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IHPEAUCIIOBUE

Hacrosas kHura npegHa3HaYeHa A1t CTYJEHTOB CpETHUX CITCLH-
AJIbHBIX YYEOHBIX 3aBEJCHUM, JUII KOTOPHIX TUCITMIUIMHA «DJIEKTPO-
000pyIOBaHME INEKTPOCTAHIINM W MOACTAHIUI» SABJISAETCSI OCHOBHOM
JUCIUILIMHON CHEHATIBHOTO ITUKIIA.

B xHMTE pacCMOTPEHO OCHOBHOE 000PYIOBAHHE 3JICKTPOCTAHIIMI U
MOACTAaHIMI: CHHXPOHHBIE TEHEPATOPEI M KOMIIEHCATODHI, CHIIOBBIC
TpancopMaTopsl U aBTOTpaHCHOPMATOPHI, KOMMYTAITHOHHEIE ama-
paTthl, U3MepUTEIbHEIE TpaHcdopMaTopsl. U3MoxeHa MeTOIUKA pac-
YeTa TOKOB KOPOTKOTO 3aMBIKAHHsI, PACCMOTPEHEI MX JUHAMHYECKOE
A TepMUYECKOE NCHCTBUS, TIPUBEACH BEIOOP TOKOBEIYIIMX YacTeil u
3JIEKTPUYECKMX amapaToB. bonbilioe BHUMaHUE YACICHO aHAIN3Y CXEM
3JIEKTPUYECKMX COCAMHEHUN 3ICKTPOCTAHIIMMA U MOACTAHINH C TOYKM
3peHU UX HAICXKHOCTH U S3KOHOMHUYHOCTH.

B xHure nmpuBefcHE THUIIOBBIE KOHCTPYKIIMH paCIIpeacTUTEILHEBIX
YCTPOMCTB OTKPHITOTO, 3aKPBITOTO ¥ KOMIUIEKTHOTO THIIA.

W3snarass MatepHal, aBTOPH CTapajiiCh MPUBECTH €0 B COOTBET-
CTBHME C HOBBIMM PEUICHUSIMH, MHCTPYKIIMSIMM, PYKOBOASLIUMH yKa-
3aHUSAMH U IPYTHM THPEKTHBHBIM MaTepHuaioM. TeopeTHUeCKMit MaTe-
pHaJI COTIPOBOXKMAETCS PEIICHUEM TIPUMEPOB M BOIIPOCAMH JUISI CAMO-
TIPOBEPKU.

ABTOpPBI BHIPAXAKOT OJIATOMAPHOCTE PeAaKIIMOHHO-U3JATEIHCKOMY
oTaeny BcepOCCHIICKOro 3a04YHOTO SHEPTeTHYECKOTO KOJNIEIXa, py-
koBogumoro H.Jl. YTkuHoi, 3a moMouib B 0HOpPMICHUH PYKOIIMCH.



BBEJIEHUE

OcHOBOI 9KOHOMMKH BCEX MHAYCTPUANBHBIX CTPAaH MUPA SIBJISIETCS
3NEKTpO3HepTeTHKA, XX BEK CTaj NePHOZOM HHTEHCHBHOTO Pa3sBUTHA
3TOM BaXHeHIleil oTpaciy IPOMBILUIEHHOCTH.

Bckope mocne obpazosanug CCCP B OCHOBY €ro 3KOHOMMYE-
CKOM MOJUTUKM OLIJIO TOJOXEHO CO3JaHHWe MOIIHOI 3HepreTuye-
CKoIf 6a3bl HOBOI'0O rocymapcTsa. B 1920 r. 65UT IPUHAT FOCyIapCTBCH-
HBII TIaH anekTpudukanun Poccum — I'OBJIPO, npexycMmaTpu-
BaIOIINH cTPOUTENLCTBO 30 HOBBIX PAaHOHHBIX 3JIEKTPUIECKUX CTAH-
1 o61ueit molHocThio 1750 MBT B Teuenne 10— 15 ner ¢ noBe-
JIEHHEM BbIpaOOTKHU 37eKTpo3Hepruu 10 8,8 TBT -4 B roa. DTOT NIaH
6b11 peann3oBai 3a 10 ner. B 1930 r. ycraHoBieHHAs MOUTHOCTD 3J1€K-
TPUYECKUX CTAaHIIMI cocTtaBuia 2875 MBT ¢ BeIpaGOTKOM 35IEKTPO-
sHepruu 8,4 TBT 4.

OCHOBO¥ IOCNEAYIOIIMX TIAHOB PAa3BUTHA HAPOIHOIO XO3SHCTBA
ABWJINUCH IIPUHLIMITH, 3a10XKeHHBIE B IaHe TOBJIPO. TeMIrel pasBu-
THSA 271eKTposHepreTnueckoii 6a3pl B CCCP 6butH BRICOYAMIIIUMU B MU-
pe U CHIXATHUCh TOJLKO BO BpeMs Bemukoit OTeyeCTBEHHOM BOMHBI
(1941 —1945). Eciu B 1epBble TOABI CBOCTO CylllecTBOBaHUS COBET-
cKast Poccus 1o BIpaGOTKE 3JIEKTPORHEPTHH 3aHUMAIa OTHO U3 IT0C-
JIETHUX MeCT B MUpe, To K 1980-M rr. Cosetckuit Coio3 yeTyna Tolb-
ko CoeauHeHHbIM IlITaTaM AMEpUKH.

JInHaMuKa pocTa YCTaHOBJIEHHOM MOIIHOCTH M BHIPAOOTKH 3JIeK-
Tpo3Hepruu anekrpoctaHMAMU CCCP xapakTepu3syercs Cleayrouid-
MM JaHHBIMH.

MoiuHocTb Bripabotka

Ton 3MEKTPOCTAHLINA, 3JIEKTPOIHEPTHH,

I'Br TBt-u
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



OcHogoii paszButus sHepreTukd CCCP crano coopyxXeHHe 3J/eK-
TpocTanmit Gonbiiioit MonHocTH. K 1990 1. B CoBerckom Corose pabo-
Tau 80 3IeKTPOCTaHIIMIt ¢ YCTAaHOBIEHHOH MOIIHOCThIO Oonee 1 I'Br
KaXIasi, Ha KOTOPHIX OBUIO COCPEIOTOYEHO OoJiee MOJOBHHBI BCelt re-
HepHpyiolei MorrHocTH. Ha TerioBex anekTpudeckix cTaHIsIX (TDC)
paboTano 6onee 400 sHeprobOJI0KOB eAMHIYHON MOIIHOCTRIO OT 150 10
1200 MBr, Ha atoMmHBIX 37eKTpocTaHIMAX (ADC) — 3HeprobjaoKu
MoltHocTsIo 440, 1000 1 1500 M BT, Ha runpoanexTpocraHiusix ([DC) —
600 u 640 MBTt. Co3maHne U OCBOEHHME 3HEProGIIOKOB MOIITHOCTHIO
500 MBt Ha yrnie 1 800 MBT Ha rase mo3BOJMWIN CO3JaTh MOLIHBIE
Dxubacrysckyio IPOC (4000 MBr) u Cypryrckyio I'POC-2 (4800 MBT).

BHICTpBIME TeMIIaMHM pa3BHBalach aTOMHas 3HepreTuka. OT mep-
Boii, OoHMHCKOIH, ADC MoITHOCTEIO 5 MBT aroMHast sHepreTrka mpo-
1ilJ1a MyTh OO 3JIeKTpocTaHIMi MourHocTeo 4000 MBT. B skcmnyata-
M0 OBUTM BBeAeHBI 3amopoxckas, bamakoBckas, JIeHMHTpaackas,
Kypckasi, YepHoObIIBCKast, CMoneHcKast, FOXHo-YKpanHCKas U Apy-
riue MouiHsie ADC.

Bojbliioe BHUMaHHKE B CTPAaHE YIEISUTOCh THAPOIHEPreTHKE. B eBpo-
TICCKOI YaCTH 3aBePIIMIIOCH CTPOUTENLCTBO KacKaga 'BC Ha Bonre n
Kame. UinareHcrBHO coopyxamick 'DC Ha MHormx pekax Kapkaza. B Cu-
OMpH IIPOJOJIKANOCH OCBOCHHE AHrapo-EHHCelicKoro kKackama, Ha
KOTOpOM OBUIH coopyxkeHB YcTh-Mnnmckas u CasHo-Ilymenckas
I'SC mowHocThIO 3,8 M 6,4 I'BT cooTBercTBeHHO, B CHbOMpH paboTaroT
takue I'OC, kak Bparckas (4,5 I'Br) u KpacHosapckas (6 TBr).

BBICOKMMH TEMITAMH Pa3BHBAJIOCh 3JIEKTPOCETEBOE X035HCTRO. Pop-
MUPOBAHHE TAKMUX KPYITHBIX SHEPTETUYECKUX O0BeIMHEHUI, KaK SHEP-
roooseauHenns Cepepo-3amana, Llentpa, CpenHeit Boaru, IOra,
Kazaxctana, 3akaBka3psi, Ypana, CesepHoro Kapka3za, CpenaHeii
Azuu, Cubupu u Bocroka, Mo3BOJISIO YCIETHO pelllaTh 3aJa4y CO-
3manust ExuHOM sHepreTmyeckoil cucteMbl ctpaHbl (EDC CCCP).
K 1990 r. B coctaB EBC Bxonunu 9 u3 11 sHeprooGnesMHEeHMIA, OXBa~
THIBasl IIOYTH 2/3 TEeppUTOPHU CTpaHBl, TAe IMpoxuBanao oonee 80 %
HaCeJICHHS.

MeXKCHCTEMHBIE CBA3M OCYIIECTBISIIMCH I10 JIMHUAM 3JIEKTpoIiepe-
Jmaun HanpspkeHueM S00 kB (30348 kM), 6bUIH BBeIeHB B 9KCILTyaTa-
Mo TuHUK HanpskenneM 750 kB (2811 kM) 1 1150 kB (958 km).

B cTpaHe IIaHMpPOBAIMCh HHTEHCHBHOE Pa3sBUTHE M HMCIIOIB30Ba-
HHE€ BO300OHOBJSIEMBIX HCTOYHHUKOB 3HEPTHH; COTHEYHOMH, Te€0TepMallb-
HOW, BETPOBOM, MPWIMBHON U AP.

BaxxHoif cocraBisIolIed SHEPreTHYECKON IMOTUTHKN COBETCKOTO
rocynapctpa sisachk uHrerpaiusg EB3C CCCP ¢ aHeprocucTeMaMun
3apybexXHBIX cTpaH. COTpyIHHYECTBO C €BPOINEHCKMMH CTpaHaMH B
3JIEKTPO3HEPTreTHKE HAYaJlo pa3BUBaThCS ocie BTopoit MUpOBO# Boii-
HBI 110 JHMHMK CoBeTa DKOHOMHUYECKOM B3aMMOIIOMONIM, B COCTaBe
KOTOporo Obiia coznaHa [10CTOSTHHAsE KOMHCCHS TT0 9JIEKTPOSHEPTHH.
B wmione 1962 r. 6pU10 MOOINCAHO coIallieHre o co3gaHuu B Ilpare
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Hentpanpaoro mucrietyepckoro yrnparieHust (YY) o6benuHeHHBIX
s”eprocucteM bonrapum, Beurpum, IIP, Toaeu, Pymeraun, CCCP
1 YexocmoBakuul. DTo corjaieHUe MpeaycMaTpyuBaNo 3KCILTyaTalluio
HAIHOHANBHEIX 3HEPTOCHCTEM 10 COMIACOBAHHOMY TIIAHY C OIITUMAJIb~
HBIM HMCIIO/Ib30BAHUEM BCEX TMTPSHMYHIECTB [TapaJUIETBHOM paGoTHI B MH-
Tepecax KaXxmoil CTpaHEl IIPH TIOJIHOM CaMOCTOSATENBHOCTH B peIIEHUH
BHYTPHUCHCTEMHBIX BOIIPOCOB.

B coOTBeTCTBUM ¢ COITIAICHHEM SHEPTOCHCTEMEI CTpaH — YICHOB
C9B 6putH 00pemUHeHEI MeXIy coboii. CoBeTckuii Coro3 OBl coenu-~
HeH JIMHUAME 2JIeKTporiepenaun HanpsokeHueM 220 kB ¢ Benrpueit u
Ionsuieit u muHusiMu HanpskeHHeM 400 kB — ¢ Pymeinueit n Yexo-
cioBakuei. CyMMapHast BeTMYMHA MTOCTAaBOK U OOMEHa 3JIeKTPO3IHED-
rueii yxe B 1967 r. cocrapmna 8,5 TBT 4, a 3KCIOPT 3/eKTPOSHE pruy
n3 Coerckoro Cotoza — 1,8 TBry. DKOHOMHS Ha KaITUTAIOBIOXE-
HUSIX Y 3KCIUIyaTallMOHHBIX U3IEPXKKaX B OTIEIBHBIX CTPaHax 3a CYeT
NPEUMYHIECTB O0BEIMHEHMSI SHEPTOCHCTEM 0OoJiee YeM B 2 pasa mpe-
BRICHJIA CYMMY 3aTpaT Ha COOPYXEHHME MEXCHCTEMHBIX JIMHMIA 3JIEKTPO-
niepenayd. ITosy4eHHBIE BHITOABI OT MHTETPAllM 3HEPTOCUCTEM CTpaH —
yiieHoB COB B 1970-x IT. 06YCHOBIWIN MPUHATHE DEIIEHNH O COOpYXKe-
HUH JOTOJHUTEIBHEIX MexXxcHcTeMHBIX BJI. B 1973 r. 6b110 3aBepllieHO
CTPOMTENBCTBO MEXTOCYIAPCTBEHHOM cBsI3n HanpscxeHueM 400 kB Mor-
naBckasi [POC — Bynkanemtst — Jo6pymka. B 1978 r. 6pl1a BBEIEHA
niepsast BJI 750 kB CCCP — Benrpus. B nmocnemyronreM ObUTH BBEIEHEI
ente nee BJI 750 kB CCCP — Ilomsiia u CCCP — Bonarapust.

B 1981 r. ¢ BBOZIIOM B 9KCIUTyaTalnIo NpeoOpa3oBaTeIbHON MOICTaH-
muu B Beibopre EBC CCCP crana pa6otaTh COBMECTHO C SHEprooob-
ennHeHneM CkaHaMHaBckux ctpan NORDEL.

K xoHy 1980-x rr. co3nanocs yHHKaIbHOE MEXTOCyAapCTBEHHOE
3HeproooreIMHeHHe cTpaH — wieHoB CBB — sHeprocucreMa «Mup»
¢ CyMMapHO# YCTaHOBJICHHOM MOIIHOCTHIO 6ojee 400 mnu KBT, KO-
TOpoe OBLIO KPYITHEHIIMM Ha 3eMiie M OXBaTbIBAJIO TPOMANHYIO TEP-
puropuio Espaszuu ot bepnuna g0 Yian-baropa. ITocTaBKY 3/1€KTPO-
sHeprun U3 CCCP B ctpansn COB nocturanu mouru 40 TBr-u B rog.
Or ceteit EDC CCCP skcnopTipoBaiach 3j1eKTposHeprusi B OUHISH-
nuo, Hopeeruio, Typumio, ApraHMCTaH.

1991 r. okaszasics rnocjaeJHUM I'OlOM, KOTJIA SJIEKTPOSHEPIETHKA CTpa-
HEI ObLIa €MIUHBIM LIEHTPAIM30BAHHO YIIPABIIEMBIM KOMIUIEKCOM. O0-
pa3oBaHMe He3aBUCHMEIX rocynapctB Ha Tepputopuu CCCP u pasgen
3JIEKTPOIHE PreTHYECKOM COOCTBEHHOCTH MEXITy HUMH IIPUBENH K KO-
pPEHHOMY M3MEHEHHUIO CTPYKTYpH YIIPABICHHS 3JIEKTPOIHEPreTUKON
Ha teppuTopuu 6biBiiero CCCP. B He3aBHCUMEBIX rocylapcTpax ObUIU
00pa3oBaHbl COOCTBEHHBIE OPraHbl YIPABICHHUSI U CAMOCTOSITEIBHEIE
CYOBEKTBI XO3SIIICTBOBAHHUSI B SJIEKTPOIHEPIeTHKE.

B 1991 r. moctaBku anekTposHepriu U3 EDC B coceTHNE CTpAaHBI CHU-
3wnch 10 21,5 TBT 4. 310 OBINIO OOYCIOBICHO MEPEXOOM Ha OILUIaTy
TIOCTABOK 3JIEKTPO3HEpPIruH B cTpaHbl BocrouHoit EBpomibl B CBOOOIHO
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KOHBEPTUPYEMOI BATIOTE, B CBSI3M C YeM COKPATWICS 00beM KOHTPAKT-
HBIX TTOCTABOK, a TAK:Ke HEIOCTAaTKOM TOTUTUBHBIX PECYPCOB B YKPauHe U
BBIHYXJIEHHBIM CHIDKEHUEM 3KCIIOPTa SJICKTPO3IHEPIHH M3 3TOH peciyo-
nuku B ODC cTpaH — y4acTHUIL 3HeproooreAuHeHUs «Mup» .

B Hos16pe 1993 r. n3-3a Goablioro ae¢puiiiTa MOITHOCTH B YKpauHe
OB BEIHYXKAEHHO OCYIHECTBJIEH MepeXon Ha pa3nenbHylo paboty Equ-
Hoit sHeprocucteMbl Poccun m OBC YKpauHbl, YTO IPUBEJIO BIOC-
JNEACTBHU K DPa3deNIbHOM paboTe ¢ OCTaJIbHBIMU SHEProcHCTeMaMH
ctpaH — yyactHui IIJTY B [pare. Dueproobosennuenne «Mup» pas-
JIETMIOCh HAa HECKOJIBKO YacTeil. B manbHelfiiieM fe3UHTerpalluOHHbIE
[IPOLIECCHl B PaMKaxX 3HEProoObeIMHEHMS «MUp» INPHUBEIH K TOMY,
4YTO BHayajle sHeprocucteMa Bocrouroil yvactu I'epmannu VEAG B cel-
Tsi6pe 1995 r. mpucoeaMHMUIIACh HA MApALIENbHYIO padoTy K SHEPro-
o6penuHeHuo crtpaH 3anagHod Esponsl UCTE, a B okTsa6pe 1995 r.
k UCTE npucoenununock sneprooosenunenue CENTREL, B xoto-
poe BXOHAT aHeprocucreMbl Benrpum, [Monsiuu, CinoBakuu 1 Yexuu.

Co3maHude W pa3BUTHE HE3aBHUCHMBIX T'OCYIapCTB Ha TEPPUTOPHU
ouiBiiero CCCP B mocnenHee pecatuneTie XX B. CONMPOBOXAANOCH IITy-
GOKUM 3IKOHOMHYCCKUM KPHU3UCOM IPAKTUYECKH BO BCEX OTPACIAX
IKOHOMMKU. Pe3Kuit cram NMpOMBIIIJIEHHOTO MPOM3BOJACTBA BO BCEX
TOCyIapCTBaX-Y4acTHHUKAX BHOBL co3maHHoro CoxapyxecTBa HesaBu-
cUMBIX T'OCymapcTB OTpa3swics H Ha 3JIEKTPOIHEPTETHKE.

JnHaMuKa IMpOU3BOICTRA 3JCKTPOIHEPTUU B IHEPIOCUCTEMAX CTPaH
CHI B 1990—2001 rr. (TBT-4) nmpupeacHa B Ta6a. B.1.

[lepexod OT LEHTPaAIM30BaHHOTO YIIPABIEHUS 3ACKTPOIHECPICTH-
4YEeCKOM OTpacibio K PYHKUHOHHMPOBAHUIO B paMKax CYBEPEHHBIX rOCy-
JApCTB 110Ka3ajl, 4YTO U30JMPOBAHHAS paboTa IHEPTOCUCTEM HE MOXET
TIOJTHOLIEHHO M € JOCTATOYHOI CTENEHbIO HAIEXXHOCTH YIOBJICTBOPSIT
[MOTPeGHOCTIM 3KOHOMHKH Y HACENCHUA B 3JIEKTPUICCKON IHEPIUH.

YunrniBas 3710, yXe B ¢denpanie 1992 1. rmaBaMu NMpaBUTENBCTB TOCY-
napctB CompyxecTBa ObUI0 moAanucaHo «CoriallcHUE O KOOPAWHA-
LIMM MEXTOCYJAPCTBEHHBIX OTHOLICHHUI B 00JIaCTH 3NMEKTPOIHEPIeTH-
ku CoapyxecrBa Hezapucumeix F'ocynapers» . OcHoBHOIT 1enbio Co-
IJIaltleHHUA CTaJIO TIPOBEAeHEe COBMECTHBIX CKOODIUHMPOBAaHHBIX JCii-
CTBUIi, HATIpaBJCHHBIX Ha OGeCIeUeHHE YCTOMYMBOIO U HAIEXKHOIrO
IHEProcHaOXeHWS HapOXHOTO XO3sTHCTRA M HACEJICHMS TOCYIapCTB Ha
ocHOBe 3(hheKTUBHOTO QYHKIIMOHUPOBAHUS OOBEIMHEHUS DNEKTPO-
IHEPreTUYECKUX CUCTEM.

[Mocnennue rogpl XX u Hayana XXI BB. MOXHO oXapakTepu30BaTh
KaK rofpl ONMpeAeIeHHOM CTa0WIN3aK paboOTh 3NEKTPOIHEPIETHYCC-
Kux cucreM crpad CHI', HaMeTHBIIIErOCs poCTa KOJMYESCTBCHHBIX U YITyY-
LWIEHUST KAYeCTBEHHBIX 1okasaresieii paboTel. Ocoboe 3HAYEHUE UMEET
NMOHUMaHUC HEOOXOMUMOCTH MHTETPAllMM HALlMOHAJIBLHBIX SHEPrOCHC-
TEM B paMKax Ux o0beauHeHus B rpoctpaHcTBe CHI'. Ha ceropusimmi
IeHb 11 u3 12 HaIMOHANBHBIX 3HEeprocucTeM rocynapcts Conpyxecrsa
(XKpoMe 3HEProcUCTeMbl APMEHHH) OCYIIECTRIISAIOT COBMECTHYIO TTapa-
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NenabHylo paboTy. Takoil peXXuM CYIIECTBEHHO MOBBICIUI HaIEXHOCTb
(DYHKIIMOHNPOBAHUS SHEPTOCUCTEM, CO3MAN YCJIOBHUS I B3aMMOBBI-
TOIHBIX OTHOMICHMIT MexX Ty crpaHaMu. Hanbosee HarIsiiHO 3TO IIPOsIB-
JITETCS B [TIEPHOL IIPOXOXACHHS OCEHHE-3UMHHX MAaKCUMAIBHEIX Harpy-
30K ¥ B CJIy4asix JJUKBUAALMM aBAPUAHBIX CUTYALIUMA.

BaxHeiimMM BOIIPOCOM Ha CETOTHSIIIHUN [IEHb SIBISIETCS BOIIPOC
HHTerpaumu 3eKkTposHepreTikii CHI' ¢ eBpomelickoit ¥ asuaTckoi
3JIEKTPOIHEPTCTUKON. YUNTHIBAS, YTO MapaJUIeJbHO ¢ OOBEAUHEHUEM
sHeprocucteM CHI' paboTaioT 3HeprocuCTEMBI CTpaH banTuu u Mex-
TOCYHApCTBEHHBIE CBA3U COeIUHSIOT 3HeprocucteMbl CHI' ¢ pamoM
crpadH BocrouHoii EBponbl U A3uM, 33aJa4ya BHUAMTCS B DEaIM3aLNU
CTpaTerMYECKUX MJIAHOB Pa3BUTHS INIOGANBHOM 3JEKTPOCETH Ha BCEM
EBpasuiickoM NpoCTpaHCTBE.

B EBporre K HaCcTOSIIIEMY BPEMEHHU CITOXKMIIUCH CIIEAYIOLIUE MEXKTO-
CYHApCTBEHHBIE 3HEPTOOOBEIMHEHHUS: TOCYAApCTB 3amaqHoi u LieHT-
pansnoit Epportel — UCTE, Bocrounoit EBponisl — CENTREL, Ckan-
auHasckux ctpaH — NORDEL. ITocne nmonHoro o6neauneHuss UCTE
¢ CENTREL u npucoeaHeHHs K HUM 3HeprocucreM bosrapum u
Pymbinun HoBoe o0beauHeHHe oyt HasBanue TESIS. CyiectBy-
TOLIMMH TIPOSKTaMH TIPEAYCMATPUBAETCS €10 PACIIMPEHUE 3a CUET MPH-
COCHUHEHUS 3HEPTOCHCTEM €IIE HEKOTOPHIX FOCYIapCTB OT0-BOCTO-
yHoi yacTit EBporel 1 TypliiH, a Takke SHEPTOCUCTEM, OOBECIUHSIC-
MBIX B paMKax BCETO TakK Ha3bIBacMoro Cpeau3eMHOMOPCKOTO KOJbIIA.

st opraHM3auyu mapaiebHONR paboThl OO BETUHEHUS IHEPTOCH -
cteM ctpan CHI ¢ aneproooseaunenuneM TESIS MoryT OBIT HCTIONB-
30BaHH cyuectsyomue 11 BJI Hanpsokenuem 220 — 750 xB. Tlpu co-
BMECTHOI CHHXPOHHOM paboTe IO MEXXCHUCTEMHEIM CBSI35IM MOXET OBITh
MOJTY4EH CYIICCTBEHHBINT 9KOHOMUYECKHUH 3(PPEKT 3a CUeT IKOHOMUU
TOIUIMBA M YMCHBIIEHMS 3aTPaT Ha MUKOBYIO TCHEPUPYIOLLYIO MOLL-
HOCTb. IIpenBapUTebHEIE O1ICHKH ITOKA3BIBAKOT, YTO MPOITYCKHAS CIT0-
COOGHOCTB 3THX CBSI3€il MOXKET OKa3aThCs HOCTATOYHOM IUIS peajin3a-
LMK MEXCUCTEMHBIX 3(P(PEKTOB B MHTEIPUPOBAHHOM OOBEIUHEHUH.

SAnpoM co3maHHOTO OOBETUHEHMS 3HeprocucTeM rocygapcTB Co-
JIpYyXecTBa sIBJISIETCs] HALIMOHANIBHAs sHeprocucteMa Poccuiickoit Pe-
Iepauuu — EnuHas sHepreTuyeckas cucreMa Poccuu — camast Kpyr-
Hag B CHI'. DnexTpuyecKkue CeTH OXBaThIBAIOT OTPOMHYIO TEPPUTOPHIO
CTpaHBl — IIECTh YaCOBBIX ITOSICOB C BOCTOKA Ha 3amaj.

Texuuueckyio ocHoBy EQC Poccuu coCTaBISIOT;

440 31eKTPOCTAHIIMIA CyMMAapHO#t YCTAHOBICHHOM MOITHOCTBIO OKO~
mo 200 I'Br;

JIBII obweit npoTskeHHOCTHIO 3018 ThIC. KM;

eIVHasi CHCTEMA JUCIIETYEPCKOrO PEryIMPOBaHMsI, 00LeIUHSIONIAN
MPakKTUUYECKH BCE IHEPTeTHUYECCKUE OOBEKTHI B paboTy ¢ €IWHOW 4Ya-
CTOTO# 3sekTpudeckoro Toka 50 I'm.

B Ta6s1. B.2 npuBeneH nepevyeHb KpyMHeHIINX 31eKTpocTaHLmii Poc-
CUM.



Tad6nuua B.2

Kpynnejimue 3jeKrpocTaniii Pocchiickoii ®enepanun

Ne ni/m DNEKTPOCTaHLIMSA zg;f:(?;":’“ﬁa&
Tennosvle anexmpocmanyuu
1 |Cypryrckas 'PDC-2 4800
2 |Pedrunckas TPDC 3800
3 |Kocrpomckag I'POC 3600
4 |Cypryrckag I'POC-1 3324
5 |Psazanckag TPOC 2800
6 |Tpouukas I'PDC 2455
7  |CraBponionbckasg TPDC 2400
8 {3aunckaa I'PBC 2400
9 |Kouakosckas I'PBC 2400
10 |Hosoyepkacckas 'POC 2400
11 |HUpuxnunckas I'POC 2400
12 |Ilepmckaa TPOC 2400
13 | Kupuiuckas I'POC 2102
Tudpasauueckue snexkmpocmanyuu
1 (CasHo-IyweHckas ['DC 6400
2 {KpacHospckas I'SC 6000
3 |Bparckas I'DC 4500
4 Yers-Unumckas I'SC 3840
5 |Bomxckas I'SC um. XX cresna KIICC 2541
6 |Bomxckas I'SC um. Jlennna 2300
7 |Yebokcapckag I'DC 1370
8 |Caparosckas ['DC 1360
9 [3eiickas I'DC 1330
10 |Hwxuekamckasa I'DC 1205
11 |BortkuHckaa I'DC 1020
12 | Yupkeiickas I'BC 1000
13 |3aropckag TADC 1000
AmomHble 3nexmpocmanyiiu
1 |BanakoBckas ADC 4000
2 | Jlenunrpaackas ADC 4000
3 |Kypckas ADC 4000
4 jCmoneHckas ADC 3000
5 |KanuHuHckas ADC 2000
6 |HosoBopouexckass ADC 1834
7 {Kombckas ADC 1760
8 Pocroeckas ADC 1000
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OpranusanoHHyo ocHoBy EDC Poccuu cocTapisioT:

PAO «EBC Poccun», BeIodHsIOmEee QPYHKIUU 0OIIEro KOOpau-
HUPYIONIETO IICHTpA, PEANIU3YIONIETO OMpeIeNeHHbIE TOCYIapCTBOM
obmue ycioBus GyHKIMOHUpoBaHKS u pasButusg EDC Poccun, ucxo-
I U3 obmecucTeMHoro 3¢ gekra, u obdecneyuBanlice B ONEPaTHB-
HOM IUIaHE CAMHOE JUCIIETIEPCKOE YIIPARJICHUE JIJIS ITOBBIIIECHUS 9KO-
HoMuyYeckoit appextuBHOCTH EDC Poccum;

74 SHEPTrOCHCTEMBI, OCYIIECTRIAIONIUE MTOCTABKU SJICKTPUYECKON
1 TEIUIOBOM SHepruM moTpeGUTENIO Ha Beelt Tepputopuu Poccuiickoi
denepanyu;

34 KpymHbBIE 3JMEKTPUYECKHUE CTAHIMU B Ka4Ye€CTBE CaMOCTOSITEIb-
HBIX cyOBekTOB PemepanbHOro (00IIepOCCHIICKOT0) ONMTOBOTO PHIHKA
SNIEKTPUIECKOI SHEPrUU (MOMIHOCTH);

6omee 300 opranmzanuii, oOCTYKMBAIOIIMX OCHOBHOM TEXHOJOTH-
yeckuii mpoirecc U pasputue B EBC Poccun.

Ha 6ainance PAO «<ESC Poccun» Haxomurcd 121 moacraHims Ha-
npsxeHueM 330 KB u BhIlle, B TOM YHUCJIE TI0 KJIACCaM HaIpsDKEHUSL:
750 kB — 7 mr., 500 kB — 79 1wr., 400 kB — 1 wr., 330 kB — 34 mir.,
C YCTAHOBJICHHON MOHIHOCTBIO TpaHcdopMaTtopoB 130 Teic. MB-A,
IIYHTHPYIOIINX peakTopoB 17,3 Teic. MBap U CUHXPOHHBIX KOMIICHCA-
TopoB 1,3 TeICc. MBap.

EBC Poccuu sBnseTcsl KpyIHEUIIMM B MUpE IIEHTPAIM30BAHHO
YIPaBJISIEMBIM SHEPTOOOHENUHEHUEM.,

Jucrierdyepckoe (TEXHOIOTHYECKOE M KOMMepYecKoe) ynparieHue EDC
Poccun, B OCHOBHBIX 3JIEKTPHYECKUX CETAX HampsokeHueM 330— 1150 kB
KoTopoil pyHKUMOHUpPYeT PemepaybHBI ONTOBBI PHIHOK 3JIEKTPHYC-
ckoit sHeprun ¥ MourHoctd (DOPOM), ocylieCTRASETCSl TBYXYPOBHE-
BOM CHCTEMOW:

LenrpansHoe aucnerdepckoe ympapienue (1Y) EBC Poccum,
pacItonoxeHHoe B MocKBe;

ceMb PETHOHAIBHBIX 00BbeMUHEHHBIX ynpapieHuit (OJ1Y) o6nenu-
HeHHBIX sHeprocucteM (ODC): Lenrpa (Mocksa), Cepepo-3amana
(Cankr-Ilerepbypr), Cpenneit Bonrn (Camapa), CepepHoro Kaskaza
(Hsaturopek), Ypana (Exarepun6ypr), Cuoupu (Kemeporo), Bocro-
Ka (XabapoBcK).

IenrpansHoe mucnetuepckoe ympapnenne EDC Poccun u OY
00€CIeynBaloT BECh IIMKII UCTIETYEPCKOTO YIIPABJICHUS, BKIIOYas:

DOJITOCPOYHOE TUIAHMPOBAHME PEXHMMOB HAa TOA M MECAIl BIIEpeN
(onruMmzanmio pexumoB EDC 1 OOC no akTMBHON M peaKTUBHOMN
MOIIHOCTH, PacyeThl CTATHYECKON M OTUHAMMYECKON YCTOMYHMBOCTH,
BBIOOp COCTaBa M YCTAaBOK CPeJCTB peneiiHoit 3anmTtel (P3) u npotu-
BoaBapuitHoit aproMaTnKu (ITA) u T1.1.);

3aKII0YEHHE JOJTOCPOYHBIX, Ha TOM H 60JIEe, KOHTPAKTOB MEXIY
cyorekramMyt @OPOM Ha NOCTaBKY SJIEKTPHUYECKOM SHEPTHUHM W MOIIHOCTH;

KPaTKOCPOYHOE TIAHMPOBAHKME PEXIMOB Ha CYTKYM U HENEINIO (Or1-
TUMU3aIHI0 pexxuMoB EDQC 1 OBC no akTMBHOIT MOITHOCTH, OTIpe/ie-
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JIEHHMEe TeKYIIel MpONnyCKHOH CIIOCOOHOCTH OCHOBHOM 3JIEKTPHYECKOi
cetd, GopMUpPOBaHHE rpapMKOB HATPY3KU C YYETOM TpeOOBaHMIT Ha-
JIEXXHOCTH U SKOHOMHYHOCTH), (POPMUPOBAHHE KPATKOCPOYHBIX KOH~
TpakToB Ha DOPOM; '

onepatuBHoOE yripabienre EOC u O9C B peasilbHOM BpeMeHU (Belie-
HHe ONTUMATLHOTO M HAJIEXKHOTO PeXuMa), obecrieyeHne (PYHKIIMOHM-
pPOBAHHS OIIEPATUBHOTO PHIHKA 3JIEKTPUYECKON SHEPTHH U MOIIHOCTH;

aBTOMATHYECKOE YIIpaBJicHHEe HOPMabHBIM PEXHUMOM 110 YacTOTe U
HaNpPSDKEHUSM, JIUKBHUALMIO ¢ ToMolplo P3 1 TIA BO3MOXHEIX aBa-
PUHHBIX PEXKMMOB, IpeJOTBpallicHHe KaCKaJHOTO pa3BUTHS aBapuil.

OcHOBOH aBTOMATH3MPOBAHHOI CUCTEMBI TUCIETYEPCKOTO YTIPaB-
neHust (ACJ1Y) EOC Poccuu siBnseTcs OnepaTUBHO-HH(POPMAITHOH-
HBIN yripaBistiolumii komieke (OMYK) st pelenus 3amay IiaHU-
poBaHus pexuma EOC B pealbHOM BpeMEHH, UTSI KPaTKOCPOYHOTO U
JIOITOCPOYHOTO TIAHUPOBAHUS pexXUMOB. B HacTosliee BpeMst Ha AUC-
neryepckux nyHkrax LIJIY, OJIY u sHeprocucteM (PyHKIMOHH-
pytot 77 OUYK.

B 1990-x rr. BCce 3amauu ACHY, peiraemele Ha EC DBM, 6binn ne-
peBelleHbl Ha KaUeCTBEHHO HOBBIN YPOBEHD — I€PCOHATBHEBIE KOMITh-
toTeprl. [losgBunuck nokanbHble ceTH 1K, BHEApeHBI TEXHUYECKUE U

-TIPOTPAMMHEIE CPEJICTBA TEJIEKOMMYHMKAIIMH C COBpEMEHHOM CHUCTe-
MO# Iuanora U oToOpaxkeHus. B mociegHue roasl HA4YaTO OCBOCHHME
COBpPEMEHHBIX MPOTPaMMHO-TEXHHUYECKHMX CPEACTB: €ANMHBIX 0a3 JaH-
HeIX (ORACLE); pa3sniyHbIX MPWIOXEHUNH Ha OCHOBE 3KCIIEPTHBIX CH-
CTEM; KOMIIBIOTEPHOI TeNie(pOHUN; COBEPIICHCTBYIOLIUXCS CUCTEM 0O~
pa U Iepellayd ONepPaTHBHO-IUCIIETYEPCKOM HHGMOPMAIIUH.

HeficTByrolast cucTeMa IUCIIETYEPCKOTO U aBTOMATUYECKOrO YTI-
paeneunss EBDC Poccun u ODC mokasaiia BEICOKYIO 3((PEeKTHUBHOCTD,
YTO MOATBEPKAACTCS CICOVIONIMMM (akTamMu. B TeueHMe mocmemqHux
50 net B Poccuu He OBIT0 TIOOATBHBIX CUCTEMHBIX aBapHii, MTOXOOHBIX
TeM, KoTtopnie npousouniu B CIIIA u Kanane (14 ciaydaes 3a nocnen-
uue 33 roga), a takke Anonun, ®pannuu, Isenuu u apyrux crpa-
Hax EBpornbl.

CornacHo pa3pabaTreIBaeMOil SHEPTeTUUECKOM CTpaTerny IIPOU3BOJI-
CTBO 35eKTpo3Hepruu B 2005 r. momkHo cocrasuth 1020 Mapa kBt-4, a
YCTaHOBJICHHAs1 MOUIHOCTh — 229 MiH KBT.

I ocylecTRAEHHS 3THX 3a[ay IOTPEOYETCST BBOM HOBBIX TeHEPU-
PYIOIIMX MOIIHOCTEH U TEXHWIECKOE MTEPEBOOPYKEHUE DIICKTPHUECKIX
CTaHIIMIT W CeTel, yTo NpeaycMaTphuBaeT MaKCHMAJIbHBIN JeMOHTAX
BBIPa0OTABIIETO CBOM pecypc 060pyIOBaHUS U 3aMeHY €TI0 HOBBIM.



F'nasa 1

OBIIUE CBEJEHUA OB DJIEKTPOYCTAHOBKAX

1.1. IToTpeOuTeNd INEKTPHIECKOH IHEPTHH

Inexmpoycmanoska — 3TO COBOKYITHOCTh MAlIWH, alnapaTos, JIU-
HUIl 3JIEKTPOIEPEIaud U BCIIOMOTATENBHBIX YCTPOWCTB, NpEeAHa3Ha-
YEHHBIX ST TIPOU3BOACTBA, NMpeoOpa3oBaHus, TpaHCchopMallK, Tie-
pedayM, pacipeneaecH!s JIEKTPHIECCKON SHEPTUH U IPeoOpa3oOBaHUs
ee B apyroi Bux sHepruu [1.12].

IToTpebuTensaMu SMEKTPOIHEPTHUH SIBISIIOTCS TIPOMBILUICHHBIC TIPE-
MPUSTUS, BJIEKTPUPULHUPOBAHHBIN TPAHCIIOPT, OOBEKTHl CTPOUTENb-
cTBa, OBITOBBIC MoTpeduTenu, cdhepa 0OCIYKUBAHUS TOPOAOB U TO-
CEJIKOB, a TAKXKe MOTPeOUTETN COOCTBEHHBIX HYX 3/IEKTPOCTAHUMI —
MeXaHU3MBI, OOCTYKUBAOIINE TEXHOIOIMYECKHUI MPoliecc MPOU3BOI -
CTBa 3JICKTPO3HEPTHH.

PexxuM moTpebaeHUsT SJIeKTPOSHEPTUH OIPENENsIeTCsS XapaKTepoM
Harpy3KHd, BpeMEHEM CYTOK M TOla U MOXET OBITh IIpeNCcTaBJIeH Ipa-
(HUKOM Harpy3ku — 3aBUCMMOCTBIO aKTUBHOM, peaKTUBHOM U MOJIHON
MOIITHOCTH OT BpeMeHM. Ha puc. 1.1, a— ¢ npeacraBiaeHsl CyTOUHEIE
rpadMKyM aKTUBHOM HAarpy3kM pabouHMx CYTOK TPEX 1E€XOB NpEemTpH-
ITHA. B Tex Xe ocsIX KOOPAUHAT IO MOKA3aHUSIM BapMETPOB MOXHO
TTOCTPOMTH CYTOYHBIE I'padyKU pEaKTUBHOM Harpy3kH 1iexoB. CyMMU-
pys Harpy3Kd B COOTBETCTBYIOLLME OTPE3KH BPEMEHH, CTPOSIT CYyTOY-
HBIi Tpaduk npeanpusitug (puc. 1.1, ¢). Kak BunHo us rpaduxka, P,
HMeeT MeCTO B Iiepuon ot 16 mo 19 u:

Pmax= P2+ P1+ Pg.

Ornpenenus 1Mo rpaduKy peaKTUBHBIX HArpy30K NPEAnpUATHS Q.
(rmocTpoeHUE aHAJTOTMYHO pUC. 1.1), MOXHO HAWTH MOJHYIO MOTPEOIISI-

CMYI0 MOIITHOCTb
— / 2 2
Smax = h max + Qmax s

0 KOTOPOH ONpeAessieTCsl COOTBETCTBUE MOIIHOCTH TpaHchopMaTo-
POB, YCTAHOBJIEHHBIX Ha MOACTAHIIUHU TIPEITIPUSTHS.

I'paduKy Harpy30K 3MMHHX CYTOK OTJIMYAIOTCS OT IrpaPMKOB JIeT-
HHUX CYTOK H Tpa¢UKOB BBIXOIHBIX U MPa3THUYHBIX THEM.
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Puc. 1.1. Cyrounbie TpapMKH aKTHBHBIX HATPY30K:

a — JIMTeHHBI UeX; 6 — MeXaHMYeCKuil LeX; ¢ — PEMOHTHO-COOPOYHBIN LieX; & —
CyMMapHHIii rpacdHK aKTUBHBEIX HAarpy30K IpERIIPUsITHS

TIpy MpOEeKTHPOBAHUM TIONB3YIOTCS THIIOBHIMH T'pacUKaMM IS
PasIMYHBIX OTpacieil TTPOMBIIIICHHOCTH, OPMHATH KOTOPHIX BhIpa-
XeHBI B IIPOLIEHTAX MAaKCUMANBHOM Harpysku P ... [TocneHssa omnpe-
TieJIsIeTCs CIenyIoluM 06pa3oM. 3Hass HOMHHAJIBHYIO MOIIIHOCTD 3JIeK-
TPOTIPUEMHHUKOB Y. Pyoy , OTIPEMENSIOT YCTAHOBIEHHYIO MOLHOCTD

P)’CT =2PH0M' (L.1)
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HpI/ICOCI[I/IHCHHaH MOIIHOCTh Ha IIHHAaX MOACTaHIINH
P = ZPHOM
np <

Nepalepe

; (1.2)

TIE Nep.ns Nep.c — cpentre KIIJI a1ekTpoycTaHOBOK MOTPeOUTENEH U
MECTHOI1 CETU TIPH HOMUHAJIBHOW HAarpyske, YUMTHIBAIOL{UE ITOTEPH
aKTUBHOW MOIIHOCTH. ‘

He#cTBUTEIBHAS HArpy3Ka MEHbIIE P, TaK KaK 3arpyska IoTpe-
GuTeeil MeHseTC s, a paGoTaloT OHM HE BCE OTHOBPEMEHHO. BTO y4yu-
TBIBAETCS BBeICHUEM k, — KoadduLMeHTa 3arpy3ku u k, — Ko0addu-
HIieHTa OMHOBPEMEHHOCTH:

koks
mzPHOM =kCnD2PHOM3 (1.3)

e kenp — KO3 UIMEHT CIIpoca, ONpeleseTcs 0 CPaBOYHOMN JiK-
TepaType 1T KOHKPEeTHOM T'pynIH motpeburteneit [1.3].

Omnpenenus P, MEPeCUYNTHIBAIOT OPAUHATHI TUTIOBOTO rpadrka B
MMCHOBAaHHBIE €IMHULIG ¥ MOJB3YIOTCS UM B JAABHEHIIMX pacyeTax
Npy BBIGOpPEe MOWIHOCTH MUTAIOUIMX TpaHCGOPMATOPOB MM CEUEHMS
NUTAOIINX TUHUNA.

Pmax =

1.2. T'onoBoii rpadux HPOACJIKHTEILHOCTH HATPY30K

Hcrnons3ya dopmyny (1.3) u THMOBBIe TpachUKH, MOXHO IIOCTPO-
WUThb HamboJiee XapaKTepHble IrpadUKK HArpy30K JUIA 3UMHUX U JIETHUX
CyTOK. B 3aBHCHMOCTH OT reorpadmueckoii ILUPOTH KOJXUIECTBO JIET-
HUX U 3UMHUX CYTOK PasjiIMyHO. Il HEHTPAJILHBIX palOHOB MOXHO
MIpUHATD AeiicTBUe 3uMHero rpaduka 183 cyr, setHero — 182 cyt. Ha
puc. 1.2, a MoCTpoeHHI 1Ba XapaKTePHBIX CYTOUHHX rpaduka (3UMHUI
W IeTHUH). I MoCTPOeHUS TOA0BOTO IrpadUKa Mo MPOJOJIKUTEIBHO-
cti (puc. 1.2, ) 1o ocH OpAMHAT OTKIANLIBAIOT 3HAYCHUE HATPY30K,
HaYUHASA € Py, @ TIO OCH abCHHMCC — MPOIOIKHUTENBHOCTD NEHCTBUS
3TOM Harpy3ku B roay. Hanpumep, Pj= P,,, JeHCTByeT B TE€UEHUE
T,=1,183 (t;, — BpeMs neiicTBUI B CYTOUHOM 3UMHEM rpaduke; 183 —
yucao Takux rpadukoB B romy). Harpyska P, HEHCTBYET B TeUeHHE
T,=1,183 u T. 1.

ITo rpaduky NpONOKUTENPHOCTU HATPY3KM MOXHO BBIYUCIIUTH
HEKOTOPHhIE TEXHUKO-3KOHOMMUYECKHE TMOKa3aTeNu yCcTaHOBKU. [lmo-
11a1b, OTPAaHUYECHHAS CTYNEHYATOM KpUBOM rpaduka akTMBHOM Ha-
TPY3KHU, YUCJICHHO paBHA SHEPrUM, MPOM3BEIECHHON MM MOTpe6iIeH-
HOM 3a paccMaTpHUBAEMBIN [IEPUOL:

W, =Y PRT, (1.4)
rae P; — MOUIHOCTE i-i cTyneHH; T;— MPOIOJDKHTEINBHOCTE CTYTIEHH.
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P P
P 1= P, max P, 1= P, max
3uma _BZ_ T P
P t ) T Py
4 Py Fé Py
Ps P S
P Jlero Ta 7
% f 55 P
Ts
0 4 8 12 16 20 24ty O 8760 t,u
a 7]

Puc. 1.2. [ToctpoeHue roroBoro rpadMka npoJo/DKUTEIbHOCTY HAarpy30K

CpenHsas HaTpy3Ka 3a pacCMaTpHUBaeMBIi riepHox (CYTKM, TOM)

W,

_T" , (1.5)

rae W, — npousBeacHHAas WIN NOTpeOIeHHAs 2JICKTPOSHEPIHA 33 3TOT

nepron; T — JUINTEIBHOCTh pacCMaTpUBacMoOro mepuoa.
HepaBHOMepHOCTE rpaduKa paboOTH YCTAaHOBKM OIIEHHUBAETCS KO-

3hGHIMEHTOM 3aITOTHEHUS

Pcp=

- Wn — PCD
)+ -5
P maxT P max
YeM paBHOMepHEE TpaduK, TeM OliKe K eNMHUIIE k,;. XapaKTepHa

g rpaduKa MPOIOIKUTENEHOCTE MCIOMB30BAaHMA MaKCHMAaJbHOM
HarpysKu

(1.6)

Wn PCPT
Thax = P = 7— = ksnT° (17)
max max
DTa BeIMYMHA TTOKA3HIBAET, CKOJBEKO YACOB 32 pacCMaTpUBaeMBIii
nepuon T (0OLIYHO roJ) YCTAHOBKA AOJKHA ObLIa OB paboTaTh C He-
M3MEHHOM MaKCUMAaJIbHOM Harpy3Koi, YTOOBI BEIpAOOTaTh (IIOTPEOUTH)
JEUCTBUTENBHOE KOJIMYECTBO JEKTPO3HEPTUU W
B npakTHKe TIpUMEHSIOT TaKKe KO3 P DU M EeHT UCHOOIb30-
BaHU S YCTAHOBJICHHON MOILIHOCTH

Wa _ Fo

" TPy P (1.8)

WIA IPONONXUTECIbHOCTh MCIHOAB30BaAaHUSA YCTAaHOB-
JEHHOU MOILHOCTH

Tycr= I'Vn/PyC'r= ki T. (1.9)
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B dopmynax (1.8) u (1.9) mon Py, cremyeT MOHMMATh CyMMApHYIO
YCTAHOBJIEHHYIO MOIITHOCTD BCEX arperaToB, BKIIIOYAst pe3epBHBIE.

KosdduireHT HCIIONb30BaHUS k, XapaKTepHU3YeT CTEIIEHb HCIIOb-
30BaHUs YCTAHOBJICHHOI MOIITHOCTHU arperatoB. OU4eBUAHO, 4TO k, < 1,
a Tyr< T. C yueToM cooTHOWIEHMS Pyo, > Py, UMeeM ky, < k.

B cpenueM s sHeprocucteM Poccri Ipomo/DKUTETBHOCTE UCTIONb-
30BaHUs YCTAHOBJICHHOM MOIIHOCTH 3JIEKTPOCTAHIHIT COCTABIISIET OKOJIO
5000 4 B roA.

1.3. Cyrounbie rpa)MKn HArpY3KH paiiOHHBIX NOICTAHIHIA
H JJIeKTPOCTANLMI

Panee paccMOTpeHO MOCTpoeHUE TpadUKOB HArpy3KH MOTPeOHTE-
JieH 9s1eKTposHepruu (cM. puc. 1.1). 3Has rpadMKu aKTUBHOM U peak-
TMBHO# Harpy3oK Ha munHax 6 — 10 kB 3aBogckux moactanumii (IIC A,
TIC B), MOXHO OIpeAcIuTh IOTepH B TpaHchoOpMaTOpax U JUHUAX
ISt KaXOoi ctyrieHu rpaduka. Jig HasiAHOCTH Ha puc. 1.3 mokasaHa
cxeMa 3JeKTpocHaOXeHHUA npennpusituii A, B: 3aBoackue [IC A u B
TIoJIy4aroT MeKTpo3Hepruio ot paifonnoi I1C (PIIC), xotopas mMHU-
saMu 220 kB cBsA3aHa ¢ 3J1eKTPOCTAHITHUEH.

I'padmikn akruBHOI Harpy3ku Ha mmHax 6— 10 kB P,, Pp moKka3a-
HH Ha puc. 1.3, 6. TlogcuuTeIBag MoTepH B TpaHcdopmaropax T, T2u

T3 w munusax W1, W2, noctpoum rpaduk (Ps + Py) Ha muHax 35 kB
pationHoit IIC

PA =PA +APTI +APWI; Pé = PB +APT1’T3+APul2.

Ha mmunax 35 kB paitonnoit IIC nMeeTtcst Harpy3ka P (rpaduk moka-
3aH Ha puc. 1.3, 6), CcyMMHpY# €ro opauHaTH ¢ rpadukamu P, u Py,
nosyquM rpadux Harpy3ku paitonHoi I1C Ha mmHax 35 kB: P + P + B-.
Ilo maHHBIM Harpy3kam HaxomsT MoTepu B TpaHchopMaTopax 74, TS u
JMHUAX W3 1 cTpodr rpadyK MOLIHOCTH, OTIiycKaeMoit ¢ mmH 220 KB
9NIEKTPOCTAHIUH Py 5y -

ITotepu MOMIHOCTH B TpaHcGOpMaTOpax U JMHUSIX HAX0MAT 1o (op-
MyJIaM, U3BECTHBIM M3 Kypca «IpoeKTHpOBaHKE SMEKTPUIECKIX CeTei» |

2
AP, = Y AR 1 3 AP [ sl

i max
S i max

(1.10)

Si max
rne S; — Harpy3Ka i-To 3JIEMEHTa CETH, COOTBETCTBYIOIIAS paCCMATPH -
BacMOM n-# cTynieHU rpadyka CYMMapHOI Harpy3KH; S; m., — Harpys-

Ka 9JIeMeHTa (JIMHUM, TpaHchopMaTopa), IpH KOTOpOH ompencieHbl
APLR | AQM®,

2
AQ, = Y, AQM + 3 A innigx(":s'i—] ,
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Puc. 1.3. TlocTtpoeHue rpadKoB aKTHBHOM HArpy3KH Ha 1iMHax paitonHoit [1C
MU 3NEKTPOCTAHIIUM:

a — cxeMa cetH; 6 — rpadUKd Harpy3oK U NMOTEPb MOUIHOCTH

IFpaduk Harpysku reHepaTopoB IOTYYaloT, CYMMUPYsI TpaduK B,y
¢ rpaPMKOM pacxolia JMEKTPOIHEPIUM Ha COOCTBEHHBIE HYKIH U IO~
TepsiMu B TpaHcdopMaropax 16, T7.

P, =(0,4+0,6PL)P¢Hmax, (1.11)
yCT

rae P; — Harpyska /-if crymeHu rpaduka Ha wmHax 10 kB; P, —
YCTaHOBJIEHHASI MOILIIHOCTb TEHEPATOPOB; P, i max —~ MAKCUMAIBHBIHN pac-
XOJ1 Ha COOCTBEHHBIE HYXIbI (CM. Ta6I. 5.1); koadduuments 0,4 1 0,6
XapaKTepHU3YIOT ITOCTOSTHHYIO U TIepeMeHHYIO YacTh Pacxoja Ha co6-
CTBEHHbBIE HYXABL P,y max- IIpM0OaBIIsia K opanHaTaM rpaduka Harpy3ku
Ha mmHax 220 kB anekrpoctanumu Py MOTEPH B TpaHchOpMaTopax
T6, T7 v pacXox Ha cOGCTBEHHBIE HYXIBI, ITOJIy4aeM rpadyK Harpys-
KU Ha reHepaTophl Pg.
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Taoauuna 1.1

CTaHIapTHBIC HANIPSUKEHHS TEPEMEHHOTO TOKA

Yemanoeku do 1 kB (I'OCT 21128 — 83)

CeTH U IPUEMHUKH IEKTPHUUECKOIA 220 | 380 | 660
SHeprum, B

Yemanoexu evime 1 kB (FOCT 721 — 77%)

CeTHt ¥ IPHEMHHUKH TCKTPHUECKOM B3)| )| 10[20] 35] 110
3Hepruu, KB

HauGoneiiee pabouece HanpsxeHue, kB | (3,6) | (7,2)| 12 | 24 140,5| 126

CeTH M IPUEMHHUKH JIEKTPUYECKOM (150)| 220 | 330{500f 7501150
9Hepruu, KB

Haubosnbliiee pabouee HanpskeHue, KB | (172)) 252 1 363 | 525] 787 {1200

IIpuMeuaHHe. YKazaHHble B CKOOKAX HANPKEHHS Ha BHOBb NMPOEKTHUPYEMBIX
YCTaHOBKAX He PEKOMEHIYIOTCH.

OmHoll U3 BAXXHEHIINX XapaKTepPUCTHK 3JIEKTPOYCTAHOBOK SIBISICT-
Csl MX HOMHUHAJIPHOE HaTIPSIKEHUE.

HoMuHanbHBIM HalpgXeHUEM reHepaTopoB, TpaHchop-
MaTOpOB, CeTel W NMPUEMHHKOB BJIEKTPOIHEPTHH HA3BIBAETCS TO Ha-
TIpSXEeHUE, TTPU KOTOPOM OHU NpEeTHA3HAYCHBI I HOPMaJIbHOU pa-
6ot1el. CTaHAAPTHBIC HATIPSKEHUS TPUBEACHHI B Tab. 1.1.

HoMuHanbHBIE HATIPSXKEHUs TEHEePaTOPOB, CUHXPOHHBIX KOMITEH-
€aTOpOB, BIOPHYHBIX 0OGMOTOK TpaHC(hOpMaTOpoOB NpUHATH Ha S— 10 %
BEIIIE HOMMHAJIBHOTO HANPSDKEHUS COOTBETCTBYIOIIMX cereit (6,3; 10,5;
36,75; 38,5; 121 u t.1.).

HoMmuHanbHbIE HapsSXeHUS MOLIHBIX FEHEPAaTOPOB M CUHXPOHHBIX
KOMIICHCATOPOB, BKIIOYaeMBIX B OJI0K ¢ TpaHchopmaropamu: 13,8;
15,75; (18); 20; 24 kB.

1.4. DHeprocucreMsl

JIJIsT MOBBILIEHUST HANEXHOCTH B3JIEKTPO- W TEIUIOCHAOXEHUS T0-
TpeOuTenel 3IeKTPOCTAHIIUY OOBEIMHSIIOTCS Ha Napajuie/ibHyI0 pabo-
Ty B BHEPTOCHCTEMBI.

DHEepProcUcTeMa — 3TO COBOKYIITHOCTb 3JIEKTPOCTaHLIUAM,
3JIEKTPUYECKNX U TETUIOBBIX CETeH, COeIMHEHHEBIX MEXAY COOOIT U CBSI-
3aHHBIX ODOIIHOCTBLIO pPeXyMa B HENMPEPHIBHOM Ipoliecce MPOU3BOI-
CTBa, MpeoOpa30BaHUs U PACIIPEIETCHHUS SICKTPUUECKON U TETLTOBOM
SHEPTUU MPHU OOILIEM YNPABICHUM 3TUM DEXUMOM.

DIEeKTPUUYECKON YacThIO BHEPTOCHMCTEMEI HAa3BIBACT-
Csl COBOKYITHOCTD 3JICKTPOYCTAHOBOK 3JIEKTPOCTAHIIMMI M 3JIEKTpUYEC-
KHX ceTel sHeprocucreMsl [1.12].
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Ha puc. 1.4 nsobpaxeHa dJIeKTpHYecKass CXeMa DHEPrOCUCTEMH €
YeTHIPEMS TEHEPUPYIOLIMMH MCTOYHUKAMK: 1ByMd TIOLL, I'9C u IT'POC,
IByMsl paifoHHBIMU (cucTeMHBLIMM) moacTaHuusMu (IIC) A u b un
HECKOJIBKUMH HOTPEOUTENbCKUMU TTOACTAHIMSIMU, 00BeAWHEHHBIMU
Ha napaijienbHyto padory TuHusaMu 35, 110, 220 kB. MexcucteMHele
CBSI3U ocyllecTBIgIoTcd TuHuamMu W1 500 xkB. MecTHbIe pacnipeenu-
TeJIbHEBIE CETH BHITIONHEHH! Ha HanpsxeHuu 6 — 10 kB. IToxcradima b
¢ IBYMSI CHHXpPOHHBIMU KoMIeHcaTopaMu G C SBIISIETCS Y3JI0BOI ITOA-
crannueit cucteMsl. IloacTaHIusa A ¢ IByMS aBTOTpaHc(opMaTopaMu
u uHugMu 500 kKB sBisgercs cucteMHuoi roacTaniuei. IloactanHmus
B — mipoxoaHast, yepes muHEL 110 KB oCyleCTBIAIOTCS TPAH3UT MOLI-
HoctH 1 cBs13b T3] 1 ¢ TPAC. IToacranmus I npucoeayHeHa OTHAl -
KaMH K TpaHsuTHo maHuu W11, OaHorpancdopMaropHas ITC X sxmo-

21 1 T9I1 2
10 kB 6 kB
D D Q
110 xB 35kB 35xB
= wi2
Wi3 6 xB
wio 10 kB
KIICT Wo NS wis TC X
Inc 1S & | 35xB
ws 110 kB wii
10 xB o
-, (2 -, (D 35kB
S Gres mesEDy 4O DD [l
10 xB 220 kB e GC u
10 xB
w7 W5 W6
110 xB 20xB |W3 220 xB

- " @ 10 xB
~ollll 5558

S
CucreMHas
TPC / C A 3]
500
1

KB 35kB
w. wié6 wi7
KIICK KTIIC I

Puc. 1.4. TlpunivnuanbHasi CXeMa SHeprocucTeMbl



yeHa B KOMbIO JuHM 35 kKB. OCO0eHHOCTH 3JIEKTPHUECKHX CXEM pac-
CMOTPEHHBIX TTOACTAHIIAI W 9MEKTPOCTAHIINI JaHH B II. 5.

Co3smanune 3HEProCUCTEM UMeeT GOJIBIIIOE 3HAUCHUE 1 JAET Psil TeX-
HUYECKHX ¥ SKOHOMHYECKHX IIPEHMYIIIECTB;

TIO3BOJISIET YBEJIMUMBATEH TEMITBI PA3BUTHS SHEPTETHKHU H OCYIIECT-
BJISITh 3TO Pa3BUTHE HanboJIee SKOHOMHYHO JIJISI COBPEMEHHBIX YCIIO-
BHI, T.e€. 3a cueT npeobiagarolero BBoga KpyrmHex TOC u ADC ¢ 6i1o4-
HBIMH arperataMu OOJIbIIONH MOIHOCTH;

TIOBHINIAET HANEXHOCTD 3JEKTPOCHAOXEHHS ITOTpeOnTENEH;

o0ecIieynBaeT MOBHIICHUE SKOHOMUYHOCTH TIPOM3BOACTBA U pac-
NpefieTICHHUs SJIEKTPOIHEPIUHU B IIEJIOM TI0 SHEProcUcTeMe 3a CYET Hau-~
0oJiee parMOHANIBHOTO pacIipeaesIeHUsT Harpy3KU MeXITy 3eKTpOCTaH-
LMSIMH TIPH HAWJTYYIIIEM MCIIONB30BAHHU SHEPTOPECYpCcoB (TOIUIMBA,
BOJTHOI SHEPTUH H T.].);

YAVUIIAeT KAYeCTBO 3JIEKTPOIHEPTHH, T.€. 00eCTIeYNBACT MTOIep-
JKaHWEe HaTIpSDKEHMST U 4acTOTH B HpeAenax, HopMupoBaHHeiX TOCT,
TaK KaK KOoieOGaHWsI HAarpy3Ku BOCTIDUHMMAIOTCS OONBIIMM YHUCIOM
arperaros;

II03BOJIIET CHU3UTh CYMMApHBIA pe3epB MOIIHOCTH TI0 SHEPrOCH-
cTeMe, KOTOPHIH JIOMKeH cocTaBiATh 12— 20 % o61ieit MOLIHOCTH ar-
peratoB sHeprocuctemsi [1.8].

Harpyska 5HeprocucTeMbl B Te4eHUE CYTOK MEHSIETCS B 3aBUCUMO-
CTH OT Harpy3KH IIpUCOESAMHEHHEIX oTpeduTeneii (puc. 1.5). Pacripe-
JIeJIEeHUe Harpy30K MEXIy 3JeKT-
POCTaHIIUSMHU, BXONAIIUMH B CHU-
CTeMY, JOJDKHO OOecIieYuTh Hau-
oonee apdexTUBHYIO paboTy CTaH-
LM 1 HauMEHBIIINE IOTEPH OT IIe-
PETOKOB B CETsX. ba3oBylo 4acTh 0.8
rpaduka (P< Py min) TIOKPHIBAIOT:

I'SC B cOOTBETCTBUM C NPOITYCKOM

BOJIBI, HEOOXOAMMBIM TI0 YCJIOBHU- 0.6
SIM CYIOXOACTBA M CaHHUTAPHBIM

TpeGoBaHUAM (BO BpEMs MaBOAKA

yyactue I'DC B 6a30B0ii YaCTH yBe- 0.4
JIUYMUBAIOT, YTOOHI He cOpachBaTh
Oecrione3Ho Bony); ADC, perynu-
pOBaHME MOIIHOCTH KOTOPHIX 3a-
TpyauutensHo; TOI, paboTtaio-
L{{e II0 TEIIOBOMY IpaduKy. AISC

ITukoBass yacTe rpaduka 0 4 8 12
(P> Py min) TOKpHBaeTcss TABC u

P

PHrmax

TADC
TADC [

Irac

TADC

cle \

Jic)1}

0,2 racC

16 20 24ty

I'SC cpenneit MoiHocTU. B ripoBa-
ne rpaduka (ot 0 go 7 u) TADC
paboTaeT B HACOCHOM peXKMe, Ha-
KarnjauBasi BOAy B HAIlOpHOM BO-

Puc. 1.5. CyTouHslii rpaduK Harpys-

KW SHEProCUCTEMBI M rpadUKH dNeK-

TPOCTaHLM, YYaCTBYIOLIMX B BBIpa-
0OTKE SNEKTPO3HEPTUHU
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JOXPAHIJIUIIE, a B MaKCUMYM Harpy3k# (ot 8 mo 22 y) TADC paborta-
€T B TeHEPaTOPHOM pEXHMe, IIOKphIBasA MUK Harpy3Ku. BeIpoBHEHHAs
TF'ADC Harpy3ka nmokpeiBaetcss KOC, paboTta KOTOpBIX Hanbojee KO-
HOMMYHA IIPU PAaBHOMEPHOI Harpyske.

Pacnpenenenyie HaTpy3Kyl CUCTEMBI PACCUMTHIBAETCS IPYHIION pe-
XKHMOB JTUCIIETUYEPCKOrO YIIpaBIeHUs.

Cospmanne o0beaHeHHBIX HeprocucteM (OOC), B KOTOPBIX CUHX-
POHHO paboTaeT OWIBIIOE KOMUYECTBO IJIEKTPOCTAHIIMIT, 00CCIICUUBACT
elre OOMbIINEe TEXHUYECKHE U SKOHOMHUYECKIE MpeuMyIiecTBa. OmHOIM
13 nepBbix co3mana ODC IlenTpa, 3ateM ODC IOra, Cpenneit Bonru u
Ypana. Cnenyomum maroM 6suto oosenuHenre atux OOC B Enqunayio
aHeprocucteMy eBporneiickoit yactu CCCP, koTopasi oxBaTuia TaKxe
sHeprocucteMbl CeBepo-3anana, CesepHoro KaBkasza u 3akaBKa3bsi,

BaxnHeH MM HanpaBJIeHUEM pa3BUTHS SHEPIeTUKH CTPaHBI SIBJISI-
erca dopmupoBanre Emmnoit sHeprocucremsl (EDC) Poceuu, B Ko-
TOPYIO B HACTOsIliee BpeMd BXOIAT OOBEIUHEHHBIE 3HEPTOCUCTEMEL
Ientpa, Ceepo-3anana, Cpenueit Bonru, Ceseproro Kapkasa, Ypa-
na, Cubupu u Bocroka. EDC Poccum sBiasgeTcs omHUM W3 KpYMHEH-
HINX 3HeproooremuHeHuii ctpan CHI.

B HacTtosee BpeMd 11 U3 12 HAalMOHAJIBHBIX 3HEPTOCHUCTEM TOCY-
nJapctB CopyXKecTBa OCYIIECTBIISIOT COBMECTHYIO ITapaljIeIbHYIO pa-
6oty. IlapannensHo ¢ oObeguHEHMEM 3HeprocucteM CHI' paboraror
SHEProcUCTeMBI cTpaH barriuu. MexrocynapctBeHHsIe cBs3u (BJI 500 kB
n 750 xB) coemunsior EDC Poccuu ¢ aHeprocucreMaMM psia CTpaH
BocTtounoit EBporibr 1 A3un.

OrmepaTUBHOE PYKOBOACTBO PabOTOI IHEPTrOCHUCTEM OCYIECTBIIS-
erca LlenrpansueiM JducmeruepckuM YmnpasneHuem (LIY), ocHOB-
HBIMM 33a49aMH KOTOPOTO SIBJISIOTCH:

pPETYIMPOBAHUE YAaCTOTHI JIEKTPUYECKOTO TOKA, obecreyeHue a¢-
(HEeKTUBHOTO (PYHKIIMOHHUPOBAHUS CUCTEMBI aBTOMaTHYECKOTO PETYITH-
pOBaHMS YACTOTHI M [IEPETOKOB aKTHUBHOI MOILIHOCTH;

IIPOTHO3UPOBAHUE U ONTHUMHU3AINS JOJTOCPOYHBIX M KPAaTKOCPOY-
HBIX 0AJIAaHCOB 3JIEKTPO3HEepruK U MoltHocTH EDC u OBC;

pa3paboTKa ONTUMATBHBIX CYTOUHBIX IPaUKOB paGOThl OCHOBHBIX
anekTpoctaniuit EBC Poccuu;

pa3paboTKa pexXuMOB pabGoThl KacKamoB [9C;

IucrieTyepckoe ympasieHue EDC B peaslbHOM BpeMEHU C COOJIO-
JEHWEM TpeOOBaHUWI HAEeXKHOCTH U CTaHAAPTOB KayeCcTBA SHEPIUH;

OpraHu3alvs U YIIparJIeH!e peXUMaMK NapauiensHoi pabotsl EDC
Poccun ¢ aHeprocucreMaMu APYyTrUX TOCYIapCTB;

pa3paboTKa YCJIOBHM ONTHMANBHOTO HCITOIB30BAaHMUS UCTOYHHUKOB
PEAKTHUBHON MOLIHOCTH U CPEICTB PETyTUpPOBAaHUS HAPSIKCHUS IS
CHYDKEHHSI IIOTEPh 3JIEKTPOIHEPTUM;

KOOpIMHALIMSI HACTPOHKH peIeHHBIX 3alllUT B OCHOBHOM cetn EDC;

pa3paboTKa IPOTHBOABAPUIHEIX MEPOIIPUATHIA U IPYTHE OTIepaTHB-
HO-TEXHOJIOTUYECKHUE 3a1a4M;
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BHEIPEHHE B SKCIUTYaTallMIO aBTOMAaTH3UPOBAHHBIX CUCTEM JTUCTIET-
yepckoro ynpasieHus (ACIY), pasBUTHE M MOJEPHHU3AIUS €TO TEX-
HHUYECKHUX CPeJICTB;

opraHM3arysl GYHKIIMOHHUPOBAHUS B OTPACd CUCTEMBI cOopa U me-
peNavYy ONePaTHBHO-TEXHOJIOTUYECKOM M KOMMEPYeCKOH MH(OPMAaLIHH.

Hucneruepckoe ynpasienue EOC Poccnn, B 3/1eKTpUYECKHX CETAX
KOTOpOi QyHKIIMOHUpYeT PemepanbHBIl ONTOBHIH PBIHOK 2JIEKTPH-
4yecKoil 3HeprHH U MoUIHOCTH (POPOM), ocyllleCTBISETCS ClIEayIO-
el MepapXu4eCcKol CTPYKTYpOI:

LY EDC Poccuu, paciionoXeHHBM B MoCKBe;

CEMBIO PerMOHANBHBIMH 00be IMHEHHBIMH JTUCTIETYEPCKUMH YIIPaB-
neausmu (O1Y Henrpa, O1Y Cesepo-3amana, Q1Y Cpenneit Bonaru
U T.1.);

HEHTPATBHBIMH TUCTIETIYEPCKUMHU ITYHKTaMH HEPIOCHUCTEM;

JUCTIETIEPCKHMH ITYHKTAaMH VIIPAaBJIECHHS 3J€KTPOCTAHIIUM, TOMI-
CTaHLMH, TPEONPHATHH 3JIEKTPUISCKHUX PACTIPEACTUTENBHBIX CETCH.

1.5. Pexumpi paboTbl HelTpaieH B 31eKTPOYCTAHOBKAX

Helimpaasmu anexmpoycmarnosox Hasvisarom obuje mouxu mpexghas-
HbLXx 0OMOMOK 2eHEPAMOPO8 UAU MPAHCHOPMamopos, COeOUHEHHbIX 8 36e30Y.

B 3aBHCHMOCTH OT peXHuMa HeUTpalih 3JeKTPUUECKHE CETH pa3-
JENISIIOT Ha YEThIpe TPYMIHL: 1) CETH ¢ He3a3eMJIeHHBIMM (M30JUPO-
BaHHBIMHM) HeHTpansaMH; 2) CETH C PE30HAHCHO-3a3EMJIEHHBIMHU
(KOMIIEHCUPOBAaHHBIMH) HeMTpansaMH; 3) ceTH ¢ 3dhdekTUBHO3a-
3eMJICHHBIMH HeUTpaJsiIMH; 4) CETH C TIyX03a3eMJICHHBIMH HEHT-
payisiMH.

CornacHo Tpe6oBaHUsAM [IpaBUT YCTPOHCTBAa 3J€KTPOYCTAaHOBOK
(IyD, . 1.2).

1. CeTn ¢ HOMUHATBHBIM HanpsDkKeHHEM 10 1 KB, nuTalomuecs: oT
MOHUXAKIIUX TpaHCPOPMATOPOB, MPHCOCAUHEHHBIX K CETAM
¢ U, o> 1 KB, BHITIONHSIOTCA ¢ TAYXHM 3a3eMIeHHeM HelTpanu.

2. Cetn ¢ U, #o 1 kB, nuramommecst 0T aBTOHOMHOTO HCTOUHUKA
WIH pa3ie/NTeEHOro TpaHcdopMaropa (1o yCJIoBHIO OOecnedyeHMs
MaKCUMAaJBHOH 3J1eKTpOOe30aCHOCTH TPH 3aMBIKAaHUSX Ha 3eMIIIO),
BBITOJTHSIIOTCS € He3a3eMJIEHHOH HelTpanbio.

3. Ceru ¢ U, =110 kB u BoIlIe BHITOJHSAIOTCA © I(deKTHBHBIM
3a3eMileHMeM HeliTpanu (HelTpaib 3a3eMJISIeTCS HETTOCPEACTBEHHO WIH
Yyepe3 HEOOMBIIOE COMPOTUBRIEHHE).

4, Cetn 3— 35 kB, BBINNOJHEHHBIE KaGeJsIMH, IPH JIOOBIX TOKaX
3aMBIKAHHST Ha 3eMJTIO BEHITIOTHSIOTCA € 3a3eMJIeHMEM HeHTpajm uepe3
pesucTop.

5. Cetn 3— 35 kB, uMeronue BO3AYIIHBIE JUHUH, TTPH TOKE 3aMbI-
KaHudg He Gosee 30 A BBHITIOMHSIIOTCS € 3a3eMJeHMEM HedTpanu depe3
pesucTop.
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6. KoMnencainug eMKOCTHOIO TOKA Ha 3¢MIIIO HEOOXOIMMa TIpH 3Ha-
YEHMSX 3TOI'0 TOKA B HOPMAIBHBIX YCIIOBHUSX:

B ceTsix 3— 20 kB ¢ Xe1e300eTOHHBIMU ¥ METATUYECKUMU OITOpa-
MM BJI u Bo Bcex cersix 35 kB — Gonee 10 A;

B CETAX, HE MMEIOIHX XKeJIe300€TOHHBIX HIIM METAJUIMYECKHX OIIOp
BJI: npu Hanpsxenm 3—6 kB — Gosnee 30 A; nmpu 10 kB — Gosee
20 A; ipu 15—20 kB — 6oiee 15 A;

B cxemax 6 — 20 kB 6510koB reHepaTop — TpaHchopMaTop — Golee
5A[1.2, 1.7].

ITpu Tokax 3aMBIKaHMA Ha 3eMII0 6oee S0 A peKOMEHIYeTCs yCTa-
HOBKA He MeHEe ABYX 3a3€MIISTIOUIHX AYTOracsIUX PeaKTOpOB.

1.5.1. CeTH ¢ He3a3eMIIeHHO# HEHTPAIBIO

B HopMaJIbHOM peXHUME B KAXHOi (a3e rmpoTekaeT HEOOMBIION eM-
KOCTHBIH TOK, OOYCIOBICHHBI PAaBHOMEPHO pacHpeaeICHHON EMKOC-
ThlIO haz C

Ico=0CUj, (1.12)

CyMMa TokOB I Tpex $a3 paBHa HYJTIO, T. €. HIKAKOIO TOKa B 36M-
Jie He TIPOTEKAET.

B ciyyae sampIKaHUS Ha 3eMini0 onHO# (asel, HarpuMep C, eM-
KOCTh 3TO# (ha3sl HIYHTHPYETCS, IIPH 3TOM HAIPSXEHUE B IOBPEX-
IEHHOM (a3e yMEHBIIAETC 10 HY/IA, a B HEIMIOBPeXNEeHHBIX BO3pacTa-
€T JI0 JIMHEITHOTO, T. €. YBEIMIMUBAETCA B /3 _pa3 (puc. 1.6). Onpenenum
TeOMETPUYECKYIO CYMMY BekTopoB U, u Uy; U, u Uy:

Up =Up +Uy; Us=Us+ Uy, 1.0. Uy =BUp, Uy =-3U,,

rac [70 — HaIIps2KCHUC HYJICBOP'I MOCIACOOBATCIIbHOCTH.

Puc. 1.6. 3ambikaHne Ha 3eMITI0 B TpexdhasHOM CETH ¢ N30JIMPOBaHHOM
HEHTPANbIO:

a — 3aMbIKaHue Ha 3emito da3sl C; 6 — BeKTOpHas QuarpaMma
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EMKOCTHBIN TOK B HEMTOBPEXICHHBIX (ha3ax

Iy = \/glco; Icp =\/§Ico-
Tok ogHoda3zHOro 3aMBIKAHUS HA 3€MJTIO
TC = _(TCA + iCB ).

Toxku Iy M Icy COBHHYTHI IPYT OTHOCUTENBHO fpyra Ha 60°, mo-
3TOMY

Ic =3Iy = BIcp =331 = 30CU,,. (1.13)

M3 dbopmynsr 1.13 BUAHO, YTO €eMKOCTHBINA TOK B PeXKMME 3aMBIKa-
HHS Ha 3eMII0 B 3 pasza GoJiblile €eMKOCTHOTO TOKa B HOPMAaJIbHOM
pEXUME.

YaenbHast eMKOCTh Cj 3aBUCUT OT KOHCTPYKTUBHOTO BBIMOJTHEHHS
ceTH (BO3MYIIHBIC H KaOGeIbHbIe TUHUK). ECIM MpUHATE YyCpeqHEHHEIS
sHayeHUs Cy, To I OyAeT 3aBUCETh OT HAIPSKEHHUS U JUIMHBI JIMHHUU:

JUISL BO3MYUIHBIX JIMHUH

Ul

350° (1.14)

C=

IUIA KaOeJIBbHBIX TUHUHI

Ul
10°
roe I — ToK, A; U — MexmydaszHoe HamnpsokeHue, KB; /[ — mmHa
5NIEKTPUUYECKH CBA3aHHOM CETH, KM.

Kak BHIHO 13 BEKTOPHOM mTuarpaMMHI (CM. pHc. 1.6), B pexuMme 3a-
MBIKaHUA (a3pl Ha 3eMII0 JUHEeHHBIe HanpaxeHusa Ugy = Uy,
U,p= Ugc= Uy He U3MEHWINCH, CJICIOBATCIEHO, MOTPEOUTENL B 5TOM
pexkmMe MoxeT padorath. OmHaKo HanpspkeHue ¢a3 A M B oTHOCUTE B
HO 3eMJIM YBEIMYWIOCh B +/3 pa3, 3TO MOXET HPHUBECTH K HPOGOIO
HU30JISILMK Ha Apyroil IMHUM, U TOorna Bo3HUKHET nByxdasHoe K3 uepes
3eMJTIO, UTO IIPMBEIET K aBAPUITHOMY OTKIIOYEHHIO STHX JIBYX JIMHHI.
CornacHo IITD paspeuraercs paboTaTh ¢ 3aMBIKAHMEM Ha 3¢MJTIO B CETH
C M30JIMPOBaHHON HEUTpAIBIO He Oosee 2 u. B TeyeHHMe 3TOro BpeMeHH!
MEPCOHaJI TOJLKEH OOHAPYKMTh MECTO 3aMBIKAHHUS Y YCTPAHUTD ITOBPEXK-
neHue. [ npeaynpeXxaeHus MepCoHala O BO3HUKHOBEHHU 3aMBIKa-
HUS Ha 3eMJTIO TIPUMEHSTIOT KOHTPOJIb M3O0JISIIIMH C TTIOMOIIIBIO H3MEpe-
HUs TpexdasHbix HanpsokeHud. Ha mospexneHHoi dase Uy=0, a Ha
IIBYX IPYTHX MIPUOIICKAETC K JIMHEHHOMY +f3 U, - Kpome Toro, ycra-
HaBJIMBAETCA PEICHHOEC YCTPOUCTBO 3BYKOBOI CUTHATHM3ALIUM.

B ceTsix, paGoTtaroliux ¢ U30JIMPOBAHHON HeUTpPaTbio, BO3ZMOXHO
3aMBIKaHWE Ha 3eMJII0 Yepe3 BO3HUKHUIYIO IyTy, KOTopas ITOIICpeMEH-
HO 32XWTaeTCsl H TACHET, UTO BBHI3BIBACT PE30HAHCHBIE SIBJIEHUS U I10-
BBIIICHWE HaNpAxXeHUs 10 (2,5—3) U,. Tlpu ocnabieHHON M30MSLMHU

I = (1.15)
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3TO MOXET IIPUBECTH K Mpo0o10 U30AMK U MexaydazHomy K3. Be-
POSITHOCTb BO3HUKHOBEHUS MepeMexalonieiics n1yru TeM 0oJbliie, yeM
0oJIblIIe EMKOCTHBIN TOK B paccMaTpuBaeMoit ceti. Bo3HukaeT HeoO-
XOIHUMOCTb YMEHBIINUTh, KOMIIEHCHPOBATh EMKOCTHBIN TOK ITyTEM yC-
TAaHOBKM WHAYKTHUBHOTO COIIPOTUBJICHUS — MYTOTACSAIIETO peakTopa
B HEHTPaJIb.

1.5.2. CeTd ¢ KOMNEHCHPOBAHHLIMH (Pe30HAHCHO-323eMICHHBIMH)
HEHTPANAMH

Jna KoMIeHcaly eMKOCTHOTO TOKa Ha 3eMITI0 I B HEHTpaJlb re-
HepaToOpPOB MU TPAaHCHOPMATOPOB BKIIIOYAIOT TYTOTACHIINE PEAKTOPHI
(AI'P), "HAYKTUBHOE COIIPOTUBJICHNE KOTOPBIX COOTBETCTBYET EMKOC-
THOMY cOnpoTuBNeHUIO ceTh: wL = 1/3wC. I1pn 3aMbikaHuK dasH Ha
3eMJIIO B MECTe TTOBPEXACHUS MPOTEKAIOT TOKU I; u I, CIBUHYTHIE Ha
180° apyr oTHocuTeabHO npyra (puc. 1.7), clegoBareabHO, PEe3yIbTU-
pytoiuit Tox (I, — 1) 6yaer HemocTaToueH IS ITOIEPXKAHUS OYTH, U
OHa He BO3HUKHET. M30msuus He OyneT NOABEpraThesl ONACHBIM Mepe-
HaIPSKEHUSIM, MPUBOAAIINM K K3 U OTKNI0UEHUIO JIMHMUIA.

Hactpourts JAI'P MoxHO B pe3oHaHc (korma [;= Ic), B peXuM He-
JoxoMIeHcanun (Koraa I; < I;) 1 B peXuM MepeKOMIIEHCaluM (Koraa
I, > I;). KenarenbHa HaCTpPOWKA B pe30HAHC.

B niporiecce sKCIUTyaTalii CETH YacTh JUHUN MOXET OBbITh OTKITIO-
YeHa, TOTIa EMKOCTb CETH YMEHBIIACTCS, Y IIepBOHAYAJIbHAA HACTPOITKa
TP Hapymaercs. YToOBl COXpaHUTH HACTPOIKY, HEOOXOANMO PEryIn-
poBaTh UHAYKTHBHOE comnportusicHue II'P.

Ic 1

Puc. 1.7. 3aMbikaHue HA 3eM10 B Tpexda3Ho# CETH ¢ pe30HAHCHO-3a3€M-
JICHHOM HEWTpabiO:

a — 3aMbiKaHMe Ha 3eMil0 (asel C; 6 — BeKTOpHass AuarpaMMa (YIpouleHHas) st
noBpexaeHHoM ¢aznt C
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KoncrpyxtusHo JI'P HanoMuHaer TpaHchopMaTop: B 0aK, 3aIoj~
HEHHBIH MacjioM, IOMeIaeTcsd MarHUTHasl CUCTeMa ¢ 0OMOTKoi1. Pe-
TYTHpPOBaHNE HHIYKTHBHOTO COMPOTUBJICHUS OCYILECTBIISIETCS:

U3MEHEHUEM 4HUCiIa BUTKOB oOMOTKH, TUIl P3JICOM — peakrtop
3a3eMJISIIOIMI, MYTOTACAIINM, CO CTYIIEHYAThIM PeryIHpOBaHHEM,
omHoda3HHIN, MacISHBIN (ITOCe OTKITIOUEHHST OT CETH);

M3MEHEHHEM MAarHUTHOTO COINPOTUBJICHHUS ITyTeM H3MEHEHHS Be-
JIMYUHBI BO3AYIIHHIX 3a30POB B MArHUTOIIPOBOAE (PEAKTOP IUIYHXKED-
HOTO THUIIa); _

MIPUMEHEHUEM TOAMArHUYMBAHUS MAarHHUTOIIPOBOAA IOCTOSHHBIM
TOoKOM, TN P3JAIIOM — peakTop 3a3eMJISIIOIIMHA, MYroracsiiyii,
C IUTAaBHBIM peTYIHPOBaHHEM, ONHOGA3HBIN, MaCIIHBIH.

OnwitTel, mpoBeaeHHBIE ¢ peakTopoM P3ATTOM [1.2], mokasanu,
YTO TPU 3aMBIKAHUAX Ha 36MJII0 B CETH BO3HUKAIOT PE30OHAHCHEIE SB-
JIEHUS, KOTOPBIE CO3JAI0T CKAYKM HATIpSDKEHUS, OTIAaCHBIE TS U305~
. bojiee coBepllieHHAss KOHCTPYKITHAS U CXeMa PETYNTHPOBaHUSA Y pe-
aktopa PYOM, paspa6oranHoro OAQO. «PamMeHcKuii 3JeKTpoOMexXaHU -
yeCKUit 3aBoN “DHeprus”». YIpaBleHUE PEaKTOPOM OCYILCCTBISAETCS
cucreMoit aproMatudeckoi Hactpoiiku CAHK (puc. 1.8), koropas
oIpelessieT OXUIAEMYIO BEJIMYUHY €MKOCTHOTO TOKA 3aMBIKAHUS Ha
3eMJII0 U BRIpabaThIBaeT KOMaHIHBIA CUTHAJ, ITOCTYTIAIONIUIM B I1OJTY-
IIPOBOAHUKOBHIN Ipeo6pa3oparens PYOM. Ipoliecc HacTpoiku 110J1-
HOCTBIO aBTOMAaTUYECKUI, ¥ IPY BO3HUKHOBEHUH 3aMbIKAHUM Ha 3eM-
JII0 peakTop MEPEKITIOUAETCS B PEXUM KOMIIEHCAIIUY 0e3 y4acTUs K-
CILTYyaTHPYIOIIETO TIepCOHAA.

B HOpMaJIbHBIX pexXuMax ceTy peakrop PYOM HeHachIIEH, YTO UC-
KJIIOYAeT BO3MOXHOCTh PE30HAHCHBIX IIepEeHAIIPSTKe U B HelTpat.

A
B
¢ e m——]
15—~ . i
A
AT [
OM30 — : 31E,
OHHHJ PYOM HAMH
__ T 220l—3l8013 T

Puc. 1.8. ABToMaTHYeCcKH peryIupyeMblii ayroracsimii peakrop PYOM
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PeakTop momkio4aeTcsa K CETH yepe3 (PUILTP NPUCOCAUHEHUS
DM30, K HeATpaI KOTOPOTo MPUCOeTUHEH OTPAHMYHUTENE TIEpeHarI-
psxenunii OITH.

Peaktopsl PYOM BuIIycKaoTcss MouHocThio 190, 300, 480,
840 kB A Ha HOMHMHAJIBHOE HaIpsKeHHE 11/ J3; 6,6/ J3, TOK B pe-
KHMe JBYX4YacoBoit KommeHcaruu ot 30 go 220 A.

BoiGop Ayroracsmux peakTOpOB NMPOH3BOAMTCA B CJeIylolleM TO-
panKe:

1) ompenensoT CYMMApHYIO MOILITHOCTD PEaKTOPOB U3 YCIOBUS T10JI-
HOW KOMITEHCALINU: '

anICU(b) (1.16)

rae # — Ko3(pdUUMEHT, YIMTHIBAIONIUNA pa3BUTHE CETH; MOXHO TIpH-
HATb n=1,25; I¢ — TONHBIA TOK 3aMBbIKaHMSA Ha 3eMlo, A; Uy —
¢a3HOe HanpsLKeHHe CeTH, KB;

2) omnpenensoT yuciao peakropoB. Ecinu I-> 50 A, To g Hamex-
HOCTH TPUMEHSIOT He MEHee ABYX PEaKTOPOB;

3) BEIOMpPAIOT MECTO MOAKIIOYEHUS PeaKTOpOB. PekoMeHayeTCH ye-
TaHABJIMBATh PEAKTOPH HA Y3/IOBBIX ITOACTAHUMAX. B ceTsIx reHeparop-
Horo HanpstxeHus JI'P ycTtaHaBiuBaloT, Kak MpaBWJIO, Ha CTAHIHSX;

4) BEIOMpAIOT MOHIHOCTH TPaHC(HOPMATOPOB JUIS TOACOCIUHEHUS
JTP.

HomuHansHass MOITHOCTD TpaHCcGopMaTopa A0DKHA OBITh HE MEHee
PacyeTHOM MOIIHOCTH peakTopa S;2 QOprp. ECIM HCTIONb3yeTCS TpaHC-
¢opMaTop COOCTBEHHBIX HYKJE CTAHIIMH YIX MTOACTAHIMH, TO HAIO YU4eCThb
MaKCUMAITBHYIO MOIIHOCTb HATPY3KH Syax U JOIYCTUMOCTD TIEPETPY3KH
TpaHchopMaTopa Ha BpeMs pabOTHI CeTH € 3a3eMJIEHHOM (a3oi:

QL[I‘P = \/(kHI‘SHOM )2 - Sr%\ax . (117)

Jns npucoenudenust JT'P pekoMeHIyeTcsl MCIIOJNB30BATh TPAHC-
(opmaTopbl, 0OMOTKHM KOTOPHIX COGIUHEHBI IO CXeME 3Be3/1a — Tpey-
TONBHUK, TaK KaK MpU CXeMe 3Be3a — 3Be3/a UHAYKTUBHOE COMpPO-
TUBJICHUEC TpaHC(OpPMATOPOB MpH OAHOG(A3HHX 3aMBIKAHUSIX HA 3eM-
mo B 10 pa3 Gomnblue, 4eM mpU MeXOy(daszHBIX, YTO 3aTPYIHSET Ha-
crpoiiky ATI'P.

JLOCTOMHCTBO KOMIIEHCHPOBAHHBIX CETE COCTOUT B TOM, YTO Iie-
pEHATIpsKeHUsI, BOSHUKAIOLIHE TTPH JAYTOBBIX 3aMBIKAHMSIX HA 3EMITIO,
orpaHuunBaroTca 10 2,6 Uy (B CETSIX ¢ U30MUPOBaHHOM HEHTpaNbi0 —
10 3,2U). Pabora B pexxume 3a3eMIIEHHOH (a3bl OTpaHUYUBAETCSA TaK
e, KaK B CETAX C M30JUPOBAHHOI HeHUTpalIbio.

1.5.3. Ceru ¢ addekTHBHRO 3a3eMICHHBLIME HelTPATAMUA

Cetu ¢ U,,,= 110 kB 4 BbIIlIe BHITOTHAKOTCS ¢ 3(PDEKTUBHBIM 32-
3EMJICHUEM HEWTPaMy MO COOOPaXKEHUSIM CTOMMOCTH U3ONSLMH, TaK
KaK B TAKHMX CETSIX MPH 3aMBIKAHUM Ha 3€MJTI0 ONHOIM (ha3bl HATIPSDKE-
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HME Ha JABYX APYTHX He mpeBbimuaeT (0,8 Mexmyda3sHOro HarpsKeHUs.
DTO 03HAYAET, YTO HU3OJISILIMIO PACCUUTHIBAIOT HA 3TO HAIPSIKEHHE, A
e Ha FoJIHOE MexXnyda3Hoe HaTpsDKeHHE B CIyyae U30JIMpOBaHHOM
WIH KOMIEHCUPOBaHHOHN HelTpaiu.

HenocTtaTkoM peXuma 3aseMJICHHOM HEHTpanu sIBISIETCSL TO, YTO
3aMbIKaHMe (a3bl Ha 3eMIIIO SIBJISIETCSI KOPOTKHMM 3aMBIKAHHEM M Tpe-
OyeT HEMEUIEHHOTO OTKJIIOYEHHSI. ,

3HauuTeNTbHAA YacTh OMHO(A3HEIX 3aMBIKaHMi B ceTax 110 xB u
BBIIIE TIPH CHATUU HATIPSDKEHUSI CaMOYCTpaHsIETCS, TIO3TOMY aBTOMa-
TUYECKOE TOBTOpHOEe BKIoueHUE (AIIB) BocCTaHaBIMBAaeT NMUTaHUE
HOTpeOuTEeNICH.

TSt yMEHBIISHUS BeIMUMHBL ToKa ogHo¢asHoro K3 rpuMeHsoT
YacTUYHOE pa33eMiieHHe Helitpaneil. Hampumep, U3 1BYX YCTaHOBJIEH-
HBIX Ha ITOACTaHIIMM TpaHC(HOPMaTOpOB HeHTpaIb 3a3eMIIIETCA TONBKO
y OITHOTO.

Enre omHMM HETOCTATKOM pEXHMa SIBJSIETCS YCIOXKHEHHE KOHCT-
PYKIIMH 3a3eMJISIOIETO YCTPOMCTBA, KOTOpPOe JOJIKHO OBITh pacCuM-
TaHO Ha OoJipioi Tok K3.

1.5.4. CeTH ¢ riayxo3a3eM/IeHHbIMH HelTpaaMH

B ycranoBkax 1o 1 KB 111 oTHOBpEeMEHHOTO MUTAHUS Tpex(a3HbIX
U ofHO(A3HBIX HATPY30K IMPUMEHSIOTCS YETBIPEXIIPOBOAHEIE CETH C -
DJIYXUM 3a3eMIIeHHEM HEHTpaiau. B TaKuxX ceTsx MpUMEHSIOT HYJICBOMH
MIPOBOAHMK, CBSI3aHHBIN ¢ HelTpanbslo TpaHchopmaTtopa (puc. 1.9),
KOTOPBIM CIIYXXHUT TaKKe ISl 3alllUTHOTO 3aHY/NeHUs, T. €. I IPUCO-
eIMHEHHUSI BCEX METALTHYECKHUX YacTell 3/IeKTpOyCTAHOBKY, HOPMaJlb-
HO He HaXOIAIUXCS MoA HamnpsxeHueM. [Ipu nMpo6oe U30ISIIIUN Ha
KopIyc Bo3HUKaeT omHodasHoe K3, mpuBoasdiliee K OTKIIOYEHUIO
COOTBETCTBYIOIIETO aBTOMAaTHYECKOTO BBIKNoUarens. Hynesoi mpo-

'8

°a ™ x

Puc. 1.9. Tpexdaznas 4eTHpeXnpoBOAHAS CETh C IIYX0323eMJIEHHOMH
HEUTpaJIbIO
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BOIHMK M30JUPYETCSA, KaK ¥ (Pa3sHBIC TIPOBOIHUKH, CEUCHHE €T0 HE
meHee 0,5 ¢pa3HOro, OT €ro LeJOCTHOCTH 3aBUCHUT HAACKHOCTb H 0¢~
30I1aCHOCTDb paGOTH JIEKTPOYCTaHOBKH. HyneBoii IpOBOAHUK TTOBTOP-
HO 3a3eMJISIETCS B MECTaX Pa3BeTBICHUS U Ha IJTUHHBIX yyacTKax (6o-
nee 200 m).

Ilpumep 1.1. BeiOpaTrh myroracsiiivii peakTop Ijisl KOMIICHCALIUU
e€MKOCTHOro Toka cetu 10 xB, mpucoefMHEeHHOM K IMHAM MOJACTaH-
umu (puc. 1.10). EMKOCTHBII TOK KaGeNBHOM CETH, TPUCOEAMHEHHOM
K cekumu K1, paseH 19 A, k cekuun K2 — 18 A. HopManeHO CeKim-
oHHBII BEIKIMIoUate b QK otkmoueH. K ceximam K1, K2 ipucoenmte-
HBI TpaHchopMaToOpel cOGCTBEHHBIX HyXT TM-160.

PemeHue. CornacHo TpeGoBanmsamM [1YD KoMieHcauss eMKOCT-
HOTO TOKa HeobxomuMa mipu o> 20 A, Takoil pexXuM BO3HMKAeT MpH
BKJIIOUEHUH CeKIIMOHHOTO BEIKMIOUaTeNs QK (Hanmpumep, IIpU BEIBOJIE
B peMoHT T'] wnu T2):

ICY,: IC1+ [(;2= 19+ 18=37 A.
MourHocTh peakTopa 1o ¢opmyse (1.16)
Q=nl Uy =1,25-37-10 /43 = 267,34 xB-A.

Bri6upaem no cnpaBoynuky [1.3] peakrop PYOM-300/10, Q\onp=
=300 xB-A.

Takoii peakTop HeJb3s IPUCOEANHUTE K HEUTpau TpaHcdopMaro-
pa cOGCTBEHHBIX HYXI MOLIHOCTBIO 160 KB A, Tak KaK S, < Qyoup-

BriGupaem Juisi IpUCOEAMHEHHUSI peaKTopa CTielIManbHbIi TpaHCchop-
Marop TM-400/10 (S;=400 kB-A> Qyoup=300 xB-A).

T1 @ 12
TM-160 @ u @TM-MO

(%)
Y
@QK@ []2
!

Hl>—$—r—1

&) TM-400

Puc. 1.10. Cxema noactanuum (k npumepy 1.1)

——« P>
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KOHTDOJ’IBHHC BONIPOCHI

1. B yeM COCTOMT MPUHUHUIMTHATBHOE Pa3IMYMe B TEXHOIOrHYECKOM IIPO-
tecce KOC u TOI?

2. KaxoBo NMpHHLMITHANLHOE pa3ivuMe B aiekTpuyeckoil yacth KOC u
TS17?

3. Cpasnure BrusgHue KOC, TBII, I'DC u ADBC Ha 5K0J0rM4ecKyio oocra-
HOBKY B paiiOHe COOPYXKEHUS 3TUX CTaHUMH.

4. Kakue TeXHUKO-3KOHOMUYECKHE IMpPEeUMYHIECTBA HAET OOBEIMHEHHE
3JIEKTPOCTAHLMI B SHEPTOCUCTEMLI?

5. Kakue sneKTpuyecKHe CeTH paboTaloT ¢ HE3a3eMIICHHON M pe30HaH-
CHO-3a3eMJIeHHO#M HedTpanbio? Ha3oBuTe 0COOEHHOCTH 3THX PEXUMOB.

6. ITouemy B ceTsix 110 KB ¥ BhIllle He NMPUMEHSIOTCS Ayroracsauie Ka-
TYIKu?

7. Yo Takoe KO3(PHULIMEHT CIIpoca M KaK OH YYUTHLIBACTCS ITPH OTIpeeie-
HHH MaKCMMaJIbHON Harpy3ku?

8. Kak onpenenuth ronoBoii KoadhduuueHT Harpy3ku? Kakoe Makcumailsb-
HOE 3HaYeHHE OH MOXET UMETh?

9. Kak onpenenuth Ty, MO TOJOBOMY rpadUKy NpOROIKUTENLHOCTH Ha-
TPY30K WK aHaTUTHYECKUM IyTeM?



IF'nasa 2

OCHOBHOE DJIEKTPOOBOPYJIOBAHUE
BIIEKTPUYECKNX CTAHIIMH M IOJACTAHINN

2.1. CHnxponHble reHepaTopbl

2.1.1. O0mue ceexenus

Ha coBpeMeHHBIX 3JIeKTPOCTAHHUSAX IPUMEHSIOT CHHXPOHHBIE Te-
HepaTophl TpeX(dasHOTo MepeMeHHOTo ToKa. [IepBUYHBIMU TBUTATENS -
MM JUISI HUX SIBJIIIOTCS] IIAPOBBI€ TYPOUHB WX TMAPOTYpOUHEL B mep-
BOM cClIy4yae 3T0 TypOoreHepaTop, a BO BTODOM — THJIpOTe-
HepaTop.

ITapoBble TYpOUHEI, SABISIONIMECS NEPBUYHBIMH ABUTATENSIMA, HaAH-
6oJee SKOHOMHYHBI IIPH BEICOKHX CKOPOCTSIX, HO 3IECh KOHCTPYKTOPOB

60 f

OTPaHUYIMNBACT CTpOras CBA3b A CHHXPOHHBIX T€HEPATOPOB: i1 = T s

rae f — 4acToTa CeTH, p — YHCIIO Iap MOJIOCOB reHeparopa. Ilpu npu-
HATOM cTaHxapTHOI yacrote 50 Tl ¥ HaMMeHbIIEM BO3MOXHOM YHCIIE
nap TOJIIOCOB p = 1 HanboJbIIIee YHCIO0 000POTOB OIPENEAeTCA TaK:

n= 60—150- = 3000 o6/muH.

BonbnmHeTBO TypOOTeHEpaTOPOB OHICTPOXOAHEIE, T. €. MMEIOT MaK-
cuManbHoe yKucio o6oporoB 3000. Eciu OH Halm 3JeKTpPOyCTaHOBKHU
GBLTH paccuMTaHbl Ha YyacTory 60 ', To HOMMHAJILHOE YHCIO 060pO-
TOB COOTBETCTBEHHO YBEMUUYWIOCH OFI 10 3600.

T'eHepaTophl HeOOJBUIMX MOITHOCTEH, COeMUHEHHBIE C TU3EIAMHU
U IpYTMMH TOPITHEBHIMH MalllMHAMH, H3TOTOBISIIOTCS Ha 750 —
1500 06/MuH. Bonbliiie CKOPOCTH BpallieHHs pOTOpa OTpaXaloTcd Ha
€r0 KOHCTPYKIIMH — 3TO HWIMHApHWYECKas, 1IeJILHOKOBaHas TIOKOBKa
W3 CIEeUATbHON JIETUPOBAaHHON CTanu. BHosb ITOBEPXHOCTH pOTOpa
dpesepyoT panuadbHBIE a3bl, B KOTOPBIE YKIANARIBAETCS OOMOTKA BO3-
oyxneHus. ITa3pl 3aKphIBAIOTCS KIIMHBIMM, a B JIOOOBOM 4acTH OOMOT-
Ka yKpeIuisieTcs: GaHAaaXKHBIMU KobllaMu. PoTop TypOoreHeparopa riam-
KU, HEABHOIOMIOCHBIH, AuameTpoM 1,1 —1,2 M, JIMHOK 6—6,5 M.
CepIeyHHK CTaTopa IMXTYETCA U3 JIUCTOB DJIEKTPOTCXHUIECKOIt cTa-
JIK B MTAKETHI, MEXIY KOTOPHIMHM 00pa3yioTcsl BeHTHISLIMOHHBIE KaHa-
Jel. B masel craTopa yKiIagbIBaeTcsl 0OMOTKA, 3aKpeIuIsieMast IepeBsIH-
HBIMHU WIH TCKCTOJIUTOBEIMH KJIMHBSIMM, a JIOOOBBIC YaCTH TLLATEIBHO
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TIPUKPETUTSIOTCS K KOHCTPYKTHBHBIM JacTsIM cTatopa. Kopryc cratopa
HU3TOTOBJISIETCS CBAPHBIM M C TOPHOB 3aKPHIBACTCS IIIUTAMM C TepMe-
THYECKUMH YIUIOTHEHHUSIMH.

i ADC BBUITY HM3KHX ITapaMETPOB TTapa 1Le1ecoo0pasHo MPUMEHSITE
YeThIPEXTMOMIOCHBIE TEHEPATOPhl ¢ YacToToi BpaileHust 1500 o6/MuH.

IF'unporeHepaTopHl COMBINON U CpeTHEH MOITHOCTH BBHITION-
HSIIOTCSI ¢ BEPTUKAJIbHBIM BaJIOM, B BEPXHEH 4acTH KOTOPOTO PacIio-
JlaraeTcsl TEHepaTop, a B HIDKHEH — IMApoTypOruHa. MoOIIHOCTh THAPO-
TypOMHBI U €€ CKOPOCTD OIIPeIeIsIIOTCS BEMTUYMHOM Hallopa U pacxoaa
BOABL. I'MporeHepaTophl MPH OOMBITHX MOUTHOCTSIX M3TOTORIISIIOTCS HA
60— 125 06/MuH, IpU CpeHUX U MATHIX — Ha 125— 750 06/MuH, T.¢.
OHY ABISIOTCS THXOXOTHBIMHM MAIllMHAMM.

BepTrkanbHBIe THAPOTEHEPATOPHI IIOABECHOTO THIIA (pHC. 2.1) uMe-
10T OIMH MONISITHHUK 15, 16, 17, pacloNOXeHHBIH B BEPXHEI KpecTo-
BHMHE, K KOTOPOH «IIOIBEIIEH» POTOP TeHepaTopa 7, & U KOJeco Typ-
ounbl. Hrokanit 12 v BepxHuii 13 HanpaBAsIOIIME MOAIUITHUKY 00€C-
IeYMBAIOT BEPTUKAJIBHOE TIOJIOXKEHUE BaJla.

B runporeHeparopax 30HTUYHOTO THIA MOAISITHUK HAXOAMUTCS TOJ
pPOTOPOM, B HIDKHEH KPECTOBHHE, YTO MTO3BOJISIET CHU3UTE BEICOTY BCETO
arperara, a cienoBaresibHo, U 3maHusg I'DC. Takoe UCIIOIHEHUE MPU-
MEHSIETCS IJIsl MOIIHBIX arperaToB.

CraTop THAPOTeHEPAaTOPa BHITONHICTCS MPHHIUIIMANBHO TaK Xe,
KaK y TypOoreHeparopa. PoTop THXOXONHBIX THAPOArperaTtoB HUMEET
OOJIBIIIOE KOJTMYECTBO MOMIOCOB. Tak, rpu yucie odboporos 200

_60f 60-50

n 200

a rpu n=68,2 06/MUH p=44 mapsl, T.e. Ha 000JIe POTOpa HAMO pa3Mec-
TUTD 88 MOJIOCOB. DTO NMPUBOIUT K HEOOXOIMMOCTH YBETUYHTH TUA-
MeTp potopa 10 16— 22 M. [Tomiocel poTopa ¢ 0GMOTKOM BO30YXICHHS
KpensTcst Ha oboae poropa 7. KpoMe 0CHOBHOI 0OMOTKH BO30yXIe-
HHSI, TOJIOCHI CHAOXEHBI YCIIOKOMTENHHOM OOMOTKON M3 MEIHBIX
CTEpXKHEMH, YIOXEHHEBIX B Ia3ax IOMI0ca y repugepru.

Haxonsit npuMeHeHe KallCyJIbHBIE THIPOreHEepaTophl ¢ TOPH30H-
TaJIbHBIM BaJIOM, 3aKJIIOUEHHBbIE B BOAOHEIPOHHIIAEMYIO OOOJIOUKY,
KOTOpasi 00TeKaeTCs MOTOKOM BOJBI, IIPUBOISIIIUM B IBUXKEHUE KOJIe-
CO THUAPOTYPOUHEL.

=15 map nosniocos,

2.1.2. Homunanbnble apaMeTpbl H YCAOBHA PaGoThl reHEPATOPOB

Homunansnuiii (nopmanshbiil) pexcum pabomsl — 3TO IJIUTEIBHO IOy~
CTUMBIN PEXMM C ITapaMeTpaMM, YKa3aHHBIMHU B ITACTIOpPTE TreHeparopa.

HoMuHanpHOE HampsXeHUe — 3T0 MexXaydasHoe Hanps-
XKeHue OOMOTKHU CTaTopa B HOMUHaJIBbHOM pexume. CoOrracHo
TI'OCT 53385 ycTaHOBIIeHa CIeayIONIAs IIKaIa CTAHAAPTHHIX HaIps-
xeHuit: 3,15; 6,3; 10,5; (13,8); (15,75); (18); 20 u 24 xB.
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Puc. 2.1. TugporeHepaTop MoABECHOTO UCIION-
HeHus (353 MB-A, 200 06/MuH):

1 — xopnyc cratopa; 2 — CepaeYHHUK CTAaTOpa;
3 — obMoTKa craTtopa; 4 — (dyHIaMeHTHas IUTUTa;
5 — KONBIIO TOPMO3HOE; 6 — Tomioc; 7 — obox
poropa; & — ocToB portopa; 9 — Bai; 10 — Top-
MO3-OMKpaT; I1 — KpecToBMHA HWXHSsSA, [2 —

HMXXHUI Hanpasisiionui NOAIWMITHUK; 13 — Bepx-
) HMI HanpapySTIOLIMI NOOUIMNHMK; /4 — KpecTo-
BHHA BEPXHAA; [5 — CErMEHT MOAMATHUKA, J6—
\ 17 JMCK MOANATHUKA; /7 — BTyJIKa HOAMNSTHHKA

& 16

s 15
1 14
- | -
< A 13

[

N
1.

EEEIR!




Horyckaercs paboTa reHeparopa ¢ HOMMHAJIBHOMA MOIIIHOCTBIO TPH
OTKJIOHEHHH HaMpspKeHust +5%. JITUTeIbHO NOIMYCTUMOE B 9KCIUTyaTa-
1MW HaNpsDKeHWe He O/KHO npeBbiiarh 110 % HOMUHANBEHOTO, HO IIpH
3TOM TOK POTOpa He HOJDKEH IPEBLILIATH HOMUHAJILHOTO 3HAYEHUS.

HomuHanbHas akTUBHAsI MOIITHOCTL reHepatopa, MBT,

Pro = V3 oo €089, Q.1)
MOJTHAs MOIIHOCTh, MB-A,

Seon = VU ont Trion» (2.2)

rie Uons lyoy — HOMHHAJIBHBIEC HANpPsDKEHHME U TOK; COS( — HOMMH-
HATBHBIA KO UIIMEHT MOIIHOCTH.

Cormacuo I'OCT 533—85E mpunsTa IKajga HOMHHAJIBHBIX MOIII-
HOCTel TypGoreHepaTopos: 2,5; 4; 6; 12; 32; 63; 110; 160; 220; 320;
500; 800; 1000; 1200; 1600; 2000 MBT.

I1Ixana HOMHHATBHBIX MOITHOCTEM KPYTTHBIX THAPOreHepaToOpOB He-
CTAaHAApPTH30BaHa.

HoMuHaTBEHBIM COSQ TIPUHAT PaBHBIM: O 8 — JUIs TeHepaTopoB 0
100 MBrT; 0,85 — st TypboreHepaTopos 10 500 MBT 1 rugporeHnepa-
TopoB 5O 300 MBT; 0,9 — mis Goee MOUIHBIX I'¢éHEPaTOPOB.

HoMuHanbHOM MOIITHOCTH FeHepaTopa COOTBETCTBYET OIPEICIeH-
Hasl TEMITEPATypa OXJIKIAIOIIETO BO3MyXa, BOAOPOAA UK BOIBL U T -
TEJBLHO JOMYCTHMAas TeMIlepaTypa HarpeBa OOMOTOK CTaTopa M pPOTO-
pa, a TaKKe aKTUBHOM CTaJIM MarHWTOIPOBOAA.

JomycTUMBII HarpeB YacTeil reHepaTopa 3aBUCUT OT TEILIOCTOMKO-
CTH IPUMEHSIEMBIX H3OMSIIMOHHBIX MaTepUaIoB (Tab. 2.1).

B nacrosiiee BpeMss OAQ «BaeKTpocuia» BHEAPSIET U3OISIILMIO
«MoHOIUT-2» 1j1 OOMOTOK CTaToOpa ¢ U30JUPOBKOM CTEpXKHEN 00~
MOTKH CYXHMHM CTEKIOCTIONOHMTOBBIMU JIEHTAMH C IOCHEAYIOUEi
BaKYYMHO-HarHeTaTEJIbHOM MPOMMTKOI U 3aMeyKoii 06MOTKH, YJIO-
>KEHHOI B I1a3bl cTaTopa. Takas U30JIAIHSA ITO3BOJISIET YBETUUUTE €1~
HUYHYI0 MOUIHOCTD TYpOOreHEPaTOPOB U UX TEXHUYECKUE XapaKTe-
PUCTHKM.

Hzonupyroire MaTepualibl B TIPOIECCe IKCIUTyaTallMy TOABepra-
IOTCS CTAPeHUIO W TEPSIOT CBOM M3ONMPYIOIIME CBOMCTBA, MO3TOMY
cUCTEMATHYECKHE NEPErpy3KH IeHepaTopos HeaomycTimel. OIHAKO B aBa-

Taodonawuua 2.1

JomycTHMbIe TEMNEPATYps! Harpesa Typboreneparopos, *C

Knacc uzonsiuuu
YacTte reHepatopa
B F H
O6MoTKa cTaTopa 105 120 140
Y aKTMBHas CTajlb
O6MoTKa poTopa 130 135 160
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Tab6nuna 2.2

JlonycTHMAS KPATHOCTD NEPErpy3KH reHEPATOPOB K CHHXPOHHBIX
KOMIIEHCATOPOB MO TOKY CTATOPA

ITponomKUTENLHOCTD KOCBEHHOE OXTAXICHHE HenocpeactseHHoe oxnaxaeHue
MEperpys3Ku, MMH, 0oOMOTKH cTaTtopa
He Goee 00MOTKM cTaTtopa — ——"
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
Ta6nauua 2.3

JlonycTHMAas KPATHOCTH MEPErPY3KH TYPOOreHEPATOPOB MO TOKY POTOpa

I1ponomXATENBHOCTS IIEPE Typboreiteparopet
p -
IPY3KM, MHH, He Gosee TB®, xkpome TBD-120 TIB, Tl?rBB(qji?é(())O MBr),
60 1,06 1,06
4 1,2 1,2
1 1,7 1,5
0,5 2,0 -
0,33 - 2,0

PUHHBIX YCIOBUAX JOITYCKAETCA KPATKOBPEMEHHAS TePETPY3Ka IO TOKY
craropa u potopa [1.13], npuBeneHHas B Tabm. 2.2 1 2.3.

2.1.3. CucreMbl oXJaXKAeHHS reHEPATOPOB

TIpu pabote reHepaTopa MPOUCXOIAT NOTEPU SHEPTUH, TIpeBpaIia-
JoLIMecS B TEIUIOTY, KOTOpas HarpeBaeT OOMOTKM, CTallb cTaropa M
poTopa. 151 yiaJleHus 3TOH TEIUIOTh HEOOXOAUMAa CUCTEMA UCKYCCT-
BEHHOT'O OXJIAXIEHWS.

OxnaxmeHne MOXHO TTPOH3BOINTh BO3IYXOM, BOIOPOIOM, BOIOM,
MacioM (puc. 2.2). OTBOJ TEIUIOTBI MOXET OCYIIECTBISITLCS H e IO C-
pelCTBEHHO OT IPOBOIHUKOB OOMOTKH T10 KaHaJIaM, PacIloIOXeH-
HBIM BHYTPH N1a30B, HJIK KO CB€ HH O OT IIOBEPXHOCTH POTOpA H CTa-
TOpa. DTH CUCTEMBI OXJIAXICHUS UMEIOT YCIIOBHOE OyKBeHHOE 0003HA-
YyeHHe, TIPUMEHSIEMOe B TTACIIOPTHEIX JTAHHBIX TeHepaTtopoB. Hampu-
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KBP

CucreMsl

HB3 HBP

Puc. 2.2. CHcTeMBI OXJIaXKICHUSA TeHEPATOPOB:

KB3 — kocBeHHoe Bo3ayxoM; HB3 — HenocpeacTBeHHOe Bo3ayxoM; KBP — KocBeH-
Hoe BopopoaoM; HBP — HemocpenctBeHHOe BopopoaoM; HB — HenocpeacTBeHHOE
ponoit; HM — HemocpeACTBEHHOE MacjioM

Mep: KBP — xocBenHoe oxnaxnaenue BomopoaoM; HB -— nemocpen-
CTBEHHOE OXJIaXIECHHUE BOLOH.

PaccMOTpUM OCHOBHBIC OCOOEHHOCTH CUCTEM OXJIaXICHMS TeHepa-
TOPOB.

Bo3aymHoOe OXJTaXJeHUE KOCBEHHOE pOTOpa M CTAaTO-
pa IIpUMEHSETCs1 B TypOOreHepaTopax MOLHOCTHIO 10 25 MBT u B run-
poreHeparopax 10 250 MBT. I1 p o To 4 H a g cucTeMa OXJIaXIeHUs MpH-
MEHSETCS IS TeHepaTOpOB HeOOobIION MOITHOCTH (10 2—4 MB-A).
B 3T0if cHCTeMe BO3MyX 3a0HMpaeTcs M3 MOMEINEHHMS M ¢ ITOMOIIIBIO
BEHTWISITOPOB, HACAXXCHHBIX Ha BaJl TeHepaTopa, IPOTOHETCS Yepes
3a30p MEXIY CTATOPOM U POTOPOM 10 BEeHTHWISALIMOHHBIM KaHanaMm. I1pu
3TOM H3OJALMSA 0OMOTOK OBICTPO 3arpsI3HSIETCA M CPOK CIIYXOBI reHe-
paTopa YMEHbBIIAeTCsI. 3aMKH Y T a g CUCTEMA OXJIKAEHHUS TIpeIycMar-
PUBAET LMPKYJISIUIO OJHOTO M TOTO Xe€ 00beMa BO3IyXa 0 3aMKHYTO-
MY KOHTYPY: U3 KaMEPhI XOJIOJHOTO BO3IyXa C ITOMOIIBI0 BEHTHIISATO-
pPOB Ha BaJly TeHepaTopa BO3AYX HATHETAETCS B MaIlIMHY, OXJIaXIaeT
MTOBEPXHOCTb CTATOpa U POTOpa, MOTANAET B KaMepy ropsiuero BO3Ny-
Xa, ITPOXOIUT Yepe3 BO3LYyX00XTaIUTENib U BHOBb IIOCTYIIAET B reHepa-
Top. )1 BOCHONHEHMS HOTEPh BO3yXa 3a CYET yredek IpexycMaTpu-
BaeTcs 3a00p Bo3nyxa 4yepes MacissHble GunbTpbl. CoBepllIeHCTBOBA-
HHE CHUCTEMBI BO3AYIIHOTO OXJIAXIEHUS, NMPUMEHEHHUE MHOTOCTPYii-
HOTO OXJaXIEHHs TO3BOJUIN CO3JaTh CEPHIO TypOoreHepaTtopo TO
MOLIHOCTBIO OT 3 10 180 MBT. B 3TOl cepum npuMeHEHa TepMOpeak-
TMBHAsI U30MIs1LMA Kiacca F B 0OMOTKax cTaTopa M poTopa, Ipejyc-
MaTpHBAaeTCS HAIIYB BO3AyXa B II0JIOCTb TeHEPATOPa ISt CO3AaHMS 10~
BBIILIEHHOTO JABJICHMS, YTO MIPENSITCTBYET IPOHMKHOBEHHIO BHEIIHEN
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meUTH. B aTHX TypOOoreHepaTopax MpeiycMaTpHBaeTC HEITOCPEICTBEH-
HOE OXJIaXICHHE OOMOTOK pOTOpa BO3OYXOM, MIPOXONSAIIMM B KaHaNax
00MOTKM BHYTPH 1a3za. (B o6o3HaycHUH THIIA TypOoreHeparopa OyK-
Ba @ o6o3HaYaeT «POpCHPOBAHHOE» OXJIAXKIECHHE.) DTa CepHsl BHI-
nyckaerca ¢ 1991 r. OAO «BaekTpocuia» B OCHOBHOM IS 3aMEHBI
yCTapeBIINnX, BHIPAOOTABIIUX CBOil cpok redHeparopos TB®-63-2,
TB-60-2 u 1p. ¢ ycTaHOBKOI Ha Tex ke dyHmamenTax [2.7].

TypOoreHepaTtopsl cepur T3® MMEIOT YIyYIIEeHHBIE XapaKTEPHC-
THKY 1O cpaBHeHMIO ¢ T®, Tak KaK B HUX pa3iclieHBI TIOTOKU BO3MY-
Xa, OXJAXIAWIIETO CTaTOp U POTOpP, MPUMEHEHA TPEXKOHTYpHAsA CH-
cTeMa, MO3TOMY HUCKITIOUEHO B3aMMHOE OTPUIIATENBHOE NEHCTBUE MO-
TOKOB, YTO ITO3BONIWIO CHU3UTHL HArpeB OOMOTOK W KOHCTPYKTHBHBIX
yacred reHeparopa. Oxyaxaaoyii BO3AyX HIMPKY/JIMPYET IO ACHCTBUEM
JIBYX LIEHTPOOEXHBIX BEHTHIISITOPOB, YCTAHOBJIICHHBIX Ha BaJly poTOpa,
H OXJIKAACTCA B BOMOBO3MYIIIHBIX OXTaAuTe/sIX. TypOoreHepaTophl 3Toi
CEpUM TIPUMEHSIOTCS HA MApOTYPOUMHHEBIX, Ta30TYPOWMHHHBIX U Mapora-
30TYpOMHHBIX YCTAaHOBKAX.

I'unporeHepaTOpsl UMEIOT 3HAYUTENBHO OOMNBIIYIO ITOBEPXHOCTH
OXJTAXIECHHUS, YeM TypOoreHepaTOpH, TaK KaK JUaMETp pOTOpa y HHUX
B HECKOJIBKO pa3 00Jbllie. DTO ITO3BOJISIET IPUMEHSTh BO3MYIIHOE OX-
JaXKIECHUE JUIS MOLIHEIX THAPOTeHEPATOPOB.

Ha puc. 2.3 mokasaH paspe3 1Mo THAPOTEHEpaTopy MOIIHOCTHIO
225 M BT, nMerolieMy paguaibHyI0 CUCTEMY BO3AYIITHON BEHTUIISIIUM.
Bosayx mocTymaer ¢cBepXy W CHM3Y H IION ACHCTBHEM H3OBITOYHOTO
MaBICHUSI, CO3JaHHOTO BpPAIAIOIIUMCA POTOPOM, IPOXOIHUT Yepes
KaHabel B 000lE poTOpa, IMPOMEXYTKH MEXIY MONIOCAMM, BO3TYHI-
HBIl 3a30p, KaHAIBI MarHUTOIPOBOJIA CTATOPA, BHIXOJMUT B KOPITYC
CTaTOpa U Yepe3 OTBEPCTUA B KOpIyce — B oxyagutenu. Ilpoiins oxia-
IWTEJIN, BO3OYX 110 KaHauaM B dyHIaMeHTe X MEXIIy JIallaMH BepXHeit
KPECTOBUHBI BHOBb IOCTYTIAET B T€HEPATOP.

BonoponHoe oxnmaxXIeHHE KOCBEHHOe TypboreHepaTo-
POB YCTPOEHO IO TaKOM Ke cXeMe, KaK ¥ Bo3ayirHoe. Ha puc. 2.4 moka-
3aHa CXeMa MHOTOCTPYMHOrO BONOPOIHOIO oxiaxneHus. ITpeumyrie-~
CTBaMH NIPUMECHEHHUsI BOIOPOJA SABNSIOTCS: B 7 pa3 OGibIast TEIUIONpPO-
BOIHOCTB, B 14 pa3 MeHbIlasl ILIOTHOCTH, B 1,44 pa3a GOmbinii Koad-
(ULIMEHT TeIT00TaauYn ¢ MoBepXHocTH. boree a¢gdekTBHOE OXIaxie-
HHe TTO3BOJISIET TIPH TeX JKe pasMepax YBEIMYUTh MOIIIHOCTh TYpOOTreHe-
patopoB Ha 15—20 %, a CHHXpPOHHEIX KOMITeHCaTopoB — Ha 30 %.

baarogaps MeHbIe# MIOTHOCTH BOIOPOJIA YMEHBIIAIOTCS BEHTH-
JNAIIKOHHEIE ITOTEPU, B pe3yabTaTe yero Bo3pactaeT KT Ha 0,8 —1 %.
H3zonsiug B cpefie BOOOPOAA He OKMCISETCH, IO3TOMY IOBBIIACTCS
CPOK CJIYXOBI U30JSIIINH 0OMOTOK.

OnHako NpUMEHEeHME BOIOPOAA JUTS OXJIaXACHU CBI3aHO C OIac-
HOCTBIO B3pbIBa CMECH BOJIOpoJa ¢ Bo3nyxoM (ot 4,1 no 74% H.,).

MalluuHBl ¢ BOTOPOAHLIM OXJIaXIEHUEM JAOJIKHBI HMETh Ta30IIoT-
HBII KOpITyC, MaclssHBEIC VIUIOTHEHUS Bajla, VIDIOTHEHWS TOKOIIPOBO-

38



v/
e

o,

S
NE

[T

-~
D
o
/7
v
7/
71 4
s
0 //
21/
v
A 4
/% ‘ ‘ \,\\‘
HAT ‘-
ol | et el
A T

A .

= ]

//’:
:
,_,[h_ [T

==

I

.
§}\\\\\\\\\\\\ﬁ NN

[

I,

L
L

]
!
.|
T

Puc. 2.3. BosayinHoe oxjiaxkineHue ruporesepatopa bparckoit 'OC MolHo-
CThblo 225 MBT:

1 — potop; 2 — craTop; 3 — BO3LYXOOXNARHUTEIh
OB K obMoTKaM poTopa u CTaTopa, YINIOTHECHUS KPBIINICK ra3ooxia-
HHTCHGﬁ, JIIOUYKOB H CbEMHBIX TOPIICBBIX LHTUTOB. CYTO‘IHaH yT€4yKa BO-

Jlopolia U3 KopIyca JHOJDKHa ObITh He Gontee 5% [1.13]. B mporecce
3KCIUIYyaTalldH JOJKHBI TTOMACPKUBATLCS YUCTOTa BOIOPOJA B KOPIIY-
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Puc. 2.4. MHorocTpyiiHasi cCUCTeMa BOAOPOJHOTO OXJAXICHUS TypOOoreHepa-
TOpA:
1 — BeHTUNATOpP; 2 — KaMepa XOJIOAHOro rasa; 3 — rasooxnaguten#l; 4 — KaMmepa
ropssyero rasa

Cax TeHEPAaTOpPOB C KOCBEHHBIM OXIaxneHueM — 97 %, ¢ Hemocpen-
CTBEHHBIM oxJIaXxaeHneM — 98 % 1 HeKoTopoe U3OHITOUHOE JaB/IEHHUE
popopoaa 0,3—0,6 MIla, yToObl He MPOUCXOAWI ITOACOC BO3MyXa
B Kopryc. TakuM o6pa3oM, NCIOJb30BAaHUE JOCTOMHCTB BOXOPOIHOIO
OXJTIAKACHMS CBS3aHO C YCIOXKHEHHEM KOHCTPYKLMHU M 9KCIUTyaTaluu
TeHEPATOPOB.

Ha puc. 2.5 nokaszaHa MpUHIMITHAIBHAS CXeMa Ta30BOro0 X03sHCTBA
CHCTEeMBI BOJOPOAHOr0 oxyIaxaeHUs. I1pu 3aroIHeHNN KOpItyca reHe-
paropa BOJIOPOJIOM BO3JIYX CHayajla BBHITECHSIETCSl YIVIEKMCIBIM Tra3oM
BO M30eXaHue 00pa3oBaHus IpeMydeil cMecH. 3aTeM YIJIEKMCIBIA ra3
oA, JaBleHWeM TofaeTcsl U3 Ga/ioHOB 10 B HIDXKHMI KojuteKTop 9,
BO3IyX BBITECHSAETCS Uepe3 BEPXHUI KOIEKTOP 6 M BEIITyCKaeTcsl Ha-
pyxy. Korna Beck 06beM KopIiyca reHepaTopa OyneT 3aIloJHeH yrie-
KHCJIOTOH ¢ KOHIIeHTpaumeit 0ko1o 90 %, 3akphIBacTCS BEHTWIb «BEI-
IyCK ra3a» M B BEPXHUI KOJIEKTOp MOmaeTcs U3 OaiyioHOB [ BOXO-
PO, KOTOPHIH BHTECHSIET YIJIEKMCIOTY Yepe3 HIXKHUI KOJUIEKTOp U
OTKPBIBAEMBIi1 BEHTIIE « BEITTYCK YIJIEKMCIIOTH» . Kak TOJBKO YMCTOTa
BOIOPOAA JOCTUTHET 3aaHHOTO YPOBHSI, 3aKPHIBAeTCSI BECHTUIb «BhI-
MyCK YIJIEKUCIIOTH» , M HaBJICHNUE BOLOPOIA HJOBOMUTCS IO HOPMalb-
Horo. IIpn ocTaHoBe reHeparopa ISl peBU3NH WIM peMOHTa CHayaia
U3 KOpPIlyca BHITECHSETCSI BOLOPOI C MOMOIIBIO YIICKHUCIOTHI, KOTO-
pas 3aTeM BEITECHSIETCSI BO3AYXOM. Bo BpeMst paGoTEI OCYIIECTBIISIETCS
aBTOMATUYECKUI KOHTPOJIb YHCTOTHI BOAOPOIA ra30aHaIN3aTOpoM 4;
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Puc. 2.5. TIpyHuunuaabHas cxeMa ra3oBoro Xo3siicTBa CUCTEMbI BOZOPOJIHOIO
OXJIAXOCHUS:

1 — GayoHs! ¢ BooposioM; 2 — penykTop; 3 — MaHOMeTp; 4 — razoaHajausarop; 5 —

peie gapieHusi; 6, 9 — BEPXHMIt U HIKHMI KOJUIEKTOPH; 7 — pOTOp; & — KOpIyc

reHepatopa; 10 — OaJNOHBI C YrIEKUCIBIM razom; 1] — GalIoHbl CXAaTOro BO3AyXa;

A — TpyGomnpoBon B ofnactd 3a BEHTWIATOpoM; b — TpyGomposoa B oGIacTH 10
BEHTHJIATOpA

JaBJIeHHe B KOpPITyCe JO BEHTWISATOPA A M 3a BEHTUIATOPOM b — Ma-
HoMeTpoM 3 pere paBieHs 5. [ToCTOSHHO KOHTPOIUpPYETCs JaBiie-
HHME Macia B YIUTOTHEHUSX ITOMIUUITHUKOB.

HemocpeancTBeHHOE BONOPOMHOE OXJaXIeHUE Typ-
OOTreHepaToOpOB IIPUMEHSIETCS JUIS MalllMH MOIITHOCTEIO 60 MBT 1 6oJiee.
B reneparopax cepun TB® cratop mMeeT KOCBEHHOE BOIOPOIHOE OX-
JaxXIeHue, a POTOP — HEITOCPEACTBEHHOE BOAOPOIHOE, KOIAa BOIXOPOLI
[I0aeTCSI BHYTPh ITOJIBIX IMPOBOAHMUKOB CO CTOPOHBI TOPLEBOM YacTH
poTopa (paspes B— B Ha puc. 2.6). IIpopogsuku 06MOTKY pOTOpA B MMa-
30BOM YaCTH CIUIOUIHEIE, IIPSAMOYTOJLHOTO CEYeHMsT, Ha OOKOBEIX Yac-
TIX KOTOPHIX (hpe3epyloTcsl KOChle KaHAIbI, MOYIIHE AUArOHANIBHO TI0-
BEPXHOCTH POTOpa K ITHY ITa3a H 06paTHo. CxeMa BBITOJHEeHa MHOIOXO-
JOBOM, M OXTAXICHUEM OXBAUSHBI BCE MTPOBOMHMKY. [1a30BbIe KIIMHbS
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Puc. 2.6. CxeMa oxy1aXIeHHKA pOTOPOB TypOoreHepaTopoR cepuit TBD u TBB:

a — o0lIag cxeMa OXJIaXKIEHHUA; 6 — DJIEMEHTAPHBIH NMYTh OXJIaXaaollero raza; A— A,
B— b — pa3pe3bl Nna3oB potopa; B— B — pa3pes 1o na3y poropa B TOPLIEBOH YacTH

CHaGXeHBI JiepieKTopaMM Takoro npoduiist, 61aroaaps KOTopoMy Ipu
BpallleHUH POTOpa Ha BXOAE BOAOPOIA CO3MAETCs HAmop (CeueHUe
A—A), a Ha BBeIXO#E — paspexeHue (b— b), 3To obecneynBacT camo-
BEHTWISLIMIO BOmOoponoM. JlaBiieHre BOIOpPOAA B KOPITYCE COCTABIISIET
0,2—0,4 MIla, uupkynsims BOAOpoaa 00ecrneunBaeTcss BEHTIATOpA-
MH, HaCaXX€HHBIMH Ha BaJl MALINHBI C OOEMX CTOPOH.
TypGorenepaTtopsl TIB-300 uMeOT HENOCpPEACTBEH-
HOe BOJAOPOAHOE OXJaxXJAeHUe OOMOTOK cTaTtopa H
poTo pa. HupKynsiiius BonopoJia CO3AaeTCsi KOMIIPECCOPOM, YCTAHOB-
JICHHBIM Ha BaJly TeHepaTropa CO CTOPOHB KOHTaKTHBIX konell. Ctep-
XeHb OOMOTKH CTaTopa COCTOUT M3 JBYX PSAOB 3JIEMEHTAPHBIX IMPO-
BOIHMKOB IIPIMOYTOJBHOIO CEUEHUS, MEXAY KOTODPBIMU YIOXEHHI
CTaJlbHbIE TPYOKH, B KOTOPHIX [TUPKYIUPYET Bonopon. OOMOTKHU poTO-
pa UMEIOT TAaKXKe HEITOCPEICTBEHHOE OXJIAXAeHUE POBOAHUKOB. I'a30-
OXJIAUTENM BCTPAMBAIOTCS B KOPIIYC CO CTOPOHBI TYpOWHBI MM Bbi-
HOCSITCS B CHELMAILHYIO KaMepy B HUXHel 4acTu.
HemocpencTBeHHOE OXJaXIeHUE BOJOM OOMOTOK CTa-
TOpa TypOOTeHEpATOPOB IMO3BOJSIET YBETUYHNTh CAUHUYHYIO MOIIHOCTD
TIpU TeX Xe rabapurax, Tak KaK TeIIOOTBOJSIIAsI CIIOCOOHOCTh BOIB
B 12,5 pa3 Gonbliie, yeM y Bogopoja. JUCTWITHpOBaHHAs BOAA, TIPH-
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MeHsieMasl TSl OXJIaXIECHHs, IIONAETCS B IOJIbIE MEIHEIE IMPOBOJHU-
KU, 3T0XKCHHBIC B Ia3bl CTAaTOPa C MOMOIIBIO THOKUX GTOPOILIACTO-
BBIX LIUIAHTOB. OxJaxaeHue 0OMOTOK pOTOpa ¥ aKTUBHOM CTaIM IIpo-
W3BOJIUTCSI BOIOPOAOM TaK Xe, Kak y Typooreneparopos cepuu TI'B.
BonopoaHo-BOIAHOE OXNaXKAeHHe UMEIOT TypboreHepaTtopsi TBB-500,
TBB-800, TBB-1000 1 TBB-1200. BoxsgHoe oximaxaeHHe 0OMOTKHU
cTaTopa MPUMEHSIETCS B MOLIHBIX TUIporeHeparopax tuna CB®. 0O6-
MOTKa poTOpa M aKTHBHasl CTallb UMEIOT HEIIOCPEACTBEHHOE OXJIaX-
JIEHUE BO3AyXOM. BomoponHOe oxNaxIeHHe B THApOreHepaTopax He
IIPUMEHSETCS BBUIY OONBIINX Pa3MEPOB POTOpa U TPYHHOCTEM rep-
MEeTH3allMH KopIyca reHepaTopa.

C 1enbio JanbHEHIIEero yIydIeH|s CUCTEMBI OXJIAKICHUS U COKpa-
IEHHUSI pa3MepoB TypOOTreHepaTOpoOB pa3paboTaHO BOASIHOE
oxXJJaXJeHUe cTaTtopa U poTopa (puc. 2.7). Oxnaxaamolias
BOJA ITOJAETCS B ITOJIBIC CTEPKHU CTATOPHOI OGMOTKH OT HAIIOPHOTO
KOJIIeKTopa 12, a ropsyasi BOIa OTBOMUTCS Yepe3 CIUBHOI KOJIIEK-
top 13. B poTop XonmoaHast BOAA IOCTYIIAET IO NMaTpyoKy B yepes ckoib-
3s1111€€ YIUIOTHSIIOIIECE COCAMHEHYE B TOpIle Bana /7 M yepe3 IIeHTpalib-
HOe OTBepcTHe B OOUKE poTOpa IONManacT B KaHabl 4 IPOBOIHUKOB
poTOpa M OxJIXKIAET NPOBOXHUKHU. HarpeTas Boxa yepe3 CIIMBHEIE Ka-
Haybel 14, 15 momamaer B paxvaibHBIE OTBEPCTHS Bajia poropa /6 u
CIIMBAETCSI BO BHEILIHIOIO CUCTEMY yepe3 naTpyook I.

12 3 4 5 6 7 & 9 101112 13
floxs \ \m / . RAS 4
S | o—= ==
W NNk \ i 15
NS S — % 16 17
g \F ,Hﬂ('-""‘-w gz 77 |
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Puc. 2.7. CxeMa oxjaxxaeHus typboreHeparopa TI'B-500:

1 — porop; 2 — TONOCTH, BHICBEpNeHHbBIe B BOUKe poTopa; 3 — BEHTHAATOpP; 4 —

OXJIAXAAIOIME KaHAIbI BAOJIb Ma30B POTOPA; 5 — MarHHUTOIPOBOA CTATOpa; 6 — pajH-

anbHbie KaHANIB MarHUTOIIPOBOMA; 7 — 3a30p MeXAY POTOPOM M CTAaTOpPOM; & — Iyc-

TOTeJIble CTEPXKHU B OBMOTKE cTaTtopa; 9 — BOAOra3oBbie oxiaguTenu; 10 — ronoBKH

CTepXHeii; 1] — U30NHUPYIOLLHUE IHNAHTH; /2 — HATIOPHBIN KONIEKTOP XOJOAHOM BOIBI;

13 — cnuBHON Komnektop; /4, 15 — CIUBHBIC KaHAIL, /6 — panuanbHble OTBEPCTHS
BaJla poTtopa; I7 — CKONb3silee YIUTOTHSIONIEE COeAHHEHHE B TOPLE Bajia
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Bo BHeurHei cucTeMe ropsiyasi BoAa IoranaeT B OXJialuTesu, a 3a-
TE€M HacocaMU IoflaeTcd K natpyokam A u B.

MarHuTONpOBOK U KOHCTPYKTUBHBIE YAaCTH CTATOpa OXJIaXIaloTCs
BOZOPOIOM IO 3aMKHYTOMY LMKy C BOIOTa30BBLIMU OXJTATUTENSIMH 9,
BCTPOEHHBLIMU B KOPITYC.

T'ereparop TI'B-500 6maromaps BOOSTHOMY OXJIaXIEHUIO OOMOTOK
CTaTopa K poTOpa UMEET Maccy U rabapuThl HECKOJIBKO MEHbBIIUE, YEM
TI'B-300.

Hannuywne Bomopona B cHCTeMe OXJIaXIeHUS He U30aBIsIET OT OC-
HOBHOTO HEeJIOCTaTKa — B3PHIBOOIIACHOCTH, TI03TOMY JajIbHEHIIIee CO-
BEepIICHCTBOBAHUE CUCTEM OXJIaXIeHUsT TypOOreHEpaTOpOB NPUBENO
K CUCTEME, KOTOPYIO YCJIIOBHO Ha3BIBAIOT «TPH BOABI» . B 3TOM cucteme
OOMOTKHM CcTaTOpa, pOoTOpa, MAaTHUTOIIPOBOJ U KOHCTPYKTUBHbIC YaCTU
OXJIAXKIAIOTCST BOMOM.

Cepus TypboreHepatopoB T3B¢ MOMTHHM BOASHBIM OXJaX-
e HH €M B3pBIBO- U TI0XapoOe30macHa, TaK Kak He COAEepXKUT Macia
U Bogopona. BHyTpeHHUIT 00beM reHepaTopa 3aroHEH I0L HeGOoNb-
LIMM U3OBITOYHBIM JABJIeHUEM BO3IYXOM, HUPKYINPYIOIIUM Yepe3 OCy-
LIMTEJIBHYIO YCTAHOBKY. I OX/TaXAeHMs ¥ CMa3K¥l MMOAIIUITHUKA MO-
XeT MpUMeHSAThCsT Heroprodee Macio OMTH. OcHoBHO# 0coOeHHO-
CTHIO OTOM CEPHHU SIBISETCS «CaMOHAIIOpHAs» CHCTEMa OXJIAXIEHUS
pOTOpA, KOTOpast MO3BOJISAECT CYIIIECTBEHHO CHU3UTDH JABJICHUE LHMPKY-
JIUPYIOWEi B pOTOPE BOABI. DTO MCKINIOYAET Pa3repMeTU3aLUI0 POTO-
pa, a CJleIOBaTeIbHO, TOBBILIAECT HANEXHOCTh paboTH. I'€HepaTophl
T3B usrorosnsiorcs OAO «DieKTpocuia» MOUIHOCTBIO OT 63 1o
800 MBT [2.7].

O6MOTKa cTaTOpa 3THX reHepaTopoB (pUC. 2.8) CTepXHEBasi, AByX-
CJIOWHAs U3 MONBIX Y CIUIONIHBIX TTPOBOMHUKOB. I10 MOMBIM MPOBOIHU-
KaM MPOTeKaeT OXIAXKIAOIIMI TUCTWIIAT. 1 MogBoaa v CBa JUC-
THJUISITA UMEIOTCST KOJBUEBBIE KOJJICKTOPHl C 0GEHX CTOPOH CTaTopa,
KOTOPBIE COSNUHSIOTCS C TOJILIMU CTEPXHSIMH 0OMOTKHM (TOpoIUIac-
TOBBIMU TPYOKaMH.

OO6MOTKH POTOpa BHITONHEHH U3 MEIHBIX TTOJIBIX IIPOBOIOB IIPSIMO-~
YroNbHON GOpMBI ¢ KPYTJIBIM: KAHAJIOM BHYTpU. B Topue potopa 3a-
KpeIUIeHBl HallOpHOE U CAWBHOE KOMbIIO, K KOTOPBIM ITPUCOETUHEHHI
Bce TPYOKM BXOJHBIX M BHIXOJHBIX KOHLOB Katyuiek. OxiaxiaeHue 00-
MOTOK pOTOpa OCYIIECTBISICTCS MUCTWILISITOM, IMOCTYMAIOUIUM 101
IaBJieHUeM B HAIlOPHOE KOJIBLO.

B xavectBe Bo30yauTensa TypboreHeparopa T3B-800 ncronb3yetcs
CUHXPOHHBIN Tpexda3subnii reHepatop BT-6000 ¢ BO3MYHIHEIM OXJ1aX-
IleHUEeM 3aKpBITOTO UCTIONTHEHUSI.

Cepus T3B HaxoauT LLIMPOKOE TIPUMEHEHHE JJISI 3aMEHBI YCTApER-
LIUX TypOOTeHEPATOPOB, a TAKXKE Ha BHOBB cTposuxcs TAC.

Ha 6ase cepuu TypGoreHeparopos T3B pa3zpabGoTaHbl U BBIITyCKa-
IOTCSI aCUHXPOHHU3UpPOBaHHBE TypboreHepaTtops T3BA.
Ha poTtope Takoro reHepaTtopa UMEIOTCSI ABE OOMOTKM BO3OYXIEHUSI,
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Puc. 2.8. TypGoreHeparop T3B-800-2Y3 u Bo36Gyautens BT-6000-2Y3:

1 — mydTa coenuHUTENBHAS]; 2 — KOPIYC cTaTopa; 3 — MOALINUITHUK FeHepaTopa; 4 —
KOHTAKTHBIE KOJBIIA POTOpa M HIETKH; 5 — MOMIIMITHHKKY Bo30YIUTENs1; 6 — BO36YAU-
TeNnb; 7 — BBEIBOABI FeHEepaTopa

TTUTaeMBIE OT pa3AeIbHBIX KAHAJIOB CUCTEMBI CTATUYECKOTO PEBEPCUB-
HOTO TUPHCTOPHOTO BO3OYXIEHMS U YIIpaBIseMble OOIIIUM aBTOMAaTH-
YEeCKUM PETYISTOPOM BO30yXneHusl. Takue TypOoTreHepaTophl TO3BO-
JIAIOT KOMIIEHCHPOBAaTh PEaKTHBHYIO MOILHOCTH B 3HEPTOCHUCTEME U
MpeIOTBPAIaTh BO3MOXHOCTL TMOBBILICHUST HATIPSKEHUSI B CETSX MO
YPOBHEM, TONYCTUMBIX JIISI M3OJISIIMU 3NMEKTpooOopynoBaHus. bojee
BBICOKAsl CTOMMOCTDh aCHHXPOHM3MPOBAaHHBIX TypOOTEHEPATOPOB OKY-
fTaeTcsd OTKAa30M OT YCTAHOBKHU IMYHTHPYIOIIHUX pEaKTOpOB, TIpENHa-
3HAYEHHBIX LI YIyYHIEHUS peXXuMa CHHXPOHHBIX TeHEPaTOPOB TI0 pe-
AKTHBHOM MOIITHOCTH ¥ HOPMAJIM3AIIMU HATIPSTKEHUST B IIPUMBIKAIOILIUX
K 3JIEKTPOCTAHITUAM 3JIEKTPHUYECKUX CETAX.

3aMeHa BEIpa0OTaBUIMX CBOW peECYpCc CHHXPOHHBIX TYpOOTeHeparo-
POB HOBOI1 cepHelt aCHHXpOHU3UPOBAHHBIX TYpOOTEHEPAaTOPOB BeChMa
aKkTyanbHa [2.8].

HenmocpencTBeHHOE OXNaXaeHUe OOMOTKH CTaToO-
pa MacJioM IMpuMeHeHo B TypboreHepaTope TBM. OxnaxmeHue or-
HECTOMKOM IU3NIEKTPUIECKOM XUIKOCTBIO MO3BOISIET IPUMEHUTD IS
H30JIAIIMH OOMOTOK CTaTOpa CPaBHUTENBHO ASHIEBYIO OYMaXHO~MAaCIsI~
HYIO U30JI11I0. Pacxombl Ha U30JISIIIUI0 06MOTOK reHeparopa TBM-300
B 4 pa3a MeHblIIe, 94eM B reHepaTopax TBB u TT'B Taxkoii e MOIITHOCTH.

BymaxHo-MaclssHass M30JSIUUS CTaTOPHOM OOMOTKHU IIO3BOJSIET
TTOBBICUTD HaTpsokeHue 10 35— 110 kB, T.e. BKIIIOYATh reHepaTop B CETh
0e3 MOBHIHIAIOLIMX TpaHCHOPMATOPOB. B 3ToM cucTeMe OXJTaXACHUS He
TOJILKO OOMOTKA CTaTopa, HO M MarHUTONPOBOMA OXJIAXIAIOTCA Mac-
JIOM, TO3TOMY CTATOp OTHENSIETCS OT pOTOpa U3OISIIMOHHBIM ra3o-
HENMPOHWIIAEMBIM LIIJIMHAPOM, PACCYUTAHHBIM HA BHICOKOE HAaBJIEHHE
U PACTIONIOKEHHEBIM B 3a30pe MEXIYy POTOPOM U CTATOPOM.
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st poTopa IpUMEHEHO HEMOCPENCTBEHHOE BOIOPOIHOE WIIM BO-
JSTHOE OXJIAXIeHMeE.

JanbHeWIIMM HaIlpaBJIEHUEM pa3BUTHS cUCTeM oxyaxaeHuss TT
SIBJIAETCS] IPUMEHEHNE KPUOTEHHOM CHCTEMBI — OXJIaXAEHUE 0OMOT-
KU poTOpa XKUAKUM TeTHEM.

B Kutae co3manbl nMaporeHepaTophl MOIIHOCTEIO 10 400 MBT ¢ mc-
MapUTEeILHONM CUCTEMOM OXIaXIeHUs. [Isi OXTaXIeHusT UCITONb3YeTCst
XJIQNareHT ¢ TeMrepatypoit xunenus 47,6 °C npu masaeHun 1 krc/cm?,

B SImoHum akKTUBHO paboTaloT Ham CO3MaHMEM TypOOreHepaTopoB
C HCIOJIb30BAHHMEM SIBJICHHS CBEPXIIPOBOIUMOCTH B 0OMOTKAaX poTOpa.

2.1.4. Bo30yxkaeHne CHHXPOHHDBIX TEHEPATOPOB

O6MOTKAa pOTOpa CHHXPOHHOTO TeHEPaTOpa TMMUTAETCS TTOCTOSHHBIM
TOKOM, KOTOPBIH CO3J4aeT MarHUTHBIN MOTOK BO30yXaeHus1. OOMOTKa
pOTOpa, HCTOYHUK TMOCTOSTHHOTO TOKa, YCTPOMCTBA PEryAMPOBAHUS U
KOMMYTALIMH COCTABJISIOT CHCTEMY 6030yJc0eHus eeHepamopa.

CucreMbl BO30YXIEHUST JOJKHBI:

o0ecIieunBaTh HAJlEXKHOEe TUTAHUE OOMOTKH pOTOpa B HOPMAJILHBIX
U aBapUITHBIX PEXHMaX;

JIOIyCKAaTh PEryIMPOBaHNE HATIPSIXKEHMST BO30OYXXACHHUSI B JOCTATOY ~
HBIX TIpeJIeNiax;

obecneYnBaTh OBICTPOACHCTBYIONIEE PETYIUPOBAHHE BO3OYKICHUS
C BBICOKMMH KPATHOCTAMH (POPCUPOBAHUS B aBaApMIHEIX pexXuMax;

OCYUIECTBJISITh OBICTpOE pa3Bo30yXIeHUE U B Cllyyae HeoOXOIMMO-
CTH NPOM3BOIUTD TAICHUE TIOJIS1 B aBApHITHEIX PEXMMAaX.

BaxxseMunMu xapaKTepHCTHKAMH CHCTeM BO30YXKIEHHS SBIISTIOTCS:
OBICTPONEHCTBHE, ONpeAe/IIEMOE CKOPOCTHIO HAPACTAaHHSI HATIPSTKEHUS
Ha o6MoTke potopa mpy GopcupoBKe V'=0,632( Uy nor— Ur wow)/ Uy wouts
H OTHOUIEHHE TIOTOJIOYHOTO HAIPSCKEHMST K HOMMHABHOMY HarpsoKe -
HHIO BO30YXNEeHUA U 110,/ U you= Ky — Taxk HaspIBaeMasi KPaTHOCTB (op-
CHPOBKH.

Cornacto TOCT TypGoreHepaTOphl JOMKHBL MMETh ky>2, a CKO-
POCTh HapacTaHMs BO30yXaeHMsa — He MeHee 2 ¢~!. KpaTHocTh dopcu-
POBKM ISl TUAPOTEHEPATOPOB MOMXHA OBITh HEe MeHee 1,8 mig Kom-
JIEKTOPHBIX BO30yAMTENE, COEIMHEHHBIX ¢ BaJIOM TeHepaTtopa, U He
MeHee 2 sl IPYTUX CHCTeM BO30yXIeHMsI. CKOpOCTb HapacTaHUs Ha-
NPSDXEHMS BO3OYXIEHMS JODKHa OBITh He MeHee 1,3 ¢! uma rumpore-
HEPATOPOB MOLIHOCTHIO 40 4 MB-A BKJIIOUMTEIRHO M HE MEHEE
1,5 ¢! anst rtMaporeHepaTopoB GOMBIINX MOLIHOCTEI [2.3].

JI1s1 MOIITHBIX THIIPOTEHEPATOPOB, pabOTAIINMX Ha JajbHHE SJIEK-
Tponepeaays, K CUCTEMaM BO3OYXICHUS NPENbIBISIOTCS OoJiee BHI-
coxue TpeGoBaHuA: ky=3—4, CKOPOCTb HAPACTaHMs! BO3OYXIEHUS IO
10Uy 4o B CEKYHIY.

OO0MOTKa poTOpa ¥ CUCTEMBI BO30YXICHHUS reHepaTopOB ¢ KOCBEH-
HBIM OXJI2XXIEHUEM JOJDKHBI BBIICDKHBATh ABYKPATHEIH 10 OTHOILHE-
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HUIO K HOMUHAJIBHOMY TOK B TeueHue 50 ¢. [[Jiss reHepaToOpoB ¢ HEMo-
CPENCTBEHHBIM OXJIAXIEHUEM OOMOTOK pOTOpa 3TO BpeMsl COKpallia-
etcs 1o 20 ¢, mst reHepaTopoB MoltHOCcTEIO 8§00 — 1000 MBT npuHsTO
BpeMs 15 ¢, 1200 MBt — 10 ¢ (TOCT 533—85E).

B 3aBUCHMOCTH OT UCTOYHUKA ITUTAHUSI CUCTEMBI BO30YKIEHUS pa3-
JIEJISTIOTCSI Ha CUCTEMBI HE3aBUCHUMOTO BO3OYXIEHUSI U Ca-
MOBO30YyX/JA€HHUS.

B cucreme He3aBUCHUMOTO BO3OYXXAEHUS Ha OTHOM BaJy C T€HEpa-
TOPOM HaXOIUTCSI BO3OYIUTENH — T€HEPATOp MOCTOSTHHOTO WIH Mepe-
MEHHOTO TOKa. B cucreme camMoBO30yXIeHUSI MUTAHNE OOMOTKHA BO3-
OYyXIeHUS OCYIHECTBIISIETCS OT BHIBOAOB TeHEpaTOpa depe3 Crenyanb-
HBIEe MOHIDKAOILHUE TPaHC(HOPMATOPHI U BHITIPSIMUTENBHBIE YCTPOWCTRA.

Jnst reHepaTopoB MOLIHOCTRIO 10 100 MBT B KayecTBe BO30OYAUTES
TIPUMEHSIETCST TEHEPATOP MOCTOSHHOTO Toka GF, coemUHEHHBIN ¢ Ba-
JIOM reHepartopa (puc. 2.9, a). O6MoTKa Bo30yxneHus Bo3oynurens LGE
IIMTAETCsI OT AKOPSA BO3OYIUTENSA, TOK B HEH PETYIUPYETCS PEOCTATOM
RR vy aBTOMaTHYECKUM peryasTopoM Bo30yxaeHust APB. Tok, nmopa-
BaeMBbIil B 0OMOTKY B0O30OyXmeHUs1 LG CHHXpOHHOTO reHeparopa G, Or-
peIeaeTcsl BETHUYMHOM HaIpsDKeHHs Ha Bo3Oyautene. HemocraTtkom
TAaKOM CUCTEMBI BO30OYKIECHHUS SBNISIETCS HEBBICOKAsI HAEXKHOCTE pabo-
TBI TEHEPATOPA MMOCTOSIHHOTO ToKa GFE 13-3a BUOpauvM U TSDKEJIbIX yC-
JIOBUM KOMMYTAllMM IIPH BBICOKOM 4acToTe BpalleHUs 3000 o0/MUH.
JpyruM HEIOCTATKOM SIBIISIETCS] HEBBLICOKAsi CKOPOCTh HapaCcTaHUs BO3-
OyXIeHMsI, OCOGEHHO y THAporeHepaTopos (V=1—2 ¢1).
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Puc. 2.9. TIpuHUMOIHATbHEIE CXeMBI BO3OYXKIEHHUS T€HEPATOPOB:

ad — HE3aBHUCUMOEC 3JICKTPOMAUIMHHOC BO36y)|(ﬂ6HPIe; 6 — MONYNNPOBOIHUKOBOC
CaMOBO36y)KHCHPIC
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B cucrteme camMoBo30yxneHus (puc. 2.9, 6) o6MOTKa BO30yKNeHUS
reHepatopa LG mojy4daeT nmuTaHue OT TpaHcgopMaropa TE, npuco-
€IMHEHHOro K BEIBOJAM reHepaTopa, Yyepe3 yrpabiasemble oT APB BeH-
K VS u oT TpaHcgopMaTopoB ToKa T4 yepes HeyIpasisieMbIe BeH-
iy VD. Tok BeHTWIEH VD NpoIoplMOHATIEH TOKY CTaTOpa, TIOSTOMY
OHH 00ecIiedynBaloT (POPCHUPOBKY BO30YXIEeHUS U paGoTy reHepaTopa
TpU Harpy3Ke. YIpapiasieMble BeHTWIHN VS momaloT TOK, MPOMOPIIHMO-
HaJIBHBIIM HaIIPSIKEHUIO TeHepaTopa, M 00eCIeYnBaloT peryIupoBaHue
HanpsKeHUsT B HOpMAJIbHOM pexxuMe. Takas cucTeMma IPUMEHSETCS
JUTSI MOIIXHBIX CUHXPOHHBIX MaLIUH.

HInpokoe pacmpocTpaHeHHe ITOMyYHiIa CUCTeMa BO30OYKISHHS C Ma-
IIMHHBIM Bo30ymuTeneM 50 I'il ¥ cTaTMueCKMMU BBIIPIMUTENISIMU {C T a-
THY€CKasl TUPUCTOpPpHAsf CHUCTeMa HE3aBUCHUMOTO
BOo30yxnmeHus — puc. 2.10). Ha ogHoM Bany ¢ reHepatopoM G Ha-
XONMTCS BCTIOMOTATEILHEIA CHHXpOHHBI reHeparop GE, KOTOpEIH uMe-
€T Ha cTaTope Tpex(dasHyio OOMOTKY C oTmnaiikamu, K KOTOPBEIM IpH-
COEIUHEHBI IBE TPYIHIBI THPHCTOPOB: paboyas rpynmna VDI — Ha HA3-
KOe HalpsxeHHe Bo30ymurens U opcHupoBoyHas rpynma VD2 — Ha
TIOJTHOE HarpsxeHue. TIpMMeHeHNe ABYX TPYTII THPUCTOPOB obecIie-
YKBaET IOTOJIOK BO3OYXaeHUA 10 4 Uy o ¥ BHICOKOE OBICTPONEHCTBHUE
(V=50 c). O6e rpymnmpl COEAMHAIOTCS NAPATIIEIBHO TT0 TPeX(da3HO
MocToBoii cxeme. Ha puc. 2.10 it yIIpoIueHHs YTEHUST CXEMBI TT0Ka3a-
HEBI TUPUCTOPHI TOJIBKO B OIHOI (hase.

Cucrema ynpasieHust TupucropamMu AVD2 u AVDI nwutaercst oT
tpaHcpopmaropa TAI u cBsizaHa ¢ APB (aBromaTHyeckoe perynampo-
BaHUe BO30yxneHus). Bo3oyaurensr GE uMeeT 0OMOTKY BO30YXKIEHUS
LGE, nonyyawliyio nurauue ot TpaHcpopmatopa TA2 yepe3 BeHTH-
i VD. B paccMOTpEHHO# cXeMe TaKxe MOoKa3aHbl SJIEMEHTH CXEMBI
aBTOMaTHyeckoro rameHus MaruutHoro nojs (AI'TI): asromar AT'TI,
pe3uctop R, paspaagHuk FV u koHTaktop KM.

LGE
GE D 1z
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Puc. 2.10. Cratuyeckas THpHCTOPHAA CUCTEMAa HE3aBUCHMOTO BO30YKICHUs
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K HenocTaTkaM CXeMBI ClieIyeT
OTHECTU HAJIMYHE BO30YIUTENS TTe-
PEMEHHOTO TOKa, KOTOPHIH YCIIOXK-
HSIET 3KCIUTyaTall|io, a TakKe Ha-
JIWYHEe CKOJB3SIINX KOHTAKTOB
MEXITy HETIOABIDKHBIMH IICTKAMH,
K KOTOPBIM TIPHCOETUHEHA CHCTE-
Ma HEIOABWKHBIX TUPUCTOPOB, U
TIOABIDKHBIMU KOHTAKTHBIMH KOJb-
naMu KK, BparmanoiuMucs Ha
BaJIy pOTOpA.

HocneHuit HENOCTATOK PUBEN Py, 2.11. BecmeTounas chcreMa
K pa3paboTke OeCLIETOYHOI BO3GYXICHUA
CHCTEMB BO3OYXKIEHHUS
(puc. 2.11). B kayecTBe BOOYIUTENS
GE B 91Ol CcHcTeME MCHONb3yeTcss CHHXPOHHEBIN reHepaTop 50 I, 06-
MOTKa BO30OY:KIEHHS KOTOporo LE pacrionoxeHa Ha HeTIOABIDKHOM CTa-
TOpe, a Tpex(dasHas o6MOTKa — Ha BpanfarieMcsa porope. Obmorka LE
TIoJIy4yaeT MTaHKue OT NoABo3oymurenst GEA gepes BoipssMurens VDE.

Ha ogHoM Bany ¢ BO30yauTeNeM Ha CHEITMATBHBIX AUCKaX YKpeTie-
HBI TUPUCTOPHL VD, KOTOpHIE BHIIPSIMIISIIOT TIEPEMEHHBIN TOK BO30Y-
JUTENST U TIOJAIOT €r0 B POTOpP TreHepaTopa IO KEeCTKHUM INMHaAM 6e3
KOJIEIT ¥ 11IETOK, TaK KaK POTOp TeHepaTopa, THPUCTOPHI VD u poTtop
BO30OYIUTENST BpalllaloTCd Ha OMHOM Bajly ¢ ONMHAKOBOII CKOPOCTBIO.

PerynupoBaHue ToOKa BO3GYXIECHUS OCYIeCTRIsieTcs oT APB miytem
BO3IEHCTBUSI HA TUPHUCTOPHI Yepe3 UMITYJIbCHOE YCTPOIMCTBO A U Bpa-
maonmics tpaicghopmarop TA.

JOCTOMHCTBOM 3TOM CHCTEMBI SIBTSIETCSI OTCYTCTBME KOHTAKTHEIX
KOJIEII M IIETOK, HEAOCTaTKOM — HEOOXOIUMOCTh OCTaHOBA TeHEPATO-
pa I IIEPEKITIOUeHNS Ha pe3epBHOE BO3OYXXIECHHME UM IJIsI 3aMEHBI
THPHUCTOPOB.

BecnieToynast cucteMa MpAMEHSIETCS TS CHHXPOHHBIX KOMITEHCa-
TOPOB MOLLHOCTBIO 50 MB-A u 6onee U TypOGOreHEpPaTOPOB MOIIHOC-
Thi0 800 MBT 1 Gonee.

2.1.5. AsTOMaTH4YeCKOe Tamedde MATHUTHOTO o
CHHXPOHHBIX F€HEPATOPOB H KOMIECHCATOPOB

TIpu BHe3aITHOM OTKJIIOYEHHWH TeHEpATOpa MKW KOMITEHcaTopa He-
00X0IUMO OBICTPO YMECHBUIMTL MArHUTHBINA TIOTOK, YTO TIPUBENET K
yMeHbleHUuo DJ1C reHepaTopa. YeM OvicTpee OyneT moramieHo Mar-
HUTHOE I10JIe, TEM MEHBIIC TOCTIEACTBUS KOPOTKOTO 3aMBIKaHMs B Te-
Hepartope. Jdns rameHusi MarHUTHOTO MONS IPUMEHSIOT TpU MeTona:
3aMBIKaHNE OOMOTKM POTOpa Ha TaCUTENIBHOE COMPOTUBIIEHUE, BKIIIO-
YeHHE B IIeITh OOMOTKM pOTOpa JYTOTAaCUTENBHOM pEeHIeTKM aBTOMATa;
NPOTHBOBKIIIOUEHHE BO30OYIMTENA.
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B nepBoM MeTone 0OOMOTKA POTOpa 3aMBIKAETCSI HA aKTMBHOE CO-
TIPOTMBJIEHNE, a 3aT€M OTKNIOYAETCS] OT UCTOYHUKA MUTAHMS. DIIEKT-
pOMarHUTHas1 SHeprus, 3aKMoYeHHass B OOMOTKE BO3OYXIEHUS, BbI-
JIeNsIeTcs B pa3psAIHOM PE3NUCTOpE, BHI3bIBAsi TIOCTETIEHHOE 3aTyXaHHE
MarHUTHOTO TOJIsE. BpeMs raiieHus COCTaBIISIeT HECKOJBKO CEKYHI.
B MOIIHBIX reHepaTopax Takas IUIMTENbHOCTh TallleHUs IOJST MOXET
TIPUBECTU K 3HAYMUTEILHBIM IOBPEXICHUSIM B OOMOTKAaX TeHepaTropa,
TO3TOMY 00JIee IIMPOKOE PACIIPOCTPaHEHME ITOJYYMIIU aBTOMATHI C Y-
rOracUTEILHOIM peleTKoM (cM. puc. 4.22). AI'TI BkmodaeTcs B LIEIb 00-
MOTKH POTOpa.

Ha puc. 2.12 mokazaHa cxeMa 3JIEKTPUYECKHX LIETIEH NpH TralieHUH
TIOJIST TeHepaTopa aBTOMATHMYECKHM BBIKIIOYATEIEM C AYTOTACUTENb-
HOH pPELIETKOIA.

ITpu xopoTkom 3aMbikanuu (K3) B reHepaTope cpabaTHIBAET pese
3a(UThl KL M OTKJIIOYAET I'eHEPaToOp OT BHEITHEH CETH, BO3NECHCTBYS
Ha 3JICKTPOMAarHUT OTKIIOueHUs1 YAT BHIKJIIOYATENS, @ TAKKE NMOAACT
UMITysbC Ha otkmioyeHue ATTI. ITpu oTKII0OYeHUM BBIKIIIOYATEN ST CHA-
YaJjia pa3MBIKAIOTCS paboure KOHTAKTH 2, a 3aTeM AyTOraCUTeNbHBIC 1.
BosHukillag gyra 3aTrdBaeTcsi MarHUTHEIM OYThEM B AYTOTAaCHUTEINb-
HYIO PEIIeTKY M pa30uBaeTCs Ha psll IOCAEI0BATEIbHBIX KOPOTKHX YT,
CYLIECTBOBAHHE KOTOPHIX OIS PKUBACTCS MMEIOIIHMMCS 3aI1aCOM SHEp-
THMY MarHUTHOTO MOJsT OOMOTKM BO30YXKICHHUs poTopa. OTKIIOUMBIIUMCS
KOHTAKTOM 3 BBIKJIIOYATENISI BBOIUTCS CONPOTUBNIEHUE R, B LieNb BO3-
OyXICHUS BO3OYIUTENS, YTO CHUXAET TOK IOCJIETHETO, a 3TO BIEYET
YMEHBIIICHHE HANPSKECHMS, [101aBagéMOro Ha 0OMOTKY poTopa, U, clie-
JIOBaTeNIbHO, YMEHBIIIEHHE TOKAa B
pOTOpPE M 3HEPTMU MArHUTHOTO
oJisi. BpeMsl raliieHusI I110J1 B 3TOM
cxeme paBHo 0,5—1 c.

TIpu ramreHyy HeGOBIIIONO TOKA
IyTa B MMPOMEXYTKAX MEXIy TUIac-
G TAHAMH TOPUT HEYCTOHYMBO U MO-
‘{ 5\ KeT MOraCHyTb B OTHOM U3 TIpOMe-
XYTKOB, BHI3bIBasl Pa3phiB LIEIM W
TepeHanpsLKeHUEe B OOMOTKE BO3-
OyxneHus. J1st Toro 4To0bl NMOIXOX
TOKAa K HYJIEBOMY 3HaYeHHIO OBUI
TJIaBHBIM, peIlleTKa aBTOMaTU4ec-
KOTO BBIKJIIOYATENS IHYHTUPYETCS
CrieIMabHBIM Ha0OPOM COIIPOTHB-
JIeHUt 5 (cM. puc. 2.12).

g reHepaToOpoOB ¢ TUPUCTOP-

Q YAT

v K
A

——

"y

il

Puc. 2.12. CxemMa raiueHus1 1o re-
Heparopa aBTOMATOM C AYTOTacH-

TEJIBHOU pELIETKOM:

1, 2, 3 — koHrtakTh AI'Tl; 4 — peieTka
13 Me[HBIX IIACTHH; 5 — UIYHTHpYIOlee
CONPOTHUBJICHHE
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HEBIM BO30yXIeHHEM (cM. puc. 2.10)
BO3MOXHO TallleHUE TOMd IyTeM
IepeBoIa TUPUCTOPOB B HHBEPTOP-
HBIM pexkuM. B 3ToM cnyuae sHep-



I'MSI MAarHUTHOT'O T10JI1 OOMOTKH BO30Y:XiIeHHS LG OTIaeTcsl BO30YyIH-
Temo GE. OOBIYHO UCTIONB3YeTCsl (hOPCUPOBOYHAS IPYINa THUPUCTOPOB
VD2, Tak KaK 60Jiee BBICOKOE HAIIPSKCHHUE STOM TPYINIEI MO3BOJSIET
OBICTpee TIOTACUTH MarHUTHOE TIOJIE.

B nensax Bo30yxXACHUS TeHEpaTOPOB MOIHOCTEIO 6onee 100 MBT
TIPUMEHSIETCS] IBYXIIOIIOCHAS CXeMa aBTOMATHYECKOTO TalIeHHMST Mar-
HUTHOTO TI0Jis, TpY KOTOPOM B KaXJBI ITOJIOC LIEMM BO30YXICHMS
BKJIIOYaeTcs otTaenabHbIil AI'TLL

2.1.6. ABToMaTHYECKOE peryiupoBaHne Bo30yxknenna (APB).
DopcupoBka BO30yKIeHAS

IIpocTeHiIMM YCTPOMCTBOM DPETYJIMPOBAHUS HAIIPSIKCHUS SIBIISI-
eTcsl cxeMa GOpPCHPOBKHU BO3OYXJIEHHMS, KOTOpass HIHUPOKO
MIPUMEHSITACh B CBOE BPEMSI Ha T€HEpaTOpaxX, MMEIOHHUX JJIEKTPOMa-
IMHHOE BO30YXIeHHMe. DIEMEHTHI 3TOro ycTpoiicTBa (CM. puc. 2.9, a):
pejie MUHUMAJIBHOTO HamnpsikeHust KV, kontaktop KM u perynupo-
BOYHBIM peocTaTr B LIENMM OOMOTKH BO30yxXieHHs Bo3Oymutens GE.
IIpu pe3Koii Mocagke HANPSDKEHUS, YTO IPOUCXOIUT MPH HEYIAJICH-
HoM K3, cpabarwiBaeT pene KV, 3aMBIKaeT 1ellb MMTAaHUS KaTYIUKH
KOHTakTopa KM, KOTOpHIif, 3aMBIKasi CBOM KOHTAaKT, HIYHTUPYET CO-
npotuBinenre RR. Tok B uienu Bo3oyauTens GE Bo3pacTaeT 10 MaK-
CUMAaJIBHOTO 3Ha4YeHMSsI, HalIpsiKeHUe Ha BhIBojgax GE Takxe Bo3pac-
TaCT JO MaKCUMaJNbHOIO 3HAaYeHMs, YBEIUYHBAs TOK BO30YXIECHHUS
B 00MOTKe potopa LG, cienoBatenbHo, yBenuuupaetrcs DA C renepa-
TOpa U HaIlpsKeHWe Ha BBIBOJAx reHeparopa. [lolnep:xaHue HaIpsi-
>KEHUSI Ha BHIBOJaX F€HEPATOpa MO3BOJSIET COXPAHUTEL B paboTe IO-
TpebuTeneil. [Toce OTKIIOYEHUS TOBPEXIEHHOTO YIacTKa peJieiHOM
3alUTON BOCCTAHABJIMBAECTCS HOPMAJIBHBIH peXUM pabOTHI: OTKIIIO-
yaeTcsl KOHTaKT KV, o0ecTounBasi KaTyIIKy KOHTAaKTOpa, KOTOPBI
Pa3MBIKACT CBOM KOHTAaKT, U PEryJIMPOBOYHEIN peocTtaT RR CHOBa
BBITIOJTHSIET CBOIO (DYHKLIUIO.

ABTOMaTHUYEeCKOE pPEerylMpOBaHMEe BO3OYXIEHUSA
(APB) ycTaHaBIMBacTCS Ha BceX reHepaTopax MOIHOCTRIO 3 MBT u Go-
see. B cxeMax Bo3Oy:XKICHUSI, paCCMOTPEHHBIX paHee, YCJIOBHO MoKasa-
Ho ycrpoiictBo APB. Ha puc. 2.9, 6 BumHo, yro APB Bo3neiicTByeT Ha
BEHTWIBbHYIO Tpynmy V.S, KoTopas BHEIIPIMISCT IEPEMEHHHBIN TOK U
TOaeT ITOCTOSSHHEIN TOK B 0OOMOTKY BO30yXIeHUsI reHepaTopa. Benu-
YHMHA STOTO TOKa 3aBMCUT OT HANpPsDKEHWS Ha BBIBONAX TeHepaTopa,
4YTO aHaIM3UpyeTcs B cxeme APB. B cucteMe THpHCTOPHOTO BO30YXIe-
HuA (cM. puc. 2.10) ycrpoiictBo APB KOHTpomUpyeT He TOJIBKO HAIpsi-
KEHHME, HO U TOK IeHepaTopa, a TaKKe IMOChUIaeT UMITYJILCHI IS YII-
paBiAeHUST THUPUCTOpaMH pabodyeit U POPCHUPOBOYHOR TPYIIIIHL.
Ha puc. 2.13 nokazana cTpykTypHas cxeMa APB cliIbHOTO JeiiCTBHA.

Hamnpskenue cratopa reHepatopa U, MOABOIMTCS OT TpaHc(hOp-
Martopa TV k 6aoky nutaHus BH depe3 610K KOMIIayHIUPOBAHUS
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Puc. 2.13. CrpykrypHas cxema APB cuwibHOrO feiictBus

BKT, xoTopblit HeoGXOOUM [JIs paclipeleieHUs] peaKTUBHON Ha-
TPY3KH MEXIY NapaJUleIbHO paboTalOUIMMHU TeHepaTopaMu. K Oiroky
BKT noaBoguTcs Takke TOK cTaTopa reHeparopa OoT TpaHc¢opMa-
TOpOB TOKa TA.

Ot 6;10ka bH nepenaioTcs cUrHaMBl M3MEHEHUS BETUYUHBI HaTpsi-
XeHus AU, cKopocTh U3MeHeHUs HamnpsokeHus1 U1 ¢popcUpoBKU Ha-
npsckenus @B B cyMMupyrompit MarHUTHBIN YCHINTEND Y1,

Ot 6;1oka yactotel b4Y3 B ycrwmresns Y1 nepemarorcs CUTHAIB Afu f

J1s1 oTpaHNYEHMS TOKA pOTOpa TeHepaTopa Ipu (GOPCUPOBKE B CXEME
npexycMotpeH 610K BOP, koTopslit aHaTU3UPYET TOK pOTOpa U Mepe-
nmaet curHan «OrpaHnyenue neperpysku» (OIT) B ycumurens Y1.

OrpaHuUYUTENlb MUHUMAIBHOTO Bo30yxneHus (OMB) obecnieuuBa-
€T YCTOMYMBYIO paboTy T€HEpaTropa B peXUMe HETOBO3DYXICHHUS.

Br16op kaHaimoB U K03GhGUITUEHTOB YCHISHUS 110 KaXI0MY U3 HUX
SIBIIIETCS CJIOXXHOM 3amayeii.

s crabunn3anui mpolecca peryJIMpoBaHUs BO30YXIEHUS reHe-
paTtopa B cxeMe APB cuibHOTO AefiCTBUS IpUMEHSIETCA 00paTHAsI CBA3b
110 CKOPOCTH U3MEHEHMS HaIpsDKeHUs poTopa reHeparopa. Hampstxe-
HUE poTopa moasoauTcs K 610Ky obpatHoit cesa3u (bOC), Koropsiit
BO3ICICTBYET HA YCUJIUTEND Y1.

CyMMHpYIOIIUI MAaTHUTHBIN YCHINTENb Y1 CyMMHpPYET M YCHITUBA-
€T BCE IOCTYIMBILME CHUTHAJIBI M TIepeJaeT CyMMapHBIM CHUTHajl Ha
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olepallMOHHbIe YCUTUTENU Y2 U Y3, KOTOphIe BO3AECHCTBYIOT Ha CH-
cTeMBl yTipaBieHus padoueit CYTP u popcuposounoit CYT® rpymbt
THPHCTOPOB [2.6].

CrnenyloluM stanoM pa3sutis APB aBiserca nmpuMeHeHHe MUKPO-
MPOLIECCOPHBIX PETYISTOPOB BO30YXKICHUSI, CXeMBbl KOTODBIX 37eCh He
MPUBEACHBI, TaK KaK U3yUeHUE UX BHIXOAMUT 33 PAMKHM AMCLIUIUIHHBL.

2.1.7. Pexumbl paboThi reﬂepaTopoi;

IlapannenbrHag pabora reHepartoposB. Kak mpasuio,
reHepaTophl BKIIFOYAIOTCS B CETh CIIOCOOOM TOYHOM CHHXPOH H-
3a1lM U TIPU BBEJEHHOU GJIOKMPOBKE OT HECUHXPOHHOTO BKITIOUYEHUS
[1.13, mogpa3zm. 5.1.19].

[Ipu TMKBUOAIIMY aBApU B SHEPTOCHCTEME TypOOreHepaTOphl MOIII-
HocThIO 10 220 MBT BRIIOUUTENTLHO M BCEe THAPOreHepaTophl paspe-
IIaeTCsl BKITIOYATh Ha MapalieNIbHYyI0 paboTy CIIocoOOM CaM o C U H-
XpOHU3auHU. ['eHepaTopsl OONBIIEH MOIITHOCTH pa3peliaeTcst BKIIO-
4yaTh 3THUM criocobom, ecnu I/l < 3,0, tne I, — nepuoguyeckas
COCTaBJIAIONIas TOKA MPHU BKIIOUEHUH, opmyna (2.3).

[Ipu TOYHONW CHMHXPOHU3AIUMU COOMOAAIOTCS YCIOBUS:

HampsXeHWe Ha BBIBOIaX TeHepaTopa JOKHO OBITH PaBHO HAIPS-
xeHuto cetu U.= U

YacToTa BKJIIOYaEMOTO TeHepaTopa A0KHA OBITh paBHA YaCTOTE CETH
f=1

BKJTIOUEHHUE TOJDKHO TIPOU3ONUTH B MOMEHT COBMAAeHUs (a3 reHe-
paTopa U CeTH.

Hnst coOmoaeHUsT 3TUX YCJIOBMII Ha pEryasTOPHl HAIPSKEeHUS U
CKOPOCTHU TeHepaToOpOB BO3NCHCTBYIOT BPYYHYIO WIM aBTOMATHYECKH.

HenoctaTkoM 3TOTO METO/Ia SBISIETCS CIIOXKHOCTE TIPOIIEcca BKITIO-
YeHHSA U ero IJIUTEJIbHOCTD.

[Ipy caMOCHHXPOHHU3AIlUH CHHXPOHHBII TeHepaTop pas-
BOPAYMBAIOT IO YaCTOTHI BpallleHUs, OJM3KOM K CHHXpOHHOM, U He-
BO30YXIEHHBIM BKJIIOUAIOT B ceTh. [1pu 5TOM 0OMOTKa BO30YXICHMS
3aMBIKaeTCs Ha pas3psiTHBIN pe3ucTop R (cM. puc. 2.10), ucrmonbs3yeMbli
JUTS TAIlICHUS T10JIS, JTNOO Ha CIELUAIBLHO IMPEAyCMOTPEHHBIH TSI 3TOMH
uenu pesucrop. [locie BKIIOUEHHS reHepaTropa B CETh IOJACTCSI UM-
nyabc Ha BkItouyeHue AI'TI, u reHepaTop BO30yxXnaercs.

IIpu BKOTIOUEHHUU TeHepaTopa B HEM BO3HUKAET TOK

Ue

IrlO =— s
Xg T Xeye

(2.3)
rne U, — HanpsKeHWe CeTH; X; — IePEXOJHOE COMPOTUBIIEHUE TeHE~
paTopa; X, — COINPOTHUBJICHUE CHUCTEMBI.

DT0T TOK MEeHbIIIE TOKa K3 Ha BEIBOJAaX reHeparopa, TeM He MeHee,
BO3HUKAIOIIUE 3JIEKTPOIMHAMWYECKUE CUITBI BO3ICHCTBYIOT HA OOMOTKHU
reHepaTopa U ero KOHCTPYKTUBHBIE YacTH. BO3HUKAIOIIUH aCUHXPOH-
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HBI MOMEHT BO3AEHCTBYET HAa pOTOp, M MallMHA BTSTMBAETCS B CHH-
XpOHM3M 3a 2— 3 c.

IIpenMyinecTBa METOIa CAMOCUHXPOHN3ALMH:

3HAYUTEJIFHOE YIIPOIICHHE ONepalli BKITIOYEHHUS;

OBICTpOE BKJIIOYEHHE T'eHEpaTropa B CETh, YTO OYECHBH BaXXHO TIPH
aBapuU B CUCTEME;

BO3MOXXHOCTh BKJTIOUEHHSI BO BpeMsl CHUXKECHH I HATIpSKEHHS 1 Ya-
CTOTHI CETH;

OTCYTCTBHME OMACHOCTH TIOBPEKIACHMS MAllMHEI.

HemocTaTKOM MeTOna CaMOCHHXPOHHM3ALMH SIBJISIETCSI 3HAYUTENb-
Hasl ocaIKa HaNpsoKeHMS Ha HIMHAX TeHepaTOPHOTO HAIIPSDKEHMS B MO-
MEHT BKJIOUEHHsI, TIO3TOMY 3TOT CIOCOO0 CHHXPOHM3ALMM HE PEKO-
MEHIYETCS IUISE SJIEKTPOCTAHIINNA ¢ OOIIMMHM COOPHEIMH IHMHAMH Te-
HEePaTOPHOTO HaIpsIKECHUS.

HoMuHanbpHBH peXHM paboTHl reHepaTopa XapakTepHu3y-
€TCs HOMMHANBHBEIMH IapaMeTpaMH: aKTMBHOI Harpy3koit P, Ha-
npsckeHneM U, K03 GUIIMEHTOM MOITHOCTH COSQyn, YACTOTOM fiioms
TeMITepaTypoil oxjaxmarlei cpeasl Ha Bxone 8. Pabota ¢ HOMMHAIb-
HBEIMU TIapaMeTPaMM MOXKET TIPOJOJLKATECS KaK YTOAHO UTMTEIIBHO.

B peanbHBIX YCIIOBHSIX HArpy3Ka reHepaTopa MeHSIETCS, a 3TO BIIC-
YeT 3a 000 M3MEHEHME YacTOTHI, HATIPSKEHHWST W OPYTUX TapaMeT-
poB. Eciii 3T OTKJIOHEHHS HE MPEBHILAIOT JOIYCTUMBIX TpeOOBaHMIH
no IpaBmwiam TexHudeckoi akcruryatauuu (ITT3), To pexxum cunra-
€TCSI HOPMaJIbHEIM. ‘

Ileperpy3ka reHepaToOpPOB IO TOKY CTaTopa AOITyCKAaeTCs
KpaTKOBpeMeHHO (cM. TabJ1. 2.2) MpH aBapMsIX B 3HeprocucreMe. Benn-
YHUHA JOMYCTUMOI Meperpy3ky 3aBUCUT OT IIUTEJILHOCTH U THIA OX-
naxneHus cratopa [1.13].

HomyctuMast neperpyska Mo TOKY BO30yXIeHHSI TeHEpaTOpPOB H
CHUHXPOHHBIX KOMIIEHCATOPOB ¢ KOCBEHHBIM OXJIAXIEHHEM OOMOTOK
OTIpelieJIsIeTCsl JOYCTUMOI TIeperpy3Koii crartopa. s TypboreHepa-
TOPOB C HETIOCPEICTBEHHBIM BOJOPOJXHBIM MJIM BOJSIHBIM OXJIAXKICHU-
€M OOMOTKM pOTOpa AOIYCTHMAs Meperpy3Ka Mo TOKY BO30OYXIeHHS
orpeensieTcs 1mo Tab. 2.3.

ACHHXPOHHB M peXHM MOXET BOSHUKHYTbH IIPH HECHHXPOH-
HOM BpallleHNHU OJHOTO MJIM HECKOJILKUX TeHEPAaTOPOB, MOSBIISIOIIEM-
cs TIpU TIOTepe BO3OYXKIEHUS WJIM HapylUeHHH YCTOMYMBOCTH PabOTHI
TeHEPaTopOB.

Ilpu morepe Bo30yXAeHUS TeHEPATOP MEPEXOIUT U3 CHHXPOHHOTO
B YCTOMYMBBHIA aCHHXPOHHHBIN PEXUM C TIOCTOSTHHBIM CKOJLXEHHUEM U
OTAaYell HEKOTOPOI aKTUBHOM MOIITHOCTH B cUcTeMy. IIpu 3TOM BO3-
Oy XKIeHUE OCYILIECTBISETCS 3a CYeT MOTPeOIeHH peaKTHBHOM MOIII-
HOCTH U3 CUCTEMEI. B 5TOM cityyae He0OXOAMMO BOCCTAHOBUTEL BO30YX-~
IleHNe TeHepaTopa WK MepeiTH Ha pe3epBHOe Bo30yxaeHue. Corac-
Ho I1TD gomyckaercst Takoi pexXuM s TYypOboreHepaTOpOB ¢ KOCBEH-
HBIM OXJIaXAeHUEM B TedeHne 30 MUH O CHIDKeHHOM 10 60 % Harpys-
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KO#. 11 IpyTHX TUIIOB TYpOOTeHepaToOpOB TOTYCTHMAs IUINTEIbHOCTD
paboTel 6e3 BO30OYXIEHMS OTIpeAesieTCs 3aBOACKUMU MHCTPYKIIMAMM.

1 rMaporeHepaTOpoB paboTa B aCMHXPOHHOM peXuMe 6e3 BO3-
OyxneHund 3anpentaerca [1.13, momgpasn. 5.1.27].

Bo BTOpOM ciygae mpu HapyllleHHWH YCTOMYMBOCTH TTapauIeIbHON
paboTHI OMHOTO WM HECKOJIBKHMX T'€HEPaTOPOB BO30OYXXAEHUE COXpaHI-
€TCsI, HO HApyIaeTcsl CUHXPOHU3M PaboThI, BOZHUKAET IepeMEeHHOe
CKONbXeHNe, MalllYHbBI paboTaloT TO B JIBUTaTeNTBHOM, TO B reHepa-
TOPHOM pEeXHMe. DTO ABISICTCS TSIKEIOU aBapyeit 1 MOXET MPUBECTH
K IIOJIHOMY pacriagy CUCTeMBI. TakKoil pexXXuM COINIacHO TpeOOBaHUSIM
I1TD 3ampemiaercs.

HecuMMeTpUUYHBIE PEXUMB paGoOTH FeHEepaTOpOB
MOTYT OBITH BHI3BaHBI OOPBIBOM MM OTKJIIOYEHHEM OJHOM (ha3bl, Of-
Hoda3HON Harpy3koil (3JeKTpoTsAra, IUIaBHJIbHBIE TIeud U 1p.). [1pu
HECHMMETPHYHOM Harpy3kKe BO3HMKAIOT TOKH OOpaTHOM IOCIeNOBa-
TETLHOCTH, KOTOPHIE CO3MAIOT JAOTIONHUTENbHBIM HarpeB OOMOTOK U
BUOpAIMI0 MaIllTiH. Takoi peXXuM MOILyCKaeTcs IMTEALHO, eClIU He-
CUMMETPUYHBIE HArpy3KM Io ¢a3aM He mpeBwiiailoT 15—20 % mia
THAPOTEHEPATOPOB ¢ KOCBEHHBIM oxnaxneHueM, 10% mia rumpore-
HePaTOpOB € HETTOCPENCTBEHHOI CUCTEMOM OXTTaXACHUS U IS TypOO-
TeHepaTopoB Bcex TUIOB [1.13].

