aJTIOMMHHMEBBIMU XHWJIaMH 75
KaGenu 1 H301MpOBaHHBIE MPOBOAA C MOJIU3TH-
JICHOBOW M30JIsILUEH:
C MEOHBIMU XHJIAMHU 103
C aJIIOMMHUEBbIMU XWIAMHU 65

Tabaunua 3.18

3navenue napamerpa C, Ajs NPOBOXOB

3uauenue C,, A-c'2/mM?, npu
Marepuan nposoaa Mapka nposoza nonyﬂ::::;;’:‘;?: zg:?)&garpena
160 200 250
Meuap M - 142 162
AnmoMuHM A, AKII, Anm, 76 90 —
AnKIT
AJIIOMMHHEBBI AH, AHKII, AX, 69 81 -
criiaB
AXKKII 66 77 —
Amomunnit —crans | ACK, AnC, 76 90 —
ACKC, AnCKC,
AnCK, AC,
ACKII

B ITYD oroBopeH psn ciiyyaeB, KOTAa AOIYyCTUMO HE NPOBEPATh
NMPOBONHMKM M almapaThl Ha TEPMMYECKYIO CToMKocTh npu K3.
DT0 Kacaercs npoBoAoB Bo3aymHeIx JIDII, anmaparoB ¥ MpoOBOTHU-

KOB Lernei, 3alIULIEeHHBIX TUITABKUMMU ITpeIOXpaHUTENsIMHU, ¥ 1p. [1.12,
m. 1.4.3].
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3.9. Mertoanl orpaHn4eHHsi TOKOB KOPOTKOrO 3aMBbIKAHHS

3.9.1. Koopaunauus Tokos K3 B aneprocucreme

PoCT reHepaTOpHBIX MOIIHOCTEH, MOLIHOCTH 3JMEKTPOCTaHLHIA,
co3IaHue KPYITHBIX 3HEPrOOGBbEAMHEHUN TTPUBOAST, C OAHOM CTOpO-
HBI, K MOBBILICHUIO HANEXHOCTU 3EKTPOCHAOXKEHUS, a C APYroM, —
K 3HaAYMTEJIBHOMY MNOBBIIIEHUIO TOKOB K3.

L
—_—
C K3
le
C K3
S} g
—_—
a
C
T2
Ix‘ le*
K3
€
C C C C C
Xrpu = 0,125 uy py_nu%
u % x, “ei-n B L T
I Xexs
Xr HH1 Xrun2 = 1,75 uy pu—uu%
K3 K3 K3 K3 K3
X =Xr=Uy % Xexa =XrpH+XrHH2=0,125 Uy py—nu % + 1,75 Uy g % =

=1,875'ux pa—nu %
2

Puc. 3.16. Crioco6s1 orpanudenus Tokos K3:

a — CeKUHOHUPOBAHHUE INEKTPUYECKHUX ceTed; 6 — MpUMEHEHHE GJIOYHBIX CXeM
G — T Ha 3neKTPOCTaHLMAX; 6 — pa3jieNbHas ¥ NapaulenbHas pa6oTa TpaHcopMa-
TOpOB; 2 — MpUMeHeHUe TpaHchopMaTopos ¢ pacuierutleHHo# o6MoTkoit HH
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MakcumanbHBL ypoBeHb TokoB K3 st cereit 35 KB ¥ BBILLIE OTpa-
HUYMBAETCS YCIOBUSAMH OGECTIEYEHHs] YCTONYMBOCTH SHEProCUCTEM
¥ NapaMeTpaMH 3JIeKTPUYECKUX annaparoB U MPOBOAHHUKOB, 3 B ce-
TSIX COGCTBEHHBIX HYXI U paclpedeIUTEIbHBIX CETAX 6—20 xB — na-
paMeTpaMM JEKTPUYECKUX anmaparoB, TOKONPOBOIOB, TepMUYeC-
KOl CTOMKOCTBIO Kabelel, yCTOHYUBOCTBIO IBUTATEJILHON Harpy3ku.
DKOHOMUYECKH BBHITOIHO TNPUMEHSTh MEDPBHI MO OTPaHUYCHHIO TO-
xoB K3, ecu IOMOMHUTENIbHbIE 3aTPaThl Ha 3TO OKYMNATCA 67aro-
Japs IPMMEHEHHIO GoJiee JIETKO# amnaparypbl ¥ TOKOBEAYIIMX yac-
Teil ¥ MOBBILIAETCS HALEXHOCTb MEKTPOCHAOXEHUS MOTpEeOUTENEH.

OrpannyeHue TokoB K3 MoXer 6BITh JOCTUTHYTO TYyTEM COOTBET-
CTBYIOILIETO TOCTPOCHMS CXEM 3JIEKTPOCTAHLIUI M CETEH, MPH ITOM
y4MTHIBAETCA CIEAYIOLIee:

HOBBIIIEHUE HAMPSKEHUS ceTel IMPUBOIUT K YMEHBLICHUIO pabo-
yux TOKOB ¥ TOKOB K3;

CeKIIMOHUPOBAHME 3JIEKTPHUECKMX CETeH MCKIIOYaeT mapajuieb-
HyI0 pabOTy MCTOYHMKOB H, CJIENOBATENIbHO, YMCHBILACT toku K3 (xoTs
TIPY 3TOM MOTYT BO3pacTaTh IIOTEPHU B JIDII u TpaHcgopMaTopax B HOp-
MaJbHOM pexume) — puc. 3.16, a;

6104HOE COEqMHEHUE TeHepaTop—TpaHcdopMaTop U TeHepaTop —
TpaHchOpMATOp — TMHUS UCKIIOYAeT MOTMEPeHYIo CBA3b MEXIy UC-
TOYHMKaMH ¥ cHkaeT Toku K3 (puc. 3.16, 6);

pasnenbHas paGoTa TpaHC(OPMATOPOB Ha IIMHAX HUSLICTO Harnps-
xeHus nonctaHumi (puc. 3.16, 6), a TaKKe B CUCTEME COOCTBEHHBIX
HyXx anekrpocraHumit 1 I1C yBenninBaet conpotusieHue uenyu K3 u
cHkaeT Toku K3;

TIpMMEHEHHEe TPaHC(HOPMATOPOB C paclIeruieHHOi 0GMOTKOM HH
Takoke orpanuumBaer Toku K3, Tak Kak MX CONMPOTHBIICHHE B pexumMe
K3 rouTy B 2 pa3a Gonblie, 4eM Y TpaHCHOPMATOPOB C TEMU XKE HOMMU-
HaJIbHBIMM TIapaMeTpamy 6e3 paclieTUIeH)s: OOMOTKH HH (puc. 3.16, o).

3.9.2. ToxoorpaHHYHBAIONHE PEAKTOPHI

PeakTOpbl CIYXaT Ui MCKYCCTBEHHOTO YBEJMYEHHs COTIPOTUBIIC-
HMsI KOPOTKO3aMKHYTOM LEMHM, a CIENOBATCeIbHO, I OTrpaHUYCHUS
toxoB K3 ¥ momzepxaHus HeoGXOXMMOTO YpPOBHSI HAaNpsDKCHHUA IpU
MOBPEXIECHHUSX 32 pEAaKTOPaMH.

PeakTop MpencTaBusieT co60i HHIYKTUBHYIO KaTyIlKy 6e3 cepraey-
HMKa, TIO3TOMY €ro CONpPOTHUBJICHME HE 3aBUCHT OT MpOTEKAIOILETO
TOKa.

ToKOOrpaHUYMBAKOLIME PEAKTOPBI IPMMEHSIOTCS Ha CTaHIMAX TH-
na TOIL:

a) mexny cexuusmMu I'PY (CEKIMOHHBIE peaKkTopbl) — DPEaKTop
LRK Ha puc. 3.17, a;

6) I MUTAaHUS MECTHBIX nioTpe6uTeneit oT COOpHBIX HIMH rey
(nuueitHbie LR1 WK rpynioBbie LR2 peaxtopsl) — puc. 3.17, a;
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PY BH 110—220 xB
T1 T2

KI TPY 10kB g2

(’561 éaz LRI LR2 LRI
G
D
Stmax

PE

Smax Tm
a 6
BH 1
T1 T2
LR1 LR2
T
. o

Puc. 3.17. CxeMbl NOAKITIOYEHUSI TOKOOTPAHUYHBAIOLLMX PEAKTOPOB:
a — Ha TOU, umeomux I'PY; 6 — na TOLl 6104HOro TMNa; 6 — Ha MOACTAHLIMAX

B) VISl TIMTAHUSI MECTHBIX moTpebureneit ot Grounsix TOII yepes
peaKkTUpOBaHHbIE OTHAWKM — puc. 3.17, 6.

HHorna Bo3HMKaeT HEOGXOXUMOCTh YCTAHOBKH TOKOOTPaHHYMBA-
IOIMX PEAKTOPOB B LIETSIX BBOAOB HU3LIETO HAIPSIKEHUS TTOHMKAIO-
1MX TpaHcHOPMAaTOpOB Ha noAcTaHuMsX (puc. 3.17, 6).

B Hacrosiee BpeMs IMMPOKOE MPUMEHEHHUE TOJYYMIM TOKOOIpa-
HUYMBAIOLIME GETOHHBIE PEAKTOPHI C ATIOMUHMEBOM OGMOTKOI Map-
ku PB (puc. 3.18). Butku 06MOTKM M30JMpOBaHBI APYT OT ApYyra, Ha-
MOTaHbI Ha CHEUMAIbHBIN KapKac U YKPEIUICHBI B OETOHHBIX xo:non-
Hax, KOTOpbl€ NPENOTBPAIIAIT UX CMEUIEHME NOI NeHCTBUEM COG-
CTBEHHOM MaccChl U 3NEKTPONMHAMUYECKUX YCWIHM MIPH MPOTEKaHUHU
ToKOB K3. OT 3a3¢eMJICHHBIX KOHCTPYKLIMIA, a TIpX BEpTUKAJILHOM YCTa-
HOBKE — M OT coceHuX (a3, peaKTOphl U3OJUPYIOTCS C MOMOILIBIO
ONOPHBIX U30JATOPOB. BETOHHBIE PeaKTOpHI BBHIMYCKAIOTCS HA HOMH-
HaJIbHbIe TOKM A0 4000 A ¥ U3rOTOBIAIOTCS A BEPTHKAILHOM, TOpH-
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30HTAJIBHOM U CTYNEeHYaToM ycTa-
HoBKH. [Tpu 601bIIMX HOMUHAB-
HBIX TOKaX B LIEJISIX CHYDKEHHUSI 110-
TEepb aKTUBHOW MOILHOCTH B Ca-
MHX PEaKTOpaX OHM BHIMOJTHSIOT-
Csl C UICKYCCTBEHHBIM OXJIAXICHU-
eM (BEeHTWIILME KaMep).

Hapsiny ¢ pacCMOTpeHHBIMU
BBILIIE PEAKTOPaMH OOBIYHOM KOH-
CTPYKLMH IUPOKOE NPUMEHEHUE
HaXxoIsAT CIBOEHHBIE peak-
Topu cepuu PBC, y KoTopbix
MMeEETCS TOMOJHUTEIbHBIA BBIBOI
OT CpeIHeH TouKu 06MOTKHU. Cpen-
HMii BBIBOI IEJIUT OOMOTKY peak-
TOpa Ha JBE BETBH, HAMOTAaHHBIE
Puc. 3.18. TpexcasHbit Getonnpii COMIACHO. OGe BETBU paccUMThIBA-
peaktop 10 kB, 630 A ¢ Beprukanp- 1OT HA OMMHAKOBBIH HOMUHATbHbIH

HBIM pacriojioxeHueM a3 TOK, BEJIMYHMHA KOTOPOro 3amacT-

ca B karanore. CpenHuili BbIBOX

OGBIYHO ITOAKITIOYAIOT K MICTOYHMKY ITUTAHUS ¥ PaCCYUTHIBAIOT Ha IBOI-
HOI HOMMHaIBHBIN TOK (puc. 3.19, a).

HWHOyKTUBHOCTH L BETBEil OMMHAKORDI, TO3TOMY UHIYKTUBHOE CO-
MpPOTUBJIEHHE KaXIOH BETBU pEakTopa NMpHU OTCYTCTBUH TOKA B IpYroi
COCTABJISET X, = WL U Ha3pIBaeTCSI HOMUHAJIBHBIM COTIPOTHBJICHUEM BET-
BH Xyou s (3aHaeTcsl B KaTasiore). OCOGEHHOCTH CABOCHHOTO peakTopa
ONpeneNAIoTCd HATMYMEM MAarHUTHOM CBSI3M MEXIY BETBSIMU (B3aUM-
HOM MHAYKTUBHOCTU M).

PaccMoTpuM paboTy CABOEHHOro peakTopa B Harpy304HOM DPEXH-
Me (puc. 3.19, 6). B npouecce 3KcrutyaTalluM CTapaloTcsi paBHOMEPHO
3arpy3uTh oGe BETBM peakTopa, Toraa ;= L= I, a cConpoTUBIEHUE KaX-
Ol BETBU COCTaBUT

X = Xi =ol-oM = (DL(l _%) = Xyomn (1 — kes)s (3.49)

|
|
|
i
|

=
=
=
e
=
=

rae k= M/ L — xo3duiimeHT cBsi3u 06MOTOK peakTopa (00BIYHO CIBO-
€HHBIE PEAKTOPHI BBHIOMHAIOTCA C k= 0,4 ... 0,6).

Ecnu npuHath k,=0,5, To B Harpy304HOM peXHUME COMPOTHUBIIE-
HHME KaXIOif BETBM PEAaKTOpa YMEHBIIMTCS II0 CPABHEHHIO C aHAJO-
TMYHBIM ONMHAPHBIM PEaKTOPOM U COCTaBUT

xl’! = Xuoms(1-0, 5) =0, SxHOM.B'

CrenoBaTe/IbHO, CABOCHHBIN pEaKTOp MO3BOJISET YMEHBLINTH Ia-
JOeHWe HanpsoKeHUS (CHU3WTh NMOTEpM MOILMHOCTH) B KaXIOH BETBU
peakTopa B Harpy304YHOM pEXHME M COKPaTUTh rabapuTHbIe pa3Mephl
pacrpeneIMTeNbHOTO YCTPOUCTRA.

146

C
—GEDB (Ukon KB;
IHOII..; A;

xﬂml..y OM) * L ' L
T T T T K3
Smax Stnax
a 6 ]

Puc. 3.19. CaBoeHblit peakTop:
@ — CxeMa BKIIIOYEHHUsA; 6 — HArpy3o4Hbli peXxuM; ¢ — pexum K3

PaccMotpum pexum K3 3a oHoit U3 BeTBeit peakropa (puc. 3.19, 6).
Besmumna Toka K3 B 310M pexxuMe Gyner onpenenstscs WHIYKTUBHBIM
COMIPOTHBJICHUEM TOIf BETBU PEaKTOpa, 10 KOTOPOM OH IMPOTEKAET, T.€.

v 4
Xp = oL = Xiiom.B

OueBuaHO, uto B pexume K3 caBoeHHBIi P€aKTOp OrpaHUYUBAET
ToK K3 TaK Xe, Kak ¥ OOMHapHEI PEaKTOP C TEMM Xe HOMHUHAIbHbI-
MU IapaMeTpamH.

B HacToslee BpeMst BBUTYCKAIOT CyXue ONMHAPHbIE TOKOOTpaHUYH -
BAlOIME PEaKTOPbl BHYTPeHHEN ycTaHOBKM THIa PTOC, paccuuraH-
Hble Ha U= 10 kB, I, = 1600, 2500, 4000 A.

3.9.3. BuiGop TOKOOrpaHHIHBAIOMHX PEAKTOPOB

PeakTophl BBIGHPAIOT B 3aBUCHMOCTH OT MECTa MX YCTaHOBKH, I10
HOMHHAJIbHOMY HaNPSDKEHUIO, TOKY M HHIYKTUBHOMY CONPOTHRIIEHMIO.

Hnst ycranosku B I'PY T3 npuMensiiorcs pEaKTOpBI BHYTPEHHEH
YCTaHOBKM, IUIS MUTAHHUSI MECTHBIX NMOTpeGUTeNel Ha 6moyHbIX TOLL u
Ha MOACTAHUMSX — PEaKTOPhl HAPYXXHOM YCTAHOBKH, €CJIH OHU YIOB-
JIETBODPSIOT BCEM YCIIOBHSIM ITPOBEPKH.

Homunanvroe nanpsaxcenue peaktopa HOMKHO COOTBETCTBOBATH HO-
MHHAJILHOMY HalPSKEHUIO YCTAaHOBKH, KB,

Uyc-r < UHOMLR‘

Homunanbnoiii mox peaxtopa (WM BETBM CIBOEHHOTO peaxTopa)
He IOJIKEH OBITh MEHbLIIE MAKCUMAJIBLHOTO JUTMTELHOIO TOKA Harpys-
KH Leny, B KOTOPYIO OH BKIIIOYEH, A,

Imaxs IHOMLR’
Vi (5 IDXI CeKUMOHHOro peakrtopa LRK na I'PY T3L (cm. puc. 3.17, a)
TOK, A,

S,
Tnax 1 = 0,70 =0,7—m‘m—;
max HOMG \/§UH0MG
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[UId TMHEMHEIX, TPYIIIOBLIX peakTopoB Ha TOII, peakTopoB, ycTaHaB-
nuBaeMbix Ha I1IC (cMm. puc. 3.17, a, 6, 6), TOK, A,

I _ Smax
maxLR = =,
VU,

TAE Spax — MaKCHMaJIbHasi MOLIHOCTh Harpy3kKu, MOAKIIOYEHHOM ye-
pe3 peaktop, MB-A.

ITo KaTtanory HaMe4aeTcsl peakTop I 3alaHHOM LIENH, HO OCHOB-
HBIM IIapaMETPOM PEaKTOpa SABJISETCS €r0 HHAYKTUBHOE CONPOTHRBIIE-
HUE X,omrr= ®L, KOTOpOE €1LE MPENCTOUT BHIOPATS.

C Touku 3peHHs orpaHndyeHust Toka K3 u nognepxanus 6oinee BbI-
COKOTO YPOBHS OCTATOYHOTO HAMpPSDKEHHWs Ha LIMHAX MOTpeGHUTeNs,
Henecoo6pa3Hee UMETh BOZMOXHO OOJIbLIEE CONIPOTUBIIEHUE PEAKTO-
pa, HO B Harpy304HOM DEXHMME 3TO MPUBEAET K YBEIMYCHHUIO NOTEPD
HAINpSIXEHWS] M MOIIHOCTH B caMoM peakrope. Mcxons U3 3Toro, BbI-
60p MHAYKTHBHOI'O CONIPOTUBIIEHUS] PEaKTOpa MIPOM3BOXUTCS CIIEAYIO-
MM 00pa3oM.

IIpu BHIOOpPE CONMPOTUBICHUS CEKLUMOHHOIO PEAaKTOpa, YCTaHOB-
ne”Horo Ha I'PY TOII, npuHumaloT Haubosblliee 3HaYEHUE U3 yKa-
3aHHBIX B KaTajlore JUI HAaMEYEHHOTO TUIIA PEaKTOpa.

JUIs BceX OCTAIBHBIX CIy4aeB MPUMEHEHHs! peaKTopoB Tpebyemoe
MHIYKTUBHOE COIIPOTUBJICHHE WX OMPENECJISIOT, MCXONS M3 YCIOBUM
Heob6XonMMOCTH orpaHMyeHus Toka K3 10 3amaHHOrO YpoBHS. YPOBEHb
orpaHnyeHHs Toka K3 omnpenensiercss Wi KOMMYTaLIMOHHOM CIIOCO6-
HOCTBIO BBIKJIIOUATEE, YCTAHABIMBAEMbIX B KOMIUIEKTHBIX pacrnpe-
IeNMUTENbHBIX yeTpoiicTBax (KPY
wm KPYH), win HeobxonuMo-
CThIO 00€CTIEYHUTh TEPMUUYECKYIO

V4 CTOMKOCTb CMJIOBBIX Kabeieit
K-1 LR anekTpoceTH. Pacuer Tpebyemo-
35 ro COIpPOTHUBIEHUS peaKTopa

4 (puc. 3.20) Benmercss B CIEOYIO-

LIEM TTOPSIKE.
1. Onpenensiercs pe3yIbTUPY-
O: Lren.sion oluee conpotusieHne uenu K3
IO MecTa YCTaHOBKM peakTopa

@ (no 1. K-1, puc. 3.20), Om,
i st = Vo (3.50)

3 = K1’
[K | ‘/—3-1 n0
roe [;' — WM3BECTHOE Hayajb-
kw1 kw2 kW3 HOe 3Ha4YeHHe IepHOANYECKON
s, cocTrapfonlei Toka TpexdasHo-

ro K3 BT. K-1, KA.
Puc. 3.20. Bribop TOKOOrpaHMYMBA- 2. Omnpenensercss TpedGyemoe
jolLero peakropa. [TosicHsiolas cxeMa  conpotuBieHue wenu K3, Om,
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1s1 cHikeHus Toka K3 go Bennuunnr JK2

n0 Tpe6 *
U
xK-2 = cp
3.Tpe6 R ’ 3.51
pe 3152 (3.51)

e I;52.s — HauMeHblee 3HaYeHHe TpeGyemoro Toka K3 3a peakro-
poM (T. K-2), KA, onpeneneHHOro 1o AByM YCIOBHSIM:

a) ¥cXoNd U3 OTKITIOYaloLIe CNIOCOGHOCTH BEIKIIOYaTeneil O, yc-
TaHaBJIMBAEMBIX B KOMIUIEKTHBIX PY (KPY, KPYH)

- IOT LH M(1+B.H0 M)
R es == oot oo KA, (3.52)

TO€ loryn wow — HOMHHAIBHBIA TOK OTKITIOYEHHMS BBIKTIOYATENS, KA;
Bewopy — HOPMHMPOBAaHHOE CONEPXAaHME ANIEPUOANYECKOIN COCTABIIS-
IOLIEN B OTKJIIOYAaEMOM TOKE, 0.€. (3amaeTcs B KaTajlore Ha BHIKIIOYA-
TeJIM WIM OIpeAeNsercs B pash. 4 mmo puc. 4.36; nipu t2 0,1 ¢ npuHUMa-
ercs Beyopu=0); T=0,01 + £ ;5 orens © — pacueTHoe BpeMst K3; £, 5 oren —
COGCTBEHHOE BpeMsI OTKITIOYEHHMS BBIKIIOUATENs, C (3afaeTcs B KaTa-
Jiore Ha BBIKITIOYATENH); 7, — TMOCTOSIHHasi BpEMEHH 3aTyXaHus are-
puonnyeckoi cocrapisouie Toka K3, ¢, (cM. Ta6n. 3.6) mia uenei,
3aIIMIICHHBIX pEaKTOPOM;

6) ucxons U3 oGecrnieYeHNs TEPMHUYECKOM CTOMKOCTH CHJIOBBIX Ka-
GeJieil 3IeKTPOCeTH, KA,

I e = Gorany C: - 107
n
——
TI€ Gerann — CTAHAAPTHOE CEYEHHE Kabesis, MpeNBapUTENbHO BHIGPaH-
HOe 110 9KOHOMHYECKOM IUIOTHOCTH TOKA U TIPOBEPEHHOE 110 YCIOBHIO
Harpesa JUIMTEIbHBIM TOKOM HarPy3KH, MM%; foren= 5 3+ forn.ns €5 Forns —
ITOJTHOE BpeMsI OTKJIIOYEHUS BBIKJTIOYATENd, C (3a1aeTcs B KaTaJore Ha
BeIKIouareny); C; cMm. B [2, Tabn. 8], [3, Ta6n. 8.3] u B Tabn. 3.17.
3. Onpenensiercst TpeGyeMoe CONPOTURIIEHNE peakTopa, OM,
— K2 K-1
X1pe6LR = xpe,‘m = Xpe3 - (354)
4. TTo Kxaranory BHIGMPACTCS PEAKTOP € Xyonrr> Xrpe LRy OM.
HoMuHaJbHEIE €r0 MapaMeTpBl BHIMUCHIBAIOTCA B TAOHUILY.

IMocne BeiGopa peakropa paccuuThiBaeTcs ToK npu K3 3a peakro-
pom (1. K-2 Ha puc. 3.20), KA,

(3.53)

U

1111(-2 = 1111(1-2 = °p .
0 \/g(xll)(c-al + xHoMLR) ’ (355)
N ) (P (3.56)
K2 = 21K %, (3.57)

3necs T, ky, 6epyTcst U3 Tabn. 3.6 wist Lenei, 3alMILEHHBIX peaK-
TOPOM.
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BriOpaHHEIl peakTop MpOBEpSAETCS:
a) Ha 3JIEKTPOAMHAMIYECKYIO0 CTOMKOCTD B pexxuMe K3 1o ycosHio:

iX? < ipy, KA (3.58)
6) Ha TEpMHYECKYIO CTOMKOCTh B pexume K3:
2
Bx = (1]_![%—2) (toncn + T;) < B'rep = I’I?ept'repa KAz'c, (359)

TA€ inyus treps fep — HOMHHAIBHBIE MMApaMETPhl peaKTopa (3aZaroTcs
B Karajiore).

IIpn HEOOXOAMMOCTH NPOBEPAETCS BEIMYMHA OCTATOUYHOrO HaIpsi-
XeHus Ha muHax 6 (10) kB npu K3 3a peaktopom, KB,

J3IK?
Uoc-r% = XuoMmLR —_100%. (360)
UHOM

Jlna obecneyeHus ycIoBUsI CaMO3aITycKa JBUraTeseil Heo6Xoaumo,

YTOOBI

Uper> (65 — 70) % Uyoy, KB. (3.61)

PeaxTop cuMraeTcs NMpPHUTOOHBIM IS YCTAHOBKM B paccCMaTpHBa-
€MOi1 LIENH, €CIM OH YIOBJIETBOPSET BCEM YCJIOBUSIM BHIGOpa M ITPO-
BEPKH.