2.2. Cunosbie TpancgopMaTopsl H aBTOTpaHCHOPMATOPHI

2.2.1. Tunsbl TpanchopMaTOPOB H HX MAPAMETPLI

CunoBble TpaHCHOPMATOPHI* mpedHa3HAYeHH I Tpeodpa3o-
BaHHS DJIEKTPOSHEPTUM TEPEMEHHOTO TOKAa ¢ OJHOTO HaIIPSXKEHHUS
Ha apyroe. HauGojblllee pacnpocTpaHeHHe MOJIYYHIH Tpexda3Hbie
TpaHcdopMaTophl, TaK Kak IMOTepd B HUX Ha 12— 15 % Huxe, a
pacxol aKTUBHBIX MaTEpHUAIOB X CTOMMOCTh Ha 20—25 % MeHbllle,
YyeM B IpyIine Tpex oMHOMa3HbIX TpaHCHOPMATOPOB TAKOM XKe CyM-
MapHOM MOIIHOCTH.

IIpenenbHas eMTMHUYHAST MOILIHOCTh TPaHC(HOPMATOPOB OrPaHUYH -~
BaeTCs Maccoif, pa3MepaMH, YCIOBUSIMU TPAHCIIOPTUPOBKHU.

TpexdasHbie TpaHchopMaTophl Ha HamipsokeHue 220 KB u3rotos-
10T MolHOCThIO o 1000 MB- A, Ha 330 kB — 1250 MB+ A, Ha 500 kB —
1000 MB-A.

OnHodazHble TpaHC(HOPMATOPE! IPUMEHSIIOTCS, €CJTM HEBO3MOXKHO
HM3TrOTOBJIEHUE TpeX(a3HbIX TpaHC(HOPMATOPOB HEOOXOIMMOUN MOLITHO-
CTH WJIH 3aTPyIHeHa WX TpaHCIOpTUpoBKa. Hanbospliass MOIIHOCTh
rpymmel omHoda3HBIX TpaHchopMaTopoB HanpsskeHueM 500 kB coctas-

* Tlox TepMHHOM «TpaHchopMaTop» B JaNbHEHLIEM MTOIPA3YMEBAETCS TAKXKE «aB-
TOTpaHCGhOPMATOP», €CIM HET OCOGHEIX OTOBOPOK.
)
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nget 3x533 MB- A, HanpskeHneM 750 kB — 3x417 MB- A, Hanpsixe-
HueM 1150 kB — 3x667 MB-A.

ITo xonmu4ecTBY 0OMOTOK Pa3IMYHOTO HAMIPSDKEHHMS Ha KaxXayio ¢da3sy
TpaHCHOPMATOPHI PA3ACTAIOTCA HA IBYXOOMOTOYHEIE U TpEX-
o6MoTouYHBI e (puc. 2.14, a, 6). Kpome TOro, oOMOTKM OTHOrO U
TOTO X€ HAIpPSKECHWS, OOBIMHO HM3ILETO, MOTYT COCTOSTh Y3 IBYX U
OoJiee mapanyeabHBIX BETBEH, H30JIMPOBAHHEIX APYT OT IPyra U OT 3a-
3eMJICHHBIX Yacteii. Takue TpaHchOpMaTOpHI Ha3kIBalOT TpaHchopMa-
TOpaMH C pacIfeNIeHHBMU 00MoTKaMHu (puc. 2.14, ¢). 0O6-
MOTKH BEHICIHETO, CPETHETO U HUSLIETO HAIIPSXKCHUS TIPUHSTO COKpPa-
ieHHO obo3HavyaTh cootBeTcTBeHHO BH, CH, HH.

TpaHchopMaropH ¢ pacuierieHHBEIMU oOMotkamMu HH obecne-
YUBAIOT BO3MOXHOCTb TIPUCOSTHHEHHS] HECKOJIEKUX TEHEPATOPOB K Ofi-
HOMY NOBHIIIAIONIEMY TpaHChOpMaTopy. Takue YKPYITHEHHBIE SHED-
TOOJIOKH TO3BOJISIOT YIIPOCTUTH CXEMY PacCTIpeNeTUTEILHOTO YCTPOH -
ctBa (PY) 330— 500 kB (mmoapo6Hee M3I0XKeHOo B TIoApasm. 5.6). TpaHc-
dbopmaropsl ¢ pacuiemieHHOH oOMoTKoit HH momyuunu mmpokoe
pacrpocTpaHEeHHE B CXeMaxX MUTAaHUS COOCTBEHHBIX HYXH KpYIMHBIX
THC ¢ 6aokamu 200— 1200 MBT, a Takke Ha MOHUXKAIOMMUX MO~
CTAaHUMSIX C LEJIBI0 OTpaHHYEeHUS TOKOB K3.

K ocHOBHEBEIM mapaMeTpaM TpaHcGopMaTopa OTHOCATCS: HOMHHANb-
HBIE MONIHOCTh, HAaIPsDKEHHWE, TOK; HampspkeHue K3; Tok xojoctoro
XOla; TIOTepH XoyocToro xoma u K3.

Homunanvroli mowgnocmeio mpancgopmamopa HA3bI6AENCA YKA3AH-
Hoe 6 3a600CKOM nacnopme 3HAveHUe NOAHOU MOWHOCMU, HA KOMOPYIO
HenpepuiBHO MOoXcem Obimb Hazpyxcen mpancopmamop 6 HOMUHAALHBIX
YCAOBUAX MeCma YCMAHOeKU U oxaaxcoaoueli cpedst npu HOMUHANBHBIX
yacmome U HanpsyceHul.

s TpaHchopMaTOpoB OOLIET0 HasHAYeHMS, YCTAHOBIEHHBIX Ha
OTKDBITOM BO3AyXe U MMEIONIMX €CTECTBEHHOE Mac/ITHOEe OXIaXacHHeE

A B, C,0

Al Bl Cl 0 Al Bl Cl
o BH BH
H%éiBH Hgéélm{ éé;BH
L HH
) HH CH  py gy, HE HH

4H B, G A4 B,C A3 B3G50 4B, C AYBYC

a 6 2

Puc. 2.14. TIpuHUHMNTHATBHBIE CXeMbI COSAHMHEHHS 06MOTOK TpaHCchOopMaTOpoB:

a — JByXOOMOTOYHOro; § — TpeXOOMOTOYHOI0; ¢ — ¢ PacCIICIUIEHHOHK 0OMOTKOM HHU3-
KOTO HanpsiXXeHHUsI
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6e3 00MyBa 1 C 06AYBOM, 32 HOMUHAIBHBIC YCIIOBHS OXJTAXK/ICHHS TPH-
HUMAIOT €CTECTBEHHO MEHSIOULYIOCSI TEMIIEPATypy HapyXHOTO BO3IyXa
(U151 KITMMATIYECKOTO UCIOMHEHHUS Y: cpeaHecyTouHast He 6onee 30 °C,
cpemHeromoBast He 6omee 20 °C), a mia TpaHchopMaTOpOB ¢ MaCIIHO-
BOASTHBIM OXJIAXKICHUEM TeMIiepaTypa BOAbI Y BXOJA B OXJIAIUTENb MpPHU-
HriMaeTca He 6oitee 25 °C (TOCT 11677—385). HoMuHanbsHast MOILHOCTD
JUTST IByXOOMOTOYHOTO TpaHcdopMaTopa — 3TO MOIIHOCTh KaXIOH U3
ero o6MoToK. TpexoOMOTOYHBIE TPaHCHOPMATOPBI MOTYT OBITH BEHITIOJN-
HEHBI ¢ OGMOTKaMH1 KaK OMMHAKOBOM, TaK U pa3HOI MOIITHOCTH. B moc-
JIEAHEM CITy4ae 32 HOMUHAIbHYIO IPUHKMACTCS HauOObIIas U3 HOMU-
HaJBHBIX MOITHOCTEH OTIENBHBIX OOMOTOK TpaHC(hOopMaTopa.

3a HOMMHAJIBLHYIO MONIHOCTEL aBTOTpaHCHOpMaToOpa MPHHUMAETCS
HOMMHAJIBLHASI MOIITHOCTD KaXoif 13 CTOPOH, UMEIOIIMX MEXTy CODOiH
aBTOTPaHC(HOPMATOPHYIO CBS3b («IIPOXOIHAS MOIIHOCTD» ).

TpaHchopMaTOpHl YCTAaHABIUBAIOT HE TOJIBKO HAa OTKPHITOM BO3Y-~
X¢, HO ¥ B 3aKPBITHIX HEOTATUTMBAEMBIX IIOMEILCHUSIX C €CTECTBEHHOIM
BeHTWIsILMei. B 3TOM ciryyae TpaHcdopMaTopsl MOTYT OHITE HeETIpe-
PHIBHO HAarpy>X€Hb HA HOMHHAJIBHYIO MOIIHOCTb, HO TIPH STOM CpPOK
cyxObI TpaHC(hOPMATOpa HECKOJIBKO CHMKACTCS M3-3a XYILHX YCIIO-
BUM OXJIAXACHMUSI.

Homunanvrbie HanpaiceHus 06MOMOK — MO HARPANCEHUS NEPEUYHOL
U 6MOPUHHOI 0OMOMOK Npu X010cmom xode mpancghopmamopa. JList Tpex-
¢dasHoro TpaHchopMaTopa — 3TO €ro JIMHEHoe (MeXmyda3Hoe) Ha-
npsxenue. JInsa ogHodasHoro tpaHchopMaTopa, NpeaHa3HAYCHHOTO
JUISl BKILIOYEHHUSI B Tpex(asHylo IpyIIly, COSAUHEHHYIO B 3BE3dy, —
ato U /\/5 . IIpu pabote TpaHcdopMaTOopa IO HATPY3KOIl U ITOABEAE-
HHMH K 3aXHMaM €ro TepBUYHOI 0OMOTKM HOMMHAILHOTO Hampsixe-
HMSI Ha BTOPMYHOM 0OMOTKE HANpsDKEHME MEHBIIIC HOMUHAIBHOTO HA
BEIUYMHY TIOTEpH HampsoKeHUsa B TpaHcdopmartope. KosdopuruenT
TpaHchOopMalium TpaHCchopMaTopa s ONpeAensIeTcsl OTHOIIEHNEM HO-
MMHATBHEIX HaTIPSSKEHMH 0OMOTOK BBHICHIETO M HU3IUETO HAMPSIKEHUIA

UHOM BH

UHOM HH

B TpexobMoTOoUYHBIX TpaHchopMaTopax omnpenensercs Kosghuim-
eHT TpaHcdopMaruu kaxaoi mapbl oomorok: BH u HH; BH u CH;
CH u HH.

Homunanvnsimu moxkamu mpancgopmamopa Ha3sléaiomes yKazanHole
6 3a800CKOM hacnopme 3HAYEHUs MOK0E 8 06MOMKAX, RPU KOMOpbiX 00-
nyckaemcs 0AumMenbHas HOpMansHas paboma mpaucpopmamopa.

HomMmuHanbHEBIN TOK M060H 00MOTKH TpaHchopMaTopa ompenes-
IOT 10 €¢ HOMUHAJILHOM MOIITHOCTA ¥ HOMMHANBHOMY HAIIPSLKEHHIO.

Hanpancenue xopomixozo 3aMblKQHUA Uy, — IMO HANpAdCeHUe, npu
nodeedenuu Komopozo K 00HOU U3 06MOMOK MPAHCHOPMAMOPa npu 3am-
KHymoll Haxopomko dpyeoli o6mMomke 6 Hell npoXooum mox, pasnviii Ho-
MUHAAbHOMY.

n=
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Hanpsixkenue K3 onpenensioT mo MageHWIO0 HANPSIKEHUS B TpaHC-
dopMatope, OHO XapaKTepU3YeT TOJHOE COMPOTUBICHNE OOMOTOK
TpaHchopMaropa.

B TpexoO6MoToYHHIX TpaHchopMaTopax M aBTOTpaHcopMaTopax Ha-
npsekenne K3 onpeaensiercsa s mo0o0ii mapsl ero 0OMOTOK MpH pa-
30MKHYTOH TpeTbell oOMoTKe. TakuM 00pa3oM, B KaTanorax IpuBO-
JISTCS TPU 3HaYeHUS HanpsokeHUS K3: t gH—HH,> Yk BH-CH»> Yx CH—HH-

[ToCKONMBKY MHIYKTUBHOE COTNPOTUBJICHHE OOMOTOK 3HAYMTEIHHO
BBIIIIE aKTUBHOro (y HeGOMBIIMX TpaHCchOpMaTopoB B 2—3 paza, a 'y
KpYIHBIX B 15— 20 pa3), TO ¥, B OCHOBHOM 3aBHCHUT OT PEaKTHBHOTO
COMPOTURICHHUS, T.e. B3aMMHOTO PACIONOXEH!sSI 0OMOTOK, HIMPUHEI
KaHaja MeXXIy HUMH, BBICOTHI 0OMOTOK. BenuunHa u, permaMeHTHpY-
ercss TOCT B 3aBMCHMOCTH OT HaTIpSLKEHUST M MOLIIHOCTH TpaHCchOop-
MaTopoB. HeM GoJblle BRICIIEE HATIPSIKECHUE M MOIITHOCTH TpaHChOp-
Martopa, TeM Oonbiiie HanpsokeHue K3. Tak, TpaHchopMaTop MOIIHO-
cthio 630 kB-A ¢ BeIcHIMM HamipskeHueM 10 kB umeer u,=5,5%,
C BBICIIIMM HampsokeHueM 35 KB — u,= 6,5 %; TpaHcdopMaTop MOIIHO-
cthio 80000 kB-A ¢ BeiciMM HanpsokeHueM 35 KB umeer u,=9%, a
¢ BBICIIUM HanpspkenneM 110 kB — u,=10,5%.

YBenuuuBas 3HaYCHUE U, MOXKHO YMEHBIINTEL TOKH K3 Ha BTOpHY-
HOI CTOpOHE TpaHC(HOpPMAaToOpa, HO MPH 3TOM 3HAYUTEILHO YBEJTHUH-
BaeTCA MOTpebiaeMast peaKTUBHAS MOLIHOCTb M YBEJIUYMBAETCSI CTO-
UMOCTh TpaHchopMaTopoB. Eciu Tpancdopmarop 110 kB MoliHOCTBIO
25 MB - A BEIIOTHHUTS € U, = 20 % BMecTO 10 %, TO pacueTHHIE 3aTpaThl
Ha HEero BO3pacTyT Ha 15,7 %, a motpebisieMasi peakKTUBHAsK MOIIHOCTD
Bo3pacTeT BABoe (¢ 2,5 mo 5,0 Maap).

Tpexo6MOTOYHbIE TpaHCGHOPMATOPBI MOTYT MMETh /1Ba HCTIONHEHHS
TI0 3HAYEHHIO U, B 3aBUCHMOCTH OT B3aMMHOTO PAcIIONOXEeHHsI 0OMO-
ToK. Ecniu o6MoTka HH pacrionioxeHa y CTepXHST MarHATOIIPOBO/A,
obMoTka BH — cHapyxu, a oobmMorka CH — Mexmy HUMH, TO Hau-
OoJpliiee 3SHAYEHUE UMEET Uy py—pi, @ MEHBLICE 3HAYEHUE — Uy py—CH-
B 3TOM Ccyvae moTepH HAIpsKEHMS O OTHOIMEHHUIO K BhiBogaM CH
yMeHbInarcs, a Tok K3 B cetn HH GyneTt orpanuyeH 6jaronapst IOBBI-
HIEHHOMY 3HAYECHHIO U, pH-HH-

Ecnu o6Morka CH pacrnoyoXxeHa y CTEpXHs MarHUTOIMPOBOJA,
oomorka BH — cHapyxu, a ooMorka HH — Mexmoy HMMH, TO HaH-
Oonplilee 3HAUEHUE UMEET Uy py—cy, @ MEHBHIEE — U, py—yy. SHAUCHUE
Uy ct—Hy OCTAHETCSl OMMHAKOBBIM B 00O0UX MCTIOTHEHHIX.

Tox xonocmoeo xoda I, xapakTepu3yeT aKTUBHBIC M pEaKTUBHBHIE
MOTEPU B CTANM U 3aBUCUT OT MAarHUTHEBIX CBOMCTB CTajfiM, KOHCTPYK-
LIMM ¥ KayecTBa COOPKM MarHUTOIPOBOJAA M OT MAarHUTHOM MHIYKITHH.
Tok XONOCTOrO XOma BEIPAXACTCA B IPOIICHTaX HOMWHAJIBHOTO TOKa
TpaHcdopmaTopa. B coBpeMeHHEBIX TpaHCchopMaTopax ¢ XOJIoOAHOKaTa-
HOH CTajIbI0 TOKH XOJIOCTOTO XOJa MMEIOT HEOOIbIIUE 3HAYCHUST.

Ilomepu xonocmozo xo0a P, u kopomko2o 3ambikanus P, OTIpeJiesioT
3KOHOMHYHOCTh paboTel TpaHcgopmMaropa. IloTepu xomocToro xoma
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COCTOAIT U3 TIOTEPh CTAJId HA MepeMarHWYMBaHNE W BHUXPEBBIE TOKH.
75 uX yMeHbIIIEHUST TPUMEHSIOTCS 3JIEKTPOTEXHIMIECKas CTalb C Ma-
JIBIM COepKaHUEM YITIEpOXa U CIEIHAJBHBIMU MPUCATKaMH, XOJOI-
HOKaTaHad cTanb ToamuHoi 0,3 MM mapok 3405, 3406 u mpyrux c
JKapOCTOMKHMM H3OJIILIMOHHBIM MOKPEITHEM. B CIpaBOYHUKAX U KaTa-
JIOTax TIpUBOASITCA 3HaueHus P, 1 yposHeii A 1 B. YpoBeHb A 0THO-
CUTCH K TpaHChHOpPMaTOpaM, N3TOTOBICHHEIM U3 3JIEKTPOTEXHUYECKOI
CTalNu C ymeJbHBIMHM ToTeps MM He Gonee 0,9 Br/kr, ypoBeHp b —
C YReJIBHBIMU TTOTepsiMH He Gonee 1,1 Br/xr (ipu B= 1,5 Ta, f= 50 I').

Homepu Kopomioeo 3amvikarus COCTOST U3 TIOTEPh B 0OMOTKaX MpH
MPOTEKAHUM IO HUM TOKOB Harpy3ku U J00aBOYHBIX ITOTEPH B OOMOT-
Kax U KOHCTPYKIIMSX TpaHchopmaTopa. J1o6aBOYHbBIE MMOTEPH BbI3BaHbBI
MAarHUTHBIMU TIOJIIMU pPacCesHUS, CO3MAlOIMMHU BHXPEBHIE TOKH B
KpaifHUX BUTKaX O0OMOTKH U KOHCTPYKIHUSIX TpaHCHopMaTopa (CTEHKH
0aka, IpMOBBIC OanKy | Ap.). JJI UX CHUXEHHSI OOMOTKH BBIITOJIHA -
IOTCSI MHOTOXWJIBHBIM TPaHCIIOHMPOBAaHHBIM IIPOBOIOM, a CTEHKHM 0aKa
SKPaHHUPYIOTCSI MATHUTHBIMU IITYHTaMH.

B coBpeMEHHBIX KOHCTPYKUHUSIX TPaHC(HOPMATOPOB MOTEPU 3HAYU -
TeJIBHO cHHMXeHH. Hampumep, B TpaHchopMarope MOIHOCTHIO
250000 kB-A mpu U=110kB (P,=200 xBt, P.=790 kBT1), pabora-
fo1eM KPYIIBIH TOM ( Tipay= 6300 1), TIOTEpH 3NEKTPOIHEPTUU COCTa-
BAT 0,43 % 3neKTposHepTHU, MPONYIIeHHONH 4Yepe3 TpaHCHOpPMATOD.
YeM MeHBIIIE MOTITHOCTE TpaHCchOpMaTopa, TeM GONBIIE OTHOCUTENh-
HBIE IIOTEPH B HEM.

B ceTsix sHEpProcucTeM yCTaHOBJIEHO OOJBIIOE KOJUYECTBO TPAHC-
(opMaTOpOB MaJIOi M CpeXHEH MOIIHOCTH, MO3TOMY OOIME MOTEpH
3JIEKTPOIHEPTUH BO BCEX TpaHCHhOpMaTopax CTpaHbl 3HAYMTETBHBI U
OY€Hb BaXHO I 3KOHOMWH 3JIEKTPOSHEPIUU COBEPIIIEHCTBOBATH KOH-
CTPYKIIMH TPaHC(OPMATOPOB C IENbIO HKaJbHEMHIIEr0o yMEHBIIEHHS
3HayeHuit P, u P,.

2.2.2. CxeMbl 4 rpymmbl COeAHHEHHI 00MOTOK TpaHC(OpPMATOpPOB

O6MOTKH TpaHCchOPMATOPOB UMEIOT OOBIYHO COSTMHEHMS: 3Be3Ma —
Y, 3Be3Aa C BRIBEACHHON HEWTPAIbi0 — T° U TPEYTOJBHUK — A\.

Cusur ¢a3 mexny 9/1C nepBUYHOM M BTOPUYHOH 00MOTOK (F, U
E,) npuHATO BhIpaxaTh YCIOBHO TPYIIION COETUHCHUIA.

B tpexdasHoM tpaHchopMaTope MIpUMEHEHHEM Pa3HBIX CITOCOGOB
COCOMHEHHI OOMOTOK MOXHO 00pa30BaTh ABCHAIIIAT PA3iIHBIX TPYITIT
COEMMHEHMEA, MPIYEM IIPH CXEMaxX COeJMHEHUST OOMOTOK 3Be3/1a — 3Be3/1a
MBI MOXEM ITOJIYIHTh JIIO0YI0 YeTHyIo rpymmy (2, 4, 6, 8, 10, 0), a pn
CXEMe 3Be3/1a — TPEYTOJbHMK WIHM TPEYTOMBHUK — 3Be3Ia — JII0OYI0 He-
yetHyto rpymny (1, 3, 5,7, 9, 11).

I'pyrnel coeqMHeHMI YKA3bIBAIOTCS CIPaBa OT 3HAKOB CXEM COeTH-
HEeHUA 00MOTOK. TpaHchopMaTophl O puc. 2.14 UMEIOT CXEMBI U IPYIT-
MBI cOemUHEHU 0OMOTOK: T/A-11; Y/ ¥/A-0-11; Y/A/A-11-11.
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CoenuHeHue B 3Be3ny 06MoTku BH mo3pojisieT BHIIIOJIIHUTE BHYT-
PEHHIOIO M30JIAIUIO U3 pacyeTa ¢dasHoit BJC, T.e. B J3 pa3 MeHblire
nuHeitHoi. O6MoTk HH mpenmyllecTBEeHHO COSAMHSIOTCS B Tpe-
YIOJIBHUK, YTO MO3BOJISIET YMEHBIHUTh CEYeHUE OOMOTKHU, PAacCUUTAB
ee Ha ¢as3Hbll TOK [ /\/§ . KpoMe Toro, npu coeqUHEHHMH OOMOTKHU
TpaHc¢hopMaTopa B TPEYTOJIBHUK CO3MAETCsl 3aMKHYTBIM KOHTYD HJIA
TOKOB BBICIHUMX TApMOHUK, KPaTHBIX TPEM, KOTOpHIE IIPH 3TOM HE BHI-
XOIAT BO BHEIIHIOK CETh, BCJICACTBHE UETO YIIyUYIHAETCI CHMMETPUS
HaMpsDKEHUST HAa Harpys3ke.

CoemiHeHne 0OMOTOK B 3Be3/Ty C BHIBEACHHOM HYJIEBOH TOUKOM IpH-
MEHSIETCSA B TOM CIIydae, KOrna HeHTpalb OOMOTKH JOJDKHA OBITH 3a3¢M-
neHa. DddekTuBHOE 3a3eMIIeHUE HeTpanu o0MOTOK BH obsi3atensHO B
tpaHcdopmaropax 330 kB u BbIIe U BO Bcex aBTOTpaHCPoOpMaTopax (Ioa-
pobHee Hipke). CucreMst 110, 150 u 220 kB taxke padoraror ¢ addek-
THUBHO 3a3eMJIEHHOM HEWTPANBIO, OMHAKO JITST YMEHBILEHHS TOKOB OIHO-
¢astoro K3 HeliTpanmy 4acTi TpaHCGOPMATOPOB MOTYT OBITL pa33eMJICHH.
Tak Kax M30JsLHs HyJIEBBIX BBIBOJOB OOBIYHO HE PaCcCUMTHIBAETCS Ha
TTOJTHOE HAMPSDKEHUE, TO B PEXMME Pa33eMIICHUSI HEMTPATU HEOOX0OIUMO
CHU3WTDH BO3MOXHEIE TIEPEHANPSDKEHUS IIYTEM MPUCOCAMHEHHS OTpaHu-~
yyTesel MepeHanpssKeHHI K HyJieBol TouKe TpaHcdopMaropa (puc. 2.15).

Puc. 2.15. Cioco6nt 3a3eMieHKs HellTpasieil TpaHc¢hOpMaTOPOR U aBTOTPAHC-
¢opmaTopoB:
a — TtpaHcdopmaropos 110—220 kB 6e3 PITH; 6 — tpancdopmaropor 330— 750 xB
6e3 PITH; ¢ — tpancdopmaropos 110 kB ¢ PITH; 2 — aBrorpaHcdopmaTopoB Bcex
HanpsiXeHMit;- 0 — tpaHcdopmaropos 150—220 xB ¢ PITH; e — Tpancdopmaropos
330—500 xB ¢ PITH
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Heiirpans 3a3eMisieTcs Takke Ha BTOPUYHBIX OOMOTKax TpaHCcdopMaro-
POB, FIMTAIOILMX YeThIpexnpoBomHbie cett 380/220 u 220/127 B. Hetirpa-
JIM OGMOTOK TIpH HanpsekeHUH 10— 35 kB He 3a3eMJISTIOTCST VUTM 3a3¢MJTS-
I0TCSI Yepe3 AYroracsIyii peakTop sl KOMIIEHCAITMHA €MKOCTHBIX TOKOB.

TexHuveckue TaHHBIE CHJIOBBIX TPAaHC(GOPMATOPOB M aBTOTPAHC-
(opMaTOpOB, WX CXEMBI U TPYIIILI COSMUHEHUIA ONMPENEISIIOTCS Ieii-
ctBytoimMu F'OCT U npUBOIATCS B KaTajlorax U CIipaBoyHuKax {5.7,
1.3, 3.5].

2.2.3. D1eMeHTHI KOHCTPYKIIMH CHJIOBLIX TpanchopMaTopos

MouuHslit TpaHchOpPMaTOp BBICOKOTO HAIPSAXEHUS TPEACTABIACT
co00i CJIOXHOE YCTPOMCTBO, COCTOSIIIIEE M3 OONBIIOTO YUCIA KOHCT-
PYKTUBHBIX 3JIEMEHTOB, OCHOBHBIMM M3 KOTOPBIX SIBJISIIOTCSI: MArHUT-
Has cHcTeMa (MarHUTOIIPOBOM), OOMOTKM, M3OJSIVs, BHIBOABI, 0aK,
oxXJIaXaamwliiee yCTPONCTBO, MEXaHU3M DPEryUpOBaHUS HAIPSKCHUS,
3alUTHBIE U U3MEPUTENLHBIE YCTPOUCTBA, TEJICKKA.

B MarHUTHOM CHUCTEM e IPOXOAUT MAarHUTHBINA [IOTOK TpaHC-
¢opMaTtopa (oTclola Ha3zBaHUE «MarHUTOIPOBOI» ). MarHUTONIPOBOA
SIBIISIETCA KOHCTPYKTUBHON M MeXaHWYeCKON OCHOBOI TpaHcgopMa-
Topa. OH BBITIIOJHACTCS M3 OTAEIBHBIX JUCTOB 9JIEKTPOTEXHUYECKOMN
CTaJI¥, M30JIMPOBAHHBIX APYT OT Ipyra. KayecTBO 27eKTPOTEXHUYEC-
KOH CTany BIWSET HA AOIMYCTUMYIO MAarHUTHYIO MHIYKIIWIO U MOTEpU
B MarHUTOIIPOBOJIE.

YMeHBIIeHUE YICHbHEIX ITOTEPh B CTaIH, TIUATENIbHAs cOOpKa Mar-
HUTOIIPOBOJA, IPUMEHCHUE OCCIUNUICYHBIX KOHCTPYKLIUN, COEAUHE-
HUE CTEpXHEH C SIPMOM C IOMOLIBK KOCOHM IIHMXTOBKH ITO3BOJISIIOT
YMEHBIIUTh IIOTEPU XOJIOCTOTO XOJa U TOK HaMarHUYMBAaHUS TPaHC-
¢dopMaTopa. B coBpeMEHHBIX MOIIHBIX TpaHC(pOpMaTOpax TOK HAMarHu-
yyBaHua cocrapnsaer 0,5—0,6 % I, Torma Kak B TpaHcGopMaTope
C TOpSTYEKATAHOM CTaNbi0 TOK JocTturan 3 %; moTepu XOJOCTOTO XOja
YMEHBIIWINCH BABOE.

JIuctel TpaHCchOPMATOPHOM CTATM AOJIKHBI OBITh TIIATELHO U30-
JIMPOBAHBI APYT OT ApyTa. [lepBoHAYAIEHO PUMEHSUTACh OyMaKHast U30-
JISIIMST — JIMCTHI OKJICUBANIMCh C OTHOM CTOPOHBI TOHKHM CJIOEM CIie-
LMaTbHOM OyMard. byMara co3gacT MOJTHYI0 9JMEKTPUYCCKYIO H30JIsI-
LIMIO0 MEXAY JTUCTaMHU, HO JIETKO MOBPEXAAETCS Ipyd COOPKE U YBEIIU-
YUBaeT pa3Mepbl MarHuTonpoBona. HIMpoko NpUMEHSIETCS W3OS
JINCTOB JIaKOM ¢ TojinuHoi cinost 0,01 mMm. JlakoBast mieHKa co3maeT
JOCTATOYHO HAJEXHYI0 M3OJSLUHUI0 MEXAY JUCTaMU, O00ECIICUUBACT
Xopolilee OXJIaXIeHUE MarHUTOIIPOBOAA, 00/1anacT BHICOKOU HAarpeBo-
CTOMKOCTBIO U HEe MOBpexnaeTcs npu coopke. IlocnenHee BpeMs Bce
HIMpE TIPUMEHAETCHS ABYCTOPOHHEE XapOCTONMKOE MOKPBITHE JIMCTOB
CTaM, HAHOCUMOE Ha METAJUTYPrM9eCKOM 3aBojie Nocie mpokara. Tosn-
KWHA TOKpeITUSL MeHblIe 0,01 MM, 4TO obecrneyrBaeT JIydlre CBOM-
CTBa MarHUTHOM cUCTeMBI. CTSKKa CTEpXKHEM OCYILIECTBIISICTCSI CTEK-
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BHHH JNobaHgaxkaMH, sipMa CTATUBAIOT-
Csl CTaJIbHBIMU TIOJyGaHmaXaMu
WIK GaHgaXaMu.

MarHuTonpoBOI U €ro KOHCT-
PYKTUBHBIEC NETAJIN COCTABISIIOT
ocToB TpaHcdopMaTopa. Ha octo-
B€ YCTaHaBJIMBAIOT OOMOTKHU H
KpEIAT MPOBOIHUKU, COCIUHSI-
I0IHMe OOMOTKM C BBOITAMH, CO-
CTaBJ/ISAs aKTUBHYIO YacCTh.

O6mMmoTKu TpaHchopMa-
TOPOB MOTIYT OBITh KOHLICHTPU-
YeCKUMH H YEePEAVIOIINMHUCS.

a 6 B nepsom ciyyae oomorkn HH u

BH BHITONHAIOT B BUAe LIMIMHI-

Puc. 2.16. O6MoTKH TpaHChOpMaTOopa: pPOB M pacCIIojiaraloT Ha cTepxie

a — KOHIEHTpHUecKasi; 6 — Jepenyio- KOHIICHTPHUYCCKHU OIHAa OTHOCH-

wiasics TeNbHO mpyroii (puc. 2.16, a). Ta-

KO€ BBLITIOJTHEHHE IIPUHSTO B OOJb-

ITHHCTBE CWIOBHIX TpaHChOpMaTopoB. Bo BropoM ciyyae oomMorki BH

1 HH BHITONHAIOTCS B BUIle HEBLICOKHX LMJIMHAPOB C OMUHAKOBBIMU

IVaMeTpaMHM M pacrojiaraloTCs Ha CTepxXHE OIHa Hal APYyrou

(puc. 2.16, 6 ). B Takoit 0GMOTKe 3HAYUTEIHLHOE YUCIIO TTaeK, OHA MEeHee

KOMITIaKTHA U TIPUMEHSIETCS JUTST CTICUAIBHBIX 3JIEKTPOIICYHBIX TPaHC-

bopMaTopOB WM UTSL CYXHUX TpaHCHOPMATOPOB, TAK KaK 00ECIICYNBACT
JIydiiiee oxiaxaeHue oOMOTOK.

OO6MoTKM TpaHChHOPMATOPOB TOJKHBI 00/IalaTh JOCTATOYHOM JIEK-
TPUYECKOH U MEXaHUYECKOI MPOYHOCThIO. M30s1iMst OOMOTOK M OT-
BOJIOB OT Hee JOJIKHA 6e3 TTOBpeXXICHU BBIIepXIBATh KOMMYTAlHOH-
Hble U aTMOC(hepHBIC IepeHaTIpsLKeHUS .. OOMOTKM TOJXHH BRIAEPXKH-
BaTb NCKTPOANHAMUYECKUE YCUIHS, KOTOPhIE TTOSIBIISIFOTCS IIPH ITPO-
tekaHuu TokoB K3. HeobxoamMo mpeaycMoTpeTh HAIEXHYIO CUCTEMY
OXJIaXTEeHUS 00OMOTOK, YTOOBI HE BO3HHMKAJ HEMOIMYCTUMBIN Meperpen
U3OJISILMU.

J11a mpOBOOHUKOB OOMOTKH HUCITOJIL3YETCS Meb M amoMuuuit. Kak
HM3BECTHO, Meb UMEET MAJIOe JICKTPHYECKOES COMPOTUBJICHUE, JIETKO
roamaeTcs Mmaiike, MEXaHMYECKH MPOYHA, YTO UM 00eCIeYnBaeT IMpPO-
KOo€ NIpUMEHEHHME MeAu JUIsl 0OMOTOK TpaHChOpMaTOpOB. AJIOMUHUMR
IellieBlie, 00yanaeT MEeHbIIEH TIOTHOCTBIO, HO GOJIBIUNM YAETbHBIM
COIMPOTHUBJICHUEM, TPEOYET HOBOI TEXHOJIOIMU BHITIOJTHEHUSI OOMOTOK.
B HacTostiiee BpeMsi TpaHchOpPMATOPH C ATIOMUHHUEBOM OOMOTKOM
HM3TOTOBJISIOTCS Ha MOIIHOCTL 40 6300 KB-A.

B coBpeMeHHBIX TpaHChopMaTopax WIS OOMOTKU MPUMEHSETCS
TPAHCIIOHMPOBAHHBINA ITPOBOM, B KOTOPOM OTHENbLHEIE TTPOBOIHUKHU
B MapaJUIEJIbHOM IIyYKe MEPHOTNYESCKH UBMEHSIOT CBOE TIOJIOKEHUE. DTO
BBHIDABHUBAET COMPOTUBICHHE 3JIEMEHTAPHBLIX ITPOBOIHUKOB, YBEJIU-
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YHUBAET MEXaHNYECKYIO MPOYHOCTh, YMEHBUIAET TOJIIUHY U3OJIALMUN H
pasMepbl MATHUTOIIPOBOA.

N3onsguus TpaHchopMaTopa SBJIsSeTCI OTBETCTBEHHOM YacThIo,
TaK KaK HalIeXHOCTb paboThl TpaHChopMaropa OIpeaenseTcs B Oc-
HOBHOM HAJIeXKHOCTBIO €r0 N30SI,

B macnaHbpix TpaHchopMaTopax OCHOBHOU H30NSILIMEH ABIsSETCS
Macjio B COUETaHUH C TBePABIMH JUANICKTPHUKAMH: OyMaroi, ajeKTpo-
KapTOHOM, TETHHAKCOM, EPEBOM (MacioOapbepHas U30JALINA).

3HaunTeNbHBIHM 3(pdEeKT maeT NMpuMEeHeHHe U3OJAINM U3 CIeln-
aTbHO 00paboTaHHOM 6yMaru (CTabMIN3MpPOBAaHHOI), KOTOpast MeHee
TUTPOCKOIIMYHA, UMEET 00JIe€ BBICOKYIO DJIEKTPUUECKYIO IPOYHOCTh U
JoIycKaeT 00Jbloi HarpeB. B cyxrx TpaHcdopMaTopax HIMpOKO MpH-
MEHSIIOTCSI HOBBIE BHIBI U30JIMPYIOIINX MaTePHAIOB ITOBEIILIEHHOM Ha-
rPEBOCTOMKOCTH Ha OCHOBE KPEMHUMOPraHUYECKUX MaTepUaiOB.

AXTHUBHYIO 4acTh TpaHchOpMaTopa BMECTE C OTBOAAMU M MEPEKITIO-
YaIOUUMU YCTPONCTBAMU ISl PETYJIUPOBAHUS HAINPSDKEHUS IIOMeEla-
10T B 6aKk. OCHOBHBIE YacTH §aKa — CTeHKH, THO M KphiliKa. KphIky
HUCIIONIB3YIOT /IS YCTAHOBKY BBOJAOB, BBIXJIONIHOI TpyOH, KpeIlICHUs
pacIIMpHUTeNsI, TEPMOMETPOB M Ipyrux feTaneil. Ha creHke 6aka yx-
PEIUISIIOT OXJIAANTENbHbBIE YCTPOHCTBA — paJIuaTopHL.

B tpaHcdopMaTopax HeGOMBUIONH MOIITHOCTH OaK BBHIITOIHSIETCS C Bep-
XHUM pa3beMOM: MPU PEMOHTaX HEOOXOMHUMO CHSITBH KPHILIKY TpaHC-
dopmaropa, a 3aTeM MMOJHATH aKTUBHYIO YacTh U3 Gaka.

Ecnu Macca akTUBHOM yacTu 6ojiee 25 T, To OHa yCTaHaBJIMBAETCS
Ha IOHHYIO YacThb 0akKa, a 3aTeM HaKpBIBAETCS KOJIOKOI000pa3HO Bep-
XHe#l 4JacThlo Gaka W 3ajiMBaeTcsl MacioM. Takue TpaHchOopMaTophl
C HIDKHHUM pa3beMOM HE HYXXKHAIOTCS B TSDKEJIBIX IPY30IIOIBEMHBIX YC-
TpOICTBaX ISl BHIEMKHM aKTUBHOM 4acTH, TaK KaK IIPU peMOHTAaxX I1oc-
Jie cIMBa Macia TMMOTHMUMAETCS BEPXHSS YacTh 6aKa, OTKPBIBask JOCTYII
K OOMOTKAaM ¥ MarHUTOIIPOBOIY.

Jng yMeHbILIeHUS TIOTEpPh OT TOTOKOB PACCesIHUS CTaIbHbIC Oaku
SKpaHUPYIOTCS ¢ BHYTPEHHEH CTOPOHBI MaKeTaMU U3 JIEKTPOTEXHM-
YyecKol CTaJiM WIM IUTAaCTUHAMHU U3 HEMarHUTHBIX MaTepHaioB (Melb,
ATIOMUAHUI).

PacuiupuTenpb TpaHchopMaTopa mpeacTaBiaseT coboi HVIHHI-
pUYECKUI coCyl, COeMUHEHHBIN ¢ 6aKoM TpyOONPOBOIOM U CIyXa-
WUH UIST YMEHBUIEHUS TJIOLIATH CONPUKOCHOBEHUS Macja ¢ BO3MIY-
xoM. bak TpaHcdopMaTopa MOJHOCTBIO 3aIUT MAacjiOM, M3MEHEHUE
o0beMa Maciia IIpY HarpeBe M OXNaXIEeHUW NMPUBOIUT K KOJeOGaHMIO
YPOBHS Macja B PaCIIMPUTEIE; TIPU 3TOM BO3IYX BHITECHSETCS U3 pac-
LIAPUTEIIS UITA BCACHIBACTCS B HEr0. Macio oueHb TUTPOCKOITUYHO, U
€CJIH paclINpUTE/Ib HEITOCPENCTBEHHO CBsI3aH ¢ aTMocdepoii, TO BiIa-
ra U3 BO3[AyXa IIOCTYNAEeT B MACNIO, PE3KO CHUXKAas €ro U3OJSIIMOHHbBIC
cBoiicTBa. Jlja npegoTBpallleHUsI 3TOTO paclIMPUTENb CBSI3aH C OKPY-
KalIeH cpenoit yepe3 CHIMKOTEIEBBIN BO3AyXo0oCyIInTeNb. CHUIHKa-
refb MOMIOIIAET BJIary M3 BCAChIBAEMOro Bo3myxa. IIpHn pe3kux Koneba-
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HMSIX Harpy3KH CHJIMKareIeBbii GUILTDP MOJHOCTHIO HE OCYILAET BO3-
IlyX, TIO3TOMY MTOCTENEHHO BIKHOCTh BO3MyXa B PACIIMPUTEIIE [TOBbi-
mraercsa. YroOsl m3beXaTh ITO, NMPHUMEHSAIOTCS TepMeTHYHBIE OaKH C
Ta30BOH MOMYILIKOI M3 MHEPTHOTO Ta3a WK CBOGOMHOE IPOCTPAHCTBO
B pacllMpHTeNIc 3aIlONMHSIETCS MHEPTHBIM Ta3oM (a30TOM), TOCTYIa-
IOLIMM W3 CIeHHAIBbHBIX JIACTHYHBIX eMKocTell. Bo3aMoxXHO NpuMeHe-
HHE CIIeNUANbHOM IDICHKH-MeMOpaHbl Ha TpaHuile Macio—Bo3nyx. Ocy-
LIEHHE BO3yXa B paCUIMPHTENE OCYIIECTBIISIOT TEPMOBBIMOPAXKHMBATE -
JISIMU.

K ©6aky TpancdopMaTtopa KpenmuTCcsI TepMOCHB OHHBI I
b M IbTPp, 3aNOMHEHHBI CHIMKATeJIEM MIM APYTHM BELIECTBOM, TI0-
TJIOIIAIIIMM TIPOAYKTHI OKUCTeHNST Macaa. Ilpy LMpKymsaimyn Macaa
yepes QWILTP MPOUCXONUT €r0 HellpephIBHAS pereHepaiys.
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Puc. 2.17. TpaHcdopmarop TpexdasHbIi Tpex0OMOTOYHEBIN
TATH-16000/110-80Y1:

1 — Gak; 2 — wKad aBTOMAaTHYECKOro YMpaBiEHUsA OyTheM; 3 — TepMOCHUGOHHBIN

¢wnetp; 4 — BBoZ BH; 5 — BBOoA HH; 6 — BROA CH; 7 — ycTaHOBKa TpaHcdopMaTo-

poB Toka 110 kB; § — yctaHoBKa TpaHcthopMaTopoB ToKa 35 kB; 9 — sBox 0 BH; 10—

BBof 0 CH; 1] — pacuupurenn;, 12 — MacnoyKkasaTenb CTpPeJIOYHBIH; 13 — kiamaH

MpefOXpaHUTENbHBIH; /4 — TpUBOL peryaaropa HanpsxeHus; 15 — BEHTHWIATOp CH-
CTeMbl OXJIaxXIeHust; 16 — panuatop; 17 — KapeTka ¢ KaTKaMH
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Jns KoHTpoNs 32 pabdoroit TpaHchopMaTopa IIpeayCMaTpUBaIOTCS
KOHTPONBHO-M3MEPHTENIBHBIE M 3aIUTHEIE YCTpoiicTBa. K KOHTPONBEHEIM
YCTPOMCTBAM OTHOCST MAacjoyKa3aTelb U TepMOMETpHl. Macmoykasa-
Tellb YCTAHABIMBAeTCs Ha pacUIUpUTENle, TEPMOMETP — Ha KPHILIKE
6aka. K 3allIUTHBIM YCTPOMCTBAM OTHOCSITCS peJie TIOHMKXEHUS YPOBHS
Macjia ¥ Ta3oBoe peJie.

Ha MomurHeix TpaHchopmartopax 330 — 750 xB mOmONMHUTENBHO IIPH-
MEHSIOTCS YCTpoiicTBa KOHTposi u3oisaiuu BeonoB (KMB) u mano-
METPBI, KOHTPOJIMPYIOLIME AaBICHUE Macia B repMeTHYHEBIX BBonax BH.

OCHOBHBIE KOHCTPYKTHBHBIE Y3JIBI TpaHCGHOPMATOPOB ITOKA3aHEI Ha
puc. 2.17.

2.2.4. CucTeMbl OXIAKICHHSA CHIIOBBIX TpaHC(HOPMATOPOB

ITpu pabote TpaHcopmaropa MPOUCXOTUT HAarpeB OOMOTOK U Mar-
HUTOIIPOBOJIA 32 CYET MOTEeph BHEPIMU B HuUX. [IpenenbHbI Harpes
yacTeit TpaHchopMaTopa OrpaHUYNBACTCS M30AIIHENR, CPOK CITYXOBI
KOTOPOH 3aBUCHUT OT TeMIepaTypsl HarpeBa. Yem Gobllle MOIIHOCTD
TpaHchopMaTopa, TEM AHTEHCHUBHeE NOJKHA OBITh CHUCTEMa OXJIaX-
HEHHS.

Huxe mpuBOIUTCS KPATKOE OMHUCAHNE CUCTEM OXJIaXIeHHs TpaHC-
dopmaTopoB.

EcTecTBeHHOE BO3AYIIHOE OXJIaXOeHHUE TpaHchoOpMa-
TOPOB OCYILIECTBJISIETCS MYyTeM €CTCCTBEHHOII KOHBEKITHM BO3AYXa W
YaCTHYHO — JIy4eHCITyCKaHMs B Bo3nyxe. Takue TpaHCchOpMAaTOpPHI 10~
JIYYIUIM Ha3BaHHE «CYXUX» . YCIOBHO IPUHATO 0603HAYATh €CTECTBEH-
HO€ BO3AYIIIHOE OXJIaXIeHUE PH OTKPHITOM HCIIOTHeHUHU C, IIpH 3a-
IIAIIeHHOM HcromHeHun C3, IpH repMeTU3NPOBAHHOM UCIIOTHEHUH
CI, ¢ npuHyIuTeIbHON 1UpKynsaiueil Bosmyxa CJI.

JlomycTMOe IIpeBEIIIEHHE TeMITepaTyphl OOMOTKH CYXOT'O TpaHC-
dopmaropa Hax TeMIlepaTypol OXJIaKIaloIIe cpelbl 3aBIUCHUT OT Kjlacca
HarpeBoCcTOMKOCTH M3oauuu U cormacHo 'OCT 11677—85 momxHo
OnITh He Oogeiie: 60 °C (kmacc A); 75 °C (knace E); 80 °C (kinace B);
100 °C (xmace F); 125 °C (xinacc H).

JlaHHas cucTeMa oxJlaxaeHUs Mano3ddeKTUBHA, TOATOMY ITpUMe-
HsieTCsi 111 TpaHchopMaTopoB MolHocTeio 10 1600 kB-A npu Ha-
npsikeHuH 1o 15 xB.

EctecTBeHHOEe MacinsiHoe oxJaxneHue (M) BbIIONI-
HsleTCSs JUIS TpaHCHOPMaTopoB MOITHOCTEIO 10 16000 kB - A Brttoun-
TesbHO (puc. 2.18, a). B Takux TpaHchopMaTopax TeIUIoTa, BEIIeIeHHAs
B 00MOTKAax ¥ MarHUTOIPOBOJe 2 (BbIeMHAs YacTh), IIEpelaeTcsa OKpy-
KaloIIeMy Macily, KOTOpoe, IIUPKYJINpPYS 110 6aKy I U paauaTOpHBIM
TpyOaM 3 (oxJtaxkmaroias MoBepXHOCTh), IEPeaeT €T0 OKPYXAIOIIEMY
Bo3nyxy. IIpy HOMHHATBEHOI Harpy3ke TpaHcdopMaTopa TeMIepaTypa
Macjia B BepXHHX, Haubojee HarpeThIX CIOSX He JOKHA ITPEeBLIIIATh
95 °C (IITH, m. 5.3.12).
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Jing aydireil oTgadyM TETUTOTHI B OKPYXKAIOLIYIO cpeAy 0ak TpaHc-
dopmaTtopa cHaGxKaeTcs pedbpaMu, OXJIAXIAIOIWUMI TPYOaMH WITH pajIu-
aTOpaMU B 3aBUCHUMOCTH OT MOUIHOCTH.

MacnsgHoe oxlaXJeHUEe ¢ AYTheM M €CTeCTBEH-
HOU uupkynsuueint Mmacna (1) npuMmeHsercs ajas 6osiee MOIIT-
HBIX TpaHChopMaTopoB. B 3ToM cilydyae B HaBECHBIX OXJTAIUTEIAX U3
pamMaTOpHBIX TPYO S TOMEWIAIOTCS BEHTUIATOPH & (puc. 2.18, 6). Ben-
TWISITOP 3aCachIBaeT BO3AYX CHU3Y M OOAyBaeT HArpeTyid BEPXHIOIO
yacTb TpyO. I1yck M OCTaHOB BEHTHISITOPOB MOTYT OCYIIIECTBISTLCS aB-
TOMAaTMYECKH B 3aBUCHMOCTHM OT HAarpy3KH. UM TeMIlepaTyphl Harpepa
Macina. TpanchopMaTOpH C TAKUM OXJIaXICHHEM MOTYT paboTaTh Ipu
TIOJTHOCTBIO OTKJIIOYEHHOM JYThE, €CJIM Harpy3ka He npesbiinaeT 100 %
HOMWHAJIBHOM, a TeMIepaTypa BEpXHHUX CjIoeB Macia He 6onee 55 °C,
a TaKke TIpY MUHYCOBBIX TEMIIEPATYPaX OKPYXAIOIIETo BO3AyXa U TeM-
repatype Macja He BbIe 45 °C He3aBUCMMO OT Harpy3ku. Makcu-
MaJIBHO JOITyCTUMasl TeMIIEpaTypa Macjia B BEpXHUX CJIOSIX TIpH paboTe
¢ HOMWHAJILHON Harpyskoi coctasisier 95 °C (IITD, . 5.3.12).
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Puc. 2.18. CucreMbl oxaxkaeHust TpaHcGopMaTopos:

a — tana M; 6 — tuna J; ¢ — tunma AII; / — 6axk; 2 — BbleMHas 4acTh, 3 —
OXJIaXJAIOLL{asi TOBEPXHOCTh; 4 — KOJUIEKTOD; 5 — TpyOuaThlit paguarop; 6 — 3aeKT-
poHacoc; 7 — OXJaauTenu; & — BEHTUIATOPbI
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®opcupoBaHHBIH 00YB PaIHATOPHEIX TPYO YITydIIHAeT YCIOBUS OX-
JNaXKIEeHUs Macia, a cleJoBaTeNIbHO, 0OMOTOK M MarHUTOIpPOBOJA
TpaHcopMaTopa, UTO MO3BOJISAET U3TOTOBMIATh TaKKe TpaHChHOpMaTo-
pel MoiHOCTHIO A0 80000 kB A.

MacngHoe oOXJaXIeHHUE ¢ AYTheM U NMPUHYIH-
TeJbHON HUPKYAANHelH Macaa yepe3 BO3AYIHEE OX-
maagutenu (L) mpuMeHseTcs s TpaHCGHOPMATOPOB MOLITHOCTBIO
63000 xB-A u Goee. ,

Oxnagureau 7 COCTOST M3 CHUCTEMBI TOHKMX PEeOpPHCTHIX TPYOOK,
00IyBaeMbIX CHAPYXH BEHTHJIATOPOM &. DJIEKTPOHACOCH 6, BCTPOEH-
HBIE B MacCJIOIIPOBO/IBI, CO3IAI0T HEIIPEPHIBHYIO IIPHHYIUTENBHYIO 1THP-
KYJISIHIO Macja Yepe3 oxaanutesH (puc. 2.18, g).

baarogapst 60/bILIOA CKOPOCTH ITUPKYJISAIIMM Macia, pa3BUTOM IO~
BEPXHOCTH OXJIAXICHUS ¥ MHTEHCUBHOMY IYTHIO OXJIAMUTENH 06Iama-
10T GOJIBIIIOH TEIUTOOTHAYeHt M KOMIIAKTHOCTHIO. Ilepexon K Takoii cu-
CTEME OXJAXACHUS IO3BOJISIET 3HAYUTEIBHO YMEHBIIUTb FaGapUThi
TpaHcHOpPMaTOPOB.

Oxy1amuTes M MOTYT YCTAaHABIMBATBCS BMECTE C TpaHCHOPMATOPOM
Ha OXHOM ¢(YHIAMEHTE WIM Ha OTHEIBHEIX DYHIAMEHTax psaoM ¢ Ga-
KOM TpaHcdopmaTopa.

B tpancdopMaropax ¢c HanmpaBJIeHHBIM IOTOKOM Macia
(HI) MHTEHCUBHOCTH OXJAXACHMS ITOBHIILIAETCS, YTO ITO3BOJISIET
YBEJIUYHNTE JOIYCTUMBIC TEMIIEpaTypH OOMOTOK.

MacnsgHO-BOASIHOE OXJaXJE€HHUE C NPUHYIUTENbHOH
HupKynsiuuei macina (1) IpuHUMITHAIEHO YCTPOSHO TAK Xe, KaK
cucteMa JI11, HO B OTIMYME OT MOCECTHETO OXJIANUTEM COCTOSIT U3 TPY-
00K, 110 KOTOPHIM IUPKYIIMPYET BOIA, 8 MEXIY TPYOKAMH JIBIDKETCS] MACIIO.

TeMmneparypa Macjia Ha BXOJIE B MacCJIOOTAEIUTENDb He JOJDKHA TIpe-
Beiate 70 °C.

YT0o0HB! HpemOTBPaTHTh MOMNAagaHHe BOIL B MACISIHYIO CHCTEMY TPaHC~
dopmMmaTopa, IaBjIeHHE Macia B MaclIOOXIAIUTENIX JOJKHO IPEBHI-
maTh JaBjieHHe LUPKYIUPYOIIel B HMX BOIH HE MeHee YeM Ha
0,01 MIla (1 H/cM?). Dra crcTeMa oxaaxneHns 3 deKTMBHA, HO UMEET
OoJlee CIOXHOE KOHCTPYKTHMBHOE BHITTOJIHEHHE M TIpMMEHsIeTcS Ha
MOIIHHIX TpanchopmMaTtopax (160 MB-A u Gonee).

MacnaHO-BOASIHOE OXNaXJIeHHUE C HAaNMpPaBIeHHEBM
notokoM maciuaa (HL) npumensiercs mis TpaHchOpMaTOpOB MOIIL-
HocThIo 630 MB- A u Goee.

Ha tpancgopMaropax ¢ cucteMamu oxnaxaenus J1I u L1 ycrpoii-
CTBa MPUHYIMTEILHOM IMPKYIAUMH Macia JOJXHBI aBTOMATHUYECKH
BKJIIOYAThCSI OMHOBPEMEHHO C BKJIIOYEHHEM TpaHCchopMaTopa n padbo-
TaTh HETIPEPHIBHO HE3aBUCHMO OT Harpy3KH TpaHcgopMaropos. B To
K€ BpeMsT YHCJIO BKIIIOUAEMBIX B pabory OXJIamMTeNieil onpenenseTcs
Harpy3koii TpaHchopMaTopa. Takue TpaHcGHOPMATOPH JOJDKHE UMETh
CUTHATU3ALMIO O TIPEKPAleHUN LIMPKYISLUNA Macia, OXJIaXnaollei
BOJBI MJIH 00 OCTAHOBE BEHTUJISITOPA.
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CremyeT OTMETHTB, YTO B HACTOMIIEEe BpeMs BEAYICS pa3pabOTKH
HOBBIX KOHCTPYKIMI TpaHCGHOPMATOPOB ¢ OOMOTKAMM, OXJIAXIACMbI-
MM JIO OYEHb HU3KHX TeMIlepaTyp. MeTaun npd HU3KUX TeMIepaTrypax
o0y1afaeT CBepXIPOBOANMOCTBIO, YTO TIO3BOJISIET PE3KO YMEHBIIUTD Ce-
yeHre 0OMOTOK. TpaHchOpMaTOphI ¢ HCIIOIB30BAHMEM IPUHIIUITA CBEPX~
IIPOBOAMMOCTH (KpHOTEHHBIE TPAHCGHOPMATOpPHI) OYIYyT UMETh Mayio
TPaHCHOPTHPOBOYHYIO Maccy Iipu MolmHocTax 1000 MB+ A u Bhie.

Kaxnpiii TpancdopMaTop UMeeT YCIOBHOE OYKBEHHOE 0003Haye-
HHE, KOTOpPOE CONEPXKUT CHeAyIolllMe MaHHBIE B TOM IOpSAKe, Kak
yKa3aHO HILKe:

1) uucno ¢das (g ogHodasHeix — O; misa Tpexda3Hpix — T);

2) BHI OXJIaXIEeHHS — B COOTBETCTBHHU C MHOSICHEHHSIMM, IIPHBE-
JEHHBIMH BBIIIIE;

3) 4Kcio 0OMOTOK, PabOTAIIIMX Ha Pa3AMYHBIE CETH (ECIH OHO
OoJBlIIe ABYX), ISt TpeX0OMOTOYHOTO TpaHcdopMaTopa T; s TpaHe-
opMartopa ¢ pacLIeIZICHHBIMH 00MoTKaMu P (rmocie uncna ¢as);

4) 6ykBa H B 0603HaYeHUH IIPU BBINOJHEHHH OMHONH M3 OOMOTOK
¢ ycrpoiictBoM PITH;

5) OykBa A Ha IepBOoM MecTe sl 0003HAaYeHUsT aBTOTpaHChopMaropa.

3a OyKBEHHBIM O0O3HAYEHUEM YKAa3bIBA€TCA HOMMHAJIBbHAsI MOLI-
HOCTh, KB'A; Kiacc HampstckeHusi ooMoTKH (BH); xmuMatHdyeckoe
HCIIoNHeEHne W Kateropus pasmeuieHus no I'OCT 15150—69* u
TOCT 15543—70%*,

Hanpumep, TATH-16000/110-Y1 — tpexcdasuslii TpaHcdopmarop
C CHUCTeMOH oxynaxmeHus [, TpeXxOOMOTOYHBIH, C pPEeryJTHpOBaHHEM
HaIpsDKEHUS IO Harpy3Koil, HOMUHANTBHOM MOIITHOCTBIO 16000 KB - A,
HanpsckeHneM BH 110 kB, ximmMaTuyeckoe ucrionHeHue Y (yMepeH-
HBIA KJIMMAT), KaTeTOpUsl pa3MellleHHs | (Ha OTKPBITOM BO3JYyXe).

2.2.5. Harpy3ouyHas cnoco0HOCTb CHJIOBBIX TPaHCGOpPMATOPOB

IIpu BEIOOPE MOITHOCTH TpaHC(HOPMATOPOB HelTb3s1 PYKOBOIACTBOBATHCS
TONBKO UX HOMMHAJIBHOM MOIIHOCTBHIO, TaK KaK B PEAJIbHBIX YCJIOBHSIX
TeMIIepaTypa OXJIaKAAIoIIei Cpeabl, YCIOBHS YCTAHOBKM TpaHC(OpMa-
TOpa MOTYT OBITH OTJIMYHBIMU OT NPUHATEIX. Harpyska Tpancdopmaropa
MEHSeTCsl B Te4eHHME CYTOK, U €CJIM MOLIHOCThL BHIOPATh 0 MAaKCUMAaTb-
HOI Harpyske, TO B IIEpUOMLI €€ criana TpaHchopMaTop OyaeT He 3arpy-
KEH, T. €. HEIOUCIIONb30BaHAa €TO MOIITHOCTh. OIIBIT SKCTITyaTaliK ITOKa-
3BIBAET, YTO TPaHCHOPMATOP MOXET paboTaTh YacTh CYTOK C MEPErpy3-
KO, eclTH B APYTYIO YacCTh €r0 Harpy3ka MeHbIlle HOMUHAIbHOU. KpuTe-
pHEM pa3TMYHBIX PEKMMOB SIBJISIETCSI U3HOC U30JISIIIMK TpaHChopMaTopa.

Harpy3o4yHasi ctocoOHOCTh TpaHchopMaToOpa — 3TO COBOKYITHOCTh
JIOTTYCTUMBIX Harpy3oK M Meperpy3ox.

JlomycTHMas Harpy3ka — 3TO JJIUTEjIbHAsI Harpy3Ka, IIpd KOTOpOii
pacyeTHBIM M3HOC M3OJSAIUM OOMOTOK OT HarpeBa He IPEBOCXOIUT
HM3HOC, COOTBETCTBYIOIINH HOMHUHAIBHOMY PEXUMY paGOTHI.
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Ilepezpysxa mpancgopmamopa — pexcum, npu KOMopoM pacuemmuili
U3HOC U30AAUUY OOMOMOK NPEBOCXO0UM UHOC, COOMEEMCMEYIOUWUL HOMU~
HaavHOMY pexcumy pabomur. Takoil pexXXuM BO3HMKAET, €CJIM Harpys3ka
oKaxeTcs OONblIE HOMUHAIBHON MONIIHOCTH TpaHcdopMaTopa WIH
TeMIIepaTypa OXJaXnaioleil cpeapl 60JIbile IPUHATON pacyeTHOM.

JomycTuMble cHCTEMATHIECKME HATPY3KM TpaHCchopMaTopa OoJblie
€r0 HOMHMHAJILHOUW MOIIHOCTY BO3MOXHEI 32 CYET HEPABHOMEPHOCTH
Harpy3Ku B TedyeHue cyToK. Ha puc. 2.19 uzobpaxeH CyTOYHBI rpadpuK
Harpy3Ku, U3 KOTOpOro BUIHO, YTO B HOYHBIE, YTPCHHUE U THEBHBIC
yachl TpaHcOPMATOp HENOTPYKEH, a BO BPEMS BeUEPHEIO0 MaKCHMY-
Ma neperpykeH. Ilpu Hemorpyske U3HOC M3OJSIIMHM Majl, & BO BpeMs
Meperpy3Ku 3HAYUTEILHO yBEIMYUBaeTCss. MakCMMaIbLHO AONYCTUMAS
CHCTEMATHYECKAa HaTpy3Ka OIpeeseTCs TIPU YCHOBUM, YTO HAUGOJIb-
miasi Temmneparypa ooMoTku 140 °C, HaubosbiIass TeMIlepaTypa Macia
B BepXHHMX cosx 95 °C ¥ M3HOC M3OJISIIUM 33 BPeMsI MaKCUMAJIbHOM
Harpy3Ku TaKoi Xe, KaK IpH padoTe TpaHcHopMaTopa IpH MOCTOSH-
HOI HOMMHAJIBHOM Harpy3ke, KOorja TeMIieparypa Hauboiee HarpeToit
ToukH He npessiinaer 98 °C (IT'OCT 14209—85). s noxcyeTa I0IyC-
TUMOM CUCTEMATUUYECKGI Harpy3Ku JeHCTBUTENLHEBIN IrpaduK rnpeob-
pasyeTcss B IBYXCTYIIeHYaTHIH (CM. puc. 2.19).

KoahoduiimeHT HayajabHOUW HATPy3KM 3KBUBAJIEHTHOTO Tpaduka
OTpeAeNisieTCS MO BhIPAXEHUIO

2 2 2
STAL + 85A8 + ...+ SpA¢L
A T B v (2.4)
Siom Al + AL + .+ AL,
THE Sy, Sy, ..., Sy — 3HAUEHUS HArpy3KU B MHTepBaiax Af, At ..., Al,,.
K s
Kmax Smax
L4f —
1,2
1,0 SHOM
os] = E
06 ;
04 ) ‘;’\l i': -':. ")E
4T |
02f §
0 l
At A Ay Ah_z‘_"Tﬂ 24 1y
h | Al

Puc. 2.19. ITocTpoeHue qBYXCTYIEHYATOro rpaduka 1o cyro4HoMy
rpaduxy Harpysku tpaHcopmaropa
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KoaddpuimeHT MakCUMalbHOUW Harpy3Ku B MHTepBalie h=Ah +
+Ahy+ ...+ Ah,

K =

1 \/(s{)z Ay +(55)2 Ay + ...+ (s, ) Ah, @5)

SHOM Ahl + Ah2 +..+ Ahp

Ecmu K 2 0,9K .y » TO ipunuMatoT K; = K, , ecmt K3 < 0,9K 5y ,
To npuHUMAIOT K,=0,9K,,.

3Has CpelHIOI0 TEMIIEPATYPy OXJIAXIAIONICH CPEIbl 3a BpeMs Jci~
cTBUS rpadpmka (0,,,), CUCTEMY OXJIaXIeHHMS TpaHChopmaropa (M,
O, A1, II), mo taébnmuaMm, npuBeneHHBIM B TOCT 14209—85 (mna
TpaHcdopmaropa 1o 100 MB:A), onpenensitor AOMYCTUMOCTh OTHO-
CHUTEIBHON Harpy3kul K, ¥ €€ IpOIOIKHTEIBHOCTD.

Harpyska 6onee 1,55, I0DXHa OBITH COTTacOBaHa C 3aBOJIOM-U3-
rotouteneM. Harpyska Gonee 25, HE TOMyCKaeTCs.

AsapuifHas neperpy3ka paspelllaeTCd B aBapHHHBIX CIydasx, Ha-
TMPUMED TIPH BHIXOJE M3 CTPOS TMMApaJUICABHO BKIIIOYEHHOTO TpaHCHOp-
Maropa.

HomycTtMas aBapHifHas eperpy3ka onpeneaseTcs MpeAeabHo 10~
MyCTUMBIMH TeMIieparypamMu o6MoTkH (140 °C mis TpaHC(hHOpPMAaTOPOB
HanpsxeHueM poie 110’ kB u 160 °C mis octansHbIX TpaHchOpMaTO-
DOB) U TeMIlepaTypoi Macia B BepxHHX ciosax (115 °C).

ABapuiiHBIC TIEPeTPY3KHA BHI3HIBAIOT MOBBIIICHHHIN H3HOC BUTKO-
BOH H3OJALIMH, YTO MOXET MPHBECTH K COKPAIICHUIO HOPMHPOBAH-
HOTO CpOKa CIIyXOBI TpaHC(HOPMATOPa, €CITH MOBLIICHHBIN N3HOC BIIOC-
JICACTBUH HE KOMITCHCUPOBAH Harpy3kKoi ¢ M3HOCOM U3OJISIIUH HILKE
HOPMAaJIBHOTO.

. Jomyctumasi (KpaTKOBpeMEHHasl) aBapuifHas Meperpyska ornpeae-
qsgetcs [1.13, m. 5.3.15]:

Macasnvie mpancgopmamopei
Ieperpyska mo TOKY, % .....cccecuenn..n. 30 45 60 75 100
JMTeNbHOCTh MEPErpy3KH, MHUH ..... 120 80 45 20 10
Cyxue mpancgopmamopu:
Ileperpyska 10 TOKY, % ....ceeeeuvenee.. 20 30 40 50 60
JIUTENbHOCTD MEPETPY3KU, MUH ..... 60 45 32 18 5

AHanmu3upys npuseaeHHbIC B TOCT 1420985 Tabauirsl KomycTH-~
MBIX IIEPETPY30K, MOXHO CIENIATh BRIBO, YTO TPAaHC(HOPMATOPHL C CH-
cremamu oxnaxaenus M, M1, JILI u 11 npu mepBoHavYabHOM Harpyske
0,95, IOMycKaloT Meperpy3Kky Ha 40 % B TeyeHHe 6 4 IIPU TEMIIEPATY-
pe oxyaxzjaroliero Bo3myxa He 6onee 20 °C.

BTy meperpy3Ky UMeIOT B BUAY, KOTa ONPEIENSTIOT pacyeTHBIC TOKH
B LIeIsIX TpaHCc(opMaTopoB (CM. noapasn. 4.1).
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2.2.6. Oco0eHHOCTH KOHCTPYKHUHHM H PEXXHUMBI padoThI
aBTOTpaHCHOPMATOPOB

B ycranoBkax 110 kKB # BhIIIe miMpoKoe MMpIMEHEHHE HaXOIsIT aBTO~
TpaHchopMaropsl (AT) Oonbnroit MolrHOCTH. OOBICHSETCS 3TO PSi-
JIOM TIPEUMYIIECTB, KOTOPBIE OHM HMEIOT T10 CPaBHEHUIO € TpaHCchOp-
MaTOpaMH.

OxnodasHblil aBTOTPaHCHOPMATOP MMEET JIEKTPUUECKH CBSI3aH-
Heie 06MoTKu OB 1 OC (puc. 2.20). YacTb 00MOTKH, 3aKITIOYCHHAS MEXITY
BeiBoaMHU B u C, HasbIBaeTCs MociaenoBaTeNAbHO M, a Mexay C u
O —obmeil.

IIpu pabote aproTpaHchopMaropa B peXuMe MOHMKECHHUS Harpsi-
KEHHUSI B IIOCJICIOBATEIBHON OOMOTKE IPOXONHUT TOK Ip, KOTODBIN,
co31aBasi MAaTHWTHBIM MOTOK, HABOAUT B 001eit oOMoTKe Tok I,. Tok
Harpy3Ky BTOPHYHOI 00OMOTKH I CKTanbIBaeTCs U3 ToKa [p, TPOXOMSI-
1ero Onaromapsi ralbBAaHHYECKOH (3JIEeKTpHUYeCKOit) CBSI3HM OOMOTOK,
M ToKa [, CO3MaHHOr0 MarHUTHOM CBSI3BIO 3TUX OOMOTOK: Io= Ig+ I,
orkyna I,= Io— I;.

[TosmHast MOITHOCTE, MepeAaBaeMasi aBTOTpaHC(HOPMATOPOM U3 MEP-
BHYHOM CETH BO BTOPHYHYIO, Ha3hIBA€TCS MMPOXOMHOM.

Ecnu nmpeHeOpeyb noTepsiMu B COITPOTUBJICHUSIX 0OMOTOK aBTOTpPaHC-
(opMaTopa, MOXHO 3aMucaTh CISAYIONIee BHIpaXXeHHE:

S= (jBIBz Uclc.
IIpeoGpasys mpaBy10 YacTh BEIpaXeHUs, ITOJIydaeM
S=Uply=[(Up— Uc) + Ucllp= (Up— Uc)lp+ Uclp, (2.6)

rme (Ug— Up) Ig=S;, — TpanchopMaTOpHAsd MOIIHOCTS, Ile-
penaBacMast MarHUTHBIM ITyTEM M3 NMEPBUYHOM OOMOTKH BO BTODHY-
Hyw; Uclg=S,— 210€eKTpUu-
yecKasd MOIIHOCTb, Iepela-
BaeMasl U3 TIe pPBUYHOM OOMOTKH BO
BTOPHUYHYIO 33 CUET UX TraJIbBaHU-
YeCcKoi cBsi3u, 63 Tpanchopma-
HHH.

DTa MOITHOCTh HE Harpyxaet
o0111eil OOMOTKH, [TOTOMY 4TO TOK
Iy w3 mocnenoBaTeNIbHOM OOMOTKH
MPOXOIUT Ha BbIBOM C, MHHYS 06-
Motky OC.

B HOMHHaANTBHOM peXHME TIPOo-
XOIHAasi MOIITHOCTB SIBNISIETCSI HOMU-
HaJIbHOM MOIITHOCTBIO aBTOTPAHC-
dopmaropa S= S,,u, @ TPAHCHOP-
MaTopHa;[ MOII[HOCThL — THUITOBOM Puc. 2.20. Cxema o;morbamoro aB-
MOIIHOCTBIO S;= Sp, TOTpaHcopMaTopa

71



PazMepsl MarHUTOIIPOBONA, a CEHOBATENIFHO, €r0 Macca OIlpelie-
JISIIOTCS TpaHC(HOPMATOPHOH (THITOBOI) MOIIIHOCTBIO, KOTOpasi COCTaB-
JISIeT JIUIIb YacTh HOMHUHAJIBbHOM MOLIHOCTH:

STVm=(UB_UC)IB=UB_UC=1_L=K (27)
Shom Usly Us 4o v
rae nge= Uy /Uc — ko3 duitueHT tpanchopMmanuu; K, — kospouim-
€HT BBITOJHOCTH MJIM KO3(PHUIIMEHT TUIIOBOW MOILHOCTH.

M3 dopmynst (2.7) caemyer, uto ueM onuxe Up K Ug, TeM MeHBIIIE
K, ¥ MEHBIIYIO 100 HOMUHAIBHOUW COCTABJSIET TUIIOBAsi MOIHOCTD.
DTO O3HAyaeT, YTO pasMepsl aBToTpaHchOpMaTopa, ero Macca, pac-
XOJ aKTUBHBIX MaTepHalioB YMEHBINAIOTCS IO CPaBHEHHIO C TpaHC-
(hopMaTopoM OIUHAKOBOH HOMHHANBHOM MOIIMHOCTH.

Hanpumep, npu Uz=330 kB u U-=110 kB K,=0,667, a nipu
Usg=550 kB u Uc-=330kB K,=0,34.

HauGornee 1ierecoobpa3Ho IprMeHeHUE aBTOTPaHCGOPMATOPOB TIPH
coueTanny Hanpsxkenuit 220/110; 330/150; 500/220; 750/330.

M3 cxemsl (cM. puc. 2.20) BUIHO, 4TO MOIHOCTh IOCJICKOBATEb-
HOIT OOMOTKH

Sn=(Up~ Uc) g = Spun;
MOIIHOCTD 0011eif 0OMOTKH

S, =Ucly =Ue(lc - Ig) = Ucfc[l—i} SuonKs = Spun.

hpc

TakumM 00pa3oM, ellie pa3 MOXHO MOTYEPKHYTb, YTO OOGMOTKH H
MArHUTONPOBOJ aBTOTpaHcdoOpMaTopa pacCCUYUTHI Ba-
IOTCSI Ha TUINOBYIO MOIIHOCTH, KOTOPYIO MHOIIA HA3BIBAIOT
pacyeTHOMH MOITHOCTHIO. Kakast 661 MOIIIHOCTh HU ITOABOWIIACH K 3a3KH-
MaM B mnu C, nocie1oBaTeNIbHYIO U 0010 OOMOTKH 3arpyath 00JIb-
IIIe 9YeM Ha Sy, HeJIb3s1. DTOT BEIBOZ OCOOEHHO BaXXEH IIPH PacCMOTpe-
HUM KOMOMHHPOBAHHBIX PEXUMOB paboThl aBTOTpaHcgopmMaropa. Ta-
KHE€ DPEXMMBI BO3HUKAIOT, €CIM UMEETCSI TPEThs OOMOTKA, CBSI3aHHAst
C aBTOTPaHC(HOPMATOPHBIMM OOMOTKaMHU TOJIBKO MAarHUTHBIM IIYTEM.

Tperpst 0OMoTKa aBroTpaHcgopmaropa (oomotrka HH) ucmosnb3y-
eTcsl WIS MUTAHHUS HArpy3KH, IUIS IPUCOEIUHEHHS HCTOYHHMKOB aK-
TUBHOU WM PEaKTUBHOM MOIUHOCTH (F€HEPaTOPOB H CHHXPOHHBIX KOM-
MEHCATOPOB), 4 B HEKOTOPBIX CIyYasX CIIYKHT JIHIIL I KOMITEHCa-
LIMY TOKOB TPEThUX FrapMOHMK. MoliiHocTb 0oMoTk HH Sy He MoxeT
OBITE O0MbllE Sy, TAK KaK MHAUE pa3Mepbl aBTOTpaHcdopMaropa Oy-
YT OIPEAETISATHCS MOIUMHOCTBIO 3TOW 00MOTKM. HoMHUHAaIbHAs MOIII-
HocTh 00MoTKH HH ykaspiBaeTcsl B MacOPTHBIX JAHHEBIX aBTOTpaHC-
¢dopmaropa.

B aBroTpaHchopMaropax ¢ ooMoTKoii HH BO3MOXHEI pa3muuHEBIE
pexXUMBl pabOoThI: Meperaya MOHIHOCTU M3 oOMOTKH BH B 06MOTKY
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CH npu oTKIIOYeHHON OOMOTKe Iy

da_ B T

HH; nepemnaya MOIITHOCTH U3 00- o o
Motk HH B CH unmu BH; nepe- H gl |
nada u3 ooMotok BH u HH B 06- 11,,
MoTtKy CH u npyrue pexumsl. Bo
BCEX CJIydasix HEOOXOAUMO KOHT- I Ta2
pOJIMPOBAThH 3arpy3Ky OOLIEMH, IMOC- :o_'oﬂ_
JIeIOBaTeIbBHON 0OMOTOK M BHIBO- C
1a CH, 1t 3TOro ycTaHaBIMBalOT
TpaHcdopMaropbi Toka TAI, TA2 I"T
u TAO (puc. 2.21). Tpanchopma-
Topel TAI u TA2 ycTaHaBNUBAIOT-
¢ Ha BeiBogax B u C aBTOTpaHC-
dopmatopa, a TAO BCTpauBaeTcs T40 E E |
B OOIIyI0 OGMOTKY.

BBIBOIBI, MpUBENEHHBIC IS ____g
onHodasHoro AT, cripaBeJi;TUBHI U _]_

It Tpex¢asHoro.

K 0c0BEHHOCTSM KOHCTPYKIIMY Puc. 2.21. Cxema BKITIOYCHHUS TpaHC-
aBTOTPaHC(HOPMATOPOB CIIEAYET O~ hopmaTopoB TOKA TS KOHTPOJIS Ha-

HECTH HeOGXOAMMOCTD TJIYXOTO 3a- IPYy3KM aBTOTpaHCchopMaTopa
3eMJICHHST HeliTpanu, oOuieit s

oomoroxk BH u CH. O6pscHseTcsa

3TO caenywoluuM. Eciu B cucteme ¢ 3¢h(eKTUBHO 3a3eMIJIEHHOUN HEHT-
paJIbio BKIIOYMTH ITOHMKAIOIIMIT aBTOTpaHC(hOpPMATOp ¢ He3a3eMJIeH -
HOM HEUTpaJIbIO, TO MPH 3aMBIKAaHWMM HAa 3eMJII0 ONHOM (ha3kl B ceTH
CH Ha nocie1oBaTeIbHYI0 0GMOTKY 3TOH (ba3bi OyIeT BO3IeHCTBOBATD
nonmHoe Hanpsokenue Uy /N3 BMecTo (U — Uc)/+/3 , HaNpsIKeHHUe Bbi-
Bo1oB 00MoTKM CH Bo3pacrer npuMepHO 10 Uy, pe3KO YBENIUYHNTCS
HamnpsKeHUe, IPUIOXEHHOE K 00MOTKAM HETIOBPEXXKICHHBIX (ha3. AHa-
JIOTUYHAs KapTWHa HabmiogaeTcs B Ciiydae MPHUCOeINMHEHUs ITOBHIIIAa~
IOLIETO aBTOTpaHC(HOpMaToOpa ¢ He3a3eMIIEHHON HEHTPaIbIo K CHUCTe-
Me ¢ 3¢(HeKTUBHO 3a3¢MIIEHHONH HEUTPAIBIO.

Taxue niepeHanpsCKEHUST HETOITYCTUMEI, ITO3TOMY HEHUTpalIn BCex aB-
TOTpaHC(HOPMATOPOB TITYXO0 3a3eMIIIIOTC. B 3TOM citydae 3a3eMIeHus Ha
sivavu co croporbl BH i CH ¥e BBI3BIBAIOT OTIACHBIX ITepeHarpsTKe -
HUit, omHako B cuctreMax BH u CH BospacraioT Tok ogHogasHoro K3.

ITomBonst UTOT BCEMY CKa3aHHOMY, MOXHO OTMETHUTh CJICAVIOIIME
npeuMyllecTBa aBTOTpaHCcGOPMaTOPOB IO CPABHEHUIO C
TpaHcopMaTOpaMH TOI e MOIITHOCTH:

MEHBIIMIT pacXo MeM, CTaIM, U30IALMOHHEBIX MaTepHAJIOB;

MEHBIIIasg Macca, a CJIeJ0BaTeIbHO, MEHbIIME TabapuThl, YTO IO-
3BOJISIET CO3/aBaTh AaBTOTPaHCHOPMATOPHI OGJIBIIMX HOMMHAJIBHBIX
MOIITHOCTeH, YeM TpaHC(hOPMAaTOPHI;

MEHBIITME oTepy 1 0OmbImid KIT/1;

Oosiee NeTKue yCIOBUS OXJIaXAECHHS.
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HemoctaTKu aBTOTpaHCHOPMATOPOB:

HEOOXOAUMOCTD TITYXOTO 3a3eMJICHUS HeHTpaiu, YTO MIPUBOTUT K
VBETMYEHUIO TOKOB ogHodasHoro K3;

CIIOXHOCTH PErYTUPOBAHUS HATIPSIKEHHUS ;

OIIaCHOCTH Iepexo1a aTMOC(EPHBIX ITepeHaINpsXEHMI BCIeICTBUE
sNeKTpuuecKoi cga3u oo6Motok BH u CH.

2.2.7. PeryaupoBanue HanpsukeRus TpancgopMaropos

s HopMmanbHOR paboTH MOTpeOUTEeit HeOOXOIUMO ITOIEPKU-
BaTh OIpeAcHeHHbIM YPOBEHb HAIPAXEHHMS Ha HIMHAX ITOICTAHITHIA.
B 3eKTpUUecKUX CETAX TIPEAYCMATPUBAIOTCS CIIOCOOBI PeryTUPOBAHUS
HAIPSIXKEHUSI, OMHUM M3 KOTODBIX SBJISETCSH M3MEHEHME KOod(DhUIIU-
€HTa TpaHChopMaIluM TpaHchopMaTopoB.

M3BeCcTHO, uTo K0oGhGUIMEHT TpaHCHOpMAITUM OTIpeAeNIeTCs KaK
OTHOLICHHME TEPBUYHOrO HAIPSDKEHUS] KO BTOPUUYHOMY, WIH

___Ul_wl

TIe w;, W, — YUCIO BUTKOB IIEPBUYHONA U BTOPUYHOH OOMOTOK COOT-
BETCTBEHHO. :

OTCIOIIa U2 = (]111)2/11)1.

OOMOTKM TpaHC(HOPMATOPOB CHAGXAKOTCS JOTIOTHITECIIBHEIMHA OTBET-
BJIEHHUSIMH, C TTOMOUIBIO KOTOPBIX MOXKHO U3MEHATH KO3(P(DUIIEHT TpaHC-
dopmarmu. [epexmoueHre OTBETRICHUI MOXKET MPOUCXOIMTE 0e3 BO30YXK-
nenus (ITBB), T.e. rocie OTKMOYeHHsT BceX OOMOTOK OT CETH WIH IO Ha-
rpy3koii (PIIH).

YerpoiictBo I1BB m0o3B0IISIET peryTupoBaTh HallpsDKEHHE B ITpeeiax
5%, s dero TpaHchOpMaTOpE HEOOMBIIONH MOIIHOCTH, KPOME OC-
HOBHOTO BBIBOJIA, HMCIOT JIBA OTBET-~
RJIICHUS OT OOMOTKM BBICHIErO Harpsi-
xenwst: +5 % u -5 % (puc. 2.22). Ecm
TpaHchopmarop paboTajl Ha OCHOB-
HOM BBIBOJE 0 MU HEOGXOTUMO ITO-
BBICUTH HATIPSDKEHHE Ha BTOPUYHOM
ctopoHe U,, TO, OTKIIOUMB TpaHC-
¢opMaTop, TPOU3BOISIT ITEPEKITIOUC-
HUE Ha OTBETBIEHHE ~5%, YMEHb-
HIasi TEM CaMBIM YMCJIO BUTKOB w.

Puc. 2.22. CxeMa perynupoBadust Ha-
npsxeHusi [1BB ¢ TpexdaszHbiM me-
pPEKITIOYATENIEM:

1 — HEeNmoABWXHBIA KOHTaKT, 2 — cer-

MEHT KOHTAKTHEIM; 3 — BaJ MEpeKTio-
yarens
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Ycrpoticteo BB He mo3Bods- —-0A
eT pEeryJupoBaTh HaMNpsIXEHUE .
B TEUEHHE CYTOK, TaK KaK 3TO [T0- =
TpebOoBao 6Bl YaCTOTO OTKIIIOYE~
HUs TpaHcdhopMaTopa Ijsd Ipo-
M3BOJCTBA MEPEKIIOYEHUH, YTO
MO YCJIOBUAM 3KCILJIIyaTalUU
[IPaKTHYECKHU HEIOMYCTUMO.
O6s1yno IIBB ucnmone3yercs
TOJIBKO IIJIT CE30HHOTO PETYJIH-
pOBaHHUSA HAIPSIKCHUA.

PeryanpoBaHue MOA HATPy3KOi
(PITH) mosBonger mepexiaoyaTh
OTBETBIICHUST 0OMOTKU TpaHCGhOpP-
Martopa 0e3 pa3pbiBa LHEMH. YCTpoid-
crBo PITH nipenycmarpuBaet pery- Puc. 2.23. Cxema perynupoBaHus Ha-
JIMPOBaHKE HATIPSDKEHUA B PA3iNd- npsoxenvst PITH:

HBIX IIpeneyiax B 3aBUCUMOCTA OT Ab — ocHoBHas 0OMOTKa; bc — CTyNeHb
MOIIHOCTH M HaNpsoKeHHWs TPaHC- rpy6on PETyMPOBKH; de — cTyneHun
¢dpopmaropa (ot £10 1o 16 % cryme- TLTaBHOM peTyTMPOBKH

HSAMH NPHOIM3UTENRHO 110 1,5 %).

PeryupoBOYHBIC CTYTICHH BBIITOJHAIOTCSA Ha ctopoHe BH, Tak kak
MEHBIIMH TI0 3HAYEHHUIO TOK IO3BOJISIET OONIETYNTE MEPEKITIoYaronIce
ycTpoiicTBo. IS pacliupeHUs JHAAIIa30Ha PEryIMPOBaHusA 6€3 yBEI-
YeHHS YHCIa OTBETBJCHUMA TNPUMEHSIOT CTYNCHU IpyOoii U TOHKOM
perymupoBku (puc. 2.23). Hau6onpimii koadduiimeHT Tpancdopma-
MM TIOJIY4aeTCs, €CIN mepexiodaTeb 1 HaxomuTcs B ITONIOXEHHM
II, a u3buparens U — Ha orBerBieHnd 6. HanMmeHbmit Koaghduim-
€HT TpasHchopmMalu OyIeT Ipy ITOJIOXeHWH Mepektoyarend I, a u3-
OMpaTesa — Ha OTBETBICHMH 1.

Ilepexon ¢ OMHOTO OTBETBJICHUS PErYINPOBOYHON OOMOTKH Ha JIpY-
roe OCYINECTBIISIETCS TaK, YTOOBI He pasphIBaTh TOK HATpy3KW U HE
3aMBIKaTh HAKOPOTKO BUTKH 3TOi 0OMOTKH. DTO MOCTHUTAETCS B CTIEIM-
AJIBHEIX TIEPEKITIOYAIOMIUX YCTPONCTBAaX C THPUCTOPHBIMM MEPEKIII0Ya-
TEJISIMHU.

Jna peryaIrpoBaHMsT HANPSKCHUS TMOJ HArpy3KOM Ha MOIUHBIX
TpaHchopMaTopax M aBTOTPaHCHOPMATOPaX TIPHMMEHSIFOTCS TAKsKe T O C-
JenoBaTeNbHEIE PETYJIHUPOBOYHBE TPAaHCHOPMATOPHI
(puc. 2.24). OHHU cOCTOAT U3 MOCJEeA0BaTeILHOTO TpaHchopMaTopa 2,
KOTOpEIi BBOAUT no6apouHyio BJIC B OCHOBHYIO OOMOTKY aBTOTPAHC-
dopmaropa I, M peryJIMpoOBOYHOTO aBToTpaHChopMaropa 3, KOTOPHIA
MeHseT 31y DJIC. C moMompbio TaKUX TPaHCGHOPMATOPOB MOXHO U3ME-
HATH He TOJNBEKO HaIpsiKeHUe (ITPONOJIbHOE PETYIMPOBAaHME), HO U €10
dasy (rmonepeyHoe peryiMpoBaHue). YCTpoHCTBO Takux TpaHchopma-
TOPOB 3HAYWTEJBHO cloxHee, yeM PITH, moaroMy oHU TOpoxXe U
NpAMEHEHNE UX OTPAaHMIEHO.

)
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Puc. 2.24. CxeMa BKJIIOUEHHS TIOCIIETO-
BaTeJIbHOTO PEryJIHpOBOYHOrO TPaHC-
lg = ¢dopmaropa B LIENb aBTOTpaHchOpMa-

TOpa!

-0 1 — ocHoOBHast OOMOTKA aBToEpaHCQJOpma-

Topa; 2 — MOCHeA0oBaTeNb bl TpaHchop-

MaTop; 3 — peryJupOBOYHBINH aBTOTpPaHC-
dopmatop

o —‘—éo OZ[HI/IM U3 BHAOB IIOCJIeAOBA-
= | [}

|§~ 5 TCIBHBIX DPETYJIUPOBOYHBIX TpPaHC-
\

A

2

Up

G OpMaTOpOB SIBIISIOTCS JIMHEHHbBIE
\ PETYJSITOPEI, KOTOPHIE BKIIIOYAIOT-
sl TIOCJICAOBATENILHO B JIMHUIO WU
B 1IeTIb TpaHcdopmaTopa 6e3 PITH,
= obecrieunBast peryJMpoBaHUE Ha-
TIpSCKeHus B rpefeniax +(10— 15) %.
IIIupokoe npuMeHEeHHE JIMHEWHBIE PEryJIITOPH HAXOAAT HA MOMI-
cTaHIIUsIX ¢ apToTpaHcdopMaropamu. Ha ctoporne CH perymupopanue
HAIIPSKEHUST 00ecIeYnBaeTCsl BCTPOCHHBIM B aBTOTPaHC(HOPMATOp
PITH, a Ha ctopoHe HH ycTaHaBiMBaeTCs peryJIMpoOBOYHKIi TpaHCchOp-
MaTop, CHaOXKeHHBI aBTOMAaTHYECKUM PETYJTHPOBAHHEM HAIIPSDKEHUS.
PerynupoBounsie TpaHcdopMaTopbl THIa JITM BEITYCKaIOTCS MOIITHO-
cThio 1,6 —6,3 MB- A Ha Hanpsokenue 6— 10 kB, tumos JITMH, JITAH
MoIITHOCTBIO 16— 100 MB - A Ha Hanpsoxenue 1o 35 kB [1.3].

(N

2.3. CHHXpOHHBIE H CTATHYECKHE KOMIEHCATOPHI

2.3.1. Oomue cBedenus

IToTpebuTe H 37MeKTpHIECKOl 3HEPTriH, KPOMe aKTHBHOM MOIIHO-
CTH, TIOTPeOJIAIOT OT TEHEPATOPOB CUCTEMBI PEAKTUBHYIO MOIIHOCTD,
KOTOpasl 3aTpaduBaeTCs Ha CO3MaHWE MAarHUTHEIX TIOJel, HEOOXOmu-
MEIX Ui pabOTH aCHHXPOHHBIX ABUTrarejieii, MHAYKIMOHHBIX IeYelt,
TpaHCchOPMAaTOPOB U APYIHX 3JIEKTPOIIPHEMHHKOB.

Ha cozmaHue peakTHMBHOH MOIIHOCTH TOIUIMBO TIPAKTHYECKH HE
pacxomyetcsi. OgHAKO Mepeaada peakKTUBHOM MOIIHOCTH OT TeHEpaTo-
POB K NOTPEGUTEIAM CBSI3aHa C JOIOTHUTEIBHBIMHA NOTEPAMU (MOIIT-
HOCTU U HampsXeHHUsA) B TpaHchopMaTopax H ceTtax. Ilotepu akTuB-
HOW 3HEPTUM B CETSIX OIUIAYMBAIOTCH MOTPEOMTEISIMU, UTO JIOXKHUTCS
Ha HUX HeMaJIBbIM OpeMeHeM. IToTepu HanpsoKeHHUsI TPUBOAAT K CHHU-
XEHUIO KadecTBa 3HEPryH, MOJIydaeMON 3jIeKTpOIpHeMHUKaMu. ITo-
STOMY JUISI TIOJTYUEHUS PEAKTUBHOMN MOIITHOCTH S5KOHOMHWYECKY BBITOM -
HO YCTaHABJIMBAaTh HCTOYHHKH PEaKTHBHOM MOIIHOCTH BOJIM3H TOTPE-
outeneit. TakMMH HCTOYHUKAMU SIBJISIIOTCS CHUHXPOHHBIE Y CTAaTHYEC-
Kye KOMIIEHCATOPBI.
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2.3.2. CunxpoHHble KOMIIEHCATOPBI

CuHxpoHHB ! KoMneHcaTop (CK) — 3To CHHXpOHHas Ma-
[UMHa, paboTaloliasd B JIBUTAaTEILHOM peXHMe 0e3 Harpy3KU Ha Baly
TIPY U3MEHSIOIIEMCS TOKE BO30yXaeHUs. B niepeBo36YXICHHOM PEXN-
Me DJIC obMoTKH cTatopa E,; Gombliie HanpsokeHUs ceti U, (puc. 2.25).
ITox meiictBueM pasHocTH HamnpsikeHuit AU= E,— U, B ctatope CK
BO3HMKAET TOK [, oTcTatommit oT Bekropa AU; Ha 90°. KommencaTtop
B OTOM PEXHME OTIAET peaKTUBHYIO MOII[HOCTE B CeTh. B He10BO30YXK-
JeHHOM pexume E, < U,, B ctatope CK Bo3HMKaeT TOK [,,, Oniepexa-
fouwmii Bektop AU, Ha 90°, T.e. CK Oyaer moTpebiaarh peakKTUBHYIO
MOIITHOCTD M3 ceTH. CUHXPOHHBIE KOMIIEHCATOPHI He HECYT aKTUBHOMN
Harpy3KH Ha BaJly, TIO9TOMY HUX KOHCTPYKIIUs obserdeHa. KommeHca-
TOPHI BHITIOMHAIOTCS TUXOXOAHBIMHU (750 — 1000 06/MUH) ¢ TOpU30H-
TATHHBIM BAJIOM U SIBHOTIOMIOCHBIM POTOPOM.

Ha puc. 2.26 nokasaH cuHxpoHHBIH KoMieHcatop KCB ¢ Bogopon-
HBIM oxNaxneHueM. Kopryc komMmneHcaTtopa, ero nHoAIMITHUKY, MaciIo-
OXJIQIIMTETM ¥ MAaCJIOHACOCH pa3MELIEHBI B TepMETHYECKHI 3aKPHITOM KO-
xyxe. Uepes U30SIIIMOHHBIE VIUIOTHEHUS 3, 4 K cTaropy I moaBOIMTCS
HanpsokeHue 10,5 kB, a K KOHTAaKTHBIM KOJIBIIAM — IIMTaHHE OT BO30Yy-
Jurelis. B HokHel yacTi Koxyxa pacroiodKeHH! Ba MacJoHacoca &, Mac-
JI00aK ¥ BOMAHOMN MaciooxiaauTe b, LIMPKyIsimsa BOAOPOIa HOMIEePKH-
Baercs nipu gagnenuu 0,1 —0,2 MITa BeHTHISITOpaMU 5, KOTOPBIE 3aca-
CBIBAIOT BOIOPOI M3 KOXYXa U IIPOTOHSIOT €T0 Yepe3 BHYTPCHHIOI YacTh
KOpITyca KoMIieHcaropa. Harpersiit BOIOpOJI 1ornamsacT BO BXOAHBIE ITPO-
eMbl 12 BEPTUKAIIBHBIX Ia300XIafgnTeNIel, Ie OXIaKAaeTCs.

CHHXPOHHBIHM KOMITEHCATOP XapaKTepU3yeTcsd HOMUHAILHOUN MOILLL-
HOCTBIO, HAIIpsSLKEHHMEM, TOKOM CTaTopa, 4acTOTON U HOMHUHAJIBHBEIM
ToKoM poropa. HIkana momrHocteit onpeaensierca mo TOCT 609—84.
HomuHanbHoe HanpsKeHUE CUHXPOHHOTO KOMIIeHcaTopa Ha 5— 10 %
BEIIIIE HOMMHAIBHOTO HAIIPSDKEHUS CETH.

B 3aBHCHMOCTH OT TOKa BO30YX-

JICHHSI CHHXPOHHHII KOMIIEHCATOp

MOXeT paboTaTh B peXHMax repe- Eq
BO30YXKIIEHUS U HETOBO30OyXJe- IN/A

HUSI, TEHEPUPOBATh WIM MOTpeO- —

JIATh PEaKTUBHYIO MOIIHOCTb. Pe- AUZI U
rYTHPOBaHUE TOKa BO3OYXKAEHMS E,
OCYIHECTBIISIETCST CIEeIMATbHBIMHU
cxemamu APB.

CHHXpPOHHBIE KOMITEHCATOPHI
HeOOBIION MOITHOCTH UMEIOT CXe-

) I

MY 3JIEKTPOMAIIMHHOTO He3aBUCH~
MOTO BO30YXIeHMs (CM. puc. 2.9, a),
Ha 0oJiee MOILHEBIX MAIlIMHAX ¢ BO-
IoponHbIM oxnaxjaeHneM (KCB)

Puc. 2.25. BextopHasi AMarpaMMa CHH-

XPOHHOI'O KOMIMEHCATOpa B mHepe-

BO30YXXJIEHHOM M HETOBO30YXICHHOM
pexXHumMax
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Puc. 2.26. Cunxponusiit kommeHcarop tuna KCB:

1 — cratop; 2 — potop; 3, 4 — H3ONALMOHHBIC YIUTIOTHEHUS; 5 — BEHTUIATOD; 6 —

MOAMWNHNIK; 7 — ONOpPHHIE TWIATHOPMEI; § — MacnoHacoc; 9 — KaMepa KOHTaKTHBIX

xoneu; 10 — man; 11, 12 — BBIXOAHOM ¥ BXOZHOMH MpoeMbl B rasooxnamutens; 13 —
ra3ooXJIaguTeNb

BO30YXACHHUE OCYIIECTBIISIETCS OT CTHEITMATIBHOIO GECIIIETOUHOTO BO30Y-
TUTENBHOTO arperata, BCTPOSHHOTO B KOPITYC KOMIIEHCATopa.

CxeMa AT'TI cHHXpOHHEBIX KOMITEHCAaTOPOB TaKasl Xe, KakK y reHepa-
TOPOB.

Mouaste CK (10000 kB- A ¥ BBHIIII€) BKJIIOUAIOTCA B CETh Yepe3
peaxkTop IJisi OrpaHHYEHMS IMyCKOBBIX TOKOB M MOCAIKH HaTpsKe-
HHUST Ha IKHaX (puc. 2.27). [TapaMeTpsl peakTopa BHOHUPAIOTCS Tak,
yTOOBl B MOMEHT IyCKa HAIpSKCHHE Ha IIMHAX TOACTAHIIMHM HE
nagano HuUxe (80—85 %) U,.., a HampssxeHue Ha CK OpL10
(30—65 %) U,,,,, Ip¥ 3TOM TOK He TipeBbImaeT (2—2,8) 1.,

IIpu mycke BrIKTIOUaTens QI otkmodeH, (2 BKiIoYeH. PasBopor
KOMIIEHCATOpa TPOUCXOMUT 32 CUET aCMHXpOHHOro MoMeHTa. Korna

YacToTa BpalleHNS TPUOIHU3UTCS K
CHHXPOHHOI, TIOAAETCS BO30YXKAE-
| - HHE W KOMIIEHCATOpP BTSTHBACTCS
B CMHXpOHU3M. Perymupys Tok Bo3-
OyXIEHUST, YCTaHABIMBAIOT MMHH-
Q1 Q2 MaJIbHBIM TOK CTaTOpa M BKJIIOYa-
10T BHIKJTIOYaTeNdb Q1, MIyHTHpYS
peakTop ¥ Bkimouast CK B ceTb.
LR CHHXpOHHEIE TeHepaTOpPHl MO-
I'YT paboTaTh B peXXUME CUHXPOH-
HOTO KOMITEHCATOPa, €CJIM 3aKPHITh
JocTyn mapa (WiId BOABI) B Typ-
Puc. 2.27. Cxema peakTopHOTro Tiycka  OMHY. B TakKOM pexXume IepeBO3-
CHHXPOHHOIO KOMIIEHCaTopa OyXIeHHBIHM TypOOreHepaTtop Ha-
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YUHAET MOTPEONITh HEOOMBIYIO aKTUBHYIO MOLIHOCTE U3 CETU U OTHA-
€T PCAKTUBHYIO MOLIHOCTE B CETh.

IIepeBon ruaporeHEpPaTOPOB B PEXUM CHHXPOHHBIX KOMIIEHCATO-
POB MPOU3BOAMNTCS 0€3 OCTAHOBKM arperaToB, JOCTATOYHO OCBOOOIUTD
KaMmepy TUIPOTYpOUHEI OT BOIHL.

2.3.3. CraTyeckne KOMIEHCATOPDI

CrtaTH4YecKHE KOMIIEHCATOPH — 3TO HaTapen KOHICHCA-
TOPOB | JIPYTHE UCTOYHUKH peaKTHBHOU MolHocTH (MPM), He uMme-
OLIME BpalAIOLIMXCS YaCTe .

Ha noxpcraHIIMgx MPOMBIIUIEHHBIX IPEIIIPUATUAN BOIU3U TIOTpE-
OuTteneil peaKTUBHON MOLIHOCTH YCTAaHABJIMBAIOTCS OaTtapey CTaTH-
yeckux KoHaeHcaropoB (BK). KoHneHcaTopsl MOryT GBITH MaCISTHBI-
MH WJIH COBOJIOBEIMU Ha HampsckeHue oT 220 B mo 10,5 kB mia Hapyx-
HOIt ¥ BHYTpeHHe# ycTaHOBKU. EqUHWYHAs MOLITHOCTh KOHIAEHCATO-
poB ot 10 mo 125 xkBap, 1S MOTYIYEHUS HEOOXOMUMOU MOIIHOCTH (¢
KOHIEHCATOPH COCAUHSIOTC MapamnenbHo. B aneprocucremax BK Ha
HarnpskeHHe 6 1 10 KB ycTaHaBIMBalOTCH B y3j1aX CETH, Ha IMOACTaH-
LMAX TIOAKTIOYAloTca (d4epe3 BBIKIIOYATeah) K wmHaM 6 u 10 xB.
PeakTHBHas MOIIHOCTE, BEIpabaTkiBaeMasi GaTapeeil, COCAMHEHHOM
1o cxeMe 3Be3la,

Qc =3U}C, (2.8)

rae Uy — HanpspkeHue, Ha Kotopoe BkitodeHa BK; C — emxocts BK.

Ecnu X cetd MOAKIIOYEHO OJTHO U TO XXe YUCJIO 0aHOK KOHIEHCa-
TopoB (HeperyaupyeMmasi BK), To B pexxuMe MUHUMANBHBIX Harpy30K
BO3MOXHa TIEPEKOMIIEHCALINS PEAKTHBHOM MOIIHOCTH, KOTOpas BHI-
30BET MOBHILLIEHHE HAIIPSXKEHUS U HOMOJHUTEILHEIE IIOTEPH B CETH.
DTO NMPUBOIUT K HEOOXOTUMOCTH PETYIUPOBAHUS KOJUIECTBA BKIIIO-
YeHHEIX 0aHOK KOHIEHCATOPOB. Takoe peryaupoBaHUE MOXET OBITh
OHO- 1 MHOTOCTYNeH4aThIM, Korna BK pasmenena Ha cexuuu. Brio-
YeHHE W OTKIIOYEHUE YaCTH CEKLHI MMPOU3BOAUTCS aBTOMAaTHYECKH
WIH BPYYHYIO.

HocrounctBamMyn BK SBIgI0TCA MX MpocTOTa, a HEAOCTATKAMH —
3aBHCUMOCTh PEAaKTUBHOU MOIITHOCTH OT HAaIIPSLKEHUS, HEBO3MOXHOCTh
TMOTPEONCHUSI PEaKTUBHON MOIIHOCTU, CTYIIEHYATOE PETYIUPOBAHUE.

BoJiee cOBepIlIeHHBIMU SABJISIIOTCSI YCTAHOBKM CTaTUUYECKHMX TUPHC-
TOPHBIX KOMIIEHCATOPOB, B KOTOPHIX OCYIIECTBIISETCS TUIABHOE PEry-
nupoBaHue Toka (puc. 2.28). B ycTaHOBKe TIpUMeHEHBI Heperyaupye-
Mele eMkocTH (BK) CI, C2, C3, xoTOopHE BHIPaOATHIBAIOT PEAKTUB-
HYI0 MOIIIHOCTh (€MKOCTHYI0) (¢, U peryrmpyeMasi C TIOMOIIBIO TH-
PUCTOPHBIX KTodel V.S UHAYKTUBHOCTb LR. YTNIpaBISIOUIUE 3JIEKTPO-
JIBI TAPUCTOPOB TMIPUCOETUHEHHI K CXEME aBTOMATHUYECKOTO PETYIMpPO-
BaHHUA. JJOCTOMHCTBAMM 3TOI YCTAHOBKH SIBJISIOTCS OTCYTCTBHE Bpa-
LAIOLIUXCA YacTel, OBICTPOACHCTBUE U TDIABHOCTh PETYIMPOBAaHMS.
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Puc. 2.28. CxeMa cTaTMYECKUX PETYIHPYEMBIX KOMIIEHCATOPOB

CoBepIlieHCTBOBaHNe THPHUCTOPOB M YMEHBIIEHNE WX CTOMMOCTU
-mpuBeneT X ToMy, yto UPM 6ynmeT nenecoobpasnee, 4eM CHUHXPOH-
HbIe KOMIIEHCATOPHI, _
ACHHXpOHU3UPOBaHHKIe TypboreHepaTopsl TAII-110, ACTT-200,
T3BA-320 MoryT IPUMEHATLCI B KayecTBe yrpapasgemMoro UPM npu
COOTBETCTBYIOLIEM PEryIUPOBAHNHN TOKA BO30YXIEeHUS.

KonTpoasHsie Bonpocs!

1. Kakoe u36bITO4YHOE AaBJIeHUE MPUHUMAETCA B TypboreHepaTopax ¢ BO-
JOpOoaHBIM oxnaxieHuem? [loyeMy nasieHHe BOAOPOAA JOMKHO OBbITh BBILLE
arMocgepHoro?

2. KakoBbI KOHCTPYKTUBHBIE OCOGEHHOCTH TYpOOT€HEpATOPOB C BOASIHBIM
oxyaxaeHuem?

3. YeM BrI3BaHA TEHAESHLIMS OTKAa32 OT BOXOPOJHOIO OXJIAKACHUS M Niepe-
XOJ Ha BO3AYHIHOE WJIM BOASHOE OXJIAKACHHUE?

4. Kakue CUCTEMBI OXJIaXJIEHUs TPUMEHEHBI B HOBBIX CEPUSIX TypOOreHe-
patopoB T®, T3D, T3B?

5. Yem oTauyaeTcsi He3aBUCUMOE BO3OYXIEHUE OT CaMOBO30YXneHUs?

6. KakoBo Ha3HaYeHHE aBTOMATHYECKOTO TallleH|st MarHUTHOTO MOJIS Tre-
HepaTopa?

7. Kakue KOHCTPYKTUBHBIE MEPOTIPUSITHS MTO3BOJISIOT CHU3UTh MOTEpH P,
u P, B Tparcdopmaropax?

8. YeM oTnMyaeTcs cucTeMa oxiiaxaeHus TpaHchopmaTopos M u [1?

9. YeM OTINYAIOTCS AOMYCTUMBIE HAarpy3KH CBEPX HOMUHAIBHON MOIHO-
CTU OT aBapUITHBIX MEpErpy3oK?

10. Kak onpeaenuTh TUIOBYIO, MPOXOAHYIO U HOMHUHAIBHYIO MOUIHOCTh
aBTOTpaHcthopmaropa?

11. IHouemy HeitTpanu AT DOMXKHBI OBITH 3a3eMJIEHEL?

12. YeM oTIMYAETCSi CHHXPOHHBIH KOMIIEHCATOP OT CHHXPOHHOTO reHeparopa?



I'nasa 3

KOPOTKHE 3AMBIKAHUA B SJIEKTPUYECKHUX
YCTAHOBKAX

3.1. Buapi, npHYHHBI ¥ NOCJEACTBHSA KOPOTKHX 3aMbIKAHHIA

Kopomrxum 3ameixanuem (K3) nazvieaemcs napywienue HOpMAAbHOU
pabombt INEKMPUHECKOU YCIMAHOBKU, 8bI36AHHOE 3aMbIKAHUEM a3 mexcdy
€000ii, a makxice 3amMbiKaHuem pas Ha 3emMil0 6 Cemax ¢ 2AYX03a3eMACHHbI -
Mu Helimpanamu.

IIpuunbaMu K3 oGBIYHO SIBISIOTCS HAPYIIEHUWS W30JSLUUM, BHI-
3BaHHBIE €6 MEXaHUYECKHUMHU IOBPEXKICHUSIMU, cTapeHUEeM, Habpo-
CcaMU IOCTOPOHHUX TEJ Ha MPOBOJA JIMHUN 3JIEKTpoIlepelayu, Ipo-
€310M MOJ JIUHUSIMH HeraGapUTHBEIX MEXaHU3MOB (KpPaHOB C ITOIHS -
TOM CTpeNION U T.T1.), TIPAMBIMU yIapaMu MOTHUH, NEpEHAIIPSKCHU -
SIMH, HEYIOBJIETBOPUTEILHBIM YXOIOM 3a 00opynoBaHueM. Yacto npu-
YUHOM NOBPEXKACHUI B 3JIeKTPOYCTAaHOBKAX, COITPOBOXKIAIOLLIMXCS KO-
POTKHMH 3aMBIKAaHHSIMH, SBJSIOTCS HEMPABUIBHBIC NEUCTBHS
00CIIyKMBaOLIero rmepcoHana. [IpyuMepaMu Takux IeHCTBUN SIBASIOT-
¢s1 OIITUOOYHBIC OTKAIOYCHHUS Pa3bCIUHUTENEM LIEMU C TOKOM, BKITIO-
YeHHUd pa3beAUWHUTeNIed Ha 3aKOPOTKY, OIIMOOYHBIC NEHCTBUS TIpU
MEPEKITIOYECHUSIX B TJIABHBIX CXEMaX M B CXeMax peJICHHON 3allUTH U
aBTOMAaTHKH.

IIpu K3 TOoKHM B TTIOBpeXIEHHBIX (pa3zax yBEIMUMBAIOTCS B HECKOMBLKO
pa3 IO CpaBHEHMIO C MX HOPMaJbHBIM 3HAUCHMEM, a HAIPSKECHUS
CHIDKAIOTCSI, 0COOCHHO BOJIM3U MECTa MOBPEXKACHUSL.

IIpotekanue Gomnbiinx TOKOB K3 BHI3bIBaeT MOBHIIIICHHBIM Harpen
MPOBOTHHUKOB, 3 3TO BEIET K YBEIHYCHHUIO MOTEPh DJIEKTPOIHEPTHH,
YCKOpSIET CTapeHHE U pa3pyuleHHE U30JSIIMM, MOXET MPUBECTHU K ITO-
Tepe MEXaHNYECKON MPOYHOCTHA TOKOBEOYIIIUX YACTEH U 3JICKTpPUYECC-
KHX aTlrnaparoB.

CHuxXeHne ypoBHA HamnpsekeHus 1ipu K3 B ceTH BeleT K yMeHBIIIe~
HUIO BpAlDAIONICTO MOMEHTA B3MEKTPOABHUTATENCH, UX TOPMOXCHUIO,
CHUXKCHUIO MPOU3BOIUTEIABHOCTH U JaXe K MOTHOMY OCTaHOBY.

Pe3koe cHIDKeHUE HampskeHUs nipu K3 MOXET MpUBECTH K Hapy-
UWIEHHWIO YCTOMYMBOCTHU TIapajuIeIbHOI paGOThl TCHEPATOPOB 3ACKTPO-
CTaHUMI W 4YacTed 2IEKTPUYECKOI CHCTEMBI, BOBHMKHOBEHHIO CH-
CTEeMHBIX aBapHUil.
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Puc. 3.1. BUabl KOpOTKUX 3aMBIKaHHIA:

a — tpexdasnoe K3; 6 — npyxdasnoe K3; ¢ — aByxdasHoe K3 Ha zemiio; e —
onHodasHoe K3

Buner K3 B TpexdasHoil ceT M uxX 0003HAYEeHUsST NPUBEIEHBI Ha
puc. 3.1.

Tpexcdasuble 1 aByx¢asnble K3 BO3MOXHEI B TIOOBIX TpeXda3HbIX
CETSAX.

st IpoXoXIeHUsT TOKA TIpH ofHo¢a3HOM min ayxdasHoM K3 Ha
3eMJII0 HeOOXOOHUMO, YTOOBI Ha YYaCTKE CETH, TIe IPOHM30IUI0 TOo-
BpeXIeHKe, ObLIa XOTA OBl OHA 3a3eMJIEHHAs HyJleBast Touka (HeT-
panb) TpaHchopMaropa, 3JNeKTpUYECKH CBsI3aHHass ¢ MecToM K3
(cM. puc. 3.1, 6, 2). UeM Oosbllle OyneT 3a3eMJIEHHBIX HEHTpaIe, TEM
Gomblre 6ymeT Tok K3 mpH 3THX BHIAX MMOBpEXIEHUIA.

BaxxHpIM (DaKTOpPOM SIBIIIETCSI OTHOCHTEIbHAST YaCTOTa BO3HUKHOBE-
HuA pasnuyHbx BUI0B K3. ITo ycpenHEHHBIM JaHHBIM OHA COCTABJIA-
eT, %: TpexdasHuie — 5; apyxdasHnle — 10; ogHodasHble — 65; OBYX-
daznsie K3 Ha 3emmio — 20. MHorma onuH BUI 3aMBIKAHUNA TIEpPEXOIUT
B IpyTOil (HampuMep, B KaGenbHBIX THHMIX 6 — 10 KB 3aMbIKaHue Of-
HOM (hasbl Ha 3eMJIIO YacTO MepexoauT B MexmydaszHeie K3).

Kak nipaBuno, B Mecte K3 Bo3HMKaeT 3JeKTpUYeCKas 1yra, KOTO-
past o0pa3yeT BMECTE C COIPOTHUBIICHUSIMHU 3JIEMEHTOB IIyTH ToKa K3
TiepexoaHoe conpoTuieHne. MHOrIa BO3HUKAIOT MeTammnyeckue K3
0e3 mepexoaHOro COTPOTURIICHMSI.

Hnsa obecnieyeHnsi HaIeXHON paGOTHI SHEPTOCUCTEM M MPeIoTBpa-
IIEHUsI MOBpeXIeHU obGopymoBaHus npu K3 Heo6GxomuMo OBICTpO
OTKJTIOYATh TIOBPEXIEHHBINA YYaCTOK, YTO JOCTUTAeTCs TIpUMeHEHUEM
YCTPONCTB peleifHOM 3allUTHl ¢ MUHUMAIBHBIMH BBIIEPXKKAMH Bpe-
MEeHH U OBICTPONEHCTBYIOIINX OTKITIOYAIOIINX arapaToB (BBIKIIOYA-
teneit). HemanoBaxHyio posis urpaiot ycrpoiictsa APB u GpicTponeii-
cTByMOIIEH hopcupoBkr Bo30yxneHUs: (YB®) CHHXpOHHBIX reHepa-
TOPOB, KOTOPBIE YBETUYMBAIOT TOK BO3OYXIEHUS CUHXPOHHBIX TeHe-
paTOpOB IIPH KOPOTKHMX 3aMBIKaHUSIX, OJ1arogapst YeMy MeHBbIIEe TTOHH-
JKAETCSI HATIPSDKEHWE B Pa3jIMYHBIX 3BEHBSX CETH, 4 TIOCNE OTKIIIOYE-
uusa K3 HanpsixeHue GBICTpee BOCCTAHABIMBACTCS 1O HOPMAIEHOTO.

K MepaM, yMEHBIIAIOUIUM OITACHOCTD Pa3BUTHSI aBapHii, OTHOCST-
¢sl: BEIOOD pallMOHATBHOM CXeMBI CETH, TIPaBWIBHBIN BHIOOpD ammapa-
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TOB 110 ycinoBUsAM K3, nmpuMeHeHre TOKOOTPaHHINBAIOIIUX YCTPOUCTB
M T.1.

JI1 ocylIeCTBICHMS YKa3aHHBIX MEPONPHSITHI HEOGXOIUMO YMETh
onpeaenaTh TOKA K3 ¥ yuuTHIBATH XapaKTep UX U3MeHeHHs BO Bpe-
MEHH.

3.2. BykBensbie 0003HaYeHHA (PM3NUECKHUX BeIHIHH

B cootsetcTtBUMM ¢ [3.3, mompasa. 1.3] B HacTosAIEM W3TAHUHU HC-
MOJIB3YIOTCS CIERYIONINE OYKBEHHBIE 0003HAYEHUS (DU3UUYECKMX BETH-~
YUH, IPUMEHSIEMBIX B pacuyeTax TOKOB K3, a Taxke Npu NpoBepke
MPOBOJHUKOB Y 3JEKTPHUYECKUX aIllapaTOB Ha 3MeKTPOJAUHAMHYEC-
KYI0 ¥ TEpMHUYECKYIO CTOMKOCTD rpu K3.

I — ToK, HelicTBylolllce 3HAYEHUE,
i — TOK, MTHOBEHHOE 3HAYEHHUE;
I — TOK KOMIUIEKCHBIN, NeHCTBYIONIeE 3HAYEHUE;
I,.x — TOK, aMIUTUTYIHOE 3HAYCHHUE;
Loy — HOMHMHANBHBIN TOK;
Iy — yHapHBIA ToK K3;
Iy — TOK JIEKTPOAMHAMHYECKON CTOMKOCTH;
L, iy — TOK BKIIOUEHMS, NEUCTBYIOILlEE W MTHOBEHHOE
3HAYECHMUS;
I, i — TOK CKBO3HOH, HEICTBYIOIIEEe 1 MTHOBEHHOE 3Ha-
YCHUS;
Ly cxss inp.cxs — TOK IIPEAETIBHBIA CKBO3HOIA, NEHCTBYIOILEE U MTHO-
BEHHOE 3HAYECHHUS;
Iy forn — TOK OTKIIIOYAEMBIH, EHCTBYIONEE 1 MTHOBEHHOE
3HAUCHUS,
L voms forxnnom — HOMHHATBHBIN TOK OTKIIOUEHHS] JEKTPHIECKOrO
aImapara;
I, i, — TOK B MOMEHT ¢;
I, i; — TOK B MOMEHT T;
L., — TOK TEpMHUYECKOI CTOMKOCTH;
I, — TOK yCTaHOBUBILETOCS PEXVMA;
I, — 1ok K3, obllee 0603HaYeHHE;
I, i, — nmepuopnyeckas cocrapisionias Toka K3;
I,, i, — anepuonunyeckasi cocrapisomias Toka K3 (I,=1i,);
I, — HavambpHOE NEeWCTBYIOIIEee 3HAYEHUE IIEPHOINYEC-
Koi1 cocTaBistonieit Toka K3 (1= 0);
i, — HavaJbHOE 3HAYeHMeE allepPHOTNIECKOMN COCTaBIIsI-
toieit Toka K3 (¢=0);
I, i, — TeproguyecKast 1 arepruogudecKas COCTABISIOIINE
toka K3 B MOMEHT 7= 1;
U, u — wanpspxeHue, NeWCTBYIONIEe U MTHOBEHHOE 3Ha-
YEeHMU S,
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U,, U,, Uy, — HampsokeHHUS NpsIMOii, 06paTHOH U HYJIEBOU ITOC-
JIEAOBATEILHOCTEH COOTBETCTBEHHO;
AU — moTepsl HaIpsIKEHUS,
¢ — yroj casura a3z MexIy HaIpsSXeHHEM M TOKOM;
cos ¢ — KO3(POIUIIHEHT MOIIHOCTH;
E, e — snexTponBUXylias CHIa, AEHCTBYIOLIEE U MTHO-
BEHHOE 3HaUCHHST;
R, r — COIIPOTHUBIICHUE aKTUBHOC;
X,x — COIIPOTHBJICHHE PEaKTUBHOEC;
Z — COIpPOTUMBJICHUE TIOJTHOE, MOLYIb;
Z,, Z,, Zy — COUIPOTUBJICHUA IpPAMOM, OOpaTHON U HYJIEBOH
TOCIeN0BAaTEILHOCTEN COOTBETCTBEHHO;
T, — NOCTOSTHHAsI BPEMEHH 3aTyXaHUsI allepUONYECKON
cocrapmsmonieit Toka K3;
Buopy — HOPMHPOBAHHOE IPOLEHTHOE COMAEPXAHUE arie-
PHOINYECKON COCTaBIISIIONIEA B OTKIIOUAEMOM
TOKE;
B, — unrterpan Ixoynasa npu K3;
By — HODMMpPOBaHHBIA MHTErpa) KOyt 3JeKTprIec-
KOTO arriapara st yciaoBuit K3;
lep — BPEMS TEPMUYECKON CTOMKOCTH 3IEKTPUYECKOTO
afmnapara;
t,xa — BpeMsi oTkmoueHuss K3, pacueTHas NpPOAOIXKHU-
TeapHOCTh K3;
— COOCTBEHHOE BpeMS OTKIIOUEHUS BBIKITIOUATENS;
1, orxn — ITOJIHOE BpeMs OTKITIOYEHHS BBIKITIOUATENS;
p.3min — MUHHMAaJIBHOE PacyeTHOE BpeMsl cpabaThiBaHUs
pENCHOM 3alllUTHI;
T — MOMEHT HayaJla PaCcXOXICHHS AYTOTaCHUTEIBHBIX
KOHTaKTOB KOMMYTallMOHHOTO aIlrapara.

3.3. TpexdasHoe KOPOTKOe 3aMbIKaHHE

Hs Toro yToGB 03HAKOMHUTLCS C CYIITHOCTRIO Tiportecca K3, ocra-
HOBHMMCST Ha HanOosee MpOCTOM C TOYKU 3pEHUSI TOHUMAHUS TPOUC-
xonguux npu K3 mpoieccoB moBpexmeHMH — TpexdasHom K3
(puc. 3.2).

Tpexdasnoe K3 saBnsaercs cummempuunbvim, TaK Kax Ipyu HEM HE Ha-
PYIIAeTCs CHMMETPHsT TOKOB M HaNpPsDKEHUH (TIPeNIONaracTCsl paBeH-
CTBO COIIPOTHBIICHMI TpeX (ha3 1ienu KOPOTKOTo 3aMbIkaHus). I1o cpas-
HEHHIO ¢ PeXHUMOM Harpysku Ipu K3 Toku B pazax yBemMuuBaloTcs, a
dasnple U MexmydasHbIe HAMPSCKCHHST YMEHBHIAOTCA. YeM MEHbIle
conporuBienue nenu K3 (r,, oL,), Tem Gosnpine Tok K3 u Gomnbiue
Tocagky HanpsokeHus B ceTH. [1pu tpexgasHoM K3 cuctema ocraercs
YypasHoseuen o, TaK KaK TeOMETPUUECKHE CYyMMBI TOKOB M HalpsmKe-
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HHi1 B JiloOoM Mecte Henu K3 ocTaloTcst paBHBIMM HYJTIO. YTOJ CABUTa
¢a3 MexIy TOKOM W HampskeHuem (yron @) nipu K3 onpenensiercs
COOTHOIICHUEM MHIYKTUBHOTO M aKTUBHOIO CONpOTUBIeHU nenu K3.
TIpu OTHOCUTENBHO MAJIOM 3HAUSCHUHM AKTUBHOIO COMPOTURICHMS 1IETTH
K3, 4yTo uMeeT MeCTO B YCTaHOBKaX HamnpseKeHueM Bboittie 1000 B, yromn ¢
npubmxaetes K 90°, T.e. Tok K3 gaBngercsd mub0o YMCTO MHAYKTUBHEIM,
60 obJIamaeT 3HAYUTEIBHOM WHAYKTUBHOM COCTABJISIONICH.

Kopotkoe 3aMbikaHue (CM. puC. 3.2) AeaUT LUEeTb Ha IBE YacTH: TIpa-
BYIO C COIPOTHBICHUSIMH 7| H WL = X; 1 JIEBYIO, COZIePXKaIIIyI0 HCTOU-
HHK ITUTAHUS M CONPOTUBIeHU Uenu K3 7 u oL, = x,.

W3BeCTHO, YTO B LEISIX, COAEPXAILINX MHAYKTUBHOCTb, HE MOXET
OBITb MTHOBEHHOT'O U3MEHEHMSI TOKA. Besikoe H3MeHEHHE COTIPOTHBIIE-
HUST LEITH BBI3BIBAET ITEPEXOMHBIN IIPOIIECC, B TCUEHHE KOTOPOTO TOK
B IIEITH U3MEHSETCI IO HEKOTOPOTO YCTAHOBUBLIETOCS 3HAYECHUS.

IMpornecchl B 00€MX YacTSIX pacCMaTpUBaeMOM HaMH CXeMBl IIpU
tpexdasHoMm K3 nporekaioT He3aBUCUMO.

TIpaBast yacTh OKa3bIBaeTCs 3allyHTHpoBaHHOH K3, mostoMy Tok
B HEH OymeT MONICpXKUBAThCA JUIIL IO T€X TOp, IMOKa 3araceHHast
B MHIYKTUBHOCTH L, SHEPTUsS MarHUTHOTrO IOJNS He IMepetaeT B Ter-
JIO, BBIAEISIONIEECS] B AKTUBHOM COTIPOTUBJIEHUH F,. DTOT TOK IIPH aK-
THMBHO-WHIYKTHBHOM XapaKTepe COMTPOTUBACHUSA LI HE NPEBHILIIAeT
TOKa HOPMAaJIbHOTO peXUMa U, 3aTyXasl ITOCTEIIEHHO IO HYJIS, HE TIpe/i-
CTaBJIsIET OMACHOCTH JUIsT 000PY/IOBaHUS.

H3MeHeHMe pexXuMa B JICBOI YacTU LeNU, CoMepXKallleil UCTOYHUK
MMUTaHUA (TEHEPaTOPhI, IBUraTe U, CHHXPOHHEIE KOMITIEHCATOPEI), MPU
HAJIMMUH UHAYKTUBHOCTH L, TOXE COMPOBOXIACTCS IIEPEXOIHBIM ITPO-
1IeCCOM, HO XapakTep €ro U IIUTEALHOCTE Nepexofa K yCTaHOBUBLIIE-
MYCSI PeXUMY OYIYT pa3sTUYHBIMU B 3aBUCUMOCTH OT TOTO, U3MEHSIET-
cs1 BJIC ucrouHmnka Bo BpeMsa K3 wiu Her.

B cOOTBETCTBUH ¢ BHIIIECKA3aHHBIM pACCMAaTPUBAIOTCS TPU CIIyvas
tpexdasHoro K3:

a) K3 B 1ienu, MUTAIOLIENCS OT ITUH SHEPrOCUCTEMBI HEU3MEHHO-
IO HaNpsKEHHUS

Uy= Upax Sin(o? + o)

I £% (DLK iA n (DL]

c Up= Upa sin{e? +a —120°)

S0 \Up= Upay sin(o? +a —240°)
z—0

Puc. 3.2. Tpexdaszroe K3 B cuMMeTpUuHOI LIeTH, TTATAEMOM OT IIMH HEM3-
MEHHOIrO HampsKeHUs
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Puc. 3.3. Kpussie naMeHeHUs Toka TpexdasHoro K3 npu MakCHMaJIbHOM 3Ha-

YEHUH aNepUoOANYEeCKON COCTABMSIOILCH:

a — B 1LIeNMU, MUTaeMOoil OT IIMH HEU3MCHHOTO HAMNPAXEHHUS; § — B LICMTH CHHXPOHHO-
ro reHeparopa 6e3 APB; ¢ — B 1ienmn cuHxpoHHoro reHeparopa ¢ APB
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6) K3 B uenu, nutalmolleiics oT reHepaTopa OrpaHUYeHHONH MOIIl[-
HOCTH 6€3 YCTPOICTB aBTOMATHYECKOTO PETYTUPOBAHUST BO3OYKIEHHS
(APB);

B) K3 B uemnu, nuramwileiics oT reHepaTopa orpaHUYeHHOH MOIL-
HocTu ¢ APB.

Ha puc. 3.3 noka3aHbI rpaduKi U3MEHEHUS TOKOB TpeXdasHoro K3
JUIST BCeX TpeX CIydacB.

B neBoit yactu rpapukoB (cM. puc. 3.3) n3oOpaxkeHa KpUBas TOKa
[IPeIIIeCTBYIOLIEr0 Harpy30YHOTo pexXuMa i,. IlepeceyeHHe ocH TO-
KOB i C OChIO BpEMEHM f COOTBETCTBYET MOMEHTY BOSHHKHOBeHUs K3
(t=0). B npaBoit yacTH rpagiKa NOKa3aHbl KPUBHIE TOKOB iy i, Iy
KpusBag toka i, usodpaxaet Tok K3, hakTHuecKu MpoTeKarolUuii 1o
LeTH, WK NoJHKH ToKk K3. KpuBsle iy i, COOTBETCTBYIOT I é€-
PUOAMYECCKONH U amMepHOIUUYECKONH COCTABIAIOIUIHM
ITOJIHOTO TOKa i,. B KauecTBe 0OO0IETO MOJOXEHMS IIPH COCTABIECHUH
rpauKOB OBUIO TIPHHATO, YTO MHAYKTUBHOE COIPOTUBIIEHHE LIEITH
K3 x.= oL, 3HaYuTEIBbHO NMpeodianacT Hal aKTUBHBIM F (X, >> 1) U
nepuoanyecKkas cocTapisaiomas Toka K3 i, orcraeT o ¢ase ot HIAC
MpuMepHo Ha 90°.

YacTh mpoliecca, KOTOpas XapakTepHU3yeTcsl U3SMEHeHUEM aMILTH-
TYIHBIX 3HaYeHM ToKa K3, HasbIBaeTCst Ime p € X 0L H bl M (HeyCTaHO-
BUBIIEMCST) PEXKMMOM. B yCTAaHOBHMBUIEM CSI PEXUME aMIUTUTY/IbI
Toka K3 MmocTosTHHBI.

PaccMmotpumM noapoGHee Bce TpU ciaydas TpexdasHoro K3,

Tpexdaznoe K3 B 1ienH, NUTAOIHEHCA OT NIMH SHEProCUCTEMbI
Hen3MeHHOro HanpsxeHua (puc. 3.3, a)

Iox onpefeneHUEM «3HEPTOCUCTEMA HEU3MEHHOTO HATIPSKEHMS»
KOTOPBIM YacTO MOJBL3YIOTCS NIpU pacyeTax ToKoB K3, moapasymena-
€TCs MOIIHBINA UCTOYHHMK NMUTAHUS, HANIPSDKEHHUE Ha HIMHAX KOTOPOTO
OCTaeTCsT NPAKTHYECKHU MOCTOSTHHBIM IIPH JTIOOLIX U3MEHEHHSIX PEXU-
Ma ceTH — c6pocax Harpys3Ku, Ieperpy3kax, KOpOTKHX 3aMBIKaHUAX.
BHyTtpeHtee CONpPOTHBICHHE TAKOTO HMCTOUHMKA IPHHUMAETCS paB-
HBIM HyMO (xc=0; rc=0), a MOIIHOCTL — GECKOHEYHO OOJIBLIONH
(Syon c= ©°), XOTS B ACHCTBUTEILHOCTH MOILHOCTH IHEPTOCUCTEM H UX
COIPOTHBJICHUST UMEIOT KAKHe-TO KOHEYHBIC 3HAYCHHSI.

PaccMoTpuM BHavasie MOMEHT BO3HUKHOBeHUs K3.

ITockonbKy peyb BOET O CHMMETPUYHON Tpexda3Hol cucreMe, WIst
OLIEHKH NPOMCXOISIIINX SIBJICHUI TOCTATOYHO PACCMATPUBATD TIPOLIECC
B ofHOI (a3e.

Kak yxe ynoMuHanoch, pu K3 Tok B ayieKTpHYeCcKOil Ienu B3~
pacraer. OMHAKO MTHOBEHHOTO YBEJIUYEeHUS TOKA i, B KOPOTKO3aMK-
HyTO#f (JieBoit) yacTH uenu (CM. pHuc. 3.2) IPOU30NTH He MOXET, Tak
Kak 00OMOTKa cTaTopa UCTOYHHKA U el K3 061analor MHIyKTUBHO-
CTBIO L,.
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B HavanbHbIit MOMeHT K3 B MHIYKTUBHOM COTIPOTUBJIEHUU KOPOT-
KO3aMKHYTOH 1enu X, = oL, HaBomgurcsa DJAC caMOMHAYKINH, BHI3bI-
Balollas IOsIBJICHHE TOKA CAMOMHIYKIIMU BCTPEYHOTO HAIlpaBIEHUS,
TaK Ha3bIBaeMbIi CBOOOIHBIN alTEPUOAUYE CKUN TOK (KpUBas ).
ATEepHOIUYSCKUM 3TOT TOK HAa3bIBAE€TCA ITOTOMY, YTO HaIlpaBlIeHUE
€ro He U3MEeHIETCS ¢ TeyeHHeM BpeMeHU. CreoBaTeNbHO, ¢ MOMEHTA
Bo3HUKHOBeHUST K3 monHbBI i Tok K3 i, MOXHO IIpEACTaBUTH B BUJIE
CYMMBI IBYX COCTaBJISIIONINX:

i, — cBObOKHOM AT e p MO I M U € C K 0 I cocTapysomei Toka K3, obyc-
JIOBJIEHHOM 3a11acoM SHEPTUX MardUTHOTO TIOJISI B MHIYKTUBHOCTH L,;

Iy — BBIHYXIEHHOM e p O LU Y e C K O if cocTapistioneii Toka K3,
00YCIIOBICHHOM AEHCTBUEM HAIPAKEHHUS UCTOYHUKA.

B pesynbraTe B3aMMHOTO IeHCTBIS 9THX ABYX COCTABILTIONIMX TIOTHBII
TOK B LIETTA B HadaIbHbII MOMeHT K3 (= 0) ocraercsi paBHHIM MTHOBEH-
HOMY 3HAYEHHIO TOKA HArpy304HOTO PEXWMa i,q. TakiM obpazoM,

Ia0F Ing= o> 3.1

Iae i,y — HavajJbHOE 3HAYeHHE allepUOANYECKON COCTABIIONIENA TOKA
K3; i,y — HayanpHOE 3HAYEHHE NEePUOAMIECKOM COCTABIAIONICH TOKa
K3; i,,) — MrHOBeHHOE 3HaYeHME TOKA HArpY3KH B MOMEHT BO3HUKHO-
Berud K3 (£=0).

Ha ocxopanuu dopmyns (3.1) nnst MoMeHTa BpeMeHH =0

ja0= iHO - inO- (32)

TIpencrapngdior onpeaeieHHbIH HHTEPEC YCIOBUSI BO3HUKHOBECHUS
MaKCHMAJIBHO BO3MOXHBIX 3HaYeHUI TONTHOro Toka K3 1 ero anepu-
onuyeckoi cocrapnsgiouieid. U3 dopmynsr (3.2) BUAHO, YTO HaYalb-
HOe 3HAUYCHHE amnepUOANYECKOrO TOKA B CETSIX ¢ MHAYKTMBHOW Ha-
Ipy3Ko# (X, >> r; Ox=90°) OymeT MaKCHUMAaJIbHBIM B TOM CJIy4ae, eciiy
HaTpspKeHME B MOMEHT BO3HMKHOBeHUsI K3 nmpoxonut yepes Hyab (ba-
30BBIi VIO HaNpsSDKEHU UCTOYHMKA B MOMeHT f=0 o = 0), ToK B Le-
MM Harpy3kKu OTCYTCTBYET (i,o=0) M mepuomuyeckas COCTaBISIOLIAs
uMeeT Haubonblee 3HAYCHUE Ipg= I, max, TOTIA

I30 max = =1 max- (33)

Kpupas nsMeHneHust nomHoro Toka K3 npu ycI0BHA MaKCHMMAaIbHO-
ro 3HAYEHHUS arepHoIUYECKO COCTABIIONIEH TTOKa3aHa Ha puc. 3.3, a
(30€Ch lzo= I max)-

IIpocnenuM, Kak U3MEHSIOTCS allepUOIMYECKast M TepHOaIuIeCcKast
COCTaBIsAIONINe B TeueHUe npouecca K3.

ATieproanyeckasi COCTap/AoOIIasA, BO3HHUKIIAS 3a CYET 3araca SHep-
TUH B UHAYKTUBHOCTU L, 1iermu K3, OyaeT 3aTyxarb M0 DKCIOHEHLH-
aTEHOMY 3aKOHY:

iy, =hoe /T, (3.9)

rae 7, — nocTosiHHAs BpeMeHM 3aTyxaHuda uenu K3, c, paBHas
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7=t o X (3.5)

»
1 wr

rae L ry, X, — COOTBETCTBEHHO MHIYKTHBHOCTb, aKTUBHOE COIPO-
TUBJIEHUE W WHAYKTUBHOE CONpOTHBRIEcHHUe 1ienu K3; w = 2nf — yrio-
Basl yacToTa.

brIcTpoTa 3aTyxaHUS anepUOAMYECKON cocTaBsAoIneil Toka K3 3a-
BHCHUT OT COOTHOIIEHUS MEXIY aKTMBHBIM U WHAYKTUBHEIM COIIPO-
TUBIeHMAMH 1iend K3: yeM Gosbliic aKTHBHOE COTIPOTMBIICHME HEITH
K3, TeM 3aTyxaHue MpPOUCXOAUT MHTCHCHBHEE.

CkaszaHHO¢ BHillIE OTHOCHTEIPHO HavyaJapHBIX 3HayeHui Toka K3 u
3aTyXaHMs alepHOTHUUECKOM COCTaBIIAIOIIECH JCHCTBUTENBHO IS BCEX
Tpex cnydaeB K3, nmpuBeneHHBIX Ha puc. 3.3.

OnHako nepuoanyeckas coctapisionias Toka K3 usMeHseTcs mo-
pa3HOMY B 3aBUCHUMOCTH OT MCTOYHHMKA TTMTAHUS.

3HavyeHMe MEPUOANYCCKON COCTARIAIONIEH UTT HAYATEHOTO MOMEHTA
K3 (#=0) 3apucuT OT HanmpPsSKeHUA UCTOYHHKA IMUTAHUSA (SHEPTOCH-
CTEMBI) U MoJiHOTO compoTusieHus uenu K3. Ilepuoauyeckas co-
crapigolas Toka K3 naMeHsAeTCa BO BpeMEHHU IO MEPHOAUIECKOMY
3aKOHY € YacTOTOM, paBHOI YacTOTe HaIpsKEHHUS MCTOYHMKA (9Hep-
rocucteMbl). B mo6oit MOMEHT BpeMeHHU ¢ oT Hayana K3 MrauoBeHHOC
3HAYEHUE €€ OTpEACsIeTCA 10 YPAaBHEHUIO:

In, =—[~]Z"ﬂsin(wt+oa—(px)= I max SID(OF + 0L — @, ), 3.6)
K

rae Uy, — aMIDIMTYyAHOE 3HAYeHME (hpa3HOTO HAMpSDKEHMST HCTOYHUKA;
Z, — TIONHOE coNpoTUBiecHKe tien K3; oo — (a3oBbiit yron HanpspKeHUs
HMCTOYHMKA B MOMEHT ¢ =0; ¢, — yroi casura Toka B Henu K3 oTHOCH-
TEJIBHO HANPSDKEHMS UCTOYHUKA TO e ¢ha3bl (ONMpeaesieTcs] COOTHO-
IICHUECM aKTUBHBIX U MHAYKTUBHBIX conpoTubiacHUH tierd K3); 1o —
aMIUTUTYTHOE 3HAYEHUE IEPUOTUUECKON COCTaRIAIONIei Toka K3,

Tak Xak B TaHHOM CiIyyae MBI paccMarpuBaeM K3 B 1emu, mmura-
IOLIEHCS OT IUH HEPTOCUCTEMBI HEUBMCHHOTO HAMPSIXCHUS, TO HE-
U3MEHHOCTb HANIPSKEHUS UCTOYHMKA OITPEACIIAEeT U MOCTOSHCTBO aM-~
TJIMTYIb] BRIHYXIEHHOM (IIepUOMuecKoif) cocTaBisolleil Toka K3
B TeUeHME Bcero mpouecca K3.

JmutenpHoCTh nepexomHoro npoiecca K3 npy nutaHuM Lielu OT
HIAH MOIITHOTO SHEPreTHYCCKOTO HCTOUHUKA OMpPeIesIeTCs M Ha-
JIMYUEM areproaudeckoit cocrasismonieit Toka K3. C saryxanuem 3to-
ro TOKa HacTyMaeT yCTaHOBUBILUICS pexxuM K3, Korma B 1ienu mpore-
KaeT TOK YCTaHOBUBLIErocs pexuma I.. Bee anekTpuueckue armapa-
ThI, YCTAHOBJICHHBIC B 1IeITH, e mpou3onuto K3, HaxomsiTcs moa Bo3-
OercTBUEM hoaHozo moka K3 i,, paBHOTO CyMMe TIEPHOJUYECKOIl U
aTiepUOAMYECKON COCTABISIIONIMX B JTAHHBIIT MOMEHT BpEMEHU.

AHamu3upys KpuByio Toka K3 (cM. puc. 3.3, @), BUINM, YTO npuU-
MmepHo wepes noanepuoda (t= 0,01 ¢) nocre navana K3 menogentoe 3uaue-
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Hue noanoeo moka K3 docmuzaem maxcumanvHoeo 3HaueHus, Komopoe
Hazwieaiom yoapuoim mokom K3 u obosznauaiom iy, (mok, npoussodsuyuil
Haubobuiee MexaHuveckoe gozdelicmeue na 3neKkmpoobopydoeanue U an-
napamot, Haxodsuuecs 6 yenu K3).

CornacHo puc. 3.3, a ydapuotii mox onpedensiemcs Kak cymma nepu-
oduyeckoil u anepuoduueckoii cocmaeasoujux moka K3 oaa momenma
epemenu t= 0,01 c.

IIpu omnpeaeneHUN YAAPHOTO TOKA YCJIOBHO CYUTAIOT, UTO K 3TOMY
BpEMEHM ITEPUOIUYECKAs] COCTABISAIONIAs ToKa K3 He mpeTepIieBaeT
CYLUECTBEHHBIX U3MECHEHUI M paBHA, KaK ¥ B HAYAJIbHBIH MOMEHT K3,
I max- YUNTBIBAETCS JIHID 3aTYXaHUE AITEPUOTUIECKOI COCTABISIONIECH,
MaKCHUMaJIBHOE HauaJIbHOE 3HAUEHME KOTOPOH TAKKE IPUHMUMAETCA paB-
HBIM I v

Ha ocHOBaHMH NPHHATHIX JOMYIICHUH YIapHBIN TOK OIPEACISIOT
KakK

iyx = In max T I 1=0,01 = ]n max T ]n maxe-o’m/T =
= I max (1 +e 00/ h ) 3.7)
NIn
ign= Kyn Ly mas (3.8)

tie ky, — YIapHbI KO3(GOUIMEHT, 3aBUCALIMIA OT IIOCTOSTHHOM Bpe-
MEHU 3aTyxaHus uenu K3

ky =1+e00/T (3.9)

YYUTHIBasl COOTHOILUEHUE MEXAY aMIUIUTYIHBIM (MaKCHUMAJIbHBIM)
Lo W NEACTBYIOIIMM [y 3HAYEHUSIMU TTEPUOINIECCKOM COCTaBISIO-
et Toka K3

L =21, (3.10)

NOJTyYaeM OKOHYATEJIbHYI0 HOPMYITY JULS OTIPe/ie/IeHHsT BETMYUHBL yaap-
Horo Toka K3, ucnonbs3yeMyio B IPpaKTHYECKUX pacyeTax:

ign =2 ok (3.11)

Utak, nepexodusiii npoyecc 6 caywae numaHus om WuH 3nepeocucme-
Mbl HEUSMEHHO20 HANDPANCeHUs 3a8epUIaemcs NOcAe 3amyxXaHus anepu-
oduyeckoli cocmasasioueii moxka K3, u danee noansii mox K3 pasen ezo
nepuoduueckoli cocmaesanuwell, HeusMeHHol no amnaumyde.

ITpu aToM meiicTByIOlMEe 3HAYEHUS TOKA JJI1 IIPOU3BOALHOTO MO-
McHTa K3 f paBHBI:

MEPVIOANIECKOM COCTABISIONIEH

]l'[ mq
I, =1, = \/5‘”‘ = const; (3.12)
arrepuOAMUIECKOM COCTaBISIONIEi
fyr= i3 (3.13)

90



noaoro Toka K3

I, =12, +i2,. (3.14)

Tpexdasnoe K3 B nenu, nurarwiieica oT reieparopa orpaHHIeHHOH
momuocTH 6e3 APB (puc. 3.3, 6, 3.4)

B oanuue ot npenpIayiiero B JaHHOM clTydyae paccMaTrpuBaeTcsa K3
HETIOCPEICTBEHHO Ha BRIBOIAX reHeparopa. KopoTkoe 3aMbIKaHUE Tpea-
TrofiaraeTcs B MoMeHT, korna B3J1C reHepaTtopa paBHa Hyio. Kak u pa-
Hee, NMPUHSATO, YTO.X,>> ¥, (MHIYKTUBHOE COMPOTUBICHUE KOPOTKO-
3aMKHYTOM LETTH IPeo0AaIacT Hall € aKTUBHBIM COIIPOTHBIICHUEM).

Ha puc. 3.3, 6 mpuBeieHbI KpHBble U3MEHEHUS TOKA NMPU Tpexdas-
HoMm K3 B oxHoit hase 1emu, nMTaeMoi OT reHepaTopa IpH OTKITI0-
yeHHOM ycTpoiictBe APB. MomMeHT BosHuKHOBeHUST K3 (£=0) coort-
BETCTBYET CJIyYalo, KOTZa allepHoAUYecKas cocTamisgoas Toka K3 u
MonHBIH Tok K3 HOCTUraloT MaKCUMAaJIbHOTO 3HAYEHUS (iyo= —I;ma,)-

Taxk Kak MBI paccMaTrpuBaeM K3 Ha BEIBOAX reHepaTopa IMpy OTKITO-
yeHHOM APB, To TOK BG30OYXKIEHHUA ir M CBA3AHHBIA ¢ HUM MarHUTHbIH
1oTOK Bo30Oyknenua @y B npouecce K3 0CTAIOTCA HEU3MEHHBIMU.

Ornupasich Ha 3HaHUS, TIOMYYECHHBIC TIPU U3YYEHUU TTpOIIECCa BHE-
3antHoro K3 CHHXpOHHOrO reHepaTopa B Kypce «BIIeKTpudecKue Ma-
INUHBL U TpaHc(OPMAaTOPEI» , BCITOMHMM OCHOBHBIE ITPUYMHBI, 00y-
CJIOBIMBAIONINE M3MEHEHHE BO BPEMEHU OTIAECNBHBIX COCTABIAIOIIUX,
a cJemoBaTeIbHO, W MOHOro Toka K3.

Bce, 4To OBUIO CKa3aHO paHee B OTHOIICHWH MPHYMHBL BOSHUKHO-
BEHMS, XapaKTepa 3aTyXaHMsl M YCJIOBWIA, OINPEIENSIOIINX BEAMYUHY
ariepuoanyeckoit cocrapisomeit Toxka K3, ocraeTcs CIpaBeUiMBBIM
U U1 HacTosero ciaydasa K3.

OcnoBHOe ommMuMe paccMmarpuBaemoro K3 B Iienu, nuTarouieiics
ot reHeparopa 6e3 APB, ot K3 npu nmuTaHuM OT UIMH SHEPTOCUCTEMBI
HEM3MEHHOI0 HAIIPSIKEHWS 3aKITI0UaeTCs B HEMOCTOSHCTBE aMIUTATY/L
TIEPHOTNIECKON COCTaBJIAIONICH ToKa K3, ITOCTeNIeHHO U3MEHSIOIIMXCS

Puc. 3.4. Tpexdasnoe K3 B cuMMeTpUYHOI LeNH, IIMTAEMON OT CHHXPOHHOTO
reHeparopa
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OT HauOOJBIIEero 3HaYEHUS I . 10 HAUMEHBIIIETO YCTAHOBUBIIETOCS
3HaueHUs1 27_. DTO yMeHbIIEHHe aMIUIUTY, a CJe0BaTeNbHO, M
JIEMCTBYIONINX 3HAYEHUI TTepUOAWIECKON cocTapstoineid Toka K3, BbI-
3pIBaeTcsl yMeHbllleHHeM B Iipouecce K3 BJ]C reHepaTopa BCaeACTBUE
TTOCTENEHHOTO YBEJUYEHHUS pPa3MarHUYMBAKOIIETO AEHCTBUS peaKIuU
cTaropa, T.€. YMeHbBIIEHHUS pe3yJNBTUPYIOLIET0 MarHUTHOTO TIOTOKA B
BO3AYIIHOM 3a30pe T'eHepaTopa. MarHUTHEIE TTOTOKY reHepaTopa IpHu
TpexdazHoM K3 mokazaHsl Ha puc. 3.5.

B MoMenT Bo3uukHOBeHHSA K3 (7= () B 06MOTKe CTaTOpa reHeparopa
TOK Bo3pacTtaeT. PaccMaTpuBaeMass HAMHU B HACTOSIIIIMI MOMEHT IepHO-
Jimyeckast coctapistioras Toka K3 i orcraer ot BJ1C reHepaTtopa 1o daze
HAa yroJ ¢~ 90° ¥ co3naeT MarHUTHBIA TTOTOK cTatopa D, (cM. puc. 3.5, a),
HaIpaBJIEHHBIA BCTPEYHO TOTOKY BO30yxneHus O reHeparopa, KaKk Mar-
HUTHBIA TTOTOK peaklIMU CTaTopa Mo MpoaonasHoi ocn. Ho Tak kak 06-
MOTKa BO30yXXIeHMs TeHepaTopa o0sagaeT HHIYKTUBHOCTBIO, TO CUEIT-
JIEHHBIH ¢ Hel OTOK Py He MOXET MTHOBEHHO U3MEHUTBCS. DTO MOXET
OBITh TOJIBKO B TOM CJIy4ae, ecJii B 0OMOTKE BO30OY:KIEHUS B TIEPBHI Xe
MoMeHT K3 BO3HHKHET 100aBOUHBIM, TAK HA3BIBAEMbIM CBOOOIHHII are-
PUOIWYECKUIA TOK icg, HATIPABIEHHBIA TaK Xe, KaK M TOK BO3OYXICHUS iy
TeHepaTopa, ¥ CO3JAIOIIMi J0OaBOUHBIH CBOOOIHEIA moTOK D, pas-
HBII 10 BETMUMHE M TIPOTUBOIIONOXHBIN IO HAMPABIECHUIO MPOIOILEHO-
My MarHMTHOMY TIOTOKY craropa (P, =-D.,). B ciwty 3T0ro cBoGOMHEII
MATHUTHEIHA MOTOK P, BEITECHSET MOTOK cratopa D, Ha MyTH paccessHUs
POTOPHOH OGMOTKHM, B pe3yJbTaTe Yero MArHUTHBIA TIOTOK, CUEIUIEH-
HBII ¢ OOMOTKOH BO30YXKICHUS, OCTaeTCsI HeM3MEeHHBIM. ClienoBaTeshb-
Ho, U BIC reHeparopa B HayalbHbI MOMeHT K3 (f=0) He MeHseTcs
CKayKoM U ocTaetcs pasHoi D C npeaiiecTBYIONIEro pexmnma.

CB0GOMHBIE TOKU HABOISITCA TAKKE B YCITOKOUTENBHEIX OOMOTKAX
(ec)TM TaKOBEIE MMEIOTCSI B TeHEpATOpe) M B ero CTATbHOM Macce. OHM
TOXE CO3Ia0T N106aBOYHBIE CBOGOMHBIE MATHUTHBIE TTIOTOKH, HAITpaB-
JIEHHBIE TIPOTUB TIOTOKA CTATOpa M BBITECHSIOIIUE €r0 COBMECTHO C
@_,, CO3MaHHBIM CBOOOIHBIMH TOKAMH B OGMOTKE BO30OYXKICHHS.

ir ir
P -
+ B — + 5
s = Portop Potop
o S
T o Vo - ®
¢ 4 K® O 4 K®
=3
Crarop <= Crarop é::
Dcr
a 7

Puc. 3.5. MarHuTHBIe TOTOKU reHepartopa mpu Tpexdaznom K3:
a — B MOMeHT 1=0; 6 — B yCTAHOBHBLIEMCS PEXHMe

92



Tak kak 06MOTKa BO36YKIEHUS, YCIIOKOUTEIbHbIE OOMOTKY U CTAITh-
Has Macca poTopa 00JIaialoT aKTUBHBIM COIIPOTUBIEHUEM, TO HaBEeIeH-
HblE B HUX B HadalbHbI MOMEHT K3 cBOGOmHBIE (ameprHomnyecKue)
TOKH 3aTYXaloT 10 3KCIIOHEHITMATBHOMY 3aKOHY. ClieioBaTeIbHO, YMeHb-
LIAIOTCS ¥ CO3MAaHHBIE UMU CBOOOIHBIE MATHUTHBIE TIOTOKH. B pesynbra-
TE€ 3TOTO MarHUTHBIH ITOTOK cTtaTopa P IOCTEIIEHHO ITPOHUKAET B KOH-
TYPHI POTOPHBIX OOMOTOK, Pe3YJALTUPYIOIINIT MATHUTHEINA TTIOTOK B BO3-
JIYIITHOM 3a30D€ MAIIIMHBI YMEHBILIAETCSI, YTO BIIEYET 3a c000i yMEHb-
meHue BJIC reHepaTopa U YMEHBIICHUE aMIUIMTYIAbI ITEPUOTUYECKOM
cocrasgionieit i, Toka K3. Ilocie 3aTyxaHusi CBOGOIHBIX TOKOB B 06-
MOTKE BO30YXIEHHUSI U B YCIIOKOUTEJILHBIX OOMOTKAax IpeKpalaercs
n3MeHeHue SJIC reHepaTopa U aMIUTUTYALI IIEPHOINYSCKON COCTaBIs-
foteit Toka K3 — HacTymaeT ycraHoBUBIIMIACS pexxuM K3.

TakuM 06pa3oM, daumensHocms nepexodnozo npoyecca K3 ¢ dannom
cayuae onpedeasemcs ONUMeAbHOCMbIO USMeHeHUs nepuoouteckoll cocmas-
asiowell moxa K3, komopas 6 ceoto ouepeds 3agucum om pemenu 3amy-
XaHus c60000HbIX MOK0E 6 POMOPHLIX 0OMOMKAX.

JUIs COBpeMEHHBIX TeHEPATOPOB MTPONOICKUTEILHOCTh HEPEXONHOTO
npouecca K3 cocrasnsier He 6onee 3— 5 c.

Cnemyer cKasaTb, YTO IMapaMETphbl, KOTOPBIMU XapaKTEPU3YIOT Te-
Heparop B MoMeHT K3 (7= 0), Ha3bIBAIOT c8epxnepexooHbiMu.

K HUM oTHOcHTCS:

CBEPXIIEPEXOTHOE COIPOTUBICHUE IeHepaTopa I0 IPOMOJILHOM
OCH X7 ;

ceepxnepexoqtass DJC, peicTByroliee ¢GasHOe 3HAYCHHUE KOTO-
poit oGo3Havator Ky .

HayanbHbic 3HAYeHHUs IEPUOANYECKOI cocTaBigmwolieit Toka K3
0003HaYaloT:

I max — aMIUIATYQ;

Iy — nefictByiouiee 3HaUYeHUE 3a nepBbiid mepuon K3.

J1g CMHYCOMIAJIBHOTO TOKA

I 0 = I n max
W = /=2,
2
Bemmunna Toka Iy onpeneasercs Kak
E"I El
o o
Iog=—"—=—", (3.15)
Xg+Xq  Xpes
IIE X, — PE3YIbTHpPYIOLIee CONpoTuBiIeHue tenu K3 npu ycaosum,
UTO Xpey >> Fes
CsepxriepexonHas SJIC reHepaTopa OINpeAcseTcs 1Mo YCIOBUIO

Ejy = U + Igxi sin gg)* + (ki cos g)?, (3.16)

re Uy — COOTBETCTBEHHO (ha3HOE HAIPSIKEHHE W TOK CTaTopa
reHepa opa npenurecTsyioiiieM K3 pexume; @ — yroi CABUIa Mex-
Iy BEKTOPaMM TOKa M HAIPSDKEHUS B TOM XE PeXUME.
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ITocne 3aTyXaHUusd CBOOOTHBIX MATHUTHBIX ITOTOKOB NEpHOTHYECCKASL
cocrasisoas Toka K3 YMCHBHIACTCA U OIIPEACTISACTCS IO YCIIOBHUIO

Ed)f _ Ed)’
Xg+Xe Xpes

rae Ey, — neiictByroniee sHaveHue dasHoir D1C B MOMEHT BpEMEHH L.
YmapHBIIT TOK omnpenmenseTcs, KaKk M B INPEIAbIAyIeM ciaydae, Io
dopmyne (3.11):

Iy = ; (3.17)

iyﬂ = \[ilnokyn

Tpexdasnoe K3 B nenn, naTaonieics 0T reHepaTopa orpaHndeHHO
momHocTH ¢ APB (puc. 3.3, 6)

Bce renepaTophl, paboTaloliye Ha 3JI€KTPOCTAHIINAX, CHAOXAl0TCS
YCTPOMCTBAMH IS aBTOMATHMYECKOTO PETYIMpPOBaHUS BO30YXICHUS
(APB), KoTopble NpeaHa3HayYeHb! IS MOMIePXXaHUs 3aJaHHOTO YPOB-
HS HalpsKeHWs Ha BEIBOIAX OOMOTKH CTaropa reHeparopa IyTeM aB-
TOMAaTHYECKOTO H3MEHEHHUs X TOKA BO30OYXICHHUS IPH BCEX OTKJIOHE-
HHUSAX KOHTPOJIHPYEMOTO HAIIPSKEHUS OT 3aTaHHOTO YPOBHS.

PaccMoTpuM, Kak OymeT nmpoTtekaTs mpolecc K3 Ha BrIBOmax reHe-
paTopa 1npu BKJIIo4yeHHOM APB.

IIpu K3 HanpsokeHMe Ha 3aXXUMax TeHepaTopa YMEHBIIIAeTCsl M aBTO-
MaTHUECKMI peTyJIsSITOp YBEIMIUBAeT TOK Bo30yxmeHusT. Ho Tak Kak Bce
ycrporiictBa APB 061a1al0T HEKOTOPHIM COOCTBEHHBIM BpEMEHEM ICii-
CTBUSI U 3HAUYMTEIbHAS MHOYKTUBHOCTb OOMOTKU pOTOpa 3alepXXUBAET
yBEeJTMUEHHE TOKA BO30YyxaeHUs, aelictBue APB HauuHaeT NposIBIISThCS
He cpa3y, a ¢ HeGonbIIuM 3amo3naHueM (depe3 0,08 —0,3 ¢ mocne BO3-
HUKHOBeHUsT K3). DTUM 00bsicHsIeTCs TOT (akT, yTo APB He BIMsIoT Ha
BemmuuHy Toka K3 B neprie nepronsl K3. HauanbHbie 3HaYEHUS IEPUO-
IITIEeCKOI U allepHOIUIecKOi cocTapistonnx Toka K3, nporecc 3aryxa-
HHSI arlepUOIUIEeCKONM COCTARIISIIONIEH, YIAPHBIM TOK OCTAIOTCS TAaKMMK
Ke, KaK U B pacCMOTPEHHOM cityyae paboThl reHepatopa 6e3 APB.

I'myOuHa cHIKeHUS HaNpsDKeHUsI Ha BbIBOJAX TeHeparopa npu K3
3aBHCHUT OT SJICKTPHYECKON YIAJICHHOCTH MECTa MoBpeXneHus. Cremo-
BaTeJIbHO, OT Hee e 3aBUCUT U peakiuus cucteMbl APB, u xapakrep
M3MEHEHHS IEPHOIUYECKOM cocTaBasonieil Toka K3 mocie neicTBus
APB. Ilpu K3, oyeHp 6MM3KOM OT TeHepaTopa (x, Majo), ocne meii-
ctBusl APB meprognyeckas cocrapnsgionias Toka K3 yBennunBaeTcsi,
HO HE3HAUYMUTENILHO, 32 CUET YErO B YCTAHOBUBIIEMCs pexxume I.< I.
IIpu 66aB1IEM 3HAUEHUU X, oTHouteHue I./I, Bo3pacraer. Ilpu yna-
neHHocTH K3, Korma COnpOTUBIEHUE X, MIPEBHILIAET CONPOTUBICHUE
reHeparopa B 4 — 6 pa3, TOK YCTAHOBUBIIETOCS pexXUMa I, MOXET CTaTh
paBHBIM U Iaxe 66mpuM Toka Iy (1.2 1),

IIpu manpHeteit ynameHHoctd Mecta K3 oT ncrouHuka Tok K3
YMEHBIIAETCI U B MEHBIIEH cTeneHUu BAUSAET Ha paboTy reHeparopa,
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T.€. npyu ynaseHHBIX K3 ycrpoiictea APB reHepaTtopoB He MpUXOAAT
B ICHCTBUE U HE YBEJIMYUBAIOT TOK MX BO3OYXIEHUS, MTO3TOMY IpH
ynasgeHHbIX K3 HanpskeHHe Ha BHIBOJIAX T€HEpaTOPOB CUMTAETCS He-
W3MEHHBIM U paBHBIM HOMUHaIbHOMY. OYeBUIHO, YTO B JAHHOM CITy-
yae xapakTep U3MeHeHHMs1 ToKa B ey K3 Oymer TakuM Xe, KaK U Mpu
nuTaHuu K3 OT IIMH 3HEPrOCUCTEMBI HEM3MEHHOTO HAIIPSKEHUS.

3.4. Metoapl pacueTa ToKa Tpex(da3HOro KOPOTKOro
3aMbIKAHHSA

3.4.1. Ha3nayeHue H NOPSAIOK BHLUIOIHEHHA PACYETOB

Pacyerh ToxkoB K3 HeOOXOTUMET:

JIJISI COMMOCTaBIEHUSI, OLIEHKU U BRIOOPA TJIABHBIX CXEM DJIEKTPHYEC-
KHMX CTaHLUHI, ceTeil U MOACTaHLUIT;

BBIOOpA M NPOBEPKHM 3JIEKTPUYECKHMX aIlapaToB U IMPOBOIHUKOB,;

MPOEKTUPOBAHUSI U HACTPOUKM YCTPOUCTB pejieiiHOU 3aIllMThl U
aBTOMAaTHKU;

oIpeeNieHUs] BIUSHUSI TOKOB HYJIEBOHM MOCJIEAOBATEILHOCTH JIH-
HUH 3JIeKTpoIepeayd Ha TUHUM CBSI3U;

MPOEKTUPOBAHUS 3a3eMJISIIOIINX YCTPOICTB;

aHa/IM3a aBapuil B 3JIEKTPOYCTAHOBKAX U 3JIEKTPUYECKHX CUCTEMAX;

OLIEHKY JONMYCTUMOCTH U pa3paboOTKU METOIUKHU NPOBEISHUS pa3-
JIMYHBIX UCTIBITAHUH B 3JIEKTPUYECKMX CHUCTEMAX;

aHaIM3a YyCTOMYUBOCTH pabOThl BHEPTrOCHUCTEM.

B Hacrosileit KHUTe paccMaTpUBaIOTCSI METOIBI pacyeta TOKOB K3
B 3JICKTPOYCTAHOBKAaX MepeMEeHHOT0 TOKa HaIlpsKeHHeM cBhlme 1 kB,
HeoOXoaUMBIe JJISI BEIOOpA U IMPOBEPKM JIEKTPUUYECKUX alllapaToB U
MPOBOIHUKOB, IPUMEHSIEMBIX Ha 3JICKTPUYECKUX CTAHIIUAX U [TOACTAH-
LIMAX, a TAKXE BRIOOpA YCTABOK M MPOBEPKU YYBCTBUTEIBHOCTH YCT-
POMCTB peJieliHOM 3allUTHl U aBTOMATUKU, ISl BLIOOpA 3a3eMJISIIOIIIX
YCTPOMCTB.

PacueT TokoB K3 B KpyImHO# 3/IeKTpHUYeCKOit CUCTEME — TOCTaTOY-
HO CJIOXHAs 3a1a4ya, TpeOylolas A1 CTPOTOro pelleHus MpuMeHEeHUs
DBM BBICOKOTO KJ1acca.

BuMecTte ¢ TeM s peliieHrs OONBIIMHCTBA 33/1a4, BCTPEYAIOLIUXCs Ha
NPaKTUKE, MMPUHUMAIOT PSI AOMYIIEHWH, KOTOphle 3HAYUTEIBHO YIIPO-
LIAXOT Pacy€Thl, HE BHOCS IMPU 3TOM CYILIECTBEHHBIX ITOTPEIIHOCTEMH.

B coorserctBum ¢ [3.1, m. 1.1; 3.3, . 5.1] npu pacuerax TokoB K3
JIOIMTYCKAETCS HE YYUTHIBATH:

casur mo ¢daze BJC m U3MEHEHHE YaCTOTHI BpallleHWs pOTOPOB
CUHXPOHHBIX T€HEPAaTOPOB, KOMIICHCATOPOB W 3JIEKTPOABHUTATENEH,
ecJiy TipoaomxuTenbHoCcTh K3 He npeseiiaet 0,5 ¢;

TOK HAMarHMYUBAaHUSI CWIOBBIX TpaHCHOPMATOPOB M aBTOTpaHChOp-
MaTOpOB;
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HACBILIEHHE MarHUTHBIX CUCTEM 3JEKTPUUECKUX MAIIIUH,

TIOTIEPEYHYIO EMKOCTE BO3AYIIHBIX TMHHH 2JIEKTpOIiepe1auy Harpsi-
xeHneM 110—220 xB, ecian nx minHa He npesBbilnaet 200 KM, ¥ Ha-
npsoxkeHreM 330— 500 kB, ecan ux mmHa He mipeBbinaet 150 kM;

IIPH pacyeTe IMepHOANYECKON cocTapmsomiei Toka K3 — akTUBHEIE
COIIPOTUBIICHMS MIEMEHTOB JIEKTPOIHEPTETHUECKOMH CUCTEMBI, B YaCT-
HOCTH BO3IYITHBIX M KaOGeJBHBIX JTUHUM 3MEKTpOIepeNadn, €CIN pe-
3YJABTHPYIOIIEE SKBUBAIIEHTHOE aKTMBHOE COTIPOTURIIEHUE OTHOCHUTEITh-
Ho Touku K3 He npeBriaet 30 % pe3yabTHPYIOIIETO SKBUBUICHTHOTO
MHIYKTHUBHOTO CONPOTUBJIcHHs. ONHAKO aKTUBHOE COIPOTHBIICHUE He-
00X0IMMO YYMTBIBATH IIPH ONPEACIEHUM MOCTOSTHHOI BpEMEHHU 3aTy-
XaHMS allepHOIMUYeCKOM cocTaBiswleii Toka K3 7.

YKa3aHHBIE TOMYIUEHUS IIPHUBOJSAT K HEKOTOPOMY YBEMMUECHUIO TO-
koB K3 (morpeiiHocTh pacyeToB He mpeBbliiaet 5— 10 %, uto mormyc-
THMO B COOTBETCTBUH C TpebGoBaHUAMM [3.11).

Pacuer TokoB TpexdasHoro K3 BEIIOIHSIETCS B CEAYIOUIEM MOPSIIKE.

1. CocTaBnsercs pacyeTHas CXeMa pacCMaTpUBaEMOl 3JIEKTPOyCTa-
HOBKH, HAMEYAIOTCS pacyeTHbIe TOUuku K3.

2. Ha ocHOBaHHMH pacyeTHO#M CXEMBI COCTABNACTCS SKBUBATIEHTHAS
CXeMa 3aMellleHHs, BCe COIPOTUBICHHUS Ha Hell HyMepyloTCs.

3. OnpenensaioTcst BEIMYMHBI COIIPOTUBICHNIM BCEX IJIEMEHTOB CXe-
MBI 3aMEILIEHNS B OTHOCHUTEIBHBIX WIM MMEHOBAaHHBIX €TUHULIAX U YKa-
3BIBAIOTCSL HA CXeMe 3aMellleHHsT; 0003HAYaAIOTCs pacyeTHEIe TOUYKK K3.

4. [IyreM IOCTENEHHOro Npeobpa3oBaHMsI OTHOCUTENBHO pacyeT-
HO#t Touku K3 mpuBOAST cxeMy 3aMellleHHMsI K Hanbojiee MpoCTOMY
BHMIY, YTOOBI KaXIHIM MCTOYHMK ITUTAHUS MJIH IPYIIa HCTOUHHKOB,
XapaKTepHU3YIOIIAsaCs ONpeAeSICHHEIMHM 3HAUYCHUSIMU SKBHBATIEHTHOM
SIC E;, u ynapHoro xoahduiumenTa Ky,, ObIIM CBA3aHBI C TOYKOMN
K3 ogHuM pe3yabTHPYIONINM COITPOTUBICHUEM.

5. OnpenensioT no 3akoHy OMa HayaJIbHOE ICHCTBYIOIIEE 3HAYECHHE
nepuoanyeckoit coctapindwoweii Toka K3 I, a 3aTeM ymapHBIH Tox
Iy, TIEPUOMIMYECKYIO U aNEPUOANYECKYIO COCTaBNsIowme Toka K3 mns
3aJaHHOTO MOMeEHTA BpeMeHH ¢ (1, i,,).

Hitxe paccMaTpUBarOTCS STAITBI BLITOJHEHHS PACYETOB TOKOB TPeX-
dasnoro K3 ¢ ucrronp3opanueM tpeboBanmii [3.1] 1 pekoMeHTaLMA
(3.3].

3.4.2. PacueTnas cxeMma 3JI€KTPOYCTAHOBKH

ITon pacueTHOIT CXeMOI 3ACKTPOYCTAHOBKH ITOHUMAIOT YIIPOUICH-
HYIO OJHOJMHEHHYIO CXeMY YCTAHOBKM C YKa3aHWEM BCEX JIEMEHTOB
M UX MapaMeTPOB, KOTOpHEe BAMSIOT Ha TOK K3 U mosToMy IHOJKHBI
OBITH YUTCHH! MPU BBIMTOJIHEHUM PACYETOB.

IpruMep pacueTHOI cxeMpl IPUBEIEH Ha puC. 3.6.

Ha pacueTHO#1 cxeMe WM B MPIWIOXEHNH K HEH YKa3bIBAIOTCST HO-
MWH&JIbHBIE MMapaMeTpH (HapsDKeHMsI, MOUTHOCTH, COIPOTUBJIEHUS
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TPIH-63000/220
wi |w2 Iy = 100 XM Ueu-nn=11,5%
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Xydpoucrcy =0,23

Puc. 3.6. PacueTHas cxeMa 3JeKTPOYCTAHOBKH

M T.J.) BCeX 3JIEMeHTOB (CHCTEM, reHepaTopoB, TpaHCGHOPMATOPOB,
JIUHUHI 3/IeKTponiepeNay, PEaKTOPOB), CONPOTUBIEHUS KOTOPHIX YUH-
TBIBAIOTCS TipH pacyeTax ToKoB K3, T.e. HEOOXOMUMO yKa3aTh:

TSI SHEPrOCUCTEM ~ Som cs MB-A; Xari0r 3
JUIS TEHEPaTOPOB, CHHXPOHHBIX

KOMIIEHCATOPOB — Seone MB A} XJunons
s TpancgopmaTopoB (AT) — Syour>» MB-A; u,, %;
IUIs TAHKUA JNeKTponepenadyn  ~— [y, KM; X,;, OM/KM;

DI PEaKTOPOB — XyomLrs OM.

le/lMel{aHl/le. Unneke * (3863}10‘{Ka) YKa3bIBa€T, YTO BCAMYHMHA BBIPAXCHA B
OTHOCHUTENBHBIX ¢OWMHULUAX, UHIAEKC «HOM» — YTO OHA OTHECCHA K HOMMHANBHBIM
napaMerpaM JanHOTO 3JIEMCHTA.

HomutanbHbIe TIapaMeTphl 6EPYTCSl U3 KATAJIOXKHBIX JAHHBIX DJIEK-
TpOOOOPYIOBAHUS, CPEIHNE 3HAYCHUA YICIBHBIX CONPOTUBIICHU JIK-
HU 37IEKTPOIEPENAYH X,; MOXKHO B3STh U3 Tab. 3.1.

Ha c6opHBIX IIIMHAX pacYEeTHON CXEMBI 3JIEKTPOYCTaHOBKH yKa-
3HIBAIOT BEJIMYMHBI cpednux nanpaxcerui U, KB, corjacHo mKane:
770; 515; 340; 230; 154; 115; 37; 24, 20; 18; 15,75; 13,8; 10,5; 6,3;
3,15.

TTpuHAB 1S KAXAOH CTYHEHHU CpelHee HalpsSKeHNE, CYUTAIOT, YTO
HOMMHATBHEIE HAMPSKCHUS BCEX 3JEMEHTOB, BXJIIOYEHHBIX HA HaH-
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Tabauua 3.1

Cpennne 3HAYEHHS YIENbHBLIX HHAYKTHBHBIX COTIPOTHBJICHHH JIMHHIA

3JIEKTpOniepe1auH
JlviHua sneKTporiepeaaun Xyp, OM/KM

OnHollenHast Bo3AYiUHas JuHUsI, KB:

6—220 0,4

220—330 (npu pacuienyieHHU Ha IBa MPoBoAa B daze) 0,325

400—500 (rpu pacluenieHMH Ha TpU npoBoja B daze) 0,307

750 (rpu pacuierjieHHH Ha YeThIpe NMpoBoAa B ¢ase) 0,28
TpexkunbHpif Kabenn, KB:

6—10 0,08

35 0,12
OIHOXWIBHBIN MacloHaINoMHeHHbIH Kabenb 110—220 kB 0,16

HOM CTYIIEHH, PaBHRI ee CpeIHEMY HanpsikeHnto. Kpome Toro, Ha pac-
YETHOM cxeMe HeoOXOIUMO yKa3aTh (ha3Hble 3HAUEHHUST CBEPXITEPEXOI-
HbIX DJIC MCTOYHUKOB IMUTAHUS (Elg,) B PEXMME, IIPEAIHIECTBYIOEM
KOPOTKOMY 3aMBIKAHHIO.

YCI0BHO CUMTAIOT, YTO BCE CUHXPOHHbBIE MAalIMHLI padotanu no K3
C TTOJTHOH HOMUHAJILHOM Harpy3koi, Mpu HOMUHAIBHOM Ko3hduum-
€HTe MONIHOCTH ¥ HOMHUHaIbHOM HarpsskeHuHu. KpoMe Toro, Bce OHU
CHaOxeHbl ycTpoiictBaMu APB 1 dopcupoBKY BO30OYyKIEHMS.

st CHHXpOHHBIX IeHepaTOpPOB U ABUTATeiel CBepxitepexonHyio 3J1C
onpenenstor no hopmyie (3.16), I CHUHXPOHHBIX KOMIIEHCATOPOB —
1o ¢opmyiie

Elal = UIOI + IMx,'}. (318)

B dopmynax (3.16) u (3.18) 3Hak (+) OTHOCHUTCS K CHHXPOHHBIM
MalllMHaM, KOTOpkle K MOMeHTY K3 paGoTaiu B pexume rmepeBo30yx-
IeHHs, a 3HaK (-) — K paboTaBIIUM ¢ HenoBo3Oynenunem; Uy, fy —
COOTBETCTBEHHO (ha3Hble HAIpSXeHHE UM TOK CTAaTOpa CHHXPOHHOI
MalUMHBI B NpenwecTsyioleM K3 pexume; X; — CBEpXIIEpEXOXHOE
COTIPOTUBJIEHHE CUHXPOHHOM MallIMHEI.

Hns acuHXpOHHBIX apurateneit (Al)

2 2

i = (U~ fyiasinen ) +(fycia cosag)', 319

[I€ Xaq — CBEPXIEpeXOqHOe MHAYKTUBHOE comnpoTusieHue All, o.e.

IIpu IpUMEHEHUH CHUCTEMBbl OTHOCUTENBHBIX €IUHMII B (OpMyTax
(3.16), (3.18), (3.19) npuHMMaIOT UIOl =10; 110[ =10,

B Ta6:1. 3.2 npuBeneHBI CpeqHUe 3HAYEHUS CBEpXIepexomHbIx DAC

HMCTOYHUKOB IMUTAaHMUS E., KOTOPBIMM MOXKHO BOCITOJIB30BAaThCS IIPH
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TaGmuima 3.2

Cpennne 3uavenns ceepxnepexonnbix DJIC ! npH HOMHHAJIBLHBIX YCIOBHSAX

HcTounnk E, .., 0.
TypboreHepaTop MolHOCThIO, MBT:
o 100 1,08
100— 1000 1,13
I'moporeHepatop ¢ YCIOKOMTEIBHBIMA OOMOTKAMH 1,13
I'maporeHepatop 6€3 YCIIOKOUTENbHBIX OOMOTOK 1,18
CHHXPOHHBIN KOMIIEHCATOD 1,2
CUHXPOHHBIN 3JIEKTPOIBUTATENb 1,1
ACHHXPOHHBI 3JIeKTPOJBUIATE/b 0,9
DHepreTuueckas CUCTeMa 1,0

pacuetax ToKoB K3. 3mech Xe comepxatcs cBeacHus oo DJ1C asura-
TeJIbHOM Harpy3kH. ClienyeT OTMETHTD, YTO HaTpy3Ka, MOIKII0UeHHAS
HEMOCPEACTBEHHO K IIIMHAM TeHepaTOpHOTo HampspkeHus (Ha TOLI),
coOM3MepHMas 10 BEJIMYNHE ¢ MOIIHOCTEIO T€HEPATOPOB, YYNTHIBAET-
¢ 1pH pacueTax ToKoB K3 cHimkeHreM DJ1C mocneqHNUX 10 BETUMIHHEL
E! =1,0. MowHble Harpy3kH, BKJIIOUYEHHBIE BOMM3U Mecra K3, yuu-
THIBAIOTCS B BU/I€ 00ODIIEHHOTO MCTOUYHHKA CO CBOMMH ITapaMeTpaMu
Elon =0,85; Xuou= 0,35 B TOM ciaydae, ecitu ToK B Mecte K3 OT 3TO0i
HATPY3KH cOCTaBiIsIeT He MeHee 5 % Toka B Mecte K3, onpeseneHHOTO
Ge3 Hee.

Meroauka yuyeTa BIUSHHS KOMIDIEKCHON Harpy3Kl IpH pacyeTe
TokoB K3 m3noxena B [3.1, m. 9] u [3.3, . 5.7].

Harpysku, otaenenHnsie ot Mecta K3 mIMHHBIMA THHUSMHU, CTYIIE-
HSIMH TpaHchOpMallMy, HE YYUTHIBAIOTCS.

BrnusiHue nuratenbHoM Harpy3ku npu K3 B cucteMe cob6CTBEHHBIX
HYXII 3JIEKTPOCTAaHLUMI OYIeT pacCMOTPEHO HITKE.

Ha pacueTHO#l cxeMe HaMeyaloTCs TOUKH, B KOTOPBIX HEOOXOIMMO
IpOBECTH pacueT ToKoB K3, a uMeHHo: Touka K3 HaMeuaeTcs Ha cGop-
HBIX IIMHAX TOTO HAIpPsSDKEHHS, K KOTOPHIM MOAKITIOUEHO IPHCOEITH -
HeHUe (TUHMS, TpaHchOpPMaTop), B LEMN KOTOPOTO HEOOXOIUMO PO~
U3BECTH BEIOOD 3JIEKTPUYECKHUX AIlllapaTOB M TOKOBEIYIIMX YacTeid,

PaccMOTpuM pacyeTHyIO cXeMy, H300paxXeHHYIo Ha pHc. 3.6. 31ech
Ui BHIOOpa amnmapaToB B LEMNSIX BO3MYLIHBIX JUHUi W1, W2, W3,
B 1lemnsiX BBoAOB 220 KB Gounsix Tpancdopmaropor 171 (72) HeoOxo-
amo paccumntath TOK K3 B T. K-1 (Ha c6opHbIX MHax ¢ Uy, = 230 kB).
st BeiGopa anmapaToB B LEMH T€HEPATOPHOTO HAIpsKEHMs OJioKa
paccunteiBaetca K3 B 1. K-2 Ha U= 10,5 xB; ans Bri6opa anmaparos
B lenn Boga HH tpanchopmatopa T3 — K3 B 1. K-3 Ha cGopHBIX
umHax ¢ Ugyy=6,3 xB.
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3.4.3. DKBUBANEHTHAS IJNEKTPHUECKAA CXeMA 3aMEIIEeHHs

B COOTBETCTBUH C pacYETHOM CXEMOM 3JIeKTPOYCTAHOBKY COCTABIfA-
eTCS 3KBUBAJICHTHAS 3JIEKTPUUECKAs CXeMa 3aMelllCHUs IPSIMOit moc-
JIEIOBATEIBHOCTH.

Cxemoli 3amewernuss Ha3vl8aiom 3NEKMPUUECKYI0 CXeMY, COOMBEMCMEY-
WY NO UCXOOHBIM OGHHBIM DACHEMHOI CXeMe, HO 8 KOmOopoi éce mae-
Humnbie (IMpanchopmamopHvie) cea3u 3ameHenbl SAeKMPUHECKUMU.

CxeMBl 3aMEIeHUS TPaHC(HOPMATOPOB U CIBOEHHHIX PEaKTOPOB
JIaHHI B Ta6:1. 3.3.

KaxnoMy ColmpoTHRIICHHIO CXeMEBI 3aMelLeHHSI IIPHCBAUBACTCS CBOM
HOMED, KOTOPHIN COXpaHSeTCS 3a HUM J0 KOHIA pacuera. Ha cxeme
3aMEIEHUS TTPOCTARIAIOTCI pacueTHhIe Touku K3.

IIpuMep cocTaBIeHUsT HCXOMHOM CXeMEI 3aMELIEHIS UIsT pacyeTa TO~
xoB tpexdaszuoro K3 B 1. K-1, K-2, K-3 mo pacyerHoit cxeme, usobpa-
XKEeHHOM Ha pMC. 3.6, puBeaeH Ha puc. 3.7, 4, 8, 0 COOTBETCTBEHHO.

IIpu cocTaBjIeHMH CXEMBI 3aMElCHUSA HAa Heil He YKasBbIBAIOTCS T
SJIEMEHTHI PACYETHOH CXeMBI, KOTOpbIE IIpU IpoTeKaHuU Toka K3 ot
MCTOYHMKOB ITUTAHMSA K MECTY MOBpeXIeHU ToKoM K3 He 06TeKaioTC.
HanpuMep, pacyet TokoB TpexdasHoro K3 B T. K-1 u K-2 pacyernoit
cxeMsl (cM. pHc. 3.6) BeaeTcs 6e3 yueTa Harpy3Ky, OTIAICHHOMR OT Mec-
ta K3 nmunueit W3 u tpancdopmaropoM 773, mostomy uuust W3 u

Ta6nauua 3.3

Cxembl 3aMeHieHHs TPAHC(HOPMATOPOB, ABTOTPAHCHOPMATOPOB H CABOCHHDBIX
peakTopoB. Onpenenenne HX HWIYKTHBHBIX CONPOTHBJICHHH

Hcxonmas cxema, Cxema PacueTHble BhIpaXeHust
Haumenosauue TP HOMUHaIbHBIX
HUCXOOHBIC NaHHBIC 3aMCIICHUA
YCOBUSX
JByxo6Mo- B B X% = Uy pr—un%
TOYHbIH
TpaHcdop- }u,( B-u% X,
MaTtop
H H
Tpexobmo- B B x; 80 % = 0,5(uy g%+
TOYHBII < \"{B—C% + Uy BH-cH % — Uy CH—HHTD);
TPAHCHOP- ¥ C *ip %=0,5(u %+
MAaTop, aBTO- A Xic *rcH o KBH-CRZ” ©
TpaHchOp- ~ fcn% C |*Ucch-nu%+Upa—1n’);
marop Xy X a2 = 0,5(u pu_au % +
B u % + U cu—un % ~ ty BH—cu %)
'k B—~C70
R \\ H
= C
i /
E Uy c-n%
H
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Oxonyanue maba. 3.3

PacuerHbie BhipaxkeHUs

Hcxonnas cxema, CxeMa
HavnmenoBanue NpH HOMUHAJIBHBIX
HCXOAHBIC JAaHHBIE 3aMCHICHHA
YCOBUSIX
TpexdasHblit 4 B B a
TpaHcopMmar- u g u% X gu% = 0,125u, gy_nu’%;
op ¢ 06MoT- \ Xp % = % =
KOH HH3IIero o . )_6’1”';‘5; =% ””270 =
HaTpSKeHHUS, ! ? g »/9Ux BH-HH 0
pasfereHHON H; H, fi ~ %= u % —
Ha [IBE BETBU ¢ B 1 2| XrBH70 = Uxpn—HH 0
%B_H% ~ 0,54y up1—nm2%;
X v % = X pp % =
H, H, = U’ HHI—HH270;
N —
Uenn,% ,
it U’y HH1—HH27 3a1aeTCs
B KATAJIOTaX OTHO-
CUTENIbHO
SHH] = SHHZ = 0’5SH0MT
['pynma nByx- B B x3=0;
0OMOTOUHBIX U g%
onHogasHbIX X X i % = X na % =
TpaHchopMaT- =7 %
= &Ug BH—HH/0
OpOB ¢ 06- H Yty St xBH
MOTKOM HU3- i H,
LIEro Hanps- H, H,
KeHUs, pas-
JeJieHHOM Ha
JIB€ BETBU
['pynna B B X py=0;
O,HHO(I)(;BHBIX Xenni % = X e % =
TpaHchopmarT- _ B
OpOB ¢ 06- =X nu3 % = 3ty pu—nn %
MOTKOW HHU3- - o o
1ET0 HAMpA- H;H; H, EE (]2
XEHUs, pa3-
JeJIEHHOI Ha H H, H
TPU BETBU
CaBoeHHBLI fo Xc="keeXLr, OM
peaxTop x1=X%= (1 + keg)xpp, OM
XLR kcn
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tpaHchopmMarop 73 B cxeMy 3aMellieHHs He BBOISTCA (CM. puc. 3.7, a, ).
Ilpu pacyere K3 B T. K-3 B cXeMy 3aMellieHHs1 HEOOXOIUMO BBECTH M
JuHuo W3 u tpaHcdopMarop 73, Tak Kak yepe3 HUX B JaHHOM ClIydae
ToK K3 nonrekaer k . K-3 (cM. puc. 3.7, d).

Hanee HeOOXOMUMO ONPEAESIUTL BEJIMYUHBI BCEX COINPOTHBIICHH
CcxeMBbI 3aMelieHus. fIpu 3TOM Hago MMeTh B BUIY, YTO B KaTajorax u
3aBOJCKMX HHGOPMAIIMOHHBIX MaTepHaliaxX BCETAa IMPHBOIATCS HOMM-
HaJIbHBIE TTAapaMeTPhl MalllMH M allllapaToB, ONpENEIeHHbIE IO OTHO-
LIEHHIO K UX HOMUHAALHOU MOWHOCMU U HaNpsxceruo. B GONBIIUHCTBE
CIy4aeB pacyeTHasA cXeMa CONEPKUT ONHY, a Jyallle — HECKOMBKO CTy-
TeHel HanpsKeHUS, TO3TOMY, YTOOBI MOXHO OBLIO BECTH PacuETHI C
TIOMOIIBIO SKBUBATEHTHOM CXeMBI 3aMellleHHs, TIPEXe BCETO BCe CO-
TPOTUBJIEHUS CXEMBI 3aMeIllEHUA Hamo MPUBECTH K OXHUM H TEM XKe

C C
1
C+GI
c (C+GI)
2 3 Xoe 2 3 X 1
{7 { K-1
a[1%-11] 5 o 4 s K24
i I Xpe3G1,G2
6 I (61+6) 6 1 G2
I I 6 2
Gl G2 Gl G2
a £
c
1 (C+Gl+G2)
K-3
XpeaC,G1,G2
K-3
T ] ’
6 i
i a
GI G2

Puc. 3.7. CxeMul 3aMelilieHHd 1A pacyeTa TokoB K3:

a — ucxonHas 1 T. K-1; 6 — utorosast ana 1. K-1; ¢ — ucxonuas g 1. K-2; 2 —
urorosas s T. K-2; 0 — ucxonuas juis 1. K-3; e — urorosas js 1. K-3
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6a30BBIM yCIOBUAM. CylIeCTBYIOT ABa METOMIA pacueTa CONPOTUBICHMIA
CXEMBI 3aMELLEHHUS: B OMHOCUMEABbHbIX STUHULIAX (T.€. B JOJNSIX OT HEKO-
TOpO# TaK Ha3biBaeMoOii 6a30BOM BeJIMYMHBI) WIH B UMEHOBAHHbIX €U~
HUILIaX (B OMax).

Jns pacuera COPOTURIIEHHH B OTHOCHU TEJ b H Bl X eIUHHULIAX He-
00X01HUMO 331aThCsT 6a30BBIMU YCITOBUSIMU:

S5 — 6a30Boit MOIIHOCTEIO, MB-A;

Us — 0a30BBIM HampsikeHHeM, KB.

3a 0a30By10 MOIIHOCTb MPUHLIMITUAIBHO MOXHO IIPUHATH JIO0YIO
BeNUYUHY. YTOOBI TOPSIIOK OTHOCUTENBHBIX BETUYUH CONIPOTUBICHUM
TpH pacueTe OBbLT YmoOeH, yalle Bcero npuHUMaAIOT Sg= 1000 MB-A.
3a 0a30Bo€ HaNpsKEHUE YIOOHO MPUHATL CpeiHee Hanpsokenne Us= U,
CTYTIEHH, TJ€ pACCUYUTHIBAIOT KOPOTKOE 3aMbikaHue. Mcnonb3ys dop-
MYJIBE TaGJ1. 3.4, OTMIPEACIISIOT BETUYMHbI COIIPOTHBIICHUI BCeX JIEMEH-
TOB CXeMbl 3aMEIICHUS B OTHOCHTCIBHBIX €AWMHHUIIAX, IIPUBEICHHBIX
K 0a30BBIM YCIIOBHSIM.

Eciu pacder COnpoTHBICHUN CXEMBI 3aMeEIeHUs OYIeT MPOU3BO-
JUThCSI B UMMEHOBAHHBIX €JHHHUIAX, HEOOXOMUMO 331aThbCs Be-
TUYHHON ba3zoeo20 nanpsaxcenus Us, KB. 3a 6a30Boe HaINpsLKeHUE TIPH-
HUMaIT cpetHee Hanpsokenue Us, paBHOe U, KaKOH-IHMO0 CTyNeHU
HaTpPsSDKCHUS, UMetollelica B cxeMe 3aMellieHUs. Eciau pacueT TOKoB
K3 mpousBogutcs A1 BbI6opa 37EKTpUYECKUX aIlnapaToB, TO 3a 6a30-
BOE HampsXeHue ynobHee npuHATh Us= U, CTyTieHHM, Iie pacCMaTpy-
Baerca K3. PacuerHbie hopMyibl Mg ompeaeneHusl COMpOTUBIEHUH
B OMax MPUBEACHHI B Ta0J. 3.4.

IMomyyeHHBIE BETMYUHBI CONPOTHBIEHUH 3JIEMEHTOB CXEMBI 3aMe-
IIEHUS YKa3BIBAIOTCS Ha CXeMe 3aMelUeHUS B BHe JIpOOU (B YMCIUTE-
JIe — MOPAIKOBHII HOMEp COYIPOTHBIICHUS, B 3HAMEHATEJIE — €r0 Be-
JIUYUHA B OTHOCHTEIbHBIX €AUHUIIAX WIHX B OMaxX B 3aBUCUMOCTH OT
MPUHATOTO METOJa pacyeTa).

Hampumep:

1
1,53 0,9
C
K3

Crnenyetr OTMETHTD, UTO paciem mokoe K3 das ewvibopa u nposepxu
anekmpuyeckux annapamog ydobree u npouje eecimu ¢ UCH0Ab30BAHUEM
cucmembsl OMHOCUMEAbHbIX e0uHUlY, HEKOTOPBIC pacyeThl B 00JIaCTH pe-
JIEWHOM 3alUTH yIOOHEee BECTH C HMCIONb30BAaHUEM HUMEHOBAHHBIX
€IUHUII.

Tlpu pacuere CONMPOTUBICHUI CXEMbI 3aMEILEHUS B UMEHOGAHHDIX
€IVMHULIaX (OMax) TpeOyeTcst JOMONMHUTEIbHOE BHUMaHHe, TaK KakK gce
COINPOTUBJICHUS TIPUBOAAT K 00HOMY GA30BOMY HATIPSIKEHUIO (HATIpH-
Mep, Us; = Uyi), a B pacueTHOH cXeMe CYLIECTBYET HECKONBKO pas-
JMUYHBIX CTYTIeHe i HanpsokeHuit. B niporiecce pacueToB YacTo BO3HUKA-
€T HeOOXOAUMOCTh TiepecyeTa COMPOTUBIEHUI CXEMBI 3aMEIUEHUS U
TOKOB K3 ¢ onHoit crynenu HanpskeHus (U, ) Ha apyryio (Ugpo).
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Tabnauua 3.4

PacyeTHbie BLIpAXKEHHS 1S OnNpeje/ieHus MPUBEREHHBIX
3HAYEHHH CONPOTHUBJIEHMI

DNeMeHT .
3IEKTPO- Wcxonunrit VIMeHOBaHHbBIE OTHOCHUTEIbHbIE
YCTaHOBKHU napameTp efHHHULT, OM eIMHHULIBI, O.€.
“ 2
x > U ” S6
d*HOM X5 = x‘;*HOM il Xes = Xgenom 3‘——
SHOMG’ MB-A StomG HOMG
I'eneparop (G)
xz;’ %; x x,;% U52 X _x,;% S5
6 = ’l6 - ————
SHOMG! MB-A 100 SHOMG 100 SHOMG
U2 .
S MB-A X5 =2 X.5=S5/ Sk
Se
2
Oneprocucre- I KA = Ug X = Ss
OTKJI. HOM? 5 = /= o = e ————
ma (C) NET A V3 grenwonlUscp
. ) s
XeroMCs X = x Us o x A
. 6 — “+nomMC " 6 — XapomC o
SHOMC, MB-A SHOMC SHOMC
Tpanchopma- | x,% = u,%; x,% U2 o X% _Ss
. xﬁ = — 6 =
op (T) SHOMT’ MB-A 100 SHOMT 100 SHOMT
U? Ss
Peaxtop (LR) |Xuomrr, OM X5 = Xuoulh oo Xo = Xyoin o
UCP Ucp
JIunus 3nek-
Xy, OM/KM; U2 ~ IS5
Tponepefadu |, X5 = Xyl : Xo = Xyl 2
b
W) 2 2

[IpumMevaHHe. Syou— HOMUHANBHBIE MOLLHOCTH 3JIEMEHTOB (IeHepaTopa, TPaHC-
dopmMmaTopa, aHeprocucteMnr), MB-A; Ss — GazoBag MoigHOCTb, MB-A; S — Moui-
HocTb K3 aHeprocucteMst, MB- A; Jynnow — HOMUHANBHBIN TOK OTKIIOUEHHS BHIKIIO-
yatensl, KA; Xuwouc — OTHOCHTEIBHOE HOMHUHANBHOE CONPOTHBICHHUE IHEPTOCUCTEMET;
X:% ~— OTHOCHUTEJbHOE CONMPOTHBIEHHE TpaHchopMaTopa, onpeaeNseMOe Yepe3 Ha-
npsikenne K3 tpancdopmaropa ux % (cM. Tabn. 3.3); Is — 6a3oBblit TOK, KA; Up —
CpeiHee HanpsiXeHHUEe B MECTE YCTAHOBKM JaHHOTO 3jeMEHTa, KB; Xy, — MHIYKTHBHOE
CONpPOTHBJIEHUE JIMHUU Ha 1 KM jutnHBI, OM/KM; | — InMHA JIMHUHU, KM.

BTOT TiepecyeT NMPOM3BOAUTCS C MCIIONIb30BaHUEM KO3 duIlMeH-

TOB TpaHCHOpPMALIMU MEXTY STUMH CTYIEHSIMIA:
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IUIS COTIpOTUBNEHH, OM,

Xy ., =Xy Uaz | .
Ucp2 - cpt U 2
cpl
ISl TOKOB, KA,
Iy, =1, UCP‘
cp2 cpl
Uepr

rae Xy, , Iy, — COOTBETCTBEHHO CONPOTUBJICHHUE U TOK, IPHBEAEH-
Hbeie K Uy = ﬁcpl, Uez> Uy, — OHY Xe, HO NPUBEAEHHBIE K Upp).

Ilocne Toro Kak cxema 3aMeme1-msx COCTaBIIcHa U OIpElEeIeHH! CO-
TIPOTUBJICHUSI BCEX BJIEMEHTOB, OHa IpeoOpasyeTcst K ImpocTeiieMy
puny. [Ipeo6pazoBaHne UIET OT HCTOUHHUKOB ITUTAHUS K MECTY KOPOT-
KOTO 3aMBIKaHUsI TaK, YTOOBI MEXITYy HCTOUHHMKOM U Toukoi K3 octa-
JIOCh OTHO COMPOTUBJICHUE. 1IpH 5TOM UCITONB3YIOTCSA U3BECTHBIE Mpa-
BWIA MOCJEIOBATEALHOITO U Mapanie/IbHOTO CIOXEHUsI COINPOTHUBJIE-
HUI, MPpeobpa30BaHud TPEYrOJbHMKA COIPOTUBICHYI B 3Be3y M 06-
patHO 4 T.0. @opMyasl K19 NMpeobpa3oBaHUA CXeM M OINpeaeIeHUS
TOKOPACIIpeCTCHUS B MICXOAHOM CXeMe MPUBEACHEBI B Tab. 3.5.

Eciu uUCXomHas pacyeTHas cxeMa (WIM Kakasi-TO-ee 4acTh) CHM-
METPHUYHA OTHOCUTENBHO HEKOTOPOM TOUKH, TO IMPH OIPEICACHUM K-
BUBAJICHTHOTO COIPOTUBICHHUS 3TOTO YYaCTKa COeIUHSIOT TOUKH, MMe-
IOLME OMUHAKOBBIA MOTEHUMAN, U UCKITIOYAIOT U3 CXEMEBI T¢ BIeMEH-
THI, KOTOpHIe NTpH K3 0oKa3pIBaloTCs 00€CTOUCHHBIMH (CM. TTPEOOPa3o-
BaHUs CXEMBI 3aMEILECHUS TIPSIMOIL ITOCIeIOBATENBHOCTH OTHOCUTEND-
Ho T. K-2 B npumepe 3.3).

B nponiecce npeoGpasoBaHMs CXEMbI 3aMEILIEHUS] YaCcTO BO3HHMKAET
HEOOXOAMMOCTh 00BeAMHEHHS HECKOJIBKIX MCTOYHUKOB B OHY TPYIIITY
(OIHY TeHEpHUPYIOIIYIO BETBb). OTO 00BeAMHEHNE JODKHO OCYIIeCTB-
JIATBCS C YYETOM YAAJIEHHOCTA UCTOUHUKOB 0T MecTa K3. B oTaensHyio
Henb BRIIEJISIETCS TeHepaTop, Ha HIMHAX KOToporo npousonuio K3. Bee
reHepaTophbl (CMHXPOHHBIE KOMIIEHCATOPHI), 3HAYUTENBHO YHAJICHHEIE
oT Mecta K3, ¥ ocTajibHasi YaCTh SHEPrOCHCTEMBI 3aMEHSIOTCS OHUM
UCTOYHUKOM ¢ HOMUHAILHOU MOIIHOCTEIO, PaBHOM CYMMAapHOW MOIII-
HOCTH BCEeX MCTOYHHUKOB JaHHOM BETBY, U HEU3MEHHBIM HAIPSDKEHUEM.

BIEeKTPUIECKYIO YARIEHHOCTH pacyeTHOM ToukH K3 0T HCTOYHHMKA
MIUTAHHUsI OLICHUBAIOT IIO OTHOLIEHUIO JeHCTBYIONIETO 3HAUYECHHS TIEpU-
OIIMYECKOI COCTaBISIONICH TOKA HCTOUHHKA [y B HAYaIBHBIH MOMEHT
K3 k ero HOMUHAIBHOMY TOKY Lo nere K3 cumaemcs 6ausxum, ecau
omuouenue I/ Loy ver= 2.

Ecau nMeeTcss HeCKOIbKO OMHOTUITHLIX FeHEPaTOpOB, OOWHAKOBO
pacnoNoXeHHBIX MO OTHOIEHHIO K MecTy K3, ux memrecooGpasHo
OOBeTUHUTD B OJJUH SKBUBAIEHTHEIA UCTOYHHUK. PacCMOTpHM MTOro-
Bbie cxeMpl 3ameleHust Jis pacyeta TokoB K3 B 1. K-1, K-2 u K-3
Hapuc. 3.7, 6, ¢
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Ha puc. 3.7, 6 BeTBU reHEpAaTOPOB, KaK paBHOYAAJICHHBIE OT T. K-1,
O0BETMHEHB! B OIHY BETBb ¢ HOMUHAIBHOM MOIIIHOCTBIO MCTOYHHUKA,
paBHOM

S, Hom.uer = PpomGI T SHOM G2

Ha puc. 3.7, e renepatop G2, Ha mMHAX KOTOpOTo npousouuro K3
(1. K-2), BBIIENeH B OTOENBHYIO BeTBb. BeTBb redeparopa G, otcTo-
sero ot 1. K-2 Ha 1Be CTyneHu TpaHchopMauu, 00beIMHEHA B 00-
LIYI0 BETBb C CHUCTEMOMN, MOIIHOCTL KOTODPOM COCTABHUT .S, qy yer=
= SyouC + ShomGr-

Ha puc. 3.7, e BCe HCTOYHMKH ITUTAHUS (CUCTEMa, TeHepaTophl G
u (G2Z) oIUHAKOBO JAJIEKO yAaleHH oT T. K-3, mo3ToMy MX 00BeAUHS -
I0T B OXHY OOIIYIO BETBB C Syom. ner= Suomc + Swomar+ StiomG3-

B pesynbrare 06beUHEHUS HCTOYHHUKOB JOJDKHO 0Ka3aThCsa He 00-
JIE€ IBYX-TPEX TeHEPHUPYIOILIMX BETBeil, KOTOphIe OYAYT pa3THvaThCs
BeIMYMHAMM Ky, 11 E” .

Ecnu B 06111y10 BETBb OOBEIUHSIOTC HCTOYHUKH C PA3HBIMU 3Ha-
yeHUAMU cBepxnepexoaHbx DJC E’, MOXET BO3HUKHYTh HEOOXO-
JUMOCTb OIIPEAETICHUSI 3KBUBAIEHTHON E, . OOBEIMHEHHOIO MC-
TOYHUKA. PacueTHBIC BBIpaXeHUs AJs onpeneneHus EJ . THpuBene-
HBI B Ta6J. 3.5.

PaccMoTrpuM npuMep oObemuHeHUs pu pacuete K3 OBYX BETBEH,
MUTAIOIIMXCA OT pas3sauyHbIX ucTtoyHukoB (MIT1 u UII2), nmMerommx
pasHble 3HaYeHus cBepxnepexoaHbix DIC E’, B OXHY 3KBUBAICHTHYIO
BETBb:

HUIll HII2 (Uni+uinz)
SH”OM HIIl SHBM uIn HOM HCT
um Evm Exe
xl xz x.-)KB
K3 K3

IMpu o6beAMHEHUU OTIPEACSIETCS:
SKBUBAICHTHOE (PE3YNBTUPYIOIIIEE) CONIPOTUBICHUE N0 TOUKM K3

X1 X .

Xaks = s
X + X
3KBUBaJIEHTHas cBepxiepexonHas S C o0heIMHEHHOTO HCTOYHUKA

” ”
E’ = Epmix, + Ednox |
KB —
X+ X

>

HOMUHAILHAsT MOLIHOCTb OOBETUHEHHOTO (3KBUBAJICHTHOTO) MC-
TOYHHUKA

SHOM.HCT= nom U1+ SHOM HI12-
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3.4.4. TIpakTHyeckHe MeTOAbI pacyeTa TOKOB Tpexdasnoro K3

Tocrne 3aBepiiieHUsI PeoOPa30BaHUii CXEMBI 3aMEILEHUST TIPOU3BO-
JIUTCS pacuyeT TOKOB TpexdasHoro K3 B ykasaHHoit Touke. [Iig BeIOOpa
U TIPOBEPKH JEKTPUYCCKHUX aIlllapaToB M IIPOBOJHUKOB Ha 2JICKTPO-
JUHAMUYECKYI0 M TePMHMUYECKYI0 CTOMKOCTh B pexume K3, a Takke
JUTSI TIPOBEPKH OTKITIOYAIOINEH CIOCOOHOCTH BBHIKITIOYATENEH HEO0XO0-
JUMO PacCYMUTATh:

1o — HavanvHoe delicmeyioujee 3naveHue NEPUOOUHECKOL COCMABAAIO-
weti moxa K3 (0as momenma nauasa K3 t=0);

1. — nepuoduueckyio cocmagasrouwyro moxa K3 e momenm spemenu
t=1, toe 1=(0,01 + %, ; ;7<) — MOMEHT BPEMEHH, COOTBETCTBYIOIIHIA
Hayajly pacXOXICHUS TYTOraCHTENBHBIX KOHTAKTOB KOMMYTAllMOHHO-
ro ammapata (BHIKITIOUATENS), C; % g o — COOCTBEHHOE BpEMS OT-
KIIIOUEHHS BHIKJIIOYATENS, C;

i, — anepuoduueckyro cocmaeanouyio moka K3 ¢ momenm t=r1;

I,y — yOapHuui mox K3.

PacyeT HavyanbHOTO JNelCTBYIOLIEro 3HAYECHMUS
mepuonuuYeckoi cocTaBasawmeil Toka K3 ([)

OmnpeneneHue 3Toi cocrapistoneit Toka K3 no utorosoii cxeme 3a-
MEINEHUS He BBI3HIBAET 3aTPYMHCHUI M POU3BOAUTCS IO HOpMYJam:

IIPH pacyeTe COMPOTHBICHMIA

B OTHOCHTENbHBIX eMHHHUUaxX (0.¢.) B UMEHOBAHHBIX equHHUAX (OM)
El ElUs
Ig =——, KA,  (3.20) o ==, %A, (3.21)
Xapea(6) 3Xpes)
e I = — 6a30BbIH TOK, KA; | tne Us = UK?, kB; Xy, ) — Pe3ynn-
\/§ Us TUPYIOLUEE COMTPOTUBIICHYE 10 TOUKH
S¢ — 6azosasi MouwHocTh, MB-A; | k3" om
3
Us =Usy — cpentee HampsXeHue

crynienu K3, KB; X,pes5 — PE3YIIB-
THUDPYIOWIEE CONMPOTUBIIEHHUE 10 TOYKH
K3, o.e.

Onpenenenue ynapHoro toka K3 (iy)
TIpu pacCMOTpEeHMH ITPOLIECCOB, IIPOUCXOMSAIUMX IpH TpexdasHoM K3,
OBUIO BBISIBJIEHO, YTO YAApHBIH TOK OOBIMHO MMeeT MecTo depe3 0,01 ¢
niocie Havyana K3. Ero BemmurHa omnpenensieTcd mo ¢opmyie (3.11):

iyﬂ = \/Elnokyu,

e ky, =1+e /% — ynapHerit Ko HIMEHT, 3aBUCALMI OT HOCTO-
STHHOWM BpeMEHM 3aTyXaHMsl anepUOAMYECKOU cocTapismioinei Toka K3
T,, KoTopas OIpeeNseTcsd B 3aBUCUMOCTH OT COOTHOLIEHUS PE3YIbTH-
PYIOIIMX UHAYKTUBHOTO M aKTHBHOTO corpoTuniIeHuit enu K3, c,

b
_ “pes
T, = —.
Wfpes
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B y4eGHOM NpOEKTUPOBaHMK MOXXHO BOCIIONB3OBATHECSA CPEIHUAMU
3HayeHUAMU T, U Kk, NpUBEACHHEIMU B Tabi. 3.6 171 XapaKTepHBIX
TOYEK DIEKTPOCETEH.

Ecmu K3 mpousonuio Ha BBEIBOJAX T€HEparopa, TO JUIS €ro BETBU
BenMuMHa 7, 6epercs U3 KaTAIOXHEIX TaHHBIX 3TOro reHepaTopa. g
HEKOTOPHIX THIIOB TE€HEPaTOPOB MOXHO BOCITONb3OBAaThCHA NJaHHBIMU
Tabn. 3.7.

Ta6nuua. 3.6

3HayeHHs NOCTOAMHOH BpeMeHH 3aTyXaHHA anepHOAMYecKoii cocrapasiomei
Toka K3 T, u ynaproro xoadipuuuenta k,, 11g XapakTepHbiX BETBeH,
NpUMBIKaIOMHX K To9ke K3

DJeMEHT WIH YacTh SHEPrOCUCTEMBI T, c kyy
Typ6oreHeparop MouHocTsio, MBT:
12—60 0,16 —0,25 1,94—1,955
100— 1000 0,4—0,54 | 1,975—1,98

Brok, cocrosiuuit U3 TypboreHeparopa
MOILHOCTBI0 60 M BT 1 TpaHcdopmaTopa, TIpH
HOMHHAJILHOM HallpsiKeHUH reHepaTtopa, KB:
6,3 1,95
10 0,15 1,935
brok, cocrosiuuii U3 TypGoreHeparopa u

MOBBIIIAIONIET0 TpaHCchopMaTopa, NpU
MOII[HOCTH reHepaTtopa, MBT:

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

CucreMa, CBSI3aHHAs CO COOPHBIMHU IIIMHAMH,
rae paccMarpusaercs K3, BO3MYUIHBIMU
JIUHUSAMM HampsikeHueM, 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 | 1,851,895

Cuctema, cBsi3aHHasi CO COOPHBIMM IIMHAMMU,
rae paccMarpuBaercst K3, yepes tpaHcdop-
MaTopbl EAUHUYHON MOIlHOCTEI0, MB- A

80 u BhIIIE 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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Oxonuarue mabn. 3.6

DJIeMEHT MJIM 4aCTh 3HEPIOCHCTEMBI T, c kyy

BeTBH, 3alIMIIEHHBIE PEAKTOPOM C HOMU-
HaJIBHBIM TOKOM, A:

1000 u Beiie 0,23 1,956
630 u HuXe 0,1 1,904
PacnpeiennTeNibHbIC CETH HANPSIKECHUEM 0,01 1,369
6—10 kB
Tabnuua 3.7

3navenns T, u ky, 10151 TeHEPATOPOB M CHHXPOHHBIX KOMIIEHCATODOB

Tun reHepaTopa Tumn reHepaTopa UM
WM CUHXpPOHHOro | T, ¢ kg CHHXPOHHOTO T, c kg
KOMIIeHCaTopa KOMIIeHcaTopa
TBD-63-2Y3 0,39 | 1,975 {|KC-16-10Y3 0,145 1,933
TB®-63-2Y3 0,24 1,959 ||IKCBB-50-11Y1 0,187 1,948
TB®-63-2EY3 | 0,247 1,96 ||[KCBBO-50-11VY1 0,187 1,948
TBD-110-2EY3 | 0,41 1,976 ||KCB-75-11¥1 0,2 1,95

TB®-120-2Y3 | 04 | 1,975 |[KCBB-100-11V1 0,248 | 1,96
TBB-160-2EY3 | 0,408 | 1,976 ||[KCBBO-100-11Y1 | 0248 | 1,96
TBB-220-2EY3 | 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 ||TunporeHepatopsl 0,05—

: SIBHOTIOJIIOCHBIE C 0,045 1,979
TBB-500-2EY3 | 0,34 | 1,971 ||gemnobepHbMu

TBB-800-2EY3 | 0,33 1,97 0OMOTKaMH

TBB-1000-4Y3 0,33 1,97 |iTo xe, HO 6e3 0,1-0,5

neMngepHbIx 1,98
TBB-1000-2¥3 0,33 1,97 |lo6moTok

TBB-1200-2¥3 | 0,38 | 1,973

OnpeneleHUe allepUOTUYECKON U MMepUOTUYEC-
KOM cocTaBangwmux Toka K3 njxs 1i0o60ro MoOMeHTa
BpeEMEHH

3HaYyeHWS anepUOANYECKON U TIEPUOIMYECKON COCTABNSIOLINX TOKA
K3 mis Bpemenu 7> 0 HeOOXOOMMO 3HATH UIsi TIPOBEPKU OTKIIIOYAIO-
e cHoCOOHOCTH BBHIKTIOYATENEH.
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PacueTHOE BpeMs, I KOTOPOro TpeGyeTcs onpeaenars Toku K3,
COOTBETCTBYET BpeMeHM pasMblkaHusa nernmd K3 ayroracurenbHBIMU
KOHTAKTaMU BBIKJTIOUATENI U 0603HaYaeTcs t. OHO ONpeensercs Kak, C,

T= 0,01 + % s.otins

THE % 5 orxn — COOCTBEHHOE BpeMsI OTKITIOUEHMS BBIKIIIOUATENS, ¢ (Ia-
€TCSI B KaTAJIOXKHBIX JAHHBIX BHIKITIOUATeINE),

ComntacHo ¢opmyie (3.4) aneproauyeckasi cocTapisiomiast Toka K3
qist MomenTa t=0,01+ ¢, .., PaBHa

Iy = iaOe_T/Ta s
a IIpU YCJIIOBHH ONIPEACIICHUS €€ MAKCUMAJIBHOTO 3HAYCHHUA
iat = \/5]11053_1:/Ta . (322)

CornacHo [3.1, pasn. 5] mig onpeneneHns MeUCTBYIOIETO 3HaUe-
HHMSA TIepUOIHYECKOl cocTapnsawomieit I, B mo6oit Moment K3 ¢ uc-
TIOJIB3YETCSI METOJT TUTIOBBIX KpUBBIX. OH OCHOBAaH Ha UCTIOJIB30BAHUU
KPUBHX U3MeHEHHS BO BDEMEHH OTHOILIEHUS ACMCTBYIONINX 3HAYCHUH
MepUOINYECKOM cocTaBisionieii Toka K3 or reHeparopa B MpOM3BOJIb-

nt

= f(¢), moctpo-

€HHBIX TS pa3HbIX yAaJleHHOCTel Touku K3 u Hp?/IOBCI[CHHbIX B [3.3,
1. 5.5]. IIpu 3TOM 31eKTpHUYeCcKas YIATEHHOCTb TOUKH K3 OT CHHXpOH-
HOI MallIMHBI XapaKTECpHU3yeTCs OTHOILCHUEM AEHCTBYIOIIETO 3HAYye-
HHs TIEpUOIMYECKON cocTapnsmomeil Toka K3 reHeparopa B Hayash-
HbIit MOMeHT K3 K ero HOMUHaNLHOMY TOKY, T. €.

[no

IHOM.HCT

HBII 1 HAYAJTLHEIT MOMEHTBHI BPEMEHU, T.€. Yo =

I *ndHoM — >
1€ fyomuer — HOMHUHAJIBHBIA TOK MCTOYHMKA TIMTAIOLIEH BETBU.

Ha puc. 3.8 npuBeneHb! TUIIOBHE KPUBKIE Y,,= f (f) JUIS pa3MUYHBIX
Tpynn TypOOT€HEpaTOPOB C Y4€TOM COBPEMEHHOM TEHACHIIMU OCHa-
ILEHUS TEHEPAaTOPOB PAa3HBIX TUIIOB OITPE/IcICHHBIMHU CUCTEMaMHK BO3-
oyxnenus (ms t<0,5 c).

Bce XpUBBIC TTONYYEHBI ¢ YIETOM HACHLIIEHUSI CTaJIM cTaTopa, Ha-
CHIIIEHUS TyTeil pacCessHUd CTATOpa, BBI3BAHHOIO aTlepPHOIUYECKOM
COCTaBIAIOLIEH TOKa cTatopa, 3(deKTra BHITECHEHUS TOKOB B KOHTY-
pax poTopa M PerylMpPOBAaHMS YACTOTHI BpalieHUs POTOPa TypOWHHIL.
IIpu sTOM npeanonaragoce, uro 10 K3 reHepatop paboran B HOMH-
HAJIEHOM PEXHMe.

Tumosble KpUBBIE YUMTHIBAIOT U3MEHEHHE JIEHCTBYIOIIETO 3HAUYE-
HUS NepUoandecKkoit coctapsionneit Toka K3 7, ecnu 1o/ lomucr = 2-

Hcxonst m3 BHIEU3NOXEHHOTO, IJiA M000ro (IIpOM3BOJILHOIO)
MOMEHTA BPEMEHH ! MOXHO ONpEeNCIINTh

La= Yot Io- (3.23)
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Puc. 3.8. TunoBrie KpUBbIE U3MEHEHHUSA MIEPHOIUYECKON COCTaBAMIOMIEH TOKA
K3 ot reueparopos:
a — C THUPHCTOPHOI HE3aBUCUMOM CUCTEMOM BO3OYXKICHHS; 6 — C THPHUCTOPHOM

CHCTEMOI CaMOBO30YXIEHHUS; 6 — C AMOAHOM He3aBUCUMOM (BBHICOKOYACTOTHOM) CH-
CTEMOM BO30YXKIEHHA; ¢ — C AMOJHOM OeCIIETOYHOI CHCTEMON BO30YXICHUS

Hac untepecyer BemmumHa I, B MOMeHT T=0,01 + 7, ; orr. [T €€
HaxoXJAeHWs1 HeOoOXOAMMO HaWTU HOMHWHAIBHBIA TOK UCTOYHMKA
Liowner = Suomuer / NV3Uyow ¥ OLEHHTH OTHOIEHUE L/ Lo er-

1. Ecmm o/ 1,00 wer2 2, TO IO KpUBHIM pucC. 3.8, a, 6, 6, e T MO-
MeHTa BpeMeHU T = 0,01 + £, ; 1, OTIpEOCHSIETCS V.., @ 3aTeM 10 op-
Myne (3.23) naxomutest I,=Y. 1.
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2. Ecmu I/ 1Liopuer < 2, TO 3TO yHaJIEHHOE OT UCTOYHHMKA K3, rmosTo-
My npuHuMaeTtcs ¥..= 1 u I, = I o= const.

Jns rupporeHepaTtopoB NMPH o/ Lioyuer <3Yer=1 1 I;= [ o=const.

MeToa TUITOBBIX KPHUBHIX 1I€JIECOO0Pa3HO IIPUMEHSTh B TE€X CIy-
yasx, Korma Toyka K3 HaxoauTcs y BBIBOIOB F€HEpaTopoB (CUH-
XPOHHBIX KOMITEHCATOPOB) MU Ha HEOOMBION 3/IeKTpUYeCKOM yaa-
JIGHHOCTH OT HUX, HalpuUMep 3a TpaHchopMaTOpaMU CBSI3M 3MeK-
TPOCTAHUHH ¢ CHCTeMO. ECIN 3Xe UCTOYHHUK (SHEPTOCHCTEMA) CBSI-
3aH ¢ ToOYKoM K3 HemocpeAcTBEHHO, T. €. HE3aBUCHMO OT reHepaTo-
POB, PacIoJOXEHHBIX BOMM3U MecTta K3, To meiicTByrolee 3Haye-
HHE MEPUOINYECKON cocTaBnsIoNmeil Toka K3 OT CHCTeMBI IIpH TpeX-
¢daznoM K3 mnsg moboro MoMeHTa BpeMEHH MOXHO CUUTATh PaBHBIM
I,= I o= const.

Ecau pacueT TokoB K3 nmpou3Boausics sl UTOrOBOM CXeMBI 3aMe-
IEHNs, COCTOSHIEH M3 HECKONLKHUX BETBEH, TO IOCHE OIpeaeacHUs
COCTaBIIAIOWIMX TOKOB Ing, o, iy, iy IO OTAENBHBIM BETBSAM CIIEAYET
OIIpENIeINTh CYMMapHble 3HaYeHHUS STHX COCTABISIONINX TOKOB, ITOM-
Tekawnux K Mecty K3, a 3aTeM u pacyeTHEIe 3HadeHUsI TOKOB K3 st
BBIOOpa aImapaToB B 3aMaHHoO 1enu (rmoapas. 3.10).

Cnenmyer ckasaTh, YTO pacyeT TOKOB K3 — mpoliecc TpymoeMKHUif,
TpeOyIONIMit BHUMAHUS IIPU MPOU3BECHNH PAcUyeTOB U aHAIM3a IO~
JIy4aeMBIX pe3yNbTaTOB, ITO3TOMY PaCyeT 3TOT YIOOHO IPOM3BOAMUTH
B TaGm4HO# ¢dopme (rmpumep 3.1).

YToOHI 3aKpenuTh TEOPETHUECKUE 3HAHUS, pa30depute npumep 3.1
o pacuery TpexdasHoro K3. TaM ke nmpuBeneHb 00pasIibl paCUeTHBIX
tabnui TokoB K3 (Tabn. 3.12, 3.13) ¥ cBOAHOI TaGMULEBI pe3yILTaTOB
pacueTa ToKOB K3 (Tabi. 3.14).

3.5. OcobennocTH pacyeTa TOKOB KOPOTKOro 3aMbIKaHHSA
B CHCTeMEe COOCTBEHHBIX HYX] 3JIEKTPHYECKMX CTAHIMIA

IIpu K3 B cucreMe cOOCTBEHHBIX HYXKHA 3jeKTpocTaHumii (1. K-1
Ha puc. 3.9) cyniecTBeHHOE BIUSHUE Ha XapakTep mpoliecca ¥ 3Have-
HHUe Toka K3 oka3pIBaloT ABUraTe Iy, BKIIOUeHHbIC BOIU3HU MeCTa I10-
BpexaeHus. Hanbonee CyiileCTBEHHO 3TO IMPOSIBISIETCS B CETIX COO-
CTBEHHBIX HYXI (c.H.) 6 kB kpynueix TOC u ADC. Ing mpuBoaa
MEXaHHU3MOB C. H. IPHUMEHSIOT B OCHOBHOM aCHHXPOHHBIE TBUTATETH
C KOPOTKO3aMKHYTHIM poTopoM. IIpu 6muskoMm K3 HampsikeHHe Ha
BBEIBOJIaX IBUIaTe/Icd CHUXACTCSI U OKas3biBaeTcs MeHbine ux DJC.
DNeKTPONBUTATEMH TIEPEXOIAT B PEXKUM I'eHEpaTOpa, IMOCHIIAIOIIETO
TOK B MeCTO NMOBpexXIeHHsI. CHHXPOHHBIE ABUTATEIH TOXE TOMITUTHI-
BatoT MecTo K3. TIoamUTKy OT ABUTaTeNeii CHCTEMEI C. H. HEOOXOIMMO
YMETh pacCUUTaTh U yYeCTb KaK MpPH BHIOOPE M MPOBEPKE 3JIEKTPH-
YyecKux anmnapatoB PY c.H. 6 kB, Tak u npu BeIGOpE YCTaBOK YCT-
poiicTB P3, yCTaHOBICHHBLIX 3/1€Ch.

114



SHOMT
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4 PY c.H. 6 XB (Usp,= 6,3 KB)
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Puc. 3.9. Ocobernoct#i K3 B cucTeMe COOCTBEHHBIX HYX/, 37IEKTPOCTAHLIH I

CnenopatensHo, mpyu K3 Ha 1IMHAX COOGCTBEHHEBIX HYXI 3JEKTpPO-
CTAaHLUI HEOOXOIUMO YMETh OTPEACTIUTh HE TOJNIBKO TOK CO CTOPOHEI
3HEProcUcTeMS! I, HO M TOK MOAMUTKH CO CTOPOHBI ABUTATENEH I 55,

C UembIo YNPOUIEHUSI B y4e6HOM TTPOEKTUPOBAHKH PacyeT TOKOB IPH
K3 Ha cOOpHEIX IMHHaX COOCTBEHHBLIX HYXI 3JI€KTPOCTAHIUi
(8 1. K-1, puc. 3.9) nmpon3BoguTCcs B CIEAYIOIIEH MTOCIET0BATEILHOCTH.

1. Ha OCHOBaHMY MUCXOJHBIX TAHHBIX COCTABJISIETCS pacyeTHAs CXe-
Ma 3JIEKTPOYCTaHOBKH.

2. CocTaBiseTCs cxema 3aMelleH s TSl onpenesieHus: TokoB K3 oT
BHENIHUX WCTOYHUKOB (3HEPTOCHCTEMBI, BKIIOYAS 3JIEKTPOCTAHLIHIO)
U OTIpEeNENSIETCS PE3yATHUPYIONIEE COMPOTHBICHHe uX a0 T. K-1, a 3a-
TEM PacCYMTHIBAIOTCA cocTapisomme Toka K3 Jyoc= Liic, farc, dync €O
CTOpPOHEBI CHCTEMBI, KaK 3TO OBUJIO PaCCMOTPEHO B moiapasi. 3.4.

3. OnpenesseTcst cyMmmMapHasi HOMUHAJIbHAST MOIITHOCTD BCEX DJIEK-~
TpONBUTATENCH momass TIOOKIIOYEHHBIX K CUCTEME COOPHBIX IITHH
c.H. 6 kB, e paccmarpuaetca K3. Eciu ToyHBI cocTaB ABHTaTeNeil
HEM3BECTEH, TO MPUHUMAIOT MPHOIMXEHHO

Z F HoMm.B = “HoMTCH

1
2 ¥ HOM.IB 5 SHOM‘TCH

(ecmu ucmons3dyercas TCH ¢ pacmerieHHoit oomorkoit HH), roe
SionTcH — HOMMHAJIBHAS MOIITHOCTD TpaHCHOpMaTopa COOCTBEHHEBIX HYXII.
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PaccuuThiBaeTcsl HayalbHOE 3HAUYECHHE TIEPUOAUYECKON COCTaBIIsI-
IOl TOKA OT OBUTATENEH, KA,

> P
Iﬂ = [n ek = d+nyck [HOM 5 = [*n x HOM.IB -
ons = Ly yex 2, Trowa Y s €08 Qs V3 Unione

3.24
=4 E Biouss =4 ShomTCH ( )

Uliom Uiom

WIH S

[n01m = 4..1".%@2’1 (325)

W

ecmu paccMatpuBaetcs: K3 3a TCH ¢ pacinerennoit oomotkoit HH.
B dopmynax (3.24) u (3.25) S,ourcy NpuHUMaetca B MB-A; Uy, —
B KB.

4. Onpenensiercst IEPHOAMYECKast COCTapsIomas Toka K3 or asura-
teneit B MOMeHT T=0,01 + 7. , orin, KA,

T = Trons® ™/ %Y. (3.26)

5. PaccuurthiBaeTcsl anepMognyeckas cocraBmsiomas Toka K3 or
JBUTaTEIe B MOMEHT T, KA,

Ly = 21 00€7"/ 0%, (3.27)
6. Haxomutcyg ymapHerii Tok K3 ot aBurareneii, KA,
[YJI‘IIB = ‘[iInOuBky;um, (3.28)

e Ky ps = 1,65.

Crnenyer UMeTh B BHAY, YTO BBIOOp S3JeKTPHMYECKUX alllapaToB U
TOKOBEAYILMX YacTeit B 1ieri BBoma 6 KB TCH (Ha puc. 3.14 zamutpuxo-
BaHO) OyJET IIPOU3BOIUTLCSA HE 110 CYMMapHBIM 3HaYeHNAM TOKOB K3
CO CTOPOHBI BHEIIHMX UCTOYHUKOB M ABUTATENICH C. H., a 110 HaubOb-
UMM M3 HUX: WJIM CO CTOPOHBI BHEIIHHUX HCTOYHHUKOB, WIM CO CTOPO-
HBI ABUTaTeNei c. H. O6opynoBaHye B IIEMNSIX BBOJOB CAMMX IBUTaTesNeit
BBIOGHpAETCS MO CYMMapHBIM 3HauYeHUSIM TOKOB K3 co CTOpOHBI cucTe-
MBI U CO CTOPOHEBI ABUTATEJNEH C. H. (ToapobHee — B noapasa. 3.10).

C 6osiee TOYHOM METOTUKOMN yUETa BIMSHUS CHHXPOHHBIX U AaCUHX-

POHHBIX ILBHFaTCJICi/'I NpHU pacycTe TOKOB K3 MOXKHO ITO3HAKOMUTBCA
B[3.1, . 6.7) u [3.3, . 5.6].

3.6. HecumMMeTpHyHbie KOPOTKHE 3aMbIKAHHUS

3.6.1. IIpumMeHenne MeTONIa CHMMETPHYHLIX COCTABISIOMAX K PACYETY
HECHMMETPHYHBIX KOPOTKHX 3aMbIKAHUH

B TpexdazHBIX CeTSX MOIYT BO3HHKATH CJIEAYIOIINE BUIBI HECHM-
MeTpuaHbix K3: nyxdazusie K3; omHo- u nByxdasnsie K3 Ha zemitio.

116



Pacuetsl HecMMMeTpUYHBIX K3, Tak e Kak ¥ pacyeThl JPYTHX HECHM-
METPUYHEBIX PEXHUMOB B 3JIEKTPUYECKUX CUcTeMaX (OOpPEBIBHI IIPOBOJIOB,
paboTa 10 cHcTeMe «IBa IPOBOJA — 3eMJISI» H T.I1.), YIOOHO ITPOU3-
BOAMTH C IIOMOLIBIO METOJAa CUMMETPHUYHBIX COCTABJISIOIINX, OCHOBEI
KOTOPOTO U3/araloTcs B Kypce TEOPETUYECKOM 2JIeKTPOTEXHUKU. BemoM-
HHM OCHOBHBIE IOJIOXEHHSI 3TOro Metoma. CyTh €r0 COCTOMT B TOM,
4TO JOOYI0 HECUMMETPUYHYIO CHCTEMY TOKOB WJIM HaIPsSLKEHMIA, co-
CTOSILIYIO U3 TPEX BEKTOPOB 4, B, C, MOXHO 3aMEHHUTH TPEMS CHUM-
METPMYHBIMU CHCTEMaMH BEKTOPOB NpsAMOR A;, Bi, C1, obpaTHOH
Az, Bz, C» ¥ HyneBOi Ao, Bo, Co TOCHeNOBATEILHOCTEH, T.e€.
JUUISL KaXIol U3 TpeX ¢a3 uMeeM:

A=A+ A+ Ao;

B=Bi+ B>+ Bo =a?41 + adz + Ao; (3.29)

C =C1+C, +Co =ad +a*4s + Ao.

3neck KOMIUIEKCHOE Yncio a=e/12 — onepatop (pas3bl, yMHOXEHHUE
Ha KOTOPHIH JII000TO BEKTOpa PaBHOCHJIBHO ITOBOPOTY 3TOTO BEKTOpa
Ha 120° B mpsIMOM HampaBjeHUH (IIPOTHB YacoBoM cTpenku). Omepa-
TOp a3kl MO3BOJISIET BEIPA3UTh BEKTOPH CUMMETPUYHON CUCTEMBI Ye-
pe3 BEKTOpP KaKoii-Inbo ogHoM (a3pl, MPUHATON 32 OCHOBHYIO (B Ha-
meM ciaydgae — ¢asa A).

BeKTOpBI CHCTEMBI TIPAMOIA MTOCE0BATEILHOCTH PAaBHEI IO BEJTH-
YMHE ¥ CABHHYTHI IPYT OTHOCUTEIBHO Apyra Ha 120° B HampaBieHUH
IIPSIMOTO YepenoBaHus ¢a3 (06pa3yioT CUMMETPHYHYIO YPaBHOBEIIIEH-
HYIO CUCTeMY). BeKTOpBI CUCTEMBI 00paTHOM IMOCIe10BaTeIbHOCTH paB-
HBI IT0 BEJIMYMHE U CABMHYTHI IPYT OTHOCHUTENBLHO Apyra Ha 120° B Har-
paBleHMH OOpaTHOrO 4epeaoBaHus (a3 (0O6pa3yloT CUMMETPUYHYIO
YPAaBHOBENICHHYIO CUCTEMY). BEKTOPHI CUCTEMBI HYICBOI MOCIEI0BA-
TEJILHOCTH COBITAJAIOT IO HAIIPABJICHHWIO M PABHEI [0 BEJIMYMHE, 00-
pasyloT CUMMETPUYHYIO, HO HEYPaBHOBCLICHHYIO CHCTEMY.

CremoBaTeIbHO, TCOMETPUUCCKAsi CyMMa BEKTOPOB

MIPSIMOM ITOC/IEMOBATEILHOCTA paBHA HYJIO:

A1 +Bi1+Ci =0;
00paTHOIA ITOC/IE0BATEIBHOCTH PaBHA HYMIO:
A2+ B2+C2 =0 (3.30)

HYJICBOI MOCJIEIOBATEIbHOCTH HE paBHA HYJTIO:
Ao+ Bo+Co=A=0.
OTtnenbHBIE CHMMETPHUYHEIE COCTaBINIOIIME Pa3sl A MOXHO OITpe-
TENUTh Yyepe3 (a3Hble BETUUUHEL

! =%(Z+a§+a26);

2 =%(Z+a2§+a@);

%(Z+§+5).

(3.31)

|

pN

0
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Puc. 3.10. Pesynprupyroliye cxeMbl 3aMEIUEHUS TipsiMolt (@), oOpaTHoit (6) 1
HYJIEBOW (8) MOCIEAOBATENBHOCTEM

Bce npuBeneHHBIE YPABHEHUS CIIPaBEIIUBEI KaK ISl TOKOB, TaK U
IUTST HATIPSDKEHU I NPY HECUMMETPUYHBIX pexXuMax TpexdasHbIx ycra-
HOBOK.

Ipu TpexdazHoM MetammueckoM K3 HanpsokeHne B Mecte K3 paBHO
HYJTIO.

Ipu HeciMmMeTpruHbIX K3 HanpsckeHUe B MecTe K3 He paBHO HYIO,
CUMMETPHYHEIE COCTARISIOINE ero B Mecte K3 onpenensiiorcst B COOT-
BETCTBMHM CO BTOPHIM 3akKoHOM Kupxroda:

UK‘ = EQJ - Tkljxlpea;
Uxz = 0 -T2 Xopes; (3.32)

UKO =0- TKijOpeaa

rne £y — pesynsTupytomas DJC npaMoit mocnenoBaTeIbHOCTH KC-
TOYHUKOB NMUTAHUSA (PasHOE 3HAYCHUE); Xipes Xopes, Xopes — PE3YIBTH-
pYIOIINE CONMPOTHUBICHMS MPSIMOM, 06paTHOM U HYJIEBOM IOCIeaoBa~
TeasHOCTeN ey K3.

Jlna pacgera HecuMMeTpuuHBIX K3 BO3HUMKaeT HEOGXOAMMOCTE CO-
CTaBJICHUS CXeM 3aMellleHUs MpsMoit, obparHoit, a mpu K3 Ha 3eM-
JII0O — Y HYJIEBOM MOCJIEIOBATEILHOCTH. TaK KakK BCe FeHepaTOPH CO3-
JAIOT TOMBKO CUMMETPUYHYIO TpexdasHyto cuctemy D/1C mpsmoit no-
CJIEJOBATEIBbHOCTH, TO B CXeMax 3aMelleHHs yKa3bIBaeTcs TONBKo DJIC
MPSIMOM TOCIIEAOBATEIBHOCTA MCTOYHUKOB IMUTAHUS U CHUMMETPUY-
HEIE COCTaBJITIONINE HarpskeHus B Mecte K3 (puc. 3.10).

3.6.2. IIpaBuna cocTaBIEHHA CXEM 3aMeNeHHMs OTAENbHBIX
MOCJIe10BATENLHOCTEH

IIpu pacyetax HecuMMeTpHUHBIX K3 cocTaBisioTCst cXeMbl 3aMeliie-
HUS OTIENIbHBIX HOC/eI0OBATEILHOCTEH, B KAXKAYIO U3 KOTOPHIX BXOIAT
BCe 3JIEMEHTHI, IO KOTOPHIM IPH JaHHOM HecHMMeTpuyHoM K3 mpo-
XOISIT TOKH COOTBETCTBYIOIIUX ITOCIIECAOBATEILHOCTEH.

Cxema 3aMellieHUS MIPAMOit ITOCIE0BATEIbHOCTH COCTABNIAETCS TaK
3Ke, KaK JIJIs1 pacyeTa CHMMETpHuHoro TpexdasHoro K3. Ona cBopayu-
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paeTcd OTHOCHUTENBHO ToUukM K3, U ompeaensgeTcsa pe3ylasTHPYIOIIEe
COIIPOTUBJIEHHE TPAMOIT ITOCTIEAOBATENBHOCTH X{pes:

X1 pes
C'_‘:éK3

CxeMa 3aMelleHHs 00paTHO# TOCIEHOBATEILHOCTH COCTOMT M3 CO-
IIPOTUBJIEHMI 0OpaTHOM MoC/IeMOBATENBHOCTU. IIpH 3TOM ClleIyeT YYECTD,
YTO CONPOTUBICHUS oOpaTHON M IIpsiMOi nmocaenoBarenabHocTeit JIDII,
peaxkTopoB, TPAHCGHOPMATOPOB PaBHBI MEXIY COOOM, T.€. X|=X;, Fj=1,
Z,= Z,. Y Bpalialolliixcs MallliH TOKU 0OpaTHOMH ITOCIEA0BATENBHOCTH
CO3[AI0T MAarHUTHBINA TOTOK CTaTopa, BpalllalOIIMICA ¢ IBOMHOM Yac-
TOTOH ITO OTHOIIICHHIO K POTOPY, U B OOLIEM CTyYae y HUX X, # X;. HO B
HpUOIVDKEHHBIX PACYETAX IIPUHUMAIOT TS CHHXPOHHBIX MALIMH X; = Xj.

W3 BBIIIEU3IOKEHHOTO CIEAYET, YTO PE3YIBTUPYIOUINE COITPOTHB-
JIEHHS TIPSIMOM ¥ 0OpaTHOM MOCIEIOBATCIBHOCTCH OTHOCUTEIIBHO pac-
cMaTpuBaeMoit ToukM K3 MOXHO IIPUHATE paBHEIMHU IPYT APYTY, T.€.
X1 pes= X2 pes-

CxeMa 3aMEUICHUS HYJE€BOH ITOCIEIOBATEILHOCTH HEOOXOIUMA ITPH
pacyeTax TOKOB KOPOTKHX 3aMBIKaHMIT Ha 3eMJIi0. B 3Ty cxeMy BBOASITCS
TOJIBKO T€ 3JIEMEHTBI PACUCTHOMN CXEMBI, TI0 KOTOPEIM MOTYT ITPOTEKATh
TOKH HYJIEBOI IOC/IEN0BATEIbLHOCTH, 2 MMEHHO: CUCTEMBI C 3a3€MJIEH-
HBIMHM HEHTPATIAMHU, CHJIOBBIE aBTOTpaHCGHOPMATOPH M TpaHc(opMaTo-
pH C 3a3emaenHbimu Heitpanamu, JIDIT 1 Kabenu, COCAMHSIOIINE UX.

CxeMel 3amenieHuss AT u TpaHcOpMAaTOpOB C 3a3€MJICHHON HEH-
TpaJIbiO TIOKa3aHHl B Tabi. 3.8.

Ta6nuia 3.8

CxeMbl 3aMeLlleHHs HYJIEBOH mocnenoBaTeasHOCTH Tpancdopmaropos H AT

I'padpuueckoe

CxeMma 3aMelIeHHst
H3oOpaxeHHe

DJIEMEHT CXEMBI

JByxo6MoTOYHBII TpaHCGhOpPMaTOD
Xr

XT B

XT Hi XT H2
XT B
XTH

[ Byxo6MoTOYHBII TpaHcgopMaTop ¢ pac-
merneHHoi oomorxkoir HH

TpexoGMoTOUHBI TpaHchoOpMaTOp
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Oxonvanue maba. 3.8

DIeMEHT CXeMBbi Ipaduyeckoe | cyera samemerusa
H300paxeHNe
ABTOTpaHcgopmMarop
XTB
XTC

)
= i
XTH !
1

=+

OO6paTture BHUMaHue, YTo 1IpH K3 Ha 3eMJII0 TOKH HYJIEBOIi 1oce-
JIOBaTEJIbHOCTH MOManamT B o6MoTKM BH TpaHcdopmatopor, ume-
JOLIMX 3a3eMJIeHHYIO HeiTpaib. OHU TpaHCHOPMHUPYIOTCS Ha CTOPOHY
HH u 3ampikaltoTcst, mpoTekast 1o ooMotkaM HH, coenMHEHHBIM B Tpe-
YTONBHHK, HE BHITEKasl 33 €0 Tpeneasl. [1o 270l npuymHe COMPOTUB-
neHne ooMotok HH tpaHcdhopMaTopoB, COEAMHEHHEBIX IO CXeMe Tpe-
YTONBHUKA, BBOAUTCS B CXeMY 3aMCIUCHHUS HYJCBOM IOCJICIOBATENb-
HOCTH TPaHCHOPMATOPOB € 3a3eMJICHHHMH HEUTpaIsiMu

Up2110 kB

Conpotusnenns JIBII B cxeMe 3aMellleHHUs HYJIEBOH MoOcCenoBa-
TEJIBHOCTH OTJIMYAIOTCS IO BETMYKMHE OT TeX 3HAYeHMil, KOTOphIC OHU
HMMeEJIH B CXEME 3aMElICHHS TPSIMOi TOCIEA0BaTEIEHOCTH.

NBaykTuBHOE COTIPOTHRIECHHE HYJIEBOM MTOCICIOBATEIEHOCTH IBYX-
HENMHBIX JIMHUI GOoMbliIe, YeM OJHOIEMHBIX, 33 CYeT HAIMYUS B3alM-
HOH MHAYKTUBHOCTH MEXIY LIeTISIMH, KOTOpasi CKa3nBaeTCs MpH pac-
CTOSTHUM MeXmy HUMH 1o 400 — 500 m.

CpenHue 3HaYCHHSA OTHOLICHHS X5/ IJisl BO3MYIIHBIX JIMHUI TIPH-
BeJeHBI B Tabi. 3.9.

TaGruma 3.9
Cpeanne 3HaYeHHS OTHOMEHHA Xo/X; AN BO3NYIMIHBIX JHHHH
3EeKTponepeaayn

XapaKTepuCTHKA THHUU X/ %
OpHollenHas JIHHYS 63 3a3¢MJIIEHHBIX TPOCOB 3,5
To xe, co cTalbHBIMM 3a3¢ MJIEHHBIMU TPOCaAMHU 3,0
To xe, ¢ 3a3eMIEHHBIMM TPOCAMH U3 XOPOLIO TTPOBOASIIINX 2,0
MaTepUAIOB
JByxuenHas xMHus 6e3 3a3eMIIEHHBIX TPOCOB 5,5
To ke, CO CTATBHBIMHU 3a3¢ MIICHHBIMH TPOCAMU 4,7
To Xe, ¢ 3a3eMJIEHHBIMY TPOCAMM K3 XOPOLIO TIPOBOISIHUX 3,0
MaTepUATOB
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ColpOTUBNICHHUSI HYJICBOM MOCHEIOBATEILHOCTH Kabeneit 3aBH-
CSIT OT XapakTepa UX MPOKJIAIKU, HATMYMS MM OTCYTCTBUS IIPOBO-
JsIed 000JI0YKH, COPOTUBIEHUST 3a3€MIECHUS TIPOBOIsIiei 000-
JIOUKH (€CNIM OHAa MMEETCSA) M ApYrux (pakTopoB. JomycTMMO ITpH-
HHUMAaTh IJIs1 Kabeneit

x5 =(3,5-4,5)x, u Ry = 10R,.

IlonyyeHHYIO CXeMy 3aMElICHUs] HYJIEBOM ITOCIENOBATECILHOCTH
CBOPAYMBAIOT OTHOCUTENBLHO TOUKHM K 3. Tak Kak Bce 3a3eMJICHHBIE TOUKH
CXEMBI 3aMEIIEHMS HYJIEBOM MMOCTENOBATENBHOCTH HMEIOT IIOTEHIMAN
3eMJTH, TO TIPH YIPOIIEHUM CXEMBI UX OOBCIMHSIIOT B 00HY 0014y MOYKY
M OTIPENETSIOT PE3YABTUDPYIOLIEE COMPOTUBICHHE Xgpes:

X0 pes
1l
K3

3.6.3. Toku 1 HANPAKEHHA B MECTE HECHMMETPHYHOTO
KOPOTKOr0 3aMbIKAHAA

g pacueToB TOKOB U HampstKeHHit B Mecte K3 mpenBaputenbHO
JOJDKHBI OBITH ONpeleICHH Pe3yIbTUPYIOLIE COPOTUBIIEHNS OTHECIb-
HBIX TIOCNIENOBATENBHOCTEN OTHOCHTENBHO TOUKHM K3 U nomKkHa OBITh
n3pecTHa DJIC UCTOYHMKA MUTAHUS E,.

PaccmoTrpuMm aByxdasuoe K3 (puc. 3.11).

I'panuuHbie yenoBus npu apyxdasHoM K3 mexny daszamu Bu C:

Ted =0; Tip = -Ixe; Us = Une
Tak Kak cyMMa (a3HBIX TOKOB 3[eCh paBHA HYJIO, TO CHCTEMA SIB-

., +Q2)
JIIETCSl YPAaBHOBEIICHHOM, MO3TOMY [, =0.

Torna
=2y =2 =2 =(2) =(2)
Ia = Ten + Ixa2 =0, otkyma Jwa =—1Ixa2 =0. (3.33)
c G
B 12 1%
4 IR > 13
ol 7ol ;o ™ -~
ﬂm; 154 4 1 I
K® 13,
a 6

Puc. 3.11. dsyxdasuoe K3 (a) n BeKTOpHas AMarpaMMa TOKOB B MECTE IO-
BpexaeHus (0)
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Hanee u3 ¢opmynsl (3.29) monyyaem
=) =)
Toh =Tk, (3.34)

a ¢ yuetoM ¢opmynsl (3.32) uMeeM PaBEHCTBO:
= =) Q) —=(2)
EC]J - JIKA]xlpea = _]IKAZprea = jIKAlePCJ'

OTKyza pacyeTHOE BHIpAXECHHUE IUIST OMpeeeHUS ToKa MPH JBYX-
¢asnom K3 B komruiekcHO# opme

=(2) Eg
It = —————.
J(xlpea + x2pe3)
KowmriekcHas ¢popma BeipaxeHus: (3.35) o3Hayaer, YTO TOK OT-

craet 1o ¢ase ot DJC Ha yron 90° (zeneHue Ha j). Mcrionb3ys popMy-
ny (3.29), MOXHO OTpEeeaUTh TOKU B IMOBPEXIESHHBIX (a3ax:

(3.35)

=(2) #(2) —=(2) —=(2) . 350
Tip = a*Ten + al it = (&% - )T a1 = —j 3T
=(2) . 3702
M aHWIOTMYHO [y¢ = j«/§IKA1.
Taknum oOpa3oM, aGcomoTHasA BEIMYMHA TOKA KOPOTKOro 3aMbIKa-
HUSA B TIOBPEXICHHBIX da3ax
V3E,

) _ ) _
I =31 = ——
ipes x2pe3

BekTopHas muarpamma TOKoB IpH npyxda3zHom K3 mpencrasneHa
Ha puc. 3.11, 6.
PaccMorpum onHodaszuoe K3 (puc. 3.12).
I'pannunbie ycnoBus wis ogHodasHoro K3 daswr A4:
—(1 —( —(
Ta=0, Tee=0; T4 =0.
Tak kak Toku B AByX (a3ax OTCYTCTBYIOT, TO CUMMETPUYHBIE CO-
CTaBJISIIOLIME TOBPeXICHHOMK (a3sl A B COOTBETCTBUU ¢ PopMynoi
(3.31) paBHH:

(3.36)

= = =) 1-m
IKAI=IKA2=IKA0=—3‘IKA.

=(1)
Bripaxast HanpsikeHUe Uxq dyepe3 CUMMETPUYHBIEC COCTABIISAIOLIME
U MOACTaBUB UX 3HAYeHUS B Gopmyny (3.32), moiayuum

=(1) —=(1) =(1) —(I)
Uit +Uxaz +Uxso =Uxs =0

- =)
E¢ - IKAlJ(xlpea + Xopes T xOpes) =0.

Eo

j(xlpea + x2pe3 + xOpea)

Orcioma 721 = 3.37)
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C
£ @
Tz 1;,?2\1‘1; o
]
b i) 1”(1) 1k
KA kB kC O i 1:39)1
kB2
) &Il(clc?l Iélc)z)\
a 6

Puc. 3.12. Oanodastoe K3 (a) u BekTOopHas JuarpaMMa TOKOB B MECTE IO-
ppexxaeHusi (6)

ABCOJTIOTHOE 3HAYeHHUE IMOJIHOTO TOKA B MOBPEXIEHHOM (dase npu
omHodazuoM K3

3E,

xlpe3 + x2pe3 + xOpe3

BekropHas muarpamMMa TokoB nipu onHodasnoM K3 mpencraBneHa
Ha puc. 3.12, 6.

AHAJIOTMYHO MOXHO MPOoaHAJIM3NPOBAaTh Mpoliecc nByxdastoro K3
Ha 3eMJTI0 U TIOJIYYUTh PacueTHHIE BBIPAXKEHMS IS OTIPENe/ICHUS TO-
KOB M HAaNIPSLKEHUIM P 3TOM BHIE MOBpexaeHus (cM. tao. 3.11).

IIpoaHann3npoBaB Bce BUIAH HeCUMMeTpuuHBIX K3, MOXHO cmenarth
BEIBOJI, UTO 10 afCOAOMHOMY 3HAUEHUI0 MoK necummempuinozo K3 npo-
HOPUUOHANCH MOKY RPAMOU nocaedosamenbHocmu npu 0auHom eude K3:

I" = mn e, (3.39)

tme n — uHgekc suna K3; m — xosdduumeHT nponopumoHaisHO-
CTH, 3HAUE€HHE KOTOPOTo 3aBUCHUT OT Buaa K3 (tabmn. 3.10); 115'1') — TOK
NPAAMOIA MOCIENOBATENBHOCTH Ul TaHHOro BuAa K3, KOTopHIii B 06-
HIEM BUJE OIpENENSIETC MO BHIPAXEHUIO

IO =310 = (3.38)

E E
- Lo __ L (3.40)
v xlpe3 + Ax xpe3
3)ICCI> Axm — JOOMOJIHUTCJIBbHOC MHAYKTUBHOC COIIPOTUBIICHUC,

KOTOpoe OTpeneIsieTcss BUAoM HecuMmMerpuyHoro K3 (#) u mapamert-
paMu cxeM 3aMellleHUs oOpaTHoit u HynmeBoil (nmpu K3 Ha 3emimo)
nmocsenoBareabHocTel (M. Tabi. 3.10).

123



Tab6nuua 3.10

3HAYEHHA IONONHATEALHON0 HHAYKTHBHOIO CONPOTHBICHHS AX™ u k03D du-
nuenta m™ ans Hecummerpuunbix K3

Bun K3 3uauenne Ax” | 3HaueHne koaddumeHTa m
JByxdasHoe Xapes NE)
OpnodasHoe Xapest Xopes 3

Byx(dasHOe Ha 3eMITI0
H y (1) x2peax0pe3 x2peax0pea

x2pe3 + xOpe:

ﬁJl-

2
(x2pe3 + xOpea)

Hauanvhoe snauenue nepuoduueckoii cocmaeasouesi moka 1% npu
atobom sude K3 onpedensemcs
U3 BHIPAXKEHMS PE3YTHTUPYIOHIETO COTPOTHBIIEHUS:

B OTHOCHUTECIIBHBIX €AWHNLAX, O.€. B UMCHOBAHHBIX €IWHHIIAX, Om

” ” ”
1;:(:)) m™ _E_ Is 1(3) =m» Ey = mm £
(n) n
Xk X V3x

ITpu tpexdaznom K3 m? = 1.

3.6.4. TIpaxTHyeckne METOAB PacyeTa HECHMMETPHYHbBIX
KOPOTKHMX 3aMBbIKaHMi{

Meronuka pacyera HecCMMMeTpUYHBIX K3 cBOIUTCS K ClieayIonieMy.

1. CocraBisieTcs pacueTHasl CXeMa CeTH.

2. Ha OCHOBaHMM pacyYeTHOM CXeMbI COCTABISIETCS cXeMa 3aMellle-
HUS TIPSIMOLT TTOCHENOBATEILHOCTH, OHA YIPOUIAETCS U ONpenensieTcs
pPE3YNBTUPYIONIEE COMPOTUBICHUE TPSIMOM TMOCTEAOBATENBHOCTH OT-
HOCHTEBLHO 3aaHHOM TOUKM K3 — Xjpe5.

3. PesynabTupyioiee COIpOTHBIEHUE CXeMBbl 3aMEIeHNUs] 00paTHOM
MOCTIEAOBATEIBHOCTH MPUHUMAETCSI PaBHBIM pe3YJbTUPYIOHIEMY CO-
MIPOTUBJICHUIO TIPSIMOM ITOCTENOBATENBHOCTH: Xypes=X{pes-

4. Ilpu pacyete oxHO- U aByxdasubix K3 Ha 3eMmio cocTaBnseTcst
cxema 3aMelleHus HYJIEBOM ITOCeIoBaTeIbHOCTH, OHA YIPOUIAETCS U
OIpeAeIsIETCS] pe3yNbTUPYIOLIEE COIIPOTUBIIEHUE HYJIEBOI ITOCIeI0Ba-
TEJIbHOCTH OTHOCHUTENIBHO 3aJaHHOM TOYKY K3 — Xgpe;.

5. Ucniomb3ys hopMyJibl, MpUBeneHHbIe B Ta0a. 3.11, paccunThiBa-
10T TOKM HecuMMeTpuuHbIX K3 B HauanbHbIi MoMeHT K3. Ecnin Heo6-
XOOHUMO, TO MOXXHO OMPEAETUTb U OTACIbHbIE CHMMETPUYHBIE COCTAB-
JISIFOILIME 3THX TOKOB.

YT106Bl 3aKpeNUTh U3YYECHHBIH TEOPETUIECKUIT MaTepHall, pacCMOT-
puTe npuMepsl 3.2 U 3.3, rae npuBeACHBI pacyeThl ABYX(a3sHOIo U
onHodazHoro K3 /1 KOHKpeTHOM pacYeTHOU CXEMBI.
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Tadonuuna 3.11

PacyeTHbie BbIpaKeHHA AJi ONpeAeICHHA TOKOB HecHummeTpHyHbix K3
B HavanbHblit MoMeHT K3 (7=0)

Bua | Toku Ilpy McnonbL30BaAHUHU Ilpu McmonbL30BAHMU
K3 K3 OTHOCHUTEAbHBIX CAMHMUIL MMEHOBAHHBIX CAUHMUIL
9= 8 | o BLE o 3ULE!
A w = = ==
§ E % x‘lpea + x'2pe3 \/—i(xlpes + x2pe:|)
n o Q
< O = ” ”
292 | LBLE (o ca _VUEL g1 a
§x 8 ™ X, no » 2\/" = nf »
é:(g [—‘O *1pes xlpca
”
Q| IR =3I = 0230 - _ 3UsEI
n
g 315E,’ \/_(2xlpe:| + xOpeJ)
& = )" KA
o i 2Xonypes + Xoppea _ 1,73U, KA
=
= g 2-xlpe:« + xOpea
[
® =
g
- Lo 1(1) I(l) I(l) I(l) I(l) I(l) —
v § v 1 ’0
g log| o LB KA N/ 1 S— KA
z lze |~ ) = J_ ’
LIRS 2Xstpes + Xegpes 3(2%ipes + Xopea)
¢ |&g
= v @
o] § E
=
OB
11 L1 ’
o | I’ =30 = a3 VBl
\/‘
% _ 316E: KA 3(xlpe3 + 2x0pe:|)
- b
o s Xegpes + 2Xugpes _ L73UE!
= ;0 ’
3 é Xipes + 2Xgpe;
(3]
p =
o)
o ” ”
b4 [Wse) (b Iﬁ(x‘lpea + x‘Opea)Ev (n Uﬁ(xlpezl + xODEJ)E‘
8 8 ~ [l = 2 ’ 1\ = > KA
z : g Xeipes (x‘lpe:; + x‘Opea) \/Ex,pea (x,pu + 2x0pe3)
< 3 o) ” »”
T ES | o= Ty B, (LD UsXopss v
= 2 2 = 5 ’ 12 = , KA
= & =] x‘]pea(x‘lpel + x‘Opea) \/Ex}pea (xlpez + 2x0pea)
28 I.E! :
2 Ji 6L« KA 7O UGE.
@) 8 x‘lpe: + 2x"0p€3 o

\/E(xl pes + 2x0pea) ’

IMpumevanue. PacyeTHole dhopMyibl, mpuBeAeHHbIe B Tabn. 3.11, cnipapennu-
Bbl, €CITU Xipes=Xzpes.
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< Shom ¢ = 2500 MB-A
'l|_@ XxHom C = 2!3

lwr=lwz= Uspt = 10,5kB

=lws=60kM  Hpy lyn w3
Iwe =45 xM
*=0,4 (le_M w4 a.g

THOH-16000/110
ue=10,5%

Uy = 115 kB K‘zé

! T1 =212
TPIIH-63000/110 (ala)

U pii—nn = 10,5 %
LSVA
Uspt = 10,5 kB —

4 |
Gl PBAr-10-
0-4000 -0, ISO
Harpyska Harpyska
Td-63-2 Td-110-2
Suow = 78,75 MB-A Suom = 137,5 MB-A
Uyou = 10,5kB Uyor = 10,5kB
GI; G2 x:dHOM = 0,2 G3 x:duou = 0,23

Puc. 3.13. PacuerHas cxeMa 21eKTPOYCTAaHOBKH (K ripumMepaM 3.1; 3.2; 3.3)

IIpamep 3.1. IIpoBecTn B 00I1EM BUIE PACUYET COCTABISAIOILUX TO-
KOB TpexdasHoro K3 I,%), 19, i, zg? B T. K-1 pacueTHOIf cxeMHI,
MpeacTaBlIeHHON Ha puc. 3.13. McxonHble TaHHBIE TIPUBEACHEI HA pac-
YETHOU cXxeMme.

Pemenwue. 1. JInga pacyera TokoB TpexdasHoro K3 B T. K-1 Ha
OCHOBAaHHMH PacYETHOM CXEMBI COCTABIIAETCS CXeMa 3aMelleHUs Mps-
MO TOCIeN0BaTeNbHOCTH (pHc. 3.14, a).

B cxeMy 3aMmellleHNs] BBOIATCS CONPOTHUBICHMS TOJBKO TeX 3JIe-
MEHTOB pPac4eTHOM CXeMbI, KOTOpBIE CBA3HIBAIOT T. K-1 ¢ MCTOYHU-
KaM¥ IuTaHus. Kaxmoe conmpoTHBIIEHUE ITOJIyYaeT CBOM HOMeD, KO-
TOPBII YKa3BIBAETCA PSAAOM ¢ HUM B YHMCIUTeNe ApobH, a B 3HaMe-
HaTteNie OyIeT yKa3aHa BeJIMYHHA 3TOTO COIPOTUBJIEHUSI B OTHOCH-
TEJIbHBIX €AMHHNIIAX UM OMax B 3aBUCHMOCTH OT IPUHSTOMH CHCTe-
MBI pacyeTa.

3HaueHUs cBepxrepeXoqHeix 3J1C UCTOUHUKOB NMPUHATHL B COOT-
BETCTBUH C pEKOMEHIAIIMAMH Tab1. 3.2:

st cucrteMbl Ej- =1,0;

JUIst reHepaTopa G3 E*G 3 =113, Tak kax PHOMm > 100 MBrT.

Harpyska, noakmoueHHast K coopHbIM 1nHaMm [PV 10,5 kB, yuu-
TeIBaeTCsl YMeHbIteHneM DJIC reHepaTopoB GI u G2 10 BeNTMYMHEI
EGic2 =1,0.
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2. IIpousBoguTcs pacyeT COMPOTHBIICHUIN CXEMBI 3aMEILICHMS C MC-
[10Jb30BaHuEM (DOpPMyYJ, IPUBENCHHBIX B Tabn. 3.4, ¢ gntbpannoli eamu

cucmeme edunuY:

B OTHOCUTEJbHBIX eAHHULAX (0.¢.) B UMECHOBAHHbBIX eAuHULax (OM)
S Us
Xy = XapowCc T X1 = Xanomc
SHOMC SHOMC
S Ug
Xy = X3 = Xog = Xyaly [T Xy = X3 = X4 = Xly, 3
Ucpl cp2
2
_ Ugt—nn o Ss e Upn-nn® US
Xeg = Xyg = = Xs =Xg = =
100 SHOMTI 100 SHOMTI
S U
Xe7 = XpomLR T X7 = XyomLR 2
Ucp2 Ucpl
2
- 4 Sﬁ — .4 Uﬁ
Xig = Xog9 = XgunomG! S Xg = Xg = XgenomG1
HoMG 1 SHOMGI
X UK% Sﬁ x ux% U62
10 = I — 0= P —
100 SHoMTJ 100 SHOMTJ
2
— T Sﬁ — U6
x.u = xd"HOMGJ xll - xd-HOMGJ
SHOMGJ SHOMGJ
B kxauyectBe 6a30BOil MOIIHOCTH B xayectBe 6a30BOr0 HaTNPSCKEHUS
ynoGHO IPUHATL Se= 1000 MB-A yno6Ho npuHsaTs Ug = Uclf," =
=10,5 xB

Tak kak TpaHcdopMatopsl 71 u T2 corjlacHO pacyeTHOM cxeMe
paboTaloT ¢ 3aKOPOYCHHBIMU BBIBOXAMM pacCIEILIEHHON OGMOTKH
HM3IIETO HAMPSXKEHUS, TO UX COMPOTUBJIEHHUS X5, X PACCUUTHIBA-
IOTCST KaK COTIPOTUBJIEHHS OGBLIYHOFO JIByXOOMOTOUYHOTrO TpaHCc(hOop-
Maropa.

3. CxeMa 3aMelICHHS YITpOIaeTcst (CBOpauylBaeTcs) OTHOCUTEIBHO
pacyeTHO# TOYKH K-~1 ¢ y4eTOM BO3MOXHBIX MYTEH MPOTEKAHUS TOKOB
OT UCTOYHHKOB K MecTy K3. (DopMyIbl rpeoOpa3oBaHUs CXeM 3aMe-
UIEHUS YKa3aHbl B Ta6. 3.5.

OnpenensieTcs pe3ylbTUPYIOLIEE CONPOTHRIIEHHE OT CHUCTEMBI O
cOopHbix nmH 110 kB

1
X3 = X3 +§x2 (puc. 3.14, 6).

PesynbTupyiollice COMpPOTURICHHE BETBU reHepatopa G3 1o c6op-
HeIx mwnH 110 xB coctaBUT

X3 = X0+ X1, (cM. puc. 3.14, 6).
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Gl G2 G3
Elg1 =1,0 EG;=1,0 Ep%;=1,13

GI G2 G3
E%p =10 By =1,0 E;=1,13 6
a
(C + G3); Evpeyy (C+G3); Eym

EG; =10 EG=1,0 Eg =10 Eg =10
8 2
L C+G2+GI)
(C+ G); By B Egw
20

21
16

Gl Gl
EGi=10 Eg;=1,0 Egi=10 Egi=10

d e H

C+G2+G3

Puc. 3.14. DKBUBAJICHTHASI CXeMa 3aMeIUEeHUs s pacyera TpexgdasHoro K3
B T. K-1 u niyTu ee npeoOpasoBanus (a, 6, 6, e, 0, e, x) (K mpuMepy 3.1)

(cM. Takxe c. 134)
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I'eneparop G3 ynasien ot Touku K3 K-1 Ha nBe cTynmeHM TpaHc-
¢opMalluu, MO3TOMY €ro MOXHO OOBEAMHUTH B OAHY BETBb C CHC-
TEMOM:

X12X
X4 = —2 (puc. 3.14, 6).
X2 + X4
Tak xak cBepxmepexonHbie DJIC 0O0LeTMHAEMBIX HCTOUHUKOB pa3-
”
uble ro Benmunne ( Eic = 1,0; E%; =1,13), onpenenum 3KBUBaJICHT-
nyio BAC
»_ Elxs+ Elsxn
*3KkBl — .
X2 + X3

TpeerJ'IBHI/IK COTPOTUBJIEHUN X5, X g, X7 TIPEOOPA3YEM B 3BE3Y X5,
X16> X170
X5Xg X5X7 XegX7

X5 = —28 s X = xy = —5T— (hye 314, 2
X5+ Xg + X7 X5+ Xg + X7 X5 + Xg + X7 (p ):

IIpopomkaeM yIpomiaTh CXeMy:
Xig = Xj4 + X555 (puc. 3.14, 9)
Xig = X7 t X9

T'eneparop G2 saBnseTcs TakXe YIAJIEHHBIM UCTOYHUKOM 1O OTHO-
meHuio K T. K-1 (ot Hero Toku K3 moarekaiot K T. K-1 yactuuHo Yepe3
peakTop, YaCTUYHO — 4epe3 TpaHchopMaTopsl 12 u T1), moatoMy
€ro BKJIIOYAIOT B BETBb DHEPrOCUCTEMEI U TeHepaTopa G3:

X18X19

Xy =-——— (puc. 3.14, e).
Xig + Xi9

PaccunteiBaeM 3KBUBAIEHTHYIO DJIC:

” ”
r_ Elexiy + Elgrxis
*3KB2 — -
Xig + X9

OnpenensaeM X, = Xy + X1 ¥ [OJTy4acM OKOHYATEIEHYIO CXEMY 3a-
MeuieHus: orHocuTebHO T. K-1 (puc. 3.14, ac), roe renepatop G I Heno-
CPEACTBEHHO CBf3aH ¢ T. K-1 yepe3 conmpoTURIIEHHE Xg, @ BCE OCTAIIb-
HBIE UCTOUYHHKHW OOLENUMHEHEI B OMUH 3KBUBaJIeHTHHIN (C + G2+ G3),
KOTOpEIN cBA3aH ¢ T. K~1 yepe3 CONMpOTHRICHUE X;;.

CrrenyeT OTMETHTB, YTO €CJIM B ONHY 3KBUBAJIEHTHYIO BETBb 00b-
EIUHSIOT CUCTEMY M 3HAYUTEBLHO YIAIEHHBIE OT TOUku K3 ncrounu-
KM, TO MOXHO HE pacCUuTHIBath Ky, a npunumars EJ, . = 1,0 . B nau-
HOM MIpUMEPE MOXHO OBUIO IMpHU OOGLEMUHEHUU B OTHY BETBb CHCTE-
MBI, reHepaTopoB G2 u G3 npunats E,,, =1,0.

4. Ipouspoautcs pacueT TOKOB Tpexdasnoro K3 B 1. K-1. Pacyer
yIo6Ho npoBecTH B Ta6i. 3.12 unu 3.13 (B 3aBUCMMOCTH OT ITPUHATOMN
CHCTEMBI pacyeTa COMPOTUBJICHUI CXEMBI 3aMEIIEHMS).
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Tabnuua 3.12

Pacuernas tadumua Toxos tpexdaznoro K3 npu pacyere conpoTHsieHHi
CXeMbl 3aMeLIeHHst B OTHOCHTENLHBIX eAHHHIAX

Touka K3 K-1
BazoBasa MoutHocTs S5, MB-A 1000
Cpeanee nanpsixenue U, KB 10,5
HUcTouyHuku (Cucrema+ G2+ G3) |Gl
HoMuHanbsHass MOLHOCTD 2500+78,75+137,5= |78,75
HMCTOYHHMKOB S, MB-A =2716,25
PesynsTupyiolilee COIIPOTUBNE- | Xsg; =..., O.€. Xrg =..., O.€.
HUE X.pe;, O.€.
S,
Ba3oBhlil TOK /; = —=—, 1000 _ 55,05
V3u, J310,5

E’ (cM. Tabn. 3.2) Efer =1, EG =10

’ 1,...55,05 1,0.55,05
19 =201, A = 2

x,m xozl x-8

S, 2716,25 78,75

Ler = 24T A kit T 5
° 3u,, J3-10,5 J3-10,5
3)
nl
I_— TlokasaTb pacyeTh
HOM.HCT

= (0,0l + tc.n.oncn), c

0,01+0,1=

BuIKTIO4atenss MIT-10-63)

0,11 (mpeanonaras ycTaHOBKY

Y.. (cM. puc. 3.8)

CM. npuMeyaHua K JaHHOIt Tabnute

I® =y, I8, A TToKa3aTh pacyeTht

ky, (cm. Tabm. 3.6, 3.7) 1,9 1,959

T,, ¢ (cM. Tabn. 3.6, 3.7) 0,1 0,24

i® =2k, 19, kA Tloka3aTb pacyeTs
e/ e 011/01 — e 011/024 —

i =218e /%, kA

TTokasaTe pacyeTsl

IIpumevanns: 1. Ecnn nonyueHo otHoueHue J

3 3
Y =1 = 10 =10
2. Ecnu otHowenye [ /]
Haxomar [ &, KA.

= 'Yulno ’
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Ta6nuua 3.13

Pacuernas Tadauua Toxos rpexdassHoro K3 npu pacdere conpoTHBIEHHI
CXeMBbI 3aMelleHHs B HMEHOBAHHBIX eaunHuax (Om)

Touka K3 K-2
ba3zoBoe (cpenHee) Hampsixe- 10,5
uue Us, kB
M CcTOYHUKHA (Cucrema+ G2+ G3) |Gl
HomunansHag MolHocTs Mc- | 2500+ 78,75+137,5=178,75
TOYHHUKOB Sy, MB*A =2716,25
Pe3ynpTHpYIOILIEe COMPOTUBIIE- | X = ..., OM Xg = .., OM
HHE Xpe;, OM
E! (cM. Tabm. 3.2) El s =1, Ex =10
E L..10,5 1,0-10,5
19 = 8% xA fodahlbid 2 %I
‘/Expea ‘/§x21 ‘/Exs
_ Suouper KA 2716,25 78,75

IHOMMCT A - —_—— = .. — =,
J3U, J3-10,5 J3-10,5

HanpHeiMe pacyeTsl IOJHOCTBIO COBIANAIOT C TEMM, YTO ITOKa3aHbI
BTabu 3.12

ITpumevaHue. Kak otMeuanocs paHee, 3a 6a3oBoe HanpsikeHue Us ripu pacye-
Te ToKoB K3 Uit BBIGOpa M IpOBEPKM 3JE€KTPUYECKHUX alIapaToB yaoGHee IPUHUMATD
cpeaHee HanpsiKeHUE CTyIIeHH, Iie mpousBoautcs pacuyeT K3 (B naHHOM ciyyae Gblio
npunsto Ug = UL =10,5 kB).

Ecnm pacueT coOnmpoTHBIEHHII CXeMBI 3aMeIleHHS IIPOU3BOIMICA
B UMEHOBaHHBIX eAuHKuIIaXx (OM), TO pacyeTHas TabauLia TOKOB TPEX-
(asnoro K3 coctaBnsercsa aHajiornaHo Taba. 3.13.

5. Pesynreratsl pacyeToB TOKOB TpexdasHoro K3 cBomsres B Ta61. 3.14.
B panpneiineM B 3ToM Xe TaGnuile ymOOHO TIOKAa3aTh U PacuUeTHBIC
3HayeHUsT TOKOB K3 1 1iemeit, B KOTOPHIX OYAET POU3BOIUTHCS BHI-
60p 3MEXTPHICCKUX arIaparoB.

B xauecTBe TOMaIIIHETO 3aIaHUST MOKHO PEKOMEHIOBATh CTYICHTAM
TIPOBECTH pacueThl TOKOB Tpex(dasHoro K3 B 1. K-1 Ha 0CHOBaHUM HC-
XOOHBIX JaHHBIX, YKa3aHHEIX Ha pacueTHOM cxeMe (cM. puc. 3.13) ¢ uc-
T0JIb30BaHMEM 000UX METOIOB pacyeTa COIIPOTUBICHUM CXeMBI 3aMe-
IeHNA (B OTHOCUTENBHBIX U UMEHOBAaHHBIX eqUHUIIAX). [TonyyeHHEBIE
Pe3ynbpTaTH JOKHBI COBIANATh, M 3TO OYIET IMOATBEPXIACHUEM IIpa-
BUJIBHOCTH TIPOBENEHHBIX PACYETOB.
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Taoauua 3.14

Croxnag Tadndua pe3yibTaToB pacyeTa TokoB K3

Touxa| U, " Toku TpexdasHoro K3, kA
’ CTOYHHUKH
K3 | kB IQUIR Qi@ |V2IQ +i
K-1 |10,5] (C+G2+G3)
Gl1

CyMMapHoe 3HaYeHUe

PacueTHbIe 3HaYEHUA IS
BBIOOpA anmnapaToB B LIEMH
reHepatopa Gl (3ona III)

PacuyeTHble 3HaYEeHUS IS
BBIOODA arlnapaToB B LEMH
Tpancdopmaropa ceasu 11
(3oHa 1I)

IIpumevaHHue. BkayecTe pacueTHBHIX 3Ha4eHMIt ToKOB K3 st BBIGOpa ammapa-
ToB B 30He 11 Bepyrcs cymmapnbie Toku K3 oT BCcex MCTOYHHUKOB, a B 30He 111 pacuer-
HBIMHU AIBJISIOTCS] HAHOOMBIIME TOKU: WM CO CTOPOHBI reHeparopa GI, uiu co cropo-
HBI BHEIHHUX UCTOYHUKOB (C + G2+ G3). [lonpoGHee — B moapasx. 3.10.

IIpumep 3.2. IIpoBecTH B 00IIEM BHAE pacueT HAYaJILHOTO Aei-
CTBYIOIIETO 3HAYEHHUS IIEPHOIUYECKOM COCTaBJIIONIeH ToKa IByxdas-
Horo K3 B 1. K-1 (/?) pacderHoil cXeMBl, NMPEACTABNEHHON Ha
puc. 3.13.

PemeHue. JaHHBIH TIpUMED ABISAETCS MPONOIKEHUEM IIpHUME-
pa 3.1, toe onpenensmuck Toku TpexgasHoro K3 B T. K-1.

JByxdasHoe K3 asisercs necummempuunovim, TTIO3TOMY UL OTIpE -
JeAeHUsT HAaYJIbHOTO AEHCTBYIONIETO 3HAYEHUS TTEpHOIHYECKOM CO-
crapnsomeit Toxka /9 npu aByxdasHom K3 B T. K-1 HeoGxommmo
3HATh HE TOJNBKO COIPOTHBJICHUS NpAMOl, HO U CONPOTUBJIEHUS 00-
pamHoli TOCAEI0BaTEIBHOCTH 3JIEMEHTOB pacyeTHoH cxeMbl. Ho, Kak
OBIJIO M3JIOXKEHO B TEOPUHM BoIpoca (M. moapasa. 3.6), B 1IekIX YIpo-
LIIEeHNS PACUETOB COMPOTHUBJICHUS 3JIEMEHTOB CXEMBI 3aMEIIEHUs 00-
pPaTHO MOCIEXOBATELHOCTH IPHHIMAIOTCS PAaBHBIMHU COIIPOTHBIIE-
HUSIM CXEMBI 3aMELUEHHUS IIPAMOM ITOCIe0BATEIbHOCTH, TOTIA IJIS T.
K-1: x{$8 = x3% . TIpn 3TOM, KaK GUIO BBIBEAEHO B TabiL. 3.11, cooT-
HOIIIEHNE MEXTY HadyaIbHBIMH ACHUCTBYIOUINMY 3HAYCHUAMM TIEPHO-
JINYECKUX COCTABIISIIOIIMX TOKOB TPH ABYX- U TpexdasHoM K3 co-
CTaBJIsICT:

I%’ =0, 87]1%), KA.

n

CxemMa 3aMellleHUs NPSIMOii ocnenoBaresibHocTH Iid T. K-1 Obl1a
cocrapiieHa B mpuMepe 3.1 (cM. puc. 3.14, a) u B uTore npeodpa3oBaHa
OTHOCUTENIEHO 3TOH Xe TOUKH (CM. puc. 3.14, o). Bocrone3yeMcs €10:
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(C+G2+G3),;
*3KB2

21

GI;, Eigi=1,0

YuuTeiBag BEIIIEU3TOXEHHOE, ONPENETUM JUIS KaXIOW BETBU UTO-
TrOBO#l CXeMBbI 3aMellieHUs TOKHM JaByXdasHoro K3, moarexarouiue
kT. K-1:

TOK OT reHeparopa GI, kA, IQ)., = 0,871 ,;

TOK OT SKBHMBAJICHTHOTO MCTOYHHKA (C+ G2+ G3), KA,

1n0(C+GZ+G3) = O 87IHO(C+02+03)

3)
BennuuHbl TokoB 1\, InO(C+GZ+03) paccymMTaHbi B mpuMepe 3.1
(cMm. Tabm. 3.12).
CyMMapHOe HadyaJIbHOE JIEHCTBYIOIEE 3HAUCHUE MEPUOTUISCKON
cocTapJIsiolieH Toka aByxdaszHoro K3 B T. K-1 coctaBurt, KA,
(2) (2)
Lok = 1y

ol I n0(C+G2+G3)*

Hcrionb3ys U3JIOXEHHYIO BBIIIIE METOAMKY pacdera JiByX(ha3zHOTo
K3 u onpepeneHHble NMpU pellieHWH NpuMepa 3.1 BeJIMUMHEBI TOKOB
TpexdaszHoro K3 B T. K-1, ompenenute abCOMOTHYIO BETUUHMHY TOKa
1@y | B xunoammepax.

ITpumep 3.3. IIpoBecTH B OOIIEM BHIE pacyeT HAYaJIbHOTO JACH-
CTBYIOILUETO 3HAYCHUSA MEPUOAMYECKOM COCTABISIONIEH ToKa oqHo(a3~
Horo K3 [ ,(,‘0) B T. K-2 (Ha c6opHbIX IMHax 110 xB) pacueTHOl cXeMBI,
IIpeACTaBICHHOM Ha puc. 3.13.

JIOTIOTHUTENbHBIE JAaHHBIC LIS pacyeTa:

JIMHUM 3neKTponepenaun W1, W2, W3 — AOBYXIEIIHBIE CO CTallb-
HBIM 3a3¢MJIEHHBIM TPOCOM;

HOMUHAJILHOE COMPOTHBJICHHE HYJICBOH IMOCIECAOBATEILHOCTU CH-
CTEMBI — Xaguomc = 9,0.

Crenyet o6paTUTh BHUMaHKE Ha TO, 4TO T. K-2 HaxoauTcsd Ha cOop-
Heix muHax ¢ UK? =115 kB, a B npumepe 3.1 Tipu pacderte compo-
TUBJICHUI B uMeroganHbix eduHuyax (omax) 3a 6a30Boe HAIpsXKECHUE
6buto nipunsto Us = US? =10,5 xB u K HeMy NpUBEIEHB BCE COMPO-
TUBJICHUSA cXeMBbl 3aMellieHus. [IpoaoiokaeM pacyeTsl, HE MEHSST paHee
TIPUHATON BEJIMYMHBI 6a30BOTO HANPSKEHUS.

Pemenue. Ingd pacuera omHodazHoro K3 B T. K-2 Heobxoqumo
COCTaBUTEL CXEMBI 3aMEILECHUS HPAMOLL, 0GpamHol U Hyaegol noc/zeaoea—
me/szocmeu ¥ OIIPEIIETUTD X PE3YNBTUPYIOLIME CONPOTHBICHUS X\ pea ,
x2p63 E] xOpe3
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1. Cxema 3aMELEHUA HPAMOL nocaedoeamerbHocmi He OTIMYAETCS OT
CXEMBI 3aMeLICHUS, COCTaB/ICHHOM )1 pacyeTa TpexdasHoro K3 B ripH-
Mepe 3.1 (cM. puc. 3.14, a), KoTopast TaM Xe ObIJIa yIpoIIeHa 0 COCTO-
STHUS, TIPEACTAaBIIEHHOTO Ha pHC. 3.14, 6. U300pa3suM 3TH CXeMEI €1l pa3
M TIPOJIOJDKUM MX MpeoOpa3oBaHus omrocumenvro T. K-2 (puc. 3.14°).

Hymepaiiio cONpOTHURIEHMI MIPO/IOJDKAEM B COOTBETCTBHM C IPH-
MepoM 3.1.

BerBu reneparopos GI u G2 CHMMETPHYHBI OTHOCUTENLHO T. K-2
(xs= Xg; Xg= Xg), TO3TOMY COIIPOTHBJIEHHE PEAKTOPA X7 HAXOOUTCS MEXKIY
y3J1aMU paBHBIX MOTEHIIUATIOB, cieaoBareabHo, IIpu K3 B 1. K-2 Tok
yepe3 X; He TOMIET M €T0 MOXHO HCKITIOUUTDL M3 CXEMBI 3aMEIICHUS
(cMm. puc. 3.14°, 3).

Hanee uMeeM:

Xy = X5 + Xg;
X3 = Xg + Xo (CM. pHC. 3.14, u);

C; E¢ =1,0
1

(C+G3)

3kB1

10
11
Gl G2 Gl G2
G3 EG1=1,0 BEg;=1,0 Eg1=1,0 Eg=10
EG1=1,0 Bgp=1,0 Eg;=1,13 8 3
a
(C"+ G3) (C"+ G3) (C+G4+G2+G3)
E‘alml ;’KBZ
14
K-2
xk2
24
K-2
G1 G2 (GI +G2) p
E1=1,0 Eg;=1,0 EG162=10
u K

Puc. 3.14" OxonuaHue. CxeMa 3aMelleHUs MIPSIMOH ITOC/IeI0BATENLHOCTH ISk
pacuera Toka ogHocdasHoro K3 B 1. K-2 u nyTu ee mpeoGpazosanus
(a, ¢, 3, u, x, 1) (K npumMepy 3.3)
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1 ,
Xy = Xp3, IOSTOMY 3aMEHSIEM UX HA Xy4 = Exn (cM. puc. 3.14°, k).

OnpenesgeM pe3ylIbTUPYIONEE CONPOTURIEHUE CXEMBI 3aMEIIIEHHS
[IPSIMOM TTOC/IEAOBATEIBHOCTH OTHOCHTENBHO T. K-2:

K-2 X14X24
=———— (puc. 3.14", 2
1pes Xia + Xog (p ).
DxsuBaneHtHas BJIC npu 3ToM 06beAMHEHUHT
" Elo1 X4 + Edg1x14
Eiowr = .
X4 + X4

2. PesyneTUpyiolliee COMPOTHBICHUE CXEMBI 3aMeEIlEHUS 0OpamHol
nocaedosamenbHocmy TIPUHUMAETCS. PABHBIM pesynbmpylomeMy conpo—
THRITCHHIO CXEMBI 3aMEILICHUS TIPSIMOI TTOC/ICIOBATEIEHOCTH: x} = xK pes

3. CocTaBiseTcsi cxeMa 3aMEIlCHUS HyAe80l noc/zeaoeame/zbuocmu
B KOTOPYIO BOMIYT TOJBKO T€ 3JIEMEHTH PAacYETHOM CXEMBI, KOTODHIC
HMMEIOT CBS3b C 3eMJIeif, M JUHUM CBA3U MeXITy HUMH, a UMEHHO: CH-
cTeMa C 3a3eMJICHHOI HeHlTpanbio, CUIOBBEIE TpaHcdopMatopul 11 U
T2, TaK Kax HeUTpayiu ux 3a3emiicHel, u JIDIL Wi, W2, W3 (puc. 3.15, a).

Heo6xonnmMo MMeTh B BULY, YTO BETUYHMHBI COMPOTUBJICHMIA TpaHC-
dopMatopoB T1 u T2 (xs, Xs) B CXeME 3aMEILICHUS HYJICBOM ITOC/IEHO-
BaTeJILHOCTH HE U3MEHWINCh U COOTBETCTBYIOT TEM, YTO OBIIK B CXE-
Me 3aMellieHHs TIpAMoii rocienoBaTebHOCTH. CONPOTUBICHNE CUCTE -
MEI HEOOXOJUMO TIEPECYUTATh, OHO U3MEHHTCS:

2

0 _ Ss 0 _
Xy = XuOromC K 0.€., (MM X} = XuguomC
HoMC HoMC
Cornpotupnenus JIDIT Wi, W2, W3 (AByXUEIHbBIE CO CTANLHBIM
TPOCOM) B CXEM€ 3aMEIleHUsT HYJIEBOH MOCICAOBATEILHOCTH BO3pac-
TYT U B COOTBETCTBUH ¢ Tabm. 3.9 coctapsat: x% = x% = xY =4,7x.,,
o.c. (WK x? =xJ = x{ =4,7x,, Om).

K-2
X Opea

5 4

Puc. 3.15. CxeMa 3aMellieHHs HYIEBOI TIOCIENOBATENBHOCTH U IIYTH €€ NPeod-
pa3oBaHMsl OTHOCUTENBHO T. K-2
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CxeMa 3aMelleHHA CBOpaynBaeTCa OTHoCcUTeNbHO T. K-2, rre mpo-
n3ouuro K3 Ha 3eMimto, 16 MyTIM MPOTEKaHWS TOKOB HYJIEBOI ITOEe-
IOBaTEILHOCTH OT T. K-2 yepes 3eMilio M 3a3eMiIeHHBle HelTpaau, JIDIT
obparHo B T. K-2:

P

— 2,0
X5 = 7 %25

— D

Xy = Exs (puc.3.15,6)

Xy = X} + xy5 (puc. 3.15, 6).

PaccuurhiBaeTcs pe3yIbTHPYIOLIEE COTPOTHBIICHUE HYA€80H TTOCIe~
JOBaTEJIBbHOCTH OTHOCUTENBHO T. K-2:

Xp9 X
K-2 21 %26
Xopes = ——— (puc. 3.15, o).
Ope3 Xa7 + X26 (p )

3Has BeJIMUYMHH xllf,;ﬁ, xﬁ,;za, x(',j;e% U MCHONb3ysa (POPMYIHI
Tabm. 3.11, onpenensgeM HAYAIbHOE 3HAYEHHE ITEPHOIMIECKOM COCTAB-
Jstioneif Toka ogHogpaszHoro K3 B T. K-2:

NpU pacyeTe COMPOTHUBIEHUNH
B OTHOCHTE/ILHBEIX efUHMLAX (0.€.)

TIpY pacyere CONpPOTUBACHUI
B UMEHOBAHHBIX eguHULIax (OM)

- ” - 4 K-1
I(l) = 316K 2 *3KB2 KA 1(1)_ 3UGK lEtaxBZ UCP
no = " N X s n0 — R ?
2x85% + x50 V30xZ + xE2) | US?
3nech B npuMepe 3.1 pacuer CONPOTUBIIEHHIA
Ss 1000 6bin npousseneH npu Uy = UK =

5= =5,02KA;

Uk 3115

U&? =115 kB

=10,5kB, a 1. K-2 HaxomuTCs HA IIK-
Hax ¢ HanpsokenneM Ujg? =115 kB,
T109TOMY, YTOOBI TONYYUTE UCMUHHOE
3Ha4enue moxKa, nodmeKawuezo

& m. K-2, ocylIeCTBJEH NEpPepacyeT ero
c UX' =10,5 xBna UX? =115 kB

Hcnonnb3ya ucxomHbe JaHHbIE pacyeTHOM cxeMbl (cM. puc. 3.13),
paccunraiire Bemmuuny Toka I B 1. K-2, npuMenus o6a criocoGa
pacyeTa COTPOTHBICHUI CXeM 3aMeIlleHHsd, U CPAaBHUTE TIONyYEHHEIE
pe3yIbTaTH (OHM IOJDKHEI COBIANaTh).

3.7. DneKTpoaMHAMHYECKOE ACHCTBHE
TOKOB KOPOTKOT0 3aMbIKAHHSA

TIpoxoxaeHue TOKOB B TPOBOJHMKAX IPHUBOJINT K BOSHUKHOBEHUIO
MEXIY HUMH JICKTPOAMHAMUYECKHMX (MEXaHUYeCKuK) yeuauid. Omnu-
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HAKOBO€ HAaIMpaBJIeHUE TOKOB B NMApaJJIETbHBIX MPOBOIHUKAX BEI3HIBA-
€T UX TIpUTSDKEHNE, IPOTHBOIIONIOXHOE — MX OTTANKMBaHUE. B pexume
HOPMAJIBHOM HArpy3kd MeXaHHYECKME CHJIIBI B3aUMOAECHUCTBUSA HE3HA-
YUTENBHBI, HO TIPU K3 OHM MOTryT IOCTUTATh 3HAYEHU, OMMACHHBIX IS
3JIEKTPUYECKHUX alapaToB M OLIMHOBOK, BBI3BIBATH MX AcdopMaluio
¥ Jaxe pa3pyllieHHE. '

M3 TeopeTHUECKO# 3JIEKTPOTEXHUKM M3BECTHO, YTO CHJIA B3aUMO-
JEWCTBUS MEXTY ABYMs MPOBOJHUKAMH IPH MPOXOXKIECHUH MO HUM
TOKOB i) U I ONpeAensieTcst Mo GopMyie

F =210, ékq,, H, (3.41)

rhe i, i, — MIHOBEHHBIE 3HAYEHKsI TOKOB B MPOBOMHMKAX, A; /| — [UTMHA
MPOBOJHUKOB, M; @ — PacCTOSIHUE MEXIY OCSIMU IIPOBOIHUKOB, M; Ky —
ko3¢ dumeHT GOpMEI, YIUTHIBAIONTI (POPMY CEYEHHMST U B3aMMHOE pac-
TONIOXEHME TIPOBOTHUKOB (IUIS1 KPYITIBIX TTPOBOTHMKOB CITIOIIIHOTO Ceve-
HMSI, KOJIBLIEBOTO CEYeHHS, IIIMH KOpOOYaToro CEYEHMsI C BRICOTOM cede-
Husa 0,1 M 1 Goree npuHUMAaETCs Ky, = 1; W1 IPOBOJHUKOB IPAMOYIOJTb-~
HOTO CEYEHUsI ky, OTIPENEINSETCS] 1O KPUBLIM, TIPUBEICHHEIM Ha puC. 4.4).

HauGonbume MexaHudecKye YCHIHA MeXIy NMPOBOAHUKAMU BO3-
HHMKAIOT B PEXUME KOPOTKOTO 3aMBIKAHWA B MOMEHT, Korna Tok K3
JOCTUTAeT YAAPHOTO 3HAYEHUS.

MakCcHUMAaTBHYIO CHITY, AeMCTBYIOUIYIO B Tpex(da3Hoi CHCTeEME TIPO-
BOJHHUKOB Ha pacuyeTHYIO a3y, ClexyeT ONpeAe TS 1o ¢)opMyJIaM H:

nmpu TpexdasuoMm K3

/ .
max \/— 10~ 7 ;)zzk(bkpacn: (342)

npu aByxdasHoM K3
Frax = 2-107 i)(ffl)z ékcbkpacns (343)

TIE Kpaen — KOSGOHUIMEHT, 3aBUCALIMA OT B3AUMHOTO PACIIONOXEHHUS
mpoBogHMKOB (3.2, Tabm. 1] u [3.3, Tabm. 7.3]); B yueOHOM ITPOEKTH -
POBAHUH TIPH PACITONIOXEHUH LIIUH B OJHOM TJIOCKOCTH WM TIO Bep-
HIMHaM PaBHOCTOPOHHETO TPEYrOJIbHUKA IPUHUMAETCH Kyyen = 1,0; TipH
PacmoIOXEHUU IO BEPIIMHAM IPAMOYTOJBHOTO TPEYTrOJIbHMKA —
kpacn=0,95.

s mpeJOTBpallieHUST MEXaHMYECKUX TTOBPEXIEHMI O NeHCTBY-
eM ycuiIuit, BO3HMKAIOUIUX B IPOBOJHUKAX MPHU MPOTEKAHUM ITO0 HUM
ToKOB K3, 6ce ssemenmor moxoeedywieii xkoncmpyxyuu 0oaxchsl obaa-
dambs 34eKmpoOUHAMUMECKON CMOBKOCMbIO, M.e. 00AXCHbI 8blOEPHCU-
8amb MEXAHUYECKUE YCUAUA, GOZHUKAIOWUe npU npomeKanuu moxkoe K3,
be3 dedpopmayuii, npenasmcmeyrouux ux dasvHeliweli HOpMAAbHOU IKC-
nayamayuu.
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B 3aBHCHMOCTH OT BuIa 3JIEKTPOOOOPYIOBAaHUS YCIOBUS TIPOBEPKHU
€ro Ha 3JIEKTPOIHHAMHYECKYIO CTOMKOCTD pa3aTHuHbl. Hampumep, 3a-
BOJIBI-M3TOTOBUTENM YKA3bIBAOT TapaHTHUpOBaHHBI ToK K3 i, (win
Imaxs WM i, oxs), TIDH KOTOPOM OOECTICYMBAETCS SMEKTPOIANHAMMYEC-
Kasl CTOMKOCTH aIlapaToB (BHIKITIIOUATENEH, pasbeuHUTeNei). TIpH BBI-
60pe MX JOIXHO BHITOIHATHCS YCIOBHE: iyp< inyy, KA.

IlIrHHAasg KOHCTPYKIIMS 00J1afaeT 3JIeKTPOAMHAMHUYECKOH CTOHKO-
CTBIO, €CJIM BBIMIOJTHSAIOTCS YCIIOBHS:

Gmax S Gﬂon;

Fmax S Jaomn»

T€ Opmaxs Onon — COOTBETCTBEHHO MAaKCHMAJIBHOE PACYETHOE M JOITYC~
THUMOE HampsiKeHUs B MaTepuane wmmH, MIla (cMm. 1abn. 4.2); F.y,
F,on — COOTBETCTBEHHO MaKCHMaJIbHasA pacyeTHas U AONMYyCTUMas Me-
XaHWYEeCKHe Harpy3KH Ha u3oJisaTophl, H (3amaerca B Karajorax).

B cootBetctBuM ¢ ITYD npoBepka 351eKTpOAMHAMHUIECKOM CTOHKO-
CTH THOKHMX TOKOIPOBOIOB Ha MaKCHUMAJIbHOE COMIDKEHNE U TSDKEHUE
NpoBoAHMKOB NpH K3 mpowmsBoaMTcs TOMBKO NpH iy > 50 KA [1.12,
m 1.4.2].

MeToas! MpOBEAeHMS PaCYeTOB MO OINPEACICHHUIO 3JIEKTPOANHAMM -
YeCKOM CTOMKOCTH LIMH U allapaToB pacCMaTPUBAIOTCH B 1. 4.

YacTHHIE clay4yad, KOrAa AOIYCTHMO HeE IpOBEpATh almaparbl U
TMPOBOAHHUKH Ha 3JIEKTPOAMHAMUYECKYIO CTOWKOCTb, OTOBOPECHHI B
[1.12, m. 1.4.3].

Hampumep, He MpOBEPAIOTCI Ha 3JIEKTPOAMHAMUYECKYIO CTOW-
KOCTb amnmapaThl U HIMHBI Leneil TpaHchopMaTOpOB HAMPSIXKCHUS
TPH pacToNiOXEHUM UX B OTAETbHOI KaMepe; anmnapaThl U IIPOBOJ-
HUKH, 3al[AIICHHBIE MPEIOXPaHUTEASIMU C TJAaBKMMH BCTaBKaMHU
Ha ToK Jio 60 A.

3.8. Tepmuueckoe AeliCTBHE TOKOB KOPOTKOFO 3aMbIKAHMS

Ilpu ipoTeKaHUM IO TPOBOTHUKAM 3JIEKTPHYECKOTO TOKA IIPOBOI-
HWKM HarpepaiotTcd. I1pu HarpeBe MpOBOAHUKA TOKOM Harpy3KH YacTb
BBHIICJIEHHOM TEIUTOTH PAaCCEUBAETCS B OKPYXAIOUIYIO CPEAy, MpUYEM
CTENEHDb PacCEUBAHMA 3aBUCUT OT YCJIOBUI OXIaXIEHHS.

Ilpu npotekanuu Toka K3 TeMmepaTypa IpOBOAHUKOB 3HAYHUTEITHHO
BO3pacTaeT, TaKk Kak Toku Ipu K3 pesko yBeirmyuBaiorTcd, a JLTu-
TenbHOCTh K3 Maza, mo3romy TermnoTa, BEIEIAONAACS B MPOBOAHU-
Ke, HE YCIIeBaeT MepefaThcs B OKPYXAIOIIYIO CPeay M MPaKTHUYEeCKU
BCE€ UJIET Ha HarpeB TIpOoBOMHUKa. Harpes npoBoaHuKa rmpu K3 Moxer
JOCTUTaTh OTIACHBIX 3HAYECHMIA, TIPUBOAA K TUIABJICHUIO WIH OOYIIIH-~
BaHUIO M3OJISIIHU, K JedhopMali Y IJIaBJEHUI0 TOKOBEIYIIIMX Yac-
Teit U T.11.
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KputepreM TepMHYecKOi CTOMKOCTH IMPOBOJHUKOB SIBJISIOTCS JO-
MyCTUMEIE TeMIIepaTypsl HarpeBa ux TokaMu K3 (8,4, “C), KoTOpHIE

npuBeneHH B [3.2, Tabi. 6; 3.3, Tabi. 8.1) u Tabi. 3.15.

IIposodnuk uau annapam cuumaemcs mepmMuvecKu CMouKum, ecau
e20 memnepamypa razpesa 6 npouecce K3 ne npesviuaem donycmumbix
geauuun. YCIOBHE TePMUYECKOI CTOMKOCTH B OOIIEM CITydae BBITJIS-

T Tak, °C:

ﬁl(OH S ﬁﬂOl'[)

(3.44)

rie Oyon — KOHEYHOE 3HAYEHHUE TEMIIEPATYPHI IIPOBOIHIKA B PEXH-

me K3.

Tao6numa 3.15

IIpenenbHo JONYCTHMbIE TEMIEPATYPH HATDEBA NPOBOHHKOB

NPH KOPOTKHX 3aMBIKAHMAX

Bua npoeoaHKKa o> C
IIuHBI aTIOMHHUEBBIE 200
IIIuHBI MEAHBIE 300
IuHEI cTaNbHBIE, HE UMEIOIUE HETIOCPEACTBEHHOTO COETUHEHUS 400
¢ ammapaTaMu
IIIuHbI CTaNbHBIE C HEMOCPEACTBEHHBIM MPUCOECAMHEHUEM K 300
anmapaTaM
Kabenn ¢ 6yMaxxHO# nponuTaHHOIT U3oag1Meil Ha Hanps -
XeHue, KB:
1 250
6—10 200
20—35 130
110—220 125
KaGenu ¥ n3onupoBaHHble POBOAA ¢ MEAHBIMU
U ATIOMMHUEBBIMU XUJIaMK M M30JIA1Uel 13:
MOMTMBUHWIXJIOPUAHOTO TUIACTHKATa 160
pe3HHBI 160
MOAUATWIeHa (HOMMHAJIbHOE HampskeHUe Kabeneit 1o 35 kB) 130
BYIKAHU3UPOBAHHOro (CLIMTOrO) MOMUSTHIIEHA (HOMHHAJILHOE 250
HanpsokeHue Kadeneit 1o 35 kB)
MenHble HeH30IKPOBAaHHBIE TIPOBOA NP TsXEHUAX, H/MM2:
MeHee 20 250
20 u Gomnee 200
AJIOMHHHEBBIE HEU30IMPOBAaHHBIE NPOBOIA MPH
TkeHMsAx, H/Mm%:
MeHee [0 200
10 u Goxee 160
AJIoMHHHEBas YaCThb CTaealIIOMIHUEBBIX IIPOBOIOB 200
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B cooTBeTcTBMH C [3.2, pa3n. 3] KOJHYECTBEHHYIO OLIEHKY CTEIICHU
TEpMHYECKOTro Bo3meicTBUs ToKa K3 Ha NMpOBOAHUKH M 3JIEKTpHYEC-
KHe anmnapathl peKOMEHIYETCS MPOU3BOIUTE C TIOMOUIBI0 HHTETpaIa
Jxoyns

forn
B, = | ik, (3.45)
0
The i, — TOMHBEIA TOK K3 B NMpOU3BONBHEI MOMEHT BPEMEHH I, A,
tyren — DACdeTHasT MPONOKUTEILHOCTE K3, ¢.

HHterpan JIXoynas siBAsieTCS CAOXHON (GYHKUHUCH, 3aBUCSILCH OT
MapaMETPOB HCTOYHHKOB 3HEPTHH, KOHOUTypallii HCXOMHOI pacyeT-
HOM CXeMEI, 9JIEKTPHUYECKOI yaaneHHOCTH MecTa K3 OT UCTOYHHKOB H
napyrux ¢dakropos. [TompoOHO METOMBI OLIEHKH U OTIpeNeeHUsT B, TaHbI
B [3.2, m. 3.1] u [3.3, 1. 8.2]. JI;11 OpUCHTUPOBOYHBIX PACYETOB MHTET-
pana xoynsa B, B LEISX, UMEIOLIUX 3HAYNTENbHYIO YIAIEHHOCTD OT
UCTOYHHKOB NHUTAHMS, MOXHO MCIIONB30BaTh (GOpMyNy, KA?-c,

By = go(tm-xn + E.axn), (346)

rae I,y — AeHCTBYIOlIEeE 3HAYeHHE TIEPHOAMUECKOI COCTABISIONIEH TOKA
K3 B MoMeHT f= 0 OT 3KBUBaJICHTHOIO UCTOYHUKA, KA; T ., — 9KBH-
BaJICHTHAS MOCTOSHHASI BpEMEHU 3aTyXaHU allepHOANYCCKOM COCTaB~
msonieit Toka K3, ¢; £y, — pacyeTHas NMpoaoxurensHocTh K3, c.

HawnGornee CIOXHHM SBISCTCA CIy4Yail OIpelNeNeHUs] MHTerpana
Jxoyns npu K3 BOMH3U reHepaTOpOB WM CHHXPOHHBIX KOMIIEHCATO-
poB ([3.2, . 3.1 u 3.3, 1. 8.2]). Ho B y4eOHOM NPOEeKTHPOBAHUH H 31MECh
MOXHO BOCIONB30BaThCs popMymoit (3.46), Tak KaK TMOAYICHHOE IIPU
3TOM 3HavyeHHe B, OymeT HeCKONBKO 3aBBIIICHO, a TPOBOAHUKHU U am-
naparsl, BBIGpaHHbIC B MOUIHBIX TIPUCOCAMHEHUSIX (TeHEpaTop, TPaHC-
¢dopMaTOp CBS3H M JIp.) MO YCIOBMSM JJIUTENHHOIO PEXUMA M DMEK-
TPOMMHAMMYECKOM CTOMKOCTH, UMEIOT 3HAYUTEILHEIE 3aI1acH 110 TEp-
MHYECKON cToitkocTH. Mcxoms U3 BBHILECH3NOXEHHBIX COOOpaXKCHUIA,
B dopMmyne (3.46) B xadecTBe T, ,; MOXHO NPUHSITH HAMOOJBIIEE U3
3HaYeHHil T, TeX HCTOYHHUKOB, KOTOPBIE TIOAIUTHIBAIOT MecTo K3, ecnu
TAKOBBIX UMEJIOCh HECKONBKO, TAK KaK 3TO BEACT K YBEIMYEHHUIO pac-
YeTHOTO MHTerpajia JXoyns W He NaeT MOrPeIIHOCTH IIPH MPOBEPKE
anrapaToB Ha TEPMHYECKYIO CTOHKOCTD.

IIpu omnpeneneHun MHTerpaia IXoyns HEOOXOOAUMO HOCTATOYHO
TOYHO OTIPENEIUTE fypy,. CormmacHo ITYD [1.12, n. 1.4.8] pacyeTHad npo-
JOMXKUTENbHOCTE K3 7, CKIIaABIBAETCS U3 BpEMEHM JICHUCTBHUSI OCHOB-
HOW peIeiHOMN 3aIUThl JAaHHOM LT (£, ;) ¢ ydeToM neticteus AIIB u
TOJTHOTO BPEMEHHU OTKIIIOYeHUS BHIKIIOUATENS (Yo ), KOTOPOE YKa-
3BIBACTCS B KATAIOXHBIX JAaHHBIX BHIKIIOYATENEH, C,

t

OTKI — tp.3 + forenne

Hnst ueneit reHeparopoB ¢ Py e2 60 MBt ITYD pekoMeHmyeTcs
MIPUHUMATD o, =4 C, T.€. IIO BpEMEHH NCHCTBUS pe3epBHOI 3allUTHI.
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3aBOMBI-U3TOTOBUTEIM B KATAJIOTaX IPUBOAST 3HAYECHHUS rapaHTH-
POBAHHOTO CPETHEKBAAPATHYHOTO TOKA TEPMHUYECKOH CTONKOCTH
(Lrep> KA) ¥ TOIyCTHMOTO BPEMEHM €T'0 TIPOTEKAHUSI (frep,, C) IUISI SNEK-
TPHYECKMX aIapaToB (BHKJIIOUYATEIeH, pa3seIUHHUTEEH, TpaHChHOp-
MaTopoB TOKa U JIp.).

B sTOM Cciydae ycioBHe TEpMHYECKOM CTOMKOCTH aIllapaToB B pe-
xuMe K3 BHIISANT Tak, KA?-c,

2
B¢ < IDptiep. (3.47)
Ipu npoBepKe TepPMUYECKO CTOHKOCTH NMPOBOXHHMKA, MMEIOILETO
CTaHAAPTHOE CEYCHHUE (eraun, MM, IOJDKHO GBITH BHIITOJIHEHO YC/IOBHE

Qcrann 2 min, (348)

Ioe Gumin = \/l_?.: /C; — MMHHMaJIbHOE CEYeHHUE IIPOBOIHUKA, KOTOPOE
rpu 3aaaHHoM Toke K3 oGyciioBIHMBaeT HarpeB IpOBOAHMKA A0 KpaT-
KOBPEMEHHO HOMyCTHMOI Temreparyphl; C, — GYHKIMA, 3HAYECHMS
KOTOPO# IpUBeAeHH B [3.2, Tabm. 7, 8, 9], [3.3, Ta6x. 8.2, 8.3, 8.4] u
Tabn. 3.16, 3.17, 3.18 gaHHO# KHUTH.

Tabauua 3.16

3uavenne mapamerpa C, L KECTKHX IIMH

3uayenue C,, A-c'2/mMm?, mipu
CucreMa Martepuan MpOBOAHUKA HIH HAaYAIBHOM TemIepatype, °C
JervpOBaHUs Mapka CIuiaBa 7 % 50
— Mens 170
Al AJO 90 81 68
AllH 91 82 69
AIOM, AAIM 92 83 70
Al-Mg-Si A31T1 85 77 64
A31T 82 74 62
AJI33T1 77 71 59
A33T 74 67 57
ABT1 13 66 55
ABT 71 63 53
Al-Zn-Mg 1911 ! 63 53
1915, 1915T 66 60 51
Al-Mg-Mn |AMTIS 63 57 48
— Cranb ipu 9,,,=400 °C 70
Cranb ipu 8,,,=300 °C 60

141



3navenna napamerpa C, ans xabenei

TabGnauua 3.17

XapakrepucTnka xabesneil 3‘:"?}; e E”
-2 /mm

KaGenu no 10 xB:

C MEIHBIMM XHJIaMHU 140

C TIOMUHHUEBBIMH XUJIAMH 90
Ka6enn 20—30 kB:

C METHBIMM XHJIAMH 105

C aMIOMHMHMEBBIMH XITaMH 70
Kabenu u nzonnpoBaHHble TPOBOJA C NIONUBHHWI-
XJIOPUIOHON WM PE3UHOBOM U30ONSALMEN:

C MEIHBIMM XHJIAMH 120

C AIIOMMHHEBBIMH XWIaMH 75
Kabenu u n3onnpoBaHHbIE IPOBOJA C NOJTUSTH-
JICHOBOU U3ONALIMCHA:

C MEXHBIMM XUTaMH 103

C ANIOMMHUEBBIMH XWJIaMH 65

TaGauua 3.18

3uauenne napamerpa C, 1 nNpoBooB

Martepuan nposoaa

Mapka npoBoaa

3uauenue C,, A-c'/2/mm?, mpu
JOMYCTHMBIX TEMIIEPATYPAX Harpesa
nposogos npu K3, °C

160 200 250

Meap M — 142 162
AIoMUHMIE A, AKII, An, 76 90 —

AnKII
ATOMHHMEBBIH AH, AHKII, AX, 69 81 —
CIIaB

AXKII 66 77 —_
Amomunnit — crans | ACK, AnC, 76 90 —

ACKC, AnCKC,

AnCK, AC,

ACKII

B T1V3 oroBopeH pAn ciiydaeB, Korma MOMYCTHMO He IPOBEPITH
NPOBOAHUKY M amilapaThl Ha TEPMHYECKYyIO CToMKocTh mpu K3.
310 KacaeTcs MpoBONOB BO3myIIHEIX JIDII, anmapaTtos # IpoBOIHH-
KOB LIeTTei, 3alUIIEHHBIX [LTABKUMH TIPEIOXpAHHUTEAIMHU, 1 1p. [1.12,

m. 1.4.3].
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3.9. Meroapl OrpaHH4YeHHsI TOKOB KOPOTKOTO 3AMBIKAHHS

3.9.1. Koopaunanusa Tokos K3 B aHeprocncreme

Poct reHepaTOpHBIX MOHIHOCTEHW, MOLIHOCTH 3JIEKTPOCTAHIINIA,
CO3MaHUE KPYIHBIX SHEPTOOOBEANHECHUM PUBOIST, C OJJHONH CTOPO-
HBbI, K TIOBBILLIEHUIO HAJEXHOCTH 3JIEKTPOCHAGKEHHUS, a ¢ APYTOH, —
K 3HAYUTEIHLHOMY MOBBIIEHUIO TOKOB K3. '

I

—_—

K3 —

C
@ T1lal 112

5 S

C
@ Gl G2
@

Kl

Q ¢
m TZ
N S

C

Xz gH = 0,125 uy py—uu%

ux % x, “BH-HH %
Xcxn
X: HHI Xru2 = 1,75ty p—au%

K3

Xom=Xr=Ux %  Xow=Xrpu+Xrumz=0,125uypnonn % + 1,75 ux p—un % =
= 1,875 4 g %

2

Puc. 3.16. Cnioco6r1 orpannyerus Tokos K3:

a — CEeKIIMOHMUPOBAHME IJICKTPHYECKHUX CeTeil; 6 — HpUMEHEHHE OIOYHBIX CXEM
G — T Ha 9NMEKTPOCTaHIMSX; ¢ — pa3lelibHas W MapajlienbHas paGora Tpanchopma-
TOpOB; ¢ — NPHMEHEHHE TpaHCchOPMaTOPOB ¢ pacuienyieHHoi oomorkoir HH
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MakcumanbHbIH ypoBeHb TOKOB K3 s ceteit 35 kB u BhIile orpa-
HUYHBAETCA YCIOBUSIMM OOECIICYEHHUST YCTOMYMBOCTH SHEPTOCHCTEM
W apaMeTpaM¥ 3JICKTPHYECKHX amllapaToB ¥ IIPOBOIHUKOB, a B Ce-
TAX COOCTBEHHBIX HYX/ U paclIpedeUTENbHHIX ceTaX 6 — 20 KB — ma-
paMeTpaMH IJEKTPHUYECKUX anmapaToB, TOKONPOBOIOB, TEPMHUEC-
KO#f CTOMKOCTBIO Kabelel, yCTOMYMBOCThIO ABUTATEILHOM HArpy3KH.
DKOHOMMYECKHU BBITOJHO TIPUMEHSATH MEPHI IO OTrPaHUYECHHIO TO-
koB K3, ecmy mOoTOMHUTENbHBIE 3aTPaThl Ha 3TO OKYMAlOTCs Ojaro-
Japsi IpUMEHEHHUIO GoJiee JIETKOM anmapaTyphl M TOKOBEIYIIHMX Yac-
TEi M MOBBIIIAETCA HATEKHOCTD JICKTPOCHAOXEHUA MOTpeOUTENIEH.

OrpannuyeHne ToKOB K3 MOXeT OBITH JOCTUTHYTO MMyTEM COOTBET-
CTBYIOILIETO ITOCTPOCHHUS CXEM DJIEKTPOCTAHIIUNA M CETei, MpH 3TOM
VUMTBIBACTCS CIICAYIONICE:

TOBBIIICHUE HANPSLKEHUST ceTeit MPUBOOUT K YMEHBIICHUIO pabo-
YHUX TOKOB U TOKOB K3;

CEKLIMOHHMPOBAHUE DJICKTPUYECKUX CETEH HCKIIIOYAET Mapauieihb-
HyIo paboTy UICTOYHHMKOB M, CICHOBATEILHO, YMEHbIIAeT ToKM K3 (xoTs
ITPH 3TOM MOTYT Bo3pacTarb notepu B JISII u TpaHchopMaTopax B HOp-
ManlbHOM pexXuMe) — puc. 3.16, a;

OJIOYHOE COeIMHEHNE TeHepaTOp—TpaHCchOpMaTOp M reHepaTop —
TpaHcHOpMaTOp — IMHUST MCKITIOYAET MOIMEPEYHYIO CBSI3b MEXIY MC-
TOYHHKaMH U cHizkaeT Tokm K3 (puc. 3.16, 6);

pasnenbHas paborta TpaHchOpMaTOpOB Ha IIMHAX HU3IIETO HAIps-
XeHUS rmoacTaHuuil (puc. 3.16, ¢), a TakKe B CHCTEME COOCTBEHHBIX
Hyx71 snekTpoctaHiuit 1 [1C yBemuuBaet conporusiieHue uenu K3 u
cHIxaeT TOKU K3;

NpUMeHEeHNe TPaHcOpMaATOpOB C paclleinicHHONH ooMmorkoit HH
TakKe orpaHmurBaeT Toki K3, Tak Kak MX COMPOTHBICHUE B PEXUME
K3 rournt B 2 paza 6osblile, 4eM Y TpaHCGHOPMATOPOB C TEMH K& HOMH-
HaILHBIMHU IapaMeTpaMu Ge3 pacmemienns ooMoTku HH (puc. 3.16, ).

3.9.2. ToKoorpaHUUMBAIIHE PEAKTOPLI

PeakTopsl ciyXar Wisi ICKYCCTBEHHOTO YBEJIMYEHUS! COITPOTURIIE-
HUSA KOPOTKO3aMKHYTOH IIEIH, a CJIeHOBaTEIbHO, JJII OTPaHUYEHMS
tokoB K3 M nomaepxaHusg HEOOXOAUMOTO YPOBHS HaNpsKEHWS IpH
TIOBPEXACHUSIX 32 peaKTOpaMU.

PeakTop npencrasisger coboit MHAYKTHBHYIO KaTyIIKy 0€3 cepraey-
HHUKa, MO3TOMY €TI0 COMPOTHUBIEHHE HE 3aBUCUT OT IPOTEKAIOIIETO
TOKa.

ToKkoorpaHNYHBAIOUIUE PEAKTOPHI IPUMEHSIOTCS HA CTAHIUAX TH-
ma TOH;

a) Mexay ceKuMaMmu I'PY (CekiIlMOHHBIE peaKTOphl) — peaKTop
LRK na puc. 3.17, q;

0) 1A NMUTAaHUSA MECTHBIX IOTpeOuTeNeil oT cOOpHBIX WHUH IPY
(mrueitnpie LRI wnu rpynmosble LR2 peakropsl) — puc. 3.17, a;
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PY BH 110—220 xB
T1 12

TPY 10kB g3

éDGZ LRI LR2 LRI
G

BH nl in
1ifalil

K1

DE

o

8

Puc. 3.17. CxeMBl MOOKIIIOYEHHUS TOKOOTPAHUYHBAIOIIMX PEAKTOPOB:
a — Ha TOU, umeiowmx I'PY; 6 — na TOLI 6noyHOro THINA; ¢ — HA MOACTAHLMSIX

B) IJIs IIUTAHUS MECTHHIX IoTpebureneit ot OmoyHbix TOLI yepes
peakTUpPOBaHHBIE OTMAKU — puc. 3.17, 6.

HHorma Bo3HUKAaeT HeOOXOAMMOCTh YCTAHOBKH TOKOOTpAHNYMBA-
IOIUX PEAKTOPOB B IIEMSX BBOAOB HU3MUIETO HAMPSIXKEHHUS MTOHMXAIO-
IUX TpaHcHOpMaTOpOB Ha MoAcTaHIUsIX (puc. 3.17, 6).

B HacTosiiee BpeMs HMIMPOKOE MPUMEHEHNE MOMYYIIIN TOKOOTpa-
HUYHBaIOIHEe OETOHHbIE PEAKTOPHI C AIIOMUHUEBOI OOMOTKOM Map-
ki PB (puc. 3.18). Butku 06GMOTKH M30JUPOBAHEL IpYT OT Apyra, Ha-
MOTaHHI Ha CITEIHAJIBHBIN KapKac M YKPEIUIEHBl B O€TOHHBIX KOJOH-
Hax, KOTOPBIE IPEHXOTBpAIIAIOT UX CMEIleHHe Mon ACHCTBHEM cOO-
CTBEHHOM MAacChl ¥ 3JIEKTPOAMHAMUYECKHAX YCWIMI IIpU MIPOTEKAaHUHU
ToKOB K3. OT 3a3eMJICHHBIX KOHCTPYKLIMH, a IIPHU BepTUKATLHON ycTa-
HOBKE — H OT COCEAHHX (pa3, peaXTOphl MU30JUPYIOTCS C ITOMOUIBIO
OIOPHBIX H30JATOPOB. BeTOHHBIE PEAKTOPBI BHITYCKAIOTCSI HA HOMU-
HanbHbIe TOKH 10 4000 A ¥ U3TOTORISIIOTCA JUISL BEPTUKAIBHOM, TOpH-
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30HTAJIBHOM M CTYIICHYATOM! yCTa-
HOBKM. [1pH GOJBILAX HOMUHATD-
HBIX TOKaX B LiEIAX CHUXKCHUS IT0-
Tepb AKTUBHOM MOII{HOCTH B ca-
MUX PEaKTOpaX OHH BBIMOTHSIOT-
Cs1 C HICKYCCTBEHHBIM OXJIaXIEHM -
eM (BeHTWISLMe KaMep).

Hapsay ¢ pacCMOTpeHHBIMHU
BBIILIE PEAKTOpaMHU OOBIYHON KOH-
CTPYKIIMH LIMPOKOE NMPUMECHEHUE
HaXomsIT CABOCHHEBEIE peEak-
Topbl cepuu PBC, y koTopbIx
UMeeTCs JONOTHUTEIBHBIH BBIBOJ
OT cpeaHelt Touku 06MoTKU. Cpel-
HUH BBIBOJ, ACJIUT OOMOTKY peak-
TOpa Ha JIBE BETBH, HAMOTAHHBIC
Prc. 3.18. Tpexdasubiii Geronnpii  COMIACHO. OGe BETBY pacCHUTEIBA-
peaxtop 10 kB, 630 A ¢ BepTukanb- [OT Ha ONVHAKOBBIN HOMUHAJIBHBIH

HbIM pACIOJIOXKEHHEM (1)33 TOK, BCJIMYHHA KOTOPOTO 3aJacT-

cs1 B Katayore. CpelHHI BHIBOI

0OBIYHO HOIKIIOYAIOT K UCTOYHUKY ITUTAHUS M PACCUMTHIBAIOT Ha ABOM-
HOM HOMUHANBHBINA TOK (puc. 3.19, a).

WHayktuBHOCTH L BeTBeil OMMHAKOBEI, [TOSTOMY HHAYKTUBHOE CO-
IMPOTUBJICHHUE KaXAO0M BETBH peakTopa MpH OTCYTCTBUHU TOKA B APYroil
COCTaBJISIET X, = L ¥ HA3BIBACTCSI HOMMHAIBHBIM COTIPOTUBIIEHUEM BET-
BU X0 s (330aeTCa B KaTasiore). OCOOEHHOCTY CIBOEHHOTO peakTopa
OTIpeeNSIIOTCS HATHYMEM MarHUTHOM CBSI3U MEXIY BETBSIMH (B3aUM-
HOIl MHIYKTUBHOCTU M).

PaccMoTpuM paboTy CIBOSHHOTO peakTopa B HAarpy304YHOM peXKH-
Me (puc. 3.19, 6). B mpouecce sKCIUTyaTaliny CTapaioTcs paBHOMEPHO
3arpy3uTh obe BeTBU peakTopa, Torna I, = I,= I, a COnpoTUBICeHIE KaX-
JIOM BETBH COCTABUT

x=x=0L-oM = (OL(l - _Ail') = Xyoms (1 — Kep), (3.49)

rae k= M/ L — x03dPUILIHEHT CBA3U 0OMOTOK peaKTopa (0OBIYHO CIBO-
€HHBIE PEaKTOPhi BHITOJIHAIOTCS C k,=0,4 ... 0,6).

Ecnu npussarts k= 0,5, TO B Harpy304HOM peXUME COIIPOTHUBIIE-
HHME Kaxnoif BETBM peaKTopa YMEHBUIHUTCS TIO CPABHEHHUIO C aHAJIO-
TMYHBIM OIWHAPHBIM PEAKTOPOM M COCTABUT

x; = xHOM.B(l -0, 5) =0, SxHOM.B‘

CrnenoBaTebHO, CIBOSHHBIA peakTop MO3BOISAET YMECHBIIMTD I1a-
JEHHE HATpSKeHWs (CHU3WTh IOTEpH MONIHOCTH) B KaXIOil BETBH
peaKkTopa B HATPy304YHOM PEXHME U COKPATHTh rabapuTHBIE pa3Mephl
pacmpeaenuTeIbHOTO YCTPOCTBa.
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Puc. 3.19. CapoeHHBIN peakTOp:
a — CcXeMa BKJIIOUCHHA; 6 — Harpy304YHBIH pexXuM; ¢ — pexum K3

PaccMorpumM pexum K3 3a ogHo# 13 BeTBeit peakTopa (puc. 3.19, 6).
Bemruina Toka K3 B 3TOM peximMe GyneT onpeneisThesa WHIYKTUBHBIM
COIIPOTHRIIEHHMEM TOIl BETBU PEAKTOPA, MO KOTOPOii OH MPOTEKAET, T.€.

»
Xg = ol = Xrom.s-

OueBuaHO, YTO B pexkxuMe K3 CIBOCHHEBIN PEakTOp OrpaHHMYMBACT
Tok K3 Tak Xe, KaK ¥ OAMHAPHEINA PeakTop ¢ TEMH X¢ HOMUHAJAbHBI-
MM IapaMeTpaMHu.

B HacTosmee BpeMs BHIITYCKAIOT CYXME OJMHAPHBIE TOKOOTPaHUYM -
BalOLIME peaKTophl BHYTpeHHel ycTaHOBKYM THIa PTOC, paccunTaH-
Hele Ha U= 10 xB, L= 1600, 2500, 4000 A.

3.9.3. Bpifop TOKOOrpaHMYHBAIOMHKX PEAKTOPOB

Peakrops! BEIOMPAIOT B 3aBUCUMOCTH OT MECTa MX YCTAHOBKH, IIO
HOMMHATBHOMY HAIIPSDKEHMIO, TOKY U MHIYKTUBHOMY CONPOTUBIIEHUIO.

Jna yctanoepku B TPY TOLI npuMeHsIoTCsl peakTophl BHYTpEeHHEH
YCTaHOBKH, JUIS ITUTaHUA MECTHBIX NMOTpeOuTeNnel Ha 6imouHbIX TOLI u
Ha TOJCTAHIIUAX — PEaKTOPhI HAPYKHOM YCTAaHOBKM, €CJIH OHH YIOB-
JIETBOPSIIOT BCEM YCIJIOBUSIM NPOBEPKH.

Homunanvroe nanpaxcenue peakropa JOLKHO COOTBETCTBOBATh HO-
MHMHAJIFHOMY HAIIpSKEHUIO YCTaHOBKH, KB,

U;'(:'r < UHOMLR .

Homunanonoiii mox peaxtopa (MJIM BETBH CIBOCHHOTO pPeaKTOpa)
HE JOJDKEH OBITh MEHBIIE MAKCHMAIBHOTO ANMUTENBHOTO TOKA HATpy3-
KU IIETIH, B KOTOPYIO OH BKIIOUEH, A,

Imaxs [HOMLR’

Ihe Ui ceKimoHHoro peaktopa LRK Ha TPY TOI (cm. puc. 3.17, a)
TOK, A,

Shiom
[maxLRK = 037IH0MG \/_;f ‘..
HOMG
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JUTSL IMHEWHBIX, TPYTIOBEIX peakTopoB Ha TBLI, peakTopos, ycraHaB-
nuBaembix Ha T1C (cMm. puc. 3.17, a, 6 8), TOK, A,

I IR = max
max
l\/_—UHOM

TIE Spax — MaKCHMaTbHasi MOLLIHOCTb Harpy3Ku, TOAKITIOYEHHON ue-
pe3 peaktop, MB-A.

flo xaTtanory HaMe4yaeTCsl peakrop /il 3agaHHOH HeMH, HO OCHOB-
HEBIM TapaMeTPOM peaKTopa SIBJISIETCS €r0 HHAYKTHBHOE CONPOTHBIIE-
HME Xy p= ®L, KOTOPOE ellle NIPEICTOUT BHIOpATh.

C Touku 3peHust orpaHudeHUs Toka K3 1 moaaepxaHus 60jee BbI~
COKOrO YpOBHSI OCTaTOMHOTO HAIpsDKCHMSI Ha LIMHAX TTOTpeOUTENs,
uesecooOpasHee UMETh BOBMOXHO OOJbIlIee COMPOTUBIIEHHE PeaKkTo-
pa, HO B Harpy304YHOM PEXUME 3TO IIPUBEAET K YBEIHICHUIO [TOTEPh
HanpsDKeHUsI M MOIITHOCTH B CaMOM peakTtope. Micxoast U3 3Toro, BhI-
00p WHAYKTHBHOTO COTIPOTHBIICHHSI peakTopa MPOU3BOIAMTCS CIIEAYIO-
LM 00pa3oM.

TIpu BBIOOpE CONPOTHBIIEHUS CEKLMOHHOIO peaKkTopa, YCTaHOB-
snenHoro Ha I'PY TOII, npuHMMaloT HauGoNbIlee 3HAYeHHE U3 YKa-
3aHHBIX B KaTaJIOTe UISI HAaMEUYEHHOTO TUIIA PeakTopa.

st Bcex ocTanbHBEIX CIyyaeB MPHMMEHEHHSI PeakTOpOB TpebyeMoe
WHIYKTUBHOE COIIPOTHBJICHHE WX OIPEACNIAIOT, UCXOAS U3 YCIOBHI
HeoOXOMMMOCTH OrpaHmdeHMs Toka K3 10 3amaHHOTO YPOBHA. YpOBEHD
orpaHuyeHus1 Toka K3 ornpezaensieTcsi MM KOMMYTalIMOHHOM CII0co0-
HOCTBIO BHIKNIOYaTeNeil, yCTaHABIMBAEMBIX B KOMIUIEKTHBIX pacIIpe-

JEMUTENBHBIX yeTpoHcTBax (KPY
win KPYH), unn HeoGxoamMo-
U, xB CTBIO 00ECTICUNTh TEPMUUYECKYIO

TO CONTPOTHUBIIEHHUS peakTopa
(puc. 3.20) BemeTcsl B CIIEAYIO-

l ILEM TTOpSIIKE.
1. Onpenensercs pe3ynsTHPY-
@Q, Lnvom [olliee conpoTuBieHue Henu K3
JI0 MeCTa YCTaHOBKHM peaKTopa
(mo 1. K-1, puc. 3.20), Om,

CTOHKOCTh CUJIOBBIX Kalemeii
snekTpoceTd. Pacuet Tpebyemo-

41
0

CTal

Gorun *l —[']‘p?r (3.50)
e 1K1 n;/ge{ggnoe Hayasib
0 -
XKW1 kw2 kW3 HOe 3HaYeHHUE IepHOIUYECKOM
S COCTaBIISIIOLLIEH TOKA Tpexda3Ho-

ro K3 B 1. K-1, KA.
Puc. 3.20. Bribop TOKOOrpaHHyYMBa- 2. OmnpepensieTcst TpebGyemoe

fowero peakropa. I[loacHsioniad cxeMa  conpoTuBicHue Lenu K3, O,
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U1 cHUXeHus toxa K3 10 BeTuyuHEb! InO Toe6 -

U
X K-2 - cp s
pe3.Tpeb (—3 Ino 2 (3 ) 1)

roe 1K non,es HauMeHblIee 3HaueHue Tpedyemoro Toxa K3 3a peakTo-
poM (1. K-2), KA, ompesieIeHHOTO IO ABYM YCIOBHUSIM:

a) UCXOAs1 M3 OTKIIIOYAIONIEH CTIOCOOHOCTH BHIKIIOUaTeneit Q, yc-
TaHaBIUBaeMHBIX B KOMILIEKTHRIX PY (KPY, KPYH)

IOT .HOM(1+Bt 0] M)
InOTpeﬁ = m1+e~‘r/7},u . ,KA, (352)

e Lyenwomw — HOMWHATBHBIN TOK OTKITIOUEHHWS BBIKITIOUATENS, KA;
Binopy — HOPMHMPOBAHHOE COAEPXKAHME ATepPUOAUYECKON COCTaBJIsI-
IOIIEH B OTKITIOUAEMOM TOKE, 0.€. (3a1aeTCS B KATaJIore Ha BBEIKIIOYA-
TEJIV WIH OllpefienideTcd B pasn. 4 o puc. 4.36; npu 12> 0,1 ¢ mpuHIMa-
€TCA B*HOPMz 0)’ 1= 0’01 + tc.n.orxm C — PACUCTHOC BpCMsI K3, Ie.p.oman —
cOOCTBEHHOE BpeMs OTKJIIOUEHHST BBIKITIOUATENS, C (3aMaeTcd B KaTa-
JIoTe Ha BBIKJTIOUATENN); T, — MOCTOSHHAs BpPEMEHHU 3aTyXaHMs are-
pHOIHYECKOM cocTaBngiomieii Toka K3, ¢, (cm. Tabia. 3.6) mud uerei,
3AITUILIEHHBIX PEAKTOPOM;

0) mcxomst U3 obecreyeHU TePMHUYECKON CTOMKOCTH CHJIOBBIX Ka-
Oeneit sMeKTpoceTH, KA,

K-2 _ Geranx CT ) 10_3

n0 Tpe6 — T °
e tOTKfl +71B

TI€ Gerann — CTAHAAPTHOE CeYeHMeE Kabessd, IpeABapUTEIbHO BEIOpaH-
HOE 10 9KOHOMHYECKOH TTIOTHOCTH TOKA M TIPOBEPEHHOE TI0 YCIIOBUIO
HarpeBa JUIMTETBHBIM TOKOM Harpy3Ku, MM?; Iy = b 3+ fonen 5 ©; Tomrs —
ITOJTHOE BPEMST OTKITIOUEHMS BRIKITIOUATENS, C (sanaeTcsI B KaTajore Ha
BeIKTIOUaTeNnu); C; cM. B [2, Taom. 8], [3, Tabn. 8.3] u B Tabmn. 3.17.

3. OnpenensieTcs TpeOyeMoe COIPOTHBIICHUE peakTopa, OM,

_ K2 K-1
XrpeSLR = Xpenipes ~ Xpea - (3.54)

4. [To xaTanory BEIOMPAETCS PEAKTOP C Xyom R Xipes ks OM.

HoMuHanBHEIE €T0 TTapaMETPHI BHIMMCHLIBAIOTCS B TaOMMITY.

IMocne BrIGOpa peakTopa paccuuThiBaeTcs TOK mpu K3 3a peakTo-
pom (T. K-2 na puc. 3.20), KA,

(3.53)

U,

I5 = I1X? = P ; 3.55
° \/_(xK +xHOMLR) ( )
iK2 = [2[%2e-1/Ts; (3.56)
X2 = 21K, (3.57)

3nece T, k,, OepyTcs U3 Tabn. 3.6 wis 1eneH, 3aIMIIEHHbBIX peaK-
TOPOM.
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BriGpaHHBII peakTop MPOBEPSIETCH:
a) Ha 3JIEKTPOIUHAMIYECKYIO CTOHKOCTE B pexaiMe K3 mo ycnoBuio:

K2 < i, KA; (3.38)
0) Ha TEpMHUYECKYIO CTOMKOCTh B pexume K3:
By = (I55?) (toria + ) < Brop = Iiphreps KAZc,  (3.59)

TOE inyps Ireps fep — HOMMHAIBHBIE TIAPAMETPHI pEaxTopa (3aialoTcd
B KaTajiore).

ITpu HEOGXOIUMOCTH TIPOBEPSETCA BEJIMYMHA OCTATOYHOTO Hampsi-
keHus Ha muHax 6 (10) xB mpu K3 3a peaKTopOM, KB,

Uoex P = Xyomir ——— V3L "° 100 %. (3.60)
UHOM

Jlna obecrieyeHUA YCIOBUS CaMO3aIyCcKa ABUTaTeNe HeoOX0UMO,

YTOOBI

Uiz (65 -70)% U, KB. (3.61)

Peaxrop cyuTaeTCsl MPUTOAHHIM IJII YCTAHOBKM B paccMaTpHBa-
€MOiJl IICTIH, eCJIM OH YIOBJIETBOPSIET BCEM YCJIIOBHSIM BBIOOpA U MPO-
BEpPKH.

CnemyeT OTMETUTh, YTO TIPU UCTIOJIb30BAHMHM WHIAWBHAYAILHBIX U
TPYITIOBBIX TOKOOTPAaHHYMBAOIIMX PEaKTOPOB OOJIBIIOTO COMPOTHB-
JIEHUS B HUX UMEET MECTO 3HAYMUTEIbHAs TIOTepsT HATIPSKEHUs B HOP-
MaNIBHOM pexXuMe paboThl Henu. [1oaToMy g ciy4aeB, Korma Tpedy-
J0TCSl 3HAYUTEJIbHEIE OrpaHH4YeHUsT TOKOB K3, pa3paboTaHbl CIeiy-
anpHple 0€3BHEPHUOHHBE TOKOOTpPAaHHYHMBAIOIIHUEC
ycTtpoictBa (BTY), cOCOOHBIE OTPaHUYUTh KaK YCTAHOBUBIIIHIA-
cd, TaKk ¥ yaapHbiii Tok K3. BTY coctosaTt u3 Toi win nHoil KoMOMHa-
MY TUHEHHBIX, HEJTUHEHHBIX ¥ TTOPOTOBEIX 3MIeMEHTOB. OT/eIbHEBIC
YCTpOICTBA MMEIOT CIICHHAIILHEIC CUCTEMBI yIIpareHus1. B ob1ieM ciry-
yae mapaMeTpbl BTY Kak yIpaBnsieMoro 2JeMeHTa HEPTOCHCTEM JOM-
3XKHBI YIOBJIETBOPSITH CICAYIONTMM YCIOBHUSIM.

1. IIput L0 < I ipsy coOmpoTuBiieHre BTY 10/XHO OBITE MUHUMAIBHO:

Zgry—0; AUgry—0,

3nech I, — TOK MaKCHUMAaJbHOMH Harpy3ku (C y4eTOM JOIyCTIMOTO
neperpysa) B uemnu, rae crout bBTY; I, — TpaHUYHBIA TOK, TPH
xkoTtopoM BTY momxHo cpaboTaTh.

2. Ilpu I'> I, conporusienne BTY usMeHsercsa tak, 4YToObl

ZBTV = _AZHaI"p’

Tne AZ,,, — U3MEHEHUE COMPOTUBIIEHUA Harpy3ku 3a BTY mpu K3.

3. BTY nomxHo ob6nanath cTabUIbHOCTBIO XapaXTePUCTHUK TIPH U3-
MEHEHHH CXEeMEI CETH H HE BHOCUTDh HEMMHEWHBIX HCKaXXEHHUIi B ITapa-
METpBI OCHOBHOI 1IeNH B HOPMAIBHOM PEeXUMe.
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Puc. 3.21. CxeMbl TOKOOTpaHUYHBAIOLIHX YCTPOMHCTB:

4 — PEaKTop, HOPMAILHO 3alYHTHPOBAHHBIM MOPOrOBEIM 3JIEMEHTOM; 6 — YIIpaBis-

€MEII PeakTop ¢ MOAMArHUYMBAHHEM MOCTOSHHEIM TOKOM; 6—0 —— DPE30HAHCHHIE TO-

KOOTPaHHYMBAIOIIKE YCTPOMCTBA ¢ Pa3IMMHBIMH CIIOCOGAMH PACCTPOMKM PE30HAHCA

HarnpsxeHus 1npu K3; e, s — TOKOOrpaHHYMBAIOWIKE YCTPONUCTBA TPaHCGHOPMATOpHO-

ro THUIA ¢ PETYJHPOBaHMEM FMapaMETPOB CO CTOPOHH! BTOPUYMHONH OOMOTKM; 3 —
BCTaBKa MMOCTOSIHHOTO TOKA

Bropoe yciioBie BEITIOHUTS TPYAHO, TIO3TOMY NMPHHSITHE TOTO WA MHOTO
Braa BTY 11 KOHKPETHOM CXeMBI 3JIEKTPOYCTAHOBKM OTIPEACTISIETC Ha
OCHOBAHHH TEXHHKO-5KOHOMHIYECKHX PacUeTOB C ydeToM ctouMocTd bTY
1 Toro a¢ggeKTa, KOTOPhIA MOXET AaTh €TI0 YCTAHOBKA B JIEKTPOCETH.

HpunuunuansHeie cxeMul BTY npeacrasnens! Ha puc. 3.21.

3.10. PacueTnnie yCIOBHS AJIsi NPOBEPKA
3JICKTPHYECKHX ANMAPATOB H TOKOBEAYIIMX YacTeii
110 pexXuMy KOPOTKOrO 3aMbIKAHHMS

IIpoBOOHUKM M aNmaparhl 3JIEKTPOYCTAHOBOK AOJLKHBI YIOBJIETBO-
PATBH pacYeTHHIM YCJIOBHSAM HX pabOTHI TIpH pa3IMYHBIX pexXuMax pabo-
TH 3JIEKTPOYCTAHOBKH, B TOM YHCJIE H IPH KOPOTKUX 3aMBIKaHUSX.
Jng npoBepKH MPOBOAHHMKOB U alapaToB Ha 3JEKTPOIUHAMUYECKYIO
U TEpMHYECKYIO cToiiKocTh pu K3 HeoGxomuMo BBIGpaTh PaCYCTHYIO
CXeMy 3JIEKTPOYCTAaHOBKH, pacueTHBHIH BuA K3, pacueTHy0 TOUKY U
pacyeTHy MPOAOIKUTENBHOCTD K3.
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B coorBerctBum ¢ [3.2] u [1.12] mipu BEIOOpE pacyeTHOIt CXEMBI IS
ompenesieHus1 TokoB K3 ciienyeT MCXOMUTh U3 BO3MOXHBIX YCIIOBUI JUTH-
TENbHOM paboThl 3MEKTPOYCTAaHOBKH, BKITIOYasi PEMOHTHEIE U MOCIEaBa-
pUitHBIE pexXMBL. PacueTHas cxeMa JO/PKHA YUUTHIBATh IIEPCIICKTHBY pas-
BUTHS BHEUIHUX CETE! M TEHEPUPYIOLIX HCTOYHHKOB, C KOTOPDBHIMH CBSI-
3aHa pacCMaTpuBacMasi JIEKTPOYCTAHOBKA, HE MEHEE YeM Ha ISTh JIET.

B xayecTBe pacuetHOro Buia K3 ciemyeT mpuHANMATh:

JUISE OTIPEAENCHHS 3JIEKTPOAMHAMUYECCKOM CTOMKOCTH alIapaToB H
XECTKUX LIMH — TpexdasHoe K3;

JUisT OTIPENICICHUS. TEPMHUYCCKOM CTOMKOCTH anrapaToB U NpOBOI-
HHKOB — TpexdasHoe K3; Ha TeHEpaTOPHOM HANPSIKCHUH 3JICKTPO-
CTaHUHA — TpeX- WiK AByX(PasHoe K3 B 3aBUCMMOCTH OT TOr0, Kakoe
U3 HUX MPUBOIUT K OONbBlIIEMY Harpeny;

MpH NMPOBEPKE IMOKYIX IPOBOAHYMKOB MO YCIOBUIO MX IOIYCTUMOTO
compkeHust Bo BpeMsi K3 — Tpex- mnu apyxdaszHoe K3 B 3aBUCHMOCTH OT
TOro, KaKo¢ M3 HHX NIPUBOIUT K OQIbIIEeMY CONMKEHUIO TIPOBOTHWKOB;

IUTST BEIOOpA ammapaTroB IO KOMMYTAITMOHHOK CIIOCOOHOCTH — IO
OOnplIIeMy U3 3HAYCHUIA, MOMy4YaeMBbIX IS CIy4YacB TpeX- MW OTHO-
dasnoro K3 Ha 3emmio (B ceTsIx ¢ GonmpiuMMu TokaMu K3 Ha 3emimo).

B xauectBe pacuyeTHOI ToukH K3 cineayer IpUHMMATD TaKyiO TOUKY
Ha pacyeTHOM cxeMe, B KoTopoi mpu K3 IMpoBOTHMKH U 3EKTPHYEC-
KM€ amnmnapaThsl MOABEPTaloTCa HanOONbIIEMY 3IeKTPOIUHAMUYECKOMY
U TEPMHUYECKOMY JEUCTBHIO.

IIpu pacueTe TEPMUYECKOI CTOMKOCTH B KQUECTBE PAaCYETHOTO BpEMe-
HU cJieqyeT MPUHHUMATL CYMMY BpPEMEH, MOIYyJacMYyIO OT CIIOXXEHUS Bpe-~
MEHM JeHCTBHA OCHOBHOM 3alUTHI (C yyeToM JekicTBus AIIB), yctaHOB-
JICHHOU y Ompkaiiiero K Mecty K3 BBIKITIOUATENS, M TIOJTHOTO BPEMEHH
OTKJIIOYECHUST 3TOTO BhIKMIoUaTens. I1pyu HAIMYKMM 30HH HEYYBCTBUTENb-
HOCTH Y OCHOBHOM 3aLLUTBI TEPMHYECKYIO CTOMKOCTE CIIEAYET IIPOBEPSITE
10 BPEMEHM JCHCTBUA PE3CpBHOM 3alIUTHI, B 30HY ACHCTBHS KOTOPOM
NOMANAECT PaCCMAaTPUBACMBIN YYACTOK IJIEKTPOYCTAHOBKHU. ArTiaparypa 1
TOKOIIPOBOAKI, ITPUMEHSIEMBIE B LICIIAX TeHEPaTOPOB MOIIHOCTBIO 60 M BT
U BBILIE, a TAKXKE B LEMIX OOKOB reHepaTop — TpaHC(OpMaTop Takoi
K€ MOLIHOCTH AOJDKHBI MPOBEPATHCS TI0 TEPMHYCCKOM CTOHKOCTH, HC-
XOJIsl U3 BPEMEHU MpoxoxXaeHust Toka K3, paBHoro 4 c.

Inst cokpauieHUss OOBEMOB BBIYHUCIICHMI HCHOMB3YIOT TOT (haxT,
YTO B 3JIEKTPOYCTAHOBKAX CYHIECTBYIOT IPYIIIHI IIEIEif, KOTOPHIE B OT-
HOIIICHUHU pexuMa K3 HaxoASTCd IPUMEPHO B OMHAKOBBIX YCIIOBUIX.
DT0 06CTOATENBCTBO MTO3BONISAET pa3OUTh BCIO CXEMY 3JIEKTPOYCTAHOB-
KW Ha OTHOCIBHBIC 30HB, B KOTOPHIX YCTAHABIMBAIOTCS T¢ WM MHBIC
o01mme pacyeTHEIC YCIOBHSL.

Ha puc. 3.22 npuBeigHH pacYeTHBIC 30HBI CTaHIMH THIia TOLI. 3aech
30na 1 BKIIIOYACT BCE IIEMM YCTAHOBKU IMOBBIIIEHHOTO HANPSDKCHUS
110— 220 kB. Bce nenu 370it 30HB paCCYMUTHIBAIOTCA IO CYMMAapHEIM
tokaM K3 ot Bcex ucTouHMKOB nuTaHus 1mpu K3 B T. K-1 Ha cOopHBIX
mrHax 110220 kB. Bpemst otkimiouenust K3 1S OIleHKHM TepMHYEC-
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toren = 0,3 ¢ (4 ¢)

Puc. 3.22. PacueTHsle 30HbI 110 TOKaM K3 mrg cranuuu tvna TOL

KO# CTOHKOCTH aIllapaToB 3TOUM 30HHBI ONpENeIsieTCs 0 BpEMeHH ACH-
CTBHMSI OCHOBHBIX 3aIlIMT U TIOJIHOMY BpEMEHH OTKITIOUEHUS BHIKJIIOUA-
TENEH foren=fps+ lorcns U MOXET OBITb MPHHSATO fony= (0,16 — 0,2) c.

IOna nemneit, Bxoasauiux B 3oxy II, pacuernas Touka K3 — K-2 (Ha
COOpPHBIX LIIMHAX TEHEPATOPHOTO HaMpPsKeHUs). Bee anmaparsl M TOKO-
BeIYIIME YACTH 3TOI 30HBI NMPOBEPSIOT MO CYMMapHBIM TokaM K3
B T. K-2 OT BcexX UCTOYHUKOB. C yYETOM IMOJHOTO BPEMEHU OTKIIIOYE-
HHA BBIKITIOYATeIIel TeHEPATOPHOTO HATIPSDKEHWS TSI 9TOM 30HBI MOXHO
TIPHHSATD ey = 0,3 C.

3ona 111 — 11enb BBOJA TeHepaTopa, MOAKIIOYCHHOTO K COOpHBIM
wmHaM I'PY, win reHeparopa, paboTaloliero 1o cxeme 010ka reHepa-
TOp — TpaHcdopmMarop. st 3Toi eny pacueTHOM Toukoi K3 apnsercs
Touka K-2 mnu K-3, HO BHIOOp amnmapaToB 3[eCh NMPOU3BOHUTCS MO
Haubonbuwemy Toky K3 WK OT caMOro MOBPEXIEHHOIO TeHEpaTopa, WK
OT BCEX OCTaNbHBIX MCTOYHUKOB TMTAHUSI BMECTE B3ATHIX. BpeMs ot-
KioueHwus st 3oxs: 111 ipuHuMaeTes £, = 0,3 ¢, ecin P,g,6< 60 MBT,
U =4 c, ecin P2 60 MBT.

B 30ne IV (uienp peakrupoBaHHoi qmHun 6 — 10 xB) ammapatypa
BBIOMpAETCs TI0 CYMME TOKOB OT BCEX MCTOYHHMKOB nUTaHus npu K3 3a
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peakTopoM (T. K-4), HO yJ4aCTOK OIUMHOBKH OT COODHBIX ILIMH IO Iep-
BBIX IPOXOAHBIX H30NATOPOB (OYeHb HEOOJBIION) BHIOUPAETCS IO CYM-
MapHBIM TokaM K3 B T. K-2. BpeMs oTKIII0UEHUS AJIsl 9TOH 30HBI MOX-~
HO MIPUHATD fore, = 1,0 C.

B 301y V Bxoaut cexnyoHHast ¢cs3b Ha [ PY 6 (10) kB. PacueTHble
YCJIOBHSL JUIE 9TOM 30HH Te e, uTo ans 3oxw 111, HO £,,,=0,3 c.

Ieru seiBomoB HH TpanchopMaTopoB COOCTBeHHBIX HYXKI (301a VI)
aHAJIOTUYHH LersaM 3oxs 111, mo3ToMy BRIOOP ammapaToB 3TOM 30HHBI
Bemercd 1o Haubosvwium Tokam K3 (pacuetnas Touka K-5) win or
BCEX BMECTE B3AThIX BHEITHUX UICTOYHHKOB ITMTAHMSE, MJIH OT IBUTaTe-
Jle, TIOAKITIOYEHHBIX K COOpHBIM HIMHAaM, rae mpouzounio K3. BpeMsa
OTKJIIOUEHHST B 3TOM 30HE MOXHO NPUHSTD = (0,2—0,3) c.

ObopynoBaHue, Haxomsieecs ¢ 3oxwe VII, mposepsieTcd 1Mo cym-
MapHOMY 3HavyeHUI0 TOokoB Ipu K3 B T. K-5 oT BCEX MCTOYHUKOB,
Lima=(0,6—1)c.

Ha puc. 3.23 nokazaHa pacueTHast cxemMa OJIOUHOI 3NEKTPOCTAHIH C
XapakTepHbIMHU st Hee 3oHamu I, 11, 111, VI, VII. Bce, yto 6BUI0 M3MTO-
KEHO BbliIIe, CIIPaBeUTMBO JUIST BRIOOPA M MPOBEPKH aIlIIApaTOB U TOKO-
BeQyIIUX YacTeil, OTHOCSIIMXCS K YKAQ3aHHBIM 30HaM ONIOUHBIX CTAHIIHIA.

3oHa I KB
toren = 0,1—0,2 ¢
0K| 0B
110—750 xB K1 }
|j [‘LJ ' ' K-1
PesepBHEIt T3
TpaHc-
dbopmatop
C.H.
3ona VI G3 TCH3
Totkn = 0:
0,3¢c
3ona III
tom=4c

Puc. 3.23. PacuetHble 30HEl 110 ToKaM K3 mig 6;104HOI cTaHumMu
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:30Ha 1 KB
1 tyryn = 0,16—
0,2¢
[] [Jex 08
BH K1
110--220 kB 4 ) K2
K1

T (—2?;;%;’-
.

e oo o o e s i A G Y

3oHa I
fomen = 0,16—0,2 ¢

|
1 220—750 xB

Puc. 3.24. PacuerHnte 30H 10 TokaM K3 Uit NOACTAaHUMU C PA3IMYHBIMU
HOMHHAJILHBIMM HarpsikeHusimu (a, 6)
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Ha puc. 3.24 npuBefeHH pacyeTHBIE CXEMbI MMOHMXAKOIIUX OI-
CTaHIIMI ¢ IBYMs TpaHchOopMaTOpaMy U aBTOTpaHCc(hOpMaToOpaMu.
31ech Mo CYLIECTBY UMEIOTCI TONBKO ABe 30#b: (1 1 VI). PacueTHbie
toukd K3 1 BpeMs OTKIIOUEHUS IUIs1 BHIOOpA anmapaToB Y TOKOBEY-
LIMX YacTel B KaXI0il 30He yKa3aHbl Ha CXeMax, MpU4YeM BBIOOp ar-
11apaToB BEIETCH 110 CYMMapHBIM 3HAYCHUAM ToKOB K3 B pacyeTHOH
TOYKe OT BCeX UCTOYHUKOB NMUTaHMUS. EC/IM Ha MOACTaHLIMU YCTaHAB-
JIMBAIOTCS CHHXPOHHBIE KOMIIEHCATOPHI, TO TosiBisietTcs 30x#a 111 (terns
BBOJIa CHHXPOHHOTO KOMIIEHCATOpa), II€ B KA4e€CTBE pacYETHOTO s
IPOBEPKH aIapaToB MPUIETCS BHIOpATh Haubosvuiee U3 3HaAUEHUH
Tok0B K3 mim oT noBpeXIeHHOTO CHHXPOHHOIO KOMIIEHCAaTOpa, WIH
OT BCEX OCTAJTBHBIX (BHENIHHUX) UCTOUYHUKOB NMUTaHus. ECNU B 1emsix
BBOJOB 6 — 10 kB I1C ycTaHaBIHBalOTCSd TOKOOrpaHUYHUBAIOIIHE pe-
aKTOpHI, TO MOsABIsIETCH 301a IV, B KOTOpOU amnmapaTthl BHIOUpAIOTCs
1O CyMMapHHEIM 3HaueHUSIM ToKoB K3 oT Bcex ucTouHnKoB nipu K3 3a
PEaKTOpOM.

3.11. Ilpumenenne DBM g pacyera TOKOB KOPOTKOro
3aMBIKAHNA

B Tex ciayvasix, xorma TpeOyeTcss MOBBIIIEHHAs TOYHOCTh PAaciETOB
ToKOB K3 B IpOH3BONBHBINT MOMEHT BPEMEHN € YIECTOM IEPEXOIHBIX
TIPOIIECCOB B SJIEKTPUYECKUX MaHIMHAX WJIM UCXOIHAS pacueTHas cXe-
Ma SIBJISETC MHOTOKOHTYpHOI, IUIsl pacueTa ToKoB K3 wucmombsy-
1o1ca DBM.

CospemMeHHBIe DBM, Ux omepallMOHHBIE CUCTEMBI TTO3BOMSIIOT pe-
aTU30BEIBATh CJIOXKHBIE TIPOrpaMMHBIE pa3paboTKH, UCIIONL30BaTh rpa-
(bryeckue CUCTEMEI OTOOPAXESHHST MH(POPMALIMH, CYIIECTBEHHO YCKO~
PATH TIPOLECC MOMYIEHUS ¥ 00pabOTKH paCYETHHIX NJaHHBIX.

MaremaTuyecKue MOJIEITH JOKHB BOCIIPOM3BOJUTH BO3MOXHOE
pa3BUTHE aBapMH, JIOTHMKY JelCTBUs TPOTHBOABApUIHOM aBTOMAaTH-
KU U peIciiHOM 3aUTH MOJCTUPYEMOH 3IEKTPOYCTAaHOBKH, a TAKXKE
MOCIeA0BaTeIbHOCTh TEXHOJIOTUYECKHUX Orepauyii. MateMaTuueckue
MOJEJIN JOJIXHBI ITO3BOMSITH BAPLHMPOBATh pacyeTHHIE YCIOBUA, TTapa-
METpPHI CETH, MAIIIMH, PETYIUPYIOIINX YCTPOUCTB, YTOOH MOXHO OBIIO
OLIEHHUTh CTEIE€Hb WX BJIUSHHUSA Ha XapaKTEPUCTHUKH, WCIIONb3yEeMbIC
IIpYU MIPOEKTUPOBAHUH, HAJAJAKe W SKCIUIyaTallMM 3JIEeKTPOOOOpYIO-
BaHMS.

B Hacrosiee BpeMa pazpaboTaHO MHOXECTBO IIPOrpaMM 10 pacde-
Ty T0KOB K3 ¢ npumencHneM DBM pa3iuyHOM CTEITEHM TOYHOCTH U
cnoxHOoCTH. HO TONBKO ITTy0OKO M3YYMB TEOPUIO IIPOIIECCOB, IIPOUC-
xopsmux rnpu K3 B 31eKTpoyCTaHOBKAaX, MOXHO TPAMOTHO TTOJIOMTH K
[IOCTAHOBKE 334ay IpH pa3paboTKe IMporpaMMEbl, a 3aTeM — K OICHKE
pe3yIbTaToOB pacyeTa ToKOB K3, mosyueHHBIX ¢ ToMolubpio DBM, a Tak-
JXe K IIPUMEHEHHUIO MX B TIPAKTHYECKOM JeITeIbHOCTH: 6YIb TO MPOEK-
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THUPOBaHME, HATAAKA WM DKCIUTYATALIUs DJIEKTPOOOOPYIOBAHMS DJIEK-
TPUYECKHUX CTAHIIUHN U ceTeil.

TIpumep 3.4. Oripene/TH coCTaBIIAIONIME TOKA TpexdasHoro K3 /9,
19, i, i n HayanbHOe HefcTBYIOIIEE 3HAUCHUE MEPHOAMYECKON
cocrapistiolneit Toka aByxdastoro K3 719 B 1. K-1 (Ha cGOpHBIX 1M~
Hax 500 kB KBC) pacueTHOit cxeMBI, IpeACcTaBIeHHOM Ha puc. 3.25.
OmnpenenuTs pacyeTHbIe 3HaUeHUS TOKOB K3 1151 BEIGOpA M TPOBEPKU
2JIEKTPoobopyIoBaHus B ey BBoZia 500 KB aBToTpaHcdopMaTopa CBSA3M.
HMcxonHble qaHHBIE IpHBEIEHBI Ha pacueTHOM cxeMe. JOTOIIHUTEIIEHO
yuyectb, yTo Ha OPY 500 KB ycTaHOBJIEHBI BRIKITIOYATEIN 3JIETA30BEIE
tuna BI'Y-500b-40¥1, umeromue £, ; or,=0,025 c.

PacueThl BHITOTHUTE B IBYX BAPMAHTAX: B OTHOCUTEIBHBIX €IMHM-
1aX; B MMEHOBaHHBIX eOMHUIIAX.

Pemenwue. 1. g pacyera TokoB TpexdasHoro K3 B 1. K-1 Ha ocHo-
BaHHUHU PacyeTHOM CXEMBI COCTARJEACTCS CXEMA 3aMEIIICHUS TIPSAMOH TToC-
JienoBaTesIbHOCTH (pHcC. 3.26, a; 3.27, a). KaxxaoMy ConpoTHBIIEHMIO TIPH-
CBaMBaeTCs CBOU MOPSIIKOBBIM HOMEP, KOTOPBIH COXpaHSETCA 3a HUM O
OKOHYAHHWS PACYETOB M YKA3HIBAETCS B UMCIIUTENE APOOH OKOJIO HETO
(B 3HaMeHaTese Ipoby OyaeT yKazaHa BeJTMMHUHA 3TOTO COIPOTUBIICHMS ).

3HayeHHUs cBepxmnepexoaHbiXx DC MCTOUYHHUKOB IMHTAHUSA TIPHHH-
MaeM 1o Taor. 3.2:

st cucteMsl Ej- =1,0;

1Uts reHepatopoB G1— G5 Ej; = 1,13, Tak Kak Bce TeHepaToOphl HMe-
10T Pyoug> 100 MBT; ymaneHHas Harpy3ka, MOIKIIOUYEHHass K cOOp-
HbIM 1HaM 110 kB craHiMH, He yYUTHIBACTCS.

C
Suom ¢ = 2500 MB-A
H>

x#HOMC=274
lwi=lwz=
=400 kM w1 w2 w3
lw3 =200 xm
Iw4=250 KM j
Xyp = 0,390 W4 £ Upi=515kB K2/ Ugz=115kB
TI |12 T3{ | , /s lre 1715
lIllll _ATI HE) (%)
gS T g
TI; T2, T3 — Suox =630 MB-A  ATI; AT2 T4, TS — Sy 7=250 MB-A
u=14% Syow AT =250 MB-A ue=10,5 %
Gl G2 G3 — Syon 6 = 588 MB'A gy _cu=13% G4 G5 —Syou =235 MB-A

x"lIdHOM = 0,242 Uy BH—HH = 33 % X wdhom = 0,19

U cH-uH =18,5 %

Puc. 3.25. PacuetHas cxeMa 3J€KTPOYCTAHOBKH (K Ipumepy 3.4)
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2

0,45

.6
0,22
a7
0,41
Gl

Gl, G2, G3
Eg=1,13
7
C; E¢=1,0
22
0,62
26
0,9

Gl, G2, G3 G4, G5
Eg=1,13 Eg=1,13
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C; B¢=1,0
22
0,62
25
Zal 22 T
23 24
0,21 0,62
G4, G5 Gl, G2, G3 G4, G5
Eg=1,13 Eg=1,13 Eg=1,13
[

Puc. 3.26. DKBUBaJICHTHAS CXEMa 3aMEIIeHUS

MpAMOIA TTOCeI0BATENBPHOCTH JUIS pacyeTa TO-

xoB TpexdaszHoro u aByxdazHoro K3 s t. K-1u

MmyTH €¢ TipeobpasoBaHusa (a, 6, 6, 2) (c uc-

MOJIb30BAHMEM CHCTEMbl OTHOCUTEJIBHBIX €M~
HHUL) K npumepy 3.4



C; E¢=1,0

e

I_.

T g
)4
[=a)
[=]

3 Tr-]
120 1

[1.6_ 1.7 []-87
158,94 [ 158,94 115894

17 8 19

FH.

109,16] 1109,16{ 109,16
$61 tez 103 T
Eg;=1,13 Eg=1,13 Y Bge=1,13  EBgs=1,13

Eg=1,13

Gl, G2, G3 G4, G5 Gl, G2, G3 G4, G5
Eg=1,13 Eg=1,13 E¢=1,13 Es=1,13

C: B¢=1,0

22
163,94

_26_
235,86
Puc. 3.27. DxsuBaneHTHas CxeMa 3aMeieHUs Gl, G2, G3 G4, G5
fIpsSIMOI MOCIIeOBATENLHOCTH JUISl pacyeTa To- Eg=1,13 Eg=1,13
KoB Tpexdasuoro u asyxgastoro K3 s 1. K-1 u
flyTH ee npeoOpasosaHusa (a, 6, &, &) (c uc- e

f10JIb30BAHMEM CHCTEMBI UMEHOBAHHLIX €IU-
HML) K npuMepy 3.4
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2. TIpou3BOAUTCS pacuyeT CONPOTUBICHU CXEMBI 3aMELICHHUS B OT-
HOCHTEIBHbBIX U KMEHOBAHHBIX €AHHHLAX TIO (POpPMYiaM, TIpUBEICH-
HBIM B Ta0:1. 3.4, IPU NPEIBAPUTETBHO MPUHSITHIX 6a30BBIX YCIOBUSX:

B OTHOCHTENBHBIX €IWHHMIAX (0.€.) NMpHu

B MMEHOBaHHBIX enuHuuax (OM) npu

S5=1000 MB-A Us =UK' =515 xB
S 2
Xop = Xoyoue —— = Xj = XopomC ——(—]6— =
SHOMC SHOMC
1000 2
=2,4—— =0,46 =2,4'——515 =122,4
5200 5200
S, Us
X =X = Xyl —— - Xy =% = Xgly——=
cpl cpl
00 2
=0,3. 4001_.9=045 =0,3- 400§_1_5__120
5152 515°
Se Ue
Xy = Xyl s —— U2, = Xy = Xyabws — U, =
2
=0,3-20020 _,23 =0,3-20022 _ 60
5152 5152
S U}
x,4 = xynlw4 "‘"26_ = x5 = xynlw4 '_26“ =
Ucpl cplt
1000 2
=0,3.250 515 =175
15? 5152
Xeg = Xe7 = Xog = Xg = X7 = Xg =
% S u% U
100 SHOMTI 100 SHOMTI
14% 1000 B 14% 515° ~5894
T00 630 7100 630
u % Se u % U2
x‘9:x‘10:-—=————-= x9 xloz-———z—————z
100 SHOMT4 100 SHOMT4
10 5%1000 _10,5% 515° ~111.4
7100 250 T o100 2500

s pacueta conpotunieHuit AT HpeABAPUTEIBHO OIPEICIIEM:
U2 = 0,5(Uypy_uu+ Uxpn—cu— Uxcu—nn) % =0,5(33 +13 ~

-18,5)% =13,75%;
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Uecn% = 0,5(uxgn—cn+ UxcH—un~ Uxpn—nun) % = 0,5(13 +18,5 -

- 33)% =-0,75 %:

Uenn% = 0,5(uxpn—_pnu+ UxcH—nn— Uxpa—cu) % =0,5(33 +18,5 -

-13)%=19,25%.

UepnP S,
Xy = Xopp = B _ Ps
100 S,ur
13 13,75% 1000 - 0,55
100 250
Ucn% S
x‘]3 :x‘M =_ﬂ£=—6=
100 S ondT
_075%1000_003 0
100 250
Ugun % S
Xups = Xupg = XHHZ D5
100 ST
_19,25% 25% 1000 _
100 250

Xa7 = Xag = Xdpp =

— . S6 —_—

- xd'HOMGI S -
HOMG ]

=0, 242@ =0,41
588

Xogo = Xa21 =

—_— ” _S6 —

= XgetonG4 S -
HOM G4

_0, 1910050 _0,81

Uy g % U?
xn=x12=—BH0= *_=
100 S oraT
2.
=13,75% 515 - 145,87
100 250
Uy cn% U?
Xj3 = X4 —SxCHD 6
100 Sondr
075%515 ~7.96=0
100 250
U un % U?
X5 = X6 e
100 SHDMAT
2
=19,25% 515 - 204,22
100 250

X7 = X3 = X9 =

. U
= XgruoMG1I

S

HOMG ]

0,242 35 _ 100,16
588

Xy = Xy =

e Us _

= XfunomG4 S =
HoM G4

2
5155 = 214,43

=0,19

Jing ympollleHus 0603HAYeHUH Hajiee HHIEKC «*» OIIYCKAEM.
TTomy4yeHHBIE BEIUYMHBI COMTPOTUBIEHHI IIPOCTABAIOTCA Ha CXe-

M€ 3aMEIICHUSI:

Ha puc. 3.25, @ — B OTHOCUTENLHBIX €IMHUIIAX;

Ha pHucC. 3.26, a — B IMEHOBaHHBIX eIMHUIIAX.

3. CxeMa 3aMeIleHUs YIIPOIIAaeTCs OTHOCUTEILHO T. K-1 ¢ yyeToM
BO3MOXHBIX ITyTe# NpoTeKaHusa TokoB K3 oT ncTouHUKOB K MecTy K3.
ComnpoTuBieHHs X5 K X IIpu 3ToM K3 ToKaMy He 06TEKaOTCS U U3

CXEMBI 3aMCIICHUS] X UCKIIIOYAcM.

A. Henoav3osanue cucmemst omHocumensuvix edutuy, (cM. puc. 3.26, a).

6 Poxkona
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OrnpenenseTcsa pe3ylbTHPYIONee COMPOTUBICHUE €O CTOPOHBI CH-
creMbl 1o T. K-1:

1
=X (X4 + Xs)
—2—X2 + X4+ X5

%0, 45(0,23+0,28)

—;-0,45+0,23+0,28

= 0,46 + =0,62 o.e. (puc. 3.26, 6).

PesynnTHpYIOIIEE CONMPOTUBIEHHE BETBY ONHOTUITHBIX TE€HEpAaTOPOB
G1, G2, G3 cyMMapHO# MOIIHOCTBIO 588 X 3=1764 MB-A mo 1. K-~1
COCTaBUT

Xp3 = %(xs +X7) = %(0, 22+0,41) = 0,21 o.e. (cM. puc. 3.26, 6).

PesynpTHpyIOlIee COIPOTUBIEHNE ONHOTUITHBIX reHepaTopoB G4,
G5 cyMMapHO#M MOIITHOCTBIO 235 X 2 =470 MB- A no mun 115 kB ctaH-
WU COCTABUT

Xy = %(xg +Xy) = %(0,42 +0,81) = 0,62 o.e. (cM. puc. 3.26, 6).
ConpoTUBJIEHHE ABYX HapalIeIbHO BKIKOYEHHBIX aBTOTpaHchop-
MatopoB AT1w AT2

Xp5 = %(x“ +Xx53) = %x“ = %0,55 =0,28 o.e. (puc. 3.26, ¢).

PesynpTHpylolllee CONPOTHBICEHHE BETBH TeHepaTopoB G4, G5
noT1. K-1:

Xo6=Xpa+Xp5=0,62+ 0,28 = 0,9 0.¢. (puc. 3.26, 2).

OkoHYaTeTbHAs CXeMa 3aMEIICHHS I pacyeTa TOKOB Tpexda3Ho-
ro K3 BT. K-1 npexncrasneHa Ha puc. 3.26, e. PacueT TokoB K3 npousse-
IeH B Tabu. 3.19.

Ta6nuua 3.19

Pacuetnas tabauna Tokos Tpexdasznoro K3 B T. K-1 npu pacuere conpo-
THBNEHHI CXeMbl 3aMellleHHA B OTHOCHTEJIbHBIX eAMHMIax (0.e.)

Touka K3 K-1
BbazoBas MOLIHOCTE Sg, 1000
MB-A
CpenHee HanpsDKeHME 515
Uy, xB

162



Oxonuyanue maba. 3.19

Touka K3 K-1
HCTOYHMKH Cucrema (G1+ G2+ G3) (G4+GY)
HomuHansHas 5200 588-3=1764 235-2=470
MOIIIHOCTb HCTOYHH -
KOB S,on» MB-A
Pesynprupyioniee X=0,62 Xp3=0,21 x6=0,9
COITPOTHBIICHHE
Xupess O.€.
Ba3oBsIil TOX 1000
< =112
=55 A \3-515
6 £
J3U,
E? (cM.Tabu. 3.2) 1,0 1,13 1,13
19 - E! I, %A 1-1,12=1’81 1,13-1,12=6,03 1,13-1,12=1’41
Xvpes 0,62 0,21 0,9
[ = S, omer kA 5200 _ 5 34 1764 _ o8 470 0,53
NEY/ J3-515 J3.515 3515
3)
o 1’—81-=0,31 6’03=3,04 L4l =2,66
Loucr 5,84 1,98 0,53
1= (0,01 + 2,y o), € 0,01+0,025=0,035¢
Yo (CM. pHC. 3.8) 1 0,98 0,985
I =v..I5), xA 1,81 6,03-0,98=5,91| 1,41-0,985=
=1,39
k,y (CM. TaG1. 3.6) 1,85 1,973 1,935
T,, ¢ (cM. Tabu. 3.6) 0,06 0,35 0,15
i =2k, 2, kA |\2-1,85-1,81 =|+2-1,973-6,03 =| /21,9351, 41 =
=4,72 =16,78 = 3,85
e—'r/Ta e—0,035/0,06 = 0 56 e—0,035/0,35 =0 9 e—0,035/0,15 =0 79
i® = 2P /T xA |\2-1,81-0,56 =| ~2-6,03-0,9 = [\2-1,41.0,79 =
= 1,43 =7,65 =1,57
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b. Hcnoavzosanue cucmemst Umenosannbix eounuy (cM. puc. 3.27, a).

ITopsimok pacyeTa TOT Xe, YTO U B BapuaHTe A:

L (0 + %) %120(60+75)
Xy =X + =122,4+ 1 =

Exz + X4+ X5 5120'*‘60'*’75
=163,940M;

X3 = %(x‘; +Xx7) = —;—(58, 94 +109,16) = 56,03 Owm;

Xos = %(x9 +%xp) =%(111,4+ 214,43) = 162,92 On;

(puc. 3.27, 6)

1
Xos = %(x“ £ x) = %x,, = 145,87 =72,94 Om (puc. 327, o)

X26= Xog+ Xps= 162,92+ 72,94 = 235,86 OM (puc. 3.27, ).

Mcronb3yst OKOHYATENBHYIO CXeMy 3aMellleHus (cM. puc. 3.27, 2),
pacuet ToXoB TpexdasHoro K3 B 1. K-1 npoussonum B Tabm. 3.20.

Tabauua 3.20

Pacyetnas taéanua Toxkos Tpexdasnoro K3 B 1. K-1 npu pacuere
CONPOTHBIEHHH CXEeMbl 3AMEINEHHS B HMEHOBAHHBIX eguHuiiax (Om)

Touka K3 K-1
BasoBoe (cpenHee) 515
Hanpsixeune Uz, kB
HcTrouyHuku Cucrema (G1+ G2+ G3) (G4+G9)
HomwuHanbHas 5200 588-3=1764 235-2=470
MOILHOCTH HCTOUHH~
KOB Syon, MB-A
Pe3yanpr}0mee Xy= 163,94 Xy3= 56,03 Xye= 235,86
COMPOTHBIIEHHE Xpe;,
OMm
E; (cM. 1abn. 3.2) 1,0 1,13 1,13
9 - EU, KA 1,0-.515 _ L,13.515 _ 1,13-515 -
NE. J3-163,94 V356,03 J3.235,86
=1,82 =6,0 =1,42
[HOM.MCT = SHOM‘"CT ’ KA 5200 = 5: 84 1764 = 1, 98 470 = 0, 53
V3u,, V3515 J3-515 V3515
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Oxonvanue mabn. 3.20

Touka K3 K-1
3)
I 1’82=o,31 fﬁ=3,o3 1,42 =2,67

[}{OM.HCT > 4 1’ 98 O, 53

1=(0,01+% 4 orn)s € 0,01+0,025=0,035

Y (CM. pHC. 3.8) 1 0,98 0,985

19 =4, 19, kA 1,82 6,0-0,98 = 5,88 |1,42-0,985=1,39

ky; (cM. Tabm. 3.6) 1,85 1,973 1,935

7,, ¢ (cM. Taba. 3.6) 0,06 0,35 0,15

i® =2k, 08, kA | V2:1,85-1,82=|+/2-1,973-6,0 =| +2-1,935-1,42 =
=4,75 = 16,69 =3,87

e/ T e 0035/006 _ () 56| 0035/035 - 0,9 | o-0.035/015 _ 0 79

i® =2 I®e/n kA 2-1,82-0,56 =| v2-6,0.0,9= |+2-1,42.0,79 =
=1,44 =17,61 =1,58

Tabnuua 3.21

Ceroanasi TabHIA Pe3yJNBTATOB PACUETOB TOKOB Tpexdasuoro K3

Touka| U,,, Toxu Tpexdasnoro K3, xA
K3 | kB Hcrounuxk o o] o ;:) \/—2-11(13) Lo
K-1 {515 | Cucrema 1,81{1,81| 1,43{4,72| 2 .1,81 + 1,43 = 3,98
(G1+ G2+ G3) 6,03{5,91{ 7,65|16,78 \/5-5,91+7,65=15,98
(G4+G5) 1,4111,39| 1,57{3,85| /21,39 + 1,57 = 3,53
PacuetHbie 3Haue-{9,25(9,11{10,65)25,35 23,49
HUs1 151 BLIOOpa
3JIEKTPOOOOpPYIO-
BaHUA B LIeNU
BBoja 500 xB AT
i (3ona 1)

IIpoaHanu3upoOBaB NMPOBEACHHBEIE pacueThl TOKOB K3, yGexna-
EMCSI, UYTO pPe3yJIbTaThl MOJTYYMIHCH MTPAKTHYECKH OTMHAKOBEIE (pac-
XOXIEeHHE B COTBIX JOJIAX OOYCIIOBJIEHO MOTPEIIHOCTBIO PACUETOB).

Pesynerathl pacueToB TOKOB TpexcasHoro K3 cBenersnl B Tabm. 3.21.

Jna omnpeneneHUsT HAYaJIbHOTO NEMCTBYIOLIETO 3HAYECHMS TIEPHONHU-
YeCKO¥ COCTaRIIsOLIel Toka npit AByx basrHoM K3 79 B1. K-1 mpu-
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HHMMAEM, 9TO Xppes= Xipes ¥ BOCIIONIB3YEMCST COOTHOIIEHUEM MEXAY TOKA-
MH IBYX- U TpexdasHoro K3, BeiBeleHHAIM B Ta6i. 3.11, a UMeHHO:

I (2) =0,871; ‘3)
ciefoBaTeNbHoO, B T. K-1 nMeeM
Il%) =0,87-9,25=8,05 KA.

IIprvep 3.5. BriGparts rpynmoBoit peakTop 1ist orpaHuMeHmst Toka K3
B LIETIAX IIECTH KaOeMbHBIX JIMHWM, IMUTAIONMX MoTpebuTeNeil oT IUnH
10,5 xB remepaTropHoro pacnpenemresHoro yerpoiictsa TOI (puc. 3.28).
MaxcHMaIBHEIN TOK ITPOAOIKUTEILHOTO PEXMMa PaGOTHl KXo -
HUA I, 1= 290 A. HauajnHoe 3HaYeHMe NEPHOTUIECKOM COCTaBRAIO-
mieit Toka TpexdasHoro K3 Ha nmuax I'PY 10,5 xB (1. K-1) coctaBager
IX! = 58 KA. KaGepHble IMHIH MOIKITIOYAIOTCS € IIOMOILKBI0 styeek KPY,
B KOTOPBEIX YCTAHOBJIEHBI BaKyyMHBIE BHIKIIOUYateau Turna BB3-M-10-
630-2Y3, nMerole HOMUHATBHBIA TOK OTKMOYCHUS Iy won= 20 KA,
COGCTBEHHOE BpeMs OTKIoueHU . ;= 0,02 c. JIMHKM BbIMOIHEHHI TpeX-
XWIBHBIM KaGeleM C AMOMUHMEBBIMY KIUTAMH CEUCHUEM Gryn= 185 MM?
¢ Zion=310 A. Ha nunmsx ycraHOBIEHB! MaKCUMANBHBIE TOKOBLIE 3alllf-
TBI C BBIIEPXKOi BpeMeHH. IlonHoe BpeMs oTkmioyeHHsT K3 npuHATH
fe.p.onn= 1,0 C.

PeuieHue. 1. B cooTBEeTCTBUM C 3aaHHEM HaMEYaeM K YCTaHOBKE
B I'PY 10,5 xB caBoeHHble peakTOpEl BHYTPCHHEH YCTAaHOBKH THIIA
PBC-10-2 % 1000, paccuntannble Ha U, = 10 kB, 15\ ser= 1000 A.

PacnipenenB paBHOMEPHO IIeCTh KaGeIbHBIX IMHUM MeXIYy AByMS
BETBAMHM PEaKTOpa, IMPOBEPHM 3arpy3Ky Kaxkioil BeTBU:

Tooner= 3o txw= 3290 = 870 A < Lope per= 1000 A.

K- lﬁ
R T'PY 10,5kB
LR PBC-10-2x1000-0,35

LAk X
@ 0 00 (o s

A
J i
¥ Y %Y: %::::::iiz‘f

1-3 kw 4—6 xw

4

\

Puc. 3.28. ITosscHsonIast cxeMa K npuMepy 3.5

166



2. Teriepp HEOOXOAMMO PACCUMTATDH TpebGyeMoe COTIPOTUBIEHHE pe-
aKTopa.

TTo dopmysie (3.50) ompenenuM pe3ybTUPYIONIEE COMPOTHRIEHHE
e K3 no Mecta yctaHoBKH peaktopa (1o T. K-1):
x;])(e-al = UCP = 10’ 5
J3IKT T J3.58
3. ITo popmyne (3.51) onpenenum TpedGyeMoe COMMPOTUBICHUE LN
K3 ma cumxeHusa Toka K3 10 TpeGyeMoi BETMYMHBL /g pes:

=0,105 Om.