CnenyeT OTMETHTB, YTO TIPH UCIONAB30BAHUM MHIVBMAYAILHBIX U
IPYNNOBBIX TOKOOIPAaHUYMUBAIOIIMX PEAKTOPOB GOJBIIOTO COMPOTHB-
JICHMsI B HUX MMeeT MECTO 3HaYUTENIbHas TOTePs HanpsDKeHUs B HOp-
MaJILHOM pexuMe pa6oTsl uenu. ITosToMy uis ciy4yaes, Koraa TpeOy-
I0TC 3HAYMTENbHBIE OrpaHUYeHUs TokoB K3, pa3paGoTaHnl crieuu-
albHbele 6E3BHEPUMOHHBE TOKOOTpDAaHMYUBAKOIIHKE
ycrpoiictBa (BTY), cmoco6Hble OrpaHMYUTh KaK YCTAHOBUBILHMI-
cs, TaK ¥ ynapHseii Tok K3. BTY cocTosaT U3 Toit WM HHOM KOMbOMHa-
UMM JTUHEHHBIX, HETMHEHHBIX M MTOPOTOBBIX 3JIEMEHTOB. OTIENbHbIE
YCTpOMCTBAa UMEIOT CIIEUMATBbHBIE CUCTEMB! YTIpaBieHus. B obwieM ciy-
yae napaMeTpsl BTY kak ynpapiasieMoro 3ieMeHTa 3HEPTOCUCTEM IOJI-
KHBI YIOBJIETBOPSITD CIENYIOIIUM YCIIOBUSIM.

1. IIput Loy < Iy conpoTuiieHre BTY D0OMKHO GbITH MUHUMAIBLHO:

Zs'ry—) 0, A UBTY—) 0,

3nech Iy — TOK MaKCHMAJIbHOM Harpy3ku (C y4€TOM JOITYyCTMMOTO
neperpysa) B uenu, rae crout BTY; I, — IpaHMYHBINA TOK, NpU
kotopoM BTY momkHo cpaboTaTh.

2. Ilpu I> I, conporusneHne BTY u3MeHsIeTCs TaK, YTOGHI

ZBTY = —Azwrp’

tae AZy,, — U3MEHEHHEe CONPOTUBICHMS Harpy3ku 3a BTY npu K3.

3. BTY nomxHo 061anath cTaGMIBHOCTHIO XapaKTEPUCTUK TPHU U3-
MCHEHHUM CXEMBI CETH U HE BHOCUTDb HEJIMHEHHBIX UCKAXEHUIA B TTapa-
METpPHl OCHOBHOM LIENMU B HOPMAIBHOM pEXHME.
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Puc. 3.21. CxeMbl TOKOOIpaHMYHBAIOLLIMX YCTPOMCTB:

a — peakTop, HOPMAJILHO 3aLIYHTHPOBAHHbIIl MOPOrOBLIM JIEMEHTOM; § — YNpaBis-

eMBbIil PeakTop C MOAMAarHWYUBaHMEM TOCTOSIHHBIM TOKOM; 6—0 — PE30HaHCHbIE TO-

KOOTrpaHMYMBAIOLME YCTPONUCTBA C PANIMYHLIMM Croco6aMHM pacCTpoOfKH pe3oHaHca

HanpsixeHus npu K3; e, s — TOKOOrpaHHYMBAIOLINE YCTPOHCTBA TPaHCHOPMATOPHO-

ro THMAa C PEryiMpoBaHHEM MapaMeTPOB CO CTOPOHBI BTOPMYHOH O6MOTKH; 3 —
BCTaBKa MOCTOSIHHOTO TOKa

Bropoe yc/ioBHe BBIOIHUTD TPYIHO, T03TOMY IPUHATHE TOTO WIX HHOTO
puna BTY Wit KOHKPETHOM CXeMBbI 3JIEKTPOYCTAHOBKH OIpeNesisieTcs Ha
OCHOBaHUH TEXHUKO-3KOHOMHMYECKHX pacyeToB ¢ yueToM crouMocti BTY
u Toro 3¢ddeKTa, KOTOPBIit MOXET JaTh €r0 YCTAHOBKA B 3JIEKTPOCETH.

IMpuHuunuanbHeie cxeMsl BTY npencrariexs! Ha puc. 3.21.

3.10. PacueTHbie YCJIOBHSA /ISl NPOBEPKH
3JIEKTPHYECKHX ANNAPATOB H TOKOBEAYIMX JacTei
N0 peXuMYy KOPOTKOr0 3aMbIKAHHSA

TTIpOBONHMKM M ammaparsl 3MEKTPOYCTAHOBOK JOJDKHBI YAOBJIETBO-
DATh PACYETHBIM YCIOBUSIM MX PaGOTHI IPH Pa3TMYHBIX pEXUMax pado-
TBI 3JIEKTPOYCTAHOBKHM, B TOM YHCJIe U MPH KOPOTKUX 3aMBIKaHMSIX.
JIs1 poBEpKH IIPOBOIHMKOB Y alapaToB Ha 3/IEKTPOAMHAMUYECKYIO
U TepMMYECKYIO cToiKocTh npH K3 Heo6xomuMo BHIGpaTh pacyeTHYIO
CXeMy 3JIEKTPOYCTaHOBKM, pacyeTHbI BUA K3, pacyeTHyi0O TOUKY U
pacyeTHYI0 MpoaokuTeabHocTh K3.
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B cootBerctBuu ¢ [3.2] u [1.12] npu BHIGOpE pacyeTHOM CXeMbl IS
onpeneneHus TokoB K3 ciiemyer UCXomUTh M3 BO3MOXHBIX YCIIOBUI [UTH -
TEJIbHOM pabOThHI 3IEKTPOYCTAHOBKM, BKITIOYAsk PEMOHTHBIE U T1OC/IEaBa-
pUiTHBIE peXHMBI. PacyeTHas cxeMa IOJDKHA YYUTHIBATh NEPCTIEKTUBY pas-
BUTHS BHEIIHMX CETEN ¥ T€eHEPHPYIOILMX UCTOYHHUKOB, C KOTOPBIMH CBSI-
3aHa paccMaTpUBaeMasi 3JIEKTPOYCTaHOBKA, HE MEHEE YEM Ha IISITh JIET.

B xauectBe pacuetHoro Buaa K3 cienyer npuHMMaTh:

IUIST OTIpEeNieICHUST JIEKTPOAMHAMMUYECKOI CTOMKOCTH aIapaToB U
XEeCTKHX IMH — TpexdasHoe K3;

ISl OTIPEACIICHUSI TEPMUYECKON CTOMKOCTH anrmapaToB M NMPOBOM-
HUKOB — TpexdasHoe K3; Ha reHepaTOpHOM HAaNpPSDKEHUH 3JIEKTPO-
CTaHIM#I — Tpex- Wi AByXda3Hoe K3 B 3aBUCMMOCTH OT TOrO, KaKoe
M3 HUX NMPUBOIUT K OONbIIEMy HarpeBy;

MPY NIPOBEpKE I'MOKMX NMPOBOTHUKOB IO YCJIOBUIO UX HOITYCTHMOIO
comroxenus Bo Bpemst K3 — tpex- wim ayxdasHoe K3 B 3aBcHMOCTH OT
TOTO, KaKOe U3 HUX IIPUBOIUT K OAIBbIIEMY COJIVDKEHUIO TIPOBOIHUKOB;

IUIS BBIOOpa amnmaparoB MO KOMMYTAalIMOHHOM CIIOCOOHOCTH — IO
O0OnblIEMY M3 3HAYEHHUH, MOTYYaeMbIX IS CIy4aeB TPEX- WIU OTHO-
dasnoro K3 Ha 3emimio (B cersix ¢ 6onbmmMu TokamMu K3 Ha 3emitio).

B xayecTBe pacueTHOM Toyku K3 ciemyeT mpMHUMATh TaKyl0 TOUKY
Ha pacyeTHOI cxeMe, B KoTopoil ipu K3 MpoBOTHUKHU M 3/EKTpUYEC-
KY€ afnmnapaThl IOABEPraloTcsl HauOONbIIEMY 3IEKTPOAMHAMUYECKOMY
U TEPMHUYECKOMY IEHCTBHIO.

IIpu pacyere TEpMHYECKOM CTOMKOCTH B KQUECTBE paCueTHOTO BpeMe-
HHU ClleqyeT NIPUHUMATh CyMMY BPEMEH, MTOJIy4aeMYIO OT CIIOXEHHS Bpe-
MEHH [IeHiCTBUS OCHOBHOIA 3alUTHI (C yueToM neiictBust AIIB), ycraHoB-
JIeHHo# y Omxkaiitero K Mecty K3 BBIKITIOHaTesisi, ¥ TIOJTHOTO BPEMEHU
OTKITIOYEHHUS 3TOro BeIKMoYarTess. [1py HaJIMYUK 30HBI HEYYBCTBUTEIb-
HOCTH Y OCHOBHO# 3allIUTBHI TEPMHYECKYIO CTOMKOCTB CJIEIYET POBEPSITh
110 BPEMEHU NEHCTBUS pe3€pBHOM 3alUMTHI, B 30HY NCHCTBHS KOTOpOM
MIONaaeT pacCMaTPHBAEMbII1 y4aCTOK 3JIEKTPOYCTAHOBKY. ATIIapaTtypa U
TOKOIPOBO/BI, IPMMEHAEMBIE B LIETISIX TEHEPATOPOB MOLIHOCTBIO 60 MBT
M BBILIIE, 2 TAKXE B LIEMNIX GJIOKOB reHepaTop — TpaHC(opMaTop Takoi
€ MOILIHOCTH HOJDKHBI IIPOBEPSATHCS 10 TEPMUYECKOM CTOMKOCTU, HUC-
Xomst U3 BpeMeHH npoxoxaeHust Toka K3, paBHoro 4 c.

Ilnst cokpaueHus: 00beMOB BBIYMCIICHUH MCIOJB3YIOT TOT (hakT,
YTO B 3JIEKTPOYCTAHOBKAX CYIIIECTBYIOT I'PYIINEI lIeTNieif, KOTOphIE B OT-
HoleHUM pexuma K3 HaxomsTcss npuMEpHO B OMMHAKOBBIX YCIIOBUSIX.
3T0 06CTOATENBCTBO MTO3BOJIAET Pa3OUTh BCIO CXEMY 3JIEKTPOYCTaHOB-
KU Ha OTHENIbHBIE 30HBI, B KOTOPBIX YCTAHABJIMBAIOTCSA T€ WIM UHBIE
o01Me pacyeTHBIE YCIIOBUS.

Ha puc. 3.22 npuBeeHB pacueTHBIE 30HbI CTaHIMHK THTa TALL. 3nech
30na 1 BKITIOYAET BCE LIEMH YCTAHOBKM TOBBILICHHOTO HANpPSDKEHUS
110—220 xB. Bce nenu 310#t 30HBI paCCYUTHIBAIOTCS IO CYMMapHbIM
toxaM K3 ot Bcex ucrounukon nutanust rmpu K3 B 1. K-1 Ha cGopHBIX
mmHax 110—220 xB. Bpems otkmouenust K3 wis oneHK# TepMuyec-
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Puc. 3.22. PacyeTHbie 30HH 1o ToKaM K3 mia cranuuu tuna TOL]

KOW CTOMKOCTH anIapaToB 3TO# 30HBI ONPEACISIETCS IO BpEMEHU IEii-
CTBHMSI OCHOBHBIX 3alIIUT U MOJTHOMY BpEMEHU OTKJIIOYEHHUS BBIKITIOYA-
TENER foren= Ips+ forkn.s ¥ MOXET OBITb IIPHHATO oy = (0,16 — 0,2) c.
s ueneit, Bxoasuux B 30y 11, pacuerHast Touka K3 — K-2 (Ha
COOPHBIX IIMHAX FeHEPaTOPHOro HanpsokeHus ). Bee annapathl M TOKO-
BeIylIMEe YacTH 3TON 30HBI MPOBEPSAIOT MO CyMMapHBIM Tokam K3
B T. K-2 oT Bcex cTOYHUKOB. C y4ETOM ITOJTHOTO BPEMEHM OTKIIOYE-

' HUSL BBIKJTIOYATEIEN TeHEpaTOPHOTO HAIPSDKEHUS ISl 3TOM 30HBI MOXHO

NIPUHSATD fyp = 0,3 .

3ona 11l — uenp BBOAA reHepaTopa, MOOKIIOYEHHOTO K COOPHBIM
mHaM TPV, win reHeparopa, paGoTalolero no cxeMe 6J10ka reHepa-
TOp — TpaHcgopMaTop. [ig aToit enu pacueTHoit Toukoit K3 siensercs
toyka K-2 wimm K-3, HO BHIOOp ammapaToB 3[€Ch IIPOM3BOAMUTCS IIO
Hauboavwemy ToKy K3 WM OT caMOro oBpeXIeHHOTO I'eHepaTopa, Win
OT BCEX OCTAJIbHbIX MCTOYHUKOB ITUTAHMS BMECTE B3ATHIX. BpeMs oOT-
KITIoueHus i 30ub: 111 npuHUMaeTes £y, ,= 0,3 ¢, ecnu P, q< 60 MBT,
U lyna=4 c, ecmu P60 MBT.