U, 10,5
xK2 o= =" =0,4 Om,
PO T B2 T 3-15,14

e [ —HaMMeHBbIIee 3HaYeHne TpeGyeMoro Toka K3 3a pe-

akTopoM (T. K-2), onpeneneHHoe 10 IBYM YCJIOBUSAM:
a) o dopmyne (3.52), ucxoasd M3 OTKIIOYAIOMIEH CIIOCOGHOCTH
BrIKIIOvaTesieit BBD-M-10-630-2Y3, ycraHoBIeHHHBIX B Aueiikax KPY,
I (1 +Bonopw)  20(1 +0,5)
K-2 _ fomxn.HoM HopMm/ _ ) _
1n01‘pe6 - 1+e—T/Ta B = 0,03 —15,96 KA,
l+e 023
rme T=0,01+ £ ; ona=0,03 ¢; T,=0,23 ¢ ompeneneHo mo Ta6m. 3.6;
Buopu = 0,5 (MIHA Bygpy = 50 %) — mo puc. 4.36.
0) o popmyne (3.53) — K3 TepMUUYECKOUN CTOHKOCTH Kabeeii:

1K-2 = qcmmlc-r '10_3 - 185-90. 10'3
10 1peb {————-—tOTm n T; ,—_-——l - 0, 3

e C,=90 A-c'?2/mMm?; onpeneneHo 1o tabm. 3.17.
4. OmpenensieM CONIPOTUBIIEHUE peakTopa 1o ¢opMyde (3.54):

preGLR = x:,(e;?mes - x[],(e;’ = 0,4 - 0,105 = 0, 295 OM.

=15,14 KA,

5. Tlo xaranory BeioupaeM peakrop PBC-10-2 x 1000-0,35, y koTo-
POro X,omrgr= 0,35 OM > xpe6.2= 0,295 OM. ITapaMeTpsl cBOoIMM B
Tabm. 3.22.

6. PaccuursiBaeM Toku K3 3a peaktopoM (T. K-2 wu 1. K-2):

62 = K2 = Uep _ 10,5

" V3OKT 4 xomir)  V3(0,105 +0,35)

=13,34 KkA;

Tabnuua 3.22

Tok
AMEKTpO- Tok Bpewms
Koaddu- | IMorepu TepMHUe- | TepMHUYe-
JAMHAMHYE- . .
Tun LMEHT Ha a3y, KO CKOIi CKOIi
CBSI3H KBt . CTOMKO- | CTOMKO-
CTOMKO-
CTH, KA CTH, C
CTH, KA
PBC-10-2x1000-0,35 0,55 11,5 37 15 8
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K2 = J2IK2U, = 213,341,956 = 36,79 KA;
0,03

%2 = J2IK% 9% = 213,34 0 = 16,51 A,

rae ky,=1,956 u T,=0,23 c onpeneneHsl mo Tabm. 3.6.

7. BRIOpaHHBIH peakTop NMPOBEPAETCA:

a) Ha 3eKTPOIHUHAMHUYECKYIO CTOMKOCTD B pexxume K3 mo ¢popmy-
ne (3.58):

iX2 =36,79 KA < igy =37 KA;
0) Ha TepMUMECKYIO CTOMKOCTE B pexxume K3 mo dopmyne (3.59):
By = (I5?Y (fynn + To) = 13,342(1,0+0,23) =
= 218,88 KA%-C < By = I2,t, =152 -8 =1800 kA?-c.

OcraToynoe HanpsSXeHWe Ha MMHaxX reHeparopHoro PY npu K3 3a
peaxTopoM omnpezendercs no gopmyie (3.60)
J3IK? J3-13,34

UOCT%szOMLR m100%=0,35 10,5

=76,93% > 65%UH0M’

YTO COOTBETCTBYET TpeboBaHusiM T1Y 3.
BbIOpaHHEBI peakTop YIOBIETBOPSET BCEM HPETBSIBISIEMBIM Tpe-
OOBaHMAM M TIPUTOMAEH i1 YCTAHOBKY B 3aIAHHON LIETH.

100 % =

KontponsHeie Bonpocht

1. KakoBsl npuyuHH Bo3HUKHOBeHUs K3 B anekTpoycraHoBKax?

2. YeM ornpereasieTcsi HATUYHE MEPHOAMYECKOH M alepHOAMYECKOH co-
crapisiionmx B Toke K3?

3. Haiite onpenenenue yaapHoro toka K3.

4. KakoBul ITocJieAcTBUsA BO3HUKHOBEHHS K3 B cucTeMe COOCTBEHHBIX HY X
9JIEKTPMYECKUX CTAHIIUNA?

5. Kako# addekT naeT npumeHeHUE B 9HEPrOCHCTEMAX OBHICTPOACHCTBYIO-
IIKUX YCTPOUCTB peieHOM 3alMThl ¥ OTKJIIOYAKOIMX ANapaToB?

6. Kakue Bunpl K3 Bo3MOXHH B ceTsix ¢ 3¢ ¢eKTUBHO 3a3eMIIEHHBIMHU U
He3a3eMJIEHHBIMH HEUTpansMu?

7. U310XuTe CYyTh METOAUKH MPOBEPKH TEPMUYECKOM CTOMKOCTH 3NEKTPHU-
YeCKUX anmnaparoB U TOKOBEAYIIMX YacTeH.

8. UeM ormpezensieTcsi HEOGXOAUMOCTh CHIDKEHHS BeMHMYUH TOKOB K3 B 3Hep-
rocucteme? KakoBbl nyTH ux cHMXeHUS?

9. B yeM coCTOAT MPEUMMYLLIECTBA MPUMEHEHHUS CABOCHHBIX TOKOOTPaHUYH-
BAIOLHUX PEAaKTOPOB Nepel OMUHAPHHIMHU? '

10. Tlepeuucaute npucoenudHenus TOL, rae wenecoobpa3Ha ycTraHOBKA
TOKOOrpaHUYNBAIOIHX PEAKTOPOB.

11. Kak onpenensieTcs BeTUYHHA OCTaTOYHOIO HaNpsKeHUs] Ha COOPHBIX
wriHax npu K3 3a peakropoM? JIist 4ero HEOOGXOAUMO €r0 OIPEACAATDh?



I'nasa 4

BJEKTPUYECKWE AIIIIAPATDBI
N TOKOBEAYHIHUE YACTHN

4.1. PacyeTHble YCJIOBHS IS BbIOOpA MPOBOJHHKOB
H anmapaToB MO MPOJOJIKMTEILHBIM peKuMaM padoTbl

IIpodoascumensrutii pexcum pabomsl IAeKMPOMEXHUUECK020 YCMPOLi-
cmea — Mo pexcum, npodoANCAIOWUIC He MeHee, yem HeoOX00umo 04
docmudicenus yCmanoguauielics memnepamypel €20 4acmel npu HeusmMex-
HOU memnepamype oxaaxcoarouel cpedst.

[1pooOIKUTEABHEIN PEXXUM pabOTHL 3JICKTPOTEXHUYECKOTO YCTPOWA-
CTBa MMEET MECTO, KOTa SHEPrOCHCTEMA MITH 3JEKTPOYCTAHOBKA Ha-
XOOUTCS B OJHOM M3 CJICHYIOIIUX PEXUMOB.: HOPMAJIbHOM, PEMOHT-
HOM, TOCJIEaBapUIHOM.

HopMalbHBI M peXHM — 3TO TAKOH pEXUM pabOTHI 3JIEKTPO-
TEXHUYECKOTO YCTPOMCTBA, IIPH KOTOPOM 3HAYCHUS €ro I1apaMeTpoB
He BBIXOIST 3a TIpEeNeiIbl, JOMYCTUMBIE TIDH 33TaHHBIX YCIOBHSIX 9KC-
TUTyaTallvH.

B HOpManbHOM pexuMe QYHKIIMOHUPYIOT BCE BJIEMEHTHI JaHHOM
9JIEKTPOYCTAHOBKH, 0¢3 BBIHYXICHHBIX OTKJIIOUCHUH M O3 Iepe-
rpy30K. TOK Harpy3ku B 3TOM peXHME MOXET MEHATHCS B 3aBUCH-
MOCTH OT rpaduka Harpy3Ku. s BeIOOpa annapaToB M TOKOBEIY-
IMX YacTe# cleayeT NMPUHUMATL HAUOOJBIIMH TOK HOPMAaJIbHOTO
pexuma I,

PeMOHTHHH peXHMM — 3TO PeXHM IUIAHOBBIX NPOGUIAKTH-
YeCKHX U KAIUTAILHBIX peMOHTOB. B PEMOHTHOM peXHME YacThb 2Jie-
MEHTOB 3JICKTPOYCTAaHOBKH OTKIIIOYEHA, IIO3TOMY Ha OCTaBILIMECS B pa-
00Te 3JI€MEHTHI JIOXKHNTCS MOBBIIIeHHasA Harpy3ka. [1pu BbiOope anmna-
paTOB U TOKOBEAYIIMX YAcCTeil HEOOXOAMMO YIMTHIBATH 3TO ITOBBIIIE-
HHUE HATPY3KM 10 ey max-

[TocneaBapW#HB I pEeXMM — 3TO PEXIM, B KOTOPOM YacTh
3JIEMEHTOB 3JICKTPOYCTAHOBKH BBIIIIA M3 CTPOSI WJIM BBIBEJCHA B pe-
MOHT BCJIEICTBUE aBapHMITHOTO (HETUTAHOBOTO) OTKII0YeHUs . [1pu aTOM
PEXIME BO3MOXKHA TIeperpy3Ka OCTABIIMXCSA B paboTe 2JIEMEHTOB 3JIeK-
TPOYCTAHOBKH TOKOM 15 max-

W3 AByX TIOCJIeAHUX PEXKMMOB BEIOMPAIOT HAHO0O0JIEe TSIKEIBIM, KOT-
Jia B pacCMaTpUBAEMOM 3JIEMEHTE 3JIEKTPOYCTAHOBKM ITPOXOMUT HaH-
Gompimit TOK I,
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TakuM 06pa3oM, pacyeTHBIMH TOKAMH MPOIOIKHUTEIBHOTO PEXH-
Ma SIBIAIOTCA: Iyopy — HAMOONBIIMI TOK HOPMAJIBHOTO PEXMUMA; Iimay —
HanOOJBIINI TOK PEMOHTHOIO WM IIOCACABAPUHHOTO peXUMa.

PaccMOTpHM HEKOTOpBIE KOHKPETHBIC CJIy4yau OIIpecAcHHUsI pac-
YEeTHBIX TOKOB.

Ilens reHepaTopa. Hauboapiinit TOK HOpMAJIBLHOTO PEXUMAa
MPUHUMAETCS TIPU 3arpy3Ke TeHepaTopa 10 HOMUHAIBHON MOLUHOCTH
P, TP HOMUHAJILHOM HAMPSKEHUH U COSP,0x

PHOM .
V3 Upor €OS Prione

HauGospnii Tok nocieaBapUMAHOIO MJIM PEMOHTHOTO DEXHMa
oTIpeieNiieTCsA MPH YCIOBUM pabOTHl TeHepaTtopa MpU CHIXEHUN Ha-
NpsoKEHUs Ha 5%

@.1)

IHOpM = IHoM.r =

[ — PHOM
T BU o 0,95¢08 Quon

B KOHKpeTHBIX YCIOBUSX [;,, MOXET OBITH OIIpeNe/IcH IIpu paboTe
TeHEPAaTOpa C MOBHIIEHHON TOKOBOM Harpy3Ko#l 3a CUET YIy4lileHUS
CHCTEMBI OXNaXJeHHA (TIOBBILICHHE JABJICHUS BOJOPOAA U Jp.).

Ilenmb 1BYyXOOMOTOUYHOTO TpaHcdopMaTOopa CBS3HU
Ha 3adekKTpocTaH1uu. CocropoHel BH 1 HH npunumator

hY
IHOM=IH0M.T=_——E9L3 4.3
p N 4.3)

(4.2)

e S,on — HOMUHAIBHAS MOLUHOCTh TpaHC(OopMaTopa.
HauGonpiinii TOK peMOHTHOTO WM TOCJI€aBAPUWHOTO pexuma
MPUHUMAETCS TIPU YCIOBHHU OTKMIOUYEHHSA NMapalleTbHO paboTaroliero
TpaHcdopmMaropa, Korjaa ocrapiimiics B pabote TpaHchopMaTop MO~
KET OBIT TIEPETPYKEH MO MpaBUiaM aBapUHHBIX JUTUTEIBHBIX WIN CH~
cTeMaTHYeCKUX Ieperpy3oK. Kak Ov10 moKa3aHo B nojapasi. 2.2, co-
miacHo I'OCT 14209—85 mnst TpaHchopMaTOPOB AOITYCKAETCH JIMTEN b~
Hasi aBapHiiHasa neperpyska Ha 40% ¥ cucTeMaTudeckasi meperpyska
B 3aBUCHMOCTH OT YCJIOBHI OXJIaXAECHMS, THIIA TpaHcdopMaTopa B Tpa~
tbuka Harpy3ku. Ecin HeM3BeCTHBI JeHCTBUTEIbHBIC 3HAUEHUS OTTyC~
THMBIX TIEPETPY30K, TO B Y4EOHOM MIPOEKTHPOBAHMH MOXHO IIPHHSATH

Imax= kl'll‘IH()M.T= (1,3~ 1a4)IH0M.'ra (44)

e Ky — KO3GdUIIMEHT Meperpy304Hoil CIIOCOOHOCTH 000pyHOBa-
HUSL.

Ilens TpexoGMoTOUHOTO TpaHcdhopMaTopa UJIM aB-
ToTpaHcdopMaTopa Ha 3JeKTpoOCTaHIHH. TpexoGMOTOU-
HBIC TpaHcdOpMaToOpsl IMPOKO MpuUMeHsioTcsa Ha TOLL B KauecTBe
TpaHCc(GOPMATOPOB CBA3U. B 3ToM Cilydae OHM paGOTaiOT KaK MOBHIIIA-~
olMe, nepexaBas N36LITOK MOLHOCTH TeHepaTtopoB B cetb BH u CH.
3arpy3ka ueneit BH, CH u HH 3aBUCUT OT KOHKpETHHIX YCJIOBWIA:
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rpaduka Harpy3ku Ha HH, CH u cxeMbl coequHeHMI 3j1eKTpoycTa-
HoBKH Ha HH. IIpu G1OYHOM COeMMHEHMH TeHepaTopa ¢ TpaHcgop-
matopoM Ha ctopoHe HH (¢m. puc. 5.15) Lyopu, Lo OTIPEAENSIOTCS TaK
’Ke, KaK B LIENTM reHepaTopa.

TTpu momepevYHbIX CBA3SIX MEXIY TeHepaTOpaMU pacueTHEBIE YCIO-
us Ha cropoHe HH u BH omnpenensiiorcss mo MOIUTHOCTH TpaHChoOp-
Maropa ¢ y4eTOM €ro Meperpyskiu, T.e¢.

IHOpM= IHOM.T; Imax= (133 - 154) IHOM.T‘

Ha cropone CH, ecnM OTCYTCTBYET CBSI3b C SHEPrOCHCTEMOIR U
YCTAHOBJICHO JiBa TpaHCchOpMaTopa,

IHOpM = _&:'l:—a 4.5)
2V3Usio
e S;, — HauOonpluas mepcrekTuBHas Harpy3ka Ha CH;
Loax=2Lyopy- (4.6)

Ecnn x mmmHam CH npucoennHeHa 3HeprocucTeMa M BO3MOXKHEI
nepetoxu Mexny BH u CH, To

[HopM= HOM.T> [max= (1,3— 134)[H0M.T'

Hens aAByXxoOMOTOYHOTO TpaHchopMaTopa Ha
nmoxacTaHuuu Ha cropore BH u HH pacueTHbIe Harpy3sKy onpeJe-
JISIIOT, KaK TpaBUIIO, C YYETOM YCTAaHOBKM B MEPCIIEKTHUBE TpaHCHOp-
MartopoB crneayoueit 1o wxane F'OCT HOMUHANIBLHOM MOIIHOCTH S, ¢
[5.2, moapasn. 4.4}):

S/
IHOpM = (Os 65— 0, 7)7;?}”_, (47)
Stiom
[max = (1,3— 1,4):/.-_ (4.8)

Henp TpexoOMOTOUYHOTO TpaHcoOpMaTopa Ha MO~
cTaH 1 u. Ha cropore BH pacueTHBIC TOKH ONIPEAENSIOT 1o GopMy-
nam (4.7) n (4.8).

Ha cropone CH pacyeTHBIe TOKH NP ABYX YCTAHOBJICHHBIX TPaHC-
dopMaropax:

[oo—_Sw .
v =5 73 Un ) 4.9)
L= 2IHOpM, 4. 10)

rie S, — mHepcrekTuBHas Harpy3ka Ha CH Ha 10-nmeTHMIT mepron
[5.2, monpasn. 4.4}.

Hens aBToTpaHcdhopMaTopa Ha moacTaHuuU Hacro-
poHe BH u CH pacueTHbie TOKH onpenesstioT 1o (4.7), (4.8), Tak xak
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aBTOTpaHCHOpPMATOpP MOXET OBITH MCITONB3OBAH IS CBI3M IBYX CH-
cTeM U TepeToKoB MowHocTy Kak W3 BH B CH, Tak ¥ B oOpaTHOM
HanpasiieHun. Ha ctoporne HH pacueTHbIe TOKM OTIPEAENAIOT I10 Tep-
CIIEKTUBHOM Harpyske mo ¢opmynaM (4.9) u (4.10).

Hens nuHuU. ECIM TUHUA OAWHOYHASA, paluanbHasl, TO
Liopu™ Imay OTIPENENSAETCS TI0 HAMOONBIIEH HATPY3KE TUHUM.

JUTst IBYX MapajUIe/ibHO paboTaonuX JTHHUN

hY
IHO M = ____m:_; Imax=2IHo M3
P 2‘[§ HOM °

rae S, — HanbGOoNbIIag MONIHOCTb TMOTPEOUTENEH, TTPUCOSTUHEHHBIX
K JIMHUSIM,
Jns n napajsienbHBIX JTMHUAN

1 _— SHF .
HOpM nﬁUHOM’ (411)
n
o = —— Liopu- 4.1
n-1""° (4.12)

Ilenu CEKLUOHHBIX, WINHOCOENUHUTENbHB X BBIK-
noyartenei, cbopHBe LIHUHBLBL TOK HOPMAIBHOTO peXXUMa Ofl-
pelenseTcs ¢ yYeTOM TOKOpaCIpeeicHUS 110 IUHAM TIpU Hanbosee
HeOMaronpHUATHOM SKCINIyaTallMOHHOM pexuMe. TakuMu pexXxuMaMu
SIBISIOTCI: OTKJIIOUEHME YACTH TEHEPATOPOB, TMEPEBO OTXOMSILIUX TN -
HUI Ha ONHY CUCTeMY IIMH, a UICTOYHUKOB IMMUTAHUS — Ha APYTYIO.
OOGBIYHO TOK, MPOXOAAIIHIA MO COOPHBIM IIIHHAM, CEKIIMOHHOMY H
IIMHOCOEIMHUTEILHOMY BLIKJTIOYATENSAM, HE MpEeBHILIACT [ ;,, CAMOTO
MOIHOro reHepatopa WiH TpaHcdopMaropa, IPUCOEAUHEHHOTO K
3TUM LIMHAM.

IHens TPYNNMOBOTO CABOEHHOTO peaKTopa. B HopMab-
HOM pEXHME BETBUM pPeakTopa 3arpyXeHBl paBHoMepHo. Hanbonblimii
TOK HOPMAJILHOTO peXUMa OIIpeIessieTcs Mo Harpy3ke IpUcoeINHEH-
HBIX K BETBU TIOTpeOUTENEH:

Lo = 2 4.13
HOPM \/—5 UHOM' ( . )

B mocieaBapuitHOM WM DEMOHTHOM DEXHME NpH OTKIIOYEHHH
OJHOM U3 MOTPEOUTEABCKUX JTUHUM, TIPUCOEHMHEHHBIX K BETBU peak-
TOpa, HArpyska APyroil BETBH MOXET COOTBETCTBEHHO BO3DPACTH, IT0-
STOMY

_n

|- I
HOpM
a n—-l pM >

IIoe # — YUCNO JTUHUH, IPUCOSNMHEHHBIX K ONHOM BETBH peakTopa.
I1pu mpaBUIbHO BHIOPAaHHOM peakrope I, He IPEBHIIIAeT HOMH-
HATbHOTO TOKA €r0 BETBH. :
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B 3axiioueHre HarlOMHMM, 4TO YCJIOBUS IJIsI BRIOOpa ammapaToB U
TOKOBEIYIIMX YacTed MO aBapUHHOMY pexXnMy (KOPOTKOMY 3aMBIKa-
HHUIO) PacCCMOTpeHHBI B nojapas. 3.10.

4.2. Illuup1 pacnpesenuTeIbHBIX YCTPOMCTB H CHIOBbIE Kabean

4.2.1. Tunbl NPOBOAHUKOB, MPUMEHSIEMbIX B OCHOBHBIX
3JIEKTPHYECKUX Nenmsax

OCHOBHOE 31EKTPHUYECKOE 000PYAOBaHUE SIEKTPOCTAHITUN U MOJI-
CTAaHIMA (reHepaTOpBl, TPaHC(HOPMATOPHI, CHHXPOHHBIE KOMIIEHCA-
TOpPBHI) U anmapaThl B 9THX IeNsaX (BHIKITIOYATEIU, Pa3beaUHUTEIN U
JIp.) COEMMHSIIOTCA MeXIYy coOOM NMPOBOAHUKAMM Pa3HOTO TUMA, KO-
TOpBIe 00PAa3yIOT TOKOBEIYUIHME YACTH JIEKTPUUYECKON YCTaHOBKH.

PaccMOTPHM THITHI IPOBOTHUKOB, IPUMEHSIEMBIX Ha 3JICKTPOCTAH-
uMsix ¥ noAactadiusax. Ha puc. 4.1 ympoilileHHO, 63 pasbenIuHUTENEH,
MoKa3aHbl 25ieMeHTH cxeM TOLI, KBC u noacraHimu.

enrs redepaTtopa Ha TIDII (cm. puc. 4.1, g). B nipegenax
TYpOMHHOTO OTHeJIEeHUs OT BRIBOIOB reHepatopa G o dacamHoif cTe-
HH (y4acTOK AB) TOKOBeAylle YacTH BBINOJIHSIOTCSA IIMHHBIM MOC-
TOM M3 XXECTKHUX TOJIBIX ATIOMUHUEBBIX IIMH WIX KOMIUIEKTHBIM ITO-
(ha3Ho 3KpaHNPOBAaHHEIM TOKOIIPOBOAOM (B IIETISIX TeHEPATOPOB MOILII-
HocThio 60 MBT 1 BHIIIe). Ha yyactke BB Mexxny TypOHMHHBIM OTHETe-
HHMEM U IJIABHBIM pacHpelenuTeJbHBIM yeTpoiictBoM (I'PY) coenuHe-
HHE BHIIIOJTHSETCS IMMHHBIM MOCTOM, TMOKHMM TOIBECHBIM TOKOIIPO-
BOIOM WJIN KOMIUIEKTHBIM TOKOIIPOBOAOM. KOHCTpYKIIMY 3THX coeu-
HEHMI pacCMOTPEHHI B moapas. 6.5 (cM. puc. 6.18, 6.19, 6.22). Bce co-
eIMHEHHUsT BHYTpH 3aKphbiToro PY 6 — 10 kB, BxiTiouass COOpHEIE IIWHEL,
BBITOJTHAIOTCS )KECTKUMM TOJILIMH AJIIOMUHHUEBBIMH IIIMHAMH TIPSIMOY-
TOJLHOTO WK KopoGuaTtoro ceueHusa. CoenuHeHue ot I'PY go BHIBO-
JIoB TpaHchopMmaTopa cBs3u 11 (yyactok UK) ocyluecTBiasieTcs KUH-
HBIM MOCTOM, THOKHMM TOABECHBIM TOKOIIPOBOAOM HJTH KOMIUIEKTHBIM
TOKOIIPOBOIIOM.

TokoBenyiye 4acTd B PY 35 kB M BhIllle 0OBIYHO BBIMOJHSIOTCS
CTaleaTlOMUHUEBBIMU NTpoBogaMu AC. B HEKOTOPBIX KOHCTPYKIIUSIX
OPY yacTp UK BCST OIIMHOBKA MOXET BHIIOJHSATHCS aTIOMUHUEBEI-
MU TpyOamu,

Ilenes TpaHcdhopMaTopa COOCTBEHHBIX HYX]I
(cMm. puc. 4.1, a). Ot crerst I'PY 1o BEIBOIOB 72, YCTAaHOBJIEHHOTO BOJIM3U
I'PY, coemuHeHne BEHIMTOJHSETCS XXKECTKUMM ATIOMUHHEBLIMH IIIMHA-
Mu. Ecin TpanchopMaTop COGCTBEHHBIX HYXKI YCTaHABINBaEeTCS y (a-
CaIHOM CTEHBI TJIABHOTO KOpmyca, TO ydyacTok I/l BeITOMHSIeTCS TH0-
KHUM TOKOMpoBogoM. OT TpaHchopMaTopa A0 pacHpeneNuTeIbHOTO
yCcTpocTBa cOOCTBEHHBIX HyX, (ydyacToK EXK) nmpuMmeHsieTca kabemnb-
HOE COeIHEHHE.
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Puc. 4.1. K BrI0OpY IPOBOZHUKOB B OCHOBHEIX JIEKTPHYCCKUX LETAX:
a — aneMenTH cxeM TIOLL; 6 — KOC u ADC; ¢ — moncTaHuuu
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B umemnsix muHU# 6— 10 KB Bcd ommMHOBKA 10 peakTopa M 3a
HHM, a Takcke B mKadax KPY BbimomHeHa IpIMOYFOIbHBIMU ATIOMHK-
HHEBBIMM IIMHAMH. HemocpeacTBEeHHO K MOTPEOHUTENIO OTXOIAT Ka-
OEJbHBIE IMHUH.

B 6n10oke reHepatop—TpaHcdopMaTop Ha KOC yuac-
ToK AB u otmaiika K TpaHchopMmaTOpy COOCTBEHHBIX Hyxn BT
(cM. puc. 4.1, 6) BBIIOTHSIOTCS KOMIUIEKTHBIM MOGa3HO 3KpaHHPO-
BaHHBIM TOKOIIPOBOIOM (CM. puc. 6.19).

Hna yuacrka EJl or T2 mo pacnpeneMMTeIbHOTO YCTpoiicTBa cob-
CTBEHHBIX HYXI IIPUMEHSIETCS 3aKPBITHIH TOKOMPOBOX 6 KB.

B 1enu pesepBHOTO TpaHchOpMaTOpPa COOCTBEHHEBIX HYXK] YIACTOK
K3 MoxeT ObITh BHITOJHEH KabeJaeM WM THOKHUM IpoBOIoM. BuiGop
TOTO WJIK APYTOTO CIocoba COeIMHEHUS 3aBHCUT OT B3aMMHOIO pac-
nonoxenust OPY, rmaBHoro kopmyca U pesepBHoro 73. Tak Xe Kak
Ha TOII, Bca ommHoBKa B PY 35 KB U BhIIIIEe BHITIOJIHSAECTCA MIPOBOAA-
mu AC.

Ha moacrtaHumsax (B OTKPHITOH YacTH) MOTYT TIPHMEHSITHCS
nmpoBofa AC WIH XecTKasl OIIHHOBKA aNIOMUHHEBBIMH TpyboaMH. Co-
elMHEeHUEe TpaHcdopMaTtopa ¢ 3akKpbIiTeiM PY 6—10 kB wuiau
¢ KPY 610 kB ocyinectBigeTcsa rTiOKMM ITOABECHBIM TOKOIIPOBO-
JIOM, IIIMHHBIM MOCTOM HJIH 3aKPHITHIM KOMIUTEKTHBIM TOKOITPOBOIIOM.
B PY 6— 10 kB npuMeHseTCcS XeCTKas OIUNHOBKA.

4.2.2. Brifop XKeCTKHX INHH

Kak ckasaHo BbIllie, B 3aKpHTHIX PY 6 — 10 KB ommHoBka 1 c6op-
HBIE IIIMHBI BEITTOTHSIOTCS XXECTKIMH AJIOMHMHUEBRIMHY IIMHAMH. Mej-
HBIE TIIMHEI H3-3a BBICOKOW MX CTOMMOCTH He IIPUMEHSIIOTCS AaXe P
00JIBILIMX TOKOBBIX Harpy3kax. I1pu Tokax 10 3000 A MpUMEHSIIOTCS OTHO-
M IBYXIIOJNIOCHBIE MIMHBL. I1pu GONBINMX TOKaX PEKOMEHIYIOTCS TIIMHBI
KOpoOYaToro ce4eHusl, Tak Kak OHU 00eCIeYMBaIOT MEHBIIHE ITOTEPH
oT 3¢deKkTa 6IM30CTH U MOBEPXHOCTHOTO 3(hdeKTa, a TaKKe JTyJIIne
yenoBus oxnaxiaeHud. HanpumMep, mpu Toke 2650 A HEOGXOIUMBI AI0-
MMHHEBBHIC LIIMHBI TPEXITOIOCHEIE pasMepoM 60 X 10 MM miIH KopoOua-
Thie — 2 X 695 MM? ¢ IOMyCTUMBIM TOKOM 2670 A. B mepBoM ciyyae
ob1iee ceueHue WUH cocTapasieT 1800 MM2, Bo BTopoM — 1390 Mm%
Kak BuIHO, momycTHMasl IJIOTHOCTh TOKA B KOPOOYATHIX IIIMHAX 3HAa-
yuteabHO Gonpie (1,92 BMecTo 1,47 A/MM?).

COopHBIE IIIHMHBLI M OTBETBIEHUS OT HUX K 3JIEKTPUUYECKIM arapa-
TaM (ormHOBKa) 610 KB 13 MPOBOMHHKOB IIPAMOYTOJLHOTO HIH
KOpoO4aToro npoduiis KpensaTca Ha OMOpPHEIX (hapdopoBLIX U30IATO~
pax. IlluHOAEepXKaTENH, C TTIOMOIIBIO KOTOPHIX LIMHBI 3aKpeIIEHH Ha
U30JIATOPAX, IOITYCKAIOT MPOIONFHOE CMEIIIEHHE TIUH IpH UX YIIH-
HEHUM BCICICTBUE HarpeBa. IIpu GOMBIION MIMHE IMHMH YCTaHABINBa-
IOTCSI KOMIIEHCATOPHI M3 TOHKHUX IOJIOCOK TOTO X€ MaTepyaia, YTo H
UIMHBL KOHIBI IIIMH Ha U30JIATOPE UMEIOT CKOMB3SIIEE KPETUIEHHE Yepe3
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Puc. 4.2. DcKuU3bI pacnoNoXeHus IHUH:

a — TOPU3OHTAILHOE; 6 — BepTUKaJlbHOE, ¢ — IO BEpPHIMHAM TPEYroJbHUKA; 2 —
KpeTUIeHUE IHH B y31ax A, b, B: 1 — onopHBIi U30MATOP; 2 — CTajJbHasi TUlaHKa; 3 —
LIKHA; 4 — cTalbHasA pacnopHas Tpybka; 5 — aJlOMMHUEeBasi TUIaHKa;, 6 — UIMHJIbKA

NPOJOJBHHE OBAJBHEIE OTBEPCTHA M LUNWIBKY C NPYXWHALIEH LIai-
6oii. B Mecrax npucoeMHeHHS K ammapaTaM U3rubaroT ITHHE WM yC-
TAaHABJAMBAIOT KOMIIEHCATOPbI, YTOOB yCHIIHE, BOSHUKAOLIEe TIPH TEM-
MEPATYPHBIX YIUTMHEHUSX 1IIMH, HE ITIepeJaBajioCh Ha armnapar. DCKU3bI
Pa3IMYHBIX CIIOCOOOB PACIIONOXEHMS IITUH HA U30JSITOpPax IMOKA3aHbI
Ha puc. 4.2. CoeguHeHNe IIIHUH IT0 IUTHHe 00BIYHO OCYILECTRIISIETCS CBap-
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Koii. [lprucoeaHeHe ATIOMUHNEBBIX ITHH K MEAHBIM (JIATYHHBIM) 3a-
KMMaM anTapaTroB IPOU3BOIUTCS C TIOMOIIBIO MEPEXOIHEBIX 3aXKHUMOB,
MIpexOTBPALAIOIIUX 00pa30BaHUE INEKTPOIUTUIECKON Maphl Medb —
aMIOMUHUIHA.

Jloia nyqnieit TerIooTaavy ¥ yoo0CTBa SKCIUTyaTallMy IIMHE OKpa~
IIMBAIOT: TIPU IIEpEMEHHOM TOKe a3y 4 — B XKenTHIid, a3y B — B 3e-
JieHH# 1 paszy C — B KpacHLIH 1BETA; TIPU TIOCTOSHHOM TOKE MOJIOXU -
TEJbHYIO IMUHY — B KPacHBIN, OTPHULATENBHYIO — B CHHHMH IIBETA.

CornacHo 1. 1.3.28 ITYD c60pHEIe IMUHEI 3JIEKTPOYCTAHOBOK U OLLIH-~
HOBKA B IpeJeNiaX OTKPBITLIX U 3aKpHTHIX PY Bcex HaTpsXeHUWH IO
3KOHOMHYECKOM IIOTHOCTH TOKA HE MPOBEPSIOTCS.

Bribop ccYeHUd WIHUH NMPOU3IBOAUTCSH MO HArpeEBY
(110 HOTIYyCTUMOMY TOKY). IIpH 3TOM YYUTHIBAIOTCS HE TOJILKO HOpMalib-
HBlE, HO M IIOCJIeaBapHUHBIE PEXUMBI, @ TAKXKE PEXUMBl B IIEPUON
PEMOHTOB M BO3MOXHOCTh HEPaBHOMEPHOTO paclpelesicHHUs TOKOB
MEXAY CEKLIMSIMM LIMH. YCJIOBHE BHIOOpA:

Imax S 11101'1’ (4‘ 14)

e Iy, — JOTYCTUMBIH TOK Ha IIMHBI BEIOPAHHOTO CEUeHUS C YIETOM
ITOTIPABKM TIPH PACNONIOKEHHH IMH mamMdg (. 1.3.23 I1YD) umu
TeMIepaType BO31yXd, OTJIMYHOM OT NMPUHATON B Tabiauuax
(Voo = 25 °C). B mocneqHeM ciryqae

I =] ﬁnon - 190
pon ~ 4 pom.Hom 8 ﬁ. -
non ~ Yo.mon

(4.15)

sl HeM30MMPOBAHHBIX TIPOBOIOB M OKPAIUCHHBIX LIMH MPHHSTO
Bpon="70 °C; 8, o= 25 °C, TOTIA

70-9,
IllOl'l = Iz(on.HoM _4'3_, (416)

rae Lon yow — JOTYCTUMBII TOK O TabmuuaM [1.12] npu reMrneparype
BO3MyXa O, you =25 °C; 8, — HelicTBUTENbHAS TEMIIEpaTypa BO3IyXa.

[IpoBepKa WIHMH Ha TEPMHUUYECKYI0 CTOHKOCTHh IpPH
K3 mpou3BOIHUTCS IO YCIAOBUIO

. 19}<-<—A8K.z(on WIN qminS q, (4 17)

rae 9, — TeMmeparypa LIMH Ipu Harpese TokoM K3; 8, ., — Aomyc-
THMas TeMIleparypa Harpesa WKH npyu K3 (cM. Tabm. 3.15); gmin — MU-
HUMAIBLHOE CEYCHME IO TepMUUecKol croiikocTH (popmyna (3.48));
g — BBIOpaHHOE CEYCHHE.

[IpoBepKa IMMH Ha 3NEKTPOAMHAMHUUYECKYIO
cToHKOCTb. KecTKHe IMHBI, YKPEIUICHHBIC Ha U30JISITOpax, pea-
CTaBJIIOT CO0OM OTUHAMUUYECKYIO KONeOaTeIbHYI0 CHUCTEMY, HaXos-
HIyIOCS IOA BO3IEHCTBHEM 3MEKTPOAMHAMUIECKIX CUMl. B Takoii cucte-
M¢ BO3HHMKAIOT KOJICOAHMSI, YacTOTa KOTOPHIX 3aBHCUT OT MacChl U
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3KECTKOCTH KOHCTPYKIIMHN. DIIEKTPOAMHAMUIECKHME CIIIBI, BOSHUKAIOLME
npu K3, MMeIoT coCTaBIAIONHEe, KOTOPhIE U3MEHSIIOTCS C 4acTOTOMH
50 1 100 T'u. Ecnu coGCTBeHHBIE YACTOTH KOJeOaTeNbHON CHCTEMEI
IIHHB — W30JISTOPHI COBIAAYT C STUMM 3HAYEHUSIMH, TO Harpy3ky Ha
LIMHBI 1 U30JISITOPH BO3PAcTyT. ECNM cOOCTBEHHBIE YaCTOTHI MEHBILIE
30 n 6onpue 200 I'l, TO MEXaHMYECKOr0 PEe30HAHCA HE BO3HMKAET.
B GONBUIMHCTBE MPAaKTUYECKU TTPUMEHSIEMBIX KOHCTPYKIIUH IIUH 3TU
YCIIOBUA COOMIOAAIOTCS, T03TOMY [TYD He TpebyIoT IpOBEPKH HA JEK-
TPOAMHAMUYECKYIO CTOMKOCTh C YYETOM MeXaHHYeCKMX KoneOaHWiA.
B yacTHEIX crygasix, HAallpUMep MPU NMPOEeKTUPOBAHUM HOBBIX KOHCT-
pykiuit PY ¢ XeCTKUMM HIMHAMU, IPOU3BOAUTCSI OIIPENCICHME Yac-
TOTHI COOCTBEHHBIX KOneGaHwmii [1.14]:
JUTSL A TIOMUHUEBBIX [IMH

173,2 [J
Jo= 2 \/:; (4.18)
q
JUIST MEOHBIX NTUH
1252 [J
ﬁ) = 12 s (419)
q

rac / — UITMHA TIPOJIETa MEXJIY M30ASITOpaMH, M; J — MOMEHT HHEp-
MY TIONEPEYHOro CEYeHMs IMIMHBI OTHOCUTENBHO OCHU, MEepICHINKY-
JIAPHOM HAMIPABJIEHWIO N3TUBAOIIEH CHUBI, cM*; g — ToMepeYHoe ce-
YeHHWE UIMHBL, CMZ.

H3MeHsIs [UTNHY TiposieTa 1 ¢opMy CeUeHUs 1INH, JOOUBAIOTCS TOro,
YTOOBl MEXaHUYEeCKHW pe3OHaHC OBIT UCKITIOUEH, T.e. fy>200 I
B sTOM Cniyyae nmpoBepKa IIMH Ha 3JeKTPOAMHAMUYECKYIO CTOMKOCTD
TIPOM3BOAMNTCS B IPCATIONOKEHNM, YTO UTUHBI U U3OJISITOPHI SIBJSTIOTCS
CTaTUYECKON CHCTEMOM C HArpy3Kol, paBHOII MaKCUMAaJIbHOM 3MEKT-
POMMTHAMUYECKOH cile, BosHuKariei npu K3 (cM. moapasa. 3.7). Eciu
fo<200 T, To MPOM3BOTUTCS CIICUMANBHBIN pacueT IMH C y4eTOM
JIOTIOJIHUTENbHBIX AMHAMHYECCKUX YCWINM, BOZHUKAIOUIMX TIPH MeXa-
HUYECKUX KOJAeOaHUAX IIIMHHON KOHCTpYKUUH [3.3].

MexaHudecKkuii pacuer oIHONONOCHBIX MKH. Hanbonbliee yueabHOe
ycwnne npu TpexdgasHoMm K3 omnpenensercsa o dopmyne (3.42), H/m,

32
fO =J3.107 22—,
a

Tak Kak paccTosTHHe MEXOY (azaMU 3HaYUTENbHO OOJNBIIC TIEpU-
MeTpa WUH a>> 2(b+ h), To KO3PPUUHEHT POPMHI Ky= 1.

Kaxk 65110 MOKa3aHo B moapasa. 3.7, Haubobllne 3JIeKTpOAUHAMM--
YeCKUE YCHINSI BO3HUKAIOT ITIpU TpeX(a3HOM MTOBPEXKICHUY, TIOITOMY
B ZAJIBHEHMIIIMX pacyeTaX YYUTHIBACTCS yIapHEIN TOK TpexdaszHoro K3.
HHaekcH (3) mwist yNpOIUEHNS OITyCKAIOTCST.

PaBHOMEpHO pachpefenieHHasi Cuna f co3lacT U3rnbariuit Mo-
MEHT (IIMHA pacCMaTPUBAETCA KaK MHOTONposicTHAas 6anka, CBOOOA-
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HO Jiexallias Ha oIopax ¢ HauOoJBIIIUM MOMEHTOM B KpalfHUX Npo-
nerax), H:wm,

2
M max = ’jl‘ >
10
e | — JUTMHA TIPOJIeTa MEXIY OMOPHBIMU H30JISTOPAMH ITMHHOMN KOH-
CTPYKIIMH, M.
Hanpstxenye B MaTepyaie IMHBL, BOSHUKAIOLIEE HPH BO3AEHCTBUM
u3rubamoiiero MoMeHTa, MIla,

M [P 22
(e} = —_— ————= -\’ . 10_8 A 4.20
™TW 10w 3 Wa’ (420)

rie W — MOMEHT COIIPOTHBICHHUS IWUHBI OTHOCHTEJIBHO OCH, IEp-
NMEHAMKYISPHON JeWCTBHIO yCUINs, cM (Tadbi. 4.1).

Taonuira 4.1
MoMeHTEI CONPOTHBACHUS M HHEPHHH

MomeHT MoMeHT conpo-
PacnonoxeHre UIKH UHepuuy J, TUBNeHUs W,
om? cm?
T a
h 3 2
wzlt B Ll bn?
12 6
Y
mOn hb? hb?
11 N @ 12 6
zzalb vz b 74 b’ bh?
zzz2 ZZ 72 6

. RR
zzzak,.
-
»|3
la-
w | S~
%,

Zz22

77774

2 eZ2A
L

zzzad
2
-
zzal
g
r///Jf
Qo

0,726%h 1,44b%h

64

(D' -4 n(D* -d*)
o o @ |2 | 5

Y
VY
ﬁ‘
Q
Y
DY
I:l
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S
a
Sl%
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Puc. 4.3. DcKu3 pacnonoXeHUs ABYXMONOCHBIX ILIMH

P

IIIuHB MexaHWYeCKHA ITPOYHBI, €CIIN

cmax S c114.')]'1 3

THE Oy — HOITYCTHMOE MEXaHUYECKOE HalPsDKEHHE B MaTepHalie IHH.

B anexrpoycTaHOBKaX LUIMPOKO MPUMEHSIOT WUKMHBI IPECCOBAHHbIE
(TOCT 15176—84) u3 alioMHUHHEBOIO CIUIaBa, 3aKaJleHHbIE U eCTe-
CTBeHHO cocrapeHHble (Mapka AJ[31T) miu 3aKaseHHblE U UCKYCCT-
BeHHO cocrtapeHHble (Mapka AJI31T1). Cormacho n. 1.4.15 TIY®
Cpon < 0,70 a5

B Tab. 4.2 npuBeAeHbl 3HAYEHUS AOMYCTUMBIX HAMIPSDKEHUH € y4e-
TOM CHIZXEHHUsI [IPOYHOCTH IIIMH B MecCTaX cBapku [3.3].

MexannteckHii pacueT ABYXHOA0CHLIX maH. Ecity kaxaast hasa BbI-
TIOTHSIETCST U3 IBYX Tojoc (puc. 4.3), To BO3HUKAIOT YCUIUS MEXEY
MoiocaMu U MexXJy ¢aszaMH. YcUaue MeXay TOoJiocaMu He JOJIKHO
TMIPUBOIUTE K X COTTPUKOCHOBEHUIO. 711 TOro YTOOBI YMEHBUIUTD 3TO
YCHJIHE, B TIPOJIETE MEXTY TI0I0CAMM YCTaHaBIUBAIOT IpoKiIagky. I1po-~
JIeT MEXITy IIPOKJIanKaMu /, BEIOUpaeTcs TakuM oOpa3oM, YTOORI 3J1eK~
TpOMUHAMUYECKHE CHJIBI, BO3HUKaIIe npu K3, He BBI3LIBAIU CO-~
TIPUKOCHOBEHUS T10J10C:

1, £0,216 4.21)
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Mexannuyeckad cucreMa ABe

MMOJIOCHI — H30JIATOPBI OOJXHA

KMETh YacTOTy COOCTBEHHBIX KOJIe-
Haumit oonbie 200 I't1, yTOOH He

IMPON30LIIO PE3KOTO0 YBEINUCHUA

YCUINA B pE3YIbTAaTEC MEXaHUYICC-

KOro pe3oHaHca. Mcxons us aToro
BeJIW4YUHA /, BBIOUpAETCs €lie Mo
OTHOMY YCJIOBHIO:

I < 0,133.10—24/51—" . (42
mn

TIE a, — PacCTOSTHUE MEXIy OCs-
MU 1ojioc, ¢M; J,= hb*/12 — MOMEHT MHEpLUH TONOCH, cM%; ko —
ko3hduneHT dopmsl (puc. 4.4); m, — Macca IOJOCH Ha €IMHUILY
JJIHBI, Kr/M; E — MOIyIb YIIPYTOCTH MaTepuasa IMuH (cM. Tadm. 4.2).

B pacueT npuHMMaeTCsT MEHbIIAS U3 IBYX BETUUUH, ONIpEAeTIe HHBIX
no gopmynam (4.21) u (4.22).

Cuy B3auMOJEHCTBUS MEXIY TI0JI0CaMH B ITaKeTe U3 ABYX TIOJOC
MOXHO omnpexenuTts o gpopmynaM (3.43), moacTaBuB

0,4 e

0,2

0 005 0,1 0,15 0,2 025 b/h

Puc. 4.4. Kpussie 11g onpelieneHUd
k0abduLHeHTa GOPMBL 11 [BYXIIO-

JIOCHBHIX IHH NpU a =2b

Ii=h=1ly,/2; a=a,=20b;

. \2 2
£ = 2-10‘7k¢[1ﬂ) Lo = ko dm g

2 | 78 2 b 4.23)
Tabnuua4.2
OcHoBHBIE XAPAKTEPHCTHKH MATEPHAJIOB INHH
Bpemennoe
COMPOTUBIIEHHE HAonycTimoe
PaspHIBY Oy, MITa HaMpSIXeHUE Oy, MIla Moxyns
Marepuan Mapka B 00- B oG- | YIPYTO-
IIMHBI nacT NACTY ctu |
MaTepuana | CBApPHOTO | Marepuana | CBapHOTO 10° 1a
coeinHe- coelKHe-
Hust Hus
| —— AO, A 118 118 82 82 7
A0 59—69 | 59—69 41—48 41 —48 7
AI31T 127 120 89 84 7
AmomuHue- | AIA31T1 196 120 137 84 7
BBl CILIaB ABTI1 304 152 213 106 7
1915T 353 318 247 223 7
Mes MI'M | 345—355 — 171,5—178 — 10
MIT |245—294 — 171,5—206 — 10




HanpstkeHue B MaTepuaie HIMH OT B3aUMOIEHCTBUS MONOC (HIMHBI
paccMaTpUBAIOTCS KaK 0aJIKU ¢ paBHOMEPHO pacripeic/icHHOI Harpys-
KOM U 3allleMJIeHHBIMH KOHIIaMu), MIla,

_ Sl
On = W, 4.24)

rae W, — MOMEHT CONPOTUBIIEHUS OJHOM MONOCHI, ¢M3; I, — paccTo-
STHHE MEXIY IpOKJIaaKaMH, M.

HamnpstxeHue B MaTepuaie IIMH OT B3auMoxeHcTBus (a3 mo ¢op-
Mmyie (4.20)

2
P,

Oy = \/§ . 10_8 ach Vi

rae / — JUIMHA TPOoJieTa MEXAY M30JIITOpaMu, M; Wi — MOMEHT CO-
NIPOTUBJIEHMA MMaKeTa MHKH (cM. Tabn. 4.1), cM>.
IHuHBI MEXaHUYECKH TIPOYHBI, €CIIU

Omax= O¢+ On= Opon-
Mexanuyeckuii pacuyer muH KopoouaToro cevenns (puc. 4.5). IIIunbt

KopoOYaToTro CEYEHHSI MMEIOT 3HAYMUTENbHO OOJBIINK MOMEHT

Yo
X X
—E—}- ¥ ¥y
7/ 31
A\ G

AN

o\
<
-
<
AT

Yo

Puc. 4.5. K pacueTy LIMH KOpOOYATOTO CEUCHMS
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MHEPIMH, YEM IIHHBI IIPSIMOYTOJIBHOIO cedeHus1. Hampumep, 1mHa
100 x 100 MM? IIpH pacIONIOXEHMU Ha Pe6GPO MMEET

a OflHA IIMHA IIBeJUIEpHOro npoduis cedenueM 1010 Mm? mmeer
J,_,=18,5 cM*; COOTBETCTBEHHO NP PACITONOXEHUN MPSIMOYTOIBHOM
UTMHBI [TAIIMS

_bE_10°-1
212

a IS WBeUlepHoi wuHs J,_ = 135 cMm*,

CremoBaTeNbHO, B IIMHAX KOPOOYATOTO CEUEHUS YaCTOTa COOCTBEH-
HBIX KojeGaHuii fy hopmyn (4.18), (4.19) sHauuTeNbHO OOJBIIE, YeM
JUTSI LIMH TIPSIMOYTOJIBHOTO CEYEHMS. DTO ITO3BOJISIET ITPOU3BOANTE Pac-
yeT 0e3 yyeTa MEXaHNYECKHMX KoJleGaHnH.

HanpsokeHne B MaTepHale IIIMH OT B3aUMOJEHCTBUS (a3 ompene-
nsgeTcs mo popmyie (4.20) ¢ yueToM pacIonoxeHus: WWH. Ecan UnHbI
PaCITONIOXKEHEI B TOPU3OHTATIBHOM TUIOCKOCTH (CM. pUC. 4.5, a) U 1IBeJI-
JIepbl COENMHEHBI XKECTKO MexXmy coboit, To W =W, _, .

ITpu oTcyTcTBMM XKECTKOrO coequHeHuss W=2W,_ .

Ecau IIMHET pacionoXeHbl B BEPTUKATIBHOM TIOCKOCTH (pHC. 4.5, 6),
0 W=2W,_,.

Cuna B3aMMOIEUCTBUA MEXIY LIBelepaMu (cM. puc. 4.5, 6), co-
CTaBJISTIOIIMMH LIMHY KOpOOYaTOro MpoduIs, OIpeaensieTcs Mo pop-
Mmyse (3.72) nipu yCIoBUU k=1, a=h, == i,/ 2

=83 cm*,

;2
i
fa=0,5 -¥h£10-7. (4.25)
HanpsokeHue B MaTepuale IIKMH OT AeMCTBUS CUIHI f; ONPEACIAeT-
cs o ¢opmyne (4.24):

_ fuld

Gl'l - ]
120,

e Wy=W,_,.
Ecnu mIMHBI cOeMMHEHHI KEeCTKO 10 Beel mtuHe, 10 6,=0.
IIInHBI MeXaHUYECKHU IIPOYHEI, €CJIN

Omax= O+ O S Opon-

MexaHH4ecKHii pacueT MHH, PACIOIOKEHHBIX 110 BEPIIMHAM PaBHO-
CTOpPOHHEro TpeyroabHuka (puc. 4.6). IIIuHe Bcex (a3 HaXomsATCs B OIH -~
HaKOBBIX yCJIOBUAX. Ha mmHy ¢assr A 1eiicTBYIOT CUIHI f,. U f,),, KOTO-
pBIe omnpenensiorcs mo gopmyie (3.72), HO B OJIMUME OT TOPU3OH-
TaJIbHOTO PaCIIONIOKEHMS BEKTOPHl CHJI CABUHYTHI B IIPOCTPAHCTBE HA
yron 60°. Pe3ynpTHpyiollias cuia f, MEHIETCS HE TOJIBKO IO BEJTHYMHE
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Puc. 4.6. K pacueTy 1IMH, paclOIOXEHHEIX B BEPIIIMHAX TPEYTONbHUKA

C 4acTOTOM 2w¢, HO ¥ TIO HAINPaBJIeHWIO, CO3MIaBas PacTATHBAIOIINE
F,, nsrubaroume F, n cxuMmaomuye F, yCUIUs Ha U30JSTOPH (KOHEI]
BEKTOpA f, CKONB3UT 10 OKPYKHOCTH).

He npuBona 3neck BBIBOAA, CAEOyeT CKa3aTh, YTO MaKCHMAaJIbHAS
CUJa B3aUMOZEHUCTBHA OKAa3bIBACTCSI paBHOM CUile, AEMCTBYIOIICH Ha
(hasy B ripu ropu3oHTAILHOM pacIIONOXEHUH IMH, H/M,

2
fq) = \/5-10—7 ly?n.

Ecnu mIMHEBI pacmioioXeHbl MO BepIIMHAM TIPAMOYTOJBHOTO Tpe-
YTOJIBHUKA, TO OTIpeie/ieHIe BOSHUKAIOUIUX YCHIHMI YCITOXKHAETCH, TaK
Kak (ha3bl HaXOAATCS B pa3IUYHBIX YCIOBUsAX. B Ta6:1. 4.3 mpuBeAcHE
pacyeTHbIE POPMYJIBI LIS OTIPEAETIEHUS G mayx M CHJT, IEHCTBYIOILMX Ha
H30JSITOPBI TPYOUATHIX U KOPOOYATHIX IMH, PacIoNOXeHHBIX B BEp-
IIWHaX TPEYTOJIbHUKA.

Tabauna4.3

@opMyIBL 31 MEXAHHYECKOTO Pacyera WIHH, PACHOIOKEHHbIX B BePUIHHAX
TPEYroJbHHKA

HanpsxeHue B MaTepuane .
Cunbl, IEUCTBYIOLLIHE

Pacnonoxexue wuH LLIVH OT B3aMMOJEeHCTBUSA
Ha usonsrtops, H
Mexnay ¢aszamu, MIla
. 2712 P2
B Ial”™ g Il o
/@ Gd)max =\/§-(—1WIO Fp =\/§710
/N

/ \ i :

/'/ \ F, =162 2107

/ a

\
@( _________ _6_0[\@ F, = 1,3£ 107

a
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Oxonvarnue maba. 4.3

PacnonoxeHue tWuH

HanpaxeHue B MaTepuaiie
LIMH OT B3aUMOAEHCTBUA
Mexnay dbazamu, MIla

Cunbl, neicTBYIONIME
Ha usonarops, H

Yo i2 72
B ) i _
xﬂ..x 0-tbmax = 2 5—— 10_8 F \/— y“ 10 !
7 Y=Y
2\ i 2]
/TN F, = 1,622 107
/ \, a
A/'/ ) C i 21
m 60/&‘3 F — 1 3 )’JI 10—7
A Ba a
A B 22 j 2 1
& — Cmax = 1,64-—-10" F, =1, 5 107
AN aW
\,
AN i, 2|
. E =162 fm 1077
\‘\ 45° a
A i
F, =162 2107
a
A B 2 12
a ____________ _.Ej Cpmax = 2,2 108
N Yo=Yo
N
\,
\,
\\
N 45
. iC
£
IIpumeuanne. B pacueTHrix dhopmMmynax: i — B ammnepax; / u a — B MeTpax; W —

B KyOMYECKUX CAaHTHMETpaXx.

OrnpeneieHle G, WM I, B KOPOOUATHIX MIMHAX IIPOU3BOAUTCS TaK
K€, KaK TIPpU TOPU3OHTATBHOM WIH BEPTUKATBHOM PACTIONIOXEHUH IITHH.
Buibop u3onsTopoB. B pacnipenennTeTbHBIX YCTPOMCTBAX IIHHBI Kpe-
[ATCS HAa OTMOPHBIX, MIPOXOOHBIX W IOABECHHBIX H30JISITOpax. XKecTKHe
LIMHBI KPEMATCS HA OMOPHBIX H30JSATOpPaX, BBIOOP KOTOPHIX IIPOU3BO-
JUTCSE TIO CEAYIONIAM YCIIOBHSIM:
HOMHUHAIEHOMY HaNPAXeHUIO Uy, < Uyoys
JOOTYCTUMOH Harpyske F,c < Fiop,

e F pacu

cWia, NEeCTBYIONIAas Ha U3OJSTODP; Frop —

HArpy3Ka Ha TOJIOBKY M30TSITOpa: Fron=0,6F,.0;

L1ast Harpy3Ka Ha M3ruo.

JOIYCTAMAsT

Fo5p — paspyaro-
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b TIp¥ rOpHU30OHTATLHOM WM BEPTUKATb-
1 HOM PAcIIONOXEHUH U30JEITOPOB Beex (a3
< F pacueTHas cwia, H,

;2
Feu = \/5’1;‘—1/@,10-7 = £, 1k,

e k, — TMOIPaBOYHBIM KoahduiineHT
Ha BHICOTY IIIMHBI, €CTTU OHA PacIIojo-

Yy v XeHa Ha pebpo (puc. 4.7):
// SIS L7777 H

kh =
Puc. 4.7. K onpeneneHuIo pac- H,
YETHOM HArpy3ku Ha usonatop rme H,, — BBICOTA M30JSATOpA.
TIpu pacnosoXeHu! LIWH B BEPIIN-

HaX TPEYTONBHUKA Flucq = kyFy, (CM. TaOI. 4.3).

IIpoxodusie uzoasmopet evibupaomes:

10 HanpsxeHUIO Uy, < Uy

HOMHHATBHOMY TOKY 10 S Lious

HOITyCTUMOM Harpyske F,.,< Fyp.

JI1s1 TIpOXOMHBIX M30JIITOPOB pacueTHas cuna, H,

Foaca= 0,5/

5

; H=Hm+b+g,

4.2.3. Bridop ruOKMX MIAH ¥ TOKONPOBOAOB

‘B PV 35 kB M BHIIIIe IPUMEHSIOTCS TMOKHE IIMHBI, BHITIOJIHEHHbBIE
npoBogaMu AC. I'nGKue TOKOTIpOBOABI ISl COEAMHEHWS FCHEPATOPOB U
tpancdopmartopos ¢ PY 6 —10 kB (cM. puc. 6.18) BEITTOMHAIOTC Ty4-
KOM TIPOBOJIOB, 3aKpEIUVICHHBIX MO OKPYXHOCTH B KOJbLaX-000iMax.
JlBa 1IpoBOAa M3 My4YKa — CTAICATIOMHHHEBbIE — HECYT B OCHOBHOM
MEXaHMYECKYI0O Harpy3Ky OT COOCTBEHHOM MacChl, TOJIONiea U BeTpa.
OcTayibHbIE MPOBOIA — AIOMUHMEBBIE — SIBJIAIOTCS TOMBKO TOKOBEIY-
MK, CedeHUs1 OTACNBHBIX MPOBOAOB B MyYKE PEKOMEHAYETCS BEIOM-
paTh BO3MOXHO O6nbpumMH (500, 600 MM?), Tak KaK 3TO YMEHBILAET
YHCIIO TIPOBOAOB M CTOMMOCTD TOKOIIPOBOJA.

TI'ubxue npoBoaa MPUMEHSIOTCS ISl COeIHEHUS OJIOYHBIX TpaHC-
¢opmaropos ¢ OPVY.

TIpoBona muHui aeKTponepeaadl HanpskeHueM 6osee 35 kB, mpo-
BOJA IUIMHHBIX CBsi3el On04HBIX TpaHCdopMaTopoB ¢ OPY, rubkue
TOKOTIPOBONBI T€HEPATOPHOIO HAIpsSXXeHHd MPOBEPSIOTCA IO
3KOHOMHUUYECKOH IMJIOTHOCTH TOKa

[HopM
| = oM 4.26
q 7, (4.26)

rae g — TOK HOPMAJIBHOTO PeXUMa (6€3 meperpysok); J, — HOpMU-
POBaHHAas IUIOTHOCTh TOKa, A/MM? (Tabi1. 4.4).
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. Ta6nuua 4.4
DKOHOMHYECKAS NIOTHOCTh TOKA

Hpu Ty, 4
1000— 3000 | 3000—5000| Gonee 5000

[TpoBooHnk

Heu30IMpoBaHHEIE MPOBOAA M ILIMHBL:
MeEIHbIE 2,5 2,1 1,8
aNoOMHHHEBBIE 1,3 1,1 1

Kabenu ¢ 6yMaXXHoit ¥ MpoOBOAA C
PE3NHOBOH M MOJTUBUHIIXIIOPHUAHOM
U30JISALHMEN C XUITaMiL:

MeIHBIMH 3 2,5 2
aJTIOMMHHE BBIMHU 1,6 1,4 1,2

Kabenu ¢ pe3nHoBOIl M TUIaCTMACCO-
BOM M30NALMEN C XHIaMH:

MeIHBIMU 3,5. 3,1 2,7
ANIOMHHMEBBLIMU 1,9 1,7 1,6

Ceyenue, HaiimeHHoe O ¢opmyne (4.26), oKpyrisercss 1o Gnm-
XKaWlero CtaHAapTHOTO.

IIpoBepKe MO 3KOHOMHYECKON MIOTHOCTH TOKa
He nmoanexart [1.12]:

CETH MPOMBILIICHHBIX TMPEATIPHATHH U COOPYXEHHI HaIIpsLKeHHEM
1o 1 kB nipu T, B0 5000 u;

OTBETBJIEHHS K OTJICJIbHBIM 31eKTporipueMHuKaM U< 1 kB, a Tak-
K€ OCBETHUTENBHBIE CETH;

COOpHBIE HIMHBI 3JIEKTPOYCTAHOBOK M OIIHHOBKA B Mpejenax OT-
KPBITBIX M 3aKpHITHIX PY Bcex HampsoxeHMI,;

CETH BPEMEHHBIX COOpPYXEHHI, a TaKXKE YCTPOMCTBA CO CPOKOM
CIIyXObl 3— 5 JieT.

IIpoBepka ceYeHHUS Ha Harpes (IO JONMYCTHMOMY
TOKY) Ipou3Bogutcs mo dopmysie (4.14):

Imax S 1;[0[1'

BrOpaHHOE ceYeHHEe NMPOBepsIeTCcsad Ha TEpMHUYEC-
Koe aeictBue Toka K3 mo dopmyne (4.17):

VB,
C

IIpu npoBepke Ha TEPMUYECKYIO CTONKOCTD MPOBOAHUKOB JIMHHIA,
000pyIOBaHHBIX YCTPOMCTBAMHU GRICTpoaeiicTByIolero AITB, momxHo
VYHTHIBATHCA TOBHIIIEHHE HArpeBa U3-3a YBEJINYECHUS IIPOIOIIKUTEIb-
Hoctu npoxoxaeHust Toka K3. Paciuermienusie nposona BJI mpu npo-
BepKe Ha HarpeB B ycnoBuax K3 paccMaTpUBaroTCs Kaxk ONHMH ITPOBOJ
cyMmmapHoro ceyeHus [1.12].

By < ﬁKJlOH; min = <gq.
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Ha snexkTpoamHaMuueckoe getictsue Toka K3 npo-
BepsoTCsS THOKMe wWwuHb PY mpu I$ > 20 kA [1.12, v 4.2.56].

[Tpu 6onpmmx Tokax K3 mposona B hasax B pe3yabTaTe IUHAMHYEC-
KOTO B3aUMOJEMCTBUSI MOTYT HACTOJIBKO COMTU3UTHCS, YTO TIPOU3OMIET
CXJIECTHIBAaHME WIM Mpoboi Mexmy dazamu.

Hau6Goneuee comxenue (a3 HabmogaeTcss npH AByxgasHoM K3
MeEXIy cocenHMMH (azaMHM, KorJa MpoBOJa CHavyaaa oTOpackIBAIOTCH
B NPOTHBOIIOJIOXHBIE CTOPOHEI, a 3aTeM I10CjIe OTKIIoYeHHs Toka K3
JBWXYTCSI HaBCTpeuy Apyr apyry. Yx cOnmmkeHue 6yneT teM OoJblile,
YeM MEHBIIE PACCTOSHUE Mexay ha3amMu, yeM OOJIbLIE CTpesia MpoOBe-
ca ¥ yeM OoJIbllle NIUTENBHOCTh IIPOTeKaHMs U 3HaYeHue Toka K3.
ComixeHne rMOKUX TOKOIIPOBOIOB IIPH ITpoTeKaHUU ToKOB K3 MoxeT
OBITH OIIPENCTICHO MO METOAY, MPEUIOXKEHHOMY B [4.6].

OnpenensieTcs YCUINE OT IJIUTEIILHOTO MPOTEKAHUS TOKa NByx(as-
Horo K3 no popmyne (3.43), H/M,

f—2-10—7[(2)2

IIe a — paccTosiHue Mexmay daszamMu, M (st OPY paccTossHre Mexmy
(dazaMu puHATO 0603HaYaTh OyKBOIt D); I® — cpeqHEKBafpaTUUHOE
3HayeHHe (3a BpeMs MpoXoxaeHus) Toka asyxdasHoro K3. C nocra-
TOYHOM TOYHOCTBIO [UIST pACYETOB MOXHO IPHHSITh

3

19 -1 =218,
IloacraBngs 3T BETUYHUHBI, TToJdy4aeM ycunne, H/M,
1,5 19?2
f= —’—IT“Q-IO'7. 4.27)

OnpenensiioT CUIy TSKECTM 1 M TOKOIIPOBOJA C YYETOM BHYTPM-
(asueIx pacropok, H/M,
g=1,1-98 m,

rae m — Macca 1 M TOKOIpoBoJa, KT.
OnpenensioT OTHOIIEHUE

Vit

rae A — MakcuMajbHasi pacyeTHas CTpejia MpoBeca MpoBOaa B KaX-
JIOM TIPOJIETE TTPU MAKCUMAJIBHOM pacyeTHOM TeMIlepaType, M; fy, —
3KBUBAJIEHTHOE IO UMIIYJBCY BPEMSI NEUCTBUST OBICTPOAEHCTBYIO-
meil 3auuTer, ¢. IS 1enmeil reHepaTopoB M TpaHCHOPMATOPOB
B CpeaHEM

tye= 1+ 0,05,

rae t, — JCHCTBUTENBHAS BEIAEPXKKA BPEMEHM 3alllUTHI OT TOKOB K3;
0,05 yuuTBIBaET BIMSIHUE allepUOIUYECKON COCTABMISIONIEH.
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Puc. 4.8. JuarpaMma onpenesieHus OTKIOHEHHUS THOKOTO TOKONPOBOJa C I'o-
PH3OHTANILHBEIM pacnoyioxkeHueM das mon geiictBueM ToKop K3
Tlo muarpamme (puc. 4.8) B 3aBUCUMOCTH OT f/g 1 \,/Z/tm ompene-
JITIOT OTKJIOHEHWE MpoBOoJa b, M, U YIon c.
HaiineHHOe 3HauYeHUE b CPAaBHUBAIOT C MAKCUMAJILHO JOITYCTUMbBIM:

D-d-a,,
2 b
rne d — IuaMeTp TOKOIPOBOAA; G,,, — HAMMEHEIIEE JOMYCTUMOE pac-
CTOSTHHE B CBETY MEXIY COCEIHUMH da3aMU B MOMEHT UX HanOoJIbIIe-
ro conmxeHus. A1 TOKOMPOBOIOB TeHEPATOPHOIO HaMpsKeHUS

Gron= 0,2 M, st OPY cornacHo ITY3 npu 110 kB — 0,45 M; 150 kB —
0,6 Mm; 220 kB — 0,95 M; 330 kB — 1,4 M; 500 kB — 2 M.

(4.28)

bnon =
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Ecnu okaxercs, 4TO b > by, TO HEOOXOOUMO YMEHBIIUTH CTpE-
JIy TIpOBeCca WJIH YBEJIHWYHUThL paccTosiHHe Mexny dasaMu. B rubkux
MOABECHBIX TOKOITPOBOIAX YMEHBIIIEHHE CTPEJIBI IIPOBECA MOXET ITPH-
BECTH K 3HAYUTEJIBHOMY YBEIMYEHHUIO MEXaHMYECKMX HaIpsKeHUI
B IPOBOJE, a YBEIMYEHHNE PACCTOSTHUA MeXay $da3aMu BeIeT K yBe-
nnyeHnIo pasMepoB OPY. [To3ToMy B HEKOTOPBIX CIY4Yasix yCTaHaB-
JIMBAIOT TIONEPEYHBIE PACIOpPKHU, NIPUCOSIMHIEMBIE K (ha3aM yepes
HU30JIATOPHI, YTO IO3BOJISIET He YBEIHYHMBATh PACCTOSHHE MEXAY
dazaMu U He yMEHBILIATh CTpey IpoBeca. Korna Bce ke HEOOXOIM-
MO YMEHBUICHHE CTpeJbl IpoBeca, YCTAaHABIUBAIOT JOIOIHHUTE/Ib-
HBIE OIOPHI, T.¢. GAKTHUYECKH YMEHBHIAIOT IIPOJIET, YTOOBI COXpa-
HUTb MeXaHHWYeCKoe HAIpSXeHHUE B MPOBOAAX B JHOIYCTHUMEIX NMpe-
Jenax (MexaHMYeCcKHUil pacyeT MPOBOJOB pacCMaTPUBAETCI B Kypce
«BJIEKTPUYECKHIE CETU» ).

IF'ubkue TOKONMPOBOAL C pacllieNJeHHBMU ¢a3a-
MU IPOBepAIOTCSI TaKXe MO 3NCKTPOLIMHAMUYECKO-
MYy B3aMMOIECHUCTBHUIO NPOBOTHUKOB oxHOo#M daser|l.12].
PacyeT npoM3BOOUTCA B CleayIOHIeM mopsake [4.6].

Yceunme Ha Kaxapli IPOBOJ OT B3aUMOJIEMCTBYS CO BCEMU OCTaNb-
HBIMU n— 1 ipoBogaMu cocrapisieT, H/M,

32
fu=""o g0 I (4.29)
n d

TJie 7 — YMCIIO TIPOBOJIOB B (hase; d — auamerp dasel, M; 18) — neit-
CTBYIOlIIee 3HaueHHMe TokKa Tpexdasnoro K3, A.

ITon meiicTBHeM MMITYIBCHBIX YCHIMIL f IPOBOOIHUKHU (Ha3el CTpe-
MSITCSI IIPUOIM3UTBCS K IIEHTpY. it (hvKcalmu MpoBOJOB U YMEHBIIIE-
HUS UMITYIBCHBIX YCUTUI B HUX YCTaHABIMBAIOT BHYTpHU(Da30Bble (I~
CTAHITMOHHBIE) pacropKu. PaccTosiHme MeXay pacropkKaMM JOJDKHO
OBITL, M,

L =ko .103 (k - 1)Gmax -24p
p max ’
(YK + le ) (YK - le )
rae k=1,8 — k03pPUITMEHT JOMMYCTUMOTO YBEJIMYCHUSI MeXaHUYecC-
KOro HanpsikeHus: B 1poBoje Mpu K3; 6, — MaKCUMAaJIbHOE HaIpsi-
XEHHME B TIPOBOJIE TIpH HOPMAaJIbHOM pexuMe, MIla (npu Temnepary-
pe 40 °C unu npu rononene ¥ reMneparype -5 °C); p — KoappUIIUEeHT
YIOpYroro yIJWHEeHHUS MaTepuana InpoBoga (IUId aJlOMHHUSA
B=159-10""3 M*/H); v, — yzmenbHas Harpy3Ka OT COOCTBEHHOW MacChI
nposona, MIla/M; y, — yneapHasl Harpy3Ka OT CHJT B3aUMOJCHCTBUS
chmax
hq
(T4 max — MAKCUMAJILHOE TSDKEHME Ha a3y B HOpMaIbHOM pexume, H).
MakcuManbHOe TSDKEHHME Ha a3y orpeieliseTcs IIpH MexaHuyec-
KOM pacueTe MPOBOJOB I'MOKOM CBSA3U OXHOBPEMEHHO C OIpEACICHM -
€M MaKCHMAaJIbHOM CTPEJBI MpoBeca.

(4.30)

npu K3, MIla/m:¥x = 7” (g — ceyeHME TIPOBOJA, MM?); Gpay =
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Ha yuacTkax ToKoIpoBoxa BOIM3U MCTOYHUKOB IUTAHHUS PaccTO-
AHAE MEXIY TUCTAHLIMOHHBIMHU PACTIOPKAMH MOXET COCTABJSITEL BCETO
3—5 M, a Ha yJaJicHHBIX MpoJieTax 1o Mepe YMeHblIeHus Toko K3
3TO pacCTosTHUE Bo3pacTaeT. Eciau Mo yCIoBUIO 3JCKTPOAMHAMMYEC-
KOil CTOMKOCTH TUCTAHIIMOHHBIX pacMopoK He TpebyeTcs, X YCTaHaB-
JNUBAIOT Yepe3 15 M misa dukcauuu MpoBoaOB pacllelieHHOM ¢ha3bl.

B [3.3] npuBoauTcs 6ojice MOAPOOHHII pacdeT TMOKUX TOKOTIPOBO-
JIOB C YYE€TOM JUIMTENBHOCTH KOPOTKOTO 3aMBIKAHUS, HAJTUYMS ABTO-
MATUYECKOrO MIOBTOPHOTO BKIIOYEHMS, BIUSHUS TUPISHL, OTBETBIIE-
HUI1 ¥ psiga opyrux (akTopoB.

IIpoBepka Mo YCIOBUAM KOPOHBI HCOOX0aUMa JUTSl THO-
KHX TIPOBOJHMKOB IIpU HanpsoKeHUW 35 kB u Bwitie. Paspsig B Bune
KOPOHBI BO3HUKAET OKOJIO TIPOBOJA TIPH BBICOKMX HAIPSKEHHOCTIX
SJIEKTPUYECKOTO TIOJNS U COIPOBOXKAAETCS ITOTPECKUBAHUEM U CBeYe-
HueM. [IpollecChl HOHM3AMH BO3AYyXa BOKPYT IIPOBORA IPHBOIIT K JI0-
MOJHUTEABHEIM TIOTEPSIM SHEPTUH, K BO3HUKHOBEHMIO 3JeKTpOMar-
HUTHBIX KOJeGaHUi, CO3JAIIMX PagUOIOMEXU, U K 0Opa3oBaHHIO
030HAa, OKA3LIBAKOIIETO BPCIHOE BIUSHME Ha TOBEPXHOCTH KOHTAKT-
HbIX coequHeHMH. [IpaBHIbHEIH BEIGOD ITPOBOJHUKOB JIOJDKEH obecTie-
YUTH YMEHBILIEHUE NCHCTBYSI KOPOHBI 0 AOIYCTUMBIX 3HaueHuH. [Tox-
POOHO SIBJIEHHS] KOPOHHOTO pa3psia U3yJyaroTes B Kypce «3alluTa oOheK-
TOB SHEPTEeTHUKY OT IICpeHANPsDKEHU » . PaccMOTpUM mopsiioK pacyeTra
JUTsT BBIOOpA cedeHUsI TIPOBOAOB TTO YCIIOBUSM KOPOHHI.

Paspsii B BUIE KOPOHBI BOSHUKAET NPU MAKCUMAJIBHOM 3HAYEHWH Ha-
YATbHOM KPUTHUYECKOM HAIIPSLKECHHOCTH 3JIEKTPUYECKOTO TIONs, KB/cM,

0,299
\/—’%- )

rae m — Ko3(hGULMEHT, YYUTHIBAIONINIA HIEPOXOBATOCTh TTOBEPXHOCTH
nmpoBonaa (1T MHOTOIIPOBOJIOYHEBIX IIPOoBOAOB m = 0,82); 1y — pamuyc
MpOBOAa, CM.

HanpsokeHHOCTh 3MeKTPUYECKOTO MO OKOJIO TIOBEPXHOCTH He-
paCIIETUIEHHOTO TTPOBOA OTIPEAeNIeTCS TI0 BhIPAXKEHUIO

Ey =30,3m| 1+

(4.31)

54
g =033 (4.32)

nlg Dep
0l
rae U — nuHeltHOe HampsixkeHue, kB, D, — cpeaHee reoMeTpHIecKoe
PacCTOSTHUE MeXIy IMpoBojaMu ¢as, cM.

[pn ropusoHTanbHOM pacnoioxenuu ¢as D.,=1,26D, npu pac-
MOJIOXEHUU (a3 Mo BepUIMHAM PAaBHOCTOPOHHErO TPeYyroiabHWKa
D= D, rne D — paccTosiHue MeXIy COCERHUMHU (PasaMu, CM.

B pacnipepenutensHbix yerpoiictBax 330 kB u BhIlle kaxnas ¢dasza
IUISI YMEHBIUEHUS] KODOHMPOBAHUS BBIIIOJIHSIETCSI OBYMSI, TpeMS WA
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Ta6nunads
3navenusa k H r,,,

Yucno nposonos B daze

ITapamer
pametp 2 3 2

Kosddpuumenr & 1420 1+23 o 14342 h
a a a

OKBUBAJIEHTHBIH Ny 3/\/__—3
pamuyc r,,,, cM ha Vha 2rya

YETHIPBMS IMPOBOJAMM, T.€. NPUMEHSIIOTCS pACIICIUVICHHBIC MIPOBOJA.
B oTHeNBHEBIX CIy4asix pacHIeTIeHHBIC MTPOBOAAa MPUMCHSIOTCSI TaKkKe
Ha JuHusx 220 kB. HanpsxeHHOCTh 3/IeKTpHYECKOro Mo (MaKCH-
ManbHOE 3HayeHHe) BOKPYT paclIeTUIeHHBIX ITPOBOAOB, KB/cM,

0,354U
E=k———5—, (4.33)

nry lg =2

r3KB
rae k — xKo3¢hdHIIUEeHT, YYUTHIBAIOHIMI YHCIIO NMPOBOAOB 1 B (hase;
Foxs — OKBHMBAJICHTHBIM PaIHyC pacHICIUIEHHBIX IIPOBOAOB (Tabit. 4.5).

PaccrosiHue MexXTy IMpOBOJaMH B pacHICIUICHHOM (¢a3e a mpuHH-
Maetcs B yctanoBkax 220 kB 20— 30 cM, B ycranoBkax 330— 750 kB —
40 cM.

IIpy TOPH3OHTAJILHOM PACIIOJIOXEHUH IIPOBOJOB HAIMPSKEHHOCTD
Ha CpemHeM IIpoBoAc IMpUMEpHO Ha 7% Oorple BEJIMYMH, OIpeic-
JIeHHBIX 1o ¢opmynaM (4.32) u (4.33).

IIpoBoga He OyayT KOpOHMpOBAaTh, €CJIM HAaUOOJbIIAS HAPSKCH-
HOCTB ITOJISI Y MOBEPXHOCTH JI0G0r0 IpoBoga He Gonee 0,9E,. Takum
06pa3oM, YCIIOBHE OTCYTCTBUSI KOPOHEI MOXHO 3allMCaTh B BUIIE

1,07E<0,9E,. (4.34)

4.2.4. Bridop xabeneii

Kabenu mmpoko NpUMEHSIOTCS B 2JIEKTpoycTaHOBKax. [loTpebu-
tenu 6— 10 xB, Kak nmpaBWIO, MOJYYaloT IMHTaHUE IO KaOeJbHBIM
JIMTHUSAM, KOTOPHIE CHavyaIa MPOKIaIbIBAIOTCS B KaOeTbHBIX TYHHESIX
B pacmpeaeMTeJbHOM YCTPOIMCTBE, a 3aTeM B 3eMJie (B TpaHILEAX).
Jina npucoemuHeHMs MOTpeOUTENEH COOCTBCHHBIX HY XK 9ICKTPOCTAH-
WA M MOJACTAHIIMM K COOTBETCTBYIOIIMM IIIMHAM TaKXE HCIONb3Y-
1otcst Kabenu 6 u 0,4 kKB. OTH Kabeu NpoKIanbIBaloTCsl B KaOEIBHBIX
IOJIy9TaXaX, KAOeTbHBIX TYHHENSIX, HA METAJUNIMYECKUX JIOTKAX, VK-
peIUICHHBIX Ha CTeHaX U KOHCTPYKHHUSIX 3MaHUS WU OTKPBITOTO pac-
npeaeTUTeILHOrO yeTpoiicTBa. YToOK 00eceuynTh MOXapHYyIo 6e30-
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TaGnuua 4.6

KaGeim, pekoMeHayeMble I POKIANAKH B 3eMJIE H BO3AyXe

O06nacT NPUMEHEHUS

C GyMaxXHOM TTPOITMTAHHOMK
H305UeH

C mracTMaccoBoi U
pe3nHOBOH u3onsLMei

B 3emne (B TpaHIesax)
CO CpeAHEH KOPPO3HOH-
HOW aKTHBHOCTEHIO:

6e3 Guyxaarommx

TOKOB

C HajMuMeM Ony-

XIAIOIIHMX TOKOB
IIpoxnanka B TYHHENSX,
KaHajlaX, KabeJIbHBIX NO-
JIySTaXax, MPOH3BOI-
CTBEHHBIX IIOMEIIIEHHUSIX:

CYXHX
CBIPBIX

CBIPBIX C BBICOKOM
KOPPO3NOHHOI aK-
TABHOCTBIO

IIpoknanka B moxapo-
OIIACHBIX TIOMEIIEHHUSIX

AAllls, AAllIn, AATIn

AAllln, AAB2n,
AATI21 AAllIncY

AAT, AAlllB, AABal
AAIlls, AABal’, AAbB

AAllls, AABsI,
AAB2nllls, HAALIncY

AAT, AAlllB, AABBI'

ATllebo61lis, ATIBI,
ABB6IIIB
AITAIlIB, AITAIIIm,
ABAIlIB

ABBT, ABPT, AIIBT
ABBEBT, ABPET
ABE6llIs, AIIALLs

ABBI, ABPT, AIIcBT,
ABBBI', ABBBOI,
ABB611Is, IT8BBHTr

TIACHOCTD B NPOM3BOACTBEHHEIX ToMelieHUsaX TOC u ADC, pekoMeH-
JyeTcsl IPUMEHSTh Kabedu, Y KOTOPBIX W30S, 000I04Ka U TO-
KPBITHUS BHITIOJIHEHBI U3 HEBOCIIAMEHSIOIIUXCS MATEPUATIOB, HAIIPH-
Mep U3 CaMO3aTYXaloHIEro MOJHITHICHA WIN IOJIHBUHUIXIOPDHIHO-

ro 1mjacTukara.

B 3aBHCHMOCTH OT MECTa IIPOKJIAAKH, CBOMCTB Cpelbl, MeXaHHYEC-
KUX YCWINM, BO3MEHCTBYIOIIUX Ha Kabesb, peKOMEHIYIOTCS pa3aIuy-
HBbIe MapKHu KabeJeii (Tati. 4.6).

Kabenu evibuparom:

10 HalpSKEHHIO YCTAaHOBKHU

UHOM 2

CET.HOM>

TI0 KOHCTPYKIIUU (CM. Ta0i1. 4.6);
110 9KOHOMMUYECKOM IJIOTHOCTH TOKA

10 TOIYCTUMOMY TOKY

7 Poxkona

_ IHOpM .

qs = ’
Js

[maxs 111011,
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rae o, — IJIATENBHO TOIYCTHMBIN TOK C YUETOM TTONPABKKU Ha YHCIIO
pSITIOM TIOJIOXKEHHBIX B 3eMJie Kabenell k; 1 Ha TeMIlepaTypy OKpyXa-
IOILEN cpennl ky:

I)lon = klkZIHOH.HOM,

the lionuow — AOIYCTAMBIM TOK NMPU HOPMHPOBAaHHOM TeMIIEparype
xui1, °C; cornacHo ITY3 mist xabeneil ¢ pe3MHOBOM M MJIACTMAacCOBOI
U30SIIUe 8., = +65 °C, mis kabeneit 1o 35 kB ¢ n3onsuueit us npo-
MMTaHHOMN KalenbHOUW OyMard B CBHHIIOBOM, aIIOMHHHUEBOI UM I10-
JMBAHWIXIOPUAHON 00O0IOYKE TIPHHSITHI:

Uioms KB oo, Ho 3 6 10 20 m 35
Fuoms € reverreeveenreeeeneens +80 +65 +60 +50

TTonpaBoyHbie K03GbGUIINEHTH k; M k), TOMTYCTUMBIH TOK HaXOHAT
TIO CTIpaBOYHHKaM uin 11V3.

IIpu BeIOOpe ceueHMsT Kabelei CIeayeT YIUTHIBATD HX HOMTYCTHMYIO
TIeperpysKy, olpeneasieMyo 1o 11. 1.3.5 u 1.3.6 ITYD B 3aBUCMMOCTH OT
BHA TIPOKJIANKH, JUTUTETLHOCTH MAaKCUMyMa | TIpeABAPUTETHLHOM Ha-
TPY3KH.

BriGpaHHbBIE 110 HOPpMaAJTLHOMY PEXHUMY KaOeJId MPOBEPSIIOT Ha Tep-
MMYECKYIO CTOMKOCTD IO YCIIOBHIO

13I(S 13l(.zlon W qminS q.

ITpu aToM Kabenu HeOOMBILIOH JIMHBI TPOBEPSIOT IO TOKY nipu K3 B
Hayase KabeJist; OMAHOYHBIC KaOeIH CO CTYTIEHYATHIM CEYEHHEM IO JUTHHE
TIPOBEPSIIOT TI0 TOKY TIpH K3 B Havane KaXaoro yyacTka. JIBa nmapauiesib-
HbIX KabeJisi 1 Gosiee TIPOBEPSIOT MO ToKaM Ipu K3 HenocpeacTBeHHO 3a
Iy4KoM Kabeneit, T.€. ¢ y4eTOM pa3BeTBIeHHs Toka K3.

4.3. Tamenne 3JeKTPHYECKOH TyTH

4.3.1. YcaoBus BO3HHKHOBEHHS M FOPeHHs IyTH

TIpexnae yeM paccMaTpHBaTh KOHCTPYKUMIO KOMMYTAIIHOHHEIX all-
apaToB, HEOOXOAMMO O3HAKOMMTHECS C OCHOBHBIMHU IIpOIECCAMHU,
MIPOHCXOISIIINMH B 3JIeKTpHIecKoi myre. ITonpoOHO siBIeHre pa3psaa
B rasax, B TOM YHCJIE OYTOBOM paspsill, M3ydaeTcsl B Kypce «3alura
0OBEKTOB SHEPTeTUKH OT TIEpEHAIPSIKEHUT » .

IIpu pasMBIKAHHYM KOHTAKTOB B TIEITH BLICOKOTO HATIPSKEHHS BO3-
HHUKACT SJIEKTpUIECKHi pa3psia B BUAe AYTH. B myre pa3nmyaior oKoJIo-
KaTOJHOE MIPOCTPAHCTBO, CTBOJ OIYT'H M OKOJIOAHOIHOE MPOCTPAHCTBO
(puc. 4.9). Bce HanpsoxeHKe pacIipeeNsieTcs MeXIy STHMH 001acTIMH
Uy, U.,, U, KaromHoe mameHWe HANPSDKEHUSI B AYTe TOCTOSHHOIO
toka 10—20 B, a miuHa 3TOoro y4actka cocrasiaster 1074—107 cM,
TaKUM O0pa3oM, OKOJIO KaTofa HAOMIoIaeTCcst BEICOKAsI HAIIPSXKEHHOCTD
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Puc. 4.9. Pacnipenenenue Hanpsxenus U (a) u HanpskeHHocTH E (6) B cTa-
LIMOHAPHOI Ayre MOCTOSIHHOIO TOKA

anekTpuyeckoro mojs (10°— 10° B/cm). TIpy Takux BHICOKMX Hampsi-
KEHHOCTIX MPOMCXOMUT yaapHas MoHu3aius. CyThb ee 3aKIodyaeTcs
B TOM, YTO 3JIEKTPOHHI, BBIDBaHHBIE U3 KaTONa CHJIAaMHU 3JIeKTpHYEC-
KOTO MoJisl (AaBTODJIEKTPOHHAs SMUCCHS) WM 3a CYET HarpeBa Karoia
(TepMO3JIEKTPOHHAS SMHUCCHUS), PA3TOHAIOTCS B SJEKTPHUYECKOM TOJIe
1 TIIPH yJape B HEMTPaJILHBIM aTOM OTHAIOT €My CBOIO KMHETHYCCKYIO
sHepro. Eciiv 310l sHepruM 10CTaTOMHO, YTOOB! OTOPBATH OMMH 2JIeK-
TPOH C O0OJOYKH HEUTPAJIBHOTO aTOMa, TO MPOM30MICT HOHU3ALIMS.
O6pa3oBaBIIHecss CBOOOIHBIE IEKTPOHE M HOHBI COCTABIISIIOT II1a3My
cTBOjIa ayTH. IIpoBOIMMOCTS TIa3MBI MPUOIMXAETCS K IPOBOIUMOCTH
MeTawios [y = 2500 1/(OM-cM)]. B cTBOJIE IyTH HIPOXOIUT OONBLIOM TOK
U co3TaeTcs BhICOKas TeMIieparypa. IIToTHOCTb TOKa MOXET TOCTHIaTh
10000 A/cM? u 60nee, a TemnepaTtypa — ot 6000 K npu atMocdepHOM
Jasneruu 1o 18000 K u Gonee mpu MOBEITIICHHBIX JABIEHUSIX.

Bricokue TeMmeparyphl B CTBOJIE OyrM MPUBOIAT K MHTEHCHBHOM
TEPMOUOHHU3AIIMH, KOTOpasi MOAIepPXKUBaeT OONBIIYI0 IIPOBOAMMOCTD
IUTasMbl. TepMOMOHHU3AIMS — IIPOLiecC 00pa3oBaHUS MOHOB 33 CUET
COyIapeHHsT MOJIEKYJ U aTOMOB, 00JaNaomux GONbLION KHUHETHYEC-
KOW 3Heprueil Npu BBICOKMX CKOpPOCTSIX WX IBIKeHUsA. UYeM Gonbliie
TOK B JAyre, TEM MEHbIIE €€ COIPOTHUBJICHHUE, a IO3TOMY TpelyeTcs
MEHBIIIee HATIPSKEHME IS TOPEHUS IYTH, T.€. AYTY € GOJIBIIUM TOKOM
TIOTaCUTh TPYIHEE.

IIpu mepeMEHHOM TOKe HaTIpsSLKeHME MCTOYHHMKA MUTAHUS U, Me-
HAEeTCSl CHHYCOMIAIBHO, TaK Xe MeHSIeTCsl TOK B 1ier [ (puc. 4.10, a),
NpyYYeM TOK OTCTAeT OT HAIIpsLKEeHUs mpuMepHo Ha 90°. HanpskeHnne
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Puc. 4.10. U3sMeHeHHe TOKa M HAMPSKEHUSI ITPU FALICHUH JIYTH TIEPEMEHHOTO
TOKa:

a — MOMCHT TI'OpeHHs AYTH, 6 — mocJe rauleHMsI HOYyTH

Ha IyTe U, TOpSAIEeN MexXIy KOHTaKTaMU BBIKJIIOYATENsl, HEITOCTOSH-
Ho. I1pu ManbIx ToKax HampsoKeHHe BO3pacTaeT 0 BETUYMHBI i, (Ha-
MIPSIKCHUS 3aXKUTaHUs), 3aTeM II0 Mepe YBEJIUYCHMSI TOKa B Ayre U
pocTa TepMHUYECKOI MOHM3ALMH HalIpsKeHWe yMeHbIIaeTcs. B KoHle
TIONYTIEpHOJa, KOria TOK NPUONMXKAeTcs K HYJIO, OAyra racHeT NpH
HampsXKEeHWH TallleHUs u,. B caenyiomnuit rioayrepuo sBJIeHHe TTOBTO-
psETCsI, €CTU HE TIPUHSATHI MEPBI IUIS JEHOHU3AUMH TTPOMEXYTKa.

Ecnu myra moraireHa TeMU WIX MHBIMH CITOCOGaMHM, TO HaIIpsTKEHHE
MEXITy KOHTAKTAMM BBIKJTIOUATEIA JOJDKHO BOCCTAHOBWTECS IO HATIPSI-
>XKEHUS TUTatoniei cety. OMHAKO ITOCKOIBKY B HEITH MMEIOTCST MHIYKTHUB-
HbI€, AKTUBHBIE U €eMKOCTHBIE COTIPOTURIIEHUSI, BO3HUKAET IEPEXOMHbIM
npolece, NOSBISIIOTCS KOJIeOaHusT HanpsokeHust (puc. 4.10, 6), aMImui-
TYa KOTOPBIX Uy maxy MOXKET 3HAUUTENBHO TIPEBBILIATE HOPMAJIBHOE HATIPS-
KeHMe. Ui OTKTIOYAroie anmaparypbl BaXHO, C KaKOM CKOpPOCTBIO
BOCCTAHABJIMBACTCS HaIpsDKEHHME Ha ydacTke AB.

Iogsoms UTOT, MOXHO OTMETHTD, YTO AYTOBOM paspsl HaYMHaeTCs
3a CYeT yIapHO MOHU3AIMU U SMMCCHH SJIEKTPOHOB C KaTola, a Mocie
3KMraHUS Tyra NOAIePXXMBaeTCS TEPMOMOHU3AIMEH B CTBOJE TYTH.
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4.3.2, l'ameHne Ayru

B orxmovarouux anraparax HeoOXOOUMO HE TOJNBKO Pa3sOMKHYTh
KOHTaKTHl, HO ¥ HOTaCHUTh BO3HUKIIIYIO MeXIY HUMM IyTy.

B 11emsix repeMeHHOTO TOKa TOK B IyTe KaXXIblil [OJTyIIepuo IIpo-
XOJIUT yepe3 Hyb (cM. puc. 4.10), B 5TM MOMEHTBI Iyra raCHET caMo-
IPOM3BOJILHO, HO B CJIEAYIOUIMHI IOJYIIEPHON OHAa MOXET BO3HHMK-
HYTh BHOBB. KaK ITOKa3BIBalOT OCLIMJUIOTPAMMEI, TOK B Iyre CTaHO-
BUTCS OJIM3KUM K HYJI10 HECKOJIBKO paHbIIle eCTECTBEHHOTO IIEPEX0-
Ja yepes Hynb (puc. 4.11, a). D10 0OBACHSAETCS TEM, YTO IIPU CHU-
KEHUM TOKa BHEpPTUsi, IMOIBOAMMAS K Iyre, YMEHBIIACTCS, CICHO~
BaTENILHO, YMEHBINIACTCS TeMIlepaTypa OYTd U NMpeKpallaeTcs Tep-
MOMOHM3aMs. JJIMTeTBHOCTh 0eCTOKOBOM ITay3nl #;, HeBeaUKa (OT
JIECATKOB 1O HECKOJBKUX COTEH MUKPOCEKYH/), HO UIPaeT BaXHYIO
poNb B ralieHMU nyru. Ecau pa3soMKHYTh KOHTaKTH B O€CTOKOBYIO
IMay3y 4 pa3BeCTH MX C JOCTAaTOYHOM CKOpPOCThIO Ha TaKOE paccTos-
HYE, YTOOBI HE MPOMU3OIIEN NEKTPUICCKUI MpoBoii, TO 1enb Oynet
OTKJIIOYEeHA OYeHb OBICTPO.

Bo BpeMs 6ecTOKOBOI1 T1ay3bl HHTEHCUBHOCTbL MOHM3ALIMM CIUIBHO
IajgaeTt, Tak Kak He IMPOHCXOIUT TEPMOMOHHU3AIIMHM. B KOMMYyTaI[MOH-
HBIX armaparax, KpoMe TOTO, IIPMHUMAIOTCSA MCKYCCTBEHHBIE MEpHI
OXJIaXXIEHHsT JYTOBOTO IIPOCTPAHCTBA M YMEHBIIIEHMS YHUCIA 3aPSKeH -
HBIX YaCTHII. DTH IIPOLIECCH] JEHOHHM3ALIMH IIPUBOIAT K IMTOCTENIEHHOMY
YBEJIMYEHHIO 3JIEKTPHIECKOM IPOYHOCTH IIPOMEXYTKA Uy, (pHC. 4.11, 6).

Pe3koe yBenmuueHHe SMEKTPHYECKOM MTPOYHOCTH IIPOMEXYTKA T10C-
JIe TIepeXo/ia TOKa Yyepe3 HyJIb IIPOMCXOAMT IJITABHEIM 00Opa3oM 3a Cuer
VBEJIMUYEHUS TIPOYHOCTH OKOJIOKATOMHOIO IPOCTPAHCTBA (B LIEIIAX Te-
peMeHHoro Toka 150250 B). OnHoBpeMeHHO pacTeT BOCCTaHABIUBA-
Ioleecs: HaNpsKeHUE U, ECu B 11060# MOMEHT u;,,> 4, TPOMEXYTOK

Up

Iy

=)

a 7]

Puc. 4.11. YcnoBus noracaHusi Ayru riepeMeHHOTO TOKa:

a — TIoTacaHue IYTH MpH €CTECTBEHHOM Mepexoie TOKa 4Yepe3 HyNb; § — pOCT dJeK-
TPUYECKOI MPOYHOCTH AYTOBOTO MPOMEXYTKA IPHU IMEPEXoJe TOKA Yepe3 HYNb
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He OyIeT nIpoGuUT, Iyra He 3aTOPUTCS BHOBB TOCKE MEPEX0a TOKa ye-
pe3 Hy/b. EciM B KaKOM-TO MOMEHT Up, = Uy, TO IIPOMCXOIUT [IOBTOD-
HO€ 32XKUTaHUE IYIH B IIPOMEXYTKE.

Takum obpazoM, 3amaya raiieHus1 Ayrd CBOOUTCA K CO3IAHHUIO Ta-
KHX YCJIOBHI, YTOOBI 3JIeKTpUUECKasi IIPOYHOCTh IIPOMEXYTKA MEXITY
KOHTaKTaMM Uy, ObUTa GOJIBIIE HANPSXKEHUS MEXIY HUMHU Uy

IIporecc HapacTaHUs HATPSAKCHUST MEXNY KOHTAaKTaMH OTKIIIOYa-
€MOTO aImapaTa MOXET HOCUTD Pa3MUYHBI XapaKkTep B 3aBUCUMOCTHU
OT TIapaMeTPOB KOMMYTHPYEMOH 1ieTi. Eciiu OTKITIO9aeTcs LEMb C Ipe-
o0anaHueM aKTUBHOTO COTPOTUBIICHUS, TO HATIPSLKEHHE BOCCTAHAB-
JIUBACTCS IIO ANICPHONMYECKOMY 3aKOHY; €CIM B LIEIH NMpeobiIamaeT
WHAYKTUBHOE COIPOTHUBIEHHE, TO BO3HHKAIOT KOJeOaHWSs, YacCTOTHI
KOTOPBIX 3aBUCST OT COOTHOILIEHHUSI €MKOCTH U HHAYKTHUBHOCTH LEIIH.
KonebaTeapHbIH IIpoLIecC IPUBOIUT K 3HAYUTEILHEM CKOPOCTSIM BOC-
CTAaHOBJICHHS HaIIPSDKEHHUS, a YeM GOJbIIe CKOPOCTh dug/dt, TeM Be-
posiTHee TTpoOOoit MPpOMEXKYTKa U MMOBTOPHOE 3aXuUraHue ayru. st 06-
JIETYEHUsI YCIOBUIA TallleHUs AYyTH B LIETNb OTKIIOYaEMOTO TOKa BBOJISIT-.
Csl aKTMBHBIC COINPOTHUBIICHMSI, TOTIA XapaKTEP BOCCTAHOBJICHUS Ha-
IIPSDKEHUSA OYIET allepHOIUIECKUM (CcM. puc. 4.11, 6).

Ocnoenvie cnocobvr zamenus dyzu ¢ annapamax 0o 1 kB

YINUHCHHUE OYTH IPH OBICTPOM PACXOXICHUH KOHTAKTOB: YeM
IUTHHHEE AyTa, TeM OoJbllee HApsSKCHUE HEOOXOOUMO IS €€ CYLIE-
cTBOBaHMA. ECIU HalpsXeHUE UCTOUHMKA OKAXKETCSI MEHBIIIE, TO TyTa
TacHeT.

JdemeHue IAUMHHOMN AYTH Ha paxg KopoTkKux(puc.4.12, a).
Kak nokxaszaHo Ha puc. 4.9, HanpsockeHUE Ha AyTe CKIIaabIBaeTCs M3 Ka-
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Puc. 4.12. CnocoObl raneHus Jyru:

a — JelleHHe JIMHHOM OyrM Ha KOPOTKHE; 6 — 3aTArMBaHue IOYrd B Y3KYIO IUeNb

JNYTOracUTEeNIbHOM KaMepbl; ¢ — BpallleHHUE NYyrM B MarHUTHOM II0Jie; @ — TralleHHe

IyrH B Macyie: ] — HemoIBMXHHI# KOHTaKT; 2 — CTBOJ Oyru; 3 — BoAopojgHas o6o-

Jiouyka;, 4 — 30Ha rasa; 5 — 30Ha MapoOB Macja, 6 — TNOJABMXHBIH KOHTAaxT, 0 —
ra3oBO3JlylIHOe NyThe
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TogHoro U, m aHogHoro U, mageHuit HaNpsDKeHMsI H HATIPSDKCHUS CTBO-
na joyru Ug

Un: U+ Ua"’ Uc.n= Ua"’ UCJI'

Ecny mmHHYIO IyTy, BO3HMKIIYIO IIPH pa3sMBIKAHUH KOHTaKTOB,
3aTSAHYTh B AYyroTacUTENBHYIO pEeIeTKy M3 MEeTaJJIMYeCKUX IUTACTHH,
TO OHA Pa3IeIUTCA Ha H-KOPOTKUX oyr. Kaxmas Koporkas gyra OyaeT
MMETh CBOE KaTOAHOE M aHOMHOE IMageHus Hanpstxenus U,. Ilyra rac-
HET, eCIN

U<nl,,

rae U — Hanpsxkenue cetd; U, — cyMMa KaTOJHOTO U aHOJTHOTO Iajie-
Huit Hanpspkenus (20 —25 B B gyre MOCTOSSHHOTO TOKA).

Hyry nepeMEHHOro TOKa TaKXe MOXHO Pa3e/IUTh Ha # KOPOTKUX OYT.
B MOMEHT ITpOXOXIEHUA TOKA Yepe3 HyJIb OKOJIOKAaTOTHOE IPOCTpaH-
CTBO MTHOBEHHO MPHOGPETAET BIEKTPUUECKYIO IPOoYHOCTh 150— 250 B.
Jyra racHer, ecnmu U< (150—250)n.

lamenue nyrm B y3KUX liensx. Ecim myra ropur B y3-
Ko 1ienr, o6pa30oBaHHON AYTOCTOMKHAM MaTepHajoM, To Giaromaps
COTIPUKOCHOBEHMIO C XOJIOAHBIMU MOBEPXHOCTSIMHU MTPOUCXOIUT MH-
TEHCUBHOE oxJIaxeHHe U Iudhdhy3us 3apsKeHHBIX YaCTHLL B OKpyXa-
IOIYIO Cpeny. DTO TIPUBOIUT K OBICTPOM AEMOHM3ALMU M TalICHUIO
IyTH.

ABuXeHue AYTM B MAaTHUTHOM IOJe. DIEKTpHYECKas
Jyra MOXeT pacCMaTpWBaThCs KaK IPOBOAHHMK € TOKOM. Ecnm myra
HAXOMUTCS B MarHUTHOM I10JIe, TO Ha Hee MeHCTBYeT Cuia, oTpeaess-
eMas IO TIpaBWITY JieBoi PyKW. EcCiIM co3gaTh MarHUTHOE ITOJe, Ha-
MpaBJICHHOE TIEPIICHANKYISIPHO OCH OYTM, TO OHA ITOJIYYMT MOCTYyIa-
TEJIbHOE IBUXEHUE W OYAET 3aTSHYTa BHYTPb 1HETH KYTOTaCUTEIBLHOMN
Kamepsl (puc. 4.12, 6).

B pamranbHOM MarHMTHOM ITOJIe IyTa MOJYYUT BpalllaTeIbHOE ABU-
KkeHue (puc. 4.12, ¢). MarHutHoe 1oJjie MoXxeT ObITh CO30AaHO IMOCTOSIH-
HBIMHM MAarHMTaMH, CIELUAIBHBIMM KaTyIIKAMU WJIX CAMMM KOHTY-
POM TOKOBEAYIIMX Yacteif. BHICTpoe BpallleHHe U mepeMellieHHe IyTU
CITOCOOCTBYET €€ OXJIAXKICHUIO U TEMOHU3AIINH.

ITocnennue aBa criocoba rameHus Ayru (B y3KHX ILEJiIX U B Mar-
HUTHOM IT0JIe) TIPUMEHSIIOTCS TAKOKE B OTKJIIOYAIOIIMX arraparax Ha-
MpsxeHueM Bhie 1 kB.

Ocnoenote cnocobbt zauenus dyzu ¢ annapamax eotiie 1 kB

lamenue Oyrum B Macie. ECIM KOHTaKTH OTKIIOYAIOIIETO
ammapaTa MOMECTHTh B MAacJI0, TO BO3HMKAIOIIAS TPU pa3MBIKAHUM
Jyra IpUBOIMT K MKHTEHCUBHOMY ra3000pa30BaHMIO M MCITApEHMIO Macia
(puc. 4.12, 2). Bokpyr nyru o6pa3yeTcsl ra30Bbiil My3BIpb, COCTOSIINI
B OCHOBHOM u3 Bomopona (70— 80 %); GrICTpoe pasioXeHHe Macia
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TPUBOAUT K TIOBBIIIEHUIO JABJICHUS] B MYy3BIpe, YTO CIOCOOCTBYET €€
JIyYIIEMY OXJIAXXIEHUIO M AeMoHu3anmy. Bomopon o0j1anaeT BHICOKMMM
JYTOracsiliUMH CBOMCTBaMM; COTPUKACASICh HETIOCPEICTBEHHO CO CTBO-
JIOM JIyTH, OH CIIOCOOCTBYET €€ IEMOHN3alINU. BHYTpH ra30BOro mMy3kI-
ps IPOUCXOIUT HEIIPEPBIBHOE IBIDKEHUE Ta3a M ITApOB Maca.

TanieHue gyTH B Macjie IIUPOKO IMPUMEHSETCS B BBHIKITIOUATENISIX.

l'azoBo3aAyWHOE AYTHhe. OxMaxaeHUe IyTy YIyqIIaeTcs, ecin
CO3JaTh HAMpaBJICHHOE JBIKCHHME Ta30B — JAyThE. JyThe BIOIH WIH
norepek ayru (puc. 4.12, 0) croco6CTBYeT MPOHUKHOBEHHIO Ta30BbIX
YacTHIIL B €€ CTBOJI, MHTEHCUBHOM mubdy3nu u oxmaxneHuo ayru. ['a3
co37aeTcs TIPH PasNoXeHUN Macia Jyroil (MacisiHBIE BEIKJTIOYATEITH)
WJIY TBEPABIX Fa30T¢HEPUPYIOIINX MAaTEPUAJIOB (aBTOra3oBoe AyThe). bo-
Jee 3G(HEKTUBHO AYThe XOJONHBIM HEMOHM3HPOBAHHBIM BO3IYXOM,
MOCTYNAIONIUM U3 CIIEIIMATBHBIX DAJUTOHOB CO CXKAThIM BO3IYXOM (BO3-
JIYHIHBIC BBIKITIOYATENH).

MHOTOKpaTHBIH pa3pH B e U ToKa. OTKIIOUeHHE 6ONb-
LUOTO TOKA ITPH BHICOKUX HATIPSIKEHMSX 3aTPYAHUTENBHO. BTO 00BsIC-
HSETCA TeM, YTO MpHU OOJNBIIMX 3HAYCHUAX NMOJBOAHMOI SHEPTHH U
BOCCTaHABJIUBAIOIIETOCS HAMPSXCHUST JEHOHU3AIMs TYTOBOTO MPO-
MeXYTKa YCIOoxHsIeTCsA. [103TOMY B BEIKJIIOYATENSIX BEICOKOTO HaIpsi-
XEHUSI MPUMEHSIIOT MHOTOKpATHHIH pa3peiB OyrM B Kaxmoil (ase
(puc. 4.13). Takue BRIKTIOUATENIM UMEIOT HECKOJIBKO TaCUTENBHBIX YCT-
pPOWMCTB, PaCCYUTAHHBIX HA YaCTh HOMUHAILHOTO HarpsikeHus. Yuc-
JIO pa3peIBOB Ha (ha3y 3aBHCUT OT TUIA BHIKJIIOYATENSI U €ro Hamps-
xeHus. B BeikmouaTensix 500 —750 kB MoxeT GBITh 12 pa3sphIBOB U
fonee. YToGH 00NETYNUTH TallicHHE AYTH, BOCCTAHABIHBAIOLIEECS Ha-
MPSIXEHUE JOJIXKHO PABHOMEPHO paCIpeieNIITLCS MEXIY pa3pblBaMU.
Ha puc. 4.13 cxemaTu4ecKu NOKa3aH MACSTHBIN BEIKITIOYATENb C IBY-
MsI pa3pbeiBaMu Ha ¢a3y. [Ipu otkimoueHun ogaodasHoro K3 BoccTa-
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Puc. 4.13. PacnipeneneHue HanpsoKeHUS O Pa3peiBaM MACJTHOTO BHIK/TIOYATe-
Jst (a), EMKOCTHBIE AEJIUTENM HANpsokeHus1 (0), akTHBHBIC MEJIUTENM HaIpsi-
KeHus (8)

200



HaBJMBAIOLICECCA HaANPAXCHHUC PaCNpEaCINTCAad MEXIY pa3pblBaMHU
CJICOYIOLINM 06pa30M:

U _G+G
v, G °

rae U,, U; — HanpsXeHHUs, IPIIOXEHHBIE K TIEPBOMY H BTOPOMY pa3-
peiBaM; C; — eMKOCTh MEXHy KOHTaKTaMH 3THX pa3phiBoB; C, — eM-
KOCTb KOHTaKTHOI CHCTEMBI OTHOCHTEILHO 3EMJIH.

Tak kak C, 3HauMTeIBHO Oofbllle C), TO HanpsskeHue U,> U, u,
CIEeOBaTENbHO, TaCUTENIBHBIC YCTPOMCTBA OyayT paboTaTh B HEOMUHA-
KOBBIX YCTIOBUSIX. [ BRIDAaBHUBAHMS HAIIPSDKCHUSI TAapaJUIeNIbHO TaB-
HBIM KOHTaKTaM BHIKTI04YaTe)isd I'K BKTI0Yal0T EeMKOCTU MIM aKTUBHEIC
COTIPOTUBJIEHH (CM. pUC. 4.13, 6, ). 3HaYEHUST EMKOCTEH U aKTMBHBIX
HIYHTHADYIOLIHUX COIPOTUBNICHH TTOAOUPAIOT TaK, YTOOB! HalpsoKeHHE
Ha pa3phiBax pacIpenesiyioch paBHOMEPHO. B BEIK/TIOUATENSIX ¢ HIYHTH-
PYIOLIIUMHU COINPOTUBIACHUSIMH TOCNe raiieHus nyru Mexnmy 'K co-
MMPOBOXIAIOIIMI TOK, OTPAHWYEHHBIN 110 3HAYEHUIKO CONPOTUBJICHM-
MM, pa3phIBAETCSd BCIIOMOTaTeNMbHBIMH KOHTakTaMu BK.

IIyHTHpYyIOIMEe CONPOTURICHUA YMEHBIIAIOT CKOPOCTh HapacTaHUs
BOCCTAHABNIUBAIOLIETOCSI HATIPSDKEHUST, YTO 06JIeryaeT rauleHue JTyTH.

lTameHue nyru B BaKyyMe. BricOKOpa3peXeHHHI ras
(10"5—10%H/cM?) 061aaeT 3MEKTPUYECKOM IIPOYHOCTHIO, B IECATKU
pa3 OomnblUei, yeM ra3 npu atMochepHOM AaBiIeHUH. ECIM KOHTaKThI
pPa3MBIKAIOTCS B BaKyyMe, TO Cpasy Xe MOocJie TMEPBOTO MPOXOXKICHUS
TOKa B IyTe Yepe3 HyJIb MPOYHOCTh MPOMEXYTKA BOCCTAHABIMBAETCS U
Iyra HE 3aropaeTcs BHOBb. DTH CBOICTBa BaKyyma HCTIONB3YIOTCH B
HEKOTODHIX THITaX BBIKJIIOYATENEH.

lNamieHue nyru B razax BBHICOKOTO JaBJeHHSs. Bo3-
nyx nipu nasneHuu 2 MIla u Gonee Takke obiamaeT BHICOKOM 3J1€KT-
PHYECKOI MTPOYHOCTHIO. DTO ITO3BOJIET CO34aBaTh JOCTATOYHO KOM-
MMaKTHBIE YCTPOMCTBA IS TalleHHs IyTH B aTMOCdeEpe ¢Xaroro Bo3-
nyxa. Enie 6onee 3¢ GeKTUBHO MPUMEHEHHE BHICOKOTIPOYHBIX T'a30B,
HanpuMep wectudTopucToii ceprl SFy (a/merasa). Dnera3 obnamaet
He TOJBKO OOJBLICH 3MeKTpHYECKOI TPOYHOCTHIO, YEM BO3IYX U BO-
Iopol, HO ¥ JIYYIIMMHU AYTFOTacsIUMH CBOMCTBAMH Jaxe MHpH aT-
Moc(hepHOM JaBIeHUM. Djlera3 NPUMEHSETCS B BRIKJIIOYATENAX, OTAE-
JIUTENIAX, KOPOTKO3aMHBIKATENIX M IPYTOM amiapaType BhICOKOTO Ha-
MPSIKCHUS.

4.4. Kommyraunonsnsie annapatsi A0 1 kB

4.4.1. HeaprOoOMaTHYECKHE BBIKJIOYATEIH

HeaproMaTtHyecKHUe BBIKJIIOYATETH NpcaAHa3HAYCHbI I OTCOCOH-
HEHMsI OTAENBHBIX O0ECTOYEHHBIX 4YacTteil oT HalpsLKCHUA WKW DJIA
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PYYHOTO BKJIIOUEHHUS U OTKIIOYE-
HUS JIEKTPHUYECKOM 1IEIIN B HOP-
MaJIBHBIX peXHMax IpH TOKaXx, He
nipeBbiamImx 0,2 — 1 HOMHHAIE-
HOTO TOKa BhIKIIOYatenst. K HuM
OTHOCSITCSI HEABTOMAaTHYECKIE BHIK~
Jmoyatenu pyosuiero tama (py-
OWIBHUKH), TAaKETHBIEC BRIKITIOYA-
TEJIU U NEPEKII0YaTeIH.

Hepexnaiouamens — 3mo KoH-
maKmuviti KOMMYMQUUORHbBIIL anna-
pam, npeOHa3Ha4enHbii 015 nepe-
KAIOHEHUSA INeKMPUHECKUX Henell.

B pacrnipenennTeIbHBIX YCTPOM-
cTtBax 10 1 KB 1 B cnaboOTOYHBIX
LIETSIX aBTOMAaTUKY HIMPOKOE TIPH-
MEHEHHE ITOJIyY¥UIH TTAaKETHEIE TIC-
PEKIIOYATENId U BBIKJIIOYATENH,
3aMCHHBIINE CTapY KOHCTPYK-
o pyouintsHUKOB. Ha puc. 4.14
Puc. 4.14. TlakeTHnlii KynaukoBei ITOKa3aH TMAKETHBHIA KyJayKOBBIH

BBIKJTIOYATENb BBIKJIIOYaTeNb. Ha ocHOBaHMH
BBIKJIIOYATENS YKPEIUICHHI IBa Ma-
keta I, 11, BHyTpM KOTOpHIX pac-

TIOJIOXEHBI TIO TPH TIOJII0CA KOHTAKTHBIX cricTeM. [IpH moBopoTe pyKo-
SITKU 9 MOBOpayMBaeTca Bal 2 1 Kynadok 3. Ecinu mTokK S momagaet B
BHIEMKY KyJNadKa .3, TO KOHTAKTH 7, & 3aMBIKAIOTCI TIOJ MEiCTBUEM
MIPYXUHHI 6. Eciy IITOK S MomagaeT Ha BHICTYI KyJIayKa, TO KOHTAKTHI
pasMBIKaloTCa. Bo3HUKIAsA myra TaCUTCS B 3aKPHITOM 00heMe TrepMe-
TU3UPOBAHHOTO Kopnyca 4 13 U30JIAIUOHHOro Matepuana. BHeIHss
CETh MOAKITIOYAaeTCH K BHIBOIAM 1.

ITakeTHbIe BHIKITIOUATENH U NiepekmodaTenu cepuii I1B u ITM BbI-
MMyCKalOTCSI OMHO-, MBYX- U TPEXMOJIOCHBIMM Ha HOMUHAJIBHEBIE TOKH
20—400 A MOCTOSHHOTO TOKa MpH Hanpsxenuu 220 B u 63 —250 A
TIepeMEHHOTO TokKa npd Hampstxkenuu 380 B. HaubGonwlmas gacrora
OTKJIIOUEHUI B yac — 300.

[TakeTHBIE IEPEKITIOYATE)IM UMEIOT Majible rabapuTHBIE pa3sMEpHL,
yIOOHBI B MOHTaXe; TIpY MepeKIIIOUeHUH MCKITIOYaeTCsl BEIOPOC ILa-
MeHU U ra3oB. KoHTakTHas cucTemMa MO3BOJNSIET YIIPABISATL OTHOBPE-
MEHHO OONBIIMM KOJMYECTBOM Hemneil. TakuMu mHepeKmodaTesissMU
paspelIaeTcs OTKIIOYaTh HOMHUHAIBHBIE TOKH.

TlakeTHBIe BHIKJIIOYATENMM He OOECTIEYMBAIOT BHIMMOTrO pa3phiBa
LEMH, TIO3TOMY B HEKOTOPHIX HEMAX YCTAHABJIUBAIOT PYOMIIBHUKM.

Py6unshuk npeOnasna4en 048 pyHHo20 6KAIOMEHUS U OMKAIOUeHUS Uenell
HOCMOAHHO20 U nepemeHH020 moKa HanpsyceHuem He ebiie 1 kB. [1o KOH-
CTPYKLIMH DA3IMYaOT OMHO~, JABYX- U TPEXITOJIOCHBIE PYOHIBHUKH.
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Puc. 4.15. PyOWIBHMK ¢ pBIYaXHBIM ITPUBOJIOM

Ha puc. 4.15 noka3aH pyOMJIbHUK C PEIYaXHBIM NpuBoxoM. ITox-
BHXKHBIN KOHTaKT-HOX J BpalllacTcsl B LTADHUPHOI CTOMKe 4, co3na-
Basl pa3pblB C HEMOABMXXHBIM KOHTAaKTOM 1. JlyroracHTeNbHasi KaMe-
pa 2 obecrneyuBaeT raueH|e ayri. HOXH Bcex MONIOCOB OOBEAMHEHE!
U3OJISIIIMOHHBIM BaJIMKOM, JBIDKCHHME KOTOPOMY IEPEHACTCS TSTOM J.
PykosiTKa MOHTUpPYETCSI Ha MepeaHell cTopoHe mKada, a KOHTaKTHas
4yacTh — BHYTpH IiiKada; TakuM 00pa3oM, Orepanu ¢ pyOmIibHUKOM
Ge3oImacHbl I nepcoHana. TakuM pyOMIIBHUKOM MOXHO OTKIIOYATh
HOMHWHAJIBHHIH TOK B ycraHoBKax 380 B u 50 % HOMHHAIBHOTO TOKA B
ycraHoBKax 500 B.

BaxHeiiiieit yacTbio pyOWIbHHKA SBISIIOTCS KOHTAKTHI. OOGBIYHO
MNPUMEHSIIOTCS JIMHEWHBIE KOHTAKTH pyOSINEro THUIIA, HAXXaThe B KO-
TOPHIX 00ECTICUMBAETCA CNCITHATEHBIMU CTATBHBIMHU IIPYXXUHAMU.

lamreHye QyTH IMOCTOSIHHOTO TOKa (M0 75 A) NMPOUCXOMMT 3a CUET
€¢ MEXaHW4YEeCKOTo pacTsiruBaHusA. I1pu GONBIIMX TOKAX TallicHUE IyTU
OCYIIIECTBIISETCS 32 CUET €€ MEPEMEIICHMS 3JICKTPOIUHAMMYECCKUMHU
CHJIAaMH B3aUMOJCICTBUS, IIPHYEM YEM KOpOUE HOX, TeM OOJbIIie CIITBI
B3aUMOJEHCTBUA MeXIy JYyTroi M AeTaNsMH pyOMIBbHUKA, YTO MOBBHI-
LIIaeT OTKIIOYAIOLIYIO CIIOCOOHOCTh PYOMIBHUKA.

TaiteHre AyTH NMepeMEHHOTO TOKA OCYIIIECTBIISIETCS 3a CYET OKOJIO-
KaTOOHOM 3JIeKTpUUeCcKoit mpoyHocTd (150 —250 B), nMmeronieit mec-
TO IIpH TIepexode ToKa yepe3 HyJb. JyIMHA HOXa B pyOMJIBHUKAX IIepe-
MEHHOTO TOKAa BBHIOMPACTCS 1TO0 MEXaHMUCCKUM YCIOBUSIM.

TIpuMeHeHNE AyroraCUTETHBIX KaMep 00eCIIeUMBaET TalliCHUE TyTH
NPH OTKIIIOYEHIH HOMUHAIBEHBIX TOKOB PYOWIBHUKAMHU JTOCTOSTHHOTO
ToKa 220 B u nepemeHHoro Toka 380 B. I'lpu Hanpsckernum 440 u 500 B
OTKJIIOYaeMble TOKU COCTaBIIOT 0,51, JyroracCuTeIbHBIE KaMEphl
[IpeAOTBPAILAIOT BEIOPOC HOHU3UPOBAHHBIX TA30B, ITIO3TOMY IEPEKPHI-
THI1 Ha KOPITYC WIM MEXAY TOKOBEIYIIIMMHU YaCTSIMHU HE TTPOUCXOOMT.
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PyOMIBHUKY U TepekiodaTeny 6e3 yCTpoHCTB AJIS TallleHUs TYTH
BBINTycKaroTCA Ha TOKH 10 5000 A 4 He MpemHa3sHAYEHHI IS OTKIIIOYE-
HHUA TOKa Harpy3Kku.

Buibop pybunvrurxoe npouzeodumes no:

HanpSXeHUI0 YCTAaHOBKM Uyoy > User ioms

TOKY HAarpy3KU Lyou 2 Lyopupacss Knrliom 2 Inpon.pacs

KOHCTPYKTHBHOMY BBHITTOJTHEHUIO;

3JIEKTPOAMHAMUYECKON CTOUKOCTH ipp ¢ 2 lyy;

TepMHYECKOH CTORKOCTH 12t 2 B .

HoMuHaneHeIit TOK I, MpedcIbHBIA CKBO3SHOW TOK iip ., TOK H
BPEMS TEPMUYECKON CTORKOCTH L, frep, IPUBOMATCS B KATaJIOTaxX M CIIpa-
BOYHUKaX. OnpeneneHue Loy pacy ¥ Jnpox pacy PACCMOTPEHO B 1iopas. 4.1,
K03 UITHEHT TTeperpy3Ku k. — B moapasn. 2.1.2 u 2.2.5.

4.4.2. Ilpenoxpanuresm

Ilpedoxpanumens — 3mo KOMMYMAYUOHHBLI IneKmpudeckuli annapam,
npeoHazHa1eHHbll 015 OMKAIOYEHUN 3AUUILAEeMOU enu Das3pyuieHuem cne-
YUanbHO npedyCMOmpeHHbIX 045 3Mo2o mokogedyuux yacmeii noo delicmeauem
moKa, npesbillarouezo onpedeneHHoe 3Ha4eHue.

B GoapIIMHCTBE MPeIoXpaHUTeNIell OTKIIOYEHHE LU TPOUCXOIUT
3a CYET pacIUIaBjicHMs IUIaBKOI BCTABKM, KOTOpasi HarpeBaeTcs Ipo-
TeKaIIIUM Yepe3 Hee TOKOM 3alluiaeMoii tieru. ITocie oTkIoueHus
e HeoOXOMUMO 3aMEHUTH IIEPETOPEBIIYI0O BCTABKY Ha UCIIPABHYIO.
DTa onepalllsl IPOU3BOIUTCS BPYYHYIO MM aBTOMATHYECKH 3aMeHOM
BCETO MpeIOXpaHUTEs.

OCHOBHBIMHM 3JEMEHTAMHU TPEIOXpaHUTENS SIBISIOTCA: KOpIIyC,
IUTaBKasg BCTaBKa (IUIaBKUi 3JIEMEHT), KOHTAKTHAsS YacTh, AYyTrOracu-
TeABHOE YCTPOMCTBO M MYroracUTEIbHAS Cpela.

IIpemoxpaHUTeNH M3TOTOBIAIOTCA HA HAMNPSKEHHE TepEMeHHOTO
toka 36, 220, 380, 660 B u nmocrosiHHoro Toxa 24, 110, 220, 440 B.

IIpemoxpaHUTETH XapaKTepU3YIOTCI HOMHUHAJIBHBIM TOKOM
NJIaBKOH BCTaBKH, T.c. TOKOM, HAa KOTOPHI1 pacCUMTaHa IUIaBKAas
BCTaBKa JUISl JJIUTEIbHON paboThl. B oMMH U TOT e KOPITyC Mpenoxpa-
HUTENS MOTYT OBITH BCTaBJICHBI TUIABKHE JIEMEHTHI Ha Pa3NMyYHEBIE HO-
MUHaNbHBIE TOKH, [IO3TOMY CaM IIPEIOXpaHUTEIh XapaKTepu3yeTcs H o-
MUHAJBHBIM TOKOM NpeaoxXpaHUTensa (OCHOBAHUSA), KOTO-
pHIil paBeH HauOONbIIEMY U3 HOMUHANBHBIX TOKOB IUIaBKMX BCTaBOK,
MpeIHA3HAYCHHBIX 151 JAHHOU KOHCTPYKUMH TpeIOXpaHuTe .

Ilpenoxpanutenu 10 1 KB U3roToBNAIOTCS Ha HOMHHANBHBIE TOKU
o 1000 A.

B HOpMaJIBHOM DEXMMeE TEILIOTa, BbIAEIsieMasi TOKOM Harpysku B
TUIAaBKOM BCTaBKe, MepelaeTcsl B OKPYXKAIOIIYIO Cpely U TeMIIepaTypa
BCeEX yacTeil MpeAoXpaHUTelIs He IpeBhIIIAeT JomycTumMyio. Ilpu nepe-
rpy3kax uiau K3 TeMmeparypa BCTaBKH YBEJIMYMBACTCSI M OHA PaCIIIaB-
ssgercs. YeM Gonpllie MPOTEeKAONIUI TOK, TeM MEHBIIIEC BpeMsI IUIaBJIe-
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HUS. DTa 3aBUCUMOCTD Ha3bIBAETCSI 3AIUTHON (BPEMSATOKOBO )
XapakKTepUuCTHUKO i IpelOXpaHUTENS.

TpenoxpaHuTenu He JOJKHBL OTKIIIOYATh SJIEKTPUYECKYIO LIEIb ITPU
MPOTEKAHUU YCJIOBHOTO TOKA HETMJAaBJACHMU S U JOMKHBI OTKIIO-
4YaTh LeNb IPY MPOTEKAHNHU YCIOBHOTO TOKA TJIaBJIEeHUS B Tevye-
HHE OIpPEICIEHHOTO BPEMEHH, 3aBUCSINETO OT HOMHHAJIBHOTO TOKA
(TOCT 17242—79E). HanpuMep, IIpd HOMHUHAIBHBIX ToKax 10—25 A
TjIaBKas BCTaBKa He JTOJXKHA PACIUIABIIATRECS B TeYeHHE 1 U TIPH TOKaX
130% HOMWHAJIBLHOTO W IOJIXKHA PACIUIABIATHECS B TEUYEHHE TOTO XKe
BpeMeHU TIpH ToKax 175 % HOMHUHAIBHOTO.

YToOB YMEHBINUTH BpeMs CpabaTHIBAHUS TPEIOXPAHUTENS, IPH-
MEHSIOTCS [UIaBKHME BCTABKM M3 pPa3HOro MaTrepHana, CHelHaNbHON
(hopMBI, a TaKKe UCTIIONb3YETCSI METAJUTYPIUICCKUI 3¢ deKT.

Haunb6onee pacnpocTpaHCHHBIMH MaTepHajlaMU TUIABKHUX BCTABOK
SIBNIAIOTCA Me€Ib, IIMHK, aJIIOMUHHUIN, CBUHEIl U cepebpo.

IIpu GonbIMX HOMUHAIBHBIX TOKAaX TUIABKAsl BCTABKA BHITIOTHSETCS
M3 MapayJICIbHBIX TIPOBOJIOK WM TOHKUX MEIHBIX MOJIOC.

st yCKOPEHUSI TIIaBeHUsI BCTABOK U3 MEOU U cepebGpa UCTIONb3y-
€TCSL METALTypruvyeckuii a¢dpdekT — sIBIeHUE paCTBOPEHUS TYTOILIAB-
KHX METaJUTOB B PACIUIABIIEHHBIX, MEHee TYTOIIaBKuX. Ecnu, Hampu-
Mep, Ha MEIHYIO ITPOBOIOYKY AuaMeTpoM 0,25 MM HamaaTk IHapUK U3
OJIOBSIHHO-CBMHIIOBOTO CIUIaBa C TEMIEparypoil rutasieHua 182 °C,
TO MPH TeMIepaTtype MpoBojoku 650 °C oHa pacIIaBUTCS B TEUYEHHE
4 muH, a ipu 350 °C — B Teuenue 40 muH. Ta Xxe 1mpoBojoKa 6e3
PacTBOPUTEJIS IUIABUTCS TIpH TeMItepatype He MeHee 1000 °C. O6p1yHO
IUISI CO3MAaHUS METAJUTYPruyecKoro a¢dgekra Ha MEMHBIX U CEPEOPSIHBIX
BCTaBKaX MPHUMEHSIOT YUCTOE OJI0BO, o0nanatoiee 6ojee CTaOHUIIbHBI-
MH CBOIiCTBaMHU. B HOpMaJILHOM peXHuMe paboThI IHAPUK HPAKTHYECKH
HE BJIUSET Ha TEMIIepaTypy BCTaBKH.

YcKopeHue MIaBMEHUA BCTABKU HOCTUTACTCH TAKXKe NPUMEHE-
HHUEM IJIaBKOM BCTaBKHU crieuuanbHoit popMel. TTpu Tokax K3 y3kue
YJaCTKH HAarpeBalOTCS HACTOJBKO OBICTPO, YTO OTBOJ TETUIOTHI IMO-
YTH He NPOMCXOAuT. BcTaBka neperopaetr OAHOBPEMEHHO B HECKOJTb--

g ————— e —
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Puc. 4.16. ToxoorpaHnuuBaolinii 3¢hGheKT IUIABKUX NpeaoXpaHUTeel:
a — IIpH TMMOCTOAHHOM TOKE, 6 — TIpH IICPEMEHHOM TOKE
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KHX CYXEHHBIX MeCTax, Impexe 4eM ToK K3 JOCTUTHET CBOETO yCTa-
HOBHBIIETOCS 3HAYEHHS B LIEMTH TTOCTOSSHHOTO TOKA WJIU YIApHOTO
TOKa B LIETTH TTIepeMeHHOoro Toka (puc. 4.16). Tok K3 npu aT0M orpa-
HUYMBACTCS 0 3HAUYEHHUS iy (B 2— 5 pa3). Takoe sABIE€HUE Ha3bBa-
€TCS TOKOOTPAaHHYMBAIOIIMM JeHCTBHEM IIPEIOXPAHUTENSA. DACKT-
POIVMHAMMYECKHE CWIBl B LIETIH, 3all[UIEHHON TAKUM TIPEOXPaHM-
TEJIEM, HACTOJIbKO YMEHBIIIAIOTCS, YTO B HEKOTOPBIX CIyJyasX TOKO-
BeIVIIHE YacTH M ammapaThl HE TPeOYIOT IIPOBEPKH 110 3MEKTPOIH-
HaMuuecKoi croiikoctH [1.12].

Tamenue sMeKTpHYeCKOi OyTH, BOSHUKAIOIIEH ITOCTIE TTIEperopaHus
IDTABKOM BCTABKH, IOJDKHO OCYIIECTBISITECS B BO3MOXXHO KOPOTKOE BPEMS.
Bpems ramieHmnst Iyru 3aBUCHT OT KOHCTPYKIIMH TIPEIOXPAHUTEIIS.

HanGonburnii TOK, KOTOPHIN MJIaBKUM ITPEIOXPAHUTEIb MOXET OT-
KJIIOYHUTE 6e3 KaKUX-JTH00 MOBpeXICHUN WK JepopMalinii, Ha3bIBa-
€TCS MpPEeOEJBbHBM TOKOM OTKIIOYEHHUS.

IIpenoxpaHUTEMH TIOMYYMIH INMPOKOE TPHMEHEHHWE B IIPOMBILI-
JIECHHBIX 3JIEKTPOYCTAHOBKAX, Ha 3JICKTPOCTAHIIMAX, IONCTAHIIMSIX,
B OBITY H MMEIOT PasjIMYHYI0 KOHCTPYKIHIO. PacCMOTpHM KOHCTpYK-
LIMIO TIpeICXpaHHUTENCH, TTOTYIUBIINX HAaNOOIee IMHPOKOE NPUMEHE-
HHE B 2JIEKTPUYECKHUX YCTAHOBKaX.

IIpenoxpaHuTenu HaceinmHBe Tuna I[IH-2 (puc. 4.17)
IIMPOKO MPUMEHSIOTCS JUIS 3allINTH CHIOBBIX 11ereit mo 500 B mepe-
MeHHOTO U 440 B ITOCTOSTHHOrO TOKa M BBHIIOJHSIOTCS HA HOMUHAJIb-
Hble Tokd 100—600 A.

®apdopopast, KBampaTHasi CHAPYXH W Kpyrias BHYTpPH, TpyOoKa
HMEET YEThIpe Pe3bOOBHIX OTBEPCTHUA ISl BUHTOB, C TIOMOUIBIO KOTO-
PBHIX KpBILIKA 4 KPEIUTCS C YIUIOTHSIOIIEH mpokiagkoit 5. Ilnaskas
BCTaBKa 2 IIpUBapeHa 3JICKTPOKOHTAKTHOM TOYEYHOU CBapKOM K LIaii-
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Puc. 4.17. lpenoxpanutens Tuna [TH-2:

1 — dapdoponas TpyGKa; 2 — 1uiaBkasi BCTaBKa; 3 — KOHTAKTHBII HOX; 4 — KPBHIILKA;
5 — ynnoTHsOAS TPOKIaaKa, 6 — KBapleBblif NecoK; 7 — Mpope3b; §& — LIapuKu
0JIOBa
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6aM BpPYOHBIX KOHTAaKTHEIX Hoxeifl 3. KphIuku ¢ ac6ecTOBEIMU TIpO-
KJIQJIKaMH TepMETUUYECKM 3aKpPhIBAIOT TpyOKy. TpyOKa 3amoiHeHa Cy-
XUM KBapleBBIM TleckoM 6. IlnaBkasi BcTaBKa BEHITIONHEHA M3 OXHOM
WX HECKOJIBKMX MEITHBIX JICHTOUEK TONMUHOM 0,15—0,35 MM 1 1m-
puHo#H 10 4 MM. Ha BcTaBKe clieslaHBl Opope3u 7, YMEHBIAIOIIHUE Ce-~
YeHHe BCTABKH B 2 pasa. JIjisi CHYDKEHMSI TeMIIepaTyphl TUIABICHUS BCTaB-
KW MCITONB3YeTCS MeTauypruueckuii 3¢ddekr — Ha TOJOCKH Meau
HarasiHhI IapyKy onosa 8. TeMnepaTypa IUTaBJIeHUsI B 3TOM CiTydyae He
npessbiiiaer 475 °C. Jlyra BOSHMKAeT B HECKOJNBKUX MapaylIeIbHBIX Ka-
Hanax (B COOTBETCTBHUM C YHUCJIOM BCTABOK); 3TC 00€CIIEUYHMBAECT HaH~
MEHBUIEE KOJTUYECTBO MTAPOB METAJUIA B KAaHAJIE MeXIY 3¢ pHAMH KBap-
11a ¥ HAWJIYYIUME YCJIOBUS TauleHUs Oyrd B Y3ko# 1enu. HaceimHbie
MIpeIOXPAHUTEN 001aIal0T TOKOOTPAHUYUBAIOIIUM CBOMCTBOM.

J1s1 yYMEHBIICHWST BOSHUKAIOIINX NEpEHANPSDKEHUIA TUIaBKast BCTABKA
UMeeT TI0 JUIMHE TIpOpEe3H, MPUYEM MX KOJIMYECTBO 3aBHCUT OT HOMU-
HaJIBHOTO HAMPSDKeHUS MpemoxpaHuTtens (43 pacuera 100— 150 B Ha
Y4aCTOK MEXIY TIpope3siMH). Tak KakK BCTaBKa CrOpPaeT B Y3KUX MECTax,
TO JJIMHHASI JyTa OKA3BIBACTCS pPa3leNiecHHON Ha psi KOPOTKWX YT,
CYMMapHOe HaIpsKCHWE Ha KOTODBIX He IPEBBHILIACT CYMMBI KaTOX-
HBIX U aHOTHBIX MaicHUIT HanpsokeHus (cM. rioapasn. 4.3). HanmomHure-
neM B Tpenoxpanuteiax ITH gpiseTcs YUCTHEI KBaplieBHIA IECOK
(99% Si0,). BMmecto xBapiia MoxeT 6biTh IpuMeHeH Men (CaCOs),
HMHOTa €T0 CMEUIMBAIOT ¢ aC6ECTOBBIM BOJIOKHOM. IIpu rameHuu ayru
MeJI pa3jiaraeTcs ¢ BBUIEJIEHHUEM yriekucioro raza CO, u CaO — Ty-
TOTUIABKOTO MaTepuaia. PeakiiMsi IPOUCXOIUT ¢ TIONIOIIEHUEM SHEP-
TMH, YTO CIIOCOOCTBYET rauieHmIo Ayru. MHorma NpuMeHSIOT I 3a-
ceimiku runc (CaSO,) u GOpHYI0 KUCIOTY.

B HACBHITHBIX ITPETOXPAHUTENSX BMECTO ¢apdopOoBBIX TPYOOK MOTYT
TIPUMEHSTECA TPYOKH M3 CTEKIOTKAHM, TIPONHUTAHHOM TETUIOCTONKU-
MM JIaKaMH, M3 CT€ATUTa WJIHM JIUTHIE U3 TUTACTMAcCC WIU H30JISLIMOH-
HBIX CMOJI.

IIpenoxpauutenn HITH nogo6uel ITH, HO MMEOT Hepa3OGOpHBIi
MaTpOH 0e3 KOHTAKTHHIX HOXEM M pacCYMTHIBAIOTCA Ha TOKH 10 60 A.
IIpenenbHBIHM OTKITIOUaEMBI TOK B mpenoxpanutessix ITH-2 nocturaer
50 xA.

IIpenoxpauutenu cepuu [1I1-31 c amrOMUHUEBEIMH BCTaB-
KaM{ Ha HOMHMHaJIbHBEIE TOKH 63— 1000 A (mpemesbHBINH TOK OTKIIIO-
yeHus 10 100 kA mipu Hanpsxenuu 660 B) paspaGoTaHb! B3aMeH TIpe-
noxpaHutenei cepunt ITH-2.

IIpenoxpanurenu cepuu [II1-17 U3roToBNIAIOTCS HA TOKH
500— 1000 A, HanpstxeHUe nepeMeHHOro Toka 380 B u nmocrosiHHOTO
Toka 220 B. IIpenenbHast OTKIIOYAIONIAS CITOCOOHOCTh UX COCTABJISAET
100— 120 xA. IIpenoxpaHUTENE COCTOUT U3 TLUIABKOTO 3JIEMEHTA, IO-
MEIIEHHOro B KEpaMHUUYECKHI1 KOPITyC, 3aITOIHEHHBIM KBapIIEBLIM TIEC-
KOM, yKa3aTeJs cpabaThiBaHMS U CBOOOIHOTO KOHTaKTa. I1pHu pacriias-
JIEHUH TUIaBKOrO 3JIEMEHTA TIPEIOXPAaHUTENS ITeperopaeT TUIABKMiA 3J1e-
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MEHT yKasaTtensl cpabaTeiBaHMsI, OCBOOOXIAsI B3BECACHHBIIM Mpu cOop-
Ke ykasarensi 60eK, KOTOPHIH NepeKITIoYaeT CBOOOAHLIN KOHTaKT. [Toc-
JIETHMI 3aMBIKAET HeMb CUTHATM3AIMHN MOJIOXKEHUS IIPEIOXPaHUTENIS.

BricTpomeiicTBYyOIIHE NMPEAOXPAHUTEIHM IS 331U~
TH MOJYNPOBOIHHUKOBHX mpubopos III1-41, III1-57,
TII1-59, TII1-71 BHIMOMHAIOTCS C TIJIABKUMH BCTaBKAMHU U3 CepeOpsIHOIi
GoNErY B 3aKPHITEIX MATPOHAX ¢ 3aCHINMKOM KBaplieBEIM NMecKoM. OHu
pacCUYMTaHBl Ha YCTAHOBKY B IIETISIX MEPEMEHHOTO TOKA HAIPSKEHUEM
380— 1250 B u mocTosiHHOTO TOKAa 230— 1050 B; HOMUHAJNBHBIE TOKU
100—2000 A, nmpenensHBIE TOKM OTKMoueHusA 1o 200 KA. BTH npeao-
XpaHUTEIN 00JIANAIOT 3aMETHBIM TOKOOTPAHUYMBAIOIIUM JICHCTBHEM.

Buibop npedoxpanumeneii npou3gooumcs:

1o HanpsikeHU1o Uy, = Uerys

TOKY IIPEAOXPaHUTCIIs (OCHOB%HHH) IHOM2 IHOpM.paC'-l; kanHOM2 HOPM.pacy s

HOMHWHAJIBHOMY TOKY TUIABKOI1 BCTaBKH.

HoMUHAaNbHEIH TOK IUIABKOM BCTABKM BBIOMPAETCS TakK, YTOOBI B
HOPMAJTBHOM PEXHUME M IPU JOITYCTUMBIX TIEPETPY3Kax OTKIIOUCHHS
He MPOMCXOAWIO, a NIPH JUIUTENBHBIX Neperpyskax U K3 mempb oTKIo-
Yyajach BO3MOXHO ObIcTpee. I1pu 3TOM cOOMONAIOTCs YCIOBUS U30Hpa-
TEeJIBHOCTH 3aILUTHI.

HoMuHanbHBIH TOK TIPeNOXpaHUTENISA COMIACYETCS ¢ BHIOPAHHBIM
HOMMHAJTBHBEIM TOKOM ITJIABKOM BCTaBKH.

IIpenoxpaHurenay, BHIOPAHHBIE MO HOPMAIBHOMY pPeXUMY, MPOBE-
PSIIOTCS TI0 NMPENeNTbHO OTKIII0YAeMOMY TOKY: Iynen wom 2 Jno-

IIpenoxpaHuTe I TAaKXKe MPOBEPSIOTCS HA COOTBETCTBUE BPEMS-TO-
KOBBHIX XapaKTepPHCTHK TOKOOTPaHUYECHHUS 3aJaHHBIM YCJIOBHSIM 3alllH-
HIaeMOM LETU.

4.4.3. AsToMaTHIeCKHe BBIKJIIOUATEIH

Asmomamuueckuii svikaiouamens (asmomam) — 3Mo KOMMYMAYUOH-
Hblil Inexmpudeckuil annapam, nPeoHAa3HA4eHKbIl 043 nposedenus moka
Yenu 8 HOPMAAbHBIX PENCUMAX U 0415 ABMOMAMUHMECKO20 OMKAIOMEHUS INeK -
mpoycmaHno8ox npu nepeepyskax u mokax K3, upeamepHbix NOHUMCeHUSX
HanpsasiceHus u Opyeux aeapuiinvix pexcumax. Bozmoxcrno ucnonszoeanue
asmomamos oas newacmwix (6— 30 pa3 e cymku) onepamuseHbix eKaoUe-
Hutl u omkAw4eHul yenet.

ABTOMaTWUYECKHE BHIKTIOUATEIN M3TOTOBJISIIOT IS IIETIei TIepeMeH-
HOTO U IMOCTOSIHHOTO TOKA OJHO-, IBYX-, TPEX- M YETBIPEXIIOMIOCHBIMH.

ABTOMATUYECKHME BLIKITIOYATENTM UMEIOT pelie MpPsIMOTO JeiCTRYS,
Ha3BIBAEMBbIE PACIHEMUTENAMH, KOTOPBIE 00SCITEYHBAIOT OTKIIO-
YyeHue Mpu neperpyskax, K3, cHiskeHun HanpsckeHus. OTKIIoYeHre
MOXeT MPOUCXOAUTh 0e3 BBLICPXXKHM BpeMEHH WIH C BEIIEPXKKON. I1o
COOCTBEHHOMY BpPEMEHHW OTKIIOUEHMS [, , (TIPOMEXYTOK OT MOMEHTa,
KOIa KOHTPOJMPYEMBIH TTapaMeTp MPEB30IEN YCTAHORIECHHOE I HETO
3HAaYeHME, 1O MOMEHTa Havyala pacXOXICHHUs KOHTAKTOB) Pa3anyaloT
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HOpPMAaJIbHBIE BRIKIIIOUATe U (1, o= 0,02 — 1 ¢), BRIKITIOUATENH C BHIAEPX-
KOl BpeMeHHU (CENICKTUBHEIE) U OBICTPONCHCTBYIONINE BHEIKJIIOYATEIN
(%< 0,005 c).

HopManbHBIe M CeIEKTUBHBIE aBTOMaTUYECKUE BBIKIIIOYATENIU TO-
KOOTPaHMYMBAIONTUM JeHCTBHEM HE 00GMaNaloT. BEICTpoaeiicTByONIIE
BBIKJIIOYATEIIH, TaK Xe KaK IpeloXpaHUTeIN, 00analoT TOKOOrpaHu-
YUBAOIUM JeiicTBUEM (CM. pHC. 4.16), TaKk KaK OTKIIIOYAIOT LEMb JI0
TOrO, KaK TOK B HEH NOCTUTHET 3HAYECHUS iy,

CeJIeKTHBHEBIE aBTOMATHYECCKHE BBLIKITIOUATENM TMO3BOJISIOT OCYIIie-
CTBHUTH CEJIEKTUBHYIO 3aIUTY CETEH ITyTeM YCTAaHOBKM aBTOMAaTHYeC-
KHX BBIKJTIOUATENIeH ¢ pa3HBIMH BBIIEPXKAMH BPEMEHH: HAUMEHBICH
y TIOTPEOUTENS U CTYIIEHYATO BO3pACTalolICii K UCTOYHUKY TIMTaHUA.

ABTOMAaTHYECKUE BBIKJIIOYATEIM U3TOTOBISIOT C PYYHBIM M JABUTA-
TENBHLIM TIPUBOIOM, B CTALIHOHAPHOM WJIH BBIIBIDKHOM HCITONHEHUH.

BreIKITIo4aTeNlb pacCYMTaH Ha KOMMYTALIMIO MPEIeNbHO OTKIIOYa-
eMBIX U BKJIIOYaeMbIX TOKOB B 1iukiIe onepaiuii O —IT—BO—I1—BO
[IpY HOMUHAJIBHOM HanpspkeHHH. 3aeck O — oTkmodenue, [T — maysa
(<180 ¢), BO — BKJnoueHHe, OTKIIOUCHUE.

OCHOBHBIE 3JIEMEHTBI ABTOMATHMYECKOTO BHIKIIIOYATENISI U WX B3a-
WMOIEHUCTBUE PACCMOTPUM IO IPUHUUIHUANIBHON cxeMe (puc. 4.18).

KoHTakTHAas CHCTeMa BBIKIOYaTeIe Ha GONBIINE TOKU —
JIBYXCTyIeHYaTass, COCTOUT M3 IJIaBHBIX /1, 5 M IyroracUTeIbHEIX KOH-
TakTOB 7. [JTaBHBIE KOHTAKTH TOJKHBI UMETh MAJIOE MEPEXOIHOE CO-
TIPOTUBJACHNE, TaK KaK IO HHUM NPOXOTUT OCHOBHOM TOK. OOBIYHO
3TO MAaCCHUBHBIE MEIHBLIE KOHTAKTHI C cepeOpsHBIMM HaKJIagKaMH Ha
HETOABIXXHEIX KOHTAKTaX M METAJUIOKEpAMMYECKUMH HaKJIaaKaMH Ha
TIOMBIDKHBIX KOHTaKTaX. JlyroracuTeIbHbi¢ KOHTAKTH 3aMBIKAIOT M pa3-
MBIKAIOT Heb, MO3TOMY OHM JOJIXKHBI OBITh YCTOMYMBEL K BOSHUKAIO-
e ayTre, MOBEPXHOCTh STHX KOHTAKTOB METAIOKEpaMHUUYECKasl.

ITpu HOMMHANBHBIX ToKaX 630 A KOHTaKTHas CHCTEMA OTHOCTYIICH-
qaTasi, T.€. KOHTAKTHI BHIMOTHAIOT POJIb TJIABHBIX U yTOTaCUTEIbHBIX.

Ha puc. 4.18 BeIKITIOUATEIIL MTOKA3aH B IIpoliecce OTKIMoUYeHnd. Yto-
OBl ero BKIOYUTD, BPallAlOT PYKOATKY 2 WIH MOJAIOT HAMPSDKEHUE Ha
9NeXKTpOMATrHUTHB U npusox / (Y4). BosHukariee ycunme
MepeMeIaeT peldary 3 BIPaBO, MPU TOM ITOBOPAUYMBAETCSI HECyIas
Ietanb 13, 3aMBIKAIOTCSl CHaYana AyTOTaCUTEIbHBIE KOHTAKTHl 7 U CO-
3MaeTcs LETb TOKA Yepe3 9TH KOHTAKTH U THOKYIO CBSI3b 12, a 3aTeM
mIaBHBIE KOHTAKTHI 3, 11. ITocie 3aBepieHUs Onepalyy BHIKJIIOYATE b
YIepKUBAETCS BO BKIIIOYEHHOM IIOJIOXEHHMH 3allleikoi /4 ¢ 3ybiaMu
15 v mpyxwunoit 16.

OTKIOYaIOT BHIKJIIOYATENE PYKOSTKOM 2, IpMBOAOM ] MM aBTOMA-
TUYECKH MPH CpaAGaTHIBAHMM paclICITUTENCH.

MaxkcuMaldbHBH pacuenuTeab I7cpabaThiBaeT IIPH MPO-
TeKaHMU 1o ero oomotke YAT toka K3. Co3nmaetrcst ycunue, nNpeono-
JieBaroliee HaTsoKeHne P npyXuHbl 16, perdaru 3 mepexoisT BBEpX 3a
MEPTBYIO TOYKY, B pe3ylbTaTe Yero aBTOMATHYECKHUI BBIKITIOYATEND
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Puc. 4.18. IIpyuHIMNIUATbHAs CXeMa aBTOMATUYECKOTO BHIKIIIOUATE !

1 — 2J1eKTpOMATHUTHBIA MPUBOA; 2 — PYKOATKA PYYHOTO BKIIOYEHMs; 3 ~— pbivyard
MeXaHU3Ma CBOOOAHOTO pacuelUieHust; 4 — OTKAYAIINas NpyXuHa; 5 — raaBHBIA
MONBUXHOM KOHTAKT; 6 — NpPYXHHa; 7 — OyroracCHTENbHbIE KOHTAKTH; 8§ — nyroracu-
TenbHas Kamepa; 9 — 3JIEKTpOAMHAMUYECKHH KOMIIEHCAaTOp B BUAE WIMHOK; 10 —
npyxuHa; // — raapHble HeMOJABHXHBIE KOHTAKTHI, /2 — rubkas cBs3b; 13 — Hecy-
mas netanb; /4 — yaepxuBalowas 3aiuesaka ¢ syouamum 15 u npyxuuon 16; 17 —
MaKCUMaNbHBIH pacLenurenb; /8 — MUHMMAJIbHBIA paclUenUTe b

OTKJTIOYaeTCS MO AEHCTBHEM OTKIIOUAKOIEH TIpYKUHBI 4. DTOT Xe pac-
HEeNUTENb BBEIMOMHSIET (PYHKIUMUY HE3aBUCHUMOTO pacUeINuTe-
7 1. Eciiu Ha HoKHIO0 0OMOTKY YA T2 riofath HATIpsSCKeHHE KHOTIKOE SB,
OH cpalaThIBaeT U OCYIECTR/ISIECT AUCTAHIIMOHHOE OTKIIIOUEHUE,

Ilpu CHUXEHUM WIHM HCYE3HOBCHWH HampsKeHUs cpabaThiBaer
MUHUMAJBHBIH pacUHeNnuTeJb I8U TaKKE OTKIIIOYAETCSI aBTO-
MATHUYECKUM BHIKITIOUATED.

IIpy OTKIMIOUEHWH CHAYaNia pa3MBIKAKOTCA TJIABHBIE KOHTAKTHI, U
BECh TOK TIEPEXOAUT HA AYTOraCUTEIbHBIC KOHTAKTHI. Ha IJIaBHBIX KOH-
TaKTax Iyra He o0pa3syeTcs.

210



JyroracurenbHbIe KOHTAKTH 7 pa3MBIKalOTCS, KOrla IVIaBHBIE Ha-
XOISITCST HA JOCTAaTOYHOM PAacCTOSTHUM. MexXmy JyroraCUTeJIEHEIMHA KOH~
TaKTaMHU 00pa3yeTcs AyTa, KOTopasi BEIYBAETCd BBEpX B yrorac u-
TeJbHYI0O KaMepy &, rie H racurcs.

JyroracurenbHble KaMEpHI BHIMOMHIIOTCS CO CTANBLHBIMHU IUTACTH-
HaMHu (3 dexT neaeHus IIHHHON AYTH Ha KOPOTKUE) U TaOUPHHTHO-
uieeBBIMH (3(hdeKT raleHus AyTH B Y3KOi1 1IEIH). BTarusanue qyru
B KaMepy OCYNIECTBISCTCS MarHUTHBIM AyTheM. Matepuan kaMephl
JIOJDKCH 00/1aIaTh BBICOKOM JIyTOCTOMKOCTEIO.

IIpu mporekannu Toka K3 yepe3 BKIIIOYEHHHI aBTOMaTHYECKHUIl
BBIKJIIOYATENb MEXAY KOHTAKTaMHU BO3HHUKAIOT 3HAYMTCNbHEIE 3JIEK-
TPONMHAMUWYECKHE CUMIbI, MPEBHIIHAIOIINAE CHIBI KOHTAKTHLIX TMPYKMH
6 1 10, KOTOpBIE MOTYT OTOPBaTh ONMH KOHTAKT OT JIPYroro, a oopaso-
BaBIIASCS Ayra MOXET CBapUTh UX. UTOOBI M36eKaTh CAMONPOU3BOJTb-
HOTO OTKJIIOUEHMS, MPUMEHSIOT JIEKTPOIMHAMHYECKHE KOMIIEHCATO-
PH B BHJE INMHOK 9, H3OTHYTHIX MeTieil. Toku B IMHKAX 9 UMEIOT
pa3HOE HalpaBlCHHUE, YTO CO3MACT NMEKTPOIHHAMUYECKYIO CHITY, YBE-
JIMYMBAOINYIO HAXaTHE B KOHTAKTaX.

Prrgary 3 BRINOMHSIOT pOJIb MEXaHHU3Ma CBOOOJAHOTO pac-
HeTJeHH, KOTOphIii 00eceynBaeT OTKITIOYEHHe aBTOMATHYECKOTO
BBIKJIIOYATENS B JIIO00M MOMEHT BpeMEHH, B TOM YKCJIE TIPH HeoOXOmu-
MOCTH U B Mpoirlecce BKIOYeHM. Eciau BHIKITIOYATEh BKIIOYAETCS Ha
cymecTByoiliee K3, To MakcuManbHHI paciienuTentd 7 cpaGaThIBaeT U
MepeBOAMT PHIYArd 3 BBEPX 3a MEPTBYIO TOUKY, HapyIasi CBsI3b IPHUBO-
na I (W1 2) ¢ MonBIDKHOM CHCTEMOI aBTOMAaTUYECKOTO BBHIKIIIOUATENIS,
KOTOPBIM OTKJIIOYAETCA MPYXUHOUN 4, HECMOTpS Ha TO, YTO NMPHBOJOM
OyzeT rmepenaBaThcs YCUIME Ha BKIIOUEHME. B peanbHBIX aBTOMAaTHYEC-
K¥IX BRIK/TIOYATEIISIX MEXaHU3M CBO-
OOMHOTO pacUeIUICHUSI uMeeT 00~
Jiee CIOXHOE yCTpOMCTRBO.

JamuTHAsg XapakKTepH-
CTHKa aBTOMAaTHYECKOI'O BHIK-
Jroyaresisi IpuBeacHa Ha puc. 4.19.
MaxkcuManbHBIE paclenUuTeNu
3JIEKTPOMAarHUTHOTO THIA UMEIOT
00paTHO3aBUCUMYIO OT TOKA BHI-
JIep>KKy BPEMEHM TIpH TEperpys-
Kax (yJ4acTok ab) ¥ HE3aBUCHMYIO
BBIIEPXXKY BpeMeHHM TpH ToKax K3
(cd). YcTaBKa 1o TOKY peryiaupy-
€TCsI B 30HE MEPErpy3Ky U B 30HE 4—16 1
K3 (orceuxa). Bpems cpaGaresa-  0,25—0,7 ¢4 |
HHS peTyNuApyeTcs npy 1, IpH 0,8-1,25 3—10 I/ Lon
(3—10)1,,,, v ipu Toke K3. B aB-

TOMAaTHYECKHUX BBIKIIIOYATENAX C  Puc. 4.19. 3ainuTHast XapaKTepHCTHKA
3JIEKTPOMATHUTHBEIMHU pacIieIiTe - ABTOMATHYECKOTO BBIKIIIOYATEISA

t,c
200 E“"i a
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JIIMH BBIJIEPXKA BDEMEHU B HE3a-
BUCUMOM OT TOKa YaCTH XapaKTe-
PUCTUKM JOCTUTACTCA 3a CUYET Ya-
COBOTO QHKEPHOTO MEXaHM3Ma, B
3aBUCHUMOU — OT CHIBI HPUTSIKE-
HUA AKOPS JIEKTPOMAarHuTa K cep-

i

JCYHUKY.
Puc. 4.20. Cpr](TypHaH cXeMa 1ony- ABTOMaTH4YECKHE BEIKJIIOYATE~
TIPOBOJHUKOBOTO PacCLIEITUTENS M ¢ OUMETAUIMYECKUMU pacue-

MUTENIIMH 00eCIIeYUBaOT 00par-

HO3aBHCHMYIO XapaKTepHUCTHUKY
I1pY nieperpyskax. Jiug 3amumts! oT K3 B TaKux BHIKJTIOUATEISAX UCIIONb-
3YIOTCS 3JIEKTPOMATHUTHBIE PACILIETUTEIN MTHOBEHHOTO JeiCTBUS.

B coBpeMeHHBIX BBIKJIIOYATENAX IPUMEHSIOT MONTYIIPOBOIHUKOBEIE
PAacLENIUTEIH, KOTOPbIe 00ecrieynBaloT 60Jiee BEICOKYIO TOYHOCTD Cpa-
0aTeIBaHUA 110 TOKY ¥ BpeMeHH. CTpYKTYpHas cXeMa TaKoro paciiell-
JIeHHus moKaszaHa Ha puc. 4.20. biok 7 u3MepsieT TOK 3aluuinaeMoi
cetd. B ceTn mepeMeHHOro TOoKa B KayecTBe OJOKOB I MPHUMEHSIOT
TpaHc(OpPMATOPH TOKAa, a B CETH MOCTOSHHOTO TOKA — MAaTrHUTHBIE
yewmuTenu. biok 2 aHamu3upyeT curHai ot 61oka 1. Eciu at1oT cur-
HaJl COOTBETCTBYET TOKY Meperpy3kKu, To M3 O6JI0Ka 2 MOCTYIIaeT CUT-
HaJ B OJIOK 3, KOTOPHINA 3anycKaeT MOJYyIIPOBOTHUKOBOE pene 4, co-
3mawollee 3aBUCHMYIO OT TOKA BHIIEPXKKY BpeMeHHU (yJacTok ab Xa-
PaKTEepUCTUKH 110 puc. 4.19).

TIpu Toke K3 curnan ¢ 6;0ka 2 mocTaToyeH IS 3aITycka 6J10Ka 7,
KOTOPBII ABISIETCA TOKOBOM OTCEYKOi. BIOK 6 co3maeT BEIIEPKKY Bpe-
MEHHM B HE3aBHCUMOM YaCTH XapaKTEPUCTUKHU (YJacTOK cd Ha pHc. 4.19).
Biok 5 ycuiauBaeT CUTHAIBI OT GJIOKOB 4 W 6 M TMOAAcT MMITY/ILC Ha
OTKJIIOYAIONIYIO KATYIIKY aBTOMAaTHYECKOI'O BBIKIIouaTens YATZ2
(cM. puc. 4.18).

Ha snekrpocTaHIMsIX, MOACTAHIIMAX, HA ITPOMBIILICHHBIX TIPEA-
TIPUATHSIX M OBITY TIPUMEHSIOTCS aBTOMaTHYECKHE BHIKJTIOUATENIH pa3-
JIMYHBIX KOHCTPYKUMi. Himke pacCMOTPEHBI XapaKTepUCTHKH aBTOMa-
TOB, KOTOpBIE MOJIYYWIH HanboJee MIMPOKOe NPUMEHEHNE Ha 3JIEKT-
POCTAHIIMSX U MOICTAHIINAX.

ABToOMaTHYecKue BHKI0OYaTenu cepuu A3700 Ha
TokH 160 — 630 A 1 HampsxeHHe epeMeHHoro Toka 1o 660 B, mo-
crosgsHHOTO 1o 440 B BEIMTyCKalOTCA B IUNIACTMacCOBOM KOPIIyce ¢ M30-
JIUPYIOIUUMHU MEPETOPOAKAMH MEXIY TOJI0CaMHd B JIBYX HCIIOJHE-
Husax: A3700b — TOKOOrpaHMYMBAIOLIKE C 3JIEKTPOMarHUTHEIMU pac-
HEMUTEIIMN MTHOBEHHOTO AeHCTBUSA U MOJYIIPOBOIHUKOBEIMU pac-
uenutenssMu; A3700C — celeKTUBHBIE C IIOJIYIIPOBOOTHUKOBHIMHU pac-
LIETTUTENSIMU C PErYIUPYeMOM BHIIEPXKOIT BpeMeHH. Ilpenemns pe-
TYJIUPOBAHHA: TOK cpabaThiBaHUS TMPH MEperpy3kax MOCTUTAET
1,251, 1pu K3 — (3—10)1,,,; BpeMs cpabaThiBaHUA mpu 61,
cocrasnsier 4— 16 ¢, ipu K3 — 0,1—0,4 c.
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ABTOMaTHYeCKKME BHIKMoUaTenan cepun A3700 mMmeror omHy mapy
KOHTAaKTOB Ha ITOJIIOC ¢ METATOKEpaMIYeCKMU HaKJIankaMu. Bxitio-
YEHUE U OTIJIIOYCHHE MOXET MIPOM3BOMMUTECS BPYYHYIO HIIH 3JIEKTPO-
MEXaHWYEeCKMM IIPUBOAOM B BHJE OTAEIBHOTO 6JIOKAa, ycTaHaB/IMBa-
€MOTO HaJl KPHIIIKOM BEIKITIOYATEIS.

ABTOMaTHYeCKOe oTKIIoueHne npu K3 npous3BoauTes pacuenure-
JIEM MTHOBEHHOTO ACHCTBUSI, IIPH TIeperpy3Kax cpabaThiBacT HOTYIIPO-
BOJTHUKOBBII OJIOK, BO3AEHCTBYIOIMNA HA HE3aBUCUMBI pacUCITUTEND.
BosHukarowasi xyra racMTcsl B KamMepe CO CTaJbHBIMH TIJIAaCTUHAMH.
IlpenensHsbril TOK oTKmoYeHHsT 60— 110 KA.

ABTOMAaTUYeCKMii BHIKMIoYaTeab A3700 H3roTOBIsSETCS B CTAIIO-
HApHOM M BBIABIDKHOM HUCIOJNIHEHMM U IITHPOKO MPUMEHSETCS B KOM-
TUICKTHBIX pacipeaeInTeNbHbIX yCeTpoiicTBax 1o 1 kB.

BrknmwodyaTenun aBToOMaTuuyeckue cepuu BA. IIpume-
HSIIOTCS B 3JIEKTPHUYECKUX YCTAHOBKAX ¢ HATIpsXKeHUEM 10 660 B me-
pemenHoro Toka 50 u 60 I'it u 1o 400 B mocTosAHHOTO TOKA M paccuu-
TaHBI HA HOMMHaJBHBIE TOKH OT 250 1o 4000 A. Cepusi 5THUX BBIKIIIO-
yaTtesieil mpeaHasHayeHa JJIs1 MPOBEACHHSI TOKAa B HOPMAaJbHOM pe-
XKUMe U OTKJIIOUEHUSA TOKa MPH Teperpy3Kax, KOPOTKUX 3aMBIKAHUSX
U CHUXXEHUHU HAaNpsDKeHHUs. BO3MOXHEBI ONepaTUBHBIE BKIIOUYEHUS U
OTKJIIOUEeHHS LiemH g0 6 pa3 B cyTKH. JlomycKaercs HCIOJIb30BaHUE
BRIKTIOYaTeNeii BA 11 npsIMBIX MYCKOB M 3alIMTHI aCMHXPOHHBIX
neurareneii. B oToit cepun BO3MOXHBI UCTIONHEHUS MaKCUMAaJIbHBIX
pacUenuTeNeiH 2JIEKTPOMArHUTHEIX, TIOJTYTIPOBOAHUKOBBIX, C BBLIED-
XKO# ¥ 6€3 BbIIEPXKH BpeMeHH. ABTOMaTHl MOTYT OBITh CTAlIMOHAP-
HBIMH ¥ BBIKATHOTO TUMA. I1oApoOHbIe CBEICHUS COAEPXKATCS B KaTa-
Jlorax W crpaBOYHMKax [4.4].

ABTOMAaTHYECCKHMNA BHKIIOYATENb CEPHUHU «DIEKTPOH»
(®) usroropisiercs Wid Henei nmepeMeHHoro Toka ao 660 B u mocto-
STHHOTO TOKa J1o 440 B, Ha HoMuHanbHble TOKH 1000 — 6300 A 1 TOKH
OTKJIIOUEHHST 10 65— 115 KA. BrIKimioyatenu 3TOi cepuu CHAGXEHEBI
3JIeKTPOABUTATEIBLHEIM WIH 3JICKTPOMAarHUTHBIM IIPUBOIOM, KOTOPBIN
o0ecreYnBacT JUCTAHIIMOHHOE BKIIOUEeHUE. OTKIIIOUCHUE MOXET OCY-
HIECTBIATLCA KHOMKOIN PYYHOTO OTKITIOUEHHS, HE3aBUCHMEIM paclie-
MMUATEJIEM U MAaKCUMAJIBHOM TOKOBOM 3aIlIMTOM, BHIMOJHEHHONW Ha T10-
JNYTIPOBOIHUKOBHIX 610Kax (cM. puc. 4.20). IIpenensl peryaupoBaHUsI
TOKOB U BPeMEHHM CpabaThIBaHMS TSI BHIKIIIOUATENEH 3TOM cepuM TO-
Ka3aHbl Ha puc. 4.19.

Beiximrouatenn D06 Ha Tok mo 1000 A uMeOT OTHOCTYIIEHYATYIO
KOHTAKTHYIO CUCTEMY, COCTOSILLYIO U3 HapaJuleIbHO BKITIOUAeMOM TIaphl
KOHTaxT0B. Beiximouatesm D16, 925, 540 Ha Toku ot 1600 go 6300 A
(puc. 4.21) umeror paboure HEMOABIKHBIE KOHTAKTH 7, 9, oQiuiio-
BaHHBIE cepeOpSIHBIMU HaKagKaMM, NOJABUXKHBIN paboumii KOHTaKT &
¥ IYyTOTaCHUTENbHBIE KOHTAKTH S ¥ 6 ¢ HAaKIagKaMH U3 MeTallIoKepa-
MMKH. JIyroracUTeIbHBIN KOHTAKT 6 BBIIOTHEH C METIE00PA3HEIM JIH-
HaMHYeCKUM KOMIICHCATOpOM 4.

213



A 4

5

9 ‘¢' 6
8 B

7

Puc. 4.21. KoHTaKTHas rpyImmna v iyroraCMTeIbHOe YCTPOMCTBO aBTOMaTH4eC-
KHX BHIKJIOYareneit D16, 925, 540:
1 — cTanbHBIE INIACTUHBI; 2 — Kopnyc; 3 — IUIaMeracuTesbHas pelueTka; 4 — AuHa-
MMYECKMIt KOMMEHCATop; 5, 6 — HAYroracUTeNibHble KOHTAaKTH; 7, 9 — paGouue He-
MOABMXKHBIE KOHTaKTH; § — MOABHXHBIN paboynil KOHTAKT

JyroracutesbHOE YCTPOMCTBO COCTOMT M3 H3OJIAIMOHHOIO KOp-
myca 2, B KOTOPOM pa3MeIIeHEI CTANIbHBIC TUIACTUHEL / U IJIaMeTacH-
TenbHasl pellleTKa 3. ABTOMAaTHUYECKHE BBIKITIOUATENN CEPHUHM O HU3T0-~
TOBJISIIOT [JIS1 CTALIMOHAPHOM YCTAHOBKM VUTH BEIIBUXKHBIMM. BBIABUXK-
Hble BBIKITIOYATENH AOIOJIHUTENBHO CHaGXalOT BTHIYHBIMH KOHTAaK-
TaMH Ha BBIBOAAX TJIaBHOM LEITH, phIMaraMHM ISl MeXaHUIECKO 0110~
KHPOBKH, KOJIECAMH JJIsI TIEpeABUXKEHUS IO pesibcaM Kapkaca. OHU
MOTYT MMeTh pabouee IONOXEHHE — IJIaBHAs M BCIIOMOTaTeNbHas
IIETH 3aMKHYTBI; KOHTPOJIbHOE — TJIaBHAs LETh pAa30MKHYTa, a BCIIO-
MoraTeJbHass — 3aMKHYTa; PEMOHTHOE —— TJIaBHAsl 1 BCIIOMOTaTeNb-
Hasl Ilenyd pa3soOMKHYTH. CrienuanbHasg MexaHWuuyecKas OJ0KHpPOBKA
MPEISITCTBYET BKATHIBAHMIO M BHIKATBIBAHMIO BBIKJTIOUATENIS TIPH BKITIO-
YEHHOM ITONTOXECHUH.

ABTOMaTHYeCKHEe BHKIWOUYaTtenu cepuu ABM BwIIyC-
KalT Ha HOMHHANIBHBIE ToKK 10 2000 A u Hanpsxenusa 500 B nepe-
MeHHOTO U 440 B mocTOsSTHHOTO TOKa. BEIKIIIOUATEeNlh MMEET JIBE Maphl
KOHTAaKTOB Ha MOJIOC — TJIaBHbIE M AyroracutesbHble. IaleHne gyru
TMPOUCXOJUT B KaMepe CO CTATLHEIMM IIACTHHAMM.
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Brikmoyatesu ABM uMelOT MakCUMAaNbHbIe paclielIMTEeNN ¢ 00-
PaTHO3aBYICUMOI BBHIOEPXXKOH BpeMeHM IIpH Ieperpyskax. [Tpu Tokax
K3 MakcUManbHBIN paclenuTeNb cpabaThiBaeT ¢ YCTAHOBIEHHOM BhI-
Jepxkoit BpeMenn 0,25; 0,4; 0,6 ¢ 3a cUeT CrieMATBHOIO MEXaHHYEC-
KOTO 3aMeIIUTENS PacleIUTENs.

TIpuBOI MOXeET OBIT PYYHBIM, PHIYaXHBIM HJIH 3JIEKTPOIBUTATEb-
HBIM. Brikmiouatenu ABM U3roTOBIAIOT UISL CTAlTMOHAPHOM YCTAHOB-
KU WU BBIIBIKHBIMH JUISI KOMIUIEKTHBIX DacIpeIe/InTeNIbHEIX YCT-
pOJCTB.

KpoMe aBTOMaTH4eCKUX BHIK/TIOYATENEH PaCCMOTPEHHBIX CEPHIt ISt
3aLIUTH 3JIEKTPUYECCKUX Lernel oT meperpy3ok U K3 IpHMeHSIoTCs
peikiodarenn AE-1000, AE-20, AK-63, AIT-50, AC-25 u ap.

ABToMaThl rameHuss nons (AI'T) oTHocaTcss K 0coboit
rpymie (puc. 4.22). Kak Ovu10 11okasaHo B nmompasi. 2.1, oHM mpen-
Ha3HAYECHH! JJI OTKIIOYEHUS TOKA B OOMOTKE BO3OYXACHMS TeHepa-
TOPOB. ABTOMAT UMEET INIaBHBIE KOHTAKTHI, PACIONIOXEHHBIC OTKPHI-
TO (Ha PUCYHKE HE TIOKa3aHBl), U JyrOracCHTeJbHbIe KOHTAKTH 5, 6 B
KaMmepe rauieHusa ayru. Bo BkiioueHHoM rnionoxeHnun AT yaepxu-

2 3 4 g 13 1
)\’___ﬂ\\ \‘//,—‘—\\
1 o

Puc. 4.22. Asromar rauenus nons (ALTI):

@ — KOHCTPYKTHBHAsl CX€Ma; 6 — cXeMa BKJIIOYEHMS KaTyllieK; ¢ — paspe3 1o Jgyrora-
CHUTeNbHOH pellleTke; | — KaTylUKY pagHajlbHOr0 MarHWTHOIO Mosl; 2 — Hapy>XXHBUH#
CTanbHOM KOXYX AYroracUTe/IbHOM KaMephl; 3 — MeAHBIe IUIACTHHH, 4 — CTajJlbHOj
CEPACYHUK; S — MOABUXHBIM KOHTAKT, 6 — HEMONBMXXHBIE KOHTAKThI; 7 — KaTyIIKa
MarHUTHOTO AYTHA; & — CEPACYHMK KaTymKU 7; 9 — cTajibHblE MOMoca
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BaeTcs 3aienkoi. [IpH OoTKMIOYeHHM KOHTAKTHI 5 OTXOOAT BHU3 M
BO3SHHUKAIOT AYTH MEXKIY KOHTAKTAMHU 5 U 6, KOTOPEIE CUION MAarHuT-
HOTO TIOJISI, CO3MAHHOTO KaTYIIKaMM 7, CEpACYHUKAMHU & U CTAJIbHBI-
MH TTOTI0CaMH 9, BRIIYBaloTCA BBepX. O0pasyeTcst O/THA JJIMHHAS AyTa.
OHa 3aroHsieTca B KOJNBIEBYIO yTOTACUTENBHYIO KaMepy, TIe pa3ou-
BaeTCs MeXTYy MEAHBIMH IDTaCTHHAMHU 3 Ha KOPOTKHe Oyru. OIHOBpe-
MEHHO B IeMb BKIIOYAIOTCA KaTymIKW I, co3garoilide pagualbHOE
MarHHUTHOE TIOJIe, KOTOPOE 3aMBIKAeTCSI CO CTAJILHOTO CEpACYHHKA
4 Ha cTaJIbHOM HapYXHBIN KOXyX 2. B pe3ynbrare B3aUMOICHCTBHS C
MAarHUTHBIM ITOJIEM KOPOTKHE AYTH TOMYyYalOT KPYrOoBOe BpallaTe/Ihb-
Hoe JBHXeHHE (CM. puc. 4.22, 6) ¢ GOJBLUIOI CKOPOCTHIO U MO3TOMY
He TIaBAT MJIaCTHHEL. Bea sHeprus, BRIAETSIOLIASICS B AyTre, pacrpe-
JeJsieTcs 1o MOBEPXHOCTH ILUTACTHH M IToTamiaercs uMH. TeMrepary-
pa TUIACTHH NPHW 3TOM He JoixHa mpepbimiath 200 °C, ucxonsa us
Yero M BBIOHPAIOTCS pasMepsl IacTuH. [lapamnenpHO TlacTHHAM
BKJTIOUEHBI CEKIIMH IIYHTHPYIOLIHUX COIPOTUBICHUI (Ha puc. 4.22 He
MOKAa3aHBbI).

B 3ToM cayyae myra Ha pellleTKe TaCHET HE cpasy, a o CEKLUsIM,
CKayKaMH, TpUOMMXKasch K Hymo. IlepBOil racHeT ayra B CEKUMH,
UIYHTUPOBAaHHOMW MEHBIIMM COIPOTHBIeHWEM. [locTeneHHEBIH crafg
TOKa YMEHbIIIAET BO3HUKAIOIIME TIPH pa3phiBe LEMH MOCTOSIHHOTO TOKA
nepeHanpstkeHUs. CoOGcTBeHHOE BpeMs oTkmoueHus ATl He Goree
0,15 ¢, a moaHOe BpeMs TalICHHS MOJS 3aBHCHUT OT ITapaMETPOB Te-
HEPATOPOB.

Boibop asmomamuueckux gvikarouameneii npoU3GOOUMCH:

MO HaNpsSKeHUI0 YCTaHOBKU: Upoy 2 User ons

pony ToKa M €ro BeMUIUHE: Luoy > Lopm.pacss Karluom 2 Tnponpacss

KOHCTPYKTMBHOMY HCIOJTHEHMIO;

KOMMYTallUOHHOM cOCOOHOCTH I 1y, wom > L= Lo,

e I om — TOK IIPENECTBHON KOMMYTAIIMIOHHOM CITOCOOHOCTH aBTO-
Mara; I, — Tok K3 B MOMEHT pacXoXIeHHsI KOHTaKTOB (€C/H B pacue-
T€ OTCYTCTBYET, TO NMPUHUMAIOT [ .= I,);

BKJIIOYAEMOMY TOKY lgyn 2 dyy,

TIe iy, — yAapHbii TOK K3; iy, — aMIUIMTyIHOE 3HAYEHNE HOMMHAMb-
HOTrO TOKa BKJIIOUCHHUS;

TEPMUYECKON CTOHKOCTH [%,te, 2 By,
rae [, — TOK TEpPMHYECKON CTOMKOCTH aBTOMaTa (€CIM HE 3alaH, TO
NPUHUMAIOT Lrep= Iyren om); brep — BPEMS TEPMUYECKOM CTOMKOCTH, MOX-~
HO IIPUHATH PaBHBIM 1 ¢C;

ITOCTOSTHHOM BPEMEHH 3aTYXaHHS anepHOIMIECKOM COCTABIAIONICH
Toka K3

E.HOMZ as
Xpes
rne 7, ... — 3HaueHHe mo Katamory (0,005—0,015 ¢),T, =—— omn-
penensiercst B pacyeTte Tokos K3. pes
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4.4.4. KoHTaKTOPBI M NMyCKATEJIH

Koumaxmop — 3mo 08yxno3uyuoHHbIl KOMMYMAYUOHHbLI annapam ¢
Camog036pamom, NPeGHA3HAHEHHbI 015 HACMbIX KOMMYMAYUL mokoe, He
NPesbIUAIOWUX MOKU nepeepy3Ki, U npueodumbili 6 Oelicmeue npueoooM.

KoHTakTOpHl U3roToBIAAIOTCS Ha TOKU 4 —4000 A, Ha HanpsKeHHE
220, 440, 750 B nmocrossuHoro u 380, 660 (1140) B nepemMenHoro Toka
u pomnyckawot 600 — 1500 BxmtoueHmit B yac. HeKoTophle crielaibHbIe
cepHH KOHTAKTOpOB nomyckKaioT 10 14000 pxmoueHuii B yac. KoHTak-
TOPHl MOTYT GBITH ONHO-ITATUIIOIIOCHEIMH.

DNeKTPOMAarHUTHBIE KOHTAaKTODP Bl HalUIHM LIHPOKOE IIPH-
MeHEHUE B 3JIEKTPOYCTaHOBKAX. BKIIOUeHHe KOHTAKTHOM CHCTEMBI B HUX
OCYILIECTBIASECTCA JCKTPOMATHUTOM.

B 3aBUCHMOCTH OT peXuMa paGoThl KOHTAKTOPHI Pa3andyaroTcs 1o
KaTeTOpHsIM NMpUMEHeHHs: Ha IepeMeHHOM Toke AC-1, AC-2, AC-3,
AC-4, Ha nocrogHHoM Toke JAC-1, AC-2, IC-3, I1C-4, AC-5
(I'OCT 11206—77E). KonTakTops! Kareropit AC-1 pacCUUTHIBAIOTCS
Ha NMTPUMEHEHHE B LENAX JIEKTPOIeYei COMPOTURICHHUS H KOMMYTH-
PYIOT TOJIBKO HOMHWHAIBHEII TOK. KoHTakTOpH Kateropuu AC-2 pac-
CYUTHIBAIOTCA HA MYCK 3JICKTPOABUTATENCH C (ha3HBEIM POTOPOM H KOM-
MYTHPYIOT TOK 2,51,,,,. KoHTakTOpBh! Kateroput AC-3 pacCUMTHIBAIOT-
cs1 Ha IYCK 2JIEKTPOABHUTaTe/ e ¢ KOPOTKO3aMKHYTHIM POTOPOM H Ha
OTKJIIOYEHHE BPAIAIOIINXCS JEKTPOIBUTATENCH U KOMMYTHPYIOT TOK
(6 —10) 1, Kourakropsl kareropuni AC-4 pacCYUTBIBAIOTCS HA MYCK
JIEKTPONBHUTATENCH ¢ KOPOTKO3aMKHYTHIM POTOPOM M Ha OTKIIIOYE-
HHE HETIOABIIXKHBIX WIH MEIICHHO BpAIIAIOIUXCA 3JCKTPOABHTATE-
Jeil, OHU KOMMYTUPYIOT TOKH (6 — 10) /.

KoHTakTOpHI MOCTOSHHOIO TOKA B 3aBUCUMOCTH OT KaTerOpHH pac-
CYHTAHE Ha KOMMYTAIIMIO TOKOB OT I, 10 10,

KonTakTopsl MoOryT OBITH PacCYMTaHBI HAa paboTy B MPEePHIBUCTO-
MPOAOKUTEIBHOM, IIPOIOJDKUTEIBHOM, TIOBTOPHO-KPATKOBPEMEHHOM
WX KpaTKOBPEMEHHOM peXHMax.

KOHTaKTOpH HE MMEIOT YCTPOMCTB, PEATHPYIOIINX Ha IIePETpy3KU
nny K3. 91y GYyHKINIO BRITIOTHSIOT IIPESAOXPAHUTEIN M aBTOMAaTHYeC-
KHe BHIKITIOYATENM, BKIIOYACMBIE TIOC/ENOBATEIHHO C KOHTAKTOPOM
3ANIUIIAIOIIME e OT Meperpy3oK u K3. DeKTponMHaMHYecKast H
TepMHAYECKasi CTOMKOCTh KOHTAKTOPOB HE HOPMHPYETCH.

B oTinmume oT aBTOMaTMYECKUX BEIKITIOYATENIEH KOHTAKTOPHI HE HME-
0T MEXaHIMYECKUX YCTPOMCTB, 3aITUPAIOIIUX KOHTAKTOP B MOJIOXEHUN
«BKJTIOYEHO » . BO BKIIIOUEHHOM IOJIOXKEHHUH KOHTAKTOP YAEPKUBAETCS
3JIEKTPOMArHUTOM.

OCHOBHBIMH 3JIEMEHTAMH KOHTAaKTOPOB SIBJISTIOTCS: IJIABHBIE KOH-
TaKThl, AyTOTaCUTEIBHOE YCTPOUCTBO, 3JIEKTPOMAarHUTHAs cUCTeMa U
BCIIOMOTaTeJIbHBIE KOHTAKTHI.

Ha puc. 4.23, a moka3aHa cxeMa yIipaBJIeHHUsI ONHOITOIIOCHBIM KOH-
TaKkTOpOM. I TaBHBIE KOHTaKTHI KOHTakTOpa KM BKITIOUEHH! B 1IEITb IBH-
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Puc. 4.23. DneKTpOMarHUTHBIN KOHTAKTOD:

a — JJEKTpUYECKAsi CXeMa OJHOIOMIOCHOIO KOHTAaKTOpa; 6 — YCJIOBHasi KOHCTPYK-

THBHas cxeMa: ] — CTaJIbHOM cepleuyHUK; 2 — HEMOABUXHBIN KOHTAKT; 3 — IUiaMera-

CUTEJIbHAA pelleTKa; 4 — M30JALUOHHBIE MEPErOPOIKY; 5 — MyroracUtesibHasi KaMe-

pa; 6 — HaKJaAKU KOHTaKTHBIE; 7 — TIOABMXHBIH KOHTAaKT; & — MNpYyXHHa; 9 —

JIaTYHHas npoxnaaka; /0 — saxopb; 11 — npyxuHa; /2 — BCOMOraTeNbHbIE KOHTaK-

THI; 13 — 3aXHMBI KaTywku 15, 14 — cepaeyHMK; 16 — Katywika; 17 — TOMIOCHBIA
HaKOHEYHHUK

raTenss M, a KaTylliKa — B IIeTTb YIIPARICHUS IMOCJIEIOBATEIbHO C KHOII-
KamHu yripapieHust SB1, SB2 u BcrioMoraTeJbHbIMH KOHTakKTaMu SQ.

Ha xoHcTtpykTHBHOM cxeme (puc. 4.23, 6) KOHTakTOp M300pa-
X€H B MOMEHT OTKJIIOYEHHSI, KOIla HaIpsKeHWe C KaTyluku 135,
YCTaHOBJICHHON Ha CepICYHUKE /4, CHATO M TIOABMXHAs CUCTEMA
MOl NCMCTBUEM TIPYXHHBI /] TIpUILJIa B HOPMaJIbHOE TIOJOXCHMUE.
Jlyra, BO3HMKIIag MeXAY KOHTaKTaMM 2 U 7, TaCUTCS B Kamepe S ¢
M30JIAIIMOHHBIMH TIeperopoakaMu 4. BraruBaHue Qyri B KaMepy Ipo-
VICXOIMT 3a CYET MArHUTHOTO TT0JISI, CO3MaHHOTO MaTHUTHOM CUCTE-
MO, COCTOSIIEl M3 KaTylIKH I6, BKIIOYEHHOM IMOCJIeA0OBaTEIbHO
B [VIAaBHYIO II€Tb, CTAJBHOTO CepIeYHHUKA I U TIOJIOCHBIX HAKOHEY-
HUKOB /7. Ha BbIXOJ€ M3 KaMephbl YCTAHOBJIEHA IIaMeracuTesIbHast
pelIeTka J, IpEIsTCTBYIONIAs BBIXOAY MOHU3HPOBAHHBIX ra3oB 3a
TIpeeNbl KaMEPHL.
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dnsi BKIIIOYEHUs KOHTAKTOpa TIONAETCS HAIpsDKEHWE Ha 3aXKMMEI
KaTymku 13 mmyreM Haxatus kKHonku SBI. B Kartylike co3maerca mar-
HMTHBIH TIOTOK, NpUTSIrABammMil skopb 10 K cepmeuHuky. Ha sxope
YKPEIUIEH MOABKHBIA KOHTAKT 7, KOTOPBIi MOCHE CONMPUKOCHOBEHUS
C HETOIBIDKHBIM KOHTAKTOM 2 CKOJIB3UT TI0 €TI0 MOBEPXHOCTH, paspy-
11as1 IUIEHKY OKCHIOB Ha IOBEPXHOCTH KOHTakTOB. HaxxaTue B KOHTaK-
Tax co3maercs MpyxuHoii §. KoOHTaKTHEIE HAKJIAIKK 6 U3 cepebpa obec-
MEYUBAIOT MUHUMAJIbHOE TEPEXOTHOE COMPOTURICHHE. B HEKOTOPHIX
CTy4YasiX HAKJIaJKH BBITONHSIOTCS U3 XYTOCTOMKOIN MerajmioKepaMUKW.
KOHTaKTOp yIepXUBaeTcs BO BKIIOUEHHOM ITOJOXEHHWH CBOEH KaTylii-
koii. Tlocme BKITIOUEHMS KOHTAaKTOpa 3aMBIKAIOTCS BCIIOMOTATENILHEIE
KOHTaKTHl 12 (SQ), myHTUpYyIOIIMEe KHONKY SBI, mosTtoMy pa3MbIKa-
HME ITYCKOBOM KHOIKM HE pa3phIBacT Ielb Katymku 15 (KM).

Ha sxope 10 mpemycMoTpeHa HEMarHMTHAs IMPOKIanKa U3 JaTy-
HU 9, KOTOpasi YMeHBUIAET CHIY TIPUTSDKCHHUsI, OOYCIOBICHHYIO OCTa-
TOYHON MHAYKUUEH B cepAcuHMKe. TakuM 00pa3oM, IIpU CHSITUM Ha-
TIPSTKEHMS C KaTYIIKKU 15 AKopb He «3anumnaer». IIpu 3HaYUTENEHOM
CHUXXCHUH HaNPSKECHUS B LIETH YIIPABICHHUS, @ TAKKe TIPH €r0 UCYe3-
HOBCHUM KOHTAKTOP aBTOMaTHYECKH OTKIIOYACTCS.

Jis OTKITI0YEHUS KOHTAKTOpa JOCTATOYHO HAaXaTh HA KHOMKY SB2,
KOTOpasl pa30MKHET LICTIb MUTAHUSI KaTYIUKu 15.

Ilens yripaBieHUsT KOHTAKTOPOM MOXET MOJIYYaTh ITMTAHKUE OT Iep-
BUYHOM IEITH. 3allluTa 3JICKTPOABUTATENSI B pACCMOTPEHHOI CXEMe OCy-
LLECTBIISIETCS. aBTOMATHYEeCKUM BhIKTIouatesieM QF. K anekrpoMarHur-
HBIM KOHTAKTOpaM OOIIEITPOMBIIIUIEHHBIX CEPUil OTHOCSITCS CIIEAYIOIIHE
tunsl: nepemeHHoro Toka KT, KTII, KTB; nmocrosnHoro Toka KII,
KIIB, KII/; moctosHHoro u nepemMeHHoro Toka KM, PIIK, KH.

B ycraHOBKax HanpsckeHHeM Gonee 660 B IpUMeHsI0TCS KOHTAKTO-
pol BakyymMHele KBT, BBT, BHKIIOUaTEIM aBTOMATHYEeCKHE OBICTPO-
nmeiictByionue (BAB), onmcanne KOTOPHIX MPUBOIUTCS B CIIPAaBOYHHU~
Kax [4.4] ¥ Karajiorax.

Ilyckamens — 3mo KOMMYMAUUOHHBLE annapam, npeoHa3HaYeHHbIl ons
nycka, 0CMaHo8a u 3auiumst anekmpodsuzameneil.

MarHuTHBIE TTYCKATeNId COCTOSAT U3 3JEKTPOMAarHUTHOIO KOHTAaK-
TOpa, BCTPOCHHBIX TEIUIOBBIX pejie W BCIIOMOTaTeNIbHBIX KOHTAKTOB.
Haub6onee pacripocrpaHeHHBIME cepusiMu sasisitotest [IMB, [IMA, TTA.
IlyckaTenn MoryT GBITH PEBEPCHBHLIMM M HepEBEpCHUBHEIMH, B OT-
KPBITOM, 3alLUIIEHHOM U IBUIEOPBI3TOHEIIPOHMIIAEMOM MCIIOJIHEHHH,
C TEIUIOBBIMHU peJjie U 6e3 HUX. MarHUTHBIE TIYCKATEIU IIPUMEHSIIOTCS
IUTA YIIPABJICHUsI 3JIEKTPONBUTATENISIMU TIEPEMEHHOTO TOKA HaIpsoKe-
HHeM 1o 660 B, momHocThIO 10 75 KBT.

OrneKTpudecKas 1 KOHCTPYKTUBHAS CXeMa MarHATHOTO ITYCKATENS Ce-
puu ITAE mokasaHa Ha puc. 4.24. TIpu Haxatvu xHonkwu SBI nomaercst
MHUTaHUE B KaTyliky KoHTakTopa KM (5) yepe3 pasMbIKawouecss KOH-
TaKThl TeIUIOBBIX pene KST1, KST2, xHonky SB2. SIkopb 3/1eKTpOMarHu-
Ta 6 IPUTATHBAECTCS K CEPACYHUKY 4, Bpamiasick BOKpyr ocu O,. I1pu atom
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Puc. 4.24. MarHUTHbBIIA NycKaTesnb:

a — JNMEeKTpUYecKas cxema; 6 — KOHCTPYKTHBHAs cxeMa: ] — MeTaJUIM4eCKoe OCHOBa-

HHUE; 2 — HEMOJBIXHBIE KOHTAKTBI, 3 — aMOPTHU3MpYIOLIAA MpyXHHa; 4 — cepiey-

HMK; 5 — KaTylIKa; 6 — sKOpb 3JEKTpOMarHWTa; 7 — OTKJIIOYalollas MpyXuHa; & —
KOHTaKTHBIH MOCTHK; 9 — mpyxuHa, 10 — Kamepa; 1] — TeroBoe peie

HETOABICKHBIE KOHTAKTHI 2 3aMBIKAIOTCST IIOIBIDKHBIM KOHTAKTHBIM MO-
ctukoM §. Haxkatue B KOHTaKTax obecrieunBaeTCs NpyXuHoit 9. OmHoBpe-
MEeHHO 3aMBIKAI0TCA BCITIOMOTaTeNbHbIE KOHTAKTH SQ (cM. puc. 4.24, a),
KOTOpHIE ITYHTUPYIOT KHONKY SBI. Ilpu meperpy3ke 3meKTpOIBUTATEIS
cpabaThIBalOT 00a WIM OIXHO TEIUIOBOE pesie 11, Lielb KaTyIIKK pa3sMbIKa-
etcst KoHTakTamu KST1 v KST2. ITpy 510M SIKOpB 6 Gonbllie HE YOepKH-
BaeTCAd CEpPIEYHUKOM M IMOJ JECTBHEM COOCTBEHHOM MAacCCHl M IIPYXH-
HBI 7 IIOABIDKHAS CMCTEMA MEPEXOIUT B OTKIIIOYCHHOE ITONIOKEHHE, pas-
MEBIKasi KOHTAKTHI. JIBYKpaTHBIH pa3phiB B KXKION (pase M 3aKpHITas Ka-
Mepa 10 0becieurBaloT raleHue Ayry 6e3 CHelMaTbHBIX YCTPOHCTB. Tou-
HO TaK 3Ke TIPOMCXOIUT OTKITIOYCHWE HYCKATEIS TIPH HaxXXaTHH KHOTIKM SB2.

AMOPTH3UpYIOLIAS MPYXWHA 3 MPEIOXPAHICT HOABIKHYIO YacTh OT
PE3KMX YAAPOB MPU BKIIOYEHUH. Bee MeTamu IycKaTensa KpersaTcs Ha
METAJUTMYECKOM OCHOBaHUM 1.

g 3auTe anekrpoasuratenis oT K3 B Leb BKIIIOYEHB! ITPEIOX-
panuTenu F.

Buibop konmaxmopog u macHUMHBIX nyckameneli npou3gooumcs;

M0 HANPSLKEHUIO YCTAHOBKU Uyor 2 User vons

poay U 3HAYCHUIO TOKa IHOMZ IHOpM.paC‘{; kanHOM2 nipon.pact

MOULIHOCTH MOAKIIIOYAEMBIX 3NeKTpoABUIaTenet Poon> Ponns

KaTeTOpUU IIPUMEHEHHS.
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4.4.5. BeCKOHTAKTHBIE KOMMYTAIHOHHbIE YCTPOiCTBA

B3aMmeH TpamUIMOHHBIX KOMMYTAlIMOHHBIX aIIapaToB, UMEIOLIMX
KOHTAKTHl M YCTPOMCTBA ISl TallleHUs Iyrd, BO3HUKAIOIIEH TIpU OT-
KJTIOYEHUHY TOKOB, B HACTOSIIIleE BpeMsl IIPUMEHSIOTCS O6CKOHTAKTHBIE
anmnaparbl, OCHOBaHHEIE Ha CBOMCTBAaX MOJYITPOBOIHUKOB.

B cWIOBBIX LETSIX AJI9 OTKJAIOYEHUSI TOKa IIPUMEHSIIOT YCTPOHCTBA
Ha OCHOBE TUPUCTOPOB. T M P ¥ C T O p — YIIpaBiIsieMbIH TTOIYIIPOBOI -
HUKOBHIH TIPUOOP, COCTOANTUN U3 YETBIPEXCIOMHOTO KPUCTAIIA KPEM-
HUSI CO CTPYKTYPOH p-n-p-n. BHEIIHYE BEIBOABI OT KpAafHUX CJIOEB Ciy-
3KaT KaToJOM M aHOIIOM, a BEIBOA OT OAHOW BHYTpEeHHelN 06a30Boii 00-
JIACTH — YTIPABJSIIOUIMM 3JieKTporoM. Eciu Ha yrpaBiusionmil amek-
TPOI TOK He IOJAETCS, TO TUPUCTOP 3amepT (B ONPEeACTeHHBIX Ipele-
JIaX BO3ACHCTBYIOLIUX HAIIpsDKeHMI). ECM Ha yNpaBIIsIIONUi 31€KTPOL
IIOAH TOK, TO TUPUCTOP, HAXOMSIIUIACS MOA AHOTHBIM HATIPSLKEHUEM,
MIEPEXOTUT B COCTOSTHUE MPOBOIUMOCTH.

Ilens ocTaeTcs BKIIOUEHHON B TeYeHHNE BCETO BPEMEHH, TOKA II0-
JAIOTCS YIIPABASIONIME UMITYIECHL. [Ipy UX CHATUY 3amypaHue TUPKC-
TOPOB IIPOMCXOAUT ABTOMATHYECKH T10CIIE TIPOXOXIEHNS TIEPEMEHHO-
T'O TOKa B CHJIOBOM LienM 4epe3 Hyslb. ClemoBaTe bHO, BPEMST OTKITIO-
YeHHUs COCTaBjsieT noanepuoaa, T.e. 0,01 ¢, yuro B 10— 20 pa3 MeHb-
11Ie, 4YeM y TPagULIMOHHBIX BHIKIIOUATENICH.

B zamepToM COCTOSHHM TUPHUCTOP BBIAECPXHBAET OIpEICTeHHOE
HanpsokeHne («obpaTHoe HanpspkeHue » ). TajbpBaHuYecKas CBA3b OT-
KJIIOYEHHBIX YacTeil 1LIelM COXpaHseTCs BCIEACTBME HECOBEPIICH-
CTBa TOJIYHPOBOJHHKOBOIO KOHTAaKTa, T.€. B LIEMU MPOTEKAET TOK
YTEUKU. DTOT HEOOCTATOK YCTPAHSIIOT, BKJIIOYAs TOCIEIOBATENLHO
B LleNb KOHTAKTHBIN allliapaT, KOTOPHIA OTKJI0YaeT Henb B 00eCTo-
4EHHOM COCTOSIHUH.

OCOGEHHOCTBIO TUPUCTOPOB SABJISIETCS TTOBHILICHHOE TIAICHUE Ha-
TIPSKEHUST Ha TIONYIIPOBOTHUKOBOM KOHTAaKTe, YTO MPUBOIUT K 3Ha-
YUTEJIBHOMY BHIIEICHHIO MOLUTHOCTY U, CEI0BATEIBHO, HATPEBY KOH-
TakTa. [TonyrpoBOTHUKOBEIE TIPUGOPHI TPEOYIOT MHTEHCHBHOTO OXJIaX-
JeHUs] — BO3IYILIHOrO U BOASHOTO.

B KauecTBe 6oKa YIIpaBjJeHHS, CO3JAIONIETO YIPAaBJISIOLINE M-
NYJBCHI, CTPOTO CUHXPOHHBIE C JEHCTBYIOLIUM ITePEMEHHBIM HaIlpsi-
>KEHHUEM, MOTYT IPUMEHSTBCS CXeMbl C MATHHUTHBIMH YCWJIHUTEISAMU
WIX MOIYISITOpaMU HUMITYJbCOB.

Ha »THX cBolcTBax THpUCTOpPa OCHOBAaHO YCTPOMCTBO oA H O a3-
HOTO CHUJOBOrO KJI04Ya JII KOMMyTalUHU MEPEeMEHHOIO TOKa.
Tupuctopsl VS1, VS2 BitoueHb! BCTpeYHO-TIapavienbHo. Eciu Ha yii-
PaBJISIIOLINE SMEKTPOABI IIOTAOTCS MATOMOILHBIE HMITYAbChI, CHHXPOH-
HBle C aHOMHBIM HATPSDKEHUEM, TO TUPHCTOp V.S7 IpOBOIUT TOK TIep-
BYIO TIOJIOBUHY NepUoaa, a V52 — BTopyro HOJIOBUHY Tiepuonaa (puc. 4.25).

WmMnysbchl yripaBlieHUs GOPMUPYIOTCS M3 aHOZHBIX HaNpPsKeHUH
TupucTOpoB. Ecin Ha aHome TUpucropa VSI monoxurtenbHas TOMy-
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BOJTHA HampPSIXEHMSA, TO TMPH 3aMBIKAHWM KOHTaKToB K1 pene K depes
auoa VD1 w pesuctop R2Z mpoiiieT MMIIYJIbC TOKa YIIpaBJicHUA Ha
yIIpaBIAIOLIMil 31eKTpoa TupucTopa VS1. B pesynerare tupucrop VS1
BKJIIOUMTCS, aHOTHOE HAIpsCKEHUE YIAafAeT TOYTH [0 HYJSA, TTO3TOMY
CHUTHAJT YTIPaBJICHUSA MCYe3HET, HO TUPHCTOP OCTAHETCS B TPOBOAS-
1IeM COCTOSTHUH JI0 TIepexoia TOKa Uepe3 Hylb. B cienyroumit mouyre-
pHOJ aHATIOTHYHO BKIIIOUaeTcst TupucTop V.S2. Iloka KOHTaKTH pene K
OYIyT BKIIIOYCHEI, THPUCTOPHI OYIYT aBTOMATUYECKH TTOOUEPEAHO BKITIO-
yaThCcsA, obecrieunBas MPOXOXIECHME TOKa OT HCTOYHHKA K Harpy3Ke.

THPUCTOPHBIE KITIOUH SBIISIOTCS OCHOBOMH CX€M THPHUCTOPHEIX MYC-
Kareneit (cM. puc. 4.25). CiwioBbie THPUCTOPHL VS 1— VS6 xoMMyTHpY-
101 ToK. KonrakTe K1— K3 ynpapnsiorcs peie K, KOTopoe BKITIOYCHO
Yepe3 pasaeqUuTeIbHEI TpaHchopMarop 7, BenpsaMutens UZ1 u TpaH-
sucrop VT Kk ocHoBHOI ceTH. IIpu mycke HaxaTneM KHorku SBC 3a-
MBIKaeTCd 1IeNb pene K, KOTopoe BKIIOYAEeT cBOM KOHTakThl K1, K2,
K3 B Lensax TMPUCTOPHBIX KITIOYESH, M CHITOBAsI LIETTh 3aMBIKACTCS Yepe3
TupucTOopEl VSI1— VS6. Tlpu ocTaHOBEe 3MEKTPONBUTaTENIST HAaXATHEM
KHoONKH SBT pa3MbikaeTcs Lienb peie K, KoOHTaKTH K] — K3 pa3MbIKa-
I0TCSI, YIIPABISTIONINE UMITYJIECHL HE TIOCTYIAIOT HA TUPHUCTOPH U TIPH
Tepexoje TOKa Yepe3 HyJIEBOES 3HAYCHHE OHM 3aKpHBAIOTCA. YIIpaBiie-
HHE MOXET OCYUIECTBJIATECS aBTOMATHYECKH.

Tpancdopmaropel Toka TAI, TA2 moaaloT CHUTHAN MEpPETpy3KU
B OJ10K 3amuth! (B3), KOTOpBI, BO3ACHCTBYS Ha 6a3y TpaH3UCTODA,
CHMMAET MHUTaHMEe ¢ peje K ¥ TeM caMBIM OTKIIOYAET MyCKATeNb.

IIpOMEIIDIEHHOCTEIO BHIMYCKAIOTCS THPUCTOPHEIE TIycKaTe-
nu IIT-16-380-Y5 u IIT-40-380-Y5 Ha 16 u 40 A, 380 B, B HuX
NpUMeHeHa HECKOJIBKO MHAg CXeMa C YIIpaBIeHHUEM THPUCTOPAMH 1ITH-
POTHO-UMITYJILCHEIM METOJIOM.

ol ol ol
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Puc. 4.25. TupUCTOpHEIi ycKaTeNb
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JocTonHcTBaMM G66CKOHTAKTHBIX aIlllapaToB SIBISIOTCS: OTCYTCTBHE
[TOJBIXKHOM KOHTAaKTHOM CHCTEMBI; OTCYTCTBHE JYTH WUIM HCKDHI; BBI-
cokoe BLICTpoAeiicTBHE; YacToTa cpabaThiBanus 10°— 10° B yac; momy-
CTUMOCTD PabOTHI BO B3PHIBOOTIACHBIX IIOMEIHEHUSIX; TIPOCTOTA YIIpaB-
JIEHUS CIa0bIMH CUTHAJIAMH; BBHICOKAasl HaJEXXHOCTh paboThl. B HacTo-
slee BpeMsl THPUCTOPHBIE KOMMYTAIIIOHHBIE YCTPOWCTBA HaXOAT MpH-
MeHeHUe Ha ADC, rae TpeOyercs BbICOKas HAACXKHOCTb U Oojbluas
CKOPOCTh NEPEKIIOYEHUH B arperatax 6ecrniepeOOWHOrO MUTaHUS U
JIPYTUX LETISX MOBHIEHHON HAJEXKHOCTH.

Ycerpoiictso TKEO-250/380Y4 npenHa3Hav4eHO 11 6eCKOHTAK-~
THOM MHOTOKPAaTHO! KOMMYTAllMM TOKOB Harpy3KM B HOPMAalbHBIX U
aBapMITHEIX pexXyMax B ycTaHoBKax 380 B ¢ HOMHHAIBHBIM TOKOM 250 A.
YcTpoiicTBO BHIIIOJHEHO B BUAE HIKada C IBYXCTOPOHHUM OOCIYXH-
BaHMEM, B KOTOPOM YCTAaHORJICHO ITSITh YHU(HIIMPOBaHHBIX KacceT. Kax-
Jlast KacceTa COIEePXKUT TPH CHIIOBBIX KJTI0HA, COCTOSIIIUX U3 IBYX BCTPEY-
HO-TIAPALISNBHBIX THPUCTOPOB M MOAYJISITOPA YIIPABISIOIUX UMITY/Ib-
coB. CHIoBOI#i GJIOK BKIIIOYAETCS aBTOMAaTHYECKH IIPH MOSIBICHUU Ha
pxone HarpsekeHus 380 B. IIpu CHITHH yIIpapsiOLIMX UMITYJIECOB IIPO-
HCXOOUT OTKIIOYEHHE THPHCTOPOB. B pexxume K3 nens oTKImoYaeTcs
TIpH IIEpexoiie TOKa Yepe3 Hyldb, T.€. 3HAUMTECIBHO PaHbIIE, Y4EM TOK
K3 mocTUTHET HEmOIyCTUMHIX Ul TMPHUCTOpA 3HaYCHUi. Bpemsi ot-
kmoueHus npu K3 cocrapisieT He 6oiiee 20 Mc. THpHUCTOPHOE YCTPOIi-
CTBO O0ECIIEYMBAET ABTOMATHYECKOE OTKIIOUCHUE OTXOMSIINX JUHUAM
IpU TIEperpys3Kax, NpH CHIDKEHHHM HAIpsIKeHMS, NPU IEperopaHuM
MpenoXpaHuTesieil CHIOBBIX 6JI0KOB. Y CTaBKH TOKOB M BBIIEPXKHU Bpe-
MEHM PeryIMpyiorcs. OTKIIOUCHNEe MOXET IMPOU3BOAMTHCS BPYUHYIO
HaXXaTUEM KHOIIKH.

Verpoiictso TKEO paccunta”o il yCTAHOBKY B 3aKPBITHIX OTall-
JINBacMBIX TTOMelleHusIX. OXaXIeHHe — BO3MYIIHOE, €CTECTBEHHOE.

Ycerpoiicteo TKEII-100/380Y4 npenHa3zHa4ueHO ISl arperaToB
oecriepeboitHoro nmutanusl ADC U CIIYXUT AJI aBTOMAaTHYECKOTO ITe-
PEKIIFOYEHNST HATrpy3K1 Ha Pe3CpBHBINM MCTOYHUK IMMTAHUS. YCTpOii-
CTBO BHIITOJIHEHO B BHIE HiKada ¢ IBYKCTOPOHHUM OOCIy:KUBAHUEM,
BHYTPH KOTOPOro YCTAHOBJICHBI YEThIpe YHUPUUMPOBAHHBIC KACCETHI.
Kaxmas xaccera CONEpXUT CHJIOBOH KIIIOY, OJIOK ITUTAHUS U CUHXPO-
HU3ALUM, MOXYJIb UMITYJIBCOB NEPEKTIOYAIoNUi. TaK ke KaK B OTKII0-
YaoIIeM THPUCTOPHOM YCTPOMCTBE 00eCTIEYMBAETCS aBTOMATHYECKOE
BKJIIOUCHHE TIPH TTOSIBICHUHN HaIpsoKeHUs Ha Bxoge 380 B, orxmoue-
HME TIPU CHSITHM YIIPaBIAIOIIMX UMITYJIbCOB U 3alllUTa OT IpPEeBHILIE-
HUS TOKOB. UMITYJIbCHI yIIpaBieHUs Ca3supOBaHEI ¢ CUJIOBBIM HaIpsi-
XeHNEM CETH. YCTPOICTBO obecieuynBacT aBTOMAaTUYCCKUI TepeBol
NIUTAaHMs Harpy3K¥ Ha pe3epBHBIN HCTOYHUK IIPU OTKIIOHEHWUHU HAIpsI-
XeHUs1 Ha Bxome B npemenax +8— 12 % U, 0e3 BBIOEPKKH BpeMEHH.
OOGpaTHBIi MepeBOI MMTaHUsI HA OCHOBHOI MCTOYHUK O0eCIIeYHBAET-
cq ¢ 3amepxkkoi 150—200 Mc mocie BOCCTAHOBJIEHUS HaIPSKEHUS
Ha OCHOBHOM HCTOYHMKE.
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4.5. KommyTauuMonnsie annaparsl Bbiie 1 kB

4.5.1. O0mue ceeneHusa

Pazsedunumens — 3mo KOHMAKMHbIL KOMMYMAUUOHKBIE annapam,
NPeOHAa3HaueHHbIE 018 OMKAIOMEHUS U 8KAIOHeHUS INeKmpPulecKkoll yenu
be3 moKa Ay ¢ He3HauUmMenbHslM MOKOM, KOmopblil 041 obecneuenusn e-
30nacHocmu umeem Medcdy KOHMAKMAMU 8 OMKAOHEHHOM NOAONCEeHUU
U30AAUUOHHBLE NPOMENCYIMOK.

IIpy peMOHTHBIX paboTax pa3beMHHUTEIEM CO3MAETCS BHIMMBLM
pas3pbIB MEXIY YaCTAMM, OCTAaBHIMMUCS IO/ HaTIpsSKEHMEM, M allra-
paTaMH, BBIBEICHHBIMA B PEMOHT.

Pazvedunumensmu Heab3ss OMKAIOYAMb MOKU HA2PY3KU, TAK KaK KOH-
TaKTHasl CUCTEMA X HE UMEET IyTOraCUTENbHBIX YCTPOUCTB U B CIyYae
OLTHOOYHOTO OTK/IIOUYEHUS] TOKOB HAarpy3Kd BO3HHMKAET YCTOHUMBast
IIyra, KOTOpasi MOXET NpuBecTH K MexaydazHomy K3 u HecuacTHBIM
cay4dasiM ¢ OGCIyXHBaloOLIMM IiepcoHayioM. Ilepen onepamueil pa3nb-
EOMHUTEIEM LIeTb JOJDKHA OBITh Pa30MKHYTA BRIKIIIOUATEIEM.

OmHaKO I YIIPOHICHUS CXEeM 3NIEKTPOYCTaHOBOK donyckaemes [1.13]
UCROAB306AMb PA3seOUHUMenlU 015 NPOU3BOOCMBA CAeOYIOUUX Onepayul;

OTKJIIOUEHMS U BKITIOUEHUS HeHWTpanei TpaHCHOpMaTOpOB U 3a3¢M-
JISIIOLIIMX TYTOTAcsAILMX PEaKTOPOB IIPH OTCYTCTBHHU B CETH 3aMBIKAHUSA
Ha 3eMIIO;

3apATHOTO TOKAa HIMH U O0OpYNOBAHUS BCEX HAIPsSKeHWH (KpoMme
OaTtapeif KOHIEHCAaTOPOB);

HAarpy3o4HOro TOoKa J0 15 A TpexXIOMIOCHBIMH Pa3beAMHUTEISIMH
HapyXHOM yCTaHOBKM TIpH HampstkeHuu 10 B 1 Hmxke.

PasbenuHuTENEM paspeniaeTes Takke IPOU3BOIUTE ONEpaLiii, €CITU
OH HAJEXHO HIYHTHPOBAH HU3KOOMHOM IMapa/UieIbHOM LeTbio (Ii-
HOCOSIMHUTENEHBIM WX OOXOTHBIM BBIKIIOUATETIEM, CM. TToApasn, 5.2.3).

PasbemMHUTENSIMH U OTHEIUTEISIMH Da3peliaeTcs OTKIIOYaTh U
BKJIIOYATh HE3HAYMTEIbHBII HAMarHUMHBAIOIIN TOK CHJIOBBIX TPAHC-
dopMaTOpoB U 3apANHBIN TOK BO3NYIIHBIX M KaOEIbHBIX JTUHUI
(ta6n. 4.7) [1.13].

3HavYeHHME OTKITIOYAEMOTO PA3heTMHUTEIEM TOKA 3aBUCHUT OT €T0 KOH-
CTPYKUMHU (BEPTUKAJTbHOE, TODHU3OHTATLHOE PACIIONIOXEHNE HOXCEH),
DPAacCTOSIHMSA MEXIY MOTICaMU, HOMUHATBHOTO HampsDKeHWs YCTAaHOB-
K4, TTIO3TOMY JONMYCTUMOCTL TaKOM OIlepaliMi YCTAaHABJIMBAECTCS MHCT-
DYKIIMSIMHM M AUPEKTMBHBIMU yKaszanusaMHu. Tlopsimox oneparnuit mpu ot-
KIIOYeHUN HaMarHWYMBAIOIIETO TOKAa TpaHcdopMaTopa TaxKe HTpaeT
BaXHYI0 ponb. Hampumep, TpanchopmaTopsl, uMmetoinue PTTH, Heo6-
XOIMMO TIEPEBECTH B PEXUM HEMOBO3OYXKICHUS, TAK KaK TOK HaMarH-
YHUBAaHMS PE3KO YMEHBIIAETCS IIPH YMEHBIIEHHH HHIYKIIUK B MAaTHUTO-
MIPOBOJIE, KOTOpAasi 3aBUCHUT OT ITOABEACHHOTO HAanpspkeHus. Kpome Toro,
MIpH OTKITIOYEHWH HEHArPYXeHHOTO TpaHCHOpMaTopa HEOOXOIUMO TIpei-
BapUTeNbHO 3(M@MEKTUBHO 3a3€MJINTh HEHTpadh, €CIM B HOPMATBHOM
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Ta6auua 4.7
Hanb6oabline TOKH HAMATHUYMBAHMSA TPAHC(OPMATOPOB M 3aPAAHBIE TOKH
JTMHUI, ZONYCTHMbIE K OTKII0YEHHIO B HapyXublX PY passeauuutensMu
TOPH30HTAXBHOTO THIA

HoMmunnanbHoe Paccrosinue Mexny Tox 3apsAOHbIl TOK

HarnpsixeHue, KB MOJIOCAMHU, M HAMarHUYHBaHHA, A NHMHHUR, A
2035 ; 121’,30 ;(5) '
1o X 155 S0
15 6o 70 -
1 s 70 -

pexyumMe TpaHchopMaTop paboTal ¢ pa3zeMiAeHHOH HelTpanblo. Eciu K
HeliTpann TpaHcgopMaTopa OBUT NOAKIIOYEH 3a3eMIISIONIUM peakTop,
TO TIPEABAPUTEIILHO €TO CIIEAYET OTKIIOYHUTD.

Ecau B 1eru uMeeTcs pa3beAMHUTEIb U OTAEIUTENb, TO OTKIIOUE-
HYe U BKJIIOYEHHEe HaMarHWYUBAKOIIETO TOKA U 3apAAHBIX TOKOB CJe-
IOYET BHIIOJIHATH OTACIUTENAMH, UMEOIINMHU NPYXUHHBIN TPUBOL,
KOTOPHII MO3BOJISIET OBICTPO MPOU3BECTH ITY OIEPAIHIO.

PasbeAMHUTETH UTPAIOT BAXHYIO POJIb B CXEMAX JIEKTPOYCTAHOBOK,
OT HaJEXHOCTH UX pabOTHI 3aBUCHUT HAIEXKHOCTD pabOTHI BCeil 3JIEKTpO-
YCTAaHOBKH, IIOSTOMY K HUM IPEIbSIBISIOTCS CIeRyIolue TpeOOBaHuUS:

co3JaHKe BUIUMOTO pa3phiBa B BO3IYXe, 3JIeKTprUYecKas MPOYHOCTD
KOTOPOT'O COOTBETCTBYET MAKCUMAIbHOMY MMITYJILCHOMY HAIPSDKEHUIO;

9JIEKTpPOANMHAMMYECKAss U TepMUYECKast CTOMKOCTh NpU MpOTeKa-
HuH ToKOoB K3;

HUCKITIOYEHNE CaMOIIPON3BOJIBHBIX OTKITIOYECHHIA;

YeTKOe BKIIOYEHNE U OTKIIOYEHME NMPU HAMXYAIIMX YCIIOBUSIX pa-
0oTh! (0ONEedeHEHe, CHET, BETED).

Pa3beTMHUTENN IO YUCIY MOJIOCOB MOIYT OBITh OMHO- U TPEXIIO-
JIIOCHBIMH, 110 POAY YCTAHOBKM — JUISI BHYTPEHHUX M HApYXXHBIX YCTa-
HOBOK, MO KOHCTPYKIIUM — pYyOSIIero, MOBOPOTHOIO, KaTAILETOCH,
nagTOrpadhuyecKoro ¥ rmomsecHoro Tumna. [1o crioco0y ycTaHOBKH pas-
JMYAKOT Pa3sbeIUHUTEIH ¢ BEPTUKATBHBIM U TOPU30HTAIBHBIM Paciio-
JIOKEHNEM HOXEH,

4.5.2. PazpeauHHTEH /I BHYTPeHHel YCTAHOBKH

JIJ1si BHYTpEHHMX YCTAHOBOK PA3bheIUHUTEIN MOTYT OBITH OTHOIIONIOC-
HeiMu (PBO) i TpexmomocHbiMu (PB, PBK, PBP3 u mp.). Tpextiomoc-
HbIe PasLEIUHNATETH MOTYT BHITOMHATHCA Ha 0011ei paMe WK Ha OTAEITh-
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HBIX paMax Jjist Kaxaoro momoca. OTaeNbHbIe TIOMIOCH! O0bEIMHSIOTC 00-
LUMM BaJIOM, CBA3aHHBIM C IIPUBOAOM pasbeauHuTens. Ha toku mo 1000 A
HOX Pa3beAMHUTES U3TOTORIAETCH U3 BYX METHBIX ITOJIOC, Ha GOJIBIINE
TOKH IIPUMEHSIOTCSA HOXHM U3 TpeX-4eThIpex mojoc. Tak Xe KaK B UIMH-
HBIX KOHCTPYKIMSX, HaWIy4lliee UCIIONb30BaHUE MaTepHaa IpH 60Jb-
UIKUX TOKAX JOCTUTACTCs, eCJIM HETTOABIDKHBIC KOHTAKThI OYIyT Kopobua-
TOTO CEYCHUS, a HOXM PashbeINMHUTENI — KOPBITOOOpasHoi (hOpMEI.

B pasbenuHuTenaX pybguiero tuna (puc. 4.26) Hox Bpala-
eTCS BOKPYT OJHOTO M3 HEIMOABMKHBIX KOHTAKTOB, ABMKCHHUE HOXY

1050

] ] | I
11 |1 I — 1
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1400 .

Puc. 4.26. PazbenqyiHuTE B pyOSLIEro THIIA I BHYTPEHHENR YCTAHOBKU C JBY-
M 3azemiiiouMu Boxamu PBP3-2-20/8000 (omuH momoc):
1 — NOOBUXHBIC ITaBHbIE KOHTAKTHI, 2 — CTAILHBIE TWIACTHHBL, 3 — HEMTOABHXHBIH
KOHTAKT; 4 — OIIOPHBIN H30/ATOP; 5 — paMa; 6 — 3a3¢MJISIIOIIME HOXH; 7 — MeXaHH~
yeckas OJOKHpOBKA MeXAY [JIaBHBIMU M 3a3eMASIOIMMH Hoxamu;, & — dapdo-
poBas TAra
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repenaeTcst ot Baia depe3 (apdoposble TAru & HeobxommMmoe nasne-
HHME B KOHTaKTaX CO3MaeTcs TPYKUHAMU.

IIpu npoxoxaeHuu ToKoB K3 cosmaioTcsl aj1eKTpoauHaMUUECKHe
yCWIMS B MECTax Ilepexofa ToKa C IUTACTUH HOXa ] B HETIOMBUXKHBIM
KOHTAaKT J3, CTpeMSILIMECS OTTONKHYTh HOXHM OT KoHTakTa. C mapyroi
CTOPOHBI, IUTACTMHBEI HOXa TIPUTATHBAIOTCA APYT K ApYyry Giaromaps
B3aMMOJEUCTBHUIO TOKOB ONHOIO HampaBjieHHs. [Ipu GONBITNX TOKax
K3 cuibl OTTaIKUBAHUS MOTYT OKa3aThCsl OOJBIIE, YeM CUJIBI TIPUTSI-
>KeHUS TUIACTUH HOXa, 3TO MPHUBEIET K OTOPOCY IMJIACTUH HOXa OT
KOHTAaKTa, BO3HUKHOBEHHIO OYTH, T.€. K aBapuu. YToOR N36€XKaTh 3TO-
ro, B Pa3beAMHUTENSIX TIPEIyCMAaTPUBACTCS YCTPOMCTBO MAarHUTHOTO
3amMKa. OH COCTOMUT U3 ABYX CTAJIBHBIX IUIACTUH 2, pacloOJOXEHHBIX
CHapyX# HOXa, KOTOphle, HAMAarHMYMBasCh ToKaMu K3, mpuTAruBa-
IOTCSI APYT K IPYTY U CO3aI0T JOMOJIHUTEILHOE JaBJieHHE B KOHTAKTE.
JIns YMEHBIIEHUST OTKITIOYAIOHIEr0 M BKITIOYAIOILIEr0 YCHINA TpUME-
HSETCS MEXaHU3M JIJId CHATUS KOHTAKTHOTO JaBNICHH. 3a3eMIISIONINE
HOXH 6 MOTYT OBITh PACIOJIOXCHBI CO CTOPOHBI IMAPHUPHOIO HIH
pa3zbEMHOTO KOHTaKTa WiIH ¢ 00eux cTopoH. TIpH TpexmoocHoi ycTa-
HOBKE OHM 3aKOpauyMBAIOTC OOLIei MeOHON IITHHOIA.

3azeMIISIONINE HOXU UMEIOT MEXaHUYECKYIO OJJOKHPOBKY, HE pas-
pellaIIyl0 BKIOYATh UX TP BKIIOUEHHBIX DIaBHBIX HOXax. i
VIIpaBJIEHUS 3a3¢MJISIOIUMMH HOXaMM UCIIONb3YeTCI PYYHOI phlyaxk-
HBII IIPUBO, COCTOSILIUI U3 CUCTEMBI PhIYaroB, MepeaaroluX IBUXKE-
HHUE OT pyKosaTKH K Bany (ITP), wim yepsstuHblil npuBoa (ITY). Bxiro-
YeHWE W OTKJIIOYEHUE TJIaBHBIX HOXEM OCYIIECTBIAETCS 3JEKTPOIBU-
rateJibHbIM TpuBogoM (ITIB), mo3BOJISIIONMM NPOU3BOIUTE 3TH OTIe-
pary JUCTaHITMOHHO.

Bo BITOUEHHOM U OTKIIIOUEHHOM TIONOXEHUH pa3beIUHUTENb Ha-
JIEXKHO (QUKCHPYETCA CUCTEMOM phIYaroB IMPUBOAA, YTOOBI UCKITIOYUTh
CaMOIIPOU3BOJIBHOE OTKITIOUEHHUE WIN BKIIIOYCHUE.,

JI1s1 yCTaHOBKM B KOMIUIEKTHBIX 3KPaHUPOBAHHBIX TOKOIIPOBOAAX
TNPUMEHSIOTCS Pa3beIUHUTETN KaTAILIErocsl THIA ¢ MOCTYIATeILHBIM
askeHueM Hoxa (PBK-20) xa Toxm 12000, 14000 A.

4.5.3. PazpeauuureN 11 HAPYXKHOMH YCTAHOBKH

PazpemUHUTENN, YCTAaHABIUBAEMBIE B OTKPBITHIX pacTpeaeTUTeb-
HBIX YCTPOMCTBaX, MOJIKHBI 001a1aTh COOTBETCTBYIOLIEH U30MALUMENR U
HaJeXHO BBIMOJHATL CBOM (DYHKIIUM B HEOJArONpPUATHBIX YCIOBHAX
OKPYXaIOIIEH Cpeabl.

B cBO€ BpeMsI LUIMPOKO NMPUMECHSUTUCh PA3bCANHUTENU py6 -
mero tuna. HemocraTKoM UX ABIAIOTCS OOMbIINIE TabapUThHI TIPH OT-
KJTIOYEHHOM TIOJIOXEeHUH HoXa. Tak, passenunutens POH(3)-500/2000
TIpY MOJHSATOM HOXE MMeeT BhIcOTY 9,8 M. /LI yMEHbIIIEHUS YCHIHS,
HeoOXOMUMOTO ISl TIOAHSITUSI HOXA, a TAKXKE YMECHBIUEHUSA TabapuToB
10 BBICOTE HOX pasbeIUHUTENS meialoT u3 aByx yacteit (PHB-500)
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Puc. 4.27. Pazpe TMHUTENb TOPU3OHTATLHO-TIOBOpoTHOrO TUma PH/I3-2-110:

a — BKIIOYEHHOE TOJIOXEHHe pa3belMHHTeNs: | — paMa; 2 — OIOPHBIH H30IATOP;

3 — HaKOHEYHHK MJIs1 TIPHUCOCAMHEHMsS LIMH; 4 — rubKas CBsi3b, 5 — IJABHbIA HOX

cJIaMeNIssMH; 6 — I[JIaBHBIH HOX Ge3 Jiamelieit; 7 — 3a3eMJIsiole HOXW; 8§ — TAara

K npuBoay; 9 — mpHBoA; 6 — pa3beMHBIA KOHTakKT pasbesuHutenass PHB-500: 7 —
rubkas cBs3b; 2 — NPYXHHA; 3 — NaMelb; 4 — JlonaTka
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C BepPTUKAILHBIM JABIKCHUEM JIBYX TIOIYHOXeH. B OTKIIIOUeHHOM ITOJIO-
JKEHHUU €0 BBICOTA COCTaBNseT 8,45 M. Pazbe AMHUTEND MMEET JBA 3a3¢M-
JISIOIIMX HOXA, TPUBOJ IJIABHBIX HOXEl — 3JIeKTpOABUraTeNbHBIN
(I1/TH), 3a3eMJIsIIOIMX HOXEH — pPYYHOI.

Pa3zbheIMHUTEAN TOPU3OHTANBHO-TIOBOPOTHOTO
THU A BBITycKaloTcsl Ha HanpstkeHue 10— 750 kB. Ilupokoe npume-
HEHUE 3TUX pa3beAMHUTENEH OOBSICHSECTCS 3HAYUTEIEHO MEHBIIUMU Ta-
GaputamMu M 0oJiee TIPOCTHIM MEXaHU3MOM YTipaBicHUsS. B 3Tux pass-
eIMHUTEIISX TTaBHBIA HOX COCTOMT U3 ABYX YacTel, TaK Xe KaK y pa3nbe-
nunutenasi PHB, Ho oHU miepeMelaioTcs: B TOPU30HTAIBHOMN TTOCKOCTH
TIPU TTOBOPOTE KOJIOHOK M30JITTOPOB, Ha KOTOPBIX 3aKperuieHbI (puc. 4.27).
OnuH MoMoC ABMSIETCS BeOyHIMM, K HEMY TIPUCOSTUHECH MpUBo. JIBU-
JKEHME K IBYM APYTUM IOJTIOCaM (BEIOMBIM) TiepenaeTcs TraMu. Pasne-
JUHUTETH MOTYT UMETh OIMH WIM IBa 3a3eMJITIOLINX HOXa. KOHTaKTHas
YacThb PashEAUHUTENSE COCTOMT U3 JaMenell, YKPETUIEHHBIX Ha KOHLIS
OIHOTO HOXAa, XU KOHTAKTHOI MOBEPXHOCTM Ha KOHLE IPYroro Hoxa.
IIpu BKMIOYEHNH HOX BXOTUT MeXITy laMeNsiMu. JlaBiieHHe B KOHTaKTe
co3maercs mpyXuHaMU. Pa3beMHBI KOHTAaKT MOKOOHON KOHCTPYKLUU
(g pazsenunutens PHB-500) mokasan Ha puc. 4.27, 6.

3 4

875

i

1112

Puc. 4.28. Pazveaunurens PI'-35/2000Y X 1:

1 — 3azeMiutens, 2 — HENMONBMXHAS KOJIOHKA; 3 — MOJYHOX IABYXITOJIOCHBIH, 4 —
pPa3zbeMHbIH KOHTAKT; 5 — [MOABHXHAS KOJOHKA; 6 — 3a3eMJIMTEND; 7 — BaJibl HOXeEit
3a3eMJIUTENIEH; & — Tsra K NMpUBOAY
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Puc. 4.29. PaspeauHuTens nonynanrorpadusiit PIIT.2-330/3150Y X1 1:

1, 2 — croifiku; 3 — Tpy6a; 4 — KOXyX; 5 — MPOTUBOBEC; § — HENOABUXHBIH KOH-

TaKT, 7 — KOHTAKTHHI{ HOX BO BKIIOYCHHOM NOJOXEHHH; 7  — KOHTAKTHBIH HOX B

OTKJIIOYEHHOM TIONIOXEHUH; & — 3a3eMNHTENb;, 9 — KOHTaKTHHIA BeiBOH; [0 — M30-
JIUPYIOLIHE KOJOHKHU

B ropu30HTaIbHO-TIOBOPOTHBIX Pa3beIMHUTENSX IIPH OTKITIOUYCHUHU
HOX Kak ObI «JIOMaeTCsI» Ha JIBe YaCTH, TOSTOMY 3HAUMTENILHO obJer-
yaetcsa paboTa MPUBOIA B CITyyae 00JIeIeHeHNS KOHTAKTOB. B pasbeau-
HUTENIX PYOAILEro THIIA IS pa3pylleHHS KOPKH JbJa HOXY coobiia-
JIOCH TIOCTYIIATENIbHO-BPAILATEILHOE IBIKEHUE, YeM YCIOXHSIACh KH-
HeMAaTHKAa TIPHBOJIA.

B passemuHuTEAX 330 — 750 KB 1IpeycMOTPEHH JIHI03aIMTHEIE KO-
XYXH, 3aKpbIBAIOINE KOHTAKThI.
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bonee COBEPLICHHYIO KOHCT-
PYKLUHMIO MMEIOT pa3beIHMHUTENH
cepuu PT u PTH (puc. 4.28) Ha
ganpsixeHue ot 35 go 220 kB,
pegHasHaYCHHBIC IS 3aMEHBI
passeauHuTeNe ™Mma PHA. Ha
HECYILCH paMe 3aKpeTUISTIOTCS HE-
[IOABMXHAS 2 U TIOABUXKHAS 5 KO-
JIOHKH, Ha KOTOPBIX KPEIISTCs T0-
JIVHOX JABYXTIOJIOCHHIH 3 ¢ pa3beM-
HBEIM KOHTaKTOM 4 U IMOJYHOX Of~
HOTIIOJIOCHBIH.

[Ipu . OTKJIIOUEHUN YCWIIME OT
MPUBOIA TlepemaeTcs TAroi &; Ko-
JIOHKA 5, BpalliasiCh, MepeIacT IBU-
KCHHUE TIONYHOXAaM, TIPU TIOBOPOTE
KOTODPBIX PasMbIKaeTCsl KOHTAKT 4.
PasbeTMHUTENb MOXET UMETh OMUH
WIM JBa 3a3eMiuTens I, 6, yrpas-
JISIEMBIX TIPUBOIOM 4epe3 BaJibl 7.
TloBepXHOCTH pa3beMHOTO KOHTAK-
Ta TIOKPBITHI cepebpoM. U30s1srTophl
BHITIOJTHEHBI M3 BBHICOKOTIPOYHOTO
dapdopa. BriBomHBIE KOHTAKTHI
CKOJIL3SLLETO THTIA H60JIEe JONATOBEY -
HBI, YeM T'HOKUe CBSI3U (B CEpUsX
PHZA, PIH]I). Passequuurenu ce-
pun PT" paGoTOCIIOCOOHH TIPH TO-
Joneae mo 20 mm [4.8].

B ycranoskax 330 kB u BulInie Ha-
XOIAT MMPUMEHEHHE pa3'be 1 U H U-
TE€JIW NoJymaHTOTpadHBE
C TOPU3OHTAJILHBIM Pa3heMOM ce-
pun PIIT. Ha puc. 4.29 mokasaH
PasLEIMHUTETH BO BKITIIOYEHHOM IO~
JIoxXeHWH. KOHTaKTHBIA HOX 7 cO-

PG I TSRS I OI G ST TSI SIS ST GE GGG TSI IS LN HE G5 TE T4
N N N SN S NS N YN/

Puc. 4.30. PaspeauHUTEb TIOIBEC-
Horo tuna (PITH):

1 — Tpoc OT npuBoja; 2 — rUpISIHIA

H30JIITOPOB; 3 — KOHTAKTHBIE HaKOHEY-

HHUKHY; 4 — NIPYXHHSALIMWE JIaNbl; 5 — rpys;

6 — HeMOABHXHBIH KOHTAKT B BU/IE KOJb-

ua; 7 — 3aseMisolnit HoX; & — TpaHc-
dopmarop TOKa

CTOMT U3 JIBYX IMOJIYHOXEMH, CKIANBIBAIOLIUXCS B BEPTUKATHHOM IUTOCKO-
CTH B TIPOLIECCE OTKMIOYEHMS. TaKoe MONOXeHUe TOYHOXeH B OTKITIO-
YEHHOM TIONOXEHUH 7° yMeHBIIaeT OO0IIy0 BEICOTY pasbenuHuTens. [lep-
BBII TTONYHOX COCTOUT U3 aJIIOMUHHMEBOI TPYOBI, K KOTOpOH MpUBapH-
BajoTCs BWIKA M ipHA. BTopoil MoyHOX Takcke M3 alfOMUHUEBOM TPY-
ObI, K KOTOPOIi NpHBapUBaeTCA KOPIIYC CKONMB3SINETO KOHTaKTa MU KOH-
TaxTHasl TUIACTHHA ¢ HamaikaMu U3 cepedpa, 00ecTeYMBaIOIMMU MaJioe
TepexoIHOe COTTPOTUBIICHME B HEMIOIBYDKHOM KOHTaKTe 6. PazbenuHure-
Jin cepun PIIT cHaGxarotcst aBUTaTe TIbHBIMU TiprBogamu TIAT-25-8 (¢ on-
HuM 3asemnresieM) U IIJIT-26-8 (¢ OByMs 3a3eMIMTEISIMM).
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ITonBecHO# pazpenuHuTensb (puc. 4.30) MMeeT MOIBIDKHYIO KOH~
TaKTHYIO CHCTEMY, COCTOSINIYIO U3 Tpy3a 5, CHAOXEHHOTO MpYKUHSI~
MMM JlaraMu 4 1 KOHTAKTHBIMU HAaKOHEYHUKAMH 3, K KOTOPBIM IIpH-
BapeHBI TOKOTIPOBOIHI.

Bcs aTa cucTema moaselieHa Ha TUPIISTHAAX U30ISITOPOB 2 K ITopTa-
ny. HeoABMKHEIN KOHTAaKT B BUAE KOJbIIA 6 MOXET YCTaHABINBATLCS
Ha IUMHHOI H30JISIIIMOHHOM OTlope, a TAKKe Ha W3MEPUTENBHBIX TPAHC-
¢opmaTopax ToKa U HalnpsokeHusl. TpocoBast cucTeMa YIpaBaeHUSA CO-
CTOUT U3 DJIEKTPOIBUTATEILHOIO IIPUBOIA, TPOCa, TIPOTUBOBeCa, 610~
KOB.

B OTK/TIOUEHHOM II0JIOKEHUM MOABUXHBINA KOHTAKT MONHAT. IIpu
BKJTIOYCHMH pa3belHHUTENS BpalleHHeM OapaGaHa NMpUBOIA MOTHU-
MaeTCsl BBEPX ITPOTHBOBEC, A MOABHXXHBIE KOHTAKTHI ITOJ JIeHCTBUEM
COOCTBEHHOTO BECa OITYCKAIOTCSI BHU3 M HAKOHEYHUKH J3 TIPUXOISAT B
COTIPUKOCHOBEHME C KOJIBLIOM 6 — 1IeTIb 3aMKHYTA. '

4.5.4. KopoTKO3aMbIKATEH W OTIEIHTE]IN

Kopomxkosambikamens — 3mo KoMMymayuoHHbili annapam, npedras-
Hauennbill 045 c030aHus uckyccmeennozo K3 6 anexmpuueckoil yenu.

KopoTko3zaMbIKaTe MIPUMEHSIOTCS B YIPOUIEHHBIX cXeMax Mof-
CTaHIUH (cM. moapasf. 5.3, 5.8) misa Toro, YTOOH 06€CIEYHTh OTKIIO-
YeHHE TMOBPEXNEHHOr0 TpaHc(OpMaTopa IOCIE CO3TaHUSI HUCKYCCT-
BeHHOro K3 nmeiicTBreM peneiiHOM 3alUTH MUTalonIeit JuHuM. B ycra-
HoBKax 35 kB Heo6xoauMo IIpUMEHSTH JIBa MOTI0Ca KOPOTKO3aMEIKATE-
I 3t co3ganust asyxgasHoro K3, B ycranoBkax 110 xB u BhIllie 10-
CTAaTOYHO OJHOTO TOJTIOCA.

Konctpykuust K3-35 ananornuna pasweaunurenio. Hoxu, coenu-
HEHHBIC C 3a3eMJICHHON IIMHON, NMPUBOAATCS B ABIDKEHUE TIPYXKHH-
HBIM TIPUBOZIOM TPH MOJAaYe UMITYJIbCA OT PENICHHOM 3aIIUTH 1 3aMBbI-
KalOTCsl Ha HEMOABWXKHBIE KOHTAKTHI, HAXOISIMECS O HANpPsKEH U~
eM. Bpems BkimoyeHust coctapiseT 0,12 —0,25 ¢. OTkmoyeHne npous-
BOIMTCSL BPYYHYIO.

Omdeaumenu cepuu OJ1 nipencTaBnsioT co60ii 0OBIYHBIN TPEXIIONIOC-
HBIA Pa3beIMHUTENb, CHAOXEHHBIN ITPUBOJIOM IUisi aBTOMAaTHYEeCKOTO
OTKJTIOYCHUSE 00ECTOYEHHOI e, BpeMst OTKII0YeHHSE TOCTaTOYHO Be-
ko — 0,4—0,5 ¢, 9To ABNSETCST HEAOCTATKOM KOHCTPYKIIUM.

OTaenuTed MOTYT OTKIIOYaTh O0ECTOYEHHYIO 1IeNb WIM TOK Ha-
MarHMyMBaHMs TpaHchopMaTtopa.

OTaenurend U KOPOTKO33aMBIKATEIM OTKPBITOH KOHCTPYKIIMM HE~
IOCTaTOYHO HafeXHO paboTaloT B HEOIaroNpUATHBIX ITOTOMHBIX YCJIO~
BUsIX (MOpo3, Troionen). B akcImyaTaliMy HaGMIOAA0TCs CITy4au HX OT-
Ka3a B paboTe, 103ToMy NTpUMEHEHHE X B HACTOMIee BPEMS OrpaHm-
yeHo. B3aMeH 3THX KOHCTPYKUMI pa3paGoTaHBI OTIECNUTEH U KOPOT-
KO3aMBIKaTENW C KOHTAKTHON CHCTEMOIi, pacIlONIOXKEHHON B 3aKphl-~
TOP KaMepe, 3amoyiHeHHo# anerazoM (K2-110, K9-220, 02).
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JOCTOMHCTBOM 3aKPBITHIX KOPOTKO3aMBIKATE e 1 OToennTeNei SIB-
JigeTcs 4eTkas paboTta M Majble BpeMeHa BKmodyeHus (KB) n oTkio-
genusa (09).

Buibop pazsedunumeneii u omdeaumeneii npouzeooumcs:

1o HanpsXKeHUI0 Uy 2 User yoms

TOKY IHOM 2 IHopM.pac'{; kIII‘IHOM 2 npen.pacys

KOHCTPYKIIUH, POAY YCTAHOBKY;

SMEKTPOIUHAMUYECKOU CTOMKOCTH znp cxe 2 byn} Inp.oxs = Inos

TePMUYECKOM CTOUKOCTH [ty 2

KopoTKo3aMBIKaTeIN BBIOHPAIOTCS no TEM Xe YCIOBHSM, HO 0e3
IPOBEPKU MO TOKY HArpy3KH.

4.5.5. Bpikawuaread HArpy3KH

B cerax 6-— 10 kB anekTpocHa6XeHHUI TOPOACKUX ITPOMEBIIITEHHBIX
1 CEJTLCKOXO3SICTBEHHBIX TIPEATIPUSTII BO3HUKAECT HEOOXOTUMOCTE OT-
KJIIOYCHHS ¥ BKJIIOYESHHS TOKOB HOPMaJbHOI Harpy3ky. Takas orepa-
IIUS pasbeIUHUTENISIMIA He MPOU3BOAMTCS, TaK KAK OHM HE UMEIOT yC-
TPOWCTB JIJIS rallieH!s BO3HUKaloILEeH ayru. TIpocTeHIMM KOMMYTalM~
OHHBIM allMapaToM, MO3BOJISIIONINM OTKJII0YATh U BKJIIOYATh TOKHM Ha-
IPY3KH B HOPMAJIBHOM PEXUME, SIBJISETCS aBTOTra30BhIM BRIKIIIOYATENh
Harpy3ku BHIIP (puc. 431, a). Bukuitoyatenn Harpy3kud BHIT co3na-
HBI Ha 6a3e pasbeauMHUTENEl pyOsinero Tumna. Ha onmopHoM uzonsitope
C HEMOABWXXHBIM TJIaBHBIM KOHTAaKTOM J3 YKpeIUleHa MpocTeiinas ay-
roracuTe/IbHasg KaMepa 2 ¢ ra30reHepypyIOIMMH BKJIAOBIIAMU 7 U3
opraHMYecKoro crekia (puc. 4.31, 6). K rmaBHOMy TIOIBIZKHOMY KOHTaK-
Ty-HOXY 5 TIpMCOEeIMHEHAa CK00a ¢ AYTOTACUTEIbHBIM KOHTAKTOM 4,
KOTOPBII BO BKITIOYEHHOM MONOXEHUH HAXOMUTCSI BHYTPH KaMephl MeX-
Ty KOHTaKTaMu 6. [1py OTKIIIOYEHUH TTOI NEHCTBUEM TTPYXXMHBI IIPUBO-~
Ja IBMXEHHE OT Baja ] mepedacTcsl IIaBHBIM KOHTAKT- HOXaM J3,
KOTOpBIE Pa3MBIKAIOTCSI B BO3AYXE MEPBBIMU, HO AYTHM He obpasyercs,
TaK KaK BECh TOK TPOXOAHMT TIO AYTOracUTEIBLHBIM KOHTakKTaM. Ilpwu
JanpHEUIeM TBIKEHNU HOXA 5 pa3MBIKAIOTCsI JyTOracHTeIbHbIE KOH~
TaKThl, BO3HUKIIASL Oyra BO3IEUCTBYET HAa BKJIANBIIIN, M3 KOTOPBIX
BBIACISIETCS ra3. JdapneHue B Kamepe IMOBBILIAETCS, a IPU BBIXOIE AY-
TOTaCUTEJIFHOIO HOXA M3 KaMephl CO3AeTCs BBIXJION Ta3a | Jyra rac-
Her. TIpn BKIIIOYEHMM CHayajla 3aMBIKAIOTCSA JYroracurebHble KOH-
TaKTHI, 3aTeM — IJIaBHBIE. Be3 peBH3UH JOITyCTUMOE KOJMHYECTBO HUK-
7o BO: 30 — npu HoMuHaIEHOM TOKe 630 A u cos¢ =0,7; 10 — npu
HOMUHATBLHOM TOoKe 630 A 1 cos¢ =0,3; 20 — nipu 5 % HOMUHAIBLHOTO
TOKa U cos@ = 0,7; 10 — npu OTKIMIOYEHUH 3aps/THOTO TOKa Kabens 10 A
" Goee.

Briximoyarens BHITP BeiiepxuBaet ckBo3HOM TOK K3 i, s = 41 KA,
a TOK TEPMMYECKOM CTOMKOCTH [;op= 16 KA. JloMycTMMO OBYKpaTHOE
BKJIIOYCHNE Ha KOPOTKOE 3aMBIKaHUE, ITOCJIe YeTro MPOU3BOAUTCI pe-
BU3HSI C 3aMEHOM JTyroracUTebHBIX KaMep.
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Puc. 4.31. Beikmoyarens Harpy3ku BHITP:

a — obwui BUA; 6 — OyroracuteNnbHas Kamepa; I — Ba npuBona; 2 — Ayroracuresib-

Hag Kamepa; 3 — TIJIaBHEBI HETIONBUXHBIN KOHTAKT; 4 — MOABUXHBIA AYroracuTe/ib-

HBIM KOHTAKT; 5 — TJIaBHBIA NOABMKHBIA KOHTAKT-HOX; 6 — HEIIOABHXKHBIN Jyrora-
CHUTEJIbHBIH KOHTaKT; 7 — ra3oreHepupyloliie BKIanbiy

Brixiouyarenu Harpy3ks BHIT MoryT monmonHsITbCS IpeaoXpaHUTe-
mamu TTKD, 3azeMIgoliMMi HOXXaMd M TIPUBOAAMM Pa3HOro THUIIA:

py4yHbIM (ITP), pyyHBIM ¢ THCTAHIIMOHHEIM oTKItoueHHeM (TTPA) Hiu
aneKTpoMarBuTHEIM (I19).

4.5.6. Ilnapkue npenoxpaduTenu soime 1 kB

IlpenoxpaHUTENN BEICOKOIO HAMPSXKEHUA UMEIOT TO Xe caMOe Ha-
3HAYeHUE M TOT X€ MPUHIMN paboThl, YTO U NpegoxpaHuTenu 10 1 kB.
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HMpenoxpanurtenun cepuu IIK ¢ MenKo3epHUCTHIM HarmoN-
HUTEJIEM BBIONHAIOTCA Ha HanpspkeHus 3, 6, 10, 35 kB 1 HOMKHANb-
Hele Toku 400, 300, 200 1 40 A cOOTBETCTBEHHO. DT MPEIOXPAHUTE-
JIN 001aal0T TOKOOTPAaHUYUBAIOUINM 3(deKToM, TTOTHOE BpeMs OT-
KimroyeHns: npu Tokax K3 cocrasnser 0,005—0,007 ¢.

ITatpon mnpenmoxpaHutens (puc. 4.32) cocrout u3 dhapdopoBoii
TpyOKH, apMUPOBAHHOM JIATYHHHIMU KoJITaykaMu. BHyTpHM maTpoHa
pa3MellleHH MeIHEBIEe WM cepeOpsHBIC INTaBKUe BCTaBKU. s obec-
TIeYeHUS] HOPMAJILHBIX YCJIOBHH raltieHUs YTH IIAaBKHUE BCTABKH JIOM-
SKHBI IMETh 3HAYUTENILHYIO JJIMHY M MaJIOe CEUEHUE. DTO TOCTHTACTCS
TMIPUMEHEHHEM HECKOJIbKUX Mapa/UIeIbHBIX IUTaBKUX BCTaBOK J, Ha-
MOTaHHBIX Ha peOPUCTHII KepaMIdeCKuil cepleyHHK (cM. puc. 4.32, g),
WM IPpH OOJIBIIUX TOKAX HECKONBKHUX CITHPANBHHBIX TUIABKUX BCTABOK
(cM. puc. 4.32, 6). Ilocne Toro Kak TpybKa 3amojHEeHa KBapleBHIM
MMECKOM, TOPIIEBRIC OTBEPCTHS 3aKPHIBAIOTCS KpHUIKaMud [ M Tia-
TeJIBHO 3ananBaloTcs. HapylneHne repMeTHIHOCTH, YBIAXKHEHHE TTecKa

b7 e S s .7 474

Puc. 4.32. Tlpenoxpanutenu tuima IMK:

a — obouwmit Bun [1K4; 6 — naTpoH NnpeaoxpaHUTeNs Ha Tok 6ojiee 7,5 A; ¢ — naTpoH

MpeJOXpaHUTENS Ha TOK A0 7,5 A; 1 — ToplieBast KphIlKa; 2 — JIaTYHHBIH KOJIMAYOoK;

3 — dapdopopast Tpy6Ka; 4 — KBaplLIEBBIit MECOK; S — IUIABKasA BCTaBKa; 6 — IIADUKH
M3 ONIoBa; 7 — yKaszatesb cpabaThiBaHUsA
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MOTYT IIPUBECTH K IOTEPE CIIOCOGHOCTH FacUTh Ayry. g yMeHblIe-
HUSI TeMIIepaTyphl IUIAaBI€HUs TUIABKOM BCTaBKM HCIONB30BaH Me-
Taynyprudeckuit a¢pgekrt. CpabaTeiBaHME TIPEIOXPAHUTENS OINpENe-
JIIeTCA IO yKa3aTelio 7, KOTOPhIA BEIOPACHIBACTCS MPYKUHOHU U3 TPYO-
KU TTOCJIE MeperopaHus CTANbHON BCTaBKU, HOPMANLHO YAEPXUBAKO-~
1e i MPYXUHY B MOATAHYTOM COCTOSTHUM. CTaNbHasl BCTaBKa Iepero-
paert rociie paboynx BCTABOK, KOT/IA IO HEil IIPOXOIUT BeCh TOK. BhI-
CTpOE rallleHHe TYTH B Y3KUX KaHalax MeXIy 3epHaMM KBaplia Mpu-
BOIMT K MEPEHATPSAXECHMSAM, OTTACHBIM JUIS U30JIIIIUY YCTAaHOBKU. 751
CHUXEHUSI TepeHAIIPAXCHUN HMCKYCCTBEHHO 3aTSTUBAIOT TalllCHUS
JIYTH, IPUMEHSS TUIaBKHEe BCTAaBKM Pa3HOTO CEYEeHHUA 1O [UITMHE WIH
TJIaBKHUE BCTAaBKH C MCKPOBBIMH TNPOMEXYTKaMHU, BKAIOYCHHEIC Ma-
pIZIEIBHO OCHOBHBIM pabOYMM BCTABKAaM.

PasHoBugHocTAMHU cepun 11K sBisioTes:

IMKT -~ npenoxpaHWUTeNN AJisl 3aLTUTHl CHJIOBBIX TpaHCHOPMATOPOB
M JIMHUU;

ITKH — mpenoxpaHuTENX s 3aLINTH TPAHCHOPMATOPOR HATPSI~
XEHUS,

T[TKD — mpenoxpaHUTENN Ui CHIOBHIX IIETei 3KCKaBaTOPHBIX YC-
TAHOBOK.

IIpu ycTaHOBKE TpedoxXpaHuTeNell B IIemsiX ¢ TokoM Oomee 100 A
MPUMEHSIOTCS IBa MK YEThIpe TaTpoHa (cM. puc. 4.32, a).

IIpenoxpaHUTEeNAU C AaBTOTA30BHIM TalleHUEM OYTH
BBITIOJTHSIIOTCSI Ha HanpsixeHWe 10 kB ¥ BhIle.

7151 OTKPBITBIX pacIpeAeTUTENbHBIX YCTPOMCTB MOJIYYUITA pacipo-
cTpaHeHue BhIxIonHele penoxpanuTenu tTuia IIBT va 10, 35 u 110 kB.

OCHOBHOM 4acCThIO MpeIOXpaHUTENS SBJISIETCS ra30reHEpUpYIONiast
TpybKa, BHYTPH KOTOpPOM pacrojiokeH TMOKUH MpOBOIHMK, COSIH-
HEHHBIH ¢ IJIaBKOM BCTABKOII M KOHTAKTHBIM HaKOHeYHMKOM. [Tapain-
JIEJTBHO METHOM BCTABKE PacIONIOXXeHa CTadbHas, BOCIIPMHUMAIOIIAs
YCUITAE TIPY>KMHBI, CTpEeMSIIEiCsl BHTALUTh TMOKUIA MIPOBOIHUK.

Ilpu K3 cHayana pacruiaBiaseTcss MenHasi, 3aTeM CTaJbHasA BCTaB-
ka. Ilox meiicTBUEM MPYXUHBI BLIOpacEIBaeTCd TMOKMIT TPOBOTHUK.
Hyra, o6pa3oBaBLIasiCs MOCHE paciIaBIeHUSI BCTaBOK, 3aTSITHBAeT-
¢ B TpyOKY, Tie MHTEHCUBHO BBHIIENsIeTCs ra3. [JaBieHne B TpyOKe
nocturaetr 10— 20 MIla, cozmaeTca MHTEHCUBHOE MPOAOJLHOE aB-
TOLYTBE, Tacsiliee Ayry. FalleHWe COMPOBOXIAETCS BEHIOPOCOM pac-
KJIEHHBIX Ta30B U MOIIHBIM 3BYKOBHIM 3¢(h(EKTOM — BBICTPEJIOM.
B cBs13u ¢ 3TMM nipenoxpaHureny I1BT ycTaHaBIUBAIOTCS B OTKPHI-
ThIX PY TakuM 00pa3zom, YTOGH B 30HE BHIXJIONA He OBLIO 3JIEKTPH-
YeCKMX ammaparoB. PaHee 3TH mMpeloXpaHUTEINd Ha3bIBAJIMCh CTpPE-
sgsomiumu (ITCH).

B nporiecce OTKIIOUEHUS AJIMHA TYTH YBEJIMYUBAETCS 110 Mepe BhIO-
poca TUOGKO# CBSI3U, TO3TOMY TNEePECHAMIPSKEHMI He BO3HUKAET.

IlnaBkast BCTaBKa B HOPMAJXLHOM PEXHMME HarpeBaeTcs 10 BEICOKOM
TeMIepaTypsl. YTOOB He TIPOUCXOIWIIO ra3000pa30BaHusl, BCTABKA pa3-
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MellleHa He B TpyOKe, a B METa/UIMYECKOM KOJITaKe, 3aKphIBAIOIEM
OIUH KOHEIl TpyOKH.

[Ipenoxpanutenu I1BT nmpuMeHSOTCA B KOMILIEKTHEBIX TpaHCpOp-
MAaTOPHBIX MOoAcTaHIMAX. OHU 3aIUIIAIOT CWIOBbIE TPaHC(HOPMAaTOPhI
oT ToKOB K3, HO HE 3amMIaIoOT OT APYTHX BUAOB MOBPEXASHUMA.

HanbHeiiiiee ycopepiieHCTBOBaHUe mnpenoxpaHurtencii IIBT mpu-
BEJIO K CO3JaHUIO aBTOTAa30BOTO BBIKJIIOYATENS C rasore-
HEPHPYIOIM UM HaTpoHOM, BHYTPH KOTOPOTO pa3MelIeHb [UIaB-
Kasl BCTABKa U KOHTAKTHag cucTeMa. [Ipy>XKUHHBIA MPUBOJ, MOJYYHB
CHUTHAJI pejIcHHOMN 3al#Thl, BEIIEpriBaeT FTHOKYIO CBsI3b M3 MAaTpOHa,
paspyllias KOHTaKTHl. Bo3HMKIIas Ayra racUTCs TaK Xe, KaK B TIpeIoX-
panutejne [1BT.

HenoctaTKoM Takoro BEIKJTIOUATENS SABISAETCS OLICTPBIi H3HOC TBEP-
JIOTO IyroracMTellsl, pa3pyllieHHe KOHTAKTOB, a CJIEJIOBAaTe/IbHO, HEO0-
XOIMMOCTDb 3aMEHBI TOTO U JIPYTOro IMOCE Kaxporo oTkmodyeHus K3.

Bri6op npenoxpaHuTesieit HaNpsoKeHUeM BhIlie | KB mpousBoauTcs
aHaJIOTMYHO BBIOOpPY mpeaoxpaHureseii 1o 1 kB (cM. moapasn. 4.4.2).

4.6. Brikmoyarejn BbICOKOT0 HANPSIKEHHS

4.6.1. O0mme ceeaeHusn

Boicarouamens — 3mo koMMymayuoHHsll annapam, npeoHa3Ha4eH-
Hbill 01 BKAIOMEHUA U OMKAIOYEHUA MOKQ.

BrikiiouaTenb SIBMACTCS OCHOBHBIM amIlapaToM B JIEKTPUYECKMX
YCTaHOBKaX, OH CIYXUT JUISI OTKJIIOYEHMST M BKIIOYEHUS B IIEMU B
JIOOBIX peXXuMax: JUTUTeNbHAs Harpyska, Teperpyska, KOpPOTKoe 3a-
MBIKaHHE, XOJJOCTOH X0, HeCHHXpOHHas pabora. Haubonee Taxemnoii
1 OTBETCTBEHHOMH olepaliueit SIBJIAeTCs OTKIIIoYeHHe ToKOB K3 U BKITIO-
YeHHME Ha CYHIECTBYIOIIEE KOPOTKOE 3aMBIKAHHUE.

K BBIKITIOMATEISIM BBICOKOTO HAMPSDKEHUSI MPENBSIBISIOT CACAYIONIE
TpeOOBaHUS:

HAJEXKHOE OTKIIIOYEHHE JTIOOLIX TOKOB {OT JECATKOB aMIiep 0 Ho-
MUHAJIBHOTO TOKA OTKIIIOYCHUA);

OBICTpOTA NEHCTBUS, T.e. HAMMEHBIIIEE BpeMST OTKITIOUEHUS;

TIPUTOTHOCTD VIS OBICTPOACHCTBYIONIETO aBTOMAaTHYECKOTO ITOBTOP-
HOTro BKJIIOUEHHS, T.€. OLICTPOE BKIIIOYEHHE BBIKIIIOUATENS Cpasy Xe
T10CJIE OTKJIIOYEHHUST; _

BO3MOXHOCTDb Moga3Horo (IOMOIIOCHOT0) YIIPaBICHUs AJIS BHI-
kinovaresneif 110 kB u Boue;

JIETKOCTb PEBU3UH M OCMOTPa KOHTAKTOB;

B3PBIBO- U TIOXKApOoOE30TIaCHOCTD;

ya00CTBO TPAaHCIIOPTUPOBKU U SKCIVIyaTAI[HH.

BrixmouaTenu BHICOKOTO HATIPSKEHUS JOJKHBI UTUTEIBHO BHIAEP-
KUBaTb HOMUHAIbHBIR TOK /., 1 HOMUHAJIbHOE HamnpsxeHue U,,,.
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B cootBetctBuM ¢ FOCT 687—78E BHIKITIOUATEIU XapaKTePU3YIOT-
Co CIenYIONMMH TIapaMeTpaMi.

1. HoMUHanbHBEH TOK OTKIIOYUEHUS Ly pory — HAUOOIB-
it Tok K3 (neiictByioliiee 3HaueHME), KOTOPBIiA BRIKJIIOYATEh CIIOCO-
OcH OTKJIIOUMTH TIpM HaIpsCKEHWH, paBHOM HauOoJblieMy paboyeMy
HaIPSCKEHMIO TIPY 33JaHHBIX YCJIOBHSIX BOCCTAHARIMBAIOILIETOCST HAIIPS -
>KeHHA U 33JaHHOM LMKJIe onepanuii. B m1. 3 OpU10 MokasaHo, yTo ToK K3
COCTOMT U3 NIEPHOAUYECKOI M anieproinueckoil coctapiusomux. Homu-
HIBHBIA TOK OTKIIIOYCHHUS OIIpelenseTcs] ACHUCTBYIOIIMM 3HaYeHUEM
TIEPHONUYECKON COCTARMSIONICH B MOMEHT PACXOXHACHUSI KOHTAaKTOB.

2. JlonycTHUMOE OTHOCHUTEJIBLHOE CONEpXaHUE ame-
PUOIHYECKON COCTaBISIOIEl TOKa B TOKE OTKIIO-
9¢e HUS Byopus 70, KOTOPOE OTIPENETISETCS MO KpUBOH puc. 4.33:

ia. HOM
oo = =M 100,
B i \/5101'101 HOM

HopMupoBaHHOe 3HaYEHUE (3, OTIPEAEIIETCS II MOMEHTA PaCcXOX-~-
JEHUS KOHTAKTOB T=lypin + 4.5= 0,01 + £, (cM. Tompasn. 3.3).

Ecmu 7> 0,09 ¢, To npuHuMaIoT By = 0.

3. Huknm omepauuil — BHIIONHSAEMAs BHIKIIOUATEIEM TIOCTE-
JIOBaTEILHOCTh KOMMYTAIMOHHBIX ONepanuii ¢ 3aJaHHBIMH MHTEpPBa-
JIAMM MEXITY HUMH.

B skcmtyaTaumyt BEIKITIOUATEh MOXET HEONHOKPATHO BKITIOYATHCS
Ha cyulecTByomee K3 ¢ MmocieaylommuM OTKITIOUCHUEM, [TO3TOMY
I'OCT 687—78E npenycMaTpyBaeT JJIst BEIKITIOYATEICH OTIpeAeIeHHBII
LUKJI OTepalMii.

Ecnu BermiouaTesni npeTHa3HaueHbI IS aBTOMATHYECKOTO TTOBTOD-
Horo BkitodeHUs1 (AIIB), To BOJDKHBI GBITH OGECTICUCHBI ITUKIIB:

0O—180 c—BO—180 c— BO;
O—t;—B0O—180 c—BO.
Buiximouarenu ¢ U, <220 KB ZOKHBI TAKKE BBITIOIHSTE ITHKIT
O—t5,—BO—20 c—BO.

Bﬂopm %
90 N\ v Brixmouarenu 6es AIIB nomx-
57;8 HBI BBIIEPXHUBATh HUKIT:

N
28 P 0O—180 c—BO—180 ¢c—BO,
9 ~ e O — omepauusi OTKIIOYEHHS,
20 —{ BO — onepauvs BKIOYEHHS U He-
10 MEAJEHHOro OTKI4YeHus; 20,

0,010,02 0,03 0,04 0,05 0,06 1,¢ 180 — npoMeXyTKu BpeMeHH B Ce-
KYHOAX; f; — TapaHTHpyeMast Ul

Puc. 4.33. HopmuposanHoe conepxa- BBIKJTIOUATEJICHT MUHUMAILHAS Oec-
HYe aTlepUOIMHECKO COCTARNAIOIEH  TokoBast maysa ripu AITB (Bpems oT
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TIOTacaHus AyTH IO TOSIBJIEHUSI TOKA TPU TIOCJIEAYIOIIEM BKITIOYEHHH).
g Beikmovateneit ¢ ATIB f;, 1ommkHo 6BITE B mipeaenax 0,3—1,2 ¢, s
eixmouaresieit ¢ BAIIB — 0,3 ¢.

4. CTOHKOCTbh MPU CKBO3HBIX TOKAaX XapaKTepH3yeTcs TO-
KaMH TEPMUYECKOH CTOMKOCTH [, U BNEKTPOIMHAMUYECKOI CTOHKOCTH
L (DeHicTBYIOLIEE 3HAYEHHUE), iy — HAWOOJBIIMEN MUK (AMIUIMTYIHOS
3HaYEHMeE); 3TH TOKU BBIKIIOYATENb BBIICPKMBAET BO BKIIOUEHHOM ITO-
JIOXeHWHU Oe3 IMOBPEXICHWH, TIPENATCTRYIOIMX ajlbHeliiell pabore.

3aBOI-U3TOTOBUTENE JOJKEH BBIAEPXKUBATH COOTHOIIEHUE

iHHH = 2,55101‘1011(01«'

S. HoMUHanbHBIHA TOK BKJIIOYEHU S — ToK K3, KOTOpHIi1
BBIKJTIOUATE]Th C COOTBETCTBYIOLIMM ITPUBOIOM CIIOCOGEH BKITIOUUTE Ge3
IIPUBApUBAHUA KOHTAKTOB U APYTUX noBpexaeHuit, npu U, u 3a-
JAaHHOM IMKJIE. B kaTanorax MpruBOIMUTCS NEHCTBYIONIEE 3HAYEHHE ITO-
IO TOKA Iy o H AMITIMTYIHOE 3HAYECHUE lyey iom-

Brixmouarten KOHCTPYMPYIOTCS TAKUM 06pa3oM, YTO cOOMI0IaIoT-
cA yCIIOBUSA:

IBIUI.HOM 2 IOTIUI.HOM; iBlUI.HOM Z 1! 8J—i[0TKJ1.H0M'

6. Co6cTBeHHOE BpeMS OTKJIOYeHMUS {, ,— HHTEPBAJ Bpe-
MEHU OT MOMEHTA ITOJaY KOMAH/IBI Ha OTKJIIOUEHHE 10 MOMEHRTA IIpe-
KpaIlleHHsI COTIPUKOCHOBEHHUSA TYTOTACSAIINX KOHTAKTOB.

BpeMs OTKIIOYEHUS fy,, , — HHTEPBAJI BpEMEHHU OT NTOJAYH
KOMAaH/IbI Ha OTKJIIOYEHHE IO MOMEHTA ITOracaHus AYyTH BO Bcex IMO-
JIIOCax.

BpeMsa BKIIOUYEHHUH by, , — MHTEPBAT BPeMEHU OT MOMEHTA
ITOIaY¥l KOMAHAEI Ha BKITIOUSHUE 0 BO3HUKHOBEHHUS TOKa B UEITH.

7.1TapaMeTpBl BOCCTAHABJAMUBAIOIIETOCS HAMIPAXEHUSA
OTIPENENAIOTCA B COOTBESTCTBUM ¢ HOPMHUPOBAHHBIMU XapaKTepUCTHKAMH
COOGCTBEHHOTO ITEPEXOMHOI0 BOCCTaHABMMBaolLerocs Hanpsokerusi (ITBH).

8. BeIkimiouaTtenu, He NpeAHa3HadeHHbIe Uit AITB, momkHb Tommyc-
Karth He MeHee Ty onepaunit BO npu tokax K3 (0,6 — 1)1 on 0€3
OCMOTpa OYTrOTaCHTERHHOTO YCTPOMCTBA. BBHIKJIIOYATENM, NpeaHa-
3HaueHHBIe 11 ATIB, TOKHEL HOITyCKAaTh B TEX XK€ YCJIOBUX OT 6 10 10
onepanuii BO B 3aBUCUMOCTH OT Iy, ,.on (TOCT 687—78E, Tabm. 4).

B I'OCT 687—78E npuBeaeHEI TAaKKe Ipyrre TpeGOBaHUSA K KOHCT-
DYKIIUM BBIKJIOUATesieil 1 METOIB X UCTIBITAHUN.

4.6.2. Macasupie 0axoBbIE€ BBHIKMIOUATENH

TlepBLIMH BBHIKITIOYATEISIMU B LIETISX BRICOKOTO HATIPSKEHHUST OBUIH
MaclisHBIe OaKOBBIE BREIKTIOUATENU O€3 CHEeMANbHBIX YCTPOUCTB IS
rameHus ayri. KoHTakTHas cucTeMa pa3Melanach B CTaTBHOM 3a3€M-
JICHHOM 0aKe, 3aJMTOM H3OJISIIMOHHBIM MAacJIOM, KOTOPOE CIIYXKHIO
JUTS TAllieHUsT IYTH M U30IAINH TOKOBEAYIUX YacTeil APYT OT Apyra U
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oT 3a3eMieHHOTO 6aka. [Ipy OTKIIIOYEHUH BO3HMKAET AYTra MEXTY KOH-
TAaKTaMM, KOTOpasl pa3iaraeT ¥ UCIIapsieT Maclio, o0pa3yeTcsl ra3ola-
pOBOIi My3EIph ¢ maBnenueM BHyTpH 0,5— 1 MIla, B KOTOpOM oxiax-
Jaercs u racHeT ayra. OTKodaionast CriocoOHOCTh TaKMX BBIKJIIOYaTe-
Jeil HeBeJMKa, HallpuMep BHKIwYateab BMBD-6-200 umeer
L non= 4 KA. BHAUUTEIEHOTO YBEIMYEHHWSI OTKITIOUAIOIIEH CITOCOOHO-
CTH MOXHO JOCTUTHYTH IIpUMEHEHUEM IYTOTacUTEIBHBIX Kamep. Pac-
CMOTpHM YcTpoMcTBO BEHIKTIOYatens C-35-630-10 (U,.=35 kB,
Lion= 630 A, Lyrinson= 10 KA).

Ha puc. 4.34 nokasaH pa3pe3s Mojoca U AYyroracuTe/IsHas AByXpas-
pEIBHAs MOABMXHAA KaMepa (CM. puc. 4.34, 6). Kaxnasiit nomioc co-
OpaH Ha MaCCHBHOM YYT'YHHOM KpbIliike (CM. puc. 4.34, a). K xpbIlike
MoABeIuBaeTcsd 6aK, BHYTPEHHHE CTEHKH KOTOPOTO M30MUPOBAHKI
9JIEKTPOKApTOHOM. 1o KpHIIIKO YCTAHOBJIEH IIPUBOIHON MEXaHU3M
C CHCTEMOHN pHYAroB, O0ECIEYUBAIOINMNA TPIMOIUHEHHOE IBUXKe-
HHE IITaHTU. MexaHMW3Mbl BCEX TPEX IMONIOCOB COETUHEHHl TATAaMHU
MeXIy co00il 1 ¢ IPUBOAOM BhIKITIOUaTeIsI. Yepe3 OTBEPCTHS B KPHIIL -
Kax IPOITYIIeHHE BBOJIBI, Ha KOHLIAX KOTOPHIX YKPEIIEHH HEMOIBUX-
Hele I'-06pa3Hble KOHTAKTH C METAUIOKEpaMHUYeCKUMU HamalKaMu.,
Ha kaxmoM BBOIE ITOI KPBIIIKOM YCTAHOBNIEH BCTPOCHHHBIN TpaHC-
thopmarop Toka. K HuXHeil YacTH MITAaHTH U3 U3OIUPYIOIIETO MaTe-
pyana MpUKPEIUIEHA MYyToTacUTeIbHAs KaMepa, COCTOSIast U3 IBYX
KOPITYCOB, COeTUHEHHBIX CTIXHBIMU 6ontamu. Ha puc. 4.34, 6 moka-
3aH KOPITYyC AYTOTaCUTENbHOM KaMephl. BHYTPeHHSS MTOJOCTh KaMepHl
00IMIIOBaHa AYTOCTOMKHMM HU30MALIMOHHEIM MaTepuiaioM. B kamepe yc-
TAHOBJICH ITOABUXXHEIN KOHTAKT 6 B BHJE TIePEMBIUKHU, OMUPAIOLIHIi-
Cs Ha YeThIpe KOHTAKTHHIE TIPYXUHH 7. B MecTax COMPUKOCHOBEHMSI C
HEMOJBIXXHBIM KOHTAKTOM § HaMassHE MeTaJUIOKepaMHIecKye TUac-
THHEL. [Ipu OTKIMIOYeHHH HITaHra / onycKaeTcs BHU3 BMECTE C KaMe-
poii 4, B pe3ynbTaTe 4ero o0pa3yioTcs ABa pa3phiBa U 3aropaercs
nyra B Kamepe (cMm. puc. 4.34, 6). JlaBneHue B KaMepe pe3Ko Bo3pac-
TaeT, M KaK TOJBKO OTKPOIOTCSI GOKOBBIE BHIXJIOMHBIE OTBEPCTHUS J,
co3maeTcs nonepeuHoe aythe. [1pu OTKIIIOUYEHNH GOJBIINX TOKOB 3TO
JIyThe SHEPTUYHO M AYyTa racHeT. EC/IM OTKIIOYAIOTCS MAIBIe TOKH, TO
TocJie BEIXOJa HETOIBUXHBLIX KOHTAKTOB U3 KaMephl Yepe3 BHIXJION-
HBIe OTBepCTHA 3 CO3HaeTcs TIPOMOJIBHOE IyThe, O0GECIeuyrBaloliee
raineHue ayru. B myroracuTenbHOM YCTpOMCTBE €CTh BO3AYIIHAS T10-
JyliKa — HeOoNbIlasg MeTalThdecKasl KaMepa 2, 3allOJTHEHHasI BO3-
JyXOM W COOOLIAIINAsCI ¢ OCHOBHBIM OOBEMOM IyTOTaCUTEIBHOM
KaMepHl, 3allOJJHEHHOH MaciioM. B IpoIobHOM pa3pe3e KaMephl Ka-
HaJNOB, IO KOTOPHIM OCYIHECTBAETCS 3Ta CBA3b, HE BUNHO. B nepBrIit
MOMEHT 3aropaHusi Iyru, Korga JaBlicHHE pe3Ko BO3pacTaeTr, 4acTh
Macja CKMMaeT BO3IyX, 3TO HECKOMBKO CHMXKAET yAap B CTEHKH Ka-
Mephl, a B MOMEHTHI, KOTAa TOK B JIyTe MPOXOAUT Yepe3 HYNb U JaB-
JieHWe B 00JIaCTH AYTMl YMEHBUIAETCS, CKATHI BO3MyX BHITAJKHUBAET
MacJio ¥ CO3JaeT JOMONHNTENLHOE AYTHE.
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Puc. 4.34. Buinoyarens 6akoBsiit MacisHslil C-35-630-10:

a — pa3spes nonioca: / — BBoA; 2 — TpaHcdopMaTop Toka; 3 — KOpIyc NPUBOTHOTO

MeXaHu3Ma; 4 — IUTaHra; 5 — HeMoABHXHbBIH KOHTAKT; 6 — JyroraCUTENbHasi KaMepa;

7 — BHYTpUOAKOBash M30NsIHUs; & — HarpeBaTeJbHOE YCTPOHCTBO; 9 — MacloOCMycK-

HOE YCTPONCTBO; 6 — AyroracUTeNIbHasi KaMepa B MpoLecce OTKMIOYEHHU: ] — IITaHra;

2 — BO3aylUHas NOAYyWIKa; 3 — BBIXJIONHBIE OTBEPCTUS; 4 — KaMepa; 5 — OGOKOBHIE

BBIXJIONIHbBIE OTBEPCTUSA; 6 — IMOJABMXHBIA KOHTAKT; 7 — KOHTaKTHbIE MPYXUHbBI, § —
HETMOABUXHBIM KOHTAKT

Ilocne rameHus AyTH TMPONYKTHI pa3foXeHMs Macja BEIXOIST U3
KaMephl, TIPOXOAAT CJIOM Macjia B 6aKe, OXJIaXIaloTcd U Yepes3 cIe-
HUATBHEIE Ta300TBONBI B KPBIIIKAX BEIOPACHIBAIOTCA HapyXy. Kamepa
3aMOMHAECTCA MacCjOM, M BBIKITIOYATENh TOTOB K CAEAYIOUIEMY LIMKITY
OTIcpaluii.

Kpowme cepuu Beikmoyaresieif C-35, M3roToBasioTcss 0aKOBHIE Mac-
JISHBIE BHIKITIOYATEMH cepuu Y-35, Y-110, V-220. BeIKToYaTenu 3THX
cepuii pacCYUTaHH Ha HoMHHanbHbie TOKH 2000 u 3200 A u TOKMU
otkmoyeHMs 10 50 kKA. T'abapuThl BEIKIIOYATE e 3HAYUTETHLHO YMEHb-
LIEHHI 32 CYET MIPUMEHEHHUs COBPEMEHHBIX MaTepHaIOB M TJIacTMAcC.
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Tak, BeIKITIOYaTEds cTapoit cepun MKIT-220 MOIIHOCTBIO OTKITIOYE-
Hust 7000 MB- A umen seicoty 8295 MM 1 6ak muameTpoM 2500 MM,
a BBIKJTIOYaTes b HOBOM cepuu Y-220 ¢ MOLIHOCTBIO OTKIIOUEHUS
25000 MB- A umeet Boicoty 7015 MM, a nuameTtp Gaka 1800 mm.

B Brikmiouarene Y-220 Ha Tpu nosoca conepxutes 27000 kr macna.

OcHOBHBIE NPEHUMYLIECTBA HAKOBBIX BBIKJIIOUATENEH: [IPOCTOTA KOH-
CTPYKIIMH, BHICOKAS OTKIIIOYAIONUIAsg CITOCOOHOCTL, TMPUTOIHOCTD JUIsl
HapyXHOU YCTAaHOBKH, BO3MOXHOCTb YCTAaHOBKHM BCTPOCHHBIX TpaHC-
¢dopMaTopoB TOKA.

Henocrarku 6aK0BBIX BHIKIIOYATENEH: B3PHIBO- U TI0XAPOOTIACHOCTE;
HEeOOXOAUMOCTh MEPUOANYECKOTO KOHTPOJSA 32 COCTOSSHUEM U YPOB-
HeM Macja B 6ake U BBoAax; OOJBIION 00BEM Macia, YTO 00YCIOBIU-
BacT GOMBIIYIO 3aTPaTy BPEMEHU Ha €r0 3aMEHY, HEOOXOAUMOCTD O0Mb-
LIMX 3aI1aCOB Macjia; HEMPUTOTHOCTD AJIST YCTAaHOBKY BHYTPU MOMELIE-
HUiT; HEIPUTOTHOCT [T BHIMOJHEHUS ObicTponeiicTBytowero AlIB;
6osblias 3aTpaTa MeTajuia, 0oJblliass Macca, HEyROOCTBO ITEpeBO3KH,
MOHTaXa ¥ HaJTaJKH. ‘

YxazaHHple HEIOCTAaTKH 0aKOBBIX BHIKITIOYATENEl TIPUBETTH K TOMY,
YTO Ha BHOBB COOpYXaeMBIX OOBEKTaX OHM He NMPUMEHSIOTCS, a Ha
JEWCTBYIOIMX 3aMEHSIOTCS MaJIOMACISIHEIMUA M 9JIETA30BBIMH.

4.6.3. ManomacisHble BBIKJIIOUATEH

MasnoMaciasHble BBHIKIIOYATeH (TOPIIKOBBIE) MOMYYUIM ILHPOKOE
pacMpoCTpaHEeHUE B 3aKPHITBIX U OTKPBITBHIX PACHPEACTUTENBHBIX YCT-
pOICTBax BceX HAMpsKEHU. Maciio B 9THX BBHIKITIOYATENSIX B OCHOBHOM
CIIyXXUT IyTOTacAlIcH Cpello M TOMBKO YACTUYHO U3OJISAUMCH MEeXOY
Pa30MKHYTBIMU KOHTaKTaMU. M30/IIUKs TOKOBEAYIIMX YacTeil mpyr OT
Jpyra U OT 3a3eMJIEHHBIX KOHCTPYKUMIA ocylecTBisiercs dhapdopoM
WJIH JIPYTUMH TBEPOBIMH HM30JHPYIOLIMMH MaTepHaraMu. KOHTaKTH
BBIKJTIOUATENE M1 BHYTpPEHHEUW YCTAHOBKM HAXOMATCH B CTATBHOM
0auke (roplike), OTCI0/Ia COXpPAHWIOCHh Ha3BaHHWE BHIKITIOYATeNe «rop-
LIKOBBIE » . MasioMacsiHbIe BRIKTIOYATEN HanpskeHUeM 35 kB U Bhlilie
umMeloT ¢apdopoBriii koprnyc. CaMoe IIHPOKOE MPUMEHEHHE UMEIOT
oixTiouatenu 6 — 10 kB moasecHoro thma (puc. 4.35, a, 6). B atux
BBIKJTIOUATEJISIX KOpITyC KpenuTcs Ha ¢ap@opoBbix U30MITOpaxX K 00-
el paMe i BCeX TpeX MOII0COB. B KaxKIoM MojTroce NperyCMOTpEH
OIMH pa3pblB KOHTAKTOB U JyrOracUTEIbHAsI KaMepa.

Tlo Tumy, noxasanHoMy Ha puc. 4.35, a, 6, MI3rOTOBJISAIOT BBIKJIIOYA-
e BMI'-10 (Bbixuiouatesib MacisiHbIN ropikoBelit), BITM-10 (mon-
BECHOI MacJISIHBIH).

Tlo KOHCTPYKTUBHOI cxeMe, MpUBEAEeHHOU Ha puc. 4.35, 8, U3ro-~
TOBJAIOTCA BHIKTIOUaTeu cepui BMII (BEIKIIIOYaTeTh MAJIOMACIISTHBIN
noageecHoit). I1pu 601b1UIHX HOMMHAJBHBIX TOKaX O0OMTUCH OMHOM Ma-
pOii KOHTAaKTOB (KOTOPBIE BBHIIOTHSIIOT POJIb pabOYNX M JYTOracUTeb~
HBIX) TPYIHO, ITO3TOMY IpeIyCMaTpUBalOT padoyre KOHTAKTHI CHApy-
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Puic. 4.35. KOHCTpYKTHBHEIE CXEMBI MATOMACHISTHBIX BRIKJIIOYATENeH (a — e):

1 — pyroracuTenbHble KOHTaKTHI; 2 — AyroracutefibHasi Kamepa; 3 — HENOoABNXHBIE
KOHTaKThl; 4 — pabouyue KOHTaKTH

KU BBIKJIIOYATENISA, & AYTOTACUTECIBHEBIC — BHYTPH METUUIMYECKOTO 0ad-
Ka. [TpH GoNbIIMX OTKITIOYaEMBIX TOKAX Ha KAXIBIH MOMIOC MMCIOTCS OBa
JIyroracUTeJIbHBIX pa3pbiBa (puc. 4.35, ). I1o Takoii cxeMe BBITIOTHSIOT-
cs BeIKmovarenu cepuit MI'T u MI Ha HanpspkeHue 1o 20 KB BKITIOUM-
TenbHO. MacCHBHBIE BHEITHUE pa0oyre KOHTAKTHI 4 MMO3BOJAIOT pac-
CUHTATh BHIKIIIOYATENb Ha GOJNBbIIIIHE HOMMHANIbHEIE TOKH (10 12000 A).

Crneunanbio 111 KPY BHIBIKHOTO UCITONHEHHS pa3paboTaHbl U
MSTOTOBISIOTCS KONOHKOBbIE MATOMACIISTHBIE BBIKIIIOUATENH CEPUM BK
o cxeme puc. 4.35, d.

JIig ycTaHOBOK 35 KB M BEIIIIE KOPITYC KOJOHKOBBIX BRIKITIOYATENCH
dbaphoposrlit, 3anoMHEHHBIM MacioM (puc. 4.35, e). B BeIxmovaressix 35,
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110 xB nipegycMoTpeH oauH pa3pbiB Ha dha3y, Mpu OOIBIIMX HATpsIKe-
HUSIX — JiBa U 0OJiee Pa3phIBOB.

Bukniodatenu cepuu BMII mmpoko npuMeHsIOTCS B 3aKPHI-
TBIX ¥ KOMIUIEKTHEIX PaCIpeAeIUTENbHEIX yeTpoiicTBax 6 — 10 kB. Bui-
xmouatenu it KPY mMeloT BCTpOEHHBIN NMpYXUHHBIA WK 3JIEKTPO-
MarHuTHBIA npuBox (tunsl BMITIT 1 BMIID). Beikmiouatenn sTHx ce-
PHUi paccuMTaHBl Ha HOMUHaIBHBEE TOKU 630— 3150 A M TOKM OTKIIIO-
yenna 20 u 31,5 xA.

DT BHIKIIOYATENIM UMEIOT ABa TMapaUIeJbHBIX TOKOBEIX KOHTYpa
(cm. puc. 4.35, 6). Pabo4urie KOHTaKTHI 4 PACITONOXEHBI CHAPYXHM, Ay~
roracuTeNbHeEle I -— BHYTPHU Kopryca. BHyTpeHHee ycTpoiicTBO HOTIo-
ca sl BEIKIIOYaTeNel Bceil cepun omMHakoBo. KommdyecTBo Macia
B BHIKJTIOYaTeNsIX Ha Toku 630 — 1600 A cocraBnsieT 5,5 Kr, B BEHIKJIIO-
yatensax Ha 3150 A — 8 xr.

Buoiknwugatenu cepuit MIT, MI' u BI'M wmsrotosisirorcs Ha
6oJbilIe HOMMHATBHBIE TOKU TI0 KOHCTPYKTHBHOI CxeMe, ITOKa3aHHOM
Ha puc. 4.35, 2. BEIKIIIOUATENM 3THX CEPUit MMEIOT ABa CTABHBIX 6ayKa Ha
MOJIIOC M TT0 JIBE MAPhl PA00OYMX M TyTOraCUTENIEHBIX KOHTAKTOB. MOIIHEIE
paGoyre KOHTAKTHI MO3BOJIIIOT YBETMYNTh HOMUHATBHEIN TOK 3THX BHIK-
Joyatesnieil, a IBYKpPaTHBIN pa3phIB TOKA U CITCITHANTBLHEBIE KAMEPE! Tallie-
HMS TIPUBOIAT K YBEJIMYECHHIO OTKITIOYAIOIIEH CITOCOOHOCTH.

Ha puc. 4.36 noxasan seikmnodatens BI'M-20. Hlects 6aukoB 3TOr0
BHIKJIIOYATENIST KPEISITCS Ha M30JIATOpaxX K METAIMYEeCKOMY OCHOBA-
HMIO I, BHYTpU KOTOPOTO PACIIONIOXEHH! PHIYaXHBIN IMPUBOIHON Me-
XaHU3M, OTKIII0YAIOINE TIPYXKUHEI, MAaCNIHBIN U MIPYXWHHLIA Oydepa.
B kaxaoMm 6auke MMEIOTCS AYroracMTeJbHBIE KOHTAaKTBI M KaMepa
BCTPEUHO-TONEPEYHOTo AyThs. a3kl ¥ IMapHl Maciia, 06pa3oBaBIIHeCs
MpH FallIeHUH AYTY, MOCTYNAlOT B MACJIOOTIACIIUTEND 4, 3aTTOTHEHHBIN
dapdopoBbIMU HIapuKaMu. Maciao KOHAeHCUPYeTCsI U TIOMafacT 06-
paTHO B 6aY0K, a Ta3bl Yepe3 BHIXJIOMHON KOHEIl ra300TBoAa 2 BHIO-
pachIBalOTCA HapyXKy. OUIMHOBKA pacIpeIeTUTENILHOTO YCTPOMCTBA Yepes
TUOKME KOMIIEHCATOPH! IpHUCOEIMHAETCS K BEIBOIAM KOpOGYaTOTo
npobwist 7. Ha kpaitHux da3ax ycTaHOBJIeHBE MarHUTOIIPOBOAEI 5 U3
JIEKTPOTEXHUYECKON CTaly, KOTOPEIE O0eCIeYMBalOT PaBHOMEPHOE
TOKOpacnpeaeNieHNe MO KOHTAKTHBIM cHcTeMaM. I1aBHbBIe KOHTAKTHI
(HOXM) pacHoloXeHbl CHAapy>XK! Ha TpaBepce 6 U CBA3aHBI M3OJSAIIM-
OHHOM IITAHTOM 9 C IPUBOJHBIM MEXaHHU3MOM.

B BEIKMIOUATENSX 3TOI cepuM iBa KOHTYpa TOKA — IJIABHBII U JIyrora-
cUTenbHBIA. Korma BeIKIIOYaTe b BKITIOUEH, OOMbIIIAs YacTh TOKA IIPOXO-
JIAT 1O TJIABHOMY KOHTYDY BCJIEICTBIE MEHBILIETO CONPOTURIIEHUS TIETIA.

TIpu oTKIIIOYEHUH BHIKJIIOYATENS CHaYajlia pasMBIKAIOTCA pabodue
KOHTAKTHI, HO JIyra MeXIy HUMH He 00pa3yeTcst, TaK KaK TOK IIPOIOI-
KaeT MPOXOMUTh B TYTOraCUTEILHOM KOHTYpe. IIpH BKIIOYEHHMY TIep-
BBIMH 3aMBIKAIOTCSI TYroracHuTe/bHbie KOHTAKTHI, a 3aTeM pabouue.

1 yripaBieHHsI BRIKITIOYATENSAMM 3TOM CeprM IIPUMEHSIIOTCS ek -
TpoMaruuTHBIe TpuBoasl I1C-31 unn I15-2, 119-21.
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Tlo Tolt e KOHCTPYKTUBHOI cxeme (cM. puc. 4.35, 2) U3roToRmIs-
10TC BHIKMoyaTean MI'Y, paccyutaHHbIe Ha OOJbIIIME HOMUHAILHbBIE
toku 6300, 11200 A, orxmiowalolyio crmocodbHOCcTh 90 KA, 371eKTpo-
JuHamu4eckyo croiikocts 300, 320 KA, TepMudecKyto cToikocTs 90,
105 kA [1.3].

ManoMaclaHBle BHKJIIOYATEAH KOJOHKOBOTO TUMA
BK-10 ¢ npyxuHHBIM TpuBogoM U BKD-10 ¢ 3j1eKTpOMarHUTHBIM
MPUBOAOM TIpeIHa3HayeHHl Wi npuMeHeHUs B KPY BHyTpeHHeH M
Hapy>XHOM YCTaHOBKH.

BEKNIOYaTeaM MacCJHsSHHE KOJMOHKOBEBEE CEpHU
BMK, BMY3B nipuMeHsI0TCS B YCTaHOBKax 35 KB.

B ycranoekax 110 u 220 kB HaxonsT NpUMEeHEHUE BHIKNI0OYaTE N U
cepuu BMT (puc. 4.37, a). Tpu nionoca Beikitouarenss BMT-110 yc-

. & :
A o
685 1400 1400
1 4
N\ o Mo
\ i ] L
= | /
5
4600
Lt 1l
a o

Puc. 4.37. Beikmouarenp ManoMacigHbii BMT-110:

a — oOwmuit Bua: 1 — NPYXXUHHBIA NpuBoOI; 2 — OMOPHBIA M30JATOP; 3 — Ayroracu-

TeNbHOE YCTPONCTBO; 4 — OCHOBAaHWE BLIKJIOUATENS; S — MEXaHW3M YIpaBlieHHus ; 6 —

JYTOracUTeNbHbIA MOAYJIb: 1 — TOKOOTBOX; 2 — MOABHXHON KOHTAKT; 3 — Hyroracu-

TeNbHasi KaMepa; 4 — monblii $hapdopoBbIii U30MATOP; 5 — HEMOABMXKHBIN KOHTAKT;
6 — xonmnak; 7 — 6ydepHbIit 06beM; 8§ — yKazaTeldh YpOBHS Macia
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TAHOBJICHH! Ha O0IIEM CBADHOM OCHOBAHUHU 4 U YIIPABJISIOTCS TIPYKUH-
HbIM TipuBonoM 1. Ilomioc BEIKIIOUATENS MpeNCTaBisgeT cOO0M MacIoHa-
TIOJTHEHHYIO KOJIOHHY, COCTOSILIYIO U3 QIIOPHOTO M30JIAropa 2, Ayrora-
CUTEJILHOIO YCTPOMCTBA 3, MEXaHU3Ma YIIPABJICHHS 5 M 3JIEKTPONOIOr-
peBaTEILHBIX YCTPOUCTB. ‘

JlyroracutenbHOe yCTpOUCTBO (MOLY/Ib) COCTOMT U3 TOKOOTBOIA [
(puc. 4.37, 6), CBA3AHHOTO Yepe3 TOKOChEMHBIE YCTPOMCTBA C MOI-
BIDKHBIM KOHTAKTOM 2, MyTOTacUTETbHOM KaMepH 3 BCTpPeUHO-TIOMNe-
PEYHOTO OyThsl, HETIOABWIKHOIO KOHTaKTa 5. Bce 3T 31eMeHTHl pac-
TIOJIOKEHHI B TIOJIOM (hapPOpOBOM U3OISITOPE 4, 3alI0JTHEHHOM TpaHC-
(opMaTOpHBEIM MAcCJIOM M 3aKPHTOM CBEpXy KoJmakoM 6. Konmnak cHa6-
XE€H MaHOMETPOM ISk KOHTPOJISI U30LITOYHOTO JaBJIEHUS B IyTOracH-
TEJIBLHOM YCTPONCTBE, YCTPONCTBOM TSl 3aMOJTHEHHUST CXKATBIM Ta3oM,
BBIITYCKHBIM aBTOMAaTH4YeCKUM KIIAlaHOM, yKa3aTejleM YpOBHS Macia 8.
B mpouecce ralieHust Oyrd ypoBeHb Macia ITOTHMMAeETCs, 3aHUMast
YaCTUYHO OydepHHit 00neM 7.

BuyTpu omopHoro usossitopa 2 (cM. puc. 4.37, a) pasMellieHH U30-
JNALMOHHBIE TATH, CBA3BIBAIOILME TMOIBWKHBIA KOHTAKT C MEXaHM3-
MOM YTIPaBJICHUS.

MacnOHaIOTHEHHBIE KOJIOHHBI TepPMETH3UPOBAHEI M HAXOASTCS MO
U30HITOYHBIM JAABJICHUEM ra3a (a3oTa Wiy Bo3ayxa). M36bITouHOE 1aB-
JICHHE TTOMIEPXKUBACT BHICOKYIO DJIEKTPUUYECKYIO MPOYHOCTHh MEXKOH-
TAKTHOTO IIPOMEXYTKA, TTOBBILIAECT U3HOCOCTOMKOCTh KOHTAKTOB, 00€C-
TIEYHBACT HaJleXkKHOe OTKIIOYEeHHME KaK TOKOB K3, Tak M eMKOCTHHIX
TOKOB HEHArpy:X€HHBIX TUHUH 3JIeKTporiepenayn. M36bTouHOE MaBe-
HHME CO3MAETCs CXKATHIM Ira30M, KOTOPHI MomaeTcst oT OaUIOHOB HIIN
KOMIIpeccopa, Tepel BBOJOM BBIKIIIOYATENSI B SKCIUIYAaTAIlUIO M CO-
XpaHsieTcsi 6e3 MOMOJIHEHUSA 10 OYEPETHON PEBU3UU.

KoHCcTpykiust MajtoMacisiHBIX BRIKITIouaTeneit 35 kB u BhIle mpo-
JIOJDKAET COBEPIUEHCTBOBATLCS C LIETBIO VBEIWYEHHS HOMUHAIBHBIX
TOKOB M OTKIIIOYAIOLIEit CTOCOOHOCTH. B MUPOBOIA MpakTHKE MajioMac-
JISTHBIE BBIKITIOUATE/IM U3TOTOBIAIOTCS Ha Hampsbkenus mo 420 xB.

JlOCTOMHCTBA MAJIOMACHAHBIX BLIKJIOYATENeii: HeOOIBIIOE KOTHYE-
CTBO Macjia; OTHOCUTEIBHO Majiad mMacca; boJiee yloOHHBIA, yeM y Oa-
KOBBIX BHIKJIIOYATENeH, JOCTYI K IYrOTaCUTEIbHBIM KOHTAaKTaM; BO3-
MOXHOCTh CO3IJAHUSI CEpUM BBIKIIIOUATENICH Ha pasHble HaIpsKeHMS
¢ IpUMEeHeHHEM YHUPHUIIUPOBAHHBIX Y3JIOB.

HenocTaTku MaloMacCilsHBIX BbIKJIOYATeNeli: B3pHIBO- U TTOXApO-
OTIACHOCTB, XOTS U 3HAYUTENIFHO MEHBIIIAsl, YeM ¥ OAKOBBIX BBIKIIIOYA-
TeJel; HEBO3MOXHOCTD OCYLUECTBIICHUS ObIcTpoleiicTBylomiero AllB;
HEOOXOTUMOCTh TTEPHOTUIECKOTO KOHTPOJISA, JOJUBKM, OTHOCHTEIh-
HO YaCTOi 3aMEHBI Maclia B AYTOraCUTEIbHBIX OauKax; TPYAHOCTh yCTa-
HOBKM BCTPOCHHBIX TPAHC(POPMATOPOB TOKA; OTHOCUTETHLHO MaJiast OT-
KJII0Yaolasi ClloCOOHOCTD.

O06acTh MPUMEHEHUST MAJIOMACIISIHBIX BHIKIIOUATENEl — 3aKpHITHIE
pacTpeaeIuTeIbHBIE YCTPONCTRA JIEKTPOCTAHLIMI U TIOACTaHIuMiA 6, 10,
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20, 35 u 110 kB, KOMITIEKTHBIE pacIpeAenuTeIbHbIe yeTpoiicTsa 6, 10
H 35 KB ¥ OTKpBITBIC pacnipeneTuTebHbIe yeTpoicTea 35, 110, 220 xB.

4.6.4. Bo3xymHble BHIKJIIOUATENH

B 6030yiunbix ebikarovamensx 2autenue oyeu NBPOUCXOOUM CHCAMBIM
6030YXOM, Q U30AAUUA MOK08EOYUUX yacmeli U 0ye02acumenbHo2o ycm-
poiicmea ocywecmensemca apgopom uau dpyeumu meepobimu U30AUpPy-
0WUMY MAMepUaramu.

KOHCTpYKTHBHBIE CXEMBI BO3AYIIHBIX BHIKTIOUATEIICH Da3IMIHBI U
3aBUCAT OT MX HOMHHAIBHOTO HAIIPSDKEHMS, CIIoco0a CO3NaHUsT N3071sI-
HMOHHOTO TIPOMEXYTKAa MEXIY KOHTAKTAMM B OTKIIIOYEHHOM IIOJIOXeE-
HUM H criocoba 1oJIayy CKaToro BO3AYXa B ITOTaCUTEIbHOE YCTPOMCTBO.

B BHIKITIOUATENSIX Ha GOJNBIIIME HOMUHAIBLHEBIE TOKM (pUC. 4.38, a, 6)
MMCIOTCS TIaBHBIMA M AYTOTaCHTEIBLHBIN KOHTYPHI, KaK ¥ B MajJoMac-
J1saHbIx Beixonovyatesissx MI' i B'M. OcHoBHas 4acTh TOKA BO BKJIIOUCH-
HOM ITOJIOXKEHHUH BHIKJTIOUATENS IIPOXOIUT IO TTIABHBIM KOHTaKTaM 4,
pPacIoNOXeHHHM OTKPHITO. I1pH OTKIIIOUEHWH BHIKITIOUATENS ITTABHBIE
KOHTAKTBl pa3MHBIKAIOTCSA MEPBHIMH, MOCJIE YETO BECh TOK MPOXOIUT I10
JYTOTacUTEJIbHBIM KOHTAKTaM, 3aKTI0YCHHBIM B JyrOracUTeNIbHOM Ka-
Mepe 2. K MOMEHTY pa3MBIKaHMS 9THX KOHTAaKTOB B KaMEpy I1oaeTCs
CXKaThIil BO3IYX M3 pe3epByapa I, CO3laeTcs MOIIHOE IYThE, racsiiee
ayry. JlyThe MOXET OBITh MPONOILHBIM (CM. puc. 4.38, a) uiu nomnepey-
HBIM (CM. puc. 4.38, 6). HeoOGXomuMBbIii M30MAIIMOHHBII MTPOMEXYTOK
MEXTY KOHTAKTaMH B OTKJIIOUEHHOM MOJIOXKEHUM CO3IACTCS B IyTOra-
CUTENIEHOM KaMepe ITyTeM pa3BelleHU KOHTAKTOB Ha JIOCTATOYHOE pac-
cTrosiHUE (CM. puc. 4.38, 6) WK CTICHUMANIBHBIM OTAEIUTEIIEM 5, pacIo-
JIOKEHHBIM OTKDHITO (CM. puc. 4.38, a). ITocnie OTKIIOYeHUS OTIEeTUTE
JIA 5 TIpeKpalaeTcs Hoaaya CKaToro BO3AyxXa B Kamepsl U JIyroracu-
TeJbHbIE KOHTAKTHl 3aMBIKAIOTCS. BHIKIIOYATENM, BHIIIOJHEHHBIE I10
TaKOM KOHCTPYKTUBHOH CXeMe, M3TOTOBJISIOTCS IS BHYTPeHHEH yc-
TaHOBKM Ha HampstxeHMe 15 u 20 kB u Tok g0 20000 A (cepus BBI),
a Takxke Ha 35 kB (BBD-35-20/1600Y3).

B BoIKITIOUATENISAX JUIST OTKPBITON YCTAHOBKM JyroracUTe/IbHAasA KaMepa
pacroyioxeHa BHyTpH (hapdopoBOTro M30JATopa, IPpUIEM Ha HaMpsKe-~
HHe 35 KB nocTtaToYHO MMETh OMH pa3pbiB Ha (asy (puc. 4.38, 6), Ha
110 xB — nBa pa3priBa Ha dasy (puc. 4.38, 2). Pasmidue MeXIy 9TUMU
KOHCTPYKIIMSIMM COCTOUT B TOM, YTO B BEIKTIoUarese 35 KB u3onsaiuoH-
HBIi MIPOMEXYTOK CO3IAaeTCs B YTOTaCUTENBHOM KaMepe 2, a B BRIKJIIO~
yaTesisix HarpsokeHueM 110 KB 1 Bbilie ITOCIe ralieHus JyTW pa3MbIKa-
I0TCSI KOHTAKThI OTHEIMTENS 5 M KaMepa OTIEUTENS OCTACTCs 3arion-~
HEHHOM CKaThbIM BO3AYXOM Ha BCE BPEMS OTKIIIOUEHHOTO TIOJIOKEHUS,
TpY 3TOM B OYrOTaCHTEIBHYIO KAMEDY CXKaTHIil BO3AYX HE IMOJACTCA U
KOHTAKTHI B Hel 3aMmpIKatorca. 1o KOHCTpYKTUBHOM cxeMe prc. 4.38, ¢
co3maHbI BRIKMoYareu cepud BB Ha HanpsokeHue 1o 500 kB. Yem Bolie
HOMHHAJILHOE HATIPSDKEHME M 4eM OOJbIIe OTKII0YaeMasi MOIIHOCTE,
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Puc. 4.38. KOHCTpYKTHBHBIE CXeMBb! BO3JIYLIHBIX BHIKTIOUaTENIEH (@ — 0):

I — pe3epByap CO CXaThIM BO3AYXOM; 2 — IYroracHTeNbHasl Kamepa; 3 — INYHTUPY-
IOIIMI pe3ucTOp; 4 — IMIaBHBIE KOHTAKTHI, S — OTACIUTENb; 6 — €MKOCTHBIA ACTUTENb
HaIpsXEHUsl

TeM GOJIBIIE Pa3pHBOB HEOOXONUMO UMETh B JYTOTaCUTEIEHON KaMepe
u B otaemuTene (Ha 330 kB — Bocemb; Ha 500 KB — mecsaTh).

B paccMOTpeHHBIX KOHCTPYKIIFESIX BO3MYX MOJACTCS B TyTOTACUTENb-
Hble KAMEPHI M3 pe3epByapa, PacroJoXXeHHOrO OKOJIO OCHOBAHMS BHI-
Kmoyatens. EciM KOHTaKTHYIO CUCTEMY TIOMECTUTh B Pe3EpByap CXa-
TOTO BO3IyXa, U30JIMPOBAHHHIT OT 3¢MJIM, TO CKOPOCTh FallleHHUsT TyTH
3HAYUTEIBHO YBEJIMYMUTCS. TaKoif MpUHIMII 3JI0XKEH B OCHOBY CEpUHU
BeIkmoyateneit BBb (puc. 4.38, d). B 3TuX BRIKTIOUATENSX HET OTACTH-
Tens. IIpH OTK/IIOYEHMHM BBIKIIOUATENS JYroracuMTelbHasi Kamepa 2,
SIBJISTIONEASICS] OMHOBPEMEHHO pe3epBYapOM CXATOTO BO3MyXa, CO00-
maeTcs ¢ atMocdepoil Yyepe3 AyTheBble KIIAMaHbI, OJlaroxaps 4yeMy
CO31aeTCs AyThe, racsiiee Iyry. B OTKIIOYEHHOM TTOJI0XEHNH KOHTAK-
THI HaXOASTCA B CPEie CKATOro Bo3dyxa. I1o Takoil KOHCTPYKTHUBHOIM
cxeMe co3naHbl BeIKmiouatenu no 750 kB. KonuuecTBo xyroracutenb-
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HBIX KaMep (MoayJeit) 3aBUCUT OT HanpsikeHus: 110 kB — oxna; 220,
330 kB — nBe; 500 kB — ueTripe; 750 kB — 1iects (B cepuu BBBK).

Insg paBHOMEpHOTO paclpefesicHUs HalpsSKeHUs T0 pa3pbiBaM
HCTIONB3YIOT OMUYECKHE 3 M €MKOCTHBIE 6 HENMUTENM HaIpsKEHWS.
PaccmorpuM Gosee mOApoOHO KOHCTPYKIIMH HEKOTOPHIX BO3AYIIHBIX
BBIKJIIOYATEIICH.

Bosagymuplii BeikJII0O4YaTens BBI'-20 npenHa3zHaueH i yc-
TAHOBKH B IIETISIX MOIIHBIX T€HEPATOPOB M PACCUMTAH Ha TOK IO
12500 A, a ipu 06ayBe BentwisitopaMu I — Ha 20000 A (puc. 4.39).

I'maBHBIN TOKOBEIYIINI KOHTYP COCTOMT U3 KOHTAKTHBIX BBIBOIOB 4
M pasbeIUHHUTENS 5. JlyroracCUTE/ILHEIM KOHTYD COCTOMT M3 IBYX Ka-
mep 3u 8, pe3uctopos 2, otaenuTtens 9. ITocnmenoBaTeIbHO ¢ Pe3UCTO-
pOM 2 BTOPOI1 KaMephl BKJIIOUEHA BCIIOMOTaTe/IbHasl KaMepa 6 co CBO-
MM PE3UCTOPOM 7 M HCKPOBBIM TIPOMEXYTKOM. BO BKIIIOUEHHOM T10JI0-
)K€HUH OCHOBHAS YaCTh TOKa IPOXOIUT TIO TJIABHOMY KOHTYPY.

OTKITIOUEHHE TIPOUCXOMUT B CHEAYIONIEM TOPSIKE: Pa3MBIKAIOTCS
KOHTAaKTHl Pa3beIUHUTENS S, H BECh TOK TMEPEXOIMT B JIYTrOraCHUTENb-
HHI! KOHTYp, TI¢ pa3MBIKAIOTCS OyroracUTeibHble KOHTAKTH B KaMe-
pax 3 u & (cM. puc. 4.39, 6). K 3ToOMy MOMEHTY B KaMepHl TOJAETCsI
cxatheiit Bo3nyx (masnenue 2 MIla), cosmamoiiuili mpoaoabHOE TyThE,
B pe3ynbTarte 4yero ayra racHer uepes 0,01 c. Tok, npoxoasiiuii yepes
PE3HCTOPHI 2, pa3phIBaeTCI KOHTAKTaMH BCIIOMOTATENLHOM KaMepHI 6.
IIpu 3TOM BO3MOXKHHI iBa CIy4yast. ECJIM BEIKITIOYATE b OTKIIIOYAET OO0JIb-
ot ToK K3, a peakTHBHOE CONPOTUBIICHHE LIEITH 3HAYNTEIHEHO MEHBILIE
aKTMBHOTO CONPOTHURJICHMS LIYHTUPYIOIUX PE3UCTOPOB 2, TO CKOPOCTH
BOCCTAHABIMBAIOIIETOCS HAIPSLKEHHUS Majia M TIPOIECC OTKITIOYEHHUS
3aKaHYMBAETCS TalllecHWEM JYyTH Ha KOHTAKTaxX BCIIOMOTATEJIBHOM Ka-
Mepsl. Eciiu BEIKITIOYATENb OTKIIIOYAET TOK B HETIH ¢ OOJBIINM HHIYK-
THBHBIM COIIPOTUBJIEHHEM, KOTOPOE COM3MEPUMO UJIH OOJIBIIEC aKTHB-
HOTO COIIPOTHBJIEHHS PE3UCTOPOB, TO CKOPOCTh BOCCTAaHABIMBAIOIIE-
TOCS HaNpSXKCHUS HAa KOHTAKTaxX BCIIOMOTATENIbHOM KaMephl BeJIHKa.
B 3TOM ciydae mocsie TaieHust IyTH Ha KOHTaKTax KaMephl 6 mpoou-
BaeTCs MCKPOBOIM IIPOMEXYTOK U NMapaUIeIbHO KOHTAKTaM BKJIIOYAET-
¢S IYHTHPYIOLIMIA pe3rcTop 7. [1pu mociemayolleM nepexole ToKa 4epe3
HYJIb yra Ha UCKPOBOM ITPOMEXYTKE TaCHUTCS IIOTOKOM BO3IyXa.

TloceqHUM OTKIIIOYAETCS HOX OTHEHUTENs 9, co3maBasg OKOHYA-
TEJIbHBII pa3pheIB HenH. [Tociie OTKIIYEeHHS OTACUTEIA TTPEKpallaeT-
csl TIOmaya BO3AYXa B KaMepbl 3 M § M TIOABMXHBIE KOHTAKTHI IO
JeMCTBHEM TIPYXUH BO3BPAILAIOTCS BO BKIIIOUEHHOE nojioxeHue. ITon-
HO€ BpeMs OTKIIIOUEHHUS 3TOTO BHIKIIoUYaTesst cocrasisaer 0,17 ¢. Ilpu
BKJIIOYEHUM 3aMBIKaeTCd CHavyajla HOX OTHENUTend 9, a 3aTeM HOX
Pa3bENUHUTENS 5.

lacuTtenbHBIE KAMEPHI, pe3UCTOPHI YKPEIUIEHBI Ha OIIOPHBIX U30JIsI-
TOpax.

BrinmonHeHHE omnepanyii BKIIIOYEHHS] H OTKIIOYEHHS, ITOCEI0Ba-
TEJIBHOCTE pa0OTH OTIENBHBIX Y3JI0B 00CCTICUNBAIOTCS TTHEBMATHYEC-
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KO cHUCTEMOi Imojoca. PaccMOTpeHHBIN BEIKITIOYATENb HE IIpeaHA3HA-
yeH g AIIB.

B umemax reHepaTOpoB HaXOXAT TPHMMEHEHHE CNeIlHalbHBIE
BeIKAIoyatenu Harpysku (BHCT) ¢ U,,= 15 kB, paccuuran-
HBIE HA BKJIIOYEHHE FEHEPAaTOPOB INMPH CAMOCUHXPOHM3AaIUU
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Puc. 4.39. BosayiuHblit BeIKIIOUaTe) b BBI-20:

a — obwmit BUA; 6 — cxeMa 3fekTpuueckast GyHKUMOHaNbHas; | — BEHTWISATOD
obaysa; 2 — pe3vcrop; 3, § — IyroracuTelbHhie KaMephl; 4 — KOHTAKTHLIE BHIBOJBI;
5 — pasbenuHUTENb; 6 — BCIIOMOraTelbHasg KaMepa ¢ pe3UCTOpoM 7; 9 — OTACHAUTEINb
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(iges= 115 KA) u BBIEpXUBaolIMe GONbIIKE CKBO3HBIE TOKH K3
(fnp.c= 480 KA). TakuM BBIKIIIOYATENEM MOXHO BKITIOUaTh ¥ OTKITIOYATh
TeHepaTop Nof Harpy3koit (1= 12000 A), a Takxe OTKIIOYaTh TOKU
K3 1o 31,5 xA. Brixmiouatens BHCI' KoMITakTHO BCTpauBaeTCsl B KOM-
TUIEKTHBIM TOKOIIPOBOJ. "alieHue AYTH OCYIIIeCTRISIETCS CXATHIM BO3-
JIyxoM, uMmeomuM nasnenve 0,6 MIla.

B nmocnentee BpeMs Ha sHeprodnoxkax 800, 1000 MBt ABC npume-
HsieTcd KOMIIeKTHHH anmnapat KAI'-24, ocHOBHOM 4acTbio
KOTOPOI'o SIBJISIETCS BBIKIIOYATENIb HATpy3KHM, pacCUMTAHHBIN Ha Ha-
npscxeHue 24 xB, Tok 30 KA. Beikmouare b Harpy3Kuy Ip¥ HOMUHAJIb-
HOM JaBJIeHMM Boaayxa 2 MIla MoxeT oTkimoyaTh TOK 30 KA M BKITIO-
4yaTh TOK 75 KA (aMIutygHoe 3HaueHue). BeikimouaTens Harpy3Ku He
npenHasHayeH Uit AIIB v BHIIIOJHEHUS MOTHOTO IIMKIIA «OTKIIOYE-
HHe -—— BKIoyeHue» : O —180—BO— 180—BO [4.4].

VYerpoiictBo KAI'-24 BcTpanBaeTcsi B KOMIUIEKTHBIN TOKOITPOBOX
reHepaTOPHOTO HaIPSKEHMS.

Ha puc. 4.40 moxa3zanel anekrpudeckas cxeMa romoca KAT'-24. B co-
CTAaB KaXIOro TojIi0ca BXOJST BHIKMIOYATENIb HArpy3ku QW, paszbenu-
Hutenb QS ¢ OZHUM BCTPOEHHEBIM 3a3eMJIMTeNleM mIaBHOM uemu QSG,
nATh TpaHcdopMaropos Hanpsokerus TV tuna 3SHOJI-0,6-24Y3.

KomrektHoe ycTpoiictBo KAT'-24 npenHasHavueHo I OTNepaThB-
HBIX KOMMYTAaITUI 1 U3MEPEHUI HaTIpsiKeHMs B 1IEITU TJTABHBIX BBHIBOZIOB
re"geparopos 800 1 1000 MBT nipu HOpMaJILHOM peXuMe, a TaKKe LI
CO3IaHUS HEOOXOIUMOTO. U3OMAIMOHHOTO TPOMEXKYTKa B OTKITIOUEH-
HOM TOJIOXKEHUM M 3a3¢MJICHUST OTCOEMHEHHOro yyactka. Komruiekr-
HOE YCTPOICTBO MIMEET OJIOKUPOBKH, 3aIpellaloliie OTKIIOUEHUE U
BKIIOUEHHME PasheIUHUTEII (S IpM BKITIOYEHHOM BBIKITIOUATENE Ha-
rpy3kut QW, oTKIII0YeHUE M BKIIOUEHUE 333€MIISTIONIETO Pa3beIMHUTE-
1 OSG nipu BKITIOYeHHOM BhIKMIouaTene QW wnm paspseauautene QS.

Ilpy OTKJIIOYECHHUH TOKA MEPBHIMH Pa3MBIKAIOTCS TJIaBHBIE KOHTaK-
Tl QW, TOK yCTpeMIAETCS I10 MTapaUIeIbHOMY ITyTH Yepe3 KOHTAKTHI
otaemuTeNnss QR M AyroracurelbHbIE KOHTAKTHl SQI, 3alUyHTUPOBaH-
HbIC¢ aKTWBHBIM CONpOTHBICHHEM R (15 OM) Wwist CHUOKEHUST BO3MOX-
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KATI-24
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Puc. 4.40. Brikiouatenb Harpy3ku reHeparopHbiii KAI-24
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HBIX ITepeHanpsokeHuil mpu oopeiBe ToKa. [Toce otkmoueHus SQJ Tok,
OrpaHHYCHHEBIH COMPOTHBICHHWEM R, OTKJIIOYAETCS BCIIOMOTATe/IbHBI-
MH JTyTOraCUTEJIbHBIMM KOHTaKTaMM S(Q2, a 3aTeM OTKITIOYaeTCsl OTAE-
nurenas QR U B I9IaBHOM 00€CTOUeHHOM Lieny pazbemuHuTeNb (S, Iloc-
JIe OTKIIIOYCHHS OTACIUTENS Momaya BO3AyXa MPeKpaiaeTcsi, 1 KOH-
TakThl SQI u SQ2 nox aeiicTBHEM CBOUX MPYXHH BO3BpaIalorcs BO
BKJIIOYCHHOE TTotoxXeHre. COGCTBEHHOE BpeMsl OTKITIOUEHHS BBIKITIO-
yarend paBHo 0,15 ¢, Bpems oTioueHUs passeaunurens — 0,25 c.

Brikmiodatens KAT-24 6e3 peBuU3MH CITOCOOCH MPOU3BeCTH 16 ore-
paiii oTKIIoueHUA nipy Toke 10 30 KA u 500 oneparnit BO mpu Toke
JIo 5 KA.

KAT-24-30/30000Y3 uMeeT NpUHYIUTEIbHBIA 00TYB.

Brikmiouate i Harpy3KM T€HEpaTOPHBIC 3HAYUTENLHO YBETUYMUBA-
10T TMOKOCTL M HalleXXHOCTh cxeM OnMoyHbx TOC u ABC (cMm. mon-
pasn. 5.4, 5.5).

Bo3aymHBe BhIKIAKYaTeaAu BB Hanum HiMpokoe mpume-
HeHHe B ycTaHOBKax 110— 500 kB. X KOHCTpYKIIMSI COOTBETCTBYET
cxeme puc. 4.38, ¢ 1 oTIMYacTcd MPU Pa3HOM HAIpsSKCHUM KOJIWYE-
CTBOM JYTOIaCUTENBHBIX KaMep U KaMep BO3MYXOHAITOJIHEHHOTO OT/E-
surend. g oTKITIOUeHHS U TallleHUs IyTH B HUX UCIIONB3YETCS BO3AYX
nasieHueM 2 —4 Mlla.

B HacTog1ee BpeMsl BHIKIIIOYATENH 3TOH CEPUM MTOCTECIIEHHO BHI-
TECHSIOTCA 60JIee COBEPIICHHBIMHU U OBICTPOICHUCTBYIOMIAMY BHIKITIO-
YaTeJISIMH.

Bo Bcex paccMOTPEHHBIX BBHIKTIOUATEIISAX CKATHIN BO3MYX U3 3a3¢MJICH-
HOT'0 pe3epByapa MOAACTCS B IYyrOraCUTEILHYIO KaMepy IO M30JIMPOBAH-
HOMY BO3IyXOIPOBOAY WM BHYTPESHHEH ITOJIOCTH M30JISTOPA, JIVIMHA KO-
TOPBIX 3aBHCHUT OT HOMMHAIBHOIO HAIPSDKEHMST BHIKTIOUATENs. Bpemsi
3aIOJIHEHMS KaMEPH! CKaThIM BO3IYXOM 3aBHCHUT OT JaBICHUS BO3IyXa B
pe3epByape 1 OT IUTHHBI BO3OYXOmpoBoa. B Beikmodatesx 35 u 110 kB
310 Bpemst coctasiser 0,003 — 0,005 ¢, B Beikmouatesx 150—220 kB —
0,007 —0,01 ¢, B Bexmoyaressix 330— 500 kB — 0,013 —0,014 c. Yeenu-
YeHe BpeMEHH 3aITOIHCHHMS KaMephl YBEIHYNBAET COOCTBEHHOE BpeMsl
OTKJTIOYCHHST BBIKJIIOYATENISt, TIPY 3TOM YXYIIIACTCSt OCHOBHOI ITOKa3a-
TeJTb BOSAYIIHOTO BHIKITIOYATENS — OBICTPONEICTBUE.

Buknwyatenu cepuu BBB (cM. puc. 4.38, d) uMmeror u3onu-
POBAHHBINA OT 3€MJIM pe3epByap CXKaTOro BO3dyXa, BHYTPH KOTOPOTO
HaxOIUTCA KOHTaKTHasI cucteMa. [T03ToMy COOCTBEHHOE BpeMSI OTKITIO-
YeHHMsI 3THX BBIKJTIOUATENICH CBEpXBBICOKOIO HAMPSDKEHUS MEHBbIIIE, YEM
y BHIKMIOUateneii cepur BB. JlaneHue Bo3myxa B racUTEILHOM KaMepe
B BeIKJTIOYaTessix BB 1M3-3a mocTeneHHOM ero 1moaayn K MOMEHTY raie-
HMsI IyTY PaBHO TIPUMEPHO MOJIOBUHE HOMHHATLHOTO. B BBIKITIOUATENSIX
BBb naBnenue Bo3myxa K MOMEHTY TAlICHUS PABHO HOMUHAILHOMY,
TIO3TOMY 3TH BHIKTIOYATETH UMEIOT GOJBLIYIO MOIIHOCTL OTKITIOYEHUS.

B Hacrogiuee Bpemsi BoIKmoyatenu cepurn BBb MoaepHU3npoBaHk!.
Hosoie BrIkN104Yatenu BBBK (KpynHoMoaynbHB ) pabo-
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TaloT NPH JaBieHUHU Bo3ayxa 4 MIla, a B Kamepe raieHus Iyrd, Kpo-
Me OCHOBHOTO IyThsl, Kak M B cepur BBb, nMeercs nononHuTeIbHOE
IyThe Yepe3 HelOABUXKHBIE KOHTAKTHI C IMTPOIYBKOM MPOAYKTOB Tope-
HUS Yepe3 MOJIbIe TOKOBEAYIIME CTEPKHU BBOAOB. DTO TO3BOIWIIO YBe-
JIMYUTH OTKITIOYaeMBIil TOK A0 50— 56 KA, a KOIMYECTBO MOIynei B
mommoce CHU3UTD: Ha 330 xB BMecTo YeThipex Momyieii (BBB) B cepun
BBBK — aBa Momyssi, Ha 500 kB BMecTo 1IecTH MOAyJeil — YeThIpe,
Ha 750 kB BMecTO BOCbMH — ILECTb. _

Ha puc. 4.41 nokasan nomoc Beikmodarenss BBBK-220, cocrosmmit
U3 JIBYX JOYTOTACHTEIIBHBIX MOLYJei 3, pacIoNOXeHHBIX HAa OITOPHOM

Puc. 4.41. ITomoc Bo3ayltHoro peikmoyatenss BBBK-220:

1 — omnopHBIi U3019TOP; 2 — KOJNOHKA YIpaBIeHUs; 3 — RYroracUTenbHEE MORYIY;
4 — penvTenbHbiE KOHAEHCATODPHI

254



usojsitope 1. JlenuTeNbHbIe KOHIIEHCATOPBI 4 CIIyXaT IS BEIpABHUBA~
HUS HAMPSIKEHUSA 10 pa3phiBaM JyroracCHTENbHEIX KaMep B TIpoliecce
TalleHUs1 AYTH U B OTKJIIOYEHHOM ITOJIOXEHUH.

PsiioM c OTIOpHEIM H30JISTOPOM PAacIioNIOKEHa KOJOHKA YIIpaBJie-
HUSL 2, B KOTOPOM HAXOAMTCS CTEKJIOIUIACTHKOBBLIN BO3TYyXONPOBOII,
MOCTOSSHHO MOMAIONIN CXAaTBIi BO3MyX B Kamephl 3. BHYTpH BO3IyX0-
TPOBOAA TIPOXOMUT CTEKJIOTUIACTHKOBASI TATA, CHAYKAasd VIS Togayd
VTIPABJISIOUIETO BO3ACHCTBUS OT 1MIKaga yIpaBlIeHUs 1ojoca K 610-
KaM YTIpaBJieHUsI AYTOTaCUTENbHBIX YCTPOMCTB. MexaHuyeckast CHCTe-
Ma YTIpaBJIeHUST KOHTAKTaMH{ TO3BOMIIA CHU3UTH TOJTHOE BpeMs OT-
xmoueHust Ha 0,02 ¢ (110 kB) u 0,04 ¢ (220 xB).

Ha nanpsokeHue 750, 1150 kB OAO BO «39nexTpoaniiapar» paspa-
©00TaHbI HOIBECHEIE BREIKIIOYATENIM HA OCHOBe Momyieii BBBK.

Brikmouatensb Ha HanpsikeHHe 1150 kB cocTouT M3 1IeCTH MOAY-
et BBBK, noaBeuieHHBIX Ha mopTaie. B KaXkIoM monymonioce TpH -
MOIYJIsI, KOJOHHA TIMTAHMUS CXAaThIM BO3AYXOM U KOJIOHHA yIipaBlie-
HMsA. B BBHIKIIIOUATeNIe MpUMEHEHA ITHEBMOCBETOBAsI CHCTEMA yIIpaBlie-~
HHUS, KOTOpas NO3BOJISET YMEHBIUUTEL BpEMS OTKJIIOYEHUS BBIKIIIOYA-
TEJIA 3a CYET YMEHBIIEHU BPEMEHM TIepeayd KOMAHIHOTO UMITYJIb-~
ca (forane= 0,022 ¢).

MonynbHBIH TPUHLINIT PACCMOTPEHHOM CepyM TIO3BOMSET IIPH He-
00XOOUMOCTH GBICTPO 3aMEHUTD BHILUENLINIA U3 CTPOSI MOAYNb Ha HO-
BHIi1. [IHTeIbHOCTS PEMOHTA IIPH 3TOM 3aMETHO YMEHBIIAETCHA, a 3TO
VBEJIMYMBAET HAICXKHOCTh pabOTHl YCTAHOBKHY B LIEJIOM.

Brikniwuyatenun cepuu BHB uMmeroT yKpyITHEHHBIN OBYXpas-
PHIBHBIN TyroracUTEIbHBIN MOy b Ha HanpsikeHue 220 — 250 xB. Bee
BHIKJIIOUYATeNIN 3TOM cepruu Ha 110— 1150 kB xOMIIOHYIOTCSI M3 pe3ep-
Byapa co mkahoM yIIpaBiIeHHS U OTOPHOI M3OJISIIIMOHHOM KOJIOHKH,
Ha KOTOPHIIf CMOHTUPOBAH IyroracUTeIbHbIH MOIynb. Ilosoc BHKITIO-
yatens Ha 220 xB uMeeT oHy ONOPHYIO KOJNOHKY C OXHHMM JAByXpas-
PBIBHBIM MomyiieM (puc. 4.42), Ha 500 KB — nBe onoOpHEIE KOJIOHKU U
nBa MoayJisi, Ha 750 KB — Tpu KOJIOHKU W Tpx Monyns, Ha 1150 kB —
TISITh KOJIOHOK M IISITh MomyJeid. Ilomroc Beikmouatens Ha 110 kB nMeer
OQHOpA3pPLIBHEI MOIYIIb.

JyroracUTeNbHBIH MOIYIb — 3TO JBYXpa3phIBHAs KaMepa, KOHTaKT-
Hast CHCTeMa KOTOPOI HaXOAUTCSA MOCTOSHHO B Cpelle CXAaToro BO3-
oyxa (4 MIla) xaK BO BKJIIOUEHHOM, TaK U B OTKJIIOUEHHOM ITOJIOXE-
HUU. KOHTAKTBI CMOHTHPOBAHbI B METAUNIMUECKOM pe3epByape, Ha
KOTOpPOM YCTAHOBJICHB KOHTEHHEpHI C IIYHTUPYIOLIMMH pe3nCTopa-
MU 4 1 KOMMYTUPYIOIMMMH UX MeXaHU3MaMH, TaKXe 3aloNHeHHEIE
CXaThIM BO3AyXoM. TOKOBeIyii{de YacTH ITPHCOeANHEHBI K KOHTAKT-
HOM CHCTEME ¢ MMOMOIBIO U30MUPYIOIINX BBOIOB 6. l'anieHue OyTul B
KaMepe OCYHIECTBISAETCS ABYCTOPOHHUM AYTBEM CXATHIM BO3IYXOM,
BBIOpACHIBAEMBIM Yepe3 BHYTPEHHUE MOJOCTH KOHTAKTOB 1 BBIXJION -
Hble KianaHe B atMocdepy. KOHTaKTh MMEIOT IBYKpaTHOE IBUXKE-
HMe: MPH rallieHUH AYyTA pas3phiB MeXIy KOHTAaKTaMU MMeeT MUHM-
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5500

6500

Puc. 4.42. Iomoc Bo3aymuHoro Boikiouyarenss BHB-220:

1 — pe3epByap; 2 — U3OAATOP; 3 — MEXaHU3M MpPHBOAA; 4 — GNOK IIYHTHPYIOLUIHX
DE3UCTOPOB; 5 — Kamepa racuTejbHast; 6 — U30AUPYIOUIUA BBOA; 7 — KOHAEHCATOD

MaJbHOE 3HaYeHue, YeM 00ecrieunBaeTcsi MHTEHCUBHOE IyThe, MOC-
Jie OKOHYAHWs ralleHus AYTH TIOOBMXHBIN KOHTAKT repeMeliaeTcst
Ha MaKCUMaNbHOe paccTOgHMe, obecreurBas HeOOXOMUMYIO DJIeKT-
PHUYECKYIO TIPOYHOCTD.

TTHeBMOMEXaHWUYECKOe YCTPOWCTBO, NMpHUMeHeHHOe B BRIKIIOUATENE
BHB, yMeHbIIaer cobctBeHHOE BpeMs oTkmoyeHus no 0,02—0,025 c.
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PacripeaeneHue HanpsoKeHAST MEXIY JYTOTraCUTENbHBIMA pa3phIBa-
MU OCYIIECTBIISIETCA C IIOMOHIBIO MApaIeNIbHO BKIIOYEHHBIX KOHIEH-
CaTopoB 7.

Bce ¢dapdhopoBble MOKPHIIIKYA Pa3TPyKeHEI OT BO3IAEHCTBUS CXa-
TOrO BO3AyXa M IMHAMUYECKUX HATPY30K CTEKIOIITOKCUIHBIMH 1M~
JHHIpaMH.

KpoMe BEIKITIOUATENEN HA OITOPHBIX U30JIATOpax pa3paboTaHbl KOH-
CTPYKLIMHU MOABECHBIX BBIKIIIOUaTeneit ¢ Momynamu cepun BHB, ko-
TOpBIe 00ECIIEYNBAIOT 3HAYUTENBHYI0 3KOHOMUIO owanu OPY.

Brmoyarerm ceprim BHB paccuvtanst Ha Tok oTkymoueHust 40 — 63 KA.
ITo cpaBHEeHMIO ¢ BIKIOUaTeIssMu BBB 5TH BRIKITIOUaTETH HMEIOT MEHB-
LIYI0 MacCy M MeHBIINE TabapHThI.

Bo3aayiHsie BLIKTIOYATEHR RMEIOT ClieAyIOMHRe JOCTOMHCTBA: B3PhI-
BO- U IOXapo0e30MacHOCTh, OBICTPOJAEHCTBHE U BO3MOXHOCTL OCY-
LIeCTBIIeHUs1 ObIcTponeicTByIoero AIIB, BBICOKYIO OTKIIOYAIOHIYIO
CIIOCOOHOCTh, HAIEXKHOE OTKIIIOUEHUE €eMKOCTHBIX TOKOB JIMHUH, Ma-
JIBIA M3HOC TYyTOTacUTEIBHBIX KOHTAKTOB, JIETKUH JOCTYIT K QyTOracH-
TEJIBHBIM KaMepaM, BO3MOXHOCTb CO3MaHMs CepHil U3 KPYITHBIX Y3-
JIOB, IIPUTOOHOCTD JJISI HADYXKHOW M BHYTPEHHEH YCTAaHOBKHU.

HenocTaTkaMn BO3AYIIHBIX BBIKJIOYATENEH ABIAIOTCHA: HEOOXOMU-
MOCTb KOMIIPECCOPHOH YCTAHOBKH, CJIOXHAsl KOHCTPYKUUS psana ne-
Tajei M Y370B, OTHOCUTEJIBHO BHICOKAsl CTOMMOCTD, TPYAHOCTD YCTa-
HOBKH BCTPOEHHBIX TPaHC(HOPMATOPOB TOKA.

4.6.5. DJIeKTPOMAIHHATHBIE BLIK/IIOYATETH

DJIeKTpOMAarHuTHLIE BHIKJIIOYATENIH JIJIS1 TallleHYsI IyTH He TpeOyioT
HH Maclia, HA CXaTOTO BO3MyXa, YTO SIBJAETCS OOJBILIKUM IpeuMYyIle-
CTBOM HX MepeT IPYTUMH THIIaMM BBIKJIIoYaTeleil. BRIKITIoYarem 310-
TO THIIA BBHITYCKAIOT Ha HampskeHue 6 — 10 kB, HOMUHANBHBIA TOK
1o 3600 A u Tok oTkioyeHus 10 40 KA.

Ha puc. 4.43, a moka3aH BeIKITIOYaTeNb BD-10-40, ycTaHOBNIEHHBIH
Ha TeJeXKe W npeqHasHayeHHBIN 1 sueiiku KPY. Ha cBapHOM oc-
HOBaHWHU I, YCTAHOBJIEHHOM Ha KaTKaxX, KpeIsTcsa NpuBon 13, TpH
IoJII0ca 5, COCTOAIIMX M3 ABYX HM3OJSIIMOHHBIX CTOEK, Ha KOTOPHIX
KpPEeMsTCs IBa MPOXOMHBIX SITOKCHIHBIX H30JISITOpa 6 C PO3eTOYHBIMH
KoHTakTaMu. Ha BepxHeM M30JIATOpe CMOHTHPOBAHBI HETOIBUXHBIE
KOHTAaKTHl 7, Ha HIKHEM — TIOJBICKHBIC KOHTAKTHI 4, CBSI3aHHbIE H30-
JNSUMOHHOM Tsiroit 10 ¢ BasoM BHIKIIouatesst 12. IlocnmemHuil coequ-
HEH C IPUBOJOM I3 C ITOMOMIBIO pBIYaroB /1 W TAT.

HyroracurenbHble KAMEPB! & KPEISTCSA Ha HETTOABYDKHOM KOHTaKTe
Y CIICLWANBHBIX CTOMKAX. KaxXnpIil TTOMOC H30IUPOBaH KoxXyxoM, Ile-
pPeIqHsIsl YacThb KOXyxa OOLIMTa METAJUNTMYECKUM JIMCTOM, HameXHO
3a3eMJIEHHBIM BMECTE C paMo# BBLIBMXHOro simemeHta KPY. Ilenmn
BTOPUYHON KOMMYTAIIMM 3aKJTIOYECHBI B METATMYECKUI IIIJTAaHT M 3a-
KaHYMBAIOTCS IITEIICEIbHBIM pa3beMOM 9.

9 Poxxona 257
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Puc. 4.43. Buikimiouatenb 21eKTpOMarHUTHEIR BD-10-40:

a — obwmit Bua: I — OCHOBaHMe; 2 — 3JIEKTPOMAarHuT; 3 — MeAHblil por; 4 —
TMONBHMXHBIE KOHTAKThI, 5 — ITOMIOC BBIKJIIOYATENS; 6 — MPOXONHOHN M3onaTop; 7 —
HEITOABMXHBIE KOHTAKTHI; & — MyroracUTeNbHas KaMepa; 9 — LUTETCEAbHBIN pa3beM;
10 — wzonauMoHHasa tara; I] — pwlyary CBA3M C BATOM BHIXIoyarena 12; 13 —
MPUBOL; 6 — AyroracuTesNbHasg KaMepa: I — AyroracUTeNbHbIe KOHTAKThI; 2 — 3JIeKT-
poMarHut; 3, 5 — MenHble pora; 4 — racuteJbHas KaMepa; 6 — OOMOTKa BTOPOTO
anekTpomaruuta; A, b, B, I, I — monoxenue Oyru B Mpouecce raleHus

IIpu OTKIIOUEHUU BBIKIIIOYATENS Pa3MbBIKAIOTCS [IaBHBIE KOHTaK-
THI, a 3aTeM AyroracuTedbHble I (puc. 4.43, 6). Bo3Hukiuag ayra A
JIEeUCTBUEM 3JIEKTPONHHAMMYECKUX CHJI TOKOBEAYILIETO KOHTYpa U BO3-
JYIITHBIX TTOTOKOB BBIAYBACTCS BBEpX B JYTOTACUTENBHYIO KaMepy (110~
noxeHue nyru B), mpu 3TOM B Lienb MEXIy MEIHBIM pOroM 3 U KOH-
TAKTOM BKJIIOYaeTcsi 0OMOTKa anekTpoMarHura 2. Co3maHHoOe Mole-
peYHOe MarHUTHOE TTOJIe MiepeMEIaeT AYyTY B MTOJOXEHUE B — Mexay
JIeBbIM 3 U TIPaBbIM 5 MeIHBIMH poramu. BkiioyeHHast BTopast 0OMOT-
Ka 6 yCWIMBaeT MaTHUTHOE TTOJIE, IyTa BTATUBAETCS BHYTPb TaCUTEIb-
HOU Kamepsl 4 ¢ KepaMUYeCKUMU IUTACTUHAMM, pacTsATUBaeTCs, I10-
MajaeT B Y3KyIO HIEAb U TaCHET MPU OYEPEIHOM MEePeXoie TOKa Yepe3
HyJb. [Ipu OTKIMIOYEHUN Mabix TOKOB (1o 1000 A) HampsKeHHOCTb
MAarHUTHOTO MOJISA HeBEINKA U HE MOXET 06eCIIeYuTh OBICTPOE BTATH-
BaHUE MyI'U B KaMmepy. [allleHHe Oyrd B 9TOM Cllydae obecrieyrBaeTcs
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NIYTHEBBIM YCTPOHMCTBOM Z ¢ TPYOKOU MoOMAyBa J3, yepe3 KOTOPYIO Ho-
JlaeTcsi IIOTOK Bo3iyxa Ha Ayry (cM. puc. 4.43, 6).

Brikimouarenu cepur BD-10 Ha pa3nuyHble TOKY OTKJIIOUYEHUS OT-
JIMYAIOTCST pa3MepaMM AYyTOTaCUTENBHBIX KaMmep. IIpy HOMHUHANBHEIX
tokax 1600 A u BHIIIE paboyre KOHTAKTEI UMEIOT cepeGpsiHbie Hama-~
KU. BeIBOmHBIE KOHTaKThI y BHIKIMoUateaeir 1o 2500 A po3eToyHOrO
THIIa, V BeRIKMIouaTeneif Ha 3600 A — manbreBHe, 6e3 MTPOXOMHBIX
HU30JISITOPOB. )

IIpuBozasl BeIKIIOYatesieit BO-10 — mpyxXuHHBIE, BBIKIIoUYaTeneit
B35-6 — 31eKTpOMarHUTHEIE.

JIOCTOMHCTBA 3JEKTPOMATHUTHLIX BHIKJIIOYATEEH: TIOTHAs B3PEIBO-
¥ TI0Xapobe30TMacHOCTb, MaJIblii U3HOC JYrOTaCUTEJIBHBIX KOHTAKTOB,
TIPUTOTHOCTH ISt paGOTHI B YCJIOBUSIX HACTHIX BKIIOYEHHA M OTKIIIOYE-
HMIt, OTHOCUITETEHO BRICOKAS OTKJTIOYAIOHIAsI CITOCOOHOCTh (20 —40 KA).

HepocraTku: CI0XHOCTH KOHCTPYKIUN AYTOFaCUTETbHON KaMephl
C CHCTeMOHM MarHWTHOTO JIyThs, OrpaHMUYEHHEIH BepXHUH ripesieNl HO-
MHHAJIBHOTO HampspkeHUs (15— 20 xB), orpaHduyeHHas1 IPUTOTHOCTD
JUTST HApyXHOHM yCTaHOBKU.

4.6.6. Bakyymuble BBIKJIIOYATEH

DJexTpruYecKasi IPOYHOCTh BAKYYMHOTO TIPOMEXYTKa BO MHOTO pa3
0oJblIe, YeM BO3AYIIHOTO IIPH aTMOChepHOM JaBIEHUH. BTO CBOMCTBO
HCTOL3YETCS B BAKYYMHBIX TyroracutesbHEIX Kamepax KIIB (puc. 4.44).
Paboune KORTaKTH [ UMEIOT BUJ, ITOJTHBIX YCeUeHHBIX KOHYCOB C paau-
aNbHBIMU Tpope3aMU. Takass GopMa KOHTAKTOB IPH pPa3MbIKAHHUH CO-
3MaeT PATUANTBHOE INEKTPONMHAMHYECKOE YCHINe, 3aCTaRiIsioliee Te-
peMelarThes ATy Yepe3 3a30pkl 3 Ha AyroracuTebHble KOHTAKTH 2. Ma-
TepUai KOHTAKTOB IMOMOOPAH TaK, YTOOB YMEHBUIUTh KOJUIECTBO UC-
MapSTIOILETOCs MeTa/UTa. BemencTsue miybokoro Bakyyma (1074—1079)
MMPOUCXOIUT OHICTpast T y3usi 3apsDKeHHBIX YaCTHIL B OKPYXKarollee
MIPOCTPAHCTBO, U [IpU TIEPBOM MEPEXoie TOKA Yepe3 HyNb Ayra TACHeT.

[TonBox ToKa K KOHTaKTaM OCYIUECTBISETCS C TIOMOIIBIO MEIHBIX
crepxHer 41 5. TIoABMIKHBIN KOHTAKT KPEMUTCS K BepXHeMy dIiaHIly
6 ¢ ToMolIbI0 cHIL(OHA 7 U3 HepXKaBelolliel ctani. MeTaninyecKue
3KpaHH U 9 CiIyXaT IS BRIpaBHMBAHUSA SJIEKTPUYECKOTO TIOJS U ISt
3aIUTE KepaMUYECKOTO Koplilyca /() OT HamnbUieHUs TIApOB METala,
00pa3yIolMXCs TIPH TOPEHUH IYTH. DKpaH & KPEMUTCS K KOPITYCy Ka-
Mephl ¢ TIOMOIIBI0 Konblia /1. TTocTynarenbHoe OABUKEHHE BEpXHEMY
KOHTaKTy 0becTiednBacTcs KopmycoM 12, Xom MOoJBIKHOTO XOHTAKTa
COCTaBJIsIeT 12 MM.

Ha ocHOBe paccMOTpPeHHOM BEHILIIE BAaKYYMHOM XYTroracHTeIbHOMI
KaMepBbl BBEITTYCKAIOTCS BBIKIIIOYATeNH HanpskeHueM 6 — 110 kB ¢ Ho-
MUWHATBHBIM TOKOM 10 3200 A 1 ToXoM oTKoueHus a0 40 KA.

Bakyymunie BHIKTIOYaTenH 6— 10 XB HIMPOKO MPUMEHSIIOTCS JUIS
3aMEeHbI MAJIOMACJIIHEIX U JEKTPOMATHUTHBIX BHIKIIOUATENel B KOM~
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Puc. 4.44. BakyyMHas AyroracuTeb-
Hag xaMepa KIIB-10-1600-20:

] — paGouMe KOHTaKTbl; 2 — yroracu-
TeNbHBIE KOHTAKThl; 3 — 3a30phl; 4, 5—
TOKOBEIAYUIUE CTEPXHH; § — BEpPXHMH
dnanen; 7 — cunbdoH; & 9 — sKpaHbI;
10 — xepamuyeckuit xopnyc; 11 — Kpe-

IJIEKTHBIX pacIipele/ IMTEIbHBIX YC-
TPOMCTBAX, IS Yero OHH KOMII-
JIEKTYIOTCS HAa BBIKATHBIX TeJIEXKKax
I (puc. 4.45).

HyroracutenbHas Kamepa 7
yKpeIUIeHa Ha TOKOBBIBOJAX B U30-
JISLHIMOHHOM KapKace 6 ¥ CUCTEMO
pBIYaroB CBsI3aHa ¢ MpuBoaoM. [1pu
BKJIIOYEHUH CHavaja IMPOUCXOIUT
3aBOJIKa NPYXHHHO-MOTOPHOTO
TIPUBOJIA IO NOJIOXEHUS «[0TOB».
Ilocne 3TOTO MONAETCS CUTHAN Ha
BnouyeHue Ha UJIYY (uHZyK1IU-
OHHO-TUHAMHUYECKOE YCTPOMCTBO
VIIpaBJIeHUs), KOTOpOe, pa3pseka-
SICh, COUBAET yIePXHUBAIOIIYIO 3a-
LIEJIKY Ha IIPUBOJIE, TIPYKUHBI I10-
BOPAYMBAIOT KYJIaYyKOBHI Banm 9,
KOTOpBIH BO3JEHCTBYET HA phlyar
BaJia BHIKJIIOUarens. Ba, roBopa-
YUBAsICh, Y€PE3 CUCTEMY PHIYArOB
WM M3OJIALUOHHBIC TATH 3 BO3Ieii-
CTBYET Ha ITOJIBMXXHBIH KOHTaKT
KB, BBIKIIOYATEh BKIIOYAETCS.

OTKJTI0YEHUE TTIPOU3BOIUTCA KHOII-
Kol oTKiII0YeHUs 10, KoTopasi Bbl-
OMBaeT yAepXUBAIOIIYIO 3allEJIKY,
a OTKJTIOYaroNIas NMpyXuHa 13 yepe3 CUCTEMY PbIYaroB BO3BpaHIaeT MOI-
BHOKHBIM KOHTaKT KaMephl B OTKJIIOUEHHOE COCTOSTHME. YIIpaBlieHHE
BBIKJIIOYATEJIEM MOXET OCYIIECTBISTHCS BPYYHYIO WIM TUCTAHIIMOHHO.
PaccMOTpeHHBIH BHIKITIOUATEbh MOXKET OTKIIIOUATH U BKIIIOYATh TOK K3
31,5 kA, nosiHoe BpeMs otkmoueHus 0,04 ¢, spemst sxmoyeHus 0,03 c.
KoMMyTallMOHHBIHM pecypc: YHUCIIO UHUKIOB B — #,— O HOMHMHAJIBLHOTO
toka paBHO 30000, yncio nukioB B u O Toka otkmovenuss — 50.
CpoK CIIyXOHl 10 CpeJTHEr0 peMOHTa COCTaBJsieT 15 ner.

Brixnmiouatens BBI1 — ObicTponeicTBYIONINI, ycTaHABIWBAETCS B
sueiikax KPY ceKITMOHHBIX 1 Ha BBOAAX B COBOKYIHOCTH C OBICTpO-
JIeiicTByiolMM ABP 1 ciykuT s 3aMeHBI MAJIOMACIIIHBIX BRIKJTIOYA-
Teleit, OTCAYXMBUIUX cBOMl cpoK B siuedikax KPY: K-XII, K-XIII,
K-XXVI, K-37, KB®, KBC u KCO Bcex THIIOB.

Jst 3TUX Xe 1ieJie OCBO€H BHIITYCK BBIKIIOYATejiel BaKyyMHBIX
BB-TEL nponzBoacTBeHHBIM 00beIMHEHNEM « 1 aBpuma-3eKTpuKk». Ha
puc. 4.46 1MoKa3aH pa3pe3 10 OJHOMY IONIOCY U OOLIHHA BII BaKyyM-
Horo BeikItovatens BB-TEL-10/1000. Beikitodarenb COCTOUT U3 TPEX
TIOJIFOCOB Ha OTHOM OCHOBaHMH (CM. puc. 4.46, a). SIxopu & IpUBOI-
HBIX 3JIEKTPOMAarHUTOB COEIMHEHBI MEXY COOOM BajioM 11.
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Puc. 4.45. Brikmouatenb BakyyMmubiii BBIT-C-10-31,5/1600 V3:

1 — BpIKaTHasg TeNexka; 2 — paMa; 3 — M30JISIUMOHHBIE TATH; 4 — y3e/ TIOLXKaTHS;

5 — TOKOBHIBOMBI; 6 — H3OJSLIMOHHBIA Kapkac; 7 — BaKyyMHasl JYrOracMTeNbHas

kamepa (KAB); & — npyXMHHO-MOTOPHBI NPUBOA; 9 — KyNauKOBLIH Ban IPHUBOJA;

10 — xHomka oTkiuloyeHus1; 11 — Gnok 3auienox; 12 — GnoK curHanuzauuu; 13 —

OTKJIIOYaloNIad TIpyXuHa; 14 — Gydep; 15 — Ban BRIKIIOYaTeNs; 16 — MHAYKLIIMOHHO-
JHHaMHUYECKOE YCTpOiicTBO ynpaBiaeHusa (UAYY)

B pa3soMKHYTOM IOJIOXEHUU KOHTAKTHl BBIKJIIOUYATENST YAEepXKUBa-
IOTCST OTKJIIOYAIOLIEH MPYXUHON 9 yepe3 TAToBbIA u3omisTop 5. Ilpu
Tofaye CUrHana « BKii» mogaeTcst MUTaHKUE B KATYLIKY 9JIEKTPOMAarHH-
Ta 10; AKoph &, CXUMas OTKIIIOYAIOILIYIO MPYXUHY, MEpeMelIacTCs
BBEPX BMECTE C TSTOBBIM H3OJIITOPOM M IOABUXHBIM KOHTAKTOM 3,
KOTOpHIi1 3aMBIKaeTcsl. B 9T0 BpeMst KOJTBLIEBOM MarHUT 7 3aIacaeT Mar-
HUTHYIO 3HEPIHI0, HEOOXOMUMYIO IUIS YAEpPKaHHSI BBIKJIIOYATEINSI BO
BKJIIOYEHHOM TIONIOXEHMHU, a KaTylka /0 mocTeleHHO 00eCTOYMBAET-
Csl, TOCJIe Yero MPHBOJ, OKAa3bIBACTCS ITOATOTOBJICHHBIM K OIlepallMu
OTKJIIOYCHHSI.

Bo BKIIIOUEHHOM MOJOXEHUH BBIKIIIOUYATENb YAEPKUBAETCS CUNIOM
MAarHUTHOTO MPUTSKCHUS AKOPSI & K KONbLIEBOMY MarHUTy 7 TaK Ha-
3bIBAEMOM «MArHUTHOM 3allleNIKOM » , ITPH 3TOM 3HEPTUM U3 BHELUHEHN
LIEIM He MOTpedsaeTcs.
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Puc. 4.46. Baxyymustii Buikiiouarens BB-TEL-10-1000:
a — KOHCTPYKTHMBHAasa cxeMa nomioca: I — HenmoABMXHHBII koHTakT BJIK; 2 — BakyyM-
Hasa Kamepa (BIK); 3 — noasmxHeiil KoHTakT BIK; 4 — rubkuii TokocbeM; 5 —
TATOBHIA H30MATOp; 6 — NPYXUHA MOMKATHA; 7 — KOJBIICBOH MarHur; & — SKOpb;
9— otknovawounias npyxuHa; 10 — xaryuixa; 11 — Ban; 12 — NOCTOSHHBI MarHur;
13 — repKOHBl (KOHTAKTHI JUISl BHEUIHUX BCIIOMOTATENIBHBIX Lenei); 6 — oOlmit BU
BHIKITIOUaTeNnd: I, 2 — NOAKMIOYEHHE TNIaBHHIX Leneif; 3 — KHOMKa Py4yHOro OTKIoYe-
HHUsA; 4 — 3a3eMiIeHHe; 5 — MOAKIIOUEHHEe BTOPUYHBIX Lieneil (cM. Takke c. 263)

IIpu nomave curHana «OTKI» GJOK VIIpaBIeHHS ITOAAECT UMITYIIBC
TIPOTHBOIIOJIOXHOrO HAIIpaBJICHUS B KATYILUKY 10, pa3MarHMYMBas Mar-
HHUT M CHUMas IIPHBOJ C MAarHUTHOM 3atenku. Ilon neicreueM mpy-
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Puc. 4.46. OkoHuyaHue

XUWH 6 U 9 9Koph & nepeMeniaeTcsi BHU3 BMeCTe C TATOBBIM H30JISITO-
POM U IOIBIDKHBIM KOHTAaKTOM J3, BBIKJIIOUATENb OTKIIOYaeTcst. Bos-
MOXHO pyYHOE OTKIIOUeHHE KHONKOI 3 (cM. puc. 4.46, 6).

BrikmouaTenu qaHHOM CepuU NIPUMEHSIOTCA A/ 3aMEHBI BBIKITIO-
yareneit B stueiikax KPY, a takke 17151 BHOBE pa3pabaThiBaeMbIX KaMep
KCO u KPH.

BakyymHbIe BRIK/TIOUATENM HanpsokeHueM 110 kB B kaxmoM noJo-
Ce UMEIOT YeThIpe MOCAENOBAaTENbHO COCAMHEHHBIC JYTOTaCUTEIbHEIC
kamepnl KJIB, yctaHOBJIEHHBIE Ha OMOPHBIX U30JTOpax. s paBHO-
MEPHOTO pacHpele/iCHUs1 HapsKeHUs IT0 pa3phiBaM ITPUMEHSIOTCS
€MKOCTHBIE IEJINTENIM HAMPSIKeHUS. DJIeKTPOMAarHMTHBIN IpUBOI 00ec-
IICYHUBACT NTUCTAHIIMOHHOE YIIPABJICHUE BHIKITIOUATEIEM.

BakyyMHBIe BBIKJIIOYATEM YCTaHABJIMBAIOTCA IJig YIPaBJICHUS
TpaHCHOpMaTOpaMH CTAJIEIIABMIILHBIX TMeveil, TATOBBIX MOACTAHIIUH,
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HACOCHBIX, Ha MOIIHBIX 3KCKaBaTopax. OTKIIOYeHHe MOIIHBIX CUHX-
POHHBIX JIBUTaTeJIeil BBI3BIBAET Cpe3 TOKa IPH OBICTPOM pa3phIBE LIEIH,
OTKJIIOUCHUE MAaNbIX MHIYKTUBHBIX TOKOB MOXET IIPDHBECTH K TEpe-
HAIIpSCKEHUIO, TTIO3TOMY BaKyyMHBIE BHIKITIOYATEIN CHA0XKAIOTCST BCTPO-
€HHBIMU OTpaHUYUTESIMU TIEpECHAIIPSDKEHUH WIM TIpeayCMaTpBacT-
cs ycraHoBka OITH (orpaHnuunTesb epeHAIPSKEHUS ).

JIist 3aMeHBl BBIKJEOYATeNel, BHIpaOOTaBIINX KOMMYTAIIMOHHBIN pe-
cypc, dupma ABD moctaBisier BakyyMHBINH BEIKITIOYaTenb VM2GT, Ko-
TOPEIi MOXET YCTAHABIMBATLCS HAa BHIKATHBIX Tellexkax KPY (K-104,
KMB, KPY2-10, K-XIII).

JloCTOMHCTBA BAKYYMHBIX BBLIK/TIOYATENEH: TIPOCTOTA KOHCTPYKIMH, BbI-
CoKas CTeleHb HaiCXHOCTH, BHICOKAss KOMMYTAIlOHHAsI U3HOCOCTOM~
KOCTB, MQJTBIC pa3MEpH, ITOXKapo- 1 B3phIBOOS30ITACHOCTh, OTCYTCTBHUE 3ar-
PSASHEHHUSI OKPYXAIOIIEi Cpebl, MaJIble SKCILUTYaTALIMOHHBIC PACXOMIHbI.

HenocTarkn BAKYYMHBIX BBIKIIOUATEREH: CDABHUTEIIEHO HEOONBIINE
HOMMHAJbHBIE TOKH U TOKU OTKJIIOUECHMS, BOSMOXHOCTH KOMMYTaIlU-
OHHBIX TIEpCHATIPSIKEHUIM.

4.6.7. Drera3zospie BHIKIIOYATENH

Aneras SFy npeacrapnser codoil MHEPTHBIA a3, IMJIOTHOCTh KOTO-
poro B 5 pa3 TpeBHIMIACT IUIOTHOCThL BO3AyXa. DJICKTpUUECKasT MPod-
HOCTb 3Jiera3a B 2— 3 pasa Bbillie IPOYHOCTU BO3JIyXa.

B 271€T1230BBIX BBIKJIFOUATENAX TIPUMEHSIOTCSI aBTOKOMITPECCHOHHBIE
JIYTOTaCUTENTbHBIC YeTpoiicTBa (puc. 4.47). [Ipy OTKIIOYECHUN IIWIHHAD 4
BMECTE C KOHTAKTOM .3 TIepeMeIlacTCs BHH3, 00pa3yeTcsl pa3phiB MEXITY
TIONBYDKHBIM 3 Y HETTOMBIDKHBIM | KOHTaKTaMU 1 3aropaetcst ayra. [lop-
1IEHb 5 OCTAeTCsl HEMOOBIDKHBIM, TO3TOMY TIPH ABMKEHMH IIWJIHHADA
BHM3 3JIeTa3 Haji IOPIIHEM CXKMMAETCSI, CO3IAaeTCs IyThe B OOBEM Kame-
PHI 1 TIOJIBIA KOHTAKT I, CTONG AYTW MHTEHCHUBHO OXJIaX/IAeTCsl, M OHa
racHeT. [Ipu BIOYeHVUH IWIHHAD 4 TIepeMellaeTcsl BBEPX, KOHTAKT /
OKa3BIBACTCS B BEpXHE KaMepe MIWIMHAPA U IIEMb 3aMBIKAETCs.

DJera3oBbIit BHIKIIIOYATEND TIPEACTABIsIET OO0 3aMKHYTYIO CUCTE-
My 0€3 BEIOpOCa ra3za Hapyxy.

Bonee 3¢ deKTUBHBIM SBISCTCS IBYCTOPOHHEE MYThe, HMEHHO Ta-
KHE JYrOTacCUTEIbHbIE KaMepPhl IIPUMEHSIOTCS B COBPEMEHHEBIX 3JIeTra-
30BBIX BBIKJIFOUATEJISEX, [IOCTPOSCHHBIX HA MOIYJILHOM TIpuHIUuIIe. Tax,
B BHIKNMIOYaTessix Ha 110 xB — omuH myroracUTeILHBIA MOIYJb, Ha
220 kB — aBa, Ha 500 KB — yeTbipe. COOTBETCTBEHHO MEHSIETCS M30JsI~
LIUSE OTHOCUTENBHO 3¢MITH.

Ha puc. 4.48 nmoxa3san BeIkiouatess BI'Y-220-45/3150Y1 (U, =
=220KB, Liuuon=45 KA, L,u=3150 A, x1umMaT — yMEpEeHHHIH,
ycTaHOBKa — OTKpHITas). Ilomoc uMmeeT Y-00pa3sHyl0 KOMITOHOBKY.
EMKOCTHBIE feuTe 00ecTieynBaloT paBHOMEPHOE paclpeieeHne
HaTPSKEHUS MEXIY paspbiBaMM moiroca. OTKIIIOYEHHE OCYLIECTB-
JISETCSI MHEBMATUYECKUM TIPUBOJOM, BKIIIOUEHHE — TPYKHHAMHU,
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KOTODPBIE 3aBOJSATCS MPH OTKIIO-
yeHUU. MexaHHYeCKUI pecypc
peikmioyarens 3000 nukinos BO;
pecypc KOMMYTAIIMOHHOM CITO-
COOHOCTH: TPU TOKE 45 KA umc-
no onepauuit O/B — 15/17; mpu
ToKe 27 KA — 22/11, nipu pabo-
geM ToKe 3150 A — 3000/3000.

PacrnipegenurtensHblil WKad 4
MpeaHa3HaYeH TSl ITHEBMaTHYeC-
KOH U 3JEKTPHUECKON CBI3M TPEX
TIOTIOCOB BHIKJIIOYATEIS.

HoBsag cepust 6aKkoBBIX BHIKIIO-
yareneit Ha 35 kB mo3BosiseT uMeTh
BCTPOCHHBIE TpaHC(HOPMATOPH
ToKa (puc. 4.49), yro ympomaer
KOHCTPYKIIMIO pacIpeIeTMTEIBHBIX
ycTpoiictB. BBoarsl 1 TpaHCchoOpMa-
TOpPBI TOKAa YKpeIUIEeHBI Ha 6ake,
BHYTPH KOTOPOTO HAXOISATCS KOH-
TaKTHas ¥ AyTOracUTeNIbHAs CUCTE-
MbL. HOMUHaJIBHOE ITaBJICHUE 3J1e-
rasa 0,45 MIla, npu CHUXEHUU
naenenus ao 0,33 MIla cpaba-
TBIBA€T CUTHAJIU3alUA, a TIpHU

N N

Puc. 4.47. CxeMa nyroracureJIbHOTO
YCTPOICTBA 3JICTA30BOTO BHIK/IIOYATE-

0,3 MIla BrIKTIOYATENH OTKITIOYA-
€TCs aBTOMaTiyeCcKy. [alieHye ayru
OCYILIECTRIIICTCS 3a CYET BpailleHUS
9JIEKTPUYECKO Ayru B d7erase C
TOMOIIIBIO MAFHUTHOTO TTIOJA, CO3~

Ji1 ¢ OMHOCTOPOHHHUM NYThEM:

1 — HenmoABMXHHIM MOJIbIA KOHTAKT; 2 —

como u3 gropornacra; 3 — MOABHXHBL

KOHTaKT; 4 — MOABMUXHBH LMJIHHAP;
5 — nopiueHs

JAHHOTO OTKJIIOYAaeMBIM TOKOM.

IIpuBon BHIKIMIOYATENS 3MEKTPOMArHUTHEINA. 1o cpaBHEHMIO C Macis-
HbIMU BeiKmovateaMu C-35 u BT-35 smeraszoBriit BRIKITIOYATEH UMEET
3HAYUTENIbHBIE TIPEMMYIIECTBA U Goyee coBepHIeHHEIe TpaHchopMaTo-
pBI TOKa. PaccMoTpeHHBIN BhIKnodateb BI'bD-35-12,5/630 paccuntan
Ha TOK OTKJIIoueHus1 12,5 KA, noimHoe BpeMs oTkiioueHus 0,07 ¢, smek-
TPOMMHAMMYECKYIO CTOMKOCTD 35 KA. Brikimouatens ripurofeH mis AITB.
DJera3oBbIC BHIKJIIOYATETH UMEIOT OONBIIYIO MEXaHIMYECKYIO U KOMMY-
TALMOHHYIO U3HOCOYCTONIHUBOCTD.

BakoBbie BEIKIIIOUATENU ¢ 37era3oM Ha 110 kB BrImycKatorcst pup-
Moit Abb tuma 145PM40, vomMuHanbsHbeIi ToK 3000 A, TOXK TuHAMU-
yeckoli yctodumBoctu 100 XA, £, =0,05 c. JlyroracuTenpHoOe ycCT-
pPOMCTBO MTOAOGHO pacCCMOTPEHHOMY BHILIE (cM. puc. 4.47). Ha Hapyx-
HOi1 4YacTH BBOJA PacIiojiaraioTcst TpaHCPopMaTopHl TOKA.

KomoHKoBbIe BRIKITIOUATeNH 3ToH e dhupmel Tuiia LTB145D1/B pac-
cunTaHb! Ha HarpstkeHue 110 kB, HoMuHaMBHE TOK 3150 A, TOK OTKITIO-
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Puc. 4.48. BeikmouaTtess 3Jerazosbiit BI'Y-220-45/3150:

1 — MOAynbL QyroracHTeNnbHbill; 2 — KOJIOHKAa OMOpHadg; J — wKad ympaBieHUs C
MPUBOAOM; 4 — wiKad pacnpeseNMTeIbHEIN; 5 — KOHACHCATOPH {€MKOCTHBIC FeJINTEIH)
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Puc. 4.49. BrixiniouaTens aniera3onslit 6akoBreiit BTBD-35:

1 — BBOA; 2 — TpaHchopMaTop ToKa; 3 — 0aK C KOHTAKTHOH M AYroracUTeJIbHOM
cucteMaMu; 4 — KopoOKa MeXaHM3Ma; § — KJamnaH; 6 — CUTHAIH3aTOp JaBJICHHA;
7 — KIeMMHasi KopoOka; & — mojorpes; 9 — uikad ¢ IMPHUBOAOM

yeHUs 40 KA. B 37011 cepri BEITYCKAIOTCS BHIKITIOUATENA HATIPSTKEHHEM KO
800 xB. OcoberHoCTHIO ceprm LTB sipisroTest; BRICOKas CeHCMOCTOMKOCTD,
BO3MOXHOCTb pabOTBI B 9KCTPEMANTbHEBIX YCIIOBHMSIX OKPYKAIONIEH Cpe/Thl.

K0/10HKOBBIC BEIKJTIOUATENH C 3J1era30oM BhitycKatotest OAO «Ypai-
SJIEKTPOTSKMAlIl » Ha HamnpsokeHue 110~ 500 xB.

JIns 3ameHsl yerapeBinnx Beikmodareneii B KPY tunos K-X, K-XI1,
K-XXV, K-XXVI ¢upmoiit ABB npon3BoisITcsi BBIKATHBIE SIEMEHTEL C
37era3oBeIMH BHIKTIOuaTenssMu cepuii VF 1 HD2GT.

JlocToMHCTBA 3J1era30BLIX BLIKMIOUATENEl: MOXapo- U B3pHIBOOE3-
OMacHOCTh, OBICTPOTA AEHCTBUSA, BHICOKAS OTKITIOUAIOIIAsd CIIOCOOHOCTb,
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MaJTBIIl U3HOC JYTOTacHUTENIbHBIX KOHTAKTOB, BO3MOXXHOCTb CO3IAHUS
cepHil ¢ YHUGUIIMPOBAHHBIMH y3JIaMU (MOIYJISIMH), TIPUTONHOCTD JIIST
Hapy>XHOUW U BHYTPCHHEU YCTAaHOBKU.

HepocraTkn: HEOOXOIUMOCTD CIEIMANIBHBIX YCTPOMCTB 11 HATIOIHE -
HUS, TIepeKauKy U OYUCTKU SFy, OTHOCUTENEHO BEHICOKAsSI CTOMMOCTD SF.

4.6.8. Brioop BLIKIIOUaTENEiH

B 001111x cBeIeHUSIX O BBIKJIIOYATENSIX PACCMOTPEHBI T€ MTapaMeTpHl,
KOTOpBIe XapakTepu3yioT Beinoyatenu mo F'OCT 687—78E. Ilpu BhI-
Oope BBIKIIOYaTeIcH HEOOXOMMMO YUECTh 12 pa3TUYHBIX TapaMeTPOB,
HO TaK KaK 3aBOJaMU-U3TOTOBUTENSIMU TapaHTUPYETCA OlpelesiCHHAA
3aBUCHUMOCTb MAapaMeTpOB, HATIPUMED I, uom2 Lornnons I 2

BKJI.HOM =—
21,8421 orksions OONYCIMUMO BDOU3GO0UMD 8bI00D BbIKAIOMAMENel No 6aic-
Heliuum napamempam:
HanPsKCHUIO Uson 2 Uer.uoms
ATUTCIIBHOMY TOKY IHOM 2 HOpM.pva; km‘IHOM 2 npoa.pacy*
ITpoBepky BeIKITIOYATENEH ClIEayeT TPOM3BOAUTE HA CUMME TP U U-
HBH TOK OTKJIKYEHUS IO YCIOBUIO

IOTKH.HOM 2 [II‘C M

3aTeM MMpoBepsIeTCA BOBMOXHOCTE OTKITIOYECHUS amepuogu-
yecKoll coctaBiagomeid Toka K3

ia‘HOM = \/EBHODM IOTKJLHOM / 100 > iat:

THE I o — HOMHHAQJIBHOE MOITYCKAEMOE 3HAYEHUE allepHOIUYecKOn
COCTaBJIAIONIEN B OTKIIIOYAEMOM TOKE JUIS BPEMEHH T; By0py — HODMM-
POBaHHOE 3HAYCHHE COACPXKAHHUS AIIEPUOTNIECKOM COCTARNSIONIEH B OT-
KJTI0YaeMOM TOKe, % (110 KaTtajoraM wid 110 puc. 4.33); i,, — arepuo-
IHU4ecKas cocTapisomas Toka K3 B MOMEHT pacXOXAeHUsE KOHTaKTOB
T; T — HauMeHbllee BpeMst oT Havyana K3 10 MOMEHTa pacXoXACHUS
JIYTOracCUTEILHBIX KOHTAKTOB

T= b mint len

Tae t, min= 0,01 ¢ — MUHUMAaTBEHOE BpeMA NeHCTBUA peeiiHOM 3alliu-
THI; t,, — COOCTBEHHOE BpeMs OTKIIOYECHHMS BBIKJIIOUATENS.

Ecnu yenorue 1,.< Iyen yow COOMIONAETCS, @ fy> iy yow, TO JOIYCKA-
€TCSt TIPOBEPKY MO OTKIYAIOIle CIHOCOOGHOCTH MPOU3BO-
JIWUTH IO MOJHOMY TOKY K3:

\/EIOTK}'I.HOM 1+ BHOpM /100) =2 ﬁ]m + .

Ilo Bknwyaomeil cnocoGHOCTH IPOBEPKA MPOU3BOAUT-
¢ 110 YCTIOBUIO

lggn 2 by IBKJIZ InOs
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THE ipgy— HAMOOJIBIIMKA MUK TOKA BKJIIOYEHUs (MO KATaJOTY); iy, —
yaapHbiit Tok K3 B nenu Buixomouarensi; I, — HOMHHAILHBIH TOK
BKJIIOUEHMST (AeHCTByIOIEEe 3HAYEHHE TEPHOIMYECKONW COCTABISIO-
meit); I, — HadalbHOE 3HAYCHUE TMEPUOIMYECKON COCTABISIONICH
Toka K3 B 1ilenu BeIKIIOYATENIs1. 3aBOIAMH~HU3TOTOBUTEISIMH cobIIona-
€TCsI YCIIOBUE Iy, = I,Sﬁlm, rae ky,=1,8 — ynapHeiii koadpduunu-
€HT, HODMUPOBaHHBIN JUIsI BBIKIIOYaTesnei. IIposepka mo aByM ycio-
BUSIM HEOOXOIMMA ITOTOMY, YTO Ul KOHKPETHOM CUCTEMBI Ky MOXKET
GHITH OoJiee 1,8.

Ha sneXTpoAMHaAMHUUYECKYIO CTOHKOCTH BHKIIOYATEID
MIpOBepsAeTCs MO MPeae/IbHBIM CKBO3HBIM TOKaMm K3:

’np.cxnz ’yn; [np.qua2 n»

TIE Inp ks — HAMOONBINUEA MUK (TOK 3JIEKTPOAUHAMUYECKON CTOMKO-
CTH) IO KaTajory; Iy, ., — AEACTBYIOLIEEC 3HAYCHHE € PUOANYECKON
COCTABJISIIONIEH MpeneIbHOro CKBO3HOro Toka K3 (o karanory).

HaTepMUYECKYI® CTOUKOCTDH BBIKIIOYATEIb MIPOBEPSIETCS
MO TEeIUIOBOMY MMITY/IbCy Toka K3:

2
[TeptTep 2 BK)

rae I, — TOK TEPMUYECKON CTOMKOCTH 1O KaTaJlory; ., — IIUTEIb-
HOCTB IIPOTEKaHHUS TOKA TEPMUYECKOI CTOMKOCTH 110 KaTaJory, ¢; B, —
TeruioBoi UMITyIbe Toka K3 (MHTterpan xoyns) mo pacuery. Ecau
Iorkn < frep, TO YCJIOBHE IIPOBEPKH:

2
[TeptOTKJI = BK .

IIpoBepka BbIKJIIOYATE el O MapaMeTpaM BOCCTaHABIMBAIOLIETO-
CS1 HaNpsDKCHUST HA KOHTAKTax BBHIKJIIOYATENSI B Y4eOHOM MPOCKTHPO-
BaHUM OOBIYHO HE TIPOM3BOAMUTCS, TaK KaK B GOJBITHHCTBE SHEPTOCU-
CTEM peaJIbHBbIE YCIOBUSI BOCCTAHOBJIEHUST HANPSIKEHUS COOTBETCTBY-
10T YCJIOBHSIM HCIIBITAHMS BBIKIIOYaTessa. ECIM BO3HUKAeT HEOOXOIu -
MOCTB IIPOBEPKH BHIKJIIOUATEA 110 ITapaMeTpaM BOCCTAHABIMBAIOIIE-
rocsl HanpsKeHUST, TO IO KOHKPETHHIM JaHHBIM 3JIEKTPOYCTAHOBKU —
MOIIHOCTY MCTOYHMKOB, PEAKTUBHBIM COTIPOTHUBIECHUSIM, €MKOCTSIM
TpaHc¢hOpMAaTOPOB, HIMH, allapaToB U T.JA. — IPOU3BOAAT pacueT U
IIOCTPOEHUE KPUBOH IMepEeXONHOTO MPoliecca BOCCTAaHABIUBAIOIIETOCS
HanpsokeHust (ITBH). Cornacuo 'OCT 687—78E 31a KpuBasd He T0OIK-
Ha IepeceKkaThesi ¢ HopMupoBaHHBIMU KpuBeIMU TTBH. MeTons! pac-
yeta KpuBoil [1BH u3noxensr B {3.3, 4.4, 1. 1].

4.6.9. IIpuBoap1 BHIKIIOYATEEH

Tlpueod evikniouamensn npednasnauen 041 onepayuu 8KAO4eHus, yoep-
HCAHUST B0 BKANOUCHHOM ROAOHCCHUU U OMKAKOHUCHUSA GbIKAIOYAMEIs.

I[IpuBOa — 3TO crleMaIbHOE YCTPOMCTBO, Co3marollee HeOOXOIM-
MOe YCIIHE IS IPOM3BOICTBA IePEeYUCIIEHHBIX onlepaliii. B HekoTo-
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PHIX BBIKJIIOUATENAX IIPUBOJ KOHCTPYKTHMBHO CBSI3aH B OJHO IIEJIOE C
€ro KOHTaKTHOM CUCTEMOH (BO3NYIIHBIE BBIKIIIOYATENH).

OCHOBHBIMH YaCTIMM TIPUBOJA SIBIISIOTCS: BKITIOYAIOIINI MEXaHHU3M,
3amypaloli MeXaHu3M (3alllenKa, cobauka), KOTOpbiil yaep:KuBaeT
BHIKJIIOYATETh BO BKIIIOYCHHOM ITOJIOXKECHUH, M PacHETUIAIONIMIT MexXa-
HM3M, OCBOOOXIAIOIIHM 3aIENIKy [TPU OTKIIIOUYCHHH.

HawubGonsinas paboTa B CyHIECTBYIOIIHUX KOHCTPYKIIMAX BEIKITIOUATE -
Jiei coBepIliaeTCs MPUBOAOM TPU BKIIIOUCHHH, TaK KaK IpH 3TO ome-
paluy TIPeON0IeBaeTCA COOCTBEHHAsI Macca TOABHXHBIX KOHTAKTOB,
COTIPOTHMIBJIEHHE OTKIIIOYAIOIIMX TIPYXKIHH, TPCHUE U CHILI HHEPHHUH B
JBIKyImxca vactsx. [Ipy BKimodyeHUH Ha cymectpyioniee K3 mexa-
HM3M [PHBOAA, KPOME TOTO, AOJLKEH TPEONONETH 3MEKTPOAUHAMM-
YECKHE YCUITHSI, OTTAJIKMBAIOIAE KOHTAKTHI IPYT OT ApPyra.

Omnepaiids BKIIOYEHMSI BO M30€XaHHE TPHUBApUBAaHHS KOHTAKTOB
BBIKJTIOYATENSI AOKHA TTPOU3BOMUTHECA OBICTpO. UeM MeHbIle BpeMs
BKJIIOYCHHMSI, TEM MEHBIE nay3a nmpu AIIB.

Ilpu oTKIIIO4YEHNH pabora TPHBOJA CBOJIUTCS K OCBOOOXKICHHUIO 3a-
IHEJKH, YIEPXUBAIOLIEH MEXaHN3M BO BKIIOUEHHOM MOIoXeHHH. CaMo
OTKITIOYEHHE MPOUCXOMUT 33 CYET CHIIBI CKATBIX WIH PACTSIHYTHIX OT-
KITIOYAIOIIHX TMPYXUH. B 3aBUCUMOCTH OT UCTOYHHKA SHEPTHH, 3aTpa-
YMBAEMOii Ha BKIIIOUEHHE M OTKIIIOUEHHE, UMEIOTCA PYYHBIE, TIPYKUH-
HbI€, TPY30BHIE, 3JCKTPOMArHUTHBIC, THEBMATHYECKHUEC TIPHBOMLL.

Py4dHbIe TIPUBOIB MPUMEHSIOTCS ST MAJIOMOIIHBIX BBIKIIIO-
yaTejiei, KoTa MYCKY/JIbHOI CHJIBI OTIepaTopa NOCTaTOYHO ISl COBEp-
1IeHus paboThl BKIIOUEHHUS. OTKIIIOUEHHUE MOXET OBITh aBTOMATHYEC-
KHMM C TIOMOIIIBIO PeJie, BCTPOCHHBIX B MIPUBO.

B coBpeMEHHBIX 3IEKTPOYCTAHOBKAX COXPAHWINCh PYYHBIE TIPUBO-
el ITPA TonbKO mia BeIKMIOYaTenel Harpysku BHITP.

IIpyXUHHBIH TIPHBOJ IBIASICTCS NIPUBOJOM KOCBCHHOTO ACH-
CTBHSI. DHEPIHs, HeoOXOmMMMast I BKIIOYEHHUs, 3aMMacaercsi B MOIII-
HOW TIPYXXHHE, KOTOpasl 3aBOAMTCSI OT PYKH WM 3JICKTPONBHUTATEIEM
HeOobILIoN MolTHOCTH. TToce KaxXaoro BKIIOUEHUS HEOOXOAMMO BHOBb
3aBECTH TIPYXHHY.

O6BIYHO MPHBOJ JOTOJHSCTCS CTICHHANBHBIM 3JCKTPOABUTATENEM,
OCYILIECTBIISIIOIUM 3aBOJ] MPYXUHBL. Takoi MpHBOJ TTO3BOJSET OCYIIE-
creyisith AIIB.