B 30mne IV (uenb peaktupoBaHHOM muHuM 6 — 10 KB) ammaparypa
BBHIOMPpAETCS 110 CYMME TOKOB OT BCEX MICTOYHHMKOB nuTaHus npu K3 3a
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peakTopoM (T. K-4), HO y4acTOK OIIMHOBKH OT CcOOpHBIX LIUH JIO ITep-

BBIX POXOIHBIX U30JIATOPOB (OYEHD He6OoJBIIIoI) BEIOMPAETCA IO CyM-
MmapHbIM TokaM K3 B T. K-2. BpeMsi OTKITIOUCHHUS IS 3TOM 30HBI MOX- 3oHa I KB
HO NIPMHSATB oy, = 1,0 C. forxn = 0,16—
B 301y V BXOIMT ceKUMOHHas cBsi3b Ha [PY 6 (10) kB. PacueTnbie 0.2¢ [J []QK OB E 3ona VI P i
YCJIOBUSL 1JIsl 3TON 30HBI T€ X€, YTO VIS 30HbI 11, HO #,x,=0,3 C. ] [] D [] :'i" 4“:
Ienu BoiBonos HH TpanchopMaTopoB COGCTBEHHBIX HYXI (30Ha VI) BH ) ¢}
AHATOTMYHBI LensaM 3oxe: 111, mosToMy BEIGOP anmaparoB 9TO# 30HBI 110-220xB| 4 ) K2 Ba=18c Z| cH
Benercs 1o Hauboaswum Toxam K3 (pacyerHas Touka K-5) wmm or 155
BCeX BMECTE B3AThIX BHEIUHMX HCTOYHUKOB ITMTAHUS, WIM OT ABUraTe- [] oK []K2
neit, MOAKITIOYEHHBIX K COOPHBIM IIMHAM, Iie POMU30LLIIO0 K3. Bpems
OTKJTIOYEHHUS B 3TOM 30HE MOXHO NMPUHSATD fopy, = (0,2—0,3) c. 2 foromam = 2.2
O6opynoBaHue, Haxoxsiueecss 6 3oxe VII, mpoBepseTcs MO CyM- ,@— e
MapHoMy 3Hauenuio TokoB mpu K3 B T. K-5 OT Bcex MCTOYHMKOB, !
L= (0,6—1) c. i

Ha puc. 3.23 nokasaHa pacyeTHasi cxeMa 6104HOH IEKTPOCTaHLIUK €
XapaKTepHbIMH Uit Hee 30Hamu I, 11, 111, VI, VII. Bce, 4To 6bU10 U3JIO-
XEHO BbIlIIE, CIPAaBEUTMBO VTSI BbIOOpa ¥ MPOBEPKH ammapaTroB U TOKO-
BEIYLLHMX YacTeii, OTHOCALIMXCS K YKa3aHHBIM 30HaM 6JI0YHBIX CTAHLIUH.

3oHa I KB

foma =0,1—0,2 ¢ a
¢ % 3oHa I
Kl Ha
110—750 xB } foren =0,16—0,2 ¢
‘ K2 K-1 KB
\ (1 [] [Jox| Wez
Pe3sepsHbIft T3
TpaHC- l K1
dopmarop -
oH 220—750 kB K? A2
— _ ]
[] 110—500 Klill
7
3oma VI TCH2 I 63 ()TCH3 ATI e
forxn = 0,2— S
0,3 C ,/’
3oHa m %= [ orcrsom =
loxn =4 C HH Labkdc =19¢
K mmHam 3—6 KB C.H. / 3 0K 6—10xB
__4+—3oHa VI
K [pyruM 3Hepro6iokaM o w=1 ¢ 6
Puc. 3.24. PacyertHble 30HbI no Tokam K3 a1s noacraHumu ¢ pasauyHbIMM
Puc. 3.23. PacyeTHsle 30HbI 1o TokaM K3 juist 61104HO#M CTaHLMU HOMMHAIbHBIMU HaNpsXeHusiMu (a, 6)
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Ha puc. 3.24 npuBeqeHBI pacYeTHBIE CXEMBI TTOHKAIOLIMX MO~
CTaHUM ¢ IByMs TpaHCcHOpMaTOpaMu UIH aBTOTpaHchOpMaTOpaMH.
31ech MO CYIIECTBY MMEIOTCS TONBKO nBe 30xb (I 1 VI). PacueTHBIE
touku K3 1 BpeMsl OTKJIIOYEHHUS VIS BLIGOpa anmnapaToB ¥ TOKOBEY-
WLIMX yacTell B KaXIOM 30HE yKazaHBI Ha CXeMax, IpH4eM BbIOOD am-
1IapaToB BENETCS N0 CYMMapHbIM 3Ha4€HUAM TOKOB K3 B pacyeTHOM
TOYKE OT BCEX MCTOYHMKOB nuraHus. Eciy Ha MoACTaHUMM YCTaHaB-
JMBAIOTCS CHHXPOHHbIE KOMIIEHCATOPBI, TO mosaysieTcs 3oxa 111 (uenp
BBOIA CHHXPOHHOI'O KOMITEHCATOpa), € B Ka4eCTBE pacYeTHOro VI
[POBEPKM ANNapaToB NpPHAETCS BbIOpATh Hauboabuee U3 3HAYCHUH
tokoB K3 WM OT MOBPEXICHHOI0 CHHXPOHHOTO KOMIIEHCATOpa, UIIN
OT BCEX OCTAIbHBIX (BHELIHMX) MCTOYHMKOB MUTaHus. Eciy B uensax
BBonoB 6 — 10 kB I1C ycTaHaBIMBAIOTCI TOKOOTPAaHUYMBAIOILNC PE-
aKTOpHI, TO TMosBNsAeTCS 30Ha IV, B KOTOPO#t anmapaTsl BHIGHpaloTCH
T10 CyMMapHBIM 3Ha4eHUsIM TOKOB K3 0T Bcex MCTOYHUKOB NPH K3 3a
peakToOpoM.

3.11. Ipumenenne DBM 15 pacyeTra TOKOB KOPOTKOro
3aMBIKaHHASA

B Tex ciyyasx, Koraa TpeGyeTcs MOBbILICHHas TOYHOCTb pacticToB
tokoB K3 B MpoOM3BOIBHBI MOMEHT BPEMEHU C YJETOM IMEPEXOMHBIX
TIPOLIECCOB B 3JIEKTPUYECKHUX MALIMHAX WIM MCXOHAs pacyeTHas CXe-
Ma SIBISeTcS MHOTOKOHTYpHOI, misi pacyera TokoB K3 ucmonb3y-
forcss DBM.

CospemenHbe DBM, HX onepauoHHbIE CUCTEMBI TIO3BOJISIOT PE-
aJTM30BBIBATh CJIOXKHBIE TPOrpaMMHBIE Pa3paboTKH, KCIIONb30BATh Ipa-
(uyecKre CUCTEMBI OTOOPaXEHHUS uHopMaIuH, CyLIECTBEHHO YCKO-
PATH TIPOLIECC TOMYYEHUS M 06paGOTKM pacUETHBIX NAHHBIX.

MarteMaTuyecKiue MOIEIH JHOJDKHBI BOCIPOH3BOANTH BO3MOXHOC
pa3BUTHE aBapUH, JIOTUKY NEHCTBUS NPOTUBOABapUITHON aBTOMATH-
KU U peJIeiHOM 3a1UThl MOIEIUPYEMOH NEKTPOYCTAHOBKH, a TAKXE
OC/IEIOBATENLHOCTh TEXHONOTMYECKHUX onepauunii. MaTeMaTuyeckue
MOJIEJY HOJDKHBI MTO3BOJISATH BapbUpOBaTh paCYETHRIE YCIIOBUA, Napa-
METPHI CETH, MaIIMH, PETYIMPYIOLIUX YCTPOMCTB, YTOGBI MOXHO OBUTO
OLIEHUTh CTENEHb MX BIMSHUS Ha XapaKTePUCTHKH, UCIONb3yCeMBIC
TIpY TIPOEKTUPOBAHMH, HAlafKe M IKCILUTyaTalMH 3J1eKTpo0oOOpyRO-
BaHMA.

B HacTosi1ee BpeMsi pa3paboTaHO MHOXECTBO NPOrpaMM Io pacte-
1y TokoB K3 ¢ mpumeHeHuem OBM pPaITMYHOMN CTENEHU TOYHOCTH M
cinoxHocty. Ho Tonpko ry6oKo U3y4yUB TEOPHIO POLIECCOB, MPOMC-
xomsitux npu K3 B 3/€KTpOyCTaHOBKAX, MOXHO rpaMOTHO MONOUTH K
MIOCTAHOBKE 3a7ay MpH pa3paboTKe MpOrpaMMmbl, a 3aTéM — K OLICHKE
pe3ysTaToB pacyeTa ToKoB K3, MoJy4eHHBIX C TOMOLIBIO 9YBM, a Tak-
Xe K TIPMMEHEHHIO UX B IPAKTHYECKOH AEATETbHOCTH: Oynb TO MPOEK-
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THPOBAaHME, HAJIAIKA WX 3KCIUTyaTallUs 3IEKTPOOGOPYAOBAHMS DJIEK-
TPUYECKUX CTAHIIMI U CeTeil.

IG)Ingep ..;53.)4. OnpenenuThb cocTamstioLne Toka Tpexdastoro K3 19,
nes lar> hn W HAYQIbHOE JAEMCTBYIOLIEE 3HAYEHHUE nepnonuqecﬁlgﬁ
cocTaBisoLLeit Toka aByxdasHoro K3 7@ s t. K-1 (Ha c60pHBIX K-
Hax 500 kB K9C) pacueTHOli cxemsl, nBencraBneHHoﬁ Ha puc. 3.25
Onpenenurs pacyeTHble 3Ha4eHUs1 TOKOB K3 st BeIGOpa u nponepxﬁ
AeKTpoobopynoBaHus B Lienu BBoxa 500 KB aBroTpancdopmaTopa cBsi3u.
HcxonHble NaHHBIE MPUBENEHBI HA PACYETHOH cXxeMe. JJOMONTHUTENEHO
yuecTb, 4yTo Ha OPY 500 KB ycTaHOBNEHEB! BBIKIIOYATEM 3/IEra30BhLIE
tina BI'Y-5006-40Y1, umerowme £, , o= 0,025 c.

PacyeTs! BBIMOTHUTL B ABYX BapMaHTaX: B OTHOCUTEIBHBIX €IUHM-
LiaX; B MMEHOBAHHBIX €AMHULIAX.

Pemenue. 1. [Ina pacyera TokoB tpexdasHoro K3 B 1. K-1 Ha ocHo-
BaHUU PacYETHOM CXEMbI COCTABJISIETCS CXEMa 3aMElLEHHs TPSIMOIi oc-
NenoBaTeNbHOCTH (puc. 3.26, a; 3.27, a). KaxnoMy conpoTHBIEHHIO NpH-
CBaWBACTCs CBOM IOPANKOBBII HOMED, KOTOPHIN COXpaHA€ETC 32 HUM IO
OKOHYaHMsI PAacyeTOB M YKa3bIBacTCSl B YMCIIMTENE OPOOU OKOJNO HEro
(B 3HaMeHaTene 1pobu OymeT yKa3aHa BEJTMYMHA 3TOrO CONPOTHUBJICHUS).

3Ha4YeHHUsT CBEPXNEPEXOAHD!
1X DJIC MCTOYHUKOB IUTAHUS NPU
HHU-
MaeM o T1aon. 3.2: P

1S cucTeMsl El = 1,0;
2t renepatopoB GI— G5 EJ; = 1,13, Tak KaK Bce reHepaTophbl HMe-

10T Poug> 100 MBT; ynaneHHast Harpyska, NOOKIIOYEHHas K c6GOp-
HbIM 1IMHAM 110 kB craHuuy, He yYUTHIBaeTCH.

C
=5 .
III-@ Suon ¢ = 5200 MB-A

Xenon C = 2,4

ly1=lyz= .
=400 xm w1 W2 |W3
1m=2001€M
Iw4=250m

[6)
Xy =0,30M W4 £ Up=515kB  K-2/ Uso=115xB

71 T '

3

2 |13/ s/ e 715
IHZ)IHX) K-1 I
Q@ @ =’m 'S &
Gl |62 |63 z)
558 He &

TI; T2, T3 — Syou =630 MB-A AT, AT2 T4 T5 — Suou 7=250 MB-A

u=14% Siom AT =250 MB-A u=10,5%
. K~ ’
GI; G2, G3 — S¥m ¢=58MBA y gy cu=13% G4 G5—S,0uc =235 MB-A
X wduon = 0,242 Uy BH-HH=33 % X wdnou= 0,19

Ux cH—nu =18,5 %

Puc. 3.25. PacyeTHast cxeMa 3/1eKTPOYCTAHOBKH (K IpuUMepy 3.4)
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Gl, G2, G3
Eg=1,13

Gl, G2, G3 G4, G5
&.&=l,l3 E‘G=1p13
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E¢=1,13

Puc. 3.26. DxBHBaJIeHTHas CXEMa 3aMCILECHUA

NpsIMO# TOCJIEOBATEILHOCTH VISl pacyera To-

koB TpexdasHoro 1 asyxdasxoro K3 B 1. K-1 1

nytu ee npeobpasosanus (a, 6, 6, 2) (c uc-

MOJIb30BAHUEM CHCTEMbI OTHOCHTEJIBHBIX €1~
HHUL) K npumepy 3.4

122,4
4
60
2 [l3
120 120
5
75 4
6 1.7 [1.87%-1
58,94 | |58,94 58,94

17 118 [] 19
109,16 j109,16] |109,16

Gl G2 G3
Eg=1,13 . Eg;=1,13
E002= 1,13

Gl, G2, G3

! Gl, G2, G3 G4, G5
Eg=1,13

Eg=1,13

Puc. 3.27. DxBuBaneHTHas cxema 3aMelLEHUsS
NpSIMO#t 10C/IEN0BATENIBHOCTH ISl PACYETA TO-
KOB Tpexda3Horo u asyxdasHoro K3 B 1. K-1 1
nyTu ee npeoGpa3osanus (a, 6, 6, 2) (C uc- e
MOJIb30BAHUEM CHCTEMbI MMEHOBAHHBIX €IM-