HemocTaTkoM NpYKMHHBIX IIPABOOB SIBJISIETCSI YMEHBILICHHE TSITO-
BOrO YCHJIMSI B KOHIIE XOJa BKITIOUECHUST BCIICACTBHE YMEHBIUCHUS Je-
dopMauu NpykuH. YToOB yCTPAHUTE 3TOT HEAOCTATOK, MPYXKUHHEIE
TIPUBOBI AOTIOMHSAIOTCS MaXOBHKOM, KOTODBINA TIOTTIOIAET U30HITOU-
HYIO0 9HEPTHio B HayaJie BKINOYCHHS H OTAAEeT HAKOIUIEHHYIO SHEPTHIO
B KOHI1Ie BKItoYeHUs1. [IpuBoar! nogo6Horo Timna I1IIM-10 npuMeHsi-
10Tcs Ui Buiovareneit BMI'-10 1 BMII-10. 3aBoa npyXuHbI TIpo-
M3BOIUTCS 3JICKTPOABUTATENIEM Yepe3 PEAYKTOP. 3alTOPHO-ITyCKOBOM Me-
XaHM3M TIPUBOA YACPKIBACT IIPYKUHEI B 3aBE¢ICHHOM COCTOSTHUMM. s
aBTOMATUYCCKOTO BKITIOYEHMST HEOOXOAMMO OCBOOOIMTS 3aBOASIIIHIA DBI-
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yar, MocJje Yero 3Heprus 3aBeAeHHOIN CIUPaAIbHON MPYXHUHEBI [I0BOPa-
YKBaeT BT BBIKJIIOUATEIIS HA BKIIIOUEHHE.,

JlucTaHIIMOHHOE W aBTOMaTHYeCcKOe OTKJIIOYEeHHE BHIKIIOYATE-
JISI IPOM3BOJUTCS C MOMOIIBIO pelie, BCTPOSHHDIX B HUXKHEN YacTH
MPHBOJIa, KOTOPBIE Yepe3 IUIAHKY OTKJIIOUEHHUS BO3ACHCTBYIOT Ha
MEXaHM3M CBOOONHOrO pacuemieHus. IIpuBoa fonyckaeT MeXaHM-
yeckoe AIIB. UMnynsc mng pa6otsl Takoro AIB maetcsa npu or-
KJIIOYeHUN Grarogaps OCBOOOXKIEHUIO BKJIOUAIOIIETO MexXaHu3Ma
MpUBOJA.

AHayornyHoe ycrpoiictBo nMeeT npusod 11, mpuMeHseMbIit s
BeIKIOUaTenieit BMI'. Brikmouarenu BMIIIT, B3-10, BK-10 mna KPY
MMCIOT BCTPOCHHBIN MPYXKUWHHBINA IIPUBOI.

IIpyXuHHBIE MPUBOABI HE TPEOYIOT AJII CBOETO YIIPABJICHUSI HCTOY-
HHKa TTOCTOSTHHOTO TOKAa, YTO IBJISIETCS CYHIECTBEHHBIM HMpeHMYyIIie-
CTBOM IEpel ApYTUMH MpuBogaMK. HemocTaTKoM ero sSIBiisieTcst Manast
MOIILHOCTb, ITO3TOMY OH NPUMEHSIETCS IS MaJlOMACISTHBIX BEIKJTIOYA-
teneit 6— 10 xB.

DJIeKTPOMATHUTHBIEC HPHBOABI OTHOCATCA K IMPUBOAAM
MPSIMOTO ACHCTBUSI: SHEPTUsI, HeoOXoAMMas ULl BKIIOUYEHHS, CO00-
IIIaeTCS IIPUBOAY B IIPOLIECCE CAMOTO BKIIOUEHHUS OT HCTOMHHMKA GOJIb-
IO MOIIHOCTM.

Ycunue, HeoOXonuMoe i1 BKIIOYEHWS BBIKITIOUATEIISI, CO3[ACTCS
CTaJbHBIM CEpACYHHKOM, KOTOPHIii BTSITMBAETCS B KATYIIKY 3JIEKTPO-
MarHHTa MPH NPOXOXICHUHU IO Hel TOKa.

IIITok cepacyHMKa YIIHPAETCS B POJUK PHIMAXKHOTO MEXaHMU3MA,
TIOMHUMAET €r0 BBEPX BMECTE C ABYMS IIapHUPHO-CBI3aHHBIMM phIYa-
ramu. TlocinenaHne Yepes MpUBOIHON phIYar IepelaloT IBMXKEHHE Bany
BEIKJTIOUATeNs. B KOHIIe Xo1a cepAeuHUKA, KOTIa BHIKIIOYATENb BKITIO-
YUJICS, 3alllejKa 3aCKaKMBAET O POJIUK M YIEPXKHUBAET MEXAaHU3M BO
BKJIIOUCHHOM TIOJIOKEHUH.

B KoHIIe BKTIOUEHMST CUTHAILHEIE BCIIOMOTaTe/IbHEIE KOHTAKTHL pa3-
PBIBAIOT LB 3JICKTPOMATHUTA BKITIOUEHUS U CEPACYHMK MaNaeT BHU3.

IIpu OTKITIOYEHHMHU TOK IOAAETCS B 3NICKTPOMArHUT OTKIIIOYCHMS,
ero 60ex ymapseT B pbryar MexaHu3Ma CBOOOTHOTO paclieTUicHus, Ora-
roJiaps YeMy «JIOMaIOTCS » pblyard MeXaHu3Ma CBOOOIHOTO paclierie-
HUA U POJIUK COCKAKMBAaeT C 3allleJKU. Bam BEIKIIOUaTesnst nox Jeii-
CTBUEM OTKITIOYAOICH TMpYXHWHBI MOBOPAaYMBACTCI TPOTUB YacOBOM
CTPEJIKM — MPOUCXOAUT OTKIIIOUEHHUE.

DJNEKTPOMAarHHUTHI BKITIOYCHUS M OTKIIOUEHUS IOJIYYAIOT MUTAHUE
OT aKKyMYJISITOpPHOI 6atapeu uepe3 cOOpKY 3aKHMMOB.

Toxk, moTpebasieMBlil 3JIEKTPOMArHUTOM BKJIIOUEHUS TIPUBOAA
I19-11, cocTaBnsieT 58 A, 37eKTpOMArHUTOM OTKIIOYeHusa — 1,25 A
Ipu HanpsxeHuu 220 B.

B npuBoae UMeeTCs pelyar pyyHoro OTKIIOYEHU.

ITpuson I1B-11 npumeHsiercs s BeIKIouaTeaci BMII-10,
BMTI-10.
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Jlig GoJiee MONIHBIX BBIKIIOUATENEH BHYTPEHHEH YCTAHOBKH IIpH-
MEHSIOTCS 2JieKTpOMarHuTHeIe NpuBoasl 119-2, I19-21, T1C-31,
a i HapyXHoit ycraHoBKU — [IT15-44, III15-38, IIII5-46 u ap.

JIOCTOMHCTBAMH 3JIEKTPOMATHATHLIX MIPHBOIOB SIBJISIOTCS IIPOCTOTA
KOHCTPYKIIMU M HAIEKHOCTh pabOTH B YCIOBUSIX CYPOBOTO KJIMMaTa.

HepocraTtkm — 60Jb1I0H MOTPEOIsIEMBIl TOK U BCIEACTBHE 3TOTO
HEOOXOAMMOCTh MOIIHOM aKKyMYJISITOPHOM 0aTtapeu (1 BKIIIOYCHUS
peikmodatesist MIT-10-3200 tpebyercst Tok 155 A, a BHIKITIO4ATeIs
¥-220-40 — 500 A npu Hanpsxkenud 220 B), a Takke 3HaAUMTENBHOE
BpeMs1 BKITioueHus (o 1 ¢).

IIHeBMaTHUUYeCcKUIT N pHUBOI 0bECIIEYMBAET GBICTPOE BKIIIO-
YeHHME BBIKJTIOUATENIS 32 CUET SHEPTHM CXaToro Bo3myxa. Kunemarm-
yeckasl CxeMa ero rogobHa 3JeKTpOMarHMTHOMY TPHBOIY, HO BMECTO
9JIEKTPOMArHUTA MPUMEHSCTCS ITHEBMATUYECKUH [IMJIMHAP € TIOPHI-
HeM (puc. 4.50).

IIpu BKIIIOYEHUM BBIKJTIOUATENSI OTKPHIBACTCS KJIAlaH, ITONMAOLIHiA
CXKaThIil BO3MyX U3 pe3epByapa B MTHeBMaTH4ecKuil muwiuHap 1. ITop-
HIEHb 4 CO HITOKOM 5 TTOMHUMAETCSI BBEpX U, BO3ACHCTBYSI Ha TIOABHXK-
HBIA PONTUK U CHCTEMY PBIYaroB, IIPOM3BOAUT BKIIIOMEHHUE BBIKITIOYA-
tens. IlpyxuHa HaJ MOPHIHEM TIPH 9TOM CXXHUMAETCS, CIIaXXHUBast yaap
MPU BKIIOUEHUH.

IIpu oTKMIOUEHUM TTOAAETCS UMITYJIBC HA SJIEKTPOMATHHUT OTKIIIO-
yeHHs1 &, KOTOPHIIT BO3AEICTBYeT HA MEXaHM3M CBOOGOIHOTO pacilern-
JieHns 9.

Cxarplit Bo3nyx (2 MIla) nogaeTcss ot oOuIeif KOMITpeCcCOpHOM
YCTAaHOBKH, 00CHYKWBAIOIIEH BO3MYIIIHBIE BHIKIIOYATENH, WIIH HA KaX-
JIOM TIPUBOJIE YCTAHABIMBAIOTCS GAJUIOHEBI CO CXKATHIM BO3IYXOM, 00ec-
TeYUBAIOIIHE MISITh-1IECTh ONepanuii 6e3 MmoaKauky Bo3ayxa. s moa-~
Ka4yK¥ BO3MyXa WCIOJIB3YIOTCS HeOONBIIME KOMIIPECCOPH C 3JIEKTPO-
JIBUTATEJeM MOIIHOCTBIO 10 1 KBT.

ITHeBMaTHyeckne npuronbl [1B-30 mpuMeHsIOTCST MIsT BRIKITIOYA-
teneit MI'-10, MI'-20. bakoBrpie BHIKJIIOYATENIM CepUM «Ypal» CHab-
>KatoTcsl mHeBMaTudeckuMy npuBoaamMiu I TIB. ITueBMaTuyeckue pu-
BOJIBI HE TPEOYIOT YCTAHOBKU MOITHOM aKKyMYJISITOpHOU Oarapeu, Tak
KaK TOK, TMOTPeOJIIeMBlit IEKTPOMAarHUTHBIM KJIAIIaHOM BKJTIOYEHMSI,
He TIPEBBILIACT HECKOJMBKUX amIiep. CedeHHe ITPOBOAOB OT CXEMHBI JUC~
TAHLIMOHHOTO VIIPABJICHUS K PUBOIY 3HAYUTEIBbHO MEHBIIE, YEM P
37IEKTPOMAarHUTHOM IIPUBOJIE.

B BO3IYIIHBIX BHIKJTIOUATENSIX ITHEBMATHYECKWI TIPUBOI SIBMISIETCS
OPraHWYECKOI YaCThIO CAMOTO BHIKIIIOYATEIS.

JansHe MMM YCOBEPIIEHCTBOBAHMEM ITHEBMATHYECKHX TTPHUBOIOB
SIBJISIIOTCSI THEBMOTHMAPABIMYECKHNE NPHUBOLBI, B KOTOPHX
JIBWXEHHE TMOABIKHOM CHUCTEME BBIKIIIOUATENS TIEPeNaeTCsl OT THAPO-~
WwiMHIpa ¢ nopuiHeM. Ilopmens MpUBOIUTCS B OBMKECHHE CXKATOM
XHIOKOCTBIO, 00BIMHO MacioM. Bricokoe napienue xunkoctu (12 MIla)
CO3MaeTCs B aKKYMYJISITOPE SHEPTWM MPHMBOJAA 3a CYET CXKATOTO rasa.
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Puc. 4.50. IMpuson nuesMatuveckuii I1B-30:
1 — mHeBMaTHYEeCKUH 1MHHAP; 2 — ¢daHel BO3AYXOTPOBOAa; 3 — ITOK AeMIidepa;
4 — nopieHs; 5 — HWITOK; 6 — yAepXHBAIOLIass 3alliesika; 7 — MOJABbEMHBIH pONHK;
& — 3NEeKTPOMAarHUT OTKNIOUEHUS; 9 — CHCTEMa pHYaroB CBOGOMHOIO paclUeIUIeHUs;
10 — xopnyc npuBona; 1/ — ROMKpaT A PYYHOTrO OTKIIoueHMs; /2 — ykasarenb
HOJIOXEHHA '

DTOM HEPTUH XBATaeT Ha LIECTh BKIOYCHMIA, TakMHU IpHBOAaMH THIIA
IIIT cHa6xaloTca 6akoBeie BBIKIIOUaTead. [THeBMOTHApaBIMYecKe
[pUBOIKBI 00ECeYnBaIoT Bpemsa BKimoueHus 0,25 c.
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Puc. 4.51. CTpykTypHasi cxeMa ynpaBlieHUst
CBEPXOBICTPOAE CTBYIOUIMM BBIKITIOUATENECM:
1 — curHaj Ha OTK/JOUEHHUE; 2 — MCTOYHHUK CBE-
7 TOBBIX UMMYNLCOB; 3 — cBeToBOA; 4 — hoToae-
TEKTOD; 5 — 3NEKTPOMArHUTHBIA paclenUTeNb;
6 — KOHTAKTHl BBIKJJOUATENS; 7 — 3apsIHOE YCT-

pOICTBO

g BEIKITIOUATE IeHi CBEPXBBICOKMX HaTIpsi-
KeHU ocoboe 3HaUeHHEe UMeeT OBICTPOTA TIe-
pefadyr OTKIIOYAIOIIETO MMIIYJIbCa OT IMpH-
BOJIa K Pa3MBIKAIOIIMMCS KOHTaKTaM. B aToM
clyyae TIPUMEHSIOTCSI TTHEBMOMEXaHMYECKHE YCTPOICTBa, B KOTO-
pHIX TIepeMelleHHEe KOHTAaKTOB OCYIIECTBISETCS CHCTEMOM TAT M
CKaTBIM BO3AYXOM.

Ja nanpHeIIero NoBHIIIEHUS OBICTPOACHCTBHS CUTHAI YIpaB-
JIEHUSI C TMOTEHIIMAIA 3EMJIU MOXKET OBITH MepeJaH Ha BHICOKUMH MO-
TeHIUAJ TI0 cBeToBoAaM (puc. 4.51). PasaMBIKaHue KOHTaKTOB MpPo-
HMCXOINT C IMOMOIIBIO 3JIEKTPOMArHUTHOTO PacLEIMMTENs, PUBOIHU-
MOTO B JICHCTBHE pa3psaaoM KoHaeHcaTopa. KoHIeHCAaTOp 3apsKaeT-
Cs OT TMHHUM BEICOKOTO HANpPsIKECHHUS Yepe3 HaCHIIAIOUIMIiCs TpaHC-
dopmarop.

4.7. CucreMa M3MepEeHHIi Ha 3JEeKTPOCTAHUHAX H MOJCTAHIHAX

KoHTpoJsib 32 pexXMMOM pabOTH OCHOBHOTO M BCIOMOTATEJIbHOTO
000pYIOBaHUA Ha 3IEKTPOCTAHIMAX M MOACTAHIMIX OCYIHECTBIISETCS
C TIOMOIBIO KOHTPOJIBHO-U3MEPUTENBHEBIX IPHUOOPOBR.

B 3aBHUCHMOCTH OT XapakTepa 00BEKTa M CTPYKTYPBI €T0 YIIpaBie-
HMS 00BEM KOHTPOJISI U MECTO YCTAHOBKYM KOHTPOJIBHO-U3MEPUTEID-
HoIl ammapaTypbl MOTYT ObITh pa3nuuHbIMM. IIpuGOpPEI MOTYT ycTa-
HaBJIMBaThCS Ha TTIaBHOM IuTe yiipasiaeHust (I'TLY), 61ouyHoOM 1uTE
yrpasiaeHus (BIY) u ueHrpanbHoM wurte (LIIIY) Ha sngexTpo-
CTaHIUSX C OJIOKaMM TeHepaTtop — TpaHchOopMaTOp M Ha MECTHBIX
IMTaX.

B 3aBUCMMOCTH OT OCOOESHHOCTEN pexXuMa paGoTH JaXe Ha aHaNO-
TMYHBIX MTPUCOCIMHEHUSIX KOJNIMYECTBO KOHTPOIBHO-M3MEPUTEILHBIX
npubopOB MOXKET OBITh pa3MMYHBIM. B Tab1. 4.8 mpuBeacH peKOMEHAY-
eMBIif NepeueHs U3MEPUTEIBLHEIX Iprubopos [4.9], [4.10].

Ha puc. 4.52 noka3zaHo pa3MellieHHe N3MEPUTENBHBLIX MPUOOPOB B OC-
HOBHBIX HeIgx OJ0YHOM anexTpocTaHumm: aunuud W 330—500 kB,
onoka G-T1, aprorpaHcdopmaropa cBsi3u 72, TpaHchopMaropa coo-
CTBEHHHBIX HyXnI 13, B 1IeTIM 00XOTHOTO BHIKJIIOYATENsT QB.
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Ha pic. 4.53 nokazaHo pa3MeIieHHe U3MEPUTEIBHEIX IPUOOPOB B OC-
HOBHHX 1ersix TOIl. Bosee mogpo6GHBIE yKa3aHHs O pasMEIiEHHH H3-
MEPUTEIBHEIX MPUOOPOB NaHH B TabI. 4.8.

B xome pasBuTHs aBTOMAaTH3allMM y4YeTa M KOHTPOJS PEXHMOB
pabOTHI MIEKTPOCHUCTEM TOSBIISIIOTCS HOBbIE TPEOOBAHMS B OTHOIIIE-
HHM YCTAaHOBKH MPUOOPOB, MOSTOMY, ITOAB3YIACH Tabi. 4.8, HeoOxo-
JMMO TIPOBEPUTH €€ COOTBETCTBHE U3MEHECHHAM, BHOCHUMEBIM B ITYD
(roxpasn. 1.5, 1.6).
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Puc. 4.52. UaMeputeaptpie NIpubopsl B OCHOBHEIX LEMAX OJTOYHOM 3JIEKTPO-
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HaunGonbuiee Komu4ecTBO U3MEPUTEIBHBIX IIPUOOPOB HEOOXOIH -
MO B LIENIM MOLUHBIX T€HEPATOPOB, IIe OCYILIECTBISIETCS KOHTPOJIb
3a Harpy3koi Bo Bcex (ha3ax, 3a aKTUBHOI M peaKTUBHOM MOLIHOC-
TBIO, BEACTCS y4YeT BBIPAaOOTAaHHON 3JIEKTPOSHEPTHH, 4 TAKXKE KOH-
TPOJIMPYIOTCS TOK M HAIlpsKeHWE B IENM poTOpa M B IeNH BO30Oy-
qutensi. KpoMe mokassIBaoIux MpuOOpoB, YCTAHABINBAIOTCS pery-
CTpUpyOIIHe {caMONMUIIYIIHe) MIPHOOPHI: BaTTMETPHI B IIeNMU CTa-
TOpa reHeparopa IJiss KOHTPOJS 3a aKTUBHOM MOILIHOCTBIO, aMIIep-
METPBl M BONBTMeTphl. KpoMe TOTO, B IlenM KaXAOTO TreHepaTropa
MpeayCMaTPUBAIOTCS HJATYMKN aKTUBHOM M PeaKTUBHOU MOIIHOCTH
UP, UQ, XoTophle NepenarT 3HaUeHHe U3MEPSIEMOTo ITapaMeTpa K
CYMMUDPYIOIIIUM BaTTMeTpy U BapMmeTpy Ha HUIITY wmu I'IHTY, K ycT-
pOMCTBAM TENeMEXaHUKH.

Ha mexcucteMHBIX TUHHSIX 330 — 500 kB KOHTPOMHUPYIOTCSI TOKY B
Kaxmol da3se, Tak Kak Beikmouatenu 330— 500 kB umetor modazHoe
YIIpaBJICHUE U MIEPETOKM aKTUBHOH M peaKTUBHOM MolltHocTH. Kpome
TOr0, Ha MOICTAHIMM YCTAHABIMBAIOTCSA OCUMIIIOrpadbl, 3alMChiBa-
romye ¢asHble HaATIpsDKeHUS Tpex (a3, TOKM Tpex a3, HalpsKeHue
HYJIEBOH MOCNEIOBATENBHOCTA U T.JI. DTH 3alIUCH ITO3BOJIIIOT BHISC-
HUTb KapTUHY TOTO HMJIM MHOTO aBapMHHOTO pexXuMa.

Ha nAuHUsIX BBICOKOTO HANpsKEHUS] YCTAHABIMBAIOTCS ITPHUOODHI,
$HUKcHpyIOlIMe ITapaMeTphl, HeOOXOIUMEIE IS OIpeneieHusT MecTa
moBpexaeHus (PHIT).

Ecau o6bekT, B LIeNsIX KOTOPOTO HEOOXOMHUMO KOHTPOIUPOBATh TOK,
MOLIHOCTb WM IPYTHE BEJIUYMHEBI, HAXOANTCS JaJIeKO OT II[UTA YIIPaB-
JieHNs1 (OT HECKOABKMX COTEH OO THICSY METPOB), TO COIIPOTHUBJICHHE
MMPOBOAOB OT IMIPHOOPOB A0 M3MEPHUTENBHBIX TPAaHC(HOPMATOPOB OYHET
HACTOJIBKO OOJIBIIMM, YTO ITOTPENTHOCTh U3MEPEHHUSI BO3PACTET IO He-
JIOTYCTUMOTO 3HaueHHUs. B 3ToM ciyyae UCTIOMb3yIOTCA U3MEPUTE NI b-
Hble npeobpa3oBaTeJH TOKa, aKTHBHOU M peaKTHB-
Ho#l MomHoOcCTHU. W3MepuTensHBIH IpeoOpa3oBaTensb (IATYMK)
BKJTIOYAETCS B LIeITb U3MepsieMOro TTapaMeTpa yepe3 TpaHchOopMaTOPh
TOKa M HANpSKEHMsI, 4 HA BBIXOAE OH JACT ITOCTOSIHHBINA TOK, KOTO-
PBIF TUHEITHO 3aBHCHUT OT U3MepsieMoro napaMeTpa. [1oCTosSHHBIH TOK
Ha BBIXOZIE JaTYMKOB HE IIPEBLIMIAET 5 MA, MO3TOMY COETUHUTENLHEIE
MIpOBOJa OT JaTYMKa 4O U3MEPHUTEIHRHOTO HpHUOopa MOTYT OBITH MEHb-
mero cedyeHus. Ha puc. 4.54 nokasaHa GyHKUMOHAIBHAS CXeMa BKITIO-
YeHUSI U3MEPUTENLHOTO IIpeobGpa3oBaTeliss aKTUBHOM MoltHoct UP u
U3MEpUTENBLHOTO TTpHbopa.

IIpruMeHeHHe M3MEPHUTEILHBIX ITpeoOpa3oBaTeNieil MaeT ClIeayio-
1IMe TIPEUMYIIIeCTBA Mepel TPATUIIMOHHBIM ITOIKITIOUCHAEM H3MEPH -
TEJIbHBIX HpHOOPOB HEMOCPEACTBEHHO K TpaHcdopMaTopaM ToKa U
HANPSTKEHUS

YMEHBIIAeTCA Harpyska TpaHCcGOpMAaTOPOB TOKAa M HANpsKeHHS,
TaK Kak noTpebaseMasi Npeodpa3oBaTeeM MOIITHOCTb HE IIPEBBILIACT
1 B-A no TokoBuM 11ensiM U 10 B- A 1o 1ienaM HanpseKeHHs
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Puc. 4.54. CrpyKrypHas cxeMa TeJleM3MePUTETbHOTO YCTPOHCTBA

CO3Ja€TCSl BOSMOXHOCTD TiepeAauy "HGQOpMaIluM B pEaJIbHOM Bpe-
MEHU B OIEPAaTUBHO-NH(POPMAITUOHHBI KOMIUIEKC,

YMEHBIAETCs CEYeHHE KOHTPOMBHEBIX Kabeseit;

JIETKO OCYILECTBISIETCSI U3MEPEHHE TI0 «BBI3OBY», TaK KaK Mpeos-
pa3oBaTesii MOTYT paboTaTh ¢ Pa3OMKHYTOM UEITBIO;

JUISE BCEX U3MEPEHUI TIPUMEHSIETCS TIPOCTEHIIMEI IpUOoOp — MWN-
JTHaMIIEpMETP.

Ecnu niepenaroriee yCcTpoiicTBO (IaTYMK) M IIPUEMHOE YCTPOICTBO
(mipubop) HaxoIsITCS JAPYT OT Apyra Ha pacCTOSIHUM He 005iee HECKOMb-
KHMX KWJIOMETPOB, TO IMPUMECHSIOT MPOBOJHYIO CUCTEMY TEJICHU3MEpE-
HUSA (OMKHero JefCTBHS).

Ecnn oObeKT KOHTPOJISA HAXOMMTCS OT IIYHKTA YIIpaBJIeHUSI Ha
PacCTOSTHUM JIECSITKOB U COTEH KWJIOMETPOB, TO IJISI TIEpeaayy TeeU3-
MEpEHUI IPUMEHSIOTCS CICIMaNbHBIE YCTPOICTBA TEJIEMEXaHUKH,
paboTalolIMe M0 BHICOKOYACTOTHLIM KaHajaM CBSI3U.

H3MepeHue 1o «BbI30BY» ITPOU3BOAMTCS Ha OOLUMN IS HECKONb-
KMX TIpUCOEAUHEHNH KOMIUIEKT U3MEPUTENBHEIX ITpuOopoB. Heobxo-
JTKUMOCTDH U3MEPEHUHM TI0 «BBI3OBY» BO3HMKAET ITPU OOJIBIIIOM KOJUYE-
CTBe NPUCOECOUHEHMIA, KOrla MHAMBHIAYAIbHOE M3MEPEHHNE MapaMeT-
POB C YCTAaHOBKOU M3MEPUTEIBHHIX IPUOOPOB Ha KAXKIOHN ITaHEIM YII-
PaBJICHHS NIPUBOIUT K HEONPABAaHHOMY YBEJIMYECHUIO TabapuTOB LIUTA
YIIPaBJIeHHUS K YCIOXHSET oTiepaTUBHOE HabmoAaeHue. B cxemax n3du-
paTeIbHOTO U3MEPEHUsE HA KOHTPOJIMPYEMBIX OOBEKTaX YCTaHABTUBA-
FOTCSl MHIUBUAYAIbHEBIC U3MEPUTENBHEBIC TTPeoOpa3oBaTe/iv, KOTOPHIC
BBEIAAIOT B CUCTEMY M3MEPEHUI YHUGUIIMPOBAHHBIA aHANOTOBHI CUT-
HaJI IIOCTOSTHHOrO ToKa 0— 5 MA. JIJIS IeHTpaTU30BaHHOTO M3MEPEHMS
IIPUMEHSIIOT aHAJOTOBHIE TIPUOOPHI, TPagTyUPOBAaHHBIC B OTHOCHTEIb-
HBIX €IVHMUAX M TIO3BOJSIONINE OLEHUTHh OTHOCUTEIbHBEIC 3HAYSHUS
KOHTPOJIUPYEMBIX ITapaMETPOB U HX OTKIOHEHHE OT HOMMHAIBHBIX
3HAUCHMH B IpolieHTaxX. sl yTOUYHEHHUST KOHTPOJIUPYEMBIX ITapaMeT-
POB JOTIOJTHUTEILHO K aHAIOTOBBIM IIPHOOpaM Ha MMaHeM LEHTPaK-
30BaHHOTO M3MEpPEHMS YCTaHABIUBAETCS LMGPOBOIl NMPUOOp, KOTO-
PHIA ¢ MOMOIIBIO MEPEKIIOYATENS] MOXET ITOIKJIIOUATBCS K JII0GOMY
KOHTPOJIUPYEMOMY NapaMeTpy IapaieIbHO aHAJIOTOBOMY ITpHbopy. DTo
H3MEPEHHUE ITO3BOJISIET OLIEHHUTH ITapaMeTP B MMEHOBAHHBIX ¢IUHHIIAX.
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KOHTpoJIb 10 «BBI3OBY» HeE NMpUMEHsieTcst Ha muHKsaX 330 kB U BhIlIe,
a TaKXXe Ha TeHepaTopax U TpaHcdopMaropax, TAC U3MEPEHHS JIOJIK-
HBI TIPpON3BOANTRECS HempepsiBHO (ITYD, m. 1.6.4).

4.8. U3mepurenbHble TPaHCHOPMATOPLI TOKA

4.8.1. O0mne moJoXKeHus

Tpancghopmamop moka npednasHauern OnR YMEHbUUEHUR NEPEGUMHO0
moka 0o 3na4eruli, Haubonee yOOOHbIX Onsi USMEDUMEAbHBIX NPUOOPOS U
pene, a makxce 0aa omoenenus yenel uUMeperus U 3auums. om nepsuy-
HbIX Uenell 8bICOK020 HANPANCEHUS].

TpancdopmaTop TOKa MMeeT 3aMKHYTBIH MarHUTOTNIPOBON 2
(puc. 4.55, a) u 1Be OGMOTKM — MepBUYHYIO [ M Bropuunyio J3. Tlep-
BUYHAasi 0OMOTKA BKIIIOYAETCS MOCIIENOBATEIBHO B IIETTh U3MEPSIEMOTO
ToKa I;, KO BTOpMYHOMW OGMOTKE HPHCOCTUHSIIOTCS HU3MEPUTEIbHEIC
NpUOOPHI, O0TEKAaeMBIe TOKOM 1.

TpancdhopMaTOp TOKa XapakKTepu3yeTcsi HOMUHAIBHBIM Koahdu-
IIMEHTOM TpaHchOopMaIluu

KI . f 1 HOM ,
2 HOM
e 1 wom U I o — HOMMHAJIBHBIE 3HAYEHUS MTEPBUYHOTO M BTOPUYHO-
TO TOKa COOTBETCTBEHHO.

3HayeHHsT HOMMHAILHOTO BTOPHMYHOTO TOKA IPHHATH PaBHLIMU
SulA

KoabduenT TpanchopMalui TpaHC(HOPMATOPOB TOKA HE SIRJSIETCS
CTPOro MOCTOSIHHOMN BEJTMMMHOM W MOXET OT/IMYAThCsl OT HOMUHAIBHO~
'O 3HAYEHMSI BCJICICTBYE TIOTPEITHOCTH, 06YCIOBICHHON HATMYHMEM TOKA
HaMarHM4HMBaHYsL. TOKOBAsI MOrPETHOCTE OIPEACISIETCS TI0 BHIPAXKEHUIO
= M 100.

I,

IlorpenrHocTh TpaHchOpMaTOpa TOKA 3aBUCHT OT €r0 KOHCTPYK-
THBHEBIX OCOOEHHOCTEi: CeYeHUs MAarHUTONpPOBOMAa, MAarHUTHOM MpPO-
HHUIIAEMOCTH MaTepHaia MarHUTOIPOBOAA, CPEAHEN JUIMHBI MarHWT-
HOro IyTH, 3HaueHus [;w;. B 3aBUCHMOCTH OT IpEABSIBISIEMBIX TpeOO-
BaHUil BHITYCKAIOTCA TpaHCHOPMATOpPH TOKA ¢ KJIacCaMU TOYHOCTH
0,2; 0,5; 1; 3; 10. YkazaHHbsle mudbpHl PEACTABISIOT CO00I TOKOBYIO
MOTPEIIHOCTh B MPOILICHTaX HOMMHATIBLHOTO TOKA TIPU Harpys3Ke Hep-
BHYHOII 0GMOTKH ToKOM 100— 120 % angd mepBeIX Tpex KJIaccOB U
50— 120 % mns mByx mocnenuux. s TpaHchOpMaTOpOB TOKA KJIACCOB
toyHocTH 0,2; 0,5 1 1 HOPMHUpPYETCS TaKKEe YITIOBAsk MOTPEIIHOCTD.

TorpenHocTts TpaHchopMaTopa TOKa 3aBUCHT OT BTOPUYHOM HAarpy3Ku
(compoTuB/ieHHE NPUOOPOB, NMPOBOAOB, KOHTAKTOB) U OT KPATHOCTH

A%
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Puc. 4.55. TpanchopmaTop Toka:

a — TIpUHIIMMAAIBHAS CXeMa MHOTOBHMTKOBOTO TpaHcdopMaropa Toka: I — mnepBUY-
Hast 0OOMOTKa; 2 — MarHUTONpoeoX; 3 — BTOpUYHAs OOMOTKA; 6 — MPUHLMITUAIBHAS
cXeMa OIHOBHMTKOBOIO TpaHchopMaTopa Toka; ¢ — KoHcTpyKuust TITOJI-20: 7 — BBI-
BOJ TIEPBUYHBIH; 2 — IMOKCHAHAR JTUTAsT U3OJSILUA; 3 — BBIBOABI BTOPUYHOI OOMOTKM

MEPBUYHOrO TOKA 110 OTHOUIEHUIO K HOMHHANBHOMY. YBEIMYEHMS Ha-
TPY3KH M KpPaTHOCTU TOKA MPUBOIST K YBEJIMYEHUIO TIOTPEHIHOCTH.

IIpy mepBHYHBIX TOKAX, 3HAYMTEJIBHO MCHBIIUX HOMHMHAILHOTO,
IIOrPEIIHOCTE TpaHchOpMaTopa TOKA TAKXKE BO3pacTeT.

TpancdopmaTopsl ToKa kiacca 0,2 IpUMEHSIOTCS ISl IPUCOSAUHE-
HUS TOYHBIX TabOPaTOpHEIX IIpUOOPOB, Kiacca 0,5 — 171 pucoenuHe-
HUSI CYETYNKOB IEHEIXKHOTO pacyeTa, Kiacca 1 — i BceX TEXHUYECKHUX
H3MEPUTENLHBIX TIpHOOpoB, KnaccoB 3 U 10 — mis peseitHoM 3aIUTH.

KpoMe paccMOTpeHHBIX KJIACCOB, BHITTYCKAKOTCS TaKXe TpaHCcHOp-
MaToOpHl TOKA CO BTOPUYHBIMM 0OMOoTKaMU TuroB I (s nuddepeH-
IMaNbHOM 3alIUTHI), 3 (A 3eMJISHOMN 3amMTH), P (U1 poumx pe-
JICHMHBIX 3alIMT).

ToKoBBIEC IEIM U3MEPUTEIBHBIX IIPUOOPOB U PEJie UMEIOT MaJIoe CO-
TPOTHUBJICHUE, IO3TOMY TpaHCcGopMaTOp TOKA HOPMAITLHO paboTaeT B pe-
XUMe, OIN3KoM K pexumy K3. Ecii pa3soMKHYTE BTOPHYHYIO OOMOTKY,
MarHUTHBIM TIOTOK B MarHUTOIMPOBOIE Pe3KO BO3pacTeT, TaK KaK OH
OyneT onpenenstthes Tonbko MIC nepBuyHO# 0OMOTKH. B 3TOM pexxume
MarHUTOIIPOBO/, MOXET HATPETHCS JO HEIOITYCTUMOI TeMIIEpaTyphl, a Ha
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BTOPUYHOM pPAa30MKHYTOH OOMOTKE IIOSBHUTCS BBICOKOE HAMPSDKEHHUE,
JIOCTUTAIOLICE B HEKOTOPBIX CIIYYasX HeCATKOB KUIOBOJLT.

W3-3a yKa3aHHBIX IBJICHUM HE pa3pellaeTcs pa3MbIKATh BTOPHY-
HYI0 OOMOTKY TpaHcopMaTopa TOKa IPM NMPOTEKaHHU TOKa B TIep-
BUYHOH 0OMOTKE. IIpy HEOOXONMMOCTH 3aMEHBI U3MEPUTETHLHOTO TIPH-
0opa WIM pesie MpEeABapUTENbHO 3AMBIKAETCS HAKOPOTKO BTOPHYHAS
o0MoTKa TpaHchopMaTopa TOKa (MM IIYHTHpyeTcss oOMoTKa pere,
npubopa).

4.8.2. KoHcTpyKuun TpaHchOpMATOPOB TOKA

TpaHcdopMaTophl TOKA 11 BHYTPEHHEH YCTaHOBKH JI0 35 KB UMeroT
JIATYIO STIOKCUAHYIO U30JIIIHIO.

Ilo Ty mepBUYHOIT OOMOTKM pa3NMMUarOT KaTylieuyHble (Ha Ha-
HpsXKeHUE 10 3 KB BKIFOUMTENBHO), ONHOBUTKOBEIE 1 MHOTOBUTKOBEIE
TpaHCchOPMAaTOpPBHL.

Ha puc. 4.55, 6 cxeMaTHYHO TTOKAa3aHO BHITIOTHEHUE MarHUTOIIPOBO-
OB M 0OMOTOK, a Ha puc. 4.55, ¢ — BHEUIHUI BHI TpaHCHOpMaTOpa TOKA
TIIOJI-20 (mpoxomHo#, OMHOBUTKOBEI, ¢ JTUTON M30JsLMeit Ha 20 kB).
B atnx TpaHchopMaTopax TOKOBEAYINUI CTEPXKEHD, IIPOXOASILMUNA Yyepe3
«OKHa» JBYX MarHUTOIPOBOIOB, SBIAETCI OMHHMM BUTKOM IIEPBHYHOMK
06MoTKU. OTHOBUTKOBBIE TPAHCGHOPMATOPHI TOKA U3TOTORJISIIOTCS Ha Mep-
BrYHBIE TOKH 600 A M Gosnee; mpu MeHbIMX ToKax M/IC mepBUYHOR
o0MoTKM [, OKaXeTcss HEMOCTaTOMHOM IS pabGoThl ¢ HEOOXOTUMBIM
Ki1accoM TouHocTd. TpaHcdopMarop TIIOJI-20 uMeeT ABA MATHUTOTIPO-
BOJIa, HA K&KIBIA U3 KOTOPBIX HAMOTAHA CBOSI BTOpMYHAsA 06MoTKa. Kiacchl
TOYHOCTH 3THX TpaHcdopMaTtopos Toka 0,5; 3 u P. MarHuTONpOBOIBI
BMECTE ¢ OOMOTKAMH 3aJIMBAOTCSI KOMIIAYHIOM Ha OCHOBE 3MOKCHIHOMN
CMOJTBI, KOTOPHIH TIOCTIe 3aTBepAcHMA 06pa3yeT MOHOMUTHYIO Maccy. Ta-
KHe TpaHCGOPMATOPhl TOKA MMEIOT 3HAYUTEIBHO MEHBIIME pa3Mephl,
yeM TpaHc(hopMaTophl ¢ (ap¢hopoBOi U30JAIIUEH, BRITYCKABIIMECS pa-
Hee, M 00/1agaloT BBICOKON 3/IEKTPOIUHAMUYECKOM CTOMKOCTHIO.

PaccMmaTtpuBaeMmbiii TpaHchOpMAaTop TOKAa B pacTpeleNUTeILHOM
YCTPOUCTBE BBINOJHAET OJHOBPEMEHHO POJb MIPOXOIHOTO U30JIITOpA.

ITpu Tokax, MeHbIIHUX 600 A, IPUMEHSIIOTCS MHOTOBHTKOBBIE TPAHC-
dopmartopsl TokKa TIIJI, y KOTOpHIX IepBUYHAs OOMOTKA COCTOUT M3
HECKOJIbLKMX BUTKOB, KOJIMUYECTBO KOTOPBIX OIpEIeIsieTCs HeOOX0IH~
moit MIIC.

B KOMIUIEKTHBIX pacHpeIeUTEIbHBIX YCTPOHCTBAX IPUMEHSIOTCS
OIIOPHO-TIPOXOAHBIEC TpaHchopmarops! Toka TJIIM-10, TIIK-10, KoH-
CTPYKTUBHO COBMEUIEHHBIE C OMHUM U3 IITEIICEIBHBIX pa3beMOB IIEp-
BUYHOH 11enu sueiiku KPY.

Ha 6onplirie HOMMHAIBHBIE IEPBUYHBIE TOKY IPUMEHSIOTCA TPAHC-
¢opMaTopsl TOKa, ¥ KOTOPBIX POJIb NEPBAUYHON OOMOTKU BBITIOJIHSIET
IUMHA, IPOXOAIIas BHYTpH TpaHchopMaropa. Ha puc. 4.56 noxasaH
TpaHchopmaTtop Toka TIHJI-20 (IMMHHBINA, C JUTOH H3ONAIMENH, Ha
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Puc. 4.56. Tpancdopmarop toka TIII-20:

1 — marauTonposoA knacca (,5; 2 — MarHuTONpoBos Kiacca P; 3 — muToit snokcua-
HBIH 610K; 4 — KOpIyc; 5 — KopoOKa BHIBOAOB BTOPHUYHBIX OGMOTOK; 6 — TOKOBEAY-
Lias W1Ha

20 kB n Toxu 6000 — 18000 A). Dt TpaHcHOpPMATOPEI IPEACTABIISIOT
coboit KOJIblIe00pa3Hbiii 3MIOKCUIHBIN OJIOK C 3aJIUTHIM B HEM Mar-
HUTONPOBOAOM ¥ BTOPUYHBIMU OOMOTKaMH. TIepBMYHOIT 0GMOTKOM
SIBJISIETCS IIMHA TOKOTIPOBOJAa. B M30MSIIMOHHBIN OI0K 3a7TUTO 3Kpa-
HUPYIOLLEEe CHUIYMUHOBOE KOJNBIIO, 3CKTPUYECKH COETMHEHHOE C 1LH-
HOH ¢ IOMONIBIO IPYXWHBI. DIEKTPOAUHAMMYECKAasi CTOMKOCTh TaKMX
TpaHC(OPMATOPOB TOKA ONPEAEIISICTC YCTOHYMBOCTHIO INMHHOM KOH-
CTPYKLIHUH.

B KOMIUIEKTHBIX TOKOIPOBOIAX IIPUMEHSIOTCS TPAaHCGOPMATOPEI TOKA
THIB15, THIB24.

JUIsT HapyXHOU yCTAaHOBKM BBIITYCKAIOTCS TpaHC(POpMATOpH TOKa
ornopHoro tuna B ¢apdopoBoM KopIyce ¢ OYMaxHO-MacsiHOM 130~
nstmueit Tuna TO3M (puc. 4.57). B monoM dapdoposoM usonsrope,
3aIIOJIHEHHOM MAacJIOM, PAcCIIOJIOXECHB OOMOTKUM M MarHUTOIIPOBOL
tpaHcopMaropa. KOHCTpYKTHBHO NepBUYHASI M BTOPUYHAS OOMOTKHU
HAllOMHUHAIOT /1Ba 3BeHa 1er (Oyksa 3 B o603HayeHuH Thia). Ilepsuy-
Hasi OOMOTKa COCTOMT M3 JIBYX CEKIIU, KOTOphIE ¢ ITOMOIIBIO Tepe-
KJIro4arTessi 2 MOTYT OBITh COEAMHEHBI TIOCIENOBATENLHO (MoaoXeHue 1)
WIH napaninenabHo (nonoxenue II), yeM gocTuraercss M3MEHEHUE HO-~
MHUHaIbHOTO KO3 duLmeHTa TpanchopMaliiy B otHolieHun 1:2. Ha
$apdopoBoii MOKPHIIIKE YCTAHOBICH METAUIMYECKHMIT Maciaopaciiu-~
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Puc. 4.57. TpaHcopmarop Toka TO3IM:

1 — MacjopaciiMpuTeNb;, 2 — Mepeknoyareib nepBuuyHoil ooMoTku; 3 — BBOA JI,;
4 — Kpblika; 5 — prarononioTurenb; 6 — BBOR JI,; 7 — Macnoykasaresb; & — Hep-
BUYHas 06MoTKa; 9 — dapdopoBast moKpeiilika; /0 — MarHUTOMPOBOA C BTOPUYHOM
obMortkoii; 1/ — Macino; 12 — KopoGka BEIBOIOB BTOPUYHEBIX 00MOTOK; 13 — 110KONb;
I — monoXeHHe MEPEKIIIoYaTeNs! IIPH MOCeIOBaTeIbHOM CoeqUHEHH 00MoTOoK; I —
MOMIOXEHNE TIEPEKMIOUATENSA NPH MAPATNCIbHOM COeIHHEHUH OGMOTOK

puTenb 1, BOCIpUHUMAIOIINT KoNleGaHusi ypoBHA Macia. Cuivkarese-
BBIM BJIATOIOINIOTUTENG S TIipeIHA3HAUeH VIS MOTMOIICHUS BJIark Ha-
PYKHOTO BO3/IyXa, C KOTOPHIM COODILAETCA BHYTPEHHSAS ITOJIOCTH Mac-
nopaciripuressi. O6MoTKH U papdopoBast MOKPHIIIKA KPETISITCS K CTANb-
HoMy Hokono 13. KopoGxa BEIBOIOB BTOPHYHEIX OOMOTOK 12 repMeTH-
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3upoBaHa. CHM3Y K Helt KpenuTcesi KabenbHast MydTa, B KOTOPOIi pa3-
JIeJTaH Kabelb BTOPUYHBIX LIeTICH.

Tpauncdhopmaropsl TO3M HMEIOT OTUH MAarHUTOIPOBOJ ¢ OOMOT-
KoM kinacca 0,5 ¥ 1Ba-Tp¥ MarHMTOIIPOBOAA C OOMOTKAMH IUISL peeii-
HO¥ 3auThl. YeM BHIIIIE HATIPSDKEHHE, TEM TPYIHEE OCYILECTBUTh M30-
JISILMIO TIEPBUYHON OOMOTKM, TTO3TOMY Ha HanpspkeHue 330 kB u 6o-
Jiee M3TOTOBISIIOTCA TpaHC(OpMaTOpHI TOKA KacKamHoro tuma. Hamm-
YuUe ABYX KacKamoB TpaHchopMalMu (IBYX MarHMTOIPOBOIOB C 00-
MOTKaMH) MO3BOJIAET BHIIOJHUTE U3OMSLIMIO 0OMOTOK KaXIoH CTyIIe-
HU HE Ha MOJHOE HAIPSDKEHHUE, a Ha €ro IMOJIOBHHY.

B ycranoBkax 330 kB u Gonee mpuMeHSIIOTCS KaCKaJIHbIe TpaHchop-
maTopsl Toka TO®PM ¢ prIMOBUIHOI OOMOTKOM, PacIoNOXEHHOMN
BHYTpH (apdopoBOro N30ATOPA, 3aIOJITHEHHOTO TPaHC(hOPMAaTOPHEIM
MacioM. B Takux TpaHchopMaTopax UMEIOTCS YETBIPE-TISAThH BTOPUYHBIX
o0MOTOK Ha Kiacchl TouHoctH 0,2; 0,5 u P.

BcrpoeHHBIE TpaHCGOPMATOPHI TOKA IMIPUMEHSIIOTCS B YCTAHOBKAX
35 kB u 6onee. B BBOIBI BHICOKOI0 HAMPSXXEHUST MAC/ISTHBIX BBIKITIOYA-
TeNel U CUIIOBBIX TPaHC(HOPMATOPOB BCTPAUBAIOTCS MAarHUTOIPOBO-
IIBI CO BTOPUYHBIMU 0OMOTKAMHU. T1epBUYHOM 0OMOTKOI4 IBISIETCS TO-
KOBEeAyLMii cTepXeHb BBoHa (CM. puc. 4.34). I1pu HeGOMBIINX ITEpBUY -
HBIX TOKaxX KJIACcC TOYHOCTH 3THX TpaHCc(opMmaropoB Toka 3 umu 10.
Ilpu nmepBuuyHbIX TOoKax 1000—2000 A Bo3MoxHa paGoTa B Kiacce
TouHOCTH 0,5. BropuuHble 0GMOTKHM BCTPOEHHBIX TpaHC(HOPMATOPOB
TOKa UMEIOT OTIMAMKY, MO3BOJSIONINE PETYINPOBaTh KOIMGUIIUEHT
TpaHc(opMallii B COOTBETCTBHUM C TIePBUYHBIM TOKOM. I BCTpa-
VBaHUs B Mac/sIHbIE BHIKITIOYATENIM MPUMEHSIOTCS TpaHC(HOPMaTOPHI
Toka cepuit TB, TBC, TBY. KaxmoMmy Tunmy macisHoro 6aKoBOro
BBIKJIIOUATENSI COOTBETCTBYET ONMPENENEHHBIN TUIT TpaHCchOopMaTopa
TOKa, MacHOPTHbIe JAaHHBIE KOTOPHIX IMPHUBOAATCA B KaTajlorax BbI-
KJIIouareneil ¥ B CIpaBOYHHUKAX. J1JIsi BCTpauBaHUSI B CHJIOBBIE TPAHC-
(opmMaTtophl WIH aBTOTpaHC(HOPMATOPHI IIPUMEHSIOTCS TpaHChopMa-
Tophl Toka cepun TBT.

KpomMe paccMOTpEHHBIX THMOB TpaHCGOPMAaTOpPOB TOKA BBITYCKa-
I0TCS CIelMaTbHbie KOHCTPYKLMHU JUIS pEJCHHBIX 3alMUT: TpaHchop-
Maropbl TOKa HyJeBo nocnenposarenpHoct THII, THIII, T3, T3JI;
OblcTpoHachitaoiyecs tpanchopmaropsl TKB; TpaHchopMaTops! s
rnonepevyHo quphepeHIMaIbHON 3aUTE reHepatopoB TIHTO.

4.8.3. OnTHKO-31EKTPOHHBIE H3MEPHTEILHEIE TPAHCHOPMATOPEI

UeM BbIlIE HANPSXEHUE, TEM TPYOHEE HU30JHUPOBATH IIEPBUYHYIO
o6MoTtky BH oT BTOpHMYHOI, H3MEPHUTEIBHOM OOMOTKM TpaHchOp-
MaropoB. KackanHsie HaMepuTeabHbIE TPaHchopMaTops Ha 500, 750
U 1150 xB clOXHBI B H3TOTOBICHHHA U JTOPOTH, IIO3TOMY B3aMEH HX
pa3paboTaHbl NIPUHLUUIHUAIBHO HOBBIE OTITUKO-3JICKTPOHHBIE TpaHC-
¢opmaropsl (OBT). B Hux usMepsieMblii CUTHAN (TOK, HaIpsSKEHHE)
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npeobpa3yeTcsl B CBETOBOM MOTOK, KOTOPBIit U3MEHSIETCS 10 OIpeie-
JICHHOMY 3aKOHY Y Mepenaercsl B IpUeMHOE YCTpOMCTBO, pacIioio-
KEHHOE Ha 3a3€MJICHHOM 3JIEMEHTE. 3aTeM CBETOBOI MOTOK Npeobpa-
3yeTCS B JJIEKTPUYECKUN CUTHAJ, BOCIIPUHUMACMBIA U3MCPHUTEIIb-
HBIMH mpubopamu (puc. 4.58). Takum ob6pa3oM, mepenaioiiee ycrT-
pOMCTBO, Haxomsleecs MOA BHICOKMM HAampPSIKCHUEM, W MPUEMHOE
YCTPOMCTBO, COEMMHEHHOE C 3€MJIEi, CBA3aHBI MEXIY COOOM TOIBKO
ITYYKOM CBeTa.

CBeTOBOU NOTOK MepenaeTcss BHYTPU MOJIOT0 U30JTOpa O TPY-
6¢ C 3epKaTbHBIMM CTCHKAMM WM 0 JUINEKTPHUYECKUM CTEPXKHE-
BBIM M BOJIOKOHHBIM CBETOBOJAM, KOTOPHIE U3TOTOBJISIOTCS U3 CIIe-
LIHAJIBHOTO OMTHUYECKOrO CTEKJIa C M30JUpPYIoleiH 00omoukoi. Ile-
penaloiiee yctpoiictBo ODT MoxeT OHITL OCHOBAHO Ha pa3TH4YHBIX
MpuHIUTaX. B HekoTopeix TpaHchopMaTopax Toka (ODTTD) uc-
nonb3yetrcsa 3¢dekT Papanes (cM. puc. 4.58, 6). B ocHosanuu 10 Ha
IMOTCHUMAJIE 3€MJIM HaXOJSATCS MCTOYHUK cBeTa &8, 1Ba HOTONpPHUEM-
HHKa 9, BKIIIOYEHHEBIX o TUddepeHUMATBbHONR CXeMe B LIETTb YCHUITH-
Tens 11, K KOTOpOMY HMPHCOCAUHSIIOTCS U3MEPHUTEIbHBIE TPpUOOPHI.
B ronoske BH I pasMmeiensl a8e sueitku Papaness 1 TOKOMPOBOL
u3MepsieMoro toka 2. Sdeitku Papagest COCTOAT U3 MOJISAPU3ATO-
pOB 3, ONMTUYECKN aKTUBHOTO BelleCTBA 4 (KBapll, TAXEIOE CTeK-
J10) ¥ aHaIM3aTopoB J. ITy4yoK MONSIpU30BAHHOTO CBETA, MPOXOAS B
ONTUYECCKHU AaKTUBHOM BElIECTBE 4, MECHSIET IUIOCKOCThL MOJISIpH3a-
LIMU Ha Yroj, KOTOPBIH 3aBMCHUT OT HAMPSIXKCHHOCTHM MAarHMUTHOTO
IoJisl, T.€. OT U3MepsieMoro Toka. [IoBOPOT IIOCKOCTH TMOJsSIpU3a-
LIMM 32 aHAJIU3aTOpaMHU S MPOSIBISIETCS B BUAC U3MEHEHUSI MHTEH-
CUBHOCTHU CBETOBOTO ITIOTOKA, Manaioiero Ha doronprueMHUK. CBe-
TOBBIE IOTOKHM MEPeAaloTCs BHYTPHM HM30JHUPYIOLIei KOJOHKH 6 IO
cBetoBogaM 7. POTOIIpHEMHHMKH HpeoOpa3yloT CBETOBOM CHUTHAJI B
SJIEKTPUYECKUI, KOTOPHIM YCHMIUBAETCS B ycunutesne 11 ¥ moaaeTcs
K U3MEPUTETbHBIM NpubopaM. Takue TpaHchOpPMAaTOpH TOKa YHM-
BEPCaAJIbHBI, OHU MpeaHa3HaYeHBI U1l M3MEPEHHUS MOCTOSHHOTIO, Ie-
PEMEHHOTO U UMNYJIbCHOTO TOKA B YCTAHOBKAaX BBHICOKOTO U CBEPX-
BBICOKOTO HampsixeHUs. M3MepUTENbHBIN UMIYIBC MPaKTUIECKH
MTHOBEHHO TiepeaaeTcs K (poTOMpUeMHUKAM.

HMMeroTcs KOHCTPYKIIUH TpaHC(HOPMATOPOB TOKA, B KOTOPHIX Mepe-
Jaloliee yCTPOHCTBO COCTOUT M3 MOAYJSITOpa U cBeToaroaa. CBeTOBOH
IIOTOK TOJYTIPOBOTHHKOBOTO CBETOAMONA 3aBHCHUT OT HM3MEpSIEMOro
ToKa I u ero ¢asml.

OnTHKO-3JIEKTPOHHBIM TpaHChOpMaTOp TOKA ¢ YACTOTHOM MOIy-
nguueit (ODTTY) na 750 kB u 2000 A yMeeT YyeThIpe ONMTHYECKHUX
KaHaja — OIMH JUISI U3MEPEHUST M TPH JUIA 3aluThl. KaxXmelii KaHan
CBsI3aH CO CBOMM TepPBUYHBIM Mpeobpa3oBaTeneM. KaHan usMepeHus
paccuuTaH Ha HOpMaJIbHYIO paboTy mpH ToKax jo 1,21,,,, TIpH 3TOM
MOrpellIHOCTh He TpeBbiiiaeT £1%. KaHanbl 3alUTE paCCUMTAHEI TaK,
YTO TIepenaloT 6e3 MCKaXXeHUs] MMITYJIbCH IpU ToKax a0 2017,
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Puc. 4.58. OnTuKO-2/1eKTPOHHLIM TPaHC(HOPMATOP TOKA:
a — CTPYKTYpHas cxeMa: I — mepBUYHBIH Npeobpa3oBarelib; 2 — CBETOAMOK; 3 —
ONTHYECKAs CUCTeMa; 4 — CBETOBOJ; 5 — (DOTOYYBCTBUTEJLHBIN MPUGOpP; 6 — YCUIIU-
TeNb; 7 — U3MEPUTEJbHbIA NpUbop; 6 — (GYHKUMOHATbHAS CXeMa OTNITUKO-3IEKTPOH-
Horo TpancdopMatopa Toxa OITT®: I — ronoska BH; 2 — ToxonpoBon n3MepsieMo-
r0 TOKa; 3 — MONspU3aTOp; 4 — KBaply, 5 — aHAJIU3aToOp; 6 — U30AUPYIOLIAS KOJOH-
Ka; 7 — CBETOBOJM; & — HCTOUHHUK cBeTa; 9 — cdoTonpueMHuku; 10 — ocHo-
BaHue; /1 — ycwiIHTENb

ONTHKO-3JIEKTPOHHBIE M3MEPUTENIbHBIE TpaHCHOPMATOPHI MO3BO-
JITIOT KOHTPOJIMPOBATh He TOJBKO TOK, HO M MOIIHOCTD (ITOJIHYIO, aK-
THUBHYIO, PEAaKTHBHYIO) YCTAaHOBKH, CONPOTHBIEHHE HA €€ 3aXHuMax,

292



a TAK)Ke MOMEHTHI Tiepexoia MTHOBEHHBIX 3HAYeHUI TOKA M HampsDKe-
HHsI Yepe3 HyJIEBOE 3HaYCHUE.

OnTUKO-3JIEKTPOHHBIE TpaHC(hOPMATOPHI LIEIECO00pa3sHO MTpUMe-
HSITHh B YyCTaHOBKax 750 KB U BHIILIE, a TAKXE UIST U3MEpEeHUs OOTBIIMX
ToKOB (20— 50 xA) npu HampskeHHH 10 —24 kB, UMITYJIBCHBIX TO-
KOB M IIapaMeTpoOB MEPEXOIHBIX PEXUMOB.

4.9. A3MepureibHbie TPAHCHOPMATOPLI HANPSIKEHUS

4.9.1. Oomue cBeNeHHI U CXEMbl COeIHHEHAS

Tpancopmamop Hanpaxcenus RPeOHA3HAYEH 0N NOHUNCEHUS BbiCO-
K020 Hanpaxcenus 00 cmandapmuozo 3uaverua 100 wau 100 / 3 B u 0as
omadenenus yeneii UMepeHUs U peaeliHol 3auumsl om NepeuyHbX yenetl
8bIcOK020 Hanpsaxcerus. CxeMa BITIOUeHUsT 0MHOdasHOro TpaHcdopMa-
Topa HaIlpsDKEeHUsI TToKa3aHa Ha puc. 4.59, neppuyHasi 00MOTKa BKJIIO-
yeHa Ha HampspkeHue cetd Uj, a KO BTOPUYHONH 0OMOTKe (HarmpsoKe-
uue U,) npucoenvuHeHbl MapaleIbHO KAaTYIUKA U3MEPUTEIbHBIX TTPU-
6opoB u peie. [Ing 6e30macHOCTH OOCTY>KABAHUST OOUH BBIXOJ BTOPHUY-
HOIt 0OMOTKH 3a3eMileH. TpaHChOpMaTOp HaNpsKeHUs B OTIUYHUE OT
TpaHchopMaTopa Toka paboTaeT B pexXume, OIU3ZKOM K XOJIOCTOMY
XOIy, TaK KaK COTNPOTUBJIEHHE TMapajUIebHBIX KaTyIIeK NMpUOOPOB U
pene GOJIBIIOE, @ TOK, TTOTPEOIsAEMBIA MU, HEBEIUK.

HoMuHanbsHBIN K03¢hGUIIMEHT TPaHCHOPMALIMK OTIpeeIsIeTCs Cre-
IYIOUIMM BEIpaK€HUEM:

U
KU — Ul HOM ,
2 HOM —
tie Ul wows Us vou — HOMHUHANBHBIE U,
TIEpBUYHOE M BTOPUYHOE Harps- F F
XeHHE COOTBETCTBEHHO. [] []
PaccesitHue MarHUTHOrO MOTO- A9 wy X
Ka U TOTEpH B CEpAEYHMKE MpH- [ LLlliiiiit—7
BOJSIT K ITOTPELTHOCTH U3MEPEHUSI 1-2
3
KU, -U w2 -
AU% =2Y22__~1100. 1117111 » W Lkr]
2 a X [
Tak ke xkak U B TpaHchopMa- F
TOpax TOKa, BEKTOpP BTOPUYHOTIO 2)

HaNIpsAXCHHUA CABHHYT OTHOCH-
TCIBHO BEKTOpa NMEPBUYHOrO Ha- Puc. 4.59. CxeMa BKJIIOYEHHUST TPAHC-

TIPSIXEHUsT He TOYHO Ha yron 180°. dopMaTopa HanpsKEHUA:
OTO OTIpENENSET YINIOBYIO MOTPELI- 7 _ meppuyHas oGMOTKA; 2 — MATHHTO-
HOCTb. npoBo; 3 — BTOPUYHAsi O6MOTKA
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B 3aBUCUMOCTH OT HOMUHAJILHOU MOTPEITHOCTH pa3yidyaioT KJIacChl
tounoctu (,2; 0,5; 1; 3.

ITorperHoCTh 3aBUCHT OT KOHCTPYKITMH MarHUTOIIPOBONA, MarHUT-
HO IPOHULIAEMOCTH CTAJIM U OT COS (@ BTOPUYHOI Harpy3Ku. B KOHCT-
PYKIIMH TpaHC(HOPMATOPOB HATIPSDKEHHUA IIPeIyCMaTpUBacTCI KOMITCH-
calldsi OTPEIIHOCTY IO HAIPSDKEHHUIO ITyTeM HEKOTOPOrO YMeHbllle-
HUS YMC/Ia BUTKOB NMEPBUYHON OOMOTKY, a TaKXKe KOMITCHCALMS YIJI0-
BOM MTOTPEIIHOCTH 33 CYET CTICITHATBLHBIX KOMITEHCUPYIOLIMX OOMOTOK.

CyMmapHoe noTpebieHre 0OMOTOK M3MEPHUTEIBHBIX NIPUOOPOB U
peJe, MOIKIIOYEHHBIX KO BTOpUYHOH O0OMOTKE TpaHcdopMaTopa Ha-
TIPSDKEHMUS, He JO/DKHO TPEBHIIATh HOMUHAJIBHYIO MOII[HOCTh TPaHC-
¢bopmaropa HanpsLKeHUsT, TaK KaK B IPOTUBHOM CJTydae 3TO MPHUBEIET
K YBETUYCHHUIO TTOTPEHIHOCTEH.

B 3aBUCHMOCTH OT Ha3HAYCHMS MOTYT IPUMEHSATRCS TpaHcPOopMa-
TOPBI HATIPSDKCHUS C pa3IMYHBIMHI CXeMaMM COeIMHeHUsT 0OMOTOK. [l1st
W3MEPECHHsI TPEeX MEXIy(pa3HBIX HAMIPSDKCHUH MOXHO HCTIONb30BaTh 1B
omHoda3HBIX IByX0OMOTOUHBIX TpaHCchopMaTopa HOM, HOC, HOJI,
COEIMHEHHBIX TI0 CXeMe OTKPBITOTO TPeyroibHHuKa (puc. 4.60, a), a Tak-
Xe TpexdasHblii AByx0OMOTOUHHII TpaHchopMaTop HTMK, ooMoTku
KOTOPOTO COeWHEHEI B 3Be31y (pHc. 4.60, 6). Jna uaMepeHuss Hamps-
XE€HUSI OTHOCHUTENBHO 3€MJIM MOTYT TIPUMEHSTBHCS TPHU OMHO(MA3HEBIX
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1

3
g
I

w‘\

Puc. 4.60. CxeMBbI COeMHEHUS OOMOTOK TPaHC(HOPMATOPOB HATIPSIKEHHS
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TpaHcopMaropa, COCIMHEHHBIX MO cxeme Yy/Y,, umm TpexdasHbrit
TpexobmoTouHEI TpanchopMarop HTMU (puc. 4.60, 6). B mocieaHeM
cnyvyae oOMOTKA, COSMMHEHHAs B 3BE3MY, UCIIOIL3YETCSA IS MPUCOE-
JTUHEHUS] U3MEPUTENBHBIX MMPUOOPOB, a K 00MOTKE, COETMHEHHOM B pa-
30MKHYTHII TPEYTONBHUK, MMPHUCOETUHACTCA peJie 3alllUThl OT 3aMbIKa-
HUit Ha 3emMmmio. TaxkuM ke 00pazoM B Tpexcdha3HyIo IpyImy COSIMHSIOT-
¢ ogHOMda3HBIE TpexOOMOTOUHEBIE TpaHchopmatopsl Tuna 3HOM u
KackanmHble TpaHchopMaTopsl HKD.

4.9.2. KoncTpykuuu TpancGopMaTopos HanpsuKeHus

1o KoHCTpYKLIMU pasnuyaloT TpexcdasHuie U OMHOpAa3HbIe TPaHC-
dbopmaropr. TpexdasHuie TpaHchOpMaTOPEl HANIPSIXEHUA IPUMEHS -
I0TCS TipY HampsbkeHUM 10 18 kB, oaHodasHble — Ha JM00bIe HaTps-
xeHud. o Tumy usoaanmuu TpaHchOpMaTOphl MOIYT OBITH CYXMMH,
MAacCJISIHBIMU U C IUTOM U3OJISILIUCH.

OOMOTKM CYXHMX TpaHC(pOpPMaTOpOB BHIIOJHSIOTCA IIPO-
BogoM IIDJI, a usonauueit Mexmy oOMOTKaAaMM CIYXXUT 2JICKTpoKap-
ToH. Takue TpaHchopMaTophl IPUMEHSIOTCH B ycTaHoBKax 1o 1000 B
(HOC-0,5 — tpaHcdopmaTop HanpskeHUs omHO(a3HBIH, CYXOi,
Ha 0,5 xB).

TpancdopMaTopsE HaAaNmpPAXEHUSA C MACAIHON M30JISALIM-
ei IpPUMEHSIOTC Ha HanpsokeHre 6 — 1150 KB B 3aKpBITHIX U OTKPHI-
TBIX paclipeleUTENbHBIX YCTpoiicTBax. B aTHX TpaHcdhopMaTopax 06-
MOTKHM M MarHUTOIIPOBOJ 3JIMUTHl MacjoM, KOTOPOE CIYXMWT I U30-

JITOAU U OXJTAKIACHUS.
él

2
3
4 X A

s LS

m 1 LI ) ]

a x a xay Xy
a &

Puc. 4.61. TpancdopmaTops! HAMIPSKEHUA OXHOGA3HBIE MACISIHEIE:

a — tuna HOM-35; 6 — tuna 3HOM-35; 1 — BBOZX BBICOKOTO Hanpsxenus; 2 —
xopobka Beojjos HH; 3 — Gak
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CrneayeT oTIM4yaTh OJHOMA3HEIE ABYXOOMOTOYHBIE TpaHC(HOpMaTO-
ps1 HOM-6, HOM-10, HOM-15, HOM-35 ot ogHoMa3HEIX Tpexo0-
MotouHeix 3HOM-15, 3HOM-20, 3HOM-35.

CxeMa 0GMOTOK TIepBBIX ITOKa3aHa Ha puc. 4.61, a. Taxue TpaHc-
dopmaTopsl uMeloT aBa BBoaa BH u aBa BBoma HH, 1x MoxHo coenu-
HHUTh TI0 CXeMaM OTKPBITOTO TPEYTOJIbHUKA, 3BE3JbI, TPEYTOJIbHHMKA.
Y tpanchopmMaropoB Broporo Thna (puc. 4.61, 6) oxuH KoHel 06MOT-
ku BH 3azeminen, equHctBeHHHI BBon BH pacnonoxeH Ha KphIILKeE,
a BBombl HH —— Ha 60ko0Boii cTeHke 6aka. O6Motka BH paccunTaHa Ha
(asHOe HamnpsikeHue, ocHOBHast ooMotka HH — Ha100/ 3 B, no-
ToJHUTENbHast 06MoTKa — Ha 100/3 B. Takue tpaHcdopMaropsl Ha3bl-
BaIOTCS 3a3¢MJISIEMBIMH H COCAMHSIOTCS IO CXeMeE, MOKa3aHHOU Ha
puc. 4.60, 6.

Tpaucdopmatops! tunios 3HOM-15, 3HOM-20, 3HOM-24 ycra-
HAaBJIMBAIOTCSA B KOMIUIEKTHBIX IIMHOIIPOBOIaX MOLIHBLIX TeHEPaTOPOB.
Jnst yMEHBIIIEHHSI TTOTEPh OT HaMAarHMYHUBAaHMS MX 6aKH BHIIIOTHSIOTCS
M3 HEMAarHUTHOM CTaJIH.

Ha puc. 4.62 moka3aHa ycTaHOBKa TaKOro TpaHcopMaTopa B KOM-
TUIEKTHOM TOKOIpoBoe. TpaHcopMaTop ¢ MOMOIIBIO HOXEBOTO KOH-
TakKTa 3, pacIojioxXeHHOro Ha BBoae BH, npucoeauHsieTcs X IpyXu-
HSIIVIM KOHTaKTaM, 3aKpeIUICHHBIM Ha TOKOMpPOBOAE I, 3aKpPHITOM
skpaHoM 2. K maTtpyOKy 5 ¢O CMOTPOBBIMHM JIIOKaMH 4 60ITaMH 6 TIpHU-~
KpeIuieHa Kphilika TpaHcdopmMaropa. Takum o6pasomM, BBon BH TpaHc-
dbopmaropa HaXOOHUTCS B 3aKPHITOM OTPOCTKE 9KpaHa TOKOIIPOBOJA.
3axumbl 06MoToK HH BEHIBeIcHE Ha 6OKOBYIO CTEHKY 0aka U 3aKpH-
BaIOTCS OTHEJIbHBIM KOXYXOM.

Bce mvpe nmpUMEHSIOTCS TpaH-
chopMaToOpBl HaAampSAXEHHUA C
)Y, N 1 nuTOM WM3oNMAUHUEeH. 3azeMiIgeMble
TpaHCHOPMATOPH! HANPSLTKEHUS Cepuy
3HOJI.06 uMeroT NmsTh UCTIOMHEHHUHA 1O
HOMHHAJIBHOMY HalpspkeHmo: 6, 10, 15,
20 u 24 xB. MaruuTonpoBoI, B HAX JICH-
R 74 TOYHBIN, paspe3Hoit, C-o00pa3HBIi, YTO

TO3BOJTAJIO YBEJTMYUTE KIIACC TOUHOCTH JIO

0,2. Takme TpaHchOpMaTOPEI UMEIOT He-

3 OOJBIIIYIO MAaccy, MOTYT YCTaHaBJIMBATh-

4 § cs B JIIOOOM TIOJIOXKCHHH, TOXapo0e30-

5

6 8
o0

; Puc. 4.62. YcraHoBka TpaHcdopmaro-

- pa HanpspkeHust 3HOM-20 B komii-

304 3 JIEKTHOM TOKOIIPOBOJE:
AN &/ 1 — ToxompoBoa; 2 — 3KpaH; 3 — HOXe-

BOIl KOHTakKkT, 4 — CMOTPOBOH JIIOYOK;
5 — marpy6ok; 6 — KpenexXHbie GOaTH
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nacHbl. Tpancopmaropsl 3HOJI. 06 TipemHasHaYeHB! ST YCTAHOBKHM B
KPY 1 KOMIUIEKTHBIX TOKOMPOBOIAX BMECTO MaCISTHBIX TpaHchopMaTo-
poB HTMHW u 3HOM, a tpancdopmatopsr cepunt HOJIL. 08 — mst 3ame-
upl HOM-6 1 HOM-10.

B ycranopkax 110 KB 1 BrIllIe mpuMeHsIIOTCI TpaHCc popmMaTo-
pBl HanpssxXxeHus KackagHoro tuma HK®. B stux Tpanc-
dopmaropax obmMoTka BH paBHOMEpPHO pacIpeneasaeTcs o HECKOMb-
KWM MarHUTOIIPOBOJAM, Oiaromaps 4yeMy o0erdaeTcsl ee H30sIIHs.
Tpauchopmarop HKD-110 (puc. 4.63) nMeeT ABYXCTEpKHEBOH Mar-
HUTOIPOBOM, Ha KaXIOM CTepXKHE KOTOPOI'O pacloioXeHa OOMOT-
ka BH, paccunrannas Ha Uy/2. Tak kak o6miasa Touka ooMoTku BH
COeIMHEHA ¢ MArHUTOMPOBOJOM, TO OH HO OTHOLIEHHUIO K 3eMJe
HaxXoAMTCA IoA noreHuuaaoM Uy/2. O6MoTtkn BH usommpyroorcs ot
mMarauronposoza Takxe Ha Uy/2. O6bmotkun HH (ocHoBHad u no-
MTOTHUTEIbHASA) HAMOTAHBl Ha HUXKHEM CTEPXHE MarHUTOIIPOBOAA.
s paBHOMEPHOI'O paclipefieIecHUs] Harpy3ku no o6morkam BH
caykuT obmoTka cBsi3u I1. Takoit 670K, COCTOSIUNA U3 MarHUTO-
IpoBOZa M OOMOTOK, nmoMeliaetrcd B pappopoBylo pyOaiiky 4 3a-
JINBAETCI MacCIOM.

TpaHcdhopMmartopsl HanpstkeHUs (TV) Ha 220 kB cocTosT U3 IBYX
GJIOKOB, YCTAHOBJICHHBIX OIUH HaX APYTHUM, T.€. UMEIOT ABa MarHUTO-
TIPOBOJA U YeTHIpe CTYTIEHHU KacKanHoi ooMoTku BH ¢ uzonsmueit Ha
Uy,/4. Tpancgopmatopsl Hanpskenuss HK®-330 1 HK®-500 coor-
BETCTBEHHO MMEIOT TPU U YeThIpe 6JI0KA, T.e. IIeCTh M BOCEMbB CTyTIe-
Heit ooMoTKI BH.

Daza A
BH
N
5 - Q
|j y
o
<
Lnl;[m_l =1
”\e ~~BH
= HH
a; X%, a x TX

Puic. 4.63. TpaHchopmarop HanpsikeHust HKD-110:

a — cxeMa; 6 — KOHCTPYKLHUS: [ — BBOI BBICOKOTO HAaIpSKeHHUsI; 2 — MaclOpacily-
purens; 3 — dapdoposas pydauika; 4 — ocHOBaHuUe; 5 — Kopobka Beogos HH
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YeMm GoJibllle KaCKalioB OOMOTKH, TeM OOJIbllIe UX aKTUBHOE U peak-
THBHOE COTIPOTHBJICHHSI, BO3pacTalOT MOTPEITHOCTH, U MO3TOMY TPaHC-
dopmaropsl HKD-330, HK®-500 BHIIIyCKarOTCsI TOJIBKO B Klaccax TOY-
Hoctd 1 ¥ 3. KpoMe TOro, 4eM BHIIIIC HAlIPSDKEHHE, TEM CIIOXKHee KOH-
CTPYKLIUS TPaHC(HOPMATOPOB HATIPSDKEHMS, TO3TOMY B ycTaHoBKax 500 kB
H BBIIIE IPUMEHSIOTCS TpaHCc(hOpMATOPHBIE YCTPOUCTBA C €eMKOCTHBIM
0TGOpOM MOILIHOCTH, NPHUCOEAMHEHHBIE K KOHIEHCAaTOPaM BBICOKOYAC-
TOTHOH CBa3u C] ¢ MOMOMIBIO KOHIeHcaTopa otoopa MouHoctu C2
(puc. 4.64, a). Hanpsokenue, cuuMaemoe ¢ C2 (10— 15 xB), noxaercst
Ha TpaHchopmatop TV, uMeronniii 1Be BTOpHYHbBIE 00MOTKH, KOTOPBIE
COEIUHSAIOTCA 10 TaKOM Xe cxeMe, Kak U y TpaHcdopMmaropos HK®
win SHOM. JInsa yBexMmiaeH!Uss TOYHOCTH paGoTHI B LIETIb €r0 TIEPBUYHON
0OMOTKM BKJIIOUEH JpOocCceib L, ¢ TOMOIIBIO KOTOPOrO KOHTYp OTOOpa
HaTPsDKEHUS HaCTpaMBaeTCa B pe30HaHC ¢ koHaeHcaTopoMm C2. Jlpoc-

s
Z:’-,’; 22000
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Puc. 4.64. Tpch¢)0pMaT_0p Hanpsoxkenust HIE:

a — cxeMa; 6 — ycranopka HJIE-500-72: ] — penutenb HampsiXeHUs; 2 — pasbein-
HHUTeNb, 3 — TpaHCcHOpMaATOp HANMpsXeHWs U Apoccelib;, 4 — 3arpaiuTeNlb BHICOKO-
YaCTOTHBIiA; 5 — paspsiiHKK; 6 — TPUBOA
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ceab L v TpaHcdopMarop TV BcTpanBaroTCsl B OOIIMI 6aK U 3aIMBAIOT-
¢ MacnoM. 3arpaautenb 3B He TIpormyckKaeT TOKM BBICOKOM YacTOTHI
B TpaHchopMaTop HanpsckeHus. OUILTp TIpUCOSIUHEHUS Z TIpeHa3-
HaueH IS TOIKMOYEHUS BBICOKOYACTOTHBIX TOCTOB 3aIuThL. Takoe yc-
TpONCTBO NOIYYWIO Ha3BaHHE eMKOCTHOTO TpaHCchopMaTopa HaTlpsTKe -
nust HAE. Ha puc. 4.64, 6 mokasana ycraHoska HIE-500-72.

IIpu HamnexaiieMm BBIOOpE BCEX 3JEMEHTOB M HACTpPOMKE CXEMBI
yctpoiictBo HIAE MoxXeT OBITH BBEITIOJIHEHO Ha Kjacc TouHocTH 0,5 u
BoILIe. [Iia yecraHoBok 750 u 1150 kB nipuMeHsItoTcd TpaHc(hOpMAaTOpPh
HAE-750 u HAE-1150.

4.10. BpiOop u3MepuTeabHBIX TpaHCHOpPMATOPOB

4.10.1. Buibop TpancgopMaTopoB TOKa

Tpancgpopmamopsr moka ewvibuparon:

no HanpsoKeHUIo yCTaHOBKU Uy 2 Usersions

TOKY [lHOM 2 [rlpon.pacq; [lHOMZ [npon.pacq-

HoMWHaNBHEBIA TOK J0JXKeH OBITh KaK MOXHO Oike K pabouemy
TOKY YCTaHOBKM, TaK KaK HEIOrpy3Ka NEPBUYHOU OOMOTKHM NPUBOIUT
K YBEJIUYECHUIO MTOTPEIIHOCTEN;

KOHCTPYKLIMU Y KJIAcCy TOUHOCTH;

3EKTPOAUHAMUYECKOH CTOMKOCTH:

kan \/51 1 HoM 2 iyﬂ 5 i}muz iyﬂs

rae iy, — ynapHbiid Toxk K3 no pacuety; k., — KpaTHOCTb 3/1€KTPOJMHA~
MHWYECKON CTOMKOCTH IO KaTanory; [,y — HOMUHAIBHBEIM NEepBUY-
HBI TOK TpaHchopMaTopa TOKa; iy, — TOK 3JEKTPOIMHAMHUYECKON
CTOMKOCTH IO KATajlory.

DNeKTpOIUHAMHUYECKAsE CTOMKOCTD IIMHHBIX TPAHC(OPMATOPOB TOKA
ONpeNeNsIETCS YCTOMYMBOCTBIO CaMMX IITMH pacIIpeAeTUTEBHOTO YCT-
poiicTBa, BCAESNCTBUE 3TOr0 TaKue TPaHCHOOPMATOpHI O 3TOMY YCJIO-
BUIO HE IIPOBEPSIIOTCS;

MO0 TEPMHUYECKOU CTOMKOCTH

(kTII HOM )2 lrep 2 B,; [Eept'rep > B,,

rae k, — KpaTHOCTb TEPMUYECKOM CTOMKOCTH ITO KATAIOTY; fy, — BpE-
Ms TEPMHYECKON CTOMKOCTH IO KaTalory; B, — TeIUIoBOH HMITYJIbC
110 pacyery; L, — TOK TepMHUIECKON CTOMKOCTH,

BTOPUYHOW HArpy3Ke:

ZZ < Z2H0M )

rae Z, — BTOpUYHAs Harpyska TpaHchOpMaTopa ToKa; Zyyoy — HOMHU-
HaJIbHas IOMYyCTUMAas Harpys3ka TpaHcdopMaTopa ToKa B BEHIOPAHHOM
KJIacCe€ TOYHOCTH.
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PaccmoTrpuM nogpoOHee BeIOOp TpaHCHOPMATOPOB TOKA IO BTO-
pUYHOU Harpyske. MHAYKTHBHOE CONPOTHBICHNE TOKOBHIX LIeTIei He-
BEJIMKO, TIO3TOMY Z, =~ r,. BTopryHass Harpy3ka COCTOHUT U3 COIPOTHB-
JIeHUsI NpUOOPOB, COEIMHUTEIHHBIX IIPOBOIOB 1 TIEPEXOIHOTO COIIPO-
TUBJIEHHS] KOHTAKTOR:

h= ran6+ rnp'l' Ik
COHPOTI/IBHCHI/IC l'IpI/I60pOB OIIPCACAACTCA IO BBIPAXKCHHUIO
— 2
rnpuﬁ - Snpuﬁ /12 s

rae Sypue — MOILIHOCTD, NOTpedIsgeMasd NpubopamMu; [, — BTOPUYHBIA
HOMHHANBHBIN TOK Tpubopa.

ConpoTuBieHre KoHTaKToB npuHuMaetcs 0,05 OM npu aByX-Tpex
npuoopax u 0,1 OM nipu 6onbineM yucie npudopos. ConpoTHBIEHNE
COEIMHHUTEIBHBIX TPOBOIOB 3aBUCUT OT HMX JUTMHBI U ceueHHsA. YToObI
TpaHchOpMaTop TOKa paboTajl B BHIOpaHHOM KJacce TOYHOCTH, HeoO-
XOIMMO BBIIEPXKATh YCIOBHE:

ran6+rnp+rKSZZH0M’

OTKyJa

rnp=ZZH0M_rnpu6"rK'

3Haga Fup, MOXHO ONPEACTINTD CEYCHNE COCTMHUTEIBHBIX IPOBOIOB

g= plpact{ ,
Tp
TIe p — YAEAbHOE CONMPOTURICHHE MaTepraia rposoga. [Ipoeoaa ¢ Men-
HbeIMH XunaMmu (p =0,0175) IpUMeHSIOTCSI BO BTOPHYHBIX LIEMSIX OC-
HOBHOTO Y BCIIOMOTaTeIbHOr0 000pYI0BaHUS MOIIHBIX 3J€KTPOCTaH-
it ¢ arperatamu 100 MBT 1 Gonee, a TakKe Ha IOJCTaHUMSX C BBIC-
MM HanpsokeHneM 220 KB # Boille. B OCTATBHBIX ClIydasix BO BTOpHY-
HBIX LENSIX NPUMEHSIOTCS TIpoBOoJa C ANIOMUHHEBBIMHM XKUJIaMU

4a8c¢ (4 ABC[SIE?@ apc;, @@H
L o Iy ——
I E L E E L I
=11 'lll _? |“_| -? _?
' ZI=-1, 2I=0
Ipacq =2/ Ipacq =\[3 ! lpacq =1
a 6 8

Puc. 4.65. CxeMbl COENMHEHHUA U3MEPUTEIIBHBIX TPAHCHOPMATOPOB TOKA U MPH-
GOpOB:

a — BKJIIOMCHUEC B OIHY (ba3y; 6 — BKIIOMEHHUE B HEMOJHYIO 3BC3LY, 6 — BKIIYCHUC
B NMOJIHYIO 3BE3MY
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(p =0,0283); ly4cu — PaCUETHAS ATMHA, 3aBUCSLIAST OT CXEMBI COSAMHE-
HUS TpaHC(HOPMATOPOB ToKa (puc. 4.65).

JnHy COeAMHUTENHHEBIX IIPOBOAOB OT TpaHchopMaTopa TOKa J0
MpHUOOPOB (B OMUH KOHEN) MOXHO IPUHATH TSk pa3HbIX IIPHUCOEANHE-
HUI TIpUONIU3NTENBHO PAaBHOM, M:

Bce wern I'PY 6 — 10 kB, kpoMe nuHui

K TTOTPEOHTEIIAM «..evveeeeirireeeinerenesesereancrresesssssessssnens 40—60
Lenu reHepaTOpHOTO HaIpsKEHUs OJIOYHBIX
3JIEKTPOCTAHLIMH

JIunuu 6—10 kB K noTpebuTenamM ......
Bce nenu PVY:
6075
75—100
100—150
150—175
CHHXPOHHbIE KOMIIEHCATOPHI .... 25—40

Jng noacTaHUME yKa3aHHBIE IIMHBLI CHILXAOT Ha 15—20 %.

B kauecTBe COeAMHUTENBHBIX MIPOBOAOB MPUMEHSIOT MHOTOXHUIIb-
Hble KOHTPOJBHBIC Kabenu ¢ OyMaxXHON, pe3sHHOBOM, MONMXIOPBH-
HWJIOBOI WIM MOMMSTWICHOBONH M30/MSIUMEN B CBMHLIOBOM, pEe3WMHO-
BOM, IMOMUXJIOPBUHWIOBOM WIH CIIEHUATBHON TEILIOCTOMKON 000104~
ke. ITo yCIOBHIO IPOYHOCTH CEYEeHHE HE TOKHO OBITh MEHBIIIE 4 MM?
JUTST aTIOMMHMEBBIX XUI U 2,5 MM? 1i1st Meaubix xua (ITYD, n. 3.4.4).
CeucHue Gonpie 6 MM? OGBIYHO HE TPUMEHSETCH.

4.10.2. Buioop TpancGopMATOPOB HANPSIKEHHA

Tpancgopmamopst Hanpaxcenusa gulbupaiomes.

10 HaNpPsIXeHWI0 YCTAHOBKU U0y 2 User ot

KOHCTPYKIIMM U CXEME COSAUHEHHUS OOMOTOK;

KJIACCY TOYHOCTH;

BTOPHYHOMN HArpyske ., Sy,
t7e S,on — HOMHHAJIBHAS MOIIHOCTh B BHIOpPAHHOM KJIACCE TOYHOCTH,
MPHU 3TOM CIeyeT UMETH B BBUAY, YTO U1 ogHOGhAa3HBIX TpaHchopMa-
TOPOB, COEAMHEHHEIX B 3BE31y, CIEAYET B3ATh CYMMapHYIO MOLJHOCTh
Bcex Tpex ¢a3, a Iid COeAUHEHHBIX IO CXEMe OTKPBITOTO TPEYrOJIbHH -
Ka — YIBOEHHYIO MOLIHOCTb OHOTO TpaHc(hOopMaTopa; Syy — Harpys-
Ka BCEX U3MEPUTEIBHBIX TPHOOPOB M Pejie, MPUCOEAMHEHHBIX K TPAHC-
dopmaTopy HamnpsKeHus, B-A.

Jlns1 yTipomieHusT pacyeToB HArpy3Ky NMpHOOpOB MOXHO HE pasfe-
ngTh no dasam, Torma

S2>: = \/(2 SanG COS Prpyp )2 + (2 Snpuﬁ sin (pnpuﬁ )2 = \/Pnzpuﬁ + Qgpuﬁ .

301



Ecnu BTOopHYHas Harpyska NpEBBIIACT HOMUHAJILHYIO MOIIHOCTD
B BLIOpAaHHOM KJIACCE TOYHOCTH, TO YCTAHABJIMBAIOT BTOPOM TpaHC-
(opMaTOp HAIpPSIKEHHS M YaCTh IIPHOOPOB IIPHUCOECAUHSIOT K HEMY.

CeyeHUe NpOBOAOB B LENAX TPAaHCHOPMATOPOB HATIPSKEHUS OIl-
pelenseTcs 1Mo NOMycTUMOI motepe HamnpsxeHusa. CoriacHo ITYD
MoTepsi HANpSXEeHUs OT TPAaHC(HOPMATOPOB HANPSIXCHUS NO pac-
YETHBIX CYETYUKOB HOJKHA OBITH HE Gosnee 0,5%, a N0 IMTOBBIX
U3MEPUTENBHBIX TpUOOpPOB — He 6onee 1,5 % npu HOPMAaJIBHOIT Ha-
TPY3Ke.

Jns1 yIipollieHUsT pacyeToOB MPU YICOHOM MPOCKTHPOBAHUM MOXHO
MIPUHUMAThL CEYEHME MPOBOMAOB I10 YCJIIOBUIO MEXAaHHUYECKOM IIPOYHO-
cti 1,5 MM? U1 MEAHBIX ¥ 2,5 MM? JiJIS alTIOMMHUEBBIX XKWL

IIpumep 4.1. BHIOpaTh OIIMHOBKY B LieIiH TeHepaTopa G2 (puc. 4.66)
U coopHble InHbI 10 KB. 3HaueHus TokoB K3 npuBeneHs! B Ta01. 4.9.
Tpuusars Tp,,,= 6000 4, cpeqHEMECTYHYIO TEMIIEPATYPY HanGoJIee Xap-
koro Mmecsua 30 °C.

Pe e Hue. COOpHBIC LIMHBI IO 3KOHOMHYECKOI TUIOTHOCTH TOKA
He Beiouparotca (ITYD, n. 1.3.28), mosToMy BEIOOD CEYCHHUS IIMH PO~
M3BOIMM I10 JOIYCTUMOMY TOKY.

HanGonbiinii TOK B 1€ COOPHBIX IIWH

P _ 63-103

3U,., -0,95c0os¢ +/3-10,5-0,95-0,8

IlpunuMaem mo Ttabn. I13.5 WKMHHB KOpoGYATOTO TPODUIS
2(125% 55x%6,5) mm? ceuenueM 2 X 1370 MM?, L on won=4640 A.

TlonpaBounerit KoadhduIeHT Ha TeMmnepaTtypy Bosmyxa (30 °C) mo
Tabu. I13.8 paBeH 0,94, Toraa Lo, =0,94-4640 = 4362 A, uTo MeHBILE I,
NO3TOMY BBIGMpaeM LIMHBL 2(150 X 65X 7) Mm? cedeHueM 2 X 1785 mm?;
Lon=0,94-5650 = 5311 A> I, = 4563 A.

IIpoBepka COOpPHBIX IIMH Ha TEPMHUUYECKYIO CTOM-
Ko cThb. UHTErpan JIxoyins mo gopmyne (3.46)

= 4563 A.

Imax =

Tabnuua 4.9
3uavennda Tokos K3
Touka K3 HctouyHuK I, kA I, kA i, KA iyﬂ, KA
K-1, CucreMa 6,62 6,62 1,4 15
U=110 ¥B | reyepartoprr GI, G2 | 2,294 | 2,02 162 | 6,26
Htoro: 8914 | 8,64 3,02 | 21,26
K-2, CucreMa 19,23 19,23 9,49 51,5
U=10 kB | repeparop GI 14,5 103 | 1227 | 400
I'enepartop G2 31,25 22,19 26,44 86,14
Hroro: 64,98 51,72 48,20 177,64
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Be = I%) (fonn + T, ) = 64,982(4 +0,185) = 17670 xA2-c,

rae o =4% C A Iernel reHepatopoB MolnHOCTEIO 60 MBT 1 Gosee
(BpeMs JeCTBUS pe3epBHOM 3auuthl); 1,= 0,185 ¢ Ha mrmHax amek-
tpocTaHimit 6 — 10 kB ¢ reHepatopamu 30— 60 MBrT.

c
U= const
wi w2
; Uyp=115xB
K-1 }0sI
Q1 02
T1 2
Q3 o5
04 LRI ; U= 10,5 B
’ v 052 -2
6 7 8 PB-10-
Q 0 2 400-0,35
Q10
TCHI1 K-3 TCH2
GI G2 50w
C.H. C.H.
,W =200 A
Lo=310 A

Puc. 4.66. PacyetHas cxeMa [Uist BbIGOpa TOKOBEAYIIMX YACTell M aIlapaTos.
IlapaMeTphl OTACNBHBIX JIEMEHTOB:
T1, T2 — TIH-40000/110, S,,.=40 MB-A, ©,=10,5%; GI, G2 — TB®-63-2, S,on=
=78,75 MB A, U,\,=10,5«B, x;= =0,139; LRI — PTOC-10-4000-0,18, I,,= 4000 A,
x,=0,18 Om; Wi, W2 — I=350 kM, U,u=110xB, cucrema C, U=const, Ui=1
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MUHUMAILHOE CEYEHME MO YCIOBUIO TEPMUUECKON CTOMKOCTH MO
dopmyine (3.48)

B _17670-10°
m™oc T 9l

e C=91 mnsg mmH us amomMunusa AJ1H o ta6in. 3.16.
[IIMHBI TepMUYECKU CTOHKHM, TaK Kak

= 1460 mm2<2-1785 mm2,

q

Gmin< = 21785 MM2.

IIpoBepka COOPHBIX IMH HA MEXAHUUYCCKYIO MPOU-
H o0 ¢ Tb. Pacuer npon3Boaum Oe3 yueTa KoJiehaTeIbHOTO Tpoiiecca B Me-
XaHMYECKOM KOHCTPYKIHH, TaK KaK HIHHBI KOpOO4aToro rpoduis oo-
JIagaroT GOJBIIUM MOMEHTOM HMHepiuH. IIpuHMMaeM, YTO HIBEJUIEPHI
IIHH COCIMHEHH XXECTKO I10 Bceil IJIMHEe CBapHBIM IIBOM, TOTIA MO-
MEHT COTPOTUBICHMS Wjy_ o= 167 cM’. TIpH pacIIONOXEHWH 1LHH B Bep-
IIMHAX MPSIMOYTOJIBHOTO TPEYTOJIBLHUKA pacueTHYIO MOPMYIY IIPHHM-
MaeM 1o Taon. 4.3:

Bal® g _ 5 0177640722 .10
aWyo_yo ’ 0,8 -167
rae npuHsaTo /=2 M, a=0,8 M;

Cpmax = 2,2 =20,8 MI]a,

Opacy = Op max + On= 20,8 + 0 < 0,0, =75 MIla,

e o,=0 TpH XeCTKOM COeNMHCHUH DJIEMCHTOB HIMH KOpOG4aTOro
npoduns.

IuHBI MeXaHUMECKU MIPOYHEL.

Br6op u3onsaTopoB. BelOUpacM OMOPHBIE HM3OJSATOPHI
HO0-10-20¥3, F,,;,= 20 kH. Bricora usonaropa H,,= 134 mum [1.3]. Ipo-
BEPsIEM U30JIATOPHE HA MEXaHMYECKYIO IIPOYHOCTh. MaKCHManbHas Crla,
IecTByIouiasg Ha U3ruod, rno taom. 4.3

1,62-177 6402 .2
0,8
ITornpaBka Ha BEICOTY KOPOOYATBIX HIMH

H  Hy+c+h/2 134+7+150/2
ky = = = =1,61;
H,, H,, 134

Foaca=kpFy=1,61-12,78 =20,576 xH > 0,6 F,,;,= 12 xH.

TakuM o6pazoM, uzonsarop MO-10-20Y3 He MpOXOIUT MO MEXaHH-
yecKoif mpovyHocTH. BriOupaeM wusonsarop MO-10-42,50xBY3:
Foasp=42,50 kH; Hy;=230 MM; Fpeq=1,35-12,78=17,22 kKH < Fyon=

230+7
—0,6:42,50=125,5 KH, e ky = oot T+ 150/2 55

230
IIpuHuMaeM mJig KpeIUICHHS] COOPHBIX IIHMH OIOPHBIE HU30JSITODHI

tina UO-10-42,50xsY3 [1.3].
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BrioupaeM npoxongHoit usonsitop HMII-10/5000-42,5Y2 [1.3]:
Uion= 10 KB; Loy = 5000 A > I, = 4563 A; F,,,,=42,5 kH. IIposepsiem
M30JIATOP HAa MEXaHUYECKYIO INPOYHOCTh: Fp,ey=0,5F, =
=0,5-12,78 =6,39 < 0,6 F;,;,= 0,6-42,5=25,5 xH.

BrGop WIMH B LeNMW reHepaTtopa (2. HOMMHaIBHEIR TOK
reHeparopa (HOPMaJbHBIH PEXUM)

P, _ 63-10°
\/_3-UH°M cos<p_ J3- 10,5-0,8
HauGospiiuii TOK B IIENH reHepaTropa

I, = Bion _ 63-103
J3.0,95U,,, cos¢ +/3-0,95-10,5-0,8

O1IMHOBKA B IIpeJeiax 3aKphiToro PY BEIOMpaeTCs o JOIYCTUMO-
My TOKY. [IpHHHMMaeM allOMMHMEBBIE IIIMHEI KOpPOO4YaTOro mpoduis
2 (150X 65x%7) MM2, Takue Xe, KaK JUId COOpHBIX IUMH. PacyeTHHIi
ToK K3 B 1eru renepatopa mo taoi. 4.9 I,=19,23+14,5=33,73 KA
(BeTBb G1+cHcTeMa) MEHBIIE, YeM Ha COOpHBIX IIHHAX, ITO3TOMY OIIIH-
HOBKA B IIEIIM T€HEPAaTOpa TEPMUYECKH CTOMKasd.

IIpoBepkxa IIMH Ha MEXaHHYECKYIO INPOYHOCTE.
O1IMHOBKA OT COOPHBIX LIMH A0 BEIKINoYatensa B ['PY nzobpaxkeHa Ha
puc. 4.5, a. Ilpumem /=2 M, a=0,6 M; 1BemIepsl IMH COEIMHEHEI
XECTKO B MeCTax KpeIUIeHUs IIMH Ha usoisTopax (/,=[). ITo Ta6mn. 4.9
pacyeTHBIA TOK iy, = 51,5 +40,0 =91,5 KA, Torna HanpsKeHue B MaTe-
pHaje IIHUH NpH B3auMoaeicTeuy ¢a3 mo ¢opmyne (4.20)

il® 310722915007
Wya 167-0,6

tne Wy= Wg_0, o Tabm. I13.5 Wjy_ =167 cM>.
HarnpstxeHne B MaTeprale LIMH OT B3aUMOAEHCTBHSA IIOJIOC IIO
dbopmynam (4.24) u (4.25)

IHOM =

= 43,35 A.

=4563 A.

Cpmax = V31078 = 5,78 MIIa,

o o Juld _ 0,58 1078 _0,5-915002-107 .22
12w, h-12W, 0,15-12-14,7
e h=150 mm=0,15 M; W= W,_,= 14,7 cm® mio Ta6u. I13.5;

Opacs= Og+ 0= 5,78 + 63,3 = 69,08 MIla < 6,,,= 75 MIla,
MO3TOMY LIMHBI MEXAHMYECKH TTPOYHHL.

Bu6op u3onsgaTopoB. BeidbupaeM omnopubsie uzoiasaropsl 1O~
10-20Y3: F,,;,= 20 kH; H,;=134 MMm; k= 1,61 (cM. BbILIE):

.21 2'
Fpacq = kyFyy =kh‘/§lyi10_7 =1,61\/§—9—1—%Q%—2
a 3

= 7758 H =7,758 kH < 0,6F,,,, = 0,6-20 = 12 xH.

= 63,3 MIla,

107 =

305



TIpoxonHbie U30OIATOPHI IO TOKY ., BBIOUpaeM tuna UIT-10/5000-
42,50¥2, Fp=42,5 kH:

2] | 2.
Fpacq = OaSFu = 095\/§‘l£10—7 = 0,5\/52%-210—7 =
a >

=2,4 KH<0,6F,,,, =0,6-42,5 kH.

Bri6op KOMNJIEKTHOTO TOKONPOBoOAa. OT BHIBOIOB I'e-
HEpaTopa JI0 CTEHBI TJIABHOTO KOpIIyca U Aajiee, 10 [VIABHOTO paclipe-
JIEIUTEILHOTO yCTpoitcTBa (CM. puc. 4.1) TOKOBeOyI{HE YACTH BBITON-
HA10TCs Todha3HO-3KPaHUPOBAHHBIM KOMIUIEKTHBIM TOKOIIPOBOIOM. BI-
6upaeM TOKH-20/7800: U, =20 KB; 0, = 6800 A; i, = 250 kA [1.3].

IIpoBepsieM TOKOIIPOBOI:

LS Lows 4563 A <6800 A;

iy S s 91,5 KA <250 KA.

IIpnmep 4.2. BriGpath cGopHbie HBL 110 KB 1 ToKoBeaynue ya-
CTU OT COOPHBIX IIMH J0 BBEIBOAOB TpaHCcHOPMATOpa CBSI3H MO0 YCIOBH -
sm ipumepa 4.1. Tpanchopmarop TAH-40000/110, T,,,.= 6000 u. Toxu
K3 Ha muHax 110 kB: 7&) = 8 91 KA; iy, = 21,26 KA.

Pewenue. Boi6op c6opHBIXx muH110kB. Tak kak c6opHbie
LIUHBI 110 5KOHOMMYECKOM IJIOTHOCTH TOKA HE BEIOUPAIOTCS, IIPUHU-
MaeM CeyeHMe ITo JOTMYyCTUMOMY TOKY TIpU MaKCHUMAaJIbHOM Harpyske
Ha IlIMHaX, paBHOU TOKY Han0oJiee MOUTHOTO IIPUCOSTNHEHHS, B TaH-
HOM cliyyae — TpaHcdhopMaropa:

7 Suwr _ 40000
P BUw N3-110

Inax= 1,400 =294 A.

ITo ta6n. I13.1 mpunumaem AC-95/16: g=95 mMm?; d=13,5 Mm;
1,.n=330 A. ®assl pacnosiokeHbl TOPU3OHTATIHEHO € PACCTOSTHUEM MEXITY
daszamu 300 cM.

[IpoBepka MIMH Ha CXJECTHBIBAaHHE He NMPOU3BOIMUTICH,
TaK Kak /&) < 20 KA [1.12, . 4.2.56].

IIlpoBepka Ha TepMHYecKoe neiicTBHe ToKa K3 He npo-
WU3BOOUTCS, TaK KaK IIMHBI BHIMOJIHEHBI TOJIBIMM MPOBOJAAMM Ha OT-
KpBITOM Bo3nyxe [3.3].

[IpoBepka MO YCIOBUAM KOPOHUPOBAHHS B JTaHHOM
cityyae Momia Obl He TIPOM3BOJUTRCS, TaK Kak coryacHo [IYH MuHu-
MaJIbHOE CeueHue JUIA BOMYIIHBIX MUHME 110 KB 70 Mm2. YyuthiBag,
yto Ha OPY 110 kB paccTosiHMe MeXIy NPOBOJAMH MEHBIIE, YeM Ha
BO3MYILHBIX TUHUSX, a TAKKE JUIS TIOACHEHUST METOIMKY pacueTa Ipo-
BelleM IPOBEPOYHEIH pacyer.
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Ilo dopmyne (4.31) HauanbHasE KpUTHYECKAsT HAIIPSKEHHOCTh

Jn 0,68

ITo ¢opmyrne (4.32) HalpsDKEHHOCTh BOKPYT ITPOBOIA

0,299

E, =30,3m[1+

~0,354U _ 0,354-121

- D, 1,26-300
@ 0,68lg2——
Iy & 0,68

E

=22,94 xB/cMm.

nlg

3neck nmpunHsaTo U=121 kB, Tak Kak Ha IIMHAX JEKTPOCTAHIIUNH
noanepxuBaercs Hanpstkenue 1,1U,,,.
Ycnosue npoeepku Mo ¢opmyrie (4.34):

1,07E<0,9E,;
1,07-22,94 = 24,5 < 0,9-33,8 = 30,42.

Takum obpa3om, mposoa AC-95/16 110 ycJI0BHSIM KOPOHBI IIPOXOIKT.

Tokoenymiue yactu ot BeBoaoB 110 kB tpaHchopMaropa 10 c6op-
HEBIX IIIMH BHITIOJHSIEM MMOKUMH mpoBoaaMu. CedeHHe BHIOMpaeM II0
KOHOMMYECKOM IUIOTHOCTH ToKa J,= 1 A/MM? (cM. TabI1. 4.4):

I HOPM 2 1 0
=B - 2o =210 MM2
q, 7, 1

IIpunuMaeM aBa mpoBoaa B ¢daze AC-95/16: HapyXHBI THAMETD
13,5 MM; momycTUMBIil ToK 330 A.

IIpoBepsieM ITPOBOAA IO JACITYCTUMOMY TOKY:

Toax=294 A < o= 660 A.

IIpoBepKy Ha TepMHUUECKOE NEMCTBHE TOKA cornmacHo [3.3] He mpo-
H3BOIHUM.

IIpoBepKy Ha KOPOHMPOBAHHE TAKKE HE ITPOU3BOIAMM, TaK KaK BHIIIIC
OBLIO I10Ka3aHo, uTo I1poBox AC-95/16 He KOpOHMpYET.

IIpumep 4.3. BoiOpath Kabenb K 2JIEKTPOIBUTATENIO0 COOCTBEHHBIX
Hy1 MoutHOCTHIO 550 KBT; U, = 6 KB; L., = 74 A (puc. 4.67). Pe3ynb-
TaThl pacyeta TokoB K3 npusenensl B Ta6i. 4.10. Kabenp npoknagpiBa-
€TCsT BHYTPH CHIPOTO IIOMEMIEHUS B KaHaue, V=35 °C, 7 ,,= 3500 u.

PenieHue. Beibupaem ceueHre Kabemst 1o S5KOHOMHYECCKOM TUTOT-
HOCTH TOKa

1 HOPM 74
=——=—=52,8 2
BT T 14 MM,
e J,= 1,4 A/MM? 110 Ta6i1. 4.4 115 KaGeeif ¢ aToMMHUEBBIMU XA~
MU Tipu T, = 3500 u. TIpuHuMaeM Kabensr Mapku AAILIB, U=6 kB,
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AL

Y P = 13 680 XBT

Puc. 4.67. PacyeTHast cxemMa M CXeMa 3aMellieHUst JUist BEIGOpa TOKOBEAYLIMX
yacTel M anmaparoB B LENHU TpaHchopMaTopa COOCTBEHHBIX HYXI U OTXOMSs -
ux nMHui. ITapaMeTpbl OTAEABHBIX 2JIEMEHTOB:

T — THOH-250000/220, u,=11%; G — TBB-200-2, S,,=235 MB-A, x..., =
= 0,191; TCH-25000/15,75, ueen_un =9,5%

TPEXKIWIBHBIN, cedeHUueM 3 X 50 Mm?, Lo o= 110 A, mompaBoYHBIH
Ko3(pbUIIMEHT Ha TeMmepatypy Bo3ayxa k,=0,87, torma I, =
=Ky Lonnon=0,87-110=95,7 A>74 A.

Hnsa npoBepku Kabens MO TEPMHYECKOIM CTOMKOCTH OMNpeaenaeM
TEIUIOBOM uMIynsc (MHTerpan JKoyns) OT ABYX BETBEM — CHCTe-
Ma+TeHepaTop U ABUTATEI COGCTBEHHBIX HYXI:

Bx = Ir%Oc (tomn + 7-;1.cx) + Ir%On (O: STn’ + 7;1.cx) + 2In001n011 (Tn’ + 7;1.cx) =
=12,42(0,22+ 0,051)+ 9,122(0,5- 0,06+ 0,051)+ 2- 12,4- 9,12
x (0,06 +0,051) = 73,49 kA2 = 73,49-10° Al-c,

THE forn= lpat lonenn™ 0,1+0,12=0,22¢; Tn= 0,06 ¢ {3.3; Thoe= 12,4 KA;
I0,=9,12 XA (110 Ta611. 4.10);

T;,cx = E.CIHOC +T;l.111ﬂ0}1 = 0106'1214+0504'9712 = 0,051 C.
In0c+In011 12,4+9,12

MuHMManpHOE CeYEHME 0 TEPMUYECKOM CTOMKOCTH
L 103
. VB« _ V73,4910 =953 mm?,
C 90
rae C=90 mo ta6m. 3.17.

q
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Ta6nuua4.10
3navenns tokos K3

Touxa K3 HctouHuxk I XA I, XA i, KA i, KA
K-1, Cuctema 83,6 83,6 35,36 227,18
U=15,75kB | Teyepatop GI | 46,0 34,5 38,9 127,7

Hroro: 129,6 118,1 74,26 354,88
K-2, Cucrema+ Gl 12,4 12,4 3,93 32,17
U=6,3kB | purarensc.n. | 9,12 2,2 2,57 21,22

cekuuun | B-A

Uroro: 21,52 14,6 6,5 53,39

Bri6upaeM kabenp AAILB 3 X 95 Mm2.

IIpumeuanue. Ha nepsolit B3rnsan, moacuer uuterpaia JIxoyns yenoxueH. ITpo-
BEPHM, K KAKOMY DE3yNbTATY NPUBEACT OOBCAMHEHHE BETBEH OT CHCTEMEI+TCHEPATOD
M OBUratescil COGCTBEHHBIX HYXA.

OO61uit Tox

Los= oo+ Tog+ Tngn= 12,4+ 9,12=21,52 xA.

Mpunnmas t,,,,=0,22 c, T, =0,051, momyuum 3HadeHUE MHTer-
pana JIxoyns:

B =12, (fom + T ) = 21,522(0,22+0,051) =
= 125,38 kA?.¢c =125,38-10° A?.c.

MUHMMAJIBHOE CeYeHHEe IO TEPMHUYECKOI CTOMKOCTH

/ 103
VB, _ 125’935 10° _124.4 yo?

Qmin = C

> 95 MM2,

CNIEMOBATENLHO, TIPUIETCS NPUHSATH Kabensb cedenreM 150 Mm2. Takum
00pa3oM, yIpolleHHe pacyeTa IPUBEICT K HEONpPaBIAHHOMY Iepe-
pacxony Kabeneil.

IIpamep 4.4. BriGpaTh ceueHme Kabens B JUHUH, IPHUCOEINHEHHOMH
K wunaam 10,5 kB (cm. puc. 4.66) uyepes peaktop PB-10-400-0,35:
Liopu=200 A; I = 310 A; x,= 0,35 Om. KaGen npokiafpiBaercs B Ka-
GETLHOM TIONy9TaXe 3aKpHLITOrO paclpelelMTEILHOIO YCTpOMCTBa,
V=30 °C, T,x=4500 u.

PemeHue. Beibupaem xabens AAL, 10 xB, TpexkuipHbIi, 3K0-
HOMMYECKOE CEUCHUE

IHOpM 200

L= oo _ 200 145 85 w2
=" "4 MM
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IMprHrMaeM 1Ba Kabens 1o 95 MM2, o won= 155 A. TTonpaBouHbIi
K03¢hPHIIMEHT Ha TeMIlepaTypy Bo3nyxa o tabn. I13.8 k,=0,93, Torma
1,0n=0,93-155-2=288,3 A< I,,x=310 A, nmosToMy yBeInuyMBaeM ce-
yenune 10 120 MM?, Lopwon= 185 A, [,;=0,93-185-2=344,1 A>
> =310 A

TepMuueckast CTOHKOCTD onpeaesieTcs no Toky K3 3a mydykoM Ka-
Geneit (ITYD, m. 1.4.17).

B ycnoBuax npumMepa 4.1 npuseneHa taéianaa TokoB K3, u3 Koto-
poit HaxomuM I;=64,98 KA Ha mmHax 10,5 kB, B Touke K-2 (mo
peakTopa).

ConpoTHBJIEHME BETBH OT CHCTEMBI U TCHEPATOPOB

Ucp.nom _ 10’5
3l  3-64,98

Cormnpotusnenue peakropa x,=0,35 Om; I/IHI[YKTI/IBHOC COIIPOTUBJIC-
HHUE OIHOTO KaABENS X065 = Xyl = 0 08 50- 10" = 0,004 OM; akTHBHOE CO-
TIPOTHBIICHUE Fya6= Fyyl = 0,28 50-10-3=0 ,014 OM

2 r 2
zpe3=\/(xz+x + ';6) +("T’6) =

2 2
0,004Y (0,014 40
2 2

X5 = =0,089 Om.

= \/(0,089 +0,35+

Toxk K3 3a nydkom Kabenei
_ 10,5
" J3.0,442

ITo xaxnomy KaGemo mpoxonut ToK K3 13,73/2=6,865 KA. Ilon-
CYUTBHIBAEM MHTerpayn JXOyjsd, YIUTHIBasl, YTO Ha JIMHUU OCHOBHAs
pCJICI/IHaﬂ 3alllUTa — MaKCHMaJIbHasl TOKOBAs C BBIIEPXKKOiT BpEMEHM

.= 0,8, BBIKITIOUATENb, YCTAHOBJIEHHBIH HA JMHHM — BaKyyMHBIN
BBTS 10/630 UMewIIUH 7, ;= 0,05 ¢, Bemnunna 7,=0,1 ¢ (K3 3a
peaKTopoM), Toraa

=13,73 kKA.

B, = 12, (fynn +T,) = 6,8652(0,8 + 0,05+ 0,1) =
— 44,77 KA2-c=44,77-10° A2.¢
MMHHMAJIBHOE CeYeHHE TI0 TEPMUYECKOM CTOMKOCTH
[ 103
Gmin = VB, _ V44,7710 =67 MM2,
C 100

roe C= 100 onpenenstercs mo tab6m. 3.17.
TaxuM 06pa3oM, BIOpaHHbIE KaOes M 110 95 MM? TepMUYECKH CTOMKME.
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IIpumep 4.5. Buibpath BhIKITIOYaTENs Q21 pazseauauTenb OS1 B He-
1 TpaHchopmartopa cBsi3u 72 (cM. puc. 4.66); BEIKTIOYATeb Q8 U pashe-
JvHUTenb OS2 B HenM reHeparopa G2. Bce HEOOXOMUMEBIE JaHHBIE TIPU-
BEACHEI B YCIOBUM IIpruMepa 4.1.

Peue Hwe. BoiOupaem Brikmovatens Q2 1 passenuauTess OS],

PacyeTHEBIe TOKH TIPOMOJIKUTEILHOTO peXuMa

S 40-103
Loy = —2H0M =210 A;
™ U, V30110

Imax':‘ 174IH0pM= 1,4 : 210:294 A

Breixmovartens Q2 U pasbequHUTENs (S BXOTAT B MEPBYIO pacyeT-
HyI0 30HY (cM. puc. 3.22) u BRIOMpaIOTCs 10 CYMMapHEIM TokaM K3 Ha
[IHHAX MOBHIIIEHHOTO HanpspkeHus: (touka K-1 Ha puc. 4.66). Ilo
tadn. 4.9 onpenensieM pacyeTHuIe TOKH K3:

Lo=8,914 KA; I,;=8,64 KA; iy,=3,02 KA; i,,= 21,26 KA,

B, = [5(tons + T,) = 8,914%(0,2+0,02) = 17,48 kA?-,

rae = 0,2 ¢ mo puc. 3.22 (3ona I); 7,= 0,02 ¢ o Tabxn. 3.8. Bribupa-
eM no Tabi. J14.4 BakyyMHBIi BeIKTIOUaTens BBK-1106-20, o tada.
[14.1 —paswegunuTeas PTH-110/1000Y X1 (paspenuHuTeNb IJ1s1 Ha-
PYXXHO# YCTAHOBKH C TOPH30HTATLHEIMH HOXaMHM, U3roToBuTeb 3A0
B3BA (r. Benukue Jlyku). Bce xaTajoxHble U pacyeTHBIE BETUYHMHBI
CBENEHEI B Tabx. 4.11.

PesynbTaTel BEIOOpa BHIKTI0YaTeIs O8 M pasbearHUTeNst OS2 B Henu
reHeparopa G2 cBeAcHHI B Tabs. 4.12.

Tabnuua4.11
PacuyerHble M KaTaJI0XHbIE JaHHBIE

Karanoxubie JaHHbIE

PacuetHple NaHHbiE PasbeauHUTEND
Brixnrouatens BBK-1105-20 PTH-110/1000YX11

Upr=110 kB Uyon= 110 KB Usoe= 110 B
Inax=294 A Low=1000 A Liow= 1000 A
L= 8,64 KA Lorenmon=20 A -
A B e

100 _

=+/2-0,20.20 = 5,65 KA
Lo=8,914 KA Lyw=20 KA —
ijy=21,26 KA fnm= 51 KA = 80 KA
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Oxonuanue maba. 4.11

KartanoxHble JaHHBIE
PacyeTHble jaHHBIE Pa3be AMHUTEND
Benonoyatens BBK-1106-20 PrH-110/1000YX11
B.=1748 kA’-c Ifeptﬁp =7202.3 = I,ZeptmP =31,5-3=
=1200 KA?-¢C =2976 KA?-c

Ta6nuia4.12
PacueTnnie H KaTANO0XKHLIE JaHHbLIE

KaTanoxHbie JaHHbBIE

PacyeTniie Aanibie Brikmioyatens MIT-10-45 P; ]3;;?_11“ Ohf?gggb
Uyer= 10,5 kB U.on=10 xB Uyou=10 xB
I...=4563A L..=5000 A 1.,=5000 A
I.=29,53kA I now =45 KA —
lat: 2 l ,76 KA . _ ‘\/_Z-BHOPM IOTKJI.HOM — o

linow = T =

=2-0,20-45=12,69 xA

\/Eln-: + ia,= \/5 . 29, 53+ \/-z_lon(n.nom (1 + BHODM / 100) =

+21,76 =63,39 KA | =/2-45(1+0,20) =76,14 KA

L= 33,73 KA L= 45KA —

in= 91,5 KA i = 120 KA = 200 KA
B=33732(4+0,14)= | 12 1 - 45?.4=8100 KA2-c |I2,t,,, =70%-10 =
4710 KAZ‘C TeptTep Teptrep

=49 000 kA?-c

IIpumeyaHue. [To ycIoBUIO OTKIIOUEHHS anepuoauyeckoro Toka K3 seixioua-
TeJNb He npoxoiuT, cormacHo 'OCT 687—78E mposeneHa mnpoBepKa 1o IMOJHOMY
toky K3.

ITpumep 4.6. BeIGpars TpancgopMaTophl TOKA JIJIF IIPUCOEAUHEHUS
HU3MEPUTEILHBIX TPUOOPOB B 1IeNU TpaHchopmaTopa ¢.H. 10 MB-A Ha
cropoHe 6,3 xB (puc. 4.68). Yuapnsiii Tox K3 i, =27 XA, uHTerpan
JIxoyns B,= 135 kA?-c.

Peuienue. MakcuManbHE# pacYeTHEII TOK B IIENK TpaHcdopMa-~
TOpA C.H. paBEH €TI0 HOMHMHAJIBHOMY TOKY, TaK KaK Meperpyska TpaHc-
¢opmatopa c. H. He JOITYCKaeTCs:

Sy 10000

Loy = = =917 A.
WUy 36,3
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Ilo Tabn. I14.5 moabupaem K PY 220 kB

tpaHcdopMmartop Toka TITOJ 10-
V3, L= 1000 A c 18yMs MarH¥#-
torpoBoaamMu 0,5/10P, kg, =69, G TIHC-10000/35
kiep=27, Lep=3 C, momycTuMas
@/

Harpyska U3MEpHUTENIbHON 0OMOT-
KU Syyon=10 B-A.

IIpoBepsieM TpaHCcHOPMATOP W
TOKA Ha 3JIEKTPOAMHAMMYECKYIO U m
TEPMUUYECKYIO CTONKOCTE: g |

V2L o =2 1-69 = > W

=97,29 XA > i, = 27 KA; ]

) ) g P3
([lHOMkTep) liep = a- 37) 3= l}} 3 3

=9583 > B, =135 kA?-c.
Puc. 4.68. Vismepurenbabie MpUuboph
IIpoBepsieM U3MEPUTENBHYIO B Lend TpaHc(hoOpMaTopa cOGCTBEH-
06MOTKY TpaHCchOpMaTOpa TOKa T0 HBIX HYXJ (K mpuMepy 4.6)
BTOPAYHOM HATpY3KE.
Hau6onbiras Harpy3ka IpUXOAUTCS Ha TpaHchopMmaTop ¢a3sl A —
3,5 B- A (1a6n. 4.13.). O61iee conporuBicHME IPHOOPOB (aswl A
Snpuﬁ 3, 5
Fapus = ——— = —— = 0,14 OM.
P I? 52
IIppHHUMaeM BO BTOPUYHEIX IEISAX TPaHCHOPMATOPOB TOKA MHOTO-
KIWIbHBIE KOHTPOJIBHEIC Ka0eny ¢ MOMUXJIOPBUHWIOBOM U30MSILMEH C
MeIHBIMU kuiiamu (p = 0,0175), Tak Kak ycTaHOBJIEHHAss MOIIHOCTH
anieKTpoctaHiH npeBwnacT 100 MBt. ConporusneHrue KOHTAKTOB 7y
npuaumaeM 0,05 OM, Torga COnmpoOTHBIEHUE TIPOBOJOB

S2H0
Tp = ZZHOM ~tipue — I = _2£_0714_0505 =
2HOM

=§_(2)-0,14—0,05=0,21 Om.

Ta6nuua 4.13
Bropuunas Harpyska tpancdopmaropa Toka (K npumepy 4.4)

Harpyska, B-A, da3nl
IpuGop Tun Y 3 C
Amnepmerp | 3-335 0,5 — —
BarrMmetp D-335 0,5 — 0,5
CueTyux CA3-681 2,5 — 2,5
Hroro: 3,5 — 3,0

MpuMeuanne. IlepeucHb HEOOXOAMMBIX IPUOOPOB MPUHAT 1O TabI. 4.8.
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CeueHre TIpOBOIOB

.- Plpacs _ 0,017543-25 _ 3125 vnt?,
Fap 0,21
Te lypey = 31, | — [IMHA COeNMHUTENBHBIX MPOBOIOB OT TpaHCHOP-
MaTopa TOKa 0 IMpuOOpOB; MpUHNUMAEM ISk TIPUCOEAMHEHUH TPaHC-
¢$opMaTOpOB C. H. OJIOYHBIX 3JIEKTPOCTAHLIHIA 25 M.
IMpuHKMaeM CTaHAapTHOE cedeHue 4 Mm2,

Konrposbubie Bonpoch

1. Kakue TuImbl MPOBOAHUKOB MPUMEHSIOTCA B cieayiowux uemsax TOLL:
a) cOOpHbIEe LIMHBI, 0) LIETb IeHepaTopa; B) LENMb TpaHCHopMaTopa CBA3U CO
croporsl BH u HH; r) uene nuuuu 6 — 10 xB; 1) uenu aunuit 35— 110 kB?

2. Kakue THNB MPOBOIHUKOB MPUMEHSIOTCA Ha 0104HBIX KDC B OCHOB-
HBIX LIesax?

3. B KaKuXx UEeMNax NPOBOAHUKH HE MPOBEPSIOTCA 110 9KOHOMUYECKOM TUIOT-
HOCTH TOKa?

4. Kakue KOHCTPYKTHUBHBIE MEpbl MOXHO IPEANPUHATH, €CIH KECTKHUE
IIUHBI HE TIPOXOJAT IO IEKTPOAUHAMHYECKOMN CTOMKOCTH?

5. Kakue cnioco6bl ramieHud AyTd NpUMeHAIoTcsa B anmnapaTax 1o 1 KB u
BbILLIE?

6. Kakyto ¢opMy MMeeT IUIaBKasi BCTaBKa B NPEXOXPAHUTEISIX THITOB ITP u
ITH? [na xakoif uesau NpUHATa Takas ¢gopma?

7. KakoBO Ha3HaYeHUE KOHTAKTOPOB U MyCKaTeeii, Y4eM OHU pasiudaorcs?

8. HazoBuTe HJOCTOMHCTBA U HEAOCTATKH O0eCKOHTAKTHBIX KOMMYTAIIMOH-
HBIX allnaparoB.

9. IToueMy pa3beIUHUTENIEM HENb3d OTKIIOUUTDH TOK HAarpy3ku?

10. KakoBo Ha3HaYeHHE Maclia B MACJHSHBIX OAKOBHIX U MaJOMaClSHBIX
BBIKJIIOYATENSIX ?

11. YeM ocylIeCTBISAECTCS rallleHUE OJYTH B BO3AYLIHBIX M 3JIEra30BbIX BbI-
KJTIo4YaTesax?

12. B yeM 3axJ104aloTCd JOCTOMHCTBA BAKYyMHBIX BBIKJIIOYATENICH 110 CpaB-
HEHHIO C MaCISIHBIMH U BO3MYIUHBIMH?

13. B 4eM 3akiio4aeTcsl MOAY/IbHBIH TPUHIIMI TIOCTPOEHUSA BBIKJIIOYATE-
Jieit? JIns KakKux TUIIOB BBIKJIIOUATESICH TIPUMEHAETCS 9TOT NPHHUMI?

14. CKOJIbKO BUTKOB MMEET BTOPMYHAS OOMOTKA OJHOBUTKOBOIO TPaHC-
dopmaropa Toka ¢ koatduiinenroM TpaHchopManuu 600/5?

15. Kak u3MeHSITCA NOrpeniHocTy TpaHchopMaropa Toka, eciid BTOpUY-
Hasl Harpy3ka yBEJIMYUTCS BABOE IO CPABHEHMIO C HOMUHAJIbHOM?

16. TToyeMy B cxeMax KOHTPOJISI M30JISILIMU HeJlb3s1 MPUMEHATH Tpexda3Hble
TpeXCTepXXHEBBIE TpaHChOPMAaTOPBHl HANPSKEHUA?

17. YeM oTauyaiorcs omaHOGa3HBE TPaHCHOPMATOPH HAMNPSIXKEHUSA
3HOM-35 or HOM-35?

18. Kak nocturaercs paBHOMEPHOCTD 3arpy3KHu OTAEIbHBIX 4acTeil 0GMOT-
k1 BH kackagHoro tpaHcgopMaropa HanmpsikKeHUa?

19. Ha xaxue HanpspkeHUsA TIPUMEHSIIOTCS] eMKOCTHBIE TpaHcdhopmaropst HITE?

20. ing Kakoii ueiy IpUMEHSIIOTCS U3MEPHTEIbHbIE Tpeobpa3oBaTenu?



IF'nmasa 5

TJIABHBIE CXEMBI DJIEKTPOCTAHIIUIA
U IIOACTAHIIUN

5.1. O6mue cBeeHMS 0 CXeMaX 3JEKTPOYCTAHOBOK

5.1.1. Buanl cxeM H X Ha3HAYeHHE

Inaenas cxema snexmpuveckux coedunenuli anekmpocmanyuu (noo-
CMAHYUU) — 3M0 COBOKYNHOCMb OCHOBHO20 31eKkmpoodopydoearus (2eHe-
pamopbel, mpanchopmamopst, AUHUL), COOPHBIX WUH, KOMMYMAUUOHHOU U
Opy2oii nepeuyHOU annapamypsl CO 6CeMU GbINOAHEHHbIMU MeXCOy HUMU
8 Hamype COeOUHeHUAMU,

Br16op ri1aBHO# CXEMBI SIBIISIETCS OTIPEEISIONINM TIpH MTPOEKTHPO-
BaHUH 3JeKTPUYECKON YACTH INMEKTPOCTAHIIMHY (ITOACTAHIIMHI), TaK KaK
OH OIpEAENSIeT MOMHBINA COCTAB 3JIEMEHTOB M CBSI3EM MEXIy HUMHU.
BeiOpaHHasa T7iaBHasi cXeMa SBJSAETCS MCXONHOM TPHU COCTaBICHHM
TIPUHITAITMATEHEBIX CXEM IEKTPUUECKUX COCIUHEHMI, CXeM COOCTBEH-
HBIX HYX, CXeM BTOPUYHHIX COeTUHEHWH, MOHTAXXHBIX CXeM H T. ..

Ha gepTexe m1aBHBIE CXeMBI M300PaKAIOTCS B OMHOJMIUHEITHOM HC-
TIOTHEHUU TIPH OTKITIOYEHHOM HONOXEHUM BCEX 3JEMEHTOB YCTAHOB-
KU. B HEKOTOPHIX cIydasx JOIMycKaeTcs M300pakaTh OTACHbHEIE 3Jie-
MEHTHI CXEMHBI B paboyeM TONOXEHHUH.

Bce aieMeHTEI CXeMBI U CBSI3U MEXIY HUIMM N300paXaroTcsl B COOT-
BETCTBUM CO CTaHOAPTAMM €IMHOI CUCTEMBI KOHCTPYKTOPCKOM JTOKY-
menTaiuu (ECKJI).

B ycnoBusix skcIplyaTalluv Hapsiay ¢ MPHHITUNIMAILHOM, TVIaBHOM
CXEeMOIi, IPUMEHSIOTCS YTIPOUICHHBIE ONIEPATUBHEIE CXEMBI,
B KOTOPBIX YKA3BIBAETCS TOJBKO OCHOBHOE 000pynoBaHue. JexypHbIi
MePCOHAN KaXaoH CMEHBI 3aIlOJIHSCT ONEePAaTUBHYIO CXEMY M BHOCHUT
B HEC HEOOXOMUMBIE U3MEHECHHUS B YaCTU TTONOXCHMS BHIKITIOYATEICH
U pa3beIMHUTENCH, TPOUCXOAAIINE BO BPEMS IEKYPCTBA.

IIpu poeKTHPOBAaHUH 3JICKTPOYCTAHOBKM JI0 pa3pabOTKU TJIaBHOIM
CXeMBI COCTaBIISIETCS CTPYKTYPHA CXeMa BbUIAYM JICKTPOIHED-
TMU (MOUIHOCTH), Ha KOTOPOH MOKa3BIBAIOTCS OCHOBHEIC (DYHKITHO-
HaJIBHBIC YaCTH JIEKTPOYCTAaHOBKHU (pacIpeneIuTeIbHBIE YCTPOMCTBA,
TpaHC(HOpPMAaTOphl, TEHEPATOPHI) U CBA3K MeXny HUMU. CTPYKTYpHBIE
CXeMBI CITYXart JUIsl JanbHEeHUHIeH pa3paboTKu GoJiee MOAPOOHBIX U TI0JI-
HBIX IPUHLUTTHAIBHBIX CXEM, a TAKKE JUIS 00HIeT0 O3HAKOMIICHHUS C pa-
00TOl 2JIEKTPOYCTAHOBKH.
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Wi
OR1 QR2
ON1 \i ON2
a TI= TZ-:
110 xB w1
[ N

PHI3-2-110/1000Y1 i:\*;\_{ 3__@01 ) @Qz
I B 10 xB
K1 K2
Riepomne €9
OJI3-1-110/1000Y1 =\~ oK
»—-l\—|||
K3-110YXJ11 l iH\L'mH

OITH-110 —C i

TBT-110 2:

TI{H-16000/110
30H-110M
OITHH-110

TJIM-10-0,5/P-
15003

BMIIS-10-1600-20Y2

10 kB_Y__ K1

]

Puc. 5.1. Buapr cxeM Ha nipuMepe nmoacraHuum 110/10 xB:

a — CTPYKTYPHasi; 6 — YIPOINCHHAsA MPUHUIHUINIUANBHAA; € — IMOJTHAasd MPUHUHITHANb-
HasdA; ¢ — OI¢pPaTHBHasA
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Ha uyeprexax 3THX cXeM (PYHKIIMOHAIbHBIC YAaCTH M300PaXAaiOTCs
B BUIE MIPSIMOYTOJIbHUKOB MJTH YCJIOBHBIX rpadyecKUX U3obpaxkeHUi
{puc. 5.1, a). Hukakoit anmapaTypHl (BBHIKJIOYATENEH, pa3heIMHUTeE -
Jiel, TpaHcopMaToOpoB TOKAa U T.J.) Ha CXeMe HE MOKA3LIBaIOT.

Ha puc. 5.1, 6 mokazaHa IyiaBHasi CXeMa 3TOM XK€ MOACTAaHLMM Oe3
HEKOTOPHIX aIllIapaToB — TPaHC(HOPMATOPOB TOKA, HANpSDKEHUS, pa3-
psanHUKOB. Takasi cxeMa SIRIAETCSI YIIPOIEHHONH NMPUHIUIIHA I b-
HOM CXeMOH 3MeKTpUYeCKUX coeMMHeHN. Ha mosHo# mpuH-
HUUOMalbHONH cxeMme (puc. 5.1, 6) yKa3bIBaIOT BCE armaparsl Iep-
BUYHOM IICTIH, 3a3eMJISIONME HOXH pasheIUHUTENICH U OTACIIATCIIEH,
YKa3bIBAIOT TAKXKE THITHI MpUMEHSIEMBIX allliapaToB. B onmepaTUBHO
cxeMe (puc. 5.1, &) yCIIOBHO TTOKa3aHbl pa3be AMHUTENU U 3a3eMJISTIOIIIE
HOXM. JIeHCTBUTENBHOE TTOOXKECHHUE 3THX alllIapaTtoB (BKIIIOYEHO, OTKITIO-
YEHO) TMOKa3bIBACTCSA HA CXeME JIEXKYPHBIM IIEPCOHATIOM KAXIOW CMEHBI.

Cornmacio I'OCT 2.710—81 6ykBeHHO-1IH(DpOBOEC 0603HAYCHHE B
3JIEKTPUYECKMX CXEMaX COCTOMT M3 TpeX yacTeif: 1-s1 YKaseIBaeT BHIL
37IeMEHTa, 2-9 — €ro MOPSIKOBHIIT HOMED, 3-1 — ero QyHkuuo. Bun
1 HOMeEp SIBJISIIOTCST 00513aTeIbHOM YaCThIO YCIIOBHOIO OYKBEHHO-1IM (D~
pPOBOro 00O3HAUEHMS M JODKHBEI IIPHUCBAUBATBCA BCEM 3JIEMEHTAM M
ycTpolicTBaM obbeKTa. YKazaHue GyHKINM 3ieMeHTa (3-4 yacTb 060-
3HAYeHHA) HeoOA3aTeNbHO.

B 1-if yacTH 3aNMCBHIBAIOT OJHY UJIM HECKONBKO OYKB JIATMHCKOTO
angaBuTa, BO 2-if YaCTW — OJHY WJIM HECKOJIBKO apabCKUX LHUPD,
XapaKTepHU3YIOIIHX TOPSIIKOBEIN HoMep dneMenrTa. Hampumep, OS71 —
pasbeauHuTeNb Ne 1; 02 — Boikmiodatesib Ne 2; QK — CeKIIMOHHBIH
BBIKJTIOYATEND.

B kHure nmpUHATO No3uLIMOHHOE 0Go3HayeHnue mo [OCT 2.710—81
U «YKa3aHUSIM METOIMYECKHUM MEXKOTPACJeBBHIM IO TPUMEHEHUIO
I'OCT ECKI» [5.11].

5.1.2. OcHoBHble TpeGOBaHMSA K INIABHLIM CXEMaM 3JIEKTPOYCTRHOBOK

IIpu BeIOGOpE cXeM 3JIEKTPOYCTAHOBOK JOJDKHBI YUUTHIBATHCS Clie-
ayiomue HakToOphI:

3HQUeHUe U poab IAeKMPOCMAHYUU UAU ROOCMQHYUU 045 SHEP2OCUCTHEMDbL.
DNeKTPOCTAHLIMH, paboTawlMe TapalieIbHO B SHEProcUCTEME, CY-
IECTBEHHO Pa3MYalOTCs 10 CBoeMy HazHadeHuio. OnHu U3 HUX, O6a -
3 U C HBl €, HECYT OCHOBHYIO Harpy3Ky, Apyrue, MU K o B bl €, paboTalorT
HETOJIHBIE CYTKH BO BpPEMS MaKCHMAJIbHBIX Harpy3ok, TpeTbH HECYT
SJIEKTPUYECKYIO HArpy3Ky, ONpeNeisieMyl0 UX TETUIOBEIMM ITOTpeOuTe-
namu (TDII). Pasnoe HasHayeHHE 3JIEKTPOCTAHIIUI OIIpeesieT Lee-
C006pa3HOCTh MPUMEHEHHUS Pa3HBIX CXEM MEKTPHIECKHX COSOTUHEHMIT
JlaXe B TOM cliyyae, KOTAa KOJIMYEeCTBO MMPUCOSTUHEHUH OHO U TO XKe.

TloacraHuUM MOTYT TIpeAHA3HAYATHCS ISl TUTAHUS OTAENBHBIX TI0-
TpeOUTeNCH WK KpYITHOro paifoHa, ISl CBSI3M YacTel SHEProCUCTEMBbI
WIH pa3TMYHbIX SHEProcucteM. PoJib MOACTAHIINI OTIPENEIISIET €€ CXEMY,
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ROA0JCEHUE IACKMPOCMAKUUU Ul NOOCMAHUUU 8 IHepeocucmeMme, Cxe-
Mol U Hanpaxcenus npuseearougux cemed. IIINHBI BHICHIETO HATIPSKEHUS
3JIEKTPOCTAHIIUM M ITOACTAHIIAM MOTYT OBITh Y3JIOBBIMU TOYKaMM JHED-
TOCHUCTEMBI, OCYILECTRIISIS O0BeIUHEHIE Ha MapajUlebHYyI0 paboTy He-
CKOJIBKHX JJICKTpOCTaHIMil. B 3TOM ciydae depe3 MIMHBI [IPOUCXOTUT
TEPETOK MOITHOCTH M3 OTHOM YaCTH SHEPTOCHCTEMBI B IPYTYIO — TPAaH3UT
MoIHocTd. IIpu BEIGOpE CXeM TaKHX JIEKTPOYCTAHOBOK B IEPBYIO OUE-
pelb YYUTHIBAETCS HEOOXOMUMOCTh COXPAHEHHS TPAH3UTa MOIITHOCTH.

IToacTaHLIMK MOTYT OBITH TYIMKOBBIMH, ITPOXOAHBIMH, OTIIACUHEI-
MM; CXEMBI TaKMX IMOACTAHLIMIA OYAYT pa3nMYHbBIMU JAXE IIPU OTHOM U
TOM X€ YHCJIE TpaHCHOPMATOPOB OJJMHAKOBOM MOIIHOCTH.

CxeMBbl pacnpeLycTpoiicTB 6 — 10 KB 3aBUCAT OT CXEM IJIEKTPOCHA0-
KeHUS TToTpeOHTeNei: ITUTaHUS 110 OMUHOYHBIM WU MapajilebHBIM
JIMHUSM, HAJIUYUS PE3CPBHEBIX BBOMOB Y IOTpeOUTENEH U T.II. ;

Kamezopus nompebumeneii no cmeneHu HadeICHOCMU INeKMPOCHAO-
scenus. Bee 251eKTPOIIPUEMHHKH C TOYKM 3peHHs HAACKHOCTH IJIEK-
TPOCHAOXEHUS Pa3feiIAIOT Ha TPH KATETOPHH.

ONeKTPONPHMEMHHUKH | KaTeTropHH — 3NCKTPONIPUCMHU-
KH, TIEpEPHIB 3JIEKTPOCHAOXKEHHUST KOTOPBIX MOXET TIOBJIEYb 32 CO00it
OIACHOCTH ISl XKU3HH JIONCH, 3HAUUTEBHBIN yIiepOd HapOTHOMY XO-
3STHCTBY, MOBpEXIEHUE NOPOTOCTOSIIETO OCHOBHOTO 0OOOPYMOBaHUS,
MacCOBBIi OpakK MPOAYKIIMH, PACCTPONUCTRO CIOXHOTO TEXHONIOTHYEC-
KOTO IIpoliecca, HapylleHre QYHKIIMOHMPOBAHUS OCOD0 BaXXHBIX 271€-
MEHTOB KOMMYHAJIBHOTO XO3sIIICTBa.

M3 cocraBa 37eKTPONIPHEMHHKOB | XaTeropuu BBUIENSIETCS O C O-
0as rpymnma 3J¢KTpONpHeEMHHKO B, becriepeboiiHasa padora
KOTOpBIX HeoOXomuMa Juts Oe3aBapHifHOrO OCTAHOBA ITPOU3BOICTBA C Lie-
JIBIO TIPEAOTBpAIlleHUs YTPO3bl XXKU3HHU JIONEH, B3PHIBOB, MOXAPOB U
MOBPEXICHUA AOPOTOCTOSIIIETO 000PYIOBAHUS.

DnexTponpueMHUKHU | KaTeropuu HOJKHBI 00€CIeYMBaTLCS MTUTA-
HHEM OT JABYX HE3aBUCHMBIX MCTOYHHKOB ITMTaHUSA, MepephiB JOITyC-
KaeTcsl JIMIIb Ha BpeMs aBTOMAaTUYECKOTO BOCCTAHOBJICHUS MUTAHUS.

Hnst smexTpocHaOXeHUsT 0co0oii TPYNNB 3JCKTPOIIPUEMHHKOB
I KaTeropuu MpegycMaTpHBAETCS MOMOJIHUTENBHOE MUTAHUE OT Tpe-
THETO HE3aBHCHMOTO UCTOYHHKA MUTaHUA. He3aBUCUMBIMHU MCTOYHH-
KaMH ITUTAHUSA MOTYT OBITb MECTHBIC 3JIEKTPOCTAHLIMM, NEKTPOCTAH-
LIMA 3HEPTOCHCTEM, CIELMATbHBIE arperatbl OecriepeGoMHOro MmuTa-
HHSI, aKKyMYJIATOPHbIE OaTapeH  T.II.

OnexTponpueMHUKH Il KaTeropuu — 3J€KTPONpPHUEM-
HUKH, NEPEPHIB INEKTPOCHAOKEHHS KOTOPBIX MPUBOIUT K MaCCOBOMY
HEMOOTIYCKY MPOIYKIIMH, MAaCCOBBIM MPOCTOSIM pabOuUX MEXaHU3MOB
M MPOMBIIUIEHHOTO TPaHCIIOPTa, HAPYUICHHIO HOPMAJILHOM JesITeNb-
HOCTH 3HAYMTEJILHOTO KOJIMUYECTBA TOPOACKHUX U CEIBLCKUX KUTENEH.
OTH 3JIEKTPOIPUEMHHNKU PEKOMEHIYETCSI 00eCIIeYMBATh ITIUTAHUEM OT
JIBYX HE3aBUCHUMBIX HCTOUHHKOB, B3aMMHO Pe3epBUPYIOIIUX APYT IpYy-
ra, IS HUX JOIyCTUMBI IIEPEPBIBBI HA BpeMsl, HEOOXOAMMOE ST BKITIO-
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YeHUs Pe3epPBHOTO NUTAHUSA ACHCTBUSIMM JEKYPHOTO MepcoHaNa WK
BBIE3IHOW OTTEpaTUBHOM OpUranpl.

HomyckaeTtcss muTaHue 3aeKTponpueMHUKOB I KaTteropuu mo ox-
HOM BO3AYIIHOM JIMHUM, €CJIU 00ecIieyeHa BO3MOXHOCTb ITPOBEAEHUS
aBapMHHOTO PEMOHTA 3TOM JUHUM 3a BpeMs He 6ojee 1 cyr. Homycka-
eTCs TTUTaHUE MO ONHOU KabelbHON TUHUM, COCTOSIIEH He MeHee YeM
13 IBYX Kabeneli, IprcoeTMHEHHBIX K OQHOMY 0011IeMy ammapaty. ITpu
HAJTMYUU HEHTPAIM30BAHHOTO pe3epBa TPaHCGHOPMATOPOB U BO3ZMOX-
HOCTH 3aMEHBI IIOBPeIUBLIETOCs TpaHchopMaTopa 3a BpeMsl He Oojiee
1 cyT momyckaeTrcs MUTaHue OT OMHOTro TpaHchopMaTopa.

DnextponpueMHuKHU III KaTeropuu — Bce OCTalbHHIE
3JIEKTPOIIPUEMHUKH, He MOoIXoAsaiuue mog onpenenesus I u II kare-
TOpHH.

Tt 3TUX 37IEKTPONIPUEMHHUKOB 3JIEKTPOCHA0XEHNE MOXET BBITIOJN -
HATBHCH OT OJHOTO MCTOYHMKA IUTAHUS IIPU YCIOBUH, UTO MEPEPLIBLI
3JICKTPOCHAOXKEHUST, HCOOXOAUMBIC IS PEMOHTA M 3aMEHBI MOBPEX-
JEHHOTO 3JIEMEHTA CUCTEMBI 3JIEKTPOCHAOXKEHUS, HE IIPEBHIIIAIOT 1 CYT.

Ilepcnexmuea pacuuperus u RPOMeXCYmMoyHble SManbl PA3gUmus 31ex-
mpocmanyuu, nodcmanyuu u npuieearouiezo ynacmia cemu. CxeMa 1 KOM-
TIOHOBKA PaCIIpeIe/IUTEIHHOTO YCTPOICTEA JODKHEI BRIOUPATHCS C yUe-
TOM BO3MOXHOTO YBETMUEHUs KOJUIECTBA IIPUCOCIUHEHUI MPH pas-
BUTHU 3HEpTocucTeMBL. [TOCKONMBKY CTPOUTEIHCTBO KPYITHBIX 3JICKTPO-
CTAaHLMN BeIETCST ouepensiMU, TO IPU BLIOOPE CXEMBI 3JIEKTPOYCTAHOB-
KU YYUTBHIBAETCS KOJTMUECCTBO arperaToB U JIMHHWMI, BBOAUMBIX B IIEPBYIO,
BTOPYIO, TPETBIO OUYEepEAN U MPU OKOHYATEJIBHOM €€ Pa3sBUTHU.

st BEIOOpa CXeMBI BaXXKHO YYECTb KOJHYECTBO JIMHMIM BBICIIETO U
CpEIHETO HAIPSDKEHUS, CTEIICHb UX OTBETCTBEHHOCTH, ITO3TOMY Ha pas-
JIMYHBIX 3Talax pa3BUTHSI IHEPTOCHCTEMEI CXeMa MOXKeET OBITh pa3HOii.

TToaTammHOE pa3BUTHE CXEMBI pacIlpeICIUTEILHOTO YCTPOHCTBA IIEK-
TPOCTaHIIUM WJIU TIOACTAHLIMM HE JOJI)KHO COMPOBOXAATHCS KOPEHHEI-
MM IepeleaKaMy. DTO BO3MOXHO JIUIIb B TOM CJIy4yae, KOTaa IpHU BEI-
0Ope CXeMBI YYUTHIBAIOTCST IICPCIICKTUBHI €¢ Pa3BUTHUSI.

I1pu BEIGOPE CXEM 3JIEKTPOYCTAHOBOK YYMTHIBACTCST TOITYCTUMBIH ypo-
BeHh TOKOB K3. TIpu HeOOXOMUMMOCTH pEIIAIOTCA BOIIPOCH CEKIIMOHH-
POBaHUs CeTel, IeieHUs] DJIeKTPOYCTAHOBKHY HA HE3aBUCHUMO paboTaro-
LUME YACTH, YCTAHOBKM CIICHMAIBHBIX TOKOOTPAHUYMBAIOIIX YCTPOMCTB.

M3 coxxHOTO KOMILIEKCA MPEABSIBISIEMBIX YCJIOBUIA, BIUAIONIMX Ha
BBIOOp TJIaBHOI CXEMBI 3JICKTPOYCTAHOBKH, MOXHO BBIIEIUTL OCHOB-
HbI¢ TPeOOBAHUS K CXEMaM:

HameXHOCTh 3JIEKTPOCHA0XEeHUS MOoTpeduTeeii;

[IPUCIIOCOOJIEHHOCTh K TIPOBEICHUIO PEMOHTHBIX pabor;

OIlepaTHBHASI THOKOCTh 3JIEKTPUYECKOMN CXEMBI;

SKOHOMMYECKAs 11eJIeCO00Pa3HOCTD.

HaneXHocTb — CBOHCTBO 3/MEKTPOYCTAHOBKH, YJacTKa 3JIEKTPU-
YECKOU CeTH WM SHEePTOCUCTEMEI B I1eJIOM 0bGecITeunTh OecrnepeboitHoe
5JIEKTPOCHAOXEHNE MOTpeOUTENIEH 3JIeKTPOIHEprueid HOPMUPOBAHHO-~
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ro kauectsa. IloBpexnaeHne o00pyIOBaHUs B 1000 YacTH CXEMBI IO
BO3MOXHOCTH HE JOJDKHO HapyLIaTh 2JIEKTPOCHA0XKEeHIE, BBIIATY JEK-
TPOSHEPTUH B DHEPTOCUCTEMY, TPAH3UT MOIITHOCTH uepe3 unMHHL. Ha-
JIEXHOCTb CXEMBI JOJDKHA COOTBETCTBOBATEL XapakKTepy (KaTeropuu) Io-
TpeOUTENECi, MOJIYJAIOIIUX IMTUTaHHE OT JAHHOM 3JICKTPOYCTaHOBKU.
HanexXHocTh MOXHO OIIEHMTh YaCTOTOM M MPOIODKUTENIBHOCTHIO Ha-
pYILIEHUS SJEKTPOCHAOXEHU TMOTPEOUTENIe M OTHOCHUTEIIBHBIM aBa-
PUIHBIM pe3epBOM, KOTOPBIA HEOOXOINUM JUIsT 00eCTIeYeHUS 3aMaHHOTO
YpOBHsI 0¢3aBapuiiHOIT pabOTH SHEPTOCUCTEMEI U €€ OTHCABHBIX Y3JIOB.
IIpucmoCcOBMIEeHHOCTL 3JACKTPOYCTAHOBKHU K IIpPOBe-
JTEHHWIO pEeMOHTOB OMPEAC/SICTCS BO3MOXHOCTEIO ITPOBEICHHUS pe-
MOHTOB 0€3 HapyIleHH WU OrpaHW4YeHUS SMEKTPOCHAOXKEHUS MOTpe-
outeneii. ECTh CXeMBI, B KOTOPEIX [UII pEMOHTA BBIKJTIOUATENST HAIO OT-
KJII09aTh JJaHHOE MPUCOEAMHEHYE Ha BCE BpeMsI pEMOHTA; B IPYTHUX CXE-
Max TpebyeTcs UMb BpeMEHHOE OTKIIOYEHUE OTACBHBIX IIPUCOESIMHE-
HUH U1 CO3AHUS CIIEUAILHON PEMOHTHOM CXEMBI; B TPETHUX — pe-
MOHT BBIKJTIOUATEIIS IIPOU3BOIUTCS 6€3 HAPYLUEHHUS SJICKTPOCHA0XEHUS
Jlaxe Ha KOpOTKMi cpokK. Takum o6pasoM, MPUCTIOCOOJIEHHOCTD IS TIPO-
BEIACHUSI PEMOHTOB PacCMaTPUBaeMOM CXeMbI MOXKHO OLICHUTDh KOJIUYEC-
CTBEHHO YaCTOTOH W CPEeIHEH NPOAOIKUTEILHOCTRIO OTKIIOYCHUH M0~
TpeOUTeNCi M1 UICTOYHUKOB MTUATAHUS I PEMOHTOB 000pYIOBaHHUS.
OnepatuBHas THOKOCTh DJEKTPUUYECKON CXEMBI OM-
penensieTcs ee MPUCTIOCOOICHHOCTBIO ISl CO3IaHUST HEOOXOIMMBIX 9KC-
TUTYaTalliOHHBIX PEXXHUMOB M IPOBEACHUS ONEPATUBHBIX IEPEKITIOYCHUM.
HauOosplirast orneparuBHasi THOKOCTb CXEMBI 00€CIIEYUBAETCSI, ECITU
OIEepaTUBHBIE TICPEKITIOYCHMUA B HE MPOU3BOASITCSA BBIKIIOUATEISIMU
WIM IPYTUMH KOMMYTAIIMOHHBIMM arliapaTaMM ¢ JTUCTaHITMOHHBIM
NpuBOAOM. ECITH BCe onepalivii OCYyLIECTRIBIIOTCS AUCTAHIIMOHHO, a el
JIy4ille CPeICTBaMM aBTOMATHUKH, TO JIMKBUIALIMS aBapUHHOTO COCTOS-
HUA 3HAYMTEIBHO YCKOPSIETCS.
OnepatuBHasi TUOKOCThL OLICHUBACTCS KOJIMYECTBOM, CIOXHOCTBIO
M TIPONOJDKUTENLHOCTBIO OTIEPATUBHBIX TIEPEKITIOYCHU.
DKOHOMHUYECKAS eNecCo00pPa3HOCTh CXEMH OLEHU-
BacTCsl TIPUBEACHHBIMHM 3aTpaTaMM, BKIIIOYAIOIIMMM B CeOs1 3aTpaThl
Ha COOPYXE€HHE YCTAHOBKM — KAITUTAIOBIOXEHUS, €€ SKCIUTYyaTallUIO
M BO3MOXHBIH yIlepO OoT HapyllleHUs 2JIeKTpocHabxeHus1. IloapobHo
METOAMKA IOJCYETA NIPUBEACHHBIX 3aTpaT M3JIOXECHA HUXKE.

5.1.3. CTpykTypHble CXeMbl 3JeKTPOCTAHIMIA B MOJACTAHIAA

CrpykTypHasi /IeKTpHYeCKas CXeMa 3aBUCHT OT COCTaBa 000pyAO-
BaHMs (YMcja TeHEpaTOpOB, TpaHCHOPMATOPOB), pacIpeneacHUs Te-
HepaTOpPOB M HArpy3KH MEXIy PaclpeAc/IUTENIBHBIMU YCTPOMCTBAMM
pa3HOTO HANIPSDKEHUSA M CBA3H MEXIy STUMH PY.

Ha puc. 5.2 nokasaHsl cTpyKrypHbIe cxeMbl TOH. Ecau TOU co-
opyXaeTcs BOMU3U ToTpebuteneil aiekTposueprun U=6—10 kB, To
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Puc. 5.2. CrpyxrypHbie cxemul T

HEOOXOIMMO MMETh paclpeleNIMTEIbHOEC YCTPONHCTBO T'€HEPATOPHOIO
Hanpskeaust (I'PY). KonndecTBo reHepaTopoB, NMPUCOETUHSIEMBIX
k I'PY, 3aBucur ot Harpy3ku 6 — 10 kB. Ha puc. 5.2, g nBa reHepaTopa
npucoeauHensl K I'PY, a omuH, Kak mpaBuio, 6ojee MOIIHBINA, —
K pacnpeaennTeIbHOMY YCTPOMCTBY BBICOKOrO Hampsixxeuus (PY BH).
JImaun 110— 220 kB, nmpucoenmHeHHEBIE K 3TOMY PY, ocylecTsisioT
CBSI3b C 9HEPTOCUCTEMOIA.

Ecmm BOm3u TOL nmpenycMaTpUBaeTCsl COOPY:KEHHE SHEPTOEMKUX
IPOM3BOJCTB, TO IIMTAHHNE HX MOXET OcyIUecTRIITECs Mo BJI 35— 110 xB.
B atoMm cnyyae Ha TOLI npegycMarpuBaeTcst paclpeaeauTeILHOE YCT-
poiicTBo cpeaHero Hanpsckenus (PY CH) (cum. puc. 5.2, 6). CBs3b MEX-
ny PY pasHOro Hampscke€HMST OCYLIECTBIISIETCST € TTIOMOLIBIO TPEXOOMO-
TOYHBIX TPAaHC(HOPMATOPOB WK AaBTOTPAHC(HOPMATOPOB.

[Ipu HesHauuTenbHOM Harpyske (6 — 10 kB) memecooGpasHo 6J104-
HOE coeANHeHNE TeHeEPATOPOB C MOBHIIIAIOIIMMHU TpaHC(hOopMaTopaMu
0c3 MmorepeyHoil CBSI3M HAa TeHEpaTOPHOM HAMpPSDKEHHUH, YTO YMEHb-
mwaeT Toku K3 1 mo3sosisieT BMecTo goporocrosiuiero I'PY npuMeHUTD
KOMILIEKTHOe PY mnsg mpucoemuHeHUs rnoTpeGureineit 6 —10 xB
(cM. puc. 5.2, ). MonrHsle 3Hepro6moku 100—250 MBT npucoeau-
HstoTed K PY BH 6e3 ormaitkn sl mUTaHUs NOTpeOUTENEH.

Ha puc. 5.3 mokasaHbl CTPYKTYPHBIE CXEMBI 3JIEKTPOCTAHIINM C Mpe-
HMYIIECTBEHHEBIM pacrpeeieHueM 3JIEKTPOSHEPTUY Ha ITOBHILIEHHOM
HanpsxeHun (KOC, 'DC, ABC). OtcyrcTBUe MOTpeOuTeNel BOIN3HT
TaKHX 3NMEKTPOCTAHIMI IMO3BOMISIET 0TKa3aTthkest oT I PY. Bee reHeparo-
PHl COENMHSIIOTCS B OJIOKM ¢ IOBBIMIAIONIMMU TpaHC(HOpPMaTOpaMu.
ITonpo6GHO cxeMbl OJI0KOB reHepaTop — TpaHc¢hopMaTop paccMaTpu-
BaloTCA B onpasa. 5.4.2. [apanmnensHast paboTa GI0KOB OCYILECTBIISICT-
csl Ha BBICOKOM HANpsSKEHWH, TAE MpEAyCMaTpUBaeTCs paclipeiesin-
TEJIbHOE YCTPOMCTBO (cM. puc. 5.3, a).

Ecam a1ekTposHeprusl BEIJAETCS Ha BBICIIEM U CpEIHEM HAIpsDKe-
HUM, TO CBA3b MeXIy PY ocylnecTsisieTcs aBTOTpaHC(HOPMaToOpOM CBI3H
(cM. puc. 5.3, 6) wm aBToTpaHCHOPMATOPOM, YCTAHOBJICHHOM B OJIO-
K€ C reHepaTopoM (cM. puc. 5.3, 8).
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Puc. 5.4. CTpyKTypHBbI€ CXeMBI MOACTAHIU I

Ha puc. 5.4 noka3aHbl CTPYKTYPHBIE CXeMblI TogcTaHuuit. Ha nmon-
CTaHITUM ¢ IBYXOOMOTOYHBIMM TpaHcopmaTopamu (cM. puc. 5.4, a)
3JIEKTPORHEPIHSL OT S3HEProCcCUCTeMEI ITocTytaeT B PY BH, 3aTem TpaHc-
dopmupyeTCsa U pacTipenenseTcs Mexny rmorpedurensmu B PY HH. Ha
V3JIOBBIX TIOACTAHIMAX OCYIIIECTBIISETCS CBI3b MEXIY OTIAEIbHBIMU Ya-
CTIMU 3HEProCUCTEMBI U IIMTAHHE IOTpeOuTeNe (cM. puc. 5.4, 6). Bos-
MOXHO COOpPYXEHHe TIOACTAaHIMI ¢ mByMsl PY cpemHero Hampsoke-
Husa, PY BH u PY HH. Ha takux moacTaHIMsIX yCTaHABIMBAIOT JBa
aBTroTpaHchopMaTopa U 1Ba TpaHchopMmaropa (cM. puc. 5.4, 6).

Bre16op TO# WM MHOU CTPYKTYPHOHM CXEMBI 3JIEKTPOCTAHLIMK WIX
TIOJCTAHITUM TIPOU3BOIUTCS Ha OCHOBAHUM TEXHUKO-3KOHOMUYECKOTO
CpaBHEHMS OBYX-TpPEX BApUAHTOB, IS YETO B MEPBYIO ouepelb HEOO-
XOIMMO BBIOPATh KOJUYECTBO U MOIMHOCTh TPAaHCHOPMATOpOB (aBTO-
TpaHchOPMATOPOB).

5.1.4. Brifop yncia u MomHOCTH TpaHc(popMaTopoB cBa3H Ha TOI]

Ha snexrpocraHIMsIX, UIMEOIINX IMHEI TeHEPATOPHOrO HaIIpsDKe-
HMSA, TIPEAYCMATPUBAETCs YCTAHOBKA TPAHC(HOPMATOPOB TSI CBI3H 3THX
IUMH C IUMHAMM TTOBBIILIEHHOrO HANpsSKeHUs . Takas CBsSI3b HEOOXOMHU-
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Ma JIJISL BEIIAYM M30OBITOYHOM MOIIHOCTH B 9HEPTOCUCTEMY B HOPMAJIb-
HOM peXHUMe, Koria paboTaioT BCE TEHEepaTOpEl, U JUIS Pe3epBUPOBA-
HUs MUTaHUs HATPY30K HA HaNpspKeHUH 6 — 10 kB TIpH IIaHOBOM MITH
aBapUMHOM OTKJIIOYEHHH OXHOIO TeHeparopa.

HQucao mparcgopmamopog cés3u 0bbiuHO He npesbiulaem 08yX U 8biou-
paemcs u3 caedyiouux coobpaxceHuil.

I1pu Tpex nmm Oonee cekuusx cOopHbIX muH ['PY ycraHapmuBaioT-
cs1 ABa TpaHchopMaTopa CBs3U. DTO MO3BOJISIET CO30aTh CHMMETPHY-
HYIO CXEMY M YMEHBIINTE MIEPETOKH MOIIHOCTH MEXIY CEKLIMSIMH IIPH
OTKJIIOYEHHH OJHOTO TeHepaTopa.

Onun tpaHchopMmaTtop cesi3u I'PY ¢ PY BeIcOKOro HampskeHUst
MOXET OBITh YCTAaHOBJICH, eciM Ha TOIl oguH UMM IBa TeHepaTopa,
HaIpUMep IS TIepBOI odepeny CTaHIIUM.

Tpancghopmamopui ces3u 0oaxCHbE 06echeuums gbl0auy 6 FIHEPLOCUCMEMY
acell aKmueHoU U peaxmueHol MOUWHOCMU 2eHepamopoe 3a 8biUemoM Ha-
2PY30K COBCMBEHHBIX HYHCO U HA2PY30K PACHPedealtmensHoe0 yCmpolicmea
2EHEPAMOPHO20 HANPANCEHUS 8 NepUOd MUHUMYMQ HA2PY3KU, a4 makKice
guidauy 6 cemov QKMUGHOU MOWHOCMU, 8bIpAbAMbBIBAEMOLE O MENA08OMY
epaguxy 6 nepabouue onu [5.1].

MorHocTh TpaHC(hOPMATOPOB CBSI3H BHLIOHpAETCS ¢ YUETOM BO3-
MOXHOCTH ITUTaHUsI MOTpeOUTENEH B IETHHIT ITepHoJ, KOTraa IIpH CHU-
KEHHUM TEIUIOBBIX HATPY30K MOXET IIOTpeGOBaThCsl OCTAHOBKA TEILIO-
(bMKaITMOHHBIX arperatoB. Takke YUUTHIBAETCS HEOOXOIUMOCTD pe3ep-
BUPOBaHMS IIMTAHHS HArpy30K B IIEPHOA MaKCHMMYMa TIpH BBIXOIE U3
CTposi HauboJee MOIIHOTO reHepaTopa, pucoenuHeHHoro Kk I'PY [5.1].

MoiHocTh, nepenaBaeMasi 4epe3 TpaHc(opMarop, OompeensieTcst
C YYETOM DPa3IMYHBEIX 3HAYCHHUH COS(Q IeHepaTopoB, HATPY3KH M TIO-
TpeOHTEIEH COBCTBEHHBIX HYXI:

Spet = (OB ~Po- P +(30 -0 -0}, G.D)

rae ZPD ZQr — CYMMapHEBI€ aKTHBHAasl U peaKTHBHASI MOIIIHOCTH Te-
HepaTopoB, NIPUCOEIMHEHHBIX K COOpHBIM 1iMHaM; P, O, — aKTHuB-
Hasg U peaKTHUBHasi HArpy3KW Ha TeHepaTOpPHOM HaIlpsLKeHMH; P .,
Q. — aKTHUBHas U pPeaKTHBHAsl HArpy3KW COOCTBEHHBIX HYXII.

TlepenaBaeMast yepe3 TpaHchopMaTOp CBA3M MOIIHOCTL U3MEHSIET-
Cs B 3aBHCHMOCTH OT peXHMa pabGoTel IeHepaTopoB M rpaduka Ha-
I'PY3KHU TTOTpebuTenei. Ty MOITHOCTL MOXHO OTIpEIEIUTDL Ha OCHOBA-
HUH CYTOYHOTO T'padUKa BHIPabOTKH MOIIHOCTH IréHepaTopaMu U Ipa-
(bukoB Harpy3ku norpedbuteneit u coocTBeHHEIX HyXn TOII. Ilpu ot-
CYTCTBUM TaKHX I'padMKOB OIpeAeNsSIOT MOLIHOCTD, IepeaaBacMylo
yepe3 TpaHchOpPMATOp, B TPEX PEXUMAaX. B pPeXUME MHHHMAIBLHBIX
Harpy3ok, noactasnss B dopmyine (5.1) Py min, Ou min, HAXOIAT S pcu;
B peXuUMe MaKCUMANbHBIX HArpy30K (Py max, On max) HAXOOAT Sppace;
B aBapMItHOM peXXUMe MPU OTKIIOYEeHNH CaMOro MOIIHOro reHepaTopa
(M3MeHsIeTCST BEJTMYMHA ZE‘sZQf ) HaxomAT Sypacy-
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Ilo HauGonkleil pacyEeTHOW HArpys3Ke OINPEIECHsi€TCS MOILIHOCTD
TpaHcdopMaTopoB CBsA3U. IIpu ycTaHOBKe ABYX TpaHC(HOPMATOPOB

ST > Spact{max , (52)
kl'll‘
rae Ky — Ko3hGHUIIUEHT ACIYCTUMOI IIeperpy3Ku TpaHchopMaropa
(cm. mompa3zn. 2.2.5).

Kaxk 6b110 0TMEYEHO BhILIE, TpaHC(HOPMATOPEL CBS3M MOIYT pabo-
TaTh KaK ITOBHIAIOLINE B PEXKUME BBIIAYM MOLIHOCTH B HEPTOCUCTE-
MY M KaK MOHMXAIOLIKE MPU Mepenade MOLIHOCTH U3 9HEPTOCHCTEMBI.
PeBepcuBHas paboTa BEI3BIBACT HEOGXONUMOCTh IIPUMEHEHHUS TPaHC-
(opMaToOpoOR ¢ PeryTUPOBAHUEM HAINPSKEHUS T10J] HATPY3KOi.

TpaHcdopMaTopsl MOTYT OBITH TPEXOOMOTOUHBIMH, ecJiM Ha TOLI,
KpoMe Harpy3ok 6 — 10 kB, mMerotcs Harpy3ki Ha 35 KB (cM. puc. 5.2, 6).
MOIIHOCTE TakMX TpaHchOpMaTOPOB BEIOMPAIOT IO HauboJjee 3arpy-
KeHHOI1 00OMOTKe, YIUTHIBAS IIEPETOKU B TPEX PACCMOTPEHHBIX BHILIE
pexmMax.

Jns KaxXIoro coueTaHUsI HaIlpsDKeHMIM YCTaHABIWBAETCsI, KaK IIpa-
BWJIO, ABa TPEXOOMOTOYHBIX TpaHcGOpMaTopa WU aBTOoTpaHchopMa-
Topa [5.1].

5.1.5. Boioop 9scia ¥ MOUIHOCTH TPAHC(OPMATOPOB CBA3M
Ha KOC, I'OC n ADC

Ha mownsix KOC, I'DC u ADC BBIIaua 3J1eKTPOIHEPTHH B SHEPIO-
CHCTEMY ITPOMCXOJUT Ha JIBYX, 4 MHOTAA Ha TpeX MOBHIIIEHHBIX Ha-
npsckeHUsX (CM. puc. 5.3, 6, 6).

CBs3b MeXKIy paclpeiICTUTENBHBIMH YCTPOMCTBAMU PA3HOTO HaIIps-
KEHHUS OCYIIECTBIISIETCS OOBIMHO ¢ ITOMOIIBIO aBTOTPAaHC(HOPMATOPOB,
MPUMEHEHHE KOTOPBIX OOYCITOBIEHO PANOM IPEUMYILECTB, PACCMOT-
PEHHBIX paHee (cM. roapasi. 2.2).

Mowrocme asmomparcgopmamopoe evibupaemcs no MaKCUMAAbHOMY
nepemoxy mexcoy pacnpeceaumensHsiMu YCmpoLicmeamuy 6bicluezo U cpedHe-
20 HANPAXCEHUA, KOMOpPblli onpedensiemcs no Haubonee MAHCEAOMY PEHCUM).
PacueTHBIM pexXUMOM MOXET OBITH BbIIaya MOLIHOCTH U3 PY cpemHero
HalpsokeHuA B PY BBICIIETO HaIlpsoKeHHSI, MMEIOIHETO CBA3b C SHEPro-
cucreMoit. ITpu 3TOM HEOOXOMMMO YYUTHIBATE B PaCYCTe MUHMMATTBHYIO
Harpy3Ky Ha mHax CH. Bonee TsokeTbIM MOXeT 0Ka3aThCs pEXKUM Iepe-
Jlauu MOITHOCTH U3 PY BBICIIETO HanpstKeHUs1 B PY cpemtero Harpsoke-
HUS TIPU MAKCUMANBHOM Harpy3ke Ha miMHax CH ¥ OTKITIOYEHUH OAHOTO
M3 3HEepProOJIOKOB, TTPUCOCAMHEHHBIX K 3THM IIIMHAM.

Yucno aBToTpaHCGHOPMATOPOB CBSI3H OIPEACIISIETCS CXEMOIT IpIie-
TaloIIETo paifoHa SHEProCUCTeMBI. [1pu HamIpM JOTIOTHUTEILHBIX CBI3CH
MEXIY JIMHUSIMHM BBICIIETO Y CPEIHETO HANpPSDKeHUS B SHEPTOCUCTEME
Ha 2JIEKTPOCTAaHIIHU MOXET OBITH YCTAHOBJIEH OJUH aBTOTpaHchopMa-
TOP, 2 B HEKOTOPHIX CJIy4asix BO3MOXEH OTKAa3 OT YCTAHOBKH aBTOTPaHC-
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(opmartopa cBs3M. I1pH TaKOM pellleHUH yIpolIaeTcss KOHCTPYKImsA PY
M yMeHbLIaTcst TOKM K3 Ha IIMHAX BRICIIETO U CPEAHErO HATIPSDKEHNIS.
Ecnu cBsi3eit MeXay JTMHUAMHU BBEICHIETO U CpeIHETO HATIPSKEHHS
B TIpMJIEralolleM paoHe 3HEPrOCHCTEMEI HET, TO YCTaHABIMBAIOTCSH
JIBa aBTOTpaHCcpoOpMaTopa.
IlepeTok MOIIHOCTH 4yepe3 aBTOTpaHCGOPMATOPHI CBI3M ONMpeje-
JISIeTCS BBIpaXeHUeM

Spacq :\/(ZR‘_P(:.H_PC)2+(ZQr—Qc.H_QC)Za (53)

rae ZR,ZQr — aKTHUBHAasl U PEAKTMBHAs MOUIHOCTH T€HEPATOPOB,
TIPUCOEANHEHHBIX K UIMHAM CpeAHero HanpskeHud; P, ., Q. — aK-
THUBHAasl U pPCAKTHBHAs HArpy3KU COOCTBEHHBIX HYXI OJIOKOB, TIpH-
coenuHeHHBIX K mMHaM CH; Pc, Q- — aKTHUBHasg M peakTHBHas Ha-
rpy3ku Ha mrHax CH.

PacyeTHass MOILHOCThL ONpeAEasieTcd VISl TpeX PeXUMOB: MaKCH-
MaJibHasi, MUHUMaJIbHas Harpy3ka CH u oTKmoueHne 3HeproGoka,
npucoequHeHHoro K muHaM CH mpy MakCUManmbHOW HArpysKe I10-
Tpebureneii. I1o HaubomblIeH pacyeTHOM MOIITHOCTH BHIOUpaeTCss HO-
MUMHaJIbHag MOIITHOCTE aBTOTpaHcdopmMartopa 1o ¢popmyne (5.2) ¢ yue-
TOM JOIYCTUMO Meperpy3Ku.

Boamoxcna yemanoexa asmomparichopmamopoe 6 bnoke ¢ 2enepamo-
pom (cm. puc. 5.3, 8). B amom cayuae mowpocms agmompancgopmamopa
eblbupaemes ¢ yuemom Kospguyuenma munogoii mowrocmu. I3BecTHO,
YTO 0OMOTKA HU3IIETO HATIPSDKEHMS] pACCYMUTHIBACTCST HA TUIIOBYIO MOIII-
HOCTb aBTOTpaHchopMaTopa:

SHH = Sﬂm = KTHHSHOM’ (54)

rae Syow — HOMUHANBHASA MOIIHOCTE aBTOTpaHchopMaropa Mo Kara-
nory; K., — K03 OUIKeHT TUTIOBOH MOUTHOCTH (CM. monpasm, 2.2).

Tak Kak 0OMOTKA HUM3IIETO HaNPSKeHUS JOJKHA ObITh pacCUMTaHa
Ha TIOJIHYIO MOLIHOCTh T€HEepaTropa, TO

SrS SHH= KrunSHom (55)
OTKyIa g
Sy = =2
K. (5.6)

Koaddumment K, 3aBucuT oT KoadduimeHra tpaHchopMaiiumu
apToTpaHchopMaTopa ngc (bopmyina (2.11)) u HaxomUTCA B Tpemenax
0,33—0,667.

CoOTBeTCTBEHHO MOIIIHOCT aBTOTpaHc(opMaTopa B OJIOKe C TeHe-
pPaTOPOM COCTABJISET:

SH0M=(3 - laS)Sr

YBenuyeHUe MOIIHOCTH aBTOTpaHC(hOpMaTopa MpH YCTAHOBKE €ro
B OJIOKE ¢ reHepaTopoM CHHXaeT 3(pdeKTHUBHOCTh MPUMEHEHHUS CXe-
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MBI CBSI3H, TOKa3aHHOI Ha puc. 5.3, 6. B 3101 cxeMme aBTOoTpaHCchOpMa-
Top paboOTaeT B KOMOMHHUPOBAHHOM peXUME, T.€. MepPeNacT JIEKTPO-
SHEPTHUIO CO CTOPOHHI HU3IIETO HATIPSKECHUS Ha CTOPOHY BEICIIETO
WIK CpeIHETrO HANPSKEHUS U OCYILECTBIISET IEPeToK MexXay PY cpen-
HETO ¥ BBICIIETO HAaNpsxeHUs:. KoMOMHUpOBaHHEIE PEXUMBI TPEOYIOT
CTPOTOro KOHTPOJIS 3arpy3ki 0OMOTOK (CM. moapasi. 2.2).

OKoHYaTeMbHBIN BEIOOP TOTO MJIM MHOI'O CIOCO0a IMPUCOCTNHEHUS
aBTOTpaHC(HOPMATOPOB JOLXEH OBHITh 0OOCHOBAH TEXHHKO-3KOHOMM-
YECKHUM pacyeTOM.

5.1.6. Bpioop unciIa M MOIMHOCTH TPaHcGOPMATOPOB HA NMOACTAHIIHH

Haubonee wacmo na nodcmanyusx ycmanasausaiom 0ea mpaucgop-
mamopa usu asmompancgopmamopa. B 3ToM ciayyae npu IpaBIIBHOM
BBIOOPE MOIIHOCTH TPaHC(HOPMATOPOB 00ECIIEYNBAETCS HAZEXKHOE JIEK-
TPOCHAOXeHHE MOTPEOUTENEH JaXkKe MPH aBapUHOM OTKJIIOYEHHH OJI-
HOTO U3 HHX.

Ha gByxTpaHchopMaTOpHBIX MOJACTAHIIUSIX B MIEPBBIC TOIBI 3KCILUTY-
aTallMM, KOTJAa Harpy3ka HE JOCTUIJIa pacyeTHOU, BO3MOXHA yCTa-
HOBKa OJHOTO TpaHchopMaropa. B TeyeHue aTOr0 nepruona HeoOXomu-
MO 00€CIIEYUTD PE3CPBUPOBAHUE JICKTPOCHAOXEHHS MOTPEOUTENECH 1O
CETSIM CPEAHETO WIH HM3IIETO HANpsSLKeHUs. B TajgbHeHIeM IpH yBe-
JIMYEHUH HATPY3KH JO pacyeTHOH yCTaAHABIMBAETCS BTOpOi TpaHCdop-
Marop. Ecnu npu ycTaHOBKE OJHOTO TpaHCc(hOopMaTopa 06eCIEYUTh pe-
3eppupoBaHue nmo cetsiM CH u HH Hejp3st wiM mosHas pacdeTHast
Harpy3ka IMOJCTAaHIMH OXWIACTCS paHBIIE YeM 4Yepe3 3 roma mocie
BBOJA €€ B 3KCILUTYaTALHIO, TO MOACTAHIIUA COOPYXAeTCs MO KOHEY-
HOM cxeMe, T.e. C IBYyMsS TpaHC(HOpMaTOpaMH.

Ocdnompancgopmamoprsie NOOCMAHYUU MOYM COOPYHCAMBCA O N~
manus HeomeemcmeeHuux nompebumenei 111 xamezopuu, ecnu 3aMeHa
TOBPEXICHHOro TpaHc(opMaTopa HIH PEMOHT €ro IIPOU3BOIUTCH HE
0oJjiee OMHHUX CYTOK.

YcTaHOBKA YeTHIpEX TPaHCHOPMATOPOB BO3MOXHA Ha MOICTAHIIMSIX
C ABYMS CpPeIHMMH HampspkeHusaMmH (220/110/35/10 kB, 500/220/35/
10 kB u mp.).

MoiitHoCTb TpaHCGHOPMATOPOB BEIOUPACTCS IO YCIIOBHSIM:

MpH YCTAaHOBKE OXHOro TpaHcdopMaTopa

*S'HOM2 max; (5'7)
TP YCTaHOBKE JIBYX TpaHChOpMaTopos 1o [5.2]
Siiom= 0,7 Simax 5 (5.8)
TpY YCTaHOBKE # TpaHCHOPMATOPOB
S 2 0,7 max (5.9)

(n-1)°
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rHe Smax — HAMOOIBIIAS HATPY3Ka TTOACTAHIINY Ha pacUeTHBIN Iepuox
5 Jer.

TpaHchopMaTOpHI, BEIGPaHHEBIE TIO YCIOBUSIM dopmyn (5.8) u (5.9),
o0ecTeyMBalOT MUTaHHE BCEX TOTPeOUTENEH B HOPMAJIBHOM DEXUME
TIpM ONTHMAaIBHOM 3arpy3ke TpaHcdopmaropoB (0,6 —0,7)S..v, a B
aBapUITHOM pEXMME OCTaBIIMICS B paboTe OOMH TpaHcdopMaTop obec-
MEYMBAET TUTaHUE TIOTPEOUTENEH C yYeTOM IOIyCTUMON aBapUHHOH
WIH CUCTEMaTHUYECKOM TIeperpy3ku TpaHchOpPMAaToOpOoB.

Ilpu BRIGOpE MOIITHOCTH aBTOTpaHchopMaTopoB, kK oOMotke HH
KOTOPBIX TPUCOEIHHEHB CUHXPOHHBIE KOMIIEHCATOPHI, HEOOXOIUMO
TIPOBEPUTH 3arpy3Ky 061eit 06MOTKM aBTOTpaHcdOpMaTopa.

Tpancdopmaroph u asToTpaHchopmaropr! ¢ BH no 500 kB Bxitio-
YUTENIBHO IO BOBMOXHOCTH BHIOMPArOTCS TpeXx(hasHbIMHU.

I'pynmbl 13 oxHOMa3HEIX TPaHCGHOPMATOPOB YCTAHABINBAIOTCS IIPU
OTCYTCTBHMHM TpeX(ha3HEIX TPaHCHOPMATOPOB COOTBETCTBYIOLIEN MOIII-
HoctH. TIpu ycTaHOBKe OQHOU Tpymmbl oxHOMAa3HBIX TpaHchopMaro-
pOB NIpeaycMaTpUBAETCs OMHA pe3epBHas da3a. B psme ciydyaeB MOXET
0Ka3aThCsl SKOHOMUYHEE TIPUMEHUTD CITapeHHBIE Tpexda3Hble TPaHC-
tdopmaroprl (aBTOTpaHCHOPMATOPHI).

5.1.7. TexHNKO-IKOHOMHIECKOE CPABHEHHE CTPYKTYPHBIX CXeM
JJEKTPOCTAHUMIA U MOACTAHIMHA

BOKOHOMUYECKAs IICJICCOO6paSHOCTL CXCMBI ONpPEHCIACTCa MUHH-
MaJIbHBIMH NPUBCACHHBIMH 3aTpaTaMHU:

3=p,K+H+Y, (5.10)

IIe p, — HOPMATUBHEIN KO3(DDULIMEHT 5KOHOMUUECKO# 3(hHEeKTUBHO-
ctd, paBHBIR (0,12; K — KanmuTaloB/IOXeHUS Ha COOPYXEHUE BIIEKTPO-
YCTAaHOBKH, ThIC. p.; I — TOAOBHIE 3KCIUTyaTallMOHHBIC H3MCPXKKH,
TBIC. p./Tox; Y — yIiep0 OT HEIOOTIIYCKA 3JIEKTPOIHEPTHH, THIC. P./ TOLI.

KamuranoenoxeHuss K nmpu BHIOOpe ONTHUMANBHBIX CXEM BBLIAYH
3JIEKTPOIHEPIHH B BEIOOpE TpaHC(HOPMATOPOB OMPEAEISIOT IO YKPYII-
HEHHBIM TIOKa3aTeNIIM CTOMMOCTH 3JIEMEHTOB CXEMBI.

Bropas cocTapnsitonas pac4eTHBIX 3aTpaT — TOAOBEIE 3KCILUTyaTa-
LIMOHHBIE N3ACPXKKH — OTpEACNseTcs o popmyne

N=2tPog , gAW107, (5.11)
100
TIE P,, Po — OTUHCICHHMS HA aMOPTH3alIMIO U O0CiyXuBaHue, %; f —
crouMocTh 1 KBT-4 mioTeph 31eKTpodHEpIruH, Kom./ (KBt u); AW —
TMOTEPU IICKTPOIHEPTHH, KBT Y.

IIpuMeyaHue. B mpoekTHOI NMpaKTHKE IMONL3YIOTCS 60see TOYHBIM ONpelesie-
HMEM 3aTpaT HA BO3MELICHHE MOTEPh 3JIEKTPOIHEPIHH: NOACYUTHIBAIOT IIOTEPH, 3aBU-
CALIME OT HATPY3KU AW’ U He 3aBUCAIIME OT Harpy3Ku A W”. 3aTpaThl Ha BO3MEIlEHHE
NoTeph
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Puc. 5.5. 3aBUCUMOCTD IIPOIOTKHTEb-

HOCTU MaKCHUMANBHLIX MMOTEPh T OT

MPOAOIKUTEIEHOCTH HUCITOJIb30BAHUS
MaKCUMAaNbHON HATPY3KH Ty,

Sa=p'AW +p"AW”, (5.12)

rae B°, B — croumocTs 1 KBT 4 noreps
3JIEKTPODHEPTHH, OMpelesieMble B 3aBH-
CUMOCTH OT pexuma paboTsl (Tmax, T) H
MECTa COOPYXEHHUA 0ObeKTa [5.6].

IToTepu 351eKTPOIHEPTHH B ABY-
X0OMOTOYHOM TpaHchopMaTope
orpeaeystioT 1o opmyire, KBT 4,

2
AW =BT + P, (ig-’ﬂ) 7,(5.13)
S HOM
rae P, — noTepu MOIHOCTH XO0C-
TOTO Xoaa, KBT; T — Iponomxu-
TEJILHOCTh pabOTHI TpaHCGhOpMaTopa
(06bryHO mpuHMMalT 7= 8760 u);
P, — noTepu MOLTHOCTH KOPOTKOTO
3aMBIKaHUsI, KBT; Sy« — pacyeTHast

(MakcuMaIbHasA) Harpy3ka TpaHc-
dopmaropa, MB-A; S, — HOMUHAIBHAsK MOIITHOCTD TpaHchopMaropa,
MB-A; T — NponooKUTENFHOCTh MAKCUMATBHBIX TTOTEPh, OIIPEAEISICTCS
10 KPUBOM pHC. 5.5 B 32aBUCUMOCTH OT HMPOIOJDKUTENBHOCTH UCITOMB30BA-
HHSI MAKCUMAJIbHOM HArpy3ku 1.

Benuuuna T, omnpenensercs mo rpadmkaM Harpy3Kd Ha LLMHAxX
HH noacranuuu wnm no rpadpvky BBIAYM MOUIHOCTH B DHEProcH-
creMy 4epe3 TpaHchopMmaTop cBia3u. Ecnu moctpoeHue rpapMkoB He
TIPOU3BOIMTCS, TO I TPaHC(HOPMATOPOB Ha IOICTAHIIMAX BEJIMUMHA
T nax IPUHUMAETCS paBHOM T, ToTpeOuTeneit Ha muHax HH.

[ToTepH 3NEKTPOIHEPTHH B TPEXOOMOTOYHOM TpaHcpopmaTope (aB-
ToTpaHcgopmaTope) omnpenensaiorcs no ¢opMmyie, KBT 4,

HOM

S : S ’
AW = I)XT+PKBH[_%’B'E'\J TBH +PxCH(—ma’ﬂ) Tcy +

2
Smax HH ) Tun (514)

+Byn ( S
HOM

roe nHaekcamu BH, CH, HH oGo3HayeHbl BeIMYUHBI, OTHOCSIIHE-
Csl COOTBETCTBEHHO K OGMOTKAM BHICHIETO, CPEJHEro ¥ HU3LIEro Ha-
NMPSXEeHUR. BETUYNHEI Tgyy, Ty, Ty OMDEACIAIOTCS IO COOTBETCTBY-
oM 7., aHAJIOTHIHO BBILIEONMCaHHOMY. MHOTIA 1S YIIpOLICHHS
[IPUHUMAIOT

T = TcH= THH-

Ecnmm B katajorax s TpeXOOMOTOYHEIX TpaHCGOPMATOPOB JAaHBI
norepn K3 maper ooMorox BH 1 CH P, gyy_cy (TOCT 11920—85E n
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T'OCT 12965—85E), Torma mpy MOILHOCTH KaXIOM 0OMOTKHM, PaBHOM
100% S,.om» TIOTEPH OTOCIBHBIX OOMOTOK

PKBH:PKCH:PKHH:O’SPKBH—CH'

st tpexo6MoTounbix TpaHcopmaropos 220 kKB (I'OCT 17544-—85)
B KaTajorax npuBeneHbl moTepn K3 g Kaxno# mapsr 06MOTOK, TOrNa
[TOTEPH OTIENBHEIX OOMOTOK:

Py gu=0,5(F gi—cu + Pc pi—nn— P ch—nn);
Py cu=0,5(Pc gu_cu+ Px ch—nn— P« pH—nn);

Py yu= 0,58 pi—nn + P ci—un— Px BH—cn)-

IToTepH 35eKTPOHEPTHH B TPeX(a3HBIX aBTOTpaHCGOpMaTOpax IpH
YCIIOBHH, 4TO MOITHOCTE o6MoTK HH cocrapnsier

SHOMHH = KmnSHom

ompenensiorca mo ¢popmyne (5.14), roe morepu B ooMoTtkax BH, CH,
HH otHeceHH K HOMHHAILHON MOIIHOCTH aBTOTpaHC(pOpMaTopa:

PK BH—HH PK CH—HH .
K K | OD

B gn =0,5) Bpy—cu +

Bocn-nu _ Bgnnn

K%m Kgnn ; (516)

Pcu =0,5) Bpy—cu +

B sy Focn
Fcun =0,5 ;?MHHH IC(:%mHH_R(BH—CH : (5.17)

Ecnn HomuHaMBHAsE MOIDHOCTE OOMOTKH HH S, 0,111 # KiunSuons TO B
dopmynsl (5.15) — (5.17) BMecTO Ky, CREAYET MOACTABUTD Sygnpitt/ Skiome

TMoTtepu snexTpo3HEPIUH B HECKONBKHUX MAPALIETHLHO paGoTaloLmX
TpaHcgpopMaTopax '

AW=nAW,

rae AW onpenenserca mo gopmynaM (5.13) win (5.14).

Yiiepd OT HEXOOTIYCKA 3JIEKTPOSHEPTHH OTPEIEISIeTCS TOMBKO B
TOM CJIy49ae, €CJIM CpaBHUBaeMble BapHAHTHl MMEIOT CYIIECTBEHHOE
pas3INgMe 0 HAACKHOCTH MUTAHMA. [T yueTa 5Toi BETHYMHEL HEOO0-
XOJ{MMO 3HATh BEPOATHOCTD U IUTUTEIEHOCTh aBAPHITHBIX OTKIIOYCHHMI,
XapaKTep IMPOU3BOICTBA M DS/l APYruX (PakTopoB, Oojiee MOAPOGHO
paccMaTpUBaeMbIX B CIICIIManBHON nureparype [5.12, 5.13].

B yuyeOHOM MPOEKTHPOBAHUM CPAaBHEHME BAPHAHTOB, KaK IPaBWIO,
MIPOU3BOAUTCS 6€3 ydeTa yuiepba OT HEAOOTITYCKA 3JIEKTPOSHEPIHH.
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5.2. CxeMbl 3JIEKTPHYECKHX COe/iMHEHHIi HA cToporne 6 — 10 xB

5.2.1. Cxema ¢ onHoil cucTeMOil cOOPHBIX IIHH

HauGonee ripocToit CXeMoii 271eKTPOyCTAHOBOK Ha CTOpoHe 6 — 10 kB
SIBJIIETCSL CXeMa ¢ OIHOM HCCCKHI/IOHI/IpOBaHHOI/I CHCTEMOI COOPHBIX
IuH (puc. 5.6, a).