HHUL) K npumepy 3.4

Gl, G2, G3 G4, GS
Eg=1,13 Eg=1,13
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2. IIpon3BOAUTCS pacyeT COMPOTUBIIEHUN CXEMBI 3aMEILEHHUS B OT-
HOCHUTEJIbHBIX U UMEHOBAHHBIX eIMHMIAaX MO GHOpMyiaM, NMPUBEIEH-
HBIM B TaGJ. 3.4, npy NpeaBapUTEILHO NMPUHATHIX GA30BBIX YCIOBHUSIX:

B OTHOCUTEJIbHBIX eAMHUUax (0.e.) nNpu

B MMEHOBaHHbBIX eaquHMuax (OM) npu

S6=1000 MB-A Us = Ucls'l =515kB
Ss ~ U
Xe1 = XeyomC SHOMC = X; = XepomC SHOMC =
2
241000 o 2435 14
5200 5200
S, Us
x‘Z = x.z = xyHIWI Z]i = Xy = X3 = xwl[w] ‘U~_‘:2'p—l- =
52
=0,3~400-1—0—02=0,45 =0,3-40051 =120
5152 5152
Ss cxp, U8
X4 = xanWJ Ez; = X4 = xynlWJ Ucsz =
1000 5152
=0,3.200— = 0,23 =0,3-200— =60
5152 515?
S Us
Xos = Xy g —— = Xs = Xyplyg —— =
5 ya*Ww 4 Uc2p1 S yn‘w4 Uczpl

= 0,3-2505)—(E =0,28
5152

Uk Ss
- 100 SnouTl
10,5% 1000

7100 250

X9 = Xe10

)

2
-0,3.25025 _ 75
5152

Xg = X7 =X =
u % U?
"100 S0urs
14% 515*
~ 100 630

58,94

_uB U;

- 100 SHOMT4
_10,5% 515
T7100 250

X9 = Xjo

=111,4

s pacyera conporusieHnii AT npeaBapUTENIbHO ONpPECseM:

Ugu% = 0,5(UypH—HH + UxBH—CH — UxcH—un) % =0,5(33 +13 -

-18,5)% = 13,75 %;
160

Uxcu% = 0,5(UypH—cu+ UxcH—HH~ UxsH—nn) % = 0,5(13 + 18,5 -

-33)%=-0,75%;

U % = 0,5(UxpH_HH + UxcH—HH ~ UxpH—cn) % = 0,5(33 +18,5 -

-13)%=19,25%.

Ugu® S
100 S,
_13,75% 1000
T 100 250

Xy =X, =
0,55

Ueeu®  Se
100 S, ur

_ 0,75 % 1000 ~0,03~0
100 250

X3 = Xo4 =

Uuu  Ss
100 S,
19,25% 1000 _
100 250

Xots = Xu16 =

X7 =Xgg = X9 =
Ss

L4
= XdanomG1I S =
HOMG |

=0, 2421-0—02 =0,41
588

Xap = Xoyy =
S

SHOM(N

= 0,191@ =0,81
235

L]
= XdenomG4

2
Uepu?% Ug

Xy =Xy = =
11 12 100 Sporr
2
_ 13,75% 515 - 145,87
100 250
u ey Ul
X3 = X4 = L
100 S,ouur
2
_ 0,75% 515 ~7.96 %0
100 250
Uuu® U2
Xis = X6 = HH— -6 -
100 SHouAT
2
_D2B%315 04 9
100 250
X7 = Xjg = X9 =
. Ué
= XdenouG1 S =
HoMG ]
2
=0,242 §£ =109,16
588
X =X =
, A
= Xdenom =
‘ o SuouG4
515?

=0,192 = 214,43
235

Jna ynpoueHus 0603HaYEHUH faiee UHIEKC «*» OIyCKaeM.
[TonyyenHpie BETMYMHBI COMPOTHBIEHUH TPOCTARNAIOTCH Ha CXe-

M€ 3aMCLUECHMUSA:

Ha puc. 3.26, a — B OTHOCHUTEIbHBIX €OIUHMLIAX;

Ha puc. 3.27, a — B UMEHOBAHHBIX eqUHHUIIAX.

3. CxeMa 3aMelLeHMs YIPOLIAETCS OTHOCHTENBHO T. K-1 ¢ y4eToM
BO3MOXHBIX IyTe# rpotekaHust TokoB K3 ot uctoynukos K Mecty K3.
ConpoTHBIEHHUS X5 U X;6 ipu 3ToM K3 TOKAMH He 06TEeKaIOTCS M U3

CXEMBI 3aMCLICHUS UX HCKITIOYAEM.

A. Henonv3osanue cucmems omrocumensubix edunuy (cm. puc. 3.26, a).

6 Poxxosa
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OmnpenensieTcsd pe3yJbTUPYIOLIee COPOTUBIEHUE CO CTOPOHBI CH-
cremol 10 T. K-1:

1

= Xa(x4 + X5)
Xp=X+ty———=

5X2 + X4 + X5

10.45(0,23+0,28)

=q%+f
50,45+O,23+O, 28

=0,62 o.e. (puc. 3.26, 0).

Pe3ynpTHpylolliee CONPOTUBIEHNE BETBH ONHOTHUITHEIX TeHEPaTOPOB
G1, G2, G3 cyMMapHoOit MoIHOCThIO 588 X 3=1764 MB-A 10 1. K-1
COCTaBHUT

Xy = %(xs +Xp7) = %(0, 22 +0,41) = 0,21 o.e. (cM. puc. 3.26, 6).

Pe3ynsTUpyIollee CONMpPOTHBICHWE OTHOTUITHBIX reHepaTtopoB G4,
G5 cyMMapHO# MOIIHOCTBIO 235 %X 2 = 470 MB A o mmms 115 kB craH-
LIMM COCTaBUT

Xos = %(x9 +Xp) = %(0, 42+0,81) = 0,62 o.e. (cm. puc. 3.26, 6).

ComnpoTHUBJIEHHE ABYX MapaUIeJIbHO BKJIIOYEHHBIX aBTOTpaHchop-
MatopoB AT1 u AT2

X5 = —;—(x“ +Xx3) = %x,, = -;—0,55 =0,28 o.e. (puc. 3.26, 6).
Pe3ynbsTHpylolliee CONMPOTHBIEHHE BETBH reHepatopos G4, G5
moT. K-1:
X26= Xpa+ Xp5= 0,62 + 0,28 =0,9 o.e. (puc. 3.26, o).

OKOHUAaTeJIbHas CXeMa 3aMelleH s U pacyeTa TOKOB TpexdasHo-
ro K3 B 1. K-1 npexcrasneHa Ha puc. 3.26, 2. Pacuet TokoB K3 npousse-
IeH B Tabi. 3.19.

Tab6nuua 3.19

Pacuernas Tabauna Tokos Tpexgasnoro K3 B 1. K-1 npn pacuere conpo-
THBJCHHH CXEMB 3aMEINEHHSI B OTHOCHTEJbHBIX eJHHHuaX (o.e.)

Touka K3 K-1
Ba3oBasg MOULIHOCTb Sg, 1000
MB-A
CpenHee HamnpspkKeHue 515
U,, kB
162

Oxonuanue maba. 3.19

Touka K3 K-1
HcrouHuku Cucrema (G1+ G2+ G3) (G4+ GS5)
HomunansHas 5200 588-3=1764 235-2=470
MOLUHOCTb HCTOYHMU-
KOB S,on, MB-A
PesynbTHpylomee X=0,62 x3=0,21 x2%=0,9
CONPOTUBJIEHHE
Xupes, O.€.
Ba3ossiit TOK 1000
S =112
Ig=—22—, KA V3515
J3U,
E; (cM.1abn. 3.2) 1,0 1,13 1,13
1:‘1%)= E! I,, XA 1-1,12=1,81 1,13-1,12:6’03 l,l3-l,12=1’41
Xupes 0,62 0,21 ,
= S ommcr XA 5200 584 1764 -1,98 470 0,53
3uU,, J3.515 J3.515 \3.515
1(3)
—u0 L—81=0,31 6’03=3,04 141 =2,66
 f— 5,84 1,98 0,53
7= (0,01 + . 5 o), € 0,01 +0,025=0,035c
¥e, (CM. pHC. 3.8) 1 0,98 0,985
IR =v.IQ, A 1,81 6,03-0,98=5,91| 1,41-0,985=
=1,39
kyy (cM. TaG11. 3.6) 1,85 1,973 1,935
T,, ¢ (cM. Ta6i. 3.6) 0,06 0,35 0,15
i® =2k, IQ, kA |N2-1,85-1,81 =|2-1,973-6,03 =| /2-1,935.1,41=
—472 =16,78 =3,85

e‘f/n

e—0.035/0,06 = 0, 56

e0.035/035 0 g

e—0,0JS/O,IS - 0, 79

9 = JAIe/m, kA

V2-1,81-0,56 =

=1,43

J2.6,03.0,9 =
=7,65

J2-1,41.0,79 =
=1,57
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E. Hcnoav3oearue cucmembt UmeHo8aHHbIX edunuy (cM. puc. 3.27, a).

Okonyanue maba. 3.20

IMopsmoK pacyeTa TOT Xe, YTO M B BapuaHTe A: Touka K3 K-1
1 1 3)
= X3(x4 + X5) 5120(60‘*‘ 75) I ﬁ=o,31 _6£=3’03 l’ﬂ=2,67
Xy = X + =122,4+ = Tooner 5,84 1,98 0,53
2 =120+ 60+ 75
S X2+ Xa+Xs > 1=(0,01+1, 5 orua), © 0,01+0,025=0,035
=163,940Mm; | (puc. 3.27, 6) Y. (cM. puc. 3.8) 1 0,98 0,985
X9y = L (x + x17) = £(58,94 +109,16) = 56,03 Ow; I® =y, I8, xA 1,82 6,0 0,98 = 5,88 |1,42-0,985=1,39
3 3 k,;, (cM. Tab1. 3.6) 1,85 1,973 1,935
U %(1 11,4 +214,43) = 162,92 Om; T, c (cM. Taba. 3.6) 0,06 0,35 0,15
2 | ‘ i@ =2k J®, kA [V2-1,85.1,82 = | V2-1,973.6,0 = | 2.1,935.1,42 =
Xp5 = l(x“ +X3) = %x“ = 5145,87 =72,94 Om (puc. 3.27, 6); =475 =16,69 = 3,87
2 e-t/To e 003/006 _ (56| 00%5/035 _ 9 | g-0035/015 _ () 79
= Xpu+ Xps= 162,92 + 72,94 = 235,86 OM (puc. 3.27, 2).
Xa6= Xout X3 i =2 IQe /%, kAl 2 1,82-0,56 = | v2.6,0-0,9= |3.1,42.0,79 =
Ucronb3yst OKOHYATENbHYIO CXEMY 3aMelleHus (cM. puc. 3.27, o),
pacueT TokoB Tpexdastoro K3 B 1. K-1 mpouspoaum B Tabi. 3.20. =1,44 =17,61 =1,58

Ta6auna 3.20
Ta6nauua 3.21

Pacuernas Ta6anna Toxkos Tpexdasnoro K3 B T. K-1 npu pacuere

CONPOTHBJICHHH CXeMB 3aMellleHHsl B MMEHOBAHHBIX eaunuuax (Om) Connas TaGauua pesyasTaTos pacieros Tokos Tpexdasnoro K3

Toku Tpexdasuoro K3, kA
K-1 Touka| Uy,
Touxa K3 K3 |xB|  Merounk Q1o @ | V219 i
Ba3soBoe (cpenHee) 515 n ™ =
uanpsxenue Us, KB K-1 |515| Cucrema 1,81]1,811,4314,72| \2.1,81+1,43 = 3,98
HcroyHuKHU Cucrema (G1+ G2+ G3) (G4+G5) (G1+ G2+ G3) 6,03|5,91| 7,65(16,78| /2. 5,91+7,65=15,98
HoMuHanbHast 5200 588-3=1764 235-2=470 (G41G9) 141]1,39] 1,57 [ 3.85 | v3.1.39+ 1.57 = .53
"-
:g:l;oabr\l;g?:“ PacyeTHbie 3Have-[9,25(9,11{10,65/25,35 23,49
How> HUS 111 BLIGOpa
PesynbTHpyiOlLEe x=163,94 X3=56,03 X,6=235,86 371eKTPoo6OpyIO-
CONPOTHUBJIICHHUE Xpe3s BaHUA B LIENU
OM BBona 500 kB AT
E’ (cM.Tabn. 3.2) 1,0 1,13 L13 (sona I
o_ EUs ., 1,0-515 1,13-515 1,13-515 - K3, ve
19 - =8 = = . = POaHATM3UPOBAB NPOBENEHHbIE pacyeTsl TOKoB K3, yGexna-
ngp,, V/3.163,94 V356,03 V3.235,86 EMCsl, YTO PE3YJbTAaThl MOMYYHIUCh MPAKTHYECKH OMMHAKOBHIE (pac-
=1,82 =6,0 =1,42 XOXIEHHE B COTBIX 0JISIX OGYCIOBNEHO MOTPELIHOCTHIO PACYETOB).
1764 470 PesynbraTel pacueToB TokoB Tpexdasnoro K3 ceenens B Ta6. 3.21.
p _ Sowrer o | 3200 _ 54 =1,98 =0,53 JUnst oripesieNeHyst HaYaTBHOIO NEHCTBYIOMIETO 3HAYEHMS! EPHOIHU-
BN T/ J3.515 J3.515 V3515 4ECKOH cocTarysmomIeH Toka nipu AByxbasznom K3 1@ . K-1 npu-
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HUMAaEM, YTO Xppe; = Xipe; U BOCTIONIB3YEMCsl COOTHOLIEHHEM MEXIY TOKa-
MU IBYX- ¥ TpexdasHoro K3, BbIBEIEHHBIM B Ta0J. 3.11, a UMEHHO:

12 0,871,
cnenoBatenbHo, B T. K-1 nMeeM
12 =0,87-9,25=8,05 KA.

ITpumep 3.5. BuIGpaTh rpynmoBoii peakTop Jist OTpaHUYEHMS TOKa K3
B LIEMSAX LIECTH KaGeJbHBIX JIMHUIA, MUTAIOLIMX MOTpeOUTENeH OT WHH
10,5 B reHepaTopHOTO pacTipeeNuTeBbHOro yerpoiictsa TOLI (puc. 3.28).
MaKCHMAIBHBIA TOK NMpPONOJDKUTENIBHOTO PeXuMa paGoTh KaXIOH JIK-
HUAA Loy 1= 290 A. HayasibHOE 3HaYeHHe MEPHOANIECKON COCTABIISIO-
weit Toka tTpexdasHoro K3 Ha umnax I'PY 10,5 xB (1. K-1) cocraBnser
IK1 = 58 KA. KabenbHble IMHUM MOQKTIOYAIOTCA C TIOMOLLBIO STIeeK KPY,
B KOTOPHIX YCTAHOBJIEHBI BAKyyMHBIE BBIKITIOYATEM TUIA BB®-M-10-
630-2Y3, UMEIOLIMEe HOMUHATbHBIA TOK OTKIMOYEHHS Lo nou=20 KA,
cOBCTBEHHOE BpeMsl OTKIIoYeHH 7, ,= 0,02 c. JIuHNM BBINOHEHBI TPEX-
KITbHBIM KabeeM ¢ AMOMUHHMEBBIMU XIWIAMH CEUEHUEM Gran = 185 MM?
¢ Lon= 310 A. Ha TMHMAX YCTAHOB/IEHBI MAKCHMAJTbHBIE TOKOBBIC 3alllf-
THI C BbIAEPXKOM BpeMeHU. [ToHOEe BpeMsi OTKIIOYEHHUS K3 npunars
Ies.omen™ 1,0 c.

PewmeHue. 1. BcoorseTcTBHH C 3alaHMEM HAMEYAEM K YCTAHOBKE
B TPV 10,5 kB chnBoeHHble peakTOphl BHYTPEHHEW yYCTaHOBKM THMMa
PBC-10-2 % 1000, paccyutaHHble Ha U= 10 KB, Lo\ per= 1000 A.

Pacripe/ieTiB paBHOMEPHO LIECTb KaGeIbHBIX THHUA MEXIY IBYMA
BETBSIMU PEaKTOpa, IPOBEPUM 3arpy3Ky KaXIOil BETBH.

Tnax ser= 3Imax 1xw™ 3290 =870 A < Loy per= 1000 A.

—-———-—K% TPY 10,5xB
PBC-10-2x1000-0,35

4
A Xz A
% ; @ %Q, Iorxnnon =20 KA

Gerana = 185 MM2
1—3 kw 4—6 xw

Tnax 1w =290 A

Puc. 3.28. [TosicHAIOLas cxeMa K npumepy 3.5
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2. Tenepb HEOGXOMUMO paCCYMTATh TPeGyeMOe COIIPOTHBIIEHHE pe-
aKTopa.

ITo dopmyne (3.50) onpenenuM pe3yabTHPYIOIEE CONPOTHBIIEHHE
uenu K3 no Mecra yctaHoBKHM peakTopa (no 1. K-1):
i o U _ 105
J3IKT  |J3.58
3. ITo dopmyne (3.51) onpenenum TpeGyeMoe CONPOTUBIIEHHE LEMH
K3 mna cuuxenust Toka K3 10 TpeGyeMoi BeTHYMHBL g pes:
K2 Uy _ 10,5
Pamed © BIK2 T \3.15,14

0 Tpe6
roe / ,5%',21,55 — HauMeHblIee 3HaYeHHe TpedyeMoro Toka K3 3a pe-
aktopoM (1. K-2), onpefeseHHOE 1O IBYM YCIOBHUSM:
a) no ¢dopmyne (3.52), ucxons U3 OTKIIOYAIOLUEH CITOCOOHOCTH
BHIKTIO4Yateeit BBD-M-10-630-2Y3, ycraHOBIEHHEIX B syeiikax KPY,

5 Lomnon {1+ Bonop) _ 20(1+0,5
e == el = Q) 15,96 xa,

l+e 023
roe T=0,01 + £ ; orn=0,03 c; 7,=0,23 c omnpeneneHo no Tabdn. 3.6;
Bavopw = 0,5 (WK By, = 50 %) — 1o puc. 4.36.
6) nmo ¢popmyne (3.53) — U3 TepMHUUYECKOM CTOMKOCTH Kabeseii:
k2 _ deraaCr-107 _185-90-10-3
1, n0 Tpe6 — =
torn + T J1+0,23
roe C,=90 A-c'2/mMM%; onpeneneHo no Tabm. 3.17.
4. OnpepensieM CONpOTURIIEHHE peakTopa o ¢opmyie (3.54):
Xrpe6LR = x"fe;zmﬁ - X;[,(c;l = 0,4 - 0,105 = 0, 295 OM.

5. ITo karanory BeiGupaeM peakrop PBC-10-2 % 1000-0,35, y xoto-

Poro Xyomrr= 0,35 OM > xp,e6.2= 0,295 Om. ITapamerpnl cBoaMM B
Ta6i. 3.22.

6. PaccuutriBaeM Toku K3 3a peaktopoM (T. K-2 win 1. K-2°):

1§ =15 = Uey - 105
V3K + xuomr)  V3(0,105 +0,35)

=0,105 Om.

X

=0,4 Om,

=15,14 kA,

=13,34 KA;

Taénuuna 3.22

Tox Tok Bpems
Koaddu- | IMorepu AZJ:;KJE‘?;_ TepMHuye- | TepMuye-
Tun LUMEHT Ha ¢azsy, KO CKOM CKOM
CBSI3U KBr . CTOIKO- | CTOMKO-
CTOIiKO-
o, KA CTH, KA CTH, C
PBC-10-2x1000-0,35 0,55 11,5 37 15 8
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iK? = 2IK%,, =2-13,34-1,956 = 36,79 KA;
0,03

iK? = J2I%% R = J213,34e 0B = 16,51 KA,

rae ky,=1,956 u T,= 0,23 c onpeneaeHs no Tabm. 3.6.

7. BeIOpaHHBIN peakTOp MPOBEPSACTCA:

a) Ha 2JIeKTPOAMHAMHYECKYIO CTOMKOCTB B pexxume K3 no ¢popmy-
ne (3.58):

iX2 =36,79 KA < iy, =37 KA;
6) Ha TepMHYECKYIO CTOHKOCTb B pexxume K3 1o dopmyie (3.59):
Be = (I52) (tomn + T2) = 13,347(1,0+0,23) =
= 218,88 KA2-C < By = 25t =157 -8 =1800 kA%-c.

OcTaToyHOe HanpsDKeHMe Ha IIMHax reHepatopHoro PY nmpu K3 3a

peakTopoM orpezesiercs o ¢opmyre (3.60)
K-2 .
Uoc‘l'% = XyoMLR '\/—3‘%100 % = 0,:'}5.\/—i1(')!"35;3i
=76,93% > 65%U,om>

yTO COOTBETCTBYET TpeboBaHuaM ITYD.

BoIGpaHHBINA PEaKTOp YIOBJIETBOPSET BCEM NPEXBABISEMBIM Tpe-
GOBaHMSIM M NMPUTOJEH VIS YCTAHOBKM B 3aJaHHOM LIETIH.

100 % =

KoHTpo/bHbIEe BONPOCH

1. KakoBbl IPMYMHBI BO3HMKHOBeHUsT K3 B 2)IeKTpOyCTaHOBKAX?

2. YeM omnpeneNsAeTCs HAIMYUe TEPUONUYECKON M anepHONUYECKON co-
craBnsioux B Toke K3?

3. Jaiite onpenesyieHue yaapHoro Toka K3.

4. Kakoshb! nocieicTBUsi BO3HMKHOBeHHs K3 B cucTeMe COGCTBEHHbBIX HYXI
3JIEKTPUYECKUX CTAHLMIA? 5

5. Kaxoit 2¢peKT naeT MpUMEHEHUE B SHEProcHCTEMax GHICTPONCHCTBYIO-
LHX YCTPOMCTB pesieifHOM 3aLUThl U OTKIIIOYaIOLHUX anmnapaToB?

6. Kakue Buabl K3 Bo3MOXHBI B ceTsIX ¢ 3(pdHeKTUBHO 3a3eMJIIEHHBIMU U
He3a3eMJIEHHBIMM HeiTpansaimu?

7. U3noxuTe cyTh METOAMKHU NMPOBEPKU TEPMUUECKOM CTONKOCTH NCKTPH-
YeCKMX annapaToB M TOKOBEIYLUHUX YacTei.

8. YeM onpeniessieTcst HeOGXOIMMOCTb CHIDKEHUS! BEJIMYMH TOKOB K3 B 3Hep-
rocucreMe? KakoBbl IyTH UX CHIDKEHUSA?

9. B yeM COCTOAIT NPEUMYLIECTBA TIPUMEHEHHUS CIBOEHHBIX TOKOOrPaHUYM-
BAIOLLMX PEaKTOPOB Nepel ONUHAPHBIMU?

10. Iepeuncnute npucoenuHenus TOII, roe uenecoobpasHa ycTaHOBKa
TOKOOTrpaHUYMBAIOILUX PEaKTOPOB.

11. Kak onpegensieTcsi BEIMYMHA OCTATOYHOTO HANpPSXEHUs Ha COOPHBIX
umHax npu K3 3a peakropom? [lis 4ero HEOGXONMMO €0 ONPENeATh?

I'nasa 4

DJIEKTPHYECKHUE AIIITAPATHI
A TOKOBEAYIIUE YACTHA

4.1. PacyeTHble YCJIOBHA AJIfi BBIOOpA MPOBOAHMKOB
H annapaToB MO NPOAOJDKHTENbHBIM PEXHMAM PadoOTHI

IIpodoascumenvrutii pexcum pabomst 31eKmpomexHu4ecKo20 ycmpoui-
cmea — 3mo pexcum, npoooANCAIoOUULICA He MeHee, Yem HeobX00UMO 0aa
docmucerus yCmaHo8uUsWelics memMnepamypol e2o yacmei npu Heusmek-
HoOlI memnepamype oxaaxcoaroueli cpeos..

ITponomKUTeNbHBIHA peXXUM paboThI ANEKTPOTEXHMUUECKOTO YCTPO-
CTBa MMEET MECTO, KOTia SHEPrOCUCTEMA WIIM 3JIEKTPOYCTAHOBKA Ha-
XOOMTCSl B OMHOM M3 CJIEXYIOLIUX PEXHMOB: HOPMAJIbHOM, PEMOHT-
HOM, TIOCJIEaBapUITHOM.

HopManbHEIH pexXMM — 3TO TAKOH peXHUM pabOTH IJIEKTPO-
TEXHUYECKOTO YCTPONCTBA, MPU KOTOPOM 3HAYEHMS €ro rapameTpoB
HE BBIXOJSAT 3a MpeAesbl, JOIMYCTUMBIE NMPU 3aJaHHBIX YCIOBHSX 3KC-
IUTyaTalluH.

B HOopManbHOM pexume PYHKIIMOHUPYIOT BCE 3JIEMEHTHI JaHHOM
3JIEKTPOYCTAaHOBKM, 0€3 BBHIHYXIEHHBIX OTKJIIOYEHHUM M 6e3 repe-
Ipy30K. TOK Harpy3ku B 3TOM peXHMe MOXET MEHSATHCS B 3aBUCH-
MOCTH OT rpaduka Harpy3ku. [l BeIGOpa anmapaTtoB ¥ TOKOBELY-
HIMX YacTed clenyeT MPUHMMATh HauMOONbIIMHA TOK HOpMAaJIbHOTO
pexuma Lyopy.

PeMOHTHBIH pEeXHMM — 3TO PeXHUM IUIAHOBBIX NMPODHIAKTH-
YECKMX U KalUTAIBHBEIX PEMOHTOB. B peMOHTHOM peXHMe 4acTh 3J1e-
MEHTOB 3JIEKTPOYCTaHOBKH OTKJIIOYEHA, TO3TOMY Ha OCTaBLIMECS B pa-
60Te 31eMEHTHI JIOXUTCS MOBBILIEHHas Harpy3ka. [Ipu BriGope amnma-
paToB ¥ TOKOBEMYIIUX YacTeil HEOOXONMMO YYMTBIBATH 3TO MOBHILIE-
HHE Harpy3KH 10 Lpey max-

ITocneaBapu#HB# peXHUM — 3TO peXHM, B KOTOPOM 4acTh
3JIEMEHTOB 3JIEKTPOYCTAaHOBKH BHILIUIA M3 CTPOSl WM BBIBEIEHA B pe-
MOHT BCJIEACTBUE aBapUHHOTIO (HEIUIaHOBOro) oTKimo4YeHus. [Ipu sToM
peXrMe BO3MOXHA Meperpy3ka OCTaBLUMXCS B paboTe 3JIEMEHTOB 3JI€K-
TPOYCTAHOBKH TOKOM I35 max-

W3 1ByX mociegHUX peXXMMOB BEIOGHPAIOT HauboJiee TXKEINBIM, KOr-
Ia B paCCMaTPUBAaEMOM 3JIEMEHTE 3JIEKTPOYCTAaHOBKY MPOXOAUT HaM-
6onbIIUi TOK I ,,.
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TaxuM 06pa3oM, pacYeTHBIMUA TOKAMM IPOJOJIXXUTEILHOIO PEXu-
Ma SIBJISIOTCS: Jyopy — HAMOOJIBILIMIA TOK HOPMAJILHOTO PEXUMA; Iy —
HauOOoJIBIIMI TOK PEMOHTHOTO MJIM TOCJIeaBapUItHOTO peXuMa.