Cxema mipocTa 1 HarsaaHa. MUCTOYHUKY nuTaHmust ¥ uHuu 6 — 10 kB
MIPUCOCTUHSIOTCS K COOPHBIM HIMHAM C TIOMOIIBIO BBIKITIOYATENICH U
paspenuHUTENEH. Ha KaXmyio 1mernb HEOOXOAMM OIWH BHIKJIIOYATEND,
KOTOPBIM CIIYXKWUT JUISL OTKIIOYEHUS U BKIIIOYEHUS 3TOM UENM B HOP-
MaJIbHBIX M aBapUMHBIX pexXumax. [Ipy HEOOXOTUMOCTH OTKITIOUEHHSI
muHun W1 10CTaTOYHO OTKIIOUUTH BRIKIIoYaTenb Q1. Ecnu Beixmoua-
Tenb (1 BHIBOTUTCS B PEMOHT, TO IOCJE €70 OTKJIIOYCHUS OTKITIOUAIOT
pasbeAMHUTEIN: CHauaka TUHeHHBIH OS], a 3aTeM MUHHEI OS2,

TakuM 006pa3oM, orepauu ¢ passEAMHUTEIIMA HEOOXOIUMEI TOJb-
KO TIPU BBIBOJIE TIPUCOETMHEHMSI C IIEIbI0 00ecTieyeHs1 Oe301MacHOT0
TIPOU3BOACTBA pabGoT. BeaencTeie OTHOTUITHOCTH M ITPOCTOTHI OIlepa-
IV ¢ pa3beIUHUTEISIMA aBApUITHOCTE U3-3a HETPABUJIBHBIX IEUCTBUMN
¢ HUMH JIEXYPHOTO MEPCOHAA MaJa, YTO OTHOCUTCS K TOCTOMHCTBAM
paccMaTPHBAEMOI CXEMEL.

Hapsnmy ¢ mocToMHCTBaMM cxeMa ¢ OAHOH HeCEeKITMOHHPOBAHHOM
CUCTEMOM IIMH 00JamacT psAIoOM HeIOCTaTKOB. It peMOHTa COOPHEIX

— YnpoieHHOe H300pakeHue
pa3beMHUTENA

+ oK TTIIT

NN
&N Y NN
[Jor[Jez[Jes [Jor  []
Ll N
/ls—wxnl } | D/'_LI_I__L

-
K-2 K1 QK2
Q5 Q6 Q6 2 Q7
OT HCTOYHHKOB NMUTAHHKA OT HCTOYHHKOB IMUTAHUSA
a 6

Puc. 5.6. CxeMb! ¢ OBHOMN CUCTEMOM IHUH:
a — HECCKUMOHVPOBAHHBIX BBIKIIOYATENICM; 6 — CEKIIMOHMPOBAHHBIX BEIKIIOUATEIIEM
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LIMH 1 IIIMHHBIX pa3beIUHUTENEH JTF000TO IIPUCOSTIUHEHUSE HEOOXOIH -
MO ITOJTHOCTBIO CHSTh HAIIPSLKEHHE CO COOPHBIX IIHMH, T. €. OTKIIOYHTh
HCTOYHHKH IMUTAHUSA. DTO MIPUBOAUT K IIEPEPHIBY 3NEKTPOCHAGKEHUS
BCEX MOTpeOUTE el Ha BpeMsI pEeMOHTA.

ITpu K3 Ha nuuum, Hanpumep B T. K-1 (cM. puc. 5.6, @), nojoKeH
OTKJIIOUUTHLCS COOTBETCTBYIOIIUI BHIKITIOUATENh (04, a BCe OCTAJILHBIC
MIPUCOESTUHEHUSA JOJKHBI OCTAaThCSE B paboTe; OJJHAKO IMPH OTKa3e 3TO-
IO BBIKJIIOUATEJIST OTKJIIOUATCS BRIKIIOUATEIN ICTOYHHUKOB TUTaHHA O3,
Q6, BcienAcTBHE Yero cOOpHBIE IIMHBI OCTAHYTCS 0€3 HaIpsKEeHUs.
Kopotkoe 3amMpikanne Ha COOpHEIX HMHaX (T. K-2) TakKe BBI3BIBAaET
OTKJTIOYEHHE MCTOYHUKOB MTUTAHMUA, T.€. IIPEKpallleHHe 3IEKTPOCHA0-
>KEHU MoTpeduTeneil.

Cxema ¢ OgHOI HECEKIIMOHHPOBAHHOM CHCTEMOM IITMH ITPUMEHSI-
€TCS IIPU ITOJTHOM PE3€pBUPOBAaHUHU MOTpeOUTEIeH MO CETH, IIPH Ha-
JIMYMH TEXHOJOTMYECKOTO pe3epBa Ha 3JIEKTPOCTAHIINAX, IIPH ITHTA~
HHUHU OT COOPHBIX IIIMH HEOTBETCTBEHHBIX ITOTPEOUTENEH TpeThell Ka-
TETOpPHH.

HenoctaTtku cxeMBI C OTHON HeCeKITMOHHMPOBAHHON CHUCTEMOM IIMH
YACTUYHO YCTPAHSIOTCS ITyTEM Pa3IeNICHHST COOPHBIX ILIKH Ha CEKIINM, YKCIIO
KOTOPBIX OOBIYHO COOTBETCTBYET KOJIMYECTBY MCTOUHMKOB TTUTAHMS.

Ha puc. 5.6, 6 mokasaHa cxeMa ¢ OJHOHM cHUcTeMOU COOPHBIX IIHH,
CEKIIMOHMPOBAHHOI BBRIKITIOUaTeaeM. CxeMa COXpaHseT BCe JOCTOMH-
CTBa CXEM C OMMHOYHOMN CHCTEMOIT IIIMH; KPOME TOTO, aBapus Ha cOop-
HBIX IITMHAX MPUBOIMUT K OTKIIOYEHUIO TOJNBKO OJHOrO UCTOYHUKA U
IMOJIOBUHEI TTIOTPEOUTEINIEH; BTOpast CEKIH U BCE MPUCOCAUHEHHS K HEMl
ocTaloTcs B pabore.

Zocmourncmeamu cxemol A64310MCA NPOCMOMA, HA2AAGHOCMb, IKOHO-
MUYHOCMb, OOCMAMOYHO 6biCOKASA HAOEHCHOCMb, YTO MOXHO TOATBEP-
IWTh Ha IPUMepe NPUCOEINHEHNUS ITTABHON MOHU3UTENBHON MTOACTAH-
uuu (I'TITT) x muHaM SIeKTpPOYCTAaHOBKH ABYyMs JHHUsSMHU W3, W4
(cM. puc. 5.6, 6). IIpu mospexneHuu oaHoi tuHum (K3 B 1. K-2) o1-
KJTI04aroTcs BeIKTIoUatenu Q2, 03 u aBToMaTHUECKY BKiouaetcsa QK3
BOccTaHaBiuBast mutaHue mepBoit cekuuu I'TITT o auHum W4,

ITpu K3 Ha mmHax B 1. K-1 otkmovarorest Berkmovaremu QKI, 06, O3
U aBTOMaTtuyecky sxmouaercst QK3. I1pu oTKIIOUEHMH OHOTO NCTOYHH -
Ka Harpy3Ky NMpHHUMAcT OCTAaBUIMIICSL B pabOTe UCTOUHUK TTUTAHUS.

TakuM o0Opasom, mutanue I'TIIT B paccMoTpeHHBIX aBapUIHBIX pe-
XKMMax He HapylaeTcst 6jarojapss HAMMYMIO IBYX MUTAOMIVX JTHHMIL,
MIPUCOETUHEHHBIX K PA3HBIM CEKLMAM CTAHIINM, KaXAasi U3 KOTOPHIX
IOJKHA OBITh pacCYyMTaHa Ha TONHYI0 Harpy3ky (100 %-HbliA peseps
o cetH). [Ipy HaIMYKUM TAKOro pe3epBa Mo CETH CXeMa C OIHOM cek-
IIMOHUPOBAHHOI CUCTEMOM LIIMH MOXKET OBITh pEKOMEHIOBAHA JJIF OT-
BETCTBEHHBIX [TOTPEOUTEICH.

Oonako cxema obaadaem u padoM HeOOCMAMKOE.

IIpu moBpexXmeHUN U TOCTSHYIOUEM PEMOHTE OTHOM CEKIIMH OT-
BETCTBEHHBIE MOTPeOUTEIN, HOPMAIBHO TIMTAIONIHECH ¢ 00emXx cek-
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M, OCTaloTCa 0€3 pe3epBa, a MOTpeOUTeNN, HEpe3ePBUPOBAHHEIE 110
CETH, OTKJIIOYAIOTCSI Ha BCE BpeMsI peMOHTa. B 5TOM Xe pexiMe UCTOY-
HMK TTUTAHUA, TIOTKIIOYEHHBIN K pEMOHTUDYEMON CEKLIMH, OTK/II0Ya-
€TCsI Ha BCE BpEMsI pEMOHTA.

THocaeaquuii HEAOCTATOK MOXHO YCTPAHUTD, NIPHCOECIUHUB HCTOY-
HUKHM TTUTAHUSI OMHOBPEMEHHO K IBYM CEKIIMSIM, HO 3TO YCJIOXHSIET
KOHCTPYKIIMIO PACIIPEIENNTEIBHOTO YCTPOUCTBA M YBEIMYUBACT YHUC-
JIO ceKuuit (Mo JABE CEKUMM HAa KaXKABIM MCTOYHUK).

JpyTuM HeTOCTaTKOM CXeMBI, U300 PaXeHHOM Ha pHUC. 5.6, 6, SIBJisI-
€TCS OTKJTIOYCHHE O0OMX UCTOUHUKOB MUTAHHUS TIPH aBapHU B CEKLIH-
OHHOM BBIKIIIOYaTesie QK1 vinu Tipy ero otkase B MoMeHT K3 Ha ofgHoit
U3 ceKuuii. JJist ycTpaHeHUs 3TOr0 HEeAOCTATKA PEKOMEHIYETCS YCTa-
HaBJIMBAaTh JBA CEKLIMOHHBIX BBIKJIIOYATENST MoOciieqoBarenbHo [5.1].
B sToM chydae mpu aBapMitHBIX CUTYyallMsIX, PACCMOTPEHHBIX BHIIIE,
OTKJIIOYAETCS OJHA CEKLWS U OJUH UCTOYHMK MUTAHHUS.

CxeMBl C OMHOM CHCTEMOU IIMH TO3BOJSIIOT UCIOIB30BaTh KOMII-
JIEKTHBIE pacrpeaeanteNnbHbie ycrpoiictBa (KPY), uyto cHimXaeT cTO-
HMOCTb MOHTaXa, TMO3BOJISIET IIUPOKO MPUMEHSTh MEXaHH3alUI0 U
YMEHBIIATb BPeMSI COOPYXKEHMSI 3JIEKTpOYCTaHOBKHU. Takue CXeMHI Ha-
LIUTY IUMPOKOE TIPUMEHEHHE Ha TTOACTAHIMSIX U 3JIEKTPOCTAHLIMAX C Te-
HepaTopaMu o 63 MBT.

5.2.2. Cxema ¢ nByMsa cHCTeMaMH COOpHBIX IIHH

C yuetoM ocobeHHocTel anekTpornpueMHUKOB (1, I kareropuit), ux
CXEMBI INIEKTPOCHAOXEHUS (OTCYTCTBHE Pe3epBa IO CETH), a TAKKe GOJThb-
LIOTO KOJIMYECTBa MPUCOCAMHEHUI K COOPHEIM IIMHAM JUISl IJIABHOTO
pacIpeIeuTeNIbHOro yeTpoiictBa TOLI mpH TeXHUKO-9KOHOMHYECKOM
000CHOBAaHHUU MOXET IPEIyCMaTpHUBATBhCS CXeMa C JBYMSI CUCTEMaMH
COOpPHBIX IUHMH (PHC. 5.7), B KOTOPOM KaXIBIii 3JIEMEHT MTPUCOEAUHSETCS
4yepe3 PasBWIKY ABYX IIMHHBIX Pa3beUHUTENEH, YTO TTO3BOJISIET OCYylLIe-
CTBJISATH paboOTy KaK Ha OOHOM, TaK W Ha APYTOi CUCTEME IIHH.

Ha pic. 5.7 cxema u3ofpakeHa B pabouyeM COCTOSTHUM: TeHepaTophl G/
¥ G2 IpUCOEIMHEHH! Ha MIEPBYIO CUCTEMY COOpPHBIX IMH K1, OT KOTOpOit
MONYYaloT MUTaHKE TPYNIOBBIE PEaKTOPhl ¥ TpaHChopMaTophl cBsI3n 11
u T2. Paboyast cucTeMa IIIMH CEKITMOHUPOBaHa BeIKIoYateneM QK w pe-
akropoM LRK, HazHayeHME KOTOPBIX TAKOE Ke, KaK U B CXeMe C OTHOI
cucremoii wivH. Bropas cucreMa miMH K2 SIRISIETCS pe3epBHOM, Hampsi-
XEHHE Ha HEll HOPMAJIbHO OTCYTCTBYET. O0€ CUCTEMBI IITH MOTYT OBITH
COEIMHEHBI MEXITY CO00I IMHOCOSAMHUTETEHBIMU BBIKITIOUaTeNstMU QK1
U K2, KOTOpEIE B HOPMATEHOM PEXIME OTKITIOYEHHI.

Bo3MoxeH ¥ Apyroil pexxum paboThl 9TOM CXeMbl, Koraa obe CH-
CTEMBI LIIMH HAXOISATCS MO HANIPSLKEHHEM Y BCE TIPHCOSTMHEHMS pac-
MPEACIISIIOTCS] MEXIYy HUMH paBHOMEPHO. TaKo# pexXuM, Ha3bIBaeMBIit
padoToii ¢ GUKCHPOBAHHBIM MPUCOEIWHEHNEM IIeTei, 0OBIYHO TpU-
MEHSIETCS] Ha IIMHAX MOBHIIEHHOTO HampsikKeHus! (CM. TTompasi. 5.3).
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Puc. 5.7. Cxema ¢ aByMsi cucteMaMu COOpHBIX IUUH

CxeMa ¢ IByMsI CUCTEMaMH IIIMH ITO3BOJISIET IIPOU3BOIUTL PEMOHT
OIMHOW CHCTEMBI IITHH, COXpaHsis B paboTe Bce npucoeauHeHHst. Tak,
IIpU PEMOHTE BTOPOU CeKLMU paboyeit cucteMsl IUMH K1 Bce ee mpH-
COEIMHEHMST TIEPEBOMSIT HA PE3EPBHYIO CHUCTeMy IIMH K2, I 4Yero
TIPOU3BOISAT CIEAYIOLIHE ONepaliu:

BKJTIOYAIOT ITMHOCOEIUHUTENBHBIH BLIKIIOUaTenb QK2 1 ¢ ero nmpu-
BOJa CHMMAIOT OII€PaTUBHBIIN TOK;

IIPOBEPSIOT BKJIIOYEHHOE IoJioxeHue QK2;

BKJIIOYAIOT Ha CUCTEMY WIMH K2 pasheIUHUTENU BCEX MepeBOMUMEBIX
TMIPUCOETUHECHMIA;

OTKJIIOYAIOT OT CUCTEMBI IIMH K1 pazbeAMHUTENN BCEX ITPUCOETHUHE -
HUl, KpoMe pasbenuHUTe et QK2 M TpaHchopMaTopa HaIlpsSTKEHMU,

MEePeKITIOYAIOT MUTAHUE LETEH HaMpsDKeHUsT peleiiHOW 3aIlyThI,
aBTOMAaTUKH{ M U3MEPUTEIBHBIX IPUOOPOB Ha TpaHChOpMaTOp HATIps-
KEHUS CUCTEMBI LIMH K2;

MPOBEPSIIOT TIO aMIIEpMeTPY OTCYTCTBHE Harpy3ku Ha QK2;

Ha MPUBOJ, MOJAIOT OIIEPATUBHHIM TOK 1 OTKJIIOYAloT QK2;

MPOM3BOISAT NOATOTOBKY K PEMOHTY CEKHUM WMH K.

ITpu K3 Ha nepBoii cexituu paboueil cucteMbl IIMH K OTKIIIOYa-
10TCsl TeHepaTop GI, CeKUMOHHBII BHKIOYareah QK U TpaHchopma-
TOp CBsAI3U 71. JI711 BOCCTAHOBJICHUS PAa0OTHI ITOTpEONTENEL B 3TOM CITy-
yae HeoOXOMIMMO BBIMOTHUTE ITEPEKITIOUEH U :

OTKJIIOYUTH BCE BBIKJIIOUATENH, HE OTKIIFOYCHHBIC pENeitHOM 3alliu-
TOM (BBIKJTIOUYATENIM TYITMKOBBIX JIMHUIA);
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OTKJIIOYUTD BCE PA3beAMHMUTENN OT ITOBPEXIECHHON CEKIIMU;

BKJIIOYUTh Pa3beAMHMTEIN BCeX MPHUCOCAUHEHUMN NMEpBON CEeKIUU
Ha pe3ePBHYIO CUCTEMY IIIMH;

BKJIIOYHMTH BBIKIIOYaTenb TpaHcdopmaropa cess3u T, mojmaB TeM
CaMBIM HanpstKeHHE Ha PE3CPBHYIO CHCTEMY IIMH AT TIPOBEPKU €€
HUCIIPaBHOCTH;

BKJIIOYUTE BHIKJIIOYATENIM HAMOOJIEEC OTBETCTBEHHBIX IIOTPEOUTENEM;

pa3BepHYTh TeHepaTop G U MOCIe CHHXpOHU3ALMHY BKJIIOYUTD €T0
BBIKJIIOYATENb;

BKJIIOYMTH BHIKJIIOYATENM BCEX OTKIIIOUMBIIMXCS TAHUM.

B aT0li cXxeMe MOXHO MCIIONIL30BaTh NIMHOCOCAWHUTEIBHBIN BBI-
KJIIOYATENh JUISt 3aMEHBI BHIKITIOUATENS JTIOO0T0 MPUCOSTUHECHHS.

IToapo6HO onepaTHBHHIE MEPEKIIOUEHHUS B CXEME C IByMsI CHCTE-
MaM¥ LIKMH pacCMAaTpPHUBAIOTC B Kypcax «DKCIUTyaTallMs 3J1eKTpoo6o-
PYIOBaHMS SNEKTPOIHEPTETUUECKUX CUCTEM» U «PEMOHT a5ekTpoo60o-
PYAOBAHUS SNEKTPOIHEPTETUYECKUX CUCTEM .

Paccmampueaemasn cxema seasemcs 2ubkoi u docmamouto Hadedxc-
Hoii. K Hedocmamiam ee caedyem omuecmu 60ablioe KOAUYECMBO PA3b-
edunumenel, U3041MopPO8, MOKOBeAYUUX MAMEPUAN08 U biKAIOYamenell,
6onee CAOMCHYHO KOHCMPYKWUIO PACAPedeaumenbHozo yempoiicmea, 4mo
8edem K yeeauueHUr KanumansHstx sampam Ha coopyxcenue T'PY.

CyllecTBEeHHBIM HEOCTATKOM ABJISAETCH UCIONIL30BaAHUE Pa3bheay-
HUTEJIEH B KaUeCTBE ONEPAaTUBHBIX allllapaToB. Bonbloe KOIHYeCTBO
oIepaluii pa3beAUHUTEIAMU U CJIOXHAas OJOKMPOBKA MEXMY BBHIK-
JIIOYATENSIMU U pa3beAVMHUTEIISIMA IPUBOAAT K BO3MOXHOCTH OIIH-
0OYHOTO OTKIIIOUEHHS TOKA HAIPY3KU PasbeAMHUTEISIMUA. BeposTHOCTE
aBapuil U3-3a HEMPABUJILHOTO NEHCTBHA OOCIY:XKHUBAIOIIETO IIepCOHA-
Jla B CXEMax C ABYMSI CMCTEMaMH LUIMH OOJIbIIIE, YEM B CXEMax C Of-
HOM CUCTEMOM LIMH.

CxeMa ¢ JByMS1 CHCTeMaMH IIIMH MOXET OBITh MPUMEHEHA Ha pac-
umpsieMpix TOLI, Ha KOTOpBIX paHee ObUTA BHIIIOJIHEHA TaKasl CXeMa.

5.3. CxeMbl 3IEKTPHUECKHX COETHHEHHIT
Ha cropone 35 kB u Bbime

5.3.1. Yupomennbie cxemb PY

IIpu HeGOMBLIOM KOJIMYECTBE MPUCOSTUHEHI Ha cTopoHe 35— 220 kB
NPUMEHSIOT YIIPOIUEHHBIE CXEMBI, B KOTOPBIX OOBIMHO OTCYTCTBYIOT
cOOpHBIE IIMHBI, YMCIO BHIKMIOUATENEH YMeHbIlIeHHOe. B HeKOTOphIX
CXeMax BBIKJIIOYATENIEH BRICOKOrO HaMpsoKeHMs BOOOIIe He TIpeIycMar-
pHBalOT. YIIPOILLIEHHBIE CXEMBI ITO3BOJISIIOT YMEHBIIIUTE PacXoll 3JIEKTPO-
000pyIOBaHHs, CTPOUTENILHBIX MAaTepHalioB, CHU3UTb CTOMMOCTh pac-
TIpeAEJIUTESIFHOTO YCTPOMCTBA, YCKOPUTE €r0 MOHTAX. TaKue CXeMBI I10-
YW HauOOJbIIIEe PacpoOCTpaHEHME HA TTONCTAHIIMAX.

334



OnHoit U3 YIPOIIEHHBIX CXEM SBNISIETCA cXeMa 010Ka TpaHchopMa-
TOp — auHUs (puc. 5.8, a). B 6I0YHBIX CXEMAX SJIEMEHTBI 3JEKTPOYCTa-
HOBKH COCIUHSIIOT 0€3 MOMEPEYHBIX CBI3CH C ApyTUMH OJIOKaAMHU.

B cxeMe 6rmoka TpaHchopMaTop — AUHUS Ha ctopoHe BH ycra-
HOBJIEH pasbeauHuTeab QS1, a Ha cTopoHe 6 — 10 KB — BBIKIIIOYA-
tenb Q2. I1pu nospeXaeHHN B TpaHCHOPMATOpe peNeiiHOM 3alUTOM
OTKJII0YAeTCA BHIKIIOYATENb (2 U MOCHUIAETCS TENEOTKIIOYAIOIMIA
uMmnynbe (TO) Ha oTknmioueHHE BbIKIIOYaTena QI muTtatouieit au-
HUu W1

Ecaun ot nmuauu W1 muraloTcs HECKOJNBKO MOJCTAaHIWMA, TO IS
BOCCTaHOBJIEHHS X PaO0OThI HEOOXOMMMO OTKIIOYHUTh pPasbeAUHUTED
OS] omnepaTHBHO BBIE3AHOIN OpMramoii, mocne yero BKIOUNTL QI U
IIOCTaBUTh TUHUIO WI mojx HamnpsKeHHe, YTO CBSI3aHO C MepephIBOM
3JICKTPOCHAOXEHHUS HE TOJBKO OT MOBPEXICHHOMN MOACTaHLIMH, HO U
BCEX OCTAJIBHBIX, MPUCOESANHEHHBIX K TUHUN WI. YIIpollleHHE CXEMEI
BEJIET K YMEHBILEHHIO HAIEXXHOCTH SMIEKTPOCHAOXeHHsI. [ HOKOCTb CXEMEBI
MOXHO YBEIUYUTh, ycTaHOBUB Ha BH BEIKIIOUaTens QI (puc. 5.8, 6).
B sTOM ciyuyae oTKimoueHHe TpaHchopMaTopa BHIKAIOUATenaMu Q2 u
Q1 He 3aTparuBaeT paGoty JMHUU WI.

B neficTBYIOIIMX SHEPTOCHUCTEMAX COXPAHUIUCH MOACTAHIIMM, IIe
Ha BH ycraHoBneHn otmenutenu QR M KOpoTKO3aMbeIKatenn QN
(puc. 5.8, 6).

B HOpMaITBHOM pexuMe TpaHChOpPMaTOp OTKIIIOYACTCSA BBIKIIIOYATE -
JeM (2, a 3aTeM TOK HaMarHMYMBaHWSA OTKIIIOYACTCS OTHEIUTEIEM
OR. J1oIyCTUMOCTD MOCHIEAHEH ONepaliiy 3aBUCHUT OT MOII[HOCTH TPaHC-
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Puc. 5.8. Cxemel 6;10K0B TpaHchopMaTop — JIMHU:
a — 6e3 Beikmwouarens BH; 6 — ¢ otnenureneM BH; ¢ ~ ¢ Beikiouaresrem BH
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dbopmaTopa ¥ €ro HOMMHTLHOTO HanpskeHHs (IoApoOHO cM. MO~
pasm. 4.5).

IIpu noBpexxaeHUM B TpaHchOpMATOpE peieifHOM 3alHUTON OTKIIO-
yaeTcs BHIKIIOYaTes b (2 Y MomaeTcsl UMITYyJIbC Ha TPUBOI, KOPOTKO3a-
MEIKaTenss QN, KOTOPEIH, BKIIIOYAsCh, CO3MaeT HeKyccTBeHHOoe K3. Pe-
JiefiHas 3aimuTa MMHUM W1 cpabaThIBaeT M OTKMIOUAET BHIKIIOYATEND
01, nocne 4yero aBTOMaTHYECKM OTKIIOYaeTcs oTaenutens QR. TpaH-
3UTHAsA JIMHUS NOJDKHA OCTAThCS MO HAINpsDKEHUEM, TIO3TOMY MHOCHe
cpabateiBaHMs1 QR aBTOMaTtyecku BKimovaercst Q1. Tlaysa B cxeme AIIB
JIOJDKHA OBITH COMMIACOBAaHA ¢ BpeMEHEM OTKITIoUeHUSI OR, B IpOTHBHOM
CITydae JIMHUS OyIeT BKITIOYEHA Ha HEYCTPAaHEHHOE MOBPEXKICHIE B TPAHC-
tbopMartope. [IpnMeHeHEe KOPOTKO3aMHBIKATENEH CO3AAeT TSLKETBIE YC-
JIOBMSL JU1S1 pa0OTHI BEIKITIOUATEIIS HA MUTAIOHIEM KOHIIE TUHUH, TaK KaK
OH oTKIo4YaeT HeyaameHHoe K3. Bo3aMOXHOCTE MpUMEHEHUS CXEMEI 03
BrIKITIOYaTesieii BH nosokHa OBITh MOATBEPKAEHA COOTBETCTBYIOIIMM Pac-
YETOM Ha BO3MOXHOCTb OTKJIIOUEHMsI HeyasieHHoro K3 BEIKmovarTeneM
nuTaloiei MmHuK. HameXXHoCTh pacCMOTPEHHO# CXEMBI 3aBUCHT OT YET-
KOCTH U HaHEeXXHOCTH PAbOTHI KOPOTKO3aMEIKATENIEH M OTICTUTENICH.
Takue cxeMBl IPUMEHSIOTCS 11 toacTtaHmuii 110 kB ¢ TpancdopmaTo-
POM MOMIHOCTEIO 25 MB- A u MeHbIe [5.5].

Ha cropone BH snmexTpoctaHumii Ha mepBOM 3Tarie ee pasBUTHS
BO3MOXHO MPUMEHEHHE CXEMBI MOCTHKA C BEIKTIOUYATENISIMH (pHC. 5.9)
C BO3MOXHOCTBIO MEpEeXola BIOCJICICTBUM K CXeMaM CO COOpPHBIMHM
muHaMu [5.11.

B cxeme mnsa yeTelpex nmpucoennHeHuiit BH ycraHaBmMBaloTcs Tpu
BeIKMIovuatTensg QI, 02, Q3. HopManbHO BEIKMIOUaTeNb Q3 Ha Tepe-

MBIUKE MEXTY ABYMS TpaHchopMa-~

W2 TOpaMu (B MOCTHMKE) BKJIIOUEH.

LQS3 IMpu noBpexXaeHU Ha TuHuN W1
OTKJIIOYaeTCs BHIKIIOUaTenas QI

TpaHcgopmaropel 71 u T2 octa-

(074 10TCSL B paboTe, CBSA3b ¢ BHEPro-
CHCTEMOI OCYILIECTBASETCS MO JIN-

Huu W2. TIpu moBpeXIeHUU

I" \"I B TpaHcgopMarope T/ oTKmioua-

IOTCS BBIKJIFOYATENb (4 CO CTOpO-

HbI 6— 10 xB u Beikmouatenun Qf

u Q3. B atoMm ciaydae nunus W1

oKasajach OTKJIIOUEHHOMN, XOTS

HUKAKMX TOBPEXKICHUN Ha HEH

04 HET, YTO SBNSIETCS HEIOCTATKOM
CXeMBI MOCTHKa. Eciii y4ecTp, 4To

aBapuifHOe OTKJIIOUEHUE TPaHC-

¢dopmaropoB OBIBAET PelaKoO, TO

Puc. 5.9. Cxema MOCTHKA C PEMOHT- ¢ TAKMM HEIOCTATKOM CXEMBI MOX-~
HO¥ 1epeMBbIYKOM HO MMpPUTECA, TeM 0oJiee UyTo moc-
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se otkmoueHuda Q1 u Q3 U npH HeOOGXOTMMOCTH BEIBOJA B PEMOHT
TIOBPEXAECHHOTO TpaHC(HOPMATOopa OTKIIOYAIOT pasbeAMHUTEND QST 1
BKymovaor QI, O3, BoccTaHaBnIuBas pabory TMHUKM W1

Hns coxpaHeHHs B paboTe 00erX JUHUI IPH peBU3HUH JIIOOOTO BhI-
kmouarend (QI, 02, Q3) npenycMaTpuBaeTcsl TONOJTHUTENbHAS Tie-
peMbIUKa U3 AByX pasbeaunuTeneit 0S3, Q54. HopMansHO OOMH pa3b-
emuHuTeNb (QS3 NmepeMBIYKM OTKIIOMEH. ECIM 3TOro He cOenaTtbh, TO
npu K3 B mo6oit nuuuu ( W1 wm W2) otkmodarorcs o6e JMHUH. s
PEBH3HMH BBIKMIOUATENsT (] mpeaBapHTeNbHO BKIIOYAOT (53, 3aTteM
oTKmovaloT Q1 M pa3beINHUTENH 110 00 CTOPOHSI BHIKIIOUATENA. B pe-
3yJIETaTe 00a TpaHcgopMaropa U o0e TMHUH OCTATHCE B pabote. Eciu
B 3TOM pexuMe npousoiiger K3 Ha omHOIl JTHHHM, TO OTKIIIOUHTCS
02, T.e. 00¢ INHUH OCTAHYTCS 0e3 HaIpsDKeHMUS.

Jlns peBU3NH BHIKTIOUATENA (3 TaKKe NMpeIBApUTEILHO BKITIOYAIOT
TIepEMBIUKY, a 3aTeM OTKII0YaloT (3. DTOT peXXUM HMEeT TOT XXe HeJo-
ctarok: ipy K3 Ha oqHOI TMHUK OTKITIOYAIOTCS 00€ JTMHUH.

BeposiTHOCTE COBIameHNs aBapuy C PDEBH3UEH OTHOTO U3 BHIKITIO-
yaTeyei TeM GoJple, YeM GOoJblIe IIMTEIFHOCTh PEMOHTA BBIKJIIOUA-
TeJisd, MO3TOMY KaK OKOHYATEIBHBIM BapHaHT Pa3BUTHS 3Ta CXeMa Ha
3JIEKTPOCTAHITUAX HE IIPHUMEHSIETCS.

5.3.2. Koabuesbie cxembl

B KonbIeBBIX CXeMax (CXeMaX MHOTOYTOJBHHUKOB) BHIKIIOYATEIH
COEIMHSIOTCSI MEXIY co00it, obpa3ys xonelio. Kaxnreiit sameMeHT —
JIMHUSA, TpaHCHOPMATOP — MPHUCOEIMHSIETCS MEXIY IBYMS COCEAHH-
MH BHKIIOYaTeIIMH. CaMOM IPOCTOM KOJBIEBOM CXeMOM SBJIsIETCA
cxeMa TpeyrojabHuKa (puc. 5.10, a). JIunus W1 npucoeanHeHa K cxe-
Me BHIKIOUaTe ssMu QJ, Q2, nmuuus W2 — BHKMouatensMu Q2,
03, TpaHcdhopMaTop — BeIKMIoUatessMu Q1, O3. MHorokpaTHoe IpH-
COeIUHEeHHUE 2JIEMEHTA B OOIIYIO CXeMy YBEIHUYMBAEeT TMOKOCTh M Ha-
IeXXHOCTDH pabOTHI, IPH 3TOM YHCJIO BHIKJIIOYATEIENR B pacCMaTpHBa-
eMoIf cxeMe He TIpeBBIIIAET YHCia MpucoeTuHeHuil. B cxeMe Tpey-
TOJIBHMKA HA TPH NPHUCOCAMHEHHUS — TPH BBIKIIOUATENS, IMO3TOMY
cXeMa 3KOHOMMYHA.

B X0JIBIIEBEIX CXeMaX peBU3HS JII000TO BHIKIIOYATENS TPOM3BOIUTCS
0e3 mepephIBa paboOTH KaKoro-au0o0 3neMeHTa. Tak, Py peBU3UH BHI-
Kmoyatens Q1 OTKITIOYAIOT €ro U pa3beMMHUTENH, YCTAHOBJICHHEIE IT0
00e CTOpPOHEI BEIKITIOUATEN 1. IIpH 3TOM 00€ THHUH U TpaHC(HOPMATOP
ocCTaloTcs B paboTe, ONHAKO CXeMa CTAHOBHUTCS MEHEE HaIexXHOM
M3-3a pa3phiBa Konblia. Ecau B 3TOM pexume npouzoiineT K3 Ha -
HUM W2, To OTKIIOYaIcTCs BeIKMIoUaTenn Q2 u (3, BCIEACTBHE YETO
o0e JTUHUK U TpaHcdopMarop OCTaHyTcs 0e3 HampsokeHus. ITonHoe
OTKJTIIOUEHHE BCEX 3IEMEHTOB ITOACTAHITUH ITPON30MAET Takke npu K3
Ha JTMHUH U 0TKa3e OTHOTO BRIKJIIOYATEIS: TaK, HapuUMep, npu K3 Ha
aTuHuM W1 1 oTKase B paboTe BuIKmIouaTenss (1 OTKIIOYAIOTCS BEHI-
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Wi w2
Wi 2 W2 KI Wi
/Q S /Q S2 4
o1 03
Qi 03
02 04
n K2 w3
Ti 72

Puc. 5.10. KonbuieBbie CXeMBI:
a — CXE€Ma TpCYTroJIbHUKA; 6 — cxeMma YCTRIPEXYTOJIBHHUKA; 8 — CXeMa 1ICCTHYTOJIPHUKA

xnovyaresau Q2u (3. BepoATHOCTh COBNANEHHS MTOBPEXICHUS Ha JIM-
HUH C PEBU3HMEH BBIKITIOYATENSI, KaK OBUIO CKAa3aHO BHIIIE, 3aBUCUT
OT JJIMTEIBHOCTH PEMOHTA BHIKJIIOYATENs. YBEIMYCHHE MEXPEMOHT-
HOTO MEPHOJa M HaAEXKHOCTU pabOTHI BHIKITIOYATEIIEH, a TAKXKE YMEHb-
HIeHHe JIUTETHHOCTH PEMOHTA 3HAYUTEJIbHO TOBBIIIAIOT HAMEXKHOCTh
CXEM.

B KOJBIIEBBIX CXeMaxX HaeXKHOCTh pabOTHI BEIKIIIOYATEICH BBILIE, YeM
B IPYTHUX CXeMax, TaK KaKk UMeeTCsl BO3MOXHOCTb OITpOOOBaHUsI JIIOOOTO
BBIKITIOYATENST B TIEpHOM HOPMAajbHOII paboTH cxembl. OmpoOoBaHMe
BBIKITIOYATEJS ITyTEM €To OTKITKYCHMS HE HapylIaeT paboTy MpUCOeIH-
HEHHBIX JIEMEHTOB U HE TPeOyeT HUKaKMX MEPEKIIOYeHTI B CXEME.

Ha puc. 5.10, 6 npeacTaBiieHa cxeMa YETHIPEXYTOJIbHUKA (KBaapaTa).
DSma cxema 3KoHOMUYHA (JETHIPE BRIKITIOYATEIS Ha YeTHIpE MPUCOEANHE -
HUST), H0380A5eMm NPOU3B00UMb OnPobOBaHUE U PeBU3UI0 MH00020 GbIKAIOYA-
mens 6e3 napywenusn pabomol ee snemenmos. Cxema obaadaem 6biCOKOU
HadexcHocmoro. OTKIIIOYEHUE BCEX MPUCOSTUHEHHIT MaJIOBEPOSTHO, OHO
MOXET TTPOM30MTHU MPH COBMANCHMM PEBU3UH ONHOIO M3 BHIKIIIOYATE-
Jiel, HatipuMep @/, moBpexXneHUH JUHUM W2 1 oTKase BBHIKIIOYATEIIS
Bropoii niemu Q4. Tlpu peMoHTe TMHUU W2 OTKIIIOYAIOT BHIKIIIOYATETH
03, 04 ¥ pa3beAMHUTEIH, YCTAHOBICHHBIE B CTOpOHY JIMHUHA. CBA3b
ocTaBlIMxca B pabote nmpucoenuueHuit Wi, T1u T2 ocyuiecTBisieTcst
yepe3 Beikouatenu QI, Q2. Ecnu B 3T0T Niepuon nospenurtca 11, To
OTKITIOYUTCS BBIKIMIOYATeNb (02, BTopoil TpaHcdopMaTop u nunus W1
OCTAaHYTCS B paloTe, HO TPAH3WT MOIITHOCTH OYAET HapylleH. YCTaHOB-
Ka JTUHEHHBIX paspseauHutesie QS u Q52 yeTpaHseT 3TOT HETOCTATOK.

Hocmouncmeom ecex Konvueavix cxem 26a8emcsa UCNOABIOGAHUE PA3E-
edunumeneil moavko 043 pemonmubix patom. KomudecTBo omepanmit
Pa3beMIUHUTENIMHU B TAKUX CXeMaX HEBEIUKO.
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K nedocmamram xonvyesvix cxem caredyem omuecmu 6onee caoxcbili
ébt00p mpancghopmamopoe moka, evikaowameneii u passedunumeneil,
YemanoeneHHbIX 6 Koable, TaK KaK B 3aBUCHMMOCTH OT PeXKMMa paGOTH
CXEMBI TOK, IPOTEKAIOLIMH 10 anmnaparaM, MeHsaerca. Hanpumep, npu
pesusuu QI (cMm. puc. 5.10, 6) Tok B uenu Q2 Bospacrtaer Basoe. Pe-
JIe¥Hasl 3allKTa TaKKe JOJDKHA OBITh BHIOPAHA C YYETOM BCEX BO3IMOX-
HBIX PEXHMMOB ITIPH BHIBOAE B PEBU3UIO BHIKIIIOUATENCH KOJIbIIa.

Cxema 4eThIpexyrosbHHKa npuMensieTcs B PY 330 kB u Brie sjek-
TPOCTAaHLIMI KaK OQUH M3 3TallOB Pa3BUTHA cXeMHI [5.1], a taxke Ha
MOJCTAaHLMAX NPH HanpspkeHUH 220 kB u BeimIe [5.2].

HOCTaTOoYHO UIMPOKOE NMPUMEHEHHE TOIYYWIA CXEMaA IIECTUYTOMb-
Huka (puc. 5.10, ), obnamamonias BCeMH OCOOEHHOCTSIMU paccMoT-
PEHHBIX BhILLIE cxeM. Beikmouarenu Q2u QS ABIAIOTCA Haubojee ciia-
ObIMH 3JIEMEHTAaMH CXEMBI, TaK KaK MX MOBPEXIECHHE MPUBOIUT K OT-
KJIIOYECHUIO ABYX TuHuit Wiu W2wm W3u W4. Ecnv o stum mukm-
SIM TIPOMCXOQUT TPAH3UT MOIIHOCTH, TO HEOOXOMMMO TPOBEPUTD, HE
MIPOM3OMAET JIM TIPY 3TOM HapyLIeHHE YCTOWYHMBOCTH INAapajuie bHOMN
pabGoTHl SHEPTrOCUCTEMEL.

B 3ax/moueHHE ClleayeT OTMETUTD, YTO KOHCTPYKTUBHOE BEITIOJIHE-
HHE PACIIPEACTUTEIbHBIX YCTPOHCTB I10 KOJIBLIEBBIM CXEMAM [IO3BOJISI-
€T CPaBHUTEIBHO MPOCTO MEPEXOTUTD OT CXEMBI TPEYTOIBHUKA K CXe-
M€ YETHIPEXYTOJNbHMKA, a 3aTeM K cxeMe 6JI0KOB TpaHchopmaTop —
IIMHEBL WIM K CXeMaM ¢o COOpHBIMM IIHHAMM.

5.3.3. Cxemn! ¢ ogHoii padoueii 1 00X0OIHOM CHCTEeMAMH mMEH

IIpu GONMBLIOM KOMWYECTBE TIPUCOCTUHEHUI Ha IMOBHIICHHOM Ha-
NPSDKEHHH BO3MOXHO NMPUMEHEHME CXEM C OMHOYHOM CEKIMOHUpO-
BaHHOM CHCTEMO IHH (CM. pHC. 5.6). DTa cxeMa obnagaer psom cyle-
CTBEHHBIX HEJOCTATKOB, B TOM YHCJiE HEOOXOMMMOCTBIO OTKITIOYEHMUS
JIMHWUM WIX UCTOYHUKOB IMMTAHHUS Ha BCE BPEMA PEMOHTA BHIKITIOYATENS
B ux 1eny. Ilpn HanpspxeHuu 35 kB oTkmoYeHue TuHUY 6yner HETIpo-
JIOJDKATENMBHBIM, TaK KaK JUIMTCIBHOCTb PEMOHTA BBIKIIIOYATE/ICH HEBE-
JIMKa. B 3TOT mepuoa HCIToMb3yeTCst PE3EPB TI0 CETH, YTOOH 06eCIIeYHTD
nuraHue norpeburesneit. Ilpy HanpspkeHuax 110 kB u Buile mmres-
HOCTb DEMOHTA BBIKIIIOYATENIEH, OCOGEHHO BO3MYILUHEIX, BO3pACTaeT U
CTaHOBHTCSI HE[IOTIYCTUMBIM OTKJIIOYEHHE LIENM Ha BCE BPEMS pEMOHTA,
TO3TOMY CXeMa o pHC. 5.6 TIpUMeHIeTC TONbKO Iuid PY 35 xB.

OnuuM M3 BaXHBIX TPeOOBAaHMN K CXEMaM Ha CTODOHE BBICILETO
HaNpsDKCHWS SIBJISIETCS CO3IAaHUE YCIIOBUM JUIA PEBU3MI ¥ oripoGoBa-
HUH BBIKMIOUATENeH Oe3 nmepepbiBa paboOTHL. DTUM TPeGOBAHUIM OTBE-
qaeT cxeMa ¢ 0OXOOHOoM cucteMoi muH (puc. 5.11).

B HopManbHOM pexume 06XxonHas cucTeMa IuH KB Haxomures 6e3
HanpspkeHus, pasbequauteny QSBI1, OSB2, OSB3 u 1.1., coenuns-
IoliKe TMHAKM U TpaHCHOpMATOPEI C OOXOMHOM CHUCTeMO# 1mIuH, OT-
kmoveHbl. O6xonnbie BeIKMOYaTenu QBI u QB2 Ha nepsoi (KI) n
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Puc. 5.11. Cxema ¢ ogHON CEKLIMOHMPOBAH-
6 HOM ¥ 00XONHOM CHCTEMaMH LIMH

Bropoii cexiuu (K2) otkmodeHb. CeKnyu COeMMHEHBI MEXIy co00it
JIBYMS TOCJIENOBATENbHO BKIIIOYEHHBIMH BBIKMIodatenamMu QKI1, QK2
(pexomenganus [5.1]). C nmoMouipio 0O0XOMHOM CUCTEMBI LIUH JIIOO0H
BBIKJTIOYATEIb JJUHUH U TpaHC(OPMAaTOPOB MOXET OBITH 3aMEHEH 00-
XOIHBIM BBIKIIIOYATENIEM, VISl Y€TO HaZo MPOU3BECTH CIEIYIONIHE OIIe-
paluM; BKIIOYHTh, (B 1y mpOBepKH HCIIPaBHOCTU OOXONHOU cucTe-
MBIl IIMH; OTKIIOUUTs (QBI; BKIIOYUTH Pa3beIUHHUTENb OT OOXOMHOM
CHCTEMBI ITMH K TOMY NPHCOSAMHEHMIO, IJI¢ HAMEYEH PEMOHT BHI-
xkmoyatens (QSBI); BKIIOYUTh OOXONHOM BHKIIOYaTeNs QBI; oTKIIO-
YUTH BHIKITIOYaTeNb (1, HAMEYEHHBIH ISl pEMOHTA; OTKIIIOYUTD Pas3hb-
e[IMHUTEH 110 00¢ CTOPOHHI BHKIIoYaTensa QS u OS2, Tlocne ykazaH-
HBIX onepaiuii TuHusA W1 mojy4daeT muTaHue Yyepe3 OOXOMHYIO CHCTe-
My LIHMH, BBIKJIIOYaTenb QB — oT mepBoii ceKiuy COOpHBIX UH K/
(cM. puc. 5.11, 6). Bce 3TH omepailii IIPOM3BOASTCS 0€3 HapyIICHUS
3NIEKTPOCHAOXEHHUS MO JUHUM W1, XOT OHM CBSI3aHBEI C OOJBIIUM
KOJIMYECTBOM TePeKIIOUCHMIA.

B paccMoTpeHHOH cxeMe peMoHT cekiuM K7 wim K2 cBsizaH C OT-
KIIIOYCHHEM BCEX JIMHUM, IPUCOCTUHEHHBIX K JaHHOW CEKITUU U Of-
HOTO TpaHC(HOPMAaTOPa, MO3TOMY TAKHE CXEMBI MOXHO MPUMEHSITE IIPH
MapHBIX NHHMUSIX WU JUHUSX, PE3CPBUPYEMBIX OT IPYTUX TOACTaH-
Wi, a TAKKE paguaJBHBIX, HO He 00jiee ONHOM Ha CeKlMIo. Yucno
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MPUCOSAUHEHU Ha ceKuuu PY 35—220 kB momxHO OmpenensiTbCs
3KOHOMMYECKOH 11eJIeCOO0PAa3HOCThIO YCTAHOBKHM CEKITMOHHBIX BBI~
KJIIOYaTeNIeH C YYETOM CTOUMOCTH Ha HEIOOTITYIIIEHHYIO 3JICKTPO3SHED-
THIO TIpM MOJHOM NoramieHun PY [5.6].

O6xomHast CUCTeMa IIMH He TipeaycMaTrpuBaerca wig PY 35 kB u
KPY3, Tak Kaxk IMTEILHOCTh peMOHTA BHIKITIoUaTeaeit 35 kB Hesesu-
Ka, ¥ Ha 3TOT MEepUOJ MOXHO BOCITOJNBL30BATBECS PE3CPBOM IO CETH
WIN B3aNMO3aMEHseMbIM 00OpYIOBaHHEM B KOMIUIEKTHOM PVY.

5.3.4. Cxema ¢ aBymMs pabouuMH H 00XOAHOMH CHCTEMAMH IITMH

s PY 110—220 xB ¢ 60abpIIMM YHCIOM IIPUCOEAMHEHWI TpUMe-
HSETCSE CXeMa C ABYMs pabounMU U OOXOIHOM CHCTEMaMHU LIMH C On-
HUM BHIKJTIOUaTeNAeM Ha Henb (puc. 5.12, g). Kak npaBuio, obe cucre-
MBI IIMH HAaXOMATCA B paboTe IPU COOTBETCTBYIOLIEM (PUKCHpPOBAH-
HOM paclipefic/IeHHH BCEX NpUCcoeauHeHMit: muanu Wi, W3, W5 u
TpaHcdopmaTop 71 npucoemMHEHH K MepBOil cucreMme mwMH K1, nu-
nun W2, W4, W6 u tpancdopmarop T2 — KO BTOPOH CHUCTeMeE ILIMH
K2, mimHocoeqMHUTEIbHLII BEIKTIOUaTe I QK BKiItoueH. Takoe pac-

wi w2 w3 w4 fWS w6
. . . . . . . : . KB
0B | 0K
} K1
P ¢ A V4 L4 A r d 4 V4 V4 V4 KZ
K 71 K T2
a
w1 (W2 W3 (W4
. . : . . . KB
X
08I S| ok | oB2
K1 | ¢ 4 : K2
Kjw' v é V 4 Ve P O ¢ V4 e £ P 4 K4
K AT K AT

7]

Puc. 5.12. CxeMa ¢ aByMsi paGouynMMM U OOXOXHOM CHCTeMaMH IIIHWH:

a — pabo4me CHCTEMBI IIMH He CEXLHOHMPOBAHEL, § — paboyue CHCTEMHE CEXLIHOHU-~
POBaHEl
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MIpeJesieHue TPUCOSIUHEHUN YBETHYNBAET HANEXKHOCTh CXEMBI, TaK
kak rpu K3 Ha mMHaX OTKJIIOYAIOTCS NIHHOCOEAMHUTELHBIN BHIKITIO-
yatenb QK ¥ TOJNBKO IONTOBUHA NMpUCOeAUHEHUA. ECM mmoBpexneHne
Ha IIMHAX YCTOMYMBOE, OTKJIIOUUBILHECS TIPUCOECTNHEHHSI TIEPEBOMSAT
HA UCIIPABHYIO CUCTEMY IINH. [lepephiB 571eKTpOCHAOXKEeHHUSI TTOJIOBH-
HBI TIPMCOEAMHEHUN OIpeJieNisieTCsl JIUTENBHOCTRIO TepeKIIOUeHHUH.
PaccMoTpenHas cxeMma pekomenayercs st PY 110— 220 kB Ha ctopo-
"He BH u CH noxacraniuii npu yucie npucoeauHenmit 7— 15 [5.5],
a TakoKe Ha 2NIEKTPOCTAHIMSIX TIpH Yucie nmpucoenuHenui 11 [5.1].

Oco0eHHOCTH CXeMBI ¢ IBYMSI CUICTEMAaMM IIMH OBLUTH paCCMOTPEHBI
panee (cM. Trofpasn. 5.2.2). 31ech ClaemayeT OTMETUTD, yto ikt PY 110 kB u
BBIIIE CYIIIECTBEHHBIMHI CTAHOBSITCS HEMOCTATKH STOM CXEMBI:

OMKA3 00HO20 BbIKAIOYAMENS NPU Q8ADUU NPUBOOUM K OMKAIOYEHUIO
8Cex UCMOYHUKOB8 RUMAaHUA U AUHUL, NpUCoedUHeHHbIX K OaHHOU cucmeme
WUH, a ecau 8 pabome HAXO0UMCS 00HA CUCMEMA WUH, OMKAIUAIOMCS 8Ce
npucoedunenus. JINKBUIAIUSA aBapuy 3aTSATUBAETCs, TaK KaK BCE OTie-
pallMH TI0 TIEPEXOAy C OJHON CHUCTEMBI ILIMH Ha APYTYIO IIPOU3BOASTCS
pa3beJUHUTETIMHA. ECIM UCTOYHUKAMU TTATaHUSA SIBISIIOTCS MOIIHBIE
OJIOKH TypOoreHepaTop — TpaHchopMaTop, TO IIYCK HX Iocjie copoca
Harpy3ku Ha BpeMs 6osiee 30 MUH MOXET 3aHSITh HECKOJIBKO YacOB;

RO8pexcOeHue WUHOCOeOUHUMEeAbHOR0 BbiKalo4amens pasHoyenHo K3 na
obeux cucmemax WuH, m. e. nPUEOOUM K OIMKANUEHUIO 6CEX NPUCOeOUHEeHU,

bonbluoe KOAUYeCmao onepayull pazseOunumensmy npu eovieode @ pe-
BU3UIO U PeMOHM biKAIOUamenell ycaodxcHsaem sxcnayamayuro PY,

HeobXo0uMoCmb YCMAHOBKU WUHOCOeOUHUMENbHO20, 06XO0H020 8bl-
Katouameneti u 6oAbWO20 KOAUMECMBA Pa3beduHUmenel yeeauuugaem 3am-
pamsl Ha coopyxcerue PY.

HexoTtoporo yBeJndeHUs] THOKOCTH M HaAEXXHOCTH CXEMBI MOXKHO
JIOCTHUYD CEKITMOHNPOBAHNEM OTHOH WM 00eHNX CHCTEM LLUUH.

Ha TOC nipu uncie npucoequHeHUi 12 1 6oJiee CEKIIMOHUPYIOTCH
BBHIKJIIOYATENSIMHU 00€ cucTeMbl IMH. Eciu K muHaMm PY 110—220 kB
TIPUCOEIUHAIOTCS 1Ba PE3EPBHBIX TpaHC(hOpMaTopa COOCTBEHHBIX HYX,
TO CEKLIHOHHUPYIOTCA 00€ CHCTEMBI IIIMH HEe3aBUCHUMO OT Y¥CJIa TIPHCO-
enuHeHuit [5.1].

Ha moacTaHuMsIx ceKIIMOHMpYeTCsl oaHa cucteMa 1uH 220 kB nipu
YyHcJle TIpPUCOeIUHEHUH 12— 15 win npH yCTaHOBKE TpaHchopMaTo-
poB MoIITHOCTBIO 125 MB-A u 6osee; obe cucteMsl iuH 110~ 220 kB
CEKIIMOHHMPYIOTCA TIPH YHCNE IpucoeIMHeHnit 6onee 15 [5.5].

Jns yBenmW4YeHUsT HAIEXXHOCTH pacCMaTpHBaeMOM CXeMBI MOHOGJIO-
Kk MolHocTei0 500 MBT 1 BhILle M aBTOTpaHC(HOPMATOPHI CBSI3U MOIII-
HocThi0 500 MB-A u BbIllIe TIpUCOEANHSIOTCA K PY moBbIIIEHHOTO
HanpsXeHUs He MeHee YeM Yepe3 JIBa BBIKITIOYaTeNs K pa3HbIM CUCTE-
MaM COOpHBIX IIMH (pHC. 5.12, 6). DTH BHIKIIOYATENM B HOPMAJIBHOM
peXuMe BHIIOMHSIOT (GYHKIMY HIMHOCOEAMHUTENBHOTO. [1pH moBpex-
Jenuu Ha mioboit cucteMe mmH AT wnu 610k I'—T ocratotcesa B pabo-
Te. UCcKITIOYaeTcss BO3MOXHOCTD TIOTEPU OOEHX CUCTEM IIIHH.
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5.3.5. Cxema ¢ AByMs CHCTEeMAMH INHH H TpeMs BHIKTIOUATEIAMH
Ha JIBe Lenn

B pacrnipenenmurensHeix yerporictBax 330 — 750 kB mpuMeHsieTcst cxe-
Ma C IByMsI CHCTEMAMH IIIHH M TPEMS BHIKITIOUATEIIMU Ha IIBE IIEITH.
Kaxk BugHO U3 puc. 5.13, Ha 11ecTh NPUCOEINHEHNIT HEOOXOIUMO JTe-
BSITh BBEIKJIIOYATEICH, T. €. Ha KAXI0€ IIPHUCOCIMHEHNE «II0JITOPa» BHIK-
Jo4arenst (0TCioma IPOUCXOOUT BTOPOE HA3BAHME CXEMBL: «IIOTYTOD-
Has», WIIK «CXeMa C 3/2 BBIKIIIOYATENST Ha LEb»).

Kaxnoe npucoemuHeHne BKJIIOYEHO Yepe3 IBa BRIKToYaTens. st
OTKJTIOYeHUsT TMHIKU W1 HeobXooUMO OTKIIOYMTL BHIKIIOYaTeNmu (Q1,
Q2, g orkmodeHus Tpancdopmaropa 71 — Q2, Q3.

B HopManbHOM pexXuMe Bee BBIKITIOUATENIM BKITFOYEHBI, 00€ CUCTEMBI
IITUH HAXOMSATCS TIOM, HATIpsDKeHUeM. JI719 peBH3HH JIF000T0 BHKITIOYATE IS
OTKJIIOYAIOT €T0 M Pa3heIMHHTETH, YCTAHOBJIEHHEIE TI0 00€ CTOPOHBI BHIK-
Jovaress. KonmdecTBo orepaltyi Ut BRIBOIA B PEBU3MI0 — MHHUMATb-
HOE, Pa3beIMHUTENM CIYKAT TOJIBKO IS OTACICHHS BBIKITIOYATENS TIPU
PEMOHTE, HUKAKMX OTIEPATUBHEBIX MEPEKTIOUEHNIT UMK HE IIPOU3BOIAT.

Jlocmouncmeom cxemol a6asemcs Mo, ymo npu pesu3uu 1106020 GbIKAI0-
yamens 6ce NpUcoedurerus ocmaromes 6 pabome. Jpyeum docmourcmeom
NOAYMOPHOI CXEMbL ABAAEMCSA ee BbICOKASA HAOeHCHOCMb, TaK KaK BCE 1IEITH
OCTAalOTCA B paboTe Jaxke IIpH IOBPEXICHUM Ha COOPHBIX IITHHAX. Tak,
HanpuMep, Ipy K3 Ha 1epBoji CUCTEME IITUH OTKITIOYATCS BBIKJIIOYATE~
m Q3, 06, Q9, MIUHK OCcTaHyTCsT 0e3 HalpsDKeHHsI, HO Bce IMpUcoe-
TAHEHUsI COXpaHsITCsA B pabote. [Ipu omMHAKOBOM YHCIIEe UCTOYHMKOB
IUTAaHUS U TUHUHA paboTa BCEX LIETIEM COXPAHAETCS JaXKe IIPH OTKITIOYE-
HUU OOEHX CHUCTeM IIMH, IIPH 3TOM MOXET JIMIIb HapYIIUThCS Iapa-
JIeJIbHAsT paboTa Ha CTOPOHE ITOBHI-
HIEHHOTO HaTIPSDKeHMS.

Cxema mo3BoJisier B pabodeM uk i K2 “
pexxuMe Oe3 omiepalliit pa3beIHHH- 01 04 07
TeJISIMU TIPOU3BOAUTH OIIPOGOBAHUE
BBIKJIIOYaTejiei. PEeMOHT IIIMH, O4H- 1
CTKa M30JIATOPOB, PEBM3MUS ITHH- 02 05 08
HBIX pa3beIUHUTEIICH TTPONU3BOIST~
cs1 ©e3 HapylIeHUs padoTHl IeTeit b
(OTKIIIOYAETCSI COOTBETCTBYIOIIUIA 1 1
psII MIMHHBIX BBIKJIIOYATENEi ), BCe 03 06 09
LIETTH ITPOIOJDKAIOT PabOTaTh Iapai- K1
JIEJIbHO 4Yepe3 OCTABUIYIOCH TION 1 2 T3

HANpSDKEHHEM CHCTEMY IIIHH.
KomyecTBo HEOOXOIUMBIX OIle-
palui pa3pCANHUTESIMU B Tedc-
HME TOHA IJIsl BHIBOIA B PEBU3MIO
[MOOYEPENHO BCEX BBIKIIOYATENEH, Puc. 5.13. Cxema ¢ 3/2 BBIKITIOYATENS
pa3beIUHUTENENH U COOPHBIX LIWH Ha MPUCOSTNHEHIE
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3HAYUTENBPHO MEHBIIIE, YEM B CXEME C ABYMs pabOYHMMU M OOXOTHOM
CHCTEMAaMM IIIHH.

Jns yBeTmJeHHS HAIEXHOCTH CXEMBI ONHOMMEHHBIC 3/IEMEHTHI TTPH-
COCIMHSIOTCSI K Pa3HBIM CHUcTeMaM IIHH: TpaHchopmaTtopsl T1, T3 u
JmuHug W2 — K nepBoit cucteMe mmH, nuuun Wi, W3, tpancdopmMa-
Top 72 — KO BTOpOIf cucreMe mMH. [Ipy TakOM COYETaHUHU B CIIydac
IOBpEeXKICHHUS JIOO0r0 3JIeMEHTa WM COOpHBIX IIWH IIPH OTHOBpPE-
MEHHOM OTKa3e B ICHCTBUHU OJHOTO BHIKJIIOYATENSI 1 PEMOHTE BBIKIIIO-
YyaTesist APYTroro NPpUCOECANHEHMS OTKIIIOUAeTC s He 00JIee OHOM TMHNHU
M OMHOTO MCTOYHHMKA MUTAHHS.

Tak, HarpuMmep, npu peMoHTe (5, K3 Ha muuuu W1 n otkase B
pabote BuIKIIOYaTeass (1 OTKIIOYAIOTC BHIKMIOYatenu Q2, 04, Q7,
B pe3y/NbTaTe Y€ro, KpoMe MOBPEKIACHHON auHMM W1, OyIeT OTKIIO-
YyeH ellle ouH 35ieMeHT — T2. TTocie oTKIoYeHUsT YKa3aHHBIX BHIKITIO-
yaTeneit TMHUS W1 MOXeT OBITb OTKIIOYCHA THHEHHBIM pa3be AMHNTE-
JieM U TpaHcdopMarop 72 BKIIOUEH BHIKIIOUaTeneM (4. OmHOBpeMeH-
HOE aBapHIfHOE OTKITIOUEHUE IBYX JIMHUI WIH IBYyX TpaHCHOPMaTOpOB
B PAaCCMOTPEHHOM CXeMe MaJIOBEPOSITHO.

B cxeMe Ha puc. 5.13 K cOOpHBIM IIIMHAM MPUCOEAUHEHBI TPH 1ie-
Mnoyku. Ecyiu Takux 1enovex OyaeT 6onee MATH, TO UIUHL pEKOMEHITY -
€TCSI CEKIIMOHHPOBATh BEIKITIOYATEIIEM.

Hedocmamxamu paccmomperHOU cxeMbl A6AAOMCH:

orkmioueHre K3 Ha TMHUM ABYMST BRIKJIIOUATEISIMHU, UTO YBEIHMYHU-
BacT 00lIee KOJMYESCTBO PEBU3HIL BRIKITIOYATENCH;

YIOpOXaHUE KOHCTPYKIMHU PY npH HeYeTHOM YHCIe IPUCOSTUHE~
HMi1, TaK KakK OIHA IIEIIb JOJLKHA IMPUCOSIUHSITHCS YEPe3 ABa BHIKIIIO-
qaress;

CHIDKEHHE HaNe:KHOCTH CXEMBI, €CJIM KOMHUYECTBO JTMHHUI HE COOTBET-
CTBYET YMCITy TpaHchopMaTOpoB. B TaHHOM Cirydae K ONHOM LIENOYKE U3
TPEeX BBIKITIOYATENCH MPUCOSIMHSIOTCS 1Ba ONHOMMEHHBIX 3IEMEHTa, 110-
5TOMY BO3MOXHO aBapHITHOE OTKIIOYEHHUE OMHOBPEMEHHO JIBYX JIMHMUIA;

YCIIOXHEHUE LeTel peIcHHON 3alUTEI;

yBeTMYeHHE KOJIMYECTBA BEIKITIOUATENICH B CXEME.

Braromapst BEICOKOI HAAEXKHOCTH ¥ THOKOCTH CX€Ma HaXOIUT IITH-
pokoe npuMeHeHHe B PY 330 — 750 kB Ha MOITHBIX 3JIEKTPOCTAHIIHUSIX.

Ha y37moBBIX NMOACTAHIIMSX TaKasi cXeMa IpUMEHSETCS IIPpH YUCTIC
MPUCOCAMHEHMIT BOCEMB U Gosiee. [1pu MeHBIIIEM YHCITE TIPUCOETUHE~
HUM TMHUM BKJIIOYAIOTCS B LIENOYKY M3 TPEX BHIKIIOYATENEN, a TpPaHC-
(bopMaToOpEl NPHCOCOUHSIOTCS HEMOCPEACTBEHHO K LIMHAM, 6€3 BBI-
KJoyaTesnei, oopasyst 610K TpaHchOpMaTop — IIMHEI [5.5].

5.3.6.CxeMa ¢ ByMS cHCTEMAMM IIMH H C YETHIPbMS
BBIKJTIOYATE/IAMH HA TPH HeNH

B cxeme Ha puc. 5.14, a Ha neBTh IpUCOeMUHEHUI TpeOyeTcs: 12 BBI-
KJTIouaTesiei, T. €. Ha Kaxmoe npucoeauHenue 4/3 BeikmodaTenst. Hau-
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JIYYIIHEC ITOKA3aTC/IHu CXEMa UMECT, CCIIN YUCIIO JIMHUHA B 2 pa3a MCHb-

e wid GoJblie YHUciaa TpaHC(POPMaTOpOB.

Cxema ¢ 4/3 svikaiouamens Ha npucoeduHenue umeem 6éce 0oCMOUH-
Cmea ROAYMOPHOU cxembl, A KPOME TOTO:

cxema 6onee axoHomuuna (1,33 BEIKIIOYATENS HA NMPUCOEAUHEHHUE
BMecTo 1,5);

CeKUUOHUpOoBanue CO0PHbIX WuH mpebyemcs moavko npu 15 npucoedu-

HeHusax u boaee;
HAOeXCHOCMb CXeMbl NPAKMUMECKU He CHUdcaemcs, €Clii B ONHOM

LICTIO4YKE 6YJIYT NPpUCOCAUHEHBI ABC JIUHUKM U OOWH Tpchq)opMaTop

BMECTO ABYX TPaHC(POPMATOPOB M OMHOM JIMHUH;
koHcmpykuus OPY no paccmompernoli cxeme 00Cmamo4HO 3KOHOMUMHA

u y0o6Ha 8 06cAyIHUBAHUU, €CITH TIPMHATh KOMITOHOBKY C JIBYXPSLIHBIM

PacCITONIOXECHHEM BHIKJIIOUaTeNne (puc. 5.14, 6).
Cxema Haxomut npuMeHeHre B PY 330— 500 kB mourex KSC u ABC.

5.4. I'nasusie cxembi KDC

5.4.1. TpeOoBaHna K cXeMaM MOIIHBIX TEIJIOBBIX 3JEKTPOCTAHIMIA

MOIIIHOCTh T€HEPATOPOB, YCTAHABIMBAEMEIX HA TEIUIOBBIX 3JIEKT-
POCTAHIIUAX, HEYKIIOHHO BO3pacTaeT. OCBOEHH B 3KCIUIyaTallul SHEp-
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ro6ioxku 500, 800 MBT, ocBauBatorcs 61oku 1200 MBT. YcraHoBneH-
Hast MOIIHOCTL cOBpeMeHHBIX KDC mocTuraer HeCKOIbKIX MALTHOHOB
KwioBaTT. Ha mmHax Takux 3J€KTPOCTAHIIMEI OCYIIECTRIAETCS CBA3b
MEXIY HECKOJIEKUMH 3JIEKTPOCTAHIIUAMHU, TIPOUCXOIUT MEPETOK MOILI-
HOCTH U3 OJHOM YacCTH 3HEPTOCUCTEMBI B APYTYIO. Bce 3TO MPUBOIUT
K TOMY, 4TO KpyrHble KDC UrpaioT 04eHb OTBETCTBEHHYIO POJIb B SHEP-
rocucreMe. K cxeme anexkTpuueckux coennHeHut KDC, kpoMe o0Imx
TpeOOBaHMHI, PACCMOTPEHHBIX B Mompasi. 5.1, NpeabaBIAOTCsS U Apy-
rue cnenudryeckue Tpebopanus [5.1].

1. I'maBHag cxema HOJKHA BBIOUpATHCSA HAa OCHOBAaHMU YTBEPXKICH-
HOTO TIPOEKTA pa3BUTHS SHEPTOCUCTEMBI, T. €. JOJKHH OBITH COrIaco-
BaHBI HANIPSDKEHUS, HA KOTOPBIX BBIIAETCST SEKTPOIHEPTHS, TpaduKu
HAarpy3KM Ha 3TUX HAMpsDKEHUSIX, CXeMa CeTed M YUCIO OTXOMSIIMX
JIUHUMA, nonycTUMBle TOKM K3 Ha MOBBILIEHHBIX HAMPSIKEHUSIX, TPE-
0OBaHUs B OTHOWICHUM YCTOMYMBOCTH U CEKITMOHMPOBAHMS ceTeHf,
HauO0oJIbILIAs TOMYCTUMAS ITOTEPST MOLIHOCTH IO PE3ePBY B SHEPTOCHU-
CTEME M TIPOIYCKHOM CIOCOOHOCTH JIMHHI 3JIEKTPOIIepeIauH.

2. Ha snexkrpoctanuusax ¢ sHeproonokamu 300 MBT u Gosee mo-
BpeXJICHUE WIH OTKAa3 JII0OOro BHIKIIOUYATENSI, KPOME IIIMHOCOSIMHM-
TEJILHOTO M CEKIHMOHHOTO, HE MOJIKHO MPHBOAUTHE K OTKIIOYECHUIO
0oriee OMHOTO 3HEProbGiaoKa M OMHON WJIM HECKOJNBKMX JIMHWM, eCcliu
TIPA 3TOM COXPAHSIETCA YCTONYMBOCTh 3HEPTOCUCTEMEL. I1py MOBpeX-
JE€HUHU CEKUMOHHOIO WIHM UIMHOCOCTUHUTENBHOTO BBLIKITIOUATENSA IO~
MyCKaeTcs MOTepsl ABYX SHEeProOjIOKOB M JIMHUM, €CIIU MPH 3TOM CO-
XPaHSIETCS YCTOMUMBOCTE SHEProcucTeMHl. IIpy COBIIaneHUM MTOBPEX-
JMEHUST WM OTKa3a OMHOTO BBIKIIIOUATENS] C PEMOHTOM JIPYTOTO TAKKe
JIOTYCKA€eTCs TOTEPST IBYX SHePTroGIOKOB.

3. IloBpexneHue WIM 0TKA3 JIIoOOro BHIKITIOUATEN He JOJDKHO MpH-
BOIUTH K HApYIICHHUIO TPAH3HUTA Yepe3 IIUHH 3JIeKTPOCTAHIINH, T.€.
K OTKJII0YEHMIO 0oJsice OIHON LIENMH TPaH3HUTa, €CA OH COCTOUT U3
JIBYX MapaJUICALHBIX LENEH.

4. DHeprobJI0KH, KaK MPaBUIIO, CJIEAYeT MPUCOETUHSTE Yepe3 OT-
JIeJIbHBIE TPAHC(HOPMATOPEI M BBIKJTIOYATENIM HA CTOPOHE TTOBBIHICHHO-
ro HanpsKeHUs.

5. OTKmoYeHUE TUHUIM 3MEKTPOIIEPENauy TOJDKHO MPOU3BOIUTECS
He 6oJice yeM JBYMsI BBIKJTIOUATENSAMU, a SHEPro6GIOKOB, TpaHcdop-
MaTOPOB COOCTBEHHRIX HYXI — He 60Jice YeM TpeMsl BRIKITIOUATENISIMU
PY xaxnoro HaIpsoKeHUs.

6. PeMOHT BBIK/MIOYATeNIel HanpsxkenreM 110 kB w Bhule, 3a UC-
wioyeHueM KPYD, nomkeH ObITh BOZMOXHBIM 0e3 OTKITIOUEHMS TIPH-
COEMHEHUS.

7. CxeMbI PY BBICOKOTO HalipsDKeHMA JTOJDKHBI TIPeyCMAaTPUBATEL BO3-
MOXHOCTb CEKIIMOHUPOBAaHHUS CETH WM JeJieHUs 3JIEKTPOCTAHIINM Ha
CaMOCTOSITENIbHO paboTaloIMe YaCTH ¢ LIEJIbIo orpaHudeHMs ToKoB K3.

8. ITpu nuTanuM ot JaHHOTO PY NIBYX MycKope3epBHHIX TpaHchOp-~
MaTOpPOB COOCTBEHHEIX HYXI OOJKHA OBITh MCKIIOYEHA BO3MOXHOCTD
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[oTepy 000HUX TpaHCHOPMATOPOB ITPU MOBPEXICHUHU UJIM OTKa3e JIio-
00ro BBRIKITIOUATEIS.

OKoHYaTebHEIH BBIOOP CXEMBI 3aBHCHUT OT €€ HAaIEeXHOCTH, 4TO
MOXeT OBITh OLIEHEHO MaTeMaTWYeCKHUM METOIOM IO YAeJbHOM IT0-
BpEXIaeMOCTH 3JieMEeHTOB. I'J1aBHasI cxeMa JOJLKHA YIOBJIETBOPSTD pe-
XVMHEIM TpeOOBaHUSIM 3HEProCHCTEMEI, 00eCIIeYnBaTh MUHIMAIbHEIE
pacyeTHEIE 3aTPATHI.

5.4.2. CxeMbl 610KOB reHeparop — Tpanchopmarop
H reHeparop — TpancGopMaTop — NHHUA

Kak OpuTo moKa3aHo B mofpasi. 5.1, CXeMBbl BHIAYH 3JIEKTPOIHED-
ruu KOC xapakrepHBI OJIOYHBIM COeIMHEHNEM MeHEPATOPOB C TPaHC-
dopmaTopamu. PaccMoTpuM Gosiee MompoOHO ¢XeMbl 3HEpro0JIOKOB
reHepaTop — TpaHcdopMarop (puc. 5.15).

B Gyrokax Mex/y reHepaTopoM 1 ABYXOOMOTOYHBIM TpaHcPOpPMaTO-
POM, KakK IIPaBUJIO, NOJIKXEH YCTAHABIMBATHCS TeHEPATOPHBIN BHIKIIIO-
yaTeh (JOIycKaeTcsl IPUMEHATDh BBIKJIIOUaTeNb Harpy3ku) [5.1]. Ha-
JINYHE TeHEepaTOPHOTO BRIKIIOUATEIIS YIPOIAET OMePaiiy IO BKIIIO-
YEHUIO ¥ OTKIIIOYEHHIO 0JI0KA, a TAKKE YMEHBINACT KOJIMYECTBO OIle-
paTHUBHEIX TIepekmiouenuii B PY 110— 750 kB, uto ocoGeHHO BaXKHO B
cxeMax ¢ 3/2 wiu 4/3 BRIKJIIOUATENS Ha IieMb. Takue cxeMHI (CM. pHC.
5.15, a) npuMeHSIOT IJIs1 SHeproGI0KOB, KOTOPHIE YYaCTBYIOT B pery-
JIMpOBaHMM Ipaduka Harpy3Kl 3HeproCUCTEMHI.

CrnenyeT OTMETUTBh, YTO HAJMYWE IeHEPaTOPHBIX BBIKIIOUATENCH
[I03BOJISIET OCYILIECTBUTD IMYCK reHepaTopa 03 UCITONIb30BAaHHUS ITYCKO-

110—750 xB 500—750 xB 110—220 xB 330—-750 xB K PY BH
K paifOHHOIf
01 02 01 MONCTaHLIHH
1
|
.\f
03 cn| |92 B |cn QW:
- - C.H.
0]
a o 8 2

Puc. 5.15. Cxembl 2HeproGJIOKOB reHepaTop — TpaHchopMarop:

a, 2 — GJIOKH C IByXOGMOTOYHBIMH TpaHC(hopMaTOopamu; 6 — 6JI0K ¢ aBTOTpaHChOp-
MaTopoM; ¢ — OOBeMUHEHHBIN 650K

347



pesepBHOroO TpaHcdopMaTopa ¢.H. B 3ToM ciiydae IIpu OTKITIOUEHHOM
BEIKJTIOUATEJIE TeHepaTopa IMUTaHWE Ha IITMHBI C. H. TTIofaeTcs yepes 6104-
HBII TpaHcdopMaTop 1 pabounit TpaHcgopmarop c. H. [Tocne Beex omne-
panuuii Mo MyCKy IeHepaTop CUHXPOHU3HWPYETCS M BKIIIOYAETCS BBI-
KkmouateneM Q2.

BMecTo rpoMO3IKMX U JOPOTMX BO3AYIIIHBIX BRIKJTIOYATEICH Ha re-
HEpAaTOPHOM HAaIPSDKEHWH MOTYT YCTAHABIMBATHCS BHIKIIIOYATENIH Ha-
Tpy3Ku. B 3TOM Cliyuae MOBPEXICHHUE B JTI00O0M SHEPTo0I0KE TPUBOTUT
K OTKJTIOYEHHIO BHIKITIOYATENns Q1.

Ha cospemennbix TDC oTmaiika K TpaHcOpMaTOpy C. H. BBITIOTHSA-
€TCSI KOMIUIEKTHBIM TOKOIIPOBOIOM C pa3leNeHHBIMU ¢a3aMH, KOTO-
pble 06eCcIIeYHBAIOT BHICOKYIO HAaJEXKHOCTb PaOOThI, MPaKTHYECKH HC-
kmouas MexnydasHeie K3 B 3TUX COeTMHEHMSAX, TIO3TOMY HUKaKOH
KOMMYTAIIMOHHOM ammapaTypbl Ha OTBETBACHHH K TpaHCGOpMAaTopy
c.H. He npenycMmarpuBaetcs. Ecnu oteetsnenne Kk TCH ot 6;10ka GT
BBIITOJIHEHO OTKPBITOI OIIMHOBKOI MM KaGeasiMH, TO yCTaHAaBJINBa-
€TCS BBIKJTIOUATENb, pacCYUTaHHBIN Ha K3 Ha OTKpPHITON OITMHOBKE
WK Kabensx [5.1] (Ha puc. 5.15, a Toka3aH IMyHKTHPOM).

Ha puc. 5.15, 6 moka3zaHa cxeMma 0JIoKa reHepaTtopa ¢ aBTOTpaHC-
dopMaTopoM. Takast cxemMa TIPUMEHSIETCA TIPU HATHYHHU IBYX TIOBBI-
meHHbIX Hanpsockenuit Ha KOC. [py noBpexaeHUH B reHepaTope OT-
KJIIOYAETCA BBIKIIOUYATeN b (O3, CBA3b MeXHy IByMsl PY moBHIIIIEHHOTO
HaIpsoKEHUS CoXpaHseTcs. [Ipy moBpexXneHUM Ha HIMHAX HaTIPSDKEHH -
eM 110—220 kB wrn 500 —750 xB otximountes Q2 win Q1 cooTBeT-
CTBEHHO, a OJIOK OCTaHeTCs paboTaTh Ha UIMHBI HANIPSAXECHUEM
500—750 win 110—220 xB. PazbeIMHUTENN MEXAY BBHIKITIOUATCISIMHU
01, @2, Q3 n aBTOTpaHCGHOPMATOPOM HEOOXOIUMBI JIJisT BO3MOXHO-
CTH BBIBOZIa B pEMOHT BBIKJTIOUATENIEH IIPH COXpAaHCHUHU B pabore 6110~
Ka WIN aBTOTpaHcdopMaTopa.

B HEKOTOPHIX CIIYy4asX C UEIbIO YIIPOIIEHUS U YACUICBICHUS KOHCT-
pykuuu PY HanpspkeHuneM 330 —750 kB npuMeHseTcss 00beIMHEHUE
JIBYX GJIOKOB C OTAEITBHBIMH TPaHCHOPMATOPaMH IO OOLIHIA BBIKITIO-
gatens Q1 (cM. puc. 5.15, ¢). Beikmouatenn (2, O3 HEOOXOIHUMEI IJist
BKJIIOUEHWSA T'€HEPATOPOB Ha MapajieIbHYI0 paboTy U 00€CIIeUYnBaIOT
OONBIIYI0 HAAEXKHOCTb, TAK KaK IIPH MOBPEKACHUM B OMHOM IeHepa-
TOpE BTOPOM TeHEpaTop COXpaHseTcsa B paboTe.

IIpuMeHeHHEe OOBEIMHEHHBIX SHEProOSOKOB JOMYCTUMO B MOLI-
HBIX SHEPTOCUCTEMaX, MMEIOIINX TOCTATOYHBIH pe3epB U NMPOITYCKHYIO
CITOCOOHOCTh MEXCHCTEMHBIX CBSI3€H, B CIyyae KOMIIOHOBOYHBIX 3a-
TpYAHEHUH (OrpaHWYeHHas TUIOLIANE UIA coopyxXeHus PY Hampsxe-
HueM 500—750 xB), a Takke B C 1IebI0 5KOHOMHUM BHIKJIIOUATENCH,
BO3OYIIHBIX U KaOeJbHBIX CBSI3CH Mexny TpaHchopMmatopamu u PY
TIOBBIIIICHHOTO HaIlPSLKeHHUS.

C uenpio ynpouieHust PY 220— 750 kB peKoMeHAyeTCsl IPUCOEIH-
HeHue OJIOKOB IreHepatop — TpaHcdopMaTtop — JuHUA GTW Hemo-
CPEICTBEHHO K PalfOHHBIM MOACTAHIIUAM (CM. puc. 5.15, 2). B 1ienu re-
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Heparopa yCTaHABIMBAETCS BHIKAIOUATENsb Q WK BHIKITIOUATENb HArpy3KU
QW, B 1lenN TMHUH Ha 3JIEKTPOCTAHILIMM BHIKJIIOYATENh MOXET HE yC-
TaHaBIUBaThCs. PY Ha pattonHo# I1C n1o/oKHO yIoBIETBOPATH TpeOOBa-
HUsAIM HamexHocT PY TOC. B cxemax ¢ 6iokamu GTW cHuXawoTcs
Tokr K3, Tak Kak MX 3HAUYeHHS OTPaAHWUYMBAIOTCS COIIPOTHBJICHHEM
nuHUK. OXHAKO yKa3aHHBIE CXEMBI MMEIOT CYIIECTBEHHBINH HeIOoCTa-
TOK: IIpH MTOBPEeXICHUH JIMHAU OTKIIIOUAETCST 3HEpro0IOK Ha Bce Bpe-
Msl ee peMoHTa. JI)IsT yCTpaHEeHHUsI 3TOro HemocTaTka Oyioku GTW Ha
BBICOKOM HAIIPSIKCHUM NIPUCOEMIUHSIOTCS K YPaBHUTENIBHOM CHUCTEMeE
IIMH WIK K YpaBHUTEILHO~00XOOHOMY MHOTOYTOJNBHUKY. bonee mof-
POOHRII aHATN3 CXeMHI HaH B [6.1].

5.4.3. Tunosble cxemn! MomHaeix KOC

Ha coBpeMennrsix KOC ycranasnmBalotcest aHeproonoku 500, 800,
1000, 1200 MBT. Boinaya 37eKTpO3HEPIUH IPOU3BOANTCSI Ha HaIps-
xeHusx 220, 330, 500, 750 kB. Ha muornx KB C coopyxatorcs nsa PY
BH, c¢Bs13p MeXIy KOTOPBIMH OCYIIECTBIISIETCS Tpex(ha3sHBIMU TPEeXo6-
MOTOYHBIMH TpaHC(HOPMATOpaMH MK aBTOTpaHC(HpOpMaTOpaMy, MOIII-
HOCTBb KOTOPHIX BEIOHPAETCS C YIETOM IIEPCIIEKTHBEI HAIpy30K Ha 060-
MX HanpsokeHHsx. Kax mpaBuio, ycTaHaBIMBaeTCs Ba TpaHChopMa-
TOpa WiIHN aBToTpaHcdopMaTopa. B ciyyae HEBO3MOXHOCTH ITOCTABKH
TpexdasHbIX TpaHCPOPMATOPOB HEOOXOAUMOM MOIIHOCTH, TIPUMEHSI-

| } 330 xB 750 xB

M
%8 5 8 UZ N
5

| pptesiety Reau

——— e -

12

Puc. 5.16. Cxema KBC (6 x800) MBT
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€TCsl TPYIIa U3 ABYX Tpex(da3HbIX TpaHC(HOPMATOPOB WX TPYITIEL U3
onHo(a3HbIX TpaHCHOPMATOPOB C OLHOI pe3epBHOM ¢a3oil. CBs3b IBYX
PY NOBBIIIEHHOr0 HANPSKEHUSI MOXET OCYIIECTBISITBCA IO CXeMe
0y10Ka reHepaTtop — TpaHchopmaTop.

IIpy HaTMYMHK HECKOJIBKHUX BADUAHTOB CXEM B IIEPBYIO OUEpPEAb BHI -
OMpaloTCsI T€, KOTOPhIC 00eCIeYMBAIOT TpeOOBaHsI HAIEXKHOCTH, 3a-
TEM IIPEONIOYTEHHE OTIAeTCs 00Je€ IPOCTOMY U SKOHOMHUYHOMY Ba-
pUAHTY M, HAaKOHEIl, BapMaHTy, B KOTOPOM TpeOyeTcsi HauMeHBbIlee
KOJIMUECTBO ONEpallfii C BRIKITIOYATEsIMH B pasbeTMHUTENIMH PYBH
IIPH OIIEPATUBHBIX II€PEKITIOUCHHSIX.

Ha puc. 5.16 mokazana cxema KDC c 1mectbio 6;10kamu mo 800 MBT.
PV 330 xB BeimonHeHO 1O cXeMe 4/3 BBRIKITIOUATENIsT Ha MPUCOEANHE-
Hue. PY 750 kB BHITIOIHEHO 110 CXEME IIIECTHYTOJIBHHUKA ¢ BO3MOXHO-
CTBIO IIEPEX0aa Ha CXeMBI 3/2 wiK 4/3 BEIKITIOUATE)S HAa MMPUCOETUHE -
HHE IIpY YBEIMYCHUM YHCIA HENeH.

Cas13b Mexny PY ocyiiecTBisieTcst AByMs1 aBTOTpaHchOpMaTopaMu,
Ha ctopoHe HH KOTOpBIX BKIIIOUEH pe3epBHBIN TpaHChOpMaTop cob-
cTBeHHBIX HyXxn (PT2). Bropoit pesepBHblii PT1 npucoenuteH Kk PY
330 xB. Bo Bcex Gyiokax G171 ycTaHOBJIEHHEI TeHEPAaTOPHBIE BEIKITIOUATE -
JI1 coryacHo TpeboBanmio [5.1]. TIpu yeenmmaenuu yucna uauiA 330 kB
10 BOCBMH YCTaHABIMBAIOTCS IBa BHIKITIOUATEISI M TIPHUCOEIMHSIIOTCS
IIBE TOTIOJHUTENBHEIE TMHUY (Ha pHUC. 5.16 MOKa3aHO NYHKTUPOM).

5.5. I'naBubie cxemMnl ADC

5.5.1. OcoOnle TpedoBaHnd K cxemam ADC

Kaxk u cxemul apyrux snexrpoctanuuit (TDI, KAOC), cxeMpr ADC
JIOJDKHBI BBITIOTHSITECSI B COOTBETCTBHMU € TpeOOBAaHUSIMH, HM3JIOXEH-
HBIMH paHee (CM. moapasn. 5.1.2 u 5.4.1), B OTHOIIEHUH HaAECXHOCTH,
rubKocTH, yaoOCTBa 3KCIUTyaTallud, SKOHOMHUYHOCTH.

OcoGeHHOCTH TexHoornyeckoro mponecca ADC, 6ospliasg MOIIT-
HOCTb PEAaKTOPHBIX 3HEProGJIOKOB, MOCTUTAMOINasi Ha COBPEMEHHBIX
anexkTpocTaHiusx 1500 MBt, Bemaya Bceil MOIIHOCTH B DHEProcH-
creMy 1o muHusIM 330 — 1150 kB npenwsaBisiior psx ocobbIX TpeGoBa-
Huit K ADC [5.3]:

m1aBHas cxema ADC BeIOMpaeTcs Ha OCHOBAHMH CXEMEI ceTeil sHep-
TOCUCTEMEI ¥ TOT'O Y4aCTKa, K KOTOPOMY IIPHUCOSTUHSIETCST NaHHas 3JIeK-
TPOCTaHITHS;

cxeMa npucoenHeHUs ADC K 9HEprocucTeMe JOJDKHA obecrieun-
BaTh B HOPMAJIBHBIX HCXOAHBIX PEXHMaX Ha BCEX CTANHUSIX COOPYKEHMSI
ADC BBIIAYy MOJHON BBeAeHHOM MOIIHOCTH ADC U coXpaHeHHE yC-
TOMYMBOCTH €€ paboTHl B 9HEpProcucTeMe 6e3 BO3MEIICTBUSA TPOTUBO-
aBapUITHOM aBTOMAaTHKH TP OTKIIIOYEHHH OO0 OTXONSIIEH JUHUM
WM TpaHchopMaTopa CBsI3Y;
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B PEMOHTHBIX PEXMMax, a TakKe MPH OTKAa3€ BBIKJIIOYATENIeH MIIn
YCTPOICTB peneitHoi 3a1uuThl ycToiuuBocTh ADC HomkHa obecTieyu-
BaTbCA JCHCTBHEM TIPOTHBOABAPUITHON aBTOMATHKHU Ha pa3rpy3ky ADC.
YuyutsiBas 3TH TpeboBaHMsi, Ha ADC, HauMHasl ¢ IEPBOTO BBEIEHHO-
ro 3HeprobioKa, CBSI3b C SIHEPrOCUCTEMOI OCYHIECTBIISIETCS He MeHee
YeM TpeMst THHUSIMH.

ITpu BIGOpE rMaBHOM cXeMbl ADC YUYNTHIBAIOTCS: eMMHUYIHAS MOIII-
HOCTb arperaToB W HX YMCIIO; HATIPSXKEHMS, HAa KOTOPHIX BBIAAETCS
MOIIHOCTb B SHEPrOCHCTEMY; BeJMYMHA ITEPETOXOB MeXnay PY pas-
JIMYHEIX HanpskeHuit; Toku K3 misa kaxmoro PY 11 Heo6XoMUMOCTD UX
OTpaHWYCHUS; 3HAYCHHE HAaUOOJIbIIEH MOII[HOCTH, KOTOPast MOXKET OBITh
MoTepsiHA TIPH ITOBPEXJIECHUM JIOOOTO BHIKIIOYATENS; BO3MOXHOCTD
MIPUCOCAUHEHUST OTHOTO MJIM HECKOJNBKHUX SHEProOIOKOB HEMOCpe-
CTBEHHO K PY O6mxaiflieil paltloHHON MOACTaAHLINY, TPUMEHEHUE, KaK
IpaBWIoO, He Gosice nByX PV IMOBBILICHHBIX HAIPSOKEHUNH W BO3MOX-
HOCTBb 0TKa3a OT aBTOTPaHC(HOPMAaTOPOB CBSI3H MEXITy HUMU.

Pacnipenenurenbabie yerpoiicTsa 330— 1150 kB ADC 10KHBI ObITH
BBITIOJTHEHBI UCKITIOUMTEIBHO HAIEXHO:

TIOBPEXICHUE WK OTKAa3 JIIOOGOTo BEIKITIOUATENS, KPOME CEKLIMOH-
HOTO WIH IHHOCOECIUHUTEIBHOTO, HE JOJDKHBI, KaK TPaBWwiIoO, TIpU-
BOIUTb K OTKJTIOYCHUIO §O0JIC€ OIMHOTO peakKTOPHOro 610Ka M Takoro
Yuclia TUHUM, KOTOpoe TOIMYCTHMO TI0 YCIIOBUIO YCTOWYMBOCTH pabo-
ThI BHEPTOCHCTEMEI;

MIpY TIOBPEXACHUN WIM OTKa3€ CEKUMOHHOTO MW IMHWHOCOETUHU-
TEJIbHOTO BBIKJTIOUATEJISI, & TAKXKe TIPU COBITAICHUH TTOBPEXICHUST WIH
OTKa3a OIHOTO BBIKJTIOYATENSI C PEMOHTOM JIPYTOro, JNOMYCKAETCST OT-
KJII0OYEHHE JBYX PEAKTOPHBIX OJIOKOB M TAKOTO YKCJIa JIMHUM, KOTOPOE
JOMYCTUMO IO YCJIOBUIO YCTOMYHMBOCTH SHEPTOCHUCTEMBI;

OTKJTIOUEHME JIMHUI, KaK TIPaBUIIO, HOJPKHO OCYHIECCTBISITHCS HE
DoJice YeM IBYMS BBIKITIOUATEIISIMU;

OTKJIIOYEHHE TIOBHILIAIOIINX TpaHCHOpMaTopoB, TpaHchopMaTo-
POB C.H. ¥ CBS3M — He 00JIeC YeM TpeMsl BBHIKIOYATEIISIMU.

TakuM TpeGoBaHUSIM OTBEYAIOT CXEMBI 4/3, 3/2 BHIKITIOUATENIS Ha ITpH-
coenrHeHue (cM. puc. 5.13, 5.14), 6104HbBIe CXEMBI TeHEPATOP — TpaHC-
¢opMaTop — JIMHHUS, CXEMBI C OIHUM WIM JBYMSI MHOTOYTOJILHUKAMM.

Pacnpenenurenbroe yeTpoiicTBo 110 —220 kB ADC BHIIOTHAETCS C
OIHONH WaK ABYMsSI paboYMMM 1 OOXONHOK CHUCTeMaMM IUMH. PaGoyast
cucTeMa IIMH CeKUHOHUPYETCS TIPH YMCIIe TIpUCcoeTuHeHUN Gonee 12.
CBoliCcTBa 3THX CXeM PaCCMOTPEHH paHee (CM. puc. 5.11, 5.12).

5.5.2. Cxemp! 610k08 ADC H MecTa npucoeaMHeHuii padounx
TpaHchopMaTopoB cOOCTBEHHBIX HYXKX

CornacHo [5.3] B cxemax OJI0OKOB TeHepaTop — TpaHcdopMaTop yc-
TaHABIUBAETCS BBIKIIIOYATENb MEXIY T€HEpaTOPOM M TpaHchopMaTo-
poM. PabGounit TpaHchoOpMaTOp €. H. IPUCOEIUHSIETCS OTIIANKONH MEXIYy
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reHepaTOPHBIM BHIKJIIOYATeNIeM M 0104HBIM TpaHCpopMaTtopoM. Huka-
KOl KOMMYTAallMOHHOH amapaTyphl B OTIIaiiKe HE TIpelycMaTpUBAeT-
cs1. Ha ADC B cxemax 6110KOB ¢ IByXOOMOTOYHBIMM TpaHcopMaTopa-
MM YCTaHaBJIMBAETCS T€HEPATOPHBIiA BEIKIIOYATEND (CM. pHC. 5.15, a),
OH HeoOXOIUM IO CIeAYIOIINM COOOpaXKEHUSIM:

IIp1 OTKITIOYEHUM TEHEPATOPA COXPAHSIETCS MUTAHKE C.H. OT pabo-
yero TpaHcgopMaropa C.H.;

YMEHBIIAETCSI KOJIMYECTBO OIlepaLuii BHIKIIroYaTeaMu BH, Tak kak
OCTaHOB M BKIIIOYEHHE reHepaTopa MOTYT IIPOU3BOLUTECS TeHepaTop-
HBIM BBIKJTIOYAaTENTEM Q2;

YMEHBIIAETCA KOJIMYECTBO ONepalMit BRIKIIOYATENIIMHA paboyero u
pe3epBHOTO TIMTAHUS HA CEKIMAX 6 kB, Tak Kak pabouuii TpaHcop-
MaTop c. H. MCIIONB3YeTCs /I MycKa ¥ OCTaHOBa SHEProbIIoKa;

BO3MOXHO IPUMEHEHUE CXeM OJJOKOB reHepaTop — TpaHchopMa-
TOp — JIMHUSA 0€3 BhIKJIIOYaTeNel Ha ctopoHe BH.

Ha uexoTopsIx geictByiolx ADC reHepaTOPHBIM BEIKJIIOYATEND B
cxeMax SHepProdJIOKOB He YCTaHOBJIEH, TaK KaK BO BpeMs MX BBOIA B
AKCIUTyaTallMiO0 OTCYTCTBOBAIM HaleXHbIE BBIKITIOYATENIM Ha 6OMblLMe
HOMHH&JIbHBIE TOKU. B HacToslIIee BpeMs B KaYeCTBE TEHEPATOPHOTO
BBIKJTIOUATEIIS LIMPOKO MPUMEHSETCS CIeUATbHBI KOMMYTAIIMOHH I
anmapat KAI'-24, KoTopblif HCTIONB3YeTCs I BKIIIOYEHUI TeHepaTo-
pa Ipy CUHXPOHHU3AIMH U JUT KOMMYTAllNiA B HOPMAIBHBIX PEXHMax.
IIpu K3 B reHepaTope WM TpaHChopMarope OTKIovaerca Q1.

Ecm Ha ADC ycTaHaBIMBAIOTCS Ba TypOoarperata Ha peakrTop,

TO 11eJ1eCO000pa3HO IMPUMEHUTH

00BEIUHEHHBIN 3Heprob6oK

500—1150 kB (cM. puc. 5.15, 6). B TakoM sHepro-

0710Ke 4ucio BeIKTIOYaTeneil BH
YMEHBIIAETCS, YEM JTOCTUTAeTCs
3HAYUTESbHAS SKOHOMMS ITPH CO-
opyxeHuu PY 330—750 xB. Ilo
TEM Xe COOOpakeHUAM IIPUMEHS -
eTcsl OOBEIUHEHHBIA SHEPTOOIOK
(puc. 5.17), xorma mBa reHepaTo-
pa TIPUCOEANHSIOTCS X OMHOMY 10~
BHIIIAIOIIEMY TpaHchOpMaToOpy ¢
pacuierieHHoi o6MoTkoit HH.
B TakoM 3Heprobioke Ha reHepa-
TOPHOM HAaIpPSIKEHNH MOTYT yCTa-
HAaBJIUBATLCA TI0 IBA BEIKITIOYATE-
g Q2, Q3 u 04, Q5. Tpancdop-
MAatop C. H. IPUCOEANHSIETC MEX-
Iy 3TUMHU BBIKITIOYaTeNaMu. [lpu
Puc. 5.17. CxeMa OOGBEAMHEHHOTO [IOBPEXIEHUM B GIOYHOM TpaHC-
3Hepro6/10Ka F€HEpaTop — TPaHC-  ¢hopMaTope oTKIrovawrca Q1, 02,
¢opmatop Ha ADC Q4, mpu 3TOM TpaHCHOPMATOPHI
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C. H. OCTaHyTCo NIPUCOeTUHEHHBIMH K TYpOOreHepaTopaM, CIeIoBaTe b-
HO, MOXHO HCITOJIb30BaTh JHEPTHIO BHIOEra arperara JUIsl 3JIEKTPO-
CHaOXeHWST OTBETCTBEHHBIX MEXaHN3MOB C. H, Takue HeprobIoKH IpH-
MeHstIoTcsT Ha ADC ¢ KaHaJIbBHBIMU BOJOTPa®UTOBBIMU PEaKTOPAMHU.

KpoMe paccMOTpeHHBIX 2Hepro610KoB, Ha ADC IpUMEHSIIOTCS SHep-
roGJIOKM reHeparop — aBToTpaHcdopMatop (cM. puc. 5.15, 6). Ha kax-
JIbIe IIeCTh OMHOTUITHBIX OJIOYHBIX TPaHC(HOPMATOPOB MpeayCMaTpUBa-
eTcsl OIMH pe3epBHBIN, TOTOBBIM K Iepekartke [5.3].

5.5.3. IIpucoennHenye pe3epBHLIX TPAHCHOPMATOPOB
coOCTBeHHBIX HYXKJ Ha ADC

Bri6op MecTa mpHCOeTUHEHHS pe3epBHOTO TpaHchopMaTopa C.H.
HETIOCPEICTBEHHO BJIMSIET Ha HANCXKHOCTh 2JICKTPOCHAOXEHUS Mexa-
HHU3MOB ¢.H. HeoOxomuMo Tak IpHUCOEAMHUTE pe3epBHBIE TpaHcdop-
MAaTopBHI C.H., YTOOHl IIpH JI000M aBapUM B 3JICKTPUYECKOU YacTu 110
BO3MOXHOCTH COXPaHWIOCh Pe3epPBHOE ITUTAaHHE CEKITUIA C. H.

PesepBHBIe TpaHCHOPMATOPHI C. H. FOIKHBI IIPUCOSTUHSTELCS K pas-
HBIM HCTOYHMKAM IMUTaHUSA: PY pasHBIX HaNpsKeHWH, pasHbIe ceK-
uH ogHoro PY, TpeTnuHble 0OMOTKHM aBTOTpaHCHOPMATOPOB CBA3H,
MpPH 3TOM JOJIKHA UCKITIOUATRECS OJHOBpEMEHHas IoTeps YHeprodiio-
Ka ¥ COOTBETCTBYIOLIETO €My pe3epBHOro TpaHcdopmaTopa c.H. Ilpu
IIUTAaHHU OT ogHOTO PY ABYX pe3epBHBIX TpaHC(HOPMaTOPOB MOJDKHA
OBITh HCKITIOUEHA BO3MOXHOCTE ITOTEPH 000MX TPaHCHOPMATOPOB TP
TTOBPEXACHMH VTN OTKAa3€ BBIKITIOYATENSI, B TOM YHMCIIEe CEKIIMOHHOTO
Y IIMHOCOeIMHUTENLHOr0. B cly4ae peMOHTA WM NIPH aBapHUHOM 10~
BPEXIEHHUH OJHON CHCTEMBI LUMH MOBHIILIEHHOTO HAIPsSDKeHUS pe3ep-
BHBIE TpaHCHhOPMATOPHI JOJDKHEI OCTABaThCS B padoTe.

PesepBHELit TpaHchOpMATOp €. H. MOXET NPUCOSTUHATECS K OOMOT-
ke HH aBroTpaHcdopmaropa cBsi3u, €ciii 00ecrednuBaloTcsd HEOOXO-
JUMBble YPOBHHU HaNpsIKeHUs Ha IMMHAX C.H. U YCJIOBUS CaMo3aITycKa.

JoryckaeTcst IpUCOeIUHATh pe3epBHbIi TpaHcdhOpMaTop C. H. K 00-
MOTKE CpeHEr0 HaIIpsSIXKEeHHS aBTOTpaHCGhOpMaTOpa CBSI3H TaKKUM 00-
pPa3oM, 4TOOKI MPH TIOBPEXIEHUN WM PeMOHTEe aBToTpaHchopMaTopa
OH OITEPaTUBHO MOT IEPECOSANHITHCA Ha OMHO U3 MOBBIIIEHHBIX Ha-
OpPsSCKeHUH.

Ha MHorux cymectByronmx ADC pe3epBHBIE TpaHC(HOPMATOPH IPHU-
COCIMHSIIOTCA K MOCTOPOHHUM HCTOYHMKAM MHUTAHUSA, PACIIOJIOXKEH-
HBIM BOin3u ADC (paitoHHas noactanuusi, I'OC, TOM).

Bri6op umciia pe3epBHLIX TPaHCGHOPMATOPOB C. H. pACCMOTPEH B IO/ -
pa3zn. 5.9.

5.5.4. Tunospie cxemp ADC

YuuTteiBad BEICOKHE TpeGoBanua K cxeMaM ADC, MpoeKTHEIE opra-
HM3alUKH pa3pabaThiBAIOT TJIaBHBIE CXEMHI 3JIEKTPUUYECKUX COCIIHE-
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HUI U1 Kaxaoi KoHkpeTHoit ADC. PaccmoTpum Haubonee xapak-
TepHYI0 cXeMy ADC ¢ KaHATBHBEIMU KUTISIIIIUMH PeakTOpaMU MOIITHO-
cter0 1500 MBt (PBMK-1500) u TypboreHepatopamu 800 MBT
(puc. 5.18). Beigaua mourHocT ABC OCYHIECTBSETCS HA HATIpsiKe-
uum 750 u 330 kB. PY 330 kB coopyxaetcs 1o cxeMe 4/3 BBIKJIIOYaTE-
Jig Ha ipucoenuHeHue. PY 750 kB BBIITOTHEHO MO ¢cXeMe JBYX CBSI3aH-
HBIX YETBIPEXYTONEHUKOB ¢ BHIKJIIOYATENISIMU B TiepeMbldKax. ['eHepa-
Tophl G3, G4 n G5, G6 06pa3yloT YKpYITHEHHBIE 3HEPTOOJIOKH, YTO
MTO3BOJISIET IIPUMEHUTD SKOHOMUYHYIO CXEMY YETHIPEXYTOIbHUKA TTOCTIe
BBEIEHUS B CTPOU TpPEeThero peakKTOPHOTO 3Heprotyoka. YeTBepThIil
peaKkTOPHBIN 3HEProbIoK ¢ reHepaTopaMu G7, G8 IpUCOeTUHSIETCS
KO BTOpOMY YeThIpexyronbHUKyY 750 kB. IIpu ganpHeieM paciiupe-
Hun ADC U yCTaHOBKE ISITOr0 peakTOPHOI'O HEProOI0Ka reHepaTo-
pel G7, G8 u BHOBb ycTaHOBJIeHHBIe G9, G10 OynyT oObeIMHEHB B
VKpYITHEHHBIE 3Hepro6oku. Jiuuuu 750 KB uMeIoT MpoITyCKHYIO CITO-
cobHocTh okoyio 2000 MBT, mosToMy TpH TUHUM BIOJHE o0ecIieyar
BBIIA4Yy BCEel MOLLHOCTHU TIPUCOETUHEHHBIX SHEProOJIOKOB C YUETOM
BO3MOXKHOT'O pacllipeHus.

IMynTupyrowue peakropsl LRI— LR3 npucoenHeHb K JUHUSIM
4yepes oThenbHble BhIKouatea. Cea3b Mexny PY 330 u 750 xB ocy-
IIECTBISIETCS] TPYIIION U3 TpeX OXHOMA3HBIX aBTOTpaHC(HOPMATOPOB
(mpegycMaTpuBaeTCs YCTAaHOBKA pe3epBHOU da3bl). PesepBHEIE TpaHC-
dopmaTopsl ¢. H. ipucoenuHeHbl: PT1 — K palloHHOM TOACTaHLIUU
110 xB; PT2 — x PY 330 kB; PT3 — K cpemHeMy HaIIpsSCKEHUIO aBTO-
TpaHchopMaTopa CBI3U ¢ BO3MOXHOCTBIO TEpekmiodyeHuss Ha PY
330 kB; PT4 — x ooMotke HH aBrorpancdopmaropa.

5.6. I'naBubie cxemnl TOI

5.6.1. Cxemnbl TOII, co cOOpHBLIMH NIHHAMH TeREPATOPHOTO
HANPSKEHUA

Ha T31I ¢ re”Hepatopamu 63 MBT nmorpeburenu 31eKTpOIHEPTHH,
PacCIONIOXKEHHBIE HA PACCTOSTHUM 3 — 5 KM, MOIYT TOJY4aTh 3JIEKTPO-
SHEPTUIO Ha TEHEepaTOPHOM HallpsKeHUHU. B aToM ciyyae Ha TOII co-
opyxaetrcs ['PY 6—10 kB, kak mpasuio, ¢ OIHOI CUCTEMOM IIUH,
CEKIMOHUPOBAHHON U peakTUPOBaHHON. YMC/IO U MOIITHOCTE TeHepa-
TOPOB, NMpUCOeIUHEHHEIX K I'PY, onpenensioTcs Ha OCHOBaHUU IIpO-
€KTa JIEKTPOCHAOXEHUS OTPeOUTENEN M TOJDKHBI OBITh TAKUMHU, YTOOBI
TP OCTAHOBE OHOTO TEHEPATOPa OCTABILMECS TTOJIHOCTHIO 06eCTIeuH -
BaJIU ITUTaHUE TOTPeOUTENEA.

CBsI3b C SHEPTOCUCTEMOM M BBIIAYa U30BITOYHON MOILIHOCTH OCY-
mecTBasiored mo nuHusaM 110 u 220 xB. Ecin mpexycMartpuBaeTcst
NpucoeArHeHUe Oojbioro yuciaa auHuil 110, 220 kB, To Ha TOII
coopyxaeTcsl PY ¢ nBymst paboyuMu ¥ 06XOIHOR CUCTEMaMH IITUH.
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IIpu pocre TeroBbIX Harpy3oK Ha TOII MoryT GBITH YCTAHOBJIEHBI
TypOoreHepaTopel MOIIHOCTEIO 120 MBT 1 Gosee. Takue TypOoreHepa-
TOPH He TIPUCOETUHSIOTCA K COOPHEIM IIMHAM I'eéHepaTOpHOro Hampsi-
xeHus (6— 10 kB), Tak Kak, BO-IIEPBHIX, 3TO PE3KO YBEJMYUT TOKU
K3, a BO-BTOpHEIX, HOMHUHAJbHBIE HAIPSIXEHHUS 3THX TeHEpaTOpOB
(15,75; 18 kB) oTIMYaOTCA OT HAIIPSIXKCHHS pacIpeleTUTeNbHBIX ce-
Teil. MoIIIHbBIE TeHEPATOPhl COCIUHSIOTCS B OJ0KM, paboTaloliye Ha
muHe 110—220 xB.

5.6.2. Cxempl 6n0unbIx TOILI

Poct equHMYHOI MOIITHOCTH TypOOTEeHEpaTOPOB, NMPHUMEHSIEMBIX Ha
TOII (120, 250 MBT), mpuBea K IIMPOKOMY PaCIpPOCTPAHEHUIO OJIOU-
HEIX cxeM. B cxeme, n3o6GpaxeHHOM Ha puc. 5.19, motpeburenu 6 — 10 kB
MTOTYyYaloT IMUTaHNE PEaKTUPOBAHHBIMU OTITAWKAMH OT reHepaTopoB Gl,
G2; Gonee ynajieHHbIE IOTPeOUTETH ITUTAIOTCS Yepe3 IMOACTAHLIMH Iy~
6oxkoro BBoma ot 1uH 110 kB. ITapanmnensHast paboTa reHepaTopoB OCy-
1LECTBIIIETCS Ha BBICILIEM HAIIPSLKEHHH, YTO YMeHbIaeT ToK K3 Ha cTo-
poHe 6 — 10 kB. Kak ¥ Bcgkasg 67104Hag cXeMa, TaKas CXeMa JAeT 3KO-
HOMMHIO 000pyIOBaHMS, a OTCYTCTBUE TpoMo3akoro I'PY nmospomser yc-
KOPUTb MOHTAX 3j1eKTpudecKoil yactu. IToTpeburennckoe KPY uMmeer
nBe ceKuMu ¢ ABP Ha ceKImoHHOM BBIKJTIOUATeste. B Hensx reHepaTopos
IUTSL GONBINEH HAIeXKHOCTH 3IEKTPOCHAOXEHMST YCTAaHABIMBAIOTCS BhI-
xmiovarenu Q1, Q2. TpaHcdopMarops! cBs13u 11, T2 HOKHBI OBITH pac-
CYUTaAHBIl Ha BLIIAYY BCel M3OLITOYHOUN aKTUBHOU M PEAKTMBHOM MOLII-
HOCTH M 00s13areNpHO cHabxatotcss PITH.

Ha tpancdopMaTopax 6;1okoB G3, G4 Takke MOXET OBITh ITPETYCMOT-
peHo ycTpoiictBo PITH (Ha puc. 5.19 mokasaHO IyHKTUPOM), IIO3BOJISHO-
111ee 00CCIIEYMTE COOTBETCTRYIOIMIA YPOBEHD HANpsDKeHMS Ha 1iMHax 110 kB
IIpY BBIEAYE PE3epBHOMN peakTUBHOM MolrHocty TOII, paborarommeit mo
TerutoBoMy rpacduxy. Hammune PITH y sTux TpaHchopMaTopoB MO3BOJIA~
€T YMECHBIIHUTD KONEeOaHNS HAIIPSDKEHUS B YCTAHOBKAX C. H.

Ilpu manpHelmeM pacirupennu TOI ycTaHaBmBaroT TypOoreHe-
patopbl G5, G6, coenuHeHHbIe B 010K, JIunuu 220 kB 31X 6710K0B
MPUCOEAMHSAIOTCS K ONTU3iexalleii paitfoHHoi noncranuuy. [lpn Hemo-
CTaTOYHOM YYBCTBUTENBLHOCTH pEEMHOM 3alIATHl MOACTAHIIUU K IIO-
BPEXIECHUSIM B TpaHchopMaTopax 75, T6 mperycMaTpHBaIoT Iepeaayy
TEJICOTKIIIOYAIOIIET0 MUMIIYJbca WIM YCTAHABAMBAIOT BHIKJIIOYATEIU
220 kB Q7, Q8. OrkioueHe TeHEPATOPOB IIPOU3BOIUTCS BEIKTIOYATE -
agaMm Q5, Q6.

Cas3u mexay PY 110 u 220 kB He npeycCMOTpEHO, YTO 3HAYUTEb-
Ho ymponiaeT cxeMy PY 220 kB. Kak Ob1;10 OTMEUEHO BEIILIE, 3TO JOITY-
CTMMO B TOM Cly4yae, eciu cBg3b cereit 110 u 220 kB ocyiiecTsiaseTca
Ha Onvpxaified palflOHHON IMOACTAaHIIUM.

CospemMennsie MoinHbie TII] (500 — 1000 MBT) coopyxaloTcs mo
onoyHOMy THUITy. B 6110Kax reHeparop — TpaHchopMaTop ycTaHaBiIuBa-
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€TCSA TeHEePATOPHBIM BEIKIIOYATEND, YTO MOBEIIIAET HAICKHOCTE MHUTA-
HUs Cc.H. 1 PY BBICOKOro HalpsDKeHUs], TakK KaK [IPH 3TOM MCKIIIOYa-~
I0TCS MHOTOYHCIEHHEBIE onepauuu B PY c. H. 1o nmepeBomy mMUTaHUA C
paboyero Ha pe3epBHBIN TPAaHCHOPMATOP C. H. IPH KaXIOM OCTAHOBE M
MyCcKe SHEprodJoKa U MCKIIOYAIOTCs OMEPalliy BEIKIIOYATENIIMHU BHI-
cokoro HanpskeHus. He cnemyet 3a0b1BaTh, yto Ha TOMH, oTkmodeHne
M BKIKOYEHHE 3HEPTro6I0KOB MPOU3BOAATCS 3HAYMTEILHO Yallle, YeM
Ha KB3C umn ABC.

5.7. Tnasupie cxembl I'DC u FTADC

5.7.1. OcoGennoctu I'DC

Ilpu BEIOOpE TMABHEIX CXEM THAPOSJIEKTPOCTAHIIUM HeoOXOIMMO
YYUTHIBATE UX OCOOEHHOCTH.

Kak npasuno, I'SC coopyxaeTcsa BIAIU OT MOTpebuTeneii, mosro-
MY BCSI MOII[HOCTDb BHITAETCS Ha OMHOM MJIM JABYX ITOBHILIEHHBIX HAps-
XeHUSIX. Bta ocobeHHOCTh ' DC MO3BOAET NPUMEHHUTE OJIOYHOE CO-
eINHECHUE TeHepaTop — TPaHCPOpMaTop, He INpeaycMaTpuBas cOop-
HBIX IIMH T€HEPATOPHOTO HAIIPSIKEHMUS.

VYBenuueHNe YCTAHOBICHHOM MONTHOCTH I'DC npaKTUYeCKH HCKITIO-
4aeTcsA, TaK KaK OHAa MPOEKTHUPYETCS MO MaKCHMAJIBHOMY BOIOTOKY.
BenencTere 3TOro MMCNO JIMHUM BBICOKOTO HAIPSIKEHHS OOBIYHO HE
YBEJIMYMBAETCSA, a TIO3TOMY paciivpeHusi PY BEICOKOro HampsKeHHUs
He TpebyeTcs. Bta 0cobeHHOCTh ' BC Mo3BONMAET MIMPOKO MPUMEHATD
CXeMBI MHOTOYTOJIBHHKOB, CIBOEHHBIX KBaIpaToB, CXEMEBI ¢ 3/2 1 4/3
BBIKITIOYATENS HA LETb.

Mmnorue I'SC paboTaloT B MUKOBOM 4acTH rpadyKa 3HEPTrOCHCTe-
MBI, IIOSTOMY arperaThl YaCTO BKJIIOYAIOTCS M OTKITIOYAIOTCS, YTO TPE-
OyeT TpeAycMaTpUBaTh YCTAHOBKY BHIKJIOYATeNe Ha reHepaTOPHOM
HaIIPSIXEHUN.

I'MaposneKTpOCTaHIIMK, KaK IMPaBUIO, COOPYXAIOTCI B MECTaxX CO
CJIOXHOM Tonorpadveit ¥ orpaHUYECHHOM TUIOIAIBIO TSI COOPYKEHMS
PY moBblIIeHHOr0 HANPSOKEHMSI W BBIXOAA JIMHU. DTO MPUBOIUT K
HeOOXOIUMOCTH IMPUMEHEHUS TIPOCTHIX CXEM C HAMMEHBIIMM YHCIIOM
BBIKJTIOYATENICH.

I';maBHEBIE TIOBHINIAIONIME TpaHCchopMaTopel Ha I'BC ycraHaBiIMBa-
I0TCSI Ha CTOPOHE HIDKHETO WIM BepXHero 6beda, B YCIOBUIX OTpaHH-
YEHHOM IUIOIMAAKK. DTO BBI3BIBAET HEOOXOMMMOCTE COOPYXKEHUS VK-
PYIIHEHHEIX 3HeproOJIOKOB: IBAa-TPM IeHepaTopa Ha OJWH ITOBHIIIA-
IoIUit TpaHchoOpMaTop.

B 1Liemax reHepaTopoB YCTaHABIMBAIOT BHIKIIIOYATEIM M BEIKIIIO-
qaTeJau HATPY3KH B CIEOYIOUIUX CIIyJasix:

TP MOAKITIOYEHUH TEHEPATOPOB K cxeMaM 3/2, 4/3, MHOTOYTOJb-
HHKA U 1p.;
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IIpY MOAKTIOYEHUM FeHepaToOPOB K aBTOTpaHchopMaTopam;

B YKDYTTHECHHBIX 1 OOBCAMHEHHEBIX SHEProGIoKax.

K cxemam I'DC Ha MOBBIIEHHBIX HAPSKEHUAX TIPENbIBISIOTCS
NPAaKTUYECKH TaKHUE X¢ TpeGOBaHUs, Kak U K cxemMaM KDC.

CornacHo [5.4] mns PY 110— 220 kB peKOMEHIYIOTCS CXEMBI TIPO-
CTOrO W CABOCHHOTO MOCTA; OJHA WU JABE CHCTEMBI IIMH C 00XO-
HO#, OTBETBJICHUSA OT MPOXOMSUIUX JNUHUI SJIeKTpoliepenauy, IUis
PY 220—500 xB — cxeMBl TpeyroJlbHUKA, YETHPEXYTONbHMKA, CBSI-
3aHHBIX YETHIPEXYTONBHNKOB; 0JI0KOB reHepaTtop — TpaHcdopMaTop —
suHust, st PY 330— 500 kB — cxemst 3/2, 4/3 ¢ ceKITUOHMPOBaH-
HBIMU ¥ HECEKUMOHUPOBAHHBLIMH CUCTEMAaMH HIMH; GJIOKOB TpaHC-
(opMaTOp — ILMHEL

5.7.2. Cxembl aekTpHyeckux coeaunenuit ['DC

Ans momiHeix I'DC xapakTepHO MpUMEHEHUE YKPYITHEHHEIX SHEp-
ro6yokoB (puc. 5.20), MO3BONSIOIINX YMEHBIUHUTD KOTHMYECTBO TTOBBI-
1HAoLMX TpaHcdopMaTopoB U uKcto TuHUi cBsa3u ¢ OPY BH. KoHcr-
pykuust camoro OPY BH Takxke ympoiuaeTcs 3a CUeT MEHbILIErO YHCIa
NPUCOECTUHCHHUNA.

Brikmouatenu QJ1, Q2 UCIOIb3YIOTCA AN BKIOYEHUST U OTKIIIOUe-
HUSI T€HEPATOpa, YTO OCOOEHHO BaXKHO IIPH NTUKOBOM peXyIMe paGOTHI
I'SC. B xauecTBe 3TUX BLIKITIOUATEJICH MOTYT OBITh MCITOJIB30BaHbI YTIPO-
LIEHHBIE TI0 KOHCTPYKIIVMM BBEIKITIOUATEIM HATPY3KU, B 3TOM Cliy4ae Ipu
MOBPEXICHUH B OMHOM IeHepaTope OTKJII0YAeTCs BeCh SHEProOIoK.

500 xB 220 xB
QK1
/' /' " /'
K2 g g
’IJ_'_-I_’/
] . A 4 A £
Q1 g2

Puc. 5.20. Cxema Moumoﬁ I'sC
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Ha MomHbix I'SC BRIZaYa 571eKTPOSHEPTHH MOXET HPOHU3BOXUTHCS
Ha JIBYX ITOBBIIICHHBIX HAMPSXEHHUSK, CBA3E MEXITY KOTOPHIMU OOBIY-~
HO OCYILIECTBIISIETCS C ITOMOILBIO aBTOTpaHCHOPMaTOPOB.

B npuseneHHo# cxeme I'DC (cM. puc. 5.20) OPY 500 xB BbINoNMHEHO
[0 CXEME JIBYX YETBIPEXYTOJBHUKOB, COCAHEHHBX BHIKITIOUATEISIMU
QK1 wu QK2. Tlpu BBIBOJC B PEMOHT BBIKJIIOYATENIEH, IIMH, pa3bely-
HUTeEACH cxeMa o0J1anaeT TaKoM e TMOKOCThIO, KaK M KojbueBas. Ot-
KJIIOUEHUE JHMHWUM ITPOU3BOIMTCS MBYMsT BHKIIOUATCISIMUA, OTKIIOUE-
HHe 5Heprodnoka — tpeMs. [locie oTneneHus MOBPeTUBILETOCS SHEP-
ro6yoxa pa3peAMHUTENIEM CXEMY MOXHO BOCCTAHOBUTD, BKIIOYHB OT-
KJTIOUMBIIHUCCS BHIKTIoaTeny. [JIss aBTOMaTH3alyiK 5Toi onepanuy B
uend BH 3Hepro6nokoB ciefiyeT YCTaHOBUTb Pa3beIUHUTEIH C JIUC-
TaHIMOHHBIM YIIPAaBJIEHUEM MJIH BBIKJIIOUATENM HATpPy3KH.

HeckonpKko CHHXaeTcs HaJeXKHOCTh CXeMBI TPY COBIANIEHMH T10-
BPEXKICHHS OIHOTO SHeprobioKa, HaIlpUMep IepBOro, M 0TKas3a B pa-
6ote BBIKIIOYarenss QKI, Tak Kak IIpH 3TOM OTKIIIOYAIOTCS BCE BBI-
KJTIOYaTeIM BEPXHETO psina, T.€. OTKNIOUEHHBIM OKaXKeTCs He TONbKO
MIePBHIA, HO U TPETHI1 3HEpro6soK. ONHAKO BOCCTAHOBUTH HOPMAJIb-
HY10 paboTy IOCJIe OTCOeTMHEHMS ITOBPEMUBILIETOCS 3HEProbIoKa He-
TpyrHo. Takast cxeMa 3KOHOMWYHA, B Hel JecaThb BHKIOUATeNied Ha
BOCEMb ITPUCOEAUHECHHIA.

OPY 220 xB BuINTONHEHO IO OJIOYHOM cXeMe TeHepaTop — TpaHC-
dopMarop — JUHUSA C YPABHUTEJIBHOM CUCTEMOM 1HMH. CBI™% MeXIY
mirHaMu 500 u 220 kB Ha IT'DC otcyTerByeT. Takast CBSI3b OCYLICCTBIIS-
etcs Ha y3ioBoii T1C.

5.7.3. Cxemm aaekTpHueckux coenunenuii TADC

OcobeHHOCTH TexHONoru4eckoro nponecca I'ADC ObUIM paccMOT-
peHsl B roapasa. 1.2. Kak uzBectHo, Ha TADC MoryT ycTaHaBIMBaTECS
JIBYX~-, TpeX~- U YeThIpeXMallnHHble arperatel. [Ipu Hamopax g0 500 M
OOBIMHO YCTaHABMMUBAIOT JBYXMaNIMHHBIC -00paTUMBbiE arperathbl, CO-
CTosile M3 00paTUMOil THAPOMAIIMHBEI — HACOCOTYPOMHBI U CHHX-
POHHOM 3JIEKTPHYECKOM MatiuHBL. B pexuMe BbIpabOTKHU 3IEKTPO3HED-
TMU TUAPOTYpOMHA Bpalllaet reHepaTop, a B HACOCHOM peXHME —
CHHXPOHHBIN 5JICKTPOIBUTATENb, MOTPEONSIS SHEPTHIO U3 CETH, Bpa-
aeT TUApOTYpOUHY, paGoTaloIyI0 KaK Hacoc. B 3ToM pexuMe Tpeby-
€TCsl U3MEHEHME HaIlpaBIeH!st BpallleHUs Bajia arperara, IIo3TOMY B Lie-
M1 TeHepaTopa YCTaHABIMBAIOT JIBA PEBEPCUPYIOLINX Pa3beIHHUTENS
Y BBIKJTIOYATEb WK ABAa PEBEPCUPYIOIIUX BEIKIIOYaTess. B yackl, Kor-
na arperatbl TABC He paboTaioT B TYpOMHHOM HJIM HACOCHOM peXu-
Me, OHH MCITIOAB3YIOTCS KaK CHHXPOHHBIE KOMITCHCATOPHI, IIPH 3TOM
CHHXPOHHAs MallilMHa paboTaeT B pexXuMe 3MEeKTPOIBUTATENS.

ITyck oGpatumMoro arperara B TypOMHHBIN peXKUM ITPOM3BOIUTCH TaK
K€, KaK M ITYCK OOBIYHOTrO riapoarperata. ITyck B HAaCOCHBIN pesXiM CIIOX-
Hee U TpebyeT OONbIIEro BpeMeHH, TaK KaK MOIITHOCTh CHHXPOHHBIX Ma-
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IIIWH, BBHIMOHSIONINX POJIb T€HEpaTopa M 3JIEKTPOIBUTATeNsI, YCTAHOB-
neHHbIx Ha TADC, nocturaer 100 MBT u 6onee. I1psiMoii ITycK 2/1€KTpoO-
JBUTATENSI TaKOH MOIIHOCTH TIPUBEIET K HEOOIYCTUMOMY CHIDKEHUIO
HaNpsCKEHMSI Ha 1IMHAX, K KOTOPbIM MOAKIoYaeTcst MairmHa. ITostomy
TIPA aCHHXPOHHOM IIyCKe TIPUMEHSIOT PeaKTOPhl WK aBTOTpaHchopMa-
TOPBI IS OTpAaHMYEHUsT ITYCKOBBIX TOKOB. BO3MOXEH ITyCK C ITOMOIIIbIO
BCIIOMOTATEIBHOTO ACHHXPOHHOTO 3JICKTPOABUTATEsT C (ha3HBIM POTO-
poM, TTOCaXXEHHBIM Ha Bai arperata. Kormna arperat JoCTUTraeT moOACHHX-
POHHOM YacTOTHI BpallleHHsI, OH BO30YXIAeTCS U BXOAUT B CHHXPOHU3M.
Tt arperaroB 100250 MBT 06bIMHO NPUMEHSIETCS 3TOT METOM IIyCKa.

Ha TTADC npuMeHs10TCS YKpYITHEHHbIE SHEPTOOIOKH: ABE-TPU CUH-
XpOHHbBIE MAIIIMHbI COEIUHSAIOTCS C OTHUM TpaHCHOPMATOPOM C ycra-
HOBKOI T'€HEPATOPHBIX BBIKJIIOYATEIeH U PEBEPCHUPYIOLIUX Pa3belIu-
Huteneit. TADC coopyxaloT BOJM3HU Y37I0B HATPY3KH SHEPTOCUCTEMBI U
KOPOTKUMU JUHUSIMH 220 — 750 KB COETUHSIIOT C Y37TOBBIMM IIOICTAH-
musamu. Ha BeiciieM HanpsxeHud TADC ucnone3yoT Hauboee mpo-
CThIE CXEMBI: OJIOKM TpaHC(hOPMAaTOp — JIMHUS, MOCTUKH, MHOTOYTOJTb-
HHUKHU ¥ IpyTHe CXeMbl, peKoMeHayeMbie mist I DC.

Ha puc. 5.21 mokasana cxeMa 3JIEKTpHYECKUX coennHeHuit TADC,
Ha KOTOPO# YCTaHOBJEHBI YeThIpe 00paTUMBbIX arperaTta no 250 MBT,
[MPHCOETUHEHHBIX TIOMAPHO K IOBBIIIAIOIINM TPaHCGHOpMAaTOpaM ¢ pac-
eruieHHbIMKA ooMoTkaMu HH. B nensix ajneKTpryecKUX MalllMH yCTa-
HOBJICHBI BhIKIIOYaTean Q1— Q4 ¥ 1o IBa NapaiieibHO COeNUHEH-

1330 kB 1330 kB
T1 T2
T3 T4
QI Q2 03 04
6 kB
Vi r_—1 ya

osa\, \osm [{J[}ﬁ T ﬁ
J

C.H. C.H.

Puc. 5.21. Cxema TADC ¢ 0O6paTUMBIMH TUIpOArperaTaMu
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HBIX Pa3beAUHUTENS JJISI U3MCHECHUS TIOpsIIKa YepedoBaHus ¢as (pe-
BEPCUPYIOIINE pa3beIUHUTENIH). B 3aBUCMOCTH OT peXXMMa arperara
(IBUTATCIBHBIA WM TEHEPATOPHBIH) BKIIOYAIOT COOTBETCTBYIOLIMIA
pasbequHuTeds QSG unn QSM. Tlyck arperaToB B HaCOCHBI pexXKHUM
OCYWIECTBIISIETCSI aCUHXPOHHBIMH 3NIEKTPONBHTATEIAMH M MOIIHOCTHIO
10 M BT, HanpsikeHHEM 6 KB. DJIeKTpo3HEPrus K 3TUM 2JIEKTPOABUTA-
TeJISIM TIOCTYTIAET ¢ LuH ¢. H. 6 KB. Tpancdopmaropsl ¢. H. 73, T4 ipu-
COEUHEHBI TITYXOH OTIANKOM K 67104HBIM TpaHchopMaTopaM. OcTalb-
Has HaTrpy3Ka C.H. IpUCOeINHseTCA K IMHaM 380/220 B.

Ha cropone BH npumMeHeHa cxema Gioka TpaHchopMaTop — JId-
HU Oe3 Brikmouateseit BH.

5.8. aasupie cxembl NOACTAHUMIA

5.8.1. Oomue ceeaenus

I'maBHasI cxeMa 3/IeKTPUYeCKUX COETHHEHMW TOACTaHIIMH BhIOMpa-
€TCS C YUETOM CXEMBI Pa3BUTHUS IJIEKTPUUECKHUX CETeit SHEPTOCUCTEMBI
WIM CXEMBI JIEKTPOCHAGKEeHUs paitoHa.

Ilo cnoco6y nNpUCOeTUHEHUS K CETH BCE MOACTAHIIMHA MOXHO pas-
JeJIUTh Ha TYTIUKOBBIE, OTBETBUTENBHEIEC, TTPOXOIHBIE, Y3JIOBBIE.

TynukoBas MOACTAaHIUUSA — 3TO MOACTAHIINS, MOTYYaIOLIAsT
3JIEKTPOSHEPTHIO OT OXHOM 3JIEKTPOYCTAHOBKH TTO ONMHOU WM HECKOJIhb-
KUM NapauleIbHBIM JTUHWAM (Ha puc. 1.4 — noacrannmd I).

OTBeTBUTEeNbHAS NOACTAHUUS NMPUCOSAUHSIETCA DIYyXOi
OTIMaWKOi K ONHOW WIH ABYM IIPOXOMAIUM JTHHHUAM (Ha puc. 1.4 —
noactaHmus ).

IlpoxonHass moOCTaHIU U BKIIOYAETCI B pacceuyky OMHOI
WM OBYX JIMHUHA C JBYCTOPOHHUM WIM OXHOCTOPOHHUM THTaHHIEM
(Ha puc. 1.4 — moactannusa X).

Y3noBas moncTaHU U — 3TO MOACTAHINS, K KOTOPOI MpH-
coeIHEHO BoJiee ABYX JIMHMIM MUTAIONIEH CeTH, IIPUXOISIINX OT ABYX
1 Oolee 3MEKTPOYCTAHOBOK (Ha puc. 1.4 — moncranuuu A, b, B).

ITo HazHaueHHIO pa3IMYaAIOT MMOTPEGUTEIBCKHE U CUCTEMHBIE TOJI-
craHiuy. Ha mmHax cucreMHubIx moactaHuuii A, b (cm. puc. 1.4) ocynie-
CTBJSIETCS CBA3b OTICNBHBIX PAfOHOB SHEPTOCUCTEMBI WIIH Pa3THUHBIX
3HeprocucTeM. Kak mpaBwio, 3TO NMOACTAHIIMH C BHICIITMM HarlpsCKeHH-
eM 750 —220 xB. IMoncranmuu E, B, [ (cM. puc. 1.4) npexHasHayeHb!
IUISL pacnpeaeNieHUST SJIEKTPOSHEPTHH MEXAY TTOTPEOUTEIIMU.

CxemMa NoACTaHLMI TECHO YBA3BIBAETCH ¢ HA3HAYEHHEM M CIIOCO-
OOM NpHCOEOMHEHHS TTOACTAHIIMHU K IMUTAONICH ceTH ¥ KopKHa [5.2]:

obecIeunBaTh HAOEKHOCTh JICKTPOCHAGXKEHMS TTOTpeoHuTe e mon-
CTaHIMHA U TIEPETOKOB MOIIHOCTH IO MEXCHCTEMHBIM HJIH MarMmcT-
PaNIbHBIM CBS3SIM B HOPMAJIBHOM M B TIOC/IEaBapHHOM peXUMAX;

YYUTHIBATh TIEPCIIEKTHBY PA3BUTHS;
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JIOTTYCKATh BO3MOXHOCTD ITOCTENIEHHOTO paciuupeHust PY Bcex Ha-
MPSIKEHWH;

YYUTHIBATh TPeOOBAHWS MTPOTUBOABAPUITHON aBTOMATUKM;

00eceYnBaTh BO3MOXHOCTD IIPOBEIEHUSI PEMOHTHBIX M SKCILTyaTa-
IIMOHHEBIX pabOT Ha OTHEIBHBIX 3JIEMEHTAaX CXeMBbl 0e3 OTKIIOYEHUS
COCETHUX MPUCOETNHEHUIA.

Yucno omHOBpeMEeHHO cpabaThIBAIOIINX BHIKIIOYATeIeH MOMKHO
OBITH He DoJlee:

JIBYX — TIpH MOBPEXOeHWH JTHHUH;

YeThIpeX — IIpH IOBpEXIEHUU TpaHchOPMATOPOB HaIpsKeHUEM
nmo 500 kB, tpex — 750 kB.

B COOTBETCTBUH € 3TUMHK TpeGOBaHUAMHU pa3pabOTAHBI THUITOBblE
CXeMBI pacTIpeleuTeNBHEIX YCTpoiicTB moactanumii 6 —750 kB [5.5],
KOTOpHIE JOJIXKHBI NPUMEHATECS TIPH MPOEKTUPOBAHUH TOACTAHIIUIMA.

Herurmosas riaBHast cxeMa JI0JCKHa O6pITh 000CHOBaHA TEXHHMKO-3KO-
HOMMYECKUM PacyeTOM.

5.8.2. CxeMbl TYIHKOBBIX H OTBETBHTEILHBIX HOJACTAHIMH

TynukoBre ogHoTpaHchoOpMaTOpHBIE NONCTAaH-
IHU Ha cTopoHe 35—330 xB BHMIOMHAIOTCA MO cxeMe 6J10Ka
TpaHC(hOpMaTOp — JUHHUSA 6€3 KOMMYTalIMOHHOM alraparyphl WIH ¢
OTHHUM paszbenuHuTeNeM (CM. pMc. 5.8, a), eciau 3alluTa JUHUU CO
CTOPOHEI MMUTAIOUIETO KOHLIA UMEET JOCTATOYHYIO YYBCTBUTEIBHOCTh
K IOBpexXaeHUAM B TpaHchopMmarope. Takas cxemMa MOXET TakKxkKe
MPUMEHSITLCS, €CIU IIPeIyCMOTpEHa Hepefadya TeIeoTKII0YAIIeTro
curHana gig noacranumii 330 kB ¢ TpanchopMaTopamMu M06o0i MO -
HOCTH, a Ui noxctanumit 110— 220 kB ¢ TpancdopMaropaMu Gonee
25 MB-A. TIpu xa6eapHOM BBOZie B TpaHC(HOpPMaTOp pa3beAMHUTEIU
He YCTaHaBJIMBAIOTCS.

Ipenoxpanurtenau Ha cropone 35, 110 kB cunoBwix TpanchopmMa-
TOPOB He NPUMEHSIOTCsI. Ha TYITUKOBBIX U OTBETBUTENBHBIX TTOACTAH-
LHsx Toabko Ha 110 kB gomyckaercs MpUMEHSITh CXEMBI C OTHEIUTE-
MIMH (CM. pHC. 5.8, 6) 32 UCKIIIOUEHHEM: TIONCTAaHIU M, PACIIONIOXEH -
HBIX B 30HaX XOJIOJJHOTO KJIMMATa, a TAKXE B 0CO60 FOJIOJIETHOM paii-
OHe, B paiioHaxX ¢ CeMCMMYHOCTBIO 6 Gamnos 1o wxanxe MSK-64;
ecnmyu AeHcTBUA OTAECNMTENIeH M KOpOTKO3aMbIKaTeNel IMPUBOMST K
BBIMAJICHUIO U3 CHHXPOHHU3MA CHHXPOHHBIX IBHraTeleil y morpebu-
TesIst; Ha IMOACTAHIIMSAX TpaHCIOpTa M M00BYM HedTH M rasa; Ui
MPHCOCHMHEHUA TPaHCHOPMATOPOB MOIIHOCTBIO O0jee 25 MB-A;
B LIENAX TPaHCHOPMATOPOB, MPUCOEAMHEHHBIX K TUHUAM, HMEIOUIUM
OAIIB.

B cxeMe mopcTaHIIuM 1o puc. 5.8, 6 Ha ctopoHe 110 KB ycraHOBnE-
HBI pa3bepuHuTeas QS, otnenurenas QR U B OnHOI ¢da3e — KOPOTKO-
3aMpiKatens QN, na ctopoHe 6 — 10 kKB — Beikmouatens (2. Pabota
3TOM CXeMBI pacCMOTpeHa B noxpasn. 5.3.1.
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B Tex cay4asix, Korma pacCMOTpPEHHBIE BEIIIE CXEMBI He peKOMEH-
IOVIOTCSI, IPUMEHSIOT THIIOBYIO CXEMY C BBIKJTIOYATEJIEM Ha CTOPOHE
35— 500 kB (cMm. puc. 5.8, 8).

5.8.3. CxeMbI MpOXOAHBIX MOACTAHIMIA

IIpy HEOOXOMUMOCTH CEKIITMOHMPOBAHUS JTMHH M, MOILIIHOCTH TPAHC-
dopMaTopoB 10 63 MB - A BKIIOUNTENEHO U HaNpskeHny 35 —220 kB
PEKOMEHAYIOTCS MOCTHKOBEIE cXeMEI (puc. 5.22). CxeMa, n3o6paxeH-
Has Ha puc. 5.22, a, npuMeHsieTcs Ha cTopoHe 110 kB npu MolHOCTH
TpaHcdopMaTopoB 1o 25 MB - A BKIouMTETEHO. PEMOHTHAS TTepeMbId-
Ka ¢ pasbeAMHUTENAMU OS7, 0S8 HOPMAJBHO OTKIIOYEHA OJIHUM
pazwenuHUTeNEM (QS7).

Brixtouarenp Q7 B MOCTHKE BKIIIOYEH, €CJIM 1O JTMHUAM W1, W2
IIPOMCXOMUT TPAH3UT MOILIHOCTH. EcM HEOGXOMUMO HCKIIOYMTD T1a-
paUIeIbHYIO paboTy muuuit W1, W2 ¢ TOYKM 3peHMs OTpaHUYCHUS
ToxoB K3, BeiKItouaTenb (7 otkimodeH. [1pU MOBpeXAEHUU TpaHC-
dopmaropa (7]) oTKIIOYAETCsS BBHIKJIIOYATENb CO CTOpOoHH 6 (10) xB

*‘D—Qz il ——D-*WZ - Wi w2

AY4 0S8 0s9 QSi0
-~ ~—L—

0S5 " 0S6 4
\ QQs3 o1 054 0 0s1 0
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™ " T1 " 12

-
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"“)’./T
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Puc. 5.22. CxeMBl MOCTHKA:

a — € BHKJIKOYATEIEM B MIEPECMBIUKE U OTACIUTENSAMHM B HENAX TpchtbopmaTopom 6 —
C BBIKJIOYATENSIMU B LENHU JUHUIA U pCMOHTHOﬁ TePEeMBIYKOIf CO CTOPOHBI JIMHAH
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04, BKIIIOUaeTCsI KOPOTKO3aMbiKaTeslb QN 1, OTKIIOYAeTCsa BBIKIIOYA-
Tedb (02 Ha MMUTAIOIIEM KOHIIE TMHUKM W1 W OTKITIOYAETCS OTIEIUTEND
ORI, a 3ateMm pazpenunutens QS1 Ecnu mo pexumy pabOTHI ceTH
HEoOXOIMMO BOCCTAHOBHUTH B pabore JuHHMI0 WI, TO aBTOMaTHYECKHA
BKJIIOYAETCA BBIKJIIOUATENh Ha MUTAIOLIEM KOHIUE 3TOM JIMHUK U BHI-
KJIIo4yaTe)ib MOCTUKa (1, TakuM 00pa3oM, TPaH3UT IO JUHUAM W1,
W2 BoccTaHOBJIeH. PeMOHTHAsA nepeMBIuKa MCHOIb3yeTCs TIPU PEBH-
3uHM BeIKTIOUATENS (1, 115 3Toro BKiouaercsa QS7, oTkmouvatores Q1
u OS3, OQS4. Tpansut no muunsaMm W1, W2 ocylileCTBISIETCS IO peMOHT-
HOIT nepeMbliuke, TpaHcgopMmaropsl T'1, T2 B pabore.

B cersix 220 kB u TpaHcdopMaTopax 1o 63 MB- A BKIIOUUTETBHO
JUIST YBEJTMMEHMA HANEXXHOCTH paGoTHl OTAESIUTENH 3aMEHSIOT BLIKIITIO-
yatenamu Q1, Q2 (cm. puc. 5.22, 6).

PeMoHTHAas MepeMBIYKa pa30MKHYTa pa3beauHuteaeM QS9. Beikimo-
yaTesTb 03 B MOCTHKE BKJTIOUEH, YTO 00ECIICUNBAET TPAH3UT MOIIHOCTH
no iuHusiM W1wu W2. Yipu aBapuu B Tpancgopmarope 77 oTKIIIOYAIOT-
¢4 BBIKJIFOYATENb co cTopoHsI 6 (10) kB u Belxmouarenu Q1 u Q3. Iocne
oTKMoYeHus1 pazbenuuuTens (QS3 skmouarotcsa Q1 u (O3, ¥ TPaH3UT
BOoccTaHaBIuBaeTcd. JIiist peMoHTa Q] BKITIOYAIOT PEMOHTHYIO TIepeMBIY-
Ky (pazpemuuurenst QS9), otkmovaror Q1 U pazpemuHutenu QS7 u
0S2. Ecnu B 3TOM peXyMe ITpou30ineT aBapusi B 72, TO OTKITIOYAIOTCS
02wu Q3 u oba TpaHchopmMaropa ocTaoTcsa 6e3 nmuraHus. Heobxomumo
otkiounTh QS6 1 BKimounte Q3 u Q2, Torna 11 noaxmouaeTrcs K obe-
WM JIMHUSIM. DTOT HEAOCTATOK MOXHO YCTPAaHWTh, €CJIM MOCTUK U pe-
MOHTHYIO TIEPEMBIYKY ITOMEHSTh MecTaMH. B 3TOM ciydae Ipy IoBpeX-
JIEHUH B TpaHchopMaTope OTKITIOUAeTCsI OOUH BHIKIIIOYATENIb Ha CTOPO-
He BH TpancdopMaTopa, BEIKITIOUATENb B MOCTHKE OCTaeTCH BKITIOUEH-
HBIM, 3HAUYHUT, TPAH3UT MoilHocTH 1o Wi, W2 coxpaHsiercs.

Ecnv rnpoekToM CUCTEMHOM aBTOMATUKU B TUHUSIX 220 KB nipemyc-
MarpuBaetcs OATIB, To BMecTO pacCMOTPEHHOM CXeMBI peKOMEHTy-
eTcd cxXeMa yeThpexyrojbHuka (cM. puc. 5.10, 6). CpoiicTBa u 0cOoOeH-
HOCTH 5TO¥f CXeMEI OBIIM pacCMOTPEHH B TToApas. 5.3.

CxeMa YeTBIpEXYTOJILHUKA TIPUMEHIETCS TIPY JIBYX JIMHUSAX H JABYX
TpaHchopMaTopax TIpH HEOOXOAUMOCTH CEKIIMOHMPOBAHUS TPaH3UT-
HBIX JIMHUI, TIpH OTBETCTBEHHBIX MOTPEOUTENIX KU MOLIHOCTH TpaHC-
¢opMmartopoB nipu HanpskeHun 220 kB 125 MB- A u 6osee u moboit
MOIITHOCTH Mpu HampsikeHuu 330—750 kB.

5.8.4. CxeMbl MOIIHEBIX Y3JIOBBIX TMOICTAHIMI

Ha mnnax 330 — 750 kB y3/10BBIX TOACTAHLIKI OCYLIECTRISIETCS CBA3b
OTHEJTBHBIX YacTell 3HEPTOCHCTEMBI MU CBA3b JIBYX CUCTEM, IO3TOMY
K cxemaM Ha ctopoHe BH npeabdBisiioT MOBBILLIEHHEBIE TPEOOBaHHA B
OTHOIIEHUM HaAexXHOCTU. Kak NpaBuio, B 3TOM CIy4ae IIPUMEHSIOT
CXEMBI C MHOTOKPATHHIM IIPUCOCIUHEHHEM JIMHUH: KOJbLIEBBIE CXEMBI
(cM. puc. 5.10), cxemur 3/2 BHIKITIOUATENsT Ha Ierb (cM. puc. 5.13) u
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CXeMBbI TpaHCOPMATOp — IUUHBI C TIPHCOeJUHEHHEM JIMHHMH Yepe3
JIBa BRIKJIIOYATes s (TIPH TpeX U YeThIPeX JIMHUAX) VUM C TIONYTOPHAIM
MIPUCOEAMHEHUEM JTMHUH (ITpH MATH-1IECTH TUHUSX).

Ha puc. 5.23 mokasaHa cxeMa MOUIHOHM y350Bo# nmoacTtaHuuu. Ha
cropoune 330— 750 xB npuMeHeHa cxeMa IIMHBI — aBTOTpaHcdopMa-
TOp. B Liern Kaxmoii TMHUK — B2 BBIKJIIOYATENS, aBTOTPaHC(HOPMATO-
PHI TIPHCOEIUHSIOTCS K LIHMHAM 0e3 BBRIKJIIoUATelsd (yCTaHABIMBAKOTCS
Pa3beAMHUTENN C TUCTAHLIMOHHBIM IpuBogoM). I1pu moBpexnenun 7'/
OTKJTIOYAIOTCS BCE BHIKJIIOYATENH, TIpUCOoeAMHEHHbIE K K1, paGoTa ju-
auit 330 — 750 kB nipu aToM He Hapymaercs. ITocne orkmouenns 71 co
BCEX CTOPOH AMCTAHILIMOHHO OTKAIOYACTCA pasbeaAuHUTEN: QS 1 cxe-
Ma co cropoHbl BH BoccTaHaBMMBAaEeTCsl BKJIIOYEHHEM BCEX BBIKITIOYA-
TeneH, MPUCOSUHEHHBIX K TTEPBOii cucTeMe LMH K.

B 3aBucuMocTH ot yucia nunuit 330 — 750 kB BO3MOXHO mpuMeHe-
HHE KOJMBLEBBIX CXeM WM CXEMBI 3/2 BBHIKJHOYATENSl Ha LIETIb.

Ha cropoHe cpeaHero HanpsckeHMst 110-—220 xB MOIIHBIX mod-
CTaHLMI TIpUMEHSIETCA CXeMa C OfaHOH paGouell W omHOIN OOXOmHOI
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Puc. 5.23. CxeMa y3110BO# MOACTAHUMHU

366



CHCTEMAMH LLUHWH WK C JBYMSI pabOYMMH M OTHOM 0OXOTHOM crcTeMa-
MM LIMH (CM. puc. 5.11 u 5.12). AHanu3 1 001aCTh IPUMEHEHHUS TUX
CXEM PacCMOTpEHHI B moapasm. 5.3.3 u 5.3.4.

IIpu BeIOOpe cxeMmBl Ha cTtopoHe HH B niepByto ouyepenp pellaeTcs
Borpoc 00 orpannueHnu Toxa K3. i 3Toi 11e1M MOXXHO IIPUMEHSITh
TpaHCHOPMATOPHI C MOBHIIIIEHHBIM 3HAYEHUEM #,, TpaHCHOPMATOPHI
¢ paculerieHHo# ooMoTtkoit HH wiu ycTaHaBIMBaTh peakTOphl B LEITH
TpaHchopmaTopa. B cxeMe, mokasaHHoOH Ha puc. 5.23, Ha ctopoHe HH
YCTaHOBJICHBI CIBOCHHEBIE peaKTOphl. CHHXPOHHBIE KOMIIEHCATOPHI C
MIYCKOBBIMHM peaKTOpaMH MPUCOeAUHEHBI HENIOCPENCTBEHHO K BBHIBO-
nam HH aBtoTpaHcdopmaTopos. ITpucoenuuernrne MontHbX GC K 1M~
HaM 6— 10 kB npuBeio 6561 K HEJOIIYCTUMOMY YBEJIMYEHUIO TOKOB K3.

B uensix aBroTpancdopmaTopos co ctopoHsl HH 11 He3aBucUMO-
TO pEeryJMpOBaHUS HAIIPSKEHHUSI MOTYT YCTaHABJIUBATBCS JIMHEWHBIC
perynupoBouHbie TpaHchopMaTopsl JIPT (cM. noapasn. 2.2.7). Heo6xo-
JTUMOCTb YCTAHOBKH JIMHEIHBIX PETYJIATOPOB PELUAETCS B IIPOCKTE pa3-
BUTHSA 2JieKTpuueckoi cetu BH.

IIpu BBINOJIHEHUU KypCOBOTO M TMIUIOMHOIO IIpoeKTa 0oJsiee HOox-
pOOHBIE CBEACHUS O CXeMax ITOACTAHIIUM MOXHO IOJYIHUTh U3 HOpMa-
TUBHOM nuTepatypsl [5.2], [5.5].

5.9. Cxembl 31eKTpocHaOXeHHs coOcTBeHHbIX HYXT TOC

5.9.1. OcHoBHble TPeOOBAHMA H HCTOYHMKM IJIEKTPOCHAOKEHHS

IIpu paccMoTpenuu TexHoaorudyeckux cxem KOC u TOI otMeue-
HO, YTO IIPOM3BOICTBO TEIUIOBOM U 3JIEKTPHUYECCKOM SHEPIUM ITOJTHOC-
TBIO MEXaHHM3HPOBaHO. boJbllIoe KOJIHYECTBO MEXaHU3MOB 00€CIIEYH~
BaeT paboOTy OCHOBHBIX arperaToB JICKTPOCTAHIIMM — IUTATEITBHBIX
HACOCOB, IYThEBbIX BEHTU/ISATOPOB, IHIMOCOCOB, KOHIEHCATHERIX HACO-
COB, JIPOOMJIOK, MENIbHHULI, ITUPKYISAIIMOHHBIX HACOCOB M JIp.

JIns npuBona GOJBIIMHCTBA pAbOYUX MEXAHU3MOB HUCIIOJIb3YIOT TPEX-
da3Hble aCUHXPOHHBIE 3JIEKTPOIBUTATEIM C KOPOTKO3aMKHYTHIM pO-
TOpOoM. J1Jist O4eHDb MOIHBIX MEXaHU3MOB MOTYT HCIIOJIb30BaThCS CHH-
XpOHHBIE 3JIeKTpoaBUraTeNu. st MEXaHU3MOB, TpeOYIOIIUX PETYIH-
POBAaHHUA YACTOTHl BpallleHUs, IPUMEHSIOT 3JIEKTPOABUIATENN ITOCTO-
STHHOTO TOKa.

HopManpHas paboTa 3JeKTPOCTaHIIMH BO3MOXHA TOJBKO IIPH Ha-
JexXHOM paboTre BCeX MEXaHM3MOB C.H., YTO BO3MOXHO JIMIIEL IIPH UX
HalIeXXHOM. 3JIeKTpocHaOXeHHH. TToTpeduTenu ¢. H. OTHOCATCS K IOTpe-
ourtenamM 1 kateropum.

OCHOBHBIMH HaIlpSDKEHHSIMH, IIPUMEHSIEMBIMH B HACTOSIIEE Bpe-
Ms B CUCTEME C.H., IBNIAIOTCS 6 KB (i anekTpoaBurareseil MOIIHO-
cthio 0onee 200 xBt) 1 0,38/0,23 KB mi1s1 OCTATbHEIX 3JIEKTPOABUTATE-
Jieit ¥ oceenieHys. [IpuMmeHeHne HanpsokeHUs 3 KB He onpasnaiio cebst,
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TaK KaK CTOMMOCTh JIEKTpoaBUrareneit 3 u 6 kB Mano ornmyaercs,
a pacxXoJ IBETHBIX METAJJIOB M IOTEPU JICKTPOIHEPTHUH B ceTAX 3 KB
3HAYUTENILHO 60JIblIe, YeM B ceTsax 6 KB.

st MOUHBIX 65T0UHBIX THC BO3MOXKHO IIpUMEHEHNE HAITPSIKEHUS
0,66 kB mng snexrponsurareneit 16 — 630 xBt u Hanpsxenus 10 xB
JUTST KPYITHBIX 3JICKTPOJBHTATENEH.

Ecnm Ha snekTpocTaHLMH npeaycMaTpuBaerca ['PY 6— 10 kB, to
pacnpeIeuTeNIbHOS YCTPOHCTBO coOcTBeHHBIX HyXn (PYCH) noy-
YyaeT MUTAHHUE HEMOCPEACTBeHHO ¢ MH I'PY peakTMpOBaHHBIMU JIH-
HUSIMU WIH 4epe3 MOHMXKAIHUNA TpaHchopMaTop C. H.

Ecnm reHepaTopbl 3JEKTPOCTAHIIMM COCIMHEHBLI B 3HEPrOOIOKH,
TO NMUTAHME C. H. OCYIIECTBIISETCS OTITAMKOM OT 3HEProo6Iroka.

C yBeIMYEHHEM MOIIHOCTH 3HEProOJIOKOB pacTeT HoTpebiecHue
Ha COOCTBCHHBIE HYXIBI, CICIOBATE/JIBHO, YBENIUYMBACTCS W MOII-
HOCTh TpaHchopmMmartopa c.H. UeM Oosblile MOIIHOCTh, TeM OOJbLIE
TokHM K3 B cHcTeMe C.H., TeM TsXKejlee YCTAaHOBIEHHOE 000pynoBa-
Hue. g orpannyeHUS TOKOB K3 MOXHO NMPpUMEHATEL TpaHchOpMaTo-
PHI C MTOBBILICHHBIM HanpsixxeHueM K3 munu TpaHcgopMaropsl ¢ pac-
IEeIJIEHHBIMA 0OMOTKaMi 6 KB, KoTopbie IIPUMEHSIIOTCS TTPHA MOII~
HOCTH TpaHCchopmaTopoB 25 MB- A u 6onee. KpoMme pabounx ucroy-
HUKOB C.H., KOJXHBI IPeayCMaTPpUBATbCI pe3epBHBIE MCTOYHHKH
nuTaHusl. TaKUMH UCTOYHUKAMHU MOTYT OBITH TpaHC(OPMATOPHI, IIPH-
COCIMHEHHBIE K IINHAM IOBBILLICHHOTO HANIPSLKEHHUSI, UMEIOLLIMM CBSI3b
¢ 3HeprocucTeMoii. Jlaxe mpu OTKJIIOYECHUHU BCeX TEHEPATOPOB 3JIEK-
TPOCTaHIIUU TUTAHUE C. H. 6YIET OCYILIECTBISITHCS OT SHEPTOCUCTEMEL.
Ha tot penkuii ciy4ait, Korma aBapus Ha 3J¢KTPOCTAHIIMHM COBIIaNa-
eT ¢ aBapueil B 3HeprocucTeMe W HalpsSXeHHe C.H. He MOXET OBITh
MOJAHO OT PE3€pPBHOTO TpaHcdopMaropa, 11 Hanboiee OTBETCTBEH-
HBIX TIOTpEOUTENEN, KOTOPhIE 00€CIIEUNBAIOT COXPAHHOCTh 000pYHO-
BaHMS B pabOTOCTIOCOOHOM COCTOSIHMU (MacisHbIE HAaCOCH CMa3KHu,
VIIIOTHEHU Bana, BAIOIIOBOPOTHBIC YCTPOMCTBA U AP.), IIpeaycMar-
PUBAIOTCS aKKYMYJIATOpHBIE OaTapeu M Au3ellb-reHepaTtophl. Ha psne
3apy6GeXHBIX 3JeKTPOCTAHIIUN B KayecTBE aBapMUHBIX MCTOYHHUKOB
ITUTAHUS C.H. YCTAHOBJICHBI TA30BEIE TYPOMHBI, KOTOPhIE MOIXBATHI-
BaIOT MUTAHUE C.H. 3HEProbJIoKa MPpHU CHUXXEHUHM YaCTOTHI B HEPTO-
CHCTEME.

Bri60op MOIIHOCTH paboyuX TPaHC(HOPMATOPOB C. H. MPOU3BOIUT-
CS C YYETOM YMCJIa M MOUIHOCTH MTOTpeduTeNneit ¢. H. TouHblit nepe-
YeHb BCeX MMOTpeOUuTeNCH onpeaensiercs Mpyu pealbHOM NTPOEKTHPO-
BaHUHU TOCJIC pa3pabOTKM TEIUIOMEXaHUYECKOM YACTH 3JIEKTPOCTaH-
IIUM M BCEX €€ BCIIOMOTaTEeIbHHX yCcTpoiicTB. C NMpuMepoM BEIOOpa
YHUCJIa ¥ MOLIHOCTH TPAaHCHOPMATOPOB C. H. MOXKHO O3HAKOMHUThHCS
o mipmn. I11 [6.1].

B yyeOHOM INpOCKTUPOBAHUU C HOCTATOYHOII TOYHOCTBIO MOXKHO
OMPENCIUTD HATPY3KY C. H. P, ,; max U PACXOL BJIEKTPO3HEPTUN W, Opu-
€HTUPOBOYHO 110 Tadm. 5.1 [3.5].
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Ta6nuna 5.1
Harpy3k#, pacxoJ 3JAeKTPO3HEprHH M K03 dHUIMEHT Cnpoca YCTAaHOBOK C. H.

Twun 3/1eKTPOYCTAHOBKH E'H—mﬂ- , % Wen , % k.
Pycr WBpr
TOU:
NbUIEYTONbHAs 8—14 8§—13 0,8
ra3oMa3’yTHast 57 6—10 0,8
K3C:
MBUICYTOJIbHAS 6—38 4—-7 0,85—0,9
ra3oMasyTHast 3—-5 36 0,85—0,9
ADC:
C ra3oBbIM 5—14 3—12 0,8
TEILIOHOCUTEJIEM
C BOIZHBIM 5—8 5-9 0,8
TeIUIOHOCUTENIEM
IaC:
MaJIOH U cpeqHei 3-2 2—1,5 0,7
MOUIHOCTH
GonpLIoH 1-0,5 0,5—0,2 0,8
MOIIHOCTH
IToacranuus:
TYIIMKOBAs 50—200 kBt — —
y3J10Bas 200~—500 xBr — —

Hcnonb3ys gaHHbie TaOd. 5.1, MOXHO OIPEAETUTh HEOOXOAUMYO
MOILHOCTH C.H., MB-A,

Se.ueZ Pe i maxkes (5.18)

kOﬂHk3
rae ke = ———m———: Koy — KOOOOUIMEHT OXHOBPEMEHHOCTH; ky —
Nep COS P

KO3(QOUUUEHT 3arpys3ku; M, — cpenuuit KIII; cos@y, — cpenHuii
COS( DJICKTPOIBUTATENIEH C. H.

5.9.2. Cxemn coOcTBennbix Hyxa K9C

Pa6ouue TpanchopMaTops . H. 6104HBIX TOC npUCOETUHSIIOTCS
OTHaWKOM OT 3Heprodysoka. MOUHOCTE 3TUX TPaHCGHOPMATOPOB OIi-
penensiercs: 1io hopmyne (5.18), rae P,y ma TOICYUTHIBAETCS B 3aBU-
CHMOCTH OT YCTaHOBJIEHHON MOIIHOCTH 3Heprobioka. Ha ajekrpo-
CTaHIMSX ¢ 3Heprobdmoxamu 300 MBT u 6oJiee yacTh MOLIHBIX MeXa-
HU3MOB C. H. (ITUTaTeJbHBIE HACOCHI, TIyTheBhIE BEHTWISATOPHI) MOXET
HUMETB TyPOOTIPHBOI. DTO 3HAYUTENIEHO CHIUXKAET pacXoll 3JIeKTPO3HEep-
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run Ha c.H. Tak, mis sHepro6iaoka 8§00 MBT razoMasyrHoit KBC no
dopmyne (5.18)
Sex = —-800-0,9 = 36 MB- A,
100
T.€. CJIeQyeT BbIOpaTh TpaHchopMaTop . H. MontHocThI0 40 MB-A. Eciu
MMUTATEJIbHBIM HAacOC M OYThEBOU BEHTHJISITOP HUMEIOT TypOOIIPHUBOL,
TO MOUIIHOCTE TpaHcGopMaTopa C. H. CHIXaercs 10 32 MB- A.

PacnipeieTUTEILHOE YCTPONCTBO C.H. BHITIONHSETCS ¢ OMHOM CeK-
IMUOHMPOBAHHON CHUCTEMOM LIHH.

Koaunecmeo cexyuti 6— 10 kB 0aa 6aounvix TOC npunumaemes no
dgée Ha Kaxcowii 3nepeobaox (IIPHU MOIIHOCTH 3Heprobioxa Gonee
160 MBrT).

Kaxnast cekIyst Wi CeKIMH TOIMapHO MPUCOEANHSIOTCS K paboye-
My TpaHcdopMartopy C.H.

Ha puc. 5.24 nmpuBeneHa cxemMa MUATAHUS C.H. 4acty OnouHoit KC
¢ TpeMs sHeprobiokami 1o 300 MBt. TpaHcdopmaropei c.H. T1, 72, T3
IMUTAIOT CEKUMK 6 KB COOTBETCTBEHHO IEPBOIC 3Heprodiaoka IBA, 1BB,
BrOoporo 2BA, 2BB u tpetbero 3BA, 3BB. K 3TUM ceKUMAM NPHUCOEANHS -
I0TCA 3NeKTpoABUTaTEMH 6 KB TYpOMHHOTO M KOTENBHOTO OTAENCHHIA,
obliecTaHIIMOHHAs Harpy3ka (0.¢.H.) ¥ TpaHcdopmarops 6/0,4 kB.

Pe3epBHOE TIMTAHHME CEKIIUH C.H. OCYIIECTBISIETCSI OT PE3CPBHBIX
Marucrpaseit, CBI3aHHBIX C IMYCKOPE3epBHBIMU TpaHCHOpMATOpaMH
c.H. (T4 Ha puc. 5.24).

Pe3epBHEIC MaruCTPaIM IS YBEIUYEHHSI TUOKOCTH M HAEXHO-
CTH CEKILIMOHUPYIOTCS BHIK/IIOYATEINSIMHU Yepe3 KaXIble 1Ba-TPH SHEP-
ro0JjokKa.

CornacHo [5.1] yHMcno pe3epBHBIX TPAHCHOPMATOPOB C. H. Ha O/109-
HbIXx TOC 0e3 reHepaTOPHEBIX BHIKJIIOYATENEH NMPUHUMAETCA: OAUH —
MpH ABYX OJIOKaX, IBa — MPH YUCJIE S3HEPTOOIOKOB OT TpeX JO IIECTH.
IIpu GomnplieM yuciie 3HeproONOKOB NMpEAYCMATPUBAETCSl TPETHIL pe-
3epBHBIN TpaHC(OPMATOp TeHEPAaTOPHOTO HAMNPSKEHUs, He TPHUCO-
€IMHEHHBIA K MCTOYHUKY NUTAHUS, HO YCTAHOBJICHHBIN Ha 3JMCKTPO-
CTAHILIMH U TOTOBLIH K 3aMeHe JIIo0oro paboyero TpaHcgopmaTtopa C. H.

Ecimn B cxeMax 3HeproGJIOKOB YCTaHOBJIEHBI I'€HEpAaTOPHEIE BhI-
KIIIOYATENH, TO YHUCIIO pE3epBHBIX TpaHCHOPMATOPOB TIPMHBMAETCS T10
OZHOMY pE3CpPBHOMY Ha Kaxable 4eTwipe OJoKa. Ilpu 1ectd u Gonee
OJI0Kax mpeIycMaTpUBAETCA TOTIONHUTENBHEIH pe3epBHEIi TpaHchop-
Marop TeHepaTOPHOI'O HAIPSDKEHHsSI, He NMPUCOeIUHEHHHI K HCTOY-
HHKY, HO TOTOBHII1 K 3aMeHe Noboro padouero TpaHcGopmaTopa C.H.

Ecau yacTb 3HeprodJI0KOB ¢ BHKIIOYATENSIMH, a YaCTh 0€3 BBIKJIIO-
yaTeseif, TO YHCAO pe3epBHBIX TPaHC(HOPMATOPOB C. H. BHIOMPAETCS 11O
TEPBOMY YCTIOBHIO. Pe3epBHBIC TPAHC(HOPMATOPHI C. H. TOJDKHBI NPUCO-
CAVIHATBECS K COOPHBIM IIIMHAM TOBHINEHHOTO HaMPSLKEHUS, KOTOPBIC
HMEIOT CBSI3b ¢ 3HeprocucTeMoii mmo aunusaM BH (Ha ciygaii aBapmii-
HOTO OTKJIIOYEHHS BCEX TEHEPATOPOB BICKTPOCTAHIMH). DTO TpeboBa-
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HHe TPYIHO BHITIOJIHUTD, €CJIU CBSI3b C IHEPTOCHUCTEMOM OCYIIIEeCTBIIs-
ercs 1o JimHuaM 500 — 750 kB. B atoM ciiyuae pesepsubie TCH nipuco-
SAUHSIOTCS K LIMHAM cpexHero HampspkeHus (110, 220 kB) npu yc-
JIOBUM, YTO OHHU CBSI3aHBI Yepe3 aBroTpaHcdopMmaTop ¢ mimHamMu BH.

Homnyckaercss Takxke pesepBubliii TCH npucoenmuaTs K 0OMOTKe
HH aBroTpaHcdopMaTopa, eciii 006eCTieYUBAIOTCS TOMTYCTUMBIE KO-
JNiebanus HanpsoKeHUA Ha mnHax PYCH npu peryiupoBaHUM Hamps-
XeHMsT aBTOTpaHCchOpMaTopa U YCIOBUSA CaMO3allycKa 3JIEKTPONBU-
rareyici.

MONTHOCTB K&XXIOT0 pe3epBHOr0 TpaHcgopMaropa C. H. Ha GI0YHBIX
3JIEKTPOCTAHIIUAX O€3 re HepaTOPHAIX BRIKIIIOUaTe el ToKHa obecTie-
YUTh 3aMeHy pabouero tpaHc@opMaropa OGHOTO 3HeproOJoKa U of-
HOBPEMEHHBIN YCK MM aBApUIHBIIA OCTAHOB BTOPOTO 3HEProbIoKa.
Ecnu TouHmIH IepeueHs MOTpeGUTeNe C. H. B TAKOM PEXUME HEM3BEC-
TEH, TO MOUIHOCTb Pe3epBHOTO TpaHCcOpMaTopa C.H. BEIOMpaeTcsl Ha
CTyTIeHb GoJiblile, YeM pabodero. Eciu B cxeMax 3HeproGJIOKOB yCTa-
HOBJICHBI T€HEPATOPHHBIC BHIKJIOYATENM, TO MOHLIHOCTH Pe3epPBHBIX
TpaHC(POPMATOPOB IIPUHUMAETCS PABHOM MOUIHOCTH pabOYMX TPaHC-
¢dopmartopoB. B 11060M ciyyae MOUIHOCTE pe3epBHBIX TpaHCHOPMATO-
POB OJXHA OBITH IPOBEPEHA MO YCIOBUSIM CaMO3aIlycKa.

MHoroumncieHHbIE TOTpeOUTENH ¢. H. HanpstkeHneM 0,4 kB (Ha omuH
aHeproojok 300 MBT nmpuxomutcs Gonee 600 smexTpomBurarenei
0,4 kB) npucoenuusoTca K cexuuaM 0,4 kB, monyyaromuMm nuTaHue
oT TpaHcdopmaropos 6— 10/0,4 kB. Pacxod na c.n. 0,4 kB npubausu-
meavHo MOXCHO npunsms pasivim 10% obuezo pacxoda.

TpaHcpopMmaTtophl 6/0,4 KB ycTaHaBIMBAIOTCA, 110 BO3MOXHOCTH,
B LIEHTpaXx HATPY3KH: B KOTEJILHOM U TYPOUHHOM OTIAEJIEHUAX, Ha TOI-
JIMBHOM CKJ1aje, B OOBEIUHEHHOM BCIIOMOTaTeIbHOM KOpIlyce, Ha
OPY, B KOMIIpecCOpHOif U T.I. TpaHCHOpMATOPEI MOIIIHOCTBIO Gojiee
1000 kB - A He NpUMEHSIOTCS, TaK KaK X MPUMEHEHHEe ITPUBOMUT K 3Ha-
yutenbHoMy yeenndeHuio Toka K3 B cetu 0,4 kB. COopHBIe HIMHBI
0,4 KB CeKUMOHUPYIOTCS JUTS MOBLILIEHUS HAEXHOCTH nuTaHus. Kax-
Iast ceKius o0ecreYnBaeTcsl pabouuM U pe3epBHBIM [TMTAHNEM, BKJIIO-
YyaeMbIM aBToMathyecku. TpeboBanns K cxeMam c. H. 0,4 kB Gosnee mox-
poOHO U3JI0XKEHH B [5.1].

Ha puc. 5.24 nmokazaHo nutaHue cexiuii ¢.H. 0,4 kB ogHoro sHepro-
0JI0Ka, PacoNOXeHHBIX B IMIaBHOM Kopmyce. [Torpeouresm 0,4 kB riep-
BOTO 3Hepro06JIoKa M YacTh OOMIECTAHIIMOHHOM HArpy3KU ITOJNYYaloT
nutaHue ot cekumnit 1CA, 1CB, 1CC, 1CD. Haubojee oTBETCTBEHHBIE
NOTpEOUTENU TIPUCOEANHEHB Ha monycekiimu 1CA u I1CB, otnend-
€Mble aBTOMAaTUYECKUMHM BHIKTIOYATEISIMU OT OCTaNbHOM YacTH 3THX
xe cexuuif. Pe3epBHBIit TpaHcdopMaTop 6/0,4 KB nprcoeIMHEH K CEK-
MU 3BA TpeTbero 3HeproGaokKa.

ITotpe6urenu 0,4 kB Broporo aHepro6;10Ka MPUCOESTNHIIOTCH K CeK-
msMm 2CA, 2CB, 2CC, 2CD, a tpethero — K cexkuusMm 3CA, 3CB,
3CC, 3CD (Ha puc. 5.24 5T¥ CeKIIMM He TTOKa3aHbl). Pe3epBHELI TpaHC-
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¢opMartop s IOCIEAHUX CEKLMM IIPUCOeTUHEH K ceXuuu 6 KB 2BB
BTOPOTO 3HEPTOOJIOKA.

Hns nmomumepXaHUsT HEOOXOMUMOTO YPOBHSI HalpsKEHUs Ha IITU-
Hax c. H. TpancdopMaropsl uMmeioT PITH. CxeMa coenmHeHHs 06MOTOK
pabouux MU pe3epBHEIX TpaHCHOPMATOPOB BLIOMpaeTcss TAKMM 0Opa-
30M, YTOOBI BO3MOXHO OBIIO HX KPAaTKOBPEMEHHOE MapayijieIbHOe
BKJIIOUEHHE B MOMEHTHI Ilepexoa ¢ pabouero Ha pe3epBHOE ITUTaHUE
1 Hao0OpOT.

IIpuMeHeHHEe TpaHCHOPMATOPOB C paclICIIEHHONH OOMOTKON W
pasnenbHas paboTta ceKnuii 6 KB MpHUBOIAT K OrpaHUYeHUI0 ToKa K3
JIO TAKOTO 3HAYCHMUS, KOTOPOE MO3BOJIIET IPUMEHUTD STYEHKU KOMII-
JIEKTHOTO pacIIpeleIUTEIbHOTO YCTpOMcTBa (11 3HeproGI0KOB
500 MBT u 6o0aslie). IIpu Heo6X0TUMOCTH orpaHudeHust Toka K3 Ha
cropoHe 0,4 KB Ha BBomax K HEKOTOPBIM COOPKaM YCTaHaBIMBAIOTCS
PEAKTOPHI.

5.9.3. CxeMbl cobcTBeHHBIX HYXKD THIL

Patouue mpancgopmamope: c.H. nHebaounoid wacmu THI npucoeduns-
OMCA K WUHAM 2eHepamopHo2o Hanpaxcerus. Yucio cexuuit c.H. 6 xB
BBIOMpAeTCs paBHBLIM YUCTY KOTJIOB. B HEKOTODBIX CITy4yastX BBIACIISIIOT
CEKILIMHU IS MUTAaHUS OOLIECTAHIIMOHHBIX NOTpebuTEeNneH.

Mommnocte pabouyux TCH BeIOHUpaIOT MO YCIIOBHIO

SC.H

SHOM 2 s
n

rae S, , — MOIIHOCTE C. H. 1o ¢opmyie (5.18) HebnouHo yact TOII;
n — 49UCIo ceKnuit 6 KB B HebmouHoit yactu TOII.

Motunocts TCH U KOIHYECTBO CEKLIUIA C. H. B 0I0YHOM yacTu TII]
BBIOHpPAIOTCS TaK Xe, Kak u st KOC,

Pezepenviti TCH npucoedunsiemces k wunam I'PY (TIipn cxeMe ¢ IByMSs
CUCTEMaMM IITUH) Uau omnaikoid Kk mpaxncgopmamopy cessu (MpH cxe-
Me C OJHOW CHUCTEMOM IIIMH).

Ha pwuc. 5.25, a noxasaHo npHcOoeIMHEHNe pabodyero M pe3epBHOTO
TpaHCc(OPMATOPOB C. H. K ABOWHOI cucteMe 1MH I'PY: pabounii TpaHc-
dopMmatop T2 npucoenrHeH K NMepBOi cucteMe 1MH K7, a pe3epBHBIN
PT — xo Bropoii cucreme 1muH K2. [IIMHOCOE MMHUATEMBHBIN BHIKITIOYA-
Tenb QK HOpMaJTbHO BKITIOYEH, TpaHC(hOPMAaTOp CBA3HU IIPUCOSIMHEH K 11TH-
HaM K2. IIpu noBpexneHNH B padoueM TpaHchopMaTope 72 OTKITIOHAroT-
ca Q2, 03 v aBToMaTHyeckH Brmovaorcsa 06, Q4. ITpu noBpexaeHUH Ha
paboueit cucteMe muH K7 otkmovarores Q1, QK u Q3. Hanpsokenue Ha
pe3epBHOM cucTeMe HH K2 coxpaHseTcs: 6naroaapsi TpaHchOpMAaTopy
CBSI3H, COSOTUHEHHOMY ¢ IMHamMu BH, mosToMy aBTOMAaTHYeCKU BKITIO-
yarotca Q6, Q4, BOCCTaHABIMBas ITUTAHUE CEKIIMH C. H.

Ha puc. 5.25, 6 nokazaHo npucoeguHeHue paboyero U pe3epBHOTO
TpaHchopmaTopoB c. H. K FPY ¢ ogHolt cuctemoii uinH. Tlpu aBapun
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Puc. 5.25. CxeMbl pesepBupoBaHud . H. TOLL:
a — ot wuH I'PY; 6§ — ormaiikoii oT TpaHcdhopMatopa CBA3H

B TCH otkitouatorcss 92, O3 u aBToMaTHYeCKH BKmodawoTes Q6, 04,
nojaBasi MMTaHUE OT pe3epBHOTO TpaHcgopmaTtopa PT. Ilpu aBapuu
Ha mHax I'PY orkmiouatores @1, Q7, 3aTeM 3allIMTON MUHUMAJIbHO-
To HatpsikeHuss — 3, mocie 4ero aBTOMaTHYECKH BKITIOYaloTcs: 06,
(04, BoccTaHaB/IMBasl IMTaHUE . H. oT IuMH BH 4epes TpaHcdopmarop
cBsizu 71 u pe3epBHbIil PT.

O06brHO K ofHOM cexiuu I'PY npucoenunsieTcs oy TpaHchopmMa-
TOD C. H. WJTM OJTHA PEaKTUPOBAHHAS JIMHUS C. H. B 3TOM cirydae MOIIIHOCTD
PE3EPBHOTO UCTOYHMKA JIOJDKHA OBITh HE MEHBIIIE JII0O0ro U3 pabouux.

Ecnu k onHoii cexiuit I'PY nipucoeauHeHB! ABa paboYMX HCTOYHH-
Ka C.H., TO MOLIHOCTBL Pe3EpBHOTO TpaHchOpMaTOpa WAM pe3epBHON
JUHUK BHOUpaercs Ha 50% Gonblle HauboJee MOIHOTO paGodero
HMCTOYHHKA.

Ha onounbix TOL pezepBHEIA TpaHchOpMATOp HOJDKEH oGecre-
YUTh 3aMEHY Haubojee KpymHOTO padoyero MCTOUYHMKA M OTHOBpE-
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MEHHO IIyCK WIW aBaApUITHBII OCTAaHOB OJHOrO KOTJIa WIM TYpPOWHEI.
Ecnmu B 610Kax reHepaTtop — TpaHC(hOpMaTOp YCTAHOBJIEH BHIKITIOYA-~
TeNb, TO Pe3epBHEIN TpaHC(HOPMATOp BLIOUPAETCsT TAKOH XXe MOLIHO~
CTH, KaK ¥ pabounii. MolIHOCTEL pe3epBHOro TpaHchopMaTopa MpoBe-
psieTCs 1O YCIIOBHSAM CaMO3aIycKa.

Ha TOII nebmouHOro Tuma (¢ momepeyHLIMU CBSI3SAMU TIO Iapy)
BBIOMPAETCST OIMH Pe3epPBHBIN UCTOUHUK 6 KB Ha KaXable 1IeCTb pabo-
yux TpaHcdopMatopoB unu muHui. Ha 6mounex TOLI uucmo peseps-
HBIX TpaHcHOpMAaTOpOB BEIOHpaeTes Tak Xe, Kak U Ha KBC.

CxeMsl tuTaHug c.H. 0,4 KB cTposTCd 1O TaKOMY X¢ IPUHITUIY,
Kak 1 Ha KOC. MomnocTs ¢. H. 0,4 kB TO1l MOXHO NIpUHATL paBHOM
15% o6l1eit MOIIHOCTH C. H.

5.10. Cxembl 37€KTPOCHAOKEHHA COOCTBEHHBIX HYXK1 ADC

CxeMBl 2JIeKTpocHaOXeHus ¢. H. ADC, Tak ke kak KBC u TOL,
TECHO CBSI3aHBI ¢ TEXHOJOTMYECKUM LIMKIIOM IIPOU3BOICTBA 3JIE€KTPO-
SHEPIUM, TTIOTOMY HPEXKIe YeM H3y4YaTh CXEMbI, HEOOXOIMMO BCIIOM-
HUTH TexHonmoruueckue cxeMul ADC ¢ peakropamu BBOP u PEMK.

5.10.1. XapakrepucTHKA noTpeduTeNei codcTBeHHBIX HY KT ADC

HopmanbHag paboTa, IIyCK, OCTAaHOB, aBapHifHOE pacxoiaaxXuBa-
HHE peaKTOPHBIX ycTaHOBOK ADC o0ecneYnBaoTCd MHOTOUUCTEHHBI-
MM MeXaHU3MaMH.

B 3aBucuUMOCTH OT TpeOGOBaHUI HaNEXHOCTH SNEKTPOCHAOXEHMS
notpebuTtenu c. H. ADC pas3nensiorcs Ha TpH IPpyIsl [5.3].

Ilepsag rpymnma — noTpeduTeNM, TpeOylolle MNOBBILIEHHONH Ha-
JIEXKHOCTH 3NIeKTpOCcHaOXeHMs, He JONMycKalollne IepepblB ITUTAHUS
0oJiee YeM Ha JONMM CEKYHIBI BO BCeX peXXMMax, BKJII0Yasl PeXUM I101-
HOTO MCYE3HOBEHMs HAIpSXKEHUS TIEpEMEHHOro TOKa OT pabouyux U
pe3epBHBIX TpaHC(HOPMATOPOB C. H., U TpeOyroliie 00s3aTeNEHOrO M-
TaHUA 1ocie cpabaThIBaHUs aBapuiiHoi 3aluTel (A3) peakropa.

K 3T0if rpyTIIie OTHOCSITCST: KOHTPOJIBHO-N3MEPUTENbHBIE IPUOOPHI
M aBTOMAaTHKA 3alIMTHl PEaKTOpa; IPHUOOPHI TEXHOIOTHIECKOTO KOHT-
pons peakropa u ero cucreM; bBPY-A, BPY-K; HekoTOpBIE CUCTEMBI
JMO3MMETPUH; NOTpeOUTeNTH TOoCTOSHHOro Ttoka 220 B, He momycka-
IOII{e NEPEPHIBOB; 3JEKTPOIIPUBOM OBICTPOIEHCTBYIOIMX KJIAIIaHOB,
OTCEYHOM apMaTyphi, 00€CIIEUNBAOIINX IIEPEKTIOUEHNE aBApUMHEIX U
JNOKAJIM3allMOHHEBIX CHCTEM B aBapUWHOI CUTyalnM; 4acTh aBapUifHO-
TO OCBelIeHNs; aBapUilHbBIe MacJIOHACOCH TypOoarperara M yIiOTHE-
HHUS Basa TeHeparopa; 6eccanbHukoBbeie ['TIH ¢ Manoil nHepIIMOHHOM
Maccoif; 2J1eKTpOMarHuTh NpuBonoB CY3, yaepXUBaIOMINX CTCPXXHU
yIIpaBJIeHHUsI B 3aaHHOM MOMOXEHUH, TpeOyIoLIHe TapaHTUPOBAaHHO-
ro MUTAaHUSA B TeUyeHHWe 2 C Uil IpenoTBpalleHusi cpabaTteiBaHuss A3
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peakTopa, HO He TpeOylollie MMUTAHUS B peXUMe 00eCTOYMBAHUA TTOCITE
cpabaTeIBaHMS A3 peakTopa.

Bropas rpynna — notpebutesiy, TpeOyrole IMTOBLIIHEHHON HAleX~
HOCTH 3JIEKTPOCHAOXEHMS, AOMYCKAIOIIME IMepephIBBl IMUATAHUA Ha
BpeMsl, OoNpeaesiseMoe YCIOBUSMU aBapyUHOTO pacxXonaxXuBaHusA (OT
JMECATKOB CEKYHI IO AECATKOB MUHYT), U TpeOylolline 0013aTeIbHOTO
IMUTaHUA MOcJe cpabaTeiBaHUI A3 peakTopa.

K 37011 rpy1me OTHOCATCS: MEXaHU3MBI PACXOJIaKNBAaHUS PeakKTopa
1 JIOKAJIM3aIIM{ aBApUU B PA3TMYHBIX PEXXMMAaX, BKITIOUAsd MAaKCHMalIb-
HyI0 IpoekTHYI0 apapuio (MIIA); HacoChl CMCTEMBI aBApHUITHOTO pac-
xonaxusanusa CAO3 u cucteMsl apapuitHoro ocranosa CAOP, cripuH-
KJIEpHBIE HACOCHI, HACOCH OOPHOI0 PETYIMPOBAHUSA W Ip.; aBapHili-
HBIE€ MTUTATEIbHbIE HACOCHI; TPOTHUBOIIOXAPHBIE HACOCH!; MEXaHU3MHI,
00eCIIeyrBaIOLLMEe COXPAHHOCTh OCHOBHOTI'O 0060pYya0BaHUS ITpU obec-
TouMBaHUHU ADC; MaclIOHACcOCH TYpOMH M YIUIOTHEHHUI Baja reHepa-
TOpa; CUCTEMBI OHOJIOTHYECKOI M TEXHOJIOTHIECKOM TO3UMETPUH; IIPHU-
BogHHKE 3nekTpoasuratend I'IIH nepsoro U BToporo HaTpUeBBIX KOH-
TypoB peakTopoB BH.

Tperba rpynmna — MOOTPeOUTEIU, HE NMPEIBLABISIONINE TTOBBIICH-
HBIX TpeOOBAaHMUI K HANEXHOCTH 3JICKTPOCHAOXKEHUSA, JOMyCKaIOIIUe
[1€pEePBIBLI [TUTAHUS Ha BpeMsl aBTOMAaTU4eCKOTO BBOAA pe3epra (ABP)
1 He TpeOylolue 0013aTeJIbHOr0 HAJTMYNA MUTAHUA I10Cje cpabaThl-
BaHUs aBapuiHOI 3amuThl A3 peakTopa. DTO MOTpeOUTENU C. H.,
MPETBABIISAIONINE TAKME € TPEOOBAHUS HANEXKHOCTH 3JIEKTpPOCHAOXe-
HUd, KaKk 1 Ha TOC (motpedutenu I kateropuu mo [1YD).

K sroii rpynne otHocarcs: 'LHHH ¢ 6osp1oif mHEpHUOHHON Mac-
COH; KOHIEHCATHBIe, ITHPKYNSIIUOHHEIE U CETEBHIE HACOCHI; HACOCHI
TEXHUYECKOH BOJBI HEOTBETCTBEHHAIX IIOTPEOUTENEH; TPEHAXHBIE Ha-
COCHl U JIpyTHUE MOTpeOUuTeNn.

B pexxyiMe HOpMaJIbHOM 3KCIUTyaTalluu UIsl oTpeduTeneit ¢. H. ADC
MepBO, BTOPOH M TPEeThEHl TPYIIT IpeaycMaTpuUBaeTcs MUTaHUE OT
paboumnx TpaHchopMaTopos c.H. (TCH), a B cryyae ux OTKITIOUEHUS] —
OT pe3epBHBIX TpaHCchopmaTtopoB ¢.H. (PTCH), cBSI3aHHBIX C CETBIO
SHEProCUCTEMBI.

Cxembl numanus nompebumeneti c.H. ADC HOpmaabHoli SKChAYamayuu
HOCIMPOEHbL O MeM dce NPUHUNAM, YmO U cxemsl numanus ¢.H. K9C.

Jns motpeOUTeNeii mepBoil M BTOPOI TPYIIT B aBapHITHOM pexXuMe
TpeTycMaTPUBAETCA 3JIeKTPOCHAOXKEeHHe OT CITEIIMATEHBIX ABTOHOMHBIX
VICTOYHUKOB, HE CBJI3aHHBIX C CETHIO SHeProCUCTEMBI, KOTOpEIE JOJIXK-
HBl 00eCTIeYMTh NIUTAHUE 3TUX TToTpedburenei npu MIIA u obectouun-
BaHUU OCHOBHBIX UCTOYHHKOB 3JICKTPOCHAOXEHUS C. H.

B xayecmee agapuiinbix UCMOYHUK08 NUMAHUA COOCMBEHHBIX HYHCO
A3BC npedycmampuearomcs. aBTOMaTU3MPOBAaHHbBIE TU3eJIb-TEHEPATOPEI,
ra3oTypOMHHEBIE YCTAHOBKH; aKKYMYJIATOPHBIE GaTapen; aKKyMYJIsITOp-
HBle 0aTapeu CO CTATUYECKUMM MpeobGpa3oBaTe/IsIMK; 00paTUMBIC TBH -
rarejib-reHepaTopkl.
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s nompebumeneii nepeoii u emopoi epynn Ha ABC cosdaromes cne-
UUANbHbBIE CemU U a2pezambl HA0eHCHO20 RUMAHUA.

5.10.2. Cxembl aieKTpocHa0KeHns noTpeduTenei c.H. ADC
HOPMAJIBHO# 3KCITyaTanin

IMotpebutenu c¢.H. ADC TpeTbeil TPYIIIH, He NpeXbIBISIONINE 10~
BBIILIEHHBIX TPeOOBAaHMIT K HAIEXXHOCTU INEKTPOCHaGXKEHMS, TToJyda-
0T NTUTaHNE OT TPAHCHOPMATOPOB COOCTBEHHBIX HYKI, TPUCOEKITHEH-
HBIX OTHANKOI K 9HeproOJI0KaM reHepaTop — TpaHchopMarop.