PaccMOTPHM HEKOTOphIe KOHKPETHBIE CIydal OIpeneieHUsl pac-
YETHBIX TOKOB.

IHens reHepaTopa. HaubGonblinit TOK HOPMAJIBLHOIO peXuMa
MPUHUMAETCS TIpU 3arpy3Ke reHeparopa JO HOMHHAIbHOM MOIIHOCTHU
P\, TP HOMHUHAJIBHOM HAIPSKEHUH U COSQy0p

PHOM

V3 U om €OS @ion

HauGonpiinit TOK MnocjaeaBapuitHOrO MJIM PEMOHTHOTO peXHMa
ONpeeNseTcs NPY YCIOBUM paboTHl TeHepaTopa IMpH CHUKEHHM Ha-
MpsXeHUs Ha 5%

4.1)

IHOpM = IHOM.I‘ =

Imax = PHOM .
V3U 00,9508 Qyon
B KOHKpeTHBIX ycnoBusx I,,,, MOXeT GBITh OINpenesyieH npu pabore
reHepaTopa C TOBBILIEHHONW TOKOBOW HAarpy3Koi 3a CYeT YIy4lIeHUs
CHCTEMBI OXJTaXIeHHS (TTOBBIIIEHHE AABJIEHUSI BOJOPOAA U Ip.).
Ilemr nByxoO6MoTOoYHOro TpaHcdopMaTopa CBSI3H
Ha 3nekTpocTtaHuuu. Co cropoust BH 1 HH npuHumator

. S
Lopu = IHOM.T = HoH 4.3
P \[§UH0M @3

(4.2)

rae S,ox — HOMUHAIbHAas MOIIHOCTb TpaHcdoOpMarTopa.
HauGonpiinit TOK PEMOHTHOTO WJIM MOCJIE€aBapUHHOIO peXHUMa
TMIPUHUMAETCS TPU YCJIOBUU OTKITIOYEHUSI NMapaJUIeIbHO PaboTaOIEro
TpaHcdopMaTopa, KOraa ocTaBLUMifcsl B paboTe TpaHcdhopMaTop MO-
XeT OBITh MEePErpyXeH Mo MpaBWiaM aBapUHBIX JUITUTEIbHBIX WIH CH-
CTeEMaTHYeCKUX reperpy3ok. Kak GbUTO IMOKa3aHo B nofpasn. 2.2, co-
rmacHo I'OCT 14209—85 nnst TpaHcHOpMaTOpOB NOMyCKAeTCs IIUTENb-
Hasl aBapHuifHas mneperpy3ka Ha 40 % u cucTeMatuyeckas neperpys3ka
B 3aBICMMOCTH OT YCJIOBHi1 OXJIaXI€HHUsI, TUTIa TpaHcdopMaTopa U rpa-
¢uka Harpy3ku. Eciiu Heu3BeCTHHI ACHCTBUTENIbHBIE 3HAYEHUS JOTTYC-
TUMBIX TIEPErpy30K, TO B yueOHOM MPOEKTUPOBAHUU MOXHO NMPHHATH

Imax= km‘IHOM.T= (1,3 - 1)4)IH0M.T’ (44)

rae k,, — K03DGULUEHT TMeperpy304Hoii criocoGHOCTH 06OpYyNOBa-
HMUSL.

IHenp TpexoOMOTOYHOro TpaHcdpopmaTopa UJIHU aB-
ToTpaHcdopMaTopa Ha 3JEeKTPOCTaHUHUHU TpexooMoToU-
Hble TpaHchopMaTopel LIMPOKO MpuMeHstoTcsl Ha TOLl B kayecTse
TpaHCc(OpMaTOpoB CBsA3U. B 3TOM ciryyae oHM paboTalOT KaK MOBBIIIIA-
o1IMe, NepelaBas H3GBITOK MOIIHOCTH reHepaTopoB B ceth BH 1 CH.
3arpy3ka uemneit BH, CH u HH 3aBHCHT OT KOHKDETHBIX YCJIOBMIA:
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rpaduka Harpy3ku Ha HH, CH u cxeMbl coemuHeHuMiA 3JIEKTpOYCTa-
HoBku Ha HH. Ilpu 6104HOM coenuHeHuu reHeparopa c TpaHcop-
MaropoM Ha ctopore HH (cM. puc. 5.15) Lopy, Lyow OTIPERENSIOTCS TAK
Xe, KaK B LIeMH reHeparopa.

IIpy monepedHbIX CBA3SIX MEXIy reHepaTOpaMH PacueTHbBIE YCII0-
Bus Ha cropoHe HH u BH omnpenensiorest mo mownoctd Tpascdop-
MaTopa C YY4ETOM ero Meperpysk, T.e.

[HOpM= HOM.T» Imax=(1y3 - 1’4) IHOM.T'

Ha cropone CH, ecmu oTcyTcTBYeT CBA3b C SHEPrOCHCTEMON U
yCTaHOBJIEHO [1Ba TpaHcdopMaropa,

’
Hr

I =—=H
oo = U (4.5)
rie S, — HauGonblIas TMepcreKTUBHas Harpyska Ha CH;
Tax= 2L . 4.6)

Ecnu k mmuaM CH npucoenvHeHa sHeprocucreMa ¥ BO3MOXHBI
neperoxu Mexny BH u CH, 1o

IHOPM= Iuom.r; Imax= (1’3 - 1,4)IH0M.T'

IHens ABYX0oOGMOTOYHOTO TpaHcdopmMaTopa Ha
moncTaH KU Ha cropone BH u HH pacyeTnsie Harpysku onpeze-
JAIOT, KaK NMPaBHJIO, C YYETOM YCTAaHOBKH B MEPCMEKTHBE TpaHCHOP-
MatopoB cienywoueit no wkane FOCT HOMUHAIBHO MOIIHOCTH S,
[5.2, nonpasn. 4.4]: onr

Fyopw = (0,65—0,7) Stous_,
opm = ( ) B, 4.7)
Tay = (1,3—1,4)M. (4.8)
BU,.,

Ileny TpeXO6GMOTOYHOTO TpaHcdopMaTopa Ha mon-
cTtaH UM u. Ha cropore BH pacueTHbIe TOKM ONpeneNnsioT no ¢popmy-
Jam (4.7) u (4.8).

Ha cropore CH pacueTHbIe TOKM IPH BYX YCTAHOBIEHHBIX TPAHC-
¢dopMaropax:

[Ho o = _i_
™= B 4.9)
Loax=2Lyopu, (4.10)

e S, — NepcreKTUBHas Harpy3ka Ha CH Ha 10-meTHuii nepuon
[5.2, mompasn. 4.4].

LHenp aBTOTpaHChOpMaTopa Ha MOACTAaH MU Ha cro-
pore BH u CH pacyetHsle Toku onpenensior no (4.7), (4.8), Tak Kak
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aBTOTpaHC(HOPMATOP MOXET ObITh MCTOJIB30BaH IUISl CBS3M ABYX CH-
cTeM U mepetokoB momHoctu kKak u3 BH B CH, Tak u B o6paTHOM
HanpasieHun. Ha cropone HH pacyeTHble TOKH ONpEAEIIAIOT IO Nep-
CTeKTHBHOM Harpyske no ¢opmynam (4.9) u (4.10).

Ilens nuHuu. Eciu TMHUS ONMHOYHas, paguaibHasg, TO
Liopw= Imax OTIPEMENSAETCS 110 HAUGOMBILIEH HATPY3Ke JINHUM.
JU1s1 IBYX MapajuteNIbHO paGoTaloLIMX JIMHUM

S,
IHOpM = ﬁ; Imax=21HopMa

rae S, — HauGoJbIIasi MOIIHOCTb MOTPeOUTENEH, PUCOENUHEHHBIX
K JIMHUSIM.
JInst n mapauteNbHbIX JTUHUN

S,
Lo = —22—; 11
P nBU o @.11)

n
Ry 4.12
Imax n-1 op ( )

Ilenu CEXIIMOHHBIX, LIMHOCOEAUHHUTEIbHBIX BBIK-
noyaTenei, c6OpHBIEe UIHHEB. TOK HODMIBHOIO peXnMa OIl-
pezensieTcs ¢ y4eToM TOKOpacrpenesIeH)s Mo KWHAM NpH Hauboee
He6IaronpUsATHOM 3KCIUTyaTallAOHHOM pexXuMe. TakuMU peXUMaMH
SABISAIOTCS: OTKIIOYEHHE YaCTH TeHepaTOpOB, NMEPEBO OTXOMAIIHX JIN-
HMIf Ha OOHY CUCTEMY IIMH, 2 UICTOYHUKOB MUTAaHUS — Ha APYTYIO.
OGBIYHO TOK, MPOXOAALIMI Mo COOPHHIM IIMHAaM, CEKUMOHHOMY H
IIMHOCOEXMHUTEIPHOMY BHIKJIIOYATENSIM, He TIPEBBIAET I, CAMOTO
MOIIHOTO TeHeparopa Wid TpaHcdhopMaTopa, NMPHUCOCAMHEHHOIO K
5THM LUMHAM.

[ens rPYyNNoBOro CABOEHHOTI0 peakTopa. BHopMaib-
HOM pEXHMe BETBH PeaKTopa 3arpyXeHsl paBHoMepHo. HanGomsiumit
TOK HOPMAJIBHOTO PEXHUMa ONpPENENsSeTCs MO Harpy3ke NpMCcOeAUHEH-
HBIX K BETBM IOTpeOHTEIEIH:

S,
IHOpM = 73"5:{:- (4.13)
B nocieaBapHifHOM WIM DEMOHTHOM PEXHME TNpH OTKIIOYEHUH
ONHOH M3 TIOTPeOGUTENBCKUX JIMHMIM, IPUCOETNHEHHBIX K BETBU Peak-
TOpa, HArpy3Ka APYTOi BETBU MOXET COOTBETCTBEHHO BO3PACTH, MO-
3TOMY

n
Imax = ;’—_—IIHOpMa

e n — YUCIIO IMHUH, NMPUCOEIUHEHHBIX K OJHOH BETBM peaKkTopa.
IIpu npaBWIBHO BEIGPAHHOM peakTope Ip,, HE MPEBBIIAET HOMH-
HaJIBHOTO TOKA €T0 BETBU.
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B 3axiioueHHe HalTOMHHMM, YTO YCJIOBHS IJIsI BRIOOpA arimapaToB U
TOKOBEIyLIMX YacTed Mo aBapuiiHOMY peXuMy (KOPOTKOMY 3aMbIKa-
HMIO) pacCMOTpeHHI B rioapasa. 3.10.

4.2. IlIunbl pacnpeneHTENbHBIX YCTPOHCTB H CHIIOBBIE Ka0eJH

4.2.1. Tunbl NpOBOAHAKOB, NPUMEHAEMbIX B OCHOBHBIX
3JIEKTPHYECKHX Hensax

OCHOBHOE 3JIEKTPHYECKOE 000pYyIOBaHHE 3JIEKTPOCTAHIMMA U TTOJI-
CcTaHUMI (reHepaTopsl, TpaHCGHOPMATOPHI, CHHXPOHHEIE KOMITEHCA-
TOpBI) M ammapatbl B 3THX LEMsX (BBIKIIOYATENH, pa3beAUHHUTEH U
IIp.) COEOUHSIIOTCS MEXIY CcO0O0i NMPOBOTHMKAMM Pa3HOIO THIA, KO-
TOpBIe 06pa3ylOT TOKOBEAYIIME YACTU INIEKTPHYECKON YCTaHOBKH.

PaccMOTpUM THITBI IPOBOXHUKOB, TPUMEHSIEMBIX Ha 3JIEKTPOCTaH-
mmsx U noacraHuusx. Ha puc. 4.1 ynpoineHHo, 6e3 pasbeIMHUTENEH,
rnokasaHbl a5ieMeHTHI cxeM TOIl, KOC u noacraHumu.