Mecra npucoenuuennsi pabounx TCH ObUTH pacCMOTpPEHEI B MO~
pasm. 5.5.2.

OCHOBHALIMH HAIIPsDKEHUSIMU II0TpedUTeNel C. H. apsnoTed 6 1 0,4 kB
C MepCIIeKTUBOI Mepexona Ha OoJiee BhIcOKMe Hanpstkenus 10 u 0,66 kB.
Tak xe xak 1 Ha KOC, pacnipesenuTeIbHEIE YCTPOMCTBA C. H. BBIIOJ-
HSIIOTCSL ¢ OTHOM CEKIIMOHMPOBAHHOM CHUCTEMOM IITHH.

Koauvecmeo cexyuii 6 (10) kB HopmansHoli 3Kcnayamayiu vloupa-
emcsa B 3aBUcUMOCTH oT yuciaa ['IIH nepBoro KoHTypa, IOMyCTUMOTO
KOJIMYECTBa OHOBpeMeHHO oTkmiodaeMbix ['IIH (6e3 cpabaTsiBaHHs
A3 peakTopa), a TaK¥Ke OT KOJIMYECTBA U MOLIIHOCTH YCTAaHABINBAEMBIX
padouux TCH [5.3]. Kak npaBuiio, K OTHOM CEKLIMH He KOIXHO IO~
kmouatbesa 6onbiie aByx I'IIH npu mectu I'IIH Ha sHeprodmaok u He
6onee ogHoro I'TIH nipu uetnipex I'ITH u MeHee Ha sHeprobmok. O6-
1Iee YUCIO CeKIMI TOMKHO GBIThL HEe MEHee IBYX Ha peaktop. Ha Kax-
IIYIO CEKITHIO TTPeNyCMaTPHUBAETCS BBOJ, OT pab0Yero U pe3epPBHOIO UC-
TOYHUKOB ITMTAHMS.

MoinHocTh pabounx TpaHC(POPMATOPOB C. H. BRIOUpPAETCS IO Beel
MMPUCOEAVHEHHOM Harpy3Ke €. H. 6€3 neperpy3ku OTAENbHBIX OOMOTOK.
Ecnu TouHBIN MepeyeHb MPUCOCTUHEHHBIX MEXaHM3MOB HEM3BECTEH,
TO MOIIHOCTE BEIOMpaercd 1o dopMyne (5.18) ¢ ydeToM MakCUMalIb-
HOT0 pacxona Ha . H. ¥ KosdduumeHTa cripoca (cM. tabm. 5.1).

Ha puc. 5.26 mokazaHa cxema 3JeKTPOCHAOXeHHS NMOTpeOUTeNei
C.H. TpeTbeil rpynmnbl ogHOro 6ioka ADC ¢ peakropamu BBOP win
PBEMK, nmerornpmu I'ITH ¢ Gonpiioit mHepLIMOHHOI Maccoil. Yucio
ceximit 6 KB HopMankHOI 3Kcrutyatauun — dethipe (mmo yucny IITH):
BA, BB, BC, BD. K 3TUM ceXIusM NMPUCOEIUHSIOTCS 3JeKTPOIBHUTA~
tean: NITH, KOHAEHCATHBIX U IUPKYISIMOHHBIX HACOCOB TYPOUH, Ce-
TEBBIX, MTPEHAXHBIX HACOCOB, HACOCOB TEXHUYECKON BOIBI HEOTBET-
CTBEHHBIX NMOTpedUTeNeit, TpaHcopmaTopsl 6/0,4 KB 1 TMHUY K CXe-
Me HaJeXHOTO IMUTAHMSL.

Kaxnast pabodass ceKuusi UMeeT BBOA OT PE3CPBHOM MarMCTpaiu
6 kB BL v BM (mogo6Ho cxemam c.H. KBC). PeseppHbIil TpaHChOp-
MaTop C.H. T2 npucoeauHsieTcs K COOpHBIM IIMHaM PY Huslero u3s
MOBBIILIEHHBIX HaNpPsSKeHWH, K CETeBO IMOIACTAaHIWU WIM K ApYyroi
9JIEKTPOCTAHINH, K 0GMOTKE TPETHYHOTO HATIPSIKEHUS aBTOTpaHCGHOp-
MaTOpOB CBS3M (CM. noapas. 5.5.3).
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Yucao pesepensvix mpaucopmamopos c. H. npunumaemes [5.3] caedy-
HouwuM:

npU 0MCymcmeuu 2eHepamopHbix ebiKarHameneli. OTMH — TIPH YHUCIIe
OJIOKOB reHepaTop — TpaHcOopMaTop A0 ABYX; IBa — IIPU YUCTIE G0~
KOB JO IIECTH BKJIIOYUTEILHO; IBa MPUCOEAUHEHHBIX U OOUH TOTOBBIM
K 3aMeHE — IpU YUCie OJIO0KOB ceMb U Goliee;

npu HAAUMUY 2eHepamopHbIX eblkAOHamenell: OMH — IIPU Yucie 6J1o-
KOB JI0 JBYX; OMUH MPUCOSIMHEHHEINM U OOUH TOTOBHI K IIepeKaTKe —
TIpH 4Mciie OJIOKOB TpU U 0oJIee.

Bonpuree yrcmo pe3epBHBIX TpaHCHOPMATOPOB MOXKET OBITh YCTAHOB-
JIEHO B MOIIIHBIX peakTOpHbIX Ookax 1500 n 2000 MBT 1 momkHo OBITh
000CHOBAaHO TEXHUKO-3KOHOMUYECKUM pacyeToM. MarucTpanm peseps-
HOTO IIUTAHMS CEKITMOHUPYIOTCS Yepe3 Kaxaple ABa-TpHu 010Ka. Cymmap-
Hasl MOLIHOCTD PE3EPBHBIX TPaHCHOPMATOPOB C. H. TOCKHA 00eCIICUUTD
3aMEHy pabouero TpaHcgopMatopa OIHOTO OJI0Ka TeHepaTop — TpaHC-
¢opmMaTop U OTHOBPEMEHHO ITyCK WJIK OCTAHOB peaKTOpHOTro 6J10Ka. I1pu
HAJIMIUU TeHEepaTOPHBIX BLIKITIOYATEIEH MOIIHOCTE PE3epBHOIO TpaHC~
¢opMaTopa C. H. 10JCKHA 06ECIIeYHTh OCTAHOB PEaKTOPHOTO OJI0Ka.

ITotpe6urenu 0,4 KB TpeTheli TpYNIILI ITOIYYAIOT IUTaHUE OT OJI0Y-
HEIX TpaHchopMaTopoB Th (cM. puc. 5.26), a Takxe oT TpaHCHOPMATO-
poB 6/0,4 KB 06beIMHEHHOTO BCIIOMOTAaTeIbHOTO Kopityca, OPY, asor-
HO-KHCJIOPOJHOM CTAaHIINU, KOMIIPECCOPHOM, PEeMOHTHOIO IieXa, XUM-
BOJOOYMCTKH U T.I. Ha Kaxknple 1IecTh pabouux MpeaycMaTpUBaeTCs
ONUH pe3epBHHIN TpaHchopmaTop. KpoMe Toro, mpexycMaTpuBacTCs
CKJIaJICKOIi pe3epB.

CxeMa 3JIEKTPOCHAOXEHHUS C.H. HOpManbHOM aKcIuryaTanuy ADC
¢ peakTopaMM Ha OBICTPLIX HEHTPOHAX CTPOUTCS IT0 TAKOMY XKe TIPUH-
LIUIY; CYHIECTBEHHBIM OTINYMEM SIBJISETCS HEOOXOAMMOCTb IIPHUCO-
enudenuss I'TTH nepBoro v BTOpOro KOHTYpOB K CEKLIMSIM HaIEKHOTO
ITUTAHUS.

5.10.3. CxeMbl Ha1Ie2KHOTO MHATAHHA COOCTBEHHBIX HYXKI ADC
¢ peakropaMu BBDP

Cpenu nmorpedutesieii, TpeOyIOIINUX ITOBBIIIEHHON HaIeXXHOCTH 3JIEK-
TpocHabXxeHUs (TiepBasi U BTOpasl IPYIINbLI) UMEIOTCS SJICKTPOJBUIa-
TeJIM MOIIHOCTRIO Gojiee 200 KBT, KOoTOphie JOMXHBI TOJTy4aTh ITHTA-
HHE IIPH HaNpsiKeHUuU 6 KB. DIeKTpoaBUraTe M MeHbIlIeH MOIIHOCTH
TIPUCOEIUHSIOTCS K CeTSIM NepeMeHHoro Toka 0,4/0,23 kB. Henu yi-
paBJIeHUsI, 3allMTHI, KOHTPOJIS TOJYYaOT TIMTAaHUE MOCTOSIHHBIM TO-
xoM 220, 110, 48, 24 B.

B cooTBeTCTBUM C BBHIIIECKA3aHHBIM B CXEMaX 3JIEKTPOCHaOXEHUs
C. H. TIpeAyCMaTpUBAIOTCA CEKIMU HafexXHoro nuranus 6 u 0,4 kB u
IIUTH ITocTostHHOTrO ToKa (LILITT).

B texunonoruueckoii yactu ADC ¢ peakropamu BBBP npexycmot-
peHbl TPU HE3aBUCHUMBIC CHCTEMEI aBapMMHOTO pacxosaXUBaHWS
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Puc. 5.27. CxeMa HaleXXHOro NMUTAHMA MMOTpeGUTENeit C.H. epBOil U BTOPOIt
rpynn CAO3

THIT

[l

L______...

ABIT

e 0,22 kB
NepBoi Ipymmsl

(CAO3). He3aBHCHMOCTD aBapHiTHOTO pacXOjaXWBaHUs BHIIEPXHUBa-
€TCSI HE TOJBKO B TEXHOJOTMYECKOI YacTH, HO U B YaCTH 3JIEKTPO-
cHaGxeHus MexaHu3dMoB CAO3 1 ux yIpaBIeHHS, JJisI 9TOTO B CXEME
TIUTAHUA C. H. IPEAYCMOTPEHB! TPY aBTOHOMHBIE CHCTEMBI HAZIEXKHOTO
muTaHus notpedureneit CAO3.

Ha puc. 5.27 nzobpaxeHa ofHa M3 TpeX CUCTEM HAIEXHOTO MUTA-
Hus (HII) morpebureneii c. H. nepeoii u Bropoii rpynn CAO3.

IInranne noTpedwTesieli BTOPOI rpynnbi Ha Hanpszkennu 6 KB ocyiie-
CTBJISIETCSI OT CEKIIMM HANEXKHOTO MUTaHUsE BV, mpucoeTMHEHHOM K CeK-
LMY C. H. HOPMAJIbHOM 3KCITTyaTaiiui BA yepe3 nBa BeIKIoUaTess. Ecim
HCYe3HEeT HANpPSKeHHE WK NMOSBMTCA CUTHAI IO TEXHOJIOTMYECKOMY
napameTpy, XapaKTepU3yIolleMy «OONBIIYIO» WM «Mallyl0» TeYb B Iep-
BOM KOHTYpPE WIM pa3phiB IIAPOIPOBOAA BTOPOTO KOHTYpPA, ITHTAHUE aB-
TOMAaTHYeCKH OYIET MOJaBaThCsi OT MOAKITIOUEHHOro K cexitnu BV au-
3enb-reHeparopa GV. JIBa BEIKTIOUATENST MeXXIy ceKumsiMu BV u BA oGec-
TEYHBAIOT HANEKHOE OTK/IOUEHHUE OT IOBPEXKICHHOU WM 06eCTOYEH-
HOU paboyeii cekuu 6 KB Jaxe IpH OTKa3e OIHOTO BHIKITIOYATENS.
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K cexuuu HagexHoro nmutaHus 6 kKB (BV) npucoeqUHEHDI: 3JIEK-
TPOJBUraTeNIM HaCOCOB TEXHUYECKOU BOMIBI OTBETCTBEHHBIX ITOTPEOU-
TeJed, HOPMAJIBHOM TMOAINMUTKU U OOPHOrO perylIupOBaHMs, CIIPUHK-
JIEPHOMU, IpeHaXHbIX 0aKoB; NPOTUBOIIOKAPHBIA, aBapUIHBIA ITHTAa-
TEJTBHBIN HacoC, aBapUiHbIE TOAIIUTOYHBIE HACOCHI BRICOKOTO U HU3-
KOTO AaBJieHUs (CM. puc. 1.9); TpaHchOpMaTOpHI . H. Au3eabHOHI (T]1),
arperata 6ecriepe6oitHoro nuranust (TABII), Hame:xxHOTO mMUTAHUS
(THIT). BrmoueHue qu3enb-reHepaTopa Ha ceximio HIT nponssoaur-
Cs CO BpeMeHeM, 64npinM BpeMeHH ABP Ha GiiouHBIX cexumsax 6 KB.
Ju3enb-reHepaTophl HaXOASATCS B PEXKHUME «TOPSYErO» pe3epBa U Io-
TOBBI K aBTOMaTHYECKOMY ITYCKY U IIPUHSTHIO HAarpy3ku 4yepe3 15 c.
Habop Harpy3ku OCYIIECTBISIETCSI aBTOMAaTHUYECKH CTYIIEHAMH MU3-3a
YCIOBUM paboThI IU3EIb-TeHepaTopa.

JI1s1 OTHOBPEMEHHOTO 3aIycKa BCeX MEXaHM3MOB aBapUITHOTO pac-
XOJIaXXUBaHUSA HEOOXOAUMO ITPUMEHEHHE 60J1€€ MOLIHBIX aBTOHOMHBIX
HCTOYHUKOB WJIM YACTOTHOTO ITyCcKa AM3ejIb-reHepaTopoB. B HacTosIee
BpeMs HaxOOAT IIpUMEHeHHe ra3oTypOUHHBIE YCTAHOBKH.

Mexnmy TpeMs CeKIUSIMH HaleXXHOTo MUTaHuA 6 KB U TpeMs mu-
3€JIb-TeHEpaTOpaMM He TIpeaycMaTpUBaeTCsl B3aUMHOE pe3epBHUpOBa-
Hue. Kaxpgas cexius crocoOHa 1Mo MOIITHOCTH MOAKIIOUEHHBIX TU3ETb~
reHepaTopoB (MJIM IPYTMX aBTOHOMHBIX HMCTOYHHUKOB) M IO COCTaBY
MEXaHU3MOB 00ECIICYUTh aBapUIHOE pacXoJIaKUBaHUE IIPU JIIOOOM BUIIE
aBapu, BKiItouast MIIA ¢ oGecToynBaHUEM.

Ias norpeduteneii 0,4 KB BTOpOil rpynnnl mpexycMOTpeHa CEKIHS
CV, nonyyatoinas nutaHue ot TpaHchopmaropa THII. Takux TpaHc-
(opMaTOpPOB U CEKIUI — TpU (IO YUCTY CUCTEM OGe30MMaCHOCTH).

1loTpebuTenn nepnoii rpynnsi nepemennoro Toka 0,4 kB monyyaot
MMUTaHUE OT arperatoB 6ecrnepeboiiHoro nmuranust ABIL. Cexunu 0,4 kB
TIepBOM TPYIIIBI BBIIOMHEHB! U3 IIKa()OB ¢ THPUCTOPHBIMU KOMMYTa-
UMOHHBIMU yeTpoiictBamu Tuna TKEO (cM. moapazn. 4.5) u moiy4yaoTt
MIUTaHUE OT aBTOHOMHBIX UHBEPTOPOB-TIPe0Opa30oBaTeIeii IOCTOSTHHOTO
TOKa B mepeMeHHbIN UZ, NpucoeIUHEHHBIX K IIIUTY ITOCTOSHHOTO TOKA.
Iyt nonyyaeT MUTaHUe OT BuIIpAMUTENST VS1, a Ipu UCYE3HOBEHUMN
HaIpsSIXEHUST — OT aKKyMyJIsITopHoH Gataper GBI, paGotamwolleii B
pexume «6ydepa» . Bemmpamurensb VS2 cy>XUT Ist MOCTOSTHHOTO IO -
3aps/ia aKKyMYJSTOpHOI 6ataper B HOpMajIbHOM pexKHUMe.

IorpebuTemn nepsoii rpynnsl CAO3 noCTOAHHOrO TOKA IPHCOETH-
HSIOTCA K IIUTY MOCTOSSHHOTO TOKa. AKKyMmysstopHas Oatapess GBI
paccyuTaHa Ha MOJIHYIO Harpy3kKy MOTPeOUTeNeid MaHHOW CHCTEMBI
0€30MacHOCTY U HE CBsI3aHa C IPYTMMU OaTapessMd; OHa paboTaeT Ha
paspsii KpaTKOBPEMEHHO, TOILKO IO MOMEHTA IycKa TU3ejIb-reHepa-
Topa. DTa Oarapesi HE IOIBEPraeTcs IITYOOKMM pas3psiiaM, IOSTOMY
3JIEMEHTHBIH KOMMYTATOp ISl Hee He IIpeayCMaTpUBaeTCs.

Cxema, pacCMOTpeHHas Ha puc. 5.27, B oOlleil cxeMe 3JIeKTpO-
CcHabXxeHUs ¢. H. ADC roBTopsieTcs 3 pasa (110 YUCITY TEXHOJIOTHIECKIX
CcUCTeM GE30ITaCHOCTH).
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Oomedaounbie norpedurean 0,4 kB nepso#t rpynnbl (MHGOpMaLIU-
OHHO-BBIYHUCIUTENbHBINT KOMIUIEKC, MUTAHUE OINEepaTUBHBIX LICTEi
ImoTpebuTeeli, MacIOHacoChl TypOoarperara U Ap.) MOJYYaroT ITHTa-
Hue ot cBoero ABII — oxHoro Ha peakTopHbI# 610K, ITpuHLMI THUTa-
Hud Harpy3ku 0,4 kB Takoi Xe, KaK 1 B cxeme puc. 5.27. O01eb10uHas
aKXyMyJISTOpHasd 6arapes pacCUMTHIBACTCA Ha paboTy B aBapUAHOM
pexyume paspsiia B TeueHHe 30 MUH. DTa 6aTapes obopyayercs sie-
MEHTHBIM KOMMYTaTOpPOM M HMeET CBsI3b C 00I1ebI0uHON Oarapeeit
BTOPOTO PeaKTOPHOTO 0JIOKa.

Cunosbie norpedutenn CY3 B HOpMATBHOM PEXUME TIOIyYatoT M1-
TaHUE OT ABYX B3aUMHO pe3epBUpYIoLINX TpaHcdopmartopos 6/0,4 kB.
IIpy cHIDKeHUH HanpsxeHUs nMpuBogsl CY 3 mepexinovaroTcs Ha ak-
KyMYJISITOpHYIO 6atapero (puc. 5.28).

Crpyxtypa CY3 u ammapaTypa KOHTPOJISI HEMTPOHHOTO ITOTOKA
(AKHII) nmpeaycMmaTpuBalOT pasfefieHHME KaXAOW CUCTEMbl Ha TpH
YacTH: ABa KOMIUIEKTa (POPMHUPOBAHUSI CUTHANOB A3 U OIUH — IIpe-
qynpexnaronieif 3anuTel CY3. B COOTBETCTBUH C 3TUM ITUTAHHUE MIPH-
HSTO II0 TPEM JUHUAM B TIpeliesiaX KaXIOH YacTH:

IepBasi JUHUS ITOJIy4aeT IMUTAaHHE Yepe3 TUpUCTOpHBEIN ABP ot
omHoro HHBepTOpa cucteMHoro ABIT u muH 0,4 kB HOpManbHOH 3KC-
IDTyaTaluy;

BTOpasl TUHUS MOJIydaeT MUTaHHE Yepe3 TUpUCTOPHEI ABP ot BTO-
poro uHBepTopa cucteMHoro ABIT u mun 0,4 kB BTOpO# rpyIns;

TpeThs JIMHUS — 4Yepe3 TUpUCTOPHBIM ABP o1 Kaxmoro nuHeepropa
cucremHoro ABII.

Ha puc. 5.28 mokasaHo NpUCOeNMHEHUE TUHUI TUTAaHUS LEIei
yrpaBieHuss U KoHTpoid CY3, oTHOCIHIMXCA K MepBOi Tpynme. DTH
IIOTPEOUTENIH [IOTYyJarOT IUTAHWE Yepe3 UHBEPTOPHBIN npeodpa3oBa-
Teab UZ1 OT BBIIPSIMUTEJIBHOTO YCTPOMCTBa VS (HOpMaNbHBIN PEXUAM)
WM OT aKKYMYJISATOpHOM 6ataped GB (aBapUHHEBIA pexXUM — HCYE3-
HOBEHHUE HAIIPSKEHMS Ha IITMHAX C.H.).

IIpu HeucipaBHOCTSAX TUpHCTOpa UZ1 MUTaHWE C TIOMOLUBIO OBICT-
pOIEHCTBYIOHIETO THPUCTOPHOTO aBTOMATUYECKOTO BKIIIOUeHHsT TABP
IePEKITIOYAETCST Ha UCIIpaBHBIN TUpucTOp UZ2.

ITpu HEUCIIPaBHOCTSX Ha IIMHAX MOCTOSIHHOTO TOKA, OTKIOHEHUH
WIM MCYE3HOBEHUH HATIPSXKECHUS IMUTAHUE IEPEKIIOYAEeTCS HA IIMHBL
0,4 kB HOpMaJILHOI 3KCIUTYaTallMM WM HAAEXKHOTO NMUTaHus. Bpems
cpabateiBanuss TABP ne 6omee 20 Mc.

IIpu BOCCTAaHOBJIEHUH TIUTAHUS Harpy3Ka aBTOMAaTUYECKH [IePEKITIO-
yaeTcst Ha UZ].

IIpu paspsige akKKyMyJISITOpHOI Oaraped B aBapHMIfHOM peXHMe
o 210 B aBTOMaTAYeCKU MOAKIIIOYAETCS PE3EpPBHOE TIMTAHUE OT M-
3eJIb-TeHepaTopa, IPUMCOEAMHEHHOr0 K ITMHaM 6 KB HamgexxHOTo mH-
TaHUA.

MHorokpaTHoe pe3epBHpPOBAHHE, NPHHATOE B cXeMe, ofecnednBaer
HaJIeXXHoe NHTAHKE Ueneil ynpasnennsa H kourpoasa CY3. [1ns aBapuii-
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Puc. 5.28. CxeMa a/meKTpocHaOXeHUS LieTiel ynpapaeHust ¥ KoHTponsa CY3

Henu ynpapieHust
xoHtpos CY3

HOTO TIMTaHUA MoTpeduTesicit Jorndeckoi yactu CY3 npemycMaTpu-
BAIOTCS OTACIbHBIC aKKYMYJATOPHbBIC 0aTaped Ha Pa3sHble HOMHUHANb-
HBIE HATIPSIKEHUS. '

DTN MeponpuaTus obecrieYnBaloT HaieKHyo padoty CY3 B mo6bIX
aBapUHHBIX pexXrMax.

g muTaHus ONMEpaTUBHBIM IMOCTOSSHHBIM TOKOM ITOTpeOUTENCH
pacnpenenuTeIbHBIX YCTPONCTB BEICOKOTO HAIPSKEHUS YCTAHABJIMBA-
10TCSL aKKyMYJIATOpHBIC 6aTaped Ha Tepputopun PY BH.
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5.11. Cxembl 3aeKTpocHa0Xkenuna codcTeennbix Hyxa I'DC

TexXHOOrMYECKUI TPOLIECC TTOMYyYEHHUsI EKTpo3HeEpruM Ha I'DC
3HAYUTEJIBHO TpollIe, YeM Ha TEIUIOBBIX M ATOMHBIX 2JIEKTPOCTaHIIUAX,
MOSTOMY TpeGyeT 3HAYUTETHPHO MEHBIIIETO YMCTIa MEXaHN3MOB C. H.

IToacuet Harpy3ok c.H. 'DC BemeTcst KOHKPETHO IS KAXKIOIO IPo-
€KTa, TaK KaK 5TH HAarpy3Kd 3aBUCSAT He TOJBKO OT MOIIHOCTH yCTa-
HOBJICHHBIX arperaToB, HO M OT THIIA 2JIEKTPOCTAHLUMH (IIPUIIJIOTHH-
Hasi, JepUBalLIMIOHHAsl, BOJIOCIMBHAS H JIp.).

B y4eOHOM MPOEKTHPOBAHUHM JIISI OIPEICICHHS YCTAHOBJICHHOM
MOIIHOCTH C.H. I'BC MOXHO BOCIIONB30BATHCS JAHHBIMH Tab1. 5.1.

B otmitune OT TEITOBBIX 2JIeKTpocTaHIIMii Ha FDC OTCYyTCTBYIOT KpyII-
HbIE 3JIEKTPOABUTATENIH HallpsLKeHMEM 6 KB, IMoaToMy pacripenesieHue
9JIEKTPO3HEPIHM OcyHIecTBsieTCs Ha HanpspkeHun 0,4/0,23 xB. ITura-
HHME C.H. TIPOU3BOTUTCS OT TPaHC(HOPMATOPOB, IIPUCOETUHEHHBIX [5.4] K:

TOKOITIPOBOJAM TeHepaTop — TpaHchopMaTop Oe3 BLIKITIOYATES CO
CTOPOHEI TEHEPATOPHOTO HATIPSIXKCHHS;

HIMHAM T€HEPATOPHOTO HANPSIKECHHS;

BeiBogaM HH aBroTpancdopMaropa cBs3H;

MECTHOM IMOICTaHLIMH.

1lenecoobpa3HOCTh YCTaHOBKH OTIEIBHBIX TPaHC(HOPMATOPOB, IIpH-
coequHeHHBIX K PY 220 kB u 6omee, 1omkHa ObITH OO0CHOBaHA.

IMotrpedurenu c.H. FOC mensitcst HAa arperaTHBEB ¢ (MacJIOHACOCH
MHY, HacoCHl OTKAYKHM BOIBI C KPBILIKH TYPOHHBI, OXJIaXKACHHE IJIaB-
HBIX TpaHCGHOPMATOPOB M ApP.) U OONIEeCTAHIIMOHHEBIE (HACOCHI
TEXHUYECKOT0 BONOCHAOXEHH, HACOCH OTKAYKH BOIBI M3 OTCACHIBa-
IOLIMX TPYO, ApeHAXHBLIE M TTOXapHBIE HACOCHI, OTOIUICHHME, OCBEIIE-
HUE, BEHTWISIUS, ITOTbEMHEIE MEXaHU3MBI U JIp.).

YacTh 3THX NOTpeOUTENCH SIBISIOTCA OTBETCTBEHHBIMHU (TEXHUYEC-
KO€ BOTOCHAOXECHHE, MACIOOXIaTUTEeIM TPaHCHOPMATOPOB, Macjo-
Hacocel MHY, cucTeMa noxapoTyliieHHsI, MEXaHU3MEBI 3aKpBITHSI 3aT-
BOPOB HaNOpHBIX TPyoOIIpoBONOB). HapyleHue 31eKTpocHa0XeHNS 9THX
oTpeOuTENe €. H. MOXET TIPUBECTH K TTOBPEXICHHUIO HITH OTKITIOYE-
HMIO TUIpoarperara, CHIDKCHHUIO BEIpaOOTKHU 2JICKTPOIHEPIHH, pa3py-
HIEHUIO THAPOTEXHUYECKUX COOpPYXKeHMil. Takre moTpeOUTEIH JOITXK-
HBl OBITH ODECIeYeHBl HANEXHBIM ITUTAHHMEM OT JABYX HE3aBHCHUMBIX
HMCTOYHHKOB.

Ha puc. 5.29 npuBeneH nmpuMep CXeMBI TIMTaHMA C. H. MonIHoi I'BC.

ArperaTHbI€ C. H. TUTAIOTCS OT OTAeNbHBIX cexuuit 0,4/0,23 kB. Yactb
MOTpeOuTENIEH OOIIECTAHLIMOHHBIX C. H. MOXET OBITh 3HAYMTEIBHO ya-
JieHa ot 3aaHusg 'DC, mosToMy BO3HHKAET HEOOXOMMMOCTE pacIipesie-
JIEHUST 3JICKTPOSHEPruM Ha 0oJice BRICOKOM HampspkeHHH (3,6 i
10 xkB). B aToM cityyae npegycMaTpHBaIOTCs TMIaBHEBIE TpaHCHOpMAaTOpPEI
c.H. T1, T2w arperatheie 75— T§. Tpanchopmaropsl 79— T12 cyxar
JUTSI MATAaHUS OOIeCTAaHIIMOHHBIX Harpy3oK. PesepBHOe MUTaHUe CeK-
it 6 KB ocyIecTBIsIeTcst OT MECTHOM ITOACTAHLIMM, OCTaBLIEICS ITOCTIE
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MMUTAHUC

Puc. 5.29. CxeMa nutanud ¢.H. MouHoit I'OC ¢ 001MUMHK MUTAIOUAMHI TPAHC-
¢opmaTopamu

crpouTtensetia I'DC. PesepBupoBaHue arperaTHHIX €. H. OCYHIECTBISIET-
cs OT pe3epBHBIX TpaHchopMaTopoB 13, T4. OTBETCTBEHHBIE IOTPEGH -
TEJIU C.H., OTKJIIOYEHHE KOTOPBIX MOXET MPUBECTH K OTKIIOYEHHIO
THApOAarperata WM CHIDKEHHIO €T Harpy3Ku, IpUCOSANHSIIOTCS K pas-
HBIM CEKIIHSAM C.H.

MolHOCTh TPaHC()OPMATOPOB arPEeTATHHIX C. H. BHIOMPAETCS MO CyM-~
MapHOH Harpyske c. H. COOTBETCTBYIOLLMX arperaToB. [J1aBHbIe TpaHC-
dopmatopst (T1, T2) BEIGHpAIOTCA C YUETOM B3aUMHOTO pE3epBHPO-
BaHHS U C BO3MOXHOCTBIO HX aBapHIHOM Meperpy3Ku.

IIpu GobIIOM YHCIIE ¥ 3HAYUTETIBHOM eIMHUYHOM MOIIHOCTH ar-
peraToB HaxXoIWT IPUMEHEHME cXeMa pasle/IbHOrO MUTAHUS arperat-
HBIX ¥ OOIIECTAHIIMOHHBIX NOTpeOUTENeil. ArperaTHeie cGopku 0,4 kB
MOIYYAIOT MUTAHHE OT HHIWBHAYAIBHBIX TPaHC(HOPMATOPOB, IIPHCOE-
JWHEHHBIX OTHAITKOi K 3HeproO/ioKy. Pe3epBipoBaHUe MX OCYIIECTB-
JIIETCS OT TpaHCcGOpPMaTOpOB, MPHUCOESAMHEHHEIX K PY ¢.H. 6 — 10 kB,

KOTOPOE MOJIyYaeT MUTAaHNe OT aBTOTPAaHC(OPMATOPOB CBSI3M MEXIY
PY BH u PY CH.

13 Poxxona 385



5.12. CxeMbl 31eKTPOCHAOKEHHS COOCTBEHHBIX HYXK
NOACTAHNMIA

CocTaB roTpeduTeNeit ¢. H. MOACTaHIUM 3aBUCUT OT TUIIA TTOACTAH-
LIMH, MOIIHOCTH TPaHC(POPMATOPOB, HATMUMS CUMHXPOHHBIX KOMITEH-
CaToOpOB, TUIA 3NEKTPOOOOPYIOBaHNs. HavMeHblliee KOJIMYECTBO 1O~
TpeOUTesIel C.H. Ha TOACTAHIIUAX, BBIIIOJIHEHHBIX IO YITPOILIEHHBIM
cxeMaM, 6e3 CMHXpOHHBIX KOMIIEHCATOPOB, 6€3 MOCTOSTHHOTO JeXKyp-
CTBa. DTO 3JICKTPOABUTATENU 001yBa TpaHchopMaTopoB, 000TpeB MpU-
BonoB QR u QN, mkagos KPYH, a Takke ocBellleHHe IOJCTAHIINH.

Ha noactanumsax ¢ BeikiovateasMu BH monmogHUTEIBHEIMU O~
TpECOUTENSIMH SIBASIOTCSE KOMITPECCOPHBIC YCTAHOBKM (MUIS1 BBIKIIIOYA-
teaeit BHB, BBB), a mpu onepaTMBHOM HOCTOSIHHOM TOKE — 3apsii-
HBII ¥ IOA3apsiAHbI arperathl. IIpH yCTaHOBKE CUHXPOHHBIX KOMIICH-
€aTopOB HEOOXOJUMBI MEXaHU3MBI CMa3Ky UX MOMIITUITHUKOB, HACOCH!
cUCTeMHl oxnaxineHus GC.

HawnbGonee oOTBETCTBEHHEIMU TTOTPEOUTEIISIMHU C. H. TIOICTAHITUMA SIB-
JISIOTCS OTIepaTMIBHBIE IIeMW, CHCTeMa CBSI3H, TeeMeXaHWKH, CHCTe-
Ma oxjaxneHus TpaHchopMatopoB U GC, aBapHifHOE OCBELICHUE,
CUCTEMA TOXApOTYIHEHUSI, MEKTPOIIPUEMHUKI KOMITPECCOPHOIA.

MoOIIHOCTb TTOTpeOUTENCH C. H. HEBEIMKA, TIO3TOMY OHH NPUCOEIN -
HsoTes K cetd 380/220 B, xoTopast moydaeT MUTaHHWE OT MOHITKa-
IOLMX TPaHC(HOPMATOPOB.

Mo1HOCTh TpaHC(HOPMATOPOB C. H. BEIOUPAETCSI IO HArpy3KaM C. H.
C y4eToM Koa(hdULINEeHTOB 3arpy3ku U OJHOBPEMEHHOCTH, IIPH 3TOM
OTIENBHO YYMTHIBAIOTCS JIETHSS U 3UMHSS Harpy3KH, a TakKe Harpys-
Ka B IIEPUOJ] PEMOHTHBIX paboT Ha moacTaHuuu [5.2].

B y4yeOGHOM MPOEKTHUPOBAHUM OCHOBHEIE HArpy3KH MOXHO OMpene-
JIUTh TI0 TUIIOBHIM TIpoekTaM I1C, o KaragoraM Wiv OpUeHTHUPOBOYHO
NPUHATE Mo Tabi. 5.1 Py, mpu cosg = 0,85, Torna pacyeTHast Harpyska

Spacq = kc Py%:'r + Q)’ZCT » (519)

rae k., — Ko3pOULUMEHT CrIpoca, YUYUTHIBAIOIIMI Koo UITUEHTH O/~
HOBPEMEHHOCTH M 3arpy3kH. B OpHeHTHPOBOUHBHIX pacyeTaX MOXHO
NpuHATH k.= 0,8.

MortHocTh TpaHChOpMAaTOpOB C. H. BEIOHpaeTcs:

TIpH OBYX TpaHC(HOpPMATOpax . H. Ha TTOACTAHLIMH 6€3 ITOCTOSTHHOTO
JIEXXKYpCTBa U IIpY OJHOM TpaHCGopMarope C. H.

8;2 Spacs ' (5.20)

TP IBYX TpaHcdopMaTopax C.H. Ha MOACTAHIIMU C [IOCTOSIHHEIM Jie-
XYPCTBOM

(5.21)
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rae Ky — Kodh@UIIMEeHT NONMYyCTUMON aBapMiTHOM Ieperpy3kH, ero
MOXHO IPUHATh PaBHLIM 1,4;
€CJIM YUCJIO TPAHC(HOPMATOPOB C. H. OOJBILIC IBYX, TO

S, > SP;“ : (5.22)

Ipedenvnas mowrocms kaxcdozo mpaucgopmamopa c.H. oas IIC
110— 220 kB doaxcra 6otmb He b6oaee 630 kB A. Tlpn TeXHUKO-3KO-
HOMHUUYECKOM ODOCHOBAaHHH JOIYCKAeTCAd NMpUMeHeHUe TpaHcdop-
MaTtopoB 1000 xB-A npu u,=8%.

IIpenenshas MormrHocte TCH mna moacTanumit 330 kB ¥ BEIlIle He
ooiee 1000 kB-A.

Ha Bcex IIC HeoOx0mMMO yCcTaHABIHMBATh HE MEHEe JBYX TpaHchOp-
MAaTOpPOB C.H.

Hnsa oqHoTpaHchopMatopHbix TIC nutaHue BToporo TpaHcdopMa-
TOpA C.H. OCYIIECTBIISIETCSI OT MECTHBIX CETE.

Ha nsyxtpancdopmatopreix ITC B HauanbHBII epuoa UX paboTH
C OIHHUM TpaHCHOPMATOPOM IOITYCKAETCSl YCTAaHABIMBATH OMMH pabo-
ypit TCH, npu atoM Bropoil TCH noiokeH 6bITh CMOHTHMPOBAH U BKITIO-
yeH B cxeMy I1C [5.2].

JIo1st TTaHUs ONepaTUBHBIX LieNei MOACTaHINH MOXKET ITPUMEHSITECS
nepeMEHHBII 1 MOCTOSTHHBIM TOK.

Hocmosaunuiii onepamuenbil mox TIPUMEHSIETCSI HAa BCEX ITOACTAH-
musax 330— 750 xB; "a moacranuusax 110-—220 kB — ¢ yuciaoM Mac-
JNIHBIX BeIKTIouateneit 110 mau 220 xB Tpu 1 Gonee; Ha MOACTAHIIUSX
110—220 XB — ¢ BO3IYIITHBIMH BHIK/IIOUATEISIMU.

Ilepemennbil onepamugnbii mox MPUMEHSIETCS HA TOACTAHIIMAX
35—220 kB 6e3 Beikmiodareneit BH. Bo3MOXHO npuMeHeHHE BBIM-
PSMJICHHOTO OIIEpaTUBHOrO TOKa Ha noiactaHuusax 110 kB ¢ ogHuM
WA IByMS BHIKJIo4ateasiMu BH.

Ha noacraHiusx ¢ onepaTUBHBIM IIEpeMEHHBIM TOKOM TpaHcdop-
Matopll C.H. T1, T2 npuUCOeqUHSIOTCS OTIAHKON K BBOAY IJIaBHBIX
TpaHcdopmaTopoB (puc. 5.30, a). D10 HEOOXOIUMO TSI BOSMOXHOCTH
yIpaBJIeHus1 BBIKITIOUaTe M 6~ 10 KB npu nosHo# rnotepe Hamps-
XeHUd Ha mmHax 6 — 10 kB.

[lInnsr 0,4 kB cextmonupytorcs. ITuTaHme onepaTUBHEIX 1eIei Ime-
PEMEHHOTO TOKa OCYIIECTBIISIETCS OT IIIMH C. H. Yepe3 cTabHIU3aTOPH
TS c HanpsixeHHeM Ha BeIxone 220 B.

Ha mopcraHIusAx ¢ onepaTUBHBIM ITOCTOSTHHBIM TOKOM TpaHChOp-
MaTophl c.H. T'1, T2 mpucoequHIOTCA K IIMHaM 6 — 35 XB (puc. 5.30, 6).
Ecmu otcyrctByeT PY 6 — 35 KB, TO TpaHC(hOPMATOPHI C. H. IPHCOEIN-
HA0TCA K 00MoTKe HH 0CHOBHBIX TpaHCGhOPMAaToOpOB.

IIpumep 5.1. BeIGpaTh MOIITHOCTE TPaHCHOpPMaTOpa CBsI3H, €CJIM Ha
T3 ycraHoBiteHH Tpu reHeparopa TBM-63, U= 10,5 kB, cos¢ =0,8.
Harpy3ka Ha reHepaTOpHOM HaNpAXeHHU Pyn.=65 MBT,
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P, min=50 MBT, cosep=0,9, octaipHas MOIIHOCTh BBIIAETCHA B 3HEp-
rocucteMy o auuusaM 110 kB. Pacxon Ha coGcTBeHHEBIE HYXIBI IIPH-
Hatb 10 %.

PemeHue. Harpyska 10 kB oGecnieunpaercs 1ByMs reHepaTopa-
MM, ITO3TOMY HaMedaeM CTPYKTYPHYIO CXEMY IO pHC. 5.2, g: IBa TeHe-
patopa npucoemuHeHbl K ['PY 10 kB, a TpeTuii coenviHeH B GJIOK
C IIOBBIIIAIOUIAM TPaHC(HOPMATOPOM.

Pacxon MoItHOCTH Ha C. H. OMHOTO TypOGoreHepaTopa

Ryp _ 10

Pow=177 B = 63 = 6,3 MBT;
700 7 T 100 T

Qen= P, ,tg9=6,3-0,75=4,725 Mgap.
PeakTHBHAs MOIITHOCTH IreHEpPATOpa
Q.= P tgp=63-0,75=47,25 Msap.
PeaxtuBHble Harpy3ku Ha 10 kB
Oy max= 650,62 =40,3 Mpap;

Oy min=50-0,62 =31 Mgap.

OrnpenensieM pacueTHYIO HarpysKy TpaHchopMaTopa CBSI3M B pe-
XUMe MUHHUMAaJBHBIX Harpy3ok Ha 10 kB no ¢dopMmyne (5.1):

Sipacs = J(2-63-50~2-6,3)? + (2-47,25-31-2-4,725) =
=104,7 MB - A.

To xe, B pexXrMe MaKCUMAJIbHBIX HaTrPy30K:

Sapacy = \/(2-63—65-—2-6,3)2 +(2-47,25-40,3-2-4,725)* =
=659 MB-A.

To xe B aBapUIHOM peXKKMMe IIPH OTKIIIOUEHUH OJHOTO TeHEepaTopa:

S3pacy = \/(63 -65-6,3)* +(47,25-40,3-4,725)* = 8,59 MB-A.

3HaK MUHYC B IIEpPBOM CJaraeéMoM IIOJKOPEHHOTO BBIpaKECHMUS
yKa3pIBaeT Ha U3MCHEHHE HAIlpaBJIICHUS MOIIMHOCTU B aBapUiHOM
pexuMe. [Ipn OTKIII0OYEHUHM OJHOTO T€HEpaTopa HeIOoCTalollas ak-
TUBHAas MOUITHOCTH nepeaaercd ¢ mMH 110 kB gepes TparncdopMarop
CBSI3U.

MouHocTh TpaHchopMaTopa CBSI3M BhIOHpaeM 1o (opmysie (5.2)
C YYETOM TOTO, YTO Spacy max= Sipacy = 104,7 MB- A, npunuMaem k.= 1,4:

Spact{max _ 104,7

S, >
Knr 1,4

=74,75 MB- A,
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Ipunnmaem aBa tpancdopmaropa mo 80 MB- A. MouinocTs 67104-
Horo TpaHcdopMatopa i G3 npuHuMaeM 1o dopMmyie (5.4) —
SO MB-A.

TIpumep 5.2. Bribpats MOIIHOCTH TpaHCGHOPMATOPOB HA Y3IOBOI
nopcranunu 220/110/35/10 xB. PacueTHbie Harpy3ku: Py= 114 MBT,
cos@=0,9; P;s=43 MBT, cos¢=0,8; Pyy=27 MBT, cos¢ =0,85.

Pe e Hu e. Ha nomctaHimy ABa cpefHUX HanpsokeHWs 110 u 35 kB,
TT03TOMY BHIOHpaeM CTPYKTYPHYIO CXEMY 110 pUcC. 5.4, 6: IBa aBTOTPaHC-
dopmaropa ceaasiBator PY 220 kB ¢ ituramMu 110 u 35 kB u aBa Tpanc-
dopMaropa 110/10 kB ycTaHOBIEHB! LIS TIUTAHMsT Harpy3ku 10 kB
(puc. 5.31).

OmnpenensieM peaKTUBHBIE Harpy3Ku:

010= Protg =27-0,62 = 16,74 Map;
Q35= P35tg(p =43- 0,75 = 32,25 MBap;

Qo= Protgo=114-0,484 = 55,18 Maap.
Bri6upaem tpanchopmarops 110/10 xB:

Sio = B3+ 0% =272 +16,74% = 31,76 MB- A;

Soon 0,7.8x=0,7-31,76 = 22,23 MB-A.

Bmi6upaem asa tpanchopMmaropa TPIAH-25000/110.
OmnpenensieM HarpysKy aBTOTpaHC(GOPMATOPOB €O CTOPOHH 220 kB
(0e3 yuyeTa noteps B 73, T4):

S0 = \/(PIO + By + 1’35)2 +(Q10 + 0o +Q35)2 =
= \/(27 +114 +43)2 + (16,74 + 55,18 + 32,25) = 211,44 MB- A.

114 MBr, cos¢ =0,9

220 xB ‘ 110 xB
%ATJ AT2 73 T4
35kB 10 xB
43 MBT, cosgp=0,8 27 MBr, cos¢ =0,85

Puc. 5.31. CrpykrypHas cxema noJcTaHUMH (K IpuMepy 5.2)

390



MouHocTs aBTOTpaHcopMaTOpa
Sion2 0,7 85ax=0,7-211,44=148 MB-A.

Bribupaem 2 X AT-160000-230/121/38,5.
IIpoeepum 3arpy3ky oomorku HH asrorpancidopMaropa:

S, =J43% +32,257 = 53,75 MB- A < S,y = Soonkons =
=160-0,474 = 75,84 MB-A.

Konrpo.ibubie BONpocH

1. Kak pa3aensiorcs pa3jiMuHbIe JMCKTPOTIPUEMHHKY C TOUKH 3pEHHS Ha-
IEKHOCTH NMUTaHUA?

2. Kax BuiGMpaercst uucno cexuuit TPY 6 —10 xB na TOI1?

3. KakoBa 061acTh NpMMEHEHHUS CXEMBI C OJHOH CEeKIIMOHUPOBAHHOM CH-
cTeMOM IHUH?

4. TIpy NOBPEXACHUHU B KAKOM JIEMEHTE CXEMbI C IBYMS CUCTEMaMHU IIHH
MOXET HapyLIMUTbCS 3IEKTPOCHAOXKEHHUE BCEX TIPUCOETUHEHUMH?

5. B kakux cxeMax MOXHO NPOU3BECTH PEMOHT COOPHBIX 1IMH Oe3 HapyIle-
HHS 3JIEKTPOCHAGXEHUA noTpeduTe/eit?

6. B Kakux cxeMax MOXHO MPOM3BECTH PEMOHT JMHEHHOrO BBIKITIOUATENS
6e3 HapyLIEHHUA 3JIEKTPOCHAOXEeHHUS 10 3TOi TMHUM?

7. Kak BbIGHMPAIOTCA YHUC/IO M MOLLHOCTH TPAHC(HOPMATOpOB CBA3M Ha TOLI?

8. KakoBo Ha3HaueHUE CEKIIMOHHOTrO, 00XOMHOTO, HIMHOCOCAUHUTEIEHO-
ro BHIKJIOYaTeei?

9. HazoBuTe 00acTh NPUMEHEHHUS CXEM TPEYrOAbHUKA, KBaIpaTa, MsITH-
yrojibHuKa. KakoBbl JOCTOMHCTBA M HEXOCTATKH ITHUX CXeM?

10. CpaBHUTE CXeMbl BJI0KOB reHEPATOp — TPaHCHOPMATOP € reHEPaTOpP-
HBIM BHIKJIIOYATENIEM H 63 HETO B PEXHME OTKIIOUCHHUS GJI0OKA M BKITIOUCHUS
ero B pabory.

11. B xaKux LeASIX NPUMEHSTIOTCS CXEMBI YKPYITHEHHBIX GJIOKOB: [IBa FeHe-
patopa u 6oJiee Ha OxHMH TpaHcdopmarop?

12. Kakas pasHMIIa B MPUCOETHUHEHUH paboyuX TpaHCHOPMATOpOB C. H. Ha
TO1, 610unbix KOC u ADC?

13. Kyna npucoeAHHsIIOTCS pe3epBHEIE TpaHC(HOPMATOopHI C. H. B cxemax TOLI,
osiouHbx KBC 1 ADC? Kak BHIOUpaeTCs UX KOJTUUECTBO?

14. Kakue aBTOHOMHBIE HCTOYHMKH IMUTAHHUA C. H. HCIIONL3yIoTcA Ha ADC?

15. YeM oTiMyaeTcsa cXeMa NUTAHHUA C.H. MOACTAHIIMI C OMEpPaTMBHBIM
MOCTOSIHHBIM U MEepPEMEHHBIM TOKOM?



IF'xasa 6

KOHCTPYKIINA PACHPEAEJIUTEJIBHBIX
YCTPOMCTB

6.1. 3akpeiTbie pacnperenuTebHbIE YCTPOHCTBA

6.1.1. Tpedorannsa K xKoucTpykuusm 3Py

Pacnpedenumensroe yempoiicmeo — 3mo 3aeKmpoycmaHoeKa, npedHas-
HAaYeHHAs 015 npuema U pacnpedeneHus INeKmpUecKol anepauu, codepica-
Was aneKmpudeckue Gnnapamsl, WUHbL U 6CNOMO2AMENLHbIE Yempoticmea.

Ecimu pacnpenenuTelbHOE YCTPOMCTBO PacIioNOXeHO BHYTPH 37a-
HUS, TO OHO Ha3BIBAETCSA 3aKPBITHIM.

3akphITHE pacHpenelUTeNbHBIe ycTpoikicTBa (3PY)
COOPYXaIoTCsl OOBIMHO ITpH HanpskeHuy 3 — 20 kB. Ilpu 66nbinx Ha-
NPSKEHUSIX, KaK MPaBWIO, COOPYXKAWTCA OTKpbIThie PY. OnHako
TIPH OFpaHWYEHHOM TUIoMany o1 PY vnu mpu ITOBEIIIEHHOL 3arpsa3-
HEHHOCTHM atMocdepsl, a Takke B pailoHax KpaitHero Cesepa Moryr
npuMeHaTbes 3PY Ha Hanpstkenus 35 — 220 kB.

PacripenenutenbHBIE YCTPOHCTBA HOJDKHEI 00€CTIEYMBATh HAIEXKHOCTD
paboTHL MEKTPOYCTAHOBKH, YTO MOXET OBITh BEIITOTHEHO TOMBKO TIPH
MPaBWIBHOM BBIGOPE M pacCTAHOBKE IJIEKTPOOGOPYAOBAHUA, IIPU IIpa-
BWJILHOM ITION0OpE TUIIA W KOHCTpYKUMU PY B coorBeTcTBUH ¢ [TYD.

Obcayncusanue PY donxncro 6oime ydobuuim u beszonacrsim. PazMerie-
HUe obopynoBaHusa B PY momxHo obecneunBarh xopoliyio 0603pena-
€MOCTb, YOOOCTBO PEMOHTHBIX paboT, MOJIHYIO 6e30IIacHOCTh IIPH pe-
MOHTax ¥ ocMoTpax. st 6e30ITaCHOCTH COOMONAIOTCSI MUHUMAJIbHBIE
paccTOSTHUSA OT TOKOBEIYIUUX 4YacTeil M0 pa3sIUuYHBIX 3JIEMEHTOB
3PY [1.12].

Heusoauposannsie mokoeedyuue wacmu 60 uzbexcanue CAYHQUHbIX
NDUKOCHOBEHU K HUM G0ANCHb! Obimb ROMEUEHb! 8 KaMepbl UAU 02paxcoe-
Hot. OrpaXaeHUE MOXET OBITh CIUVIOUIHBIM MJIM CeTYaThIM. BO MHOTMX
KOHCTpYKIIMAX 3PY mpuMeHsAeTCSs CMelllaHHO€ OrpaxiIeHHe — Ha
CIVIONIHOM YaCTH OTPaXICHMST KPEIaTCs IIPUBOABI BBIKMIOYATENEH U
pa3penMHUTENEH, a ceTyaTas 4acTh OTPAXICHHUSA NO3BOJIIET Habmo-
IaTh 3a 000pynoBaHueM. BricoTa TaKOro OrpaxxaeHusI JOJLKHA OBITh He
MeHbIIe 1,9 M, TIpH 3TOM CETKU JOIKHBI UIMETh OTBEPCTHUST Pa3sMEPOM
He Gojiee 25X 25 MM, a orpaxiaeHUs] — 3alMparbCs Ha 3aMOK.

HewuzonupoBaHHbIe TOKOBEAYIINE YaCTH, pacIIOIOXeHHBIE HaJ 110-
JIOM Ha BBICOTE 110 2,5 M B yctaHOBKax 3— 10 kB u 2,7 M B ycTaHOBKax
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20— 35 kB, DOMXKHBI OrpaXIaThCA CETKAMHM, ITPUYEM BBICOTA ITpOX0na
IMOJT CETKOU JOJDKHA OBbITh He MeHee 1,9 M.

OcMOTpBI 000PYIOBaHMS IIPOU3BOIATCS U3 KOpUIOpa 06CIyX1Ba-
HUSI, IUMpHUHA KOTOPOro JOJDKHA OBITh He MeHBIle 1 M IIpH OXHOCTO-
POHHEM U 1,2 M IIpH IBYCTOPOHHEM PACIIONOXEHUH 000pYIOBaHUS.

Ecmu B xopumope 3PY pasmelleHbl IPUBOALI pasbeIMHUTEIEH U
BBIKJIIOUATEN e, TO IIMpPHHA TAaKOTO KOPHAOpa YIIpaBJIeHHS HOJDKHA
OBITh COOTBETCTBEHHO 1,5 M U 2 M.

Ecnu B 3PY npumensiiorca sueiiku KPY, To mupuHa rpoxoaa st
yipapieHusa U peMoHTa KPY BeIKaTHOro THiia DoKHa 00eCIieYnBaTh
yIoOCTBO IlepeMelIeHUsI U Pa3BOPOTa BHIKATHEIX TEJIEXEK, MO3TOMY
MIpU OTHOPSTHOM PacCITOJIOXEHUH IIUPUHA OIIPeNeIIeTC JUTMHOMN Te-
nexXku omoc 0,6 M, IpKU OBYXpSTHOM PaclioNOXeHHH — JUIMHOM Te-
nexxu 1wioc 0,8 M. TIpu Hamumuuu npoxona ¢ 3anHei ctoponsl KPY
€ro IMPHUHA I0JDKHA ObITh HE MeHee 0,8 M. ‘

H3 nomewenuii 3PY npedycmampusaromces 8bixo0bt HAPYHCy Uy 8 Ho-
MEUWEHUS C HeCZOPaeMbIMU CIMEHAMU U NepeKpuimuamy; OMHH BBIXOI TIPH
mmuHe PY mo 7 M; IBa BBIXOJA IO KOHLIAM IIpH JUIMHE OT 7 00 60 M;
npu ayiiHe 6ojiee 60 M — IBa BBIXOJA IO KOHIIAM M JOTIOJTHUTEILHEIE
BBIXOJBI C TAKUM PacuYeTOM, UYTOOBI pacCTOSIHHE OT JIIO0OH TOUKH KO-
punopoB PY 1o Beixoma He mpesbimiano 30 M. IBepu u3 PY momxHBI
OTKpPBIBaTLCSI HAPYXY M UMETh CaMO3anMpalolmecs 3aMKH, OTKpbIBa-~
eMble 6€3 KJIoya co CTOpoHbI PY.

3PY doascuo obecnevusams noxcapuyio 6ezonaciocms. CTPOUTEI -
Hbie KOHCTpYKIMHK 3PY nomxubl orBeuaTh TpeboBanusaM CHulI, a tak-
Xe npaBwiaM noxapHoit oxpansi (ITI10). 3manue PY coopyxaercs us
OTHECTOMKMX MaTepuaioB. IIpu npoexktposaunu 3PY npenycMatrpu-
BaIOTCS MepHhl Ui OTpaHHYEeHHUSI PacIpOCTpaHEHMST BO3HMKINEH aBa-
puu. It 3T0r0 060pyI0BaHHUE OTACILHBIX 3JIEeMeHTOB PY ycTaHaBnu-
BaeTCs B KaMepax — ITIOMEUICHUSX, OTPaHUYEHHBIX CO BCEX CTOPOH
CTEHaMHM, TIEPEKPBITUSIMH, OTPaXICHUSIMH.

Ilpu ycranoBke B 3PY MacnsiHbIX TpaHC(HOPMATOPOB IIpEeIyCMAaT-
PHBAIOTCSI MEDHI U cOOpa M OTBOMIA Macia B MacJIOCGOPHYIO CUCTEMY.

B 3PY npemycMaTpuBaeTcs ecTeCTBeHHAS BEHTWISIIMS ITOMeEIeHUiA
TpaHCGHOPMATOPOB U PEAKTOPOB, a TAKKE aBapuilHas BHITSXKHAs BEH-
TUJIALMS KOPUIOPOB OOCTY:KMBAHMSA OTKPBITHIX KAMEP ¢ MaCJIOHAIION-
HEHHBIM 00OpYIOBaHUEM.

Pacnpedeaumenvroe ycmpoiicmeo 0oaxcHo Obimb 3KoHoMUutHbM. CTO-
HMMOCTh COOpyXeHUs1 PY ciaraercs M3 CTOMMOCTHM CTPOUTENIBHON Yac-
TH, 3NEKTPUIECKOro 000PYIOBaHUSI, 3IEKTPOMOHTAXHBIX pabOT M Ha-
KJIaJHBIX PacxXomoB. JUIsi YMEHBIIIEHUS CTOMMOCTH CTPOHTEILHOM YacTH
110 BO3MOXHOCTU YMEHBILIAIOT OOBEM 3MaHHS M YIIPOUIAIOT ero KOHCT-
PYKLIMIO. 3HAYUTETBEHOE YMEHBIIICHHE CTOMMOCTH JOCTUTAETCS TIPHMe-
HEHHUEM 31aHui PY U3 cOOpHBIX XeNe3006TOHHBIX KOHCTPYKIIHIA.

751 yMeHbIIEHUS CTOMMOCTH 3JIEKTPOMOHTAXHBIX pabOT U YCKO-
peHHUsI coopyXeHUsi PY IIMpOKO NMPUMEHSIOT YKPYITHEHHBIE Y3IIBI,
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coOpaHHbIe Ha CIIeIIUATM3UPOBAHHON MOHTaxXHOU 0a3e. Takumu y3na-
MM MOTYT OBITH KaMephl M IIKa(bl CO BCTPOEHHBIM 3JIEKTPOOOODYIO-
BaHHMEM: KaMephl IJI1 COOpHBIX IIMH W IMMHHBIX pa3belMHUTENEH,
KAl YIIpaBJIeHUS BBIKIIOYATENSIMU, 1IKA(bl TMHEWHBIX pasbeau-
Hurteneit u 1.1. Jia npucoennHeHus auHuii 6 — 10 KB B coBpeMeHHBIX
pacrpeneauTeIbHBIX YCTPOHCTBAX IIMPOKO MPUMEHSIOT 1HKa(bl KOM-
TUICKTHBIX paclpele/IMTEIbHBIX YCTPOMCTB (CM. moapas. 6.2). ITpume-
HEHME YKPYIMHEHHBIX Y3JI0B IO3BOJISIET MCIOIb30BaTh MHIYCTPHATb-
HBIE METOIBI COOpYXeHUS 3PY ¢ MaKCUMaJIbHOI MeXaHHM3allueH 3JIeK-
TPOMOHTAXHBIX paboT.

PacnpedenumensHoe ycmpoiicmeo, CMOHMUPOBAHHOE U3 YKDYNHEHHbIX
Y3108, Ha3bieaemcs cooproim. B cOOPHOM pacripeieTUTEIbHOM YCTPOM-
CTBE 3MaHHUE COOpYXKaeTCs B BUIE KOPOOKN, 0e3 KaKux-aub0 IMepero-
POIOK, 3aJbHOro TUMa. OCHOBY KaMep COCTaBJIAEeT CTAIBHOM KapKac, a
MEPErOPOIKH MEXIY KaMepaMH BBITIONHSIOT M3 aCOOLIEMEHTHBIX HIH
TUIICOJIUTOBBIX ILIUT.

YMeHbIIECHHE CTOMMOCTH PacCIIpee/ITeIbHbIX YCTPOICTB JOCTUTA-
€TCS TAKXKE COOPYKCHHMEM HX 1O TUIIOBBIM TpOEKTaM, KOTOPBIE pa3pa-
0aTHIBAlOTCA BEAyIIMMHU ITPOCKTHBIMU OpraHU3aliMsIMH. 3afauelt cTy-
JICHTOB SIBJSICTCSI BEIOODP TOM MJIM MHOM THIIOBOM KOHCTPYKIIMH, KOTO-
pasi COOTBETCTBOBaJIA ObI cXeMe SJIEKTPUYECKUX COCAWHEHU U ycTa-
HOBJIEHHOMY 000pYIIOBaHUIO.

Hitxe paccMaTpuBalOTCS HEKOTOPhle KOHCTPYKITAM 3aKPHITHIX pac-
ITPEACIUTENBHBIX YCTPOUCTB IO THIIOBBIM IIPOEKTaM, pa3padOTaHHBIM
HHCTUTYTAMHU «ATOMBHEPIONPOEKT», «DHEProCeThIIPOEKT», a TaKXKe
BHUITNBHeprompoM.

6.1.2. Koncrpykuuu 3PY 6—10 kB ¢ oxnoii cucTeMoli My

PY 6--10 kB ¢ ogHoii cucTeMoii 1IUH 6e3 peaKTopOB Ha OTXOMS-
LIUAX JTUHHUSAX ITHPOKO TIPUMEHSIIOTCS B IIPOMBIIIUTEHHBIX YCTAHOBKAX U
TOPONCKHUX ceTsaX. B Takux PY ycTaHaBIMBaIOTCA MajOMacisSHBIE WIH
Oe3MacisiHble BBIKJIIOYATEIM HEOOJBIINX radapuTOB, YTO IO3BOJISIET
BCe 00OpYIOBaHUE OMHOTO MPUCOEIUMHEHUS Pa3MECTUTh B OTHOM Ka-
Mepe — sYeliKe KOMIUIEKTHOIO DPacCIIpele/IUTeIbHOTO YCTpOHCTBA
(KPYV).

I'eHepaTopHoe pachipeaenutesibHoe ycrpoiictBo (I'PY) 6— 10 xB
C OMHON CUCTEMO COOpPHBIX LIHMH, pa3le/ICHHBIX Ha TPW CEKIHUH U
TPYNIIOBBIMH CIBOCHHBIMHU DEAKTOpaMM Ha JHHHUAX, ITOKa3aHO Ha
puc. 6.1.

IIpu xoHCcTpyHpoBaHUM PY HeoOXomumo 3HaTh pasMelleHue 060-
PYAOBaHHUS I10 KaMepaM, [UIS Yero BHayasle BeIYEPUHUBAETCS CXeMa 3a-
ITOJTHEHHMSI.

Cxema 3anoanenuss — 3Mo INEKMPUHECKAs CXeMa GKAIOHEHUS OCHO8-
HO20 060opydoeanus U annapamypsl, OMpaxcaowas ux delicmeumensoe
83aUMHOe pa3MeujeHue.
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B cxeme 3amnosHeHMs YCI0BHO, 0e3 coOI0IeHus MaciuTaba 1no-
Kas3bIBAaeTCs KOHTYD 3HaHHUS W KaMep, paclojoXeHHe o0opymoBa-
HUsI ¥ JenaloTcs HeoOXOomauMbie MosiCHSomMe Haanucu., CxeMa 3a-
IIOJTHEHUS 00JIer4yaeT COCTaBlieHHE CIielMPUKAMN Ha 000pyIoBa-
HUe, objeryaer MOHUMaHHE KOHCTPYKIMH pacupeleuTeabHOTO
YCTpOMCTBa, HO HE 3aMEHsIET KOHCTPYKTHUBHBIX UepTexXel pacripe-
JIEUTEILHOTO YCTPOMCTBA. B HEKOTOPHIX CITyYasiX BHIUEPUNBAETCS TUIAH
pacIpee/IUTeIbHOTO YCTPOMCTBA, M Ha HEM YCIOBHEIMH 0003Haue-
HHUSIMH TTOKa3bIBaeTcsl pasMellieHue 00opynoBaHusi. Takoi I1aH-cxe-
Ma 3aloJIHCHHs MToKa3aH Ha puc. 6.1, 6.

B T'PY npexycMoTpeHBI TpY CEKIIMM COOPHBIX IIMH, K KaXIOH M3
KOTOPHIX NpHUcoearHeH reHepatop 63 MBT. K nepBoii v TpeTbelt cex-
LIMSIM [IPUCOEIUHEHBI TPeXOOMOTOUHBIE TpaHChOpMaTops! cBsi3u. Ha
KaxXJoil CEeKIMM YCTAaHOBJIEHH JBa TPYIIOBLIX CIBOCHHBIX PEaKTOpa
2% 2000 A u uetripe c6opku KPVY ¢ Beikmiouatensimu BMIIBD-10. Te-
HepaTOpHOE pacIpeIeIMTeNIEHOE YCTPOUCTBO paCCUYNTAHO Ha YAApHBIN
ok J0 300 KA. 3nanne I'PY omHO3TaXHOE, ¢ MPOJIETOM 18 M, BBITION-
HSIEeTCSI U3 CTAHZAPTHBIX KeJ1e300€ TOHHBIX KOHCTPYKIIH, KOTOPBIE TPU-
MEHSIIOTCSI IJIsSI COOPYXEHHUSI U APYTUX 3TaHUI TEIUIOBBIX 3JICKTPOCTaH-
nui. B 1ieHTpanbHOM YacTH 3MaHUs B ABa psiia PacloOXKEeHBl GJIOKH
cOOPHBIX IMMH W IIMHHBIX pa3beIMHHUTENCH, Najee CIenyooT siYelKu
reHepaTopHHBIX, TPaHC(HOPMATOPHBIX W CEKIMOHHBIX BBIKITIOUATENEH,
TPYIIIOBEIX ¥ CEKIMOHHBIX PEaKTOPOB U LIMHHBIX TPaHCGHOPMATOPOB
HanpspkeHust. Hlar stueiiki 3 M. Y CTeH 31aHUS pacIIONOXEeHH IIKadb
KOMILIEKTHOTO paclIpeIeTUTeILHOro YCTpoiicTBa. Bee Kabeau nmpoxo-
JISIT B IBYX KaOeJIbHBIX TYHHEIISIX.

OxJtaxgaomuii BO3AyX K peakTopaM ITOABOIUTCS U3 IBYX BEHTH-
JISILUOHHBIX KaHAJIOB, HATPETHIN BO3IyX BEIOPACHIBAETCS HAPYXy 4e-
pe3 BEITSXKHYIO 1IaxTy. B KaHaJIBI BO3AyX MOJAETCS CHeNNaTbHBIMU
BEHTHJIATOpPaMH, YCTAaHOBJIEHHBIMH B Tpex Kamepax (I, 2, 3 Ha
puc. 6.1, 6).

O6cyxnBaHHue 000pYIOBaHUSI OCYNIECTBISIETCS U3 TPEX KOPUTO-
pPOB: LEHTPAIbHBIA KOPUAOP yipaBieHus mpruHoi 2000 MM, KopH-
nop Baons mkKadoB KPY, paccuMTaHHBIN Ha BBIKATKY TEJIEXKEK C BBIK-
JIIOYATeISIMA, M KOPUIOp OOCTYXKMBaHUSI BAOJb psiia TEHEPATOPHBIX
BEIKJTIOUaTeneit. Cieqyer oOpaTUTh BHUMaHKE Ha TO, YTO BCE STUCKM
TeHEpaTOPHEBIX BBIKJIIOUATENEH pacCIlOOKEHBl CO CTOPOHHBI T€HEpa-
TOPHOTO pacIpeIeTUTEILHOTO YCTPOICcTBa, 0OpaIlleHHOI K TYpOUH-
HOMY OTIEJICHUIO, a TYeHKHU TpaHCGHOPMATOPOB CBSI3U — CO CTOPOHBL
OTKPBITOTO pacIIpeaeTUTebHOTO YCTPOMCTBA (TTaH-CcXeMa 3aIoHe-
HUS Ha puc. 6.1, 6). Takoe pacnojoXeHHEe IO3BOJSET OCYIECTBUTh
COCIUHEHNE TeHepaTOpOB M TPaHCGHOPMATOPOB CBS3W C sTYeHKaMM
reHepaTOPHOTO PaclpeAeNNTETLHOTO YCTPOUCTBA C TOMOIIBIO TIOA-
BECHBIX THOKHAX TOKOIIPOBOIOB (cM. pHuc. 6.18). CoenmHeHNe CEKIIMIA
c¢OOpHBIX IKWH 6 KB B KOJNBIIO IIPOU3BOANTCS CHAPYXHU 3MaHUS THO-
KOH CBSI3BIO.
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6.1.3. KpynnotnouHoe pacnpeieiiTeIbHOE YCTPOHCTBO
reneparopHoro Hanpsukenus KI'PY

Kouctpykumst I'PY, paccMoTperHas padee (CM. puc. 6.1), uMmeeT pan
HEIOCTATKOB: TSDKEJIOe KapKacHOe 3IaHMe, TUCKi ¢ META/UTMYECKUMH
KapKacamH, OGOJBIHOM 00beM MOHTAXHBIX padoT, IPOM3BOAUMBIX BpY4-
HYIO ¢ IPUMEHEHHEM MAJIOl MEXaHH3AIIHH. DTHX HEIOCTATKOB HE HMe-
€T KpYNHOOJOYHOE INTaBHOE paclpeneauTenbHoe ycTpoiictBo (KI'PY)
6 — 10 xB Ha HoMuHAJIBEHEI TOK 8000 A 1 ynapHsIii Tok 330 KA, paspa-
6OTaHHOE IMPOEKTHBIM HHCTHTYTOM <«ATOoM3HeprompoekT» [6.3]. Ha
pHc. 6.2 MoKas3aH pa3pe3 IO LETIAM TreHepaTopa M CABOEHHOTO peakTopa
KI'PY nns cxeMsl ¢ oqHOM CHUCTEMOM COOPHBIX LUMH, COCTOSIUMX U3
YeThIpeX CEKIUM, COeIMHEHHBIX B KOMBITO0. SlueiiKu BRIKITIOUaTeNeH, pe-
aKTOpOB, pa3beqUHUTEICH PaCIIONIOXEHEI B ABA Psifia, COOPHBIE LIMHBI —
B oxuH psn. KI'PY paccunTaHo Ha IpUCOEAUHEHHE K KaXIOH CEKLIMHU
oxHoro reHeparopa 120 MBt wmu nByx o 60 MBt mpu U= 10 kB u
oxHoro reHepatopa 60 MBt npu U= 6 kB.
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Puc. 6.2. KpynHoOGJIOYHOE [IaBHOE paciipenenuresbHoe yerpoiicteo (KI'PY)
€ OZiHOI cucTeMOM KMH. Pa3pe3 no LensaM reHepaTOpHOTo MPUCOEAMHEHUS U
TPYIIIIOBOTO pEaKToOpa:

1 — TokonpoBoabl COOPHHIX WHH; 2 — TOKOTIPOBOAB! CEKLIMOHHOI MEPEMBIYKH; 3 —
LIMHHBIA pa3beAUHUTEND; 4 -— TpaHCGHOPMATOP TOKA; 5 — BBHIKIIOYATENb; 6 — BEHTH-
JIALMOHHBIA K0opo0b; 7 — peakTop; § — wkad passeanHutens; 9 — KPY orxopsmmx
nuHuH; 10 — KaGenpHbIA TYHHeNb, ]] — BEHTWISUMOHHBINH MMOABAN
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Puc. 6.3. KI'PY 6—10 kB ¢ npyMst cicTeMaMu IIHH (BTOPOIi 9TaX):

1 — ceKUMOHHas TIepeMbluKa; 2 — pe3epBHasi CUCTeMa IIMH; 3 — paboyasl cucTeMa
1IWH; 4 — LIMHHLBIE pa3beAMHUTENH; 5 — Da3BUIIKa

Otxonsiue KaGeNbHBIe JIMHUM TIPUCOEIHHSIIOTCS ¢ TIOMOIIBIO HIKa-
doB KPY 9k BeTBIM CHBOEHHBIX peakTopoB 7. Ha Kaxkmyto CeKuyio MOryT
OBITh TIPUCOEMMHEHHI JBE I'PYMIIbI CABOCHHBIX PeakTOpoB o 2 X 2500 A
WIU TpY IpyTiel 110 2 X 1600 A 1 1o omdoit muHum ¢. H. COOpHBIe IIMHEL 1,
OTBETBJIICHMS OT HMX, CEKLIMOHHAs TepeMblYKa 2 MeXOy TIepBOi U YeT-
BEPTOM CEKIIMSIMU, a TAlCKe BBIBOIBI U3 STYEEK IeHEPaTOpOB, TpaHChOp-
MaTOPOB CBSI3W U IMHUI C. H. BBITIOJIHEHBI TOGAa3HO-3KPaHUPOBaHHBIMUI
TOKOMpoBonaMu (cM. momapasn. 6.5.2). [lluHubie pazbenuHuTe N 3 ycTa-
HOBJIEHBI B METAJUTMYECKUX TUeKaX ¢ MeXay(ha3HbBIMY TIePEropoaKamMHu.
O1MHOBKA B sTYeiKax BHIKITIOYATENeH U pEaKTOPOB BHITIOMHSIETCA YKPYII-
HEHHBIMU MOHTRXHBIMH OJ10KaMu. OXJIaXaAeHNe STYeEeK OCYIIECTBIIACTCS
C TTIOMOIIIBIO UCKYCCTBEHHOI aBTOMATHYECKOI BEHTHIISILIVA.

IIpumeHenne KI'PY moBblaeT HaXeXXHOCTh paboOThI ¥ YIIPOIIAET
aKcIyaTaiuio PY, cokpaiiiaet 3aTparTsl Ha ero coopyxeHue. Coopy-
xkeHue KI'PY ¢ ogHoif cucTeMoit MUH Ha 4eThIpe CEKIIUMU YMEHbBIIAeT
saTpaThl Ha 10 %, pacxon Metauia Ha 40 %, xkene306eTOHHBIX KOHCT-
pykuuit Ha 21 % 1o cpaBHeHUI0 ¢ THIIOBBIMM ['PY (cM. puc. 6.1).

KpymHo6104HOe IJTaBHOE pacTpeacsIuTeNbHOe YCTpoicTBo 6 — 10 kB
IO CXeMe C OBYMS CHCTEMaMHM IIMH COOPYXAEeTCs IO TOMY K€ IIPHH-
LIUITY, YTO U C OJHOH CHCTEMOM IIIMH, HO, B OT/IMYHME OT HEro, BHECEH
JIOTIONHUTENBHBIN 3/IEMEHT pPa3BWIKM pazbe JUHUTENIEH OT JIBYX CHCTEM
HIMH (BTOPOM 3Tax). Bece cTpouTebHbIE KOHCTPYKIIMM TIEPBOTO 3TaXa
onuHaxoBsl g o6oux KI'PY (puc. 6.3).

6.1.4. KoncTpykuuu 3akpeITeix PY 35—220 kB

B 0co6bIX ycoBUAX (OrpaHUYEHHOCTD IUTOIIANM, 3arpsi3HEHHAs aT-
Mocdepa, CypoBble KIMMATHYECKUE YCJIOBUS) paclpeleuTe/IbHbIe
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ycTpoiicTa 35 — 220 kB coopyxXaioTrcs 3akpbeITHIMU. 3PY 35—220 kB
nopoxe OPY Ha To Xxe HalpsXeHHe, TaK KaK CTOMMOCTb 3JaHMS
3HAYMUTENBHO GOJIblIIE CTOMMOCTU METAJUIOKOHCTPYKUUHK U yHOa-
MEHTOB, HEOOXOMUMBIX I OTKPBITON YCTAaHOBKH ammaparypel. B 3PY
35—220 xB NpUMEHSIOT TOJILKO BO3AYLIHBIE, BAKYYMHBIC HJIN MaJlO-
MacJISHBIe BEIKJTIOYATEJIH.

YcraHoBKa 6aKOBBIX MACTISTHBIX BHIKITIOYATes e IpuBesia Ob K 3Ha-
YUTEJIHHOMY YBEJTMYEHUIO CTOMMOCTH PY 3a cHYeT COOpYXeHUS CITeII -
AJILHBIX KaMep U MacoCOOPHBIX YCTPOMCTB.

Ha puc. 6.4 nokasaHo 3akpeitoe PY 110 kB ¢ nsyMsa pabouynmu u
00XOMIHOM CHCTEMaMM LUIMH. 3HaHue 3albHOTO TUMa BHicoTo 10,2 M,
onHO3TaXHOe. COOpHBIE 1HMHBI BHIITOMHEHB TMOKMMU ITPOBOIAMH U
3aKpeIUieHBI Ha rupiasHaax u3onsatopos (bassl A, B) U CTEPXHEBBIX
ornopHbIx usonsaTopax (daza C). OOCIyXKUBAHUE U3OISITOPOB, OLIM-
HOBKH, IUMHHEBIX pasbeIUHUTENCH MPOU3BOIUTCS € TMOMOIIBIO TIEpe-
IBIDKHBIX TEJIECKOMUYECKUX monseMHUKOB. B 3PY 110 kB MoryT ycra-
HaBIuBaThCA BhIKIIOYaTenn BBB-110, BHB-110.

B paGoTammx 3/1eKTpoyCTaHOBKAX HMEIOTCS IpyTHe KOHCTPYKIIMH
3PY 110 kB, HanpuMep IBYX3TaXXHOE C BLIHECEHHOM HApyXy 00XOI-
HOM crcTeMoit muH. IlocienHee 06CTOSITENBLCTBO SIBISACTCSI CEPbEe3HBIM
HEJOCTAaTKOM, TaK KaK 3HAYMTEILHO YBEIUYUBACT 3aHUMAEeMYIO TLIO-
1aJb U CHIDKAeT HAIeXKHOCTh PabOTHI IIPH BO3MOXHOCTH 3arpsa3HEHHS
M307SLMKM 0OXOIHOM CUCTEMBI 1IMH.

Tak xe kak u wist T'PY 6 — 10 kB, Haubojee IpOrpecCUBHBIM SB-
JIgeTCA MpUMeHeHHe KOMIUIeKTHBIX PY 35—220 kB.

6.2. KoMmiekTHble pacnpeneurenbHbie YCTPoicTBa
BBICOKOI'0 HANpsDKEHHS

6.2.1. KoMnieKkTHble pacnpelenureibHbie YCTPOHCTBA
BHYTpPEHHell YCTAHOBKH

Komnaexmnoe pacnpedeaumensnoe ycmpoticmeo (KPY) — amo pac-
npedeaumensHoe yCmpoicmeo, cocmosujee U3 3aKpuimuix wKagoe co
B8CIMPOCHHBIMU 8 HUX QNNAPAMAMY, U3MEPUMENbHOIMU U 3QULLMHbIMU NPU-
bopamu u ecnomoeamensvuoimu ycmpoiicmeamu. Ikabo KPY nusroros-
JISIIOTCSL Ha 3aBOJAX, YTO I03BOJISIET MOOMTHCS THIATEIbHOU cOOpPKHU
BCEX Y3NIOB M o0ecIie4eHHs HaiexXHOil paboThl 37eKTpoobopyIoBa-
auda. IIkadsl ¢ MOMTHOCTHIO COOpAHHBIM U FOTOBBEIM K paboTe obopy-
JOBaHMeM MOCTYIal0T HAa MECTO MOHTaXa, Illeé MX YCTaHaBJIMBAIOT,
COETUHAIOT COOpHBIE ITUHH Ha CTHIKaX 1IKaGOB, TTOABOIST CUIOBBIC
U koHTponbHBIE Kabeu. TlpuMmeHenne KPY mo3Bosnser ycKOpUTh MOH-
Tax pacmpenenuTeNsHoro ycrpoiictBa. KPY Ge3omacHo B 00CTyXu-
BaHMM, TaK KaK BCE YacTH, HaxOIAIIVECs IMOJ HaMpsKeHUEM, 3aK-
PHITH METAJTUTHYECKHUM KOXYXOM.
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Puc. 6.5. Okonyanue. KomnoHopka ikacdor KPY cepuit K-104M u K-104MCl1
LUt cOO6CTBeHHBIX HyX 1 6 kB TOC ¢ 6rokamu 63 — 300 MBrT:
6 — mkad ¢ BHIKIIOUATENIEM M INHHHBIM BBOJOM: I — paMma; 2 — Kopnyc mkada; 3 —
IBepb; 4 — BNeMEHT BHIABHXKHOM C BBRIKTIOUATENEM; 5 — OTCEK BBLIBHXKHOTO 3JIEMEH-
Ta; 6 — wKad peneiHbIl; 7 — OTCeK JMHEHHHIN; § — meperoponka; 9 — oOTceK
COOPHBIX IHMH

B xayecTBe M30JIALIMH MEXIY TOKOBEIYIIIMMH yacTaMu B KPY Mo-
I'yT OBITh HCIIOIB30BaHBEI BO3MYX, MAC]O, MUpANieH, TBepAas H30Js-
usi, #HepTHHIEe rasel. KPY ¢ MacasHoil ¥ rasoBoil U30JA111ieil MOTYT
M3TOTOBJISITECS HA BeIcOKMe HamnpsokeHus 220, 400 u 500 xB. B KPY
MOTYT NIPUMEHSATBCS OOBIUHBIE AIMNapaThl WIM CIIELWATIBHO MpeIHa3-
HAYeHHBIE U1 HUX, MOTYT COUeTaThCA U T€ M Apyrue. HampuMmep, mwis
KPY 6 — 10 kB npuMeHSIOTCS BBIKITIOYATEIM OOBIYHOM KOHCTPYKIIVH,
a BMECTO pasbeIUHHUTENCH — BTBIUHBIE KOHTAKTHL.

Hama nmpoMeInuieHHOCTh BelllyckaeT KPY 3 —35 kB ¢ BosmyurHoi
n3omsuueit u 110 — 220 kB ¢ uzonsuueit us snerasa. Hipumenenne KPY
MPUBOIUT K COKpAIIEHHIO0 00beMa M CPOKOB MPOCKTHPOBAHUS.

Ixa¢p KPY HecropaeMbpIMM MeperopoKaMu pasfeieH Ha OTCEKH:
BBIKJTIOYATEISl HA BBIABMXKHOM TejlexKe; COOPHBIX IIMH; JHHEHHOTO
BBOJIa; peneitHoro mkada (puc. 6.5). Koncrpykimsa mkagpo KPY mpe-
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JyCMaTpUBacT BO3MOXHOCTb YCTAHOBKH TEJNEXEK C BBIKIIOUATEJIEM,
TpaHCGHOPMATOPOM HAIIPSKEHUS WM C pa3beIUHIIOIIMMH KOHTAKTa-
MM C IIEpeMBIYKOi B paboyeM, KOHTPOJIBHOM TIOJIOXKEHHH M BBIKATHI-
BaHMe U3 1kada w1 peBu3uu ¥ peMoHTa. HIkade KPY umMeror 610~
KVAPOBOYHBIE YCTPOHCTBA, HE TIO3BOJIIOLINE BKATHIBATh HMJIM BHIKATHI-
BaTh TEJIEXKKY TIPH BKIIOYEHHOM BBIKJIIOUATEINE, a TAKKe BKIIOYATh 3a-
3eMIISIIOIIMI pasbeIUHUTEND TIPH pabodyeM IONOXEHHHM TENEeXKH H
BKAaTHIBATh TEJIEXKKY TPH BKIIOYCHHOM 3a3€MJIAIOLIEM pa3beIUHUTEE.

BropuuHEbIe IIenH peneitHoro kada COefHHSIOTCS ¢ BTOPUYHBIMH
IIETISIMHA BBIKATHOTO 3JIEMEHTA C IIOMONIBIO IITEIICETBHBIX pa3beMOB K
TMOKMX 1IIJIaHTOB.

Harotosurenn KPY B Karanmorax TMpHBOAST CETKY THUIIOBBIX CXEM
TJIaBHBIX IIeTieit 1KadoB, OpHEHTHPYSICH Ha KOTOPYIO ITOAOHPAIOT THITBI
mKaoB U KOMIUIEKTYIOT PaclpeRelIUTeNbHOE YCTPONCTBO KOHKPET-
HOM a51eKTpoycTaHOBKM. Ha puc. 6.5, ¢ moKa3aH BapHaHT KOMITOHOBKH
KPY nnst coBCTBEeHHBIX HYXI 3JEKTPOCTAaHIIMU 1IKadaMu cepuu
K-104M u K-104C.

MIxadpe K-104M u K-104C paccunransl Ha ToKH 630 — 1600 A u
KOMITJIEKTYIOTCS BBIKJIIOUATEIMU: ManoMacinsiHEMU BKO-M-10,

] 3  S—

1385
825

1145

320
[~
:
i

840 655
805

Puc. 6.6. BuIkaTHOIf 371eMeHT ¢ 3J1era3oBbiM BeikiIodaTesieM VF 07 wis wkada
KPY cepun K-XXVI:

1 — rubxas cBfI3b U HLITETNCENBbHBIA pa3beM LieNeil BTOPUYHON KOMMYTauuH; 2 —
pasbeMHble KOHTAKTHL ITaBHBIX Lieneil; 3 — BRIKIIOYaTeNb; 4 — Teliexka
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BK9-10; BakyyMmEEIMN BBD-M-10, BBIID-10, BEM3D-10; sieraszo-
BeiMu VF07.12.50, 07.16.50; 12.08.31; 12.12.31; 12.12.40; 12.16.40.

Ha Gonpuie TOKM 3TUM Xe IpennpusITieM «MoCaJIeKTpOIUT»
npousBoastc KPY K-105 Ha toku 2000— 3150 A. OcoGeHHOCTRIO
cepuit K-104 u K-105 spnsieTcsa pasMelieHle cOOpHBIX LIIMH B HUXK~
HeM OTceKe 1Kada M HeOOXOAUMOCTb IBYCTOPOHHETO OOCITY:KMBa-
HUS, MO3TOMY IKadbl YCTAHABIMBAIOTCA Ha PAaCCTOSIHUM HE MeHee
800 MM ot crennl. lllkadhel KPY K-XXVI ¢ omHOCTOPOHHUM 06CITY-
XUBaHUEM TTO3BOJISIIOT YMEHBIIUTh LIMPUHY MoMelieHus. OHU pac-
cunTaHu Ha 6 — 10 KB, HOMHHANBHBIM TOK DIABHBIX Leneit 1o 1600 A,
cOopHBIX IMH — 10 3200 A, ToK oTKiIoueHus 31,5 KA. B HuX npuMe-
HS1I0TCA BhIKTIOYaTe I BMIID-10, BBTH-M, BBUD-20 u sneraszo-
Bele VF07 u VF12. Ha puc. 6.6 moka3aHa BHIKaTHasI TeJIeXKa C 3JIera-
30BBIM BBIKJIIOUYATEJIEM.

B 3aBUCHMMOCTH OT HOMUHAIBHOTO HAIPsDKCHUSI U TOKA, TUITOB IMPH-
MEHSICMBIX BBIKJIIOYATEJICH, TpaHCHOPMATOPOB TOKA M HAMPSIKEHMS,
pasMelIieHNsT MX B 1IKady B JIEKTPOYCTAHOBKAX IIPUMEHSIOTCS pa3-
JuyHbie TUITE KPY, BEIGOp KOTOPEIX IMIPOU3BOIUTCS IO KaTaJOTaM.

6.2.2. KomniexTHbie pacnpeaeHTeIbHbIE YCTPOHCTBA
HAPYXHOH YCTAHOBKH

KoMniaekTHBIe paclnpeneiluTelbHBEe yCTpoicTBa
HapyXHo#l yctaHoBKHU (KPYH) nmpenHasHaueHBl JUIsE OTKpHI-
TOit yctaHOBKM BHe moMelleHusI. KPYH cocTosIT 13 MeTtayuimuecKux
uka¢oB €O BCTPOCHHBIMU B HUX aflllapaTaMu, IMpHOOpaMu, yCTpoOii-
CTBaMU 3aIMTH M YPaBJICHUA.

IlIxader KPYH uMeoT yIuioTHEHMS, 00€CIICYHBAIOIIME 3AIUTY
afnmnapaTyphl OT 3arpsi3HEHHST U aTMOCHEPHBIX 0CagkoB. TakK Kak IIIKa-
dw1 He abcomioTHO repMeTuuHBl, To KPYH He npemHasHayeHB! AJIs
paboTHI B cpefie C BIaXXHOCTBIO Bo3ayxa Gonee 80 %, omacHOil B OTHO-
LUICHUM B3pBIBa U TIOXapa, a TAKXKE B cpelie ¢ XMMUYECKH aKTHBHBIMU
rasaM# M Tokonposoasieil neiislo. KPYH paccuuTtaHbl s paboThI
TIIpU TeMIIepaTypax oKpyxaloliero Bo3myxa ot —40 1o +35 °C. B HekoTo-
poix cepusix KPYH npemxycMaTprBaeTcsi HCKYCCTBEHHBIIH ITOIOTPEB BO3-
JIyXa BHYTpM 1Ikada Uil IpeaoTBpallieHUs] KOHIEHCAIIMHM BJIaTH MpH
PE3KHUX KOJICOaHUAX TEMIIEPATYPhl HAPYKHOTO BO3yXa.

KPYH MoryT MUMeTh CTALIMOHAPHYIO YCTAHOBKY BBHIKJTIOUATENS B LIKA-
¢y WM BBIKATHYIO TEJIEXKY C BBIKIIIOYaTeeM momo6Ho KPY BHyT-
pEHHEN YCTaHOBKH.

[lxadst KPYH 1mmpoko npuMEHSIIOTCS JUTSI KOMIUIEKTHBIX TPaHC-
(OopMaTOPHBIX MOACTAHLIMH U B OTKPHITEIX PY 2/IeKTpOCTaHIINIA U TTOA-
craHuuil. OHU pa3paGOTAHBI JJIsi CXEMBI C OTHOM CHCTEMOIT IIIWH.

IIxader KP3-10 (puc. 6.7) mana HapyxXHo# yctaHOBKH 6 — 10 kKB
MpeIHa3HAYEHbI VISl CeTeil CeIbCKOTO X03sHCTBA, MPOMHBIIIEHHOCTH
U 3JICKTPUGDUKALIMM XKEJIE3HOAOPOXHOTO TpaHcnopTa. Llkadw KP3-10
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pacCYHUTaHBI Ha TEMIIEpATYpy OK-

pyxaroiteii cpeasl ot +50 no —45 °C.

\ \ 4 Okpyxarolliast cpelia B3peIBOGe30-

B A / /A 5 racHa, He COJIECPXUT ra30B, UCHa-
3

PEHUI U XMMUYECKMX OTIIOXEHHIA,
TOKOMPOBOISAIIEH IMbLIM B KOHLIEH-
— TPALMAX, YXYAIIAIOIMIMX TTapaMeT-
pel KP3 B HemOMyCTHMBIX TIpene-
nmax. I[Ipy HM3KHX TeMmIepaTypax
(25 °C) BrimoyaeTcs 06OrpeB OT-

2986
=3,

I | -7  ceka BHIKJTIOYaTeNd, a ipu —5 °C —

27 ) Ll 00OrpeEB CYECTYMKOB M peleifHOl
K[* I H,‘T ammapatypsl. B mkagax KP3 ycra-

! i HABJIMBAIOTCS BAKYYMHBIE WIM Ma-
L& joMac/sIHBIe BHIKJIIOYATENH Ha HO-

1 MuHaIbHEIE TokH 630, 1000 A, Tok

n
T T

=

oTkiIoueHud 20 KA, 9/IeKTPOIIMHA-
MHdecKass ctoiikocth 51 kKA. Ha
KpBHILIE SYECHKH MPEAYCMOTPEHEI
KJIalaHbl, OTKPBIBAIOLIHECS TIPH

= |

9 1500

Puc. 6.7. llIkad Bo3AYIIHOIO BBOAA

KPYH Tuma KP3-10:

1 — Tpancdopmartop ToKa; 2 — 3agHME
ZIBepH; 3 — BO3NYLIHBIA BBOO;, 4 — KJa-
MaH RYTOBOH 3alilMThl; 5 — cOOpHbie
LIMHEL; 6 — OTCEK peneifHOoil ammapary-
pBl; 7 — BBIKJIIOYATENb BAKYYMHBIH; & —

BO3HUMKHOBEHHUM JyTOBOTO pa3psi-
Jla ¥ IOBBIIIIEHUH JABJICHUS BHYT-
pu wkapa. O6cayxupanue KP3
nByctopoHHuee. LIkagul TocTaps-
I0TCS TIOJTHOCTBIO CMOHTHPOBAH-
HBIMU OJIOKaMM TIO YeTHIpE IKa-

nBepy dacangHbie; 9 — 3a3eMIUTEINb ¢a Ha 06ILeii paMe, KOTODHIE yC-

TAHABIUBAIOTCA HA CHCLUHAILHON
wionaake BeICOToM 30 —40 cM ¢ TBepJBIM ITOKPBITHEM, UTO ITO3BOJIS -
€T BBIKaThIBATh TEJIEKKY U3 11Kada Ha BpeMs peMOoHTa. Jlyurime ycio-
BUsA Uil paboTH obecreunBaloT mkagps KP3JI-10, ycTanaBimBaeMele
B [IBa psifla, MEXAY KOTOPBIMU OOpa3yeTcsl KOPUAOP OOCIyXUBAHHUA
UPUHOM 2560 MM. DJleMEeHTH KOPHAOPA ITOCTABISAIOTCS OTACIBHO.

3akpoIThlil Kopunop obcmyxuBanust B KPYH cepun K-59 oGpasy-
€TCH MepeHENH CTEeHKOUW KOpUJopa CO CTOPOHBI (pacajga, Kphllieil u
TOPLEBBIMU CTEHKAMU C ABEPSIMH, OTKPHIBAIOIIMMHUCS Hapyxy. Bce
3TH YaCTH YOCTABJISIIOTCS OTHCNBHBIMU 3JIEMEHTAMH M COOMPAIOTCS Ha
MecTte. Tenmexka ¢ BEIKIroyareneM 3 (puc. 6.8) BHIKATHIBAETCS B KOPH-
nop. COoopHBIe TIMHEL 10 pacIioNoXeHsl B HIKHEH JacTu IKada, Tak
ke Kak B cepusix K-104, K-105. Pasrpy3ounsnit xitanaH 19 u 3a3eMnsi-
IOIIMIA pa3beIMHUTEND 16 00ecTieunBaloT 60jIee HAIeXHYIO paboTy aB-
TOMAaTHKH OIPaHUYCHMS BpeMEHM ropeHust oTKphitoit myru K3. IIkag
K-59 MeTanmnmMyecKUMHM MIePEropoaKaMu pasieiied Ha OTCEKU: TEIEXK-
Ku 7, coopHbix wMH [0, BBOoma 17, mikada peneitHoro 22.

KPYH MoxeT UMETh pasIMyHyi0 KOHCTPYKIIUIO B 3aBUCHMOCTH OT
MIPUMEHSIEMOr0 000DPYIOBaHMS, CXEM TIJIABHBIX M BCIIOMOTATEJIBHBIX
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Puc. 6.8. llIkad Bo3nyHoro Beoga KPYH tuna K-59:

1 — pazbeM wITerncesbHBIN; 2 — MPUBOL 3a3¢MJISTIOLIETO Pa3beAUMHUTENS; I — Tenexka
C BBICOKOBOJIbTHLIM BBIKIIIOUareneM; 4 — Imelanp (hUKcaTopa TONOXEHMS TENeXKH;
5, 6 — paMBbl OCHOBaHHsA OJI0Ka; 7 — OTCEK TEJNIEXKH; & — 3/eKTpOHArpeBarenb; 9 —
CTeHKa cheMHas; [0 — orcek cOOpHBIX WMH; /] — M3014TOp MPOXOAHON C HEMoA-
BHXXHBIMHM Pa3beAMHAIOMIMMHM KOHTAaKTaMu; /2 — Teperopoiaka npeaoxpaHUuTeNbHas,
13 — npepb oTceka BroAa; /4 — TpaHcdhopMaTOp TOKa; 15 — INTOPKM 3aIUMTHEIE; 16 —
3a3eMIISIOIMI pa3beAMHUTENb; [7 — orceK BBoja; /8 — kianaH auddepeHuUaNb-
Hblit; 19 — xianaH pa3rpy304Hslif; 20 — KpoHITeiH BBOMa; 21 — meperoponka; 22 —
miKad peneiiHbii; 23 — y3ea ocBelleHUA; 24 — nBepb; 25 — ONOK pesieliHbIX mKahoB

COeIMHEHM, TOITOMY HPU MX BHIGOPE HAMO OPHEHTUPOBATHCHA Ha CETKY
CXeM M KaTaJOXHBle JaHHbe [6.4, 6.3].

6.2.3. KoMmieKTHBIE pacnpelenurebHbe YCTPOiCTBA
€ 3J1€ra3oBoil H3oaAIuei

ITpumenenwe anera3a SFg B KkauecTBe U30ISALUM MO3BOJISET CO3AAThH
KPY Ha Bricokue HanpsokeHus (B MUpoBoit mpakTtuke mo 800 kB). Kak
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ObUIO OTMEYeHO BhIIlIe (CM. noApasn. 4.7.8), snera3 061agacT BBICOKUMH
3JIEKTPOM30JISIIIMOHHBIMA U {YTOTaCHUTEIbHBIMH CBOMCTBAMH, HE TOK-
CHMYEH, HE TOPHT, HE O0Pa3yeT B3PHIBOONIACHBIX cMecel. Brikimouartenu,
pasheIMHUTENH, TPAHC(HOPMATOPHI TOKA C 3JIETa30BOH U30JMLMEN HMEIOT
3HAYMATENBHO MEHbIIIHe Ta0apUThI, YEM TaKHe Xe aIiapaThl ¢ Macis-
Ho¥t ¥ ¢apdoposoii n3osnueil. Kaxmerit anement B KPY ¢ aneraszopoi
usonsnueit (KPY3D) 3aoyaioT B MeTaUIMUECKUH TepMETUYHBIN 3a-
3eMJIEHHBINA KOXYX, 3aITOJIHEHHBIN 3JIeTa3oM Moj U30BITOYHLIM JaBjie-
HueM. OToenbHble 3JIEMEHTHI (OJIOKH) COSTUHSIIOT C ITOMONILIO Ta30-
IUIOTHBIX (IIaHILIEB, a AJIEKTPUYECKIE COSTUHEHUS BHITTOIHSIIOT CTEPX-
HEBBLIMH IITHHAMM, PasMelleHHBIMM B METAJUIMYECKHUX KOPITycax ¢ 3Je-
ra3oM, U BTBIYHBIMU KOHTaKTaMU po3eTouHoro tuma. lenenue KPYD
Ha OJIOKH [IO3BOJNISET NPU 3aMeHe OJHOTO M3 HHUX COXPAHHTH Tra3oBOe
3afojIHeHne B ocTaibHOM yacTu. fueitku KPY®D cepun SO Ha 110 n
220 xB pa3paGoraHbl HAyYHO-UCCIENOBATENBCKIM HHCTUTYTOM BBEICOKO-
posibTHOTO ammnapatocTpoeHuss (HUWBA) mnsa cxeM ¢ omHOW U IByMs
cucteMaMmu 1uH. [1o GyHKUMOHATILHOMY HazHaueHUIO suciikn KPYD
MOTYT GBITh JIMHEHBIE, ITHHOCOSTHHUTENLHEIE, TPAaHCHOPMATOPOB Ha-
NpsSoKeHHS M cekiwoHHble. Ha puc. 6.9 mokasaHa JuHelHas sdeiika
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Puc. 6.9. KPYD 110 kB c¢ a3snerazoBoil nsonauuei. Sueifka jguHelHas
A5-110J1-23V4:

1 — wikad ynpasnedust; 2, 6 — 3a3eMJIUTeNH; 3 — BapHaHT MPUCOESAMHEHHS TOKO-
nposoja; 4 — JNUHEHHBIN pa3belMHUTENb, 5 — COOpHBIE WHMHBI; 7 — KabenbHble
BBOJIBI, & — LIMHHBIE Pa3beAMHUTENN; 9 — BBIKIIOUaTesb; /0 — TpaHcdopMaTop To0Ka
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SA9-110J1-23Y4 — sueiika aneraszosas, Ha 110 kB, muueiiHas 2 — mist
CXeMBI C JABYMSI CUCTEMaMM IIHH; 3 — pa3HOMMeHHBIe ¢a3bl B Py,
Y — KIMMAaTHYeCKOe MCIIOJIHEHME; 4 — KaTeropus pasMellleHus (B 3a-
KPBITOM OTaruIMBaeMoM TioMmellleHun ). Tpu asel cGopHBIX IIMH 5 HaXo-
JSITCSI B OMTHOM OOLIEM METALIMYECKOM KOXYXe, UTO ITO3BOJISIET YMEHb-
IIHTH Ta0apHTEHL DJIeKTpHUIeCKast IPOYHOCTh JTETa3a MO3BOJISET ITO Cle-
Jiatb. OTBETBJICHUST OT COOPHBIX IIIMH BXOIAT B OJIOK IIIMHHBIX Pa3bemi-
HUTEIEN &, KOTOPBIE COeMUHEHEBI CTePXXHEBBIM IIPOBOgHUKOM. Ilocie-
JTHIH MOXeT OBITh 3a3eMJIEH C IIOMOIIBIO 3a3eMIINTeNs 6. Janee crnenyer
610K TpaHcdopMaTopa Toka /0 v BEIKITIOUATEb 9. HaunHast ¢ MIMHHBIX
pasbemuHUTEeH, (aspl stueiiku pasneseHsl. 11pH BeIXo1e U3 BHKIIIOYA-
TEJIs YCTAHOBJIEH €lll¢ OAMH OJIOK TpaHchopMaropoB Toka 0. UYepes
TIepeXONHBIE OJIOKHM TOKOBEAYIIME YACTH IMOJXOIAT K TUHEMHOMY pa3be-
JUHUTENIO 4 C IBYMS 3a3eMITUTEIAMU 2. Slueiika IpUCOeTUHSIETCS K Ka-
GepHOMY BBOIY 7. JITsl KaXKaoro mostroca MpeaycMoTpeH 1ikad yrpas-
JieHUs I, B KOTOPOM HaXOASITCS KJIIOUM YIIPABACHUS pasbeIUHUTEISI-
MM, 2JIeKTPOKOHTAKTHBIE MAHOMETPHI, PSIBI KOHTAKTHBIX 33XKHMOB BCEX
BTOPMYHEIX 1IETEH MMOJIF0ca, KOHTAKTOPHI, allfapaTypa JUCTAHIIMOHHO-
TO NMPUBOA, OJOKUPOBOK U Ap. M30BITOYHOE AaBIeHHe 2jIerasa B BBIK-
mouatene coctansieT 0,6 MIla, B oTceke TpaHcdopMaTopa HampsaxKe-
uusa — 0,4 Mla, B apyrux siaemenrax — 0,25 MIla.

Ecnu BeIBOA K KabessiM Halo CAENAaTh BIEBO, TO TOKOTIPOBOI 3 IpU-
coemuHseTcsa ¢ Apyroit cropoHel. Ha puc. 6.9 ycioBHO U300paxeHb
¢a3bl COOPHBIX IIIUH, Pa3beIUHUTENH, 3a3eMIIMTETH, BEIKJIIOUYATENh Ha
COOTBETCTBYIOLIUX OJTOKaX STUESHKU.

B KPY3® na 220 kB B omyinuue ot KPY® Ha 110 kB npuHSITO 0qHO-
¢asHoe ucnoaHeHue coopHbix MMH. Kaxmnas daza pacmonoxeHa BHyT-
PY 3a3eMJICHHBIX METAJUTHYECKIX KOPTYCOB M KPETIUTCS JIMTBIMU SIT0K-
CHIHBIMU U30JIATOpaMu. Takum oOpa3oM, stueitku KPY® BHIOTHSIOT-
cs ¢ pas3menbHBIMM dazaMH, Bce 0OOpymoBaHHe, BKIo4Yas COOpHBIE
IIIMHEL, pa3sHeceHo o daszam (puc. 6.10). B1oK cGOpHBIX IIIMH 7 B STYeii-
Kax $19I'-220 pacmooxeH B HAXXHEH YacTH, a BEIKIIOUATENb J — Bep-
THKaNbpHO. KaGenbHble BEIBOABI TPUCOSAUHSIOTCS K 610Ky &. Pacmono-
JKeHHE BCeX OCTANBHBIX OJIOKOB MOXHO MPOCIEIUTh 0 CXeMe 3JIeK-
TPUUECKUX COSTUHEHUN T4yeilKu.

KoMiIiekTHBIE paciipeieTUTeIbHBIE YCTPONCTBA C 3J1eTa30BOM U30-
JIALMENd UMEIOT CICAYIOLINE JOCTOUHCTBA: YMEHBIIICHHE TpeOyeMOIi TLTo-
wanu B 10— 15 pas, yBeTMYeHUE MEXPEMOHTHBIX MIEPHOIOB, ITOJTHYIO
aBTOMAaTH3aIINI0 OOCTYyKUBaHHUS, TIOJHYIO TT0Xapo- U B3pEIBOOE30IIac-
HOCTb, OHOJIOTHYECKYIO 0e30IaCHOCTD JUIS OKpyXarolieil cpeanl (oT-
CYTCTBHE DJIEKTPUUYECKHMX U MAaTHUTHBIX MOJEH, HU3KUI YpOBEHb IIyMa,
OTCYTCTBHE PAIMOIIOMEX).

HenmocTtarkaMu SBISIOTCS. OTHOCUTEIBHO BBICOKAs CTOMMOCTD 3JIe-
rasa, orpaHMueHNe HIKHUX paboyHX TeMIIEPATyp OKPYXAaKIIero Bo3-
nyxa (He Huxe —5 °C), yTO NPUBOAUT K HEOGXOOMMOCTH YCTAHOBKH
KPVY3 B 3aKkpHTBEIX MTOMEIIEHUAX WU MO, 3eMJIEHA.
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Puc. 6.10. IMomioc siueiiku IOT-220J1-13YXJ14:

@ — KOHCTPYKUUSA: ] — METANNOKOHCTPYKUMS; 2 — NPUBOX; 3 — BBIKIIOYATENb; 4 —
TPaHCGHOPMATOPH TOKA; 5 — PasbeAMHUTENH; 6 ~— 3a3eMINTENN; 7 — COOPHBIE IMUHEL;
8 — OJIOK; 6 — 3NMEKTPHUYECKAs CXeMa SAYeHKH

TTIpuynHOI OTPaHMYCHHUA HMXKHYMX TEMIIEPATYp SABISIETCS CXKMXKe-
Hue sjerasa 1mpu -30 °C, a cmeaoBaTeNIbHO, U3MEHEHHE B CTOPOHY
YXYALIEHHs] €r0 U3OJSILIMOHHBIX U yTOracCUTENbHBIX CBOMCTB. 18 OT-
KpHITOU ycTaHOBKU KPYD B MeCTHOCTSIX, TAc TeMIlepaTypa BO3ayXa
onyckaercst Hike —30 °C, momKeH OBITh PellICH BOIIPOC O BO3MOXHO-
CTH TIOJOTPEBA 37€Ta3a U BCETO BRIKIIOYATENS.

IIpumenenne KPYD mnos3BossgeT BHIIOIHUTH KOMIIAKTHBIE TOPOA-
cKkHe noHkaomme noactanmu 220/110/10 kB B 11eHTpe Harpysoxk,
YTO OYEeHb BAXXHO B 3aCTPOifKax OONBIIOH IUIOTHOCTH M Ha MPOMBIII-
JICHHBIX TIPEATIPUATHSX.

KPYD HaxoauT NpuMeHEHUE:

Ha 00BEKTAaX METAUIYPIMH M XMMHH, a Takke Ha TOILl ¢ cunpHo
3arpsA3SHEHHOM atMocdepoii;

B TPYAHOMOCTYIHBIX paitoHax, OCOOCHHO BEYHOI Mep3JIOTHI, C MOJ-
HOCTBIO aBTOMAaTH3UPOBAHHHIMHU MMOACTAHIIUSMU;

B OeperoBhIX paifloHaX C COJIEBHIMH TYMaHAMU;

Ha THAPOCTAaHLIMSIX B CKAJIBHOM TPYHTE, ¢ OrpaHUYEHHBIMH TUIO-
WAXIMH JUIS TIOACTaHLIMM;
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Ha noacTtaHuusix 750 kB 1 B, Te SKCIUTyaTalysg TPaTUuLIHOHHO-
r0 00OpYIOBaHHUS 3aTPYAHEHA 10 COOOPAXEHUSIM 5KOJIOTHH.

CrtpourenscTBo noactaHimit ¢ KPYS naer s5KOHOMUIO CTPOUTEND-
HO-MOHTAaXHBIX paboT, B 7— 8 pa3 coKpamaeT pacxoJ METAIJIOKOHCT-
pykumit. [IpumMeneHne KPYD uMeer 6onpline nepcneKTHBEI.

KpoMme paccMoTpeHHBIX Bhillie cepuii KPY3D, npuMeHsioTcs rep-
METHU3MPOBaHHBIE 371era3oBbie PY, BolmyckaeMble ¢hupMmoii ABB. KPYD
cepun ELK 1 EXK co6upatoTcs U3 OTIEHbHBIX MOMYJICH 1O pasnny-
HBIM CXeéMaM. JIOCTOMHCTBOM 3TOM CEPUHU SIBIISIOTCH: KOMIIAKTHOCTb;
HHU3Kasg YYBCTBUTEIBHOCTh K BHELIIHUM BO3NCHCTBUSM; MOBHILIICHHASA
0e3011aCHOCTh 1 HAZIEXKHOCTh; HeGobliasg Macca (a4eiika EXK ¢ anek-
TPOHHO-OIITUYECKUM TPaHCHOPMATOPOM HAIIPSDKEHHS MMEET Maccy
2500 xr, a a4eitka S ¢ TpaHchopMaTopoM HanpsckeHus 3HOI-110 —
3600 xr); GOMBIION CPOK CIyXGBI U Ip.

Ycrpoiictea KPYD kommannn ABDB BBITyCKaloTCs Ha HanpsDKEHMS
72,5—170 kB; 245— 525 xB; 800 xB. B 1998 r. mOCTOIHHO HAaXOMWJIHUCH B
9KCIUTyaTallUH OKOJIO HECKOJIBKIIX MWUIMOHOB 3JIETa30BHIX alIlapaToB
paznmaHoro Tma. OAQ «DaeKTpoMexaHUJecKuii 3aBof» (T. Cankr-Ile-
TepOypr) BBIIIYCKAeT yCOBEplUeHCTBOBaHHBIC suyeiiky SATK-110JI-23,
ABI-220]11, AB8T1-220]10, ABI-500/11, KoTOpBIe YBETMYUBAIOT HANECXK-
HOCTh pabotel KPYD.

6.2.4. KommiekTanie TpancopMaTopHbie NOICTARIHH

KomrmextHble TpanchopMmaTopHbie nmoactanumu (KTIT) usrotos-
JITIOTCSE HA 3aBOJIAX U KPYITHOOJIOYHBIMU Y3JIaMH JTOCTABJISIOTCS HA MECTO
MonTaxa. Illupokoe Buenpenne KTTI mo3Boammo HHAYCTPUAIN30BATD
W YCKOPUTh MOHTaX IMOJCTaHLMiT, 00eCIeYUTh MaKCHMAaIbHYIO 6€30-
ITACHOCTH TP OOCITY:XMBAHWUHU, YMEHBIUWUTD ra0apUTH MOACTAHIIUIA.

Ha mopcranimsax aHeprocucteMm npumMeHsiotcs KTII mapyxHoit
YCTAHOBKHM C BBICIIMM HamnpsckeHuneM 35 u 110 kB, cxeMBI KoTophIx
MpUBEIEHH B TII. 5 (CM. puc. 5.8, 5.9, 5.22).

Ha neyxtpancdopMatopHbix KTTI MoxeT npeaycMaTpuBaThbes CXe-
Ma MOCTHKA C OTAETUTENAMU WK Beixmiovatenamu (st KTII 35 kB).
Co cropons! 6 — 10 kB npumensiorcss KPYH. Bcee y3ne1 OPY 35, 110 u
220 xB 1 KPYH 6— 10 kB H3roToBJIMIOTCA Ha 3aBOJE, B ITOCTABKY 3a-
BOJIa HE BXOIWT JIMIIB CUJIOBOI TpaHchoOpMarTop.

CaMapcKUM 3aBOJOM «DJICKTPOIIMT » BHITYCKAIOTCS KOMIUIEKTHBIE
TpaHc(HOpPMATOPHbIE IMOACTAHIMK K3 OJIOKOB 3aBOJCKOTO M3rOTOBIE-
nust KTTIB(M). Ha puc. 6.11 npeacTaBiieHa KOMIUTEKTHAS TIOACTAHIINS
35/10 kB ¢ aByms TpaHC(hOpMaTOpaMH, BBIMOJHEHHAS TIO THUIIOBOI
cxeMe 35-5AH-2 [5.5] (cxemMa MOCTHKA ¢ BBIKJIIOUYATENSIMH) Ha CTOPO-
He 35 kB. Ha cropone 10 kB nipuMeHeHa cxeMa ¢ OIHO# CEKIIMOHUPO-
BaHHOM CHCTEMOM LIKMH.

KTIIb MoHTHpyeTCcsS W3 YKPYITHEHHBIX OJIOKOB: JIMHUM, BBOJA,
IDMHHBIX allapaToB, pa’3beHUHUTENEH, BBIKIIOYATENEH, OMOPHBIX
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Puc. 6.11. KommurektHaa TpancdhopMaTopHas noacranimsa 35/10 kB ¢ nByma
TpaHchOpMaTopaMu:
1 — 610K BBOAIA TMHUU U TpaHCGHOPMATOpP HaMpPSIXEHHUA; 2 — GJIOK BHIKTIOYATENS; 3 —
6J10K CHJIOBOTO TpaHCchopmaropa; 4 — ycTaHOBKA ocBeTuTenbHasa; § — KPYH 10 kB;

6 — mKad BBICOKOYACTOTHOM CBA3U; 7 — XecTKas oiumHoBka OPY 35 kB
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BHIKJTIOUATEJIEH, XXKeCTKON OIIMHOBKHU (cM. puc. 6.11). KPY 10 kB mo-
cTaBisieTcs: 610Kamu 1o 6 stueek (cepuii K-59, K-61, K-59¥3, K-63).
I'po303aluTa BHIIOIHAETCS CTEPXHEBBIMH MOJTHHMEOTBOAAMM, YCTa-
HOBJICHHBIMM Ha KOHIEBBIX OMOpPax M, MpH HEOOXOTMMOCTH, Ha OT-
JIETTBHO CTOSIIIMX OTopax. 3a3eMJICHUE KOHTYPHOE, pacyeT €ro BBIIOJI-
HsieTcs Tipu TipoextposaHui. Ha KTIIB(M) Moryr yctaHaBiIHBaThCS
3a3eMJISIIONMAE QYTOTACSIINE PEAKTOPHI U JIMHEWHBIC PEIyIHPOBOYHEIC
TpaHCPOPMATOPBI, €CIIN ITO MOATBEPKACHO PACUCTOM.

C npyrumu TinaMu KTITB(M) MOXHO TTO3HaKOMUTBCS 110 HOMEH-
KJIaTypHOMY CIIpaBOYHMKY CaMapCKoro 3aBoja «DJIEKTpouuT»> [6.3].

6.3. OTkpoiThIe pacnpelenutelibhbie yerpoiictea (OPY)

6.3.1. Tpebosanua K Koncrpykunam OPY

Pacnpedenumenvroe ycmpoiicmeo, pacnosoxcenHoe Ha OMKPbiMoM 603-
dyxe, HA3bI6AEM(CS OMKDbIMBIM Pachpedeaumensrbim ycmpoticmeom. Kak
npaswio, PY HanpsckeHneM 35 KB U BhIlLe COOpYXAIOTCS OTKPHITBIMU.

Tak xe kak u 3PY, otkpreIThie PY DOKHBI OOCCIIEUUTh: HALEXK-
HOCTh paboThl, 6€30ITACHOCTh ¥ YOIOOCTBO OOCIIYKUBAaHHS IIPH MUHH -
MaNbHBIX 3aTpaTax Ha COOPYXEHUE, BOZMOXHOCTb PaCIIUpECHMS, MaK-
CHUMAaJIBHOE IIPUMEHEHUE KPYITHOOIOUHBIX Y3JIOB 3aBOJACKOTO U3TOTOB-
JIeHUS.

PaccTrossHue MeXIy TOKOBEOYIITUMM YacCTSIMM U OT HUX O pa3idy-
HBIX 371eEMeHTOB OPY 10KHO BEHIOUpATHECS B COOTBETCTBUM C TpeGOBa-
Husamu ITYD [1.12].

Bce amnmapatel OPY pacnosnaralorcsli Ha HEBBICOKMX OCHOBAHMSX
(MeTanmyecKUX UK Xene300eToHHBIX). 1o Tepputopun OPY mpe-
JIyCMaTPUBAIOTCS TIPOE3AbI JJISi BO3MOXHOCTHA MeXaHU3alMM MOHTAaXa
u pemoHTa 00opynoBaHus. IIIuHb MOTYT OBITE THOKMMH M3 MHOTOITIPO-
BOJIOYHBIX MPOBOAOB MM U3 XKECTKUX TpyO. 'MOKUE IMHBI KpensiTca
C MOMOLIBIO MOIBECHBIX M30JISITOPOB Ha MOPTAjax, a XXeCTKHMe — C I0-
MOILIBIO OITOPHBIX U30JISITOPOB Ha XeIe300€TOHHBIX MJIM METAJTTHYEC-
KMX CTOMKax.

IlpyMeHeHHE XEeCTKOM OIIMHOBKM IO3BOJISET OTKA3aThCSl OT MOp-
TJIOB U YMEHBIUUTH IUIowans OPY.

ITon cwioBbIMU TpaHcoOpMaTopaMu, MAaciasSHBIMU peaKTopaMM U
6akoBBIMH BEIKTIOUATEIIMH 110 KB M BEIIIIE DpelyCMaTpUBAETCA Mac-
JIOIPUEMHUK, YKJIQABIBAETCS CJIOI I'paBUs TOIHIMHOM HE MEHee 25 cM,
M MacjIl0 CTEKAeT B ABApUMHEBIX Cilyyassx B MaciocOopHuku. Kabenn
OIEpaTHUBHHIX lLieneH, 1ienell yrmpapieHUsA, PECHHON 3alllMTHI, aBTO-
MAaTUKU M BO3AYXOIMPOBOABI IPOKJIALBLIBAIOT B JIOTKAX U3 Xele300e-
TOHHBIX KOHCTPYKIIMH 6€3 3armyOaeHUsT UX B MOYBY WU B MeTAIH-
YeCKHUX JIOTKaX, IMOJBEHICHHBIX K KOHCTpYKiLMsIM OPY.

OtkpreiToe PY momxHo GHITH OrpaXxiaeHo.
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OPY umMelor cnenyolme IpeuMyILecTBa Iepel 3aKphITHIMU:

MeHbIIle 00BEM CTPOUTEILHBIX paboT, TaK KaK HEOOXOIUMEI JINLIb
IOATOTOBKA IIOIIANKH, YCTPOMCTBO IOPOT, COOpYyXeHHE (YyHIAMEH-
TOB U YCTAHOBKA OIIOP, B CBSI3H C 3TUM YMEHBILIAIOTCS BpPEMS COOPY-
XeHust u croumocts OPY;

JleTye BBITTOJTHAIOTCSA pacliupeHre W PEKOHCTPYKIIUSA;

Bce afmapaThl JOCTYITHBI I HaOMI0aeHUS.

B To xe BpeMs OTKpEIThIE PY MeHee yn1oOHBI B 00CITYXKUBAaHUU IPH
HHM3KUX TEMIIEPATypax U B HEHACThe, 3aHUMAIOT 3HAYUTENBHO OOJIBIIYIO
mronanb, yeM 3PY, a ammapartel Ha OPY nmoapep:xeHH 3allbIICHHIO,
3aTPA3HEHHIO U KOJIEOaHUAM TEMIIEPaTyPHI.

Konctpykuuu OPY pazHooOpa3Hbl U 3aBUCAT OT CXEMBI JIEKTPH-
YEeCKHUX COCTUHCHHUMN, OT TUIIOB BRIKJIIOYATENCH, Pa3beANHUTEICH U UX
B3aHMHOrO pacrnonoxeHus. Hike pacCMOTpeHBI IpUMEPH BHIITOTHE-
Hug OPY pasHbIX HanIpsKeHUIA.

6.3.2. Kouctpyxunn OPY ¢ pa3beMHHTEISAMH NOBOPOTHOTO THIIA

OtkpsiToe OPY 35 kB no cxeme ¢ 0OIHO# CEKLIMOHUPOBAaHHOM CHC-
TEMOI IIMH COOpYyXaeTcsl U3 OJOKOB 3aBOACKOrO M3TOTOBJICHMS
(puc. 6.12). B takom OPY Bce 060pyn0oBaHHE CMOHTHPOBAHO HA 3aBOJIE
M TOTOBBIMM OJIOKaMH MOCTABNAETCS 1718 MOHTaXa. COOpHBIE 1IIMHHI,
K KOTOPBIM NPHCOEFUHSIOTCS OJIOKU, MOTYT OBITh THOKMMH MJIM XKEC-
TKUMHU. PazbeAMHNTENN B 6JI0KaX pacroOXeHbI Ha HeOOBIIONH BBICO-
T€, YTO 00JIeTYaET UX peMOHT. JIJ1s1 6€301acHOCTH O0CIYKMBAaHUS OJ10-
KM HMEIOT CETUATOE OTpaxIcHHUE.

Bok BEIK/IIOUATEIA — 3TO META/UIMYeCKass KOHCTPYKITHSA, Ha KO-
TOpOH CMOHTHUPOBAHH BBIKJIIOYATENb, ITMHHBIA M JIMHEHHBIN pasb-
enuMHUTENH. [IpUBOI BEIK/TIOYATENA YCTAHOBJIEH B ITKady, 3aKperieH-
HOM Ha TOM Xe MeTaTH4ecKoil KOHCTPYKIMHU. BHIKITIoUaTens U pasb-
eIUHUTENN COJIOKMPOBAHBI MEXIY COOOM JJIS MpemoTBpallleHUs He-
MpaBWILHBIX Ofepanuii. AnmapaTthl peJeHHON 3alUTH, aBTOMATHKH,
HM3MEPECHUS U CUTHAIM3AIIMM pasMELIAIoTCs B peleiiHOM 1Ikady psi-
oM co kacdomM npusona. Takue 6JI0KUA MPUMEHSIOTCA LISl BBOJA JIM-
HMHU, CEKITMOHHUPOBAaHUSA U BBOJA OT TpaHCchopMarTopa.

brox HLIMHHBIX amapaToB TaKXeE IpPeacTaBisieT coboil MeTalu-
YECKYyI0 KOHCTPYKUMIO, HA KOTOPOl CMOHTHPOBAHBI Pa3beAUHUTEIIH
C IBYMS 3a3eMJISIOIIMMHM HOXaMHM M TpaHcGOPMAaTOp HaMpPSXKEeHUS
3HOM-35. Ha KOHCTPYKIIMM KpEMUTCS peJieHHBH mKad Hapy:XHOR
YCTaHOBKH. Bes peryauMpoBKa W HajJagKa OOODYIOBAaHHA B Mpenesax
0JI0Ka OCYIIECTBJIEHH Ha 3aBOJIE, YTO 3HAYMTEJBLHO OOJIETYaeT MOH-
TaX ¥ BKJIIOYEHHE MOACTAHIMU B paboTy. bIIOKM paccMOTpeHHOI KOH-
ctpykuud npuMeHsiores B KTTIB 110/35/6(10) kB (cM. puc. 6.11).

J1st LIMPOKO PacIipoCTpaHEHHOM CXEMEI ¢ IByMs paboYUMH H 00-
XOIHON CHCTEMaMM IIMH MPUMEHSETCA TUMOBas koMmoHoBka OPY,
pa3paGoTaHHAA HHCTUTYTOM «DHEPIoCeThIPOeKT» (puc. 6.13).
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Pa3zMepel OCHOBHEIX 3JIEMEHTOB KOMIIOHOBKY B 3aBUCHMMOCTH OT
HaIpsDKEeHMS YKa3aHH B 1abm. 6.1.

Ta6auna 6.1

Pasmepsi Tunosoro OPY no cxeme ¢ IByMs paGoYuMH M 00XOIHOI
CHCTEMAMM IIHH

Pa3Mepsl, M, Ipu Pa3Mmepsl, M, pu
PasMeprl HamNpsKCHUU, KB Pasmeps HanpsXeHuH, KB
Mo puc. 6.13 o puc. 6.13
110 150 220 110 150 220
a 8 11,5 11,75 e 2,5 3 4
6 9 9,5 12 xH 2 2,55 3,7
8 12,5 15 18,25 3 7,5 8,0 11,0
e 10,5 16 20,5 K 3 4,35 4
d 9 11,1 15,4 A 1,5 2,13 3,25

W3 puc. 6.13 BUIHO, YTO KAXKNIBIM MOMIOC IIUHHBIX Pa3beqUHUTE-
Jieft 9 BTOpO# CHCTEMBI IITHH PacIioioXEH MO IIPOBOIAMH COOTBETCTBY~
ronieit ¢aspl cOopHBIX 1HH. Takoe pacrnonoxeHue (KUIEBOe) MO3BO-
JIS€T BBIIOJTHUTH COENMHEHME IIMHHBIX Pa3beIUHUTENEH (pa3BHIIKY)
HETTOCPEICTBEHHO TT0J, COOPHBIMHU LIIMHAMHU M HA 3TOM X€e YPOBHE MpH-
COCIMHUTD BEIKITIOYATEND 7.

PaccMOTpeHHBIE pa3beIMHUTEN UMEIOT MOTIOIIOCHOE YIIpaBIcHME.

OwmrHOBKa OPY BBINONHSETCI THOKUM CTAJICATIOMUHHEBBIM TIPO-
BomoM. IIpu Gosploit Harpy3ke WM 10 YCJIOBHSAM IIPOBEPKM Ha KOO~
HHUPOBaHME B KaXIol ¢aze MOTyT GBITH IBa-TpH nposoga. Ha puc. 6.13
CcOOpHBIE IIIMHEBI M OLIMHOBKA 4eeK BBINONHEeHH NpoBogamMu AC. JIu-
HeHHBIE ¥ IIMHHBIE MOPTAJIBI ¥ BCE OIMOPEI IO annapaTaMyu — CTaH-
JIapTHBIE, XeJIe300¢TOHHBIE.

Bonbllioe KOMHYECTBO TTOPTAITBHBIX KOHCTPYKIIUH B PACCMOTPEH-
HoM TUIIOBOM OPY BEI3BIBaeT HEOOXOAUMOCTh IIPOU3BOACTBA paboT
Ha BBICOTE, 3aTPYIHSIET U yIOpoXaeT MOHTaX. Eciu cOOpHEIE IITHHBI
BBIITOJHUTD XECTKUMH, TO IIMHHBIX TIOPTAJIOB HE TpeOyeTcsd, a MOH-
tax obinerdaercd. KoHcrpyknusa takoro OPY 110 kB, pazpaboraH-
Hasi MHCTUTYTOM <«DHEPIrOCETBIIPOCKT» € IPUMECHECHHEM KPYITHO-
OJIOUHBIX Y3JIOB 3aBOJACKOTO M3rOTOBJIEHMS, TI0OKa3aHa Ha puc. 6.14.
COopHBIe LIMHEI BHIIOIHEHH TpyO0aMH, 3aKpernjeHHBIMHA Ha N30~
topax OHC-110-1000, xoTophie YCTAaHOBJIEHEI Ha XeJI1e3006 TOHHBIX
omnopax BeIcOTOH 4,6 M. IlluHHBIE pa3beMMHUTETN PACIIONOXEHHI Ha
TUTIOBOM OTNIOPHOM KOHCTPYKIIMH HUXE COOPHBIX LIMH, IIPUYEM BCE
TPpH IIOJIOCA — TION cpeaHel ¢da3oit. PazbemMHUTE TN IIMHHEIX arlia-
paTOB M JUHEHHBIE KPEHATCS Ha OIOPHBIX KOHCTPYKIMSX BBICO-
TOM 2,5 M.

BuMecro Brikmouarenss BMT-110 MoryT yctaHapnuBatbess BBK-110,
BI'Y-110, BI'T-110, B 3TOM ciiydae OIIMHOBKY M H3ONATOPHI

14 Poxkona 417
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pPacCYUTHIBAIOT Ha YAApHHIA ToK 80 KA, MexmydaszHOe pacCTOSTHHUE
yBETUINBAETCS 0 2 M, 0o0Ilas JMHa S4eifkin — Ha 5 M.

Kabean v BO3AyXOINpOBOABI MPOJOXKEHBI B JIOTKAX U3 XKejne300e-
TOHHBIX TTMT, KOTOpBIE CIyKAaT OTHOBPEMEHHO ITCIIEXOTHBIMH J0-
pOXKaMU. B MecTax TepeceyeHH ¢ TOPOTOM JJOTKH TPOKITadLIBAIOTCS
MO TIPOE3XKEH YaCTHIO JOPOTH.

Inotams pacTtipeAETUTEILEHOTO YCTPORCTBA TAKOTO THITIA MEHBILIE TUIO-
IIAIH TUTIOBOTO, COKPALLaeTcs pacxo cOOPHOTO XKejie300eToHa U MeTal-
JIOKOHCTPYKLIVIA, CHIZKAETCS] CTOMMOCTD CTPOMTEIBHO-MOHTAXHBIX PaloT.

6.3.3. Koucrpykuun OPY 330— 500 kB ¢ noasecHbiMu
pasbeUHATENAMH

Hnst cXeMBI C ITOJYTOpa BBHIKJIIOYATEISIMHU HAa LENb IIUPOKO
MMPUMEHSETCS KOMITOHOBKA C TPEXPSAHON YCTAHOBKON BBIKJTIOUATEIICH.
B takoM OPY HeoOGX0mMMO COOpYKEHHE TOPOT BAOIL TPEX PSIOB BHI-
KJII0YATeNICH, YTO 3HAYUTEIBLHO YBEJIMYMBACT IIMHY siueek (157,4 Mm).
Paccrosgume Mexnmy ¢aszamu BeIKIouareneil 330 kB mpmHuMaeTcst
7,5— 8 M 11g TOTO, YTOOBI aBTOKpaH MOT MOTBEXaTh K JII000i1 (pase BO
BpeMsI MOHTAXXa WJIH pEMOHTA.

IIpn peMOHTHO-MOHTAXXHBIX pa0oTax BBICIIIAs] TOYKA KpaHa MOXET
HaXOOUTHCA HA BHICOTE 16 M. YUHMTHIBAasI, YTO MUHHUMAIBHOE PACCTO-
SIHUE OT KpaHa 10 MPOBOIOB, HAXOMSIINXCS IO HANIpSKEHUEM, TIpU-
HUMaeTcsl paBHBHIM 4 M, a cTpena TpoBeca NMpoBOAOB — 3 M, BBICOTA
omop OPY npunsita 23 M.

OPY 500 xB 110 Tako# Xe KOMITOHOBKE UMeeT JUTHHY ST4eiki 249,4 M,
a war ssyeitku 28 M. O6umie pasMepsl OPY HacTobKo BO3pacTaloT, YTo €10
TPYAHO pa3MeCTUTD Ha IUIOLLAIKE 3eKTPOCTAHIIMU. C LIETBI0 YMEHBILCHUST
pasMepoB OPY 500 kB Bo3MOXHO ITpUMEHEHHE APYTHX KOMITOHOBOK, Ha-
TIpUMED C IIAXMATHBIM PacIoNiOXXeHHUEM BBIKITIOUaTe el B Ba psaa. Bos-
MOXXEH OTKa3 OT COOPYXEHHUSI TpeX JOPOT BIONE TpeX PSIOB BHIKITIOUATE-
Jiei, eCITA BBICOTY CTYJILEB T01 000pYAOBaHUEM ITPUHSITH 110 4 M, UTO 00eC-
TIEYUBAET BOZMOXKHOCTD TIPOE3/1a PeMOHTHO-MOHTAXXHBIX MEXaHU3MOB U
TOATOTOBKY X K paboTe 0e3 CHATHS HATIpsSDKeHUS Ha COCETHMX 1IeTIsIX.

CyluecTBeHHO cokpainalores: mmpuHa OPY, koiauyecTBo BeTBei
W30JISIIIUM, JJTWHA OMIMHOBKH, PacxXold Xejxe300eTOHA Ha cBau IIpH
ucnons3zoBaHuy B OPY 500 kB nmonBecHBIX pa3beqUHUTENCH.

Ha puc. 6.15 mokazano OPY 500 kB mo cxeMe 4/3 BBIKITIOUATENS HA
IpucoeIHeHe, pa3paboTaHHOe YPpaIbCKUM OTaeIeHHeM «Teroanex-
TporipoekTa» . KoHcrpykuust OPY 500 kB npenycMarpyBaeT IByXpsii-
HOE pacIlofioXKeHHUEe BBIKITIOUaTeNel ¥ IpUMEHEeHNE TIOIBECHBIX pa3be-
nunuTeneit. IpucoequHeHne Kaxaoro tpancdopMaropa (cM. puc. 6.15)
BBHIITOTHSETCS € TIOMOIIBLIO OITMHOBKH BEPXHETO sSIpyca, a 3aTeM uepe3
TIOABECHON pa3heOUHHUTEND 4 ¥ BHIKIOYATENIh J — K OOTHOM CHUCTEME
wH. OYHOBKA OT BBIKJIIOYATENST K COOPHBIM IIIMHAM MONIePKUBAET-
€S PacTsKKaMH C IIOABECHBIMHU THDJISHIAMHU 6.
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IMonByXHas 4acTh TTOJBECHBIX Pa3beIUHUTENCH 2 TIOIBEHIMBACTCS
Ha TUPJISTHIAX M30JISITOPOB K KOHCOJISIM U TpaBepcaM OTop M ITOPTaJIoB.
HemonpixHast yacThb MOHTHpYETCA Ha TpaHcdopMaropax TOKa, Ha-
MIPSIKEHUS WK OMTOPHBIX H30jsiTopax. OmycKaHWe U ITOILEM MOIBUX-
HO# YacTH pa3beIMHUTEIA TPOM3BOTUTCS TMOKMM TPOCOM, CBS3aH-
HBIM 4Yepe3 GJI0KH C IMMPUBOAOM PasbeIVMHHUTEIS.

Jns1 3a3eMJIeHHs OTKITIOUEHHBIX LIETIEH IPUMEHEHBI TEIECKOITUYEC-
KHe 3a3eMIuTeNnu &.

PaccMmarpuBaemast KOMIIOHOBKA TIpeTyCMaTPHBaeT yCTaHOBKy B JIH-
HusIx 500 KB IIyHTHPYIOIINX PeaKTOPOB.

Paspa6orana koHcTpykumsa OPY ¢ IpomoiabHBIM pacIioiOXEHUEM
BBHIKJIOUATEICH (TmapajuieibHO COOPHBIM IITMHAM) JUISI CXEM YETBIpEX-
YTOJIbHUKA, TPaHCGHOPMATOp — IIMHH C IIPUCOEANHEHUEM JIMHUH Ye-
pe3 IBa ¥ IOJTOpa BHEIKJAIOUATENSA U cXeMHBI 3/2. B 2ToM cimyyae Hanm
BBIKJIIOUATEIEM OTCYTCTBYET OHIMHOBKA, BIOJIb BHIKITIOUATEIEH MEXITY
MOJTI0CAaMHU IIPOXOIMT Jopora U He TpeOyeTcst CIeMaIbHBIX 3ae310B K
almaparaM. ABTOKPaHBI Y IPYTHE PEMOHTHEIE MEXaHU3MBI YCTaHABIH-
BAaIOT Y BHIKJTIOYATENIElH IIPSIMO IT0 XOMY IBUXKESHUS.

Hns OPY 750 kB no cxeMe 3/2 Hanboee MpOrpecCUBHOM SIBISIETCS
KOMIIOHOBKA C OJHOPSIIHBIM PACIIOJIOXKEHUEM BBIKITIOUATENEiH, IMOJ-
BECHBIMU Da3beIUHUTEISIMH U OTPAHUYMTEISIMH TIepeHAITPSIKe HHUMA
OITHH-750 BMecTo paspsiamHukoB PBMK-750M [6.5].

Ipumenenue orparmumTteneit OITH u OITHH mo3Bonsier yMeHBIIKTD
MeXnyQasHbIe paCCTOSHUSI, a CIETOBATEFHO, YMEHBIIUTD 1IAT SICHKHI
OPY. Ha Casno-IlynieHckoit I'DC mar syetikin OPY 500 xB cHimkeH
Gnaromapst mpuMeHeHnIo orpaHuunreneit OITH ¢ 31 mo 24 m [6.1].

TTocKONMBKY OTPasUTh B y4€OHHKe BCe MHOroo0pasue KOHCTPYKITHI
OPY HeBO3MOXHO, B Y4eOHOM ITPOEKTUPOBAHUH HEOOXOIMMO ITOJIB30-
BAaThLCS CIIPABOYHOM JINTEPATYPOM U TUIIOBHIMH IPOEKTaMHU.

6.4. Pa3melneHne pacnpeeIMTEIbHbIX YCTPOiiCTB
HAa TEPPHUTOPHMH 3JEKTPOCTAHUHMHA M HOACTAHIIMI

6.4.1. Paamemenue PY Ha TeppuTOPHH 3JEKTPOCTAHIHH

O0111as1 KOMITOHOBKA COOPYXEHHI Ha TETUIOBBIX 3IEKTPOCTAHIIMSIX ObU1a
paccMoTpeHa B oapasn. 1.2. 31eck clieayeT JINIL OTMETHTE, YTo Ha TOLI
I'PY 6 (10) kB 00b4HO HaXomUTCA Mepel ¢acagoM IIAaBHOTO KOPITyca CO
CTOPOHBI TYPOMHHOIO OTIENEHMS, 32 HUM — OTKpHIToe PY. Ha G1ouHbx
TEIDIOBBIX 9JIeKTPOCTAHIIMSIX OTKPHIThie PY pasMeniaiorcst 3a BOJOIIONBO-
JSIIMM KaHAJIOM Iepel (pacajoM TJIAaBHOTO KOPITyCa MIIM CO CTOPOHBI
KOTEJILHOTO OTAeNeHUs. B rmocnenHeM ciyyae HeoOXomyMa IEpeKHIKa
JIMHUI OT MOBBIIIAIOLINX TPaHCGhOPMATOPOB Yepe3 MIaBHbI Kopryc. Ecm
Ha 5JIEKTPOCTaHIIMM MCIOJB3YIOTCS JBA MOBHIIIEHHBIX HAIIPSDKEHUS, TO
aBToTpaHcdOpMaTOp CBSI3M OOBIYHO YCTaHABIMBAaeTCS 0KoJio PY BrIciIe-
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ro HarnpsokeHus. Ilnan pasmemenuss OPY mwig I'POC 4800 MBT naH Ha
puc. 6.16. K 3PV 35 kB kabesieM npucoeIMHEH pe3epBHBII TpaHchopMa-
Top ¢. H. Ha Teppuropusix OPY 220 u 500 xB npemycMaTpiBaroT oMeliie-
HU UL TTaHeseil peleHOoIM 3a1MTh M aKKyMYJIITOpHBIX Oarapeit. 11yH-
ToBBIE peakTopel 500 KB, ecid OHM TPEXyCMOTPEHBI, YCTaHABIMBAIOT
BIOJIb XEJIE3HONOPOKHOM KOJIEH.

YcraHoBka onHodasHeIx aBroTpaHcdopmaTopoB 500/220 kB moi-
HOCTBIO 3 X 267 MB- A nokasaHa Ha puc. 6.17.

6.4.2. Pasmemenne PY na Teppuropusx paiiGHHbIX
H Y3JIOBBIX NMOACTAHIIHI

Bce coopy:xxeHMs Ha TUIOIIAIKe TTOACTAHIIMHM JOJIKHBI pa3MellaThb-
¢o TaK, 4YTOOBI DU CTPOMUTEIHCTBE M MOHTAXE, a TAKIKE IIPHM PEMOHTaX
000PYIOBaHUS MOXHO OBLIO MCIIONB30BaTh PA3IMYHEIE TIEPEIBILKHEIS
M CTALIMOHAPHBIE IPY30MOTbEMHBIE YCTPOMCTBA.

Ha puc. 6.11 nokazau miax KTIIB 35/10 kB, u3 KoToporo BUTHO, YTO
TIOR3 TPAHCIIOPTA BO3MOXEH K GJI0KaM BBOza, OJIOKaM BRIKITIOYATENEH,
K TpaHcdhopMaTtopam 1 KPYH. ITnonianka noacTaHiMy IOATOTOBJICHA [UTS
TIepeMeIlIeHHS IPy30B M MOHTaxa 0J10koB. Ha noacraHuusx 6osee BbicO-
KOI'o HanpspkeHus1 Bo Beex OPY npenycMaTpyBaloTcs JOPOTH BIOJb PSAIOB
BBHIKITIOUaTeneit (cM. puc. 6.13—6.15) u Bions TpaHchopMaTopos.

KOHTpOILHBIE M CUJIOBBIE KabeH C. H. IIPOKIAIBIBAIOT B HA3eMHBIX
JIoTKax. B oGuienoncraHIIMOHHOM IyHKTe yripaBieHus (OITY) pacmo-
JIOXKEHBI TIaHEJIN YIIPaBJIEHUsI COOCTBEHHBIX HYXKMI M PEJICIHON 3allu-
TBI, YCTPOMCTBO CBA3U, MacTepcKas JUISl TIpUE3XKHUX PEMOHTHEIX GpU-
raji, cayxeOHass KOMHaTa U Jp.

st peBu3MH TpaHchOpMaTOpOB HampsexeHueM 1o 220 kB mipemyc-
MaTpUBaeTCs TUIOIIANKa OKOJIO TPaHC(HOPMATOPOB C BO3MOXHOCTBIO
HCTIONTB30BAHUS aBTOKpPaHOB, Ha moJcTaHIuMsIX ¢ MOILIHBIMU TpaHchop-
Maropamu (aBTorpaHcdopmMaropamu) HampskeHueM 220 kB u BrIle
PEBU3US TIPOM3BOIUTCA C IIOMOIIBIO COBMEILIEHHOTO TIOpTajia, K KO-
TOpPOMY TIpUKpPETIIEHA OLIMHOBKA TpaHcdopMaTopa, a YCUIeHHas Tpa-
Bepca IopTajia pacCYMTaHa Ha TIOTBEM KOXyXa WIH MarHUTOIIPOBOIA
¢ o6MorkaMu. Takoil mopTan nmokasaH Ha pa3spese A— A, puc. 6.17.

6.5. KoHCTpYKIMHM CcoeTMHEHMH MeXK/y TeHepaTOpaMH,
cwioBbiMH Tpancdopmaropamu n 3PY 6 — 10 xB

6.5.1. OTkpbITHIE TOKONIPOBOABI

DJIeKTpUYEeCcKOe COEAMHEHUE TeHEepaTOpOB M TPaHC(HOPMATOPOB
C pacnpeaeIUTeNbHBIM YCTpoHcTBOM 6 — 10 KB MOXeT GBITH BBIITOJTHE-
HO TUOKUM TOKOTIPOBOAOM (pHc. 6.18). Takme TOKOTTPOBOAHI COCTOSIT
¥3 TIYYKOB &JIIOMUHUEBBHIX IIPOBOJOB, PABHOMEPHO pacIpee e HHBIX
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10 OKPYKHOCTH, IJIS YETO MX 3aKPEIUIAIOT B KOMbIax-000iMax. Kojb-
11a C TOKOBEIYIIMMHU IIPOBOZAMM KPEIISTCS K CTATICATIOMUHHEBBIM TIPO-
BOJIaM, BOCIIPUHHUMAIOIIUM MEXaHUYEeCKYI HarpysKy. Yucio MmpoBo-
JOB OIpPEIesIeTCd PacyeTOM C YIETOM 3KOHOMHYECKOH IUIOTHOCTH
Toka. Hecyuine 1poBosa rogseiiieHbI Ha HATSKHBIX THPJSTHIAX K CTEHE
[JTABHOTO KOPITyca U K oropaM. PaccTosHMe MexXay KoJIbIIaMu-000ii-
MaMmu npuHuMaeTcs 1 M. Ilepexon oT ruOKUX [IPOBOJOB K JIMHECHHBIM
BBIBOZIaM B CTE€HE IMTaBHOTO Kopiyca U ['PY BEHITONHAETCS ¢ ITOMOIIBIO
CITeITMaTbHOM KOHIIEBOU pasmenku. PaccrosiHue mexny (azamu rud-
KOI0 TOKOIIpOBOJA cocTamisger 3 M. ['MOKHMe TOKOIIPOBOIL HANEKHBI
B pabote, IMPOCTHI B U3TOTOBJIEHUU M UMEIOT HEOOJIBIIYIO CTOUMOCTb.
DTO MPUBENO K IIUPOKOMY NpuMeHeHMI0 Ux Ha TOLI.

Ha moacTa”Hmugax coeguHeHHUEe CHUIOBOTO TpaHchopMaropa
¢ PY 6— 10 kB MoXeT BBITONHATHECS IITHHHBIM MOCTOM. 2KeCTKHe IITHHBI
KpeIsATCS Ha UITBIPEBBIX M30JTOPaX, YCTAHOBIEHHBIX HAa METaLIH-
YeCKHX WJIN XKeNIe300eTOHHBIX KOHCTPYKUMSIX. PaccrossHusa Mexny ¢a-
3aMH H H30JIATOpaMH MPHUHUMAIOTCS I10 pacdeTy, OOBIYHO IUIS YCTa-
HOBOK 6— 10 KB paccrosinusa mexny ¢aszamu cocrapisier 0,6 —0,8 M,
Mexay usonstopamu 1— 1,5 M. Ha Beione uz PY u okoso TpaHcgop-
Maropa IMpeyCMOTPEHBI IITMHHBIE KOMITEHCAaTOPHI. /[I0CTOMHCTBO Tako-
ro COeMMHEHMS — IIPOCTOTA, a TP HeOOMBIION JTMHE — HaIeXXHOCTh
1 BKOHOMHUYHOCTD. C YBeJIMYEHUEM UTHHBI IIMHHOT'O MOCTa YBEJIMYHU-
BaeTCS KOJUYECTBO U30JIATOPOB, BO3pAacTaeT CTOMMOCTh U CHUXKaeTcs
HaJeXHOCTh, TaK KaK 0o0jiee BEpOSITHO TEPEKPHITHE I10 U30JATOPaM,
0CODEHHO TIPU UX 3arpsSI3HEHUU. DTO TIPUBEJIO K TOMY, YTO Ha TEILTO-
BBIX 3JIEKTPOCTAHIIUSIX OTKPBITHIE IMUHHBIE MOCTH OOBIYHO HE TIpUMe-
Hsit0T. Ha ruaposieKTpoCcTaHIIuIX COeIMHEHNE TEHEPATOPOB C ITOBBI-
MIAIOLIUM TPAaHCGHOPMATOPOM MOXET BBITIONHSITHCS ITUHHBIM MOCTOM.,

6.5.2. KoMIieKTHBIE TOKONPOBOILI

Ha MOIUHBIX TEIIOBBIX SIEKTPOCTAHIIUAX AJISI COETUHEHUS TeHepa-
TOPOB C MOBBIIAIIIMMH TpaHCHOPMATOPAMHU 1LIMPOKO MPUMEHSIIOTCS
KOMIUIEKTHBIE ITO(Da3HO-3KpaHUPOBAHHBIE TOKOMPOBOALL. TOKOBEMyILIME
IHUHB KXo (a3pl 3aKpeiUieHbl B 3a3¢MJICHHOM KOXYyXe (3KpaHe)
C ITOMOILBIO U30IATOPOB. KOXyX BBIITOJHEH U3 ATIOMUHUST BO U30€XKa-
HWE CWJIBHOrO HarpeBa BUXPEBBEIMH TOKAMU, KOTOPHIE BO3HUKAIOT MpPU
BO3JEHCTBUM MArHUTHOIO ITOTOKA, CO3JaHHOTO TOKOM HArpysku. 3a-
KPBITOE MCIIOJTHEHWE TOKOIIPOBOJOB KaxXIoM (a3bl obecrieyuBacT BbI-
COKYIO HaJIeXXHOCTD, TaK KaK IMPAKTMYECKU HCKIIOYAIOTCS Mexmydas-
uele K3 Ha yyacTKe oT reHepaTopa 10 MOBHIIAIOLIET0 TpaHchopMaTopa.
HecMmotpst Ha 6ojiee BBICOKYIO CTOMMOCTD I10 CPABHEHHWIO C I'MOKMMU
CBSI3sIMU, KOMIUICKTHBIE TOKOIIPOBOABI PEKOMEHIAYETCS] IPUMEHSTH [LT51
coequHeHMs reHepaTopos 60 MBT u BrIllie ¢ TpaHchopMaTopamu. st
redepatopoB 10 200 MBT KOMIUIEKTHBIE TOKOIIPOBOIBI IIPUMEHSIIOT,
ec GIOYHBIN TpaHChOPMATOp YIAJICH OT CTEHLI TYPOMHHOIO OTICIEe-
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Hus He 6onee yeM Ha 30 M. TTpu GONBIIMX pacCTOSTHUSAX COeTUHEHNUE BHE
MaLLMHHOTO 3J1a BBITIOMIHACTCS THOKUM ITOABECHBIM TOKOIPoBoaoM. Kom-
TUIEKTHBIA MO(a3HBIH TOKOIIPOBOL MPUMEHSIETCS TakoKe [UIS TeHepaTo-
pos 60 u 100 MBT, paGoTaoumux Ha cOOpHBIE IIMHEI, B MpeAeiax Typ-
OHMHHOTO oTAeNeHUs. Mexay TypOMHHBIM oTAencHueM u I'PY coenuHe-
HHE BHINIOJIHAETCA THOKMM TOKOIIPOBOIOM.

TlodasHo-3KpaHUpPOBaHHEIE TOKOIPOBOKI (pUc. 6.19) ¢ HEnpephIB-
HBIM KOXYXOM UMEIOT BBIEMHBIC M30JISITOPH 2, C IIOMOUIBIO KOTOPBIX
KpeIunTCcs TOKOBEAYLIAS aTIOMUHUAEBas ITMHA | IIMHAPUIECKOH (op-
mbl. Koxyx 3 obecrieunBaeT 6€301acHOCTb OOCTYXUBaHMS, 3aLIMIIACT
MMPOBOTHUKHU M U30JIATOPHI OT IBUIM, BJIAaTH, CIYYaHOTO ITOITagaHUs
ITOCTOPOHHUX TPEeIMETOB, UCKIIOYACT BO3MOXHOCTh MeEXIy(ha3HBIX
3aMBIKAHUH B TIpeaesiax ToKonpoBoaa. Tpu (a3sl TOKONpoBoIa KpersiT
Ha CTaTbHOH Oanke 4.

IlepBOHAYaIbHO KOMIUIEKTHBIE TOKOIIPOBOABI BHIIOJIHSIN C CEK-
MoHupoBaHMeM Koxyxa Turna TOK. OTaenbHbIC CEeKITUM COSTUHSIIN
C TIOMOILIBIO PE3UHOBBIX TMPOKIAI0K, [IOITOMY Kaxnast CEKLUS TOKO-
MpOBOJA 3a3¢MJISIACh IITUHON. B TaKHUX TOKOMPOBOAAX BHEIIIHEE Mar-
HHUTHOE II0JIe HE KOMITEHCHPYETCS M OKPYXaIolllle CTalbHEIE KOHCT-
PYKIIMH YpE3MEPHO HarpeBalOTCA BUXPEBBIMU TOKAMHU. Y CJIOXKHSIET 3K-
CIUTyaTalluio OOJIbIITOE KOJMMYECTBO PE3MHOBBIX YIUIOTHEHUH U CJIOX-
Hasg CUCTeMa 3a3¢MJICHUS.

Bosiee coBepllleHHOI KOHCTpPYKIIMeit SIBISIETCS TOKOIIPOBOJ, C He-
MIPepBHIBHOM 3aMKHYTOM cUcTEMOit KOXyxoB Tuia TOH. B TakoM To-
KOITPOBOJIE CEKITMH KOXYXOB KaxXioit ¢a3sl coemuHeHH cBapkoit. ITo
KOHIIaM TOKOIIPOBOAAa KOXYXH TpeX (a3 COeAUHEHBI MEXIY COOOM.
B Takoit cuctemMe 00pa3yroTCAa TOKH, HIUPKY/JIUPYIOIIHE BIONb KOXY-
XOB M CO3MAIOIIME MarHUTHBINA MOTOK, KOTOPHINA MOYTH IIOJTHOCTHIO
KOMIIEHCHPYET BHEITHUH MarHUTHBIN MOTOK TOKOIIpOBoaa. B okpy-
XKaloIIUX METAUIMYECKUX KOHCTPYKIIUSAX HarpeBa oT BUXPEBHIX TOKOB
HE BO3HUKAET.

1400

A

Ty
1
UL}

Puc. 6.19. TTodasHei 9KpaHUPOBAHHEIH TOKOIIPOBOL;
1 — ToxoBenyllas IUMHA; 2 — U30JATOPHI BhleMHbIe; 3 — KOXyX; 4 — cTanbHas fajika
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Puc. 6.20. Tokonposon 3nerasosniit Ha 110— 500 kxB:

1 — amoMuHueBas 000J104Ka; 2 — TOKOBeyIlas HHA; 3 — W30JBILIMOHHBIE 3JIEMEHTHI;
4 — wTenceNbHHI pa3beM

IIpu K3 skpanupyroniee neicTBHe KOXYXOB NPHBOIUT K CHICKE-
HUIO SNIeKTPOIMHAMWYECKHUX CHJI Ha MPOBOIHHMKHM B HECKOJBKO pas.
Toxkonposoasl TDH BEITycKaloTcsa Ha Hanpskenue 20 —24 kB, Tok
0 24 KA, 371eXTpOOUHAMHUYECKYIO CTOMKOCTD Ao 570 KA.

JajbHeuM coBepIICHCTBOBAHMEM TOKOIIPOBONOB ABJISETCS Tie-
peXon OT BO3MYIUHONH M30MSIIMM BHYTPH TOKOIMPOBOJA K 3JIETa30BOIA.
O mocTOMHCTBaxX 3JIera3a yXe FOBOPMIOCH BhIe (CM. moapasfn. 6.2).
B KPY3 npumeHa10TCs: TOKOTIPOBOAHI 3JerasoBbie Ha 110 — 500 kB ms
COEMMHEHHUS 3JIEra30BOro 060pynoBaHUA MEXIY coboit. JIMHEHEIT To-
Konposoa (puc. 6.20) BLIMONHEH U3 AMIOMHHHMEBBIX LIIMHAPHIECKUX
o0bonoyek I, B KOTOPHIX ¢ MOMOIIBIO H30MSILMOHHBIX 2JIEeMEHTOB 3 yC-
TaHOBJIEHA TOKOBeaylllas muHa 2. CeKuuu uMeioT GaHLeBbIe CoeaH-
HEHUSA, MPA 3TOM TOKOBEAYHIAsA CUCTEMA ONHOM CEKIIUH COETUHACTCS
¢ TOKOBEIYIEH CUCTEMOM IPYrOil CEKLIMM THTENCENBHBIM Pa3beMOM 4.
Takoit xe pazseM NpUMeHSIeTCS I MPUCOSIMHECHHUI BBOJOB JIMHUIL B
snanne KPYD u nmocnenyonM coeAMHEHEM ero C 3J1€ra3oBLIM TO-
KOTIPOBOJIOM, a TaKKe ISl MMPUCOCAMHECHNA KabeabHBIX BBONOB.

6.5.3. KaGesapnsie coeunenns

CoenuHeHHe reHepaTopoB U TpaHchopMaTopos ¢ PY 6 — 10 kB BbI-
TIOJTHSUIOCH PaHBLUE IyYKOM Kabelieit, IIpoJIoXeHHBIX B KaOEIBHOM KaHa-
Jie Wik TpaHiuee. OIHaKO TaKoe COSTMHEHUE OKA3ATI0Ch MATOHANICKHEIM,
TaK KaK OOJIBUIOE KOJMMYECTBO KOHIIEBLIX KaOeNnbHBIX My(T YacTo sIRIIA-
JIOCh NpUYKMHOM aBapuid. YeM GoJIbille MOIHOCTE TeHepaTopa, TeM 0OJb-
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lree YyMcio kabdeneid HeoOXOMHUMO
JUTIST COETMHEHHsI, TeM MEHBbIIIE Ha-
JEXKHOCTH paboThl. DTO SBUJIOCH TIPH-
YUHOI 3aMeHbI KabeIbHBIX COeMu-
HEHUIf cHayala IIMHHBIM MOCTOM,
ITOTOM T'MOKOH CBSI3BIO, a 3aTeM
KOMIUTEKTHBIM TOKOTIPOBOIOM.

Bo3MoXHO npuMeHeHHUE Ka-
OeNbHOTrO COEMMHEHUS IS MOHI-
HBIX T'€HEepaTopoOB, HO yXe€ He
OOBIYHBIMH KabeNlsiMM, a cIielu-
QJbHBIM, pacCYUTAaHHBIM Ha O0JIb- Puc. 6.21. Kabenb ¢ BOASHBIM OXJIaX-
LLIO# TOK HATPY3KH. nenureM 20 kB na Tok 15 KA:

IomepeyHslii pa3pe3 TAKOTO Ka- | — KaHAT WIst LMPKYISIUMU BORBI; 2 —
Gesis ¢ BOISTHLIM OXIaX/ICHWEM Ha-  MOIHad auna ceneniicy 1203 MM 3 —

IIONIU3THIICHOBAs1 M — JIO~

npsikeHueM 20 kB nokasaH Ha S —— g f_m;lqo';a};npo};o';(::u;’ﬂ
puc. 6.21. BrHyTpu Kabenst IMeETCSl  npopesunenHas Tkamb; 6— 9KpaH U3 ABYX
KaHaJI THaMeTpoM 26 MM, 00pas3o-  croes MeaHod JNeHThl; 7 — oBoJyouka u3
BaHHBIA U3 TBEPIAOTSIHYTOM METHOM TIOJIUXJIOPBUHUJIOBOTO TJIACTHKATA
TIOIOCHL B BUJE CIIUPANU, TI0 KOTO-
POMY HUPKYIMPYET OXJIAXAAIOIIast BOJA, HMEIOIIAs Ha BXOJIE TeMITepaTypy
25 °C, a Ha BeIxoze 60 °C. J{anieHue BOAbI HA BXoge B KaGesb He Gonee 0,5
MIla. IIpucoenuHeHne Kabens K reHepaTopy ¥ TpaHcdopMaTopy OCyllie-
CTRIISIETCS C TIOMOIHBIO CTieLTMaATLHBIX KOHIIEBBIX MydT. Kabems MoxeT ObITh
TIPOJIOXKEH B CTAIBHBIX JIOTKAX HA OTIOpax WM B TpaHIllee (HIDKE YPOBHSA
TIpoMep3aHusi TpyHTa). B mepBoM cilydae — mpu NPOKIIANKe B JIOTKAX —
FIOCJIe OTKJIIOYEHHS TeHepaTopa 3MMOi B Kabese NoJDKHa 0becreyBaTh-
Cs1 LUPKYJISILUST TIONOTPETOM BoARL. Bo BTOpOM ciydae — TIpH MpOKIIanKe
B TpaHIliee — KaGesb y TpaHchOpMaTopa B MECTe €ro BBIXoAa U3 TpaHIIen
JIOJCKEH OBITh 3aKTIOUEH B OYIKY C 5IEKTPOOOOrPEBOM.

IpucoemHeHe K BEIBOIAM FeHEpaTopa OCYLIECTRISETCSI KOPOTKUM
YYACTKOM KOpPOOYATHIX IIMH, K KOTOPBIM IMPUCOETUHSIOTCS TpaHCdop-
MaTOPhl HATIPSEKEHMS M 3a3eMIISTIOLIIME PasheIUHUTETN. TpaHnchopMaTo-
pel Toka TIHJI-20 ycraHasmBaroTcst Ha oTMerKe 6,0, U yepe3 HHUX Ipo-
TyCKAalOTCs Kabesm, 3aKperuIeHHBIe Ha METAJUTOKOHCTPYKIINSIX (pHc. 6.22).

KanuranbHele 3aTpaThl TIpH TIPOKIIaJKe Kabesst 0Ka3bIBaloTCsl MEHBIIIE,
4yeM B Clydae NpuMeHeHns 1oda3HO3KPaHUPOBAHHOTO TOKOIIPOBOAA, HO
TIOTEPH 3HEPIUN B TOKOBEAYILEH XITE, METHOM 3KpaHe Kabelst M OKpy-
JKAIOIIUX META/UIOKOHCTPYKIIMSIX 3HAUUTEIBHBI (B HECKOJIBKO pa3 OONblIie,
YyeM B IMo¢a3sHOM ToKonporoze). FIpuMeHeHne Kalesst ¢ BOOSTHBIM OXJIaX-
JEHWEM LIe7IeCO00pasHO JUIsl TTMKOBBIX WJTH TIONYIIMKOBBIX 3JIEKTPOCTaH-
LW, UMEIOIIHMX YUCTIO YacoB Ucnionb3oBanus 7T, = 2000—3000 4.

Ilpu ycTaHOBKe B IlelM reHepaTopa BBIKIIIOYATENss NpUMeHEeHHe
Ka0eJIbHOTO BapraHTa HeLeIecoo6pa3Ho BCICACTBUE YBEIUUEHMST 3aT-
pat u3-3a MpUMeHEHUsT GOJIbIIOro KOJIUMYeCTBa JOPOrOCTOSIIIMX KOH-
1IEBBIX My}T.
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6.6. PacnpenenuTebHble MMTHI M MMTHI YIPABJICHHS

6.6.1. KoucTpykina pacnpeIeNHTe/bHbIX HTOB 10 1 KB

B ycranoBkax 10 1 kB KOMMyTaIllMOHHasA M 3allMTHAs armaparypa
TMpUCOeAUHEHNH (aBTOMATHUECKHE BBIKJIIOYATENIH, TpaHCGHOPMATOPHI
TOKa, pYOMJIIBHUKH, MPeIOXpaHUTENN) YCTAHABIUBACTCS Ha METAIIN -
YECKMX MaHEeNAX, COBOKYITHOCTh KOTOPHIX HA3BIBAETCS pacIpeieINTEb-
HBIM IHHMTOM.

B 3aBUCHMOCTH OT MPUHATOM anmaparypkl KOHCTPYKIIUS 1HUTa MO-
XeT OBITh pa3IMYHO, HO BCE OHM M3TOTOBJISAIOTCS HA 3aBOJAX M B ro-
TOBOM BHIE YCTaHABIMBAIOTCSA Ha CTAHUMSIX M TToAcTaHIMAX. Pacmpe-
IEIUTEIbHBIE IUTH MOIYT OOCHMYXXHBaThCSA C NBYX CTOPOH, B 3TOM
cIydae Ha mepemHel CTeHKE YCTaHABIHWBAIOTCS M3MEpPUTENBHBIC TIpU-
GOpHI M PYKOSITKY YIIPABJICHHS PyOMIBHUKAMU WJIM aBTOMaTHYeCKUMH
BHIKJTIOUATEJIIMH, & C 3aIHEM — COOpPHBIE ITMHEBI, KOHTAKTHAsI YacTh
pyOMIBHUKOB, aBTOMAaTUUYECKHX BHIKJIIOUATeNeH, TpaHchOpMaTOphI
TOKa, TMPEAOXPAHUTENM U APYrue aImapaThl, MPEIyCMOTPEHHBIE CXE-
Moii. IIIUTH PUCIOHHOTO TUIA OOCIYXXMBAIOTCS C OZHOW CTOPOHHI,
B 9TOM Cjiy4yae ¢ TIepeAHEH CTOPOHHI MPERyCMaTpHUBAIOTCS CHEMHEIC
KPHIIIKYA U JIBEPIB JUIA JOCTYNA K 000PYIOBAHHUIO.

B cucreMe COOCTBEHHBIX HYX]T 9JIEKTPOCTAHITUH 1 MOACTAHITN ITPH-
MeHa0Tcd madHemn Tuna IITCH, paccunTanHble Ha ToK o 1600 A npu
Hanpsikenuu fo 500 B. TlaHenbs cocToMT M3 KapKaca-KapHU3a, BHYT-
PpHTIaHETBHBIX TIPodIUTEil U OTIOPHELIX MOSICOB, U3TOTOBJICHHBIX U3 CTAThb-
HeIX juctoB. HIupnna manenu 800 mM, rmyouHa 800 mM, BBICOTa
2200 mMm. Ha dacane maHean pasMelaloTcs U3MEpUTENbHBIE MpHOO-
pEI, peJie, MPUBOIH pyOMILHUKOB M aBTOMAaTUYECKMX BBIKJTIOUATENICH,
PYKOSITKH afIaparoB TUCTAHIIMOHHOIO YIIPaBJICHUS, CBETOCUTHAIb-
Has apMatypa. BHYTpM KapKaca pasMelaeTcsi CJIoBoe 000pyIOBaHME:
aBTOMATUYECKWE BHIKITIOUATEH, pyOMJIBHUKH, MAaTHUTHBIC ITYCKATEIH
M T.T. ArmapaTypa BTOPHYHOM KOMMYTAIIUM — DeJie TOKa, BpeMEHH,
CHUTHATBHBIE U JIP. — YCTAHABIMBACTCS BHYTPH MaHENH B CheMHBIX GJ10-
Kax co CTOpoHH (acana. CuiioBoe o00pyqoBaHUE MAHEEH 1 ammnapa-
Typa OJIOKOB pa3MWYHBI M 3aBUCAT OT MX Ha3HAUCHUS.

Tun naHeau U 6Jioka BHIOUPACTCS B 3aBUCUMOCTH OT CXEMEI TMEp-
BUYHBIX M BTOPHYHBIX COEIMHEHNIT KOHKPETHOTO O0BEKTA 1O KaTako-
raMm, Kak 3TO AeNlaeTca JUISI KOMIUIEKTHHIX pacrpefeIMTeNLHBIX YCT-
DOWCTB.

Ha puc. 6.23 nokasana nadens HICH-45.

ITanemu IMICH uMeroT OTKpLITBIE TOKOBEAYIIME YACTH, MO3TOMY
OHM HE O0ECIEeYHBAIOT IOJHOI 0E30MacHOCTH IIpH OOCIYXHBaHUH.
Bonee cosepieHHBIM gpisieTcst KPY 0,5 xB.

HNIkadhs KPY-0,5 npegHasHaueHH! 11 BBOAA MTHTAHUSA OT TpPaHC-
dopMmatopoB no 1000 kB-A, aBTOMaTHYeCKOTO BKIIOUECHUS pe3epB-
HOTO MIUTaHUS U pacnpeAesiCHUs 9JIeKTposHepruu B cetu 0,4/0,23 kB.
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Puc. 6.23. Illxad orxonsawux nuHuUit Thma HICH-45:

1 — oTcex KOHTakKTopa; 2, 5 — OTCEKM BBIKJTIouaTeNieil aBTOMaTHYECKHX; 3 — HOoMepa
OTCEKOB; 4 — OTCeK COGOPHBIX LIMH; 6, 7 — OTCEKM peleiHbIX ONOKOB; & — OTCeK
WIMHOK YNpaBAeHUst U CUrHaNU3anuK; 9 — KabenbHble MAaTpyOKu i wkagoB ¢ Bepx-
HKUM BBOOM; /0 — OTCeK KabenbHbiX M HIMHHBIX OTBEeTRICHMUM; /] — COOpPHBIC 1LWHDBI

KPY cocTouT M3 BBOAHBIX, JUHEHMHBIX, OOIECEKIIMOHHBIX IIKa(doB,
mKadoB ynpasiaeHUd ¥ 3amuTe.. B KPY Bce anmaparsl # TOKOBeIy-
1I¥ie YaCTh HaXOJATCS BHYTPH METANIMYECKOTO LiKada i HEAOCTYII-
HBI IJTs1 CIYYaMHOTO NMPUKOCHOBeHUs. ISl ymo6CTBa 06CTyKUBAHUS
OTKJIIOYAIONIME ammapaThl -~ aBTOMaTUYeCKHe BbIxIoYaTtenu ABM,
A3100 u myckatenu ITAE — ycTaHOB/IEHB! B CHJIOBBIX OJIOKAX BBIKAT-
Horo Tuna. Kimoyy ynpaplieHUs], CUTHAJIbHBIE JIAMIIBI, U3MEPUTEIb-
Hbie IPHOOPHI YCTAHABIUBAIOTCS Ha IBEPSIX COOTBETCTBYIOILMX STYEEK.
O6uue rabaputsl mxada KPY 2200 % 750 x 1040 mM. B omHOM 1mikady
pa3MellaeTcss HECKOJBKO CHIIOBBIX GJIOKOB U OJIOKOB 3aIIl[ATHl U YII-
paBlIeHUS.

Ha puc. 6.24 noka3aHa cuioBasi ssyeiika ¢ aBTOMATHYECKUM BBI-
xkmovaresiemM ABM-20. YToGpl BRIKATUTh CUJIOBOM OJIOK, HEOOXOIMMO
CHayaya OTKJIIOYUTDH BBIKITIOYATENb. CriclinanibHas OJIOKMpPOBKaA HE 110-
3BOJISICT PA30pBaTh LIEIb TOA HArpy3KoH ITETICENbHBIMM pa3beMaMH.
BrikaTriBaHME NPOM3BOINUTCI Ha TEJEXKY, KOTOpasl MOJAKaTbIBAaeTCS
K CHIOBOI1 siueiike. I1py BKATHIBAHMHM BHIKJIIOYATENTb JIOJDKEH OBITh B OT-
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Puc. 6.24. Cunosas siueiika KPY 0,5 kB:

1 — BTHIYHBIE KOHTAKTHI; 2 — XaN03H; 3 — IUTENCEeNbHbIN pa3beM pelieiiHoro 6yoxa;
4 — aBTOMATHYECKMI BBHIKIIOYATENb; 5 — GUKCaTOp; 6 — HampapisiolIMe Cala3Ky;
7 — KOHTAaKT 3a3€MJICHUs

KJIIOYEHHOM T0JI0XeHHM. BO31eiCTBYSI Ha pBIYar-TONIKATENb, BBHIKIIIO-
yaTeJib AOBOAST IO paboyero nosoxkeHus. TOMBKO MOCKe 9TOr0 OH MO-
XeT OBITh BKJIIOYEH.

Turnst mKadOB BEIOUPAIOT O CETKE CXEM IMMEPBUYHBIX ¥ BTOPUYHBIX
coequHeHuM. B ommuyue ot IHCH mikads KPY M0oXHO ycTaHaBIUBaTh
HEMOCPEACTBEHHO B Iexax (KOTeJIbHOE, TypOUHHOE OTAEJICHME, TOII-
JMBOTIOAAYA M T.1H.).

6.6.2. KoHcTpyKnus IMTOB YIIpaBJieHAS

I[umom ynpasaenus Hazvieaemcs ycmpoicmeo, codepycauiee Heobxo-
Jumbie mexHuueckue cpedcmea 043 ynpaeaerus pabomoti 3nekmpoycma-
Hoeku (npubopbL, annapamst U KAO4U YRpAeaeHus, NpUdopsl CUeHau3ayuy
U KOHMpOASR).

Ha snektpocraniusax tina TOL] yopapineHue 31eKTpOABUTATEIS~
MU COOCTBEHHBIX HYXI IIPOU3BOAUTCS C MECTHHIX (arperaTHhIX, LEX0-
BBIX) HIMTOB: B KOTEJIBHOM OTAEJNEHUM — CO LUIMTA KOTMIA, B TypOUH-
HOM OTJENIeHNH — CO IIUTA TYPOUHHI U T. 1. OCHOBHBIE 3JIEMEHTHI TJIaB-
HOIT cxeMBI — FeHepaTophl, TpaHcdopMaropsl, nuHuM BH, murato-
LM 3JIEMEHTHI COOCTBEHHBIX HYXKI — YITPaBJIAIOTCS ¢ ITIABHOTO IHUTA
yipasicHusa (F'ILY).

Ha 610unBix anekrpocradiuax KOC nmpexycMaTpuBaioT GJIOUYHBIC
muTH! yipasieHuda (BIY) u ueHTpanbHeIH Wyt yrpasneaus (LI1Y).
C BIITY nipon3BOMUTCA yIpaBlIeHHe SIEKTPOYCTAHOBKAMY OTHOTO MK
IBYX CMEXHBIX 9HEProOJOKOB, BKIIIOYAs MX COOCTBEHHBIC HYXIBHI,
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a TaKxke YIpaBleHUE M KOHTPOJb 32 PEXXUMOM pPabOTLI KOTEIBHBIX ar-
peraToB ¥ TYpOHH.

C LIeHTpaJIBHOTO ILIHUTA IIPOM3BOAMTCS YTIPABICHNUE BHIKIIOUYATEIS -
MH TIOBBIIIICHHBIX HANPSKEHUM, pe3epBHBIX TpaHCHOPMATOPOB C.H.,
PE3epBHBIX MarucTpajieif, a TAK:Xe KOOPIMHHUPYETCS pabGoTa 3HEpPro-
0JIOKOB 3J€KTPOCTAHITHH.

Ynpasnenune Ha 'DC npousBogutcst B ocHOBHOM ¢ L[IITY. MHorue
I'SC ¢ noMoIUBIO CPEACTB TENEMEXAaHUKH YIIPABIISIOTCS TUCIIETYEPOM
SHEPrOCHCTEMBL.

Ha mogcraHIMsIx 1o yrpoIUEHHBIM cxeMaM (03 Beikmiouareseit BH)
CIIeITMAJIBHBIX IIIATOB YIIPaBJICHUA He MIpeaycMaTpuBaeTcs. [lepexmo-
YEHUA Ha TAKHUX MOACTAHITUSIX YaCTHYHO WJIH ITOTHOCTHIO TIPOM3BOJAT-
Csl C JTHUCIIETYEPCKHMX TMYHKTOB C TIOMOUIBIO CPENCTB TeJIEMEXaHUKH.
CrnoxHbie onepaluy IIPON3BOISITCS OTIepaTUBHO-BEIE3MHOM OpHUTanoii
(OBB).

Ha Morubix noacraHumax 110 kB u BEIIE MO CXeMaM ¢ BBIKITIOYATe -
JssMu BH coopyxatores oGLIeTOICTAHIIMOHHbIE ITYHKTHI YITPABIIEHUS
(OI1Y), ¢ LUEHTPaJILHOIO IIMTA KOTOPOro IPOM3BOIUTCS YIIPaBJICHUE
TpaHcopMaTOpaMu, TMHUAMHU 35 KB U BeIIlIEe, aKKyMYJISTOpHOI GaTa-
peeit M1 KOHTPOIMPYETCS paboTa OCHOBHBIX 3JIEMEHTOB ITONCTAHIIMM.
Yupaeinerue tuHUSIMH 6 — 10 KB ocymiectsnsiercst us PY 6 — 10 kB.

MecCTHBIE IUTHL YIIPABICHHUS YCTAHABIHBAIOTCS BOJIM3H YTIPABJIs-
eMoro ooneKTa. I/ HUX MCIIONB3YIOTCA MaHEIH 3aKPHITOTO THIIA WU
KPY 0,5 xB.

I'maBHBIE ¥ LIEHTpaJibHBIC LITATHI YTIPaBICHUS HA COBPEMEHHBIX 3JIeK-
TPOCTAHIUAX Pa3MeIaloTcsd B CIELHATIBHOM ITOMEIEHHH B TJIABHOM
KOPITyCE CO CTOPOHBI ITOCTOSIHHOIO TOPLA WJIM B CHIELIMAJIBHOM 371a-
HUM, npuMbikawIiueM K ['PY (wa TOL), win BOGIM3U OTKPHITEIX pac-
peaeTUTeNbHEBIX YeTpoicTB (Ha KBC).

BIovHBIE IIUTHI YIIPABICHHUS Pa3MELIAi0T B IIABHOM KOPIIYCE 3JIEK-
TPOCTAHLIMY MEXAY TYPOUHHBIM U KOTEJLHBIM OTAeaeHHsIMA. QOOBIYHO
C OMHOTO 6JI0OYHOTO IIIUTA MPOU3BOIUTCS YIIpABICHUE ABYMS 3HEPro-
Omokamu.

BnoyHblif AT 000pyI0BaH BEPTHKANBHBIMY TTAHENTIMH W HAKJIOH-
HBIMU IyJBTAMM, Ha KOTOPBIX pa3MellleHbl TIpUOOpPEI YIIpaBIeHHS U
KOHTPOJISI OCHOBHBIMHU HETISIMU SHEPTOOI0KOB. DTH MYILTH U MaHEeIH
PacCIIONOXeHBI IO AyTe s JIydlieii 0603peBaeMOCTH CO CTOJA AEXYpP-
Horo. CnipaBa M ClieBa OT ITyJIbTOB HAXOAATCS MTAHETH HEOIIEPaTUBHOTO
KOHTYpa ¢ MpHOOpaMH 3alllMT KOT/Ia, TYpOUHEI, TeHepaTopa, COOCTBEH-
HBIX HYXI, aBTOMAaTHKHW, MHTETPUPYIOIINX U PETHCTPUPYIOLIUX IIPH-
0OpOB, T.€. BCE TO, YTO HE TPEOYET MOCTOSHHOTO BHUMAaHMSA JEXYPHO-
ro repcoHana.

Ilo TakoMy Xe NMPUHIMILY pacIionaraloTcs IMyJbThI M TaHEId Ha
T'HIY u LY. ITaHenu 1 mynbTH U3rOTOBISIOT Ha 3aBOAAX IO 3apaHee
pa3paboraHHBIM cxeMaM. Ha MecTe MOHTaXa YKpeIUISIOT MaHeN!, IIpo-
KJIaJBIBAIOT CUTHAJIBHO-ONEPATUBHLIE IMMHKH M TOAKIIOYAIOT KOHT-
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ponbHbIe Kabemu. Tak xe Kak wig KPY 0,5 kB, Bo3MOXHO npuMeHe-
HUE YHUPUUHUPOBAHHEIX OJIOKOB 3alllAThI, ABTOMATUKU, YIIPABIECHUS,
K3 KOTOpHIX HaOMpaeTcs maHeNnb Wid myabT. Ha coBpeMeHHBIX 2IeK-
TPOCTAHLMSIX UMEETCS OONBILOE KOJMYECTBO arllapaToB U3MEPEHUS,
KOHTPOJISI M YHPABJIEHUS, TIO3TOMY IUIST MX Da3MeEILleHUs] TPeOyIoTCs
TPOMO3AKUE IUTH. YMeHbIIIEHNE Ta0apUTOB IIUTOB TOCTUTAETCS MC-
MMOJIB30BAaHUEM MaJIOTabapUTHBIX MPHUOOPOB, TEIEMEXaHUYECKONH CH-
CTeMBbI M30HUpAaTEIBLHOTO YIpaBIeHH # KOHTPOJIS 110 BEI3OBY.

OTe4yecTBEHHBIMU (pHpMaMU BBHIITYCKAIOTCS COBPEMEHHBIE MUKPO-
MIPOLIECCOpHBIE YCTpolicTBa TeeMexaHuku (YTM).

Moaepuusauus aucnerdyepckux mwurop (JII1I) Ha mucrieTyepcKux
MYyHKTaX SHEPTOCHCTEM OCYILUECTBISETCS ¢ MOMOIIBIO COBPEMEHHBIX
peureHnit (uudpopbie TpUOOPHI, NH(POPMALIMOHHBIE TabJ0, Geryias
CTpOKa U T.1.).

PacroyioxeHue IMyALTOB K TTaHeNel, ocBellleHHe, OKpacKa, TeMIie-
paTypa MOMEILEHHUs 11IMTa, PACIIOJIOXEeHHE U (hopMa MPpUOOPOB, KO-
yeli yrpaBieHUsI BLIOMPAIOTCS MCXOMS M3 CO3MaHUs HAMTYYIINX YCIIO-
BUli TpyHa OMEpPaTUBHOTO TIEPCOHANA.

Ha ADC npenycmarpusatotcs 6;10unbie (BIY), pesepsabie (PIITY)
1 ueHtpanbHbI (IIIITY) mute ynpaBneHns.

Ha xaxnpiit peakTopHBIi 010K HeobxogumM BIIY, mpegHasHayeH-
HBI 7151 UEHTPaJU30BaHHOTO YIPABJEHUS OCHOBHBIMU TEXHOJIOTH-
YeCKMMM YCTAHOBKAaMM WM OCHOBHBIM TEXHOJIOTHUECKMM O0OpyHOBa-
HHMEM BO BpeMsI MycKa, HOPMaJIbHOM 3KCIUTyaTaliMy, TUIaHOBOTO OCTa-
HOBa U aBapuiiHBIX cutyanuii. C BIILY nponsBoguTcs yrpaBieHUE Bbi-
KJTI0YaTeIAMHU TeHEPATOPOB, TpaHC(HOPMATOPOB C. H., BBOIAMHU pe3ep-
BHOTO IMUTAHUA C.H. 6 1 0,4 KB, BRHIKITIOYATENIMH 3JIEKTpOABUTATENEHN
C. H. 2HEeprobJIOKOB, CUCTeMaMU BO30YXIEHHS T€HEPAaTOPOB, TU3€/h-
TeHEpaTOpHBIMM YCTAHOBKAMHU M APYTUMHU aBapHHBIMU MCTOYHHKA-
MM, YCTPOHCTBaMM TIOXapOTYILieHUst KabeTbHBIX TIOMEIIEHHIT H TpaHC-
¢dbopmaTopoB 3HEeprodIOKOB.

BIIY kaxmoro sneprobmoka ADC pacriojaraeTcsa B OTIEIbLHOM
TMOMEIUCHUM (TTAaBHOM KOpPIIyCe WJIH OTHEJIEHOM 3MaHUH).

J1st Kaxmoro peakTopHOro 6yoka ADC mpemnycMaTpHBAaeTCsl pe-
3epBHBIA UT ympapiaeHust (PIIY), ¢ KoToporo MoxHO aBapwitHO
OCTAHOBUTh PEAKTOPHYIO YCTAHOBKY M aBapHifHO PacXOJIOMUTEL €€ C
oOecreyeHUEM SIACPHOM U pagHalliOHHOH Oe30ITaCHOCTH, €CJIH IO
KaKUM-JIH00 IpUYMHAM 3TOro Helb3s caenaTth ¢ BIITY. PIITY nonmxeH
ObITh U301UpoBaH OT BIIY, 4TOGH! 110 OMHOI M TO# XXe MPUYHHE HE
ObuIH MopaxeHsl o6a mura. C PILY nmpou3BoauTcd yIpaBleHUe NH-
3eJIb-TCHEPATOPHHIMU YCTAHOBKAMHM M IPYTUMH aBapUHHBIMY UCTOY-
HUKaMM, a TakKKe CEKIIMOHHBIMHU BHIKtoYateasMu B PY 6 kB co6-
CTBEHHBIX HYXII.

st 9JIeMEHTOB CUCTEMBI Ge30MacHOCTH IpeIycMaTpUBaeTca Ay0-
JIMpOBAHHOE HE3aBMCUMOE NMCTAHIIMOHHOE yrpapiieHHe ¢ BIIY u

PIITY.
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C IIITY ADC npousBOAUTCA YIIpaBieHHE BHIKIIOUATEISAMM JTUHUH
MOBHIILIEHHOIO HAlpsSLXeHHUs, aBTOTpaHC(hOPMAaTOpPOB CBSI3H, OJIOKOB
reHepatop — TpanchopMaTop, a TaKKe BBIKIIOUATEISMH pE3epBHEIX
TpaHC(HOPMAaTOPOB C. H., BKJIOYasi CEKIIMOHHEBIE BRIKJIIOUATETU PE3EPB-
HeIx MarucTpaneii. C LIIIY npousBoguTcs yupasieHe YCTpocTBaMHu
TIOXapOTyIileHMs O6ILECTAHIMOHHBIX KaOeIbHBIX IIOMEIEHUI U TpaHC-
dopmaropoB, ynpasiasgeMpix ¢ LIILY.

KonTpossupie Bompoch

1. Kakumu npeumyinectsaMu otnanaiot 3PY nepen OPY?

2. Kakue pacnpeaciauTe/bHEIE YCTPOiicTBa o6eciieyrBaloT 6OIbLIyIo Oe30-
MAaCHOCTh M yIo6cTBO obcayxuBanus — 3PY, OPY wiu KPY?

3. Kakue THIBI BBIKJTIOYATEICH YCTaHABIMBAIOTCS B 3aKPBITHIX pacnpele-
JIMTeJIBHBIX yecTpoiicTBax 35 KB M Beinie?

4. Kax obecrieunBacTcs MoxapHasi 6€301aCHOCTD B 3aKPHITBIX U OTKPBITHIX
Py?

5. YeM ommyaoTcs KOMIUIEKTHBIE pacIpelieIMTe/IbHBIE YCTPOHCTBA IS
BHyTpeHHei yctaHOBKM (KPY) oT KOMIUIEKTHHIX pacrlipele/IUTeNIbHBIX YCT-
poiicTB misi HapyxHo# ycraHoBKU (KPYH)?

6. B yem 3axumoyaetcsa ocobeHHocTs KPY ¢ pacnonoXeHHeM BHIKIIOYATE-
Jieii Ha BBIKATHOM 3JIEMEHTE?

7. Kakue TUIH BHIKIIOYaTeneit nmpumMeHsorca B KPY?

8. B uem npenmyinectsa KPY nepen 3PY?

9. Kakue MephI 06eCTieyuBaoT HOPMaNIBHYIO paboty o6opynosaHus B KPYH
B 3UMHEE BpeMs IIPH HU3KUX TEMIIeparypax?

10. Ha3oBHTe KOHCTPYKTHBHBIE ocobeHHOCTH KPY ¢ 35era3oBoit u3oisi-
uueit (KPY3). Ux mpeumyiuectBa nepes KPY ¢ BO3oyLIHOM U3OISLKEH.

11. KakoBa 061acTh MPUMEHEHUA KOMIUIEKTHBIX TpaHC(HOPMATOPHbIX ITOJ-
cranuwuii (KTII)?

12. B yeM 3akiio4aeTcss 0COGEHHOCTh KOHCTPYKIIMH OTKpBITOro PY ¢ ru6-
KO OIIMHOBKOM IT0 CPABHEHHIO C OTKPHITHIM PY, HMEIOWIUM KECTKYIO OLIHU-
HOBKY?

13. KakoBa o0yacTh MpUMEHEHUS OTKPHITBIX TOKOIIPOBOXOB, KOMILIEKT-
HBIX TOKOIPOBOAOB U KaOGENbHEIX COCIMHEHUI MEXAY reHEpaTOpaMH, CUIIO-
BBHIMH TpaHcdopMaTopaMu U 3PY 6— 10 xB?

14. KakoBo HasHa4eHMe DIaBHBIX IUTOB yripapieHus (I'IHY), ueHTpans-
HBIX utoB yrpasiaenus (IIHLY)? O0bsacHUTH UX pacioIOKeHHE Ha 3JIEKTPO-
CTaHUMAX Pa3HOTO THIIA.

15. Ha xakux 371eKTpOCTaHLIMAX MPEAYCMATPUBAIOTCS BIOYHbBIC LIMTHI YII-

paenenus (BIY)?



IMPUJIOXEHUE

O0o3naucHUs ycnoOBHbIE rpadHIecKHe H OYKBEeHHBIH KoJ 3JeMEHTOB

INCKTPHICCKHX CXEM

Ta6nuna Ill.1

HaunmeHoBanue 31eMeHTa
CXEMBI

I'paduueckoe
o0o3HavyeHue

BykseH-
HBIA Ko

ManuHa 3nekrpudeckas. O61iee 0603HaYeHHE

IMIpuMevaHue. BHYTpH OKDPYKHOCTH HONYyCKaercs
pasMellieHHe KBATHGUIMPYIOLIHX CUMBOJIOB M JOTIOJ-
HUTeNbHOM HHGOPMALNK, TIPH 3TOM AMAMETP OKDYX-
HOCTH TIpH HEOOXOZMMOCTH HM3MEHAIOT.

I'eHepatop nmepeMeHHOro TpexdasHOro ToKa
¢ oGMOTKOI1 cTaTopa, COEOUHEHHOH B 3BE3Iy
¢ MapajuleJIbHBIMU BETBAMMU

CUHXPOHHBII KOMIIEHCATOP

SJICKTDO,IIBPII'aTCJIB NEPEMECHHOIO TOKa

I'eneparop nmocTosIHHOro TOoKa (BO3OyIUTEND)

O6mMoTKa craTopa (Kaxmoil ¢a3bl) MauIMHEL
NepeMEHHOTO TOKa

O0OMoTKa BO30YKICHUA CHHXPOHHOIO reHepaTopa

Tpanchopmarop (aBToTpaHcHoOpMaTOp) CHIIOBOM.

QObniee o6o3HaYeHHE

IipuMeuaHue. BHYTpH OKDYXHOCTH HOINYCKAETCA
pasMelleHHe KBATHGOUIHMPYIOLIHX CUMBOIOB M JOTOJ-
HUTeNbHOM HMHbopMaiuu. JdomnyckaeTca yBelTHYEHHE
JuaMeTpa OKpYXHOCTeH

Tpaucdopmarop u aBroTpanchopmarop ¢ PITH
C yKa3aHMEM CXeMBI COeIMHEHMIT 06MOTOK

TpaHchopmaTop CHUNOBOM, TPEXOOMOTOYHHIIA
TpaHchopMaTOp COGCTBEHHBIX HYXI OCHOBHOTO
HaIpsDKEeHUS

TpaHchopMaTop CHIOBOM, IBYXOOMOTOUHBIM
¢ pacuermeHueM o6Morku HH Ha ase, ¢ PITH

O

®

GM

GC

GE

LG
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