IHenp redepatopa Ha TIOII (cMm. puc. 4.1, a). B npenenax
TYpOMHHOIO OTIEJNIEHUS OT BHIBOJOB reHeparopa G no dacamHoi cre-
Hbl (yyacToK AB) TOKOBeaylIre YacTH BBHIMONHSIOTCA IIMHHBIM MOC-
TOM U3 XECTKHX TOJIBIX ATIOMHHHEBHIX UIHH WIM KOMIUIEKTHBIM ITO-
$ha3HO 3KpaHUPOBAHHBIM TOKOIIPOBOAOM (B ILIETISIX TEHEPATOPOB MOLII-
HocThio 60 MBT u BhlIe). Ha yyactke BB MexXny TypOUHHBIM OTHENE-
HHMEM M [JIaBHBIM pacrpenenuTteabHbIM yeTpoiictBoM (I'PY) coenune-
HHE BBITIOJIHSETCS IIMHHBIM MOCTOM, TMOKHM ITOABECHBIM TOKOIIPO-
BOJIOM WJIM KOMIUIEKTHBIM TOKOTIPOBOJOM. KOHCTpYKIIMHU 3THX COeNM-
HEHMI pacCMOTPEHHI B rofpasi. 6.5 (cM. puc. 6.18, 6.19, 6.22). Bce co-
eIWHEHHUs BHYTpH 3aKpriToro PY 6 — 10 kB, BKIIoYast cGOpHEBIE IIMHEI,
BBINOJHAIOTCS XECTKMMHU TOJILIMUA aTIOMHHHEBBIMHU LIMHAMH NPSIMOY-
TOJILHOTO WK KopoGyaToro ceyeHust. CoenuHenue ot I'PY 10 BeIBO-
IoB TpaHchopMaTtopa cBsa3u 11 (yyactok UK) ocyiiecTBngercst IIWH-
HBIM MOCTOM, THOKHMM IOIBECHBIM TOKOTIPOBOAOM WMJIN KOMIUIEKTHBIM
TOKOINPOBOJIOM.

TokoBenywue yactu B PY 35 xB u BbIlIe OOBIYHO BBIMTOJHSIIOTCS
crajieaTlloMUHUEBBIMM TpoBogaMu AC. B HEKOTOPBIX KOHCTPYKLIMSX
OPY yacTb WIH BCSI OLIMHOBKA MOXET BHIMOJHATHCS ATIOMUHUEBHI-
MH TpyOGaMM.

IIenr TpaHchopMaTopa COOCTBEHHBIX HYXJ
(cM. puc. 4.1, a). Ot crennl I'PY 10 BeIBOAOB 72, yCTAHOBIEHHOIO BOIM3H
I'PY, coenuHeHHe BBIMONHAETCA XECTKMMH ATIOMHHHEBBIMM LIMHA-
Mu. Eciiu TpaHchopMaTop coGCTBEHHBIX HYXX YCTaHaBIMBaeTcA y ¢da-
CaJiHO# CTeHHI IJIAaBHOTO Kopiryca, TO y4yacTok I'Jl BEIMONHsIETCA THO-
KHM ToKompoBogoM. OT TpaHcdopMaropa IO pacrpeneauTeIbHOro
ycTpoiicTBa cO6CTBEHHBIX HYXN (ydyactok EX) npumeHsiercs kabesn-
HOE COeIMHEHHUE.
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Puc. 4.1. K BpiGopy NpOBOAHHUKOB B OCHOBHBIX 3JIEKTPHUUYECKHUX LIEMAX:
a — 3neMeHTH cxeM TOL; 6 — KOC u ADC; ¢ — noacraHuuu
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B nenmax anuHuit 6—10 xB Bcg OLIMHOBKA O peakTopa H 3a
HHMM, a Takke B mIKadax KPY BeINoNHEHa NPAMOYTOJIbHBIMH QJTIOMM -
HHeBbIMM 1IMHAMU. HemocpelcTBEHHO K MOTPEOUTENIO OTXONAT Ka-
OeNbHBIE JTUHUH.

B 6510ke reHepatop—TpaHcdopmaTtop Ha KOC yuyac-
ToK Ab M ornaiika K TpaHchopMaTropy coGCTBEHHBIX Hyxn BT
(cM. puc. 4.1, 6) BHIMOJHSIIOTCS KOMIUIEKTHBIM MO(a3HO 3KpaHHPO-
BaHHBIM TOKOIIPOBOIOM (CM. puc. 6.19).

Hns yyactka EJl ot T2 no pacmpeneMTeIsHOTO yCTPOMCTBa CO6-
CTBEHHBIX HYXI MPUMEHSETCS 3aKpHITHIH TOKONpoBoa 6 KB.

B uenu pesepBHOro TpaHchopMaTopa COGCTBEHHBIX HYXI Y4aCTOK
K3 MoxeT OBITh BHIITOJIHEH KaGeneM WIM TMOKHUM IpoBoaoM. BeiGop
TOTO WIH JPYroro Crocoda coeJUHEeHHS 3aBUCUT OT B3aMMHOTO pac-
nonoxeHus: OPY, rraBHoro Kopmyca #u pesepBHoro 73. Tak Xe Kak
Ha TOII, Bcst omtmHOBKa B PY 35 kB M Bhlllle BHINTOJTHSETCS IMTPOBOJA-
mu AC.

Ha moactaHUuuMsAX (B OTKPHITOH 4YacCTH) MOTYT NPUMEHSTHCS
npoBoga AC WiIn XecTKas OLIMHOBKAa aTIOMMHUEBEIMU Tpyoamu. Co-
eIMHeHUe TpaHcopMaTtopa ¢ 3akpHITHIM PY 6—10 kB unu
¢ KPY 6—10 xB ocyuiecrisieTcss THOKMM ITOIBECHBIM TOKOIIPOBO-
IIOM, IIHHHBIM MOCTOM HJIM 3aKPBITHIM KOMIUIEKTHBEIM TOKOITPOBOIOM.
B PY 6 — 10 kB npuMeHsteTcs xecTKas OIIMHOBKA.

4.2.2. Boi00p XKeCTKHX IMH

Kak cka3aHo BeILI€, B 3aKpHIThIX PY 6 — 10 kB owmnHOBKa 1 c60p-
HbI€ LUMHBI BBITOJTHAIOTCS XECTKUMH aTIOMHUHUEBBIMM IUMHaMK. Men-
HbI€ LLUMHBI U3-32 BHICOKOIT MX CTOUMOCTH He TTPUMEHSIOTCS JaXe TIpH
6ob1MXx TOKOBBIX Harpy3kax. [Ipu Tokax o 3000 A mpyMeHSIOTCS OTHO-
U ABYXIOJIOCHBIE HIMHEL. [1pH GOMBLIKMX TOKAX PpEKOMEHIYIOTCS LIMHBI
KOpoOYaToro ceyeHus!, Tak KaKk OHH OGECIIEeYHBAIOT MEHBIINE NOTEPH
oT 3¢ dekTa 6;1U30CTH U MOBEPXHOCTHOTO 3dekTa, a TakKKe JTydIIHe
ycnoBus oxnaxnenus. Hanpumep, ipu Toke 2650 A HEOOXOIMMEI aJTio-
MHHMEBBIE IIIMHBI TPEXITONIOCHBIE pazMepoM 60 X 10 MM WM KopoGya-
Thie — 2X 695 MM? ¢ omycTMMBIM TOKOM 2670 A. B nepBoM ciydae
obliee ceueHHe WMH cocTaniser 1800 MM2, Bo BTopoM — 1390 MM2,
Kak BugHO, JomyctuMasi IDIOTHOCTh TOKa B KOpOOYaTHIX LIMHAX 3HA-
yurenbHo 6onbure (1,92 BMecto 1,47 A/MM2).

COopHbie IUMHBI ¥ OTBETBJICHHUS OT HHX K 3JIEKTPUYECKHUM arlnapa-
TtaM (olKHOBKa) 6 — 10 KB M3 NMpOBOAHHUKOB IMPAMOYTOJILHOTO WJIH
Kopo64aToro npo¢uiist KpensTcst Ha OrmopHbIX ¢hapdopoBBIX H30IATO-
pax. llIuHomepxaTenu, ¢ MOMOIIBIO KOTOPHIX IIWHEBI 3aKpEIUIEHBI Ha
H30JI1TOpaxX, IOITYCKAIOT MPOJOJIbHOE CMELIEHHE LIMH NPU MX YIIH-
HeHMH BCiencTBre Harpesa. I1pu Goblioif JTHHe WIHH YCTAHABIMBA-
IOTCSI KOMIIEHCAaTOPHI M3 TOHKHMX IMOJIOCOK TOTO X€ MaTepuaia, 4To U
wHbL. KOHIIBI HIMH Ha U30J1TOpE UMEIOT CKOJb3SIIEE KPEIUIEHHE Yepe3
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Puc. 4.2. DcKu3bl paCHoJIOXEHUS 1LIMH:

a — ropu3OHTaIbHOE; 6 — BEPTUKAIbBHOE; 6 — IO BEPUIMHAM TPEYroNbHHKa; 2 —
KpeIUleHue WHH B y3nax A, B, B: ] — onopHbiit U30a5TOp; 2 — CTalbHas IUIaHKa; 3 —
WKHa; 4 — cTalbHasg pacrniopHas TpyOka; 5 — allOMMHMEBAs IUIaHKA; 6 — LIMWIbKa

MPONOJIbHBIE OBAJIBHBIE OTBEPCTUS U LUNMWIBKY C MPYXUHALLEH 1Iai-
60ii. B MecTax nmpucoeIUHEHHS K arnapaTaMm U3rudaioT IHUHBI WX yC-
TaHaBJIMBAaIOT KOMIIEHCAaTOPHI, YTOOH YCWINE, BOZHUKAlOLee IIpH TEM-
MepaTypHBIX YIIMHEHUSIX UIMH, He NepeAaBaloch Ha amnmapar. SCKHU3b
Pa3THYHBIX CMIOCOGOB PACITONIOXKEHUS IIMH Ha U30JSTOPaxX MOKa3aHbI
Ha puc. 4.2. CoeqHeHHe UIUH IO IJIMHE OOBIYHO OCYIIECTBIISIETCS CBAp-
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Koit. [IprcoenvHeHne aTIOMUHMEBBIX LIMH K MEIHBIM (JTaTyHHBIM) 3a-
XMMaM alrnapaTtoB NPOU3BOAUTCS C MOMOLIBIO MEPEXOIHBIX 3aXHMOB,
NPEJOTBPAILAIOIINX 06pa30BaHUe EKTPOIUTHYECKOH Mapsl Meas —
ATIOMUHHUMNA.

JUts ydueit TeruIooTAAYM M YIOGCTBA SKCIUTYaTAllMHM LIHHEL OKpa-
ITNBAIOT: MPH MIEPEMEHHOM TOKE (a3y A — B XeNThlid, hasy B — B 3e-
neHslit ¥ a3y C — B KpacHBIM 1[BETa; MPH MOCTOSHHOM TOKE ITOJIOXH-
TCJIBHYIO IIMHY — B KPacHBIA, OTPULIATENIbHYIO — B CUHMIA LIBETA.

Cornacho 1. 1.3.28 ITTY3 c60pHBIE LIHHBI 9JIEKTPOYCTAaHOBOK M OLLIU-
HOBKa B TIpeie/laX OTKPBITHIX M 3aKPHITEIX PY Bcex HampspkeHuit mo
9KOHOMHYECKOH IUIOTHOCTH TOKA He MPOBEPSIOTCH.

BriGop ceyeHUs WIMH MPOMU3BOAMTCH MO Harpesy
(Mo nomycTMoMy ToKy). TIpy 3TOM YYHTHIBAIOTCSA HE TOILKO HOpMaJIb-
HBIC, HO M MOC/IeaBapUifHbIE PEXHMMBI, a TAKKe PEXHMMBI B MEPHON
PEMOHTOB M BO3MOXHOCTb HEPAaBHOMEDHOTO PacCTpefe/IeHUs] TOKOB
MEXIy CeKUMAMH LIMH. YCII0BHEe BEIGOpa:

Innax < Lign, (4.14)

Iie Iion — AOMYCTUMBIN TOK Ha IIMHBI BBIGPAHHOTO CEYEHHUS C y4eTOM
TIOTIDaBKH TP PACMONIOXEHUM WMH miamMs (m. 1.3.23 IYD) wiu
TEMINEpaType BO3Ayxa, OTIMYHOH OT MPHUHATOH B TabiaMmax
(Bo.4ov= 25 °C). B mocnemueM ciyuae

ﬂnon - 6o
6non - 15o.m:m

M1t HEM30MMPOBAHHBIX MPOBOJOB M OKPAILEHHBIX IIUH TIPUHSTO
Bpon="70 °C; 84 yon= 25 °C, Torma

(4.15)

I non = I [OMN.HOM

70 -8,
]non = Inon.uou 45 ° (4 1 6)

A€ Lyon oy — JOTMYCTUMBII TOK 110 TaGIHIIAM [1.12] mpu Temneparype
BO3IYXa B, o= 25 °C; 8, — HeiicTBUTENbHAs TeMMepaTypa BO3IyXa.

IIpoBepKa WMH Ha TEPMUYECKYIO CTOHKOCTD Nnpu
K3 npoussonuTcs no ycrnosuio

GKS 'ax.non Wi qmin-<- q, (4 17)

rae 9, — TeMIepaTypa WMH MPU HAarpeBe TOKOM K3; 8, jon — HOMmycC-
TUMad TeMIIepaTypa Harpesa IWHH 1pd K3 (cM. Ta6i. 3.15); g, — Mu-
HUMAJIbHOE CEYEHME MO TePMMYECKOM CTOiKOCTH (opMyna (3.48));
g — BBIOpaHHOE CEeyeHMeE.

IIpoBepka muH Ha 9NEKTPOAUHAMHUYECKYIO
CTOH KO CTb. XecTKue WMHBI, YKpeTUIeHHbIE Ha H30JIATOpax, Mpes-
CTaBJIAIOT COOON <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>